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This study has defincd scme of the characteristic antibody
and lymphocyte responses to nuclear antigens in the lung discascs
pleuropulmonafy SLF, cryptozenic fibrosing alveolitis, asbestosis, sénd—
blasters silicosis and intrinsic asthma. The aim was to see .
vhether distinetive differences could be demonstrated which
would support the proposal that the reéponses are stimulated
in different ways in the differéut lung diseases, or alternatively
vhether there ave similarities which would suggest that they
are stimulated by a similar mechanism in response to antigens

relecazed from damsged lung cells.

The methods uced to study prevalence, titres and immunoglobulin
classes of antinuclear antibodies (ANA), and to detect complement
fixing ANA and deoxsyribonucleoprotein antibodies, were modifications
of the indirect immuncfluorescent staining technique. In addition,
Ouchteérlony double diffusion was used to detect precipitins to
'double® and single stranded deoxyribonucieic acid (D¥A), and a
modified Farr assay to detect antibodies binding with double

stranded DNA.

Distinctive differences in the antinuclear ahtibody charac~-
teristics in the different Jung disecases were demonstrated. In
pleuropulmonary SLE, ANA titres were gencrally high, sera frequently
contained multiple immunoglobulin classes of ANA, and complement

fixing ANA and precipitins probably in most instances to single-



stranded DEA were often present. Antibodies inducing LE cell
formation, and deoxyribonucleoprotein antibodies were detected
in the majority, and some had antibodies binding with double

stranded DNA although the frequency was lower than usual for

rroups of patients with SLE.
¥

In cryptocenic fibrosing alveolitis, ANA ﬁitres wvere
gencrally lcocwer than in plcuropqlmonary StE3 but many sera had
~multiple immunoglobulin classes of ANA, and complement fixing
ANA and precipitins more probébly to single stranded DNA were
also common., However, antibodies inducing LE cell formation,
antibodies to' deoxyribonucleoprotein, and antibodies binding

with double stranded DNA were very rare.

In asbestosis and silicosis sera tended to contain single
immunoglobulin classes of ANA. In asbestosis this was usually
lone IgM ANA, and ANA titres were low, complement fixing ANA
wasvnotably absent and only a small number of sera contained
precipitins to single stranded DNA. Of especial interest was
evidence suggesting an association between ANA produétion and
aging., In silicosis, and in the other lung diseases, ANA occurved
similarly in patients of young and old'age,kand in silicosis
this, together with the usual finding of lone IgG ANA, suggested
that the mechanism of ANA production i1s different from that in
asbestosis. Complement fixing ANA was detected iu only three
silicotic sera, but precipitins to single stranded DEA were

coumen. .



In intrinsic asthma some sera had mixturcs and others lone
immunoglobulin elasses. of ANA, but tests with the vorious pure

antigens were nearly all ncgative, and none of the sera had

complement fiwing ANA.

The peripberal leucocyte migration test was used to look
for in vitro evidence of 1ymphoéyte senéitization to various
nucleér antigens. Again there were distinct differences of
response in the different lung diseases. In pleuropulmomnary
SLE lymphocyte sensitization was demonstrated using isolated
rat liver cell nuclel, DNA and deoxyribonucleoprotein. In
contrast, in cryptogenic fibrosing alveolitis and asbestosis
lymphocyte sensitization was demonstrated only with DNA. A
small number of ANA positive patients with intrinsic asthma
did not show lymphocyte sensitization to any of these antigens.

(Silicosis was not included in the lymphocyte studies).

The patients with lymphocyte sensitization to DNA or deoxy-
ribonucleoprotein were not necessarily those with antibodies
to the same antigens, nor was antibody production invariably

accompanied by lymphocyte sensitization.

The main conclusion was that the obsecrvations support the
proposal that immune responses to various nuclear antigens are

stimulated in different ways in different lung diseases.

Some thecretical stimulatory routes are discussed, parti-

cularly the possible importance of virus in pleuropulmonary SLE,



6.

arid the possilbile interplay beotween Ivritant dust and dawane to
3 J [

intra~alvecelar macrophages in asbestosis and silicosis.

Also discussed 1is the suggestion that the variable
properties of these different responses might allow some to
participate in ticsue damage, for example particularly
complement fixing ANA's or sensitized lymphocytes, but others

to remain no more than innocuous markers of disease.
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AIM OF THE THESIS

The object of this study was to confirm an increased prevalence
of immunoflucorescent antinuclear antibodies in patients with
certain lung diseases by compérison with normal controis of
similar age and sex. Following this to define some of the
characteristic responses to nuclear antigens in such patients,
including an investigation of cellular as well as humoral res-
ponsés. Finally, to use the information obtained to discuss the
proposal that immune responses to nuclear antigens arise in a
number of different ways in lung diseases according to the dis—
tinctive clinical circumstances and arc not a common consequence

of any kind of extensive tissue destruction in the lung.

If distinct differences of response are confirmed in the
different lung diseases it would then be possible to propose
that their variable propertics may allow some to play a role in
tissue damage but others to remain no more than harmléss

immunological markers.
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I, GEWNRRAL TRNTRODUCTION

Immune respenses to antigens of cell nuclei do not normally arise in

humans or other animal species because of the existence of a natural

state cof immene tolerance to self-antigens (Drescer and Mitchison,

1968; Weigle, 1973; Allison, 1973; Howard and Mitchison, 1975). Qccasionally
however, they do occur, possibly as a result of defective immune

tolerance to nuclear antigens, or to chance breakdown or gypass of
tolerance. Their appearance must therefore be considered an abnormal

phenomenon.

The practical need for research into sﬁch abnormalities in clinical
medicine 1s that while they are only rarely present in disease-free
individuals (Serafini, Torrigiani and Masala, 1964; Cannat and
Seligmann, 1965; Whittingham et al, 1969), they are common in patients
with certéin diseases (Koffler et al, 1971; Tan, 1973). This implies
that they might play a role in pathogenesis. Indeed, there is
supportive evidence that antibodies reacting wifh nuclear antigens
(ANA's) play a role in pathogenesis under some circumstances but not
others. Most of this cvidence has come from studies of human (Cochrane
and Koffler, 1973; Nakamura and Allen, 1973; Koffler, 1974) and murine
(Dixon, Oldstone and Tonietti, 1971; Howie, 1973; Talal and Stcin~-

berg, 1974) systemic lupus erythematosus (SLE).

Circulating ANA's have been found in some patients with a number of-

different lung discases, notably 'pleuropulmonary' SLE (Holgate et al,
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18763, cryptegenic fikrosing alveciitis (CIA) (Turner—-Warwiclk and

Doniach, 12(5), asbestosis (Turner-Warwick and Parkes, 1970) and

skin test negative asthwa (Hall, Turner—Warwiclk and Doniach, 1966).
This suggests that lung damage in these patients might be enagg—

by immune hypersensitivity reactions involving nuclear antigens.

eratoec

=

In the main, this suggest

n

on has not becn explored, nor have detailed
studies of the ANA's in lung discase previously been undertaken.
'However, there is one report preéenting evidence of immune complex
deposition iu pulmonary capillaries in a minority of cases of CFA
correlating with the presence of circulating ANA (Turner—Warwick,
Baslam and Weeks, 1971). Tor these reasons, the present study has
attempted to identify at least some of the types of ANA's which occur
in lung disease and to determine whether any are of a type which

potentially could take part in tissue damaging recactions in the lung.

Extensive lymphocytic infiltration is a feature of the histopathology
of many of these lung discascs, and since there is evidence of
lymphoceyte sensitization to deoxyribonucleic acid (DNA) in patients
with SLE (Azoury, Jones and Gum, 1966; Patrucco, Rothfield and
Hirschhorn, 1967; Muller—Berat and Meoulias, 1970), this study has
also looked for evidence of lymphocyte responses to nuclear autigené
in patients with lung disease. Should lymphocytes sensitized to
nuclear antigens be detected, it would then be possible to propose
that they also ﬁay initiate immune hypersensitivity reactions in the

lung.
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The ways in which immune responscs to nuclear antigens are stimulated
are in general unknown aud it was hoped that the information provided
by this study would support the proposal that in lung discascs they
afise in a number of different ways dependent upen the distinctive

clinical circumstances, and that in conseguence they may contribute

to the tissuc demage in some, but not in other, lung diseases.
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IT,  LIMERATUNE TUVVIEW OF TiUNF RESPOHSES TO NUCLEAIL ANTICENS

TW TURG DISKE

IMMURE RESYOHOULS TGO NUCLEAR ANTIGENS IN COHRECTIVE TIGSUR

DISORBERS OF THE LUNG

The idea that there might be a connection between certain types of
damage in the lung and autosensi&ization to nuclear or other tissue
antigeﬁs arose after it wasg recognised that the lung is frequently
involved in commective tissue disorders of unknown etiology which are
associated with the production of nuclear and other types of non-organ
specific autoantibodies (TForbes, 1958; Mackay and Burnet, 1963; Scadd¥
ing, 1967).‘ Lung involvement within the connective tissue disorders
has recently been reviewed by Turner-Warwick (1974) and will not be
described in detail here. In brief, lung involvement can occur in Sys-—
temig lupus erythematosus (lluang aﬁd Lyons, 1966), rheumatoid arthritis
(Ellman and Rall, 1¢48), sclerodermav(Weaver, Divertie and Titus, 1967),
Sjogren's.syndrome (Karlish, 1969), chronic active hepatitis (Turner-
Warwick, 1968), derwmatomyositis (Uyun, Diggs and Toone, 1962) and
polvmyositis {(Weaver et al, 1968). Not only do these disorders have
similar immunological features, but there‘is often clinical overlap
which suggests a conmon etiologic agent, or some other common feature,

which might also relate to the lung changes.

Lung Disorders Associated with Svstemic Lupus Erythematosus (SLE)

The most coumon type of lung involvement in SLE is bilateral pleural
effusion and pleural inflammation (Hlarvey et al, 1954). 1In addition,
linear shadows over the lover zones are a common radiographic appear-

ance, some of which may reflect pulmonary vasculitis (Hoffbrand, 1965).



Alveolar wall fibrosis in SLY is very uncomnen but lLias occasionally

been seen (Israel, 1953; Olscn and Lever, 1570).

The first demonstration of an immwne Trezction involving nuclear
antigens in human disease was the discovery of LE cells in bone mar;ow
cell smears from patients with SLE (Hargraves, Richmond and Morton,
1948). Lung abnormalities were described amongst other clinical
“abnormalities in these patients énd this is, therefore, also the

first report of an immune response involving nuclear antigens in

patients with lung disorder.

The ANA's in patients with SLE have been studied iﬁ considerable
detail (Alarcdn-Scgovia et al, 1970; Reichlin and Mattioli, 1974).
Particularly important are studies whiéh have implied that under
certain circumstances ANA's play a role in pathogenesis. Immuno-
globulins and complement have been demonstrated within the giomerular
capillary bed of kidneys from patients with SLE nephritis (Freedman
and Markowitz, 1962; Paronetto and Koffler, 1965), and occasionally
fixed to renal cell nuclei (Hench, Tan and Wilsorn, 196%). Moreover,
antinuclear antibodies have been eluted from such sites (Krishman

and Kaplan, 1966; Krishman and Kaplan, 1967; Koffler, Schur and Kunkel,
1967; Koffler, Agnello and Kunkql, 1974). Immunogiobulin and cbmplement
have also been demonstrated at the dermal-epidermal junction (Vasquez

and Dixon, 1957; Cormane, 1964; Grossman, Callerame and Condemi,

1974; Gilliam et al, 1974) and occasionélly localiscdvto the nuclei of
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epidermal cells (Tan and Kunkel, 1966) in biopsies from skin lesions
of patients with SLE. Ciréulating antibodics to double-stranded DWA
have been reported varying with serum complement levels and reflecting
clinical activity of the renal discase (Tan ¢t al, 196¢6; Schur and
Sandson, 1968; Webb, Whaley and Leec, 1974). This evidence led to
propbsals that Type III hypersensitivity reactions, initiated by

local immune-complex formation or circﬁlating immune~complex deposition
.witlidn capitllaries with subsequent triggering of the comwplement

cascade (Coowbs and Gell, 1975), may contribute to the lesions at

these sites.

Iflis not known whether iwmmune hypersensitivity rééctions invelving
nuclear antigens contribute to lungidamage in SLE, but Turner-Warwick
(1974) reported two observations which support this possibility. 1In
one patient with SLE having intra~alveolar wall fibrosis, immuno-
fluorescent studies showed inmunoglobulin and complement within
alveclar capillaries suggesting that at least in this patient the

lung damage might be the consequénce of immune complex deposition. In
another patient, immunoglobulin and complement were observed on the nu-
clei, or within the cytoplasm, of mesothelial cells obtained from the
pleural fluid. The evidence in this case suggests that ANA may
aggravate plecural damage. Hugheé and Rowell (lQYOj showed that‘a
turpentine induvced pleurisy in rats could be aggravated by intra-pleural
infusion of human serum containing high titre ANA. Immunoglobulin and
complement were demonstrated on the nuciei or in the.cytoplasm of
mesothelial cells .in the pleural fluid of these rats, and it was
suggested that ANA forms inmune complexes-with the nuclei of dead

cells which when taken up by phagocytic cells initiate further

inflammatory changes.
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Recently Holgate et al (1976) have examined the clinical features of the
rather speciol group of patients with SLE collected for inclusion in

this study whé presentad at the Browpton Hospital with pleuropulmonary

or cardiac symptoms. The jncidence of most clinical symptoms was sim-

ilar to that reported for other groups of SLE, but there was an unusually
low incidence of renal involvement. Immunologically, all the patients had
LE cells and immunofluorescent ANA, and precipitating antibodies redcting
with commercial cal~thymus DNA were present in the majority. There was,
however, an unusually low incidence of positive binding with 1125 HeLa cell
DNA in a Farr-assay type of technique which is normally positive in the
ﬁajority of patients with SLE. (Holian et al, 1975). It was suggested that
the immunological finding of a low incidence of 'double-stranded' ('DS')
DNA binding might reflect the clinical finding of a low incidence of renal

‘involvement.

In vitro studies using tests for which there 1s at least some correlation
with cell-mediated immunity have shown evidence of lymphocyte sensitization
" to DNA in patients with SLE. Innibition of the migration of peripheral
blood leucocytes from patients with SLE in the presence of DNA has been
demonstrated (Muller—Berat and Moulias, 1970; Moulias et al, 1970; Harpey
et al, 1971; Galanaud et al, 1971), and also blast transformation of lym—
phocytes from patients with SLE in the presence of DNA (Patrucco, Rothfield
and Hirschhorn, 1967; Reinert et al, 1971). Highly polymerised calf thymus
DNA was used in all of these studies, and in addition highly polymerised
fish DNA was usced by Moulias et 51, (1970) and Reinért at al, (1971).
Evidence of delayed hypersensitivity after intracutanecus skin tests with
homologous DNA, deoxyribonucleoprotein and hisﬁone (Azoury, Jones:and

Gum, 1966) and with highly polvmerised célf thymus DNA (Reinert et él,

1971) has alsc beer obtained in patients with SLE.

The role, if any, of lymphocvtes seénsitized to nuclear antigens in

disease pathogenesis is, however, not known, nor are methods yet
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available to determine vhether Iymphocytes with such sensitization

o5y

ire present in the lungs and able to stimulate cell-wmediated hyper-—

sensitivity reactions which contribute to the lung demage.

Lung Disorders Agscciated with Rheumatoid Avthritis (BA)

The main types of lung involvement in rheumatoid arthritis are pleural
effusion, necrobiotic-intrapulmonary ﬁodules and fibrosing alveolitis
(Scadding, 1969; Turner—Warwick, 1969). But, although cigculatiﬁg
rheumatoid factor (BF) is the classic imﬁunological abnormality

x

antinuclear factors (ANA's) occur in about 197 of patients (Ward,

Johnson and Holborow, 1964; Glynn, 1975).

Evidence of immune complexes around the joints ana in the joint

fluids of patients with RA (Winchester, Agnello and kunkcl, 1970) has
suggésted a role for immune complexes in the pathogenesis of the joint
lesions. ;Whether such complexes involve RF in some patients, or

ANA in others,-is not known. The demonstration that DNA may be
released inte the synovial fluid as a consequenée of joint inflammation
of various kinds (Hughes et al, 1971) suggests that free antigen might
be available to allow immune~complex formation in the joints of

patients with circulating ANA.

Studies to investigate the possibility that autoantibodies may con-
tiibute to lung damage in RA are few. Turner-Warwick (1967) found

inmunofluorescent evidence of IgM and RF (using a conjugate of heat~
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‘ageregated IgC) in the alveolar walls of a patient with fibrosing

alveclitis in association with RA. Tt was suggested that this might

[l

1

indicate the deposition of jmmune complexes involving RI in this lung.
The. patient also had circulating high titre RF but tests for ARA
were negative., Move recently DeHoratius, Abruzzo and Williams (1972)

have observed similar findings in five other paticnts.

Cryptogenic Fibresing Alvcolitis (CTA)-

Fibrosing alvcolitis (wide-spread inflammatory cell infiltration and
alveolar wall fibrosis) (Scadding, 1964) is the most usual histo-
pathological abnormality in the lungs in connective tissue disorders

other than SLE and RA (Turner—Warwick,>1973).

Peabody et al (1950) were the first to suggest that CFA might be of
allefgic etiology on the basis of the demonstration of eosinophils in
the interstitial tissues. The presence of eosinophils within the
alvcoli was also put forward as evidence compatible with the idea of

an allergic pathogenesis for CFA by Read (1958); The first anti-
tissue antibody reported iﬁ CTA was RF (Franklin, Zucke-Franklin and
McEweu, 1959), and the first indication that ANA's might be present was
the detection of LE cells in one case by Braunsteiner, Eéghart and

Potuzhek, 1960).

Cryptogenic {ibrosing alveolitis occurs as a "lone' disease as well

as a part of a systemic connective tissue disorder, and it was there-
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fore possible to examine the idea that the lung ﬁyndrome itself might
be related etiologically o the other connective tissuve disorders.
Turncer-Warwick and Doniach (1965) looked for evidence of immunological
abnornalitics in CFA similar to those which can be deronstrated in
other comneclive tissue disorders. They studied a group of 48 patiénts
with CFA and dewonstrated an incressed prevalence of ANA's (287%),

RI''s (49%) and non-ovgan specific autoirmune complement—fixing
.autoantibodies (AXCF) (187). The antibodies occurred in patients

with the 'lone' discase and in those with systemic involvement providing
immunological evidence favouring a relationship with other connective.
tissue disorderé. The ANA'S were detected by immunofluorescence and
were more common in women. Only six of the fourfeén patients with ANA
had evidence of other types of autoimmune systemic diseasc. LE

cells were not demonstrable im any patient, and ANA titres tended

to be lower than in SLE. The pattern of nuclear immunofluorescence

was diffuse in 12 and speckled in 2, one also with nucleolar staining.
The 26 sera with negative immunofluorescent ANA were also negative in a
test for leucocyte specific ANA which has been found in occasional

cases of RA and Felty's syndrome (Faber et al, 1964).

Mackay and Ritchie (1965) also looked for autoimmunc abnormalities in
CFA stimulated by the evidence presented by Recad (1958) that the
Hamman—~Rich syndrome, as it was then called, is based on immune
mechanisms., Théy purposefully excluded patients with assoclated

systemic disease and in 17 patients studied found inmunofluorescent
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MATs in 417 (7/17), R¥'s in 247 (4/17), AICF din 187 (3/17) and
antithyroglobulin antibodies in 18% (3/17). AFA titres were not
reported but the imuunofluorescent staining was described as 'weak' in

distinction from the strongly positive steining usually reported in
(=] o o p

SLE.

in an‘extended series of 109 paticnts‘ﬁith CFA Turner—-Warwick (1967)
reported imrmunofluorescent ANA in 317 (34/109). Agaiﬁ, the ANA's
appearcd to differ from those in SLE. TE cell tests were negative
in all but 2 patients, and ANA titres ranged from 1/10 to 1/400,

but only a third had titres of over 1 in 50. In addition, most of
the ANA's were destroved by heating serum at 65°C for 30 minutes
indicating that they may usually be of the IgM immunoglobulin class
rather than the heat stable IgG ANA more commonly found in SLE (Weir
and Holborow, 1962). TFurthermore, none of these patients had clinical
evidence of SLE. RF was present in 31% (34/109) of the patients
only 7 of whom also had ANA, and AICF in 197 (21/109) the majority

of whom also had either ANA or RF.

Turner-Warwick (1967) also studied a lung from one patient with CFA
who had an ANA titre of 1/200, and showed evidence of IgM and IgA
within plasma cells, and complement as well as IgM and IgA within
occasional intra-alveolar macrophages. This was the first evidence

suggesting a role for immune complexes, possibly involving ANA, in
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the pathogenesis of the disorder. It was suggested that such complexes
may have been depesited in this lung and subsequently phagoceytosed

by intra—alveolar macrophages.

In another study, Hobbs and Turncr-Woarwick (1967) found that the pre-
sence of varjous non~organ specific éntoautibodies in 23 patieunts
with CTFA was associated with selective increases in quantitative
serum immunoglobulin levels in 19 patients, Serum immunoglobulin
levels were normal in 6 of 9 patients without attoantibodies. It

. was not possible to relate individual autoantibodies to different
immﬁnoglobulin class increases because more than one type of auto-
antibody or immunoglobulin class increase could occur in a single

Serum.

" Hobbs and Turner-Warwick (1967) also uscd monospecific antisera in

the immunofluorescent test for ANA, and found that 6 of 12 patients with
ANA had mainly IgG ANA and 6 others mainly IgM ANA. TFour, however,

had a suggestion of ANA in both immunoglobulin classes. This

evidence of a2 multiplicity of ANA classes in single sera was suggested
to reflect either a multiplicity of stimulating nuclear antigens as

had been proposed previously in SLE by Barnett et 3l (1964), or

possibly a persistent antigenic stimulation triggering more than one

immuncglobulin class over a prolonged period of time.

Turner-Warwick (1968) described a group of 8 patients who had CFA

in association with chronic liver disecase, either chronic active



hepatitis or intralobular hepatitis. These liver disorders are also
of unkuown etiology and arc assﬁciated with non~organ specific
autoantibodies including ANA (Doniach et al, 1966; Walker et al,
1965). Eight paticnts were studied and 5 had serum ANA. Only one

patient had LE cells.

In 1971 Tﬁrner—Warwick and Haslam considered the éuggestion that
autoantibodies may rcsult from any type of chronic destructive
fibrosing lung disease and presented evidence that this was an
unlikely explanation. They did this by comparing autoantibody
production in groups of patients with CFA and asbestosis with the
situation in a group of patients with chronic extriﬁsic allergic
alveolitis due to the inhalation of organic dusts (Pepys, 1967, 1969).-
All the patients showedvfeatures of advanced fibrosis. The increased
prevalence of ANArand RF in the paﬁients Qith CFA and asbestosis was
"reconfirmed, the prevalence of both types of antibody slightly

lower in asbestosis than in CFA. The increased prevalence of AICF's
was reconfirmed in CFA but it was discovered that the prevalence of
AICF's was not increased in asbestosis. In chronic extrinsic allergic
alveolitis, despite the extensive lung fibrosis, the prevalence of

all these non-organ specific autoantibodies was very low and similar
to that jin random normal populations. No evidence of lung specific
antibodies could be demonstrated in any disease. It was concluded
that because of the differential distribution of various non-

organ specific autoantibodies in the different fibrosing lung diseases
-their presence could noct necessariiy be explained as a non-specific

consequence of all types of chronie destructive lung fibrosis.
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The study of Turuer-Warwick and [

o

aslam (1971) also included a more
dotailed esaminacion of the ANA's which vere present in 53 (36.5%) of
this cuteonded group of 145 CI4 patients. 71t was confirmed that ANA's
are rather wete cowmon in females with CFA (45.47) than wales (31.5%).
It was also confirmed that a diffuse pattern of nuclear immuno-

fluorescence is the most common staining pattern. It was seen in 42

0

of the 53 ANA positive patients, a speckled pattern was seen in 7 and
a membrane pattern in.2. One pdtient had a combined diffuse and
speckled pattern and another had a combined mewbrane and speckléd
paﬁtefn. Twenty seven ANA positive sera were examined in the immunoc-
fluorescent test for ANA using monospecific antisera to human IgG and
Igil. Eight had only IgG ANA, 7 only IgM ANA and 12 had a mixture of

. IgG and IgM ANA's. Thus it was confirmed with greater certainty that
sera from patients with CFA ffequeptly centain more than one immuno-—
glocbulin class of ANA. RF was present in 31.17 of the patients, and
again it was seen that only rarély did ANA and RF occur together in

the same serum.

Nagaya, Bﬁckley and Sieker (1969) reported ANA in a large group of
patients presenting with unexplained pulmonary fibrosis.

They studied 20 of the ANA positive séra in more detail,

None of the 20 had evidence of exposure to

irritant dusts, or of associated systemic autoaggressive discase. The
majority (18/20) had IgM ANA and 6 also had an equally high titre

of IgG ANA. The remaining 2 reacted only with IgG. Just one of the

20 reacted with IgA as well as with IgG and IgM. There was no corr—
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clation between the immunoglobulin clessce of ANA and quantitative serum

immunoglobulin levels which were not styikingly sbnermal, contradicting
¢ o= 3

the earlier finding of Hobbz and Turner-Warwick (1967).

Turner-Warwick (1974) made a clinical assessment of the large group of
151 patients with CFA who had bheen studied for non—-organ specific
autoantibodies at tho Brompton Hospital. It was reconfirmed that
autoantibodies occur in patients with and without associated systemic
vinvolvement. The incidence of ANA was as great in those with 'lone'
CFA (287) as in those with systemic involvement (24%). However, the
inqidence of BRF in the lone disease was only slightly above that in the
‘normal population ($.27 compared with an expected 57 approximately).
There were 54 patients with associated systemic disecase and RF was
present in 23 (42.57) of the 54 cases. Nineteen of the 23 had clinical

evidence of transient polyarthritis or rheumatoid arthritis.

In 1971 Turner-Warwick, Haslam and Weeks reported immunofluorescent
studies on lung biopeies from 33 cases of CFA., Immunoglobulin and
complement immunofluorescence suggesting immune-complex deposition in
the alveolar capillary walls was observed in 6 of 14 lungs from patients
with circulating serum ANA, but in contrast the findings were negative
in lungs from 19 patients without serum ANA. There was no association
with any other group of circulating non-organ specific autoantibodies.
Interestingly, 6ne patient with CFA in association with SLE and with
1iver and kidney involvement, had evidence of immune-complex deposition

within the kidney as well as the lungs. This observation suggested
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that immunec—~complex deposition associated with AﬁA may account. for
alveolar wall damage in a small nuwber of cases of fibrosing alveo-
litis, possibly by a mechanism similar to that suggested by Freedman
and Markowitz (1259) for SLE nephritis.

In the same study, (Turner-Warwicl, Haslam and Weeks; 1971) intra-
alveolar macrophages containing immunoglobulin were demonstrated in 10
cases. Complement was also present within macrophages in 7 of the
.tcn. Serum was available from 8,Aand 6 had circulating ANA., The
immunoglobulin and complement was usually demonsitrated in the cyto—
plasm of the intra-alveolar macrophages suggesting that immune com—
plexes had beén phagocytosed by these cells after deposition in the
lungs. 1Indeed, macrophage fluorcescence was seen in five of the six
1ungs‘where there was also evidence of immune complex deposition in the
alveolar walls. Four lungs showed immunofluorescence associated with
macrophage cell nuclei, and it was suggested that ANA might also be

directly complexing with the nuclei of dead intra-alveolar macrophages

possibly causing an acceleration of tissue damage.

fethods have not yet been applied to identify the type of antibody and
antigen in immune—complex deposits in the lungs of patients with

CFA similar to those which have been applicd to>elute and identify
nuclear antibodies and antigens from kidney and skin lesions of patients

with SLE.
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More recent reports oL ANA in CFA are those ol

Kang and Heard (1972) and Kang et
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2l (1973). Stack and his co~vorkers (1972) studied 62 patients with
"lone' CFA and found AKA in 307 and RF in only 13%. This is in keeping
with Turner-Warwick's (1974} finding of ANA in 28.67 and RT in only

9.27 of patients with "lone’

CFA, contrasting with expected normal
population levels of approximately 2% for ANA and 57 for RF. Stack®s
group also found that autoantibodies (either AWA or RF) occurred in

equal frequency in young and older age groups, and were not associated

with a better prognosis.

Summary: The main facts concerning ANA in CFA gléaned from the earlier
li;erature can now be summarized.

1. There is an increased prevalence of jmmunofluorescent ANA in CFA
which is similar in patients with 'lone' disease and in those with an
associated systemic connective tissue disorder.

2. The increased prevalence of ANA is unlikely to be the result of any
type of chronic fibrotic lung damage.

3. There is evidence that the ANA's in CFA differ from those in
SLE generally having lower ANA titres and a higher frequency of IgM
ANA.

4, Other groups of autoantibodies detected in CFA include RF's
AICTF's, thyroid and lung-reactive, but‘ndn~Qrgan specifie, auto-
antibodies.

5. Immunofluorcscent studies of lung tissues from patients with CFA
have identified“immunoglobulins and complement in a minority of cases,

often associated with ANA in the serum.
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Increascs in the prevalence of ANA have also been reported in the

fibrotic inorganic dust pneumoconioses asbestosis, coal miners!
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5.
Asbestosis

The first immunological abnormality reported in asbestosis was RF

in between 13 and 21% of asbestos workers, and in up to 37.1% of
those with abnormal chest radiographs (Pernis, Vigliani and Selikoff,

1965).

Turner-Warwick and Parkes (1970) obtained similar findings and also
demonstrated an increased prevalence of ANA in 23 (28.87%) of a group

of 80 asbestos workers which included 52 with abnormal chest radio-
graphs. The ANA titres were lower than in SLE and similar to those in
CrA; 13 (57%) of the 23 positive sera having titres of less than 1 in
40, Lone IgM ANA was present in 8 of the 23 pesitive .sera, and mixed
IgM and IgG ANA's in 14 but with an igM predominance shown by titration.
Only one serum had lone IgG ANA. The IgM ANA predominance suggested a
resemblance with the IgM ANA's in connective tissue disorders such as
RA, Sjogren's syndrome and systemic sclerosis (llolborow and Johnson,

1965).

Turner-Warwick and Parkes (1970) found no differences in age, sex or

smoking habits in workers with circulating autoantibodies compared with
g p
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those without-antihodics. ANA's were, however, found more frequently

in those with clinical asbestosis compared with asbestos workers

having normal lung radiographs. These observations were confirmed by
Turner-Warwick - (1972) and Soutar, Simon and Turner-Warwick (1974).

The lack of relationship between tissue antibody production and durdtion
of exposure to asbestos dust, but the corrclation with radiographic
abnormality suggested that the antibodies may play a secondary role in
pathogenesis, or alternatively may be a consequence of tissue destruc=
‘tion. It was also suggested that some mcmbers of the population with a
genetic predisposition to produce tissue antibodies may be selected

out into the group with lung disease.

Turner-Warwick and Parkes (1970) conclusion that enhanced tissue
antibody production in asbestosis is unlikely to be the consequence

of prolonged dust irritation alone was supported by Twner-Warwick and
Haslam (1971). They showed that AVA was presenf in 25% (19) -and

RF in 22.6% (17) of a group of 75 patients with extensive radiographic
abnormality. However, in a control group of 75 asbestos workers

matched with the patients for duration of exposure to asbestos dust as
well as for age and sex but with normal lung radiographs, the prevalence
of ANA and RT was very low (2.67% for both) and similar to expected

random normal population levels.

Turner-Warwick and llaslam (1971) examined the ANA's in these patients

with asbestosis in some detail and found that like those in CFA, they
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usually chow a diffuse pattern of nuclcar immuanluorosccnce, although
a speckled pattern was scen in fwo instances. The ANA titres were
fairly low, 537 having titres of less than 1 in 40. The predominance
of Igi AA over Tgl ANA was confirmed. Tourteen of 18 positive sera
had only Igh ANA, two only IgCG ANA and two others had a mixture of

IgM and IgG ANA's. Although both ANA and RF occur in patients with
aébeséosis, as in CFA, they farely weré found together in the same

SeTull,

In 1971 Turner-Warwiclk, Haslam and Weeks studied lungs from 8 patients
with asbestosis for evidence of antibodies and complement using
immunofluorescent methods. The results contrasted with those obtained
in 33 lungs from patients with CFA in that there were no germinal
follicles and plasma cells, nor cvidence pf immune~complex deposition
in alveolar capillary walls. However, in 3 lungs there were occasional
large intra-alveolar mononuclear cells containing immunoglobulin, and
in 2 lungs also containing complement. The macrophage fluorescence was
cytoplasmic, not nuclear, suggesting possible.phagocytosis of immune-
complexes. One of the 3 patients with macrophage immunofluorescence

had civculating ANA of titre 1 in 80 and also RF of titre 1 in 512.

It is not yct clear whether progression is more rapid in patients with
ANA than in those without, and precliminary reports on small numbers
of cases have shown somewhat conflicting results (Turner-Warwick,

1973; Soutar, Simon and Turner-Warwick, 1974). Whether ANA is a
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marker of disease, or an accelerating factor in the diseasc can only
be answered completely by long term follow-up studies of asbestos

exposed populations.

ANA cccurs in about 5% of random normal populations and the prevalence
increases with age (Cannat and Seligﬁann, 1§65; Vhittingham et al,
1962). Age zlone, however, could not account for the increased
prevalence of ANA in asbestosis, when compared with age-matched
asbestos workers with normal chest radiographs where the prevalence
was 1itt1e different from that expected in the normal population.

(Turner-Warwick, 1973).

lang et al (1973) have reccntly confirmed the increased prevalence of
ANA in asbestosis demonstrating immunoflucrescent ANA in 11 (34.47%)
~of 33 patients. They also reported an increased prevalence of RF's
and C-reactive protein. The most recent report is that of Lange et
al (1974) who detected ANA's in 8 of 16 patiegts with asbestosis, but
in only 4 of 20 workers with prolonged dust exposure but normal lung
radiographs. This again suggests that ANA production is not a

consequence of prolonged dust exposure alone.

Further study of the ANA's in asbestosis is particularly important
in view of a possibility that they might play a secondary role stim—

ulating accelerated tissue damage.



Coal Mincrs' Pucumoconiosis

Evidence that immunclogical hosf factors might influence the tissue
changes induced by.inhalatidn of coal dust was first described by
Caplan (1953). He noted that 51 out of 14,000 claimants for disable-
ment benefit were suffering from rheumatoid disease, and that 907 of
these had complicated pneumOCOuiosiS: The majority showed features

of prégressive massive fibrosis, but 25% showed a peculiar radiographic
change which consisted of nodular well-defined opacities 0.5 to 5.0

cm. in diameter, distributed through both lung fields and now known as
'Caplan's nodules'. The histology of thesec nodules was similar to

subcutaneous rheumatoid nodules (Gough, Rivers and Scal, 1955).

Caplan, Payne and Withey (1962) found a high incidence of serum RF
not only in cases of coal pneumoconiosis with rheumatoid arthritis,
but also in 70.67% of those with Caplan's nodules but without clinical
arthritis. Iﬁ addition, an increased prevalence of RF has been
demonstrated when cases with progressive massive fibrosis are con-

sidered alone (Wagner and MecCormick, 1967).

Soutar, Turner-Warwick and Parkes (1974) detected ANA in 177 of a
group of 109-mincrs with coal pneumoconiosis and demonstrated a sig~
nificant trend of increasing frequency of ANA vith advancing radio-
praphic scverity. The prevalence was lowest in miners with simple

pneumoconiosis 9% (3 out of 32) and increased slightly to 147 (& out
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of 28) in those with progressive massive fibrosis category A. Turther
increases were seen in category B, 24% (9 out of 38), and in category
C, 277 (3 out of 11). RF was found in significant titre in 10% of

the total 109 patients, and a trend to increase with increasing

severity was also secen but less marked than for ANA.

The increased prevalence of ANA in coal miners has been confirmed by
Lipmann et al (1973) who demonstrated ANA in 347 of 156 miners with
coal pneumoconiosis; 97 had RF. In their studies the prevalence of

ANA was highest in anthracite miners with complicated pneumcconiosis.

There have been three reports of direcf attempts to find evidence of
“autoantibedies in the vicinity of 'Caplan nodules' and progressive
massive fibrosis lesions. Wagner and McCormick (1967) stﬁdied biopsy
and post mortem lungs from patients with cocal pneumcconiosis using
immunofluorescent methods. They demonstrated plasma cells containing
immunoglobulin and some containing RF (using a conjugate of aggregated
gamma globulin) in occasional lungs, both around Caplan nodules and
within the massive fibrotic lesions. Pernis (1963) and Pernis et al
(1965) have also demonstrated deposits of immunoglobulin, and in

addition complement within Caplan nodules.

The literature concerning ANA production in. complicated coal pneumo-
coniosis, although limited, is additional information emphasizing the

need for further work to explain the nature of the relationship between
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the presence of ANA and RF and the development of fibrosis in inor-

ganic dust diseases.

Silicosis

The first worker to suggest that insmunological phenoﬁena might be
involved in silicosis was Habeeb (1945) on the basis of the
eosinéphilia seen in this discase, and in 1959 Vigliani and Pernis

also reviewed evidence in favour of this idea.

Falon (1937) demonstrated in experimental animals, and later Allison
Harington and Birbeck (1966) in tissue culture models, that the
initial fibrogenic response in silicosis appears due to macrophage
cell death following phagocytosis of the highly toxic silica particles.
To explain the conglomerate lesions which frequently develop in
silicosis Vigliani and Pernis (1959) put forward the theory that these
are the result of the superimposition of additional fibrogenic stim-~

ulating factors, possibly hypersensitivity reactions.

Vigliani and Pernis (1958) outlined an ‘antigenic' theory for silicosis
postulating that quartz combines with serum protcins to form a sensit-
izing antigen which is retained for a long period of time and agalnst
which antibody is slowly produced. The persistence of the silica-
protein antigen would explain the persistence and progression of
silicosis after‘removal of the patient from dust contact. They also
suggested that the extensive lesions which develop when tuberculosis
occurs in silicosis are due to the adjuvant effect of the tubercle
bacilli enhencing the immunological response to the silica-protein

antigen.
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fvidence that sntiticsue responses might indecd contribute to the
pathogenctic process in.silicosis has been provided by reports of
autoantibodics in some silicotic scra. The common occurrence of
lung~reactive antibodies in patients with silicosis in contrast Qith
their extreme rarity in unexposed controls lhias been demonstrated by
lalman, Mandi and Osztovics (1962) and Dinu and Roth (1965). In
addition an increased prevalence of lung-reactive antibodies has been
described in miners exposed to silica dust but without evidence of

~

disease (Barbu et al, 1269).

Burrell and his co-workers have subsequently investigated lung=
reactive antibodies in silicesis in considerable detail and concluded
that they are non~organ specific and that collagen may Ee an important
antigen in many instances (Bu?rell, Jallace and Andrews, 1964;

Hagadorn and Burvell, 1968).

An increased prevalence of RF has been demonstrated in the serum of
patients with silicosis by Gambini (1959) Pernis, Vigliani and Gambini
(1963) and more recently By Kamijima (1968) and Kang et al (1973).
Kamijima (1968) reported that RF reflected associated rheumatoid
arthritis in some patients, and this clinical association has also
been described by Spinazzola et al (1968). There have also been
occasional reports of patients with silicosis developing other connec-

tive tissue disorders which are associated with non-organ specific

autoantibody production (Ambrosi, 1966).



The first report suggesting the presence of ANA in silicotic sera was
that of Kamijima (]968)‘who desceribed the clinical follow—up of a

group of patients. LE cells were detected in 5 and two developed
evidence of autcallergic disorder during the course of their silicosis,
one SLL and the other polymyositis. It was suggested that silica

dust might act as an adjuvent in autoimmunization.

Kang et al t1973) have dcscriﬁed immunofluorescent ANA in 25.87 (8

out of 31) patients with silicosis, and Jones et al (1976) have
recently shown ANA in 14 (36%) of a group of 39 patients with sand-
blaster's silicosis, the majority showing strongly positive nuclear
immunofluorescent staining. A preliminary clinical analysis of this
last group has shown that, as in asbestosis and coal pneumoconiosis
the prevalence of ANA in silicosis. increases with increasing radio-
graphic severity. The question whether accelerating disecase promotes
ANA or whether ANA acts as an accelerator in inorganic dust pneumocon-—

iosis remailns unresolved.

Conclusion: In conclusion, since the literature suggests that the
prevalence of ANA increases in patients with inorganic dust pneu-
moconiosis in relation to radiographic severity several important

questions are posed:

1. Is there a gencetic predisposition to produce tissue antibodies
which may be prematurely expressed under the influence of dust

irritation?



2. TIs the mochanism of AVA production in these diseases similar to

QO

92}

that causing ANA in disease~Ffree ageingindividuais?

3. Alternatively, is ANA proeduced by distinct mechanisms relating to
the distinct properties and bLiological effects of each type of
inhaled dust?

