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ABSTRACT

Using indirect imsunofluorescence antibodies against componenis

of connective tissue were found in patients with dermatitis
herpetiformis (DH) aad with childhood and adult coeliac disease.
Two main patterns of immunofluorescent staining were seen, and the
antibodies appeared to be directed against antigens of ‘reticulin!
fibres as detected histochemically by silver staining. These antibodies
were therefore called'anti-reticulin antibodies! (ARA). They Werevfound
in highest incidence in children with coeliac disease where fhey
were of greatest use diagnostically. They were also found more
fréquently in patients taking a gluten-containing diet and disappeared
from the circulation on gluten-withdrawal. Absorption studies using
gluten and gluten-fraction 3 suggest that there may be cross-reactivity
between gluten and reticulin,

Using direct immunofluorescence IgA deposits in the clinically
uninvolved skin were found in all 50 DH patients examined, but in
none of the adult coeliac disease subjects. It is suggested that
the presence of these IgA deposits should be used as a major criterion
in the diagnosis of DH., Two main patterns of IgA deposition -'papillary!
and less commonly, 'continuocus! - were seen. From comparative
histological studies, these IgA deposits appear to be located in the
reticulin fibres in the dermal papillae. Complement deposits, as C3
but not Ci1g were found in the same situations as the IgA deposits.
It is suggested that the skin lesions in DH are the results of

complement activation - and that IgA is the agent responsible in



Abatract - contd.-

activating complement via the alternate pathway of complement
fixation. The possible cross — reactivity of reticulin and gluten
may be of relevance in this situation.

Marked lymphocytic infiltration of the small-intestinal
epithelium was found in almost all the DH patients. This lymphocytic
infiltration was most marked around the epithelial cell nucleus and
fell with gluten-withdrawal. It is suggested that their presence is
due to an immunological response to gluten and that this infilfration
is evidence of gluten-sensitive enteropathy at a microscopic level.
The finding of raised intraepithelial lymphoeyte counts in the
majority of the DH patients suggests that virtually all these
patients have gluten-sensitive enteropathy.

These results would support the conceptAthat H is alsingle
disease entity with dermatological and gastrointestinal manifestations.
Such a concept is also supported by the HL-A studies reported here
which show that patients with DH have é high incidence of HL-A 8
as found in adult coeliac disease, and that the incidence is similar
in those patients with or without macroscopic mucosal abnormalities.
The skin'rash of DH may respond to a gluten-free diet and it is
‘suggested that the dermatological manifestations of this disease

should be called 'gluten-sensitivity of the skin',
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THE PROBLEM

Dermatitis herpetiformis (D.H.) is a chronic blistering skin condition
of vnltmowm aeticlogrr. For many vears, treatment has been the empirical
administration of sulphones (dapsone) or sulvhonamides, both of which have
a dramatic effect on the skin rash, The discovery of a small-intestinal
abnormality in patients with D.H. in 1966, and the subsequent finding that
it is due to gluten sensitive enteropathy as found in coeliac disease, has
opened up new perspectives to this disease and this may eventually prove
to be a major factor in the attempt to elucidate the aetiology and
pathogenesis of D.H.

There is now increasing evidence of immunological abnormalities in
both D.H. and coeliac diseasé. This thesis aims to look into the
immmological aspects of D.H. In many instances, parallel studies have
" been done in patients with coeliac disease, From these studies, an attempt
will be mades-

(1) to assess the relevance of these findings in the aetiology of D.H.

(ii) to explain the pathogenesis of the skin lesions in D.H.

(iii) to assess the role of gluten in the aetioiogy of *oth D,H. and
coeliac disease, .

(iv) to determine why patients with D.H. bhave skin lesions whilst
patients with coeliac disease do not.

(v) to assess the diagnostic implications of these findings.

(vi) to assess the therapeutic implications of these findings.
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INTRODUCTION

Higtorical Asnects.

The term dermatitis havnetiformis (D,1
in 1884 to describe a groun of volymorphous bullous skin conditions which
had previously been called b
pemphigus, eczema and herpes. Hence, in his book "Cutaneous Medicine -

A Systemic Treatise on Diseases of the Skin" (1898), Duhring pointed out
that the eczema puriginosum and herpes circnatus bullosus of Erasms Wilson,
the hydroa vacciniform of Bazin and the hydroa herpetiforme of Tilbury Fox
were variations of what was essentially a single disease process. This
affection appears to have been first recognised and was Qlearly described
by Tilbury Fox in 1880 ("A Clinical Study of Hydroa") though his claims

to priority in this matter have largely been overlooked in both America

and Europe.

In his original report in 1884, Duhring considered D.H. to be a
protean disorder and named six varieties of the disease for which he
proposed the name "Dermatitis Herpetiformis" -~ namely erythematosa,
vesiculosa, bullosa, pustulosa, papulosa and multiformis. It is perhaps
best to express in his own words his arguments for the concept that these
are variations of the same disease process:

- "In all instances the disposition to group or to extend abqut the
periphery was more or less marked."

~ "Itching, burning or pricking sensations are always present."

- "Phe tendency is in almost every instance that I have observed, to
multiformity."

- "Phere is moreover, in almost every case, a distinet disposition for
one variety, sooner or later, to pass into some other variety."

- ",,. nor in any case, has the disease proved fatal."
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The views of Duhring were greatly supéorted by the French author Broeq
in his vaper "Notes sur les dermatites polymofphes doulourenses” in 1898;
Brocg emphosizaed thet the skin lesioms in DJH, were frequently polymornhic
and not simply 'blisters', The views of these two authors were soon
generally accepted and about the turn of the century, the disorder became
known uvnder the name "Duhring-Brocg's" disease. Whilst Duhring commented
mainly on fhe '"herpetiform' nature of the disease, Brocq stressed the
"polymorphic! nature of it.

Following on these original descriptions the term Duhring-Brocq was
used extensively in describing this blistering condition.  However, the
existence of other bvlistering conditions - in particular pemphigus, bullous
pemphigoid and erythema multiforme — led to much confusion as to whether
these were all variants of a single disease process or separate distinct
entities. The separation of pemphigus into a distinct entity based on
the finding of an intraepidermal blister and acantholytic cells (Civatte 1943)
somewhat simplified the situation. Lever (1953) coined the term pemphigoid
to distinguish patients who on clinical grounds were thought to have
ﬁemphigus, but on microscopy were found to have subepidermal blisters,

The definition of the blistering disorders showing histologically éubepidermal
blisters - which include D.H. and bullous pemphigoid - therefore remained
largely unresolved. Pierard et al, (1957) defined certain histologicalv
criteria for the diagnosis of D.H., and considered the presence of papillary
micro—-abscesses in the early skin lesion to be distinctive for the disease
and diagnostic for D.H. These findings were confirmed by Pierard and
Whimster (1961)Aana MacVicar et al. (1963). Subséquent studies, however,
indicate that these are not exclusive to D.H. and that such micro—-abscesses
can be found in other conditions including bullous pemphigoid (Jablonska

and Chorzelski 1962, Lever 1965, Connor et al., 1972). The separation of
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D.H. and bullous pemphigoid into separate entities has had to await the
advent, in the last decade or so, of immunofluorescent methods in the
study of skin aiseases,which show dafinite differences, However, it
ig g%ill not zenerally accepted that the two conditions are entirely
distinct but that there is sometimes an overlzo. It would be safe
howsver to say, that most people would now accept that the original
descriptions of Duhring =2nd Brocq comprise two entities - namely D.H.

and bullous pemphigoid.

Clinical Aspects:

Morphology

D.H. is characterized by an intensely irritating polymorphous eruption
affecting mainly the pressure points. Hence, the elbows, neck, shoulders,
axillary folds, scapulae, buttocks and knees are commonly affected sites,
but no area is spared and the lesions may be found anywhere, inclﬁding the
mouth. As originally described by Duhring and substantiated by Brocq, the
rash is frequently polymorvhic, The intense attendant irritation often
causes the patient to scratch and the so-called typical picture of blisters
situated on an urticarial base are seldom seen, Instead, grouped excoriated
papules or urticarial lesions are more common and the distinction from
papular urticaria has to be made, Occasionally, the patient may present
with lichenified red, scaly plagues - the result of continmal scratching ~
and differentiation from eczema is difficult., Very widespread blisters
are rare and may be confused with pemphigoid or erjthema multiforme.
Incidence

Reports of the incidence of D.H. are few and vary between 1 : 200
(Bjornberg and Hellgren 1962), 1 : 500 (Eyster and Kierland 1951) and
1 : 800 (Everall 1954).

Agce of Onset,

D.H. is essentially a disorder of adults. The most common age of
presentation is in the third and fourth decades (Tolman et 21, 1959,

Bjornberg and Hellgren 1962, Smith 1966, Van der leer 1972), but the disorder
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may also appear for the first time in later adult life. However, it is

alsc apparent that a 3well number of patienis do develop skin lesions in

>
i

the first and second dersades which are similar to those seen in adulhs,

&

In the past these have been termed Juvenile D.H. or juvenlile pempniznid,
and the question arises as to whether this is the same disorder as in
adults or a different entity. The characteristic clinical features of
the juvenile type of D.H. described by Sneddon (1972) are certainly‘different
to those of the disorder as seen in adult 1life; the course of the disorder
is different in that it tends to clear after 3 - 4 years (Kim and Winkelmann
1961), and the response to sulphones is variable, unlike the adult type
(Sneddon 1972). It is probable that patients with so-called juvenile D.H..
do in fact represent a group of disorders as suggested by Jablonska et al.
(1971), and not one nosological entity., These workers based their resulits
on immmofluorescent siudies of the skin on 8 patients, 3 of whom showed
IgG in tﬁe basement membrane (as found in pemphigoid), 2 showed IgA in the
dermal papillae (as found in D,H.), and 3 showed no Ig devosita in the skin.

Likewise, a study on the small intestine of patients with juwenile D,H.
in Jamaica (Warner et al. 1972) showed evidence of enteropathy on the
macroscopic appearance of the mucosa in 5 of 10 patients,-but notlin all
patients as suggested by Fry et al, (1972). However, Warner et al. (1972)
did not carry oubl quantitative lymphocyte counts on the small intestinal
epithelium, which Fry et al, (1972) found to be the most reliable indicator
of an enteropathy. Thus, the true incidence of enteropathy in this series
is net known.

In conclusion, it appears that present evidence based on clinical
features, response to sulphones, immunological and gastrointestinal findings,

suggest that a small proportion of patients with juvenile D,H, do in fact

have the same disorder as D,H. seen in adults.
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D.H, shous no prediliction for either males or females, There are

s of preponderance in males (Zvans and Fraser 1941, Smith 1966),
whilst others hove found an equal distribution (Bolgert ard Chastenet 1963),
and yet others 2 vrzponderance in females (Degos and Touraine 1961).

Natural History

The majority of authors who have looked into this éspect of D.H. consider
it to be a chronic disbrder. In fact, Duhring (1884) in his original paper
described the disorder as 'extending over years, p%rsuing an obstinate,
emphatically chronic course'. Everéll (1954) however, stated that a third
of patients are likely to be free of lesions after 10 years. Shuster and
Marks (1970) stated that the duration of the disorder was oﬁly 4 years, but
no other authors agree with this figure. In a retrospective study, Smith
(1966) found spontaneous remission in only 7 of 149 patients, and the mean
duration of the illness to be 44 months. It is likely that IDuhring was
right in his original déscription of the disorder and that it is chronic.
Treatment .

Until receﬁtly, the treatment for D.H. has alwayslbeen empirical, as
" the pathogenesis for this disorder was unknown. The first really helpful
drug in controlling the eruption was sulphapyridine (Costello 1940).

The drug was given at that time as it was thought that the disorder was

an ‘allergic! reaction to bacterial infection., Subsequently, sulphones
which had been synthesized for the treatment of mycobacterial infections
weTe éhown to be effective in controlling the eruption of D.H. (Esteves and
Brandao 1950, Cornbleet 1951)., The mechanism of action of sulphones in
D.H. is not understood, but the remarkably quick response of the rash and
its recurrence on withdrawal of the drug, has led to the use of this
therapeutic effect in the last twenty years as a diagnostic criterion for
D.H. However, it is now known that a number of other skin disorders also
improve with sulphones. These include vasculitis (Wells 1969, Thompson

et al., 1971), erythema elevatum diutinum (Vollum 1968, Cream et al. 1971),



penphigus (Floden and Gentele 1955, Winkelmann and Roth‘1960, Sezh et z21.
1973), papular urticaria (Hewitt et al, 1971) and subcorneal pusutlar
dermatcsis (Sneddon and Wilkinson 1956). Thus the clearance of a r=sh
with dapsone is not diagnostic of D.H. With the conclusive evidence That
patients with D.H. have a gluten sensitive enteropathy (Fry et al. 1968,
1969, 1972, Shuster et al. 1948), a gluten-free diet has now been shown

to clear the eruption (Fry et al, 1969, 1973).

Histologzical Aspects:

Light Microscony

Pollowing the observations of Civatte (1943) that pemphigus was a
disease characterized by an intraepidermal blister and acantholysis, it
has been possible to define some of the histological features of ofher
bullous disorders. Civatte (1943) stated that his findings supported
(as indeed they did) the original concept of Duhring (1884), that D.H. was
a completely different disorder. Civatte's studies thus differentiated
pemphigus from D.H., pemphigoid and'erythema multiforme which histologically
have subepidermal blisters, An attempt to distinguish these 3 disorders
at a histological level was made by Plerard et al. (1957) who stressed the
finding of the intrapapillery microabscess at the tips of the dermal
papillae in D.H. These findings were confirmed by Pierard and Whimster
(1961) and MacVicar et al. (1963), and both these groups of workers stressed
that one was more likely to find the papillary microabscesées if the biopsy
was taken eérly in the development of the skin lesion, and preferably from
an urticarial peribullous area rather than an area of skin containing the
blister. However, .the papillary tip microabscess is not exclusive to D.H.
and has been found in pemphigoid (Jablonska and Chorzelski 1962, Lever 1965,
Connor et al. 1972). The infiltrate in the papillary tip abscess consists
essentially of polymorphs and eosinophils. Later in the disease process
it would appear that the polymorphs are destroyed, and that all that is

seen is pyknotic muclei and cellular debris, so-called nuclear dust (Lever 1965).
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Eveninally these papillary microabscesses appear to coalesce_to form a
‘small blister, and there is destruction of the basal lamina.  Thus, D.H.
is characterized by subepidermal bullae, papillary microabscesses and
infiltration with eosinorhils, These features however, are not pathognomonic
of D.H.

A diagramatic representation of the differential diagnosis of the

bullous disorders and the sites of pathology in the skin is shown in

Figure I.1.

THE SMALL INTESTINE AND DERMATITIS HERPETIFORMIS

Until 1966 it was thought that D.H. was not particularly associated
with any other disorder, though Smith (1966) in a review of the literature
lists a number of conditions described in association with D,H. Many of
the earlier descriptions of D,H. however, mention general ill health,
malaise, loss of weight and mental symptoms, though no attempt was made to
explain these features satisfactorily. Notably, Smith (1966) mentioned 2
patients with malabsorption in his retrospective study of 149 patients
with D.H., and Bohnstedt and Ehlers (1965) descfibed an increased incidence
of disturbances of the digestive tract -~ usually an abnormality of gastric
acidity.

Interest in the small intestine in D.H., was first aroused when in
1966 Marks et al, reported a high incidence of structural abnormality of
the small intestine of patients with D.H. They found that 9 out-of 12
patients had some abnormality of the small intestinal mucosa, but they were
unable to come to any conclusion as to the possible cause of this finding.
The following year, Fraser et al. (1967), Fry et al. (1967) and Van Tongren
et al. (1967) reported a similar incidence of structural abnormality of
the small intestine in patients with D.H. Neither Fraser nor Van Tongren

and their respective colleagues came to any conclusion as to the cause of
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the enterovathy., However, Fry et 21, (1967) sugcested that the intestinal
abnormality may be due to gluben sensitivity as found in coeliac dissage,
Thus, in addition to the enteronathy, there was a2 high incidence of increased

4

faecal fat excretion, of folate, iron and serum IoM deficiency, and of

splenic atrovhy. Further conclusive evidence was vrovided by Fry et al.
(1968) who showed improvement in the abnormal fascal fat excretion, folate
status, macroscopic appearance of the intestine, and surface epithelial
cell height of the intestinal epithelium on treatment with a gluten~free
diet (G.F.D.), On re~introduction of gluten into the diet, these changes
were reversed, demonsitrating the specificity of the pathogenic role of
gluten in the enteropathy.

The incidence of the enteropathy in patients with D.H. was found in
the initial series of reports (Fraser et al. 1967, Fry et al. 1967,
Shuster et al. 1968)'to be approximately 75%. The question was therefore
quite rightly asked as to vhy 25% of patients with D.H. did not have an
enteropathy, and were there in fact, two groups of patients with D.H., one
with a gluten—-sensitive enteropathy (G.S.E.), and another group without
enteropathy. The question was answered 5 years later when it became
apparent that the 75% incidence was due to inadequate criteria for diagnosing
.G.S.E. (Fry et al. 1972), and the fact that distribution of the enterovathy
was vatchy (Brow et al. 1971). It has been known for many years that one
of the histological features of G.5.E. was infiltration of the submucosa
and epithelium of the small intestine with lymphocytes. Ferguson and
'Murray (1971) found high intraepithelial counts of lymphocytes in the
small intestine in coeliac disease but not in other gastro-intestinal
disorders. Fry et .al. (1972) then showed that there was quantitively
increased lymphocytic infiltration in the sm2l1l intestinal epithelium in
over 95% of patients with D.H., irrespective of the macroscopic morphology
of the mucosa. It was thus apparent that increased lymphocyfic infiltration

.of the intestinal epithelium was a far more sensitive indicator and early
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sign of G.S.E. *than an abnormal macroscopic mucosal appearance which,

until that time had been accepted 2s the mest important criterion for
diagnosing G.S.B. (Booth et al., 1952). Brow et al. (1971) using a multiple
biopsy technicue, where they took 6 to 8 biopsies from the small intestine,
showed that 21 out of 22 vatients with D.H. had evidence of enteropathy
macrosconically, and that it was often vpatchy. They considered that this
patchy distribution may explain the lower incidence of enteropathy in D.H.
reported in previous series which were based on a single small intestinal
biopsy. Takén together with the studies on lymphocytic infiltration of
the epithelium (Fry et al. 1972), the incidence of enteropathy demonstrated
is now over 95%. Tt would therefore seem probable that all patients with
D.H. do in fact have enteropathy, and the few patients in whom no evidence
has been found may well not have D.H., or it may be that the criteria for
diagnosing G.S.E. are still inadequate. The concept that all D.H. patients
have G.S.E. is further substantiated by the findings of Weinstein,(1973,
1974) who found that the presence of enteropathy is dose related to the
amount of gluten ingested. Thus, he was able to induce morphological
changes in the previously normal small intestine of D.H. patients by
substantially increasing the amount of gluten in the diet over a period of
a few weeks, Similar changes were not found in a normal subject taking
the same diet.

BEffect of Gluten-Free Diet on the Skin Lesions:

Following on the conclusive demonstration of a G.S5.E. in D.H. (Fry
et al, 1968, 1969, Shuster et al, 1968, Marks and Whittle 1969, Weinstein
et al., 197}), considerable interest was focused on the skin rash in ﬁ.H.
In particular, the question was raised as to whether gluten could be
implicéted in the pathogenesis of the rash, and whetherltreafment with a
gluten-free diet (G.F.D.) clears the skin lesions.

Following trials of varying lengths of G.F.D., there have been conflicting
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reports as to whether the skin lesions of D.H., improve and clear with a
G.F.D. ¥Frv and his colleagues (Fry et al. 1948, 1969j claimed early on
that the skin lesions did respond to gluten withdrawal and there was
clearance of the rash in a number of patients and reaurresnce of the lesions
on the re-introduction of gluten, However, these claims were disputed by
Shuster et a2l. (1968) and Weinstein et al. (1971). Subsequéntly convineing
evidence relating gluten intake to the skin lesions was presented by Fry

et al. (1973). These workers showed the presence of membrane-bound vacuoles
at an ultrastructural level in the uninvolved skin in D.H. These were
present iﬁ the skin in patients whose rash was controlled by dapsone, but
not in the skin of patients whose eruption was controlled by a G.F.D.
Previously, this group of workers presented evidence (Riches et al. 1973)
that these vacuoles are part of the basic disease process in the skin in
D.H., and the absence of such lesions in patients whose rashes disappeared
following gluten withdrawal was good evidence for gluten playing a role in
the pathogenesis., Fry et al. (1973) stressed that for a G.F.D. to be
successful in the control of the eruption, the diet mst be strict and has
to_be taken for many months (in one vatient it took 4 years) before the
rash clears. It was evident from the reports of Shuster et ai. (1968)

and Weinstein et al. (1971) that the diet had not been given long enough
to be fully effective.

Immunological Abnormalities:

The wuwnique association of D.H. with coeliac disease has led to
compligentary imminological studies being performed in both disorders.
Discﬁssion on these immunological studies will be more enlightening when
viewed in the light of both entities, and this will therefore be done
throughout this thesis, VWhere appropriate, attempts will be made to
correlate the similarities and contrasts that exist in an effort to clarify

the relationship between the two disorders.
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Serum Immunogliobuling

The main immunoslobulin involved in the gastro-intestinal tract is
TIgh (Chodirker and Tomasi 1953).  With the 2dvent of si;éle radial micro-
diffusion techniaues (IMancini et al, 1965) extensive studies of immmoglobulin
levels in various body fluids were performed in many diseases. In cosliac
disease, attention was focused initially on serum Igﬂ'levels.

Initial revorts suggested that IgA in coeliac disease may be low.
Hence, Crabbé and Heremans (1966) reporied 3 patients with steatorrhoea,
in 2 of whom no IgA could be detected in the serum. ' In the third, a very
low level was present, Subsequently, the same authors (Crabbé and Heremans
1967) reported that one of these patients had gluten sensitive enteropathy
(G.S.E.), and suggested that IgA deficiency may be the cause of G.S.E.

Further and more extensive studies however, did not béar this out,
Thus, Hobbs amd Hepner (1966, 1968) found a very low incidence (less than
10%) of IgA deficiency in patients with coeliac diseasé, and in those who
had low serum IgA levels, the deficiency was minimal, In fact, Asquith
et al. (1969) reported that as a group, patients with coeliac disease had
higher levels of IgA than a control series. In D.H., as a group, Fraser
et al, (1969) found a similarly higher level of serum IgA, and Fry et al.
(1967) found a slightly raised IgA level in one of their 12 patients. |

Abnormalities of serum immunoglobulin levels were found in faét; not

to be present with IgA but with serum IgM levels, Thus, a third of
patients with D.H. (Fry et al, 1967, Fraser et al. 1969) and coeliac disease
(Hobbs and Hepner 1968) had low levels, Hobbs and Hepner (1968) found
that this deficiency was related to diet, and that on treatment with a
gluten—-free diet (G.F.D.) the levels returned to normal. The same group
of workers, using Tgh cold agglutinin iodinated with 29T or '2'I, found
that the catabolism and distribution of IgM was normal in patients with

coeliac disease and suggested that the low IgM levels were due to defective
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synthesis (Brown et al. 19569). They further susgest that the low serum
Ig levels mizht be indiecative of 'lymphoreticular dysfunction'! which is
present in cosliac disease (McCarthy.et al. 1966). In support of this
is the finding of splonic atrorhy in hoth coeliac dissase (tarsh and Stewart
1970) and D.H. (Pettit et 2l., 1972), for it is thought that the spleen is
a major'site of early antibody production, in particular of IgiMt (Rowley 1950).
It is paradoxical however, that the splenic atrophy does not respond to a
G.¥.D., whereas the serum IgH lévels do,

On the whole, no consistent pattern of serum immunoglobulin abnormality
is evident in coeliac disease and D.H, Low or absent IgA levels have been

found with coeliac disease, but not in D.H.

Imminoglobulins in the Swail Bowel

IgA is the main immunoglobulin in the secretions of the gastro-intestinal
tract (Chodiker and Tomasi 1963). In the intestinal wall, IgA producing
plasma cells hafe been demonstrated by immunofluorescence to predominate
in the normal (Crabbé and Heremans 1966).  In studies of the small bowel
‘using similar techniques, 2 relative deficiency of IgA producing plasma
cells have been reported (Douglas et al. 1970, Soltoft 1970). These
workers also reported a relative increase in the IgM cells of the small
intestine, Pettingale (1971a), whilst supporting the findings of relative
preponderance of IgM to IgA cells in the small iﬁtestinal rmicosa in coeliac
disease, found that this finding was due to a lack of IgA cells, and that
the IgM cell vopulation was in fact normal in the rectal mucosa, implying
that the jejunal findings were specific to the small intestine and not
generalised, They also found that as with the serum, IgM was low in the
bone marrow,. It is conceivable therefore, that in coeliac disease, most
of the IgM producing cells have concentrated in the smz2ll bowel at the
expense of other tiséues.

Following on these findings, it has been postulated that coeliac

disease could be due to a functional rather than a quantitative abnormality
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of Igd, or Igi production in the small intestine (Beale et al, 1971).
These authers attemvted to put this concept to the test by givihg polio
and tetamis vaccine to patients with coeliac disesse, Orally administered
nolic vaccine provokes a predoninantly Igh resnonse (Berger et al. 190;)
mediated throughvthe rastrointestinal tract. Tetamis vaccine given
intramuscularly, on the other hand, stimulates a predominantly Igl response
(Lawrence et al, 1965). Beale et al. (1971) gave polio wvaccine to 10
vatients with coeliac disease and suggested that if there was an abnormality
(either quantitative or qualitative) in the small intestine in coeliac
disease, this would be reflected by an impaired response manifest by low
serum antibody levels. They did in fact fiﬁd such impaired responses
in 10 of 30 responses and possible impairment in a further 8. Tetanus
responses on the other hand, were essentially normal, implying normal IgG
responses. They suggested that these findings implied qualitative '"impaired!
IgAh responses in patients with coeliac disease, and that this could explain
the local excess of Igil plasma cells and of Igl precipitating antibodies
to gluten in the jejunum. The validity of these findings however, have
been questioned by Pettingale (1971b), as Beale et al. (1971) did not
measure the specific immunoglobulin class of the antibody to the polio
virus, He suggested that the abnormal response to polio immunization
may be due in fact to impaired Igl antibody synthesis as previously postulated
by Brovn et al. (1969).

In D.H., simiiar abnormalities of IgM and IgA producing plasma cells
as detected by immunofluorescence have been reported by one group
(Lancaster-Smith et al. 1974), but have not been substantiated.

Small Intestinal and Salivarv Imminoglobulin Levels

In coeliac disease, Douglas et al. (1970) found normal IgA levels in

the intestinal juice., There was however, an increase in the IgM levels,
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This finding could possibly imply inecreased Igil production in the gut wall -

a finding ai variance with the impaired generalised symthesis of Igii
reported by Brown et 21, (1970), thoush consistent with the vrepondsrance
of I over Ig\l nlazme cells in the submmcosa (Douglas et al., 1970, Soltofs
1971).

In D.H., raised Izl levels have also been found in the small intestinal
juice (Me Clelland et al, 1972). Unlike coelizc disease, very high levels ‘
of IghA were also found, though the relevance of this is not apparent at
the present time,

In the szliva, Douglas et al., (1970) found normal levels of both Igh
and Igh, McClelland et al, (1972) reported marginally raised levels of

IgA in the saliva in D.H., but this was not substantiated by Oon et al. (1973).

Other Immunological Abnormalities Associated with the Small Intestine

In 1964, Malik et al., demonstrated by immunofluorescence, the presence
of antibodies in the sera of patieﬁts with coeliac disease, tq the cytoplasm
of jejunal epithelial cells, They found the incidence of these antibodies
to be lowef in patients on a gluten-free diet., However, these findings
were not confirmed by Rubin et al, (1965).

In 1969, Dick et al. reported antibodies to the basement membrane of
jejunal mucosa in 8 patients with D,H. The antibody reacted with small
intestinal mucosa from normals and D.H. patients in 5 of the 8 sera, but
only with D.H. mucosa in 3 sera. These findings however, were not confirmed

by Holubar et al. (1971).

Immmnology of the Skin in Dermatitis Herﬁetiformis

Cormane (1967) first reported the presence of immmnoglobulin deposits
in the skin in D.,H. He found by immunofluorescence, irmmmunoglobulins in
both the involved and clinically uninvolved skin, but did not specifically
mention the class of immunoglobulin, Subsequent studies by Jordon et al.

(1967) and Chorzelski and Cormane (1968), found no circulating antibodies
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" to the basemani membrane in patients with D.H., and no immunoglobulin
depcsits in the skin, However, =zlithough it was not specifically stated

f +thece revnorts, it was implied that involved D.H. skin was

in either o
studied, This is of relevance as in later studies, it vas found that
immanoglobulin deposits were often absent if a late blister was examined.

Van der Meer (1969) like Cormane, foundvimmunoglobulin deposits in
the clinically uninvolved.skin of 10 of 12 patients in the basement membrane
zone, In addition, similar deposits'were found in 3 of 12 specimens of
involved skin. The majority of immunoglobulin deposits were of IgA class,
and in a few, IgG. He described the deposits as 'granular', but in one
it appeared as a 'homogeneous' band along the basement membrane, It is
of note that Van der Meer classifies his 12 patients into 5 who had 'typical!
D.H, (all of whom had Igh deposits), and 7 who had 'atypical®' D.H. (of whom
only 5 had IgA devosits). Holubar et al. (1971) in a study of 12 patients,
confirmed Van der Meer's findings. They found IgA deposits in thé peri-
lesional ékin in 11 of 12 patients, but none in the actual lesions. No
IgG or IgM deposits were found.

Chorzelski et al. (1971) in a similar study of D.H. skin found IgA
deposits in all their 19 patients, IgG deposits were present in 6 patients
and Igl deposits in 5, These authors described three patterms of
immnofluorescent staining. Firstly, a 'microgranmular! pattern seen in
the dermal papillae; secondly, a 'fibrillar' pattern, also seeﬁ in the
dermal papillae, and thirdly, a 'homogenous' pattern seen along the length -
of the dermo-epidermal Junction. The homogenous pattern was found only
with Igi, whilst IgG and IgM deposits tended to be.microgranular or fibrillar,
Chorzelski and his colleagues considered the homogenous pattern to be
indistinguishable from that seen in pemphigoid where it is thought that

the immunoglobulins are localized in the basement membrane.
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-<«epidermis — pemphigus

p~—bm — pemphigoid
- -e——dermal

O —— dermatitis
papilla  herpetiformis

<——derm|8 — erythema
multiforme

FPigare I: 1

Schematic representation of the differential
diagnosis of the bullous disorders-at various
levels in the skin at which pathological changes

occur.

Bl = basement membrane
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Patients:
Dermatitis Hernetifornis

56 patients with D.H. were siudied, Mase 56 comprised 32 males
and 24 females, The oldest patient was bhorn in 1895 and the youngest in

1950, At the time of writing this thesis, 5 patients for various reascns,
were not being followed up and 4 patients had died, One patient (born
1921) died at the age of 50 from carcinematosis dve to a carcinoma of the
bronchus, She had taken arsenical compounds for many years for the control
of her D.H., and at the time of her death also had arsenical keratoses on
both palms. The other three patients (a11 males, born.in 1895, 1897 and
1897) 211 died from coronary thromboses, One of these also had a history
of pernicious anaemia.

The diagnosis of D.H. was made on the following criterias

1. Clinical features of the skin eruption, This usually consists of a

highly irritant rash mainly affecting the pressure points - in particular,
the elbows, shoulders, neck, scapulae, buttocks, and knees, The rash is
frequently polymorphic as originaliy described by Duhring; blisters may be
present, but more commonly, grouped excoriated papules on an urticarial base,
or urticarial lesions only are seen,

2., Histology of Skin lesions, An early erythematous lesion or blister

is usually examined histologically. ' The diagnostic criteria of Pierard

and Whimster (1961) are used, The main diagnostic features are (2) a
sub—epidermal blister, (b) the presence of micro—abscesses in the dermal
papillae in the surrounding erythematous skin, (c¢) a cellular infiltrate
consisting predominqntly of neutrophils and eosihophils. These histological
features are illustrated in figure III, 1 2 and b.

3. Clinical response to davsone or sulphapyridine with relapse on withdrawal

of therapy. Patients were initially given 100 mg of dapsone (4.4’

diaminodiphenylsulphone - D.D.S.) per day, and if this was not effective,



seen at weekly intervals,

and on withdrawval of therapr, there is relapse of the ckin rash, usunlly

within 1 weel, Thig therapeu

Dapsone was the first drug of choice and sulphapyridine was only used
in patients who could not tolerate dapsone. The dose of éulphapyridine
varied from 1 to 3 grams daily.

These 3 criteria were used in the initial part of the study. None
of them however, (as will be discussed later ) are specific for D.H., and
it soon became apparent during the course of the study that if only these
criteria were used, a smallvnumber of patients will be misdiagnosed as
having D.H. For this reason, two further parameters were considered in
the diagnosis of D.,H., These are the presence of IgA in the clinically
uninvolved skin, and the presence of increased lymphocytic infiltration
in the small bowel mucosa.

These two parameters will be»assessed later on in this thesis and
their usefullness as more specific markers in the diagnosis of D.H. evaluated.

"Non-D.H." Group

A second group of patients - the "non-D.H." group &ere also studied.
The qualificatioh for inclusion in this group is one or more of the
followings-
(1) Patient referred from another dermatologist with the clinical
diagnosis of D.H. - not subsequently substantiated.
(ii) Patient with 2 rash which is clinically suggestive of D.H..
(iii) Patients with borderline or suggestive histology of a~skin lesion.
(iv) Patients with dapsone or sulphapyridine reéponsive skin eruptions.
The mzjority of this grouv of vpatients were vut through a similar

battery of investigations as the D.H. patients in an attempt to substantiate
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Figure III, 1 a and b - Histology of skin lesion in dermatitis herpetiformis

(a) Tow power view - showing sub-epidermal blister,

(b) high power view - showing early papillary microabscess with
marked inflammatory infiltrate.

H.o & E,
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or refute the dizgnosis of D.H.

There were 22 patients (7 males, 15 females) in this group. Th

8}

oldest was born in 1904 2nd the voungest in 1242,

Other Patients

Data from skin vatients with vpemphigus, vemphigoid, vasculitis,
erythema induratum, erythema multiforme and erythema nodosum who were
investigated routinely in making the diagnosis, have alsc been included in
this study as controls or for comparison.

Material from normal volunteers, and patients with various other
illnesses have also been included for the same purpose.

Coeliac Disease

Material from patients with childhoéd and with adult coeliac disease
was included in parallel with some of the studies. The diagnosis of coeliac
disease (gluten-sensitive enteropathy, idiopathic steatorrhoea non-tropical
sprue) was made on the finding of a macroscopically abnormal (flat or flat-
with-mosaic) proximal small bowel biopsy (Booth: et al. 1962), and a
characteristic coeliac mucosal lesion histologically (Doniach and Shiner 1957).

The diagnoses and details of the patients and controls studied, and
that of volunteersvused, will be'given under the speéific projects where
they have been involved in the appropriate sections of this thesis{

The procedures used on patients in these studies were mainly limited
to three: (i) Blood collection (ii) Skin biopsy (iii) Small intestinal
-biopsy. Where indiéated, the procedures used were fully explained to the
pétients and their informed consent obtained.
Skin Bionsy

Skin biopsies were performed under local anaesthesia using 1% or 2%
lignocaine. Biopsies were taken either using a scalpel, or a 3 mm or 5 mm
punch (John &eiss, Wigmore Street, London).

Skin biopsies were taken from the following groups:

"A: Clinicallv involved skin.

(i) D.H. patients not on dapsone - early erythematous skin, early blisters,

and/or peribullous skin.
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(ii) 'Non-D.H.' group of patients.
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(iii) Patients with various skin diseases, includin

vasculitis, erythema indurstum, erythema multiforme.

(i) D.H. patients on dapsone alone (controlled).
(ii) D.H. patients not on dansone (with sxin lesions i.e., relapsed).
(iii) D.H. patients on gluten-free diet only (controlled).
(iv) D.H. patients on dapsone and gluten-free diet (conirolled).
(+) Coeliac disease patients.
(vi)  *Non-D.H.! group of patients,
(vii) Patients with various skin diseases, including pemphigus, pemphigoid,
vasculitis, erythema multiforme, erythema nodosum,
(viii) Volunteers with no evidence of skin disease.
All the biopsies from group B were taken from the buttocks. Biopsies
in group A were usually taken from the buttocks when these were involved,

Otherwise, affected areas on other parts of the body were used.

Preparation for Histological Examination

Skin biopsies were mounted on white blotting paper and fixed in formol
saline, They were then wax embedded, routinely processed, ani stained
with haematoxylin and eosin.

Preparation for Immanofluorescence

| The fresh unfixed skin was placed in a cup made of aluminiuﬁ foil and
filled with OCT compound (details on page39). It was then suitably
orientated so that when the skin was cut, the plane of section would be at
right angles to the basement membrane. The whole, (foil, skin and OCT
compound) was then immersed, either in iso-pentane pre-cooled in a beaker
in liquid nitrogen or directly into liquid nitrogen (Figure III.Z2). . The

. . o .
specimens were then stored in a -70 ¢deep freeze until processed.
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Procadure for Direct Tmmunofluarescence

A = 6/u sections were cut in the cryostat arnd transferred to g
i

slides. They were air dried unfixed under a forced draught for 30 minutes,
then washed in phosphate tuffered saline pH 7.2 (P33) for 15 minutes and
subsequently treated with fluoroscein-conjugated antiserwm appropriately
diluted, for 30 minutes,

In direct immunofluorescent siundies where a2 sandwich technigue (2A1ayers)
was used, the appromiate unconjugated antiserum was first layered on for
30 minutes (1s%t layer). After a wash of 10 minutes in PBS, the skin
sections were subsequently Iincubated with'the appropriate fluoroscein
conjugated antiserum for 30 minutes (2nd layer).

Following incubation with the fluoroscein conjugated antiserum, the
skin sectiohs were given a final wash for 1 hour in PBS and mounted in
buffered glycerol pH8 (9 parts glycerol to 1 part buffer pHB).F At least
four sections of each skin biopsy were examined for any one particular
conjugate,

Tests of Specificity of Immunoglobulin Devosits in the Skin

("Blocking" Exvmeriments)

The aim of these experiments is to prove the specificity of immunoglobulin
deposits detected in the skin biopsies using fluorescent conjugates, The
specificity of an immunological reaction detected by immunoflunorescence,
€.2., that 'IgA' detected by FITC labelled anti-human IgA is actually IgA
heavy chain, may be altered or erroneously interpreted by the following
factors:~

(1) cross-reactions -~ the result of different antigens sharing common
antigenic determinants. |
'(ii) valency of conjugate for multiple antigens - this may arise as
a result of using impure antigens for prcduction of the antisera.
e.8., by incomplete separatioﬁ of contaminants from the antigen

against which a specific antiserum is being raised.
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Figure III.Z2

Technigue of snap—freezing biopsies for immunofluorescence.

The skin biopsy (A) is oriented in OCT Compound contained

in a cup made of aluminium foil (average diameter 7 Bm,

length 1.4 cm).This is then immer¥sed in pre-cooled isopentane
(C). The isopentane is cooled in a beaker immersed in

liquid nitrogen contained in a thermos flask (D). It is
sufficiently cool for snap-freezing when white crystals

appear on the bottom of the beaker (E). Average time for
snap-freezing - 20 seconds.
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(iii) free uptake of fluoroscein - either as free FITC or FITC combined

(iv)  auteflunorescence mimicking
In an aftempt to define the specificity of the immneglobuling defteniod”

as being true immunological phenomenon, 'blocking' experiments have been
performed. In these, unconjugated antiserum is first introduced to th=
antigen. Following antibody-antigen reaction, excess free antiserﬁm is
washed off, and 2 FITC labelled antiserum directed against the same antigen
is introduced. Assuming that 2ll the receptor sites on the antigen have
been taken up by antibody from the unconjugated antiserum, there should be
no further uptake by the FITC labelled antiserum. Hence, 'blocking! is

effected and indicates that positive fluorescence is not due to non-specific

uptake of fluoroscein, but is the result of a true antibody-antigen reaction.

Equipment:

Fluorescent Microscope

A Reichert (Austria) 'Diapan' transillumination fluorescent microscope
was used throughout the study. The microscope is fitted with a 'Torict
darkfield wide angle condenser, and a low voltage halogen bulb (G.E.C.

A 1/215. 12v. 100w.). 0il or glycerol is used between the slide and
the condenser. For low power work, a x10 neoachromatic objective was used,
and for high power, a x40 objective with a numerical aperture (W.A.) of 0.90
and adjustable iris,
A 'Balzer! Filtraflex FITC-3 primary interference filter (see figure III.3
foi optical details) and a Kodak Wratten 12 secondary filter was used throughout.

Photographs were taken on Agfa C.T. 18 film (A.S.A.SO D.I.N. 18) using

a Remica 3 camera with a beam splitter (100/10005) attachment.
Cryostat
A 'Bright' (Huntingdon, England) cryostat cabinet fitted with a Cambridge

rocking microtome (Cambridge Scientific Instruments, England) perspex anti-roll
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Figure III.3

Emission spectrum of Balzers Filtraflex FITC-3 primary
interference filter.

The filter aims at giving nearly 100% transmission
between 470mu and 480 mun (B on figure) with total
isolation at 520 mu.

T= % transmission; W= wavelength
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bar and 'Original Jung'! knife was used throughout the study. It was

maintained at -30°C.

Chemicals:

Phosphate Buffered Saline (PBS)

This was prepared using a commercially available compound., NETA—-
Haemagglutination Buffer — pH 7.3 + 0,2" (B.B.L.) obtained from Becton and
Dickenson Ltd., Runcorn, Cheshire,

The formula in grams per litre was:

Sodium Chloride 7.65
Disodium Phosphate 1.2688
Monosodium Phosphate 0.1

Monopotassium Fhosphate 0.2113
For preparing PBS, 9.23 grams of the compound was dissolved i_n‘1 litre of
distilled water.
0,C,T Ames

This embedding medium for frozen tissue specimens was obtained from
Ames Company, Stoke Court, Stoke Poges, Slough, Bucks. 0.,C.T. stands for
'Optimal Cutting Temperature' and is an inert polysaccharide which is water
soluble and leaves no residue ox discolou;‘ation.

Gluten - Australian Vital Wheat Gluten

This was kindly provided by Energen.Foods Co, Ltd., Ashford, Kent. It
was stored at i*oom temperature.
Gluten - Fraction 3

This was kindly provided by Dr. R. Schneider, Department of Clinical
Pharmacology, %The Medical School, University of Birmingham., It was prepared
from crude gluten by peptic-tryptic digestion according to the method of

Frazer et al. (1959). It was stored at -20°C. in a freeze-dried form, .
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mtigem. Fluoroscein Conjugates and Serological Tests:

Antisera (unconjugated)

i. Sheep-anti~human IgG Wellcome reagents MR,54 lot K,1945
ii, Sheep—anti~human Igi " " MR.55 lot K. 2121

- iii,  Sheep-anti~human IgA " " TP.15 lot K.6787
iv. Horse-—a.nti-—humé.n serum n " MR,40 lot K.4898
Ve Rabbit-anti~human TgCG Mercia 10090 lot 072

vi, Rabbit-anti~human Igil " 10091 lot 013
vii., Rabbit-anti-human colostrum IgA Mercia 10 AT lot 023
viii. Rabbit-anti-human /BIC%BIA Behringwerke AG Batch T 1865 AM
ix, Rabbit-anti-human C3 - gift of Dr. J.F. Mowbray, (Department of
Experimental Pathology,
St. I 's Hospital Medical School,
London.
This was prepared by immnization of rabbits with C3 obtained by
incubating fresh human sexrum with zymosan. The immunological
specificities (and that of viii,) are as #ssessed by immmnodiffusion
illustrated in figure ITI.4.
xi, Rabbit-anti-human Cl1q - gift of Dr. J.F. Mowbray.
Clq was obtained from fresh human serum using the method of Yonemasu
and Stroud (1971) and used for immunization in rabbits. The antisera
obtained was then absorbed with pseudoglobulins and on immmodiffusion
studies gave a single precipitin line against both C1q and fresh human
gserun (figure III.5.)
xii, Sheep-anti-human IgA secretory piece - gift of Dr. R.A. Thompson ,
(Regional Immnology
Laboratory, East Birmingham
Hospital,
This was produced by immnization in a sheep with IgA-secretory piece
obtained from human colostrum., The antiserum was then absorbed with

human serum IgA to remove any anti-7S IgA. On double immunodiffusion,

no lines of precipitation were obtained against whole human sexrum,
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Rabbit-anti human C1q
(both wells)

I

Fresh human
se€Tum
’c'

S

Horse -anti Rabbit-anti human C3 (BﬂA/B10>
human serum (Behringwerke

Rabbit-anti human GC3%
(Dr J F Mowbray)

Figure TIII.4

Double immunodiffusion studies of two different anti-
human C3% antisera against fresh human serum. In addition
the specjificities against anti-human C1q has been assessed.
Only a single line of precipitation is obtained between
the anti-C1q and fresh serum.



Figure III.5

Rab-anti Sheep—anti IgA

human IgA secretory piece
Human
séerum
Horse-anti Rab-anti
human serum human “Tgh

Sheep —anti IgA
secretory piece

Double immunodiffusion of sheep-anti-human IgA
secretory piece against normal human serum in
central well. No lines of precipitation
against serum 7S Igh is seen.

Figure III.6

Rab-anti Sheep~anti IgA
human Igh secretory piece

Human
Jjejunal juice

Horse-anti Rab-anti
human serum hum.n -

p g

Sheep —-anti Igh
secretory piece

Double immunodiffusion of sheep-anti human IgA
secretory piece anti-serum against human JjeJjunal
juice showing lines of precipitation. The

serum has been absorbed with human serum to
remove any anti-7S IgA - hence the lines of
precipitation between the horse-anti-human serum
and the anti-IgA secretory piece antisera.
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and one line of precipitation obtained when tested against human
jejunal Juice. When tested against cow's milk no lines of
precipitation were obtained,

Fluoroscein Conjugates:

(FITC = Fluoroscein iso-thiocyanate)

Technical details and specificities shown in tables.
a, FITC sheep-anti-human IgG -~ Wellcome Reagents (table III. 1)
b. FITC sheep-anti-human Ig - " n (4able III. 2)
c. FITC sheep-anti-human Igh - " n  (table III. 3)

d. FITC sheep-anti-human immunoglobulin - Wellcome Reagents _
(table III. 4)

e, FITC goat-anti-human C3 5,]31 C B1A) =~ Hylands 072-2-1
(spec:.flclty agsessed by testlng ability of this conjugate to detect
complement fixed by human IgG gastric parietal cell antibody -
for details, see page 56).

f, FITC sheep-anti-rabbit immunoglobulin - Wellcome Reagents
(table III. 5)

g. FITC goat=anti-rabbit immunoglobulin - Nordic
I, FITC rabbit-anti~sheep imminoglobulin -~ Nordic
i. FITC goat-anti-luman kappa=chain (Bence-Jones-K) Nordic

jo FITC goat-anti-human Lamda=-chain (Bence-Jones-L) Nordic

Serological Tests:

Thyroglobulin Antibodies: These were detected using a Wellcome Reagents
Thyroglobulin Test kit, containing thyroglobulin sensitized sheep cells
(preserved) and control sheep cells (preserved) prepared by the method

described by Fulthorpe et al., (1961).

Detection of Autoa.ntiﬁoj_._gl_e_q:

Circulating autoantibodies to various human tissue czponerts were detected
by indirect immunofluorescence according to the technique of Johnson and Holborow
(1973).  Serum obtained from blood clotted in a plain bottle was stored at -20°C.

until examined, A 1:10 dilution of the serum was initially made in phosphate
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TABIE IIT : 1

FITC Sheep—anti-human TgG — Technical Data Wellcome Reagents (MFO03)

Lot No. Kzo42 k47573

Fluoroscein/protein ratio

Optical density ratio

(E495 nm : E280nm) 0.72 0.61
Molar ratio | 3.2 2.6
Protein - mg/ml 9.8 9.2
Antibody protein-mg/ml 0.4 0.8

Specificity Tests

Gel diffusion
— IgG + +
IgM - -
IghA - -

DIF Monoclonal

Working Dilution

Direct IF 1:32 1:%32-1:60

Indirect IF 1:16-1:20 1:16-1:24



TABLE ITITI : 2

4%

FITC Sheep-anti-human IgM - Technical Data

Tot No.

Fluoroscein/protein ratio

Optical density ratio
" (Ey95 o ¢ Fogo o)

Molar ratio

Protein - mg/ml

Specificity Tests

Gel diffusion

— . e gt p— —

Igh
DIF Monoclonal

— — — m— p— — —

— —— — p— p— p—

Working Dilution

Direct IF

— — — — p—

— — — — — f—

Wellcome Reagents (MFO4)

K4060 K43%92 XKe762
0.66 0.65 _ 0.68
3.0 2.6 3.0
5.8 4.0 55

+ + +
+ + +
- - ND

1:12-1:24 1:12-1:24 1:12-1:24
1:24 1:12-1:24 1:12-1:24

ND = not done



TABLE TIIT : 3
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FITC Sheep-anti-human IgA - Technical Data

Lot No.

Fluoroscein/protein ratio

Optical density ratio
(E : E )

495 nm 280 nm
Molar ratio

Protein - mg/ml

Specificity Tests

Gel Diffusion

St Gvmn ne  Gumm Gt e m—

L R R e

St oot wne e Gwoa Gumm

Working Dilution

Direct IF
Indirect IF

L s

Wellcome Reagents (MFO5)

K3914 KA4293  K5777 K7307

0.57 0.58 0.71 0.85
2.4 2.4 2.3 4.1
7.0 5.9 2.9 5.0

+ + + +

+ + + +

- - ND ND

1:8-1:12 1:8-1:12 1:8 1:8-1:12
1:12 1:12 l:12 1:12

ND = not done
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TABLE ITIT : 4

FITC Sheep-anti-human Immunoglobulin - Technical Data
Wellcome Reagents (MFO1)

Lot No. K3713%

Fluoroscein/protein ratio

Opitcal density ratio

(o5 mm ¥ F280 mm? 0.85
Protein - mg/ml 8.6
Antibody protein (anti-IgG) - mg/ml 1.1

Gel Diffusion Tests

IgG' +
Letl +
IgA +

Working Dilution

for indirect IF 1:32
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TABLE IITI : 5

FITC Sheep-anti~Rabbit Immunoglobulin ~ Technical Data
Wellcome Reagents (MFO2)

Lot No. K5865 K6309

Fluoroscein/protein ratio

Optical density ratio

(Er95 nn * F280 om? 0.8 0.8
Molar ratio 3.7 5.7
Antibody protéinrmg/ml 1.15 1.15
Protein (Biuret)—mg/ml 9.7 9.7

Working Dilutions

Direct IF 1:5-1:10 1:5-1:10
Indirect IF 1:16 1:16
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buffered saline (PBS) pH 7.2 - 7.4, TFor titration purposes, stepwise‘
dilution (1:20, 1:40, 1:80, 1:160 etc.) was done, All sera were screened .
at the initial 1:10 dilution. Neat serum was not used, Generally, the
sera were not heat inactivated (for complement), but where necessary, the
serum was incubated in a water bath at 5600. for 30 minutes.

The following autoantibodies were looked for -
1., Anti-nuclear antiﬁody (ANA)
2. Smooth }uscle antibody (SMA)
3. GCastric parietal cell antibody (GPC)
4. Mitochondrial antibody (Mito,)
5, Thyroid microsomal antibody.
6. Thyroglobulin antibody.

For (1) to (4), the source of antigen was cryostat sections of rat liver
(for ANA - Holborow et al. 1957), rat stomach (for GPC - Irvine ét al. 1962,
and for SMA - Johnson et al. 1966), and rat kidney (for mito. — Walker et
al. 1965). These three tissues were obtained from a freshly killed 'Black
Hood' rat (leés than 3 months old). A wedge of liver, kidney (cortex +
medulla) and stomach (pyloric end) were arranged on a cryostat chuck and 7
immediately snap-frozen on a carbon-dioxide snow freezing device (s1ee, England).
This 'composite block'v, when cut in the cryostat, gave sections of about 1 cm.
diameter containing all three tissues (see figure III. 7) necessary fbr
detecting ANA, SIMA, GPC and Mito. 6 /u sections were cﬁt and transferred on
to glags slides, After drying :Ln a forced draught for 15 to 20 mimutes, the
sections were incubated with the 1:10 dilution of serum and left in a moist
chamber for 30 mimmtes. They were then washed for 15 minutes in PBS using
a magnetic stirrer (Gallenkemp)' in a water bath. After removal of excess
buffer with tissue paper, the sections were incubated with the appropriately
diluted fluoroscein-conjugated antiserum for 30 minutes, again in a moist

chamber, The sections were then given a final wash of 1 hour in PBS, and
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subsequently mounted in buffered glycerol pH8 (9 parts _glycerol to'1 part
buffer pH8). During the whole procedure (other than the initial dryLﬁg in .
a forced draught) the sections were never allowed to dry out completely, as
this gave rise to artefacts.

The sections were examined either immediately, or within 24 hou.rs. for
the latter, they were stored at +4°C.

A similar procedure was empolyed for the‘detecti'on of thyroid microsomal
antibody. As a source of antigen, frozen human thyroid {removed from a
patient with thyrotoxicosis) 6 /% was used (Holborow et al. 1959).

For a1l these tests, known positive and negative sera were also included
as controls in evexry batch.

Thyroglobulin antibody was detected using a Wellcome Thyroglobulin
Hzemagglutination Test Kit, accoring to the method of Fulthorpe et al. (1961).
Perspex agglutination trays (Chromic acid washed and grease free) were used.

The following modified procedure was used.

1. Absorption of patient!s serum to remove antibody to sheep red cells

(found in normals) was performed by incubation of 0,1 ml test serum with 0.4 ml
preserved control sheep red blood cells (making 1:5 dilution). After standing
ét roon temperature for 10 mimites, the mixture was centrifuged and the
supernatant used in the test. For dilution, PBS pH 7.3 with 0.15% foetal

calf serum was used.

2., The dilutions were made in the following manner.

Set upt~
Well no. Diluent Sexrum

1 ' - 0.1 ml of 1/5 dilution
2 ' 0.4 ml 0.1 ml of 1/5 dilution
3 0.4 ml - '
4 0.4 ml -

5 0.4 ml -

6 0.4 ml -

7 0.4 ml -

8 - 0.1 ml of 1/5 dilution



MITO. ANA

SMA

GPC
all three tissues detect
anti-reticulin antibody

Figure III. T

Diagramatic representation of composite block made up

of rat liver, stomach (pyloric : end) and kidney (cortex
and medulla) used for detection of auto-antibodies.

All three tissues will detect anti-reticulin antibody.
The stomach detects gastric parietal cell (GPC) and
smooth muscle (SMA) antibodies; the liver, anti-nuclear
antibodies (ANA) and the Yidney. mitochondzi~l (mito)
antibodies. -
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3. Mix Well 2 and transfer 0.1 ml from Well 2 to 3, IMix and transfer
0.1 ml from 3 to 4 and so on till Well 7. Discard the 1ast-0.1 ml,

4. Starting from the lowest dilution (Wel1 7) and using an automatic
pipette, remove 0.3 ml from each Well, leaving O.1 ml,

5e Mix by gently rotating the glass tray and then leave in moist
chamber overnight (approximate results can be obtained at 3 hours).

Using this technigue, the following dilutions are obtained:

Well No, 1 2 3 4 : 5 6 T . 8

. . 1 1 i 1 1 1 1
Dilution /5 /25 /125 /625 /3’125 /15,625 /78,125 Control

Reading the test.

The test is positive when the cells agglutinaté and settle to the
bottom of the cup as a diffuse carpet (this is facilitated by addition of
protein - as foetal calf serum -~ to the diluent). A negative test appears
as a compact button of cells, Weakly positive results give intermediate
patterns, The end point is taken as the highest dilution giving a clear
positive test; weak positives are ignored. The control must always be
negative, If agglutination is seen, absorption of the test serum with
control sheep red blood cells must be repeated, Known positive sera
(from patients with Hashimoto's thyroiditis) were included in every batch
as positive controls.

Scoring System used in Assessing Smooth Muscle Antibody (SMA).

The presence of SMA was assessed by the system introduced by Whitehouse
and Holborow (1971). In the rat composite block used in this system SMA
stains (i) fibres between the gastric glands, in the muscularis mucosae
and the walls of arteries in the stomach, (ii) the area around liver cells
(polygonal staining) - (Johnson et al. 1966), (iii) and in the kidney, the
renal glomeruli (Whittingham et al, 1966). All these five sites in rat
tigssue contain antigenic determinants in common with human smooth muscle

(Farrow et al. 1971).
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Each of the five features described above was scored as follows:~

= no staining
= probable staining

definite staining

W = O
]

= gtrong staining

The total score for each test serum was therefore assessed out of a possible
.maximum of 15. 0 ~ 5 was regarded as negative, 6 - 9 as weak positive

and 10 - 15 as strong positive.

Detection of Pemphigus and Pemphigoid Autoantibodies.

Circulating antibodies to intercellular cement substance (as found in
pemphigus) and to.basement membrane (as found in pemphigoid) were detected
as described by Beutner et al., (1970) using guinea pig‘xip and oesophagus.
A polyvalent FITC labelled sheep—anti-human immunoglobulin conjugate (Wéllcome)

was used at a dilution of 1 : 32.

Detection of An{gi-reticulin Antibody (ARA)

ARA was detected using the rat composite block previously described.
Connective tissue in all three tissues, i.e., liver, stomach and kidney act
as sources of antigen in the indirect immunofluorescence test used to detect
ARA, The indirect immmofluorescent test used was the same as pre#iously‘
described for detecting circulating antoantibodies., All sera were tested
at an initial dilution of 1 : 10. TFor titration, stepwise dilutioné of
1 :20, 1 ¢ 40 and 1 : 80 were made when the screening test was positive,
‘The end point of the titration was taken when a weak but ﬁefiniteiy positive
result was obtained. All sera were tested blind without knowledge of name
or the diagnosis of the patient. In each test batch, known positive and
negative controls were included for comparisonf Sera were tested using
FITC-labelled mono-specific anti~human IgG, IgM or IgA, or anti-whole human

immmnoglobulin (see tables III. 1 - 4).

Patterns of Staining obtained with Anti-reticulin Antibody (ARA)

The patterns of fluorescent staining obtained with ARA positive sera

were assessed by paying attention to the parts of the commective tissue in
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the rat composite block taking up the fluorescent conjugate. The areas
of these tissues assessed were:-—

1« In the liver -~ 1i. Portal tracts,
ii, Centrilobular vein,
iii, Perivéscular commective tissue,
iv. Inter-hepatocytes. '
Ve Liver parenchyma.

vi, Liver sinusoids.

2, In the stomach~- i. Inter—gastric gland connective tissue.

ii. Sub~-rmicosa.

iii, Connective tissue surrounding smooth muscle fibres.

3. In the kidney -~ 1i. Peri-vascular connective tissue.

ii, Peri=-tubular connective tissue,
iii., Glomerulus.

iv. Bowman's capsule,
The patterns of stainging obtained were correlated with the clinical

diagnosis of the patient.

. Correlation of ARA Fluorescent Staining Patterns with Histological Staing

for Connective Tissue Components.

Parallel 6/u sections of rat composite block were cut and subsequently
fixed and appropriately stained for reticulin and collagen. The histological
patterns obtained were then compared with those produced Ey indirect
immunofluorescent staining seen with ABA positive sera.

The following stains were done:

T1e Haematoxylin and eosin,
2. Comori silver stain for reticulin (Gomori 1937).
3 Van Giesen stain for collagen (9 parts of saturated aqueous picric

acid to 1 part of 1% acid fuchsin).

Effect of Collggenaée on ARA Staining and Histological Staining.

This experiment aims at defining the effect of collagenase on the
antigenic determinants of comnective tissue reactive with ARA positive sera.
Materials.

6/u sections of rat composite block,
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Collagenase type IIT Fraction A - (Sigma London Chemical Cb.) obtained

from clostridium histolviticum —~ subsequently chromatographically purified

and substantially fres of peptidase and trypsin~like activity.

TRIS Buffer - containing 0,05H TRIS witha 0,005M calciwm chloride 'X.;o
PH 7.0 xith ECL.

2 ARA positive sera (IgG class) from a patient with D.H. and a patient
with adult coeliac disease,

1 ABA negative (norma.l) serum.

Procedure.

After air drying, the sections of rat tissues were treated with
collagenase at a concentration of 0.5 mgnm and lmgm per ml in buffer,
Experiments were done in triplicate - one slide was used for immuﬁoi‘luorescent
staining, one for staining for collagen (van Giesen) and the last for staining
for reticulin (Gomori).

After treatment with collagenase (volume — 1 drop of Pasteur pipette),
the slides were incubated for the following periods of time in a damp chanmber
at 37°C: 30 minutes, 1 hour, 2 hours; 3 hours, 18 hours. At the end of
each period of incubation the collagenase was removed and the slide washed
for 5 minutes in a water bath filled with PBS pH 7.2, Subsequently, the
slide for immunofluorescent staining waé treated witﬁ a1 : 5 dilution of
the ARA positive sera for 30 mimutes, After a wash for 10 mimutes in PBS
pH 7.2 they were treated with FITC anti-human IgG for 30 minutes and then
given a final wash of 1 hour before mounting in buffered glycerocl. The slides
for histological stains we:.;e fixed in formol saline after washing, and then
appropriately stained for collagen and reticulin.

Controls: These were pzfovided by -~
i. Untreated sections of rat tissue. _
ii. Sections treated for the same periocds of time with buffexr:
only and then stained with ARA positive and negative sera,
iii, Collagenase treated sections (% hour to 18 hours) stained
with ARA negative serum, '
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Collagenase Form I (5igma) was used initially in this study, but proved to
be unsuifa‘ole as the higher content of peptidases and fry‘psin in this less
. purified preparation caused considerable digestion of the cryostat sections

with gross distortion of the normal architecture of the tissues.

Immunoperoxidase Staining and Imminoelectromicroscopy using ARA positive Serum.

This was kindly performed by Mrs, Janeit Webb and Mr. Jack Dorling,
M.R.C. Rheumatism Unit, Taplow, Berkshire.

The method was that of Webb and Dorling (1973). - Fresh rat liver vas
fixed in 1% pamformaldehydei in 0.1M phosphate buffer at pH 7.2 - 7.4
containing 7.5% sucrose for 30 mirmutes at 4°C. Cryostat sectioﬁs were then
éu't and treated with an ARA (IgG class) positive serum (dilutidn 1 : 10)
from a patient with adult coeliac disease, then with ho'rse-radish_ peroxidase:
sheep-anti-human IgG, and subsequently processed histochemically to localize
the site of the antigen-antibody reaction, as described by Webb and Dorling
(1973).

The sections were viewed under light microscopy at this stage and
photographed, Suitable specimens were then set in araldite and processed
for immmoelectronmicroscopy.

Testing for ability of anti-reticulin antibody to fix complement in vitro.

. This was done by indirecf immmofluorescence., The ability of ARA to
fix complement is tested by incubating ARA positive serum diluted with fresh
- serum (as 2 sourcé of complement) with cryostat sections of rat composite
block: The presence of fixed C3 is subsequently looked for by staining
with FITC-anti-human C3. -

The principle of this test is shown schematically as follows:=

C fixation (fresh serum)
Antibvody (serum) t

N .fmtlbody

S > —Complement
‘Antigen

This fixed complement is then detected
using FITC anti-human C3.

Antigen (cryostat section)
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P;tients. 12 ARA positive serum, all of which contained IgG ARA's
from 4 patients with D.H., 4 patients with childhool
coeliac diseass and 4 patients with adult coeliac disease
were used in this experiment. All the test sera were

complement deactivated by incubation at 56OC. for 30 minutes.

Source of complement. This was provided from fresh serum obtained from

clotted blood from a normal volunteer. A portion of this was complement
deactivated and used in the control experiments,
Controls., Positive control - Gastric parietal cell antibody positive serum
of IgG class from a patient with pernicbus anaemia was used at a dilution of
1 : 10 and 1 : 200 (dilutions made with normal serum diluted with an equal
volume of PBS pH 7.3). IgG gastric parietal cell antibody is knowﬁ to be
strongly complement fixing, The negative control was ﬁrovided by making
the dilutions up with complement deactivated normal serum, Tﬁe point of
doing this negative control was to test the specificity of the FITC anti-
human C3 for activated complement. The sensitivity of this test of
specificity was enhanced by diluting the positive serum to 1 : 200. The
12 test sera were diluted 1 : 10 with both fresh and deactivated serum-buffer
mixture and incubated with cryostat sections of rat composite block for 30
minutes, They were then washed for 10 minutes in PBS and subsequently
jncubated with a 1/10 dilution of FITC anti-human C3 (Hylands) for 30 minutes.
They were then washed and mounted in the usual way. The positive and
negative controls (GPC positive serum) weie treated in the same way.

The presence of ARA or GPC antibody in the sera used was confirmed by
staining similarly treated sections in parallel with FITC anti-human IgG
iﬁstead of FITC anti-human C3.

Absorption Studies:
Absorption of ARA positive sera from patients with gluten sensitivity with

glu‘ben .

17 ARA positive sera, randomly selected from a known batch of sera from

patients with D.H. and with childhoogd (C.C.D.) or adult coeliac disease (a.c.n.)
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were used in this study. The patients wexre 7 with C.C.D., .4 with A.C.D. gnd
6 with D.H. They had IgG, IgA or both IgG and IgA ARA activity. All these

sera were absorbed with (i) crude gluten (mainly insoluble)

(ii) Gluten~Fraction 3 (completely soluble)

Absorption Procedure.

1 ¢ 10 dilutions of all the positive ARA sera were made in PBS pH 7.3.
Separate 0.5 ml aliquots of the diluted serum were absorbed with 5 and 50 mg
regpectively of ecrude gluteﬁ and identically with lyophilised gluten-fraction
3 The‘mixtures were incubated for 1 hour at room temperature with
agitation. Specimens were then spun down for 30 minutes at 3,0b0 T.p.o.
(2C0g) and the supernatants removed for testing for ARA activity by‘
immmofluorescence. Complete separation of crude-gluten by centrifugation
was very difficult as the substance is insoluble and very flocculaﬁt.
Spinning at higher speeds (up to 8,000 r,p.m.5240g) was equally ineffective.,
The remaining absorption mixtures were then incubated at +4°%C. for a fuithér
24 hours, and further aliquots. removed for testing for ARA. To minimize
experimental variations, all absorptions and fluorescent~staiﬁing were
performed in one sitfing. In addition': tissue from the same rat was used
throughout .

Controls.

Pogitive controls., These were provided by the appropriate unabsorbed (1:10)

serum, They were stained in parallel with the absorbed aliquots so that
direct comparison of the intensity and pattern of immunofluorescent staining
could be assessed,

Other controls., To assess the possibility of non-specific effects of gluten

and gluten—fraction‘3 on autoantibodies and immnoglobulins, positive sera
from the following patients wexe also put through the same absorption
procedures:—

1., Antinuclear antibody positive serum from a patient with systemic lupus
erythematosus (IgG and IgM class).
2. Smooth muscle antibody positive serum from a patient with chronic

active hepatitis (IgG class).
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3, Gastric parietal cell antibody positive serum from a patient with
pernicious ansemia (IgG class).

4. Mitochondrial antibody positive serum from a patient with primary
biliary cirrhosis (IgG class).

In the immunofluorescent staining, FITC sheép—anti-human immmoglobulin was
used in a dilution where no non-specific staining was seen,
The effect of gluten-fraction 3 on the pH of the buffer was determined:

at a éoncentratio;n of 5 mg Fraction 3 in 0.5 ml PBS pH 7.3 the pH was 6.9

at a concentration of 50 mg Fraction 3 in 0.5 ml PBS pH 7.3 the pH was 6.1

Immunofluorescent Staining with Experimental anti-Connective Tissue Antisera,
Imminofluorescent staining of rat composite block withv various |
experimentally produced anti-connective tissue antisera was peronrmed' for
comparisoﬁ with the patiern of staining obtained with ARA .pos'itive sera from .
patients with gluten-sensitive enteropathy. The chemical composition of
.‘the ertigens used in producing these antiserz were falrly well defined and
it was therefore relevant to compare the staining patterns produced by
antigera to them in attempting to clarify and define the nature of the
antigen(s) involved in the production of ARA in gluten-sensitivity pa.tients.’
The folloking experimental antisera were examined:-
»1 . Rabbit anti-bovine heart valves (BHV) - gift of Dr. E. Kasp-Grochowska,
M.R.C. Bheumatism Unit, Taplow, Berks. This antiserum was produced as
' described by Kasp-Grochowska et al. (1972). The antigen was a homogenate
of whole bovine valves as recommended by Goldstein et al. (1967).
Using the fractionation procedure of Goldstein et al. (1967), two
components of the bovine heart valve were obtained and used subsequently
in absorptlon procedures with ARA positive sera. "'hese components (as
described by Kasp-Grochowska et al. 1972) are:-

i, Crude Soluble Collagen (CSC)
ii., Calcium Chloride =~ TRIS - Citric Acid Buffer extract (CTC)
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The chemical composition of these extracts are:-

Hydroxyproline Hexoses as Hexosamines as
Galactose glucosamine
CsC 2,0 = 2,4% 3.1 ~ 3.8% 2.1 = 2,5%
CTC 0.1 - 0.3% 4.7 = 4.%6 3.7 = 5.6%
Hexuronic Acid Reducing sugars
as glucuronic as galactose
csc 3. T%% 11.5%
CTC o 5.9% 20.0%

2. Rabbit anti-saline—insoluble non-collagenous reticulin component (NCRC)

of pig (and human}kidnex. - Gift of Dr., M. Pras, Kennedy Institute of

Rheumatology, London. The NCRC was prepared and isolated by water dispersion

from human and porcine organs as described by Pras and Glymn (1973). The
ichemical_composition and amino-acid éequence of porcine NCRC had previously
been definéd.by Pras ahd Glynn (1973). NCRC of both porcine and human
origins were used for absorption procedures with ARA ﬁositive sera from
"patienté with giuten-sensitive enteropathy. The antiserum was produced by
immumization qf NCBC in rabbits as described by Pras et al. (1974). Rabbits
were given 1 ml of an emulsion containing 1 mgm of NCRC in complete Freund's
. adjuvant subcutaneously in five sites. The animals were bled after four
weeks, boosted after six weeks and bled again ten days after the second

- injection.

Absorption Procedures with Connective Tissue Extracts.

1. Bovine Heart Valve (BHV) Extract.
" Absorptions were performed using the Crude Soluble Collagen (CSC) and CTC
Extracts - as described on page 59,

Absorption Procedures.

Absorption with CSC,

(1) 2 ARA positive sera (from 1 D.H. patient and one adult coeliac patient)
vere used in this study. The ARA positive serum from the coeliac disease
- patient also had smooth muscle antibody of high titre — and this served as

an internal control in the test system.
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(2) The test sera were diluted to make 1:2, 1:4, 1:8, 1:16 and 1:32

dilutions in normal saline. |

(3) The diluted sera were then divided into (a) control dilutions - unabsorbed
and (b) test dilutions for absorption. The test dilutions were then absorbed
with CSC 1 mgn/0,1 ml of diluted serum (i.e., 10 mgm/ml) for 24 hours at

+4°C with occasional agitation, |

(4) The absorptipn mixture was then centrifuged at 2,500 rpm for 20 minutes
and the supernatanté further absorbed at a concentration of 0.1 mgm CSC per O.1
ml diluted test serum for a further 12 hours at +4°C. The final absorption
mixtures were then centrifuged for 20 mintues at 2,500 rpm and the supernatants
. removed for testing on rat composite block sections.

(5) The control serum dilutions were left at +4°C throughout. However,

they were also put through the two centrifugation procedures. - In the
immunofluocrescent pfocedu:e, the appropriate test end contrecl serz vere {ested
on sections placed immediately next to each other, so that a direct comparison .
was possible without the need to change the slides on the fluorescent
microscope., This avoids variation from microscope objective and condenser
adjustments,

Absorption with CTC Extract.

A similar absorption procedure was performed using the more soluble CTC
extract, Two D.H. ARA positive sera were used in this experiment. In
addition, absorption with CSC was performed at the same time.

2 mgm of CIC or CSC were added to
0.5 mls of 1:5, 1:10, 1220 and 1:40 dilutions of the ARA positive serum
in normal saline: Unabsorbed aliquots of the same serum dilutions

served as controls,
Thé absorption mixtures and controls were continuously agitated at room
témperature for 1 hour and then left at +4°C for 24 hours, After centrifuging
at 2,500 rpm for 20 minutes, the supernatants were removed and tested as

before for ARA.
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2. Non-Collagenous Reticulin Component (NCRC) of Normal Human Kidney.

11 ARA positive sera from 7 patients with coeliac disease, and 4 patients
with D.H. were used in this study. Sera positive for antinuclear antibody |
and smooth muscle, gastric parietal cell and mitochondrial antibodies were
used as controls, Sera were incubated with the saline insoluble NCRC for
1 hour at 37°C. The mixture was then centrifuged in.a Spinco 40 xrotor at
15,000 rpm for 45 minutes., A high speed was ineffective for separation as
there ﬁas a tendency for the NCRC to re-disperse in the presence of serum,
 The supernatants were then removed and tested for the presence of ARA.

The parallel unabsorhea diluted ARA sera (which was also incubated and
centrifuged) werevused as the positive controls against which the degree of -

absorptidn effected could be assessged.

Histocompatibility Typing Studies:

Petients. %9 patients with D.H. and 36 pztients with acéuii coelize disemse
(ACD) were included in this study. All of the ACD patients and 38 of the

D.H. patients were Caucasians; one D.H. patient was an Egyptian Arab.
Controls. These were provided from the Tissue Typing Laboratory at St. Mary's
Hospital, London, W.2. Data from 100 individuals, mainly Caucasian,
comprising pregnant women, blood donors and laboratory staff were used. For
the 4a and 4b antigens of Van Rood, data from 923 similar conirols were used,

Histocompatibility Typing.

Lymphocytes from defibrinated blood collected into clean Universal
bottles were used in a modified two-stage Kissmeyer-Neilsen lymphocyte
microcytotoxicity test. Lymphocytes were isolated by mixing 2 mls of
defibrinated blood mixed with an equal volume of dilﬁent (Complement Fixation
Test = CFT - diluent tablets, pH 7.2 - Oxoid) and carefully layered on %o
a 3 ml Triocil/Ficoll density gradient (6 mls %% solution of Ficoll + 2.5 mls
of 34% solution of Trioceil) in a 10 ml tube, The tube was centrifuged for

15 minutes at 3,000 rpm at room temperature. The lymphocytes sediment to
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the interface &ﬁring centrifugation and were carefully pipetted off. Almost
all the erythrocytes and granulocytes settle to the bottom of the tube.

The cell suspension was then washed with large volumes of CFT diluent
and spun down at room temperature. The procedure was repeated again, and
the lymphocytes resuspended in fresh normal serum 1 : 1 parts rabbit fo,
humen serum. A cell count was done and the doncentrétion of lymphocytes
adjusted to 1 x 106,per em?.

For the typing; 1/u1 of the different typing antiseia were placed in
the microchambers of a Terasaki plate, 1/ul of the test lymphocyte |
suspension was then added to each chamber using a.Hamilton_syringe. The
plate was then incubated at 3700 for 30 minutes, 1/ul of a coﬁplement
source (1 : 1 parts normal human to rabbit serum) was then added to each
microchamber and further incubated for 30 mimutes at 3700. Subsequently,
1/u1 of 1% trypaﬁ biue was added, and the plate read immediately for evidence
of lymphocyte cytotoxicity (as shown by uptake of trypan blue by dead celis)
on an inverted phase contrast microscope.

Specificities Tested.

The specificities tested were the 1st and 2nd segregant series of the
HI~-A system, and the 4a and 4b complex of antigené of Van Rood.. The |
relationship of the 4a and 4b complex to the HL~A system remains uncertain
at the present time., It was decided to test for these antigens in view of
the frequent association of 4b with the HI~-A 1, 8 chromosome., An increased‘
incidence of HL—A 1 and 8 had previously been reported in patients with ACD
(Stokes et al, 1972, Falchuk et al. 1972) and with D.H. (Katz et al. 1972,
Vhite et al. 1973, Gebhard et al. 1973).

»; In the HI-A system, the following specificities were tested for in the
1st and 2nd segregant series: HL-A 1, 2, 3, 9, 10, 11, W28, Da25, W32;
HI~A 5,.8, 12, 13, W5, W10, W14, Wi5, wi6, W17, w18, w21, W22, W27 and W20,
Antisera to each of the histocompatibility antigens varied from 1 to 17
different sera and were obtained from multiple pregnancy and sensitized .

kidney transplant patients. The antisera used for typing were a mixture
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obtained from patients at St. Mary's Hospital, Paddington, Lon»dox;, and
“those obtained from a mumber of typing centres, The specificities have
been validated by parallel typing with antisera from the National Tissue
Typing Reference Laboratory and London Hospital plates.

The 42 and 4b antisera were in part a gift from Professor J.J. Van Rood
(Leiden, Netherlands) and some locally obtainéd sera ﬁhich consistently
gave similar reactions to these.

Relationship to Small Intestinal Biopsies.,

The relafionship of the HI~A antigens to the small intestinal biopsies
in the D.H. patients was-assessed. The procedure for obtaining and
evaluating these biopsies js described below.

Smull Intestinal Biopsye.

Biopsy Procedure

Thigs was performed per—ocrally using the Crosby Capsule (Croéby and
.Kugler 1957). The capsule used in this study was of stainless steel,
‘measuring 18.5 mm in length, 9.5 mm in diameter with a side oﬁening oxr

port of 3.6 mm diameter. Polythene Portex "53" tubing, or radio-opaque
catheter tubing (Kifa, Sweden, Catalogue number 17,887-1) was attached to
the capsule and.used for firing the knife, Firing was effected by suction
| using a 20 ml syringe. |

Intestinal biopsies were perfoimed in the morning and patients wexre
‘gtarved froﬁ the night before, No premédication or sedation was used as
a rale. Most subjects had no difficulty in swallowing the capsule, a few
siﬁs of water being given if necessary,

Small intestinal biopsies were done under X~ray control., Two
modifications of the technique of biopsy with the Crosby capsule were used.
Ih the firSt, a second polythene tube was attached alongside the main tube
using waterproof sleek (or 'Micropore; tape) as deseribed by Fry (1964).
This fube serves two purposes, Firstly, it avoids fluoroscopy, for fluid

. can be aspirated and its pH determined with universal indicator paper. The
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pH and ﬁature of the fluid aspirated gives a good indication of the position
-of the capsule., Hence, a pH of 7 or more indicates that small intestinal
Juice is being aspirated and that the capsule has passed through the pylorus.
Thick, 'oily' yellow bile stained fluid also indicates that the capsule has
passed the pylorﬁs. ‘The position of the capsule can then be Clarified by
injecting "Gastrograffin" or "Hypaque" into the catheter and taking a plain
X~ray of the abdomen. Hence, fluoroscopy is avoided and no radiologist is
requiréd. The other advantage of the second catheter is that intestinal
juice.can be obtained for analysis during the same procedure,

The second modification employed is that of using a stiff outer polythene
cuff to guide the capsule into positién under X-ray screening, as described
by Evans et al. (1970). The advantage of this procedure is that it is
quick and causes minimum discomfort to the patient.

Biopsies were then taken from the 4th part of the duodenum or the
Guodeno~jejunal flexure afier verification of {the position of the cepsuie
by X-ray. Specimens were mounted on to white blottingipaper and fixed in
formol saline,

Macroscopic Apvearance

The mascroscopic appearance of the small intestinal biopsy was assessed
using a Zeiss Standard Universal microscope with a 3" objective, Specimens
were photographed through a camera attachment for record purposes.

 The terminology ﬁsed for classifyiﬁg the macroscopic appearances of the
small intestinal biopsy is that employed by Booth et al. (1962). Thus, the
micosal surface is described as flat (or flat mosaic), convoluted (or
convoluted mosaic) or having leaf-like (leaves) or finger-like (fingers) villi.
The flat mucosa under the dissecting microscbpe tends to correspond to
'subtotal villous atrophy' and the convoluted mucosal surface to 'partial
villous atrophy! as originally described histologically by Shinexr and Doniach

(1960).  *Flat'! and 'convoluted' specimens were considered to be abnormal,
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whilst 'leaves' and 'fingers' were normal in this study. (Figures IIL 8 to 11).

Microscopic Appearance (Figures III. 12 to 14)

.

Following assesément-for the macroscopic appearance, embeddiné of the
intestinal biopsy in paraffin was carried out in the usual manner; 7/u
sectiéns were cut and stained with haematoxylin and eqsin or with iron
haematoxylin and picrofuchsin (Van Gieson) for routine histological examination.

Quantitation of intraepithelial lymphocytes was performed as an index
of cellular infiltr;tion of the smail intestine, Intraepithelial lymphocytes
‘énd epithelial cellé were counted in parts of the specimens where the plane

of section was vertical through the epithelium and the underlying basement

. membrane., The number of lymphocytes among 1000 epithelial cells were counted

in each specimen and the results expressed as lymphocytes per 1000 epithelial
cells, In villous specimens, counts were made_on the sides and tips of the
villi and in convecluted and Tlzt specimens, the surface cells were counieda
Yo attention was paid to crypt cells which in both control and gluten
sensitive enteropathy specimens show very little cellular infiltration
compared with villous cells. Low power magnification usually defines easily
. the tranéition between crypt and villus and counts were kept above this level.

Epithelial cells and lymphocytes were easily identified by their nuclei
which are characteristically different. The columnar cell nuclei are pale
staining and more oval or elongated than those of lymphoéytes which are
smaller, round and stain more darkly. |

Positioning of intra-epithelial lymphocytes.

The position of the lymphocytes in relation to the epithelial cell
nﬁcléus was also assessed and classified into three categories - basal,
pefinuclear and supramclear (see figure III, 15). Iymphocytes were récorded
as being basal if their nuclei lay adjacent to the epithelial cell comnective
tissue junction. They were considered to be perinuclear if they lay above
this basal position and were clustered around the epithelial ceil nuclei, and

supranuclear'if they were entirely above the general level of the uppermost
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edge of the epithelial nuclei. In properly orientated sectiops! there
was no difficulty in assigning the lymphocytes to one of these categories,
In random sections of any biopsy however, there are usually a number of
areas which are oblique, and these are unsuitable for counting. In
addition, it is not always possible to count 1000 epithelial cells in
continuity up and down the §cntiguous sides of adjaceﬁt villi, and the
total count has to be made usually from varying lengths of epithelium

t
from different parts of the specimen,



Figure III.8 : D.H. small intestinal biopsy-dissecting
microscope appearance showing mucosa with fingers and
leaves villi.

Figure II1I,9 : Section of mucosa shown above illustrating
a typical villous configuration. Haematoxylin and eosin.
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Figure T1II.12 : Normal villus showing columnar cells, goblet
cells and minimal lymphocytic infiltration.PAS and haematoxylin.

Figure r111,13: Villus showing a moderate degree of lymphocytic
infiltration. PAS and haematoxylin.
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Figure III.14 : Mucosa showing heavy lymphocytic
infiltration in D.H. small bowel biopsy. PAS and haematoxylin.
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Figure III. 15 : Figure illustrating positions of
intraepithelial lymphocytes in the small intestinal
mucosa. Lymphocytes are allocated into 'basal',
'perinuclear' and'Supranuclear' categories.

N = epithelial cell nucleus.



PART IV
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Autoantibodies in Patients with Dermatitis Herpetiformis and Adult Coeliacl
Disease. | |

In this study, sera from 29 D.H. patients, 31 patients with adult
coeliac disease and 28 healthy contro; subjects were examined. The control
group consisted of 13 males (ages 20 = 79, average 47 yeérs) and 15 females
(ages 19 - 53, average 33 years); |

The results are tabulated in Table IV. 1.

10 (34%) of the 29 D.H. patients had ANF of titres ranging from 1320
“to 1:160, 6 were of IgM class predominantly and 4 of IgG class. In the
controls, one serum waé positive (IgG 1:10), and in the adult coeliac disease
patients 2 were positive (1:20 and 1:40). The increase observed in D.H.
is significant (p< 0.001). | '

Gastric parietal cell antibody was found in 3 of the D.H., patients, in
4 of the adult coeliac disease patients, but not in the controls. itochondrial
antibodies were fcund in one of the D.H. and 2 of {the adult coeliac disease
patients, but not in the controls, Thyroid microsomal antibodies were found
in 5 D.H. and 3 adult coeliac digease patiénts, and in one control,:
Thyroglobulin antibody was only found in one patient (with adult coeliac
disease) at a titre of 1:50.

Smooth Muscle Antibody.

A geparate study wes performed for the detection of smooth muscle
antibody using the scoring system of Whitehouse and Holborow (1971).

Sera from the following patient groups were examineds:—

Dermatitis Herpetiformis 42

Adult Coeliac Disease .42

Childhood Coeliac Disease 24

Normal adult controls 14

Children with various gastro-intestiral disorders -
not coeliac disease 31

Vitiligo 10

Pernicious anaemia 5
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No. | | Thyroid

Thyroglobulin

Group Tested ANF. G.P.C. Mito. Microsome

Dermatitis 10

Herpetiformis 29 (3k.5%) 5 1 | 2

‘Adult'Coeliac S 2

Disease 51 (6%) 8 z 5.

Controls 28 1 0 0 Al
(4%)

G.P.Cs = gastric parietal cell antibody
Mito. = mitochondrial antibody
Table IV. 1 : Autoantibodies in Patients with D.H. and

with Adult Coeliac Disease, and in Normal
Healthy Controls.

0

1
(titre 1:50)

0
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Patients with various skin disorders 27
Light sensitivity 6
Urticaria
Penicillin sensitivity
Erythema nodosum
Pyoderma gangrenosum
Dapsone responsive rashes
Erythema multiforme
Herpes zostex

" Anal condylomata
 S.L.E.
Vasculitis

Psoriasis

W P S e e ed e AW = NN =

Undizgnosed rashes
The results are tabulated on Table IV, 2,

Patterns of Tmmumofluorescent Staining obtained with ARA,

A wide variety of comnnective tissue staining patterns was seen with
gexa of patients with y*rious diseases. DMore gpecifically, with D.H. and
coeliac disease patients, more distinct patterns of staining were seen and -
two main types appeaxr to predominate using rat composite block tissuess
(i) Staining of well defined adventitial fibres around blood vessels,
of finexr but also well defined fibres in the liver pérenchyma (Figure IV.1
Similar well defined fibres were zlso seen in between the gastric glands -
of the stomach and in the submucosa, In the kidney, thexe vas
staining of well defined fibres around the renal tubules, around blood
vessels, and around the glomerulus (Figure IV.3), though staining of
the glomerulax tuft itself was not present. |
This was the maiﬁ pattern of immunofluorescent staining seen, especially
with the childhood coeliac disease patients, vhere it was very
predominant,
(ii) More diffuse connective tissue‘staining is sometimes seen especially
in the liver sinusoids and the adventitia of blood vessels, 1In the

kidney, staining is seen around the tubules and glomerulus, sometimes



Table IV.2

Disease Group

Disorders

'Scorihg system: 0-5

Childhood and Adult Coeliac Disease and
Various other Disorders.

Smooth Muscle
Antibody Score

76

: Smooth Muscle Antibody in Patients with D.H.,

No. Tested 0-5 6-9. 11-15 Posgitive

D.H. 42 51 8 5
ettt w2 w7
.g?éégggod Coeliac ou 9 13 >
forme, o w2z
6T Disordess 2 o 18 &
Vitiligo 10 }6 N 3 1
fommigio s 52 o
Misc. Skin on o 1a 3 10

1

negative
6-9
10-15

weak positive

1l

strong positive

11

11

15

i

27

13

%

26

26
62
28

70

20

48
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involving Bowman's capsule, and occasionally a.ssocia,ted. with weé.k
glomerular tuft staining., It would appear that in this case, a more

‘diffuse »and finer network of connective tissue was involved (Figure IV.4).

With both these patterns, uptake and staining by all three tissues making
up the rat composite block was usually seen.

Early in the study, all forms of comnective -t;issu;e staining seen were
recorded, but as more specimens were.examined it became obvious that the
pattern of staining seen with D.H. and coeliac sera were in the main, those
desoribed in (1) and (ii) above. These patterns will therefore be called
ttypical' anti-reticulin antibody staining, whilst others which do not
correspond will be termed ‘atypical' comnnective tissue patterns. It should
be stressed howgver, that this division is a purely arbitgry one based on
visual interpretation and impression from examining a large number of sera
from various diseasges, The exact nature of these antiﬁodies and the antigens
they react with will need further, more detailed in#estigations to elucidate
their identity and significance.

Othef forms of connective tissue staining seen, mainly in non-D.H,.
or coeliac disease patients iﬁclude:—

(i) very diffuse staining, lacking definition, of a homogeneous substance
suggesting uptake by ground-substance matrix rather than comnective

, tissue.

(ii) isolated staining of liver sinusoids alone (Figﬁre IV.5) not associated
| with adventitial staining, or uptake by stomach and kidney tissues,
“ Occasionally, Kupfer cell staining is also seen.
(iii) isolated staining of glomerular tuft and blood vessels with absence
' of peritubular, periglomerulaf uptake, (Figure IV.6) and negative

_ staining of the liver and stomach.

(iv) isolated staining of the intergastrib connective tissue in a linear

fashion, with absent uptake by the submucosa, kidney and liver,
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(v) isolated staining of the adventitial tissue round blood vessels
in a linear fashion with absence of peritubular, periglomerular,
intergastric and hepatic uptake (Figure IV. 8).

(vi) isélated staining of connective tissues around the portal veins
with absent staining elsewhere (Figure IV, 9)._

The number and permutations of these patterns are numerous and the
foregbing only describe some of them; The numbers involved are small and
not particularly confined to any one particular disease group. They also
crop up with equallfrequency in D.H. and coeliac disease patients and very
occésionally they are seen invthe serum of apparently heélthy normal controls,

Correlation of ARA Fluorescent Staining Patterns with Histological Stains

for Commective Tissue Components,

When compared witﬁ histological stains for reticulin (Gomori silver
gtein) and for elastin anmd ccllagen (van Giesen), the best correlztien
obtained with the fluorescent pattern was that of the histological stain for

reticulin (compare Figure IV. 1 'with Figure IV. 7). This applied to all
| three tissues examined with the rat composite block. HNo correlation with
eiastin or collagen was evident.

Foxr these réasons, the term 'anti-reticulin antibody' was used to.
describe the connective tissue antibodies found in the patients with D.E. or
coeliac disease, The implication here is that these antibodies probably
react with an antigen involved with, or located in, the reticulin fibres
detected by silver staining. | The comparison therefore, is a purely
histochemical one; it 1s not a biochemical definition and it does not
necessarily implicate biochemical identity.

| With the 'atypical! comnective tissue antibodies described above, no
cbnsistent correlation with any one particular staining for connective tissue
was apparent, suggesting a marked heterogeniety of antigens involved,

Reaction of ARA with Human Tissue,

When tested against human foetal (16 weeks) liver (Figure IV, 2) and

small intestine (Figure IV. 11) cryostat sections positive staining was seen



Figure IV. {1 : Anti-reticulin antibody - IgG class from patient
with adult coeliac disease showing well defined staining of
reticulin fibres in the parenchyma of rat liver.

Figure IV.2 : Anti-reticulin antibody - IgG class from D.H.
patient showing staining of connective tissue in portal
tract of human foetal (16 weeks) liver.



Figure IV. 3 : Anti-reticulin antibody -IgG class from DH patient
showing staining of peri-tubular and peri-glomerular reticulin
fibres in rat kidney. G=glomerulus; T=tubules; bc=Bowman's Capsule

»
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Figure IV. 4 : Anti-reticulin antibody - IgA class from patient
with childhood coeliac disease showing staining of connective -
tissue fibres between the gastric glands and in the submucosa

of rat stomach.



Figure IV. 5 : Atypical connective tissue staining seen in
the serum of a non-DH or coeliac patient showing diffuse
involvement of the liver sinusoids ~ unlike the well defined
pattern seen in figurelV. 1.

Figure IV. 6 : Atypical connective tissue pattern seen in a
non-DH or coeliac patient showing well defined staining in
the renal glomerulus and blood vessel wall of rat kidney.

Glomerular staining of this magnitude is not seen with anti-
reticulin antibady.

81



82

Figure IV. 7 : Rat liver - Gomori silver stEin for reticulin
showing well defined connective tissue fibres similar to
those shown by immunofluorescence in figure.IV.1

Figure IV. 8 : Atypical connective tissue staining: detected
by indirect immunofluorescence in serum of patient with
pemphigus. Rat kidney, showing staining of connective tissue
around blood vessels. No staining is seen in the peri-

tubular region of the renal tubules.



Figure IV. 9 : Atypical connective tissue staining patterns
showing well defined staining of fibres around the cetri-
lobular vein in rat liver. Detected by indirect immuno-
fluorescence in the serum of a patient with chronie active
hepatitis. No staining is seen within the liver parenchyma

itself.




Figure IV.10 : Atypical connective tissue pattern detected
in the serum of a non-DH orcceliac patient. Low and high
power views showing staining of peri-tubular and peri/intra-
glomerular tissue but in a pattern quite unlike that seen
in figure IV. 3.

84
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with ARA positive sera (as detected by using rat tissue). In the liver,
staining of the adventitial tissue in a portal tract was seen. In the
small intestine, a diffuse network of reticular fibres was seen, involving
and confined to the lamina propria (Figure Iv. 11).

The ability of these antibodies to react with human tissues suggest
that these antibodigs are directed against au'l;,oantiger.ls. In this reséect
therefore, anti—ret'iculin. antibody detected in theée patients can be called
and ’a'a‘l:o:av.n*t;:i.body'.;2

With normal adult skin however, staining with anti-reticulin antibody
was consistently negative, though staining was seen using foetal (16 weeks
gestation) skin, The possible significance of this will be discussed later.

Effect of Collagenase on ARA Staining and Histological Staining.

Pretreatment of cryostat sections of rat composite blocks with two
‘concentrations of collagenase (0.5 mg per ml angd 1 rg ver ml) fziled to Temove
the ability of the connective tissue to stain with ARKA positive serum by
imminoflucrescence, The slides incubated for 30 minutes to 3 hours shéwed
very 1itt1é difference in the intensity of immunofluorescent staining when
compared with the normal control and buffer-only incubated control sections,
In the iatter sections, incubation with buffer-only did not iappear to affect
the intensity of staining, |

In the 18 hour treated section the intensity of immunofluorescent
staining was actually increased following collagenase treatment. Such a
change was not observed with the 'bﬁffer—only' control.

The efficacy of collégenase treatment was confirmed by the van Giesen
stains done on sections treated in parallel, Van Giesen staining was
abo-iished. fairly early and had disappeared completely in the 1 hour incubated
séctions' (see Figure IV, 12 and IV'13). Buffer treated control sections
retained their van Giesen reactivity throughout the 18 hour iﬁcubation.

With Gomori -~ staining for reticulin -~ no evidence of removal of
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Figure IV. 19 : Human foetal jejunum (16 weeks gestation)
stained with anti-reticulin antibody of IgG class from a D.H.
patient and FITC uheep ~anti-human IgG. Fine Lluorescence of
the i work in bt lamine propsis een,

1&1nd

the region 1mmedlately below the basement meumbrane (BM)
C = crynts of small intestinal epithelium.
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reactivity with silver stains was seen with either the collagenase incubated
or buffer-only inéubated sections, suggesting that these fibres were not
destroyed by the collagenase.

No immmofluorescent staining was seen in any of the test or control
slides when tested with the negative ARA {(normal) control serum.

Conclusions to be dravm from these studies,

These results indicate that the antigens that react with ARA positive
sera are resistant %o collagenase treatment., The complete removal of
van Giesen reactive material and fhe retention of Gomori silver stain reactive ‘
fibres further supports the comcept that the ARA is directed against antigen(s)
associated with, or present in, reticulin fibres.

The increased intensity of ARA staining seen in the 18 hour section is_
_interesting. It suggests that»following collagenase treatment, certain new
(or further) antigens sre unnasked, and this could zccount for the increased
intensity of immunofluorescent staining.

Immunoglobulin Class of ARA.

Using mono-specific FITC labélled anti-human IgG, IgM and IgA conjugates
in appropriate dilutions, the immunoglobulin class of 14 ARA positive sera
from patients with childhood coeliac disease was examinéd. The resultis ére
shown in Table IV. 4. The original seleétion of these 14 positive sera was
made using a polyvalent anti-human immunoglobulin conjugate,

| Tt can be seen that in all 14 sera teéted, ARA of TgG class was present.
In 9 of these 14, IgA class antibodies were also present. Igil antibodies
were not detected at all. |

Further studies on positive sera in further patients with both adult
and‘childhood coeliac disease énd in D.,H. showed similar trends. IaG was
iﬁvariably present and occasionally, IgA. Ig1 antibodies have never been

detected.



Figure IV. 12 : Rat stomach - van Giesen stain for collagen
fibres (arrows).a = artefact from air bubble in mountant.

Figure IV. 13 : Same section as above after collagenase
treatment showing the complete removal of van Giesen stain

positive material. A similar section , when treated with
anti-reticulin antibody.positive serum showed an unaltered
immunofluorescent pattern .



Table IV. 3 . Immunoglobulin Chss of 14 Positive
A.R.A. Sera from Children with

Coelisc Disease. s

No. TgG IgA IgM
1 + -
2 + -
3 + - -
4 + + -
5 + + -
6 + - -
7 + + -
8 + + -
9 + - -

10 + + -

11 + - -

12 + + -

15 + - -

14 + + -

Total 14 9 0
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Imminoperoxidase Staining and Immunoelectron Microscopy using ARA Positive

Staining.
At light microscopic level, well defined staining of connective tissue
fibres in the adventitial areas and in the liver parenchyme is seen (Figures
IV, 14 to IV 17). The pattern of staining seen was identical with that
- obtained by immmnofluorescence and by Gomori silver sfaining for reticulin,
Suitable thin sections in araldite (Figure IV. 17b) were subseguently
pr"ocessed at elect:r:jon microscopic level. Under this much higher magnification,
‘it can be seen (Fig;gxre Iv. 18) that inter-hepatocyte structures were stained
in well defined bundles, These bundles had a fibrillar appearance, and |

on higher magnification they could be identified as collagen fibres from

the periodicity of the cross~banding on the fibres (Figure IV. 19) which
could be calculated and were found to be in the region of 1032 .

bF“a:fther examination however, revealed that the collagen fibres themselves,
were not taking up the horse-radish peroxidase. Instead, they appeared
relatively unstained (and this was most clearly seen in cross-sections as
in the bundles of fibres shown in Figure IV. 20); the surrounding ‘matrix!
surrounding the collagen fibres themselves appeared to be the main structures

taking up the horse-radish peroxidase.

Testing for Ability of ARA to fix Complement in vitro.

| Using the method described, of the 12 ARA positive sera tested, only
1 showed complement fixing ability. This was a D.H. patient on treatment
with dapsone only. IgG was the only class of ARA present in this serum,
IgM and IgA antibodies were not found. With 'de-activated fresh humen serum
as diluent, no positive immunofluorescence was seen with this serum, In
the' gastric parietal cell control, immunofluorescence using FITC anti~C3

wé,s also abolished when de-activated human serum was used as diluent,
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Figure XIV. 14

ARA positive serum-—-
detected using horse-
radish peroxidase
anti-human IgG.

Rat liver.

Figure IV. 15
. Same section as above.

Figure IV. 16
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Figures IV.17 a and b.
ARA positive serum from patient with adult coeliac disease -

detected by horse radish peroxidase conjugated anti-human IgG.
Rat liver (a) HP view of centrilobular vein. Note well defined
strands of connective tissue in parenchyma.

(b) 0.5,u araldite thin section showing well
defined connectivé tissue fibres (arrows) around hepatocytes.
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Figure IV. 18, Electron mlcrograph of flgure Iv. showing
uptake of anti-reticulin antibody onto connective tissue
fibres (C) around hepatocyte (Hc{

N = hepatocyte nucleus. x 9,750.



Figure IV. 19 . Electron micrograph showing higher magnification
of connective tissue fibres shown in figure IV. (x3%2,500)
The periodicity of the cross banding on the fibres suggests
that they are collagen fibres. The distance between the
centres o£7the stained parts of the fibres are approximapgly

3 mm (3x10 R) Megnification on this EM is 32,500 (3.25x107)

Hence distance here 1is 5X107 R = approx. 1053
3.25%10 " (920R)




Figure IV.20 ., Electron micrograph showing cross section of
collagen fibres illustrated in figure IV. 19. Note that the
actual fibres are not taking up the horse radish peroxidase-
complex - whereas the re%ions surrounding thein ( less mature

collagen or pro-collagen(reticulin)) are.

x52,500
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Absorption Studies:

Absorption of ARA posgitive Sera from Patients with Gluten-sensitivity

with Gluten.

Of the 17 ARA positive sera tested in these absorption studies, complete
removal of ARA activity was found consistently in 3 sera - one from an adult .
coeliac disease patient and 2 from D.H. patients (Table IV, 4). In a further
5 ARA positive sera, a distinct reduction in the intensity of staining was
observed with absorption, but complete eradication of the ARA staining was
never complete., In these five, it was interesting to note thatrthe pattern
of immunofluorescence staining waé considerably modified by absorption.

Hence, the well defined pattern was abolished leaving behind a much more
diffuse connective tissue staining pattern.

In the remaining 9 of the 17 positive sera, no absorption or modification
cf immunofluoréscent staining pottern was observed.

With the four control sera (ANF, gastric parietal cell, mitochondrial
and smooth muscle antibodies positive) no diminvation or modification of
immmofluorescent staining was observed, suggesting that the changes observed
with ARA positive sera were not due to non-specific absorption with gluten
or fractioh 3e

Immnofluorescent Staining with Experimental Anti-Connective Tissue Antisera.

1. Rabbit-anti-bovine Heart Valves(BHV)

With this antiserum, immunofluorescent staining patterns very similar
to that obtained with ARA positive sera from D.H. and coeliac disease
patients were seen, In generél however, the staining patterns were
move ddfused and less well defined than that obtained with ARA. ~ In
addition, in the rat kidney, marked glomerular and Bowman's Capsule
staining was observed. These findings suggest that in BHV a wider

spectrun of comnective tissue antigens are present.



97

ARA +ve Absorped Affected Unaffected

Childhood Coeliac

5
Disease 7 0 2
A¢.:!ulf Coeliac 4 1 1 2
Disease
Dermar.itis ; 6 2 2 2
Herpetiformis
17 3 5 9
g’lgltlgogPC Mito, SM) all unaffected by absorption procedure.
14 ’ [ 4
Table IV.4

Results of absorption studies of 17 anti-reticulin

antibody (A.R.A.) positive sera with gluten Fraction-3.

ANF = Antinuclear factor
GPC = Gastric Parietal cell antibody
Mito = DMitochondrial antibody

SM = Smooth muscle antibody
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2. Rabbit-anti-saline—insoluble non-collagenous reticulin component

(1icRC) of pig (and human) kidney.

With these sera, immunofluorescent staining extremely similar to
that obtained with ARA was seen. The only difference which could be
pointed out distinctly was that with these antisera, more glomerular
staining was seen in the rat kidney.-' Otherwise; all other sfain:’mg
was identical with that observed using ARA, .

Absorption Procedures with Connective Tigsue Extracts:

4, Bovine Heart Valve (BHV) Extracts.

Absorption with Crude Soluble ‘Colla.gen (cse).