4. Whatever the moce of production,  is the ANA innocuous or does it

toke part in immune hypersensitivity reactions which can aggravate

fibrotic tissue damage?
To gain answers to these questions, more information must be obtained
aboult the characteristics and properties of ANA's in the different

industrial Jung discases.

TMMUNE RESPONSES TO NUCLEAR ANTICENS "IN ASTHMA

- Skin test negative asthma (intrinsic asthma) is occasionally
associated with thyroid disease, rheumatoid disease and permicious
anaemia. (Hall, Turner-Warwick and Doniach, 1966; Jayson et al,
1967). There is also evidence of an increased prevalence of auto-—
antibodies including ANA's in intrinsic asthma which has recently been
reviewed by Turner-Warwick (1974b).

Hall, Turner-Warwick and Doniach (1966) demoustrated an increased

prevalence of thyroid, gastic and ANA antibodies in females with
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intrinsic asthma, but a low prevalence in age and sex matched patients
with extrinsic asthma. The prevalence of ANA wés 217 (7 out of 38) in
females with intripsic asthwa, compared with O out of 32 age matched
females with extrinsic asthma and O out of 38 aged matched normal
healthy females. In our own series of patients ANA occurred in 167

of 58 patients with intrinsic asthma comparced with 0% of 49 patients
with extrinsic asthma (Turner-Warwick and Haslam,.1970; Turner-—
Warwick, 1974b). Chachaj et al (1973) described ANA in 207 of 30
patients with severe intrinsic asthma compared with only 47 in a

groub of healthy controls, but they did not study patients with

extrinsic asthma.

Other workers, however, have been unable to demonstrate any increase
in the prevalence of ANA in patients with asthma, either in those with
negative or those with positive skin reactions (Serafini, Torrigiani

- and Masala, 1965; B.T.T.A., 1974).

Turner-Warwick (1976) put forward the suggestion that the slightly
enhanced production of autoantibodies reported by some workers in
intrinsic asthma might reflect some type of viral infection for which
there isvsome suggestive clinical eviﬁence. This might cause impaired
lymphocyte surveillance which might in turn lead to autoantibody
production in older patients, and in younger patients with a genetic

predisposition to develop autoantibodies.

In conclusion, although the literature does not indjicate an important
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role for ANA in intrinsic asthma, intrinsic asthmatic sera were

included in the present study for the interest of examining Lthe varicty

of routes by which ANA might arisc in different lung discases.

IHMURE RESPONSES TO NUCTFAR ANTICENS IH BRONCUIIAL CARCINOMA

Following the report of Whitehouse and Holborow (1971) of an increased
prevalence of ANA (24%) as well as smooth muscle antibody.(67.S%)

in 80 patients with malignant diseases Hodson and Turner—warwiék
(i975)‘100kcd for evidence of autoantibodies in patients with bronchial
carcinoma. They observed no overall increase in the prevalence of

ANA, smooth‘muscle or reticulin autoanfibodies in a group of 105
'patients with bronchial carcinoma of various histological types, but
found a highly significant increase in the prevalence of ANA in the
patients with adenocarcinoma (31%) compared with age and sex matched
controls_(SZ). There was no assoéiation with age, sex, smoking or
chronic bronchitis. Several explanations were suggested for the
increased prevalence of ANA in adenocarcinoma. .Adenocarcinoma of the
bronchus is net related to smoking and ANA production might relate to
persistent oncogenic virus. Alternatively, autoantibody production might
be the result of a general T-lymphocyte deficiency which has becen

noted in many types of malignant diseases and which might lead to
inefficient lymphocyte surveillance. It was also éuggested that
stimulation of lymphocytes by tissue antigens might facilitate the
replication of oncogenic virus, or that ANA might be a marker of

some genetic‘factor which predisposes to the development of

adenccarcinoma of the bronchus.
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Detvlal, Bowszye and Wieekd (1973) also made a passing reference to
b P (=g

LA producticn in brenchiial carcinoma.

av

Fhere have been several reports of an increased prevalence of ANA in -
varicus other types of malignant discase including juvenile myelo~ -
monocytic leukaemia (Cannat and Seligwann, 1973), carcinoma of the
cervix and uterus (Nelson, 1974) and carcinoma of the prostate (Ablin,

1972) .,

IMMUNE RESPONSES TO NUCLEAR ANTIGENS IN CHRONIC ‘BRONCEITIS AND

SMOKING.

It was of some importance to consider the possibility of an increased
prevalence of ANA's and other autoantibodics in chranic bronchitis,
and in smokers compared with non-smokers, because both chronic
bronchitis and the habit of smoking commonly cofexist in patients
with many of the lung discases we are considering.

Chronic Bronchitis

There is some evidence in the literaturc of a slight increase in

the prevalence of autoantibodies including RF’s and ANA's in patients
with chronic bronchitis especially thosc with pefsisteut infected
bronchitis. Bonoma, Gillardi and Tursi (1966) studied 105 patients
with chrenic bronchitis and found ANA's in 18.9% and also found RF's

in 61.97 using human F11 coated latex particles, 40.1%7 using human
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F11l coatcd sheep cells, but only 18.37 using the Rose-Waaler

test with rabbit globulin coated sheep cclls. A mafkcd reduction

in the incidence of BT was obzerved after infection had been con-
trolled by antibictic therapy suggesting that the antigenic stimulus

was related to the infective process.,

Hodson and Turner-Warwick (1976) haﬁe also found ANA's in 14 (18%)
of a group of 78 patients with chronic bronchitis. However, the 28
patients with simple smoking-related n0n~infected bronchitis had

no cvidence of ANA (0 out of 28), and the antibody was only seen in
the patients with chronic infectea bronchitis (at least 6 infective
episodes per year), where the prevalence was 287 (14 out of 50) in
cqﬁpariscn with 47 (2 out of SO)Fin a group of age.and sex matched
normal controls. ANA production as well as RF production in chronic
bronchitis, therefore, is possibly a consequence of infection rather

than the bronchitic process.

§Eokiqg

A slight increase in the prevalence of ANA's and oﬁher autoantibodies
has been reported in cigarette smokers (Mathews, et ai, 1973).

3,407 normal adults were studied and ANA's were slightly more common
than expected in male and female cigarctte suokers or all ages.

Overall, the prevalence of ANA in smokers was &8.3% compared with 7.77Z

in non-smokers.
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Conclusion: In conclusion ANA production may relate to both chronic
infected bronchitis, and to cigavette smoking but the prevalence of
ANA reported in these situations is not sufficiently high to account

for the much greater iucreases in ANA prevalence which have becn

reported in the lung discases included in this study.

IMMUNE RESPONSES TO RWUCLITAR ANTIGENS TN TLUNG DISEASE "CAUSED BY

INTECTIVE AGENTS

In addition to the increased prevalence of ANA and other autoantibodies
in infected chronic bronchitics (Hodson and Turner-Warwick, 1976)
ircreases in the prevalence of autoantibodies have been reported in

pulmonary tuberculosis and in pneumonia relating to Mycoplasma

pneunoniae infection,

There have been several reports of ANA's in pulmonary tuberculosis,
but it is not yet clear whether they srise only as a consequence of
drugs used therzpeutically or whether in some instances they are
induced by the infective process. Cannat and Seligmann (1966)
reported ANA in 197 of patients with pulimonary tuberculosis who had
been treated for prolonged periods with izouniazid, but showed that the
prevalence was not strikingly increased in untreated patients (2%)

or healthy controls (27%) matched for age and se#. Lindquist, Coleman
and Osterland (lQ?O) found ANA in up to 46.6% of paticents with pulmonary
tuberculosis but were unable to find any clear correlation with drug
therapy. Other rcéorts of ANA in pulmonary tuberculosis include those

of Nozzolil and Lamana (1966&) and Belli (l§69). Luciano and Roth-
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field (1973) described speckled immunofluorcsceqt ANA in 8 out of
60 patients with pulronary tubefculosis, although DNA binding assay
in this group did not ecxceed that in a normal population of 90 con—
trol persons. Details of drug therapy in these patients was not

given,

There has been one report of ANA occurring in 10 (25%Z) of 3¢ patients

with Mycoplasma pneumonjae infection (Turnmer-Warwick, 1974b).

These reports suggest that in some instances ANA might be stimulated

as a result of infective processes in the lung.

IMMUNE "RESPCNSES TO NUCLEAR ANTICEXNS IN DRUG-INDUCED LUNG DISCRDERS

ANA production is associated with'quite a large number of drugs used
" therapeutically, some of which may also induce a syndrome resembling

SLE. A recent review is that of Alarcon~Segovia (1969).

Procainamide can induce a lupus like syndrome which has a higher
incidence of pleurisy as an initial manifestation and a lower incidence
of renal involvement than is usual in the spontaneously occurring form
of SLE (Blomgren, Condemi and Vaughan, 1972); The features of
procainamide induced lupus are remarkably similar to the features

of a group of patients with SLE who presented at the Brompton Hospital

with pleuropulmenary syoptoms recently reviewed by Holgate et al (1976).
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Low levels of DNA binding have been reported in procainanide~induced
lupus (Mughes, 1971; Winfield and Davis, 1974) and suggest slight
differences in the mechanisms leading to ANA production in these

situations counpared with most other groups of spontancous SLE.

Isoniazid can also sometimes induce a lupus—like syndrome in keeping
with the reports of an association between ANA production and drug

therapy in pulmonary tuberculosis,

Drugs which are known to induce changes in the lungs by mechanisms
which probably involve hypersensitivity reactions are nitrofurantoin
which can cause a predominant cosinophilic infiltration (Nicklaus

" and Snyder, 1968), and hexamethonium (Heard, 1962) and busulphan
(Littler and Ogilvie, 1970) both of which can lead to pulﬁonary oedemal
which sometimes persists leading to fibrosis. Paraquat poisoning

also gives rise to a most acute inter-stitial pulmonary fibrosis
(Lanzinger, Ritz and Franz, 1969). However, there is no

information in the literature of ANA production in relation to treat-

ment with these drugs.

In view of the large number of drugs able to stimulate ANA prod-
uction in predisposed individuals, it is of obvious importance to
consider the possible influence of drugs in situations where ANA

is demonstrated.
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Drug induced ANA's are usually transient, disappearing on withdrawal
of the drug, and contrasting with the persistant ANA's in various
connective tissue disorders, and in patlents with lung discases

(S 3]

followed over many yecars (Turner-Warwick, 1974a).
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SUMARY

Table 1 summarises the literature which has indicated an increased

prevalence of immunofluorescent ANA in certain lung diseases.

There are at least two possible reasons for variable results. These
are differences in diagnostic criteria for acceptance of patients,
‘and the many different modifications of the indirect immunofluorescent

staining method of Weller and Coons (1954).

The ANA prevalence is reliant upon such factors as antigenic
substrate and screeniﬁg dilution of test serum chosen for acceptance
of positive results (Beck, 1963). Tests in our own laboratory are
performed under standard conditions and reactions observed at a serum
dilution of 1 in 10 or greater accepted as positive to enable mean-

ingful comparison of our own results in different clinical situations.



TABLE 1

Summary of literature indicating an increased prevalence of immunoflucorescent ANA in certain human lung disezses.

Disease ANA prevalence Reference
(%)
|
Turner-Warwick & Doniach, 1965; Mackay & Ritchie, 1©85; %
CFA 28-41 Nagaya, et al., 196%9; Stack, et al., 1972, Turner-
Warwick, 1974a.
: -Warwic! a 3 970; Turner-Yarwick & Easlam
Asbestosis 05-50 Turner-Warwick & Parkes, 1970:; Turner IaPElS\ Easlam,
1371; Kang, et al., 1973; Lange, et al., 1874.
Coal pneumoconiosis 17-34 Lipmenn, et al., 1873; Soutar, et al., 197k,
Silicosis 26-36 Kang, et al., 1973; Jones, et al., 1976.
: C i 56 ; kaj, 2l. 3; Turner-iarwick
Intrinsic asthma 16-21 Hall, et al., 1966; Chackaj, et 2l., 1973; Turner-Va ck,
: 187ub.
Adenccarcinoma of bronchus 31 Hodson & Turner-VWarwick, 1975.
Chronic bronchitis - 0-28 Bonomo, et al., 1966; Hodson & Turner-Warwick, 1976.
Pulronary tuberculosis. 2-47 Cannat & Seligmann, 1966:; Lindquist, et al., 1879,
Preumcnia (lycoplasma pneu- .25 Turner-Warwick, 1874b.

moniae)

A
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TIT. FATY COUCLUSTIONS FROM THE LITERATURE REVIEW

Tn the light of this review, the present study was undertaken to define
tle characteristics of ANA's in lung disease in greater detail, and to
determiné whether nuclear antigens might potentiallyAstimulate cellular
as well as antibody-mediated hypersensitivity reactions in the lung.

The study wss undertaken for the following reasons:

1. Because the evidence of increased prevalence of ANA in some
lung diseases is now substantial.

2. . Because the evidenrce suggests that this is unlikely to be a
consequence of co-existent chronic infective bronchitis or
smoking. |

3. Because further evidence suggests that it is not a general con-~
sequence of all tyﬁes of chronic lung destruction; mor on the other
hand does it appear to relate to one particular type of histo-
bathological abnormality.

4. Because there is scme evidence of differences in the character-—
isticé of the ANA's in the various lung diseases, suggesting that
they might play different roles under different circumstances.

5. Because prcliminary evidence suggests that ANA may participate in
tissue damaging Type III imnwune complex mediated hypersensitivity
reactions in some patients with CFA, and that in the inorganic dust
disecases ANA might act as an aggravating factor stimulating

particularly severe fibrotic lung darmage.
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Finally, because no—one so far has attenpted to investipgate the

P i 15

possible contribution of cell-mediated hypersensitivity veactions
to nuclear antigens in these lung disorders despite the evidence

that such reactions can be stimulated in some patients with

SLE.



"CHAPTER 2

PATTIENTS AXD CONTROLS
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1. DATIENTS AND CONTROLS USED TO STUDY PREVALLNCE OF IIMUNO-

TLUORESCENT ANA

Blood from the following patients and comntrols was obtained by

venepuncture, the serum recovered and stored without preservative
o . . ' )

att ~20°C until required. Sera were collected over an 8 year

period from 1565 to 1973.

PATTENTS WITH LUNG DISEASE

The majority of these patient groups have been the subject of
previous studies published from the Department of Medicine,

Cardiothoracic Imnstitute, Fulham Road, London, S.W.3.

vPleuropulmonary SLE

There were 28 patients, 7 males and 21 females, in this special
clinical subgroup within the general definition of SLE, who had a
predominant intrathoracic disorder with respiratory symptoms the
presenting fecature in most cases, and who rarely had evidence of
renal involvement. The clinical features have been described in

detail elsewhere (Holgate et al, 1976).

All 28 met the Medical Rescarch Council's criteria for diagnosis of
SLE (MRC, 1961) and 22 also fulfilled the American Rheumatism

Association's criteria (Cohen and Canoso, 1972).



All, by definition, had immunofluorescent antinuclcar antibody
(ANA)Y of titre 1 in 10 or greater, but the group was included
here for the comparisen. LE cells had been demonstrated on at

least two occasions in all but three patients.

Pleurisy was the most frequent respiratory symptom occurring
in 24 (87%) of the patients, small pleural effusions were scen
in 9 (33%) and pericarditis in 15 (55%). There were 2 patients

with biopsy evidence of fibrosing alveolitis.

Cryptogenic Fibrosing Alveolitis (CTA)

There were 142 patients, 86 males and 56 females. The group has

been described previously (Turner-Warwick and Haslam, 1971).

" A1l had radiographic evidence of persisting bilateral widespread
pulmonary shadowing, sometimes with honeyccmbing and frequently denser
at the bases of the lungs, and lung physiology showed a restrictive

ventilatory defect.

Clinically all were breathless and had numerous basal crepitations,
and 577 had finger clubbing. All other possible causes such as
sarcoidosis, extrinsic allergic alvgolitis and pneumoconiosis had
been reasonably cxcluded. The diagnosis was confirmed by histological

examination of lung tissue in 46.



There werce 59 (427) patiente with systemic wmanifestations in addition
to the lung lesions. These included rheumatoid disease in 36, liver
disease in 16, thyroid disease in 2, Kaynaud's syndrome in 3,
uléerativc colitis in 3, Sjogren's syndrome in 3, renal discase in

2, scleroderma in 1, pernicious anaemia in 1 and polymyositis in 1.

Asbestosis

There were 74 patients, 66 males and 8 females. The group has been
described prcvioﬁsly (Turner-Warwick and Haslam, 1971). All had
been exposed industrially to asbestos dust for periods ranging from
1 to 40 years (mean 18 years). All had severe disease with radio-
graphic'evidence of persisting bilateral widespread pulmonary
shadovwing showing features compatible with the diagnosis. In addition>
lung physiology showed a restrictive ventilative defect. Clinically

all had rales on auscultation and 42 (57%) had finger clubbing.
There were 11 (15%) with evidence of associated rheumatoid disease.

Sandblaster's Silicosis

There were SQ patients, 29 males and one female. The group has been
desceribed in detail previously (Jones et al, 1976).  All

had been exposed to crysﬁalline silica dust while sandblasting for
periods ranging from 3 éo 32 years (mean 13 years). All had radio-
graphic pulmenary shadowing compatible with thie diagnosis showing

cither simple nodular silicosis, or widespread conglomerate lesions.



Coal liners'

There were 109 patients, all males. Thc‘group has been described
previously (Soutar et al, 1974). All were miners or cx-miners with
a history of exposure to éoal dust, aud>all had been accepted by
the Pneumoconiosis Medical Panel as having radiographic and
functional abnormalities consistént with‘a diagnosis of coal
pneumdéoniosis. The radiographig abhofmalities ranged from mild

simple pneumoconiosis to advanced progressive massive fibrosis.

Acute Extrinsic Allergic Alveolitis (Acute EAA)

There were 20 patients, 12 males and 8 females. The group included
13 patients with acute bird~fanciers' lung and 7 patients with acute

t

farmers' lung.

A1l had radiographic evidence of nodular shadowing characteristic
of acute granulomatous discase, and nonc had evidence of widespread
irreversible lung fibrosis.

The 13 patients with acute bird-fanciers'

1ung>(7 hales and 6
females) had all been exposed to pigeons or budgerigars for varying
periods from 1 to 38 vezrs (wean exposure 12 vears). In addition,
all had circulating precipitating antibody to avian serum proteins.
Skin prick tests with avian protein were positive in only 2 patients,
but all gave positive immediate skin rcactions in intracutaneous

skin tests, and 12 also showed late reactions.
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The 7 patients with acute farmers’ lung (5 males and 2 females) had
all been exposcd to mouldy hay, and all had circulating precipitating

antibody to Microvolwspora faeni. Skin tests were not done.

T NP Srv—

Chronic Extrinsic Alleryic Alveolitis (Chronic EAA

There were 34 paticents, 24 mwales and 10 females. The group has been

previously described (Turner-Warwick and Haslam, 1971).

A1l had radiographic evidence of persisting widespread pulmonary

" shadowing, and cases with transient nodular shadowing, reflecting
more acute granulomatous lesions, were cxcluded. The group included
l§ patiéhtsv(ll males and 8 females) with chronic bird-fanciers'

"lung and 15 patients (13 men and 2 women) with chronic farmers' lung.

The 19 patients with chronic bird~fanciers' lung had been exposed to
pigeons or budgerigars for varying periods of from 1 to 54 years
(mean 19 years). All had circulating precipitating antibodies to
avian serum protein. Prick and intracutancous skin tests with

aVian serum protein on 14 éatients showed positiQe immediate prick
reactions in 6, posigive immediate intracutancous test reactions in
13, and positive late intracutaneous reactions in 11. In-3 other
patients skin prick tests were negative.

The 15 patients\with chronic farmers' lung had been exposed occupa—
tionally to mouldy hay. All had circulating preéipitating antibodies

to Micropolyspora faeni, but skin tests were not done.




Chienie Pulmonary

‘Sarcoidosis

There were 33 patients, 15 males and 18 females. All had radiographic
evidence of persisting bilateral widespread pulmonary shadowing,

which had remained statiomary or progressed despite steroid therapy
over a 2 year peviod of asscssment. . Cases with acute reversible
gramulomatous diseasc, characterised by nodular lesions on chest

radiographs, were excluded.

There was histological confirmation of the diagnosis in all patients,
either by Kveim biopsy (22), mediastinal node biopsy (16) or lung
biopsy (2). In addition the Mantoux skin test with PPD was negative

in all but 3 patients.

Chronic Bronchitis

- There were 37 patlents, 27 males and 10 females.

The diagnostic criteria werc those of the Medical Research Council
(1965), the main criterion being chronic cough and sputum on most
days during at least threc consecutive mounths for at least two success-

ive years.

All the patiénts had radiographic evidence of lung damage relating to
the bronchi, and lung physiology showed a chronic obstructive vent—
ilatory defect. Six patients only had evidence of repecated chest

infection with purulent sputum.
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Cascs associated with bronchial asthma, characterised by wheeze and

blood eosinophilia, were excluded.

Intrinsic Asthma

There were 48 patients, 17 males and 31 females. The group has been

previdusly described (Turner—-Warwick and Haslam, 1970).

All had predominant wheeze and breathlessness with reversible air-
ways obstruction and minimal cough and sputum. Lupg radiographs
were normal. No known external causal‘allergcns could be identified,
aﬁd-skin tests . to a stendard range of 23 common allergens were
negétive. All had shown an absolute blood oosinoph&lia of over

3 ;
500 mm~ on at least one occasion.

"Txtrinsic Asthma

There were 43 patients, 18 males and 25 females.

All had predominant vwheeze and breathlessness, reversible airways
obstruction, minimal cough and sputum, blood eosinophilia, and normal

lung radiographs.

There was evidence of multiple extrinsic causal allergens in all the
patients, with positive skin prick test rcactions to scveral of 23
standard common prick test allergens, but nonc of the patients had

serum precipitins to extracts of the allergens.
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Seven paticnts had associated eczema and 12 rhinitis. Cases

with associated bronchitis were excluded.
PATLENT ACE
. . . +
The mean age and age distribution (mean age = 28D) of the total, and

male and female patients in each of the above lung discase groups is

shovn in Table 2.
This information was used to select normal control groups, of
similar mean age and age range (within 5 years), for comparison with

the patient groups.

CONTROLS WITHOUT LUNG DISEASE

. Asbestos Exposure

This was a special control group selected for comparison with the
asbestosis disease group. It has been previously described (Turner-—

Warwick and Haslam, 1971).

There were 74 workers, 72 males and 2 females, matched for age and
duration of exposure to asbestos dust (within 5 years) with the
patients in the asbestosis discase group but in whom the chest
radiographs showed no evidence of intrafpulmonafy abnormalities and
in whom no finger clubbing was observed. Scanty rales were audible

in 13 subjects from this group.



TABLE 2

. . . . + .
The numbers and age distributions (Mean age in years <+ 2SD) of
f==]

the patients in each lung disease group.

Total patients Male patients only Female patients only
5 Mean ‘Age range ‘ Vean A%e range X Vean ﬁge rang
Disease No. aze (Mean zge No. e (Fean age No . (iean ag
& * 28D) a6 * 25D) =& £ 28D}
Pleurcpulmonary SLE 28 50 21-78 7 53 39-68 21 4S 17-50
CFA 142 56 30-81 86 55 31-30 58 57 2%-g4%
Asbestosis Th 54 38-71 66 54 37-71 8 60 51-&8
Lsbestos exposure 74 53 36-71 72 53 36-71 2 56 LT7-53
Sandblaster's silicosis 3¢ ug 26-65 29 L6 256-65 i L1 0
L . ! R - .
Coa niner’s pneuno 109 61 43-72 109 61 43-79 0 0 0
Acute LAA 20 28 5-70 12 29 8-50 8 52 29-75
Chronic EAA 34 54 36-72 24 54 37-72 10 54 33-74
Chronic sarcoidosis 33 37 9-65 15 36 5-67 18 35 11-51
Chronic bronchitis 37 61 36-89 27 55 ug-81 10 32 15-83
Intrinsic asthma Lg 48 18-70 - - - - - -
Extrinsic asthma 43 33 1-64 18 29 2-60 25 38 4-87

= ot known
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Normol Healthy Controls

There were 205 normal healthy persons, 121 males and 84 females,

without evidence of lung or other disease.

The wmajority of age 20 to 65 years were blecod donors, and a number
were voluntecer medical and laboratory staff. Volunleers over 65

yvears of age were kindly referred by a gencral practitioner colleague.
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IT,  TATIENTS A CONTROLS USED TO DREFINE T CHARACTRERTSTICS OF ARA

The following patients and controls all had positive serun ANA of

titre 1 in 10 or greater by lmmunoflucrescence.

Serum from these patientsg and controls was collected and stored at

-20°C until required.

PATTEHTS WITH LUNG DISEASE

The diagnostic criteria were those described above (I.),

Pleurcpulmonary SLE

There were 28 patients, 7 males and 21 females, and the group is

the same as that described above (I.,).

The mean age of the patients was 50 years, SD 14 years,

Cryptogenic Tibrosing Alveolitis (CFA)

There were 76 patients, 39 males and 37 females. Thirty six had
systemic manifestations in addition to the lung changes. ' The mean

age of the patients was 57 years, SD 13 years.

Asbestosis
There were 33 paticnts, 30 males and 3 females. The duration of

exposure to asbestos dust ranged from 1 to 40 years, mean 20 years.

The mean age of the patients was 57 years, SD 8 years.
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Sanablaster's Silicosis

There were 22 patients, 21 males and 1 fewale. The duration of
cxposure to silica dust ranged from 6 to 28 years, wean 13 ycars.
-

fhe mean age of the patients was 47 ycars, SD 11 years.

o
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Intrinsi

There were nine patients, 5 males and 4 females. The mean age of

the patients was 45 years, SD 13 years.

CONTROLS WITBOUT LUNG DISEASE

‘There were 10 healthy normal persons, 5 males and 5 females. The

mean age was 59 years, SD 13 years.
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TIT.,  PATIERTS AMND COHTROLS USED TO STUDY LYMPLHOCYTES

Peripheral blocd leucocytes and time-matched scrum samples were

collected from the following patients and controls.

PATTERTS

Forty nine patients were studied in whom ANA had been detected by a
standard immunofluorescent staining test in serum dilutions of one
in ten or greater. The clinical groups are set out in Table 3. The

diagnostic criteria were as follows:

Pleuropulmonary SLE

Nine patients were seclected having multisystem disease including
pleuropulmonary involvement fulfilling the criteria suggested by the
American Rheumatism Association (Cohen and Canoso, 1972), and in
whom LE cells had becn detected. Two were receiving corticosteroid
therapy at the time of testing, and two others werebstudied before

and during treatment.

Cryptogenic Fibrosing Alveolitis (CFA)

Twenty patients were selccted, the diagnostic criteria being those
described previously. (I. abovej. The diagnosis was confirmed in
six instances by lung biopsy. Eight were not receiving corticosteroid
therapy at the time of testing. Nine of the twenty werc receiving
corticosteroid therapy at the time of testing and three others were

studied before and during treatment.
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TABLE 3

Total number of patient and control  leucocyte migration
studies.

Disease Total Untreated Treated
Pleuropulmonary SLE 11 7 4
CFA 23 11 12
CFA - w%th systemic 3 3 0
sclerosis »

Asbestosis _ 10 9 1
Intrinsic asthma 9 7 2
Sjbgren's syndrome 1 1 0
Controls 16 16 0

Totals 70 51 18




Asbestosis
Ten patients were included in whom theve was a history of asbestos
expesure, persisting bilateral radiographic shadowing and in whom

crepitations were heard on auscultation. One was receliving corti-

costeroids.

Intrinsic Asthma

Nine patients were selected withrcvcrsible airvays obstruction in
whom the clinical history failed to reveal extermal allergens and in
‘whom immediate prick test recponses to a standard range of twenty-
three antigens were negative. Two were receiving éorticosteroid

therapy.

Systemic Sclercsis

The threc patients studied had evidence of widespread pulmonary

disease with additional skin changes typical of scleroderma.

Sjogren's Syndrome

One patient with grossly deficient secretions but without pulmonary

involvement was studied.

CONTROLS

Sixteen healthy voluntecer subjects, in whom ANA was not detectable

in a one in ten serum dilution, were used as controls.
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CHAPTER 3

MATERIALS AND METHODS




67.

I. ANTISERA VOR THMUNOFLUORESCENT STATWING TESTS

COMMERCTAL SOURCES

Sheep antihuman inmunoglobulin conjugated with fluorescein iso
thiocyanate, was obtained from Wellcome Reagents Ltd. The anti~

serwn was polyvalent reacting with human IgG, 1gM and IgA.

Goat antihuman JgG, goat antihuman IgM, and goat antihuman IgA
were unconjugated antisera obtained from the Iyland division of

Baxter Laboratories.
Horse antihuman complement components C3 and C4 (Pondman, Es and Schuurs
1965), was an unconjugated antiserum obtained from the Blood Group

Reference Laboratory, Amsterdam.

CONJUGATION OF ANTISERA WITH FLUORESCEIN ISOTHIOCYANATE (FITC)

FITC-conjugatcd antihuman igG, IgM, IgA and cdmplement (C3 and C&;
were prepared from the commercial unconjugated antisera, adhering as
closely as possible'to the recommendations advised by Johnson and
Holborow (1973). Rcasonably large batches of antisera were con-—
jugated so that comparative studies could be cenpleted witﬁ the

same batch.
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The antisara>all had at least 16 to 32 precipitating units of anti-
globulin activity per wl (Johnson and Holborow, 1973), ond only
the globulin fractions were conjugated to svoid problems eof non—
specific staining, which can be caused by conjugated albumin and

other irrclevant serum proteins.

The FITC-conjugation procedure was a modification of the method of

Marshall, Eveland and Smith (1958).

1 volume of antiserum was diluted to 10 volumes with cold (AOC)

O.lSM phosphaté buffered'salineApH 7.0, and an equal volume of cold
(400) saturated ammonium sulphate solution added slowly with mixing

to precipitate the antiserum globulins. The solution was left for

an hour at 4°C and the precipitate recovered by centrifugation at 17,000
rpm for 15 minutes at 4°¢. It was redissolved Lo the original 1 in

10 volume with phosphate buffered saline and pufified by re~precip-

itation.

The purified globulins were redissolved in a minimum volume of unbuff-
ered 0.15M saline, and freed from ammonium sulphate by gel filtration
through & column of Sephadex G625 (Pharmacia Ltd., Uppsala, Sweden)

equilibrated with 0,15 unbuffered saline.

The protein centent of the eluted globulin fraction was measured
by comparisen with a Behringwerke prctein standard using the
Folin-Ciocalteau Reagent (Lowry, et al 1959) and reading absorption at

750 m u in a spectrophotometer.
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The solution was diluted to a protein concentration of 10 mg/ml

with 0,15M unbuffered saline including a final 107 concentration by
volume of 0.5 sodium carboﬁate/bicarbonate buffer, pH 9.0, then

cooled to QOC. 0.03 mg of the anhydrous pure Isomer I of fluoresceln
jisothioceyanate (Sigma Chemical Co. Ltd,) was weighed out for each 1 mg
of protein globulin, mixed with a sﬁall quéntity of Whatman CF1l1
cellulose powder to aid dispérsion of'fhe dye, then thrown into the
chilled globulin sclution. Conjugation wae allowed to proceed for

18 hours at AOC, with continuoué gentle agitation on a haematocrit

rotator.

After conjugaticon, the cellulose powder wes removed by centrifugation,
and the supernatant (containing FITC-conjugated globulins) freed from
excess unconjugated TITC by gel filtration at t°c through a column

of Sephadex G25 equilibrated with 0.15M phosphate buffered saline.

The eluted conjugate was collected in serial 1 ml fractions and the

most concentrated fractions pooled.

Finally, the protein concentration of the conjugate was measured,
and an estimate cof the FITC concentration obtained by diluting the
conjugate apéroximately 1 in 10 (to achieve a suitable working
range for spectrophotometric reading), readiung its absorption in the
.spectrophotometer at 49éxnf4 (the wavelength of maximum absorption
of IF'ITC) and cofrecting for irrelevant absorption not attributable

to FITC by subtraction of half the absorption at 320 m a.



‘The {luoryescein: pretein ratjio was determined from the follewing

expression which was derived by Helborow and Johnson (1967):

F e = 2,06 2 B492 m u (corrected) % Dilution

mg/ml protein

The F : P ratios of the FITC conjugates prepared for use in this study

were all between 4.8 : 1 and 5 : 1.

. . . o
Conjugates were stored in aliquots at 4 C.

TISSUE POWDER ABECRPTION OF TITC~CONJUGATES

All FITC-conjugates used in the present study were absorbed immediately
prior to use with tissue powder as recommended by Coons and Kaplan
(1950) to remove conjugated globulins of particularly high net negative
charge which are primarily responsible for nom-specific staining
(Curtain, 1958). For absorption, 1 volume of moist pig liver powder
(acetone-dried; Wellcome Reagents Ltd.) was added to 2 volumes of
FITC~conjugate and the mixture agitated for 1 hour at roem temper-

ature on a rotary mixer.

fter absorption the conjugate was freced from tissue powder by
filtration through a 5 m pore size Millipore membrane in a Hemmings'

filter.

It was found unadvisable to re-use tissue powder absorbed conjugates

after storage.
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ABSORITIOH OF FITC-CONJUGATID HOPRSE ANTTHUMAN COMPLITMLNT (C3 ANU C4)

FITC-conjugates of antihuman complement were abscrbed with purce
human IgG before use as recommended by Lachmann et al (1962) to

remove any traces of antihuman IgG.

For the absorption, an amount of pure human IgG equivalent to double
the antiserum protein was added, the mixture incubated for an hour
at room temperature, then centrifuged to remove any precipitated

complexes.

" CONFIRMATION OF SPECIFICITY AND STANDARDIZATION OF FITC-CONJUGATED ANTISERA

Immunoelectrophoretic analysis, using a modification of the
micromethod of Scheidegger (1955) with fresh human serum as the
antigen, confirmed that the FITC-conjugated antisera used in this
study all gave characteristic arcs of immunoprecipitation with no

evidence of other lines indicating lack of specificity.

Ouchterlony double-diffusion used as suggested by Holborow and
Johnson (1967) with fresh human serum as the antigen, confirmed that
Kappa and Lamda light chain cross-recactivity had been removed from

FITC-conjugates of antihuman IgG, IgM and IgA.



72,

The optimum working dilution of each FifC-conjugated antibuman
inmunoglobulin antiscrum was deﬁcrmincd using an indircct immuno-
fluorescent staining test for ANA (P. 85) and standard positive
contral sera with ANA of known titre (P. 50) with respect to summated
immuncglobulin classes and individual immunoglobulin classes of ANA.
The highest dilution of each conjugéte achieving the standard

maximﬁm titre of AWA with thé maximum>definition of specific

staining and minimal non—specific background staining was selected

for use.

For TITC-conjugated antihuman complement, the activity was confirmed
and the working dilution determined similarly using an indirect
staining method (p. 91) and sera with known titres of complement-—

fixing ANA.
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11. NUCLEASE ENZYMED

NUCLEASL S1

The pure Nuclease S1 used in this study was a gift from Dr. R. I.

Kanien, Imperial Cancer Research Tund.

It is an enzyme from Aspergillus oryzae which can specifically

digest non-base-paired nucleic acid single—-strands and loops by
splitting the phosphodiester bonds linking the nucleotide chains.

(Ando, 1966).

RTDONUCLEASE

Ribonuclease A from bovine pancreas, was obtained from Boehringer

Mannheim (Code 15331, batch 7422325).

It is an endonuclease which cleaves RNA but not DNA, releasing
pyrimidine-3'-phosphates and oligonucleotides with pyrimidine-3'-
phosphate terminal groups. Its optimal stability is pH 2.0-5.0

and optimum activity pH 7.7.
It was stored in freeze dried form at +4°C until used.

DEOXYRIDORUCLEASE

Deoxyribonuclease 1 from bovine pancreas, was obtained from Miles-—
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Seravac Liboratories (Code 36-152, batch 13554).

It is an cudonuclease which depolymerizes DHA, releasing mainly

I

5'emonoesters. Its optimal stability is pH
activity pH 6.0 ~ 7.0, and bivalent cations

obligatory.

It was stored in frecze dried form at -20%¢

5.0 and optimal

(e.g. Mg++) are

before use.
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111. HNUCLEAR ANTIGENS

Single batches of all nuclear antigens, with the exception of
frozen rat liver sections, were used for the whele series of in
vitre antibody and lymphocyte studies in order to make meaningful

comparisons.

‘Rat Liver
This was used as a source of cell nuclei for a number of indirect

immunofluorescent staining tests (p 85 ;91 ;107).

Young rats were killed as required, the livers removed with a

minimum delay, cut into blocks 1 cm3 and snap frozen on strips
of copper foil pre-cooled on solid carbon dioxide. The frozen
tissue blocks were used immediately, or stored in an air tight
container at -7060 and used within 5 days, after which time

controls indicated a loss of antigenicity.

For indirect immunofluorescent tests, scctions 2 to 4 au thick
were cut using a Bright's cryostat, mounted in pairs or triplicates
on clean grease-free microscope slides, air dried for 30 minutes,

then used directly.

Calf-Thymus Deoxyribonuclcoprotein

This was prepared by the method of Johns et al, (196Q), and kindly

supplied by Dr. E. W. Johns (Chester Beatty Institute). It was
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. . o0
stored as at 1 wg/ml suspension in ethanol at =20°C.

For use in immunofluorescent tests for deoxyribonucleoprotein
antibodies (p %4), drops of the stock 1 mg/ml ethanolic suspension
were applied to clean, grease—free microscope slides (2 drops per

slide), allowed to air dry for 30 minutes, then used directly.

Commercial Calf-Thymus 'Double-~stranded' Deoxyribonucleic Acid

('DS'-DNA)

This‘was prepared by a modification of the method of Zamenhof
(1958), and was obtained in a salt—free freeze dried form from
Miles~Seravac Laboratories (Code 36~155; Batch 22B). It was
stated to be a highly polymerized material, with a DNA content of
83.87, ribonucleic acid 1ess-than.1%, protein 0.237 and moisture

Q.47.

For use in Ouchterlony double—~diffusion tests (p.95 ) the calf-
thymus 'DS'-DNA was dissolved slowly over a period of 24 hours at

room temperature in 0.01M K HPOA/KH PO, buffer, pH 7.2, at a con~

2 274
centration of 1 mg/ml, avoiding harsh treatment such as mechanical

stirring which might cause strand separation.

Assay of a 5.0 mg/ml solution of this DNA in 0,1M sodium citrate,
pH 7.4, and of a similar solution after heat treatment at 76°C for
1 hour in a Ferranti-Shirley cone and plate viscometer at 25°%¢

applying a range of shear rates from O to 18,000 S-l, demonstrated

2

that the heat treatment effected a percentage decrease in specific



viscosity at all shear rates varying from 437 to 53%. A percentage
decrease of greater than 22 suggests that the original material was
probably demaged (Zamenhof, 1958), either with free single strands
or strand sheafing. Heating at boiling peint in a water bath for
10 minutes then rapid cooling on jce was found to effect a similar

decrease in specific viscosity from 34% to 38%.

Dr. K. Shooter (Chester Beatty Résearch Institute) has recently
obtained further evidence of single-strand breaks in this DNA
antigen from measurements of the sedimentation coefficicnts at
neutral pH and in alkali, using a Beckmann~Spinco analytical ulfra—
céﬁtrifuge fitted with the ultra-violet absorptidﬁ optical system

(Haslam et al, 1976G).

Nuclease ST '"Purified' 'Double-~stranded' Calf-Thymus DRA

An attempt was made to reduce, or remove, single-strand contamin-~
ation from the commercial calf-thymus 'DS'-DNA using the enzyme
Nuclease S1 (p. 73) and a modification of the method of Vogt
(1973). A trial trace—lzbelling experiment was first performed,
employing p32—labelled single~strand DNA (a gift from Dr. R. I.
Kamen) and conducted in the presence of excess calf-thymus
'DS'-DNA, which demonstrated the total digestion of 2 ml of a

1 mg/ml solucion of heat denatured single-strand calf-thymus DNA
using 1.5 ul of the Nuclease SI solution in an optimum time of

. o
30 minutes, at a temperature of 50°C.



78.

Tor the actual purificagion 6 wl of a 1 me/ml solution of commercial
calf~thymus 'DS'-DNA was prepared in é buffer consisting of

0.05M potassium acetate, pil 4.5, 0.2 sodium chloride and 1 mif
Zinc sulphate. 6 ,ul of 2mmercaptoethanol (7 mM/ml) was added,

and finally 4.5 1l of Nuclease S1 solution. After mixing, the
solution was incubated at 50°C in a water bath for 30 minutes and
shaken gently at repular intervals. The reaction was terminated
by immediate cooling in an ice bath, and the "purificd’ 'double*‘
stranded' DNA rccovered by chloroform—-phenol extraction as follows:
Tﬁe reaction solution was vortexed with an equal volume of a 1:1
mixture of chloroform and redistilled phenol, and the phases were
separated by centrifugation at 5,000 rﬁm for 10 minutes at room
Atemperature. ‘The upper aqueous phase containing the 'purified’
'double~stranded' DNA was recovered and re-extracted with
chloroform-phenol, then extracted twice more with chloroform con-
taining 12 isoamyl alcohol. The interphase was at this stage
perfectly clcar, indicating the complete rcmoval of digested
fragments and enzymic protein. Traces of phenoi were finally
removed by exhaustive dialysis against a buffer of 0.0IM Tris

(Trihydroxyaminomethane) with IM NaCl, pH 7.5.

The solution of Nuclease SI 'purified' "double-stranded' calf-
thymus DNA was stored briefly at 4°C then dialysed into 0.01M
}{2111’04/10121’0,4 buffer, pil 7.2, for immediate use in Ouchterlony

double~diffusion tests.
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Calf~Thymus Single-stranded Deomyribonucleic Acid (S5-DUA)

This was prepared for use in Ouéhterlony doublie-diffusion tests
(p. 96 ) from a 1 wmg/ml solution of calf~thymus "NS'~DRA in 0.01M
KéIlPOA/KﬂzPO4 buffer, pH 7.2, Single-stranding was achieved by
heating the solution in a boiling water bath for 10 minutes,
shaking quickly to disperse the strénds, then rapid immediate
cooliﬁg in an ice bath. The solution ﬁas subsequently kept at
tenperatures below 15°¢ pricr to, and during, test procedures to
avoid spontancous strand recoil.

Ilzs—labelled "Double~stranded' Hela Cell Deoxyribornucleic Acid

This was used as the antigen for Farr-binding tests (p.104),
and was a gift from Dr. John Holian of the Radiochemical Centre,

Amersham.

The radioactive label was introduced as an internal lakel into
Hela cell DNA by culturing the cells in medium containing 1125 iodo-
deoxyuridine (Glass et al, 1973), and the labelled DNA was

extracted by a modification of the method of Marmur (1961).

Dr. K. Shooter (Chester Beattiy Rescarch Institute) has examined
this antigen using ultracentrifugation methods and has been unable

to detect any single—stfand breaks. (Haslam et al, 1976).
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Total Yeast Ribonucleic Acid (RNA)

This was obtaiued from Miles—Seravac Laboratories, Code 23-340,
Lot 3. It was stated to be a relatively low molecular weight

depolymerized material assaying at least 947 KNA.

The material was practically inscluble in 0.01M buffers rendering
problems fer its use in Ouchterlony double-diffusion tests which
are normally carried out at this low molarity with macro-molecules

such as nucleic acids to aid their diffusion (Clausen, 1972).

OQuchterlony double-diffusion tests were, however, attempted (p.85)
using 5 mg/ml and 1 mg/ml solutions of RNA in three alternative

- buffers: 0.1M sodium acetate/acetie acid buffer, pH 6.5; 0.1M
KZHPOZ‘/KH?_PO4 buffer, pit 7.2 énd 0.14M NaCl/0.015M sodium citrate
buffer, pH 7.1.

For use in counter—current electrophoresis electroimmunoprecipitation
(p.105), 200, 100 and 20 ug/ml solutions of RNA-were prepared in

0.05M sodium barbitone/HCL buffer, pH 8.2.

NUCLEAR ANTIGENS FOR LYMPHOCYTE STUDIES

The following nuclear antigens were prepared for use in leucocyte

migration testsy(p.108).
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Bat Liver Hucled

These were isolated from a homogenste of fresh rat liver by
differential centrifugation through suerose solutions of increasing
density (Stirpe and Aldridge,

13

1961). The final nuclear pcllet was
resuspended fo onue tenth the original volume of homogenate with

1.6 sucrose in 0.4M MgCl and stored at -20°C in suitable test

93
aliquots of 0.4ml. The dry weight of nuclear material per aliquot
was determined. Purity was confirmed by electron microscopy (Plate
1). TFor use in tests,nuclei were washed twice with Eagle's Rasal
Medium (EBM) (Wellcome Reagents Ltd. Code TC30), énd resuspendcd

to the required test concentration in EBM containing 207 inactivated

foetal calf serum (EBMS).

Calf-Thymus Deoxyribonuclecoprofcin

This was the same batch as that used for antibody studies (p.75 ).

For the lymphocyte studies, a 2 mg/ml suspension was stored in
ethanol at -ZOOC, and for use the required amount was  -removed,
excess ethanol decanted and replaced with an equal volume of EBMS,

and final traces of ethanol removed by dialysis against EBM.

The suspension was finally adjusted to the required test concen-

tration with LEBMS.
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Electron micrograph of purificd rat liver
cell nuclei used in peripheral leucocyte

migration tests. (Magnification x 3740)
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Commercial Calilf-Thymus 'Double~stranded' Deomvribonucleic Acid

(*DS'-DRA)

This was the same batch of commercial calf-thymus 'DS'-DNA as that

used in the antibody studies (p.706 ).

Tor 1ymphocyte studies it was dissolved slowly in EBMS at the

required concentration without mechanical stirring.

Calf-Thymus Single~stranded Deoxyribonucleic Acid (SS—DNA)

This was‘prepared from a 0.5 mg/ml éolution of commercial calf-
thymus 'DS'-DNA in EBM by heating in a water bath at boiling point
for ten minutes, then immediatcly cooling in an ice~bath. The
volume was adjusted with EBMS to the required test concentfation

and the pH corrected back to 7.2.

Total Yeast Ribonucleic Acid (RNA)

This was the same as that used for the antibody studies (p.80 ).

Tt was dissolved in EBMS at the concentration required and the pH

adjusted to 7.2.
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INDIRECT THAUNCILUORLSCLWT STAININCG TEST FOR ANTINUCLEAR ANTIDODILES

(ATIA)

The method used was a modification of the indircct immunofluorescent
staining technique of Weller and Coons (1954) . Fresh cryostat-cut
frozen secticns of rat liver, 2 to 4 _u thick were used as a source
of nuclear antigens. After air-diying, slides bearing tissue
sections were placed in a moilgt chamber (rultislide staining
chamber, Shandeon Scientific Co. Ltd.), and each section covered
with a patient or control serum diluted luig;lg_(pQG ) in Coon's
barbitone buffer , PH 7.2 (Sodium barbitone 8.24g; Eodium chloride
34g; N HCL 32.24 ml; made up to 2 litres with distilled water and
diluted with an equal volume of d1°tlllcd water before use).

The sections were from then on kept moist, since drying results

in staining artifacts.

The preparations were incubated for 20 minutes at room temperature
to allow time for any serum ANA to bind to the appropriate nuclear
antigens, then flushed with Coon's buffer to remove cxcess serum,
and washed in fresh buffer for 30 minutes with gentle agitation
on a Luckham's horizontal rotator. After washing, cxcess buffer
was wiped from aveound each section, and the sections covered with
pig-liver powder—absorbed FITC-conjugated sheep (polyvalent)

antihuman immuneglobulin diluted according to a previously
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determined optimum dilution factor (p. 72) for the batch of
antiserum (normally 1 in 8). The sections were incubated for a
further 20 minutes at room ﬁcmperature to allow time for the
filuorescent tracer to aitach to any tissue bound human AA immuno-
globulin, then again {lushed with Cecon's buffer and washed in

fresh buffer for 30 minutes.

Preparaticns were finally mounted under Chance Wo. 1 cover slips
in a solution of equal parts glycerol and Ceon's buffer, and
examined under ultraviolet light using a Reichert Zetopan Research

Microscope and applying darkground illumination (see below).

Pozitive nuclear immunofluorescence was graded in four categories
b

+

, +, ++, or +++ to denote increasing intensity, and reactions of
particular interest were recorded by photomicrography (p. 88). At
least one known positive and one knovn negative control serum was

included in every batch of tests.
The technical procedure described here in detail was the same for
the various indirect-staining tests described below and will there~

fore not be repeated.

FLUCRESCERCE MICROSCOPY

FITC-stained preparations were cxamined under a Reichert 'Zetopan'

Rescarch Microscope using transmitted ultraviolet light and employing
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a darkground Cardioid Condenser (Reichert Heo 1.8/1.42).

The ultraviolet light source was a high pressurc mercury vapour

lamp, Wotan HRO 200 watt, which emits mainly in the 365 m u and

435 m u light wavelengths (ultravieclet blue) and is thus suitable

for the excitation of FIILC—conjugates which have maximum fluorescence

emission at 520 m . (apple-grecen).

Light of unwanted wavelengths was removed by passage through a heat-
stopping filter (Schott and Genossen KG 2/2mm) and a primary
exciter filter (Schott and Genossen UG 1/1.5mm) housed between the
UV light scurce and the microscope stage. Secondary protective
filters (Wratten 2B/3mm sandwiched between Schott GG 13/3mm - + lmm
filters) were incorporated between the objective lens and cyepiece
to absorb ultraviélet blue light. The microscope objectives were
achromatic dry high power objectives giving magnifications of

x 25, x 40 and x 63.

The microscope slides used for immunofluorcscent preparations
were 0.8 - 1.0-m thick, and cover slips were Chance No. 1 grade.
Slides or co s1ips of greater thickness caused appreciable

reduction in light transmission.

The imnmersion medium used between the darkground condenser and
microscope slides was the same as that used to mount sections,
and consisted of equal parts of glycerol and Coon's barbitone buffer,

pl 7.2,
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PHOTOMICROGRAPTIY

Colour photomicrographs of fluorescent preparations were taken with
Kodak High Speéd Ektachrome film, speed ASA 160, and Wratten 2E or
Wratten 2E/CO05 filters (for strong or weak fluorescence respectiveiy)
were incorporated in the phototube between the objective and

camera lens to achieve successful colouf reproduction by correcting
for the pale yellow colour of thé secondary ultraviolet blue stopping

filters.
Exposure times were betwecn 2 and 3 minutes.

METHODS TO REDUCE INTER AND INTRA-OBSERVER VARJABILITY IN

IMMUNOFLUORESCENT TEST READING

Inter—observer Variability

1. Immunofluorescent tests were read independently by 3 regular

. . . +
readers and given four grades of intensity: _, +, ++ and +++.

2. Reading grades associated with inter—observer variability

> 57 were considered suspect.

+ s . . L
3. Weak _ positive readings in all the immunofluorescent methods were
responsible for most disagrecment and were eliminated from

counts.
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Jontya-observer Varia

This was controlled by repeating discordant results twice, and if
still disagrcement twice more, then accepting a positive result
Py

only if it ecccurred on 3 of the 4 occasions. 7This method has been

described in detail by Hodson and Turner-Warwick, 1975.

CONTROLS TO CCNFIRM'IHHU&OLOGICAL SPRCIFLCITY OF IMMUNOFLUCRESCENT

STAINING

Evidence that staining in the various indirect immunofluorescent
tests was immunologically specific, was obtained from the

fecllowing centrol cobservations:

1, Removal of specific staining by prior absorption of FITC-
conjugated antisera with the respective antigens; e.g. the
removal of specific IgG stéining by prior absorption of anti-

IgG with pure IgG.

2. Effective blocking éf specific staining by incubating the
bound antigen/antibody complex with an intermediate layer of
the unconjugated antiserum; e.g. the ability of unconjugated
antihuman IgG to block specific staining with FITC-conjugated

antihuman 1gG.

3. Failure to block specific staining by incubation of the bound.
antigen/antibedy complex with an intermediate layer of

unconjugated antiserum of a different specifity; e.g.
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Failure of unconjugated anti-IgM and IgA to block specific

staining with FITC-conjugarted anti-IgG.

. Failure to obtain similar steining with unrelated FITC—
conjugates, e.g. FITC~-conjugated rabbit anti-Clostridium
septicum (Wellcome Reagents Letd.).

5. Failure to obtain similar staining when FITC-conjugated

antisera were applied directly to the substrate antigen in

the absence of the intermediate antibedy layer.

TITEATICON OF TMMUNQFLUORLSCERT ANA

Immunofluecrescent ANA's detected using the standard 1 in 10

dilutions of sera were quantified by titration (Friou, 1958).

Each positive serum was retested using the same indirect—-staining
methed but in a range of different dilutions 1 in 10; 1 in 20; 1 in
40; 1 in 80; 1 in 160; 1 iﬁ 320 and 1 in 640. The ANA titre for
each positive serum was the highest serum dilution to which

nuclear immunofluorescence could be detected.
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IRLIRECT IIoraor T UORESCTIRT STAINIWG WEST TOR TIHUNOCLODULTN

CLASSES OF AUA

The method vas similer to that used by Barnett et al (1964).

Sera shown to contain ANA in the standard immunofluorescent
screening test with FITC~conjugated polyvalent rabbit antihuman
immunoglobulin, were retested in triplicate using the same indirect-
staining method but scparately with monovalent FITC-conjugated goat
artihuman IgC, IgdM and IgA. In this way it was possible to identify
which of these three main Immunoglobulin Classes were involved in
the ANA activity in each positive serum. (Tests for IgE and IgD

- ANA were not performed).
In addition, special attention was given to describing accurately
the patterns of nuclear immunofluorescence observed in the different

immunoglobulin classes.

INDIRECT IMMUNOFLUORESCENT STAINING TEST FOR COMPLEMENT-FIXING ANA

The modification of the immunofluorcscent indirect-staining method
used to determine the complement fixing ability of tissue-bound

ANA was similar to that used by Beck and Hughes (1970).

ANA positive sera were diluted 1 in 10 using 1 part ANA positive

serum, 4 parts Ceoon's barbitone buffer and 5 parts of ANA negative
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serum obtained [rem freshly defibrinated blood from a normal healthy
volunteer (PHE). The fresh human serum was used to provide a
source of active human complement. The diluted sera were applied to
rat liver sections as in the standard test for ANA, and the
preparations incubated for 20 winutes at room temperature to allow
time' for AWA's to bind to the appropriate nuclear antigens, and

n . o .
subsequently for 30 minutes at 37 C to allow time for

complement to fix to those immunc-complexed ANA's with positive

complement~fixing ability.

(The technical ﬁaLipulations from defibrination of normal volunteer
blood to application of diluted ANA positive sera to rat liver
sections were accomplished within 30 minutes). The preparations were
washed for 30 minutes, then incubated with pig liver powder and

I¢G absorbed horse antihuman complement (C3 and C4) for 30 minutes

as a fluorescent tracer for fixed human complement. They were

washed for a final 30 minutes, mounted and examined under

ultraviolet light for evidence of positive nuclear immunofluorescence

indicating complement bound to immune~complexed ANA.
In addition to the routine positive and negative controls, a
control of the undiluted fresh serum used as the source of active

complement was always included.

L.E CELL TESTS

LE cell tests were performed as a routine diagnostic procedure for
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patients with SLE and cryptogenic fibrosing alvecl: itis in the
Department of Haematology, Droupton Hospital, and read by an

expericnced observer., A direct method was used cmploying the

patient's defibrinated blood and inecubating the bulfy coat
) . . .
leucocytes and sevum at 37 °C for 30 minutes (Dacic and Lewls,

1970).

1E cell tests were not a routine di gnostic procedure for patients
vwith asbestosis, silicosis and intrinsic asthma, and immunofluo-
rescent ANA positive sera from patients with these discases were

examlned for LE cell factor using an indivect method involving in—

cub?txnn of buffy couL leucocytes from a normal volunteer of 0
blood group with each patient’'s serum at 37°¢C for 30 minutes (Dacie
and Lewis, 1970). This method was aiso used to study ANA positive
sera from occasional patients with SLE and cryptogenic fibrosing
alveolitis when the results of direct tests were for various

reasons not availeble.

After incubation, leucocyte smears were air dried, fixed in methanol
for 3 minutes, stained with May-Grunwald stain and finally examined
for LE cells under a light microscope using a high power oil-

jmmersion objective, and check read by an experienced haematologist.

A nunber of patients with SLE and cryptogenic fibrosing alveolitis
were studied using both direct and indirect LE cell test methods

and the results correclated closely.
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INDTEECT TMMUNOFTUORESCENT STALWIRNG 1isT FOR ANTIHODTLES TO

DEGXYRTIEONUCLEDIROTELN

ANA positive séra were eranined for evidence of ANA'Ts reactive with
deoxyribonucleoprotein using a modified indirect immunofluorescent
staining test with calf-thymus deoxyribonucleoprotein as the antigenic

substrate and similar to the deoxyribomwcleoprotein 'spot' test

described by TFriou (1967).

Microscope slides were coated with calf-thymus deéxyribonucleo*
protein as previously described (p. 75) and incubated with undiluted
ANA positive sera for 30 minutes at room temperature. After

washing for 1 hour, the preparations were stained with pig-liver
powder absorbed FITC-conjugated sheep polyvalent antihuman immuno-—
globulin for 30 minutes, washed for a final 1 hour period, mounted

and examined under ultraviolet light for positive immunof luorescence.

METHODS TO DETECT ANTIBODILS TO DEOXYRIBONUCLEIC ACID .(DNA)

Choice of Methods

It has not yect been possible to define-standard methods and antigens
to study antibodies to double and single-stranded DNA (Arthritis

and Rheumatism Council Workshop, 1976).

For this study, Ouchterlony double-diffusion with commercial calf -

thymus DNA as antigen, was chosen as an example of one of the
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carlier wcthods which has had wide application (Tan ct al, 1966).
The problem of non"immunologicai precipitation of DNA with serum
proteins such as Clg (Agnelio et al, 1969) was grarded against by
1ich are described on page 96,

nethods w

Tor comparison, a modification of the more rcecent Farr assay method

125 ’ :
I*ZJ HeLz cell DNA as antigen (Glass et al, 1973), was

wvith 'DS!
chosen in the hope that it might demonstrate antibodies to double-
stranded DNA since there was evidence that the antigen had minimal

single-~strand content (p.79 ), and clinically the test had shown

diagnostic specificity for SLE (Hlolian et al, 1975).

Quchterlony Double Diffunion Test for 'DS' DNA Precipitins

The Ouchterlony double diffusion test used was essentially the
modification of Tan and Kunkel, 1266. The modifications are directed
towards achieving conditions under which the macromolecular DNA can
diffuse easily through agarose gel the main ones being reducing

the concentration of the gel to 0.4%Z, and con&ucting the test in a

buffer of low ionic strength.

Agarose was dissolved at 0.47% concentration in 0.01 M KZHPOA/KH

buffer, ph 7.2, using a boiling water bath to achieve solutioen.

21’04
(The double potassium salt buffer was used in preference to a
potassium/sodium salt buffer, since, unlike the latter, the pH
‘rcmains stabie at low temperatures with less risk of spurious or
indistinct precipitatieon lines due to a sub~optimal pH). The
molten agarose was applied in 14.5 ml volumes to 8.2 x 8.2 cm

square glass slides (Kedak Ltd.). The gel was left to solidify,
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and allowed to stabilise for 1 - 2 hours at 4°C. Wells were then
cut into the agarose using a standard circular immuncdiffusion
template consisting of a central well 7 mm diameter, and 8
peripheral wells each 3 nm diameter, the wells separated by a
distance of 10 mm. Peripheral wells were filled with undiluted
ANA positive patient sera, or ANA negative normal control sera, and
the central well finally filled with a lmg/ml solution of
commercial calf-thymus 'DS! DNA‘(p. 76) or Nuclease SI 'pﬁrified'
commereial calf-thymus 'DS' DNA (p. 77) in 0.01 M phosphate

bﬁffer. The plates were incubated horizontally in a moist chamber
at 4°C for 42 hours, and were examined by transillumination at 18
hoqrs énd 42 hours for lines of immunobrecipitation. The results were

" recorded by photography.

Ouchterlonv Double Diffusion Test for SS-DWA Precipiting

ANA positive sera were examined for precipitins to single-

stranded DNA using the Ouchterlony double~diffusion test described
above, but with calf-thymus single~stranded DNA, 1 mg/ml (p.79 ),
as the antigen in the central well. In addition, care was taken to
conduct all technical procedures at temperatures not exceeding

15°C to avoid single~strand recoil.

~

Controls to Exclude Non~immunological Precipitation with DNA

These controls were performed on a random selection of sera with

positive Ouchterlony precipitins to commercial calf-thymus 'DS'-DNA:
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Confirmation that precipitation was still observed when

Ouchterlony tests were repeated using sera heat inactivated
(o3 - -~ . . e S . . o

at 56°C for 30 minutes to attempt to exclude non-specific

binding of DNA with Cly (Bughes, 1975).

Demonstration of immunoglobulin in Ouchterlony precipitin

. ‘s 25 : .
lines by autoradiography with I1 5~labellea antihuman

immunoglobulin (Plates 2 & 3), and evidence of its identity as

IgG immunoglobulin using immuncelectrophoresis (Plate 4).

Failure to obtain Ouchterlony precipitin lines using sera

absorbed with antihuman immuncglobulin (Plate-5).

Confirmation of Ouchterlony results using counter-

current electroimmunoprecipitation (Johnson, Edmonds and
Holborow, 1973), a method which separates immunologically
specific from non-specific precipitation making use of the
cathodal drift of gamma globulins (despite their.net negative
charge), which separates them from serum proteins such as

Clq which remains at, or near, the anodal well (Plate 6).

The method is the same as that de$cribed in detail for use

with RNA (p.105),.
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Quchterlony pol double-diffusicn showing

el
line of precipitation of a cemponent in
e SIL paticnc’s serun (undiluted)

diffusing frowm peripheval well 2 with

calf thymus ‘deuble-stranded! DHA test
antigen (1 wp/ml) diffueing from the central
well., (Magnification x 4) '

Autoradiograph showing 1125~1abe110d
rabbit antihuman immunoglobulin bound
to the precipitin line shown above in
Plate 2 indicating the presence of
human immunoglobulin., (Magnification
x &)









The characteristic dmmenoclccetrophoretic
precipita Z_J_fm patier
of an undiluted IHA
serum in the top well
thymus "DST-DNA (L mg/ml t

two troughz. Shoun for MpPArison are

{in duplicate)

.. P
Tin pOsLULIvVEe

immunoclectvophorotic precipitation
pattcrw" chavacteristic of human IgG (2)

sing DHA precipitin negative sera in
tue bottow two wells against goat anti-
human IgG in the bottom trough.
(Magnification x 2)

Ouchterlony gel double~diffusion
showing pogitive precipitations of a
patients serum from peripheral wells 1
and 3 with calf thymus '"DS'-DNA from
the central well but absence of precip-
itation using the same serum pre-
absorbed with rabbit antihuman immuno-
globulin in wells 2 and 3.

* (Magnification x 4) y
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DNA precipitins demonstrated by counter—
current (two stage) clectroimmuno-
precipitation: Undiluted sera from
three SLE patients were applied to
the ancdal (+) wells in the fire
electrophoretic stage, and calf
thymus 'DS'-DNA (20 _ug/ml) to the
cathodal (=) wells in the second
stage. Sera 2 and 3 show lines of
specific immuncprecipitation with DNA
neighbouring the cathodasl wells which
are clearly distinct from hazy non-
specific precipitation neighbouring
the anodal wells. Serum 1 shows
neither specific nor non-specific
precipitation with DNA. (Magnif-
ication x 6)
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Plate 6
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Farr Assny for IDSY YA Nindine Antibodies

(A1 the DA bLinding assays included in the presenl study were
kindly perfermed by Dr. lan Griffiths of the Kennedy Institute of

Rheumatology).

The binding capacity of serum glebulins with DNA was measured using
a Yarr assay (Farr, 1958; Wold et al, 1968) modified by Holian et

al (1975).

. o ) . . .

Test sera were hecated at 56 °C for 30 minutes to inactivate

éomplement, then diluted to 107 serum concentration in 0,15M

borate buffer (pH 7.8). 50 ul of this solution was reacted with
12

0.05 ug of I -labelled HeLa cell DNA (p.79 ) for 1 hour at 37°C,

' 0
and a further 18 hours at 4 C.

An equal volume of saturated ammonium sulphate was then added,
and the mixture immediately centrifuged at 1,500g for 15 minutes.
The supernatant was aspirated and the radioactivity of the precipitate

measured.

Results were expressed as units of binding activity in relation to
known reference standards (Holian et al, 1975), the upper normal

limit being 25 units/ml of activity.
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METHODS TO DETECT ANTIBOLIES T0O RILOKUCLTATE "ARTTCTNG

These methods were used to cxamine a small number of ANA positive
sera, particularly those with speckled and nucleolar immuno-
fluorescent staining patterns.

Quchterlony Double-~diffusion Test foy BNA Precipitins

The method uszed was essentially the same as that previocusly described
to detect 'DS' and SS DIA precipitins but because the total yeast

" RNA antigen was insoluble in 0.01 M buffers the tests, including
preparation of agarose and RHA solutions were conducted in three

different bulfers (p.S50 ).

The antigen was depolymerized total yeast RNA cowparing 5 mg/ml

and 1 mg/ml solutions.

The total immunodiffusion period was extended to 5 days and plates

examined daily.

Counter~current Flectroimmunoprécipitation Test for RNA Precipitins

The modification of the test used was that of Johnson, Edmonds & Holborow
(1973). Agarose was dissolved at 1.27 concentration in 0.05 M

sodium barbitone/HC1 buffer pl 8.2, and applied in 10 ml volumes to
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ics (Modak Lud.). After the gel had
) L S ” - ‘ ) ) .

set and stabilized at 4°C fov 1 - 2 hours, wells were cut using

a standard template consisting of two vows of paired wells (anodal

2}

S

and cathodal) pm diamnter, centres Gum opart, and with 7 pairs

of wells per row. Two such templates were accommodated per plate.

Plates were positioned for electrophoresis using the barbitone
buffer, a constant voltage of 110V and varying the resistance by
adjusting the wick thickness to achieve a constaunt current of 12 m

amps per slide, and a cooling plate was used to achieve a constant

o]
temperature of 107C.

'10‘/ul volumes of undiluted ANA positive sera or ANA negative
control sera were applied to the anodal wells and electro-

phoresis continuod for 45 minutes to achieve an effective cathodal
gamma glebulin drift. The power wes momentarily disconnected and
total yeast RNA antigen solutions (p.80 ) (200, 100 and 20 /ug/ml)
were applied to the cathodal wells. Electrophoresis was recommenced
for a further 15 minutes tb achieve migration of RNA towards the
anodal wells. Plates were examined for lines of immediate
jmmuncprecipitation and again after overnight (18 hours) incubation

at AOC, then photegraphed.
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Tununof luorcscent Test for Antibodics to RNWAAse Sensitive Antipens

The method used was that of Sharp et al, 1972. Tor cach batch of
tests 1 litre of 0,154 sodium chloride was prepared, the pH
adjusted to 7.0 and magnesium chloride added to a final 0.4 udl
concentration. Using this buffer, two enzyme solutions were
prepared, one 300 ml containing 0.04 mg/ml ribonuclease A (p.73),

and the other 300 ml containing 0.04 mg/ml deoxyribonuclease 1

‘(p.73 ).

Triplicate sets of microscope slides bearing air—dried cryostat

cuﬁ sections of fresh rat liver, 2-~4 u thick, were placed in

"glass slide container dishes, and one set immersed in the RNAase
solution to remove RNA4se —~sensitive tissue antigens, one set in the
DNA®Se golution to remove DNAase sensitive tissue antigens, and
the remaining set in the enzyme-free saline solution as

controls.

. . . o .
The immersed sections were incubated at 37°C for 90 minutes, then

washed thoroughly in 3 changes of frzsh Coon's barbitone immuno-

fluorescent staining buffer, pH 7.2 (p85 ).

A small number of sera, includiqg mosﬁ of those with speckled

or nucleolar immunofluorescent staining patterns, were retested

on these pre~trééted rat liver sectioné using the‘immunofluorescent
étaining test for ANA previously described (p. 85), and any change -

in staining patterns recorded.
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T Y Pl ey e wrs v e pnnterps
V.  MZTODS LG Syl LYLooCiTRS

LEUCOCYTYE MICRATION TEST (1:1).

B

This was first described ogs an  in vitro test to demonstrate

cell-mediated hypersensitivity by Sdborg and Bendixen, 1967.

The technique uscd was the micromethod of Federlin ct al (1971),

including most of the modifications advised by Maini et al (1973).

Leucocytes were, however, obtained from defibrinated blood since

it was found, in agreement with Brogan (1972) and Foulis (1972),
that formation of cell~associated fibrin in heparinised blood

causes variable cell clumping in capillaries and poor test reproduc-
ibility. The method used was that of Falk, Collste & Moller (1970). Forty
millilitres of venous blood was defibrinated in a siliconised 100 ml
conical flask by swirling round a glass defibrination rod (Dacie

and Léwis, 1963). The blood was divided between two plastic
universals, 3% gelatin in physiological saline added to each (omne
part gelatin to three parts blood), and the mixture incubated for

20 to 30 minutes to sediment red cells (Coulson and Chalmers, 1964).
The supernatants were centrifuged at éSOg for ten minutes, and the
leucocyte rich cell pellet further depleted of red cells by lysis
with 0.837% NH,Cl solution for 5 minutes using nine parts NH,Cl to

4 4

onc part cell suspension (Strander and Cantell, 1966).

The lcucocytes were washed twice in EEMS (p.81 ) and resuspended.

Siliconized microcapillary tubes, ten microlitre volume, were [illed
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B

with coll suspepsion, plupged with Scal-Ease clay and spun at
2500 for ten minutes having adjusted the concentration of cell

guspension to give a 3mm packed cell length. With this method,

40 to 60 microcapillarics could be prepared from 40 ml of venous

Capillary tubes were cut just below the cell/fluid interface and
laid singly in individual wells éf disposable polystyreneltissue~
culture chambers (Steralin Ltd.). Test chambers were filled with
| ERMS containing antigen, and control chawbers with EBMS and sealed

. . . . . -0
with cover slips. After incubation at 27

C for 18 hours, areas of
migration were measured by projcction and planimetry. The results

were cixpressed as a percentage inhibition:
O

7 inhibition = 100 ~ Migraticnm arca in presence of antigen x 100

Migration arca in absence of antigen
All tests were performed in triplicate, and reproducibility between
triplicate migration areas was good with coefficients of variation

not greater than 10%Z and often less than 5%.

TRYPAN BLUE VIABILITY TESTS

Viability of lcucocytes before and after culture with antigen was

confirmed by their ability to exclude trypan blue.
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QUSE CURVES
Dose response curves were constructed by testing with five or six
different conccﬁtrations of each antigen ranging from 2000 to 50

/ug/ml for *DS'-DFA and whole nuclei, 250 to 50 mg/ml for 'SS'-DNA
and RNA and 100 to 6.25 /ug/ml for deoxyribonuclcoprotein.

From these curves optimum concentrations which combined minimum

toxicity with maximum sensitivity were selected to compare patients
and controls. For the results reported here antig;n concentrations
selected were 100 and 50 _ug/ml for 'DS'—DNA, nuclei, 'SS'-DNA and

RNA, apnd 12.5 and 6.25 ag/ml for deoxyribonucleoprotein.
> O

Yigure 1. demonstrates typical combined dose response/viability

studies used to select optimum test doses of antigens.

CONTROLS FOR LYMPHOKING TUDEPENDENT INHIDITION

To reasonzbly exclude some possible non-lymphokine mechanisms for
inhibition of lcucocyte migration before equating positive
inhibition with specific T-lymphocyte scensitization, the following

methods were used:

1. Inhibition of migration due to cell damage or agglutination
by antigens was excluded by using adequate dose-response

curves and checking cell viability with trypan blue.
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Figure 1

DOSE RESPONSE CURVES TO NUCLEAR ANTIGENS
IN NORMAL CONTROLS
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‘oseible antibody-mediated inhibition due to cross—linking

of cells producing antibody (Makela ond llossal, 1961) wes

[N

womined in @ few instances by leooking {for evidence of

inmunofluorascent ANA in supernatants from 6 day cultures

of periphcral leucocytes in the presence of antigen.

Possible antibody~mediéted inhibition due to antigen/antibody
complexes (Moller, 1969) was examined in a few instances

by purposefully adding ANA positive serum to control
leucocytes in the presence of antigen (with and without

complement).

Ceneral confirmation of the leucocyte migration test results
was obtained from a small nuwber of studies using indirect

guinea pig macrophage migration tests (George and Vaughan,

- 1962) and lyrphoeyte transformation tests (Ling

1968) as other in vitro tests of cell-mediated hypersensitivity.

ANTINUCLEAR ANTIBODY TLESTS FOR CORRLLATICNS

Serum taken from patients and controls at the time of leucocyte

sampling was examined for immunofluorescent ANA,and ANA titres were

measured. In addition, scra were tested for antibodies to
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deoxyribonucleoprotein (p. 94) and for precipitins to commercial
calf-thymus 'DS'~DNA (p. 95) using the same antigens as those used
for the leucocyte studies to enable comparison of antibody and

lymphoeyte findings.
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CHAPTER 4

RESULYS AND CORRELAT




1. RESULTS OF STUDIRS OM

CENT AW

Wit

PREVALENCE OF TIDRINOTTAH

I3 NOTEAL CONIROLS

The prevalence of lwmunoflucrescent Alla of titre 1 in 10 or greater
(usivg polyvalent antihuman immuﬁoglobulin) in serum from 205 normal
control persons without lung digeasé {mean age 43, SD 16 yecars) was
very low. Using the standandized immunofluofescent indirect staining
technique, screening sera at a 1 in 10 diluticn and disregarding

' e ror

suspect _ weak positive reactions, ANA was observed in 10 (5%7) of the

205 normal confrol sera.

The Influence of Sex:

The prevalence of jummunofluorescent AWA in male and femsle normal con-

trols of cowmparable age range was similar. ANA was observed in 5 (47%)
out of 121 male normal controls (mesn age 39, SD 15 years), and in 5

(6%) out of 84 female normal contreols (mean age 44, SD 16 years).

The Influcence of Age

It was confirmed that the prevalence of immunoflucrescent ANA increases

with increasing age in a normal population (Figure 2).

This trend was dcmonstrated by subdividing the normal control
population according to age. Juveniles of 0 to 19 years were
excluded as nearly all patients in the present study were over 19

years old. The main age groupings chosen were five decades of 20 to



Figure 2.

Figure demonstrating that the prevalence of immunofluorescent ANA (titre> 1in 10) increases with increasing age in normal controls,
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29; 30 to 39; 40 to 49; 50 to 59 and 60 to 69 ycars. In addition
there was a less satisfactory group of 70 vears and over, since it was

difficult to obtain sufficient numbers of normal pecrsons of this age.

Figure 2a shows the results for the total normal contreols. The

most significant finding was the complete absence of ANA in the
younger 20 to 29, and 30 to 39 age groups (0 out of 58, and O out of
40 cases respectively), in contrast with an increased prevalence in
the older age groups 74 (3 out of 43 cases) in the 40 to 49 age
group, 94 (2 out of 23 cases) in the 50 to 59 age group, 97 (3

out of 33 caseé) in the 60 to 69 age group and 25% (2 out of 8 cases)

in the 70 and over age group.

These increases in the prevalence of ANA in the older (40 and over)
age groups compared with the younger (under 40) age groups were all
statistically significent, and the detailed probability levels fer

each difference are shown in Statistical Table la, Appendix.

The tendency for the prevalence of ANA to increase progressively
with each decade after 40 years of age could not be confirmed by

the statistical tests.

In summary the prevalence of ANA in normal controls of 40 years and
over was 9% (10 out of 107 cases), significantly greater than in
normal controls of under 40 years where the prevalence was 0% (0 out

of 98 cases); p ¢ 0.01.
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Figure 2b and c, and Statistical Table 1 b-and ¢ (Appendix)

show the results for males and females separately. The increase

in the prevalence of ANA with increasing age was seen in beth male and
fémale normal controls but the trends were less clear than in the
group as a whole in view of the smaller numbers. The complete

results can be seen by reference to:Figure.Zb and c, and Statistical

Table 1 b and c.

Tn summary, the prevalence of ANA in male normal controls ol 40 years
and over was 97 (5 out of 58 cases), significantly greater than in
male normal controls of under 40 years where the prevalence was 0%

(0 out of 63); p« 0.02.

Similarly, the prevalence of ANA in female normal controls of 40
years and over was 107% (5 out of 49 cases), significantly greater
than. in female normal controls of under 40 years vhere the prevalence

was 07 (0 out of 35 cases); p=0.05.

PREVALENCE OF TIRMUNOFLUORESCENT AXA IN LUNG DISEASE IN COMPARISON

WITH NORMAL CONTROLS

Table 4 shows the prevalence of immunofluorcscent ANA of titre 1
in 10 or greater (using polyvalent antihuman immunoglobulin) in

patients with various lung diseascs in comparison with the prevalence
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he prevalence of immunofluorescent ANA (titre » 1 in 10) in patients with different lun
s

& comparison
of comparable age. (Statistical comparisons using a test of difference of zrorperticns).
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in normal controls of comparable mean ace and age ranpe (within 5
years) from the maln normal control population who were studiced using
exacltly the‘same method. The age rvange in ¢11l the discase groups
extended beyond 40 yezrs (p. 38) where an ape associated increasc in
the prevalence of ANA was dewonstrated in normal controls.
(Immunofluoresccnt ANA of titres » 1 in 10 was a selective diagnostic

criterion for pleurcpulmonary SLE but the group has been included

in the Tables and text for comparative purposes).

‘Diseases where the prevalence of ANA was confirmed to be significantly
above that in normal controls of comparable age wefe, at the highest
levels of significance, cryptogenic [ibrosing alveolitis, with ANA in
-3 7 (53 out of 142 cases), p L 0.001; sandblasters' silicosis in 437
(13 out of 30 cases), p { 0,001 and intrinsic asthma in 277 (13 out of
48 cases), p &4 0.001. (The prevalence ‘of ANA in normal controls

of comparable age to the patients with pleuropulmonary SLE was only 57;
p L 0.001). Still significant but at lower levels were asbestosis in
267 (19 out of 74 cases), p& 0.01; extrinsic asthma in 147 (6 out of

43 cases), p { 0.01; acute extrinsic allergic alveoli;is in 157

(3 out of 20 cases), p & 0.05; and coal miners' pneumoconiosis in

17%2 (19 out of 109 cases), p & O.1.

Discases where the prevalence of ANA was not siénificantly above that
in normal controls of comparable age were chronic extrinsic allergic
alveolitis with ANA in 37 (1 out of 34vcases), chronic sarcoidosis
in 9% (3 out of 33 cases); and chronic bronchitis in 16% (6 out of

37 cases).



A special additiounal control group was included for comparison with
the asbestosis disecase group, éonsisting of workers matched for age,
sex and duration of dust exposure with the discase group but without
lung disease, to determine whether dust ivritation clene cawn enhance
ANA production. The prevalence of AL was not significantly increased

in this special control group.

Lung discases with an increased prevalence of ANA were also found to
differ significantly from each other with regard to the proportion

of cases with ANA. The differences are shown in Statistical Table 2,
Appendix; The proportion of cases with ANA in cryptogenic fibrosing
alveolitis (377 ANA positive cases) and sandblasters' silicosis (437
ANA positive cases) were similar, both had significantly fewer cases
with ANA than pleuropulmonary SLLE, but bad a greater proportion of
cases with ANA than any of the remaining lung discases. In the
remaining diseascs, although the prevalence of ANA varied from 267

in asbestos 1s to 147 in extrinsic asthma, these differences were not

significant in the statistical analysis.

The Influence of Sex

The results are shown in Tables 5 and 6. (Detailed information with
regard to sex was not available for the intrinsic asthma group).
Differences in the prevalence of ANA in the different lung disecases
were not a reflection of sex differences. Table 5 shows the prevalence
.of ANA in male paticnts from each discase group in comparison with

male normal contrels. The results were similar to those for the



A comparison of the prevalence of immunofluorescent ANA (titre » 1 in 10) in Eégg_patients.with different lung diseases
and in nale normal centrols of comparable age. (Statistical comparisons using a test of difference of oropertions).
AlTA ppevalencé in pa 3 with different lung ANA prevalence in nermal contrels Significant Ircrozse
: es of comparable age over controls
No. % No. %
Disease No: of with  with No. of with  with D&
patients  ,un ANa controls  uun A ]
Fleurcpulmonary SLE 7 7 160 56 5 9 0.001
CrA 86 27 31 58 5 9 c.C1
Asbestosis 66 18 27 , 55 5 9 0.C1
Asbestous exposure 72 3 L 56 5 g iS5
Candblaster's silicesi 29 12 L1 _ 108 5 5 0.001
Ccal miner's pneumoconiosis 108 19 17 68 5 7 C.
Acute LAA 12 2 17 85 1 1 0.01
Chronic LAA 24 0 0 55 5 9 e
Cihhronic sarcoidesis 15 2 13 119 5 4 s,
Chreonic bronehitis 27 5 19 2 4 11 as
Extrinsic asthma 18 2 11 98 2 2 0.1

A



TABLE ©

A comparison of the prevalence of immunofluorescent ANA (titre »1 in 10) in female patients with different 1
eases, and in female normal controls of comparable age. (Statistical comparisons using a test of difference
porticng).