Both the D.H. and ACD ARA positive sera were absorbed at 21l dilutions
by the» CSC. At the 1:16 and 1;32 dilutions there was complete removal of
the ARA acfivity compared with the controls, At the 1:4 and 1:8 dilutions,
+the intensity of ARA staining was markedly diminished, though still present.
The smooth muscle antibody present in the ACD serum was not removed by the
absorption procedure.l This suggeéts that the absorption with CSC for ARA
was specific‘and suggests that common antigenic determinants are shared by
CSC and the 'reticulin' responsible for the production of ARA in patients
with D.H. and C.D.

Absorption with CTC Buffer Extract.

The absorptions with CTC (and CSC) using 2 ARA positive sera from D.H,

at higher dilutions are shown diagramatically below.

Serum - M,Mcl,

Dilution 135 1 ¢ 10 1 ¢ 20 1 3 40
Control ++ + + %)
CTC absorbed + - - -
CSC absorbed + W - -

++ = very strong ARA staining

+ = strong ARA staining

W = weak ARA staining

1
]

no ARA staining
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Serum - S.T.

Dilution 135 1 ¢ 10 1 ¢ 20 1 ¢ 40
Control ‘ + +H+ + s
CTC absorbed + , w - -
CSC absorbed + . v W - -

Regult: Absorption of ARA with CTC and C3C extracts has been demonstrated
in both these D.H. sera,

2.  Absorption with ﬁhman Non-Collagenous Reticulin Component (NCRC).

)AComplete_absorpfion or marked reduction of the ARA staining pattern was

- found in 6 of the 7 sera from patients with coeliac disease, and in 3 of the

4 sera from patients with dermatitis herpetiformis., The controls (sera
positive for antinuclear, gastric parietal cell, smooth mscle and mitochondrial
antibodies), were not affected by the incubation procedure, indicating the
épecificity of the absorption of ARA by NCRC,

Anti-Reticulin Antibody (LRA):

Only the 'typical! ARA immunofluorescent patterns desecribed on page 75
will be discussed,

Dermatitis Herpetiformis, Childhood and Adult Coeliac Disease Patients;

Sera from 50 D.H. patients, 101 adult coeliac disease patients and 46
patients with childhood coeliac disease were examiped in this study. A1l
sera were initially screened at a 1:10 dilution, and positive sera titrated
subsequently to a 1:80 dilution,

Of the 50 D.H. patients, 20 were on a gluten-free diet (GFD), and 30 on
a normal diet, 50 of the adult coeliac disease patients were on a GFD and
51 on a normal diet., Of the 46 childhood coeliac disease patients, 20 were
on a GFD and 26 on 2 normal diet.

ARA was detected in 11 (22%) of the 50 D.H. patients. It was found in
only 2 (10%) of the 20 patients on a GFD, but in 9 (3065) of the 30 taking a
normal diet (Table IV. 5). In the 2 patients on a GFD, the ARA titre was

41:40. In the 9 patients on a noxmal diet, ARA was present at a titre of
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1:10 in two, 1:20 in two, 1340 in two and 1:80-in three (Figure IV. 21).

In the 101 adult coeliac disease patiénts, ARA was present in 38 (38%).
It was found in 30 (5%%) of 51 patients on a normal diet, but in only 8 (16%)
of the 50 taking a GFD, (Table IV. 5). In this latter group ARA was present
at a titre of 1:10 in 5 patients, 1:20 in 2 patients, and 1:40 in oné. In
the group of patients on a normal diet, ARA waslpresent'in a dilution of
1:10 in 21, 1:2 in 2, 1:40 in 5 énd 1:80 in 2 (Figure IV.21).

In childhood coeiiac disease, ARA was found in 27 (59%) of the 46 patients.
It was §resent in 22‘(85%) of 26 patients on a normal diet, and in 5 (25%)
| of 20 taking a GFD (Table IV. 5). Of the patients on a normal diet, ARA
was present in dilutioné of 1210 in 4, 1:20 in 3, 1:40 in 4 and 1:80 in 11.
Of the 5 children taking a GFD who had ARA, it was present at a 1:10 dilvtion
in 2, 1:20 in one, and 1:80 in 2 (Figure IV. 21). N

Normzl Controls.

Sera from 28 healthy control subjects were examined for the presence of
ARA., They comprised 13 males (age range 20 - 79, average 47 years), and
15 females (age range 19 - 55, average 33 vears). ARA was not detected in
. any of these sera.

Crohn's Disease,

This was the only group other than patients with D.H. and adult and
childhood éoeliac disease where ARA was found in a significant proportion of
patients. It was found in 9 (24%) of 38 fatients, but in low titres — 1:10
in 7 and 1:20 in 2.

Other Disorders.

534 other sera from patients with various skin, gastrointestinal, immune
and other miscellaneous disorders were looked at for the presence of ARA.
These comprised:

Gastrointestinal Disoxdexrs

Other malabsorption states - 35
Ulcerative Colitis - 11

Children with a variable degree of yillous atrophy, thought not to be
gluten induced, e.g., post-gastroenteritis malabsorption - 35

Alpha Chain disease -~ 4
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Skin Diseases.

Pemphigus ~ .20

Pemphigoid - 22

Vitiligo - 25

Psoriasis -~ 30

Cutaneous Vasculitis - 12 _ ‘
Discoid and systemic lupus erythematosus = 20

Other skin disorders, including exrythema nodosum, exrythema multiforme,
eczema, photosensitivity, drug eruptions, urticaria, necrobiosis
lipoidlica and lichen sclerosus - 50

Eaeﬁatological Disoxrders.

Adult Pernicious anaemia -~ 40
Nutritional megaloblastic anaemia -~ 10
Avtoimmune haemolytic anaemia -~ 25
Chronic lymphatic leukaemis -~ 9

Myelosclerosis « §

Immine disturbances,

Sarcoidosis ~ 20

Alopecia aresta ~ 9
Myasthemia gravis - 4
Scleroderma - 10
Rheumatoid arthritis - 15
Thyrotoxicosis -3
Fibrosing alveolitis - 1

Lipodystrophy - 1

Miscellaneous Disoxrdexrs.

Fibrotic lung disease (chronic bronchitis and tuberculosis) - 20

Liver diseases (Cirrhosis, chronic active hepatitis, primary biliary
cirrhosis, cryptogenic cirrhosis, infective and viral hepatitis,
cholecystitis) - 55

Rickets = 2

Reticulum cell sarcoma - 1
Peptic ulceration ~ 1

Leg ulcer - 1

Parkinson's Disease -~ 1 Pregnant women - {7
Of the 534 other sera tested, ARA was detected in only 8 patients. These
comprised 2 from patients with sarcoidosis, 1 patient with reticulum cell

sarcoma, 1 patient with vitiligo, 1 patient with tropical sprue and in 2
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pregnant women. All wexre at a titre of 1:10 éxcept the patient with reticulum
cell sarcoma (1:20) and the patient with vitiligo (1:80).

Effect of a gluten-free diet on the titre of ARA.

In one D.H, patient, the titre of the ARA could be followed in relation
to treatment with a gluten-free diet, With treatment, the titre of the ARA
fell and eventually, disappeafed completely. This is illustrated diagramatically
in Figure v, 22,

Direct Imminofluorescence Studies on Skin from D.H. Patients:

- 80 skin biopsies from 50 D.H. patients were available for study. These
80 biopsies comprised:

15 from early erythematous skin, early blisters or peribullous skin
of patients not on treatment.

37 from clinically uninvolved skin of patients controlled on dapsone
alone.

fror clinically wninveolved skin of patients not on txeatment.

-t -3
wlown

from c¢linically uwninvolived skin of patients controelled on 2
gluten~free diet only.

- A1l the 80 biopsies were studied by direét immunofluorescence for the
presence of IgG, IgM and IgA. TUsing direct and indirect immunofluorescence, _
34 biopsies from 19 patients were also tested for the presence of the Cig
component of complement, 52 biopsies from 25 patients for the C3 component of
complement, 10 biopsies from 10 patients for kappa and lamda light chains,

- and 4 biopsies from 4 patients for the presence of IgA secretory piece.

Regults: Staining for IszG, 141 and IgA.

The results are tabulated in Table IV, 6,

Two main patterns of immunofluorescent staining were seen in the
skin biopsies studied:-
1. Continuous homogeneous pattern:- This is shown in Figure IV. 23. A
thickish band of continuous immunofluorescence is seen along the dermo-epidermal
junction, Under higher magnification (as seen in Figure IV. 24), the band

is seen to vary in thickness with frequent invaginations into the superficial
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Figure IV :..22

Figure illustrating the relationship of anti-reticulin
antibody titre (ARA) and dapsone dosage to a gluten-free
diet (GFD) in patient Mrs. M. McN. over a period of 28

months. In Janvary, 1974, the patient remains free of
skin lesions whilst on a GFD.
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dermis and dermal'papillae. The band is completely continuous and there
are no breaks to be seen within any one section of skin, A further example
stained by the horse-radish peroxidase method (IgG class) is shown in Figure IV,33

- 2+ + Papillaxy Staining:- Ezamplés of this are illustrated in Figures IV. 25

to 28, and IV, 31 and IV, 35, With this pattern of staining, the IgA deposits
:are confined to the dermal papillae, Very rarely, they reach down towards

the region of the rete pegs of the epidermis, Two main patterns of papillaiy
staining are seen.

(a) 'Microgrannular' pattern. (Figures IV. 25, 27, 35.)

" The deposits are small, circular and resemble 'spots', ‘They are found
very closely related to the dermo~epidermal junction. When present in
large rumbers they may mimic a 'continuous' pattern (Figure IV, 27) or
form large homogeneous deposits located in the dermal papillae (Figures IV,
%1 and 35.). o

(b) 'Fibrillar' pattern. (Figure IV. 26).

With this staining pattern, the IgA deposits are>present as definite
fibrils located within the dermal papillae. They tend to reach further
down into the center of the dermal papillae than the microgrannular deposits.

In the majoriﬁy'of skin biopsies combinations of both *microgrannﬁlar'
and 'fibrillar' deposits are seen together. (Figure IV, 28)., In a few héwever,
only the 'microgrannular' or 'fibrillar' pattern was present on its own.

In 3 biopsies of early bullous lesions, the immunoglobulin deposits‘wére
scattered in the sub~epidermal blisters and showed no consistent pattern
(Figure IV, 37). For convenience, these deposits will be categorised under
the ‘pépillary‘ pattern,

Immneglobulin Class.

Patients. IgA was present in all 50 patients studied (Table v, 6).
Ig1 was present in addition to IgA in 7 patients, and IgG in addition to IgA

in 3 patients. In one patient both Ig and IgG were found as well as IgA.
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Figure IV.23 : Uninvolved D.H. skin showing a homogeneous
'continuous' pattern of IgA staining along the dermo-
epidermal Junction.

Figure IV. 54 : Uninvoled D.H. skin showing a 'continuous'
pattern of staining with FITC-anti-human C3. This specimen
of skin also showed similar deposits of IgG, IgA and C1g.
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Figure IV.25 : Uninvolved D.H. skin showing 'Microgranular'
IghA deposits in the dermal papililae.

o M

Figure IV.26 : Uninvolved D.H. skin showing 'fibrillsar' Igh
deposits in the dermal papillae. There is 'also autofluorescence
of elastic fibres (e) deeper in the dermis.
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Figure IV. 27

Uninvolved D.H. skin
showing dense deposits
of 'microgranular' IgA
along the dermo-epi-
dermal Jjunction.

Figure IV . 28

Uninvolved D.H. skin
showing a mixture of
'fibrillar' and
'microgranular' Igh
deposits in the dermal
papillae.

Figure IV . 29

Skin from normal control
stained with FITC-sheep-
anti-human IgM showing
markedly fluorescent
'globules' situated at
the dermo-epidermal
Junction.

E = autofluorescent
elastic fibres.




:zla  ~ s
"« 30 3 1ol le81on showing edge of blister Cav1uy (B).
Gomori silver stain showing reticulin fibres (arrows)

seperating away from epidermis (E).

Figure IV. 31 : DH uninvolved skin. Direct immunofluorescence
showing furthur examples of IghA deposition in the dermal

papillae.




Figure IV.3% : DH uninvolved skin - Gomori silver stain
showing reticulin fibres localized to dermo-epidermal
Jjunction.

Figure IV. 33 : Uninvolved DH skin -~ Horse-radish
peroxidase labeled-anti-human IgG showing dense band
of immunoglobulin deposition as a 'continuous'line

along the dermo-epidermal Jjunction.
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Figure IV. ¥4

DH uninvolved skin

Gomori silver stain
showing HP view of

reticulin fibres in
dermal papillae at

dermo-epidermal

Junction.

Figure IV. 3

DH uninvolved skin =
direct immunofluore-
scence showing IgA
deposits in similar
position in dermal
papillae.

Figure IV. 36

Early DH lesion
showing microabscess
~ Gomori silver stain
showing reticulin
fibres.




Figure IV.37 : Early D.H. blister showing dense IgA deposits
in the subepidermal blister cavity.
Ep = epidermis ¢ = blister cavity.

Figure IV.38 : Same specimen of D.H. blister :.s above stained
with FITC-anti-human C3 showing deposits in the dermis in the

same distribution as the IgiA. Staining with anti-C1q was
negative. There is marked non-specific staining of the epidermis.
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Skin Biopsies. IgA was detected in 78 of the 80 skin biospies; Igl

in 8, and IgG in 3 (Table IV. 7). In the 2 biopsies in which no IgA was
detected; neither IgG nor IgM were found, In 6 of 7 biopsies which showed
the presence of Igl, and in 2 of the 3 biopsies with IgG, this was in addition
" to IgA.  In one biopsy all three classes of immmnoglobulin (IgA, IgG, Igil)
were preaént. IgM‘or TgG were never detected as the sole class of
imminoglobulin in the absence of IgA.

Pattern of Immunoglobulin Deposits.

The patterns of immunoglobulin depbsition in the positive skin biopsies
wefé:-

Papillary only. In 68 of the 78 positive biopsies immnoglobulins were

present in the papillary form, In 60 of the 67 biopsies IgA vwas present
alone, in 6 IgM and Igh were present, and in one IgG and Igh (Table IV. 8).

Continuous cnlv. This was the patterm in ¢ of the bicpsies. 1In 8 of

“the 9, IgA was the only class of immunoglobulin present, and in one IgG was
found in addition to IgA (Table IV, 8).

Papillary & Continuous. In 2 biopsies, both the contimuous and papillary

pafterns of immunoglobulin deposition were present. In addition, it was
.found that in both biopsies the class of immmunoglobulin was different in the
papillary and continuous deposits, In the one biopsy there was contihuous
IgA and papillary Igld, and in the other there was continuous Igil and IgG, and
papillary IgA (Table IV. 8),

Twultiple Biopsies of Uninvolved Skin at Different Times.

Fifteen patients had 2 biopsies from uninvolved skin on itwo different
occasions (Table IV, 9). In 9 of the 15 patients the class of immmoglobulin
and pattérn of immunofluorescent staining were the same, All 9 of these
patients had IgA deposits showing only the papillary pattern. 0f the remaining
6 patients, 2 failed to show any immunoglobulin deposits on the first biopsy,

but showed papillary IgA on the second biopsy. Two other patients showed
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papillary IgA alone on one biopsy and papillary IgA and IgM together on the
other biopsy. The remaining two patients showed differences in both the
class and pattern of immunoglobulin deposition. Thus, one patient showed
paﬁillary IgA and continuous IgG and Igi on the first biopsy, but only
papillary IgA on the second biopsy. The other patient:showed papillary IgH

and continuous IgA on the first biopsy, but only continuous IgA on the second.

Comparison of Uninvolved Skin and Early Lesions.

Imminoglobulin d;posits were found in all the 15 biopsies from early
,lesions; In 14 of these 15 patients, the class and pattern of immunoglobulin
deposition was the saﬁe as that found in the uninvolved skin. In 10 of the 15
patients only IgA in a papillary pattein was found in boéh fhe uninvolved and
early lesions (Table IV. 10). .In 3 cther patients IgA in a continuous
pattern was present in both iﬁvolved‘and uninvolved skin., Of the remaining
leat;enis, one had Igh and I in 2 pepillary pattern in beth the invelved
and uninvolved skin, and in the patient in whom there was a difference between
involved and uninvolved gkin, IgA in a papillary pattern was presant in the
uninvolved skin, whilst in the involved skin both IgA and IgM were present in
a papillary pattern.

Pattern ég@_glgss of Immmoglobulin Deposition in Uninvolved Skin in Relation

to Treatment.

In 211 there were 65 biopsies from the uninvolved skin. Of these, 36
biopsies were from patients taking dapsone, 14 from patients whose eruption
was controlled with a gluten~free diet, and 15 from patients not receiving
any therapy. There appeared to be no significant difference in the class or
pattern of immunoglqbulin deposition in relation to treatment, IgA alone in
a papillary pattern was the most common finding in 2ll three groups, being
present in 30 of the 36 patients taking dapsone, 10 of the 14 patients taking
a gluten-free diet, and 10 of the 15 patients not receiving any therapy

(Table IV, 11). IgA in association with IgG or IgM, or both, was present in
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2 of the patients taking dapsone, 4 of the patients taking a gluten-free dief,
and one of the patients qpt receiving any therapy. The numbers involved are
too few to allow any statistical comparison. IgA in a continuous pattern
was found in 3 patients taking dapsone, in one patient taking a gluten—free
diet, énd in 3 patients not receiving any therapy. Once again however, the
numbers are too small for statistical analysis, It woﬁld appeaxr however,
that there is no correlation between the class and pattern of immunoglobulin
deposition and therapy,

Serological Studies in Patients with the Continuous Pattern of Immnoglobulin

Deposition.

In the 6 pétients who showed the continuous pattern of immunoglobulin
deposition in one or more of their biopsies, anti-reticulin antivody was
present in one, No éirculéting antibodies to basement membrane or epidermal
irverceliular cement substance were detected,

Comparison of IzA Deposits Detected by Direct Immunofluorescence to Histological

Morpholozy.

Formalin fixed biopsies of skin taken from the same sites as those for
immmofluorescence were precessed histologically using the following stains.

1., Haematoxylin and eosin,

2. Gomori silver stain for reticulin (Gomori 19'37).

3« Van Gieéen stain for collagen and elastin (9 parts saturated aqueous
picric acid to 1 part of 1% acid fuchsin).

Histologically, the IgA deposits found by immunofluorescence corresponded
best to fhe reticulin fibres seen along the dermo-~epidermal junction below
the basement membrane (Figures IV, 30, 32, 34, 36). No correlation was
evident with collagen or elastic fibres, or any particular cell type. Unlike
the reticulin histological stain however, the immunofluorescent IgA deposits
of the papillary type did not e#tend down to involve the area of the
dermo—epidermal junction around the rete pegs of the epidermis. There was
however, a close relationship with the 'continuous' immunofluorescent IgA

deposits.
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Table IV. 6 ( table on following two pages )

Direct immunofluorescent studies on involved and uninvolved

uninvolved skin of 50 patients with dermatitis herpetiformis.

Dap. = Dapsone
Inv. = Involved skin
Uninve- = Uninvolved skin
GFD = Gluten—frée diet
For direct immmunofluorescence
- = negative
+ = positive 'papillary' pattern of immunofluorescence
+C = positive 'continuous' pattern of immunofluorescence

¢...,......./Cont'd
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Yo, NAE Ig Class ToRATY
Iz Igl Igd Off Dapsone = GIfD only
nwv, unmm,
1 BP - - + +
- - + +
2 i H - - +
- - + +
- - + +
3 TP - - +
4 - D H-H - - +
5 -8 T +C - +C
6 R S - + + +
7 SI - - +
8 LH - - +
9 T H - + +
- - + +
10 AT - - + '
- - + +
- - + +
" GE - - +
12 EP - + +
13 GO - - + +
14 TP - - +
- - + +
- - + +
15 L - - +
16 ce - - +
17 GJ +C  +C + +
- - +
18 TB - - +
- - + +
19 GTF - - + +
- - + +
20 M Mcl - - +
21 MP - - +
- - + +
- - + +
22 MR + - + +
23 J L - - +
- - + +
24 ER - - +
25 PV - - +C
26 JH - - +
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no. NaMB Ig Class THIRAPY
IsG Igl IgA  On Dap. Off Dapsone GIFD only
' INV, UNITV.
27 TR - - +
- - +
- - + +
28 v - - % +
- - +
29 W Z - - -
- - +
30 S 3B - - + +
- + + +
- - + +
31 B U - - +
32 A - -
33 ME - + +C
- - +C +
- - +C +
34 RJ - - +
35 DU - - +
- - + +
- - + +
35 S P - - + +
- + +
- + +
37 EE - - +C +
38 X¢C - - + +
39 PP - - + +
40 P B - - o+ +
vy TC - - +C - +
- - +C
42 J s - - -
- - +
43 11 G - -
44 LS - - +C +
- - +C +
45 JK - - s
46 AB - - + +
47 bW - - + +
48 DH - - + B +
49 AS - - + +
50 AG - - + +




IghA alone IghA + IgM TghA + TIgG TghA + IgM + IgG No TIg. Total
Patients 41 6 2 1 0 50
Biopsies 68 7 2 1 2 80
Table IV 4

Class of immunoglobulins in 80 skin biopsies of 50 D.H. patients.

Ig. = immunoglobulin

ocl



Igh alone Igh + IgM IghA + IgG Igh + IgM + IgG Total

Papillary
alone o0 6 1 0 67/
Continuous :
alone 8 0 1 0 9
Papillary &
Continuous 0 1* 0 1t 2
* Papillary IgM

Continuous IgA
+ Papillary Igh

Continuous IgM + IgG

Table IV.8 : Patterns of Immunoglobiilin Deposits.

el
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Number of
Patients.

lst. Biopsy

2nd. Biopsy

Q

9 Igh (P) Igh (P)

2 0 ‘%IgA_ (®)

1 IgG (g%A+(%§M (c) TeA (P)

1 Igt (P) + Igh (P) Tga (P)

1 IgM (P) + Igh (C) . IgA (C)

1 Igs (P) IgM (P) + Iga (P)
Teble IV. 9 :

Direct Immunofluorescent results in

repeat biopsies from uninvolved skin
at different times in 15 D.H. patients.

Papillary pattern
Continuous pattern
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e

No. of Patients Uninvolved Skin Early Lesions
10 Ter (®) Teh (P)
3 Teh (0) 1 (O)
1 Igh (P) Igll (P) Igh (P) IgM (P)
1 Igh (P) Tgh (P) Igt (P)
Table IV. 10 :

Comparison of immunoglobulin deposits
in involved and uninvolved skin'in 15
D.H. patients.

H
1+

Papillary pattern

Q
i

Continuous pattern



Pattern of
Treatment Ig deposit Igh Igh + IgM Igh + IgG Igh + IgM + IgG
|  Papillary 30/36 | Nil Nil
Dapsone 1/%6*
Continuous 2/%6 1/3%6 Nil
Papillary 10/14 2/14 1/14
Gc F L] D [ ] ) ‘ 1 - - - l/lq_i
Continuous Nil Nil Nil
Papillary 10/15 1/15 Nil . Nil
Nil '
Continuous 3/15 , Nil Nil Nil

* Papillary Ig
Continuous Igh Table IV. 11 : Class and pattern of immunoglobulin
deposits in the uninvolved skin in

+ Papillary Igh relation to treatment.

~ Continuous IgM + IgG

el



125

Interpretation of this Correlation. These comparative studies show that

the IgA deposits detectéd by immunoflucrescence are very similar in situatién
to the reticulin fibres detected by the Gomori silver stain, Whilst an
absolute correlation cannot be assuﬁed using only these techniques of dire§t
comparison at light level, it is suggested that these IgA deposits are

located in the reticulin fibres of the dermis.

Specificity of IgzA Deposits.

The specificity bf the IghA deposits, i.e., their identification as true.
.immunoglobulin deposits containing ®%heavy chain, isrsuggested by the following:—
(i)' In most of the D.H. biopsies tested, Igﬂ was the only immunoglobulin
detected, The majority of these biopsies were also tested against anti-IgG,
anti-IgM and anti-C3 and goat-anti-rabbit FITC labelled conjugates but gave
negative results with these antisera. This suggests that the IgA deposits
found age not due to the non-specific uptake of FITC molecules in the skin
. biopsies,

(ii) The FITC labelled antisera used have undergone specificity tests using
smears of mono-clonal IgA myeloma (Hijmans et al. 1969 - see Table III. 3);
(iii) Using 'blocking' experiments (page 35 ) in 12 D.H. skin biopsies which
only had IgA positive deposits, prior incubation with unconjugated anti-human
IzA abolished the ability of the FITC labelled anti-IgA conjugate to give
positive results on subsequent incubation with the same skin biopsies. This
suggests that the specific receptor sites in the skin biopsies for anti-IgA
have been blocked by the first incubation, and removed the abilitj of thé FITC
labelled anti-~IgA used #ubsequently to react to the same receptor sites.
initiél incubation of the same biopsies with unconjugated anti-IgG
or aﬁfiﬁ;gﬂ however, did not abolish the ability of subseguent incubation
with FITC anti—IgA to give positive fluorescence. This is further support
‘for the specificity of the IgA deposits in the skin biopsies being true

immnological phenomenocn,
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C3 Deposits. i

In this study, 52 skin biopsies from 25 patients were examined for C3
depbsits‘using either direct immunofluorescepce (Hyland FiTC—antiehuman c3),
or by indirect immunofluorescence (rabﬁit—anti—CB followed by FITC labelled
gbat-anfi—rabbit imminoglobulin)., The 52 biopsies comprised:—

19 taken from patients controlled on dapsone,
13 of involved skin of patients on no treatment.
12 of uninvolved skin of patients on no treatiment.

8 biopsies of patients controlled on a gluten-free diet only.
The results of the study are shown in Table IV, 12,
] All 52 biopéies had IgA deposits. 26 (SQ%) of the 52 had C3 deposits
as well, The highest incidence of C3 positivity was found in the involved
skin of patients on no treatment (12 of the 13 biopsies).
The pattern of C3 étaining was generally either 'continuous'! or 'papillary!
andé ccrresponded in 21l cases to the patiern of Igh stvaining.

C3 and C1g deposits in D.H. biopsies and relation to IgA, IsG and Iz deposits.

‘ 34 D.H. ékin biopsies were examined in this study. All the biopsies
.were tested for the presence of Igh, IgM, Ighk and the C3 and Clgq components

of complement. The C3 deposits were tested using a Hylands geoat—anti-human

c3 yBic/Bia) FITC labelled conjugate. TFor detection of Clg, a 2 step (indirect)
sandwich technique - (a) incubation with unconjugated rabbit-anti-Clg, followed
by (b) goat-anti-rabbit FITC was used. The 34 D.H. biopsies studied comprised:

9 Dbiopsies of involved skin from patients on no treatment,

9 biopsies of uninvolved skin from patients on no treatment.

8 Ybiopsies of skin from patients controlled on dapsone.

8 ©biopsies of skin from patients whose rashes were controlled by

taking a gluten-free diet.
Results. |
Igh was found in all 34 biopsies. The pattern of staining was either
'papillaxry' or 'continuous’ (for details see Table IV. 13).
In 9.biopsies, Ig1 deposits were present, and in 3, IgG (Table V. 13).
In 16 (47%) of the 34 biopsies, C3 deposits were present, whilst Clqg

deposits were only found in 3 (%) of the 34 biopsies, Vhere present, the
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Nature of Skin Biopsy. No. of - C3

Biopsies Pogitive

Patients on dapsone. 19 8
Involved skin — patients on no treatment. 1% 12
Uninvolved skin - patients on no treatment. 12i§ 3
Patients controlled on G.F.D. alone. _ 8 3
TOTAL 52 26(50%)

Table IV . 12

C3 deposits in 52 skin biopsies from 25 D.H. patients:-
relationship to therapy of patient and nature of skin biopsy.
(G.F.D. = glubten-free diet).
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pattern of C3 and Cl1q deposition was similar to the IgA immunofluorescent
staining seen in the same biopsy.

Relation of C3 and Clg positivity to nature of skin biopsy.

The positivity of C3 and Clg was related to the type of skin biopsy taken
(i.e., involved or uninvolved skin, patient on or off depsone, or whether on
a GFD only.) The results are shown in Table IV. 13,

It can be seen that the highest incidence of C3 deposits was found with
the involved skin of batienté on no treatment (8 out of 9 biopsies)., In the
-unipvolved gkin of p;tients on no treatment, C3 was found in only 3 of 9 biopsies.

In the skin of patients whose rash ﬁas controlled by dapsone, C3 was found
in 2 of 8 patiénts. C1q was also found in the same two patients. In the
biopsies from patients whose rash was controlled by a gluten—free diet, C3
was present in 3 of the 8 biopsies. C1q was present in one of these 3 biopsies.

| In all the 35 biopsies showing Clo deposits, éither IgG or Ig: deposits
were also present in addition to IghA., Thus, 2 biopsies had Igﬁiénd one I1IgG
depogits.

The pattern of immunofluorescent étaining of the C3 and Ci1q deposits were
generally similar to that obtained with the IgA deposits (Figures IV. 37 and 38).
Kapga and Tamda light chain deposits.

In this study, 10 skin biopsies from 10 D.H. patients who had only IgA
deposits_in their skin, were examined using FITC labelled anti-Kappa, and
anti-Landa (Bence-Jones protein) conjugateé. |

0f the 10 blopsies, Kappa chains were found in 4 and Lamda éhains in 5.

In 4 biopsies, Kappa and Lamda chains were found together in the same biopsy.

IzA—-secretory piece,

v'This wvas looked for in 4 biopsies showing IgA devosits from 4 D.H. patients.
An indireet immunofluorescent technique was used. After initial incubation

with sheep-anti-human colostral secretory IgA, FITC rabbit-anti-sheep
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34 Skin Biopsies from 19 Patients
with D.H. : Relation of C5 deposits
to IgG, IgM, Igh and Clq deposits.

Treatment

Name IgG IgM = Igh C

On dapsone
8 biopsies

No treatment
Involved

9 Biopsies

1 M.H. - - + - -
2 8.T7.  +C - +C +C  +C
3 8.I. - - + - -
4 E.P. - + + - -
5 M.P. - - + - -
6 E.R. - - + - -
7 S.B. - - + - -
8 M.E. - +C +C +C +C
1 2 8 2 2

9 B.P. - - + + -
10 M.H. ~ - + + -
11 A.T. - - + + -
12 G.F. - - + + -
13 M.P. - - + - -
‘14 S.B. - - + + -
15 M.E. - - +C  +C -
16 D.M. - - + + -
17 S.P. - + + + -
0 1 9 8 0




Cont'd:
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Treatment Name TgG IgM IghA 05 Clq

No treatment 18 B.P. - - + b -

19 M.H. - - + -~ -

Uninvolved ~20 A.T. - - + - -

21 G.FI - —_— -+ — —

9 Biopsies 22 M.P. - - + - -

| - 23 S.B. - - + + -

24 M.C. - - +C - -

25 D.M. - - — —

26 S.P. - + + -

0 1 9 3 0

G.F.D. alone 27 R.S. - + + + +

‘ 28 R.S. - + + - -

8 biopsies 29 M.H. - + + + -

50 MoHo haad —_— -+ — —

31 E.P. - + + - -

32 J.G. +C + + + -

55 MoRo + -— -+ -_— —

34 J.L. - - + - -

2 5 8 3 1

34 Biopsies 3 9 34 16 3
C = Continuous pattern of immunofluorescense

G.F.D. = Gluben-free diet.
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immunoglobulin was added as the second layer.
In all 4 biopsies examined, there was no evidence of IgA secretory-piece.

_ Direct Immunofluorescent Studies on Skin from Patienté with Adult Coeliac Disease,

21 biopsies from the uninvolved skin of patients with adult coeliac disease
were examined for the presence of IgG, Igl and IghA deposits. Only 1 showéd
immmoglobulin deposits - as a continuous band of Igll class., No IgG or IgA
papillary or éontinuous deposits were seen,

Normal Skin from Volunteers.

9 biopsies from five hezlthy #olunteers and 4 ihrpatients with cardiac
ischaemia or chronic bronchitis, who consented to skin biopsy were examined
for IgG, IgM and Igh deposits, No continuous or papillary deposits of
immunoglobulins as seen in D.H. skin, were observed.

'Gl.obules/Globular Deposits!.

These are shown in Figure IV. 29, In the initial pilot studies on the
skin of patients with D.H. and coeliac disease these well defined specificalliy
staining immmnofluorescent deposits were seen., They were intensely bright and
appeared ‘'globular' and homogenous. = The term 'globules' was therefore used
to describe them., They were found in 6 of the 18 skin biopsies from D.H.
patients and in 14 of 21‘patients with adult coeliac disease. However, they
were also found in a high proportion (in 6) of 8 skin bi0psies‘from control and

healthy volunteers.
The globules were mainly of Igl or Igh class (Table IV. 14).

Group No. of Skin
: Biopsies, , IgG I IgA
Dermatitis
Herpetiformis 18 - 5 4
Adult Coeliac
Disease 21 -~ 11 11
Controls 8 - 6 2

Table IV, 14. Inmmmofluorescent 'Globules! in Skin of Patients with
Dermatitis Herpetiformis, Adult Coeliac Disease and

Controls.
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The 'globules' were found in the upper dermis, at the dermo—épidermal
junction, or in the basal.layers of the epidermis itself. The Sifuation and
structure of these globuleé.could not be correlated in any way to any known
histological entity and their significance is at present unknown. It would
appear that they.are not due to non-specific uptake of fluoroscein, for they
'wererfound fo be mainly associated with the IgM or IghA élass FITC conjugates
and very rarely with igG (further studies indicate that IgG 'globules'! are
also existent - thouéh they were not found in this initial pilot study).
Specificity tests and blocking experiments however, have not been ﬁerformed
" to elucidate further the immunological specificity of these 'globules’'.

The incidence of these 'globuies' was equally high in both test and control
biopéies (Table IV. 14) and indicate that they ﬁay be a feature of normal skin
and nét spécific for D.H. or coeliac disease skin, For this reason, further
.asséssment, and gquantitation of these deposits in later skin biopsies were not
persuel.

Tmmmofluorescent Studies of the Skin in 'non~-D.H.! and Varicus other Skin

Disease Patients:

R4 skin biopsies from 48 patients with various skin disorders were
‘examined by direct immunofluorescence. . All 54 were examined for IgG, Igd and
VIgA and some for the C3 and/or Clq compenents of human complement. For the
C3 and Clq, direct and indirect immunofluorescence were used,

The 48 patients comprised:
Cutaneous vasculitis 10
Exythema rmultiforme 1
Oral erosiohs 2
Bullous pemphigoid 3
Pemphigus 1
Discoid L.E. 1
Exrythema nodosum 1
Dapsone responsive rash - thought not to be D.H., 15
Eczema 1
Exythema induratum 2

Scleroderma 1



133

Miscellaneous Skin Disorders 7
Blistering eruption ? cause 4
Irritant rash ? cause 4
? L.E. 1

Glomerulonephritis - (no skin lesions) 3

The fesults of the immunofluorescent studies on these patients are
tabulated in Table IV, 15. It is-.of note that in all 54 biopsies, Igh was
never detected in either the involved or uninvolved skin.b IgG was found in
6 patients (one pemphigus, in the epidermal intercellular cement substance;
ong bullous pemphigoid along the basement membrane and in 4 patients in the
dermal blood vessels -~ tﬁo had erythema induratum,one tesculitis, and one
patient had glomerulonephiitis with no skin lesions). All these four latter
patients also had Igl and C3 in the same situations,

IgM was found on its ewn in one further patient with bullous pemphigoid
(alone the basement membrane).

In‘onerpatient, C3 and Clg in the absence of IghG, Igil and Igh, werc found
scattered in the dermis. This patient (Price) has severe cutaneous vasculitis
with evidenee of internal involvement (proteinurie, epistaxis and intestinal
bleeding). She died subsequently and post-mortem examination indicated that
she had polyartereitis nodosa, She also had circulating immuﬁe complexes,
very low haemolytic serum complement and no Clq was detected in her serum.

Histocompatibility Antigens.

The results of the histocompatibilityltyping for HI~A and 4a and 4b
complex of antigens in the 39 D.,H. and 36 ACD patients are represented
schematically in Tables IV, 16 and 17).

Significantly raised incidences (when each antigen was evalueted
independently of the others) were found with the HL--A 1, HI-A 8, HL-A 1 and‘8
together, and 4b antigens in both D.H. and ACD groupg and these are shown in
Table IV, 18, THowever, as some of these antigens are linked to each other
genetically, the true significance of these raised incidences has to be

assessed with this in mind, and this will be done later.



No. Patient
1. Syms
2 O'Connell
e Toplar
4., * Da Costa
5. * Da Costa
6. Tippen
7 *Graham
8. *Graham
9. O'Sullivan
10.. *Tweed
11. *Tweed
12. *Gonzales
1%. *Gonzales

Table IV. 15

Skin Biopsy

Uninvol.
Invol.

Uninvol.
Uninvol.
Invol.(Gum)

Uninvol.

Invol.
Uninvol.
Uninvol.
Invol.

~ Uninvol.

Invol.
Uninvol.

Immunofluorescent Studies in non-D.H.

Patients

and in Patients with Various other Skin Diseases

Letl

Clg
ND

Diagnosis
Erythema Multiforme

Cryoglobulinaemic
vasculitis

Vasculitis

Oral erosions
Oral erosions
Bullous Pemphigoid
Vasculitis
Vasculitis
Vasculitis
Vasculitis
Vasculitis
Brythema Nodosum
Erythema Nodosum

Cont'd eeeves

et



No. Patient.
14. Angol

15. Weener
16. Olive

17. Howard S.
18. Tuvey

19. . _Melville
20. Howard D.
21. Soanes
22. Stalley
2%. Prancis
4. Carson
25,  White

26. Venables
27 Margolis

Skin Biopsy

Invol.

Uninvol.
Invol.
Uninvol.

Uninvols

Invol.
Unin#ol.

Uninvol.
Uninvol.
Uninvol.
Invol.

Invol.
Uninvol.
Uninvol.

BV

+ BV

g8

ND

8888

+ BV
+ BV

25 35 32

=2
g

5535

Diagnosis
Blistering eruption
? cause
Glomerulonephritis
Pemphigus
A
Dapsone responsive
rash - not D.H.

- ditto -

Blistering eruption
? cause

Dapsone responsive
rash - not D.IH.

- ditto -

- ditto -

- ditto -
Blisterihg eruption

" ? cause

Vasculitis
Glomerulonephritis

Blistering eruption
? cause

CoONtE'd eeveeees

6el



28.

29.
%0.

31.
32.

5%.

34
55-
36.
37
38.
39.

40. .

41,

- 42.

Patient

Wisdale
Tunn
Sinclair

Burrows
Redford
Goldstein

Tucas
Milliken
Milliken

Snaillum

Kennan
Skipworth
Minns
Price
Cauzmar

Skin Biopsy

Invol.
Invol.
Uninvol.

Uninvol.
Uninvol.
Uninvol.

Uninvol.
Uninvol.
Uninvol.
Uninvol.
Invol.
Uninvol.
Uninvol.
Invol.
Invol.

1gG

+ BV

Lell

BV

ND
ND

+7BV

ND

_____

Diagnosgis.

Erythema induratum
Glomerulonephritis

Dapsone responsive
rash - not D.H.

- ditto -
Vasculitis
Dapsone responsive
rash - not D.IH.

- ditto -

-~ ditto -

- ditto -

- ditto -
Bulloug Pemphigoid
FEczena
Mouth ulcers
Vasculitis

Bullous pemphigoid

9¢. |



ni,
45,
46,

47,

48.
49

50.
51.
52.

54. 7

Patient

Cheung

Larkin
Porter
Cook

Hudson
*Robertson
*Robertson
Spencer
Ferry
Tregiden
Strenger

Poole

ND .
BM
T/C

o

Skin Biopsy IgG

Invol. ' -
Invol. -
Invol. - . -

Uninvol. -
Uninvol. -
Uninvol. -
Invol. : -
Invol. -
Invol. -
Uninvol. -

Invol. +BV

Not done :
Basement membrane
intercellular

Lot

g 03 Clg

ND ND
ND ND
ND ND
ND ND

ND
ND ND
ND ND
ND ND
ND ND
- ND
+BV -

Blood vessels.
Repeat-of same patient

Diagnosis

Irritant rash
? cause

? L.E.
Scleroderma

Dapsone responsive

- ditto -

- ditto -~

- ditto -
Vasculitis
Discoid L.E.
Vasculitis

Irritant rash
? cause

Erythema induratum

Lol
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Tn the 100 controls, HI~A 1 was found in 32, HL-A 8 in 26} and HL-A
1 and 8 together in 1%%. 0f the 923 controls typed foxr the 4a, 4b antigen,
786 (85%4) typed 4b positive, 337 (37%) had 4b alone, whilst 449 (49%%) typed,
Aa, 4b positive. In 137 (15%) 4a was found alone, |

Tn the patients, HL=A 1 was present in 23 (58%) of the 39 D.H. patients,
and in 27 (75%) of the ACD patients. HI-A 8 was present in 30 (77%) of the
D.H. patients and 32 (8&%) of the ACD patients. HL—A.1 and 8 together were
présent in 22 (56%) of the 39 D.H. patients and in 27 (75%) of the 36 ACD
patients. o |

The incidence of HL—A'1 was significantly greater in both the D.H. (p( 0.01)
and ACD (p<,0;001) groups as were the incidences of HI—~A 8 alone (p$ 0.001) and
HL~£ 1 and 8 together (p((LOO1). The deficit of other sntigens in the
patients, accompanying the increase in HL-A 1 and ﬁL—A € is widely distributed
and there is no significant deficit in the freguency of any particular antigen,

4b was found in 38 of the 39 D.H. patients. The one exception was tﬁe v
Egyptian Arabd patient. 4b was found in all 36 ACD patieﬁts.

The incidence of the 4a antigen was not significantly different from the -
control population at the 5} level. = The differences in the incidence of 4b
is significantly greated in controls in both the D.H. and ACD groups (p‘:0.0B),
and was>on1y absent in the one non-Caucasian patient in this series,

True Significance of the Raised Incidences of HI~A 1, 8, 1 and 8 together,

and 4b Antigen,

’

The raised incidences of these antigens in this study has to be evaluated
against the background of the genetics of the HI~A system., Thus, it is known
that HL-A 1 and HL-A 8 axre products of closély linked gene loci and in North
Western European- populations there is a linkage disequilibrium resulting in
the;freguent inheritance of a chromosome HI-A 1, 8 (Albert et al. 1971). The
increased incidence of HI~A 1 in this study is consistent with this hypothesis
and is probably a result of the greater increase in Hi~A 8, and not itself an

independent phenomenon, This finding is in agreement with Falchuk and Strober
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(1972).  Similarly the 4b antigen is very highly associated with HL-A 8,
and whén viewed in this liglat, the raised incidehce in this series is not
significant. The only true significant finding in this series therefore,
is an increased inéidence of HI-A 8. | |

Small Intestinal Findings.

All the patients with ACD hzd by deflnrblon, a fla'l; or flat-with-mosaic
proxlma.l jejunal mucosa, Of the 38 biopsies from the D H. patlents, 16 (42%)
had a normal (lea.ves or flngers-and-leaves) macroscopic appearance, whilst
22 (58%) were abnérmal (flat or convoluted).

'Relation of HI-A 8 to Small Intestinal Findings in D.H.

In the vD,.H. group with macroscopically normal small intestinal biopsy,
- the incidence of HI~-A was 88%. In the macroscopically abnormal group, HI-A 8
was present in 63%. There is no sigﬁifica.nt difference between these two |
groups.

There was also no significant difference in the incidence of HI~A 1 and
. HL-A 1 and 8 together between the two D.H. groups. Similarly, there was no
diffe:r:encé between the incidence of HI~A 1 and HL-A 8 in the D.H. patients
and "l;he ACD 8TOUP, but there wag a slightly significant difference between
the incidence of‘ HI~-A 1 and 8 together in the total D.H. group and the

patients with ACD (p< 0.05).



Table IV : 16

Tissue Tyvping REesultgs in 39 Patients with Dermatitis Fernetiformis,

WA 1 HI-A 8 Others 4n  42b  4p

1o + + 3, 12 - + -
24 - + 2, 12, - 4+ -
3. - + 2, 12, W28 - o+ -
4. + + vi8 - - +
5e - - 2, 5, 12, B:15 -+ -
6 + + 12, B%15 -+ -
T + - 3,5, W5 -+ =
8e - + 2y 34 7 : - - +
9 + + 12, Bt15 - o+ -
10, + + 11, W22 _ - - +
1. - - 2, 12, Bt15, W18 = 4+ -
12, + + 2, W5 - - +
13e + + . - - o+
14, + + 2, W10 - - +
15 + + 2, W27 ' -+ -
16, - - 2, wWis, w27 -+ -
17 + + 35 W10 e - +
18. + + T - - +
19. - - 3. 12, Ym, W22 -+ -
20. + + 11, W5 - - +
21, + + 12, Ym - 4 -
22, + + 3y 7 - - +
23, = - 35 Ts 99 W18 - + -
24. * + 3,77 - - 4
25. - + 2, 9y 12 - & -
26, - + 2, 9, W21 - + -
27. + + 12, Ym - % -
28, - - 9 - - + -
29. + + 25 T - - +
30. - + 9, W32, W18 - - +
31, + + 11, W18 - - +
32 + + 9, WS - - +
33, - - 9, 10, 12, Wi8 - 4 -
34, + + 12, W29 - -
354 + + 2, W15 - -t
36 - + 12 - 4 -
37 - + Te 9 - + -
38. - - 5,9, 10 + - -
39, + + W18 - - +
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TableI¥ :17

Tisaus Typinz Results in 35 Patients with Adult Cosliac Disease,.

2.

3.
.
Se
B
Te
8e
%
10,
1.
12,

1’3‘ ‘

14,
15
16.
1.
18.
19,
20,
21,
22,
23,
24.
25,
26.
27.
28,
29.
30,
31
324
33
34
35.
364

Hi~A 1

A 8

Cthers

o+ o+ o+ o+

H

+ o+

T + +

+ +

A IR

+

A

L

+ 4+

+ + 4+ + + + + + o+

L

4+

|

O A A T T T T

b o+ o+

+

39 7
2, W18
3, W18

10, 12, Da25
5

2, Da25, W17, W22

10

2, W10

39 W15
10, 12

2, 9, Wi8
2

2, W27

2, 12
Da25

2

124 W32

9, 12

30 T

2y 3, 12

12, W29
Da25, W10, W18
12

10

5y Da25

2, W15

35 5y Ty W32
2, 12

18, W29

oy

f2b b
- +
- +
- +
.+ _
- o+
- -
- +
- v 3
+ -
XN -
+ -
o -
+ -
3+ -
+ -
- +
- +
+ -
+ .
+ -
+ -
o+ -
- +
+ -
- +
+ -
3 -
- +
-+ -
3 -
+ -
- +
& -
+ -
+ -
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TABLEIV,18:;

Controls D.H. A.C.D.

(total 100) (total 39) (total 26)

 HI~A 1 52 (32%) 23 (58%) 27 (75%)
HI-A 8 26 (26%) 30 (776 22 (88%)
HI~-A 1 & 8 19 (19%) 22  (56%) 27  (75%)

Incidence of HI~A 1, HI~A 8 and HI-A 1 and 8
in~:controls and patients with D.H. and A.C.D.

cri



D.H., Patients A.C.D,
Normati Abnormal
Macroscoypic Macroscopic
Appearance Appearance
Total 16 22 36
HL-A 8 positive 14 (88%) 15 - (63% 32 (88%)
HL—~A 8 negative 2 (1h) 7 (37%) 4 (12%)

Table IV, 19

-  Relative incidence of HL-A 8 positivi*by within

the D.I. and adult coeliac disease (A.C.D.) groups

when compared: with macroscepic appearance of

small-~intestinal biopsies.

¢l
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Small Intestinal Biopsy Findings in D.H, Patients.

Patients. In this~study, small intestinal biopsies from 43 patients (21

males and 22 females) with D.H. were studied. At the time of initial biopsy,
all the patients were on a normal diet. 20 'control' biopsies were examined,
These comprised 1 biopsy from a healthy volunteer physician, 11 from patients
with eczema, 7 from patients with psoriasis, and 1 from a patient with

pemphigus, The patients with eczema and psoriasis had small intestinal biopsies
carried out to determine if there was any abnormality of the small intestine in
these conditions; the patient with pemphigus had a biopsy performed as she

had been diagnosed at amother hospital as having D.H.

Results,

Macroscopic Appearance.

Of the 20 biopsies from the patients who did not have D.H. (controls),

% showed leaves only and 17 fingers and leaves, Among the 43 D.H. biopsies,
the mucosa was flat in 13, convoluted in 10, leaves only in 8 and fingers and
leaves in 12,

Total Lymphocytic Counts. (Figure IV. 39)

In the control group, the mean lymphocyte count per 1000 epithelial cells
wag 160 + S.E. 13 (range 69 - 285). Only 4 of the control subjects had counts
greater than 200, In the patients with D.H. the mean lymphocyte count pexr
1000 epithelial cells was 464 + S.E. 27 (range 313 - 627) for the flat biopsies;
365 + S.E. 59 (range 130 -~ 739) for the convoluted biopsies; 535 + S.E. 39
(range 408 — 727) for the leaves onliy biopsies; 301 + S.E. 31 (range 121 - 445)
for the fingers and leaves biopsy specimens. All four macroscopic groups showed
a highly significant difference in mean count compared to the control group
{p< 0,001}, Ten of the D.H. patients had total counts less than 300, in 8
less than 285 @ = 1thir the cenbtro. venge, 20¢ 3% had aounts less than 200,

Of vhese % patients 7 showed fingers and leaves. The last one who had a

convoluted biopsy, had a reticulum cell sarcoma of the small intestine excised
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5 years previously,

The group with the highest mean lymphceyte count was the leaves only group.
However, this was not significantly higher than the mean count for the flat
biopsies (p>0.10), but it was significantly higher than the fingers and leaves
group (p<0.001). .The mean count for the fingers and leaves group was
significantly lower than that for the flat biopsies (p<0,001), but not
significantly different from that of the convoluted specimens (p>0.40).

Position of the Intraepithelial ILymphocytes.

Basal Position. (Figure IV. 40). The mean number of lymphocytes situated in
the basal position was 79 + S.E. 8 (range 28 - 159) in the control group;
89 + S.E. 11 (range 43 - 191) in the flat biopsies; 93 + S.E. 12 (range 46 - 177)
in the convoluted biopsies; 121 + S.E. 18 (range 43 - 205) in the leaves only
biopsies; and 98 + S.E. 13 (range 33 — 187) in the fingers and leaves biopsies.
There was no significant difference in the mean number of lymphocytes situated
in the basal position between the control group and any of the D,H. groups except
the 'leaves' only group (p<0.02). There was no significant difference between
the four D.H. groups with regard to their mean basal lymphocyte counts. The
four control subjects whose total counts were greater than 200 had basal cells
of 87, 127, 143 and 159 which, in 3, formed more than 50% of the total lymphocytes,
while in none of the 7 D.H. patients with lymphocyte counts between 200 and 300,
did basal cells form more than 50 of the totai count (Table IV, 20).

Among the 4 control subjects the mean ratio of basal to total counts was
4%5 (1 : 2), and among the 7 D.H. patients this ratio was 2% (1 : 4).

Perinuclear Pogition. (Figure IV. 41). The mean number of lymphocytes in

the perinuclear position per 1000 epithelial cells was 81 + 5.E. 7 (range 40 - 145)
in the control group; 362 + S.E. 23 (range 252 - 532) in the flat biopsies;

251 + S.E. 46 (range 80 - 421) in the convoluted biopsies; 402 + S.E. 43

(range 225 - 510) in the leaves only biopsies; and 195 + S.E. 25 (range 34 - 324)

-
in the fingers and leaves biopsies. Only 5 of the D,H. patients had perinuclear



counts in the control range (less than 145)» Compared to the contrcl group,
the mean perinuclear lymphocyte count was significantly raised in each of the
four D.H. groups (p<0.001). The highest mean count for the D,H. groups was
in the leaves only specimens, There was however, no significant difference
between the mean perinuclear count in the flat biopsies and the leaves only
group (p>0.30). The lowest mean count was in the fingers and leaves group,
but this was not significantly less than the next lowest group, the convoluted
specimens (p> 0.2) .