Hy Hh

Alia prevalence'in females with different lung . AHA prevalence in female normal Significant g
’ diseases controls of ccmparable age cver ccnt
- No. % . No. %
Disease NS: ot with  with fe.. G? with with =
Patients  ann  anA COMTrOLS  pwa E3TA o
Pleuropulmonary SLE : 21 21 100 84 5 .6 G.001
CFA 56 26 L6 63 5 8 .00k
Asbestosis » _ . 8 1 13 _ 22 1 5 NG
50esStos ;xpdéure 2 0] 0 22 1 5 NS
(Sendblester's silicosis : 1 1 100 21 2 1C 13)
hcute LAk ' . , 8 1 13 63 5 g
Chronic EAA : _ 10 1 10 L3, 3. 7 NS i
Chrenic sarcoidosis 18 1 3) 66 3 5 NS ;
Cironic bronchitis 10 1 10 gl 5 8 S |
Zxtrinsic asthma 25 4 16 78 3 " ¢.C5 5
j




total patients, confirming significant increases in the prevalence of
ANA in cryptogenice fibrosing alveolitis 317 (27 out of 86 males),
asbestosis 272 (18 out of 66 males), sandblasters' silicosis 417 (12
out of 29 males), coal minors' pneumoconiosis 177 (19 out of 109
males), acube esirinsic allergic alveolitis 172 (2 out of 12 males)

and extrinsic asthma 117 (2 out of 18 males).

Table 6 shows the vprevalence of.ANA in female patients from each
disease group in comparison with female normal controls. Coal miners'
pneumoconiosis has been omitted since this was a male group.

The results showed significant increases in the prevalence of ANA in
cryptogenic fibrosing alveolitis 467 (26 out of 56 females) and

extrinsic asthma 167 (4 out of 25 females).

Of these discases with rcasonable numbers of both male and female
patients, cryptogenic fibrosing alveolitis was the only disease where
the prevalence of ANA was difference in males and females. It was
significantly higher in females 46% (26 out of 56 females) than in

males 317 (27 out of 86 males); p< 0.l.

The Influence of Age

Discases with an increased prevalence of ANA where there were suffic-—
ient numbers to investigate the influence of age were pleuropulmonary SLE,
cryptogenic fibrosing alveolitis, asbestosis and sandblasters' silicosis.

The results are shown in Figure 3 and Statistical Table 3, Appendix,

The influence of age was examined by subdividing each disease population
according to age into groups of 20 to 29; 30 to 39; 40 to 49;

&

50 to 59; 60 to 69 and 70
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Figure 3.

Figure demonstrating that the increases in prevalence of immunofluorescent ANA

(titre> 1 in 10) in different lung diseases are not age-related except in asbestosis.

Pleuropulmonary SLE Cryptogenic Fibrosing Alveolitis
100 3/3 3/3 6/6 1/79/9 )
80 1
60- . 9/17
19/44
| 6/15
40 2/6 13/45
< 4/1¢
Z 207 . \Q
B 20- 30- 40- 50- 60- 20- 30- 40- 50- 60- 70>
02; 29 39 49 59 69 20 39 49 59 69
3]
g Silicosis Asbestosis
an
g 1/1 1/1
o 1001 1
o
[+)]
A 807 1
4/6
601 1/9 5/10
A / 9/21
401
8
20 2/11 - = \
S A \
0 ] 0/4 KSSORHLNEN
20- 30- 40- 50- 60- 30- 40- 50- 60- 70>
29 39 49 59 69 39 49 59 69

Age group (years)

D Patient Sera N Normal Control Sera

NB. The number of the total sera with ANA in each age group is indicated at the

head of each column.



126,

ANY R

vears and over; and nalhing comparisons of the ANA prevalence in these
different age groups (Figure 3 and Statistical Table 3b). In

addition, by making comparisons with the prevalence in normal controls

of the same age groups (Figure 3 and Statistical Table 3a).

The increases appeared to be indepcndént of age in all but asbestosis.
In pleuropulmonary SLE, cryptogenic fibrosing alveelitis and sand-

. blasters' silicosis, increcases in the prevalence of ANA above normal
were apparent in younger as well as older age groups, and there

were no significant differences betwéen the age groups. lowever,; in
asbestosis (vwhere the majority of the patients were in the age

éroups 40 to 49, 50 to 59 and 60 to 69 years) a t;end for the prevalence
of ANA to increase with age was clearly seen from a low 8% prevalence
(1 out of 12 cases) in the 40 to 49 age group, to 227 (8 out of 36
cases) in the 50 to 59 age group increasing finally to 437 (9

out of 21 cases) in the 60 to 69 age group. The increase wés
significantly above that in normal controls of the same age only in
the oldest 60 to 69 age group; pv< 0.01; and the increase in
prevalence from 8% in the 40 to 49 age group to 437 in the 60 to 69

age group was also significant; p« 0.05,

SELECTION OF LUNG DISHASE GROUPS FOR TURTHER STUDY

~

As a result of this preliminary investigation, immunofluorecscent ANA
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positive cases from Cthose lung diseases where Cthe inereased
prevalence of ANA was confirmed with a high degree of confidence were

selected for more detailed studies. The discases werc pleuro—

J
o

pulmonary SLL, oryy cuic fibrosing alveolitis, asbestosis, sand-

blasters' silicosis and intrincic asthma. .

The investigations from this point onwards have been concerned only

with ANA positive cascs (p .01 .).
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ANA (USTHC POLYY

IMMOHOQULOMILING

This was the first of a scries of special investigations on the same
immunofluorescent ANA positive serum samples to enable satisfactory

correlations to be made.

NORMAT CONTROL STUDIES

The ANA titres in the ten ANA positive sera from normal controls
without lung disecase were low, never exceeding 1 in 40. Seven had
the minimum positive titre of 1 in 10, two had tiftres of 1 in 20,

and one had a titre of 1 in 40.

LUNG DISEASE STUDIES

The sera used in this investigation were ANA positive sera from twenty
eight patients with pleuropulmondary SLE; seventy six patients with
cryptogenic fibrosing alveolitis; thirty three patients with asbestosis;
twenty two patients with silicosis and nine patients with intrinsic

asthma.

Figure 4 shows that a range of differcnt ANA titres was present in
each lung disease group. Pleuropulmonary SLE showed a distribution
éf ANA titres which included a greater proportion of sera with
higher ANA titres of 1 im 160, 1 in 320 and 1 in 640 than the other
lung discases, where the distributions tended towards the lower

ANA titres of 1 in 280 or less. In pleurobulmonary SLE, €4% (18 out
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Figure 4.

A comparison of the distribution of positive titres of immunofluorescent
ANA (> 1 in 10) in the different lung diseases.

(Actual numbers of sera at each titre are indicated at the head of each column)

Percentage of total ANA positive sera at each titre

30 -

20 -
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40 -
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o

_Cryptogenic fibrosing alveolitis -

total sera 76

26
15
10 11
9
9 3
Asbestosis - total sera 33
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5 5
0 0 L
10 20 40 80 160 320 640>

Pleuropulmonary SLE8— total sera 28

_Silicosis - total sera 22

_Intrinsic asthma - total sera 9

4 (44.4%)

10 20 40 80 160 3206403

Reciprocal of ANA titre
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of 28) of the total ANA positive scra had ANA titres of 1 in 160 or
grecater. In contrast, therc wére only 197 (14 out of 76) in
cryptogenic fibrosing alvedlitis; 137 (3 out of 22) in silicosis;
117 (1 out of 92) in intrinsic asthma and 3% (1 cut of 33 ) in

asbestosis.

A more exact comparison of ANA tiﬁre distributions was made by
determining the mean AWA titre for cach disease group and the
extent of variability arocund the mean (the standard deviation

(SD) of the mean). The results are shown in Table 7 with detailed

statistical comparisons in Statistical Table 4, Appendix.

Logarithms were used to determine the mean ANA titre and the SD
for cach group of ANA positive scra to satisfy the requirement for the
statistical test used that groups comwmpared should show a normal

distribution.

The highest mean ANA titre was in pleuropulménary SLE, mecan 2.08 log.
reciprocal titre (between 1 in 80 and 1 in 160); followed by
intrinsic asthma, mean 1.63 log. reciprocal titre (approximately 1
in 40); theﬁ cryptogenic fibrosing alveclitis, mean 1.56 log.
veciprocal titre (between 1 in 20 and 1 in 40); silicosis, mean 1.45
log. reciproéal titre {between 1 in 20 and 1 in 40); and lowest

in asbestosis, mean 1.39 log. reciprocal titre (approximately 1 in

$20).



TABLE 7

A comparison of the immunofluorescent ANA titre distributicns in pesitive sera in the differsnt lung dis-
eases (1 in 10 the minimum titre accepted as positive).
Number and % of total sera at each titre
. Reciprocal of ANA titre
Total lo. 20 80 160 320 640 Friomn
£ AN . . . - : e S8.D.
bisease © A Logarithn of reciprocal of ANA titre ARA titre
1.0 1.3 & 1.9 2.2 2.5 2.8
No. % No. % No. % ©No. % No. % lYo. % lHo. 5%
SLE 28 Looiu 0] 0] 5 18 1 L 3 29 414 6 21 2.08% 0.80
CFA 76 26 34 10 13 11 14 15 20 9 12 2 3 3 4 1.56 0.52 |
ASB 33 10 30 12 36 5 15 5 15 0] e 0 0 1 3 1.38% C.LC
SIL 22 65 27 8 36 4 18 1 5 2 g 0 0 1 5 1.4t C.u7
AST 9 2 22 1 11 1 11 b o444 . 1 11 O 0 0] 0 1.83 C.Lky
% Significantly higher range of titres than all other lung diseases.
#% Significantly lower range of titres than in CFA,
(For the detailed statistical comparisons please refer to Appendix , Stat. Table 4)

N.B.

7lLog. reciprocal.

% to nearest whole number.

TTEl
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the tendency tor ANA titrves te be higher in pleureopulmonary SLE

than in any other lung discase was confirmed to be highly significant
in the statistical testu, p ¢ 0.00). Intrinsic asthma was, however,
syeluded frem the statistical tests in view of the small number of
sera.  In addition, the tests showed that ANA titres in crypto-

gonic fibrosing alveolitis were - slightly higher than in
agbestosis, p { 0.1. It could not be confirmed that titres in

cryptogenic fibrosing alveolitis were higher than in silicosis, nor

‘hat those in silicosis were higher than in asbestosis.

The Influence of Sex

There was a relationship between the ANA titre and sex with a
" tendency for males to have 1over titres of ANA than females, except
in pleuropulmonary SLE, where ANA titres ip males and females

were similarly high.

Figure 5 shows the range of ANA titres separately for males and
females in pleuropulmonsary SLE and cryptogenic fibrosing alveolitis,
which were the only groupsrwith reascnable numbers of both males

and females. In pleuropulmonary SLE the distribution of ANA titres
in males and females were similar, involving both lower and

higher ANA titres. In cryptogenic fibrosing alveolitis the distrib-
utions showed an obvious tendency towards higher ANA‘titreg in females

~

and lower ANA titres in the males.
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Figure 5.

A comparison of the digtributions of positive titres of immunofluorescent
ANA (21 in 10) in patients of different sex.

(Actual numbers of sera at each titre are indicated at the head of each column)

PLEUROPULMONARY SLE

401 7 8
Male patients - Female patients -
total sera 9 total sera 21

CRYPTOGENIC FIBROSING ALVEOLITIS

504 19 -
Male patients - Female patients -
total sera 39 total sera 37

Percentage of total ANA positive sera at each titre

10 20 40 80 160 320 640> 10 20 40 80 160 320 640>
Reciprocal of ANA titre
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The more exact coemparisons of the titres c¢f immunofluorescent ANA

in males and females from the five lung disease groups are shown in
Table 8. Im plcuvopulmovary SLE it was confirmed that ANA titres

in males, mean 2.03 log. reciprocal titre, were nolt significantly
different from those in females, mean 2.10 log. reciprocal titre
(between 1 in 80 and 1 in 160). In cryptogenic fibrosing alveclitis
it was confirmed that ANA titres in females, mean 1.75 log. reciprocal
~titre (between 1 in 40 and 1 in.80), were significantly higher than |
in males, mean 1.28 log. reciprocal {(approximately 1 in 20); p 4 0.01
(Yakle &). However, females with pleuropulmonary SLE still had
éignificantly higher ANA titres than females with cryptogenic

fibrosing alveolitis; p( 0.05 (Statistical Table 5a, Appendix).

It was also noted that males with pleurcpulmonary SLE had significantly
higher titres of AWA than males in any other disease group
(Statistical Table 5b, Appendix) who had comparably low ANA

titres with means of between 1 in 20 and 1 in 40.

The Influcnce of Age

Figure 6 shows the ANA titre for each positive patient correlated
with the age of that patient in a conventional scatter diagram. The
different diseases have not been distinguished. (Information with

regard to age was missing in a few instances).

There was a complete absence of any correlaticon betwecn ANA titre

and age. (Correclation coefficient r = -0.07, not significant).



TABLE §

A comparison of the immunofluorescent ANA titre distributicns (p 1 in 10) in patients of different sex.

Number and % of total sera at each titre i %
{
Reciprocal of ANA titre i |
Total No. 10 20 Lo 80 160 320 - 640 P, oo %
Uiseage 23 F AN . . e aan . LT -
reeans -Shd FOE ng . Logarithm of reciprocal of ANA titre AKA titre Giff. |
pos. serd 1.0 1.3 1.6 1.9 2.2 2.5 2.8
Ps
No. % lNo. % No. % 1MNo. % No. % LNo. % DNo. %
St o] 7 1 14 0 O 2 29 1 14 0 0 1 1lu 2 23 2.03 .6¢
= F 21 3 14 0 0 3 1% 0 0 8 38 3 14 419 2.10 0.59
orA R 39 19 u9 6 15 6 15 4 10 2 5 1 3 13 1.38 L8
. F 37 7 19 411 5 14 11 30 7 18 IR 2 5 1.75 .51
LSE M 30 8 27 12 40 5 17 41 0 ¢ 0 0 1 3 1.40 0.:3¢ %
- F 3 2 67 0. © c 0 1 33 ¢ ¢ 0 ¢ 0 0 1.30 .51 i
STL I 21 6 28 8 38 3 14 1 5 2 10 G 0 1- 5 1.44 C. !
. F 1 ¢ 0 0 0 1100 0 0 0O 0 0 O 0 ¢ 1.60 { g
AST M 5 1l 2 1 20 1 20 2 40 o ¢ o 0 0 0 1.54 0.33 §
F by 1 25 C 0 0 O 2 50 1 25 0 O 0 0 1.78 0.52 i

%Statistical comparisons using an unpaired Student t test.
Log. reciprocal.

HN.B. % tc nearest whole number.



Figure 6.

Absence of correlation between ANA titre and age demonstrated in a scatter diagram, and confirmed by calculation of

the sample correlation coefficient r.

r=-0.07 df 160 Not significant
80- e L]
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1.0 1.3 1.6 1.9 2.2 2.5 2.8
Logarithm of reciprocal of ANA titre
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JEL e IMMNULOGLOBULIN CLASEES OF TMMUNOPLUORESCLLT ANA

Sera were tested for IgG, IgM and Igh ANA, but not for IgE and

LD ALA.

NORMAL CONTROL STUDIES

-

The ten normal control sera (5 male and 5 female) positive in the
standard immunofluorescent indirect staining test for ANA using
-polyvalent antihuman immunoglobulin, were retested with monovalent

antihuman TgG, 1gli and IgA.

The majority, 9 out of 10, had lone IgM ANA, and one (a female)
had a combination of IgM with IgG ANA. There were no sera with

Igh ANA.

LUNG DISEASE STUDIES

The ANA positive used for this investigation werce the same as
those used to investigate ANA titres. The numbers were, however,

slightly fewer due to insufficient serum in some instances.

There were ANA positive sera from twenty seven paticnts with
pleuropulmonary SLE; thirty patients with cryptogenic fibrosing
alveolitis; twenty one patients with asbestosis; nineteen patients

with silicosis and eight patieunts with intrinsic asthma,
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Two different situations were seeun; while a large number of scra
contained only one immunoglobulin class of ANA, in contrast many
other sera had a combination of two, or even three immunoglebhulin

classes of ANA.

For this reason the results have been considered in two ways;
first (A) as the total sera with IgG, IgM and TgA ANA in each
1ung diseasc group; and secondly'(B) as the profile of immuno-—
globulin clagses of ANA in individual sera in each lung disease

group.

A. The Total Scra with IgG, IgM and IgA ANA in the Different

Lung Diseases

- The numbers of immunofluorcscent ANA positive sera with IgG, IgM
and IgA ANA in each lung disease group are shown in Table 9 with

statistical comparisons in Statistical Table 6, Appendix.,

Antinuclear antibodies of all three immunoglobulin classes were
present in every lung discase, but while IgG and IgM ANA's

were common, lgA ANA's were relatively rare.

Igc ANA: The highest proportions of ANA positive sera with IgG
ANA (Table 9) were in intrinsic asthma in 1007 (8 out of 8) sera,

pleuropulmonary SLE in 96% (25 out of 27) sera, and in silicosis



The proportions of the total immunoflucrescent ANA positive sera containing
IgG, Igl and IgA AliAs.

Total no. of ' Number positive with antihuman
o sera positive - S~ -
Disease using polyvalent IgG Tgid IgA

antihuman Ig No. % lo. %  No. %
27 3 7
lcjg'“ opuimonary - 27 26 96 20 75 9 33
CFA 30 23 77 21 70 ¢. 30
Asbestosis 2] 13 62« 15 71 3 1
Silicosis 19 17 89 7 37%% 3 186
Intrinsic asthma 8 8 100 5 63 1 13
Total patients : 105 87 83 68 65 25 24

*6ET

Sig

ol

‘Significantly lower proportion of IgM AKRA than all other diseases except
ot A

snificantly lower preperticn of IgG ANA than all other diseases except

intrinsic asthma.
(For the detailed statistical analysis please refer to Appendix , Stat.
T

N.B. % to nearest whole number,
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in 89% (17 out of 19). The proportion was slightly lower in crypto-

genic fibrosing alveolitis in 77% (23 out of 30); and lower still

in ashestosis in 627 (13 out of 21) sera.

The statistical analysis {Statistical Table 6a) cisphasized that
asbestosis had significantly less TIgG AMNA than all other disecases,
except cryptogenic fibrosing alveolitis. However, the slightly
lower proportion of IgG ANA in cryptogenic fibrosing alveolitis
was not significant except in comparison With pleuropulinonary SLE;

P ( 0.05.

IgM ANA: The highest proportions of ANA positive sera with IgM

ANA (Table.9) wvere in pleuropulmonary SLE in 747 (20 out of 27) sera;
asbestosis in 717 (15 out of 217) sera; cryptogenic fibrosing
alveolitis in 70% (21 out of 30) sera; and intrinsic asthma in

63% (5 out of 8) sera. Iﬂ contrast,.there was a much lower prop-

ortion of IgM ANA in silicosis in 377 (7 out of 19) sera.

The statistical analvsis (Statistical Table 6b) confirmed that the
amount of TgM ANA in silicosis was significantly less than in all

the other lung diseczscs except intrinsic asthma.

IgA ANA: The highest proportions of ANA positive sera with
IgA ANA (Table Q) were in pleurcpulmonary SLE in 33% (9 out of

27) sera, and in cryptogenic fibrosing alveolitis in 30% (9 out
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of 30) sera. The proportions of TgA AHA in the other diseasces were
similarly low, in silicosis 16Z (3 out of 19) secra; in asbestosis
14%Z (3 out of 21) sera and in intrinsic astham 13% (L out of 8)

serda.

These differences were nol significant in the statistical tests

{(Statistical Table 6c).

The Influence of Sex

Differences in the proportions of ANA in any one immunoglobulin
class were related Lo sex in some, but not all instances. (The

results are shown in Table 10, and Statistical Table 7, Appendix) .

IgG ANA:  The lower amount of IgG ANA in asbestosis than the other

lung disecases was confirmed, and was not related to sex.

Asbestosis was mainly a male group, and the proportion of IgG

ANA in the males 637 (12 dut of 19), was significantly lower than
in males with pleuropulmonary SLE 100%Z (7 out of 7); males with
cryptogenic fibrosing alveolitis 100%Z (10 out of 10) and-males
with silicosis 897 (16 ocut of 18). It was also lower than in
males with intrinsic asthma 100% (4 out of 4) but this difference
could not be coﬁfirmed for such small numbers. (Table 10 and

Statistical Table 7a).



TABLE 10

A comparison of the proportions of the total immunofluorescent ANA positive sera with
IgG, IgM and IgA ANAs in the different sexes.

. : Number positive with antihuman
. A
Disease Sex Tota%&?o. of AllA IgG Igit Igh
_ positive sera
No. % No. . %  No. %
Pleuronulmonary M 7 7 100 3 43% 0 0
SLE F 20 19 S5 17 85 S 45
y | . a0 -
CEA M 10 10 100 6 80 5 50 2
F 20 . 13 85 15 75 L 20
Ashestosis M 19 12 B3%® 1L 74 3 16
? - F 2 1 50 1 50 0 0
Silicosis M 18 16 a9 6 3 317
teos F 1 1 100 1 100 0 O
Intpinsic asthm M T : 4 100 2 50 0 0
ptrinsic astima F L 4 100 3 75 1 25
e M 58 49 84 31  53% 11 19
Total patients F 47 3¢ sl 37 78 14 20

"Slgnlflcant difference between males and females.

*%Significantly lower proportion of IgG ANA than males with all other diseases except
intrinsic asthma.
(For the detailed statistical analysis please refer to Appendix , Stat., Table 7).
M.B. % to nearest whole number
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Females with cryptogenic fibrosing alveolitis had significantly
less TgG ANA 657 (13 0u£ of 20) than the males 100%Z (10 out of
10): p € 0.05. In contrast, the proportion of IgG ANA in males
and females with plcuropulmonary SLE and intrinsic asthma was

similarly high. (Table 10 and Statistical Table 7d).

Ipl ABA:  The proportion of sera with TgM ANA was generally lower
in males than in females, and taking this into account it could not

be confirmed that there is less IgM ANA in silicosis than in the

" other lung discases.

Silicosis was mainly a male group, and the proportion of Igi ANA
'ip the males 337 (6 out of 18} was not significantly different
from that in males with pleuropulmenary SLE 437 (3 out of 7);
males with intrinsic asthma 507 (2 out of 4) or males with crypto-
genic fibrosing alveolitis 607 (6 out of 10). However, males with
asbestosis did have significantly more IgM ANA 74% (14 out of 19),
than those with silicosis; p{ 0.02., (Table 10 and Statistical

Table 7b).

In pleuropulmonary SLE, cryptogenic fibrosing alveolitis and intrinsic
asthma the amount of IgM ANA was greater in females than in males,

but significantly higher only in pleuropulmonary SLE-in 857 (17

out of 20) females compared with 43%7 (3 out'of 7) males; p«

0.05, (Table 10 and Statistical Table 7d).
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Igh AMA:  Igh AUA was seen in males aund females but the nuabers
wvere not sufficient to make definite comelusiong about the

influence of sex.

In pleuropulmonary SLE, IgA ANA was present only in females
45% (9 out of 20) not in males (0 out of 7) suggesting a
relationship to the female sex. This was not confirmed by the

statistical tests. (Table 10 and Statistical Table 7c).
In cryptogenic fibrosing alveolitis IgA ANA was present in 507
(5 out of 10) of males and 207 (4 out of 20) of females; not

significantly different. (Table 10 and Statistical Table 7d).

The Influence of Age

The results are shown in Table 11. (Information with regard to

age was missing in a few instances).

There was no relationship between the produetion of IgG, IgM and.

IgA ANA and the age of the patients.

B. The Profile of IeG, IgM and IsA ANA in ANA Positive Sera in

the Different Lung Diseases

The various profiles of TgG, IgM and IgA ANA in ANA positive sera
in the different lung disecases are shown and compared in Figure 7

with statistical comparisons in Statistical Table 8, Appendix.



TABLE 11

1 cen age and immunoglobulin type of ANA.
lcal comparisons using an unpaired Student t test).

Age distributions for the total sera with:-

- ™
IgG ANA Tgh ANA TgA ANA
lMean age SD n Mean age SD n Mean age SD n
52 13 82 55 .12 67 52 1y 24

Significant difference
P <
Comparing mean ages > IgM ANA IgA ANA
A4 ,
IgG ANA NS NS
Ighl ANA NS

NS = Not signiiicant

I,VA
<
[a})
}_}
H)
Fh
(]
w3
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Figure 1.

Figure showing differences in the numbers and types of immunoglobulin classes
of ANA (ANA immunoglobulin class profiles) in individual ANA positive sera in
the different lung diseases.

(Actual numbers of sera with the various lone or mixtures of immunoglobulin
classes of ANA are indicated at the head of each column)
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There were seven possible profiles of IgG, IpgM and IgA ANA but only
four were comron. These were IgG ANA occurring alone; IgM ANA
occurring alone; 1gG in combination with IgM ANA; and IgG in com—

bination with IgM and TgA ANA.

_ Of the total 105 ANA positive sefa 347 (36 out of 105) contained
IgG ANAlalone, 177 (18 out of 105) lgM ANA alone, 257 (26 out of
105) IgG combined with IgM ANA, and 22% (23 out of 105) IgG com-
bined with IgM and IgA ANA. IgA ANA never occurred alone in any
'serum, and nearly always was combined with IgG and IgM ANA. There
were just two exceptions, oOne serum with IgA combined with IgG

ANA, and another serum with IgA combined with IgM ANA.

IgG ANA only: There were more sera containing lone IgG ANA in

silicosis 63% (12 out of 19) than any other lung disease. Intrinsic
asthma had 387 (3 out of 8) sera with lone IgG ANA, cryptogenic
fibrosing alveolitis 30% (2 out of 30); asbestosis 29%7 (6 out of

21) and pleuropulmonary SLE 227 (6 out of 27) (Figure 7a).

The statistical analysis confirmed that there were significantly
more sera with lone IgG ANA in silicosis than in the other lung
diseases (Statistical Table 8a).

~

IgM ANA onlv: The majority of sera with lone IgM ANA were in asbes-—

tosis 38% (8 out of 21) sera, and cryptogenic fibrosing alveolitis
23% (7 out of 20) sera. In the remaining diseases, silicosis had 11%
(2 out of 19) scra with lome IgM ANA, and pleuropulmonary SLE 4% (1

out of 27). This profile was not seen in intrinsic asthma (Figure 7b).



148.

The statisticsl analysis confirmed that asbestosis had significantly
more scra with lone IgM ANA than any other lung discase, except
cryptogenic fibrosiug alveolitis. However, the tendency for
eryptogenic fibrosing alveolitis to contain more sera with lone

Igh LA than the other diseases, except asbestosis, could only be
confirmed in comparison with pleuropﬁimonarj SLE (Statistical

Table 8b).

IgG combined with IgM and LgA ANA: Sera with a combination of IgG,

IgM and IgA ANA were mainly in pleuropulmonary SLE 307 (8 out of
27); and cfyptogenic fibrosing alveolitis 307 (9 out of 30). 1In
the remaining diseases silicosis had 167 (3 out of 19) sera with
this combination, intrinsic asthma 11%Z (1 out of §) and asbestosis

107 (2 out of 21) (Figure 7c¢).

The statistical analysis just confirmed.that the proportion of sera
with IgG, IgM and IgA ANA was significantly higher in pleuro-
pulmonary SLE and cryptogenic fibrosing alveolitis than in asbestosis.
The lower proporticn of this profile in silicosis and intrinsic

asthma was not confirmed (Statistical ‘Table 8c).

I1¢G combined with IgM ANA: The combination of IgG with IgM ANA was

more common in intrinsic asthma 507 (4 out of 8) sera, and
pleuropulmonary SLE 417 (11 out of 27) sera, than in the other lung
diseases. In the remaining disease asbestosis had 197 (4 out of 21)
sera with this combination; cryptogenic fibrosing alveolitis 177

(5 out of 30); and silicesis 117 (2 out of 19) (Figure 7d).



The statistical apalysis confirmed that there were significantly
more sera with a combination of IgC and Igl ANA In intrinsic

asthma and pleuropulmenary SLE then in the other lung discases

(Statistical Tebie 8d).

IgG combined with TpA ANA: There was just onc serum from a patient

with pleurcopulmonary SLE, showing this combination.

Igi combined with IgA ANA: There was just one serum from a patient

with asbestosis shewing this combination.

The influence of Sex

The differences in profiles of immunoglobulin classes of ANA in
the different lung diseases were in some cases related to sex
differences rather than disease differences. The results are shown

in Figure 8 and Statistical Table 9, Appendix.

IgG ANA only: Taking sex into account it could not be confirmed

that silicosis has a higher proportion of sera with lone IgG ANA
than the other lung diseases, (Figure 8a and Statistical Table 9a).
Silicosis was mainly a male group, and when compared with-males in
sost other discases the proportions of sera with lone IgG ANA were
similarly high, in silicosis 67% (12 out of .18) inbpieuropulmonary
SLE 57% (4 out of 7), in intrinsic asthma 507 (2 out of 4), in
cryptogenic fibrosing alveolitis 40% (4 out of 10). However, males
with asbestosis had significantly fewer sera with lone IgG ANA

262 (5 out of 19) than males with silicosis; p < 0.02.
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Figure 8.

A comparison of the numbers and types of immunoglobulin classes of ANA in
individual ANA positive sera in male and female patients.

(Actual numbers of sera with the various lone or mixtures of immunoglobulin classes
of ANA are indicated at the head of each column)
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In pleureopulmonary SLE; cryptegenic filiresing alveolitis, and intrinsic
asthma, there were fewer farnales with lone XgC ANA than males,
but the difference was siguificant only in pleuropulmonary SLE

where 107 (2 out of 20) females had lone IgG ANA compared with 577

(4 out of 7) males; p &4 0.01.

Igtl ANA only: The greater number of sera with lone IgM ANA in

asbestosis than in other lung diseases was confirmed, and was not
a reflection of sex differences (Figure 8b and Statistical Table

9b).

invthe male asbestos group 37% (7 out of 19) Sera:had lone IgM
ANA, significantly more than in males from all other diseases.
The only other males with lone Igl ANA ﬁere in silicosis 117 (2
out of 18). The statisfical analysis confirmed_scme of these

differences.

In cryptogenic fibrosing alveolitis lone IgM ANA was seen only

in the females 35% (7 out of 20) not in the males (0 out of 10);

p ¢ 0.05. These females also had more lone Igi ANA than females
with pleuropulmonary SLE 57 (1 out of 20): p( Q.OZ, and females with

intrinsic asthma (0 out of 4).

IgG combined with Ig¢M and IgA ANA: This combination was secen in

both male and female patients and tended to be most common in
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‘ . . b AR o - - . ~ 1 ol
females with pleuropulmonary SLE 4C% (8 out of 20), -and in males

with eryptogenic fibrosing alveolitis 507 (5 out of 10) (Figure 8c).

The statistical analysis confirmed only that there were significantly
more males with this combination in cryptogenic fibrosing alveolitis 50%

(5 out of 10) than in any other disease (Statistical Table 9c).

IgG combined with TgM ANA:  The combination of IgG and IgM ANA was

again more common in pleuropulmonary SLE and intrinsic asthma than
in the other discases for both males and females (Figure 8d and

Statistical Table 9d).

Fér the males, the combination was more common in ﬁleuropulmonary
SLE 437 (3 out of 7) and intrinsic asthma 50% (2 out of 4), than
in cryptogenic fibrosing alveolitis 10%Z (1 out of 10) silicosis

6% (1 out of 18).and asbestosis 217% (4 out of 19) but the stat-—

istical confirmation was incomplete.

The numbers of females with this combination were greater in
pleurcpulmonary SLE 407 (8 out of 20}, and intrinsic asthma 50%
(2 out of 4) than in cryptogenic fibrosing alveolitis 207 (4 out

of 20) but these differences were not confirmed significant.



153,

The Influence of fze

The results are shown in Table 12.  (Information with regard to

age was missing in a few instances).

Lone Igd ANA tended to occur in an older age range of patients
than the other combinations. The.mean age of 18 patients with
lone IgM ANA was 6l years SD 9 years; and was significantly
higher than that of 33 patients‘with lone IgG ANA 51 years :

SD 13 years (p & 0.02), 22 patients with IgG, IgM and IgA

ANA 52 years SD 14 years (p £ O.l), and 26 patients with IgG
and IgH ANA 54 vears SD 12 years (p & 0.1). (This observation
is in keeping with the age associated increasing prevalence of
ANA in asbestosis with lone IgM ANA the most common finding, and

the finding of lone Igl ANA in normal controls).

CORRELATION PETVEEN THE PROVILE OF IMMUNCGLOBULIN CLASSES OF ANA

AND THE ANA TITRE (USING PCLYVALENT ANTTIHUMAN IMMUNOCLOBULIN) IN

ANA POSTITIVE SERA

The results are shown in Yable 13 with a statistical analysis

in Statistical Table 10, Appendix.

A general pattern of the IgG, IgM and IgA ANA combination relating

to a higher range of ANA titresj the IgG, IgM ANA combination and



TABLE 12

The relatvionsilip between age and immuncglobulin class profiles of ANA.
(Gtaristical compariscns using an unpaired Student t test).

Age distributions for the total sera with ANA of immunoglobulin
class:i-

IgG only Igl only - IgC/IgM/Igh TG/ Igh

Mean age SD n Mean age SD n Mean age SD n Mean age SD

- 51 13 33 61 9 18 52 14 22 Sy 12

Significant difference

P g
Comparing mean ages —— IgM only TgG/IgM/IgA IgG/Igt
l’ .
IgG only 0.02 NS NS
IgM only 0.1 0.1
IgG/Ig¥/Igh | | ~ NS

NS = Not significantly different




A comparison of the immunofluorescent ANA titre distributions relating to different
classes of AHA.

TABLE

13

Mean log. reciprocal immunofluorescent ANA titres for sera with
Total no.
Discase of ANA Lone IgG Lone Igh IgG/Igi/IgA IpG/Igh
pos. sera
P Mear, M Mear ean &l n
(n. total) HMean SD n Mean SD Mean SD n Mean D po!
SLE 26 2.15 0.72 G 1.00 0.00 2.54 30 8 1.87 0.k2 il
CFA 20 1.87 O0.44 9 1.30 0.38 2.C0 55 3 1.90 0.30 s
ASB 21 1.21 0.33 7 1.45 0.32 2.35 B4 2 1.85 0.17 b
SIL 18 1.48 0.53 12 1.15 0.21 1.0 .30 3. 1.45 0.22 2
AST 8 1.50 0.46 3 0.00 0.00 2.20 .00 1 1.75 0.30 L
Total o - - o
s 104 1.63 0.58 37 1.35%= 0.34 2,21¢ b9 23 1.76 0.37 2t
patients

“¢ignificant finding of highest range of ANA titres associated with combined IgG/Igl/IghA ANAs.
#%Gipnificant finding of lowest range of ANA titres associated with lone IgM ANA.

(For the detailed statistical comparisons please refer to Appendix

, Stat. Table 10).

*66T



lone IpG ANA relating to a middle range of ANA titres; and lone

IgM AUA relating te a lower range of ANA titres was common to

all the lung discase groups.

The most significant finding was the relationship between a com-
bination of IgG, Igi and Igh ANA and higher ANA titres. The mean
log reciprocal ANA titre in sera with this combination was 2.21
(1/160), significantly higher than in sera with IgG and IgM ANA
1.76 ( between 1/40 and 1/80); sera with lone IgC ANA 1.63
‘(approximately 1 in 40), and sera with lone IgM ANA 1.35 (approx-~

imately 1 in 20); p < 0.01.

The mean ANA titre in sera with lone IgM ANA was significantly
lower than in sera with IgG, IgM and IgA ANA, and in sera with
IgG and IgM ANA (p < 0.01.) However, it did not differ signif-

icantly from that in sera with lone IgG ANA.



IV,  PATTERNS OF ANA IMMUNOTLIIOLESCINCE

Patteins of AWA immapofluorycscence in any serum were vecorded

separately for cach juwmunoegleobulin class of ANA: TgM, IgG and

16

IpA. By comparison, the patterns recorded using polyvalent
antihuman immuncglobulin vere inaccuréte.

Normally, a single pattcrn of ANA immundfluoresconce was recog—
nised in any one immunoglobulin class, but, because many sera
contained a mixture of immunoglobulin classcs of ANA, different
pattérns could be present in the same serum sample relating to

djifferent immunoglobulin classes of AN

Four main patterns of ANA immunoiluorcscence were seen: the
homogeneous pattern; the peripheral pattern; the speckled pattern
and the nucleolar pattern. There was some heterogencity under
each of these main descriptive types, but further descriptive

subdivision was not possible.

Examples of each main pattern type with a negative control for

comparison are shown in Plates 7 to 11 inclusive.

NORMAL CONTRCI, STUDILS

There were ten ANA poaitive sera from normal centrols without lung

disease. Five were males and five females. Nome had a homogenecous
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A homogencous pattern of nuclear immuno-
flucrescence produced by ANA from the
serum of a patient with SLE (BR)

on rat liver cell nuclei. This appear-—
ance was obtained using an indirect
immunof luorescent stalning method with
a1l in 10 dilution of patijent's serum
and FITC-conjugated goat antihuman IgG
to visualise the antibody. (agnif-
jcation x 480)

A peripheral pattern of nuclear immuno-
fluorescence produced by ANA from the
serum of a male control (PR.) on rat
liver cell nuclei. This appearance

was obtained using an indirect immuno-
fluorescent staining method with a 1

in 10 dilution of test serum and FITC-
conjugated goat antihuman Igt to
visualise the antibody. Q(lagnifie-
ation x 480) ‘
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A speckled patbtern of nuclear immuno-
fluorescence produced by AMA from the
serum of a patient with CFA (0S.) on
rat liver cell nvclei. This appear-—
ance was obtained using an indirecct
immunof luorescent staining method
with a 1 in 10 dilution of patient's
serum and FITC-conjugated goat anti~
human LgM to visuvalise the antibody.
(Magnification x 480)

A nucleolar pattern of immunofluores—
" cence produced by ANA from the serum
of a patient with CFA (TH.) on rat
liver cell nuclei. This appearance
was cobtained using an indirect immunc-—
fluorescent staining method with a 1
in 10 dilutiecn of patient's serum
and ¥ITC-conjugated antihuman IgG
to visualise the antibody.
(Magnification x 300)

~
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. A negative appearance in an indirect
immunof luorescent staining test for
ANA showing only non-specific
background staining of the rat liver
cryostat section uscd as the antigen.
This was observed using a 1 in 10
dilution of a normal control serum and
FITC-conjugated goat antihuman immuno—
globulin as the fluorescent tracer.
(Magnification x 300).
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pattern, 5 (4 males and 1 fewale) had a peripheral pattern, 4
(3 females and 1 wmale) had a speckled pattern and 2 (females) had

a nucleolar puattern.

The patterns were lone patterns associated with IgM ANA, except
in one female who had a combination of a nucleolar pattern
assoclated with IgG A¥A and a2 speckled pattern associated with

IgM ANA.

LUNG DISEASE STUDIES

The ANA positive sera used for this investigation were the same
as those uscd to investigate ANA titres and immunoglobulin classes

of ANA.

There were sera from 27 patients with pleuropulmonary SLE; 30
patients with cryptogenic fibrosing alveolitis; 21 patients with
asbestosis, 19 patients with silicosis and 8 patients with

intrinsic asthma.

Total Patterns

The results are shown in Figure 9 with statistical comparisons

in Statistical Table 11, Appendix,

There were a total of 105 ANA positive sera. The homogeneous pattern



FIGURE 8

The total patterns of ANA immunofluorescence in positive sera (relating to cither IgG, Ig¥ cr Igh ALIATs).

TOTAL ANA POSITIVE SERA

10
ﬂﬁ\\\
HOMOGENEOUS PATTERN PERIPHERAL PATTERN SPECKLED PATTERN ' NUCLECLAR PATTERY —
(o
82/105 23/105 , 12/105 13/105 o
(78%)% (22%) (11%) L (12%)
, A -,
/f 5;\ V . ‘ v//’ \\\
\\ \‘
| / \
/ N\
Lene In combination Lone In combination Lone In combination Lone In combinaticn
£3/82 19/82 14/23 9/23 5/12 7722 1/13 12/13
(77%)% (23%) (61%) (239%) (142%) (56%) (8%) (32%)%%

Lone = The only pattern in the serum whatever the Ig class of ANA.
"In combination = In combination with other patterns normally in different Ig classes of ANA,
% - Significantly more common than any other pattern, and generally a lone pattern.

ignificantly occurring in combination with other patterns. (For detailed statistical compariscns refer t

S:
Appendix , Stat. Table 11).
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was present in significantly more scra 78Z (&2 out of 105) of the
sera, than auy other pattern. The peripheral pattern was scen in
only 227% (23 out of '105), but still significantly more than
the‘speckled or nucieolar patterns. The nucleolar pattern was
seen in only 12% (13 out of 105), and similarly the speckled

pattern was scen in only 117 (12 out of 105) (Tigure 9 and Stat-

The nucleelar pattern was, with one exception, always combined
with other patterns in different immunoglobulin classes in the
same‘serum, 927 (12 out of 13) in combination compared with 8%

(1 out of 13) lone; p< 0.0L. In contrast the homogeneous
peripheral and speckled patterns were frequently the only patterns
present in the secrum, and also occurred in combination with other
patterns. The homogencous pattern was significantly more frequent
bas a lone pattern, 7772 (63 out of 82) of cases, than as a com-
bined pattern, 237 (19 out of 82) of cases; p 4 0.01, However, it
was nearly always a partner in any combination in view of its

more common occurrcnce overall (Figure 9 and Statistical Table

11b).

Relation to Discase

The resullts are shown in Figurce 10 with statistical comparisons

in Statistical Table 12, Appendix.

The homogencous paltern was the most common staining pattern

in all disecase groups and the proportions did not differ significantly.



Figure 10,

A comparison of the patterns of ANA immunofluorescence in the different lung diseases. (Actual numbers of sera
with the patterns in each disease group are indicated at the head of the columns).

a. HOMOGENEOUS PATTERN b. PERIPHERAL PATTERN
100 23 .
« ; 14 6
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B z B 7
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-g ¢. SPECKLED PATTERN d. NUCLEOLAR PATTERN
= 100, :
o
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g
<
Q
3]
g . 3 2 5
1
o._l__m_m_i_m | | o 1 o
. Pleuropulmonary SLE (27)* Asbestosis (21)* I:lIntrinsic asthma (8)*

E Cryptogenic fibrosing alveolitis (30)* Silicosis (19)* * = Total numbers of ANA
Positive sera

*L91
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1t wes present in 857 (23 out of 27) of sera with pleuropulmonary
SLE, €17 (17 out of 21) with asbestosis, 757 (6 out of 8) with
intrinsic asthwa, 744 (14 out of 19) with silicosis and 73% (22
out of 30) with cryptogenic fibrosing alveolitis (Figure 10a).
The peripheral pattern was more common in silicosis 327 (6 out

of 19) sera, and intrinsic asthma 507 (4 out of 8) sera, than in
cryptogenic fibrosing alveolitis éOZ (6 -out of 30) sera and
asbestosis 247 (5 cut of 21) sera, and was surprisingly uncommon

in pleuropulmonary SLE 7% (2 out of 27) sera (Figure 10b).

There was very little of the speckled pattern in any disease
group but it was notably absent from silicosis (0 out of 19)

sera (Figure 10c).

The nucleolar pattern was present in cryptogenic fibrosing alveolitis
23% (7 out of 30) sera and inpleuvropulmonary SLE 197 (5 out of 27)
sera but, except for one patient with silicosis, was absent from

the other diseases (Figure 10d).

These relationships were indicated in the statistical tests but
only partially cenfirmed because of the small numbers (Statistical

Table 12 a, b, ¢, d).

~



The Influonce of

The results are shown in Figure 11,

The homogencous, pervipheral, speckled and nucleolar patterns
were scen in males as well as in females. There was a slight
tendency for the speckled snd nucleolar patterns Lo be more common

in females than males. .

A statistical analysis confirmed only that the speckled pattern

was significantly more common in females than males; p< 0.02,

The Influence of Age

There was no significant relaticonship between differences in the

patterns of ANA inmunofluorescence and age.

CORPELATICH BLUWEEN PATTEENS OF ANA IMMUNOFLUORESCENCE AND THE ANA

TITRE (USING POLYVALEWT ANTIHUMAN IMMUNOGLOBULIN) IN ANA POSITIVE

SERA

The results are shown in Table 14 including statistical compar-

isons.

The nucleolar pattern was associated with a significantly higher
range of ANA titres, mean log reciprocal titre 2.12 (approximately

1/160), than the peripheral pattern, 1.72 (1/40 - 1/80) and the



FIGURE 11

A comparison of the patterns of ANA Immunoflucrescence in male and female sera.

TOTAL ANA POSITIVE SERA

! 1058
MALE v FEMALE
U7 :
/Is\ P
~
Homogeneous Feripheral Speckled  lucleolar Homogenecus Peripheral
ug/t8 /58 3/58 5/58 36/47 ¢/R7
(79%) (24%) (5%) - (9%) ‘ (77%) (19%)

“Coeckled pattern significantly more common in females than in males; p < 0,02 (using a test of difference of tro-
portions



TABLE 14

A comparison of the immunofluorescent ANA titre distributions relating to different patterns of ANA immuncfluorescence.

§ Mean log. reciprocal immunofluorescent ANA titrs for sera with:
Homogeneous Peripheral Speckled Nucleolar
pattern pattern pattern pattern
Mean SD n Mean SD n Mean sD n lean So pe!
Pattern occurring alone 1.65 0.55 63 1.43 0.31 1 1.72 0.u5 5 2.20 G 1
Pat ; 1binat] \ .
Pattern in combination 2.02%  0.55 19 1.90% 0.50 9 2.20  0.42 7 2.17° .53 12
with other patterns
Total alone or in com- 1.73 0.57 82 1.72 0.39 23 2.00  0.38 12 2.12%% 0,23 13
bination

%Eueleclar pattern associated with a significantly higher range of ANA titresthan homogeneous or peripheral
(p<0.05).
%5ignificantly higher range of ANA titresfor combination than 'lene' pattern (p<0.1).
&D - Standard deviation
n - lumber cf sera

(Statistical comparisons using an unpaired Student t test)
¥

TTLT
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homopencons pattern, 1.73 (1/40 -~ 1/80). The speckled pattcrn was
asscciated with a mid ranpe of ANA titres 2.00 (1/80C - 1/60)

which did nol differ significantly from any other pattern.

The nucleolar pattern was, however, nearly always in combination
with other patterns in the same serum, and in fact, all sera with

a combination of immunofluorescent patterns, whatever the patterns,
vere associated with a similarly Eigh range of ANA titres (mean
titre 1/80 - 1/160 approximately). .In contrast, sera containing a
single pattern of ANA immuncofluorescence; a lone hdmogeneous, a lone
peripheral or a lone speckled; were associated with a similarly

low range of ANA Litres (mean titre 1/40 approximately).

CORRELATICN LETWEEN PATTLRNS CT ANA TMMUNOFLUCRESCENCE AND  TMMUNO~

-GLOBULIN CLASSES OF ANA

Relationship to Irmunoglobulin Class of ANA

The results are shown in Figure 12 with statistical comparisons

in Statistical Table 13, Appendix,

The different staining patterns were found to relate more to
certain immunoglobulin classes of ANA than others, although all
four main patterns were seen in each of the three immunoglobulin

classes of ANA.

The homcgeneous pattern was related signiflcantly more to IgG

ANA than IgM or IgA ANA, and significantly least to Tgd ANA.
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Figure 12,

Figure to show the tendency for different staining patterns of immunofluorescent
ANA to be more common in certain immunoglobulin classes of ANA than others.

a. b.
HOMOGENEOUS PATTERN PERIPHERAL PATTERN
82* 23+

100,
19

o
——
| )

*
= IgM IgA IgG IgM IgA
8
[¢}]
=
3
(]
o
‘g’ c. d.
g SPECKLED PATTERN NUCLEOLAR PATTERN
A 12+ 13+

1004 -

IgM IgA IgG IgM

Immunoglobulin class of ANA

* = Total numbers of sera with pattern in any immunoglobulin class. (The actual
numbers with the pattern in each immunoglobulin class are indicated at the head

of each column).
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in Tgil and 207 (16 out of 82) in IgA (Figurce 12a and Statistical

Table 13a).

In contrast, the peripheral and speckled patterns were related
more to IgM ANA than IpG or Igh ANA, and least to Igh ANA (figure

12 b and o).

82% (19 out of 23) of the total sera with a peripheral pattern
werelobserQCd in IgM in comparison with 397 (9 out of 23) in IgG
and 97 (2 out of 23) in IgA. 837 (10 out of 12) of the total sera
with speckled pattern were observed in IgM, in comparison with
50%Z (6 out of 12) in IgG and 257 (3 out of 12) in IgA. Most of
these differences were confirmed by the statistical tests (Stat-

istical Table 13 b and c¢).

The nucleolar pattern was not convincingly reléted to any one
immunoglobulin class. Slightly more of the total were observed
in IgG 62% (8 out of 13), than in IgM 467 (6 out of 13) or IgA
31% (4 out of‘13), but these differences were not significant‘

(Figure 12d and Statistical Table 13d).

Relationship to the Profile of IgCG, IeM and IcA ANA in Individual

Sera

The detailed results arve shown in Figure 13.



Figure 13.

A comparison of the patterns of ANA immunofluorescence and the profiles (number and types) of immunoglobulin

classes of ANA

100

in individual sera.
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In summary, the howogeneous and peripheral patterns were scen in
sera with lone immunoglobulin classes of ANA, and in those with

combined immunoglobulin classes of ANA,

In contrast, the speckled and nuclecolar patterns were significantly

more frequent in sera with combined immunoglobulin classes of ANA.
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V. COMPLEMENT FLYIMC ABILITY OF ANA

The immunof luorescent indircét staining method used to determine the
ability of antinuclcar antibodies to fix fresh human serum
complement was very satisfactory. There was no difficulty in
identiﬁying positive reactions which fesembléd the nermal immuno-
fluorescent ANA appearance, although distinct differences in

staining patterns were generally not clearly recognizable,

Examples of complement fixing ANA using the immunofluorescent
technique with a negative control for comparison are shown in

Plates 12, 13 and 14.

Reactions seen using a standard serumdilution of 1 in 10 and

graded + or over were accepted as positive, and weak reactions
+ . .

graded — were regarded as negative for counting purposes to

reduce inter—observer error.

NORMAL CONTRQOT, STUDIES

The ten ANA positive sera (5 males and 5 females) from normal

controls without lung diseasc did not have complement fixing ANA.

LUNG DISEASE STUDIES

The ANA positive sera used for this investigation were the same as
thosc used to investigate ANA titres, immunoglobulin classes of ANA

and patterns of ANA imwunofluorescence. The differences in numbers
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Inmunofluorascent demonstration of com—
plenent fixed teo ANA from the scrum of a
patient with SLE (CO.) on rat liver cell
nuclei. The method used is an indirect
inmmunof luorescent staining method with
fresh pnormal human serum (PH.) as =
‘gource of active complement and FITC-
conjugated horse antihuman BiC/A + BiE
to visualise the beund complement.
(Magnification x 756)

Immunof luorescent demonstration of com—
plement fixed to nucleolar ANA from the
serum of a patient with CFA (Sil.)

on rat liver cell nuclei using the
indirect immunofluorescent staining
method. (Magnification x 756)
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A negative result in the indirect immunc-—
fluorescent test for complement fixing
ANA, The test serum was from a patient
(BR.) with SLE, which had given

strongly positive ANA immunofluores-—
cence using FITC~conjugated goat
antihuman IgG (Plate 7). (Magnification
x 480)
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related to incufficient serum in some instanccs.

There were a total of 133 ANA positive sera from twenty-eight
patients with pieuropulmonary SLE, fifty paticnts with cryptogenic
fibrosing alvecolitis, twenty-Lour patients with asbestosis, twenty-
two patients with silicosis and nine patients with intrinsic

asthma.

The proportion of the total ANA positive sera containing ANA with
the ability to fix fresh human complement. in each lung disease
group is shown in Table 15, with statistical comparisons in

Statistical Table 14, Appendix.

Complement fixing ANA's were comparativély rare in lung disease,
‘present in only 31 (237) of the total 133 ANA positive sera.

There was an obvious disease relationship: AWA's with the ability
to fix complement were present in pleuropulmonary SLE in 39% (11
out of 28) of sera, and in cryptogenic fibresing alveolitis in

347 (17 out of 50) of sera. In contrast, they were rare in
silicosis seen in only 3 (147Z) of the 22 sera, and were completely
absent from asbestosis (0 out of 24 sera) and intrinsic asthma

(0 out of 9 sera).

Thg statistical analysis (Statistical Table 14) confirmed that

the proportions of complmenet fixing ANA in pleuropulmonary SLE

e

and cryptosenic fibrosing alveolitis were similar, and were

significantly increased in comparison with-all other lung discases.
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TABLE 15

The propovtion of immuncfluorescent ANA positive sera con-
I
taining ANA with the «bllity to fix human complement.

Number with complement
fixing ANA

Total number of

Disease ANA positive sera

No. %
zi;uropulmonary o8 11 39%
CFA 50 17 3y
Asbestosis ' 24 0 0
Silicosis 22 3 14
“Intrinsic asthma S 0 0
Total patients 133 ' 31 23

#*Significant increases in comparison with the other disecases
(For the .detailed statistical analysis, please refer to
Appendix , Stat. Table 14).
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In addition, the slight Increase in complement fizing ANA in
silicosis was significant in comparison with asbestosis (p¢ 0.1)

but not with intrinsic asthma,

The Influence of Sex *

The results are shown in Table 16 with statistical comparisons

in Statistical Table 15, Appendixe.

There was a suggestion that complement fixing ANA might relate
‘to sex, and not to disecase, but this could not be confirmed with
certainty because of the smell numbers, and the absence of female

patients from asbestosis and silicosis.

Complement fixing ANA was scen in males and in females, but the
frequency was higher in females than in males. In pleuropulmonary
"SLE 10 (48%) out of 21 females had complement fixing ANA in
comparison with only 1 (147) out of 7 males. In cryptogenic
fibrosing alveolitis 12 (41%) out of 29 females had complement

fixing ANA in comparison with only 5 (24%) out of 21 males.

The statistical analysis could not confirm that the increased
frequency of complement fixing ANA in females was significantly
above that in males with pleuropulmonary SLE and cryptogenic

fibrosing alveolitis (Statistical Table 15a).

However, nor could it confirm that there was a significant increase
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TAELE 16

L conparison of the proporticns of immuncfluorescent ANA positive sera

centaining complement fiwing ANA in the different sexes.

Number with complement
fixing ANA
Diseas Sex Total numbsr of
teease - ANA positive sera
No. %
Pleurcopulmeonary = M 7 1 14
SLE ' F 21 10 48
21 5 Yy
CFA 2
29 12 41
Asbestosis H 18
F 2
i 2 :
Silicosis ' . o8 14
F 1 0 0
. 1 5 0 0
Intrinsic asthma g
F Y
M ’ Q
Total patients & 72 : . ~ 12
F 57 ‘ 22 39.5
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in the frequency of complement fixing AVA in males with
pleuropulmonary SLE and cryptogenic fibrosing alveolitis over the
frequency in males from any other discase group with the exception

of asbestosis (Statistical Table 15b).

The male asbestos group was shown to have significantly less
complement fixing ANA than males with silicosis or males with

cryptogenic fibrosing alveolitis.

The Influence of Age

There was no relationship between complement fixing ability and

age.
CORRELATION BETWEEN COMPLEMLENT FIXING ABILITY AND ANA TITRES IN

ANA POSTITIVE SERA

The results are shown in Table 17 with statistical comparisons.

Complement fixing ANA's were associated with a higher range of ANA
titres than non~complement fixing ANA's. Overall, 947 (29/31)

of sera with complement fixing ANA had ANA titres ) 1/40 and 687
(10/31) titres 3 1/80, in contrast with only 50% (51/102)

and 33% (34/102)\respective1y of those without complement fixing
ANA; p < 0.00L. The mean log. reciprocal ANA titre for the total
31 sera with complement fixing ANA was 2.09 thetween 1/80 and
1/1f0), significaptly higher than the mean for the total 102 sera
with non*couplc&cnt fixing ANA 1.54 (bétwcen 1/20 and 1/40);

p < 0.001.



TABLE 17

cemparison of the immunofluorescent ANA titre distributions in sera with and without complement Ffiming ANA
Number and % of total sera at each titre
‘ Reciprocal of ANA titre
~ Total Yo. 10 20 o) g0 160 320 510 £ s
Discase Caurmplement of ANA Mean $.D =5iz.
Fixing ANA oS ‘ser? Logarithm of reciprocal of ANA titre ANA titre T Giff
S < 1.0 1.3 1.6 1.9 2.2 2.5 2.8 y
PR
lo. % No. % No. % MNo. % No. % No. % No. %
sr 1 Present 11 0 0 0 © 2 18 0 0O & 38 3 27 2 1 2.28 C.4G | o
o Absent 17 424 C o) 3 18 1 6 Lo 24 1l 8 Lo 24 1.85 0.e8 o
CFA - Present 17 o) o) 2 12 5 29 3 18 Lo 2y 1 0 2 12 1.95 C.ug A AR
Absent 33 14 42 3 9 5 15 3 24 2 6 6] o) 1 3 .45 c.usg v
Acy » Present o) 0 0 o) C o) o) o) o) o) o) o) o) o) O 0,00 .00
- Atzent 24 Lo17 9 37 5 21 5 21 o) 0 0 o 1 4 1.50 C.51
- Fresent 3 o o o 0 13 0 0 13 0 0 1 33 2.20 C.5C | 4 4
= Absent 19 6 32 8 42 3 18- 1 5 1 5 0o 0 o 0 1.33 c.zz | U
AST Present o) o) o) o) o) o) o) o) C o) C o) 0 0] 0.Co C.G0
Absent 9 2 .22 1 11 1 1 Lo ny i 1 (O ¢ 0 C 1.63 o.u3
Total Present 31 o) o) 2 6 8 206 3 10 S 29 L 13 5 1e 2.C5% SIS 5001
patients Absent 102 3¢ 28 21 21 17 17 19 18 g 3 11 6 ¢ 1,534 C.s1 0 TV

“Statvistical ccomparisons uolng an unpaired Student t test.

LJOE

LB

L .
% to

reciprocal.

rearest whole number.,

A
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Cousidering Lhé three disease groups with complement fixing ANA
separately; the association could not be seen in pleuropulmonary
SLE where the ANA titres were similarly high in sera with and
without complement fizing ANA. The mean log. reciprocal ANA
titre for the 11 sera with complement fiuing ANA was 2,28
(approximately 1/160), slightly but not significantly higher than
the mean for the 17 sera with non-complement fixing ANA 1.95
(approximately 1/8C). In cryptogenic fibrosing alveolitis the
méan ANA titre for the 17 sera with complement fixing ANA was
1.95 (approximately 1/80), significantly higher than the mean
for the 33 sera with mon—complement fixing ANA 1.46 (between 1/20
and 1/40); p ¢ 0.01, In silicosis the mean ANA titre for the 3
sera with complement fixing AWA was 2.20 (1/160), significantly
higher than that for the 19 with non-complement fixing ANA 1.33

(1/20); p<¢ 0.01.

In addition, the mean ANA titres for sera with complement fixing
ANA were similar in all disease groups, and were higher than the
mean ANA titres for sera with non—complement fixing ANA which were

again similar, except in pleuropulmonary SLE.

CORRELATION BETWEEN COMPLEMENT FIXING ABILITY AND THE PROFILE OF

IMMUNOGLOBULIN CLASSES OF ANA IN ANA POSTTIVE SFRA

~

The results are shown in Figure 14 with statistical comparisons

in Statistical Table 16, Appendix,
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Figure 14,

A comparison of the numbers and types of immunoglobulin classes of ANA in sera
with and without complement fixing ANA. (Actual numbers of sera indicated at
the head of each column).

50
Lone IgG | Lone IgM | Mixed IgG Mixed Mixed Mixed
/1gM /IgA | 1gG/IgM | IgG/IgA | IgM/IgA
11

40
> 2
# 9
o
8 30 21
° —
£
S
) 15
& 20 ) 5
1
St
(Y
A

104

1 1
V/ 1
N 0 %_—O_Ll_lj_

217 % 27 7% 27 7 27 75 271 75 27 15
Total numbers of ANA positive sera with and without complement fixing ANA

Complement fixing ANA

D Non-complement fixing ANA



There was a rclationship betwecn(complement fixing abjlity and the
profile of iwmmanoglobulin classes of ANA in individual sera.

The imnunoglobulin clagsses of ANAwere kpnown for 27 out of the
total 31 sera with complement fiwing ANA. The majority, 11

(417) out of 27, were sera with a combination of IgG, TgM and

Igh LA Slightly fewer, 9 (33%) out‘of 27 ﬂad lone IgG ANA;

and fewer still, 5 (L9%) out of 27 had combined IgG and IgM

ARA. Only 1 (47) had lone Ighi ANA. 1In éddition there was 1

(47%) with a combination of IgG and Igh ANA.

The ?roporﬁion of sera with IgG, IgM and IgA ANA was significantly
higher in sera with complement fixing ANA 417 (11 out of 27),
than in those with non-complement fixing ANA 154 (11 out of 75);
p 4 0.01, In addition, the proportion of sera with lone IgM

‘ANA was significantly lower in sera with complement fixing

ANA 47 (1 out of 27) than in those with non-complement fixing ANA

36% (27 out of 75); p¢ 0.05,

The detailed results for each separate lung disesse group are

shown in Table 18.

CORFELATICON BETWEEN COVMPLEMENT FIXING ADBILITY AND THE PATTERNS OF

ANA IMMUNOFLUORISCENCE IN ANA POSITIVE SERA

~

The results are shown in Table 19 with statistical comparisons
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‘161

A comparison of the profiles of immunoglobulin classes of ANA iIn sera with and without cemplement fixing AN
Immunoglcbulin class profile
, (No. and % of total sera)
. » Complement Total no. -
. Visease D . Lcne Lone 1gG/Igii/ IR o - .
fixing ANA of sera TG oM Tgh IgG/Igh IgG/Igh IgM/IgA
No. % No. %  No. % No. % MNo % No. %
Pleurcpulmonary Present 11 3 27 0 0 4 36 3 27 i S 0 C
SLE Absent 16 3 19 1 6 3. 18 e 56 o] C O G
oFs Present 13 ¥ 31 1 7 6 uB 2 15 ©o & 0 0
“ Absent 17 5 23 & 35 3 18 3 18 0 0 0 0o

pibestosic Present 0 o o o 0 0 0 c o0 o 0 0
smest Absent 18 6 33 6 33 2 11 3 17 0O G 1 6
it Present , 3 2 67 0O 0 1 33 o o ¢ o o 9
S141C08Es Absent 16 10 83 2 12 2 12 2 12 ¢ 0 0o ©
Litrinsic. asthma ‘Present 0 o o o o ©O0 O 6 o 0 0 © 0
prrsnsLe.as Absent - 3 38 © 0 1 12 4 50 0 o ¢ ¢C
Tota iont Present 27 g 33 1 u® 11 4lft 5 18 1 & o 0
fotal patients Absent 75 . { 27 3 15 20 11 15 21 28 G0 O 1 1

*Profile significantly less common in sera with complement fixing ANA than those without; p <« 0.05

“uProfile significantly more common in sera with complement fixing ANA than those without; p < 0.C1

(Statistical comparisons using a test of difference of proporticns).
H.B. % to nearest whole number.
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in Statistical Table 17 a and b, Appendix .

The speckled and nucleolar immunofluorescent staining patterns
were significanély more common in sera with complement fixing ANA
than in sera with non—complement fixing ANA. The speckled

pattern was seen in 8 (30%) of the totai 27 sera with complement
fixing AMA, compared with only 3 (4%) of the total 75 sera with
non-complement fixing ANA; p { 0.001l. The nucleolar pattern was
seen in 10 (377) of the total 27 séra with complement fixing ANA,
compared with only 3 (4%) of the total.75 sera with non-complement

fixing ANA; p ¢ 0.001.

There was a very low frequency of the peripheral pattern in sera
with complement fixing ANA: The pattern was seen in only 2 (7%) out
"of the 27 sera with complement fixing ANA, compared with 21 (287)

out of the 75 sera with non-complement fixing ANA; p ( 0.05.

The homogenecous pattern was seen ih 18 (67%) of the 27 'sera with
complement fixing ANA, and 61 (81%) of the 75‘sera with non-
complement fixing ANA. The proportion ofvsera with the homo~
gencous pattern in combination with othér'patterns was significantly
higher in sera with complement fi£ing ANA, than‘in éera with non;
complement fixing ANA (p £ 0.1 where it was more frequently

the only pattern in the serum (p ¢ 0.01.



TABLE 19

A comparison of the patterns of ANA immunofluorescence in sera with and without ccmplement fizing AKA.

Number of sera with
complement fixing ANA
Fatterns , : , i
: Total sera SLE CFA . ASB SIL AST Total sera SLE CFA AS3 Si LET i
27  (100%) 11 13 0 3 0 75 (100%) 16 17 18 16 8
Hemogenecous pattern' 18 67 8 8 0 2 0 61 81 15 14 14 1z &
Lone pattern 10 37 4 4 0 2 0 50 57 13 RN 12 11 3
In combination 3 20 L g -0 0 0 11 15 2 3 2 1 3
Feripheral pattern 2 UALE 1 1 0 0 0 21 28 I 5 5 6 i
fone pattern 1 4 0 1 0] 0] 0] 12 16 1 3 3 3 2
In combination 1 by 1 0 0 0 0 9 12 0 2 2 3 2
Speckled pattern 8  30% 5 3 0 0 0 3 4 1 0 1 0 1
Lene pattern 3 11 1 2 0 0 0 1 1 0 0 1 0 C
I combination 5. 19 : L 1 0 0] 0] 2 3 1 0] 0 0] 1
Hucleolar pattern 10 37 3 6 0 1 0 3 o 2 1 c 0 0
Lone pattern 2 1 1 1 0 0 0. 0 - C 0 0 0 0 0
In combination 8 30 2 5 0 1 0 3 4 2 1 0 0 G

*e6l

“Speckled and nucleolar patterns significantly more common in sera with complement fixing ANA than those without;
p< 0.601 .

#Pepipheral pattern significantly less common in sera with complement fixing ANA than those without; p<0.05
(Statistical comparisons using a test of difference of proportions).

H.B. % to nearest whole number.
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VI. ANTIBODIES REACTIVE WITH CALYT THYMUS DEOHYRTITLONUCLEOPROTLEIN

The indirect immunofluorescent staining technique used to examine.
ANA positive sera for antibodies to decoxyribonucleoprotein (p.94)
was subject to considcrable inter—observer error for reactions

+ o .
graded = and +. These gradations were associated with patchy

areas of immunofluorescence of various unusual appearances.

Complete agreement was obtained for positive reactions graded ++
or over, and which were associated with a very characteristic
immunofluorescent stalning appearance shown in Plate 15. A

negative control is shown in Plate 16 for comparison.

To reduce inter—observer error, only reactions graded ++ or over

vere accepted as positive for counting purposes.

NORMAL 'CONTROL STUDIES

The ten ANA positive sera (5 males and 5 females) from normal con—
trols without lung disease did not have antibodies to deoxyribo-

nucleoprotein.

LUNG DISFASE STUDILS

The ANA positive sera used for this investigation were the same as
those used té investigate ANA titres, immunoglobulin classes of
ANA, patterns of ANA immunofluoresccnc¢ and complement fixing
ability of ANA. The differcnces in numbers related to insufficient

serum in some instances.
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Immunof luorescent demonstration of deoxny-—
ribomiclecprotain antibody from the

serum of a patient with SLE (D0.) on a
'spot' of calf thymus deoxyribonu-
cleopretein (1 wg/ml). The method used
is an indirect iuwmunofluorcscent

staining methoed employing FITC-con-—
jugated sheep antihuman immunoglobulin

to visualisc the antibody. (Magnif-
ication x 756) '

A negative appearance in- the indirect
immunofluorescent test for antibody to
deoxyribonucleoprotein for comparison
with Plate 15. This was obtaiued using
serum {rom a patient with eryptogenic
fibrosing alveolitis (CL.) who had

ANA of titre 1 in 1060,

(Magnification x 756)






There woere a total of 136 ANA posilive seva frowm twenty-ecigpht
patients with pleuropulmonary SLY, forty-eight patients with
cryptogenic fibrosing alveolitis, twenty-nine patients with
ashestosis, twenty-two patients with silicosis and nine patients

with intrinsic asthma.

The proporticn of the total ANA positive sera with antibodies
to deoxyribonucleoprotein in each lung disease group is shown in
Table 20 with statistical comparisons in Statistical Table 18,

Appendix.

There was a striking disease relaticnship with a high frequency

of deoxyribonucleoprotein antibodies in pleuropulmonary SLE

present in 17 (617) of the 28 ANA positive sera, but in contrast

a very lov frequency of the antibodies in the other lung diseases.
In cryptogenic fibrosing alveolitis they were present in only 6
(12%) of the 48 sera; in intrinsic asthma in 1 (112) of the 9 seraj;
in asbestosis in 2 (7%) of the 29 sera and in silicosis in 1 (5%)

of the 22 sera.

The statistical analysis (Statistical Table 18) confirmed that the
high frequency of decexyribonucleoprotein antibodies in pleuropulmonary
SLE, in contrast with the very low frequency in other lung diseases,

wvas highly significant.
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TABLE 20

The proportion of immunofluorescent ANA positive sera contalning
antibodies reacting with calf thymus deoxyribeonucleoprotein.

lumber with antibodies to
deoxyribonucleoprotelin
Total number of

Disease ANA positive sera

No. o

Pleuropulmonary "
E 28 7 61%

SLE 1 1
Cra ug 6 12
Asbestosis 29 . 2 7
Silicosis 22 1 5
Intrinsic asthma 9 1 11
Total patients 136 27 20
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The Influence of Sex

The results arc shown in Table 21 and in Statistical Table 19,

Appendix,

There was no relationship between deoxyribonucleoprotein antibodies
and sex. The frequenecy of deoxyfibonucleoprotcin antibodies in
males with pleuropulmonary SLE was high, 57% (4 out of 7 males), and
did not differ significantly from the frequency in femalesA62Z (13
out of 21 females). In cryptogenic fibrosing alveolitis the
'anﬁibodies were present in 197 (5 out of 27) females in comparison
with only 5% (1 out of 21) males. However, this differcence was

not significant.

The frequency of the antibodies in males with pleuropulmonary SLE
was significantly higher than in males from all other lung discase
groups (Statistical Table 19a). 1In addition, the frequency in
females with pleuropulwonary SLE was significantly above that in
females with cryptogenic fibrosing alveolitis (pﬁ\0.0l) (Statis-
tical Table 19b). An increase over jintrinsic asthma could not be
confirmed because of the small numbers. The 3 females with
asbestosis and the one with silicosis did not have deoxyribonucleo—

protein antibodies.

The Influcnce of Age

There was no relationship between the presence of deoxyribonucleo-

protein antibodices and any particular age group.



TABLE 21

A comparison of the proportions of immunofluorescent ANA positive sera with antibodies
to calf thymus deoxyribonucleoprotein in the different sexes.

Total number of

Fumber with antibedies to
decxyribonucleopretein

Niceac X
visease Sex ANA positive sera
No, %
Pleuropulmenary M 7 L 57
SLE 3 21 13 82
or M 21 1 5
F 27 5 19
1 2 2 g
Aszbestosis - . °
F 3 0 .0
e M 5
Silicosis ' 21
'F 1 C 0
l/ O
Intrinsic asthma H 5 0
F L 1 25
. 1 10
Total patients . 80 8
F 56 19 34

*00¢
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CORRELATTION BETVELR DREOXYRIDONUCLEOPROTEILM ANTIBODILS AND LL CELL

FORMATION

There was a close correlation between the presence of antibodics to
deoxyribenucleoprotein in a patient's serum and the demonstration

of LE cell formation.

In pleuropulmonary SLE, LE cell formatian had been detected without
difficulty on scveral occasions in 22 out of the total 28 patients,
and 16 (73%) out of the 22 had deoxyribonucleoprotein antibodies.
Thefe vere five other patients in whom LE cell formation had been
demonstrated only with difficulty on very few of several occasions
when they had been searched for. Just one of these patients had
deoxyribonuclecoprotein antibodies. There was one other patient
»with Tart cells instead of thé typical LL cell appearance, who also

did not have deoxyribonucleoprotein antibodies.

In cryptogenic fibrosing alveolitis, LE cell formation was demon—
strated in only 1 of the 48 patients who also had deoxyribonucleo-
protein antibodies. Five patients had deoxyribonucleoprctein anti-
bodies but did not have LE cells. The majority, 42, had neither LE
cells nor deoxyribonucleoprotein antiboedies. (It was interesting that
the positive deoxyribonﬁcleoprotein tests were selecting out the

rare patients in the cryptogenic fibrosing alveolitis group who had
associated liver diseasses, either chronic active hepatitis or

primary biliary cirrhosis.
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In asbestosis, one pabient had LE cells, but this was not one of

the two with desxyribonucleoprotein .antibodies.,

In silicesis, only one patient had LE celis and again this was not

the one with decayribonucleoprotein antibodies.

In intrinsic asthma, none of the patients had LE cells although one

patient had decoxyribonucleoprotein antibodies.

CORRELATION BETWEEN REACTIVITY TO DEOXYRIECNUCLEOPROTEIN AND THE ANA

TITRES 1IN ANA POSTTIVE SERA

The results are shown in Table 22 with statistical comparisons.

There was a general relationship between deoxyribonucleoprotein

antibodies and high titres of ANA. Overall, the mean log.

reciprocal ANA titre for the total 27 sera with deoxyribonucleo-

protein antibodies was 2.10 (between 1/80 and 1/160), significantly

higher than the mean titre for the total 109 scra witﬁout deoxyribonucleo~v

protein antibodies 1.56 (approximately 1/40); p < 0.001.

However, considering the scparate disease grbups this asscciation
only just reached the lowest level of statistical significance. 1In
pleuropulmonary SLE where the majority of the antibodies were found,
the mean log. reciprocal ANA titre for the 17 sera with deoxy-
ribonucleoprotein antibodies was 2.25 (between 1/80 and 1/160), com—

pared with a3 lower mean of 1.82 (between 1/40 and 1/S0) for the 11
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TABLE 22

in sera with and without antibodies to calf thymus deowyribonu-

Number and % of total sera at each titre
Reciprocal of ANA titre
Hucleo- 7 Total lo. 10 20 Lo 80 160 320 BLO fﬂﬁﬁq §
roted £ OANA . - ) . e S.0. |
visease "Ei;izﬁges Zc pg;ra Logarithm o reciprocal of ANA titre : ANA titre -
arntibod Fos: 1.0 1.3 1.6 1.9 2.2 2.5 2.8 o
No. % ©No. % ©No. % YNo. % HNe. % No. % Ho. % ]
sLT Present 17 1 &} 0 0 2 12 1 S 6 35 z 12 5 29 2.25 0.51 Foa
o Abisent 11 3 27 0 0 3 27 0 0 Z 2 18 1 S 1.82 0.68 } T
i
or Present 6 0 0 0 0 1 17 72 33 2 33 1 17 0 o 2.05 C.31 0.1
T Ehsent 42 11 26 5 12 g Z1 10 24 3 7 1 2 3 7 B3 C.53 t
ASE 'resent 2 0 0 1 50 1 50 O 0 0 0 O 0 C C 1.45 C.21 NS
= thsent 27 9 33 9 33 3 1% 5 19 0 0 0 0 1 4 1.40 0.43 '
STL- Present 1 0 0 1 100 0 0 O 0 0 0 0 ] 0 0 1.3 2.0
\bsent 21 6 29 7 33 L 19 1 Zz 10 ¢ 0 1 5 1 C.u8
LS Fresent 1 0 0 0 0 0 ] 1 100 0 0 ) ¢ 0 0 0] C.00
ae ALsent 8 2 25 1 12 1 12 3 38 1 12 0 ] ) C 1.380 0.45
Total Present 27 1 L 2 7 g 15 L 15 8 30 3 11 5 18 2.10 C.51 0.601
patients Ebeent 109 Sl 28 22 20 20 18 19 17 8 7 3 3 S 8) 1.586 0.51 -

ical comparisons using an unpaired Student t test.
v

st

Te07
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sera without antibodies; p{ 0.1. In cryptogenic fibrosing
alveolitis the mwean log. reciprocal ANA tipre forr the 6 sera with
deoxyribonucleoprotein antibodies was 2.05 (betwéen 1/80 and 1/160)
in contrast with a.lower mean 1.63 (1/40) for the 42 sera without

antibodies; p{ 0.1,

In the remaining disease groups, the Z positive sera in asbestosis
had titres of only 1/20 and 1/40; the single positive serum in sili-
cosis had a titre of only 1/20, and the one positive serum in

intrinsic asthma had a titre of 1/80.

CORRELATTION PETWRELN REACTIVITY TO DEOXYRIBOWUCLEOPROTEIN AND THE

PROFILE OF IMMUNOGLOBULIN CLASSES OF ANA IN ANA POSITIVE SETA

The results are shown in Table 23 with statistical comparisons.

Deoxyribonucleoprotein antibodies were significantly absent from
sera with lone IgM ANA, only 1 (47) of the total 25 sera with
deoxyribonucleoprotein antibodies had lone IgM ANA, in contrast

with 15 (19%) of the total 77 sera without such antibodies; p<.0.l.



Otherwise the proporticns of sera with lone IpG ANA, combined
IgG, Igh and Tua ANA's and combined ¥gG and Igh ANA's  were
similar in the groups vith and without decozyribonucleoprotein

antibodies.

The single patient with IgG and IgA ANA; a patient with pleuro-
pulmonary SLE, did have decxyribonucleoprotein antibodies,
but the ome patient with Igl and IgA ANA, in the asbestosis

group, did not.

The detailed results for each disease group separately are

included in Table 23.

CORRETATION BETWEEN REACTIVITY TO DEOXYRIBONUCLEOPROTEIN AND THE

PATTERNS OF ANA 1TMDMUNOFLUORESCENCE IN ANA TOSITIVE SLRA

The results are shown in Table 24.



TABLE 23

4 comparison of the profiles of immunoglobulin classes of ANA in sera with and without antibodies to calf thymus
decxyribonucleoprotein.

]
Immunoglicbulin class prefile i
(No. and % of total zera)
Nucleoprotein Total no. \
Disecase PR PO Lone Lone IgG/Ig¥/ . v Toe/ToA . s
antibodies of sera e gy TgA IgG/Igh IgCG/igh Igii/1zh
Ne. % No. % No. % No % Mo % lo %
Fleuropulmonary Present 17 3 8 0 0 8 L7 5 29 1 o 0] 0]
SLE Absent 10 3 30 1 10 0 0 & 60 0 G 0 ¢
. ]
CEA Present L 2 50 0 0 0 0] 2 50 G C G G g
- Absent 25 7 28 7 28 g 36 2 S 0 G & 0] .
fbestosis Present 2 1 5 1 5 o o -0 o G ©0 0 0
wbestos Absent 17 6 35 5 29 2 12 3 18 o0 o 1 &8
Silicosis Present 1 1 100 0 0 0 0 0 0 0 C 0
R Absent 18 11 81 2 11 3 17 2 11 ¢ o o ¢
Lhtprinsic asthma Present 1 o o 0o 0 0 0 1100 o ¢ & 90
peranssc Absent _ 7 3 43 0 0 1 14 3 w3 -0 © 0 ©
Total Latients Present 25 7 28 1 L 8 32 8 32 1 4 Q C
L Lbsent 77 30 33 15 19. 15 19 16 21 0 0 1 1

%“Frofile significantly less common in sera with deoxyribonucleoprotein antibodies than those without; p <0.1L
(Statistical comparisons using a test of difference of proportions).

H.EB. %2 to nearest whole number.
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5

The speckled pattern of ANA immunofluorescence was rarcely scen in
sera with deoxyribonucleoprotein antibodies., It was present in
only 1 (4%) of the 25 scra with deoxyribenucleoprotein antibedies
but in contrast in 12 (167Z) of the 77 sera without such antibodies.
However, this observation did not achicve statistical significance

for such small numbers.
The proportions of sera with homogeneous, peripheral and nucleolar
patterns were similar in the groups with and without antibodies to

deoxyribonucleoprotein.

CORRELATION BETWELN REACTIVITY TO Db O}'YRTR NUCLEQPROTEIN AND COM-

CPLEMENT FIXING ABRILITY TN ANA POSITIVE SERA

The results are shown in Table 25.

There was a general relationship indicating that deoxyribonucleo-
protein antibedies tended to occur in the same disease groups as those
with complement fixing ANA, but within these disease groups it was

seen that there was no significant association between the two.

Complement fixing ANA was present in 10 (387) of the total 26 sera
with deoxyribonucleoprotein antibodies, in compariéon with 20 (20%)

of the total 99 scra without antibodies; p € 0.1,

For the sepavate dizease groups: in pleurcpulmonary SLE, complement

fixing ANA was present in 6 (357) oubk of 17 seva with deoxyribonucleo~



TABLE 24

A comparison of the patterns of ANA immunofluorescence in sera with and without antibodies to calf thymus
ucleorrotein. :

Number of sera with flumber of sera withcut
’ Nucleoprotein antibodies : Wucleoprotein antibodic
. Patterns
Total sera SLE CFA  ASB  SIL  AST Total sera SLE  CFEi ASB

25 (100%) 16 4 2 1 1 77 (100%) 10 25 17 i

Homogenecus pattern 22 88 15 4 1 1 1 50 77 g 18 16 5

Lone pattern 15 60 10 3 1 1 0 Lg. €2 7 iz 1 3

In ccubination 7 28 5 1 0 o 1 iz 15 1 & Z
: !
!
Peripheral pattern 4 16 3 0 0 0 1l 19 25 0 6 5 3 ;
lone pattern 1 4 1 0 0 0 0 13 17 0 1 3 2
In cembination 3 12 2 0 0 0 1 & 8 0 2 2 I

spechled pattern 1 L 1 0 0 o ¢ 12 16 € 3 2 0 1

Lene pattern 0 0 0 0 0 0 0 5 6 1 2 2 G 2

In combination -1 L 1 o - 0 0 0 7 S 5 1 0 v 1

Hucleolar pattern 4 16 3 1 ¢ 0 0 10 13 2 7 G X c
Lone patrern C 4 - 0 1 0 0 0 2 3 0 1 G 1 S
In combination 3 12 3 0 o o o 8 10 2 & o G C §
i

*80¢

Statistical comparisons, using a test of difference of proportions, showed neo significant differences.