Supranuclear Position. (Figure IV. 42). The mean rnumber of lymvhoeytes in

the supramiclear position per 1000 epithelial cells was 0.55 + S.E., 22 (range
0 — 3) for the control group; 13.7 + S.E. 2.3 (range 3 = 26) for the flat
biopsies; 20.1 + S.E.6.9 (range 1 - 69) for the convoluted biopsies; 14.5 +
S.EBE. 3.3 (range 4 - 29) for the leaves only bilopsies; 8.3 + S.E. 2,6 (range
0 - 25) for the fingers and leaves biopsies. Eight of the D.H. patients
showed supranuclear counts of 3 or less, i.e., within the control range.

The mean supramiclear lymphocyte counts were significantly greater in all
four D.H. groups compared to the control (P( 0.001). There was no significant
difference between any of the four D.H. groups.

Ratio of Perinuclear to Basal Lymphocyte Count as an Index of Intestinal

Abnormality.
1
It has been noted that, except for the 'leaves' only group (p<40.02), there

was no significant difference between the basal counts of the controls and D.H.

groups. The main increase was found in the perinuclear counts. As a further

indicator of intestinal abnormality, the usefulness of the ratio of perinuclear

to basal lymphocyte counts was examined, The results are shown in Figure I¥, 43.
The mean ratio for the controls was 1.02 {range 0.42 -~ 2,28); for the D.H,

groups — flat biopsies, mean 4.08 (range 1.95 -~ 8,81); convoluted biopsies,

mean 2,70 (range 1.00 - 5.46); leaves only biopsies, mean 3,32 (range 1.17 -

8,37); fingers and leaves group, mean 2.00 (range 0.74 - 6,03).



TOTAL LYMPHOCYTE COUNTS BASAL LYMPHOCYTE COUNTS

No, 2 13 10 8 12 . Mo, 2 13 10 8 12
Range 69-253 313-739 130-737 a08-721 121-445 Range 8-159 43-191 8177 43-205 33187
Mean 160 164 35 535 301 nleazrz)o 19 89 3 2 %
[
[ ]
d .
w0 b [ ] [ ]
[ L] [
[ ] 50
2 w0 i [ ] ® L} 9 1 hd
- . —y 2
S o " . . . .
™ . ° = . —
z ’—g—:__’ : * . ¥ . *e .
w [ ] [ = Y o,
8 w} i H o b S, R
= . — * g . — .
0 . ~ o . .o
= . w — . . .
= 30 |- L e [ . b . .
- ¢ . = L e .
200 |- oo Z nf o
° ". ° . . °
s PY :
o* . . . i
wfl °*se
[ ]
0 0
CONTROLS FLAT CONVOLUTED LEAVES FINEERS CONTROLS FILAT CONVOLUTED LEAVES FINGERS
&
LEAVES LEAVES
Figure IV.39 : Total intraepithelisl : Figure IV.40 : Basal lymphocyte counts
lymphocyte counts in control and D.H. in control and D.H. patients.
subjects.

Ly



PERINUCLEAR LYMPHOCYTE COUNTS
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Control biopsies with tobtal counts above 200 per 1000 epithelial

cells.
No Basal Total Ratio
Basal ' Total
1 142 285 1 2
2 159 247 1 1.5
3 127 25% 1 2
4 87 235 1 2.5

D.H. biopsies with total counts under 285 per 1000 epithelial cells

No Basal Total Ratio

Basal  Total

1 51 221 1 5

2 33 235 1 7

3 78 136 1 2

I 78 121 1 1.5

5 103 204 1 2

6 76 209 1 3

7 16 130 1 3

Table IV. 20




DH BIOPSIES
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Figure IV.43

intraepithelisl lymphocytes in 20 control subjects
and 4% D.H. patients who have been divided into
four categories according to the macroscopic
appearances of their

[

: Ratio of perinuclear to basal

small intestinal biopsies.
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Controls |DH Biopsies
6 ® 235
5
4
® 279
3 e 22|
2
e 235 ® 209
Il 253060 285 e 204
e 247
O

Figure IV. 44

Total inti}'epithelial lymphocyte counts in
borderline control and D.H. patients' small
intestinal biopsies (ie:™200 and < 285)

and relation to the ratio of perinuclear to
basal lymphocyte count. In the controls, the
ratio is about 1:1 whereas in the D.H. biopsies
the ratio is increased despite borderline total
1ymphoqpe counts.
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In the 4 borderline control biopsies (total lymphocyte counts of 235, 247,
253 and 285 lymphocytes per 1000 epithelial cells), the ratio was about 1. In
the 5 borderline D.H. specimens however, (Figure IV. 44), the ratio was generally
higher, indicating that in this latter zroup, despite borderline total lymphocyte
counts, the increased ratio of perinuclear to basal cells seen in definitely
abnormal D.H. biopsies is also preserved.
Evaluation of the Constancy of the Macroscopic Appearance and ILymphocytic

Infiltration of the Small Bowel in D.H.

In five patients who were not treated with a GFD, repeat small intestinal
biopsies were performed at intervals varying between 6 months and 1 year. 4
patients had 1 repeat biopsy, whilst the fifth patient had 2, Biopsies were
taken from either the fourth part of the duodenum or the duodeno-jejunal flexure.
Dissecting microscope appearances of the biopsies were noted and correlated with
the total and compartmental intraepithelial lymphocyte counts. The results are
tabulated in Figure IV, 45.

Macroscopic Appearances. It can be seen that there is variation in the
macroscopic appearances: Only 1 patient had 2 similar appearance in the repeat
biopsy.

Intraepithelial Lymphocytes, The total intraepithelial lymphocyte count remained

remarkably similar in the repeat biopsies. In addition, there was remarkably
little fluctuation in the compartmental distribution of the intraepithelial
lymphocytes. Similarly, the ratio of perinuclear to basal lymphocytes remained
fairly constant,

Effect of a Gluten~Free Diet (GFD) on Intraepithelial Lymphoceyte Count in D.H.

In 13 patients treated with a GFD for periods varying from 1 to 4 years,
further small intestinal biopsies were performed. The results are shown in
Figure IV, 46.

Cf these 13, 7 had initially abnormal macroscopic morphology. In 211 7,

there was a drop in the total intraepithelial lymBhocyte count on treatment with



Patient

H G.E.

: Poore

: Teal

: Burrows

Biopsy

No. Macro.
1 L
2 L
1 Flat
2 Con.
1 L
2 Con+L:
1 L
2 Flat
1 L
2 L
3 Con+L

Figure IV . 45
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Lymphocyte Count
B PN S Total Ratio
126 569 22 727 4.18
1324 518 4 656 %.86
64 %60 26 450 5.62
79 A 24 b7 b.73
80 393 17 490 4.91
57 302 6 365 5-29
116 468 4 588 4.03
4 412 4 490 5.56
95 510 29 634 5.36
57 A3 6 506 777
110 514 3 . 62/ 4.67

Macroscopic appearances and intraepithelial

lymphocyte counts in repeat blopsies in 5

D.H. patients on normal diet.




154

a GFD, The remaining 6 biopsies showed normal morphology. In 5 of these 6,
the total lymphocyte count dropped on treatment with a GFD. Both these counts
however, were outside the abnormal range.

The fall in the total lymphocyte count following treatment with a GFD
however, seldom returns into a range which could be considered to be normal,
Hence, of the 12 biopsies with raised counts, only 4 returned to a figure below
200 following treatment with a GFD,

Effect of GFD on the Digtribution of Intraepithelial Lymphocytes in Relation

to the Epithelial Cell Nuclei.

_ The distribution of intraepithelial lymphocytes into the basal, perinuclear
and supranuclear compartments of the intestinal epithelial cells following ‘
treatment with a GFD was assessed in the same 13 D.H. patients., The results
are tabulated in Table IV. 21,

It can be seen that, with a few exceptions, there is a fall in all ﬁﬁree
compartments following treatment with a GFD., The ratio of perinuclear to basal
| cells also falls in the majority ~ only 2 showing a rise — on treatment with
a GFD.

Effect of Re—introduction pfAGluten on the Intraepithelial Lymphocyte Couﬁt.

In 4 patients, the effect of re-introduction of gluten into the diet was
assessed, Following the initial biopsy, the patients were put onto a GFD for
a period of about 12 months. They then had 5 repeat biopsy at this time,
following which they returned to a normal gluten containing diet for about three
months., They were then put back onto a GFD for up to three years and then
rebiopsied. The results of this study are tabulated in Figure IV. 47.

In one patient, there was a marked rise in the total lymphocyte count on
gluten re-introduction. In one there was a minimal rise, whilst in the
remaining two there was a fall despite re-introduction of gluten. All four

patients showed a fall in the counts after prolonged withdrawal of gluten.



Patient Before GFD After GID

Macro. Lymph. ct. Macro. Lymph. ct.
Normal diet GFD 1. 8.I. F 627 L 318
2. T.P. Con. 635 L 277
5. A.T. Con. 739 Con. 485
4, J.L F 482 Comn. 132
700 5. M.R. F 429 L 389
6. G.J. bi) 521 F+L 20%
7. D. H.H. Con. 295 Con. 251
8. E.L. P+l 409 F+L 126
9. F.W. F+L 89 F+L 136
10.T.P. F+L 225 F+Li 117
500 11.M.H. F+L 374 L 204
12.R.S. n 408 F+L 103
13.E.P. L 490 F+T 222
open circles = flat or convoluted specimeqs'initially
300 closed circle = leaves or fingers apd»leaves specimens initially
Figure IV.46 Total intraepithelial lymphocites per 1000
epithelial cells in 13 patients with D.H.: Effect of a
gluten free diet (GFD) of periods varying from 1 to 4 years

100 (on intraepithelial lymphocyte counts.

|
{

" F = Flat; Con. = Convpluted; L = Leaves; F+L = fingers and leaves

1!
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Only one however, returned into the normal range. No constant pattern of
changes in the compartmental proportions of intraepithelial lymphocytes was
seen with gluten challenge -~ but the numbers studied here are too small to

draw definite conclusions.



Table IV. 21
Patient
1. S.T.
2. T.P.
2. A.T.
4. JeL.
5. M.R.
o. G.J.
7. D. H-H
’8; E.L.
95 F.W.
10. T.P.
11. M.H.
12. R.S.
12, E.P.
N.D.
G.F.D.
U.
B.
P.N.
S.

mn

[ R P

Lymphocyte counts of D.H. small intestinal
biopsies and effect of Gluten-Free Diet

PN : B

ratio
N.D. 6.56
GeFoDo U
N.D. 2.50
G.FD. %.10
N.D. 2.95
G.F.D. 5.03%
N.D. %.39
G.F.D. 1.64
N.D. 2.48
G.F.D. %47
N.D. 5.52
G.F.D. 1.2%
N.D. %.29
G.F.D. 2,37
N.D. 4.00
G.F.D. 0.90
N.D. 1.63
G.F.D. 074
N.D. 6.0%
G.F.D. 0.5%
N.D. %.81
G.F.D. 241
N.D. 8o37
G.F.D. 1.2%
N.D. 4.9]1
G.F.D. .77

normal diet.

Lymphocyte Counts
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B P SN Total
81 532 14 627
U U U %18

112 %83 140 6%5
58 180 39 277

177 523 %9 759
79 %98 8 485

106 260 6 482
50 82 0 1%2

119 206 14 429
86 299 4 389
76 420 25 5ol
91 112 0 ¥ 203
62 204 29 295
iy 176 1 251
81 z24 . 4 409
66 60 0 . 126
%% Sl 2 89
"8 58 0 136
5% 199 % 235
76 15! 0 117
Y6+ 290 8 574
89 215 0 %04
47 360 5 408
46 50 0 10%
80 594 "/ 490

124 9% p 222

gluten-free diet.

undetermined.
basal count

perinuclear count.
supranuclear count.
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LYMPHOCYTES/1000 epithelial cells
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»GLUTEN!

-

INTRAEPITHELIAL IVMPHOOVTES

-

Toctal Ratic ZH:B
295 5.29
308 4.15
238 4.94
251 2.37
635 3.41
575 1.55
369 1.30
277 3410
374 3.81
304 2.41
307 9.16
293 3.41
408 8437
209 2.4%
438 11.52
103 1.23
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100
- 1 year >
Patient Siopsy  Macro. 5. Z.N. B.N.
4. D.H-H. A Con. 62 204 29
B L 59 245 4
C Flat 39 193 ©
D Con. o4 176 1
2. T.P. ., A Con. 12 383 140
= B L 132 205 38
@ Con. 135 176 58
D I, 58 180 39
3. M.H. A F+L 76 290 8
B P+L 89 215 0
c L 30 275 2
D F+L 67 224 2
4,R.S. A L 4% 360 5
B L 60 146 3
C I 34 392 12
D P+L 46 57 0

Figure IV.47 : Effect of gluten withdrawal and reintroduction of gluten

on the macroscopic appearance and intraepithelial lymphocyte count in

the small bowel of 4 patients with dermatitis herpetiformis.

A
D

pre-GFD biopsy; B = After GFD for 1 year; C = Normal diet for 3months

GFD for 3% subsequent years.

3years »

Macro. = macroscopic
appearance

B = Basal count

P.N. = Peri-nuclear count

S.N. = Supra-nuclear count

GFD = gluten rfee diet
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PART V:

DISCUSSION
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INTRODUCTION

The work presented in this thesis was initially prompted by
previous reports of minor immunological abnormalities in dermatitis
herpetiformis (D.H.). These included the reports of serum IgM abnormalities
(Fry et al. 1967, Fraser et al., 1971), splenic atrophy (Fry et al. 1967)
and of immunoglobulins in the skin (Cormane 1967, van der Meer 1969).
The results reported here indicate that immunological abnormalities are
indeed present in D.H. and suggest that immunolbgical mechanisms may
be operative in the pathogenesis of this disease. Arising from this
however, is the question as to whether these abnormalities are of
primary pathogenic significance or whether they represent secondéry
phenomena. The answer to this is an elusive one requiring further study.
and cannot at the present ftime be answered.

The discovery of a small-intestinal abnormality in D.H. in 1966
by ﬁarks and her colleagues and the subsequent demonstration that this
is due to gluten-sensitivity, as found in coeliac disease (Fry et al.
1967, Weinstein et al, 1971) makes D.H. a unique and fascinating disease.
An effort has been made therefore in this thesis, to perform parallel
studies in patients with coeliac disease in an attempt to clarify the
relationship between these two diseases. As in D.H., immunological
abnormalities have been noted in patients with coeliac disease and in
many cases, these are identical or very similar, |

In view of the close relationship between D.H. and coeliac disease,
the morphological studies on the small bowel in D,H., have been included
in this thesis. Such morphological studies as they are presented here
are not evidence of immunological abnormality, though this does not
exclude an immunological aetiology. However, they have been included as
supportive evidence of a much closer link between the dermatological
and gastrointestinal aspects of D.H, than was previously thought, and
when viewed in this light the findings discussed here may have a different

significance. The increased lymphocytic infiltration found in the small
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bowel in D.H. is used essentially as a diagnostic aid in this thesis.
However, there is now accumulating evidence to suggest that the lymphocyte
may have an immunological and pathological role in the pathogenesis of
the mucosal changes seen in gluten-sensitive enteropathy (Ferguson 1974).
For the purpose of avoiding confusion and maintainimg clarity, the
discussion in this thesis will be confined, in its initial stages, to
broad categories as presented in the results section., Each project will
therefore be discussed independently and an effort will be made to
bring.together the major points arising from them at the end in
evaluating their significance in the aetiology and pathogenesis of
dermatitis herpetiformis and their possible relevance in coeliac disease

and gluten-sensitivity.

ANTI-RETICULIN ANTIBODY (ARA)

In the routine testing of sera from patients with D.H. and with
adult coeliac disease, an antibody reacting with connective tissue fibres
present in the ra% 'composite block' was observed;_Two main patterns of
immunofluorescent staining were seen - one well defined, the other more
diffuse. In addition, multiple other patterns were observed, but in a
much lower incidence when compared with the first two.

Histochemical Aspects of ARA

When compared with routine histological stains for connective tissues,
the best correlation with the iumunofluorescent staining was seen with
the Gomori stain for reticulin. Patterns given by the histological stains
for the other two main connective tissue compnents - collagen and
elastin,were completely different, and the antigen agaimst which the
antibody was directed was not éonsidered to be located in these fibres.

It was for these reasons that the antibody was labelled as "anti -
reticulin antibody". It should be stressed at this juncture however, that
the term "reticulin" is a purely histological one and does not represent
a well-defined or biochemically analysed substance.

Reticulin was first described in 1876 by Kupffer and was entirely
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a hisfological concept describing a particular type of fibre demonstrated
in connective tissue ty light microscopy. Collagen fibres are bi-
refringent, non-branching and occur in coarse fibres which stain only
lightly with silver impregnation techniques, becoming yellowish-brown

in colour. Reticulin fibres, in comtrast, occur singly but branch with
one another and are 'argyrophilic' - staining an intense black with
silver (Maresch 1905).

Ever since its discovery, a controversy has raged over the nature
of reticulin - in particular as to whether it was identical to, or
distinct from collagen. Some consider that reticulin and collagen are
fundermentally identical (Mallory and Parker 1927) whereas others beleive
that they are different only in their physical properties (Foot 1927,
Dublin 1946, Windrum et al, 1955). Others beleive that they are entirely
different, both physically and chemically (Glegg et al. 1953, Puchtler1964)
A major practical difficulty is that though reticulin im widely distributed
it is rarely a major constituent and is consequently difficult to isolate
in quantities in a pure form sufficient for chemiéal analysis (Glegg et
al. 1953, Sulitzeanu 1967). Bowes and Kenten (1949) studied the amino acid
composition of reticulin and reached the conclusion that it was similar
to collagen, but that the proline and hydroxyproline values were lower.,
Windrum et al. (1955) in a study of reticulin isolated from the mid-
cortical zone of human kidneys reached the same conclusions.

Using the electron microscope, Melcher (1966) showed that reticulin
is made up of rather sparsely distributed fibrils (having a 640 X spacing
as seen with collagen) within an amorphous matrix. He advanced the
hypdhesis that reticulin is a site for the extracellular organization of
collagen from simpler units of unknown size which are produced by the
fibroblasts. Later, these fibrils become incorporated into fibres
and bundles characteristic of mature collagen fibres. Thus reticulin
contains collagen at a particular phase of its organization. It is

also most active in young developing tissues, but persists in older ones,

perhaps as a template for the reorganization and maintainance of fibre
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orientation in the tissue following mild damage.

Reticulin, thus, as an entity, is foo large and variable in composition
to be considered as a substance., For practical purposes, it remains to
this day a histological entity. For this reason, the antigens against
which the circulating antibodies detected in patients with D,H. and coeliac
disease are reacting cannot be defined, The nearest that one can come to
a satisfactory description is to say thald the antigen(s) involved are
present or located within the reticulin fibres as detected by silver
staining. Further support that collagen is not involved comes from the
collagenase experiments performed in this thesis. Thus, prolonged
treatment of rat composite block sections with collagenase did not remove
their ability to react with ARA positive sera. Parallel studies with
van Giesen stains showed complete removal of collagen. With the Gomori
stain for reticulin however, there was no significant change after
treatment with collagenase.

With the horse-radish peroxidase method, staining patterns very
similar to those seen using immunofluorescence were obtained with ARA
positive sera.(Figures IV. 14 - 17) Again, the pattern of staining was
similar to that seen with the Gomori stain for reticulin. The immuno-
electron microscope studies interestingly show that the antigens reactive
with ARA are closely related to the collagen fibres in the connective
tissue bundles (Figures IV. 18 and 19). The collagen fibres themselves
however, were not involved (Figure 1V.20) and it would appear that the
very closely associated surrounding matrix is the main site involved.
This finding is consistent with the idea of Melcher (1966) previously
mentioned that reticulin is a site for the extracellular organization
of collagen fibrils from simpler units produced by the fibroblasts.

Further support for the close relationship of ARA with connective
tissue comes from the studies using connective tissue antisera, and
the accompanying absorption experiments. with anti-bovine heart valves
(BHV) immunofluorescent patterns very similar to those obtained with

ARA were seen. The close association of the antigens involved is
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supported by the absorption studies where total removal of ARA activity
in human sera was effected., Similar results were obtained with the'
non-collagenous reticulin component (NCRC) of pig and human tissues. In
fact with these latter antisera, a much closer identification of the
reticulin pattern given by ARA was obtained and it is probable that the
antigen(s) responsible for ARA are contained in the NCRC chemically
characterised by Pras and Glynn (1973). These authors extracted a
saline insoluble residue of porcine and human tissues (liver and kidney)
by a distilled water dispersion method. They found it to be a protein
distinct from collagen in that it contained no hydroxyproline and had the
glycine content of normal proteins (9%). In a further communication,
Pras et al. (1974), in a study of the immunofluorescent staining seen
with antisera to NCRC, showed very similar patterns to those produced
by ARA and silver staining. They considered NCRC to be a major component
of reticulin and found it to be strongly immunogenic; In addition, they
found the antibodies to porcine and human NCRC to have both species—
specific and shared antigenic determinants. Staining patterns similar
to those produced by ARA were seen with stromal reticulin, basement
membranes, connective tissue between epithelial cells in various
endocrine organs, in muscle and in kidney tubules, Interestingly, they
found no staining with skin, a situation similar to that found with ARA
in this thesis.

The variable immunofluorescent staining patterns seen with the ARA
from patients with D.H. and coeliac disease indicate thatva spec trum
of antigens, rather than a single one, are involved, Such a situation is
not uncommon in the study of autoantibodies as detected by immunofluorescence.
Hence, with anti-nuclear antibodies, a wide spectrum of patterns are seen
(Beck 1961). These include homogenous, speckled and nucleolar patterns
and are attributed to the participation of various nuclear components
e.g: RNA, single and double-stranded DNA, in the production of what are
essentially a heterogeneous group of antibodies. A similar situation

exists with smooth muscle antibodies (Holborow 1972) and with
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mitochondrial antibodies (Doniach and Walker 1974).

The absorption studies with gluten and gluten fraction-3 which will
be discussed more extensively later on, indicate that there may be
common cross-reacting antigens in gluten and reticulin. The failure of
complete removal of the ARA staining and the modification of immunofluorescent
staining in some of the sera indicate that many other antigens not
present in gluten are also involved in the production of ARA.

Rizzetto and Doniach (1973) in a study of the immunofluorescent
patterns given by 'reticulin' antibodies in human sera considered that
at leést five types of antibodies reacting against distinct éntigens of
intra- and extracellular components in mesenchyme could be identified.
Two types of fibrillar antigens could be distinguished on the basis of
the staining patterns , anatomical distribution and species specificity,
These two patterns were the most clearly distinguished and were refered
to as reticulin 1 (R1) and reticulin 2 (R2). In the R1 pattern, the main
features were a nodular or lumpy fluorescence surrounding the portal
tracts up to the limiting plate of hepatocytes, and a fine §utline of
sinusoids., Discrete, wavy worm-like strands were aiso seen in the higher
titre sera. In the kidney, R1 sera showed peritubular and Bowman's
capsule staining. These antibodies were foundto react with animal and
human tissues. These patterns corresponded to the'typical' ARA patterns
described in this thesis and were most commonly found in this study in
patients with D.H. and with childhood and adult coeliac disease.

With the R2 pattern, Rizzetto and Doniach (1973) found staining
of the thin sharp-edged fibres around the pertal tracts, but not
extending into the liver lobules, It was seen as streaks between gastric
glands and concentrated around blood vessels in all organs. In the kidney,
except for perivascular staining, there was no other significant
immunofluorescence. The R2 pattern, as described by these authors,
closely approximates those illustrated in figures I1IV.8 and 9 in this thesis.

They were found in non-D.H, and non-coeliac disease patients and were

considered not to be typical of the pattern associated with these disease

groups.
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The other three patterns described by Rizzetto and Doniach (1973)
were Kupffer cell fluorescence, sinusoidal cell cytoplasmic fluores@ence
and a broad group — reticulin sinusoidal fluorescence patterns (Rs). The
majority of patients giving reticulin connective tissue immunofluorescence
on rat tissue fell into this last mixed group. The common feature was a
diffuse cytoplasmic staining of Kupffer cells and other reticulo-endothe-
lial cells. In many sera. R! and less commonly R2 patterns were also
present, though some sera were completely negative on portal tracts
while outlining all sinusoids clearly.

Such a miscellany was indeed seen in the studies reportéd in this
thesis (figures IV. 5,6 and 10) but these were not considered to be
'typical' reticulin patterns. For this reason, they were not included
as 'positives' in the study of the incidence of ARA in various diseases,

In the study of Magalhaes et al. (1974), a variety of reticulin

staining patterns was also reported.

IMMUNOLOGICAL FEATURES OF ANTI-RETICULIN ANTIBODY

Immunoglobulin Class

In this thesis, ARA was found to be of IgG class in the majority
of sera tested. IgM antibodies to reticulin were never found. In about
50% of the positive sera, ARA of IgA class was also found in addition to
IgG. IgA antibodies on their own were not found, In the study reported
by Magalhaes et al. (1974) however, IghA ARA on their own were found and
this was the main immunoglobulin class in the sera of patients not on
a gluten-free diet. Following gluten withdrawal however, the incidence
of IgAh antibodies was strikingiy reduced.

In the study of Brown et al. (1973) ARA was detected in 32 (67%)
of 48 children with coeliac disease. The antibody was solely of IgG
class in 66(% and the remaining 34% comprised a mixture of IgG and IgA.
In both the studies of Brown et al. (1973) and Magalhaes et al. (1974)
Igi antibodies were not found, as was the case in this thesis.

The IgA nature of a proportion of the ARA is an interesting
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Oobservation as this indicates that they are probably gut derived. IgA

is the main immunoglobulin involved in the gastrointestinal tract (Chodirker
and Tomasi 1963) and most gut mediated responses are IgA responses e.g:
oral polio vaccination (Berger et al. 1967). The finding of IgA ARA
therefore is good evidence for a relevant link between the antibody and
a gastrointestinal disorder, in this case gluten-sensitive enteropathy.
The finding of IgG antibodies in many patients does not necessarily make
extrapolation in this direction any less relevant for it is known that
irmunological responses often involve IgG, IgM and IgA responses over

a period of time. Hence, with polio vaccination all three immunoglobulin
classes in the sequence IgM, IgG and IgA are involved (Ogra et al, 1968,
Ogra and Karzon 1969). The immunoglobulin class of the antibody is
therefore dependent on the time following antigenic stimulation and

in a long-standing chronic disease like gluten-sensitive enteropathy

it would not be unusual to find IgG as well as Ig. antibodies.

ARA and Complement Fixation

ARA was found to fix complement poorly. Thus complement fixation
was found in only one of 14 positive ARA sera. A11.14 sera had IgG
antibodies and some IgA. If they were all of IgA class only, this
inability to fix complement would not be surprising as IgA antibodies
do not fix complement by the classical pathway (though there is evidence
to suggest that they might do so via the alternate pathway of complement
activation ~ Spiegelberg and Gotze 1972), The inability of the IgG
ARA to fix complement suggests that they belong to the subclasses IgG2
and IgG4 which are known to be non- or poor complement acfivators. No
formal subtyping studies however, hawe been performed in this thesis to
substantiate this. The inability of the IgA to fix complement does not
necessarily mean that they are not pathogenic. Thus,,there is evidence
to suggest that immunoglobulins, including IgA and IgG, in an aggregatéd
form, can trigger the alternate pathway of complement fixation
(Spiegelberg and Gotze 1972). Alternatively, it has been shown that

antibodies can effect damage by co-opting or activating non-sensitized
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lymphocytes - "K-cells" - which subsegquently attack the target organ
(Perlmann et al. 1969, MacLennan et al.1969). In fact, Fakhri and Hobbs
(1972) have suggested that such a mechanism could be responsible for the
mucosal damage in gluten-sensitive enteropathy.

Autoantibody Nature of ARA

The autoantibody nature of ARA is indicated by its ability to
react with tissue of human 6rigin. Hence, staining of foetal skin and
small bowel lamina propria was demonstrated. There was however, difficulty
in staining adult human tissues and no convincing immunofluorescence
was seen using many different ARA sera, with adult human skin and gut -
from normal controls and coeliac disease patients, In the study of
Rizzetto and Doniach (1973) however, staining was obtained with human
thyroid and stomach.,

The apparent discrepancy between the ability to stain foetal tissues
but not adult human skin and small bowel is difficult to explain. The
implications are that the antigen(s) reactive with ARA are either not
present in adult human tissues or that, if they are, they aré either non-
reactive or concealed and not accesgsible to react with ARA. If one returns
to the discussion on the nature of reticulin expounded earlier, the latter
may in fact be a feasible explanation. Reticulin is essentially an actively
turning-over tissue and therefore found mainly in immmature and young
connective tissue. In the adult, it might be modified completely so as
to be non-reactive or concealed from the ARA. ARA is otherwise non-species
specific and, as was foundin the study of Rizzetto and Doniach (1973)
reaction with tissues from a wide variety of different species was obtained.,

INCIDENCE OF ARA IN D.H. AND COELIAC DISEASE

ARA was found predominantly in patients with D,H. and with childhood
and adult coeliac disease. The highest incidence was found in patients
with childhood coeliac disease (CCD) where the incidence was 59% of 46
patients. In adult coeliac disease (ACD) it was found in 38k of 101 patients

whilst in D,H. it was detected in 22% of 50 patients. It is of note that

the incidence parallels the degree of gluten-sensitivity in these three
disease groups. Hence, the highest incidence was found in patients with

MAAT e cmmmavad e Harra mavt-nd alutanacanai Fiwvi by and vhes panally reanond
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very well to gluten withdrawal. &% the other end, patients with mild
gluten-sensitive enteropathy, as in D.H., had the lowest incidence of
ARA. It is now well established that the small-~intestinal lesion in D.H.
is comparatively mild in the majority of patients (Fry et al. 1967, Shuster
et al. 1968, Brow et al. 1971) and clinically does not give rise to signms
and symptoms generally associated with coeliac disease. In fact, in the
study of Fry et al. (1967) no D.H. patient had symptoms or signs suggestive
of coeliac disease.
status

The dietary/of the patients i.e: whether they were on a gluten-free
diet (GFD) or nof, was very relevant.Thus, if the patients were allocated
to two groups -~ those on a GFD and those on a normal gluten-containing diet
- & very definite trend in the incidence of ARA positivity was seen,
This is best illustrated in the CCD group where ARA was found in 85%
of 26 patients on a normal diet, but in only 25% of 20 patients taking
a GFD. With the ACD group, the incidences were 59% in those on a normal
diet and only 16% in those on a GFD. The corresponding figures for D.H.
were 30% and 10%. |

A further example of the close relationship between ARA and the
dietary status was seen in the D.H. patient M.McN. in whom serial
estimations of ARA were done before and during treatment with a GFD
(figure IV.22). Hence, nine months after gluten withdrawal, ARA could not
be detected in her serum.

Similar incidences of ARA in D,H., ACD and CCD have been reported in
various other studies. Alp and Wright (1971) found ARA in 54% of their
71 children with CCD and in 34% of 50 ACD patients. They too found an
increased incidence of the antibody in patients not taking a GFD and that
ARA positivity could be correlated with serum antibodies to gluten fraction-3
but not with serum antibodies to ovalbumin, or circulating immunoglobulin
levels. However, each of 4 children with selective IgA defeciency and
coeliac disease had strongly positive ARA.

Alp and Wright (1971) also studied the effect of re-introducing gluten
into the diet of six children with treated CCD, and its effect on ARA posi-

tivity. In 4 of the 6, ARA was absent prior to gluten challenge, but
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became positive after re-introduction. In a furthet patient, ARA was present
before, and persisted after challenge. In the remaining patient, ARA was
absent persistently before and after challenge.

Similar results were obtained by von Essen et al. (1972). Thus, prior
to gluten withdrawal, 68% of their 40 children with coeliac disease had ARA.
In some cases, the ARA fluctuated according to gluten withdrawal or
re-introduction. Like Alp and Wright (1971) they could not correlate ARA
with serum IghA abnormalities. Unlike them however, they found no coprelation
between the presence of ARA and precipitating antibody to gluten. von
Essen ét al., (1972) also looked at the relationship between the presence
and titre of ARA and the degree of morphological abnormality in the
small bowel and found no correlation,

In their study, Brown et al. (1973) found ARA in 67% of 48 patients

to relate
with CCD. No attempt however, was madd ARA to dietary status. They too
could not correlate the presence of ARA to serum immunoglobulin levels
or to precipitating antibodies to gluten and other dietary antigens.
Magalhaes et al. (1974) found ARA in 39% of 92 patients with ACD. When
related to dietary status the marked difference in incidence noted before
was again observed. Hence, ARA was found in 58% of 44 patients on a normal
diet , but in only 23% of 73 patients on a GFD. In the study of Rizzetto
and Doniach (1973) ARA was found in 47% of 36 D.H, patients and in 44% of
50 patients with coeliac disease.

Immunological Sigmificance of ARA

The studies on the incidence of ARA and its relation to a GFD
indicate that ARA is an antibody very closely related to gluten ingestion
and gluten sensitivity. The indications are that the presence of ARA is
a phenomenon directly and pathologically related to the disease and not
merely a non-specific feature.

What then is this relationship? From the discussion so far, two main
possibilities arise. Firstly, that gluten itself is involved, and
secondly that ARA may arise as the direct result of mucésal damage

following gluten ingestion., It is also possible that both these mechanisms
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might contribute td the production of ARA.‘

_Support for gluteﬁ playing a direct role comes from the absorption
studies performed in this thesis using gluten and gluten fraction-3.
Thus, of the 17 ARA positive sera from D,H., ACD and CCD patients,
complete removal of ARA was consistently demonstrated in 5 and partial re -
moval in a further 5. In all therefore, 8 - or approximately 50% - of the
17 sera were affected by the absorption procedures. Taken together, it
would be reasonable to say that these provide evidence to suggest that
cross-reactivity between glutén and reticulin has been demonstrated.

When viewed more critically however, there are deficits to be explained.
One is fhat in 9 of the 17 sera examined, there was no demonstrable
absorption.-Absorption studies of this sort are notoriously difficult to
perform and interpret, and with this in mind, it would be of benefit
to discuss at this juncture some of the points arising from the gluten
abéorption experiments.

A major disadvantage from the start was that one was working with
ill—defiﬁed antigens. Gluten is a macromolecular complex (Ewart 1970)
and knowledge of its split products in the small intestine is minimal or
non-existent. In particular, precise knowledge of the toxic moiety
responsible for producing the mucosal damage in gluten-sensitive entero-~
pathy is still not forthcoming, although it ié thought to reside in the
gliadin part of the complex. Reticulin, as has already been extensivély
discussed, is still only a histological entity and suffers much the same
disadvantages as gluten in its identification as aﬁ antigen.

The failure of absorption in the 9 ARA zositive sera may be due to
a number of factors. It is possible that there is a failure to effect
compléte removal of the antibody for physico-chemical reasons. This may
be due to a scacity of receptor sites, for it is well kmown that gluten
is a largely insoluble compound. Fythermore, it is possible that the
antigenic sites involved are only revealed following digestive processes
in the gut. Absence of knowledge of the breakdown products of gluten

makes it difficult to assess its relevance.
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Pailure to effect complete removal of antibody may also be attributed
to the presence in the absorption mixture of soluble antigen or antigen- ‘
antibody complexes. In the latter case, if the antigen-antibody binding
affinity is poor, it is possible that the antibody might break away when
presented with more abundant antigen e.g: reticulin in the rat composite
block. A possible remedy is to adsorb the antigen onto insoluble vehicles
e.g: antigen coated Sephadex'beads, which can be effectively removed follo-
wing absorption.

The finding of a variety of immunofluorescent patterns with ARA
may be a further explanation for the failure to absorb the antibody with
gluten., This variety of patterns indicates that there is a spectrum of
antigens involved. It may be that a moiety in gluten which cross-reacts
with reticulin initiates damage with release of secondary antigens from
the damaged reticulin fibres. These secondary antigens - which could
previously be 'concealed' - may subsequently become immunogenic and
induce production of antibodies which react with reticulin fibres, but not
with the primary noxious moiety in gluten.

The specificity and validity of the positive absorptions also need
to be critically assessed. It would appear that the absorption was not
due to non-specific uptake by the gluten of antibodies in general, for in
parallel studies, other autoantibodies like ANF were not affected. A
further control experiment which perhaps should have been performed, was
to absorb the ARA positive sera with a substance of similar physico-
chemicél and structural makeup to gluten,This experiment was not performed
for the reason that such a substance could not be found,

The variation of ARA titres with dietary treatment is highly unusual
for an autoantibody, and in discussing this, Brown et al. (1973) point out
that gluten can act as a hapten in the production of ARA. Allison et al.
(1971 )have postulated that haptens may have a role in the production of
autoantibodies. Thus, if in an animal sensitized agaimst a hapten,
the hapten coupled to host cell or protein is injected into the animal,

antibodies against the host cell or protein may be produced. Weigle (1965)
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produced autoantibodies to thyroglobulin in this way. In coeliac disease
there is evidence of sensitization of the host to gluten as shown by,
in vitro lymphocyte transformation with gluten (Housley et al, 1969).

In sensitized patients gluten may become coupled to a host component
i.e: reticulin, and this would result in production of ARA. Thus,
presuming that the presence of hapten is necessary for the continued
production of antibody. ARA will disappear with gluten withdrawal.

This arguement leads to a second possibility to be considered in the
production of ARA - that they may result from damage to the small-
intestinal mucosa. This could arise in two ways. As discussed already.
an immunological reaction may be initiated, involving reticulin.
Alternatively, following small bowel damage, the mucosal surface.may
allow absorption of antigens which would normally be excluded, such as
reticulin in the diet. This probably occurs with other dietary antigens
e.g: ovalbumin in coeliac and other gastrointestinal diseases (Taylor
et al. 1961, Kendrick and Walker-Smith 1970). It is unlikely however that
this mechanism is mainly responsible for the production of ARA in
gluten-sensitive enteropathy, for ARA is not a prominent feature of
other gastrointestinal diseases with mucosal changes very similar to or
morphologically indistinguishable from the lesion found in gluten-
sensitive enteropathy. Thus, ARA was not found, except in one patient, in
a large series of tropical sprue in this study, nor in children with
post-infective malsbsorption, Futhermore, von Essen et al (1972) in
their study of 20 children with malabsorption due to cow's milk intolerance
noted that ARA was conspiciously absent. They considered that ARA was not
an immunological marker of destruction of the intestinal mucosa.

ARA however, was found in a significant incidence in patients with
Crohn's disease where there is a mucosal abnormality thought not to be
due to gluten-sensitivity. In the study reported here and in the studies
of Alp and Wright (1971) and Magalhaes et al. (1974) the incidece of ARA
in Crohn's disease was about 25% although the titres were low. Unlike

coeliac disease, the incidence of dietary antibodies, including

antibodies to gluten fraction-3 (Taylor et al. 1964) is conspiciously low
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in Crohn's disease and this militatesagainst the ARA being the result

of antigens absorbed through a damaged mucosa. Alp and Wright (1971)
therefore suggest that ARA in this disease may be thae direct consequence
of tissue damage in the intestine. Alternatively, the antibodies may be
responsible for the perpetuation of the lesion which in Crohn's disease
might be initiated in some other way, at present unknown.

ARA in Other Diseases

Ara was predominantly found in patients with D.H. and with coeliac
disease. The only other cundition with a significantly increased incidence
was Crohn' disease in which it was found in 9 (24%) of the 38kpatients
investigated here. The titres however were low - 1:10 in 7 and 1:20 in 2.
Alp and Wright (1971) found the antibody in 25% of 59 patients and a similar
incidence was reported by Magalhaes et al. (1974)

In the other 534 sera investigated in this study - from patients with
dermatological, gastrointestinal and immunological disorders, ARA was
detected in only 8 patients, an incidence of about 2%. Alp and Wright (1971)
however found a higher incidence in the 583 sera they tested‘- 13%% of
33 patients with aphthous ulceration, 8% of 106 patients with ulcerative
colitis, 8% of 72 patients with uveitis and 8% of patients with other
miscellaneous disorders. They found an incidence of 4% in 68 normal
adults but none in 43 normal children. These workers however, tested for
ARA using a 1:5 dilution of the serum, whereas in this thesis the initial
dilution used was 1:10, This difference and the interpretation of atypical
patterns may have contributed to the discrepancy.

In the study of Brown et al. (1973) a much higher incidence (15%)
of ARA was found in 48 control children. Rizzetto and Doniach (1973) in
their study of 3542 sera from healthy subjects and from patients with
various diseases found an incidence ranging from 4% in normal healthy
adults to 20% in chronic heroin addicts. These workers however, included
in their study immunofluorescent patterns given by various cellular
components. In this thesis, such miscellaneous patterns were specifically

excluded and it is likely that they account for the differences.
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In the study of Magalhaes et al. (1974) ARA was noted in only one
patient with chronic liver disease and in one patient with chroniec
lymphatic leukaemia. All 25 normal adults investigated were negative.

In one other group, an increased incidence of ARA has been noted.
These are children with selective IgA defeciency. In the report of Alp
and Wright (1971), 4 children with coeliac disease and selective IgA
defeciency had ARA. Amman and Hong (1971) reported an antibody to basement
membrane in 3 children with coeliac disease and_selective IgA defeciency,
in a study of 31 children with IgA defeciency. von Essen et al. (1972)
found ARA in 6 of 26 patients with selective IgA defeciency. In two of
these, small-intestinal showed total villous atrophy compatible with
coeliac disease. The other 4 had normal biopsies. In these four, it is
possible that the ARA was indicative of defective antigen handling by
an IghA defecient small intestine,

Specificity of ARA as a Diagnostic Test

The foregoing discussion indicates that ARA, though prominent in
patients with gluten-sensitive enteropathy, is not specific for this
disease. It was found in about 25% of patients with Crohn's disease
and in 8 of 534 non-D.H. or coeliac subjects investigated in this thesis.
As a diagnostic test, it is most specific in identifying children with
coeliaé disease on a normal diet, whilst none of the childhood control
sera were positive. The usefulness of this was borne out by the finding
of ARA in a child investigated in a preliminary investigation in whom
the diagnosis was not initially established, but who was thought not to
have coeliac disease. Subsequent intestinal biopsy, performed as the
result of finding ARA showed changes typical of coeliac disease. On
treatment with a gluten-free diet, she made a good recovery. ARA i@
probably most gseful as a diagnostic test in this age group ~ hence, the
positivity is high in coeliac disease patients and low in patients
without the disease,

von Essen et al, (1972) considered that as a discriminant, ARA was

most useful in differentiating malabsorption due to cow's milk allergy
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from coeliac disease. Both these conditions are assciated with abnormal
jejunal biopsies indistinguishable by morphology. Thus, in 20 children
with cow's milk allergy investigated by these workers, ARA was completely
absent, wheareas in 40 children with coeliac disease 27 (68%) had the
antibody. They considered ARA to be of practical value and suggest that
if a patient had ARA he should be assumed to have coeliac disease and
treated accordingly with a GFD,

A similar though less convincing picture is seen in adults with
coeliac disaase, where the incidence was about 60% in patients on a normal
diet. Titres however, were generally lower and the positivity in non-coeliac
adults higher. ARA is therefore a poorer discriminant in this group. With
D.H. patients, the test appeared to have little value as a first line
diagnostic aid since it was found only in 30% of patients on anormal diet.

The range of the normal incidence of ARA - from 0% to 15% - reported
by various workérs 18 remarkable and should be examined in some detail.

It is likely that the main reason for the discrepancy is the different
criteria used by the various workers in defining a serum as being positive
for ARA. This is a problem obviously needing stricter definition and it

is hoped that this will be resolved in the near future by cooperation
between workers in the field. A second, though probably more minor con-
tributory factor is the use of different groups of patients in each study.
The situation will no doubt become clearer with the study of more sera:
from other disease groups.

AUTOANTIBODIES IN D.H. AND ADULT COELIAC DISEASEs

The main finding was the increased incidence of antihuclear factor
(ANF - anti-nuclear antibodies) in patients with D.H. In ACD however,
the incidence was not raised. In addition, gastric parietal cell, thyroid
microsomal and mitochondrial antibodies were found in a number of D.H. and
ACD patients.

The implications of these findings however, is more elusive,.as the
full significance of autoabtibodies is notwmderstood at the moment. It
is probable that they arise as a result of immunological reaction to

self antigens, %hough the stimulation for this self autosensitization



is not known. Autoantibodies are useful as diagnostic aids.and their
presence dilineate a definite group of diseases in which immunological
phenomena are prominent.

Hemce, in systemic lupus erythematosus, the incidence of ANF is almost

100%, In this disease, considered to be the prime example of autoimmunity
and immune camplex disease, definite immunological abnormalities are
recognised. These include the high incidence of antibodies to native
(double stranded) DNA (Areng and Seligmamn, 1967) and low total serum
complemeht and components of complement., In addition, immunoglobulin
and complement deposits have been found in the kidneys - where they ﬁave
been shown definitely to be DNA complexes (Koffler et al. 1967) - and in
the skin (Burnham et al., 1963).

Increased incidences of ANF have also been found in patients with
rheumatoid arthritis, scleroderma and other diseases associated with
autoimmunity, including chronic active hepatitis, priméry'biliary
cirrhosis and myasthenia gravis. The indications are that raised
incidences of ANF reflect disturbances or impairment of immune function
and the finding of a raised incidence in patients .ith D.H. in this study
suggests that there may be a wider or more general immunological disturbance
in D.H. than in coeliac disease. As to whether this discrepancy contributes
to the differences in these two diseases remains to be seen.

The finding of an increase in the incidence of gastric parietal cell
and thyroid microsomal antibodies in D.H. confirms the findings of
Fraser (1970). An increase in the incidence of antibodies to thyroglobulin
noted by Fraser (1970) however, was not seen in this thesis,

The association of D.H. with thyrotoxicosis has been L
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previously noted (Du Castel 1912; Curth 1955; Smith 1966; Kumar 1973). In
addition, pernicious anaemia has been found in association with D.H. (Ilyas
1968; Cream and Scott 1970; Kumar 1973). In the series of 56 patients with
D.H. reported in this thesis, 3 had a history of thyrotoxicosis and 2 of
pernicious anaemia, All these five patients were in the original‘group

o 29 D.H. patients investigated for autoantibodies,

Smooth muscle antibodies were found in equal proportions in both D.H.
and adult éoeliac disease patients. The incidence however, was not raised
when compared with the normal healthy cmtrols. A raised incidence was
‘observed in the childhood coeliac disease group and in children with other
miscellaneous gastrointestinal disorders, and in patients with vitiligo.
Smooth muscle antibodies are now thought to be directed against antigens
in cell membranes (Holborow 1972). As markers of autoimmunity tbey are
found most frequently in patients with liver disease (Holborow 1972).

Increased incidences of smooth muscle antibody have also been reported
in various viral illnesses such as viral hepatitis (Farrow et al. 1970)
and in infectious mononucleosis (Holborow et al., 1973). It has been
suggested that such antibodies might reflect viral damage to cell membranes
and hence a viral pathogenesis (Holborow 1972). If this is the case, then
the findings of normal incidences of smooth muscle antibody in D.H. and
adult coeliac disease do not support a viral aetiology for these diseases.

In a study of autoantibodies to jejunal tissue, Dick et al, (1969)
found antibodies of low titre reacting against the basement membrane
zone of jejunal mucosa in 8 of 18 patients with D.H. Some of the sera
reacted with normal Jejunal mucosa aml same with abnormal mucosa., In

addition, they found fixed immunoglobulin deposits, detected by immunofluorescence
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in the basement membrane zone of jejunal mucosa from 4 D,H. patients.
These findings, however, were not confirmed in the study of Holubar et
al, (1971). In coeliac disease, antibodies against the cytoplasm of
jejunal epithelial cells were reported by Malik et al. (1964). Rubin
et al. (1965) however, were unable to confirm tihis finding.

DIRECT IMMUNOFLUORESCENCE ON SKIN FROM D,H, PATIENTS

Immunoglobulin Deposits

The results reported in this thesis indicate that IgA is almost always
present in D,H. skin, Of particular note was the finding of these
deposits in the clinically uninvolved skin, even in those patientg whose
skins were completely controlled, either with dapsone or a gluten-free
diet, In fact, these IgA deposits were generally absent if the biopsy
was taken from a late blister. This is now a well estgblished.finding.
(van der leer. 1972; Jablonska et al. 1973) and probably accounts for the
initial negative reports of Jordon et al. (1967) and Chorzelski and Cormane
(1968) who only studied involved skin., For this reason, the studies in this
thesis have been largely conf'ined to the investigation of clinically
uninvolved skin, or where lesions are present, to early erythematous and
peri-bullous skin, These latter biopsies generally gave similar patterns
of immunofluorescence to those seen with clinically uninvolved skin,
Cormane (1967) was the first to describe the presence of immunoglobulins
in the uninvolved skiniin D,H. The class of immunoglobulin however, was
not reported. Subsequently, van der Meer (1969) reported the presence of
IgA in the uninvolved skin of 10 of 12 D,H, patients. This has since
been confirmed by various other studies (Chorzelski et al 1971; Holubar

et al. 1971; van der Heer 1972).
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IgA was found in the clinically uninvolved skin in all 50 D,H, patients
investigated in this thesis. Of the 80 miscellaneous skin biopsies from
these patients, 78 were positive for IgA., The other 2 were completely
negative for IgA, IgG . and IgM,

Two distinct patterns of immunofluorescence of IgA deposition were seen
in the uninvolved D.H, skin biopsies. In the 'papillary' pattern, the
immunoglobulins were found only in the dermal papilla, This coincides with
the granuiar, microgranular and fibrillar deposits described by Chorzelski
et al, (1971) and van der Neer (1972). It is probable that 'papillary'

" is a hetter description as it localizes the site of IgA deposition,
whereas the other terms only refer to the appearance of immnofluorescent
staining seen. As will be discussed later, it is probable that these IgA
deposits are located on the reticulin fibres of the dermal paillae and the
appearance of either 'fibrillar' or 'microgranular' fluorescence probably
depends on the plane of section of the fibres i.e:; whether they are cut
transversely or longitudinally{

The second, and less common pattern of immunoglobulin deposition seen
in D.H. skin is the 'continuous', This was previously described by
Chorzelski et al, (1971) but was not found in the study of Holubar et
al. (1571). Van der Meer (1972) too did not find the continuous pattern,
but he stated that 'occasionally, the gramilar staining was found to occur
continuously at the Jjunctional zone of the skin sections'. The continuous
pattern follows the line of thebasement membrane, but on further study
using immunoperoxidase electron microscopy, the immunoglobulin deposits
were shown to be beneath the intact basement membrane. (Seah et al 1972).

This is distinct from pemphigoid where the immunoglobulin deposits are on
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the basement membrane,

Using histochemical stains, the closest identification obtained with

these IgA deposits was with reticulin detected by silver staining, and it
is probable that the immunoglobulins detected by immunofluorescence are
located in the reticulin fibres of the dermal papillae. No correlation
was seen with stains for collagen, elastin or any other cell type.

The most common pattern of IgA deposition was the 'papillary' - seen
in 68 (B87%) of the 78 positive biopsies in this study. ‘'Continuous' IgA

was seen in 10 (13%) of the 78 biopsies. These 10 biopsies came from
6 patients. In the study of Chorzelski et al. (1971 ) the incidence of
the continuous pattern was much higher - in 5 of their 19 patients.

IgA was found in all the 78 positive biopsies. In addition to IgA, Igh
‘was found in 7 biopsies and Ight in 2. In one biopsy, both IgG and IgM were
present in addition to IgA. Chorzelski et al (1971) also found IgM and IgG

in addition to IgA in about 20% of their 19 patients whilst van der Meer
(1972) found Igh and IgG in about a quarter of his 22 patients. Holubar
et al (1971) however, did not find IgM or IgG& in any of their patients,

In this study, in the 9 biopsies which had IgG or IgM in addition to
IgA, the pattern of deposition of the two classes of immunoglobulin was
the same in 8. In the remaining biopsy in which there was a difference,

IgA was present in a contimuous pattern and Igk in a papillary pattern. In
the single biopsy in which all three immunoglobuli:s were present, the IgA
was papillary and the IgG and IgM both continuous. In the 15 patients who
had two biopsies from the uninvolved skin at different times, 6 had had
different results., In 2, the biopsy was repeated because nb immunoglobulins
were found in the first biopsy, but was on the second. In the remaining
four, there was a difference in the class of immunoglobulins detected; in
3 there were also different patterns of immunoglobulin deposition in the

first and second biopsies.

It would appear that IgA is a constant feature, but that there is otherwise

no consistency in either the pattern of staining seen or the immunoglobulin

class. It is not possible to explain these differences at the present time,
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but they do not appear to be related to differences in the clinical
features of the disease, age or sex of the patients, or in treatment

at the time of biopsy. In addition there was no difference in class or
pattern of immunoglobulin deposition between those patients whose rash
was being controlled by a GFD, those being controlled with dapsone and

in those not receiving any treatment.

Value of TgA as a Dizxnostic Criterion

The incidence of IgA in the cliniéally uninvolved skin was 1005 in
the seriés of 50 D,H. patients studied here. A similar incidence was
also found by van der Meer (1972) in his study of 22 patients. Chorzelski
et al (1971) found IgA in all their 19 patients with 'typical' D,H. but in
none of their 8 patients with 'atypical' D.H. These high incidences indicate
that IgA in the clinically uninvolved skin should nox be seriously considered
as a magjor diagnostic criterion in the diagnosis of D.H. As has been
elaborated in the introduction to this thesis and elsewhere (van der Meer,
1973) the definition of D.H. has yet to be resolved and disagreeﬁent
in terminology, especially in relationship to pemphigoid, has plagued
study in the field for many years. Smith (1966) stated that there is no
'universal agreement as to the criteria for making the diagnosis of D.H.'

With this in mind, in a recent study, Fry and Seah (1974) examined the
diagnostic criteria flor D,H. and attempted to evaluate the relevance of
more recent findings, such as IgA in the skin, in this cmtext. They
examined 42 patients in whom & diagnosis- of D.H. was made by nine
consultant dermatologists over a period of six years., The diagnostic
criteria they examined were :

1 - C(Clinical features
2 - Response of rash to dapsone or sulphapyridine and
clinical relapse on withdrawal of therapy
- Histology of skin lesions

3

4 - Anti-reticulin antibody

5 = IgA in the uninvolved skin
6

- Small intestinal biopsy

J

PP R P N N



183

Of these 42 patients, the diagnosis of D.H. was substantiated in 35, All
these 35 patients had IgA in the clinically uninvolved skin and the authors
came to the condusion that the presence of these IgA deposits was the best
giide to diagnosis and that in their absence, the diagnosis should not be
mde.

Abnormality of the small intestine was also a good diagnostic criterion,
being positive in 34 of the 35 D.H. patients but only in 1 of the 7 non-D.H.
patients. Clinical features, histology, ARA and folate status were found
to be poor diagnostic criteria. The response to dapsone or sulphapyridine
was presen£ in all 35 D.H. patients, but as it was also positive in 6 of
the 7 non-D.H. patients, it was a poor discriminant. Yhis test however, is
otherwise useful in that if there is no response, it almost certainly

excludes the diagnosis of D.H.

The frequency, site and pattern of immunoglobulin deposition and the
class of immunoglobulin involved are now being used increasingly for
diagnostic purposes and in helping to understand the pathogenesis of various
skin diseases. IgA in the clinically uninvolved skin, other than.in D.H.
is a rare phenomenon. Baart de la Faille-Kuyper et al.(1973) described
IgA deposits in the uninvolved skin of patients with Henoch-Schonlein purpura
tut these were in the blood vessels in the skin and quite different morphologically
from the deposits seen in the D.,H., skin., Igd in the skin has been inconstantly
found in patients with pemphigoid, LE (Cormane et al,1966) and more recently
in lichen planus (Michel and Sy, 1973). However, as in Henoch-Schonlein
parpura, the patterns of immunofluorescent staining were quite different from
those seen in D.H. and the IgA was usually found in addition to IgG or IgM
(which were more constant features). Moreover, these deposits were found
nore frequently in involved skin. The papillary pattern of IgA in the skin
in D.H. appears to be &lstinctive for the disease and has not been reported
in other skin diseases. The continuous pattern however, has given rise
to confusion and to reports that it is diffiicult to distinguish pemphigoid
from D,H. (Honeyman et al, 1972). ‘his confusion is understandable if only

the pattern of immunoglobulin deposition is considered. However, if the
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immunoglobulin class is taken into account, the pidure becomes clearer.
In D.H. the contimious band in invariably Igd. Only one of the six

patients with contimuious IgA in this study had IgG in the same position.

In pemphigoid on the other hand, the continuocus (basement membrane) band

is invariably IgG and occasionally IgM or IgA. Hence Beutner and Chorzelski
(1973) d¢id not find any IgA in the bullas of patients with pemphigoid and
in the 7 patients of Dr. R. Jordon cited by the same authors, only one

had IgA deposits. All 7 however, had IgG deposits'and one Igh as well,
However, it was not stated as to whether imvolved or uninvolved skin was
examined,

Further differentiation between D,H. and pemphigoid can be made 5y
serological studies which show that about 85% of patients with pemphigoid
have circulating basement membrane antibodies., None of the7 patients in this
study with cmtinuous deposits of IgA had basement membrane antibodies.

A recent report by Holubar et al (1973) of Ig A in addition to IgG in a
continuous pattern in the skin of 2 of 5 patients with cicatricial
pemphigoid (CP) is of interest, Bean and Michel (1973) however, could
only find IgG in 5 of their 6 patients in the involved skin or mucons
membrane. In the uninvolved skin, only 1 of the 6 was positive. 1n the
study of Holubar et al (1973) the biopsies were from involved or previously
involved skin. It is reasonable that in diseases affecting the mucous
membrane, as in CP, IgA should be present as part of the pathology, for
IgA is the main immunoglobulin involved in the immune responses of mucosal
surfaces, including the buccal cavity and gastrointestinal tract. A corollary
exists in the finding of IgA in the skin in D.H. - a disease known to be
associated with an abnormality of the small intestine. The situation in
CP needs to be clarified with further study. It would appear that, as with
pemphigoid, contimious IgG deposits are usually present and IgA only
occasionally. It is also conceivable that D.H. and CP can exist together.
In the series of D.H. patients studied in this thesis one patient had

unequivocal evidence of both diseases,
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The low incidence of IgA in skin diseases in general is substantiated
in this study by the complete absence of IgA in all the 54 skin biopsies
from 48 non-D.H. patients, investigated by immuncfluorescence. A similar
situation was found in the skin biopsies from 21 patients with adult
coeliac disease and the 9 voluntseers.

In summary, it would appear that IgA in the c¢linically uninvolved skin
is a good and specific test for diagnosing D.H. and it is suggested that
this should be used as the main diagnostic criterion., The main advantage
that this test offers is specificity. In addition clinically uninvolved
skin is all. that is required. Hence, the patient can be completely controlled

with dapsone, removing unnecessary discomfort to the patient by stopping
therapy and waiting for relapse of the skin rash, There is also no.need

to look for suitable lesions which are usually difficult to find, especially
in chronic and longstanding cases.

One point arising from this study is that, very occasionally, IgA can
be absent in the uninvolved D.H. skin, Thus in 2 of the 50 D,H, patients
stbudied here, IgA was not found in the initial skin biopsy; Further |
biopsies were performed on both patients as the index of clinical suspicion
was high - and in both, they were subsequently positive. This point has
also been made by Jablonska et al.(1973) who found that IgA can be missed
on a single section or biopsy. Hence, serial sections were required in 3 of

their patients to detect IgA and in a further patient, a second biopsy was
necessary after 30 consecutive sections of the first biopsy'h;d failed to

reveal IgA,

CONMPLEMENT STUDIZES

The studies reported here indicated that complement, detected as C3
deposits, was present in the DH. skin, 50% of 52 biopsies examined had
C3 deposits, when these were related to the sub-groups of skin biopsies,
the highest incidence was found in the involved skin of D.H., patients on

no treatment (12 of 13 biopsies). In the uninvolved skin of patients on

no treatment, only 3 of 12 biopsies were positive. In patients controlled
with dapsone, 8 of 19 biopsies were positive and in the patients controlled

on a GFD alone, 3 of 8 biopsies were positive. In all these 52 biopsies, IgA
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was present and the pattern of C3 deposition corresponded in all cases
to those given by the IgA deposits.

The association of C3 with the active lesions strongly indicate a
close relationahip between disease activity and complement and suggests
that complement is activated in the production of the D.H. skin lesion.

Complement is usually activated following reaction between antigen
and the appropriate complement-fixing antibody. This triggers off the
complement cascade and the subsequent events are briefly illustrated

below:-
Antigen + Antibody

l ALTERNATE PATHNVAY
Ci > C1 esterase

___ C5 proactivator
C4, 2—9CL,2 (C3 convertase)
C3a - anaphylatoxin

C3 ————mmomommm e »C3
l G3b
$5,6,7 ==2#C5,6,7 =---»C5a
/’,/””/’/;Zr——Ji——-—)CS |
Chemotaxis ' l
CY ~memem »lysis

The events occuring after complement fixation are well recognised and
are classically seen in the Arthus-type reaction (Type III reaction, Coombs
and Gell, 1969), These events essentially mediate a variety of effector

| mechanisms that follow antigen-antibody reaction. Inflammatory changes
are initiated and it would be relevant to discuss here the changes secen
in the early D.H. lesion in this cantext. Histologically, the main finding
in the D,H. lesion are (a) microabscesses which subsequently coalesce to
form a large subepidermal blister (b) infiltration with polymorphs and
eosinophils and (c) fibrin deposition (Mustakallio et al, 1970; Comnor et
al, 1972). When these features are related to the inflammatory changes
occuring in tissues after complement activation, a good correlation is obtained.
Infiltration with polymorphs and eosinophils is a well recognised feature
of the D,H. lesion (Pierard and #himster, 1961 ). In the complement

activation sequence, such chemotaxis is seen following the activation of
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C5, 6 and 7. In addition, the C3a and C5a anaphylatoxins released contribute
to the chemotaxis and histamine release. The total effects of these factors
result in increased capillary permeability and the dutpouring of fluid into
the surrounding tissue. In D.H, such an event could lead to the formation
of microabscesses in the dermal papillzygﬁggests that this is the primary
site of involvement in the formation of blisters. The microabscesses
subsequently coalesce, the result of stretching and necrosis of the
inter-papillary ridges which finally dissolve or rupture to give rise

to a large sub-epidermal blister. The deposition of fibrin is a well
recognised'accompaniment of complement activation and is seen abuhdantly

in the D.H. lesion (Mustakallio et al, 1970). Kaplan et al (1971) have
reported evidence to suggest that antigen-antibody complexes are capable

of activating the clotting system via activation of Hageman factor (Factor
XII). Another mechanism for fibrin deposition has been reported in rabbits
by Zimmermaen and Muller-Eberhard (1971) who demonstrated a Hageman factor
dependent pathway of coagulation dependent upon activation of the

complement system.

The localization of these inflammatory reactions to the dermal papilla,
as has already been mentioned, is of great interest, for it is in this
situation that the IgA and C3 deposits are found. These findings suggest
that IgA and C3 are very closely involved in the pathogenesis of the DH
lesion and the histological studies supports the concept that the damage
is complement mediated.

This concept however, is a little surprising when one considers that
the main, and frequently only immunoglobulin class involved is IgA. IgG
and IgM antibodies are both well-recognised complement fixing antibodies, but
ot IgA. However, this is only when one considers the "classical pathway"
of complement activation where all the camplement components (G1 to C9) are
involved. It is now recognised that a second pathwaey of complement activation
~ the "alternate pathway" - exists, where the first three components of the

classical pathway, C1,2, and 4 are bypassed, and activation of C3 is the

initial event in the triggering off of the ccmplement sequence (Sandberg
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et al, 1970; Gotze and Muller-Iberhard, 1971). This pathway may be
initiated by various non-immunological substances like endotoxin,
lipopolyssacharides,'zymosan and cobra venom. In addition, aggregated
immunoglobulins, including IgA can act in the same way (Spiegelberg and
Gotze, 1972).

With this in mind, the experiments using anti-C3 and anti-C1q were
performed on the D.H. skin biopsies to elucidate if such a mechanism could
be involved in the pathogenesis of the D.H. lesion. C1q is a subunit of
C1 and its presence with C3 in a lesion suggests complement activation -
by the ciassical pathway. In the 34 biopsies studied, IgA was present
in all, Igh in 9 and IgG in 3. C3 deposits were found in 16 (47%) of
these 3. Cl1q deposits however, were found in only 3 (S%) and in all
these 3, IgG or IgM deposits were also present in addition to the IgA.
This conspicious absence of Cl1q suggests that in the skin in D.H., C3
is activated by the alternate pathway. In those biopsies where Ciq was
present, classical pathway activation was probably initiated by the IgG
a IgM also present. Absence of C1q however, does not necessarily exclude

‘classical pathway activation, for after activation of‘C4 and C2 to form
C3 con¥Vertase, C1 may dissociate from the complex (Rapp and Borsos, 1970).

From these observations the question of the role of Igh arises. The
close association of IgA with the C3 deposits suggests that Igd is the
egent responsible for activating complement in the skin in D,H. If this
is the case, the IgA is presumably in a modified form - either aggregated,
or possibly complexed in some way which makes it activate complement.

The studies using anti-IgA secretory piece performed in this thesis
indicate that secretory IgA is not involved.

The finding of C3 in the uninvolved skin in the other D.H. patient-groups
requires explanation. In the uninvolved skin of patients not on thersapy,
it is highly probable that the C3 deposits are located in very early lesions
not macroscopically visible. In the patients controlled on dapsone only,
it is possible that the dapsone might not block complement activation, but

acts by affecting a subsequent process in the formation of the D.H. lesion.
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Hence, it may block the inflammatory and chemotactic factors released
folloving complement activation. This is consistent with the observation
of Fry et al.(1973) that, at electron microscopic level, membrane-bound
vacuoles are present in the uninvolved skin of patients controlled on
dapsone. These vacuoles were cansidered to be an early stags in blister
formation (Riches et al, 1973) and presumably occur after complement
activation if such a mechanism was operative. The finding of C3 in
the skin of patients whose rashes were controlled by a GFD alone is perhaps
the most difficult to explain. It is possible that in this group, C3
activation is still taking place, but not at a level sufficient to
produce lesions clinically; alternatively, the C3 could be in.an
inactive form and that activation is dose-related to the quantity or
nature of IgA present. In this context, the removal of gluten from
the diet may be the factor responsible.

Studies by other workers also indicate that in DH alternate pathway
complement activation takes place in the skin (Provost and Tomasi, 1973,
1975; Rogers and Jordon, 1973)- .~ Provost and Tomasi (1973) showed
more convincing evidence than the mere absence of C1q by demonstrating
the presence of C3 proactivator and properdin in the skin lesions. These
two factors are believed to be specific for alternate pathway complement
activatioﬁ. In addition they demonstrated the absence of Ck. Evidence
for alternate pathway complement activation has also been demonstrated
in several other human skin cmditions including bullous pemphigoid, LE
and herpes gestationis (Provost and Tomasi, 1973) whilst IgA in the dermal
capillaries with C3 have been found in the involved and uninvolved skin
of patients with Henoch-Schonlein purpura and Berger's nephritis (Tsai
et al,1975). Other reports of C3 in the skin in DH. have been reported
by Cormzne (1967), Cormane et al-(1970), van der Meer (1969, 1972) and
Holubar et 21.(1971). In the report of van der Meer, (1972), complement
deposits were found in all 22 D.H. patients studied.

In a study of serum complement (as C3) in 10 patients with D,H.,

Fraser et al. (1971) could not detect any significant abnormslity and
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concluded from this that there was no further evidence for an
immunological mechanism in D,H., This is not necessarily a correct
conclusion for the serum camplement level reflects a2 balance betiwveen.
complement synthesis and degradation and it is possible that synthesis
of complement was sufficient to replenish that lost by casumption
during active disease. A normal level of camplement therefore does

not militate agaimnst an immunological pathogenesis.

Histocompatibility Studies

The results of this study show that in both D.H. and A.:D., the
incidences of HL-A 1 and HL-A 8& separately, and of HL-A 1 and 8 together
are raised, However,‘as already discussed (page 138), the significant
abnormality was a rise in the incidences of HI-A 8 and it would appear.
that this raise& incidence is the abnormality nost likely to be associated
with gluten sensitivity.

The finding of an incidence of 77% for HL-4 8 in petients with
D.H. is higher then in any previous study. Xats et 2l . (1672, reperied
an incidence of 58%, white et al. (1973) 60% and Gebhard et al. (1973)
68%. The incidence of HL-A 8 in the conirol group was similar to that
found in the previous.studies, and thus the greater incidence of this
antigen in the D,H, patients cannot be expleined by a difference in the
populations. It is more likely that the criteria adopted for diagnosing
D.H. in the present study were more restricted as they included the
presence of IgA in the uninvolved sldn, A emall nurber of patientc
reported in the previous studies may not, in fact, have sufiered from
D.H., within this definition and hence not shown the genetic asscciaticn,
Indeed, Fry & Seah (1974) have shown that if only the criteria of clinical
and histological features, ard response of the rash to dapsone are used
for diagnosis as in the studies of Katz et al., (1572), ‘hite et al. (i¢73)
and Gebhard et al, (1973) it is possible that up to 157 of patients may
not have the disease., If the assumpbtion 1s made that 15+ of patients in
these other studies did not have D.H,, the incidence of HL-A 8 wwld be

inereased to ahout the incidence revorted here.
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The incidence of 77% of HL-A 8 in patients with D.H. is not significantly
different from QB%, the incidence of this antigen found here in A.C.D.,, and
is siﬁilar to that reported by other workers in A,C.D. - 88% by Stokes et
al. (1972) and 87% by Falchuk et al. (1972).

Recently, Gebhard et al. (1973) have suggested that there are tio
groups of patients with D.H., one having glﬁten sensitive sateropathy
(6SE) and showing a similar incidence of HL-A 8 (84%) to patients with
A,C.D., and a second group who do not have G.5,E, and who do not show
an incidenﬁé,of HLﬁA 8 greater than controls, Gethard et al, divided
their group of 28 D;H. patients into 19 who showed macroscopic and
histological evidence of an enteropathy, and 9 patients who did not
show.evidence of an enteropathy. The criteria they used to define an
abﬁormal macroscépig or histological appearance were not given, In
this present study, this division was not bourne out for there was no
significent difference in tﬁs incidence cf HL-4 & between the D.UH,
patients whose biopsies had &n aebnormael macroscopic appecrance ant thoss
with a normal appearance. (Teble IV, 19). This was also fourd to be so..
in the study of white et al. (1973). It may be possible to reconcile the
findings in the two studies if a small number of patients in the series
by Gebhard et al. (1973) did not have D.H. If one applies the figure
of 15% for migdiagnosis mentioned above, it is possible that 4 of the
28 patients in their study did not have the disorder. If this is so,
these L4 patients would almost certzinly belong to the group of 9
patients in whom they fand no enteropathy. It is then possible
that the incidence of ﬁL—A 8 in the remaining 5 patients in this group
would be similar to that in their group of 19 patients with enteropathy.

A feature of the tissue typing in 4,C.D. and D.H. was %he high incidence
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of +the Lb antigen <hich occurred in all 36 4,C.D, and 3t of 39 D.H,

i

studied., It was decided to test for the 4& and LD antigens in this g

L—L

sudy
in view of the known frequent association with the HL-A 1 end 8 chronosome.
Despite the high frequency,analysis of the results here indicate that it

was due to this association and was not a significant sbnormality. Tha
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failure to find HL-A 8 or 4b in the Egyptian patient may be explained
by a different raciel frequency of antigens as the incidence of HL-A

8 in the South-east Kediterranean basin and Ethiopia is low.

Increased frequencies of certain HL-A antigens have now been described

in a largé number of diseases. The full significance of these increased
incidences is at the present time not fully apparent. It is possible that
they might be associated with 'immune responsé' (ir) genes, which control

the ability of an individuel to respond to antigenic stimulation (McDevitt
& Bodmer-1972). Thus, in animal studies, an association between the

major histocompatibility system in the mouse (H2) and increased susceptibility
to viral leukaemia has been demonstrated (Iilly et al. 1964, Tennant & Snell
(1968). It is possible that in D.H. and.A.C.D., the presence of HL-A 8
influences the ;ir' genes, However, this cannot be‘the whole explanation
as not all patients with D.H. and A.C.D. possess the antigen.
A further suggestion is that HL-A antigens might eause disease because

they shere common antigenlc determinants with certain Inlecilve afenis,
for example viruses (Snell 1968). The individual's immune system therefore
recognises these agents as 'self-antigens' and does not mount an effective
immune response, allowing the invading agent to proliferate andb ecome
pathogenic, There is as yet no cdirect or circumstantial evidence at the
ﬁoment to suggest that viruses or other infective agents are implicated
in the pathogenesis of D.H. cor A.C.D. It has been shovn that boih the
skin and intestinal lesicns in D.H. are aue to gluten (Fry et al. 1968,
1969, 1973, Barnetson et al, 1973) and the finding of raised incidences

of HL-£ 8 in D.H. and A.C.D. reflect further evidence of immunological
abnormelity in these disorders and suggests a common esetiology in their

pathogenesis.

SYALL-TNTESTINAL FINDINGS IN DIRMVATITIS HERPETIFORITS

Tacroscopic Appearances

In the series of 43 patients with D.H, studied here, the incidence of
abnormality of the small intestinel mucosa Jjudged by macroscopic appearance,

according to the criteria of Booth et 2l (1962), on a single mucosal
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biopsy was only 54%. Marks et al .(1966) who first reported an abnormal
small intestinal mucosa in D.H., found thet 9 (75%) of their 12 patients
had abnormal mucosa macroscopically wihile Fraser et al (1967) répdrted this
abnormality in 7 (58%) of their 12 patients, Fry et al.(1967) found
sbnormalities macroscopically in only 4 of their 12 patients (33#%). Brow
et al (1971), using a multiple biopsy techmique - where they took 6 - 8
biopsies from each patignt - found macroscopic.abnormalities in each of
the biopsies in 15 of the 22 D.H. patients they studied, and an abnormality
in some of the multiple biopsies in a fuffher 6 patients. Taken together
they were therefore able to demonstrate macroscopical mucosal abnormalities
in 21 (95%) of these 22 patients, They infered from this finding that the
mucosa} lesion in D.H, waspatchy and mild compared with thet found in
patients with coeliac disease and that this may account for the conspicious
.absence of gastrointestinal symptoms in these patients (Fry et al. 1967;
Marks et al 1968; Shuster et al, 1968). It ig now well established however,
that ile enteropathy in D.E., slthough rild, is due To gluten sensitinlily

(Pry et al, 1967, Shuster et al, 1968; ieinstein et al, 1971).

Microscopic Appearances

At a microscopic level, the majority of D.H. smell-intestinal biopsies
showed considerable lymphocytic infiltration. This was most conspicious
in the lamina propria, where in addition, increased numbers of plasma cells
"were found. Such increases in chronic inflammatory cells have been previously
noted (Paulley, 1954; Rubin et 21,1960; Arderson, 1920), “hen exemincd
more closely, the infiltration with lymphocytes wes seen most consplciously
in the mucosal epithelial cells., In that situation, it was easy to quantify
the number of lymphocytes present by relating them to the number of epithelial
cells presenf. In the lamina propria, the irregular morphology made such
quantificetion technically difficult and was not persued in this study.

Increased lymphocytic infiltration of the smzll intestinal mucosa was
previously noted by Ferguson and HKurray, (1971) in patients with coelieac
dicsease, The range of the counts in their controls was 6-40 per 100 epithelial

cells which is higher than the 69-285 per 1000 epithelial cells reported
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here. This discrepancy may be accounted flor by variation in the method
of quantification. ‘hen performing lymphocyte counts, it should be
stressed, as was observed in the study of Ferguson and Murray (1971) that
there are fewer lymphocytes tovards the base of the villus compared to the
top. Thus, counts performed mainly at the tip of a villus will tend to
be higher. Iﬁ an attempt to overcome this problem of variation, 1000
epithelial cells were counted in this study. This covered a total of
cells approximately equal to the number of one side of six or more villi
and therefore gave a more accurate estizate of the lymphocytic infildration
present,

Taking this lymphocytic infiltration as an index of morphological
abnormality, it appears that the majority of the D.H. biopsies examined
here are abnormal. The range of the lymphocytic counts in the comtrol
series was 69~-285., mean 159 + SE 13. In all the L D.H. biopsy groups

the counts were considerably, and significantly, higher - irrespective
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had counts well below the borderline level of 200 per 1000 epithelial cells.
The most marked infiltration was found, surprisingly in the patients with
macroscopically 'leaves only' mucosae, Such macroscopic appearances are
conéidered by many to be normal and not indicative of coeliac disease.

The studies on the distribution of the intraepithelial lymphocytes in
relation to the epithelial cell nucleus indicate that they be of use
diagnostically. The number of cells in the basal (B) position was
remarkably comstant in both control and D,H. patients. The main increase
appeared to be around themucleus - perinuclear (FH) - and there were

ELOUpS.

significant differences tetuween the countrols and &1l 4 D.H.

Supranuclear (SN) counts in the DH patients were also significantly

increased but not to a degree scen with the PN counts. 1In the centrols,

the lymphocytes were distributed equelly between the B and i positions

and there were virtually nore iIn the SN position. The Fi to B ratio vus
one

therefore epproximately An the controls, wherecas in the D.H. biopsies, it

was generally above 2, and in many cases higher (Figure IV. 43). This



PN:B ratio may be of use in distinguishing normal and D,H, biopsies with
borderline total counts, as illustrated in Figure IV.L.

The degree of lymphocytic infiltmtion of the small bowel invD.H. eppeared
to be remarkably constant in those patients taking a normal diet. Hence, in
the 5 patients who had repeat biopsies performed at intervals from 6 months
to a year, there was little fluctuation in their total counts (Figure IV.L5).
In agdition, the compartmental lymphocyte counts and FN:B ratios also
remained conStant. :This, however, was not the case with the ﬁacroscopic
appearances which showed fluctuations; (Figure Iv.h5).

The. total ljmphﬁcyte counts howevef, fell with gluten withdrawal,
indicating that the presence of gluten was fesponsible, at least in part,
for the elevated counts. Hence, in the 13 patients who were treated with a
GFD for periocds varying from 1 to 4 years, all but one"éhowed drops in the
total count (Figure IV.46)., The one,re@aining patient had counts within
the normal range b efore and after treatment with a GFD. Vhen related to
the'céll nucieus, the mest promcunced £all war seen in the PN lyopbocybes and
to a certain extent in the SN lymphocytes (Table IV. 21). The total counts
following treatment however, seldom fell to a range which ould be considered
to be normal; Hence, of the 12 biopsies showing improvement, only 4
returned to 2 figure below 200,

The f2ll in the intrzepithelial lymphocyte count on gluten withdrawal
was also noted in the studies of Ferguson and Murray (1971) and Hokmes
et al (1973). PRoth these groups also noted that despite the fall, the
counts in the majority of patiemts after taking a GiD did not fall back into
the normal range, despite treatment for mony years. The feijure of the cowunts ¢
return to the normel range suggests that, despite gluten withdrawal,
there is persisting (?antigenic) stinvlation. Alternatively, it is
possible that gluten initiates a sequence of events which vergetuates *the
stinulus despite the eventual removal of gluten, In this cenbtext, it is of
interest to speculate as to whether the possible cross-reaction betiwecen
gluten and reticulin, and the auto-antigenicity of reticulin’might

contribute to this perpetuation.



In the ) patients where studies involving re-introduction of gluten into
the éiet following treatment with a GFD, were done (Figure IV.L47) - one
patient shoved a marked rise in the total count following glutenvchallenge.
In a further patient there was a minimal rise whilst in the remaining 2 there
was a fall. These results are not entirely convircing in suggesting that
gluten is the stimu;us for the increased lymphocytic infiltration., However,
the number of patients examined was small and no definite conclusions can
be drawn., Increase in the number of chronic inflammatory cells in the
small-intestinal mucosa however, was noted in patients with coeliac disease
following gluten challenge (Rubin et al. 1962; Shmerling and Shiner, 1970;
Bayless et al. 1970).

The presence of thése lymphocytes in the small bowel of patients with
D.H. (and with coeliac disease) raises. the question as to their significance.

~The results reported in this study and by others indicate that they are
stimizted by the presence éf gluten, and it is highly probebtly that this

3 B TR 1 - g A R ~ A g b e e
23 A8 LDINUNOLLERICEL . LNSTE LS EVAGENCE YO £hiow uh

&)
el
-l
&
l
e
(52}

N

o = qrmt H
RERVING 2 SRTRCINE NRTRUHS |

=T

¥
el

coeliac disease are sensitized to gluten - as demonstrated by lymphocyte
trensformztion to gluten (Housley et al, 1969). In addition, Fakhri and
Hobbs (1972) suggest that in coeliac disease, gluten antibodies 'co-opt!
non-sensitized lymphocytes which then become pethogenic. O0tto {1973) in

a study of the lymphocytes in the small intestine found theat in patients
with coelisc disease, but not in normals, the ultrastructural appearances
viere those of activated liymphecytes ie; immunoblasts. Ferguson and Farrot
(1972) have shovn that a cell-meciated reacilon can result ia & lesion
reserbling cceliac disease in an experimental animel model. In addition,
Ferguscn (1974) has presented strong evidence 1o suggest that cell-wmeddiated
impunity, mediated by T-lymphocytes, is heavily implicated in the precducticn
of experimentel villeous atrorhy in rats, lIHence, in rats infected with

Nivpostroneylus brosiliemsis the subsequent villous atrophy kunowi: to be

£y

produced by this inflestation was abelised by previcus neonztal thywecteony

Car

- a procedure known to deplete T-lymphocytes. (Ferguson and Jerret
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Preliminary studies by Ferguson (1974) also suggest thot the increased
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intraepithelial lymphocytes in gluten-sensitive enteropathy are due to
an increased flow -of lympﬁoid cells into the coeliae jejunum rather than
an intense local proliferation of lymphoid cells within the villi;

The increase of the lymphocytes in the perimclear position was a
prominent fezture of the lymphocytic infiltration seen in this study. As
to why this is so, however, is uncertain. It is well established from
electron microscope stﬁdies (¥eader and Landers, 1967; Toner and Ferguson
1971) that the lymphocytes in both the normal gut and in gluten-sensitive
enteropathy are within the epithelial layer i,e: intraepithelial - but
e#tracgllular in relation to the epithelial cell. They are therefore
properly célled intercellular but not igzggpellulaxﬁ In explaining the
increased perinuclear céunts in tﬁe D.H. small - intestinal biopsies, there
are a number of possibilities. Firstly in the diseased mucosa, lymphocytes
would theoretically be pushed away from the basement membrane by. a purely
mechanical effect - the lymphocytes being forced into a higher position
- simply because ihe Sesal reglon cauncy physicelly eccomodate woxe then &
certain number. This, however, does not explain why more.lymﬁhocytes than
usual are entering the intercellular spaces from the underlying connective
tissue in the first place. No information is available on the relationship
of the epithelial lymphocyte population to that of the lamina propria, but
it is unlikely that the latter becomes so full of ljmphocytes that they
'spill cver' into the epithelium,

4 seccnd possibility is that the lymphocyte may rise to a higher position
as a result of anvigenic stimdation from gluten, either in the intestiral
Jumen or following sbsorption into the epithelial cell., Iven when there-
is heavy infiltraticn and the epitheliuvm remsins cdumnar, theré are
relatively few lymphocytes in the SN position, This may be a purely
mechanical effect, since although a considerable increase in the volume
in the intercellular spaces is vossible betieen the lover three-quaerters cr
so of epithelial cells ( as occurs for exanple during flvid abserption),
the apices remain closely adjecent Because of the corcentration of
intercelluler attachments‘(as tight and intermediate junctions) in this

area, In bopsies with cuboidal epithelium, bardly any lymrhocytes fell
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within the definition of supranuclear, since there is Jjust not enough space
between the to of the nucleus and the apex.

A third ‘possibility is that in gluten-sensitive enteropathy, the epithelial
cells, fbemselves mey exert a chemotactic influeﬁce on lymphocytes, attracting
them to a higher than normal position, perhaps as a result of substances
produced by the epithelial cells under the influence of its own nucleus.

The cell turnover in gluten-sensitive entéroPathy'is increased (Croft et al
1968) and presumably involves frequent and rapid nuclear replicatidn. It
is possiblé élso that'the lyomrhocytes are engaged in exchange of materials
within the'epitheliuﬁ and vice-versa, and that the nearer the respective
nuclei are to one another; the more quickly can the nucleocytoplasmic
interchange and pessage of information within each cell bé effected. It
.is not known fer how long the lymphocyte remains among the epithelial
cells, but it must not be assumed that they all move up with the epithelial
sheet to be shed into the lumen.

Thres ol the 43 }aiiénis with D.E, in thie study i

- counts below 2C0 per 1000 epithelial cells and could be taken to be
definitely withiﬁ the normal range.- In the study of Ferguson and Kurray
(1971) one patient with coeliac disease had a normal count, OCne of the
3 D.H.vpatients with normal caunts had a reticulum cell sarcora of the
snall intestine removed (Goodwin and Fry 1973) and another has now developed
an unexplained and progreésive peripheral neuropathy, anu the possibiliﬁy
of malignancy has to be considered. I} is known that there is an increaséd
incidence of small-intestirsl lymrhoma in peiients vwith gluten-sensitive
enteropathy (Gough et al, 1962; Harris et el, 19567) and it is possible that
the lov lymphocyte ccunts in the intestiml vall in scmo wa
ipmunity or imminological surveillancepredisposing to malignancy. However,
it has also been suggested that the presence of excess chronic inflammatory
cells in the mucosa in coeliac alsease ray predispose to the ircreased
incidence of lymphome., In the context of reduced irmunological surveillance,
the vork of laclaurin et al (1971) is of interest. These workers sho.ed
that lymphocytes from patient with coeliac disease had significantly reduced

cytotoxic responses comparcd with lymphocytes fron normal people, when
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cultured with EB lymphoma cells. They infered from this that such impairment
may increase the susceptibility of patients with coeliac disease to develop
lymphoma.

-The findings of increasedblymphocytic infiltration in the small bowel in
mst of the D,H. patients studied here, taken togeﬁher with those of Brow et
al (1971) and Weinstein (1973, 1974) suggest that in D.H. virtually all patients
have a gluten—sensitive enteropathy and that in approximately half of them
the disease is so wild that there is no macroscopic abnormality in the small

intestine, as judged on a single biopsy.

CONCLUSIONé

The small-intestinal findings in this thesis suggests that virtually 211
patienté witth.H. have an enteropathy and do not support the concept put
forward by Shuster et al (1968, 1970)and Gebhard et al (1973) that D.H.

and coeliac disease are two distinct but geneticallylinked disorders. Instead,

L DLH. should e conslderad es
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e resuiles here suggest iho
- — a "unitarian corncept™ - in which the skin and gastrointestinal disorders
are both part of the syndrome of "dermatitis herpetiformis®. In addition
to the small-intestinal findings, further supporﬁ for this concept comes
from the HL-A studies which show that patients with D.H, have a high incidence
of HL-A 8 as found in patients with coeliac disease. There was in addition
no difference in the incidence of HL~4 8 bebween the sroup with evidence
of enteropathy macroscopically and those with no macroscopic ébnormalitya
However, this latter azrguement is, it is suggested, not tenable as the.
intraepithelial lymphocyté counts indicate that the macrescopic appearance
alone may not be a sufficiently sensitive criterion in the diagnosisvof #luten-
sensitive enteropathy,
Quantitaticn of intraepithelial lymphocytes was in addition found to b e
a useful diagnostic aild as was com:aring the position of these lymphcooytes
to the epithelial cell nucleus. The cignificuance of thesc lyn@hocytas‘is
uncertzin, at fhe present ti@e; but it is prcbable that they represent an
immunological response to gluten.

Igi in the clindcelly uninvelved slin was found tole 2 very useful
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diagnostic'¢riterion and it is suggested that this should be adopted as
the mein criterion in making the aiagnosis of D.H., and that in the
sbserce of these deposits, the diagnosis should not be considered. Herce,
IgA was found in all the 50 patients investigated and in none of the controls.
It proved to be specific, especially when faind in a 'papillary} pattern
and was a good aiscriminant. It is stressed however, that IgA can he
missed on the first biopsy, and that if the iﬁdex of clinical suspicion
is high, a further biopsy should be performed. The use of IgA deposits
in the skin as a diagnostic criterion also has the advantage that
completél&'uninvolved skin can be used and is of minimal inconvenience to
the patient,

From an aetiological pqint of view, however, the significance of
these IgA daposifs is more elusive, They are present in the ciinically

uninvolved skin as well as in D,H. lesions, In addition, they remain

[N

in petients despite prolonged exclusion of glutern from the dies (gp to
X c S N

s

5 years). In this context, it is possible that the créss-reacﬁiviﬁy
between gluten and reticulin maj'be of relevance. Gluten cald initiate
the damage in the first place, and the cross-reactive reticulin may
perpetuate the disease activity which persists (? by production of
_anti-reticulin antibodies) despite strict gluten withdrawal,

The IgA nature of the depodts suggest a direct link between the gut
and the skin in D.H+, for IgA is the main immunoglobulin involﬁed in thé
gastrointestinal tract and is an umisual immunoglobulin to £ind in the
skin, Teken together, the presence of these Igi deposits is further
support for considering D.H. to be a single disease entity with dermztological
and gestrointestinal manifestations,

It would appear that the IgA deposits are involved with the production
of the skin lesions in D.H. fTor they were found in the very sites - the
dermal papillae - where, Lased on histological evidence, it is thought
that the initial evenis in the formation of the DH blister begins. Further
sapport for this comes from the finding of C3 deposits, together with IghA

in the dermal pepillae, Complerment sctivation anpezrs totle involved, for
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the C3 deposits were found in highest incidence in the early lesions of
patients not taking dapsone. The histological features of the D.H. lesion
also correlate well with themorphological events known to take piace af'ter
complement activation.

The friggef to this complement activation howevér, is uncertain, bﬁt a
number of possibiiities can be considered. IgA is the main, and usually
the only immunoglobulin involved in the D.H. lesion., Igh in an aggregated
form is known to1activate the alternate pathway of complement activation.
The natufe<of the IgA deposits in the skin in D.H. is unknown, but it is
unlikely that these deposits on their own are responsible for complement
activatibn, for IgA deposits are present in normal skin and in patients
who have no rash. An additional factor or stimulus, it would appear, is
necesséry, and a clue to this eomes from the observation that a gluten-free
diet can imprové the rash. The presence cf gluten in the diet is therefore
the possible triggering factor. Following gluten ingestion, gluten/anti-gluten

complexer ere forned. The possitle cress-resctivity between gioter and reticuliis
may be of great relevance here, for these soluble gluten/énti-glutén complexes
could react with IgA ARA fixed on the dermsl reticulin.‘ Such & combinzation

~or the increased amcunt of IgA may alter the nature of the IgA present to a

form which closely resembles, or acts, like, aggregated IgA, and subsecquently
activateﬁ the alternéte pathway. Alternafively, IgA anti-gluten antibodies

on their own, or circulating immune complexes, which are fowd in higher

‘incidence in D,H. patients not on a gluten-free diet, (Lowbrey et al 1973)

[

L

may act in a similar manner in triggering off alternate vathway complemend
activation, A remote possibility is that gluten itself or a2 macromclecular

complex of it, with no attached irruncelobulin, can, in

1t

ts omm richt be
the appropriste trigger. A corollary to this is the finding that other
non«immunoglobulin substances like zymosan, lipopclysaccharide end becterdal
endotoxin can activate the alternate patimay.

nNn. -

The possible mechenisms by wlhich the skin lesicns in D.il. are proiuce

fo

are summarised in Figure V.1. As to whether such mechanisrs) are
responsible for the smaell-intestinal lesicn in D.H. and coeliac disecase

remzins to be seen. Doe et al (1973) have reported circulating immmne
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complexeslin patients with coeliac disease. Shiner ahd Ballard (1972)
described the pfesence of IghA and C3 in the lamina propria in the small
bowel of children with coeliac disease follbwing gluten challenge and
suggest that the damage is an immunological and complement medisted one.

The absence of IgA in the skiﬁ in patients with coeliac disease alone

is of great interest and suggests that.tbere'is a fundamental difference
-in the skin in these two patient groups. As to what this difference is,
it is not possible to say at the moment, It might be that in D.H., there
is a further ebnormality - bioéhemical, impunological or otherwise -
which fécilitates igA deposition, and arising from this, the predisposition
to develop D.H. skin lesions. It may be that this fundaméntal abnormality
is in the reticulin, which may be autoahtigenic or modified bioéhemically
to be immnogenic. Alternatively? the reported immune complexes in these
two diseases may be of different physico-chemical mekeup leading to different
erns cf‘ixamne cozplex depcsi*i5n end Cisezce petterns. A2] thesc
postulates, however, must be considered to be purely conjectural at the
present time and need further study.

~ The question as to what the significance of ARA is also needs to be
considered, This has already been extensively discussed and it would
suffice here to summarize by saying that as a diagnostic aid, it is useful
especially as a screening test in children. From an aetiological point
of view however, the role cf ARA remains uncertain. In D.H. it 1s
possible that they are closely related to the pathogenesis of the D.H.
lesion., The ARA can be of IgA class and in D.H, the incidence of
circulating ARA 1s low. This low incidence however, may be due to
increased deposition of the ARA (of Igh class) on the dermal reticulin.
An experimental situaticn aralogous to this occurs in autoirnmune
nephritis of sheep (Steblay, 1962). In these experiments, il was fcund
that in sheep imrunized with human plac:nte (IiP), aniibcdies to HP
could not be demonstrated in the circulation., Following nephrectomy
hovever, such antibodies were found and it was suggested that all the

circuicting anti~EF antibodies were tgken up by ths kidneys in the
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un-nephreétomised sheep, In D.H,, the depositon of Igi ARA on the
reticulin may act as a 'primer' for subsequent immunological events
to take place, leading to the formetion of fhe D.H. blister, For
this to ﬁappen however, one will have to postulate a very fundamental
abnormélity in D.H. which allows or predisposes to this IgA deposition.
Taken together, the studies reported here indicate that immunological
abnormalities are prominént in D.H. and coeliac disease and imply that
they ﬁaj'be operative in the pathogenesis or perpetuation of these
diseases., As to whether they are of aetioclogical significance, or
fepresent secondary phenomena remains to be seen., The role of cell-mediated
immunity has not been assessed in this thesis and obviously needs to be =
invesﬁigated. |
At ali evehts, the results here provide strong circumstantial
~ evidence for a direct link between the gut and the skin in D,H. It
ie suggested thot D.,H. io & syudroae Lo vlhich glutaﬁ e invclﬁef
'in the pathogenesis of both the skin and small intestinal lesions. In
coeliac diéease, this is confined only to the gut with sparing of the
skin, 4&s to why this should be so, no satisfacfory answer can be
given at the present time. In the context of this 'unitarian?! ccncept,

the rash of D.H. should be considereda to represent 'gluten-sensitivity

of the skin'.
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Gluten-sensitive
enteropathy
GLUTEN
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RETICULIN
G-luten—antibodies in small intestine
(cross-reactive with l’
reticulin) .
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reticulin
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‘circulation
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reacts with reticulin
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A
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reticulin fibres T .
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//// iy v Alternate pathway
P \\\\ complement fixation
cross~reactive with reticulin - |
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Gluten~-Igh Gluten ARA-complexed
‘complexes antibodies to gluten
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Complement mediated
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~
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Fipgure V.i. Fossible mechanisms in the pathogenesis of the skin
and smell-intestinel lesicns in dermatitis herpetiformis.
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A new antibody of I1gG class reacting
with connective tissue in rat and
human organs was found in 179, of 29 patients with
dermatitis herpetiformis and in 369, of 31 patients
with adult cceliac disease. The antibody appeared
to be directed against reticulin rather than basement
membrane, In 349% of the dermatitis-herpetiformis
patients antinuclear factors of IgG or IgM class were
present.

Summary

INTRODUCTION

DuRrING the past few years it has been shown that
approximately two-thirds of patients with dermatitis
herpetiformis (D.H.) have an enteropathy similar to
that found in adult ceeliac disease (a.c.p.) as judged
by macroscopic and histological features of the small-
intestinal mucosa.~® This enteropathy improves in
the majority of patients with D.H. on gluten with-
drawal -7 and relapses on the reintroduction of
gluten.? The skin lesions of D.H. have also been
reported to improve with gluten withdrawal and
relapse on the reintroduction of gluten,® and a direct
relationship between the skin and small-intestinal
disorder was suggested by Fry et al.* The cause of
the skin lesions in p.H. and the enteropathy in p.H.
and cceliac disease are as yet unknown. However,
recent studies have suggested that there may be an
immunological abnormality in these disorders as
suggested by the following:

(a) Low serum-IgM levels in D.K.? and in A.C.D.®

(b) A decreased rate of synthesis of IgM in A.C.D.?
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-(¢) The number of immunoglobulin-containing cells in
the lamina propria in A.C.D. is greater than normal, and the
proportion of IgM and IgG cells to IgA cells is in-
creased.10-12

(d) IgA deposits have been found in the upper dermis
below the basal membrane in D.H.13:14

(e) Antibodies reactive with the basement-membrane
zone of jejunal mucosa but not of skin have been reported
in D.H., and fixed y-globulin has been demonstrated in the
basement-membrane zone of the jejunal mucosa of 2 D.H.
patients, in whose sera antibody could not be demon-
strated.® s

(#) Splenic atrophy in a proportion of patients with
A.C.D.!¢ and D.H.?

Because of these findings we have undertaken
further immunological studies in D.H. and A.cD.,
and report here on antibodies found in the sera of
patients with these disorders.

PATIENTS AND METHODS

29 patients with D.H., 31 patients with A.c.D., and 28
healthy control subjects were studied. In the D.H. group
there were 14 males with an age-range of 22 to 71 (average
43) years and 15 females whose ages ranged from 28 to 62
(average 41) years. In the A.C.D, group there were 7 males
with an age-range of 21 to 56 (average 44) years and 24
females with an age-range of 16 to 74 (average 43) years.
The control group comprised 13 males with an age-range
of 20 to 79 (average 47) years and 15 females with an age-
range of 19 to 53 (average 33) years.

One serum specimen from each patient or control sub-
ject was examined for antibodies to nutlei, smooth muscle,
gastric parietal cells, mitochondria, and human thyroid
microsomal antigen, using standard indirect immuno-
fluorescent methods. The antigens were provided by
cryostat sections of rat liver 7 (nuclei), stomach (parietal
cells ¥ and smooth muscle %), and kidney ?° (mito-
chondria), and human thyrotoxic thyroid 2! (thyroid
microsomes). Thyroglobulin antibodies were detected
by tanned-red-cell hemagglutination,®? and agglutinating
factor against Lactobacillus casei, described by Cowan,’
Hoffbrand, and Mollin,2??® was also tested for by the method
of Cowan.?* The 88 sera were randomised and tested
initially at 1/10 dilution; results were read without know-
ledge of the code. For the indirect’ immunofluorescence
tests specific anti-IgG, anti-IgM, and in some batches’
anti-IgA conjugates (Burroughs Wellcome) were used,
and specimens were examined on a ‘ Diapan ® microscope
with a ‘ Balzer >’ FITC-3 interference primary filter and a
Shott and Genosszn O.G.I. secondary filter.

Collagenase Treatment
- Collagenase form 11 (Sigma) was dissolved at I mg. per ml.
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PREVALENCE OF ANTINUCLEAR FACTOR AND
CONNECTIVE-TISSUE ANTIBODIES

Antinuclear Antibodies to connective
factor. tissue
Group
Positive
No. Total No.
tested pos. tested | Total a* b* c*
Dermatitis
herpetiformis:
No. 29 10 29 5 3 2 1]
% .. 345 . 17 . . ..
Adult celiac
disease:
No. 31 2 31 11 2 7 2
% o 6 .. 36 .. .. .
Controls:
No. 28 1 28 0 1] (1] [s]
% .. 4 .. 1] . . ..

* Patterns of immunofluorescent staining: see text.

in 0-05M tris buffer containing 0-005M calcium chloride,
pH 7-0, and unfixed cryostat sections on slides were covered
with this solution and incubated at 37°C for from 1 to 18
hours, The slides were then washed in phosphate-buffered
saline (pH 7'2) for 5 minutes and the sections treated
with sera (1/5 dilution) and conjugates in the usual way.
Control sections were treated with buffer only. The effect
of the collagenase was demonstrated by staining control
and enzyme-treated sections with van Gieson’s stain for
collagen and with silver stain (Gomori) for reticulin.
Periodate Treatment

Unfixed cryostat sections of rat liver, stomach, and kid-
ney were pretreated with a 0-025M solution of sodium
periodate (NalO,) at room temperature for periods of
15 seconds to 3 minutes; untreated sections, and sections
pretreated with 0-025M solution of sodium iodate (INaIO,)
in parallel, acted as controls. The slides were then washed
for 5 minutes in phosphate-buffered saline (pH 7-2) and
treated with sera (1/10 dilution) and conjugates in the
usual way.

Results

Antinuclear Factor (table)

10 (34:5%) of the 29 patients with dermatitis
herpetiformis had serum antinuclear factor (A.N.F.)
with titres ranging from 1/20 to 1/160; 6 were pre-
dominantly of the IgM class and 4 IgG. 1 in the con-
trol group (IgG, 1/10) and 2 in the cceliac group gave
positive tests (1/20-1/40). This is a significant increase
in D.H.

Antibodies against Connective Tissue (table)
In 5 (17%) of the D.H. sera and 11 (369%) of the
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ceeliac sera a new antibody of IgG class was found.
With rat stomach, liver, and kidney sections, this
produced staining of connective tissue in several
different patterns, as shown in fig. 1. These patterns
were:

(@) Staining of well-defined adventitial fibres around
blood-vessels, of finer but also well-defined fibres in the
liver sinusoids, and between the gastric glands and in the
submucosa, and in the kidney of linear peritubular and peri-
glomerular fibres, though not usually of the glomerular
tuft itself,

(®) A more diffuse connective-tissue staining scen
especially in the liver sinusoids and adventitia of blood-
vessels, around and between the Kkidney tubules, often
involving Bowman’s capsule. Sometimes the glomerular
tuft showed staining, but this was weaker in intensity.
This pattern seemed to involve a fine network of connective-
tissue fibres.

(¢) Two of the cxliac sera showed an even more diffuse
staining of connective tissue, of homogeneous appearance
suggesting uptake by a component of ground-substance.

On repeated testing each positive serum always
showed the same pattern (see accompanying table).
Similar staining was seen with human fetal liver,
small-gut, and skin sections. In the fetal small gut
the lamina propria especially showed a fine network
of stained fibres (fig. 2). Pretreatment of unfixed cryo-
stat sections of the various tissues with purified col-
lagenase did not abolish staining but rather enhanced
its brightness with some of the positive sera. The
activity of the collagenase was shown by the fact that,
in sections treated in parallel, the characteristic
staining with van Gieson was lost. Treatment of
sections with periodate, however, abolished their
ability to give the positive immunofluorescent patterns
described.

Gastric Parietal-cell Antibody

This was not present in any of the control sera,
but was found in 3 of the sera from patients with D.H.
and 4 with adult cceliac disease.
Smooth-muscle Antibody

This was not found in the sera of controls, or of
patients with D.H. or adult cceliac disease.
Thyroid Microsomal Antibody

This was found in 1 of the control sera, in 5 of the
sera from patients with D.H., and in 3 of the sera from
patients with adult cceliac disease.