H.Bb. % to nearest whole number



TABRLE 25

The extent of association between ANAs reacting with calf thymus deoxyribcnuclecprotein and these
fixing complement (in immunofluorescent ANA positive sera).

Muclecprotein

Complement

fi
(No. of se

z
i
Disease antibodies |
- Present Absent Totals Pz ;
Pieuro-llrorar Fresent ° 1 17 E
g pnen J Absent 5 6 11 i3
n Totals 11 17 28
Present L 2 &)
CFA Absent 12 26 38 NS
Totals 16 28 Lh
Presant 0 2 2
Asliestcosis Absent 0] 21 21
Totals 0 23 23
Present 0 1 1 .
Silicosis Abcent 3 18 21 i
Totals 3 19 22
Present 0 1 1
Intrinsic asthma Absent 0 8 8
Totals 0 9 3
Present 10 16 26
Total patients Absent 20 79 99 c.1
Totals 30 35 125
“Statistical analysis using a Fourfold table test for groups <« 50 and a Chi square test for groups

z 50,

*60¢
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protein antibodics, and also in 5 (45%Z) of the 11 sera without such

antibodies. In cryptogenic fibresing alveolitis, complement fixing

ARA was present in 4 (677) of the 6 scra with deoxyribenucleoprotein

antibodies, and in 12 (327) of the 38 scra without the antibodies.

In the remeining lung diseases, none of the 3 sera with deoxyribonucleo-

protein antibedics had complement fixing ANA.
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VIL. ANTILORLES PRECITITATING WITH CALY THYMUS 'DOUBLE STRANDED'

DEOXYRIRCHUCLETC ACID ("DS'-DNA)

RESULT OF AN ATTEMET TC REDUCE SINCLE STRAWDED (SS) DNA CONTAMINATION

TROM COMMERCTAL CALF TEYMUS 'DS'-DHA BY TRFATMENT WITH NUCLEASE SI

The results of an attempt to determine the practical value of using
Nuclease SI to remove SS-DHA from damaged commercial calf thymus

'DS'-DNA (p. 77) are shown in Table 26 a and b.

Parallel Ouchterlony double diffusion immunoprecipitation tests

oﬁ the 28 ANA positive sera from patients with pleuropulmonary SLE

" comparing 'impure' and Nuclea;e S1 'purified' commercial calf thymus
DNA antigens, showed precipitins in 16 sera using 'impure' DNA, and

in 10 of these using the 'purified' DNA (Table 26 a and b).

Since 6 sera reacted only with the 'impure' DWA (Table 26b) it was
concluded that these probably had precipitins to SS~DNA and that
the enzyme treatment had at least achieved sufficient reduction iu

SS-DNA contamination to negate the reactions in these 6 instances.

Examples of these results are shown in Plate 17 with 'impure' DNA as

the antigen in the central well and undiluted precipitin positive and

~
5
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TABLE 26

Trial tec determine the practical value of HNuclease S1 {reatment to

reduce SS-DNA contamination in commercial calf thymus DHA.

a. A comparison of the numbers of SLE sera positive in Ouchterlony
precipitation tests using untreated ('impure'), and Nuclease
Sl-treated ('purified') commercial calf thymus DNA

No. with pos. precipitins using:

Total 'Impure' DNA 'Purified DNA'
sera
No. % : No. %
.Pleuropulmenary 8 ' 16 57 10 36
SLE :

b. The correlation cf the Ouchterlony test results using 'impure'
and those using 'purified' DNA

No. of sera reacting with:

Total

- 'Impure! '"Purified! ,
sera DNA DNA Both  Neither
only ~ only
Pleuropulmenary g 6 0 10 12

SLE
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Quchterlony gel double-diffusion test
using untreated (Vimpure') commercial
calf thymus DWA as the antigen in the
central well and undiluted sera from
different patients with SLE in the
eight peripheral wells., The sera

in wells 2, 3, 5 and 8 show lines

of positive precipitation with DHNA,
(Magnification x 4)

Quchterlony gel double-d’ffusion test
conduvcted simultaneously with that in
Plate 17 with the same eight SLE sera
in the peripheral wells but using
Nuclease S1 ‘purified' commercial
calf thymus DNA (1 mg/ml) in the
central well. The serum in well 5
positive with 'impure' DNA,is clearly
negative with the 'purified' DNA..
(Magnification x 4)






negative sera in the outer wells, and in Plate 18 which shows the
exact replica but with ‘purified' DNA as the antigen. It can be
f

seen that serum 5 positive with Timpure' DNA is negative with
&

"purificd" LUA.

The conclusion was to use Nuclease S1 'purified' calf thymus 'DS'-DNA

as the antigen to test sera from the remaining lung diseases in
the absence of a proven double stranded DNA, but allowing that
although improved over the untreated commercial DNA it might still

" contain some SS=DHA.

NORMAL CONTROL STUDILS

Only one (a male) of the ten ANA positive sera (5 males and 5 females)
from normal controls without lung disease had an Ouchterlony

precipitin line to Nuclease Si-treated calf thymus 'DS'-DNA.

LUNG DISEASE STUDIES

The ANA positive sera used for this investigation were the same as
those used to investigate ANA titres, immunoglobulin clasées of ANA,
patterns ol ANA immunofluorescence, complement fixing ability of
ANA and deoxyribonucleoprotein antibodies. The différenccs‘in

numbers related to insufficient serum in some instances.
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There were a total of 142 ANA positive sera from 28 paticnts with
pleuropulnenary SLE; 52 patients with eryptogenic fibrosing alveolitis;
31 patients with asbestosis; 22 paticnts with silicosis and 9 patients

with intrinsic asthma.

The proporiion of the total ANA positive sera with Ouchterlony
precipitins teo Nuclease SI-treated calf thymus 'DS'~DNA in each
lung disease group is shiown in Table 27 with statistical comparisons

in Statistical Table 20, Appendix.

Ouchterlony precipitins to Nuclezse SI~treated calf thymus 'DS'-DNA

were present in 50 (35%) of the total 142 ANA positive sera.

They were present in all lung disease groups except intrinsic
asthma, and there was a higher frequency in silicosis, 597 (13 out
of 22 sera), than in any other lung disecase. In cryptogenic.
fibrosing alveolitis they were secn in 407 (21 out of 52) of

sera, and in pleuropulmonary SLE in 367 (10 out of 28) of sera.
They were less common in asbestosis, in only 197 (6 out of 31) of

sera, and werce not seen at all in intrinsic asthma (0 out of 9 sera).

The statistical analysis (Statistical Table 20) confirmed that the
frequency of Nuclease SI-trcated calf thymus 'DS'-DNA Ouchterlony
precipitins was significantly higher in silicosis than in any other

lung disease except cryptogenic fibrosing alveolitis.
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TABLE 27

The proportion of immunoflucrescent ANA positive sera contain-
ing Ouchterlony precipitins to Nuclease Sl-treated calf thymus
DS ' -DiiA '

Number with precipitins
to Kucleese Sl-treated

'DS' - DNA.
Dise Total number of
tsease ANA positive sera
No. %
Pl?uropulmonary o8 10 36
SLE
CFA ' 52 21 10
Asbestosis 31 6 19
Silicosis 22 13 59
Intrinsic asthma 9 ) 0 0

Total patients iu2 50 35
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In addition it was confirmed that the frequency of these precipitins
was significantly lower in asbestosis and intrinsic asthwa than iIn
the other lung diseases, altheugh asbestosis could not be shown to

differ sipnificantly from pleuropulmonary SLE.

The Tunfluence of Sex

The vesults are shown. in Table 28.

Therc was a tendency for females to have a slightly higher frequency
of Nuclease SI-~trcated calf thymus 'DS'-DNA Ouchterlony precipitins
than males, although this was not significant in the statistical

ltests.

The higher frequency of Nuclease SI-treated calf thywmus

'DS'~DNA precipitins in silicosis than in the other lung diseases
was stillssignificant when sex was taken into account (Statistiecal
Table 21, Appendix). Silicosis was mainly a male group and
precipitins werc present in 577 (12 out of 21) of the male patients,
more than in males with cryptogenic fibrosing alveolitis 337 (8 out
of 24 males), and significantly more than in males with asbestosis
187 (5 out of 28 males), males with pleuropulmonary SLE 142 (1 out
of 7 males) or males with jntrinsic asthma (0 out of 5 males).

The Influence of Age

There was no relationship between the presence of Ouchterlony
precipitins to Nuclease SI-treated calf thymus 'DS'-DNA and any

particular age range.

<



TABLE 28

A comparison of the proportion of immunofluorescent ANA positive sera with Ouchterlony pre-

61T

cipitins to Nuclease Sl-treated calf thymus 'DS' - DNA in the different secxes.
. o Humber with precipitins to
N e Sl-treated 'DS' - DNA
. Total number of Nuclease Sl-treazted 'DS Di
Disease Sex .
ANA positive sera . o
No. o
Pleuropulmonary M 7 1 14
SLE
SLE r 21 9 43
M 2 ' : 8 33
CEA ! 24 3
r 28 13 46
i 28 18
Asbestosis _
I 3 1 33
s 2 : 7
Silicosis 21 . >
1 1 1¢co
1 0 0
Intrinsic asthma : >
F 4 0 0
. M 85 26 30
Total patients
F 57 24 b2

#Differences bhetween males and females were not statistically significant using a test of
differcnce of proportions.
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CORRELANTON BETWEEHN QUCHIERPLONY PRECIVITATION WITH HUCLEASE ST~

TREATEL CALTFT THYMUS "DS'-DNA AND THE AxA TIUTIRES IN ARA POSITIVE SERA
The results are shown in Table 29.

There_was no significant relationshiﬁ betweén the presence of
Ouchterlony precipitins to Nuclease SI-treated calf thymus 'DS'DNA
precipitins and any particular range of ANA titres. The range of
ANA titres in sera with, and without precipitins was similarly
wide involving both higher and lower titres of ANA. The mean log.
reciprocal ANA titre for the total 50 sera with precipitins was
1.65 (approximately 1/40) not significantly different from the
mean 1.58 (between 1/20 and 1/40) for the total 91 sera without

precipitins.

The detailed results within cach separate lung disease group can

be obtained by reference to the Table 29.

CORRELATION BETWEEN OUCHITERLONY PRECIPITATION WITH NUCLEASE Si-

TREATED CALFY THYIUS 'DS'-DNA AND THE PROFILE OF IMNMUNOGLOBULLN

CLASSES OF ANA IN ANA POSITIVE SERA

There was no general relationship between the presence of Ouchterlony
precipitins to Nuclease SI-treated calf thymus 'DS'~DXA and any

particular profile of immunoglobulin classes of ANA. The proportions



TABLE 28

A comparison of the immunofluorescent ANA titre distributions in sera with and without precipitins to luclease Sl-treated 'DS'-

T A

*1¢¢

Uit
Number and % of total sera at each titre
) Reciprocal of ANA titre .
\ 1! a 30 L ) P
N Copgtomia TzzaiNﬁo. 10 20 40 80 1g0 320 640 ! oan . fgig.
meEass precipitins = Logarithm of reciprocal of ANA titre ANA titre 7777 | Ciff.
pos. 8 1.0 1.3 1.6 1.9 2.2 2.5 2.8 o
No. % No. % YXo. % JNo. % No. % FNo. % No. % )
SLE Present 10 2 20 0 0] 1 10 0 0 3 3C. 2 20 2 20 2.08 0.67 NS
© Absent 17 2 12 0 0 4 2% 1 6 4 24 2 12 4 24 2.08 0.€0 ‘
CFA Present 21 6 28 2 10 1 5 6 29 5 24 1 5 o -0 1.57 0.52 e
’ Ebsent _ 31 11 35 3 10 9 29 S 16 0 0 0] 0 3 10 1.32 O.5u e
ACE Present 6 ' 3 SO 2 33 1 17 C 0 0 0] 0 C 0 0 1.20 0.2u NS
= Absent 25 6 24 9 36 4 16 S 20 0 0 0] C i3 4 1.45 ¢.L3 =
crr Present S13 2 15 6 L6 - 3 23 0 0] 1 8 0 O e 8 1.51 C.50 v
o Absent 9 44y 2 22 1 11 1011 111 0o 0 0o © 1.57 0. uh B
ACT Fresent G 0o o. 0 0 0 0 0 0 0] 0 0 C 0 0 0.00 0.C0
- fbsent 9 2 22 1 11 1 11 4 b4k 1 11 0] 0 0] 0] 1.63 0.uy
Toral Present 50 13 26 10 20 6 12 6 12 9 18 3 6 3 1.65 0.57 <
>
patients LLsent al 25 27 15 16 19 21 1le 17 & 7 2 2 8 8 1.58 C.5¢
“Statistical comparisons using an unpaired Student t test.
"L reciprocal.

"

at
Cg
B 8

¢ to nearest whole number

vr
if .
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of sera vith the varicus imcunoglobulin profiles verce similar in
the groups with, and without precipitins, and no significant diff-

erences were cbscerved in a stabisticel analysis.

The detailed results including those for cach lung discase

separately are shown in Table 20.

It was noted that while in crjptbgenic fibrosing alveolitis,
asbestosis and silicosis the majority of sera with precipitins
had lone IgG ANA, in contrast in pleuropulmonary SLE the majority
had either IgG, IgM and Igh AVA's (4 (447) out of 9 sera) or IgG
and IgM ANA's (4 (44%) out of 9 sera), and only one serum had
"lone IgG ANA. . 1t was not possible to confirm the reliability of

this observation for such small numbers.

CORRELATION BETWEFRW OUCHTERLONY PRECTPITATION TO NUCLEASE SI-

TREATED CALF THYMUS '"DS'-DNA AND THE PATTERNS OF ANA IMMUNO-

FLUORESCINCE IN ANA POSITIVE SERA

The results are shown in Table 31 with statistical comparisons.

There was a significant relationship between the speckled and
nucleolar immunofluorescent staining patterns and the presence of
Ouchterlony precipitins to Nuclease SI-treated calf thymus 'DS'~DNA.

These patterns were rarely seen in sera without such precipitins.



TABLE 30

A comparison of the profiles of immunoglobulin classes of ANA in sera with and without precipitins tc Nuclease Si-
treated 'DS'-DNA.

Immunoglobulin class profile
(Ko. and % of total sera) ”
) t T
) Disease ﬁDS - I?i?n TZEai‘ I;O ) Lone Lone IgG/IgM/ 'r,.r‘/TVT\;’, T v.’“/Tc'A Tc‘.'/I,Tr
precipitins f sera 156 Tgl Tok Igh/igh IgG/Igh  Igii/Ig

No. % No. % o, % No % Mo % Yo %
Pleuropulmonary Present 9 1 11 0 0 L4y bbby 0 0 0 0
SLE Absent 18 5 28 1 6 4 22 7 39 1 5 o) 0
CoF; Present 14 6 43 2 1429 2 i C 0 C 0
Al Absent 16 3 19 5 1 5 31 3 19 0 0 0 o
hsbestosis Present 5 3 80 1 20 0 0 1 20 0 0 0 0
So€ Absent 16 3 19 7  un 2 12 . 3 19 c 0 1 6
Silicosi Present 12 6 50 2 17 2 17 2 17 0 0 0 o
1-1cOS1S Absent 7 ' 6 86 0 o 1 14 0 0 0 0 o 0
erineic asthn Present . 0 o o © o 0o o0 o o o o ¢ ©
sntrinsic asthna Absent : 8 3 38 o o 1 12 4 50 O e 0
Total patient Present 40 16 40 5 12 10 25 g 2 o 0 0 o
ctal patients Absent 65 20 31 13 20 13 20 17 25 1 1 1 1

(Statistical comparisons,using a test of difference of proportions, showed no si

.. % to nearest whole number.

YA




TABLE 31

A comparison of the patterns of ANA immunofluorescence in sesra with and without Ouchterlony precipitins tc Nuclease Sl-
treated calf thymus 'DS'-DNA. ’
Number of sera with Number of
'DS'-DNA precipitins : 'DS'-DHA
Fatterns Total sera SLE CFA ASB  SIL  AST Total sera SLE CPFA  ASB  SIL  AST
Lo (100%) 9 14 5 12 0 65 (100%) 18 18 16 7 2
Homogenecus pattern 29 73 7 9 4 9 0 53 81 18 13 13 5 &
Lone pattern 21 53 2 7 4 8 0 L2 ol 15 8 11 5 3
In combination 8 20 5 2 0 1 C 11 17 1 2 ¢ 3 N
' N2
Peripheral pattern 6 15 1 2 C 3 0 17 26 2 4 5 2 5 5
Loue pattern 3 8 0 1 0 2 0 i1 17 1 3 3 2 2
In combination 3 3 1 1 o 1 0 6 9 1 2 C 2
-Spetkled pattern g 23 5 3 1 0 0 3 5 1 G 1 v 1
Lone pattern 3 8 0 2 1 0 0 2 3 1 0 1 O 0
In conbination ‘ 6 15 5 1 0 0 o i 2 C 0 G 0 1
liucleclar pattern 8 20% L 3 0 1 0 -5 8 1 b 0 0 0
Lone pattern 1 3 0 1 0 1 0 0 0 e 0 0 C e
In conbination 7 18 - L 3 0 0 0 5 8 1 L 0 0] G

#ypeckled and nucleclar patterns significantly more common in sera with precipitins than those without; p <0.01 and
[« 0.1 respectively. v
(stacictical comparisons using a test of difference of propeortions).

.8, % tc nearest whole nunkber
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The speckled pattern was seen in 9 (232) of a total of 40 sera
with precipitins, compared with only 3 (5%) of a total 65 sera
without precipitins; p ¢ 0.01, The nucleolar pattern was scecn in
8 (207) of the-total 40 sera with precipitins, compared with only

5 (8%) of the total 65 sera without precipitins; p & 0.0].

Similar proportions of sera with homogeneous and peripheral
patterns were observed in the groups with and without precipitins.
The homogencous pattern was the most frequent pattern in both
groups, and was seen in 29 (73%) of the 40 sera with precipitins,
aﬁd in 53 (81%) of the 65 sera without precipitins. In both
situations the pattern was more frequently the loné pattern in the
serum, than one of a cowmbination of different patterns. The
peripheral pattern was present in 6 (15%) of the 40 sera with

precipitins, and in 17 (26%) of the 65 sera without precipitins.

CORRELATION BETWEEN OUCHTTRLONY PRECIPITATION WITH NUCLEASE SI-

TREATED CALF THYMUS 'DS'—~DNA AND COMPLEMENT FIXING ABILITY IN ANA

POSITIVE SERA

The results are shown in Table 32,

There was a significant general relationship between Ouchterlony

precipitation with Nuclease SI-treated calf thymus 'DS'-DNA and



TABLE 32

The extent of association between ANAs precipitating with Nuclease Sl-treated cal
"and those fixing complement (in immunofluorescent ANA positive sera

Fh

tret T Complement fixing ANA “3ignificant
. DS'-DN . - ..
Dicease < e (No. of sera) associzticn
precipitins
Present fbsent Totals Tog
Pleuropulmonary Present 6 L 10
SLE Absent 5 13 18 NE
Totals 11 17 28
Present 10 9 19
CFA Absent 7 21 28 NS
Totals 17 30 L7
Present 0 5 6
Asbestosis Absent 0 18 18
Totals 0 24 4
Present 2 il 13
Silicosis Absent 1 8 9
Totals 3 18 22 )
Present 0 0 o]
Intrinsic asthma Absent 0 9 3
Tctals 0 9 9
_ Present 18 30 ug
Total patients Absent 13 62 82 0.01
Totals 31 99 130

“Statistical analysis using a Fourfeold table test for groups <50 and a Chi square test for groups

w

50.

'9¢e
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complement fixing ability in ANA positive scra. Eighteen (37%) of
the total 48 sera with precipitins also had complement fixing ANA,
in comparison with cnly 13 (16%) of the total 82 sera without

precipitins; p ¢ 0.01.)

However; the relationship was not confirmed in the scparate disease
groups. In cryptogenic fibrosing alveolitis 10 (537) out of

19 sera with precipitins had comﬁlement fizing ANA, in comparison
with 7 (25Z) out of 28 scra without precipitins. In pleuropulmonary
SLE 6 (60%) of the 10 sera with precipitins had complement fixing
ANA, in comparison with 5 (28%) of 18 sera without precipitins. In
asbestosis there were no sera with complement fixiﬁg ANA, but 6

had precipitins. In silicosis 2 (15%Z) of 13 sera with precipitins

had complement fixing ANA and 1 (11%) of 9 sera without precipitins.

CORRELATION BETWEEN OUCHTTRLONY PRECIPITATION TO NUCLEASE SI-

TREATED CALTF THYMUS 'DS'-DNA AND REACTIVITY TO CALF THYMUS

DEOXYRIBONUCLEOPROTEIN IN ANA POSITIVE SERA

The results are shown in Table 33.

There was no significant relationship between Ouchterlony precipitins
to Nuclease Si~treated calf thymus 'DS'-DNA and deoxyribonucleo-

protein antibodies. Overall, auntibodies to decoxyribonucleoprotein




TABLE 33

The extent of association between ANAs:precipiting with Nuclease Sl-trezted 'DS'-DHA and thecse reac
ing with calf thymus deoxyribonucleoprotein (in immunoflucrescent ANA positive sera).

DS -DNA Nucle?protiin antibodies "?i§ni?ff§3t
Disease c e (No. of sera) asscciation
precipitins
Present rrsent Totals D <
Pleuropulmonar Present © : 10
£ Leuropuimonary Absent 11 7 18 NS |
o Tctals 17 11 2
Present L 13 17
CFA bsent 2 25 L7 NS
Totals ) 33 B
_ Present 0 L 4
Asbestosis Absent 1 23 24
Totals 1 27 28
Present 1 12 13
Silicosis Absent 0 g g
Totals 1 21 22
Present 0 0 0
Intrinsic asthma Absent 1 8 g
Totals 1 8 9
Present 11 33 Ly
Total patients Absent 15 72 87 NS
Totals 26 ‘ 105 131
“Statistical analysis using a lourfold table test for groups <50 and a Chi square test for groups

t
50.

W

*8CT




were present in 11 (25%) of a total 44 sera with precipitins, and in
15 (17%) of a total of 87 sera without precipitins. The difference

was not significant.

The detailed results for each lung disease group (Table 33) also
confirmed the absence of any significant association between the

two types of antibody.
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VITE., ANTIBODIES PRECIPITATING VWITII CALF THYMUS SINGL)Y STRANDED

" DEOXYRIBONUCLLEIC ACID (SS~DNA)

The precipitin lines observed when calf thymus SS-DHA was usced as
the antigen in Ouchterlony double diffusion immunoprecipitation
tests were generally heavy and there were very few doubtful lines

of weak precipitation. Examples are shown in Plate 19.

Plate 20, is a repiica except that calf thymus 'DS'-DHA was the

specific antigen in the central well.

Both fests were sct up at the same time and under tﬁe same con-
ditions. Direct comparison of the two Plates illustrates that the
precipitatioﬁ lines observed with SS-DNA were generally heavier
than those obscrved witﬁ 'DS'-DNA in thosc sera reacting with both

SS and 'DS'-~DHA.

NORMAL CONTROL STUDIES

Ouchterlony precipitins to calf thymus SS-DNA were seen in only one
(a female) of the ten ANA positive sefav(S males and 5 females)

frem normal controls without lung disease.

LUNG DISEASE STUDIES

The ANA positive sera used for this investigation were the same as



231.



Ouchterlony gel double-~diffusion showing
‘heavy' lines of precipitation obtained
with undiluted sera from three patients
with SLE in peripheral wells 1, 2 and

3 and heat—denatured (single—stranded)
calf thymus DHA (1 mg/ml) in the

central well. Peripheral well 4 contains
a precipitin negative serum from a
patient with SILE, (Magnification x 4)

Ouchterlony gel double-diffusion showing
'weaker' lines of precipitation by com—
parison with the appearancesin Plate

19 using the same SLE sera in the four
peripheral wells but the unheated
'double-stranded' calf thymus DNA

(1 mg/ml) in the central well,
(Magnification x 4)






those used to investigalbe ANA titres, immunoglobulin classes of
ARA, patterns of ANA immunofluofcscence, complenent fiming ability
of ANA, deoxyribonucleoprotéim antibodies and 'DS'-DNA precipitins.
The differences in numbers related to insufficient serum in some

instances.

There were a total of 138 ANA positive sera from 28 patients with
pleuropulmonary SLE, 52 patients with cryptogenic fibrosing
alveolitis, 27 patients with asbestosis, 22 patients with silicosis

and 9 patients with intrinsic asthma.

The proportion of the total ANA positive sera with Ouchterlony
precipitins to calf thymus SS-DNA in each lung disease group is
shown in Table 34 with statistical comparisons in Statistical Table

22, Appendix,

Ouchterlony precipitins to calf thymus SS-DNA were seen in 51 (37%)

of the total 138 ANA positive sera from patients with lung discase.’

The disease with the highest frequency of calf thymus SS~DNA
Ouchterlony precipitins was pleuropulmonary SLE, in 57% (16 out of
28) of sera. The frequency in silicosis was 417 (9 out of 22 secra)
and in cryptogenic fibrosing alveolitis 36Z (19 out of 52 sera),

and was lowest in asbestosis 227 (6 out of 27 sera) and in intrinsic

asthma 117 () out of 9 sera).

The statistical analysis (Statistical Table 22) confirmed that

leuropulmonary SLE had a significantlv higher frequency of calf thvmus
D 4 h & K 1 3 3
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TABLE 34

The proportion of immunofluorescent ANA positive sera with
Ouchterlony precipitins to calf thymus SS-DHA

Number with precipitins
Diseas Total number of to S5 - DNA
teease ANA positive sera

No. %

Pleuropulmonary o~

28 7%
SLE 16 5
CFA - 52 19 36
Asbestosis : 27 B 22
Silicosis 22 9 41
Intrinsic asthma 9 1 11
Total patients 138 _ 51 37

#Significantly higher frequency than in all other diseases ex-

cept silicoesis. .

(For the.detailed statistical analysis, please refer to Appendix,
Stat. Table 22).
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$S-DNA Ouchterlony precipitins than any other lung disease cxcept
silicosis. However, the frequencices of the precipitins in the
remaining lung diseases including silicosis, could not be shown to

differ significantly.

The Influence of S?E

The results are shown in Table 35 with statistical comparisons in

Statistical Table 23, Appendix.

There was a significant trend towards a higher frequency of calf
thymus SS~DNA Ouchterlony precipitins in females than in males.
In pleuropulmonary SLE the proportion of calf thymus SS-DNA
Ouchterlony precipitins in female patients was 677 (14 out of 21)
compared with only 297 (2 out of 7) in the males; p< 0.1, In
cryptogenic fibrosing alveolitis, the precipitins were present in
50% (14 out of 28) of the females, compared with only 21%Z (5 out

of 24) of the males; p ¢ 0.05.

The previous observation of a significantly higher proportion of
calf thymus SS-DNA Ouchiterlony precipitins in pleuropulmonary SLE
than in the other lung diseases except. silicosis could not be
confirmed and was apparently a teflection of sex not diseasc diff=-
erences. The proportion of the precipitins in males with pleuro-
pulmonary SLE did not differ significaﬁtly from that iu males

ﬁith any other lung diseasc. In addit;on the proportion in females
with pleuropulmonary SLE was not significantly different from that

in females with cryptogenic fibrosing alveolitis. The intrimsic



TABLE 35

A comparison of the proportions of immuncfluorescent ANA positive sera with Cuchter-
lony precipitins to calf thymus SS5-DNA in the different sexes.

Number with precipitins

> = to S5 - DA
Disease Sex Total number of,
© ANA positive sera
» No. %
Pleuropulmenary M 7 . 5 29
SLE | . ,
F 21 4 674
91
CFA M 24 | 5 01
| F 28 14 50%
A .
Asbestosis " 24 5. 21
| F 3 1 33
Silicosis H 21 8 11
F . 1 10
Intrinsic asthma M 5 Q 0
g 4 1 25
. M 5
Total patients 81 0 2?
57 31 qu

“gignificantly higher frequency in females than in males.
(For the cdetalled statistical analysis, please refer to Appendix , Stat. Table 23).

*9e?
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asthma group was too small for reliable statistical analysis.

It was noted that msles with silicosis did have a higher frequency
of calf thymus SS-DNA Ouchterleny precipitins, 417 (8 out of 21
males), than males in any other lung disease group, although this

was not confirmed by statistical tests.

The Influence of Age
There was no relationship between the presence of Ouchterlony

' precipitins to calf thymus SS=DNA and any particular age range.

CORRELATION PETWEEN OUCKHTLRLOMNY PRECIPITATION WITH CALTF THYMUS

" SS-DNA AND THE ANA TITRES IN ANA POSITIVE SERA

The results are shown in Table 36.

There was a tendency for the range of ANA titres to be slightly
higher in sera with calf thymus SS-DNA precipitins, than in sera
without precipitins. Overéll, the mean log. reciprocal ANA titre
for the total 51 sera with calf thymus SS~-DNA precipitins was 1.80
(between 1 in 40 and 1 in 80), significantly higher than that for
the total 87 scra without precipitins, 1.53 (between 1 in 20 and

1 in 40); p ¢ 0.01.



comparison of the immunofluorescent ANA titre distributions in sera with and without precipitins to calf thymus 35-DNA

TAB

LE

36

Number and % of total

Recipreccal of

ANA titre

sera at each titre

commin Total lo. 10 20 40 80 160 320 .0 L N
So— LA ean ColE.
Disease . . of ANA . . - . N - o S.D. L
‘ preciplitins . Logarithm of reciprocal of AWA titre ANA Titre cirt
pos. sera 1.0 1.3 1.6 1.9 2.2 2.5 2.8
Pd
No. % No. % No. % No. % No. % Noc. % DNo. %
or e Present 16 1 6 0 O 3 199 O O 6 38 2 12 4 25 2.20 0.53 | g
o= Absent 12 3 25 0 O 2 17 1 8 2 w7 2 17 2 17 1.93 0.8 |
CFA Present 18 4y 21 3 16 2 11 5 286 b 21 1 5 0 0 1.66 C.42 s
Absent 33 13 3¢ 2 6 8 2u 6 18 1 3 C ol 3 9 1.55 0.56 ’
ASH Fresent 6 3 50 1 17 1 i7 1 17 0 0 0 0 0O ©0© 1.30 0.3 NS
N Absent 21 & 29 7 33 3 1y 4 19 o] 0 0 0 1 5 1.4 C.45 e
STI Present -9 1 11 3 33 2 22 1 11 1 i1 0 0 1 11 1.87 ‘0.59 0.1
- Absent 13 5 38 5 38 2 15 0 o0 1 8 0 0 0O o 1.30 0.35 -
AST Present 1 0 0 0 0 0 0 1 1C0 0 0 0 0 0 0 1.20 0
AlLsent 8 2 25 1 12 1l 12 3 38 1l 12 0 0 ¢ O 1.6C C.u5
Total Fresent 51 9 18 7 1u 8 16 8 16 11 22 3 © 5 10 1.80 0.57 0.01
patients tbsent 87 29 33 15 17 16 18 14 16 5 6 2 2 6 7 1.33 0.5u '

tatistical conparisons using an unpaired
og. reciprocal.

-

.E. % to nearest whole number,

Studerit t test.

"8ET
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However, in the scparate discase groups, although the mean ANA
titres were higher in sera with precipitins than in those without
precipitins, the trend was significant only in silicosis where the
mean leg. reciprecal ANA titre for the 9 sera with precipitins

was 1.67 (approximately 1 in 40) in contrast with 1.30 (1 in 20)

for the 13 sera without precipitins; pLO.1.

CORRELATION DETWELEN OUCHTERLONY PRECIPITATION WITH CALF THYMUS SS—-DNA

AND THE PROFILE 01" TMMUNOGIOBULIN CLASSES OF ANA TN ANA POSITIVE SERA

The results are shown in Table 37.

Ouchterlony precipitins to calf thymus SS-DNA were rarely seen in
sera with lonerIgM ANA. Only 2 (4%Z) of the total 44 sera with
precipitins had lone IgM ANA, significantly less than for sera
without‘prgcipitins where 14 (247) of the total 58 sera had lone

IgM ANA; p ¢ 0.01.

The IgG, IgM and IgA ANA combination was slightly more common in
sera with precipitins than in those without precipitins, but the
difference was not significant. Overall the corbination was scen in
13 (30%) of the total 44 sera with precipitins compared with 10
(17%) of the total 58 sera without precipitins,

The'remaining immunoglobulin profiles were seen similarly in sera
with and without precipitins. (The detailed results are shown in

Table 37).



A comparison of the profiles of Immunoglobulin classes of ANA in sera with-and without precipitins to celf thymus
S5-DHA
Immunoglebulin class prefils
, (No. and % of total sera)
Disease SS-DRA Total no Lone Lon Igl/Igt/
e cipiti f ser . ere B0/ Il aG/Ig Igh/igt
precipitins of sera 16 g TgA I1gG/Igl IgG/Igh  Igli/Igh
No. % No. % DNo. % lio % To % Mo %
. Pleurcpulmonary Pregent 16 b 25 0 0 B 37 B 37 0 o 0 0
SLE Absent 11 2 - 18 1 g 2 18 5 46 1 9 0] 0
1)
CTA Present 12 4 33 0 0] y 33 y 32 0 0 0 0 e
: Absent 18 : 5 28 7 33 5 28 1 5 0 0 O 0 '
Aebestosis Present 6 w87 1 17 1 17 o o o0 0 o0 ©
: - Absent - 12 2 17 5 42 18 3 25 0 0 1 8
silicosis Present ' 9 5 56 1 11 2 22 1 11 0 0 o]
- B Absent 10 7 70 1 10 1 10 119 0 0 s 0
Intrinsic asthma - Present 1 o o o 0o 0 0 1 1000 ¢ 0 0 ©
HRTEAnSLC @S Absent 7 3 43 0 0 1 1 3 w3 0 0 0 O
Total patients Present Ly 17 39 2 4% 13 30 12 27 O O O O
val patien Absent 58 19 33 1y 24 10 17 13 22 1 2 1 2

“Profile significantly less common in sera with SS-DNA precipitins than those without; p <0.0L.
(Statistical comparisons using a test of difference of proportions).

N.BE. % to nearest whole number.
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CORNELATION BETWIIN OUCHTERLONY PRECIPITATION WITH CALF THYMUL 55-DNA

AND THE PATTERNS OF ANA TPMUROFLUORESCENCE TN ARA POSITIVE SLRA

The results are shown in Table 38.

There was a significant asscciation between the speckled immuno-
fluorescent staining pattern and Ouchterlony precipitins to calf
thymus S$S-DNA. It was seen in 9.(202)—0f the total 44 sera with
precipiting, compared with only 3 (5%Z) of the total 58 sera

- without precipitins; p 4 0.02.

The homégeneous, peripheral and nucleolar patterns were scen in seré
“with and without precipitins and the proportions did not differ
significantly. The hLomogenecous pattern was present in 34 (77%) of
the total 44 sera with precipitins, and similarly in 44 (76%) of the
58 sera without precipitins. There was a lower frequency of the
peripheral pattern in sera with precipitins, in 7 (16%) of the

44 sera, than in sera without precipitins, in 16 (287) of the 58
sera, but this difference was not significant. The nuclecolar pattern
was seen in a higher proportion of sera with precipitins, 8 (18%7)

of the 44 sera, than in sera without precipitins, 5 (97) of the

58 sera, but again this difference was not significant.

CORRELATION BETWEEN OUCHTERLONY PRECIPITATICN TO CALY THYMUS SS-DNA

AND COMPLEMENT FIXING ABILITY 1N ANA POSITIVE SHERA

The results are shown in Table 39 with statistical comparisons.



mus SS-DlA.

TABLE 38

-+

Rumber of sera with %

g SS-DiA precipitins i

Patterns Total sera SLE CFA ASE SIL \S Total sera SLE Cr ASHE SIL ST ;

Ly (100%) 16 12 5 9 1 58 (10C%) 11 18 12 10 7 ;
Homogeneous pattern 3u 77 12 o 5 7 1 yi 76 1l 13 2 5 3
Lene pattern 24 55 7 B L 7 0 36 62 10 9 8 5 3
In conbiration 10 23 5 3 1 -0 1 3 14 1 L 1 o] 2
Peripheral pattern 7 16 2 1 2 1 1 15 28 1 5 3 L 3
lone pattern 3 7 1 0 1 1 0 11 18 0] L 2 3 2
I combination 4 9 1 1 1 0 1 5 9 1 1 1 i 1
tpeckled pattern Q 20% - 6 3 0 0 0 3 5 o 0 2 c 1
Lone patiern 3 7 1 2 0 0 0 2 3 0 0 2 c o
In cembination 6 14 5 1 0 0 0 1 2 0 9 0 0 1
llucleclayr pattern 8 i8 L 3 0] 1 0 S 9 1 b4 o 0. 5
Lone pattern 1 2 0 0 0 1 0 1 2 o] 1 0 0 C
In combination 7 16 Y 3 0 0 0 b 7 1 3 G 2 2

Tehe

"

#Speckled pattern significantly more common in sera with SS-DNA precipitins than those without; p<0.02.

(Statistical comparisons using a test of difference of proportions).

I.B. % to nearest whole number.
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There was a significant generallassociation betwecen Ouchterlony
precipitins to calf thymus SS-DNA and cowmplement fixing ANA.
Complement fixing AWA was present in 21 (447%) of a total 48 sera
with Ouchterlony precipitins to calf thymus SS-DNA, but in only

11 (147) of the 79 sera without such precipitins; p 4 0.001.

Within the lung disecase groups the association was confirmed only -
in pleuropulwmonary SLE where 10 (63%Z) of the total 16 sera with
precipiting had complenent fixing ANA, in contrast with only 1

(87) of the 12 sera without precipitins; p ¢ 0.01.

In cryptogenic fibrosing alveolitis 9 (56%) of the total 16 sera
with precipitins had complement fixing ANA, in comtrast with 9 (29%)
of the 31 scra withoul precipitins, but this was not confirmed

significant.

In the remaining lung disease groups the association.was not
apparent. Although there were a total 16 seré in the asbestosis,
silicosis and intrinsic asthma groups, with Ouchterlony precipitins
to calf thymus SS~DNA, complement fixing ANA was seen in only

3 sera, all from the silicosis group. Two of thése 3 sera also

had precipitins.

CORRELATION BETWEEN OUCHTERLONY PRECIPITATION TO CALY THYMUS SS~DNA

AND REACTIVITY TO CALF THYMUS DEOXYRIBONUCLEOPROTETXN IN ANA POSITIVE

SERA

The results are shown in Table 40 with statistical comparisons.



TABLE 38

€

~ The extent of association between ANAs precipitating with calf thymus S$S-DNA and those fixing
complement (iIn immunofluorescent ANA positive sera).

. SS-DNA Complement fizing ANA ESlgnlficant
Disease L. (No. of sera) assoeciaticon
precipitins
Present Absent Totals P <
o1 eurooulmonar Present 10 6 16
Sp | pumener Absent 1 11 12 0.01
| Totals 11 17 28
Present 9 7 16
CFA Absen 9 22 31 NS
Totals 18 29 L7
Present 0 6 6
Asbestosis Absent 0 15 15
Totals 0 21 21
Present 2 7 g
Silicosis Absent 1 12 13 .
Totals 3 19 22
Present 0 1 1
Intrinsic asthma Absent 0 8 8
Totals 0] 9 -9
Present 21 27 48
Total patients Absent 11 68 79 0.001
Tctals 32 95 127

“hhe

“Statistical analysis using a Fourfold table test for groups < 50 and a Chi square test for crouns
2z 50. £

(



There was a general relationship between Ouchterlony precipitation
with calf thymus SS-DNA and reactivity to calf thymus deoxyribonucleo;
protein. Antibodiecs to calf thymus deoxyribonucléoprotoin were
usually found in sera which also contained Ouchterlony precipitins

to calf thymus SS5-DNA. They were present in 18 (38%) of the total 47
sera with pricipitins, but in only 8 (10%) of the total 83 sera with—'
out precipitins; p ¢ 0.001. Seven of the 8 sera with antibodies to-
deoxyribonucleoprotein but without SS-DNA Outhterlony precipitins

were from patients with pleuropulmonary SLE, and the remaining one
from a patient with cryptogenic fibrosing alveolitis. In the rare
instances where antibodies to deoxyribonucleoprotein were present in
the remaining lung diseases, all were associated with precipitins

to SS-DNA.