Fig. 1—Indirect (anti-IgG) immunofluorescent staining patterns
on cryostat sections of tissues.

(Reduced by two-thirds from x240.)

A, Rat liver. D.H, serum staining coarse fibres in adventitia of
blood-vessels, and similar fibres sparsely distributed in the
sinusoids.

B, Rat liver. D.H. serum staining finer fibres of similar distri-
bution.

C, Rat liver. Celiac serum staining fine network of fibres in
adventitia and liver sinusoids.

D, Rat kidney. D.H. serum staining peritubular fibres, Bow-
man’s capsule (top left), and adventitia (bottom right).

Thyroglobulin Antibody

This was not present in the sera of D.H. patients;
there was 1 positive (titre 1/50) in a patient with adult
ceeliac disease.
Agglutinating Factor to L. casei

This factor was present in 16 of 26 sera from
patients with D.H. and in 19 of 30 sera from patients
with adult ceeliac disease.
Mitochondrial Antibody

This was not present in the control sera, but was
found in 1 of the D.H. sera and 2 of the sera from
patients with adult cceliac disease.



Fig. 2—Human fetal (16-week) jejunum.

D.H. serum staining reticular network
of lamina propria between two crypts.

Discussion

These results show that in patients with dermatitis
herpetiformis the prevalence of A.N.F. is significantly
greater than normal, and also that they may have
antibodies against connective tissue. In patients with
adult cceliac disease the prevalence of A.N.F. was
normal, but the antibodies against connective tissue
were found in an even higher proportion. These
antibodies, giving the immunofluorescent staining
patterns described, have not, to our knowledge, been
observed previously. Autoantibodies against con-
nective tissue have indeed been sought chiefly in
connective-tissue diseases, but mnot usually found,
although there are reports of anti-collagen anti-
bodies,> and of antibodies against reticulin, in
‘theumatoid arthritis.?® The anti-connective-tissue
antibodies we have demonstrated in both - ceeliac
disease and dermatitis herpetiformis are probably auto-
antibodies, since they react with human as well as
rat tissues; but they do not seem to be directed against
collagen, since pretreatment of tissue sections with
collagenase did not impair, and even enhanced, the
immunofluorescent staining. These patterns resemble
very closely those produced by silver-impregnation
staining techniques, which suggests that these auto-
antibodies may be directed against reticulin antigens,
and the effects of periodate treatment on the reac-
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tivity of the antigens involved supports this con-
clusion. Williamson et al.?® and Loewi #* have shown
that anti-reticulin antibodies, like those described
here, are neither organ-specific nor species-specific;
and the fact that our antibodies react only weakly,
or not at all, with renal glomeruli, while brightly
staining connective-tissue fibres in Bowman’s capsule
and elsewhere, seems to accord with Scott’s ?® infer-
ence from immunohistochemical analysis of connec-
tive-tissue antigens that some of the antigens of
reticulin are -distinct from those of renal glomerular
basement-membranes.

The antibodies we describe here appear to be dis-
tinct from the tissue-antibodies reported in dermatitis
herpetiformis by Dick et al,,’® which react prefer-
entially with human jejunal basement-membrane,
especially from patients with dermatitis herpetiformis.
The presence of these latter antibodies may well
be related to baseméent-membrane damage, but this
is a non-specific feature of many lesions involving
epithelial structures. The finding "of antireticulin
antibodies in both the conditions studied here suggests
that the fault in enteropathies of this sort may lie not,
as has often been assumed, in the intestinal epithelial
cells (nor in the basement-membrane which owes its
origin to them %%, but rather in the underlying
connective tissue.

Antinuclear autoantibodies, in contrast, are found
chiefly in patients with connective-tissue diseases,
but occur also in patients with certain other dis-
orders that are characterised by or associated with
autoimmunity—e.g., chronic active hepatitis and
myasthenia gravis. They are usually absent in organ-
specific autoimmune conditions such as lymphocytic
thyroiditis and pernicious anemia. The true signi-
ficance of serum antinuclear factors is not known, but
the indications are that raised titres may reflect dis-
turbance or impairment of immune function, and our
findings therefore suggest that there may be a more
general immunological disturbance in dermatitis
herpetiformis than in cceeliac disease.

We thank Prof. C. C. Booth and other physicians of the
Hammersmith Hospital, Dr. J. S. Stewart, of the West Middlesex
Hospital, and the physicians of St. Mary’s Hospital for kindly
allowing us to study sera of their patients with adult celiac
disease; Dr, Etain Cronin, of the Central Middlesex. Hospital,
for referring patients with D.H.; Dr. J. E. Scott for advice with
the periodate treatment; and Mrs. C. Griffin and Miss A.

Quinlan for expert technical assistance. P. P. S. was supported
by a grant from the Wellcome Trust..
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Summary 19 patients with childhood ceeliac

disease and 28 controls have been
investigated for the presence of anti-reticulin anti-
body. The antibody was found in 14 of the 19 patients
with ceeliac disease. 10 of these 19 were on a normal
diet, and in 9 of these the antibody was found;
whereas in the 9 patients on a gluten-free diet, it was
found in 5. The antibody was also found in 1 of 28
control subjects. The anti-reticulin antibody is
apparently specific for celiac disease and may be
of help in the diagnosis of the disease.

Introduction

A NEwW antibody reacting with reticulin in rat and
human organs has been described by us in a number
of patients with dermatitis herpetiformis (p.H.) and
adult ceeliac disease (A.c.D.).! The significance of this
antibody is unknown as it was not found in all patients
with p,H, and A.c.p. In the past a distinction has
frequently been made between ceeliac disease occurring
in children and in adults. We have therefore now
undertaken a study to determine the presence and
incidence of this antibody in childhood ceeliac disease
(c.c.p.) and its possible significance in the =tiology
of this disorder.



Patients

The sera from 19 patients with ¢.C.D. were studied. Their
ages ranged from 7 months to 14 years and there were 5
males and 14 females. The clinical diagnosis was confirmed
by small-intestinal biopsy in all patients except 1, in whom
the procedure failed for technical reasons. In this patient
there was h@matological evidence of ceeliac disease and a
good clinical response to a gluten-free diet (G.F.Dn.), sup-
porting the diagnosis, At the time the serum was taken,
10 patients were on a normal diet and 9 were on a G.F.D.

In addition, sera from 28 children of similar sex and age
distribution were also studied. These patients had other
intestinal disease or were cases of * failure to thrive > who
did not have cceliac disease as judged by the histological
appearances of the small-intestinal biopsy.

Methods

One serum specimen from each of the 19 cases of c.c.D.
and 28 control subjects were examined. These were collected,
coded, and randomised by A. V. H. and M. A. R. and read
independently without knowledge of the code by E. J. H.
and P, P. S. The sera were examined initially at a dilution
of 1/10 using standard indirect immunofluorescent
methods. The antigens were provided by unfixed cryostat
sections of rat liver, stomach, and kidney as described
previously.! For the indirect immunofluorescence tests,
specific anti-IgG, anti-IgM, and anti-IgA fluorosceinated
conjugates (Burroughs Wellcome) were used at dilutions
at which no non-specific staining was seen with normal sera.
Specimens were examined on a Riechert * Diapan’ micro-
scope with a ¢ Balzer * FITC-3 interference primary filter
and a ‘Wratten’ 12 secondary filter.

Results

Childhood Ceeliac Disease

‘14 (749%,) of the 19 patients had anti-reticulin anti-
body of IgG class in their sera. In 9 of these 14 anti-
body of IgA class was also present. Antibodies of IgM
class were not found, Of the 10 patients on a normal
diet, 9 had the antibody in their serum, whilst in 9
patients on a G.F.D. the antibody was found in only 5.

Control Group

The anti-reticulin antibody was found in only 1
of the 28 in the control group (IgG class). This was
a patient aged 1 year with diarrheea and failure to
thrive. The small-intestinal biopsy was reported as
having a normal histological appearance.

Discussion

These results show that approximately three-
quarters of the children with ceeliac disease that we
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examined have the anti-reticulin antibody in their sera.
This is over four times the frequency reported in D.H.
and twice the frequency in A.c.D, found by Seah et al.?
It is well known that the small-intestinal lesion in D.H.
is comparatively mild in the majority of patients *-* and
clinically does not give rise to the symptoms and signs
usually associated with ceeliac disease, In fact, in the
series reported by Fry et al.® no patient had symptoms
or signs suggestive of cxliac disease. In cceliac disease
presenting for the first time in adult life, it is generally
assumed that the disorder has been present since
childhood but has remained “ latent **. This suggests
that A.c.p. also is not so severe a disorder as that
which presents with obvious clinical manifestations in
childhood. Thus, the very high frequency of the anti-
reticulin antibody in ceceliac disease in children may
well reflect the fact that the disorder is more severe
in this group of patients, and therefore does not re-
main latent as in A.C.D, and D.H.

Qur results also suggest that the antibody may
disappear when patients respond to a G.F.D., as there
was a lower frequency in the children on a G.F.D.
than in those on a normal diet. In some patients with
D.H, in whom this antibody has been found, it has
been shown to disappear with gluten withdrawal and
clinical improvement of the patient (Seah et al.,
unpublished), Itis thus possible that the anti-reticulin
antibody cross-reacts with gluten in some manner.
In addition, the antibody does appear to reflect the
sensitivity of the gut to gluten in cceliac disease as
seen in its various clinical types: namely, C.C.D.,
A.C.D., and the most mild form as seen in D.H.

The results of this present study and our previous
findings ! suggest that the presence of the anti-reticulin
antibody is specific for ceeliac disease. The fact that
it was found in one of our control subjects raises
interesting possibilities since the child had clinical
symptoms suggestive of C.c.p., and the fact that
the small-intestinal biopsy was reported as normal as
assessed by routine histology may not exclude the
diagnosis. Thus, Fry et al.? reported patients with
villi of normal appearances and columnar epithelium;
yet there was gross cellular infiltration of the lamina
propria, indicating small-intestinal disorder. In
addition, Brow et al.* have shown that the enteropathy
may be patchy and can only be detected by multiple
biopsies. Thus, it is still possible that our control
patient with the antibody may have cceliac disease,
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and it could well be that the presence of the anti-
reticulin antibody may be a new and helpful test in
establishing the diagnosis of cceliac disease,

We thank Dr. B. A. Wharton, Queen Elizabeth Hospital for
Children, Hackney, and Dr. J. W. Scopes, Department of
Padiatrics, Royal Postgraduate Medical School, for allowing us
to study sera from patients under their care. P. P, S. is in receipt
of an M.R.C. research fellowship and M. A. R. in receipt of a
grant from the Heinz Foundation Research Fund.
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IMMUNOGLOBULINS IN THE SKIN
IN DERMATITIS HERPETIFORMIS
AND CCELIAC DISEASE
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J. S. STEWART B. L. CHAPMAN
Depariment of Medicine, West Middlesex Hospital,
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The unaffected skin of eighteen patients
with dermatitis herpetiformis (D.H.),
twenty-two patients with cceliac disease (c.p.), and
eight controls were examined using direct immuno-
fluorescence and class-specific fluorescein-conjugated
anti-human IgA, IgM, and IgG antisera. All eighteen
patients with D.H. showed IgA deposits in the skin:
in seventeen the deposits were only found in the
dermal papillz. whilst in one it was found in a con-
tinuous line below the basement membrane, con-
firmed by immuno-electronmicroscopy. IgM deposits
were also found in the dermal papillz in three patients
with D.H. and IgG deposits below the basement
membrane in one patient. In cceliac disease, however,
only one of the twenty-two patients showed papillary
IgA deposits and one had continuous IgM deposits.
These immunoglobulin deposits in D.H. and C.D. seem
to be on the reticulin of the dermal papille. It is
suggested that in D.H. there is a fault of the reticulin
in the skin and small intestine, whilst in cceliac disease
it is present in the small intestine but not in the skin.
The reticulin cross-reacts with gluten complexes to
give rise to an immunological reaction. In support of
this hypothesis we have demonstrated cross-reactivity
between gluten and reticulin,

Summary

Introduction
DEeRMATITIS herpetiformis (D.H.) is associated with
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an enteropathy which is macroscopically and histo-
logically indistinguishable from that found in ceeliac
disease (C.D.).'"* As in c.D. the enteropathy usually
‘improves when the patient is put on a gluten-free
diet,®~7 and this diet has also been reported to improve
the skin condition.>»¢ However, it has yet to be
explained why patients with D.H. develop skin lesions
and those with c.D. do not. Recent studies have shown
a number of immunological abnormalities in both
conditions. Low serum IgM-levels have been reported
in both p.H. and c.D.,%:? although in c¢.D. the number
of immunoglobulin-containing cells in the lamina
propria of the small intestine is greater than normal
and the proportion of IgM and IgG to IgA cells is
increased.’~!! In D.H., antibodies reactive with the
basement membrane of the small intestine have been
reported,'? whilst antireticulin antibody has been
found in the serum of patients with D.H. and c.p.13%14
Also of note is the strikingly high frequency (34%) of
antinuclear antibodies in D.H.'* Immunoglobulin
deposits have recently been described in the skin of
D.H. patients. 1%:1® We have studied, by direct immuno-
fluorescence, skin from patients with p.H. or c.D. to
see if there is any difference which may explain why
skin lesions develop in D.H. but not in C.D.

Patients and Methods

Eighteen patients (six females, twelve males; age range
25-68) with D.H., twenty-two patients (fourteen females,
eight males; age range 28-73) with adult c.p., and eight
controls were studied. The criteria for diagnosis of D.H. were
based on characteristic clinical features, histological changes,
and response of the skin eruption to dapsone and relapse
.on withdrawal of the drug. All the ceeliac patients had flat
or flat-with-mosaic proximal small-bowel mucosa 7 and
a characteristic cceliac mucosal lesion histologically.!®
The controls comprised four healthy volunteers and four
inpatients with chronic bronchitis or cardiac ischazmia
who consented to skin biopsy. Twelve of the eighteen
D.H. patients were on a gluten-free diet and in seven the
skin lesions were controlled by the diet alone. All the
remaining patients were taking dapsone for control of
their eruption. Of the twenty-two patients with C.D.,
ten were on a strict completely gluten-free diet.

Skin was taken by 3 mm. punch biopsy, under 29;
lignocaine local ansthesia, from the buttock. In patients
with D.H., the skin was taken from an unaffected area well
away from any lesions. The specimens were immediately
embedded in ‘OCT-Lab Tek’ (Ames Company, Indiana),
snap-frozen in precooled isopentane, and kept at —70°C
until they were processed. 4 p sections of the skin were
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cut on a cryostat, transferred to glass slides, and air dried
unfixed for 30 minutes, The sections were then washed in
phosphate-buffered saline (p.B.s.) pH 7-2 for 15 minutes
and subsequently treated with fluorescein-conjugated anti-
immunoglobulin for 30 minutes. They were then given a
final wash of 1 hour in P.B.S. and mounted in buffered
glycerol (pH B).

Burroughs Wellcome class-specific sheep-anti-human
1gG, IgM, and IgA fluorescein-conjugated (F.1.T.C.) anti-
sera were used in dilutions of 1/24, 1/24, and 1/12 respec-
tively. The specificities of the conjugates were previously
assessed by reacting them against smears of bone-marrow
cells from cases of monoclonal myeloma !* and shown
to be class specific. Specimens were examined on a
Reichert ¢ Diapan’ microscope with a quartz-iodine light
source, a Balzer F.1.T.C.-3 interference primary filter,and a
Wratten 12 secondary filter.

Results
Dermatitis Herpetiformis

All eighteen patients showed immunoglobulin
deposits in the skin, irrespective of whether the rash
was controlled by a gluten-free diet or dapsone.
Three patterns of immunofluorescent staining were
seen (see table).

Papillary —Immunofluorescent staining of the der-
mal papillee was present in seventeen of the eighteen
patients and was seen as a microgranular (fig. 1) or
fibrillar (fig. 2) pattern as described by Chorzelski

Fig. 1—D.H. skin: direct immunofluorescence using anti-IgA,
showing microgranular papillary pattern, especially dense
on the left.

(Reduced to § of x240.)



4

et al.’® On close inspection it seemed likely that, in
both cases, fibres are stained and the plane of section
determined whether the appearance was fibrillar or
microgranular. In seventeen patients positive staining
was seen with anti-IgA and in three patients with
anti-IgM also. No anti-IgG deposits were found.

Continuous.—Under low power with both anti-IgG
and anti-IgA, one biopsy section showed a continuous
line of immunofluorescence apparently delineating
the basement membrane (fig. 3). Under higher
power, however, the basement membrane itself
was unstained and the immunofluorescence was
located immediately below the basement membrane
involving structures forming part of the dermal
papilla. ‘This was confirmed by immuno-electron-
microscopy using horseradish~peroxidase-labelled anti-
immunoglobulin (fig. 4).

Globular.—Specifically staining immunofluorescent
globules (fig. 5) were found in the skin of six of the
eighteen patients. This was seen with anti-IgA in
four patients and anti-IgM in five. No anti-IgG
deposits were seen. The globules were found in the
upper dermis, at the dermo-epidermal junction, or in
the basal layers of the epidermis itself, The situation
of these globules could not be correlated with any
known histological structure.

Fig. 2—D.H, skin: direct immunofluorescence using anti-IgA,
showing predominantly fibrillar papillary pattern.
Areas of microgranular papillary immunofiuorescence are also
present (top left). (Reduced to § of x240.)



Fig. 3—D.H. skin: direct immunofluorescence using anti-IgA,
showing continuous pattern.

(Reduced to § of x240.)

Ceeliac Disease

The findings were very different from those in D.H.
Only one biopsy sample showed fibrillar papillary
immunofluorescence with anti-IgA and one showed
continuous immunofluorescence with anti-IgM.
Globular deposits similar to those found in D.H., were
present in fifteen of the twenty-two patients—eleven
with anti-IgA and twelve with anti-IgM. No anti-
IgG deposits were seen,

Controls

No papillary or continuous immunofluorescent
patterns were present. However, in six of the eight
specimens, anti-IgM globules were present. Anti-IgA
globules were seen in two of these six. No anti-IgG
deposits were seen.

Discussion

These results show a striking immunological
difference between the unaffected skin in patients
with p.H. and c.p., and have important implications.
They confirm the reports of van der Meer ** and
Chorzelski et al.’® that IgA deposits are present in
the skin in D.H. In seventeen of the eighteen D.H. skin
biopsies that we have examined, the fluorescence was
localised to the dermal papillez. On histological
grounds, Pierard and Whimster 2° suggested that the
earliest change in D.H, was in the dermal papille,
The principal site of reticulin localisation in the skin
is the dermal papillee, and a proportion of patients



Fig. 4—D.H. skin: immuno-electronmicroscopy using horse-

radish-peroxidase-conjugated anti-IgG,

showing immuno-

globulin deposits (Ig) situated below uninvolved basement
membrane (Bm).

(Reduced to § of x19,000.)

with D.H. show antireticulin antibody in the serum.
We suggest, therefore, that the immunoglobulin
deposits in the skin in D.H. are on the reticulin fibres
and that this is the primary site of the lesion. Immuno-

PATTERNS OF IMMUNOFLUORESCENCE

Immunopathology
Group No. P
attern of
immuno- 1sG IgM IgA
fluorescence
Dermatitis Continuous 1 0 1
herpetiformis 18 Papillary 0 3 17
Globular 0 5 4
Continuous 0 1 0
Ceeliac disease 22 Papillary 0 0 1
Globular 0 12 11
Continuous 0 0 0
Controls 8 Papillary 0 0 0
Globular 0 6 2




Fig. 5—C.D. skin: direct immunofluorescence using anti-IgM
showing globules.

(Reduced to # of x240.,)

electronmicroscopy in our 18th patient showed that
the continuous staining pattern was beneath the
basement membrane and, therefore, could also be
reticulin.

Our findings establish that the primary sites of
the lesion in D.H. and pemphigoid are different. In
pemphigoid, immunoglobulins are bound to the
basement membrane, whilst in D.H. they are fixed to
the dermal reticulin. The frequency of antireticulin
antibody in the sera of D.H. patients is rather low
(179),® but this might well be due to uptake of most
of the available antibody by excess dermal reticulin
antigen. An analogy occurs in autoimmune nephritis
of sheep.?* This explanation could be tested by
eluting the immunoglobulin from skin samples from
seronegative D.H. patients and testing this eluate for
antireticulin activity.

Deposition of antireticulin antibodies in the skin
could not by itself explain the disease process in D.H.
because deposits of immunoglobulin are seen distri-
buted in unaffected skin. An additional factor may be
required before skin lesions develop in D.H., and a
clue to the nature of this factor may come from the
observation that a gluten-free diet improves the skin
lesions.®¢ It may be significant that the antireticulin
antibody in two patients with D.H. was completely
removed from the serum by absorption with gluten
and gluten-fraction 11 (as prepared by Frazer et
al.2?) (Seah et al,, unpublished). In these cases, there-
fore, the antireticulin antibody cross-reacted exten-
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sively with a component of gluten. If soluble gluten/
anti-gluten complexes were circulating in this patient
and antireticulin antibodies cross-reacting with gluten
were fixed in the dermal reticulin, then gluten com-
plexes might be expected to be trapped in the skin, If
anti-gluten antibody were IgG or IgM and complement
fixing, this could explain previous reports of deposits of
Ig@G, IgM,and complement, as well as IgA in the skin,1®
These speculations would receive support if glutenanti-
bodies could be demonstrated in eluates from D.H. skin.
Collections of eosinophils and polymorphs are promi-
nent in the histological ““ microabscesses *’ characteristi-
cally found in the dermal papille, and these may be
due to the chemotactic properties of complement
locally activated by immune complexes. It seems
possible that it is by preventing this end stage of the
pathological process that dapsone exerts its thera-
peutic effect in suppressing the rash.

Immunoglobulin deposits were found in only two
of the twenty-two cases of c.D. This suggests that by
and large the skin in ¢.D. does not share the same im-
munological abnormalities of D.H. The two cases of
C.D. with immunoglobulin deposits in the skin may
well be latent D.H. (indeed one of these two patients
subsequent to completion of these studies has been
found to have an itchy rash on the elbows consistent
with D.H.) and there are reports in the literature
of patients with C.D. who subsequently develop
D.H."?% It may be that routine treatment of c.D.
with a gluten-free diet suppresses clinical expres-
sion of latent D.H. We do not know what differences
there may be in the dermal reticulin or the patients’
immune response to dermal reticulin between D.H.
and c.D., but the strong clinical and immunological
overlap between the two diseases adds weight to our
previous suggestion 12 that the primary site of damage
in C.D., by analogy with our results in D.H., may be in
the reticulin of the lamina propria of the small intes-
tine. The finding of splenic atrophy in D.H.?* as well
‘as in C.D.? suggests that the immunological reactivity
of reticulin may be widely disturbed in both disecase
states, primarily affecting the gut and lymphoreticular
system in C.D., but in D.H. the skin as well as these
other two tissues. Whether reticulin is abnormal in
these conditions or-is an ‘innocent bystander ” of
antibodies produced in response to gluten remains
uncertain,

Finally, the fluorescent globular deposits found in
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many of the biopsy specimens deserve mention.
These stained specifically with anti-IgA and/or anti-
IgM but not with anti-IgG conjugates, and occurred
as often in normal skin as in the test samples. They
seemed to be simply small extravascular deposits, not
associated with cellular or other histological structures
and playing no pathological role, They perhaps
represent a physiological process of immunoglobulin
transudation in the skin.

We thank Dr. N. F. Coghill, of the West Middlesex Hospital,
Isleworth, for allowing us to study patients under his care;
Mrs. Janet Webb and Mr. J. Dorling, of the M.R.C. Rheumatism
Unit, Taplow, for performing the immuno-electronmicroscopy
(method unpublished), and Mr. Peter Fiske for assistance in the
photography. P. P. S. and L. F. are in receipt of grants from the
M.R.C. and Wellcome Trust and B. L. C. in receipt of a grant
from the N.W. Metropolitan Regional Hospital Board.
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CLEARANCE OF SKIN LESIONS IN
DERMATITIS HERPETIFORMIS AFTER
GLUTEN WITHDRAWAL
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St. Mary’s Hospital and Medical School and
Royal Postgraduate Medical School London

24 patients with dermatitis herpeti-
formis (D.H.) have been treated with a
gluten-free diet (G.F.D.) for periods varying from four
months to five years., Of 20 patients who have taken a
G.F.D. for a year or longer, 16 (80%) have been able
to stop taking dapsone or substantially reduce the dose
of the drug. 10 patients have been able to stop taking
dapsone completely and are now free of all skin
lesions. No patient was able to reduce his dapsone
requirements before five months, and 1 patient took
twelve months to do this. The length of time taken to
be able to stop dapsone completely varied from eight
to forty-eight months. In another group of 20 patients
with D.H. who did not take a G.F.D. but have been fol-
lowed up for a similar length of time, there was no
significant alteration in dapsone requirements. Re-
introduction of gluten in 4 patients who were com-
pletely free of skin lesions on a G.F.D. produced irri-
tation and blisters within a week in 3 and within three
weeks in the fourth, Dapsone was required for the
immediate control of these lesions, which were sub-
sequently controlled again by a G.F.D. alone. Electron-
microscopic studies have shown subepidermal mem-
brane-bound vacuoles in clinically normal skin in all 7
patients studied whose eruption was being controlled
by dapsone, but these vacuoles were not present in
any of the 6 patients whose eruption was controlled
by a G.F.D. alone. These results show that the skin
lesion in D.H., like the gut lesion, is gluten dependent
and that both lesions are part of the same disease
process. The length of time for patients to become
free of skin lesions after beginning a G.F.D. is stressed,
and probably accounts for the previous reports in
which it has been stated that the skin lesions are not
influenced by a G.F.D.

Summary
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Introduction

THE association of a celiac lesion of the small
intestine with the skin rash of dermatitis herpetiformis
(p.H.) is well established. The intestinal lesion in
D.H. resembles that of ceeliac disease in responding to
gluten withdrawal and relapsing on reintroduction of
gluten.l-¢* But are the skin and gut lesions in D.H.
part of the same disease process ? The most widely
held view is that the two lesions are of different
ztiology and that the skin lesions are not related to
gluten sensitivity.?-1° We believe that this view is
incorrect and arises because trials of a gluten-free diet
(G.F.D.) on the skin lesions in patients with p.H, have
been inadequate.

We have found that a strict, long-term G.F.D.
benefits the skin lesions in almost all patients with
D.H. In addition, following the observation that
membrane-bound vacuoles are present in the clinically
normal skin of patients with D.H. taking dapsone,!! we
have shown that these vacuoles are not present in
patients whose eruption is controlled by a G.F.D.
Taken together, these clinical and electron-microscope
studies clearly show that the skin and intestinal lesions
of D.H. are part of a single disease.

Patients and Methods

44 patients with D.H. have been studied. There were 22
males and 22 females. Their ages are 26~76 years. The
diagnosis of D.H. was made on the characteristic clinical,
histological, immunological (IgA deposits in the dermal
papille of clinically normal skin) features, and the clearance
of the eruption with dapsone and/or sulphonamides, and
recurrence of the rash on withdrawal of the drug.

After full intestinal and hamatological investigations, all
patients had the nature of their illness explained to them
and were offered treatment with a G.F.D. 35 of the 44
patients were willing to try this. The supervision of the
diet and follow-up were carried out by one physician (L. F.)
and the help of dietitians was enlisted when necessary.
Patients were seen every six weeks for six months and then
every three months. Before starting a G.F.D., all patients
were instructed to reduce their dose of dapsone to the
lowest level which completely controlled their skin lesions.
After three months on a G.E.D., 11 of the 35 patients said
they were unable to persist with it. Of the 24 patients who
have persisted with the diet, 3 have admitted to occasionally
taking food which they knew contained gluten. Another
patient does not keep strictly to the diet,

At all consultations patients have been instructed to try
and reduce their dapsone or sulphonamide drugs gradually,
but at no time were they asked to stop suddenly. This has
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applied equally to all patients whether or not they were
taking a G.F.D. If the patients began to have irritation or
skin lesions, they were instructed to increase the drug to
the original dose and not to attempt further reduction of
dosage for another month.

In 4 patients who were completely free of all skin lesions
on a G.F.D., gluten was reintroduced to the diet for a period
of three months.

Electron-microscopic Studies

Samples of clinically normal skin were taken from 6
patients whose skin lesions were controlled by a G.F.D.
alone and from 7 patients taking dapsone only, The
specimens were fixed in 4%, glutaraldehyde and post-fixed
in osmium tetroxide. Thin sections were cut, stained with
urany] acetate and lead citrate, and examined on a Siemens
‘ Elmskop I’ microscope.

Results

Group I: Rash Controlled by G.F.D. Alone

10 patients taking a G.E.D. have stopped their
dapsone or sulphonamides completely and remain free
of irritation and skin lesions (table 1). No patient

TABLE I—PATIENTS WHOSE RASH 1S CONTROLLED BY G.F.D. ALONE

Time to
. Original { Timeto; com- | Length
Patient A Duration dose of | reduce | pletely | of time
ge | Sex|{ of D.H.
no, (yr.) dapsone |dapsone| stop |onG.F.D,
(mg./day) | (mo.) {dapsone| (yr.)
{mo.)
1 56 | M 14 150 6 12 5
2 54 | M 12 50 5 11 5
3 29 M 8 50 11 22 5
4 3 | M 8 50 5 8 5
5 70 M 52 150 12 48 5
6 55 F 20 500+ 5 13 4
7 31 F 14 100 6 12 4
8 62 | F 21 50 mg. 5 8 2
twice
weekly

9 33 | M 11 50 5 14 2
10 38 F 4 100 6 22 2

* Sulphamethoxypyridazine.

managed to reduce the dose of his drug before five
months on a G.ED. 8 of the 10 patients managed a
slight reduction in their drug intake by six months.
In the other 2 patients it was eleven and twelve months
before the dose of dapsone could be reduced. The time
taken to stop the drugs completely and remain free of
skin lesions varied from eight to forty-eight months.
After two to forty-eight months’ follow-up all patients
have remained free of skin symptoms and signs,
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whilst adhering to their G.F.D. The duration of the skin
disorder in these 10 patients ranged from four to
fifty-two years, and at no time before the G.F.n. had
any of them been free of skin lesions without taking
drugs.

In 4 patients who had been free of all skin lesions for
at least six weeks, gluten was reintroduced to the diet.
3 of the 4 patients developed irritation and blisters
within a week and the fourth patient within three
weeks. Dapsone was then required to control the
eruption in the same dosage as before the G.F.D.
After three months, a G.F.D. was re-established. All
4 patients again managed to control the skin lesions
without dapsone, but the time taken to do this was
virtually identical to the time taken when first taking a
G.F.D,

TABLE II—PATIENTS TAKING A G.F.D. BUT ALSO REQUIRING DRUGS

: Original
Patient Age |Sex Iil}r:[: ™ dose of L;:)gth of Present dose of
LH. e on
no. 1) dapsone G.F.D. dapsone (mg.)
(mg./day)
1 47 | M 6 100 4 yr. 50
every 5 days
2*t | 35 | M 8 150 5 mo. 50/day
3 46 | F 4 100 3 yr. 50
twice weekly
4 52 | M 27 100 1 yr 50
every 3 days
5%t ] 36 | F 6 200 2 yr. 100/day
6%t 35 | M 3 200 21 mo. 100/day
7 49 ( F 26 100 4 yr. 100/day
8 63 | M 7 100 5 yr. 100/day
9 69 | M 6 50 3yr. 50/day
10* 57 | M 17 200 2 yr. 200/day
11 49 | M 16 200 8 mo. 200/day
12 51 M 2 50 6 mo. © 50/day
13 38! F 2 100 5 mo. 50/day
14 42 | M 10 50 4 mo. 50
(alt. days) (alt. days)

* G.F.D. is not strict.
1 Has knowingly taken occasional gluten.

Group I1: Rash Controlled by G.F.D. and Drugs

14 patients taking a G.F.D. also required dapsone to
stop irritation and remain clear of skin lesions (table
11). However, 6 of the 14 patients required signifi-
cantly less dapsone than before the diet. All these 6
patients had been on a G.R.D. for more than a year, but
3 admitted to occasionally taking gluten. 3 (nos, 7, 8,
and 9) of the 14 patients who had been on the G.F.D.
for longer than three years failed to reduce their dose
of dapsone. It was felt that these 3 patients adhered to
a strict G.FE.D, In a further patient (no. 10) who had
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been on a G.F.D. for two years and showed no reduction
of his dapsone requirements, it was apparent that his
diet was not strictly gluten-free. Of the 4 remaining
patients who showed no reduction in their dapsone
requirements, all had been on a G.F.D. for less than
eight months, for six months or less in 3 of the 4.

Group III: Rash Controlled by Drugs Alone
20 patients were not willing or able to take a G.F.D.

TABLE III—PATIENTS NOT ON A G.F.D.

: Original
. Duration Length of 1 Present dose
Panuoent (“;fe) Sex| of D.H. g’;:ogi follow-up | of dapsone
(yr.) (mng./day) (yr.) (mg./day)
1 48 | F | 18 50 5 50
2 70 M 5 100 5 100
3 66 | F 13 50 5 50
4 30 F 13 100 5 100
5 34 | F 12 150 5 200
6 42 | M 6 100 mg. 5 100 mg.
(twice twice
weekly) weekly
7 54 | F 8 * 5 *
8 68 | F 7 ! 50 5 50
9 48 F 15 200 4 200
10 39 F 15 100 3 100
11 26 F 4 50 3 50
12 37 F 4 100 3 200
13 22 | M 3 100 2 100
14 74 | M 5 50 2 50
15 48 | F 3 100 mg. 2 100 mg.
(alt. days) (alt. days)
16 46 | M 18 200 2 200
17 76 | M 15 100 1 100
18 { 68 | F| 4 50 1 50
19 26 [ F 2 50 mg. 1 50 mg.
(alt. days) (alt. days)
20 59 | M 6 100 1 100
i |

* Sulphapyridine 3 g. per day.

None of them could reduce the dose of dapsone after
follow-up for over a year in all 20 and as long as two
to five years in 16 (table 111).
Electron-microscopic Studies

Membrane-bound vacuoles were found in the dermis
below the basal lamina (figure) in the clinically normal
skin from all 7 patients receiving a normal diet and
taking dapsone. In contrast, no abnormality was seen
in the skin of all 6 patients whose skin disorder was
completely controlled by a G.F.D.

Discussion
These results show that the skin lesions in most
patients with D.H. are gluten-dependent. 809% of



Membrane-bound vacuoles (V) are seen in the dermis just below the basal lamina
(arrows) in clinically normal skin from a patient with D.H. solely on dapsone.

Ep =epidermis.

patients who took a G.F.D. for more than a year were
able to stop or significantly reduce the dose of dapsone
or sulphonamides. However, it took a long time on a
G.F.D. before the patients could reduce the dose of
their drugs and ultimately to stop these, and the
G.F.D. had to be strict if the skin lesions were to improve
substantially.

These findings amplify those based on a smaller
group of patients with shorter periods of follow-up.?!.2
It is remarkable that, though the association between
D.H. and the typical clinical, histological, and hemato-
logical features of adult cceliac disease was described
six years ago,'%'® and the improvement of the skin
lesions with gluten withdrawal was reported soon after-
wards, % 14 it is still widely considered that the skin
lesions are unrelated to gluten ingestion. .48 %* There
appear to be at least four reasons for this continued
misconception. First, as we found, improvement of
the skin on gluten withdrawal takes many months or
even years to manifest, and the two widely cited
reports %4 suggesting no benefit from gluten with-
drawal were based on a short follow-up period in small
numbers of patients—six to nine months in 4 patients 3
and two to six months in 6 patients.* As shown here,
this is not long enough to obtain clearance of the skin
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lesions. Second, the G.F.D. must be strict. 3 of the 6
patients who reduced their dapsone requirements but
could not stop the drug completely admitted to
occasional gluten ingestion. These 3 patients them-
selves noted that their skin lesions were worse after
gluten ingestion and then required more dapsone to
control their eruption. . Moreover, all 4 patients in
whom gluten was reintroduced to the diet after their
skin lesions had been completely controlled by a
G.F.D. developed skin lesions which were eventually
controlled again by gluten withdrawal. In the single
patient reported by Shuster et al.? who had taken
G.F.D. for seven years and still had skin lesions,
adherence to diet may not have been strict because
the morphological appearance of the small intestinal
mucosa after seven years was still “ flat >, These two
features (i.e., length of time and strictness of the effect
of a G.F.D. on the skin lesions in D.H.) are comparable
to the effect of gluten withdrawal on the gut lesion
in adult ceeliac disease, since this may also take
many months to revert to normal and is benefited
little or not at all by only partial withdrawal of
gluten.’® Third, Marks and Shuster? suggested
that during the natural history of D.H, requirements
for dapsone vary widely from time to time and,
thus, apparent benefit of the skin lesions from gluten
withdrawal may, in fact, be no more than a spon-
taneous remission of the disease. In this respect,
our control group of 20 patients who, for one reason
or another, were not treated by gluten withdrawal
show clearly that dapsone requirements in D.H. are
remarkably constant over many years of follow-up.
None of these patients could reduce their dapsone
dosage. None of our patients treated with a G.FE.D.,
whose length of histories of p.H. varied from four to
fifty-two years, ever experienced a natural remission.
Spontaneous remission of D.H., in our experience, does
not occur, and before it can be claimed the original
diagnosis must be checked on strict criteria. Finally,
it must be remembered that not all patients with cceliac
disease respond to a G.F.D.'® It is, therefore, possible
that a proportion of patients with D.H. also do not
respond solely to a G.F.n. This may be the explanation
for the 3 patients (7, 8, and 9) in our series not respond-
ing to a G.E.D. There has been a suggestion that in
some patients with pD.H. there is milk sensitivity as
well as gluten sensitivity, and removal of milk from
the diet is necessary for control of the skin lesions.??
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One reason which has delayed general acceptance
that the gut and skin lesions in D.H. are both due to
gluten sensitivity is that dapsone benefits the skin
lesion but not that of the gut. The electron-microscopic
findings reported here together with those of Riches
et al.'»»1® may help to explain the actions of both
dapsone and gluten on the skin lesions. In patients
whose eruption was completely controlled by dapsone,
subepidermal vacuoles were present. When the dose
of dapsone is reduced or withdrawn these vacuoles
enlarge and seem to coalesce.® From this evidence it
seems that dapsone does not stop the formation of the
vacuoles but prevents them increasing in size to form
a clinical blister. This observation would account for
the sudden appearance of the rash when the drug is
stopped. However, the initial lesions in the skin do
seem to be gluten induced, since in our patients whose
eruption was controlled completely by a G.F.D. no
vacuoles were found. The exact explanation why
dapsone does not benefit the gut is uncertain, though it
may be related to differences in the way the two tissues,
skin and gut, respond to a similar insult (gluten in-
gestion) and to differences in the way the immune
system, activated by gluten, damages organs.

Taken together, the clinical and morphological
results reported here do clarify the relation of D.H. and
ceeliac disease in showing that they are not, as widely
thought, two distinct but genetically related diseases
but rather that the syndromes of D.H. and cceliac disease
are part of a single disease process in which gluten sen-
sitivity plays a central role. This is crucial both in the
clinical management of D.H. and to any concept of
the pathogenesis of both ceeliac disease and D.H.

L. F. and P. P, S. gratefully acknowledge grants from the
Medical Research Council and Wellcome Trust.

Requests for reprints should be addressed to L. F., Department
of Dermatology, St. Mary’s Hospital, Praed Street, London W2.
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CIRCULATING IMMUNE COMPLEXES
IN DERMATITIS HERPETIFORMIS
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Immune complexes have been detected
by an anti-complementary method in
the sera of 12 (80¢;) of 15 patients with dermatitis
herpetiformis (p.H.) taking a normal diet, and in 4
(369,) out of 11 taking a gluten-free diet. The size
of the immune complexes was between 8 and 10S.
Immune complexes were detected in the sera of only
3 (12°,) of 25 n.H. patients by the C’'lq method, but
this method detected complexes in 9 (289,) of 32
patients with Crohn’s disease, 2 of 6 patients with
ceeliac disease, and 2 of 6 patients with ulcerative
colitis.

Summary

Introduction

GLUTEN plays a central role in the pathogenesis of
ceeliac disease (c.p.) and dermatitis herpctiformis
(D.H.), but the precise mechanism by which gluten
damages the small intestine in ¢.p. and D.H. and causes
the skin lesions in D.H. is unknown. There is accumu-
lating evidence, however, that immunological pro-
cesses are involved. Low IgM levels ! and anti-
reticulin antibody ® have becn found in the sera of
about a third of the patients. There is a proportional
increase in IgM and IgG producing plasma-cells com-
pared with IgA cells in the small intestinal mucosa in
c.p.** In addition, antibodies reactive with the base-
ment membrane of the intestinal epithelium have been
reported,” and Shiner and Ballard * have demonstrated
the presence of IgA and complecment in the jejunal
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mucosa after gluten challenge. Although gluten could
damage the small intestine by direct contact, it could
damage the skin only if a toxic fraction entered the
bloodstream. However, IgA deposits occur in the
dermal papille of the clinically unaffected skin in
D.H.,* ! and fibrin '? and complement ® 2 are present
in the involved skin. On the basis of these observations,
it seems possible that immune complexes may be formed
in the intestine in response to gluten and circulate
to the skin in D.H. to cause damage. We now report the
presence of complexes in the sera of most D.H. patients
taking a normal diet; these complexes are probably
1gG, 8-10S, and complement fixing. We have com-
pared the frequency of the complexes in D.H. with
that in two other intestinal diseases—Crohn’s disease
and ulcerative colitis—in which skin lesions may also
occur and in which immune mechanisms have also
been suggested to play a role.

Patients and Methods

Patients

The sera from 26 patients with D.H., 32 with Crohn’s
disease, 6 with ceeliac disease, and 6 with ulcerative colitis
were examined. Of the 26 patients with D.H., 15 were
taking a normal diet and 11 a gluten-free diet (.F.D.). The
tests were also carried out on the sera of 20 male and 10
female healthy adult volunteers.

Methods for Detection of Immune Complexes

Anti-complementary method.—The method is based on
the binding of C’'l to circulating complexes after heat
inactivation at 56°C of the C’1 which may have been
bound in the blood, with a subsequent back titration of
added guineapig complement. Fresh sera were stored at
—70°C until assayed. They were thawed and heated at
56°C for sixty minutes in 0-1 ml. volumes. Guineapig
complement (2:5 units) was added and the samples main-
tained at 4°C for thirty minutes. 0'1 ml. of a 3% suspen-
sion of optimally sensitised sheep red blood-cells were
added and incubated at 37°C for a further fifteen minutes.
The samples were then diluted with 1-0 ml. of barbitone-
buffered saline (pH 7-2) and after centrifugation at 3000 g
for five minutes the lysis was calculated from the released
hzmoglobin in the supernatant using a Gilford 300N
spectrophotometer. The curve for the complement titra-
tion was constructed using known standards, and the
loss of haxmolytic complement activity was determined.
The results are expressed as the units of complement left
in the assay which had a lower 95%, confidence limit of
1-1 units remaining.

C’lg method —The method of Agnello et al.2? was used
with the gel buffer of molarity 10 maf.
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Size of Circulating Immune Complexes

Using the anti-complementary technique described
above, complexes in the fractions obtained by gel filtra-
tion of serum samples on columns of ¢ Sephadex G-200"
could be assayed. The position of the activity was deter-
mined as were the positions of IgG, IgM, and IgA by
radial immunodiffusion assay on the same samples. The
isolated peak of activity was collected and applied to the
top of a 5-449, sucrose density gradient in phosphate-
buffered 0-15M saline, pH 7. The gradient was centri-
fuged at 410,000 g for 7 hours and the anti-complementary
activity of the fractions from the gradient tubes determined
and the density measured, Dialysis before assay was not
required because sucrose, at concentrations below 309,
did not interfere with the assay. The molecular size of the
complexes was determined by the gel-filtration technique
using markers of known molecular weights, and their
density was determined by the ultracentrifugation method.

Results

Dermatitis Herpetiformis

Anti-complementary method.—Circulating immune
complexes were detected in the sera of 12 (80°;)
of the 15 patients taking a normal diet, but in only 4
(369,) of the 11 sera from patients taking a G.F.D.

C'lg method.—3 (12°,) of the 25 patients showed
immune complexes in the sera by this test. All 3
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positive results occurred in the sera of the 15 patients
taking a normal diet.

Controls
None of the 30 controls gave positive tests by either
the anti-complementary or the C’lg techniques.

Other Conditions

9 (289,) of 32 sera from patients with Crohn’s
disease showed the presence of immune complexes
by the C’lq method, 2 of 6 sera from patients with
ceeliac disease, and 2 of 6 sera from patients with
ulcerative colitis also showed the presence of immune
complexes by the C'lq method. These sera were not
tested by the anti-complementary method.

Size of Circulating Immuyne Complexes in D.H.

The size of the immune complexes detected by the
anti-complementary method in 4 patients tested was
found to be between 8 and 10S (see figure). This is the
size of IgG complexes. In the four sera studied the
densities of the complexes were found to be 1-22, 1-27,
1-41, and 1-37. All four figures are less than the den-
sity of nucleic acids and implies that these com-
plexes are unlikely to be virus complexes.

Discussion

These results show that immune complexes are
present in the sera of most patients with gluten-
sensitive enteropathy and the skin lesions of D.H.
The size of the complexes are between 8 and 10S,
which implies that they are IgG complexes. We are
uncertain why we detected complexes more often by
the anti-complementary method compared with the
C’lq method, but it is presumably related to differences
in the sensitivity of the two methods or to differences
in the exact type of complex which each technique
detects.

Whether the complexes are involved in the patho-
genesis of the skin and gut lesions or are secondary
to this is at the present uncertain. The significantly
lower frequency of circulating complexes in patients
taking a G.F.D. could imply that these complexes contain
part of the gluten molecule. The fact that these were
present at all in four patients taking a G.F.D. may then
be that the diet was not strictly gluten-free. Alterna-
tively, it may be that the complexes do not con-
tain part of the gluten molecule and it is possible that
they are related to part of the reticulin molecule.
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Anti-reticulin antibody occurs in D.H. and ¢.0.> The
titre of anti-reticulin antibody falls slowly when the
patient takes a G.F.D., and this shows a good correlation
to the clinical results of the healing of the small bowel
and skin. In addition, cross-reactivity has been demon-
strated between fraction III of gluten and reticulin.!?
It may be, therefore, that if connective tissue is
damaged by gluten, complexes might be formed for
some considerable time later from this damaged con-
nective tissue if this takes a long time to heal.

The finding of circulating immune complexes and
the supposition that they migrate to the skin and cause
lesions there would be compatible with the presence
of complement ®-'* and fibrin !? in the skin lesions.
However, the fact that the upper part of the small
intestine is more severely affected than the ileum
would suggest that, rather than the damage to the gut
being caused solely by circulating complexes, some
form of direct effect of the gluten on the intestine
might be operative.

Circulating immune complexes in Crohn’s disease
and ulcerative colitis were mentioned in an abstract. 13
Their incidence, however, was not recorded. We have
found that almost a third of patients with each of these
diseases have complexes in their sera by the C'lq
method, and this is similar to that found by the anti-
complementary method (unpublished).

However, before attributing a direct causative role
to immune complexes in D.H., Crohn’s disease, and
ulcerative colitis, the possibility that these com-
plexes are secondary to the disease process must be
considered. Further studies are needed to define the
characteristics of these complexes and to elucidate their
role, if any, in the pathogenesis of the gut and skin
lesions in these diseases.

We thank Mrs Theresa Rufus and Mr K. Ganeshaguru for
expert technical assistance and Dr D. L. Brown for help with
the C’lq method. L. F. and P. P. S. are in receipt of grants
from the Medical Research Council and the Wellcome Trust.

Requests for reprints should be addressed to L. F., Depart-
ment of Dermatology, St. Mary’s Hospital, London W2 INY.
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34 samples of skin from nineteen
patients with dermatitis herpetiformis
(p.H.) were examined for the presence of IgA, IgG,
and IgM and the Clg and C3 components of com-
plement. IgA was present in all specimens but
IgM was present in only 9 and IgG in 3. C3 was
found in 16 (47%) of the specimens. The highest
frequency was in the subgroup of specimens taken
from early lesions (8 out of 9). However, C3 was
also found in the 3 of 9 specimens of uninvolved
skin from patients not receiving treatment, in 2 of
8 specimens from patients whose rash was controlled
by dapsone, and in three of eight patients whose
rash was controlled by a gluten-free diet. Clq was
present in only 3 (9%) of the 34 samples; in 1 IgG
was present and in 2 IgM. These results suggest
that IgA activates complement by the alternate
pathway in D.H. and that dapsone does not block
this process.

Summary

Introduction

THE skin lesions in dermatitis herpetiformis (D.H.)
are almost certainly due to an immunological dis-
turbance. Immunoglobulin deposits, first found in
the uninvolved skin in D.H. by Cormane,! are found
in all patients with this disorder; IgA is always
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present, and IgG and IgM are found occasionally.?
The C3 component of complement has also been
demonstrated.**

It is generally accepted that IgA does not bind .
complement via the “classical pathway ™ of com-
plement activation, so the relevance of the findings
of IgA and C3 in the skin have been unexplained.
Our findings suggest that IgA activates complement
by the “alternate pathway ” in the skin in D.H., and
that this mechanism of complement activation is in-
volved in the disease process.

Methods
Biopsy

34 samples of skin from nineteen patients with D.H.
were examined for C3 and Clq components of complement
and for IgA, IgM, and IgG. The diagnosis of b.H. was
made on the clinical picture, the response of the rash
to dapsone, its relapse on withdrawal of therapy, and
the presence of IgA in the uninvolved skin.® Biopsies
were done under 2°. lgnocaine local anzsthesia with
a punch or by excision from the uninvolved and involved
skin from patients in various stages of treatment (table),
and immediately embedded and oriented in ‘OCT-Lab
Tek’ (Ames, Indiana) and snap-frozen in precooled
isopentane. Specimens were stored at —70°C until pro-
cessed.

Immunofluorescent Studies R

Specimens were examined by direct (for IgG, IgM,
IgA, and C3 deposits) and indirect (for Clq and IgA-
secretory piece) immunofluorescence. The skin sections
were processed and examined as previously described.?

Antisera and Conjugates

Anti-Clq—~This was prepared by immunising rabbits
with Clq prepared from fresh human serum, and was
subsequently absorbed with pseudoglobulin. Immuno-

C3 DEPOSITS IN 34 BIOPSIES FROM 19 PATIENTS AND RELATIONSHIP
T0 Clq AND IgA, IgG, AND IgM DEPOSITS

Specimens Clq

Total | IgA | 1gG | IgM { C3
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diffusion studies gave a single precipitin line against both
Clq and fresh human serum. The absorbed uncon-
jugated Clq antiserum was used at a dilution of 1/5
throughout the study. A goat-anti-rabbit gamma-
globulin fluoroscein (F.I.T.c.) conjugate (Nordic) was
used as the second layer in a dilution of 1/10 in the
indirect immunofluorescence studies.

Anti-C3.—A goat-anti-human C3 (B81c¢/Bla) F.LT.C.-
conjugated antiserum (Hylands) was used for detection
of C3 deposits in the skin at a dilution of 1/5. The
specificity of this conjugate was assessed by testing its
ability to detect complement fixed by human 1gG gastric/
parietal-cell antibody.

Anti IgG, IgM, and IgA.—F.1.1T.C.-conjugated sheep-
anti-human IgG, IgM, and IgA (Wellcome Reagents) in
dilutions of 1/24, 1/12, and 1/10 were used for detection
of IgG, IgM, and IgA deposits in skin?  The
specificities of the conjugates were previously tested by
gel diffusion and by reacting them with monoclonal
myeloma bone-marrow smears according to the method
of Hijmans et al.,? and each was shown to be heavy-
chain specific. No cross-reactivity of kappa and lambda
light chains was demonstrated.