Despite this gemeral relationship, the association was not signif-
icant in pleuropulmonary SLE, but in cryptogenic fibrosing alveolitis
-5 of the 6 sera with deoxyribonucleoprotein antibodies also had

precipitins to SS-DNA; p & 0.05.

It is emphasized that the majority of the sera with SS-DNA Ouchterlony pre-

cipitins were nol associated with antibodies to deoxyribomucleoprotein.

CORRELATION BETWEEN QUCHTERLONY PRECIPITATION TO CALF THYMUS SS—-DNA AND

QUCHTERLONY PRECIPITATION WITH NUCLEASE SI-TREATED CALF THYMUS 'DS'-DNA

IN ANA POSITIVE SERA

~

The results are shown in Table 41 with statistical comparisons.

There was a highly significant general association between Ouchter-
lony precipitins to calf thymus SS-DNA and Ouchterlony precipitins

to Nuclcase SI-treated calf thymus 'DS'-DNA. Of the total 51 sera



TABLE 40

The extent of association between ANAs precipitating with calf thymus SS-DKA and these reacting with
calf thymus deoxyribonucleoprotein, (in immunofluorescent ANA positive sera).
. Hucleoprotein antibodies #Sipnificant
. SS-DNA proves Soohhnste
Disease L. (No. of sera) asscelaticn
precipitins
Present Absent Totals P <«
Pleuro uirowar Present 10 6 16
cin pusmonary Absent 7 5 12 RE
- Totals 17 11 28 ‘
Present S 10 15 R
CFrA Absent 1 28 29 0.05 o
Totals 6 38 L
‘ Present 1 5 &
Asbestosis Absent 0 21 21
Totals 1 26 27
Present 1 8 9
Silicosis Absent 0 13 13
' Totals 1 21 22
- Present 1 0 1
Intrinsic asthma Absent 0 8 - 8
Totals 1 8 e
Present 18 25 u7
Total patients Absent 8 7% 83 0.001
Totals 26 104 130
“Statistical analysis using a Fourfold table test for groups <50 and a Chi square test for groups

2 5C.
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with Quchterlouy precipitins to calf thymus SS-DNA, 33 (65%) also
had precipitins to Nuclease SI~treated calf thymus 'DS'-DNA. In
contrast only 14 (16%) of the total 87 sera without precipitins

to SS-DNA had precipitins to the 'DS'-DNA; p < 0.001,

In the separate lung disease groups tﬁe closest qorrelation was in
cryptogenic fibrosing alveolitis where 14 (74%) of the 19 sera
witlhh SS-DNA precipitins also had 'DS'-DNA prcéipitins, in comparison
with only 7 (21%) of the 33 sera without SS-DNA precipitins;

P < 0.001. In pleuropulmonary SLE 9 (56%) of the total 16 sera
with SS~DNA precipitins also had 'DS'-DNA precipitins, in contrast
withionly 1 (8%) of the 12 sera wifhout SS~DNA precipitins;

p < 0.05., In silicosis 8 (897) of the 9 sera with S$S-DNA
precipitins also had 'DS'~DNA precipitins, in contrast with 5 (38%)
of the 13 sera without SS-DNA precipitins; p £ 0.05. 1In asbestosis
and intrinsic asthma there was no significant association between

the results with SS and 'DS'-DNA.



TABLE 41

The extent of association between ANAs precipitating with calf thymus SS-DNA and those precipitat-
ing with Nuclease Sl-treated calf thymus 'DS'-DNA (in immunofluorescent AKA positive sera).

'DS'-DHA ipitins “Siznifican
. SS-DNA LS : IA precipitins Sig f ant
Disease L (Ho. of sera) associlation
: precipitins .

Present Absent Totals D g
Pleuropulmonar Present J 7 16

ir puimonary Absent 1 11 12 0.05
wb Totals 10 18 . 28
Present in 5 ‘19

CFA Absent 7 26 "33 : 0.001
Totals 21 31 52
Present 2 b 6
Asbestosis Absent 1 20 21
- Totals 3 24 27
. Present 8 i 9

Silicosis Absent 5 8 13 .05
Totals 13 Q 22
_ Present 0 1 1
Intrinsic asthma Absent 0 8 8
Totals ¢ g 9
) Present 33 18 " 51

Total patilents Absent 14 73 87 0.00%
Totals 47 91 138

*8vT

*Statistical analysis using a Fourfold table test for groups <50, and a Chi square test for groups
Zz 50,



249.

IX. ANTIRODIES BINDING WITH 'DOUDLE STRANDED' ‘11'254‘,/XBI-“.LLIE’.D HET.A

CELL DROXYRIBORUCLEIC ACID (DS HELA DUA)

I am most grateful to Dr. Ian Griffiths of the Kennedy Institute of

Rheumatology who performed these Farr assay tests.

NORMAL CONTROL "STUDIES

The ten ANA positive sera in the group of normal healthy controls

were negative in the Farr assay with 'DS' Hela DNA,

LUNG DISEASE STUDIES

The ANA positive sera used were from twenty-five patients with
~ pleuropulmonary SLE, fifty-—one patients with cryptogenic fibrosing
alveolitis, twenty-three patients with silicosis, thirty patients

with asbestosis and nine patients with intrinsic asthma,

Thése were the same sera which had been used to investigate ANA
titres, immunoglobulin classes of ANA, patterns of ANA immuno-
fluorescence, complement fixing ability of ANA, deoxyribonucleo-
protein antibodics, 'DS'-DNA prepipitins and SS-DNA precipitins-
in these lung discase groups. The differences in numbers related

to insufficient serum in some instances.

The proportion of the total ANA positive sera with significantly
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increased globulin binding to 'DS' IlleLa DNA in the different lung
discase groups is shown in Table 42, with statistical comparisons

in Statistical Tebie 24, Appendix,

An increase in globulin binding capacity to 'DSY leLa DNA was
extremely rarc in lung discase seen in only 11 (8%) of the total

139 ANA positive sera.

In thq separate lung disease groups, the frequency of positive
“binding tests in pleuropulmonéxy SLLE, although not very high, 6
(23%) of the total 26 scra, was higher than in all other disease
gfoups. The only other patients with positive binding were in
“silicosis, 2 (9%) of the total 23 sera, and in cryptogenic

fibrosing alveolitis, 3 (6%) of the total 51 sera.

In view of the small numbers, the increase in pleuropulmonary SLE
was significant only in comparison with cryptogenic fibrosing

alveolitis and asbestosis.

Thé Influence of Sex

The results are shown in Table 43 witﬁ.statistical comparisons.
There was a suggestion of a relationship between positive Farr
binding to 'DS' HeLa DNA and sex, with a higher frequency of
positive binding in females than in males. .Overall, positive
binding was seen in 8 (157) of the total 53 females, compared with

only 3 (37) of the teotal 86 males; p¢ 0.02.



TABLE 42

The proporticn of immuncfluorescent ANA positive sera with
increased Farr-globulin binding to 1325 HeLa cell 'DS' - DHA.
(The Farr-binding assay was very kindly performed by Dr. Ian
Criffiths, Kennedy Institute of Rheumatology).

Number with increased
Farr-binding to HeLa-

! | A
Total number of cell 'DS DNA

Piscase ANA positive sera

‘ No. %
Pleuropulmenary
CFA 51 3 6
Asbestosis 30 0 0
Silicosis 23 2 9
Intrinsic 9 0 o
asthma

Total patients 139 11 8




TABLE 43

. A comparison of the proportion of immunofluorescent ANA positive sera with increased Farr-glebulin
binding to 1125 pera cell 'DS' - DNA in the different sexes. (Statistical comparigons using a test
of difference of proportions).

*TST

Nurkber with increased
Farr-binding to Hela-
Disea Sex Total number of _ cell 'DS' - DNA
1sease ANA positive sera
No. % P =
Pleurcpulmonary M 7 1 - 14
SLE ' F 19 5 2% NS
Y\‘!
CcFA - g o 0 ° 0.1
‘ F 27 3 11
. 0 0
Asbestosis H 28
’ 2 0 0
g
M ]
Silicosis o 22 2 ]
r 1 0 C
. . M 5 0 0
Intrinsic asthma : >
F L C 0
: . M 86 3 3
Total patients N ° : 0.02
F 53 8 15 :
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However, in the separate lung disease groups this trend was not
confirmed in pleuropulmenary SLL, only in cryptogenic fibrosing
alveolitis where 3 (117) of.the 27 females had positive binding, but
none of the 24 males, p ~ 0.1. However, the frequency of positive
binding in females with cryptogenic fibrosing alveolitis could

not be shown to differ from that in femalcs-with pleuropulmonary

SLE.

The Influenceé of Aze

There was no relationship between age and positive binding to

'DS' HeLa DNA.

CORRET.ATION BETWLEEN FARR BINDING WITH 'DS' HELA DNA AND ANA TITRES

IN ANA POSTITIVLE GLEPA

The results arc shown in Table 44 with statistical comparisons.

There was a highly significant general association between positive
binding to 'DS' leLa DNA and high titres of ANA immunofluorescence.
The mean log. reciprocal ANA titre for the total 11 sera with
positive binding was 2.14 (approximateiy 1/160), compared with a
mean of only 1.57 between 1/20 and 1/40) for the .total 128 sera
with negative binding; p & 0.001.

~

In pleuropulmonary SLE the 6 sera with positive binding all had



TABLE Lk

Y]

A comparison of the immunofluorescent ANA titre distributions in sera with and without antibodies birding to 'DS' Hela
DNA (Farr assay)}.

}
|-

Number and % of tgtal serz at each titre
’ Reciprocal of ANA titre
DSt ~DIHA Total No. 10 20 Lo 80 160 320 640 %“a_q sios
Disease Linding £ ANS ) ) ) fesas .D. -
Jiseas ari?goz?ev 25 Ac:ra Logarithm of reciprccal of ANA titre ANA titre S-D Girff.
aLtiboaies  pes. =€ 1.0 1.3 1.6 1.9 2.2 2.5 2.8
No. % No. % DYo. % DNo. % No % No % No. %
STE Present 6 0 0 0 O 0 ¢ 0 ¢ 3 50 1 17 2 33 2.u5 0.29
- Absent 20 4 20 0 0 5 25 i 5 L 20 3 15 3 15 1.63 C.23
org Fresent 3 {1 0 0 0 0 Q 0 1 33 1 33 0 0 1 33 2.3 0.u5
* thsent ug ‘116 33 5 10 10 21 10 21 L 8 1 2z i 1.55 .50
ASE Present 0 0 0 o 0 0 © 0 © c ¢C 0 © 0 0 0.00 C.00
a ~ Absent | ’ 30 9 30 10 33 5 17 5 17 0 0 0 2 1 2 1.42 C.ul
ST, Present 2 2 100 0 0 0 0 0 0 0 0 0 0 0 G 2.0C .CO
Absent 21 4 e 9 43 L 19 1 5 2 10 0 0 1 2 1.u8 5.u5
AST Present 0 0o 0 0 0 0 0 0 0 0 © 0o 0 o 0.C0 0.00
Abcent 9 2 22 1 11 1 11 4 ouu 1011 Q 0 0 C 1.82 043
Total Present 11 2 18 0 0 0 0 1 9 L 36 1 g 3 27 2.14 G.ak
patients Absent 128 35 27 25 20 24 19 21 1% 11 g 4 3 7 5 1.57 C.35L

A

comparisons using an unpaired Student t test.
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titres of 1/lCO or greater in contrast with only 10 (50%) of the

20 sera with negative binding, and the mean log. recciprocal ANA
titre in the sera with positive binding was 2.45 {(between 1/160 and
1/320), in comparison with a wean of 1.93 (approximately 1/80) for
the sera with negative binding; p 4 0.1, In cryptogenic fibrosing-
alveolitis the 3 sera with positive binding had ANA titres of 1 in
80 or greater, in coantrast with 17 (35%) of the 48 sera with negative
binding, and the mean log. reciprocal ANA titre for the sera with
ﬁositive binding was 2.30 (between 1/160 and 1/320) in comparison
with a mean of 1.55 (between 1/20 and 1/40) for the sera with
negative binding; p ¢ 0.02. MHowever, in silicesis, the two males
‘with positive Einding both had very low titres of ANA of only 1

in 10.

- CORRELATION BETWEEN FARR BINDING WITH 'DS" HELA DNA AND THE PROFILE

OF IMMUNOGLOBULIN CLASSES OF ANA IN ANA POSITIVE SERA

The results are shown in Table 45.

Positive binding to 'DS' Hela DNA was in sera with only two profiles
of immunoglobulin classes of ANA. There was a parficular assoc~
iation with sera containing a mixture of G, M and A immuno-

globulin classes of ANA in 5 (457) of the total 11 sera with positive
binding, in contrast with 16 put of 95-(172) with this mixture in

the group with negative binding; p ¢ O.Qz. The other 6 (55%) sera

had lone IgG ANA, but the prevalence of this profile was not sig-

nificantly above that in the group with negative binding, 34 out of 95



TABLE 45

A comparison of the profiles of immunoglobulin classes of ANA in sera with and without antibodies binding to 'DS' Hela
cell DNA (Farr assay).
Immuncglobulin class profile
. (No. and % of total sers)}
. ] L. ‘vJ 3 3 h . -
Disease Dsanggéozizglng ngaiei? Lone Lone 1gG/Ight/ ToC/Tad  IaG/Igk Te¥/Ioh
< e I a Ig IgM IgA g 2 18 / 1L LEn/ LES
Ne. % No. % No. % No. % Fo. % lNo. %
Pleuropulmonary. Present 6 2 33 0 0 L 87 0 0 0 0 8] 0
SLE Absent 18 L 21 1 5 2 11 10 58 1 5 0 9]
CFA Present 3 2 67 0 0 1 3 0 0 0 0 0 0
: Absent 28 8 29 7 25 8 23 5 18 0 G 0 0
rebestosis Present 0 o o o0 o 0 0 o o o 0o ¢ ©
ot Absent 21 7 33 7 383 2 10 Loo19 0 0 1 5
Silicosis Present 2 2 100 0 0 G 0 0 0 0 ¢ 8]
1L1c0oS48 Absent 19 12 83 2 11 3 16 2 11 o 0 0 0
Intrinsic asthma Present 0 0 0 0 0 0 0 0 0 0 0 C G
Lpteans Absent 8 3 388 0 0 1 12 5 50 ¢ 0 0 O
rotal patients Present 11 6 55 e 0 5 L5 0 Cuws O 0 0 0
sotas patient Absent 95 s34 36 17 18 16 17 25 25 1 1 1 1

*Profile significantly more common in sera with 'DS'-DNA binding antibodies
%%pprofile significantly less common in sera with 'DS'-DNA binding antibodies

(Statistical comparisons using a test of difference of proportions).

N.E. % to nearest whole number.

than those without; p<C.02.
than those without; p<0.1.

*96¢
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(36%) .

In the separate lung disease groups, the majority of sera with
positive binding in pleuropulmonary SLE contained mixed C, M and A
AA's, and the minority lone IgG ANA. In cryptogenic fibrosing
alveolitis and silicosis the sera with positive binding had lone
IgG ANA, except for one patient with cryptogenic fibrosing alveolitis
(in association with scleroderma) who had mixed G, M and A

ANA's.

"CORPELATION BETWEEN FARR BINDING WITH 'DS' HELA DNA AND THE PATTERNS

OF ANA THMURCIFLUORLSCENCE "IN ANA POSTTIVE SERA

The results are shown in Table 46.

For these small numbers of sera with positive binding, no
association could be demonstrated between positive binding and any
particular pattern of nuclear immunofluorcscence. However, it was
noted that none of the sera with a nucleolar pattern of nuclear
immunofluorescence had positive binding, which was an interesting
negative association since both are associated with high titres of
ANA immunofluorescence and mixtures of immunoglobulin classes of
ANA (although in contrast with positive binding, the nucleolar
pattern was asséciated similarly with mixtures of G, M and A ANA's

and with mixtures of G and M ANA's).



TABLE %6

A comparison of the patterns of ANA immunofluorescence in sera with and without antibedies binding to 'DS!' Eela cell
DHA (Farr assay).

Number of sera with 'DS' Hela Number of sera without 'IS8' Hela
’ c2ll DNA binding antibodles ‘cell DHA binding antibodies
Fatterns .

Total sera SLE CFA  ASB SIL  AST Total sera SLE CFrA  ASB SIL  AST

11 (100%) 5 3 o @ 2 0 9y (100%) 18 28 21 19 g
Homogeneous pattern 8 73 5) 1 0 2 0 72 77 15 21 7 i3 6
Lone pattern 5 45 3 1 0 2 0 56 60 11 15 15 i2 3
In combination 2 18 2 0] o 0] 0] 18 17 L 6 2 1 3
Peripheral pattern 3 27 2 1 0 0 0 17 18 1 6 5 1 4
Lorie pattern 2 18 1 1 0 0 0 8 10 - . 0 4 3 e 2
In combination 1 9 1 0 o . 0 0 8 g 1 2 2 1 2
Speckled pattern 2 18 1 1 0 0 C 3 10 5 2 1 0 1
Lone pattern 1 9 0 1 0 e 0 3 3 1 1 1 0 0
In combination 1 3 1 0 0 0 0 6 6 U 1 0 o 1
Hucleolar pattern 0 0 0 0 0 0 0 11 12 5 & 0 C C
Lone pattern 0 0 0 0 0 0 0 1 1 0 1 Q 0 0
In combination 0] 0 . 0 0] 0 0 0 10 11 5 5 0 6] ¢

'@se

Staristical comparisons, using a test of difference of proportions, showed no significant differences.

H.BE. % *to nearest whole nunber.



CORRELATION DETWEEN TARR BINDING WITH 'DSY HELA DNA AND COMPLEMENT

TIXING ABTLITY 1IN ANA POSITIVE SERA

The results are shown in Table 47 with statistical comparisons.

There was no significant association between positive binding and
the presence of complement fixing ANA. 4 (36%Z) of the total 11 sera
with positive bindingl(3/6 with SLE and 1/3 with cryptogenic
fibrosing alveolitis) also had complement fixing ANA, and 26 (23%)

. of the 115 with negative biunding had complement fixing ANA.

CORRELATION BETWEEN TFARR DINDING WITH 'DS' HELA DNA AND REACTIVITY

- TO DEOXYRIBONUCILEOPROTEIN

The results are shown in Table 48 with statistical comparisons.

There was an association between positive binding with 'DS'

HeLa DHA and positive reactivity with calf thymus deoxyribonucleo-
protein in pleuropulmonary SLE. It was significant that the 6
sera with positive binding also had antibodies to deoxyribonucleo—
protein (p £ 0.05),. but 9 (45%) of tﬁe remaining 20 sera with

negative binding also had antibodies to deoxyribonucleoprotein.

The 3 sera in the cryptogenic fibrosing alveolitis group, and the
2 sera in the silicosis group with positive binding did not have
autibodics to deoxyribonucleoprotein. However, one of these

silicotic sera was from a patient in whom LE cells had becen detected.



TABLE u7

The extent of association between ANAs binding to 'DS' Hela cell DNA (Farr assay), and those fixing com-
plement (in immunofluorescent ANA positive sera). -

np1 fixing AN “Significan
. *DS'-DNA binding Complement fixing ANA cegniiicant
Disease e o {(No. of sera) asscciation
- antibodies {
Present Absent Totals D g
Fleurcpulmonar Present 3 S 6 !
oo TOPUAHOR y Absent 7 13 20 , S
R Totals 10 16 26
Present 1 2 3
CFA L Absent 16 27 : L3 :
Totals 17 29 Lo .
v ) Present 0 0 0] :
Asbestosis _ Absent 0 22 22
Totals 0 22 22
Present 0 2 2
Silicosis - _ . Absent 3 18 21
Totals 3 20 23
Present 0 0 0
Intrinsic asthma ‘Absent 0 9 ¢ 1
Totals 0 9 9 ]
Present 4 7 11 l
Total patients Absent 28 89 115 NS
Totals 30 S6 126

“Sratistical analysis using a Fourfold table test for groups <50, and a Chi square test for groups »50.

“09¢



The extent of association between ANAs binding to 'DS' HeLa cell DNA and those react;ng with calf thymus

TABLE 48

deoxyribonucleoprotein (in immunofluorescent ANA positive sera).

. 'DS'-DNA binding Nucleo?roLeln antibodles 'Slgn*:;c§nt
Disease . . (No. of sera) association
antibodies
Present Absent Totals P g
Pleuropulmonar Present 6 0 6
SLS ropuimonary Absent 9 11 20 0.05
Totals 15 11 26
Present 0 3 3-
CFA Absent B 34 40
Totals 5 37 43
- Present 0 0 0
Asbestosis Absent 2 26 28
Totals 2 26 2
. Present 0 2 2
Silicosis Absent 1 20 21 -
: Totals 1 22 23
. Present 0 0 ¢
Intrinsic asthma Absent 1 8 8
Totals 1 8 9
Present 6 5 11
Total patients Absent 19 99 118 0.01
: Totals 25 10u 129

wStat

istical analysis using a Fourfold table

test for groups <50, and a Chi square test for greups 250,

*19¢



CORPELATION DBETWEEN TARR BIKDING WITH 'D_f.__'\’ HELA DNA& ARD "OUCHTURLONY

PRECIPITATION WITH NUCLLDASE SI-TREATED CALF THYMUS 'DS'-DNA TN ANA

POSITIVE SERA

e s e e A

The results are shown in Table 49, with statistical comparisons.

There‘was no significant relétionshipvbétween positive binding to
'DS' HeLa DNA and the presence of Ouchterlony precipitins to
Nuclease SI-treated calf thymus 'DS'-DNA in ANA positive sera in
any lung disease group. Six (55%) of the total 11 sera with
positive binding also had positive precipitins to 'DS'-DNA, and
similarly 42 (33%) of the 127 with negative binding had precipitins

to 'DS'-DNA.

CORRELATION PRIWERN FARR BINDING WITH 'DS' TELA DNA AND QUCHTERLONY

'PRECIPITATION WITH CALT THYMUS S5S~DNA IN ANA POSITIVE SERA

The results are shown in Table 50, with statistical comparisons,

There was a significant association between positive binding with

'DS' lleLa DNA and the presence of Ouchterlony precipitins to

calf thymus SS-DNA. Nine (82%) of the total 11 sera with positive binding
to 'DS' HeLa DNA also had precipitins to calf thymus SS~DNA, com~

pared with 41 (33%) of the total 125 sera with negative binding;

p ( 0.01.

In pleuropulmonary SLE it was signifiecant that all 6 patients with




TABLE 49

The extent of association between ANAs binding to 'DS' Hela cell DNA and those precipitatin
Nuclease Sl-treated calf thymus 'DS'-DNA (in immunofluorescent ANA positive sera).

o 'DS'-DNA precipitins #Significant
: 1 t -7\
Disease Dsan?yﬁogizglng (No. of sera) association
[
Present . Absent Totals o€

Plaur 1monar Present 3 3 6

:%éh- opuimonary Absent 7 13 20 NS
Totals 10 16 26
- Present 2 , 1 ‘ 3
CFrA Absent 19 29 - 48
Totals 21 30 51
- Present 0 0 O
Asbestosis : Absent L 25 29
Totals 4 5 29
. Present 1 1 . 2
Silicosis :  Absent 12 S 21
: Totals 13 10 23
4 - Present 0 0 0
Intrinsic asthma Absent 0 g g
Totals 0 9 9
Present §) 5 11

Total patients Absent 42 85 127 NS
’ Totals ug 30 138

*£9¢

“Statistical analysis using a Fourfold table test for groups <50, and a Chi square test for groups 3 5C.

Vgl



TABLE 50

The extent of association between ANAs binding to 'DS' HeLa cell DNA and those precipitating with calf
thymus SS-DNA (in immunofluorescent ANA positive sera).

-DN a ipi iL ;‘;(‘i,—,;‘-ci ant
o 'DS'-DNA binding SS D{A pr£c1p1t ns 5 arltﬁc'jL
Disease . . (No. of sera) associaticn
antibodies
Present Absent Tctals D g
P1euronulmonar Present 6 0 3)
S,g“‘r puimonary Absent 9 11 20 0.05
- Totals 15 11 26
Present 2 1 3 P4
.CFA ' Absent 17 31 48 F
: ) Tetals 18 32 51
Present 0 0 -0
Asbestosis Absent 6 21 27
Totals 6 21 27
Present 1 1 2
Silicosis . Absent 8 13 1
Totals 9 1u 23
- Present 0 0 0
Intrinsic asthma Absent 1 8 9
Totals 1 8 9
Present 9 2 11
Total patients Ebsent 51 g4 1258 c.01
Totals 50 . 86 136

“Statistical analysis using a Fourfold table test for groups <50, and a Chi square test fcr groups » 50.
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positive binding to 'DS' Hela DNA aleo had precipitins to calf
thymus SS~DNA (p £ 0.05) but 9 (45%) of the 20 patients with
negative binding also had SS-DNA precipitins. Two of the 3 patients
in the cryptogenic fibrosing alveolitis disease group, and onc of
the 2 in the silicosis group with positive binding alse had

SS—~DNA precipitins.
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Xo  BUSULTS OF GTUDTES TO DETERMIRE WhLTHER 5 PECHLED ARD NECLEOLAR

CEIT STATNING PATTERNS ARE ASSOCTATED WITH ANTI-

THMUNGELL

BODIES TO RIBONUCLUATE ANTIGENGS

IMMUNOPRECTYD *’TA'- ICN TESTS WITH DEPOLYMERIZED TOTAL YEAST RIEONUCLLIC
ACTD_(RIA) |

Table 51 shows the results of Ouchterloﬁy double diffusion and
counter current electroimmunopracipitation tests using depolymerized
total yeast RWA as antigen, on ANA positive sera from 11 patients
with pleufopulmonary SLE or cryptogenic fibrosing alveolitis having
speckled and/or nucleolar patterns of nuclear immunofluorescence
(sometimes in combination with other patterns), 10 having homogencous

patterns, and on ANA negative sera from 8 normal controls.

‘The results were negative except for 2 sera with hazy OQuchterlony
precipitin lines appcaring after 3 days incubation. One had a
speckled pattern and the other a homogeneous ﬁattern, and both were

from patients with pleuropulmonary SLE.

In summary, antibodies precipitating with depolymerized RNA
appear unimportant in pleurcpulmonary SLE and cryptogenic fibrosing
alveolitis and do not rélate to the speckled and nucleolar imwmuno-

fluorescent ANA staining patterns in these diseases.



TABLE 51

D

(

Ouchterlony immunoprecipitation and counter-current electroimmunoprecipitaticn (EIP) results using depolymerized tctal yeast

ribonucleic acid

Cuchterlony immunoprecipiltation: Counter-current EIP:
y Pattern of Acetate buffe Ph Lete bufs Citpate buff l Barbitcne buffer
Patient Disease WA immuno- etate buffer csphate buffer itrate buffer arbitone buffer
fluorescence RNA RNA ) R¥A EXNA RNA
5 mg/ml 1 mg/ml 5 nmg/ml 5 mg/ml 20 pg/ml
Co SLE Sp + (Day 3) 0 + (Day 3) + (Day 3) 0
RO SLE Sp & H 0 0 0 0 0
0S CFA . Sp 0 0 0 0 0
RO CFA Sp 0 0 0 0 0
BC Cra . N 0 . C C - 0 0]
DE CFA N o o o 0 o
TH CrA N &H o 0 0 o 0
S CFA N.& H 0 0 0 0 0
WH SLE N, H&P o o o G
HU SLE Sp & N 0 0 o o
MU SLE Sp & N 0 o o G 0
Controls:
8 patients SLE - H 1/8 pos(Day 3) 0/8 1/8 pos(Day 3) 1/8 pos(Day 3) 0/8
2 patients . CrA H o/2 0/2 0/2 0/2 G/2
8 subjects Normal Neg ANA 0/8 0/8 0/8 0/8 0/8
Sp - Speckled H - Homogeneous N - Nucleolar P - Peripheral Neg - NHegative Pos - Positive

AT
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CHANCES IN PATTERNS OF "ANA TMMUNOFLUORESCENCE 0N RIBONUCLUASE AND

DEOXYRIBONUCLEASE PRE~TREATED RAT LIVER SECTIONS

Table 52 shows the changes in the patterns of ANA immunofluorescence
when indirect immunofluorescent tests for ANA were repeated on

rat 1iver sections prc"trea;ed with-ribonuélease‘to remove ribonucleasc
sensitive antigens, pre~treated with'deoxyribouuclease to remove
deoxyribonuclease sensitive antigens, and centrels pre~treated with

the saline-MgC12 enzyme diluent.

The obsefvations on speckled patterns in 6 sera, nucleolar patterns
in 9 sera, and homogeneous patterns in 20 sera, although few in
number, suggested a possible clinical distinction between the
speckled and nucleolar patterns in cryptqgenic fibrosing alveolitis

and those in pleuropulmonary SLE.

In éryptogenic fibrosing alveolitis speckled and nuclecolar patterns
usually related to ribonuclease sensitive antigens. They were
removed bf rat liver section pre~treatment with ribonuclease in 4
out of 5 sera, but one nucleolar pattern remained dcsPité all the

treatments. -

In contrast, in pleuropulmonary SLE these patterns generally
related to deoxyribonuclecase sensitive or to saline soluble antigens.

They were removed by rat liver section pre-treatment with decoxy-



TABLE 52

A comparison of patterns of ANA immunofluorescence on untreated rat liver sections with *hose on section
with ribonucleasze, deoxyribonuclease or saline/MgC12 diluent..

(%]
o)
H
[o)
J
ct
L]
0]
ol
ct
[{2]
(&N

No. iosing the pattern on sections
-t d with: c s
Total sera showing pre~treated with No. retaining
Patte i t T . the pattern
Pattern Disease the pattern on Saline/ . ) , y i?ﬂ patter
untreated sections YeCl D¥Aase RNAase RlAase or throughout
&-2 1 11y DNAase
diluent only only DNAase
SLE 5 2 3 o 0 0 52
Nucleolar ' b
CFA 4 O o 3 . 0 1
- SLE 5 2 ' 2 -0 1 0
Speckled '
CFrA 1 0 0 1 0 0
SLE wo 0 o1 0 1 2
Homogeneous ' o
CFA- 6 0 5 0 1 0
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ribonuclease in 5 instances (5 out of 10), saline pre~treatment in

4 others (& out of 10), and were not removed by ribonuclease pre-
treatment except in one instance (1 out of 10) where a speckled
pattern was removed by both ribonuclease and deoxyribonuclease pre-

treatment.

Tﬁe homogenous patterns in pléuropulmonéry SLE and cryptogenic
fibrosing alveolitis were mainly related to deoxyribonﬁclease
sensitive, not to ribonuclease sensitive antigens (1€ out of 20),

two were removed by deoxyribonucleasc and ribonuclease pre—treatment,

and the remaining two were unaffected by all the treatments,

In summary, antibodies reacting with ribonuclease sensitive
antigens may frequently relate to the speckled and nucleolar
staining patterns in cryptogenic fibrosing alveolitis, but rarely
in pleuropulménary SLE where antibodies'to deoxyribonuclease

sensitive or saline soluble antigens appear more important,
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SIMMARY O ANTINUCLEAR ANTIBODY RESULTS

The antinuclear antibody findings from sections T to X above are

summarized in Table 53.



TAELE 53

Tabulated summary of antinuclear antibody findings: Characteristic features of antinuclear antibedies in human lung diseases.

Age £ If Ig Complement . SS-DNA DS-DNA  Deoxy-  LE SS-RiA
related = patterns titres classes fixing precipitins  Dbinding NP &b cells precipitins
(Mean) (%) ‘ (%) (%) (%)
o Mainly
Pleuropul No E (Sp)(M) 1/80-1/160 mixed 39 57 22 61 + -
monary SLE &
G M (A)*
- Lone & . A ;i
CFA - - No H(P)() 1/20-1/40 mixed 34 36 6 12 - - .
G M (A)* ' :
o _ Mainly
Asbestosis Yes H (P) 1/20 lone 0 22 .0 7 -
: : M (G) '
: : ' Mainly
Silicosis No H (P) 1/20-1/40  lone 1y .. 41 - 9 5 -
G (i)
Intrinsic Lone &
e No H (P) 1/40 mixed 0 11 0] 11 -
asthra
G M
If - Immunofluorescent H - Homogeneotus
Ig - Immunoglobulin Sp - Speckled )

s
Pt
}

Deoxy-iiP - Decuyribonucleoprotein Nucleolar

“A - In mixtures only

U
|

Peripneral

() - Occasicrally present, but in the minority
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XI. RBESULTS O LYMPUOCYYYE STUDIES

In these peripheral.leucocytc migration tests (LMT) (p.108), not cvery
patient could be studied in full dose response curves to every

antigen owing to the limitation imposed by the number of leucocyte§
obtained from any one reasonably sized blood sample. Tor this

reason the numbers of patients and controls quoted below in Table 55
'and in Figures 15-19 do not alwéys correspond exactly to the total

number of patient and control-studies stated in Table 3 (p 64).

INHIBITTION CF LEUCOCYTE MIGRATION WITH NUCLEI, DEOXYRIBONUCLEO-

PROTEIN AND DNA

Normal Controls

The mean percentage inhibition of leucoeyte migration, standard efror
of the mean (SEM) and the upper limit of the normal range (mean
inhibition + 25D) for two concentrations of each antigen are shown

in Table 54, Enhanccment values have been excluded from this data

.and analysed scparately because the mechanism of migration enhancement
is probably different. The complete results including enhancement are
however shovn in Figures 15-18. The individual résults are shown in
Figures 15-17 and in Table 55. Inhibition sligﬁtly in excess of normal
(mean inhibition + 28D) was seen in only 1/13 (7.72) to crude rat liver
nuclei, 1/11 (QLIZ) to calf thymus deogyribonucleoprotein and 2/15

(13.32) to commercial calf thymus 'DS'-DNA.



TABLE 54

¥ean percentage inhibition of leucocyte migration (excluding enhancement) and standard error of the mean (SEi) for pat-

ient and control groups to nuclel, deoxyribonucleoprotein and DNA

Nuclei (pg/ml) g?gfggib?igfiig— DHA (pg/ml)
100 50 12.5 6.25 100 50
Mean SEM Mean  SEM ean  SEM Mean  SEM | Mean  SEN Nean  SEY
sLE | 28.0% 4.7 25.8% 8.8 | 21.7 7.5 18.0° 5.6 | 19.0° 8.3 8.5  u.8 S
(Corticosteroid treated 11.0 5.5 11.8 6.8 21.87 4.3 218" 7.0 8.5 5.2 5.8 3.3) =
cra’ 1.6 3.4 13.0 5.1 9.6 1.3 2.3 2.8 | 11.1 2.5 11.57 4.0
(Corticosteroid treated 8.0 2.8 3.7 3.0 11.9 3.4 10.7 3.5 218" 7.1 1217 4.5)
Asbestosis 5 13.1 4.5 13.6 L.y | 10,7  u.9 7.8 3.1 6.5 2.9 11.2° n.0
Intrinsic asthma 13.0 3.0 6.2 2.9 8.9 2.3 6.9 2.0 6.9 1.3 3.& 1.0
Normal controls 9.0 2.5 7.2 2.3 3.8 3.3 8.6 2.5 7.5 1.+ 5.5 1.2
gggzz (opir o mommel sepy 27-2 C 23. 30.6 25.2 18.4 12.8

L
This includes systemic sclerosls with CFA

7L

Mean inhibition significently greater than in controls: “"p < 0.001; "p <0.01; 'p <0.025; "p <0.05

(Statistical comparisons using an unpaired Student t test)
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Pleuropulironary SLE

The mcan percentage inhibition of leucocyte migration and SEM for the
group of untreated patients for each antigen are shown in Table 54.
Significant inhibition compared to the control group was demonstrated
to all three antigens, the greatest difference being found with the

crude nuclei.

The individual results are shown in Figures 15-17 and in Table 55.
Values of inhibition greater than the mean + 2SD for controls were
seen in 3/5 (60%) using crude nuclei, 1/3 (33.3%) using deoxyribo-—

nucleoprotein and 2/6 (33.37%) using DNA,

- Plate 21 demonstrates the strongly positive inhibition seen in one
of these patients with pleuropulmonary SLE using commercial calf
thymus 'DS'-DNA (100 _ug/ml) as the antigen, and Plate 22 shows the

normal. migration in the antigen—free control for comparison.

Cryptogenic Fibrosing Alveolitis

Studied as a group the untreated patients showed significant inhibition

of leucocyte migration only to DNA (Table 54).

The individual results were similar (Figures 15-17, Table 55).
While only 1/9 (11.17) showed positive inhibition to crude nuclei
5/11 (45.5%) were positive to DNA. None were positive to deoxyribo-

nuclcoprotelin.
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Inhibition of the in vitro migra

tion of nor:pMOLal 1eucocytes i]om a
patient (BS5.) with ELE in culture
medium containing calf thymus 'DS'—
DNA antigen (100 _ug/ml) by comparison
with the arvea of migration in antigen—.
free control medium shown in Plate 22,
(Magnification x 10)

Area of in vitro migration of peripheral
]evcocytes irom a patient (BS.) with
SLE in antigen—free control culture

«

C
medium. (Magnification x 10)






% Inhibition of Leucocyte Migration

% Enhancement
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Figure 15

LEUCOCYTE MIGRATION IN SLE, FIBROSING ALVEOLITIS, ASBESTOSIS
& NORMAL CONTROL SUBJECTS USING NUCLEI AS ANTIGEN
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Figure 16

LEUCOCYTE MIGRATION IN SLE, FIBROSING ALVEOLITIS, ASBESTOSIS
& NORMAL CONTROL SUBJECTS USING NUCLEOPROTEIN AS ANTIGEN
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Figure 17

LEUCOCYTE MIGRATION IN SLE, FIBROSING ALVEOLITIS, ASBESTOSIS
& NORMAL CONTROL SUBJEC’ES USING DNA AS ANTIGEN
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TABLE 55

The number of individuals showing inhibition of leucocyte migration greater than the mean + 28D for the control group (excluding en-
hancement). '
| Crude nuclei positive Deoxyrlbongg}eoproteln s .
| positive DNA positive
| . ;
Total ! Total - Tetal N, . - N
| Vo 3 100 pg/ml 50 pg/ml Yo. o 12.5.pg/ml 6.25 pg/ml o 2 100 pg/ml 50 pg/ml
SLE 3/5 60 2/5 3/5 1/3 33.3 1/3 1/8 2/6 33.3 2/8 i/3 i
(Treated” 1/4 25 0/4 1/4 2/4 50 o/u 2/4 1/4 25 1/4 0/4)
CFrA 1/9 11.1 0/9 1/9 0/8 0/8 0/8 5/11 k5.5 3/11 5/11 !
lﬁreatedf 1/9 1.1 0/9 1/9 0/8 0/8 0/7 5/11 L5.5 L/11 4/10)
| .
i Lsbestosis 3/9 33.3 2/9 2/9 1/9 11.1 /7 i/¢ 4/3 L u 1/9 4/9
 Intrinsic asthma  0/7 0/7 0/7 0/7 C/7 0/7 0/7 0/7 /7
| Silgren's synd- _ !
[ rome & systemic o/u O/u o/u /4 o/4 o/4 /4 G/u o/ i
l Controls /13 7.7 1/13 0/13 /11 9.1 | 0/10 1/11 2/15 13.3 1/18 1/14
| Total positive  10/60 5/60 8/60 5/5u 1/51 5/53 19/67 12/67 15/65
I
i (% positive 16.7 8.3 13.3 9.3 2.0 9.4 28.4 17.3 23.1)

7[

- Corticosteroid therapy
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Ashestosis
The sroup results were strikingly similar to those for cryptogenic

fibrosing alveolitis (Table 54) showing significant inhibition only

with DNA.

lowever the individual results showed in addition to DNA reactivity
in 4/9 (44.47), positive iphibition to ecrude nuclei in 3/9 (33.32)
and to deoxyribonucleoprotein in 1/9 (11.1%) of cases. (Table 55,

TFigures 15-17).

Intrinsic Asthma

No significant inhibition of leucocyte migration was seen to any of
the three antigens, and the individual values in all cases fell within~

the normal range.

Systemic Sclerosis and Sjogren's Syndrome

Neither the three patients with systemic sclerosis and pulmonary
jnvolvement, nor the one patient with Sjogren's syndrome had evidence
of lymphocyte sensitization to any of the three nuclear antigens

(Figure 18, Table 55).