Anti-IgA-secretory-piece—This was provided by
Dr R. A. Thompson (Regional Immunology Laboratory,
East Birmingham Hospital). An IgA-secretory-piece
antiserum was produced by immunisation in a goat with
IgA-secretory piece obtained from human colostrum.
The antiserum was then absorbed with human serum
IgA to remove any anti-7S IgA. On double immuno-
diffusion no lines of precipitation were obtained when
tested against whole human serum, and one line of pre-
cipitation obtained when tested against human jejunal
juice. For the indirect immunofluorescence studies, a
F.1.T.C.-rabbit-anti-goat gammaglobulin conjugate (Nordic)
was used at a 1/5 dilution.

Results

IgA was detected in all 34 samples in the region

of the dermal papillz. In the uninvolved specimens,

“the parterns of immunofluorescence were either
“ papillary” or “ continuous”, as previously de-

scribed.? In involved lesions, the pattern of staining

was more granular and diffuse (fig. 1). IgA-secretory

piece was not detected in any of 4 samples studied.

IgM was present in 9 and IgG in 3 of the 34 samples

in the same sites.

C3 deposits were present in 16 (47%) of the 34
specimens (table). The patterns of immunofluores-
cence corresponded to that associated with the IgA
deposits (figs. 1 and 2). The highest proportion of C3



Fig. 1—D.H. lesion showing IgA deposits (IgA) in blister (B) and intact epidermis (E).

Staining with F.I.T.C. anti-C3 showed C3 deposits in same situation as IgA.
(Reduced to 2/3 of x160.)

Fig. 2—Uninvolved D.H. skin showing C3 deposits below the basement membrane in
a continuous pattern.

Staining with F.L.T.C. anti-IgA showed IgA deposits in the same situation as C3.
(Reduced to 2/3 of x400.)
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deposits (8/9) was in the specimens from the involved
(erythematous/peribullous) skin. C3 was also present
in the uninvolved skin of 3/9 specimens from
patients not receiving any treatment, in 2/8 where
the rash was controlled by dapsone, and in 3 of the 8
where the rash was controlled by a gluten-free diet
(G.ED.).

Clq was found in only 3 (99%) of the 34 specimens:
in these 3 IgG was also present in 1 and IgM in 2.

Discussion

We found IgA in all 34 skin samples examined
and C3 in half of them. Complement may be
activated by two main processes—either by the
“classical pathway ” which includes the first three
components of complement (Cl, C2, and C4) or by
the “ alternate pathway ” which bypasses these three
components and by which C3 is activated as the
initial event of the complement cascade’ Clq is
a subunit of the first component (Cl) of human
complement, and its presence with C3 in a lesion
indicates complement activation by the classical
pathway. The absence of Clq deposition in almost
all patients suggests that the C3 in the skin in D.H.
has been activated by the alternate pathway, and
that the activating agent is IgA. In the 3 samples
where Clq was detected, the presence of IgA was
associated with that of IgG or IgM, both of which
activate complement by the classical pathway.

C3 deposition was found in the involved skin
lesions in all but one of the nine patients not receiving
treatment. C3 was found in 3 of the 9 specimens of
uninvolved skin from patients not receiving treatment;
2 of the 8 specimens from patients being treated with
dapsone; and in three of the eight patients whose
rash was controlled on a G.ED. These results are
difficult to explain, but a number of possibilities
exist. First, in the patients not receiving treatment,
complement could well have been activated and the
biopsy taken before the lesion had fully developed.
Dapsone may not block the activation of the comple-
ment but instead affect a subsequent process in the
formation of p.u. blisters. This is consistent with
the observation that membrane-bound vacuoles
occur in the uninvolved skin of patients with D.H.
taking dapsone. The vacuoles were considered to
be an early stage in the blister formation,! and pre-~
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sumably occur after complement activation. Finally
in the patients taking a G.F.D., it is possible that the
C3 found was in an inactive form, and that activation
is dose-related to the quantity or nature of IgA
present. Aggregated IgA can activate the alternate
pathway,!? and it requires a higher concentration of
complement than does the classical pathway.’® It
may well be that IgA antibody complexed with
antigen has the same effect, and in pD.H. the forma-
tion of such complexes may be related to gluten
ingestion. In D.H. circulating immune complexes are
present, and the incidence is much higher in patients
taking gluten compared to those on a G.F.D."* However,
the precise nature of these complexes is unknown. In
support of. the hypothesis that complement is not
activated in patients whose rash is controlled by a
G.F.D. is the finding that membrane-bound vacuoles
are not present in the skin.”

Following on the findings of Williams et al.,?
demonstrating a possible role of the alternate pathway
of complement activation in the pathogenesis of
mesangiocapillary glomerulonephritis, our findings
suggest that this mechanism also occurs in p.H. The
significance of IgA deposits in the skin in D.H. has
not been previously explained, and our results now
indicate a possible way that they may be involved
in the disease process. Itis possible that the alternate
pathway of complement activation also occurs in the
small intestine in cceliac disease and plays an essential
part in the pathogenesis of the intestinal lesion. IgA
and C3 have recently been found in the small intestine
of these patients after gluten challenge.’® However,
no studies of Clq or other components concerned in
the classical pathway have as yet been carried out
on the gut in gluten-sensitive enteropathy. In addi-
tion, it has yet to be explained why IgA binds to the
reticulin of the dermal papillz in D.H. but not in
cceliac disease. Whether this is due to differences
in the skin or in the circulating complexes in the two
diseases 7 remains uncertain.

We thank Dr R. A. Thompson for providing the IgA-
secretory-piece antiserum, P, P. S,, L. F., and M. R. M. acknow-
ledge grants from the M.R.C. and Wellcome Trust,

Requests for reprints should be addressed to L. F.,
Department of Dermatology, St Mary’s Hospital, London
W2 INY.
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SALIVARY IgA IN PATIENTS WITH PSORIASIS AND DERMATITIS
HERPETIFORMIS

C. H. Oon, P. G. Goodwin, P. R. N. Kind, P. P, Seah and L. Fry

From the Departments of Dermatology and Chemical Pathology,
St. Mary’s Hospital, London, England

Abstract, By means of a radial immunodiffusion tech-
nique, salivary IgA levels have been cstimated in parotid
gland saliva in 12 patients with dermatitis herpetiformis,
12 patients with psoriasis and in 12 healthy controls.
Significantly clevated values were found in patients with
psoriasis- ({mean 6.854+S.E. 1.20 mg/100 ml) compared
with the normal controls (mean 3.48+S.E. 0.69 mg/
100 mi) (P <0.05). In dermatitis herpetiformis the values
were not elevated (mean 3.84 +S.E. 0.50 mg/100 ml).

Abnormalities of serum immunoglobulin have
been reported in dermatitis herpetiformis (D.H.)
(6, 7). These authors found low serum IgM levels
similar to those described in coeliac disease (C.D.)
(8). By contrast, serum IgA levels have been re-
ported to be elevated in D.H. (6) and similarly in
C.D. by some authors, though others (3) found
depressed levels. Despite the elevated serum IgA
levels in C.D. and D.H., Beale et al. (1) have
recently suggesied that there is an impaired IgA
response in patients with C.D., possibly related
to an abnormality of secretory IgA.

We have, in this study, collected parotid saliva
(a good source of IgA) to determine if any quan-
titative IgA abnormality could be detected in
DH In addition, because of the reports (8, 16)
of elevated serum IgA levels in psoriasis, we have
stuf_l_ied salivary IgA in a group of patients with
psoriasis.

METHOD

Twelve patients with psoriasis (age range 18-71 years)
and 12 ‘with D.H. (age range 25-70) were investigated.
Twelve healthy individuals, mainly medical and nursing
staff with no history of skin disease or oral infection
(agad between 19-50 years) served as controls., Specimens
of saliva (stimulated with lemon juice) were collected
using Curby cups (4) into plastic containcrs and stored
imediately at —20°C until processed.
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Salivary IgA was measured by a modified single radial
immunodiffusion technique (10) on commercially avail-
able immunoplates (Hyland Low Level Plates from Baxter
Laboratories, Thetford, Norfolk), The immunoglobulin
was measured by using low strength antisera to IgA in
agarosz plates. The wells were filled to the brim and
allowed to empty completely beforz being refilled again
in the same way. This procedure was performed three
times altogether in all samples and suitably diluted
standards, thus internally correcting any error resulting
from refilling of the wells, The rings of the precipitate
were then mcasured in all samples and standards and
plotted on semilog graph paper. From the standard graph
it was thus possible to read off the values for the pa-
tiznts’ saliva. Salivary albumen levels were measured using
a similar immunodiffusion technique.

RESULTS

The levels of salivary IgA in stimulated parotid
secretion are shown in Fig. 1.

The mean salivary IgA was 3.48 +S.E. 0.69
mg/100 ml in the control group and 3.84 +-S.E.
0.50 mg/100 ml in the D.H. group. This is not
significantly different. In the patients with
psoriasis the mean value was 6.85+S.E. 1.20 mg/
100 ml. This is a significant increase (P < 0.05)
compared with the control group.

The albumen levels were in the normal range
(<3 mg/100 ml) in all patients except one with
psoriasis in whom it was 12 mg/100 ml. However,
the salivary IgA level in this patient was not
elevated (3.0 mg/100 ml).

DISCUSSION

These results show that in patients with psoriasis
there is a significantly elevated level of IgA in
parotid secretion. In patients with D.H. this level
was found to be similar to controls. Stimulated
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Fig. 1. Salivary IgA levels in dermatitis herpetiformis,
psoriasis, and normal controls.

parotid salivary IgA was studied for various rea-
sons. In secretions of the gastrointestinal tract,
IgA is the major class of immunoglobulin present.
The parotid gland has one of the highest concen-
trations of IgA plasma cells in the body and also
produces higher levels of IgA than any other oral
secretion (2). In addition, stimulated saliva pro-
vided a better frequency distribution (11). Our
mean value of 3.84 mg/100 ml in patients with
gluten-sensitive enteropathy (D.H.) is much lower
than the 3-16 mg/100 ml range found by Douglas
et al. (5) in untreated coeliac disease and < 1-18
mg/100 ml in treated patients. However, as their
controls had similarly raised levels this may re-
flect on their method of collection, as unstimu-
lated specimens are known to have values of IgA
as high as 25 mg/100 ml.

Our results in D.H. show normal salivary IgA
levels and do not agree with those of McClelland
et al. (9) who found elevated levels, Their mean
salivary IgA level for 16 patients with D.H. was
10.9 5.5 mg /100 m] compared with 7.0 +2.3 mg/
100 m! in 16 controls, the difference being signifi-
cant (P <0.05). These authors also found elevated
levels of IgM and IgA in the small intestinal
secretions in D.H. and suggested that this finding,
together with the possibility of raised IgA levels
in saliva, might point to a widespread abnormality
in the secretory immunoglobulin system in D.H.
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patients. Further work is obviously necessary to
further elucidate this point.

At present there is no evidence that psoriasis
is an immunological disorder, whereas there is
now considerable evidence that D.H. is (e.g. IgA
deposits on the reticulin fibres in the skin (12, 15),
and serum anti-reticulin and anti-nuclear anti-
bodies (13)). Although elevated serum IgA levels
have been reported in psoriasis (6, 16), no explana-
tion for this finding has been put forward. The
elevated salivary IgA reported here may be due
to simple diffusion of 7 S IgA globulin (the pre-
dominant form in the serum.) However, Fraser
et al. (6) found that the serum levels of IgA were
raised to similar levels in both D.H. and psoriasis.
It would therefore seem unlikely that the raised
parotid IgA in psoriasis is due to simple diffusion.
At the present time the site of production of the
elevated serum IgA levels in D.H. and psoriasis
is unknown and the modified radial immuno-
diffusion technique does not differentiate between
7 S and secretory 11 S IgA. Thus, we are unable
to ascertain whether the elevated IgA in the
parotid secretion is 7 S and due to simple diffu-
sion, or 11 S as a result of increased production
by the salivary gland. However, to exclude possible
leakage of 7 S IgA into saliva diie to unsuspected
inflammation, we have measured the salivary
albumen which is known to be increased in in-
flammation (14). This was only above normal in
one patient with psoriasis and thus cannot explain
our findings in the group of patients with
psoriasis. It is obvious that techniques to dis-
tinguish between 7 S and 11 S globulin should be
employed to define the type of IgA and thus
demonstrate where the abnormality lies in pso-
riasis, as compared with normal persons.
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Fig 1 Fluorescein fundus photographs, right eye
(residual films). A, November 1970. 8B, March 1971

Walsh & Hoyt (1969) quote, but without details,
the case of William Spencer in which optic
neuritis and carcinoma of the bronchus were
associated. There was no case of optic neuritis in
the London Hospital series of patients with
neurological complications of the reticuloses
(Currie & Henson 1971).

The alternative hypothesis is that the patient
has two unrelated conditions, namely a uveo-
meningitic syndrome and carcinoma of the breast,.
Thus sarcoidosis could cause the CSF pleocytosis,
but the retinitis is unlike that seen in this con-
dition, macular involvement and papillitis being
rare (Geeraets et al. 1962), and there was no other
evidence of sarcoid on chest X-ray or lymph node
biopsy. The Vogt-Koyanagi-Harada syndrome
can produce a picture very similar to that in this
patient but it would be unusual for the skin, hair
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and eighth nerve function all to be completely
normal after two years (Cowper 1951). Similarly,
it is difficult to sustain a diagnosis of Behget’s
disease in the absence of mucocutaneous mani-
festations after such an interval. It would thus
seem unlikely that this patient suffers from any
of these syndromes. That her neurological con-
dition is related to the neoplasm is the most
plausible hypothesis.
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Gluten-sensitive Dermatitis Herpetiformis

P P Seah mB MRCP

(Department of Dermatology,

St Mary’s Hospital, London W 2) .
and J S Stewart MD MRcCP (West Middlesex
Hospital, Isleworth, Middlesex)

Mrs P P, aged 39

History.: She was admitted to the West Middlesex
Hospital in March 1960 aged 26 (Dr N F Coghill)
with 8 years recurrent colicky abdominal pain
and one or two loose, pale, offensive stools per
day. Three episodes of unexplained anemia. Fair
appetite, steady weight, no vomiting. No history
of childhood ceeliac disease but one year pre-
viously had been thought on clinical grounds
elsewhere to have ceeliac disease for which she
had been tried on a brief partial gluten-free diet
without benefit. No drugs, chest or skin trouble
or abdominal operations and never in tropics. No
physical signs except that she appeared anzmic.
Investigations: March 1960: Hb 8.2 g/100 ml;
hypochromasia. Sternal marrow moderately
megaloblastic, no iron stores; still megaloblastic
following trial of vitamin B,, to confirm folate
deficiency (folate assays not then available). Folic
acid absorption 4:18:47 ng/ml after oral dose
following ‘saturation’ (normal peak rise >40
ng/ml), Plasma calcium 9.2 mg/100 mi, alkaline
phosphatase 23 K-A units/100 ml, albumin
4.0 g/100 ml, globulin 2.7 g/100 ml. Xylose ex-
cretion 2.8 g in 5 hours following 25 g oral dose
(normal >5 g). Glucose tolerance test 64:68:88:
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75:80 mg/100 ml at half-hourly intervals (normal
peak rise >40 mg/100 ml). Daily fecal fat 9g
(6 day collection). Barium follow through normal.
Jejunal biopsy: flat mucosa, ceeliac lesion histo-
logically, surface cell height 15 pm (normal
>29 pm). Ceeliac disease was diagnosed and
treated at first with oral iron and folic acid
(patient reluctant to take diet).

October 1960: started gluten-free diet and felt
better (Hb 11.6 g/100 ml), but returned to normal
diet in February 1961; remained fairly well until
Hb fell to 9.2 g/100 ml and serum folate to 3.0
ng/m] in 1963; restarted on oral iron and folic
acid. Remained on this treatment intermittently
throughout 1960s.

1967: seen during a survey by a dermatologist
who found nothing abnormal. 1968: first noticed
clear itchy blisters on elbows, front of knees and
thighs. 1970: iron absorption (whole body counter
14 days retention) 0.8% (normal >8.0%) and
mean daily free iron loss 0.163% over 21 days
(normal 0.018-0.026 %) (Dr D Sutton).

March 1971: sore mouth and tongue. Hb 12.8
¢/100 ml; macrocytosis. ESR 6 mm in 1 h (Win-
trobe), WBC 3000/mm? (neutros. 409, lymphos.
54 %, eosinos. 4%). Serum B,;, 80 pg/ml, folate
3.2 ng/ml, calcium 8.2 mg/100 ml, phosphate
2.8 mg/100 ml, alkaline phosphatase 107 iu/l.
(normal 20-110 iu/l.), serum immunoglobulins
normal (IgG 1140, IgA 130, IgM 138 mg/100 ml).
Repeat jejunal biopsy: flat as before. Started
strict gluten-free diet: morphological improve-
ment (see Chapman et al. 1973).

September 1971: included in immunofluores-
cent study of skin of patients with dermatitis
herpetiformis (DH) (Dr L Fry). IgA deposits
found in dermal papille (Fig 1).

1971-73: good clinical and objective response
of ceeliac disease to strict diet. DH also controlled
by gluten-free diet alone, recurring briefly on two
occasions when she lapsed from the diet. She
never had dapsone.

Discussion

The association of a gluten-sensitive small bowel
enteropathy with DH is now well established
(Marks et al. 1966, Fry et al. 1967, Brow et al.
1971). This patient has both features, but is
unusual in-that symptoms from her enteropathy
long preceded those of her skin disorder. This is
in contrast to the majority of patients with DH
who wusually present to dermatologists first,
though there have been reports of the enteropathy
preceding the skin eruption (Fraser ez al. 1968,
Shuster ef al. 1968). A further unusual feature is
that symptoms from the skin eruption have been
minimal, and she was only picked up as a case of
DH when she was included in an immunofluores-
cent study of the uninvolved skin in patients with
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Fig 1 IgA deposits in dermal papille
of uninvolved skin detected by
direct immunofluorescence. X 180

DH and adult ceeliac disease (Seah et al. 1972);
she was the only one of 22 patients with adult
ceeliac disease to have IgA deposits in the dermal
papille in her uninvolved skin. Subsequent
studies (Fry & Seah 1973) show that this finding
is diagnostic for DH. The patient, in retrospect,
gives a history of a skin rash characteristic of DH.
She has, however, never had to take dapsone or
sulphapyridine to control her rash which is now
completely quiescent on her strict gluten-free diet.
Fry et al. (1973) have recently reported the efficacy
of such a diet in controlling the skin rash of DH,
and suggest that this therapy should be considered
in all patients with this condition.
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Sir Robert Drew said that they were all interested to
learn of the characteristic apperances in immuno-
fluorescent studies of the skin in this disease. One
explanation of these deposits could be that IgA was
absorbed through the gut and deposited in the dermal
papille. Would Dr Seah agree that in the past a number
of cases had been wrongly labelled as dermatitis

" herpetiformis and treated with dapsone?

Dr Seah agreed. A recent study (Fry & Seah 1973)
found that in 13 of 58 patients a clinical diagnosis of
DH could not be substantiated on further testing.
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Pemphigus controlled by sulphapyridine
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SUMMARY

A patient with an 11-year history of a generalized blistering eruption is described. The eruption was
completely controlled within 1 week of taking sulphapyridine and recurred within 4 days of with-
drawal of this drug. On account of these observations a diagnosis of dermatitis herpetiformis was
made. Histological, immunological (and small intestinal) studies now show that this patient had
pemphigus.

Dapsone and sulphapyridine both control the eruption of dermatitis herpetiformis. The response
is so dramatic that a therapeutic trial of either drug is often used in the diagnosis of this condition.
There have been reports of four patients (Floden & Gentele, 1955; Doepfner, 1960; Winklemann &
Roth, 1960) in whom the diagnosis of dermatitis herpetiformis had been queried, as these patients
had a blistering eruption which was controlled by sulphonamides though the histology of the lesions
showed the blisters to be intraepidermal. We report a patient whose blistering eruption was controlled
by sulphapyridine and, as a result, was diagnosed as having dermatitis herpetiformis (even though
histologically the blister was intraepidermal), but now immunological studies have shown the patient
to have pemphigus and no evidence of dermatitis herpetiformis.

CASE REPORT

History

The patient was a female Caucasoid aged 43. 11 years ago, at the age of 32, she developed an irritating
eruption, which she described as ‘spots’, on her shoulders and abdomen. There were no blisters at
this time. Her general practitioner initially diagnosed ringworm infection and, subsequently, pityri-
asis versicolor. Her eruption failed to respond to a number of ointments and she developed blisters a
few weeks later on the trunk and shoulders; she was then referred to St Bartholomew’s Hospital,
Rochester. A clinical diagnosis of dermatitis herpetiformis was made and a biopsy carried out. The
biopsy was reported by the Histopathology Department at St John’s Hospital for Diseases of the
Skin as follows: ‘There are two intra-epidermal bullae filled with eosinophils and one bulla shows
acantholysis, which does not imply that the case is pemphigus vulgaris’. The patient was initially
treated as for dermatitis herpetiformis with dapsone, 200 mg/day, and the eruption cleared within 2
weeks, However, 3 months later, whilst she was still taking this dose of dapsone, the rash returned.
When the dose of dapsone was increased to 300 mg/day she felt unwell and became ‘blue’. This was
shown to be due to methaemoglobinaemia. The dapsone was stopped and she was given a 6 week
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course of systemic steroids with little improvement. Following this she was given sulphapyridine
1'5 g/day and this controlled the eruption. She has now been taking this drug for 10 years, although
the dose needed for control of the eruption is now 3-0 g/day.

In 1972 she was referred to the dermatitis herpetiformis clinic at St Mary’s Hospital for reassess-
ment and possible treatment by a gluten-free diet. Physical examination showed no abnormality apart
from numerous small scars. Sulphapyridine therapy was stopped, and 3 days later the patient deve-
loped a vesicular eruption on the limbs and trunk. The rash subsided within a week of recommencing
the sulphapyridine, and on stopping this drug a second time she again developed blisters within 4
days.

o

FIGURE I. High power view of positive epidermal intercellular fluorescence. Section of skin taken
adjacent to bullous lesion stained with FITC-sheep—anti-human IgG for direct immunofluore-
scence { x 800).

Investigations

Haematological. Hb 131 g/100 ml, WBC 7100/mm?, serum folate 8 ng/ml, red cell folate 506 ng/ml,
serum vitamin B,, 564 pg/ml, serum iron 195 pg/100 ml, bone marrow biopsy normal apart from no
stainable iron.

Gastro-intestinal. Faecal fat excretion 07 g/day, small intestinal biopsy: macroscopic, fingers and
leaves ; microscopic, normal villi with columnar epithelium; epithelial lymphocyte count, 253/thou-
sand epithelial cells.
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Skin biopsy. This showed an intradermal blister containing acantholytic cells and eosinophils.
The level of the blister is predominantly subcorneal.

Immunological (divect immunofluorescent studies). These studies were carried out as described by
Seah ez al. (1972).

Class specific fluorescein isothiocyanate (FITC) conjugated sheep-anti-human IgG, IgM and
IgA (Wellcome Reagents) and FITC-goat-anti-human p1./81, (complement C;) (Hylands) were
used. Controls were provided by incubating the patient’s skin sections with FITC conjugated sheep—
anti-rabbit anti-serum (Wellcome Reagents) and by incubating sections of skin from a normal
person with the same conjugates. Specimens were examined on a Reichert ‘Diapan’ microscope with
a quartz iodine light source, a Balzer FITC 3 primary interference filter and a Wratten 12 secondary
filter.

Strong staining of the intercellular spaces in the epidermis was seen with anti-IgG (Fig. 1). No
IgM, IgA or f1./B1, deposits were detected in the dermis or epidermis. There was no evidence of
basement membrane staining. No immunofluorescent staining was seen with the controls,

Indirect immunofluorescent studies. A polyvalent FITC sheep-anti-human immunoglobulin con-
jugate (Wellcome Reagents) was used for these tests.

Intercellular antibody (Beutner & Jordon, 1964) was detected at a titre of I : 10. There was a
positive anti-nuclear factor at a titre of 1 : 80. No basement membrane (Beutner ez al., 1965), reticulin,
smooth muscle, mitochondrial or gastric parietal cell antibodies (Seah ez al., 1971) were detected.

DISCUSSION

This report shows that the patient has pemphigus and not dermatitis herpetiformis, and the disorder
is controlled by sulphonamides. The report made 1o years ago by the histopathologist, that the
findings do not imply pemphigus, cannot be accepted. The presence of eosinophils in the involved
epidermis in patients with pemphigus has been stressed by Emmerson & Wilson-Jones (1968) and
cannot, as an isolated finding, be considered to favour a diagnosis of dermatitis herpetiformis.

Certainly in the past, and in the majority of dermatology departments even now, the response of a
blistering eruption to sulphonamides and/or dapsone has been taken to imply a diagnosis of dermatitis
herpetiformis. However, this assumption must now be seriously questioned, as although the rash
of dermatitis herpetiformis does respond to dapsone and sulphonamides, there are reports of other
dermatoses, particularly vasculitis and erythema elevatum diutinum (Johnston, 1964 ; Kalkoff, 1968
Vollum, 1968) responding to these drugs. There have been reports of four patients similar to ours
with an eruption of histologically intra-epidermal blisters, controlled by sulphonamides (Floden &
Gentele, 1955; Doepfner, 1960; Winklemann & Roth, 1960). All these three reports queried whether
these four patients had dermatitis herpetiformis or pemphigus.

Over the last few years definite immunological criteria for diagnosing pemphigus and dermatitis
herpetiformis have evolved. The previous reports of this rare group of patients with intra-epidermal
blisters showing acantholysis on microscopy, yet responding to sulphonamides have not included
immunological findings (although Dobmeier, Mitchell Sams & Beutner (1971) have reported a
patient with circulating antibodies characteristic of pemphigus whose eruption responded to sulphon-
amides, but no intra-epidermal blisters were ever found on microscopy). Our patient showed both in
vivo intercellular antibodies in the epidermis (as described by Beutner ez al., 1965) and circulating
antibodies to intercellular cement substance of epidermal cells (as described by Beutner & Jordon,
1964), which may be considered necessary criteria for the diagnosis of pemphigus. Moreover, there
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were no IgA deposits in the dermal papillae of the uninvolved skin, such as are present in patients
with dermatitis herpetiformis (Van der Meer, 1969; Chorzelski ez al., 1971; Seah ez al., 1972).
Further evidence that this patient does not have dermatitis herpetiformis comes from the investiga-
tion of her gastrointestinal tract and folate status. 959, of patients with dermatitis herpetiformis
show abnormality of the small intestinal epithelium, which is due to gluten sensitivity (Fry et al.,
1972). The most sensitive test for gluten sensitivity is the degree of lymphocytic infiltration of the
small intestinal epithelium (Fry ez al., 1972). In our patient the macroscopic appearance of her small
intestine was normal and her lymphocyte count was 253. This is a high normal figure well below
the range of 451+ 70 found in patients with dermatitis herpetiformis. In addition, 90%, of patients
with dermatitis herpetiformis have a low serum folate (Fry et al., 1972), and our patient had a normal
serum level,

Thus, this is a further report of the control by sulphonamides of the skin eruption of a patient
with pemphigus, and the first report of such a patient in whom the diagnosis of pemphigus has been
established by immunological studies. The mechanism of action of the sulphonamides in this disorder
remains unknown, but we presume it is a block of an immunological reaction. Unfortunately, at the
present time, there are no further investigations which can distinguish this rare group of patients
with pemphigus, whose rash is controlled by sulphonamides, from the majority who require other
more potent and dangerous drugs.
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SUMMARY

Forty-two patients in whom a clinical diagnosis of dermatitis herpetiformis (DH) had been made,
were studied. All patients had a small intestinal biopsy, a biopsy of uninvolved skin for detection
of the presence of IgA deposits by immunofiuorescence, serum and red cell folate estimations and
examination of the serum for anti-reticulin antibody. The response of the skin eruption to dapsone
was noted. Thirty patients had biopsies of skin lesions for routine histological examination.

IgA deposits were found in the uninvolved skin of thirty-five of the éorty—two :pa.t,igxts. Evidence
of an enteropathy was found in thirty-four of those thirty-five patients. Of the seven patients who did
not have IgA in the uninvolved skin, only one showed evidence of enteropathy, which was slight, and
this patient was shown subsequently to have pemphigus and not DH. Of the thirty biopsies of skin
lesions, only five showed all the features usually considered to be characteristic of DH. Anti-reticulin
antibody was found in eight patients, and in all of these IgA was present in the uninvolved skin. Low
red cell folate levels were found in eleven patients (all of whom had an enteropathy and IgA in the
uninvolved skin). Low serum folate levels were found in thirty-four patients, thirty-one of whom had
IgA deposits in the uninvolved skin and an enteropathy; in the other three patients who did not have
IgA deposits or an enteropathy, all were on dapsone and this may have accounted for the abnormal
result,

In forty-one of the forty-two patients the rash was dapsone responsive. The patient who showed no
response to dapsone had no IgA in the uninvolved skin and no evidence of enteropathy. Follow-up
showed that of the seven patients with no IgA in the skin, one had pemphigus, and in three the rash
eventually cleared spontaneously and the patients no longer required treatment. Therc was no evi-
dence of spontaneous remissions in the patients with IgA in the uninvolved skin.

It would appear that the presence of IgA deposits in the uninvolved skin is part of the syndrome of
DH and that the diagnosis should nct be madc unless these deposits are found.

Dermatitis herpetiformis (DH) nzs on clinical grounds been known as one of the so-called bullous
disorders. The criteria for making the diagnosis of DH and distinguishing it from the other bullous
disorders have been arbitrary and empirical. In his review of the diagnosis of DH, Smith (1966)
stated that therc is no “universal agreement as to the criteria for making the diagnosis of DH’. Until
1967 it mattered little as to thz exactness in diagnosis as the treatment was empirical, and nothing was
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known of the cause of the disorder. In fact, the commonest way of establishing the diagnosis was,
and still is in the majority of dermatological departments, empirically to assess the response of the
rash to dapsone or sulphonamides. This is unsatisfactory, as it is now known that some other skin
disorders also clear with dapsone.

However, following preliminary reports of an enteropathy in DH (Marks, Shuster & Watson, 1966;
Fraser, Murray & Alexander, 1967; Fry ez al., 1967), it has been shown that this enteropathy is due to
gluten sensitivity (Fry ez al., 1967, 1969; Shuster, Watson & Marks, 1968), that all patients with DH
have this enteropathy (Fry ezal.,1972), and that the skinrash is also gluten dependent (Fry ez al., 1968,
1969, 1973). Thus, there is now a specific treatment for patients with DH, namely a gluten-free diet
(GFD). Although this is a harmless treatment compared to many others given by the medical profes-
sion today, it does impose a very real social handicap on the patients, and it is without question very
difficult for a large proportion of the patients to adhere strictly to a GFD. If a GFD is to be successful
in the clearing of skin lesions in DH, it must be strict (Fry ez al., 1973) and, at the present time,
must be adopted for life. Thus, before embarking on this treatment it is most important to establish
the correct diagnosis. In our opinion the usual criteria of clinical and histological features, and response
to dapsone, are not precise enough in establishing the correct diagnosis in all patients.

A number of immunological abnormalities in patients with DH have recently been described.
These include the presence of circulating anti-reticulin (ARA) and anti-nuclear antibodies (Seah ez al.,
1971a), IgA deposits in the skin (Van der Meer, 1969; Chorzelski ez al., 1971; Seah et al., 1972),
and circulating immune complexes (Mowbray ez al., 1973). A high incidence of folate deficiency (Fry
et al., 1967; Brow ez al., 1971) and splenic atrophy (Pettit ez al., 1972) have also been described. Thus,
with a clearer understanding of the cause of DH and a number of the associated pathological abnor-
malities, we have attempted to assess the most useful criteria for establishing the diagnosis.

PATIENTS AND METHODS

Fatients

Forty-two patients (aged 22-75 years), comprising twenty males and twenty-two females, were studied.
They were referred with a clinical diagnosis of ‘dermatitis herpetiformis’ from nine consultant
dermatologists over a period of 6 years.

Methods
The patients were assessed by the following seven criteria.

(a) Clinical features. The clinical features that were present at the first consultation with the refer-
ring consultant were noted. The features usually considered to be characteristic of DH are intensely
irritating grouped blisters on the knees, elbows, buttocks, scapulae and other areas which may be
subjected to pressure. The blisters frequently arise on an urticarial base. Because of the intense irrita-
tion only grouped excoriated papules are sometimes seen at the above sites. The rash may therefore
be considered to be polymorphic, as originally described by Duhring.

(b) Response of rash to dapsone and sulphapyridine. The response of the skin rash to dapsone or
sulphapyridine was assessed. Initially patients were given 100 mg of dapsone per day; if there was no
improvement the dose was increased to 200 or even 300 mg/day. Patients were seen at weekly inter-
vals. Dapsone was the drug of first choice and sulphapyridine was used only when patients could not
tolerate dapsone. The dose of sulphapyridine varied from 1 to 3 g/day. In patients whose rash cleared,
therapy was withdrawn to see if relapse of the rash occurred.
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(¢) Histology of skin lesions. Skin biopsies had been carried out on thirty of the forty-two patients.
Vesicles or early erythematous lesions were taken under local anaesthesia and processed for routine
histology. An appraisal as to why so few patients had had biopsics indicated that, whilst absence
of suitable lesions for biopsy was a factor, this was minimal, and that in the main most of the
dermatologists elected to accept the clinical features and response to dapsone and/or sulphapyridine
as sufficient evidence for the diagnosis of DH, and not to perform a biopsy.

The histological features were assessed according to the criteria of Pierard & Whimster (1961)
and graded according to the histological features considered to be characteristic of DH. These in-
cluded the presence of sub-epidermal bullae, papillary micro-abscesses and infiltration with neutro-
phils and eosinophils. For the purpose of this study, biopsies were assessed according to the presence
of these features. A biopsy showing all three features was scored + + -+, with two + 4, with one +,
and o for none.

(d) Anti-reticulin antibody. An autcantibody directed against reticulin has been found in patients
with DH (Seah ez al., 1971a) and in patients with coeliac disease (Seah et al., 19713, 1971b; Alp &
Wright, 1971 ; Von Essen, Savilahti & Pelkonen, 1972). The presence of this antibody was looked for
by indirect immunoflucrescence according to the method of Seah ez al. (1971a). A sheep-anti-human
immunoglobulin fluorescein (FITC) conjugated anti-serum (Wellcome Reagents, lot K.4761, F/P
ratio: OD,g5.280-0'85, molar 3-7) was used at a working dilution of 1:32.

(e) IgA in skin. This was detected by direct immunofiuorescence as described by Seah et al. (1972).
Clinically uninvolved skin was taken from the buttocks using a 3 or 4 mm punch biopsy under 27,
lignocaine local anaesthesia, and embedded in OCT (Lab. Tek, Indiana) in pre-cooled isopentane.
6 pm sections of skin were cut in a cryostat, transferred onto glass slides and air-dried. The slides were
prewashed in phosphate buffered saline (PBS) pH 7-2 and then stained with the anti-IgA fluorescein
conjugate for 30 min. After a final wash for 1 h in PBS pH 7-2, they were mounted with buffered
glycerol, pH 8-0, and examined on a Riechert ‘Diapan’ microscope with a quartz—iodine light source,
a Balzer FITC-3 primary interference filter and a Kodak Wratten 12 secondary filter. Biopsies were
taken irrespective of whether the patient was on therapy (dapsone, sulphapyridine or a gluten-free
diet) or not, and in those patients with skin lesions, care was taken to obtain the biopsies from clinic-
ally uninvolved areas well away from the lesions. A commercial sheep-anti-human IgA fluorescein
(FITC) conjugate (Wellcome Reagents, lot K.5777, F/P ratio: OD,gs.,50-0'71, molar 3-3) was
used at a dilution of 1:12. Prior testing of the conjugate against «-chain monoclonal bone marrow was
positive, and negative results were obtained with y andy heavy chain and % and A light chain monoclonal
bone marrow.

Controls were performed using uninvolved skin from normal volunteers, and by staining some of
the DH biopsies with sheep-anti-rabbit immunoglobulin fluorescein (FITC) labelled antisera (Well-
come Reagents, Lot K.5863). Blocking experiments were performed using an unconjugated sheep-
anti-human IgA antiserum (Wellcome Reagents).

(f) Small intestinal biopsy. This was performed using a Crosby capsule under radiographic control.
Biopsics were taken at the level of the ligament of Trietz. Specimens were examined on a dissecting
microscope and then fixed in formol saline and embedded in wax. 7 um sections were cut and stained
with haematoxylin and eosin.

Macroscopic appearance. Under the dissecting microscope, the appearance of the biopsies was
classified into four main categories: flat, convoluted, leaves only, and fingers and leaves. Flat and con-
voluted specimens were considered to be abnormal.



140 Lionel Fry and P.P.Seah

Microscopic appearance and lymphocyte count. At the microscopic level, sections of the jejunal biop-
sies were examined for evidence of infiltration with lymphocytes. The number of intra-epithelial
lymphocytes was quantified in each specimen, as described by Fry er al. (1972), as an index of this
lymphocytic infiltration, and expressed as intra-epithelial lymphocytes per 1ooo epithelial cells. A
count above 200 is suggestive of an abnormality. A count above 300 is definitely abnormal.

(g) Folate starus. Serum folate levels were estimated using Lactobacillus casei as the test organism
{Waters & Mollin, 1961). The normal range is 6-0-21-0 ng/ml. Levels less than 3-0 ng/ml were re-
garded as abnormal, and those between 3-0 and 5-9 ng/ml as borderline. Red blood cell folate levels
were estimated according to the modification of the serum folate assay described by Hoff brand,
Newcombe & Mollin (1966). The normal range is 160-640 ng/ml packed red blood cells.

RESULTS

(a) Clinical fearures
Only fifteen (36%;) of the forty-two patients had on their first consultation at a dermatological clinic
the typical features of dermatitis herpetiformis which enabled the diagnosis to be made with certainty

on this occasion.

FIGURE I. Uninvolved DH skin—direct immunofluorescence showing ‘papillary’ IgA deposits in
the dermal papillae ( x 400). (By permission of the editor of the Proceedings of the Roval Society of
Medicine.)

(b) Response of rash to dapsone or sulphapyridine

The skin lesions improved with dapsone in forty-one of the forty-two patients and the eruption
recurred when the drug was withdrawn. Three patients whose rash responded favourably to dapsone
were unable to tolerate this drug, and in two of these the eruption was controlled by sulphapyridine.
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(¢) Histology of skin lesions
Of the thirty biopsies, five (17%) had all three histological features (+ + +) characteristic of DH,
seven (23%) had two (+ +), 16 (53%;) had one (+), and two (6%;) no features (o).

(d) Anti-reticulin antibody
This antibody was detected in eight (199) of the forty-two patients. Seven of these patients wereon a
normal diet and one on a gluten-free diet.

FIGURE 2. Uninvolved DH skin—direct immunofluorescence showing ‘continuous’ pattern of IgA
staining { X 160).

(e) IgA in skin

IgA deposits were detected in thirty (83%) of the forty-two patients, in the dermis of the uninvolved
skin. These deposits were most commonly seen (in thirty-one of the thirty-five) as fibrillar fibres in
the tips of the dermal papillae (Fig. 1), and less frequently (in four of the thirty-five patients) as a
continuous line (Fig. 2) at the dermo-epidermal junction. No positive immunofluorescence was seen
with skin from normals, or with the control fluorescein conjugated anti-serum when tested against the
DH skin biopsies. The specificity of the positive IgA staining was substantiated by the ability of
unconjugated anti-sera to abolish the positive staining with FITC-conjugated anti-human IgA.

(f) Small intestinal biopsy

Macroscopic appearance. In the forty-two patients the macroscopic appearance of the small intestine
was abnormal in seventeen. It was flat in nine and convoluted in eight. In the remaining twenty-five
biopsies, the appearances were leaves only in six, and fingers and leaves in nineteen.
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Intestinal epithelial lymphocyte count. The lymphocyte count was below 200 in eight of the forty-two
biopsies. Of the nine flat biopsies, all had counts above 200. Of the eight convoluted biopsies, one had
a count below 200, being 130. This particular patient had a lymphoma of the small intestine. Of the
six biopsies which showed leaves only, one had a count below 200. Of the biopsies showing fingers and
leaves, six of the nineteen biopsies had counts below 200.

(g) Folate status
Serum folate. Thirty-four of the forty-two patients had low serum folate levels. In twenty the level
was below 3 ng/ml.

Red blood cell folate. Eleven of the forty-two patients had low red blood cell folate levels.

CORRELATION AND ANALYSIS OF RESULTS

The results show that the incidence of a typical clinical presentation of DH in this seties was very low.
A study of the notes shows that the diagnosis of DH was considered in the majority of patients only
after a number of attendances at the skin clinic. Likewise, a routine biopsy showed all the features
characteristic of DH in less than 20% of patients.

The criterion which eventually suggested the diagnosis in forty-one of the forty-two patients was
the response of the eruption to dapsone. In the one patient who failed to improve with dapsone, the
clinical features were considered compatible with and suggestive of DH. This was a woman of 40
with a 6-year history of grouped, irritating papules on the legs and trunk.

The two objective investigations showing the highest incidence of abnormality were the presence
of IgA in the uninvolved skin (thirty-five of the forty-two patients) and evidence of gluten-sensitive
enteropathy (thirty-five of the forty-two patients). There was good correlation between these two
findings. Of the thirty-five patients with IgA in the skin, thirty-four had evidence of a gluten-sensi-
tive enteropathy demonstrated by an abnormal macroscopic appearance of the mucosa and/or
abnormal lymphocytic infiltration of the small intestinal epithelium. The one patient who did not
have an abnormal small intestinal mucosa macroscopically or increased lymphocytic infiltration (a
count of 89) but had IgA in the uninvolved skin, was a man of 5§ with a 10-year history of a wide-
spread irritating vesiculo-papular eruption which responded to dapsone. In view of our finding of one
other patient with a normal lymphocyte count in the small intestinal epithelium (130) but a convoluted
pattern on biopsy and who had a lymphoma of the small intestine, it is possible that our patient with a
count of 89 has a basic abnormality of his lymphocytes, and may also be a candidate for a lymphoma.

Of the seven patients who did not have IgA in the skin, only one had an abnormality of the small
intestine, which was slight, manifested by alymphocyte count of 253. This patient was a woman of 43
with an 11-year history of a blistering eruption controlled by sulphapyridine. On further investigation
she was found to have pemphigus substantiated by histological (intra-epidermal blister with
acantholysis) and immunological studies (circulating and #n vivo antibodies bound to the intercellular
cement substance of the epidermis).

Thus all but one of our patients with IgA in the skin had definite evidence of an enteropathy, and
only one of our patients who did not have IgA in the skin (and who was subsequently shown to have
pemphigus) showed an abnormality of the small intestine which was slight. Thus there is nearly 100%
correlation between IgA in the skin and evidence of an enteropathy, and these appear to be the best
diagnostic criteria for DH at the present time.

In six of the seven patients with no IgA in the uninvolved skin, the rash responded favourably to
dapsone in a manner similar to those with IgA in the uninvolved skin. Of those six patients, one has
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been shown to have pemphigus, but no diagnosis has been made in the other five. However, in three
of these five patients, the rash has cleared after intervals of 6 months, 2 years and 5 years respectively.
These patients no longer require dapsone. In the past these patients would undoubtedly have been
labelled spontaneous remissions of DH, but in our opinion these patients have never had DH. None
of our patients with IgA in the skin has ever shown evidence of spontaneous remission, and the dura-
tion of their skin disorder varies from 2 to 50 years.

Of the thirty-five patients with IgA in the skin, twenty-nine had low serum folate levels and eleven
low red cell folate levels. Of the seven patients who did not have IgA in the skin, none had low red
cell folate levels, but three had low serum levels. All these three patients were on dapsone at the time
of study and this may have been responsible for this finding. A low red cell folate in association with an
enteropathy and IgA in the skin is supportive evidence of DH, but in general its incidence is too low
to be recommended as a useful screening test.

DISCUSSION

The results show that at the present time the most reliable criterion for the diagnosis of DH is the
presence of IgA in the uninvolved skin. The finding is compatible with the concept that DH is a speci-
ficimmunological disorder, although the exact significance of these IgA deposits is at present unknown.

In this particular series, IgA was found in thirty-five of our forty-two patients. Of these thirty-five
patients, further substantiation of the diagnosis of DH was provided by the finding of a small intestinal
abnormality in thirty-four. It is now well established that patients with DH have a gluten-sensitive
enteropathy (Fry ez al. 1972). In the one patient showing no evidence of enteropathy, the possibility
exists of a further abnormality of the immune system; that associated with a tendency to develop
malignancy. Of the seven patients who did not have IgA in the skin, only one showed a slight abnor-
mality of the small intestine and this patient was subsequently shown conclusively to have pemphigus
and not DH. There appears, therefore, to be a good corrclation between IgA in the skin and the
presence of a gluten-sensitive enteropathy.

In the previous reports of IgA in the uninvolved skin in DH, Van der Meer (1969) found it in only
ten of twelve patients studied, but Chorzelski ez al. (1971) reported its presence in all nineteen patients
with ‘typical’ DH, and in none of their eight patients with ‘atypical’ DH. However, these latter
authors did not specify their criteria for judging a DH patient as being ‘typical’ or ‘atypical’. In the
twelve patients with DH reported by Van der Meer (1969), only five were considered to have typical
DH by the author and in all five IgA was found in the skin. The remaining seven patients were classi-
fied as ‘atypical’ DH. IgA deposits were found in five of these seven patients. It is possible that the
two patients in whom IgA was not found did not have DH. Unfortunately, no other collaborative
evidence, such as small intestinal findings and folate status, were discussed to clarify this point.

The presence of ARA has been reported in the sera of patients with gluten-sensitive enteropathy—
both in DH and in childhood and adult coeliac disease (Seah ez al. 19713, 1971b). In the present study
ARA was found in the sera of eight of the forty-two patients. All these eight patients had IgA in the
skin, The presence of ARA is further evidence for the diagnosis of DH, but as the incidence of the
antibody in the serum is relatively low, its absence does not exclude the diagnosis. The low incidence
of ARA in this series may be due to the fact that many of the patients were on a gluten-free diet; it
is known that the antibody disappears from the secrum following treatment with a GFD and that the
incidence is always higher in patients with DH or coeliac disease when they are on a normal diet (Seah
et al. 1973a).

It is evident from this study that not many patients with DH present with a characteristic clinical
pattern. In this series, only fifteen of the forty-five patients had a diagnostic clinical presentation. All
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these fifteen did in fact have IgA in their uninvolved skin and evidence of enteropathy. However,
of the other twenty-seven patients with a less typical clinical presentation in whom the diagnosis of
DH was eventually considered on clinical grounds, there was no difference in the seven without IgA
and the twenty with IgA in the uninvolved skin.

In this study, histological examination of involved skin did not appear to be particularly helpful in
establishing the diagnosis. The features usually considered to be characteristic of DH, i.e. subepi-
dermal blisters, infiltration with eosinophils and papillary micro-abscesses, were present in only five
of the thirty patients who had biopsies. All these five patients did in fact have IgA in the uninvolved
skin and an enteropathy. Of the other twenty-five biopsies, twenty-three showed only one or two of the
above histological features. All seven patients without IgA in the skin had skin biopsies taken, and the
incidence of features suggesting DH was the same as in the eighteen patients with IgA deposits in
their skin. In addition, it must be pointed out that the features which are characteristic of DH,
namely subepidermal blisters, eosinophils and papillary micro-abscesses, are not diagnostic of DH.
Following the observations of Pierard & Whimster (1961) it had been thought that papillary micro-
abscesses were diagnostic, but they have since been found in other conditions, including pemphigoid
(Connor, Marks & Wilson Jones, 1972).

Following the reports of Cornbleet (1951), Calnan (1954) and Alexander (1955) advocating the
efficacy of sulphones, particularly dapsone, in the treatment of DH, therapeutic trials of these drugs
have come to be used as a means of establishing the diagnosis of DH. In fact, this is probably the most
widely used and accepted criterion for making the diagnosis at the present time. In this series, whilst
all thirty-five patients with IgA deposits in their uninvolved skin had their rash controlled with dapsone,
so did six of the seven patients without IgA. There are now several reports of skin diseases other
than DH responding to dapsone. These include amongst others, vasculitis (Wells, 1969; Thompson
et al., 1973), erythema elevatum diutinum (Johnson, 1964 ; Vollum, 1968 ; Cream, Levene & Calnan,
1971), pemphigus (Floden & Gentele, 1955; Winkelman & Roth, 1960; Seah et al., 1973b), papular
urticaria (Hewitt, Walton & Waterhouse, 1971), and subcorneal pustular dermatosis (Sneddon &
Wilkinson, 1956). The mechanism of action of dapsone in DH is unknown, and although it certainly
does control the rash, the finding that it suppresses or improves other dermatoses indicates that
therapeutic trials in DH are not specific in establishing the diagnosis. It is interesting to note that one
patient whose rash was controlled by dapsone or sulphapyridine for 11 years was eventually shown
to have pemphigus (Seah ez al., 1973b). In addition, three of the remaining six patients without IgA
in the uninvolved skin, whose rashes were initially dapsone responsive, now no longer require dapsone
and are free of their eruptions. In contrast, none of the thirty-five patients with IgA in their skin have
ever shown such spontaneous remissions.

A final appraisal of the diagnostic criteria evaluated here indicates that of the forty-two patients
studied, seven are considered by us not to have DH. None of these seven patients had IgA in their
uninvolved skin. This is in contrast to the remaining thirty-five, all of whom had IgA deposits.
Of these thirty-five patients, thirty-four had evidence of a small bowel enteropathy. It would appear
that at the present time, the presence of IgA in the uninvolved skin is the simplest and most reliable
way of establishing the diagnosis of DH. We believe that for a GFD to be effective in DH, it must be
strict, and at the present time, life-long. Therefore, before such a diet is prescribed, the diagnosis
of DH should be established by the finding of IgA in the uninvolved skin and an invariably increased
lymphocytic infiltration in the small intestinal epithelium indicating a gluten-sensitive enteropathy.
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SUMMARY Sera from 101 patients with adult coeliac disease, 46 patients with childhood coeliac
disease, 50 patients with dermatitis herpetiformis, and 479 patients with various other diseases,
including skin, gastrointestinal, haematological, and immunological disorders, have been tested
for the presence of the antireticulin antibody. Positive sera were retested at higher dilutions.
Antireticulin antibody was only found in a significant proportion of patients with three diseases,
ie, coeliac disease, dermatitis herpetiformis, and Crohn’s disease. Antireticulin antibody was present
in 38 out of 101 patients (38 %) with adult coeliac disease, 27 out of 46 patients (59 ;) with childhood
coeliac disease, 11 out of 50 patients (22 9() with dermatitis herpetiformis, and nine out of 38 patients
(24%) with Crohn’s disease. In the 434 other patients with various disorders the antireticulin
antibody was present in only six (1-4%) (two patients were pregnant, one had vitiligo, one had
tropical sprue, one had reticulum cell sarcoma, and one had pernicious anaemia). In patients with
gluten-sensitive enteropathy, ie, coeliac disease and dermatitis herpetiformis, there was a significantly
higher incidence in patients taking a normal diet compared with those on a gluten-free diet. The
presence of antireticulin antibody would appear to be particularly helpful in diagnosing childhood
coeliac disease as it was found in 22 out of 26 patients (859%,) taking a normal diet.

An antibody to reticulin was first described in Patients and Methods

patients with dermatitis herpetiformis and adult

coeliac disease by Seah, Fry, Hoffbrand, and PATIENTS
Holborow (1971a) and subsequently in childhood Sera from the following groups of patients were
coeliac disease (Seah, Fry, Rossiter, Hoffbrand, and  studied.

Holborow, 1971b). The presence of antireticulin
antibody in coeliac disease has been confirmed by
Alp and Wright (1971) and by Von Essen, Savilahti,
and Pelkonen (1972). Alp and Wright (1971) also
detected the antibody in a proportion of patients with
Crohn’s disease and occasionally in patients with

Adult coeliac disease
One hundred and one patients, of whom 50 were
taking a gluten-free diet and 51 a normal diet.

Childhood coeliac disease

other diseases.

The significance of this antibody is, therefore,
uncertain. It is possible, however, that its presence
could be a useful test for gluten-sensitive enteropathy
as occurs in patients with dermatitis herpetiformis
and coeliac disease, and to investigate this possibility
we have compared the incidence of the antibody in
these conditions and in other gastrointestinal,
haematological, skin, and immunological disorders.

Received for publication 1 February 1973,

Forty-six patients, of whom 20 were taking a gluten-
free diet and 26 were receiving gluten.

Dermatitis herpetiformis
Fifty patients, of whom 20 were taking a gluten-free
diet and 30 a normal diet.

In addition, patients with the following gastro-
intestinal disorders were studied: other malab-
sorption states 35; Crohn’s disease 38; ulcerative
colitis 11; tropical sprue 52; children with a variable
degree of jejunal villous atrophy, thought not to be
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gluten induced (eg, after gastroenteritis malab-
sorption) 13; alpha-chain disease 4.

Patients with the following skin disorders were also
studied: pemphigus 14; pemphigoid 15; vitiligo 15;
psoriasis 20; cutaneous vasculitis 8; other skin
disorders (including erythema nodosum, erythema
multiforme, eczema, photosensitivity, drugeruptions,
urticaria, necrobiosis lipoidica, and lichen sclerosis)
36.

The following haematological disorders were
studied: adult pernicious anaemia 40; nutritional
megaloblastic anaemia 10; autoimmune haemolytic
anaemia 25; myelosclerosis 5; chronic lymphocytic
leukaemia 9.

Patients with the following conditions in which
immune disturbances may occur were also studied:
sarcoidosis 12; pregnancy 17; systemic lupus
erythematosus 7; alopecia areata 4; myaesthenia
gravis 4; thyrotoxicosis 1; scleroderma 6; rheuma-
toid arthritis 15; fibrosing alveolitis 1; lipodystrophy
1.

Finally, a miscellaneous group of seven patients
was studied suffering from rickets 2; reticulum cell
sarcoma | ; tuberculosis 1; peptic ulcer 1; leg ulcer
1; Parkinson’s disease 1.

METHODS

Sera from all patients were stored at —20°C until
tested. The presence of antireticulin antibody was
detected by indirect immunofluorescence as described
previously (Seah er al, 1971a). Sera werc tested
without prior knowledge of the patients’ diagnoses
and were performed in batches with known positive
and negative antireticulin antibody sera acting as
controls. All sera were screened at aninitial dilution
of 1:10 and positive sera were subsequently retested
at dilutions of 1:20, 1:40, and 1:80. Some sera still
gave strong immunofluorescent staining at a 1:80
dilution and could obviously have been titrated
further but it was decided to take 1:80 as the upper
limit for the purpose of this study. The endpoint of
the titration was taken when weak but definite

Seah, Fry, Holborow, Rossiter, Doe, Magalhaes, and Hoffbrand

immunofluorescent staining was seen. Wellcome
reagents fluorescein (FITC)-labelled sheep-anti-
human immunoglobulin in a dilution of 1:32 was
used throughout the study. Prior testing of the
conjugate by gel diffusion and chessboard titrations
against known immunoglobulin class antinuclear
antibodies confirmed its potency and ability to react
with the three main human immunoglobulin classes
(IgG, IgM, and IgA). Specimens were mounted in
buffered glycerol (pH 8) and examined on a Reichert
Diapan microscope with a quartz-iodine light
source, a Balzer FITC-3 interference primary filter,
and a Wratten 12 secondary filter.

Results

ADULT COELIAC DISEASE

Antireticulin antibody was found to be present in the
sera of 38 (389%) of the 101 patients. It was found in
30 (59%) of 51 patients taking a normal diet but in
only eight (16%) of 50 taking a gluten-free diet
(table ). Of the patients taking a gluten-free diet, the
antibody was found at dilutions of 1:10 in five,
1:20intwo, and 1:40 in one. Of the 30 patients on a
normal diet the antibody was present in dilutions of
1:10in 21, 1:20in 2, 1:40 in five, and 1:80 in two
(see fig).

CHILDHOOD COELIAC DISEASE

Antireticulin antibody was present in 27 (59 %) of the
46 patients. It was present in 22 (85 %) of 26 patients
taking a normal diet and in five (25 %) of 20 taking a
gluten-free diet (table I). Of the patients taking a
normal diet the antibody was present in a titre of
1:10infour, 1:20in three, 1:40 in four, and 1:80 in
11. Of the five patients taking a gluten-free diet the
antibody was present ata titre of 1:101in two, 1:20in
one, and 1:80 in two (see fig).

DERMATITIS HERPETIFORMIS
Antireticulin antibody was found in 11 (22%) of the
50 patients. It was only found in two (10%) of the

Group Total Studied Dietary Status Antireticulin Antibody Positive Total Antireticulin
Antibody Paositive
On Gluten-free  On Normal On Gluten-free On Normal
Diet Diet Diet Diet
Childhood coeliac disease 46 20 26 5 22 27
@97 85%) (59%)
Adult coeliac disease 101 50 51 8 30 38
(1670 (6029) (38%)
Dermatitis herpetiformis 50 20 30 2 9 11
10%) (30%) (2279

Table I Incidence of antireticulin antibody and relationship to a gluten-free diet in childhood and adult coeliac

disease and dermatitis herpetiformis
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20 patients taking a gluten-free diet but in nine
(30%) of the 30 taking a normal diet (table I). In
the two patients taking a gluten-free diet the antibody
was found at a titre of 1:40. In the nine patients on a
normal diet the antibody was present at a titre of
1:101in two, 1:20 in two, 1:40 in two, and 1:80 in
three (see fig).

CROHN’S DISEASE

This was the only other disease in which the anti-
reticulin antibody was found in a significant pro-
portion of patients since it was present in nine (24 %)
of the 38 patients. The antibody was only found at
the lower titres, however, ie, 1:10 in seven and 1:20
in two. It was not present at 1:40 or 1:80 in any of
these patients.

OTHER DISORDERS

Of the 434 other sera tested, the antireticulin
antibody was present in six (1-4 %). It was found in
two patients who were pregnant, in one patient with
tropical sprue, in one patient with pernicious
anaemia, in one patient with a reticulum cell
sarcoma, and in one patient with vitiligo (table IT).
It was only present at a titre above 1:10 in the patient
with reticulum cell sarcoma (titre 1:20) and in the
patient with vitiligo (1:80).

Gastro- No. Anti- Haemato-  No. Anti- Skin No. Anti-  Immune No. Anti- Miscellaneous No.  Anti-
intestinal reticulin logical reticulin Disorder reticulin Disturbance reticulin Disorders reticulin
isorder Antibody Disorder Antibody Antibody Antibody Antibody
Positive Positive Positive Positive Positive
Crohn’s 38 9 Adult 40 1 Pemphigus 14 0 Sarcoidosis 12 0 Rickets 2 0
disease pernicious
anaemia
Tropical 52 1 Nutritional 10 0 Pemphigoid 15 0 Pregnancy 17 2 Reticulum 1 1
sprue megoblastic cell
anaemia sarcoma
Ulcerative 11 0 Auto- 10 0 Vitiligo 15 13 Systemic 7 0 Tuberculosis 1 0
colitis immune lupus
haemolytic erythema-
anaemia tosus
Other 35 0 Congenital 25 0 Psoriasis 20 0 Alopecia 4 0 Peptic ulcer 1 0
malabsorp- haemolytic areata
tion anaemia
states
Failure to 13 0 Chronic 9 0 Cutaneous 8 0 Rheumatoid 15 0 Parkinson’s 1 0
thrive with lymphocytic vasculitis arthritis disease
gastro- leukaemia
intestinal
symptoms
Alpha- 4 0 Myelo- 5 0 Miscel- 36 0 Scleroderma 6 0 Leg ulcer 1 0
chain sclerosis laneous
disease group Myasthenia 4 0
gravis
Miscel- 3 0
laneous
Table II Incidence of antireticulin antibody in other diseases
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Discussion

These results show that the antireticulin antibody
occurs predominantly in three diseases: adult and
childhood coeliac disease, dermatitis herpetiformis,
and other skin, gastrointestinal and haematological
disorders, which may have similar clinical presenta-
tions did not have the antibody present in their sera.
The incidence of the antireticulin antibody in this
study gives similar results to those previously re-
ported, ie,approximatelya third of patients with adult
coeliac disease (Seah et al, 1971a; Alp and Wright,
1971), two-thirds of patients with childhood coeliac
disease (Seah et al, 1971b; Alp and Wright, 1971; Von
Essen, et al 1972), a fifth of patients with dermatitis
herpetiformis (Seah et al, 1971a), and a quarter of
patients with Crohn’s disease (Alp and Wright, 1971).
In addition to the higher incidence of the antibody in
childhood coeliac disease compared to adult coeliac
disease and dermatitis herpetiformis there was amuch
higher incidence of the antibody at a higher titre in the
childhood form of the disease. Children with coeliac
disease more commonly respond to gluten with-
drawal than adults and the particularly high incidence
of the antibody in childhood coeliac disease may be
related to this high incidence of gluten sensitivity.
This is consistent with the finding of a definite
relationship in coeliac disease and dermatitis
herpetiformis between the presence of antireticulin
antibody and whether or not the patients were taking
gluten in the diet since all three groups—childhood
coeliac disease, adult coeliac disease, and dermatitis
herpetiformis—showed a significantly lower in-
cidence of the antibody in the sera if the patients were
taking a gluten-free diet.

At the present time, the exact significance of
antireticulin antibody is uncertain and if it is due to
cross reactivity between gluten and reticulin it is
difficult to explain why the antibody is not present in
the sera of all untreated patients who have dermatitis
herpetiformis or coeliac disease, ie, all patients with
gluten-sensitive enteropathy. It is possible, however,
that all the antibody is bound to tissues in some
patients and this could account for its absence from
serum. Moreover, many of the patients classified
as taking a normal diet had, in fact, received a gluten-
free diet at some time previously -and may still be
taking relatively small amounts of gluten. On the
other hand, the antibody in the sera of some patients
receiving a gluten-free diet may arise because they
are not strictly adhering to the diet.

We found no relation between the degree of
histological abnormality of the small intestine in
coeliac disease and dermatitis herpetiformis and the
presence of antireticulin antibody. Von Essen et af
(1972) did not detect antireticulin antibody in the
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sera of children with cow’s milk intolerance, 10 of
whom had been exposed to gluten, although the
histological features of the small intestinal mucosa
were similar to those seen in childhood coeliac
disease. Moreover, these workers also found the
antibody in four of 23 patients with IgA deficiency
who showed normal jejunal mucosa. Further, as
shown here, the antibody is absent from the sera of
patients with the diffuse small intestinal mucosal
damage of tropical sprue. Taken altogether, these
findings, therefore, do not support the suggestion of
Alp and Wright (1971) that the antireticulin antibody
may be a non-specific result of dietary protein passing
through a damaged small intestinal mucosa.

The finding of antireticulin antibody in approxi-
mately 259 of patients with Crohn’s disease is
difficult to explain if the antibody is closely related
to gluten sensitivity. None of the positive sera in the
patients with Crohn’s disease studied here, however,
showed antibody titres as high as those found in
some cases of untreated childhood coeliac disease,
adult coeliac disease, and dermatitis herpetiformis.
Whether the antibody present is identical in all
these conditions and why it arises in both gluten-
sensitive enteropathy and Crohn’s disease remains
obscure.

The finding of antireticulin antibody in six out of
434 patients with various disorders (two were
pregnant, one had vitiligo, one pernicious anaemia,
one tropical sprue, and one reticulum cell sarcoma)
has to be explained. Subclinical coeliac disease is not
rare and it is possible that these six patients have a
gluten-sensitive enteropathy which has not been
diagnosed but it was not possible to obtain jejunal
biopsy material from any of them. Only one of the
patients had the antibody present at a titre of 1:80
and this was the patient with vitiligo. This patient
was under weight and there was a family history of
vitiligo suggesting autoimmune disease. Another
possibility, and this, as mentioned above, may apply
to patients with Crohn’s disease, is that there is, in
fact, a difference in the antireticulin antibody
between patients who have gluten sensitivity and
those who do not. Further work is in progress to
investigate this theory.

Our findings do not support those of Alp and
Wright who found the antireticulin antibody in
ulcerative colitis and psoriasis. These authors also
found the antibody in patients with uveitis, aphthous
ulceration, and the irritable colon syndrome, and in
as many as three (4 %) of 68 normal adults, whereas
we have not detected the antibody in 60 normal adult
subjects. The difference in these findings may arise
because Alp and Wright tested their sera at a dilution
of 1:5 whereas the highest concentration we have used
is 1:10.



Auntireticulin antibody: Incidence and diagnostic significance

At the present time it would appear that the
presence of the antireticulin antibody and its titre, as
demonstrated by indirect immunofluorescence, is a
useful test in establishing the diagnosis of coeliac
disease, dermatitis herpetiformis, and Crohn’s
disease. It would seem to be of particular help in the
diagnosis of coeliac disease in children as there is a
particularly high incidence of the antibody in this
disease and because Crohn’s disease is rare in
children.

We are grateful to various colleagues for contribu-
ting sera, to Dr N. Maldonado (Chief of Haema-
tology, University Hospital, San Juan, Puerto Rico)
for providing sera from patients with tropical sprue
and to Mr S. Kumar for expert technical assistance.
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SUMMARY -

Clinically normal skin from patients being treated for dermatitis herpetiformis was examined with the
electron microscope.

Cytoplasmic processes from the basal epidermal cells penetrated the dermis through discontinuities
in the basal lamina which otherwise was normal in structure and thickness. The fibrous network of
the dermis consisting of collagen, small reticular ﬁbnls, anchoring fibrils and elastin, appeared
normal,

In patients receiving only dapsone, membrane-bound ‘vacuoles’ were found just below the basal
lamina. They contained a fibrillar material of low electron density and were often associated with
cell processes or complete cells, the classification of which was difficult. It is suggested that these
vacuoles may be implicated in the reaction between reticulin and immunological complexes.

In two specimens, early blister formation was also seen in the dermal papillae. The basal lamina
remained applied to the stratum basale and was only absent where basal cell processes projected into
the blister space which centained fibrin deposits. Vesiculated structures observed in the region of the
blisters are interpreted as abnormal sensory nerve endings.

This evidence supports the view that disruption of the basal lamina and bhster formation in
dermatitis herpetiformis are secondary to an earlier reaction.

Light microscope observations have established that in dermatitis herpetiformis, the skin lesions are
situated at or below the dermal-epidermal junction of the dermal papillae (Pierard & Whimster, 1961).
In the formation of the typical blister characterizing these lesions, the epidermis is separated from the
dermis and examination with the electron microscope has revealed that in the region of the separation
the basal lamina is disrupted or absent (Bellone & Caputo, 1966 ; Pierard & Kint, 1968 ; Fry & Johnson,
1969; Jakubowicz, Dabrowski & Maciejewski, 1970; Rodrigo, 1972); from this evidence it has been
suggested that the basal lamina is primarily involved with the disease process (Fry & Johnson, 19693
Jakubowicz et al., 1970). Recent investigations on clinically normal skin in dermatitis herpetiformis
using immunological techniques have shown that antireticulin antibodies are present beneath, but
probably not involving, the basal lamina of the dermal papillae (Seah er al., 1972). Therefore, it was
felt necessary to examine the dermal-epidermal junction of uninvolved skin in dermatitis herpetifor-
mis at the ultrastructural level. This paper describes changes which have been observed in the dermis
of clinically normal skin from patients with dermatitis herpetiformis.
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MATERIALS AND METHODS

Specimens were taken from a series of twelve patients with dermatitis herpetiformis in whom the rash

was being treated with dapsone and/or a gluten-free diet. Five patients were on dapsone alone, three
were solely on a gluten-free diet and four were on both dapsone and a gluten-free diet. All skin
areas chosen were clinically normal. Eleven biopsies were taken from the gluteal region and one from
the forearm; they were performed under 29, lignocaine anaesthesia. The tissue was fixed in 49,

buffered glutaraldehyde and immediately post-fixed in 19/ buffered osmium tetroxide. After dehydra--

tion with a graded series of ethyl alcohols, the specimens were embedded in Taab resin. Thick sec-

tions, stained with toluidine blue, were examined to aid orientation of the tissue; subsequently thin.

sections were cut, stained with uranyl acetate and/or lead citrate (Reynolds, 1963) and examined on
a Siemens Elmiskop I electron microscope.

RESULTS

In general, the structure of the basal cells of the epidermis was normal, but in some specimens
cytoplasmic processes from the dermal surface of basal cells were seen passing through discontinuities
in the basal lamina to penetrate the dermis for short distances (Fig. 1). These processes were usually
smaller than those described in the region of a blister (Fry & Johnson, 1969), but they were similar

FIGURE I. The dermal-epidermal junction showing vacuoles (v) in the dermis close to a basal cell
process (p) which projects through a discontinuity in the basal lamina (thick arrows). Note the
normal hemidesmosomes (h) and reticular fibrils (r) ( % 20,800).
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FIGURE 2. A membrane-bound vacuole (v) filled with a fibrillar material and associated with a cell
process (p). Ep, epidermis ( x 20,000).

;s N EYT)
1Ty
x:,l.!“!( - X

3 ;; e
: I:i s
% kg -

FIGURE 3. A vacuole (v) partly surrounded by a process from a-dermal cell (M) which contains
numerous vesicles (arrows) ( x 7500).
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FIGURE 4. Early blister formation with separation of the epidermis
produce a blister space (B). Note the vesiculated structures (s),

basal cell process (thick arrow) ( x 4000).

one of which is associated with a

Fibrin deposits (f) close to the epidermal basal lamina (b) which is intact (% 20,000).
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in that they did not contain cell organelles or tonofilaments. There was a normal arrangement of
hemidesmosomes along the cell membrane bordering the dermis where the basal lamina was present
(Fig. 1). The cytoplasm of the basal cells contained normal amounts of tonofilaments and the mito-
chondria and other cell organelles were normal in structure and distribution. Small deposits of
glycogen were sometimes present.

The basal lamina appeared normal both in thickness and structure and, apart from occasional gaps
where the basal cell processes penetrated the dermis (Fig. 1), it formed a continuous layer between the
epidermis and dermis. Anchoring fibrils were present along its dermal surface.

The fibrous network of the dermis consisted of numerous collagen bundles interspersed by clumps
of elastin; both these components were normal in appearance and distribution. Among the collagen
fibres and subjacent to the basal lamina, groups of smaller ‘reticular’ fibrils were seen running for

" variable distances through the dermis (Fig. 1). Occasionally these fibrils formed clumps either close
to the basal lamina or lying deeper in the dermis,

In all of the specimens taken from patients who were solely on dapsone therapy and in one from a
patient on dapsone and a gluten-free diet, vacuole-like spaces were seen in the dermis just below the
epidermal basal lamina and associated anchoring fibrils (Figs. 1-3). They were usually situated in the
dermal papillae and in many cases they were found in the vicinity of the basal cell processes projecting
into the dermis (Fig. 1). The ‘vacuoles’ were surrounded by a membrane which, in places, became
indistinct and they contained a fibrillar material of low electron density. Sometimes a cell process (Fig.
2) or a complete cell surrounded part of the vacuole (Fig. 3); in all cases the membrane bounding the
vacuole remained separate from that of the cell. In many respects these cells did not appear to be
particularly well differentiated and consequently they were difficult to classify. Most of them had
branching cell processes while in some cells the cytoplasm contained vesicles in which there was a
material of low electron density (Fig. 3).

Specimens from two patients solely on dapsone had in addition to the vacuoles, evidence of early
blister formation in some of the dermal papillae. In the region of such an early blister, most of the
dermis was separated from the epidermis (Fig. 4), leaving the basal lamina and groups of fibrils still
applied to the dermal surface of the stratum basale. The basal lamina was absent where processes from
the basal epidermal cells projected into the blister space; these processes were longer than those which
were observed in relation to the vacuoles. No actual thickening of the basal lamina was seen, but
subjacent to it and within the blister space deposits of material resembling fibrin were present (Fig. 5).
In the dermis beneath the blister space, there were several vesiculated structures (Figs. 4 and 6) and
these were surrounded by cell processes, around the outer parts of which a basal lamina could be
distinguished (Fig. 6). Some of the vesicles contained membranes which resembled the cristae of

mitochondria (Fig. 6). Vesiculated structures were seen in contact with dermal processes of the basal

cells (Fig. 4), but it was not possible to demonstrate the membranes clearly enough to observe the
exact nature of the junction. Among the dermal elements beneath the blister, Schwann cell processes
with unmyelinated nerve axons were also present.

Other components of the dermis were relatively normal. Macrophages and leukocytes were occasion-
ally found, but rarely eosinophils. The capillaries showed no evidence of abnormality either in size or
structure. :

DISCUSSION |

Previous ultrastructural studies on dermatitis herpetiformis have concentrated on the blister stage of
the lesion when it is difficult to distinguish between the primary effects of the disease process and the
non-specific secondary reaction. Rodrigo (1972) included in his material specimens of uninvolved

B
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FIGURE 6. A higher magnification of two vesiculated structures which consist of a cell process (p)
surrounded by a basal lamina (b) and enclosing numerous vesicles some of which have membranes
resembling the cristae of mitochondria (arrow) ( x 15,000).

skin from patients with blisters, but states that abnormalities in its structure were slight and incon-
stant. In the early blister, most investigators report that the basal lamina is disrupted or absent
(Bellone & Caputo, 1966; Pierard & Kint, 1968; Fry & Johnson, 1969; Jakubowicz et al., 1970;
Rodrigo, 1972) and a fibrin-like material is deposited in the blister space (Jakubowicz et al., 1970,
1971; Rodrigo, 1972). Although all the specimens in the present study were taken from clinically
normal skin, two showed evidence of blister formation at the microscopic level. In these cases, the
basal lamina appeared normal apart from breaks through which basal cell processes penetrated the
dermis and the hemidesmosomes present did not exhibit the rarefaction which has been described in
early lesions (Rodrigo, 1972). While the deposition of fibrin may be a characteristic of dermatitis
herpetiformis (Jakubowicz er al., 1971 ; Mustakallio, Blomqvist & Laiho, 1970), it is felt that this is
probably secondary to an earlier reaction. Recent work on the experimental production of blisters
has shown that a coagulum of fibrin and remains of basal lamina form a surface over which the
regrowth of epidermal cells can occur (Krawczyk, 1971).

The vesiculated structures observed beneath the early blisters resemble in some respects the profiles
described as sensory nerve endings (Burnstock & Iwayama, 1971) where the axon is packed with
small, oval mitochondria. If the vesicles represent mitochondria, they are swollen and their cristae
are disrupted. The presence of such apparently abnormal nerve endings in relation to the early lesion
is interesting in view of the pruritus which is associated with the clinical pre-blister stage of the disease.

The fibrous network of the dermis contained in addition to collagen fibres, numerous smaller fibrils
which correspond to the ‘reticular’ fibrils described in normal skin (Berger & Hundeiker, 1967).
Whether these fibrils correspond to the tissue which is described as reticulin at the light microscope
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level has yet to be demonstrated, but they may be the structures onto which the ‘zntireticulin’ anti-
bodies described by Seah ez al. (1972) are attached. There are certainly a number of such fibrils close
to the basal lamina in the region where the antibodies are demonstrated.

The most obvious abnormal finding in clinically normal skin from patients solely on dapsone therapy
was the presence of membrane-bound vacuoles in the dermis. The nature of the fibrillar material they
contain cannot be resolved on the present evidence, but it could represent a collection of fluid induced
by 4 local concentration of protein such as antibodies. Other possibilities include collections of ground
substance or even cytoplasmic processes from epidermal cells similar to those seen in healing skin
(Odland & Ross, 1968). However, the latter suggestion is unlikely as the vacuoles do not resemble the
basal cell processes observed in the present investigation. Confluence of several vacuoles could well
be the initial stage in the formation of the microscopic blisters previously discussed. Except for one
specimen, the vacuoles were not seen in patients who were on a gluten-free diet with or without
. dapsone which raises the possibility that the presence of gluten in the diet of patients solely on dapsone

therapy may still allow the pathological process to continue at a sub-clinical level. A more detailed
study of the present findings in relation to treatment is in progress.

Owing to the difficulty in cell classification, the exact relationship of the dermal cells and the
cell processes to the vacuoles could not be determined. The most probable explanation, however, is
that the cells are some type of macrophage which are attempting to phagocytose the content of the
vacuole. Likewise, the association between the dermal processes of the basal cells and the vacuoles is
difficult to explain. Defects in the basal lamina, with dermal processes from basal cells, are rarely
encountered in skin from normal adults (Riches, personal observations), but they have been observed
in other skin diseases (Sugdr, 1968; Cox, 1969). Cox (1969) suggests that basal lamina defects are in
some way associated with cellular proliferation in the epidermis. Although this may explain the find-
ings in psoriasis and other proliferative disorders, it is difficult to apply such an hypothesis to derma-
titis herpetiformis where the cell turnover is probably normal. An alternative reason for dermal pro-

- cesses from basal cells in dermatitis herpetiformis could be that the basal cells are in some way
secondarily implicated in the pathological process.

The findings of the present study are compatible with the results of Seah et al. (1972) who suggest
that the primary site of the pathology in dermatitis herpetiformis is the reticulin fibres of the dermis
which cross-react with immunological complexes. The changes in the basal lamina could be secondary
to this reaction, and possibly due to local mechanical disruption; while the development of the blister
with deposition of fibrin is consistent with an immune-complex disease.
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Splenic Atrophy in Dermatitis Herpetiformis
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Summary

Twenty-four patients with dermatitis herpetiformis were
investigated for splenic atrophy by splenic scan and
clearance of *!Cr-labelled heat-damaged red blood cells.
Eight of them had definite splenic atrophy. The average
splenic cross-sectional area of the remaining 16 with
normal clearance times was substantially smaller than
normal, suggesting some degree of splenic atrophy. No
relationship of splenic hypofunction to intestinal biopsy
findings, folate status, reticulin antibody, or treatment
with a gluten-free diet or dapsone was evident.

Introduction

Considerable interest has been shown in the recent finding that
patients with dermatitis herpetiformis show an enteropathy
similar to that of coeliac disease (Marks et al., 1966; Fraser
et al., 1967; Fry et al., 1967; Brow et al., 1971). Because they
found that both the skin and gut lesions improved when patients
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with dermatitis herpetiformis received a gluten-free diet, and
relapsed on reintroduction of gluten, Fry ez al. (1969) suggested
a direct relation between the skin and small intestine in this
disorder.

Seah er al. (1971a, 1971b) demonstrated the presence of
reticulin antibodies in the sera of a proportion of patients with
both dermatitis herpetiformis and coeliac disease. Since the
spleen is the largest organized collection of lymphoreticular
tissue in the body and the occurrence of splenic atrophy in
coeliac disease is well established (Martin and Bell, 1965;
McCarthy et al., 1966; Ferguson et al., 1970; Marsh and
Stewnrt, 1970), we have investigated splenic size and function
in a group of patients with dermatitis herpetiformis to further
clarify the relation between dermatitis herpetiformis and coeliac
disease.

Patients and Methods

Twenty-four consecutive patients attending a dermatitis
herpetiformis clinic were studied (see Table). There were 14
men aged 28-75 (average 52) and 10 women aged 26-65 (average
38). At the time of these studies seven patients had their rash
controlled by a gluten-free diet alone, nine were receiving a
gluten-free diet, and dapsone, and eight were receiving dapsone
only.

Assessment of Splenic Function.—Autologous red cells were
labelled with 150 1Ci of *Cr and damaged by heating for 20
minutes at 49-5°C. Splenic function was assessed by measuring
the rate of clearance of the 5!Cr-labelled cells. After the intra-
venous injection of these cells, blood samples were taken at 3, 10,
20, 30, and 60 minutes, haemolysed, and radioactivity counted
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in a well-scintillation counter. The results were plotted on
semi-logarithmic graph paper, taking the activity of the three-
minute sample as 100%,. The half-time of clearance of the *'Cr
label from the circulation (read from the graph) was used as an
index of splenic function. In control patients suffering from
localized head and neck malignancy or bladder carcinoma,
Marsh er al. (1966) found this time to be within the range of
10-16 minutes. Subsequent studies in our laboratory on 20 other
patients who have had no evidence of splenic disease have
shown half-clearance times within this range. One hour after the
injection of the labelled, damaged cells the patient’s splenic
area was scanned with a dual-detector scanner (Picker). The
cross-sectioned area of the spleen outlined on this antero-
posterior scan was calculated with a planimeter.

Haematological Investigations.—Routine blood counts were
measured on the day of the splenic study (Dacie and Lewis,
1968). Two peripheral blood films from each patient were
stained by a May-Griinwald-Giemsa technique and examined;
the presence of Howell-Jolly bodies with or without target cells
and of crenated and contracted red cells was considered pre-
sumptive cvidence of splenic atrophy. Serum folate levels were
determined by microbiological assay with Lactobacillus casei as
test organism (Waters and Mollin, 1961). The normal range is
6-21 ng/ml. Red cell folate was mzasured as described by Hoff-
brand er al. (1966). The normal range is 160-640 ng/ml packed
cells.

Smali-intestinal Biopsy.—Biopsy specimens were taken from
the upper jejunum at the ligament of Treitz by using a special
capsule (Crosby and Kugler, 1957) under radiological control.
The specimen was fixed in 10°,, formol-saline before processing
for histological examination and it was examined and photo-
graphed with a Zeiss standard Universal dissection microscope
using a 3-in (7-5-cm) objective. Sections of the specimen were
then cut and stained: (1) with haematoxylin and eosin and
(2) according to the methylgreen-pyronin technique for the
specific identification of plasma cells.

Reuculin Antibody.—This was detected as described by Seah
et al. (1971a).

Results

Clearance of Heat-damaged Red Cells and Splenic Cross-sectional
Area.—Eight of the 24 patients had prolonged half-clearance
times (sece Table). Three patients (Cases 1, 2, and 3) who had the
most prolonged half-clearance times, of greater than one hour,
had no evidence of functioning splenic tissue on the scintillation
scan. In the remaining five patients with abnormal clearance

Splenic Studies in Dermatitis Herpetiformis

times, three (Cases 4, 5, and 6) had particularly small splenic
cross-sectional areas of 18, 13, and 14 cm? respectively. Of the 16
patients with normal clearance times (Cases 9-24), one (Case 14)
had a splenic cross-sectional area which could be considered to
be definitely smaller than normal (16 cm?). However, the mean
area among these 16 patients was only 42-0 cm?, compared with
the Larson er al. (1970) mean normal level of 52:8 cm?, and as
many as 14 of the 16 patients had splenic cross-sectional areas of
less than 52-8 cm?, as did Cases 7 and 8 who had slow clearance
times.

Blood Film Evidence of Splenic Atrophy.—~Howell-Jolly
bodies were obvious in the films of 7 of the 24 patients. The
amount of targetting, contraction, and crenation of red cells in
these patients was variable, and minor degrees of these latter red
cell changes were observed in a proportion of the patients in
whom no Howell-Jolly bodies were observed. All the patients
with Howell-Jolly bodies had longer than normal half-clearance
times, but one (Case 7), who had a slow half-clearance time
(19 minutes), showed no blood film evidence of splenic atrophy
(see Chart).
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Comparing the half-clearance time af *!'Cr heat-
damaged red cells with the peripheral blood film in the
24 patients with dermautis herpetiformis. Closed
circles = no Howell-Jolly bodies; open circles =
Howell-Jolly bodies present.
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ClHalf- ‘ r I%lood GutB .
earance ilm ut Biopsy .
Case | Sex and o | %ﬁ:? Evidence Therapy IS:°1“° Ll‘{‘;;!é“ Reticulin
No. Age Damaged | (em® . of cr?mllm'l hd Antbody

Cells Splenic Macroscopic Epithelium Cellular ng/ml)

(Min) ‘ Atrophy 2 op1 P U Infiltratet
1 F.37 900 Nil + Flat Cuboidal + G.F.D. + dapsone 3-0/76 +
2 M. 60 85-0 Nil + Convoluted Columnar +cuboidal + G.F.D. 4-8/225 —
3 F. 35 750 Nil + Flat Columnar + cuboidal + + G.F.D. +dapsone 2-0/186 —
4 M. 71 420 18 + Flat Cuboidal + G.F.D. Receiving folic acid +
5 M. 54 270 13 + Convoluted Columnar + G.F.D. 2-0/108 —
6 M. 74 240 14 + Convoluted Columnar + 4+ Dapsone 2-4/197 —
7 F. 25 190 30 — Fingers + leaves Columnar + + Dapsone 7-6/351 —
8 F. 48 17-5 40 + Flat Cuboidal + Dapsone Receiving folic acid —_
9 F. 29 155 39 —_ Flat Cuboidal + Dapsone 2-8/266 _
10 F. 65 14-5 45 —_— Flat Cuboidal + + F. 3-9/128 —_—
11 F. 52 14-0 35 — Fingers+leaves Columnar + Dapsone 5-2/185 —_
12 M. 68 13-0 36 — Leaves Cuboidal + + G.FE.D. +dapsone 4-1/125 +
13 M. 64 13-0 42 —_ Flat Cuboidal + G.F.D. +dapsone 2-8/445 —_
14 F. 38 12:0 16 — Convoluted Columnar + Dapsone 3-0/111 —_
15 F. 32 120 46 _— Convoluted Columnar + Dapsone 6:0/363 —
16 M. 49 12:0 36 — Leaves Columnar + Dapsone 7-5/260 —_
17 M. 26 12:0 58 — Leaves Cuboidal + G.F.D. 3-6/258 +
18 M. 55 11-0 50 —_ Fingers + Leaves Columnar + G.F.D. +dapsone 4-4/297 —
19 M. 33 11-0 51 — Flat Cuboidal + + G.F.D. +dapsone 1-0/116 _—
20 M. 34 10-0 58 — Fingers +leaves lumnar + G.F.D. +dapsone 4-6/267 —_
21 M. 37 100 35 _ Flat+convoluted Cuboidal ++ G.F.D. +dapsone 5-6/246 —
22 F. 30 100 40 —_ Flat Cuboidal + + G.F.D. 4-1/187 —_
23 M, 36 10-0 43 _ Fingers +leaves Columnar + G.F.D. 5-2/198 —
24 M. 56 95 42 — Leaves +convoluted Columnar + G.F.D. +dapsone 5-8/189 —

*Appearances refer to biopsy before gluten-free diet.
t+ = Moderate infiltration. + + = Heavy infiltration.
G.F.D. = Gluten-free diet.



Small-intestinal Biopsy Appearances; Reticulin Antibody;
Patients’ Diet and Folate Status.—The macroscopic appearances
of the intestinal biopsy ranged from flat to normal. Histologically
all the biopsies showed varying degrees of cellular infiltration.
The three patients in whom no spleen could be demonstrated on
the scan all showed macroscopic abnormality. However, there
was no overall correlation between splenic size and morpho-
logical appearances of the small-intestinal mucosa., Likewise,
there was no relation of splenic size to whether or not the patient
was on a gluten-free diet, to folate status, or to the presence or
absence of the reticulin antibody in the serum.

Discussion

These results show that a third of patients with dermatitis
herpetiformis had unequivocal evidence of splenic atrophy, as
assessed by clearance of damaged red cells, splenic scan, and
blood film appearance. Moreover, the splenic scan studies
suggest that most of the remaining patients had some degree of
splenic atrophy.

The presence of splenic atrophy in patients with primary
malabsorption syndromes has been known for some time.
McCarthy et al. (1966) found evidence of lymphoreticular
atrophy in 4 out of 25 patients with ‘“‘idiopathic steatorrhoea.”
Three of these patients had extremely small spleens, while the
spleen of the fourth patient was normal in size.

Radioisotope-labelled heat-damaged red cells have been
widely used to measure the functional size of the spleen, and
there seems to be a relation between clearance rates of the
labelled cells and the reticuloendothelial function of the spleen
(Marsh ez al., 1966; Pettit et al., 1971). Marsh and Stewart
(1970) found greater than normal clearances of heat-damaged
s1Cr-labelled red cells in 14 out of 19 patients with adult
coeliac disease and five of these patients showed no localization
of radioisotope in the splenic area and had blood film appearances
of splenic atrophy.

Fry et al. (1967) found Howell-Jolly bodies and target cells in
the blood films of 2 out of 12 patients with dermatitis herpeti-
formis examined. The finding here of slower than normal
clearances in 8 of the 24 patients clearly shows that splenic
hypofunction is common in patients with dermatitis herpeti-
formis. Although at first sight it would seem that splenic
hypofunction is somewhat less frequent in dermatitis herpeti-
formis than in coeliac disease, a closer inspection of the results
shows that even the dermatitis herpetiformis patients with normal
clearance times tended to have smaller functional splenic cross-
sectional areas than normals. The normal splenic cross-sctional
area as determined by rectilinear scintillation scanning is not
well established. Holzback et al. (1962) reported a range between
35 and 85 cm? in a series of 23 control patients. Larson et al.
(1970) studied 26 healthy adults and found a mean cross-
sectional area of 52-8 cm? in the posterior rectilinear spleen
scans, In the 16 dermatitis herpetiformis patients reported here
who had normal clearance times the mean cross-sectional area
was only 42-0 cm?; 14 of the 16 patients had areas less than the
mean normal value quoted above and a patchy distribution of
isotope was evident in some cases. This, though not conclusive,
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strongly suggests that most of the patients, even with normal
clearance, have some degree of splenic atrophy.

No overall correlation was found in this study between the
size of the spleen and the severity of the small-intestinal mucosal
abnormality. In addition, there was no correlation between
splenic size and the control of the eruption by a gluten-free diet.
These findings are similar to the previous experience of splenic
atrophy in coeliac disease in which no relation was found
between the presence or absence of splenic atrophy and the
clinical and laboratory findings in those patients (Marsh and
Stewart, 1970).

Our results are yet further evidence that patients with
dermatitis herpetiformis have coeliac disease, for not only is the
small-intestinal lesion similar in both disorders but a similar
abnormality of the spleen is present. The explanation of the
splenic atrophy in dermatitis herpetiformis and coeliac disease is
obscure at the present time but it may well be a further mani-
festation of an abnormality of the lymphoreticular system
suggested by the finding of reticulin antibody in these disorders.

We thank Dr. L. Szur and Dr. S. M. Lewis for helpful
advice, Mr. J. O. Morgan for the microbiological assay results,
and Misses Linda Larsen and Susan Moss for expert technical
help. P.P.S. and L.F. are in receipt of grants from the M.R.C.
and Wellcome Trust.

Requests for reprints should be seat to Dr. ]J. E. Pettit.
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Lymphocytic Infiltration of Epithelium in Diagnosis
of Gluten-sensitive Enteropathy -
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Summary

The macroscopic appearance of the mucosa of the small
intestine and the lymphocytic infiltration of the epi-
thelium were studied in 27 patients with dermatitis
herpetiformis and in 11 control subjects. The mucosa
was abnormal in appearance in 13 of the patients and
normal in 14 patients and in all the controls, In 25 (93°,)
of the patients the intraepithelial lymphocyte count was
significantly raised compared with the controls. The
increased lymphocytic infiltration of the epithelium in
the patients probably represented an underlying im-
munological reaction of the small intestine to gluten,
since the infiltration lessened in five out of six patients
after a year on a gluten-free diet and in all of four pa-
tients after three years on a gluten-free diet.

Increased lymphocytic infiltration of the epithelium
of the small intestine seems a surer sign of gluten sensi-
tivity than the macroscopic appearance of the mucosa,
and a diagnosis of gluten-sensitive enteropathy may no
longer be excluded when the mucosa appears normal.
Further evidence of the significance of increased lympho-
cytic infiltration is that patients with normal-looking
mucosa but with raised intraepithelial lymphocyte
counts often had low serum folate levels.

Introduction

About two-thirds of patients with dermatitis herpetiformis have
an enteropathy judged by macroscopic and histological features
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of the mucosa of the small intestine (Marks et al., 1966; Fraser
et al., 1967; Fry et al., 1967). The enteropathy is similar to that
of coeliac disease (Fry e al., 1968, 1969; Shuster et al., 1968;
Marks and Whittle, 1969), which is usually diagnosed on the
appearance of the intestinal mucosa (Booth et al., 1962), and
there is now mounting evidence of immunological abnormalities
in both coeliac disease and dermatitis herpetiformis (Hobbs and
Hepner, 1966; Crabbe, 1967; Douglas et al., 1969; Soltoft,
1970; Seah ez al., 1971a, 1971b). Immunoglobulin deposits on
the reticulin fibres of the skin have been found in dermatitis
herpetiformis (Seah et al., 1972), and lymphocytic infiltration of
the lamina propria (Rubin et al., 1960; Shiner and Drury, 1962)
and of the intestinal epithelium (Ferguson and Murray, 1971)
have been reported in coeliac disease.

We report here a study of the lymphocync infiltration of thc
epithelium of the small intestine in a group of patients with
dermatitis herpetiformis to see whether in those cases in which
the mucosa was macroscopically normal there was abnormal
infiltration and thus evidence of an immunological abnormality.
The patients’ folate status, as a sensitive indicator of functional
disturbance of the mucosa of the upper small intestine, was also
assessed.

Patients and Methods

Twenty-seven patients were studied. Dermatitis herpetiformis
was diagnosed on the clinical and histological features of the
rash, its clearance with dapsone therapy, and relapse on with-
drawal of the drug.

An initial biopsy on mucosa from the small intestine of each
patient was performed. Six of the 27 patients were put on a
gluten-free diet for one year, and gluten was then reintroduced
into the diet of five of them for a period of three months. At the
end of the three months four of the five returned to a gluten-free
diet for another three years. Further biopsies on mucosa frem
the small intestine were performed in the six patients at the end
of their year on a gluten-free diet, in the five patients at the end
of their three-month period on a diet containing gluten, and in
the four patients at the end of their three-year period on a
gluten-free diet.

The mucosa of the small intestine of 11 subjects who did not
have dermatitis herpetiformis or coeliac disease was also studied.
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One specimen was obtained from a volunteer physician, four
were obtained during partial gastrectomy for gastric ulcer, five
were obtained from patients with eczema, and one was obtained
from a patient with psoriasis.

The specimens were taken with the Crosby capsule from the
duodenojejunal flexure under radiographic control in all
patients. The macroscopic appearance was assessed with a
dissecting microscope and the specimen photographed for
record. It was then fixed in formol-saline and embedded in wax.
Sections 7 pm thick were cut and stained with haematoxylin
and eosin.

The epithelial cells and intraepithelial lymphocytes were
counted in parts of the specimens where the plane of section was
vertical through the epithelium and the underlying basement
membrane. In villous specimens counts were made on the
sides and tips of the villi, and in convoluted and flat specimens
the surface cells were counted. (Casual observation indicated
that glandular epithelium was much less heavily infiltrated
with lymphocytes than that on the sides of villi or on the surface
of flat and convoluted specimens.) The number of lymphocytes
among 1,000 cells were counted in each sepcimen and the results
expressed as lymphocytes per 1,000 epithelial cells. Note was
taken of whether the lymphocytes were in a basal position,
adjacent to the basement membrane, or at a higher level among
the epithelial cells. Lymphocyte nuclei were usually easily
distinguished from those of epithelial cells by their smaller
size, more rounded overall shape, and deeper staining. Nuclei
or nuclear fragments that could not be positively identified
were ignored, as were occasional intraepithelial eosinophils.

Serum folate levels were determined by microbiological assay
with Lactobactllus caset as the test organism (Waters and Mollin,
1961). The normal range is 6-0-21-0 ng/ml. Levels less than
3-0 ng/ml are regarded as abnormal and those between 3-0 and
5-9 ng/ml as borderline.

Red cell folate levels were estimated according to the modifica-
tion of the serum folate assay described by Hoffbrand ez al.
(1966). The normal range is 160-640 ng/ml packed red cells.

Results

MACROSCOPIC APPEARANCES

The macroscopic appearance of the mucosa of the small in-
testine was flat in six of the 27 patients with dermatitis herpeti-
formis, convoluted in seven, leaves only in seven, and fingers
and leaves in seven (Fig. 1). The macroscopic appearance in the
11 control subjects was leaves only in two and fingers and
leaves.in nine.

The initial macroscopic appearance of the mucosa in the six
patients who had serial biopsies was flat in one, convoluted in
two, leaves only in two, and fingers and leaves in one (se¢ Table).
After one year on a gluten-free diet the mucosa in the three
patients in whom it had been abnormal (flat or convoluted)
became normal (leaves only). After the reintroduction of gluten
to the diet the mucosa became abnormal again in two of these
three patients. The mucosa in the three patients in whom it was

Macroscopic Appearance of Mucosa of Small Intestine and Lymphocytic
Infiltration of Epithelium in Relation to Gluten Withdrawal and Normal Diet

Appearance Lymphocyte Count per 1,000
Case No. of Mucosa Epithelial Cells
A | B | c D A B c | D
1. Con. | L. Flat | Con.| 295 | 308 | 238 | 221
2 . Con. L. Con. L. 635 375 369 277
3. F.L. L. F.L. F.L. 374 304 307 293
4 . L. L. L. F.L. 408 209 438 103
5 . L. Con. Con. — 434 353 355 —
6 Flat L. — — 399 348 — -—
Con. = Convoluted. L. = Leaves only. F.L. = Fingers and leaves,

A = Initial biopsy. B = After one year on gluten-free dict. C = Three months after
reintroduction of gluten, D = After three years on gluten-free diet.

initially normal remained normal in two after one year on a
gluten-free diet and on subsequent reintroduction of gluten, but
in one patient (in whom the initial appearance was leaves only)
the mucosa was convoluted after a year on gluten-free diet and
remained so after the reintroduction of gluten.

Macroscopic appearance
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FIG, 1—Macroscopic appearance of small-intestinal
mucosa in relation to lymphocyte counts in control and
dermatitis herpetiformis specimens. O = Macroscopic
appearance of leaves only in control group.

The mucosa of two of the four patients who were studied at
the end of three years on a gluten-free diet had initially been
abnormal and one of these two reverted to normal. There was
no change in the two patients whose mucosa had appeared
normal before their three-year period on gluten-free diet.

LYMPHOCYTE COUNTS

The mean lymphocyte count per 1,000 epithelial cells (Fig. 1)
was 451 4- S.E. 70 (range 313 to 627) in the six flat specimens
(Fig. 2), 435 4- S.E. 88 (range 130 to 739) in the seven convoluted
specimens, 502 4 S.E. 44 (range 408 to 727) in the leaves only

FIG. 2—Increased lymphocytic infiltration of epithelium in dermatitis

herpetiformis. (Periodic-acid Schiff. x 400.)



specimens, and 300 S.E. 30 (range 8Y to 422) in the fingers
and leaves specimens.

In the 11 control specimens showing leaves only and fingers
and leaves (Fig. 3) the mean count (Fig. 1) was 139 + S.E. 14

(range 65 to 235).

F1G. 3—Minimal lymphocytic infiltration of epithelium from volunteer
physician. (Periodic-acid Schiff. 400.)

The counts for each of the four groups of patients were
widely scattered but in the control group they were very
similar. The mean counts for the flat, convoluted, leaves only,
and fingers =nd leaves specimens were not significantly different.
Though the counts for the fingers and leaves specimens tended
to be lower than for the other groups the difference was not
significant (P >0:10). The mean count for the fingers and leaves
specimens, however, was significantly greater in the patients
than in the control group (P <0-001). Counts of less than 200
were found in only two specimens from patients, one of which
had a convoluted and one a fingers and leaves macroscopic
appearance. In only one of the 11 control specimens was the
count above 200.

Sertal Lymphocyte Counts in Six Patrients.—The lymphocyte
count had fallen in five and risen in one of the six patients after
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FIG. 4—Serum and red cell folate levels in relation to macro-
scopic appearance of mucosa. S.F. = Serum folate. R.C.F.
- Red cell folate.
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one year on a gluten-free diet (see Table). Nevertheless, in none
did the count fall to below 200. The lymphocyte count rose in
three and fell in two of the five patients in whom gluten was
reintroduced and biopsy repeated three months later. There was
a significant rise only in Case 4.

All four patients who were studied after three years on a
gluten-free diet showed a fall in the lymphocyte count com-
pared with their initial count. It was greatest in Case 4—from
408 to 103 (see Table).

SERUM AND RED CELL FOLATE LEVELS

Some serum folate levels of less than 3-0 ng ml were found in all
four groups of patients, but more often in patients with abnormal
mucosa (Fig. 4). All the six patients with flat mucosa had low
serum folate, and in five of them it was below 3-0 ng/ml. The
red cell folate level was also subnormal in two of the six patients.
The serum folate level was subnormal in six of the seven patients
with a convoluted mucosa, and in five of them it was below
3 ng'ml. Three of the seven also had subnormal red cell folate
levels. Five of the seven patients with a leaves only appearance
of the mucosa had low serum levels, and in three of them it was
below 3-0 ng‘ml, but the red ccll level was subnormal in only one.
Four of the seven patients with fingers and leaves appearance
had a low serum level but it was below 3-0 ng'ml in only one.
All this group had normal red cell folate levels.

Discussion

There was a significant increase in the number of lymphocytes
in the epithelium of the small intestine in 25 (93°,) of the
27 paticnts with dermatitis herpetiformis. That the lymphocyte
count was raised in 13 of the 14 macroscopically normal biopsy
specimens is particularly interesting. Indeed, there was no
significant difference in the degree of lymphocytic infiltration
between specimens with a flat, convoluted, leaves only, or
fingers and leaves appearance. In 61°, of the 83 patients with
dermatitis herpetiformis studied by four different groups of
workers (Fraser er al., 1967; Fry er al., 1967; Marks et al.,
1968; Shuster et al., 1968) the appearance of the mucosa of the
small intestine was flat or convoluted. However, since the
finding of circulating antireticulin antibody in patients with
dermatitis herpetiformis (Seah er al., 1971a, 1971b) Seah et al.
(1972) have shown immunoglobulin deposits on the reticulin
fibres of the upper dermis in all of 18 patients with dermatitis
herpetiformis. This suggests that an immunological disorder is
present in the skin in all patients with dermatitis herpetiformis,
and if that is so some abnormality of the small intestine may also
be present.

The report (Ferguson and Murray, 1971) that in untreated
coeliac disease but not in other gastrointestinal diseases the
lymphocytic infiltration of the small-intestinal epithelium is
increased is probably evidence of an immunological abnormality
at this site. Our finding of increased lymphocytic infiltration in
930, of the present patients strongly suggests that all patients
with dermatitis herpetiformis have an immunological abnorma-
lity in the epithelium of the small intestine.

It seems that lymphocytic infiltration of the epithelium is a
more sensitive marker than macroscopic appearance for de-
tecting gluten sensitivity, and our study provides good evidence
that lymphocytic infiltration is an indication of gluten sensitivity
of the small intestine. Firstly, the skin condition of patients with
dermatitis herpetiformis in whem the mucosa of the small
intestine has the appearance of fingers and leaves or leaves only
improves on a gluten-free diet and the serum folate level rises.
When gluten is reintroduced the rash returns, larger doses of
dapsone are needed, and the serum folate level falls (Fry et al.,
1969). Secondly, the present study shows that the lymphocytic
infiltration lessens (irrespective of the original macroscopic
appearance) when the patient takes a gluten-free diet, particularly
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for a long period. Ferguson and Murray (1971) also reported
that lymphocytic infiltration was less in patients with coeliac
disease taking a gluten-free diet than in untreated patients.

Our findings together with those of Ferguson and Murray
(1971) therefore raise the question of the criteria for diagnosing
coeliac disease. Four out of seven of the present patients with a
finger and leaf appearance of the mucosa and five of the seven
with a leaves only appearance had subnormal serum folate
levels. If these patients had not had a rash and had been found
incidentally to have low folate levels they might have been
labelled nutritional folate deficiency or temperate sprue (Cooke
et al., 1963). We suggest that some patients with folate de-
ficiency and a normal macroscopic appearance of the small
intestine may have a mild form of coeliac disease.

We are grateful to Mr. J. O. Morgan for carrying out the assays
of serum and red cell folate levels. L. Fry and P. P. Seah grate-
fully acknowledge grants from the Medical Research Council and
the Wellcome Trust.
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