ANTTIGEN CONCENTRATION

The cowparison of the rTesults with two different concentrations of
each antigen is shown in Tables 54 and 55. It was found that in
many cases, but ot exclusively, inhibition was detected better at

the lower than the higher aptigen dose.
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Figure 18

Leucocyte migration in systemic sclerosis and Sjogren's syndrome,

and in intrinsic asthma using nuclei, nucleoprotein and DNA as antigen.
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40 T ':' ‘?‘ L] 1 T T 1) 1 L] T )
100 50 12,5 6.25 100 50 100 50 125 6.25 100 50 (pg/ml)
Nuclei Nucleo- DNA Nuclei Nucleo- DNA
protein protein
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EHHANCLMERT OF LEUCOCYTE MIGRATION WITH NUCLEI, -DEOXYRIBONUCLLEO-

PROTEIN AND DNA

No significant enhancement of leucocyte migration was demonstrated

in any group either by analysing the complete data (Figure 15-18) or
analy;ing enhancement values separatély. fhere were however indiv-
iduals in some groﬁps showing enhancement values greater than the mean
enhanceument + 25D for the controls. Iﬁ the normal control group 2/13
(15.4%) showed enlhancement to crude nuclei, 2/11 (18.27%) to deoxyribo;
nucleoprotein and 3/15 (207) to DNA. 1In untreated patients with
gryftogenic fibrosing alveolitis 2/11 (18.2%) sho&ed enhancement to DNA.
In the Asbestos group 1/9 (11.1%) showed enhancement to crude nuclei
and 2/9 (22.2%) to deoxyribonuclcoprotein, and one of the seven
untreated patients with intrinsic asthma (14.3%) to both deoxyribonucleo-
protein and DNA. The one patient.with Sjogren's syndrome showed
striking enhancement with all three antigens, and of the three

patients with systemic sclerosis one showed enhancement to both crude
nuclei and deoxyribonucleoprotein and another to dcoxyribonucleo-
protein only. There was no enhancement at all in the pleuropulmonary

SLE group.

Enhancement was seen with high as well as low doses of antigen, and
there was no individual showing positive inhibition at the higher

dosc but enhancement at the lower.
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SORRELATTON BETWEEN MY USING CRUDE NUCLET, AND FOSITIVE TNHIBITION

USTHC DEONVRIBONUCLECPROTEIN AND DHA

The results are shown in Table 56. Leucocytes from 46 subjects were
tested with both concentrations of each of the thrcé antigens. Of
the 7 with positive inhibition to crude nuclei, 6 (85.7%) gave positive
inhiﬁition_with DNA and 2 of these (23.62) also were positive with
deoxyribonucleoprotein. Converselj of the 39 subjccgs without sig—
nificant inhibition to crude ruclei only 7 (17.9%) were positive to
other antigens, 6 (15.4%) to DNA and 2 (5.1%) to deoxyribonucleo-
protein one positive to both antigens.

From the results with the purified antigens there was a suggestion of
a clinical correlation between positive inhibition to deoxyribo-—
nucleoprotein and pleuropulmonary SLE. Of the 4 subjects positive to
deoxyribonucleoprotein 3 were pleuropﬁlmonary SIE and 1 was a control
subject. A clinical correlation also existed between positive
inhibition to DNA alone and cryptogenic fibrbsing alveolitis or
asbestosis. Of 9 subjects positive to DNA but not deoxyribonucleo—
protein 5 were cryptogenic fibrosing alveolitis and 3 were asbestosis.

The remaining one was a control.

SINCLE-STRANDED DNA AND DEPOLYMERIZED RNA

-

Fourteen subjects (2 cryptogenic fibrosing alveolitis, 2 asbestosis, &

intrinsic asthma, 3 systemic sclerosis, 1 Sjogren's syndrome and 2



TABLE 56

. The correlation between LMT results (excluding enhancement) using crude nuclei as antigens and positive inhibiticn
using deoxyribonucleoprotein and DNA.®

Leucocyte liigration
’ Diseases ' Diseases
Crude nucleil ’ Crude nuclei :
positive SLE CFA ASB C negative SLE CFA ASB AST sJ C
7 2 2- 2 1 39 5 13 5 7 1 8
DA only 4 0 2 2 0 5 0 1 o 0 1
Ll4 and Nucleoprotein 2 2 0 o 0 1 0 0 0 O- 0 1 P
lucleoprotein only o o 0 o 0 1 1 0 0 c o o =
Neitler 1 0 0 o 1 32 4 10 4 7 1 6
Tor ¥ {ri DN c
loral E031t1ve‘to DNA and/ 5 5 9 5 o 7 1 3 1 o o 5
or nucleoproteln :
SLL - Systewic lupus efythematosus ‘ . ' AST - Intrinsic asthma
CfA - Cryptogenic fibrosing alveolitis : SJ - Sjbgren's syndrome
LSE - Asbestosis : C = Control

“This table includes data on 46 subjects where tests to all the three nuclear antigens were complete.



controls) were studied with calf thymus single stranded (denatured)

DNA and depolymerized total yeast RNA as well as the usuval 3 antigens.

There was no significant inhibition to RNA in any case tested.

Positive inhibition to calf thymus SS-DNA was seen in only one subject,
a cryptogenic fibrosing alveolitils patient who also showed positive
inhibitien with calf thymus 'DS'~DNA. The remaining subjects were

negative with all five antigens.

CORRELATION BETWEEN ANA TITRE AND INHIBITION OF LEUCOCYTE MIGRATION

The results are shown in Figure 19. A range of immunofluorescent ANA
titres was found in each of the disease groups studied. No relation-
ship was found btetween the ANA titre and the presence or absence of

significant inhibition of leucocyte migration.

CORRELATION BETWEEN IMT AND ANTIBODY RESULTS USIKG DNA AND DEOXY-—

RIBONUCLEOPROTEIN

The results are shown in Table 57. There was no correlation between
presence or absence of serum antibody.and presence or abscnce of
significant inhibition of leucccyte migration using either calf thymus

'DS'-DNA or calf thymus deoxyribonucleoprotein in untreated patients.

~ .
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Figure 19

ANTINUCLEAR ANTIBODY TITRE & INHIBITION OF LEUCOCYTE
MIGRATION (EXCLUDING ENHANCEMENT) TO CRUDE NUCLEI

800~ NUCLEOPROTEIN OR DNA o
400 - o
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g 200 - [ | oo o o
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i 100 [ |
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SLE CFA Asbestosis Intrinsic Systemic

Asthma Sclerosis &
Sjorgrens Syndrome

O Negative inhibition { of leucocyte migration to crude
® Positive inhibition { nuclei, nucleoprotein or DNA



TABLE 57

A correlation of LMT (excluding enhancement) and antibody results using DNA and deoxyribonucleoprotein (untreat-
ed patients only)

Serum antibedy: .
Totalc 7 Significant
no. o LT SLE CFA AS3B AST SJ Total association
-patients
+ - o+ - o+ - + - + - + -
. N
+ 11 2 0 2 3 1 3 0 0 0 0 5 5 X
DHA : - 34 ' . NS -
- 23 1 3 3 3 3 2 0 7 0 1 7 16
: + 2 0 1 0 O o0 1 0O 0 0O 0 o 2
liuclecprotein 27
- 25 1 1 0] 8 1 7 1 6 0] 0 3 22

®statistical analysis using a Fourfold Table Test
3 - No significant association
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Positive inhibition was observed in cases with and without serum
antibody, and there were many patients with serum antibody but
without significant inhibition of leucocyte migration.

<

EYFLECT OF CORTICOSTLROID TREATHEMT

Groups of patients with pleuropplmonary SLE and cryptogenic fibrosing
alveolitis who were receiving corticosteroids at the time of étudy
have been included in Tables 54 and 55 and in Figures 15-17. The
mean migration inhibition in the treated groups was frequently lower
fhan in the corresﬁonding untreated group for the same dose of anti-
gén. The return towards normal was moét marked with crude nuclei and

least with deoxyribonucleoprotein.

In addition to a reduction»in inhibition, therec were individuals in
the trcated cryptogenic fibrosing alveolitis group showing signif-
icant enhancement of migration te crude nuclei and deoxyribonucleo—
protein which had not been seen in the untreated groub. Enhancement
was shown in 3/9 (33.3%2) to crude nuclei, and 1/8 (12.5%) to

deoxyribonucleoprotein.

In occasional patients tests wefe performed before‘and after tfeat*
ment (indicated by the connecting lines Figu¥és 15-17). These too
showed a consistent reduction in the degree of inhibition following
corticosteroid treatment. Interestingl&, one patient with cryptogénic

fibrosing alveolitis showing enhancement with DNA before :reatment
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SURMARY OF T.7HiPHCOYTH RESULTS

The lymphocyte findings from section XI above arc summarized

in Table 58.



TABLE 58

Tebulated summary of lymphocyte findings: Characteristic features
of lymphocyte sensitisaticn to antigens of cell nuclei in human
lung diseases.

Percentage of patients with
evidence of leucocyte inhibition to:

Whole Deoxyribo-
nuclei  nuclecprotein  DNA
(%) (%) (%)
Pleuropulmonary SLE 60 : 33 ' 33
CFA T 0 46
Asbestosis 33 11 LYy

Intrinsic asthma 0 -0 0
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" 'CHAPTLER 5

"DISCUSSION
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RAL DISCUSSTON

The thesis preposal that nuclear antigens stimulate different types
of immune reeponse in lung disease according to the distinctive
clinical cirvcumstances originated from date which suggested
variability in the prevalence of immunofluorcscent ANA in diff-
erent lung diseases. The early confirmation that this was not

the consequence of age or sex variation was an encouraging start

to this study and justified continuation with the detailed
investigations. These have provided further suppdrt for the

thesis proposal.

ANA positive patients with pleuropulmonary SLE, cryptogenic
fibrosing alveolitis (CFA), asbestosis, silicosis and intrinsic
asthma have been shown to differ in the numbers and types of
nuclear antigens involved, and the numbers and types of antibodies
stimulated. It has also been shown that cellular as well as
humoral immune responses to nuclear antigens are stimulated in

some patients. lowever, in many other patients the humoral response
was not accompanied by a cellular response. The clinical distine—
tions were usually characteristic combinations of features, and
only rarely was any single characterising feature demonstrated.

The alternative\idea that responses to nuclear antigens in lung

disease are stimulated in a general way as a consequence of any
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kind of eutensive tissue destruction in the lung which causes the
release of nuclear antigens would seem unlikely in the light of

the present observations.

98}

ERSTTISATTION 70 NUCLEAR ANTIGENS TH NCGRMAL CONTROLS,

Antinuclear Antibodies

The normal control study served to validate the modification of
the indirect immunofluorescent screening method used here to

- detect ANA since the findings were in keeping with those of

other workers using theiir own modifications of the method. The
overall very low prevalence of ANA in randomly selected normal

- controls was confirmed (Alexander Bremner & Duthie, 1960; Ward,
Johnson & Holborrow, 1964; Feitkamp, 1966), as was the progress—
ive increase in ANA prevalence with advancing age, with a greater
increase in females than in males (Beck, 1963; Cannat and Seligmann,
1965; Whittinghem et al, 1969). In this study the maximum pre-
valence noted was 257 in the 70 plus age group, but others have
reported that the increase continues as high as 50% for an 80
plus age group (Cannat and Seligmann,_l965). These observations,
and reports of an iﬁcreased production of other anti-tissue
antibodies with advancing age, particularly thyroid microsomal
antibodies, and gastric parietal cell antibodies (Serafini, Torr-
igiani & Masala; 19645 Whittingham et al, 1969; Hooper et al,

1972), suggest age-related breakdovn or by-pass of tolerance in



the normal control population.

Several cxplanations have been proposed for breakdown, or by-pass,

. .

ssue antigens with age. One suggestion is

J )

of tolerance to some
that subiects living to old age have more opportunities for repeated
incidental exposurc to tissue antigens released, for example,
during inflammatory-reactions.of various kinds, or as a consequence
of infection, or direct mechanical trauma. Certainly transient
antinuclear antibody has been reported following exposure to
bacterial antigens in both man (Bonomo et al, 1965) and in exper-
imental aﬁimals (Christian, De Simone & Abruzzo, 1965), and has
also been reported in some patients after severe burn injury
(Quismorio, Bland & Triou, 1971). These are all procedures which
not only may cause the rclease of tissue antigens but might also
induce their structural modification. It has also been suggested
that aging may be associated with a central breakdown rather than

a by-pass of tolerance, possibly due to the failure of T-cell
suppressor function (Allison, Denman & Barnes; 1¢71). However

such a theory cannot satisfactorily explain preferential break-
down of tolerance to some tissue antigens but not others. Another
explanation ﬁay be that autologous antigens undergo changes with
age due to cellular deterioration and malfunction and are there-

by recognised as foreign (Ram, 1967). Since the various cell

types of the boéy probably deteriorate at different rates this

could explain the prefcerential production of some tissue antibodies

over others. Evidence of a change in the structure of cellular



DA with age has recently been acquired by Chetsénga and his co-
workers (1975) who have discovered that DNA extracted from liver
cells of young mice aged up to 15 months exists mainly in normal
double-helical form, but by the age of 30 mouths about a quarter
of the total liver cell DNA is in single-stranded form. If this
should be confirmed in humans, the persistence of abnormally
high quantities of SS~DNA vould provide one possible type of
autologous antigen appearing with age which might be recognised
as foreign and stimulate ANA production. In the present study
Ouchterlony precipitins to S5-DNA were identified in only one of the
10 normal controls who had age-related ANA. It is possible that

the Ouchterlony immunoprecipitation method is not éufficiently
sensitive to demonstrate small quantities of antibodies to SS-

DNA. Koffler et al (1969) using a haeﬁagglutination method

identified antibodies to SS-DNA in 3% of normal healthy controls.

The age-related ANA's in the ten normal controls were charac—
teristically of very low titre, never exceeding 1 in 40. Simi-
larly low titres have been described for age related normal
control ANA's by Cannat and Seligmann (1965). The immunoglobulin
class of ANA was always IgM, and usually the only class involved
except in one female with both IgM and IgG ANA. In other studies
of normal control ANA's only polyvalen; antiseré have been used.
It is of intereét.that IgM is usually responsible for the major
pgrt of ANA activity in various discases associated with low titre

ANA's (Raum and Ziff, 1962; Gonzalez and Rothfield, 1966).



The patterns of immunofluorescence associated with the normal
control ANA's were either speckled or peripheral. Other workers
have described immunefluorescent ANA patterns in nermal controls
as either speckled or diffuse (Cammarata, Rodnan & Yennell, 1967;
Rothficld and kodnan, 1968). lowever, as has been previously
emphasised, immunofluorescent patterns are very variable even
within the four main descriptive types, and may be interpreted
'differently by different observers. The observation in this

study that females tend to have a.speckled pattern while males
show a peripheral pattern, may be of little significance for such
small numbers. However, it is possible that the two pattern
‘typés indicate the participation of at least two nuclear antigens,
with the added possibility that one is important in females, but the

other in males.

The attempts to identify some of the nuclear antigens reacting with
normal control ANA's were unsuccessful., Antigens examined were
deoxyribonucleoprotein, the main component of the nuclear
chromatin body, double-stranded DNA (DS-DNA), the gene bearing
region of decoxyribonucleoprotein, and SS-DNA which normally exists
only transiently in the nucleus. Except‘for the one normal control
with positive Ouchterlony precipitins te calf-thymus SS-DNA, none
df these macromolecules could be confirmed to sfimulate ANA

production in this small number of normal controls.

Finally, none of the normal control ANA's could fix complement.

.
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It has been reported that Igh ANA may only fix complewent at 37 C,

I (Y ANTA L . M . £3- 5 4 - 0‘, o
unlike TgG ANA's which may f£ix complement at both 4°C and 37 °C
(Cohen et al, 1971). Since the cemplement fimation stace of the
. . . 0
inmmunofluorescent method used here was carried out at 37 C, the
most likely conclusion is that the IgM ANA's of normal controls are"

non—complement fixing.

Lymphocyte Sensitisaiion

‘Regrcﬁably it was not possible to study lymphocytes from the 10
normzl contrels with age-related ANA, but 16 normal healthy
controls who did not have immunofluorescent ANA also showed only
‘minimal iuhibition of peripheral leucocyte migration in the pre-—
sence of nuclear antigens by comparison with migration in antigen-—
frece controls. Nuclear antigens examined were purified rat liver
nuclei, calf thymus deoxyribonucleoprotein, and calf thymus
'DS'-DNA. The slight inhibition in some instances may reflect low
levels of lymphocyte sensitisation but it is more probable that
this is a non—-specific antigen-related effect, for example, due

to slight changes in pH, or viscositv. It is unlikely to be the
result of a cytotoxic effect of antigen since the viability studies
with trypan blue indicated that the antigens were not cytotoxic

over the dose ranges selected for the tests.
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SENSTPTAATION 10 NUCLEAR ANTTCENS TN 'PLEUROPULIVONARY' SLI

Antinuclear Antibodies

The ANA's in this special group of patients with "pleuropulivonary’
SLE not only differed from those in elderly normal cdntrols, but
also differed in many respects from the ANA's in all the other lung
disecases. However, in general they resembled those in other series

of patients with SLE.

Like classical SLF, lupoid hepatitis and scleroderma (Ritchie, 1567)
the patients with 'pleuropulmonary' SLE wusually had high ANA
titres and a greater number of patients had titres equal to or

exceeding 1 in 160 than in any other lung disease group.

Deoxyribonucleopreotein antibodies

The most striking distinguishing feature separating patients with

'pleurcpulmonary' SLE from those with other lung discases was

the presence of antibodies reacting with deoxyribonucleo-

protein in 617 (17 out of 28) of the patients. Positive reactions
with deoxyribonucleoprotein were extremely rare in the other lung

diseases. TFriou (1958: 1967) using an immunofluorescent method
similar to that used in the present study reported that antibodies
reacting with deoxyribonucleoprotein occur in ncarly all patients

with SLE but only very occasionally in other diseases.

The frequent positive results of immunofluorescent tests with



301.

deoxyribonucleoprotein are in keeping with the positive LE cell
tests in 86% (24 out of 28) of the patients with "pleuropulmonary'
SLE. 1L1E cell factor can be demonstrated in about 807 of cases with
SLE (Barnett and Rothfield, 1969) and there is evidence that it ié
an antibody to deoxyribonucleoprotein (Holman and Deicher, 1959).
However, the very occasional patienté positive in immunofluorescent
tests»with deoxyribonucleoprotein in the other lung disease groups
were negative in LE céll tests with thg exception of cne patient
with CFA. Nor were there any clinical features suggestive of

. SLE except in this one patient.

There are a number of reports which suggest a possible role for
~antibodies to deoxyribonucleoprotein in pathogenesis. Robitaille
(1974) has recently reported ﬁhat in serial studies of patients with
SLE the presence of antibodies to nugleoprotein and/or native DNA
paralleled renal disease activity as reflected by the degree of
proteinu?ia. In an earlier study Koffler, Schur and Kunkel (1967)
identified antibodies reacting with deoxyribonucleoprotein as
commonly as those reacting with DNA in eluates from isolated
glomeruli of kidneys from patients with SLE nephritis after
treatment with deoxyribonuclease. Ho&cver, using an Ouchterlony
immunodiffusion method Schur and Sandson (1968) were unable to
demonstrate any association between the presence of precipitating
antibodies to soluble deoxyribonucleoproteiﬁ in 497 of 96 patients

with SLE and diseasc activity or clinical nephritis.
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In our group of paticnts with ‘pleuropulmonary’ SLE, although a
majority of sers (17 out of 28) contained antibodies to deoxy-
ribounucleoprotein, only seven patients ﬁad possiblc wminimal renal
invelvement (Ileigate et al, 1976), six of these had antibodies to
deoxyribonucleoprotein. Immune compleres involving deoxyribonucleo-
protein have recenily been implicated in synovial injury in rheumatoid
arthritis (Robitaille, Zvaifier and Tan, 1973). Joint changes

were present in eleven of our ﬁatients with 'pleuropulmonary' SLE

and eight had deoxyribonucleoprotein antiboedies.

Finally, the absence of deoxyribonucleoprotein antibodies from

sera with lone IgM ANA and their presence ounly in sera with either
IgG ANA or mixtures of IgG ANA with other immunoglobulin classes
suggests that IgG may be important in reactivity to deoxyribonucleo-
protein in 'pleuropulmonary' SLE. ‘The involvement of IgG in
deoxyribonucleoprotein reactivity in SLE has been confirmed by

several workers (Friou and Teague, 1963).

Deoxyribonucleic acid antibodies

Patients with 'pleurcopulmonary' SLE differed from those in all
other lung discases in one other respect. Farr assays aimed at
demonstrating antibodies recacting with double-stranded DNA, were
positive in 247 of patients with 'pleuropulmonary' SLE, but very

rarely positive in patients with other lung diseases. This finding
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is in keeping with results obtained generally using this type of
Di4A-binding test which has so far shown considerable diagnostic
specificity Lfor SLE (Wold et al, 1968; Pincus et al, 1969; IHughes,
Cohen and Christian, 1971; Glass et al, 1973). The 247 prevalence
of positive binding in our patients with 'pleuropulmonary' SLE
was, however, lower than has previously been reported in groups of
patients with SLE referred to other specialists. Binding is
usually observed in between 687 to 907 of patients the lower
figure referfing to cases studied during clinical remission and fhe
4 highef figure referring to patients with progressive SLE or
studied during a period of acute clinical relapse (Peltier et

al, 1974).

The lower than expected prevaience of positive binding tests in

our series of patients with 'pleuropglmonary' SLE has now been

twice reconfirmed using two slightly different medifications of

the binding assay, one cmploying 1125 HeLa cell DNA as in this

study but using double-antibody globulin precipitation (Holgate

et al, 1976), and the other using H3 calf_thymus DNA (Haslam et al,
1976). Not only is the incidence of positive binding low, but the
binding levels are also more in keepiﬁg with figures obtained by
others for cases of SLE in clinical remission (Peltier et al, 1974).
The low incidence of positive binding in this series; together

with an additional demonstration of normal or high serum complement
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(C3 and CHSO) levels, has beenvspeculatively ligkou with the low
incidence of venal disease and a slowly progressive subacute type
of diseasze in these petients with 'pleuropuimonary' SLE compared
with more usual groups of SLE patients (Lolgate et al, 1976). 1In
many other SLLE series active disease has been found to be
assocliated with a rise in the titres-of antibodies to DNA as
measured by binding, complement fixation or other.methods
together with a fall in the serum complement levels (Schur and
Sandson, 1968; Webb, Whaley and Lee, 1974). Tollow-up studies

in the few 'pleuropulmonary' SLE patients with positive binding
would be of interest since they may be subject to more frequent
and more severe periocds of clinical relapse than those with negative

binding, and binding levels may fluctuate accordingly.

Positive binding with DNA distinguishcd 'bleuropulmonary' SLE

“from the other lung diseases but an explanation must now be found
for the positive Ouchterlony precipitins to DNA in all the disease
groups except intrinsic asthma. Many different methods are
currently in use to demonstrate antibodies to DNA including
complement fixation (Robbins et ail, 1957) haemagglutination (Jokinen
and Julkunen, 1965), counter-current electroimmunoprecipitation

(Davis, 1971) and Crithidia luciliae immunofluorescence (Aarden, de

Groot and Teltkamp, 1975) as well as the radioimmunoassay and
Ouchterlony immunodiffusion methods. Variable recsults are frequently
obtained using different methods for reasons which are not fully

understood (Davis, 1973).
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There are several possible cxplanations for the different Farr assay
and Ouchterlony preeipitation results. One possibility is that the
Ouchterlony method may bé demonstrating non—lmmmoslogical precipitation
of negative charged DNA with positively charged scrum components

such as Clg (Agnello et al, 1969). This, however, seems an unlikely
explanation in view of the confirmation of the results using heat -
inactivated sera and counter-current immunoprecipitation to

distinguish immunological from non-irmunological precipitation,

.the demonstration of immunoglobulin in the OCuchterlony precipitin

lines using 1125

—anti human immunoglobulin, and the immunoelectro-
phoretic analysis which suggested the involvement of IgG immunoglobulin..
‘Perhaps one of the most important reasons for the variable results
is that different types of DNA were used as the test antigens. The
physicochemical studies suggested that the HeLa cell DNA used in
the Tarr assays had suffered no, or minimal, damage to the double-
stranded helix during preparation, but that some single-stranded
breaks were present in the calf thymus DNA purchased for use in

the Ouchterlony tests. It is therefore possible that the

additional positive results obtained using the Ouchterlony method
may relate to antibodies reacting with single-stranded rather than
double~stranded DNA. In keeping with this suggestion is the
generally close correlation of the Ouchterlony ﬁest results with
calf thymus 'DS' and SS-DNA in all the discases. These findings
also suggest that Nuclease Sl treatmenﬁ is not a reliable method for
échieving couplete removal of SS-DNA contamination from damaged

double-stranded DNA. Recently it has been shown that DNA-binding
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levels decrease linearly with decreasing Molecular Weight of DNA
test antigen (Geisert et al, 1975), and infrequent binding could
be due to the use of low Molecular Weight DNA. However, the
HeLa cell DNA used in these binding stﬁdies was of high Molecular
Weight (11.56 x 106). Aarden (personal communication)"

has recently supgpested that precipitation with DNA may be
especially due to IgM antitodies but DHA-binding due to IgC
antibedies. Howevcr,'the demenstration of IgG, but ncver-IgM

DNA precipitins in the lung disease sera so far examined suggests
tﬁat this is not the explanation for the different results in this
study. Tinally the significant association of the positive binding
with high AEA titres suggests that a quantitative explanation for

' the different binding and precipitation‘results should not be

disregarded.

If it should be confirmed that thé Farr tests arc demonstrating
antibodies to DS-DNA in ‘pleuropulmonary' SLE, it is possible

that they may also cross—react with SS-DNA. Wé have recently

shewn that the positive binding in these patients can in all

instances be removed by prior absorption of sera with SS-DNA (llaslam
et al, 1976). The ability of S$S~DNA to totally inhibit reactivity

to native DNA in SLE has been previously reported (Stollar and Levine,
1961; Arana and Seligmann, 1967; Koffler et al, 1969). There is

also evidence of another type of antibody in many SLE sera and in

ANA positive sera from various other disceses which reacts with,



and i inhibited by, only SS-DNA (Kofflet et al, 1269; Tan and
Natali, 1970). It is possible that the majority of sera in this
study with positive precipitins but negétive binding have a

similar type of antibody. Designation of the DRA precipitins in
lung discases as DS—DNA specific, DS/SS-DNA cross—reactive or S55-DHNA

specific must, however, await further studies.

In the past most attention has been given to investigating the role
of native-DIA antibodies in the pathogenesis of the kidney and skin
Isions of patients with SLE, mainly because antibodies reactive with
DS—-DNA have shown considerable diagrnostic specificity for SLE.

Tn addition their levels have fluctuated in close agreement with
serum complement levels and have provided a method for monitoring
the activity of the renal disease (Schur and Sandson, 1968).
Antibodies to SS-DNA were considefed probébly of lesser importance
in SLE since high levels are frequently maintained during clinical
remission and in addition they frequently occur in diseases other
than SLE. However, these observations in lung disease suggest

that if antibodies to DNA play any significant role in pathogenesis,
those to S5S-DNA may be generally more important than those to DS-DNA
even in 'pleuropulmonary' SLE. Recent evidence of immune-complexes
involving SS~DNA and antibody to SS—-DNA in glomeruli of 8 out of

9 patients with SLE nephritis, apparently able to activate com-
plement via the‘primary pathway (Koffler, Agnello and Kunkel, 1974)
has suggested that antibodies to SS-DNA may also play a role in

pathogenesis. Koffler et al (1973) also reported a high incidence
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of free SS*DNE coeurring in greatest coucentration in sera of
patients with SLYE, and in high incidence but lower levels in the
sera of patients with rheumatoid arthritis, and in several other
diseases wheve- a low incidence of antibodies to SS—-DNA is observed,
suggesting that in all these diseasgs a situation conducive to
SS-DNA anti-SS-DNA immune complex formation might arise. Finally,
it bas been reported that New Zealand mice rendered tolerant to
denatured DNA fail to make antibody to denatured DNA and fail to
'develop chronic membranous glomerulonephritis (Borel, Lewis and
Stollar, 1973). Similar findings have also been réported by

Parker, Hahn and Osterland (1974).

It is not known why all eleven patients with positive DS-DNA
binding whatever their disecase, also had antibodies to deoxy-—
ribonucleoprotein. Purely speculative proposals are that both
types of response may be stimulated by viral aﬁtigens . ),

or perhaps the DS-DNA binding antibodies may also cross—react with

the DNA of deoxyribonucleoprotein.

Complement fixing ANA

While 'pleuropulmonary' SLE was distinguiéhcd f;om all other

lung diseases by the presence of antib§dies reacting with deoxy-
ribonucleoprotein, LE cells and antibodies binding with DS-DNA,
other features éere noted in this study‘ﬁﬂiﬂlprovide immunological
1inks between the ANA's of 'pleuropulmonary' SLE and those of

certain other lung diseases, and at the same time distinguish them
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from the remaining lung diseases. One observation falling into

this category and linking 'p]eufopulmonary' SLE with CrA, was the
finding of complement fixing ANA in the serum of 397 of the ANA
positive patients with "plcuropulmonary' SLE and 34% of the patients
with CPA. Complement fixing ANA's were absent from all the other
lung disease groups except for just 3 (14%) of 22 ANA positive

silicotic sera.

Complement fixation is known to be a variable property of the

MA's in SLL (Tojo and Friou, 1968) and it has been said to
correlate well with the presence of IgCGl and IgG3 subclasses of ANA
(Puritz et al, 1973). In this study complement fixing ANA was
particularly associated with mixtures of IgG, IgM and IgA ANA's

and was also found in sera with lone IgG ANA but there was a
significant abscnce in sera with ione IgM ANA. It would now seem
apprqpriate to look for a relationship between IgG subclasses and
complement fixing ability of the ANA}s‘in 'pleuropulmonary' SLE

and CFA,

Complement fixing antibodies to deoxyribonucleoprotein have been
described in many SLE sera (llolman and Deicher, 1959). However, in
this study deoxyribonucleoprotein antibodies were detected in

sera with and without complement fixing ANA and similar findings
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wave been obiained by Rothfield and Stollar (1967). There have
also been nwuny repovts of compl@ment fixing antibodies to DNA in
SLE (Robbins ¢t al, 1657; Séligmann and Milgrom, 1957; Schur and
Sandson, 1968). The evidence of an asscciation between complement
fizing ANA and SS-DHA precipitins im 'pleuropulmonary' SLE and

CFA suggests a possibility that somé‘SS~DNA’precipitins in these
diseaées may fix Complemeut.v If so théy may be distinct from the
SS-DNA precipitins in asbestosis, silicosis and intrinsic asthma

which occur in sera with non-complement fixing ANA.

ANA's with complement fixing ability may be particularly well

able to take part in tissue damaging reactions.

Immunoglobulin classes of ANA

The multiple immunoglobulin classes of ANA in 'pleuropulmonary'
‘SLE'which included LG, IgM and IgA resemble the findings in

other groups of patients with SLE (Barnett et al, 1964; Gonzales and
Rotlhifield, 1966), and Kantor, Van Herle and BArnett (1970) have
also reported IgD ANA in SLE sera. The mixtures of immunoglobulin
classes of ANA in individual sera which were also common in CFA

and intrinsic asthma may reflect multiple stimulatory antigens.
There was evidence of a number of different antigens in 'pleuro-
pulmonary' SLE but not in the other two diseases. Prolonged
antigenic stimulation is another possible explanation for a nmultiple
inmunoglobulin class response but in lung discases, even in

asbestosis where patients tend to produce a lone immunoglobulin
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class of ANA, the AA's appear to persist (Turner-Warwick, 1974)

supgesting persistent antigenic stimulation.

There has been some reccﬁt interest in the theory that immediate-—
type hypersensitivity rcactions mediated by reaginic an%ibodies
could be one mechanism for damagé to cell membranes with con~
sequent increase in capillary.permidbility which might allow access
of circulating immune complexes Lo Lhe tissues in patientg with
SLE (Xnicker and Cochrane, 1968). TFor this reason the lLendency
fér mixtures of TeG and IgM ANA to occur mainly in patients with
'plcuropulmonary‘ SLE and intrinsic asthma was of interest. Ve
have reéently followed up Lhis slight éuggestiom of an immuno-
logical link between ‘pleuropulmonary' SLE and inﬁrinsic asthma
by looking for Igh ANA (Haslam, Soutar and Turner-Warwick, 1976).
Howeﬁer, while we have identified ANA's reacting with an anti-
human IgE:antiserum this did not éstablish'a link between SLE and
intrinsic asthma, nor are we yet convinced that the antiserum was

reacting specifically with IgE.

Miyawaki and Ritchie (1974) have described IgE ANA in 487 of
patients with SLE and in 58% of patients with procainamide induced
SLE, but in only 5% of patients with rheumatoid arthritis. In

addition they described IgE ANA in 56% of sera with antinucleolar
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ANA fron paticnts with systemic sclerosis or atypical illncsses
associated with Raynaud's phenomenon. Attempts to obtain evidence
for a rele for IgE in various nepbropathics using immunofluorescent
nethods have so far been unsuccessful (Roy, Westberg and Michael,

1973; Benuich et al, 1974). .

Immunof luorescent staining patterns

The failure to demonstrate the peripheral pattern of staining in
"pleuropulmonary' SLE despite frequent descriptions of the pattern

in other groups of patients with SLE, particularly those who are
acutely ill (Gonzalez and'Rothfigld, 1966; Casals, Friou and

Teaéue, 1963),‘is another immunological observation in keeping with

the conclusion of Holgate et al, (1976) that 'pleuropulmonary' SLE

may be.a sub-acute form of the disease. The peripheral pattern in

all the other lung diseases and in the few male normal controls with
ANA probably differs from the 'shaggy' membrane-pattern described ﬁy
Casals, Friou and Teague, (1963) in SLE. Certainly, the peripheral
pattern described in this study was more 'uniform' than 'shaggy', and
more frequently related to IgM ANA than to other immunoglobulin classes.
The peripheral pattern in active SLE usually relates to IgG ANA, com-—
plement fixing antibodies to DNA and especially high DNA binding levels
(Rothfield and Stollar, 1967; Luciano and Rothfiéld, 1973) . In our
patients,complement fixing ANA was significantly rare in sera with a
peripheral pattern, and the pattern was‘not seen in the few sera with

positive DNA-binding.

The observation thdt a homogenecus pattern was the most common immuno-—
pleurcpulmonary' SLE and
that it appears to relate to deoxyribonuclease sensitive antigens

resembles the findings in other patients with SLE (Beck, 1963). It
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was also the most common patteyn in the other lung discases.

One other featurc common to 'pleurcpulmonary' SLE and CFA and
digtinguishing them from the other lung diseases was the demonstration
of nucleolar patterns of staining in a small number of patients.
It was interesting that these pattérns were asscociated with high
titres-of ANA, mixturgs of IgG, IgM and TgA ANA's and complement fixing
ANA., Miyawéki and Ritchie (l§745 reported that the nucleolar ANA'S
in patients with systemic sclerosis or atypical illnesses associated
" with Raynaud's phenomenon nearly always occur in sera with more than
two immunoglobulin classes of ANA, and frequently fix C3 and C4.
vRﬁynaud‘s phenomenon was observed in five of the patients with
"pléuroﬁﬁimbﬁaz?' SLE but nong'had nucleolar ANA, ‘and scleroderma
was diagnosed in three of the patients with CFA oniy one of whom had

nucleolar staining.

The observation that nucleolar and speckled staining patterns in
‘pleurOpulmonary' SLE related to saline soluble or deoxyribonuclease
sensitive antigens, but thét similar patterns'in CFA related to
ribonuclease sensitive antigens suggests that different antibodies aré
involved. Speckled patterns in SLE have previously been described in
association with a phosphate buffer extracted 'Sm' antigen (Tan and
Kunkel, 1966) and with a protecase sensitive, ribonuclease iﬁsensitive

nuclear antigen (Sharp et al, 1972). In CFA it is possible that
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spcekled patterns mey regomble those associated with a ribonuclease
sensitive, protease insensitive antigen desceribed by Sharp et al

(1972) in mixed conncetive tissue disease.

Although there was little evidence qf antibodies to ribonuclease
sensitive antigens or of precipitins to depolymerized RNA in
'plevropulmonary' SLE, nevertheless there have been several reports

of antibodies to ribonucleate antizens in SLE. Precipitating antibodies
to soluble ribonucleoprctein of cytoplasmic origin have been des—
cribed (Reichlin and Mattioli, 1972; Mattioli and Reichlin, 1974),

and precipitating antibodies to ribonucleoprotein of nuclear origin

in SLE, scleroderma and mized connective tissue diseases (Parker, 1973).
Antibodies to double-~stranded but not single-stranded RNA have been
described in between 547 and 707 of patients with SLE and with a
slightly lower frequency, 147 to 387 in other comnective tissue dis-
orders (Nassonova et al, 1972; Sylvester et al,.l973). They ‘also

occur spontancously in NZB mice (Powell and Steinberg, 1972; Talal,
1973). The failure to demonstrate precipitins to low molecular weight
RNA in this study is in keeping with recent observations which have
indicated that the immunogenicity of RNA depends especially on the
conformation of the double~helix rather than. on the presence of a given
base or the nature of the sugar (Nahon, Moulart and Lacour, 1973).

Lymphocyte Sensitization

These studies using the lecucocyte migration test as an in vitro



correlate of cell-mediated iumunity suggest that nuclear antigens can
stimulate ccllular as well as humoral immune responses in patients
with ‘'pleuropulmonary' SLE, and morecover also in patients with CFA

and asbecstosis.

The numbers of patients included in Ehe lyméhocyte studies were too
small to allew accurate conclusions witﬁ regard to prevalence? but.
well over half the patients with 'pleuiopulmonary' SLE appear to show
lymphoceyte sensitizatioﬁ using whole rat liver nuclei, calf thymus
deoxyribonucleoprotein and commercial calf thymus DNA. The evidence
of 1ympho§yte sensitization to deoxyribonucleoprotein is in keeping
with a previcus report of delayed intracutancous skin tests with
homologous nucleoprotein in patients with SLE (Azoury, Jones and

Gum, 1960) and is another feature distinguishing patients with

"pleuropulmonary'

SIE from those with other lung diseases. The
positive inhibition of leucocyte migration to comrercial calf thymus
DNA supports the previocus evidence of lymphocyte sensiktization to DNA
in SLE obtained with a variety of methods. Thése have included blast
transformation of lymphocytes (Patrucco, Rothfield and Hirschorn,
1967; Reinert et al, 1971) and delayed_hyperéensitivity skin reactions
(Azoury, Jonés and Gum, 1966; Reincrt et al, 1971) as well as inhib-
ition of peripheral leucocyte migration (Muller-Berat and Moulias,
1970; Moulias et al, 1970: Harpey et al, 1971; Galanaud et al,

19715. However, this study has demonstrated that lymphocyte sensit-

ization to DNA is not unique to patients with SLE but also frequently



occurs in ANA positive patients with CFA and asbestosis.

The obscrvation that, although antibodies to deoxyribonucleoprotein
and DNA were present in many patients with ‘pleuropulmonary' SLE,

the antibody and lymphocyte responses rarely occurred together supgésts
that. the positive inhibition is unlikely to be mediated by antibody.
This is also supported by the lack of correlation between positive
inhibition and the ANA titre. The interesting dissociation between
‘antibody and lymphocyte responses may be a reflection of host diff-

erences.

"In conclusion it appears that reactivity to decoxyribonucleoprotein

in lung disease, either antibody production lymphocyte sensitization

or both, is especially characteristic of patients with "pleuropulmonary'
SLE but that antibody and lymphocyte responses to DNA may occur in

several lung diseases.

Peripheral leucocyte tests with whole rat liver nuclei were sometimes
negative when positive responses were observed with purified

antigens. This suggests that the whole nuclear preparation may con-
tain insufficient amounts of antigens for lymphocyte sensitization to be
detected in some instances. Thg patients who had circulating ANA but
who did 1ot show 1ymphqcyte sensitization to any antigen may be either
vithout 1ymphocyte involvement or may be sensitized to other types of

nuclear antigens not tested here in purified form and not present



in sufficient quantitics in the crude nuclear preparation.

These findings suggest that lymphocyte-mediated hypersensitivity
reactions may contribute to the tissue damage in some patients

with 'pleuropuimonary' SLE. The complexity of the clinical situation,
as well as the complex immunological findings has, however, con—

fused attempts to detcrmine whether any particular clinical presen-

tation is related to any distinctive immunological observation.

Possihle Stimulatory Pathways

The reasons for initiation and maintained stimulation of multiple
.immune responses to nuclear antigens in patients with SLE are un-
known but certain observations allow speculation. There is some
evidence of persistent virus in paticnts with SLE {(Klippel et al, 1974
Metz and Metz, 1974: Mdolten, 19743 Schwartz, 1975; Zhdanov, 1975) and
it seems possible that responses to deoxyribonucleoprotein may be
stimulated by viral nucleoprotein or as a comsequence of viral induced
changes in host nucleoprotein. Respomses to other nuclear antigens
might be stimulated by other viral presentations, or by host antigens
released from damaged cells. In the drug-induced lupus syndromes there
is evidence that some drugs combinc with host ngcleoproteins (Tan,
1968a; Alarcon—~Segovia, 1973) suggesting that this type of altered host
antigen might achieve by—paés of tolerance. It is also of interest,

in view of the pﬁotosensitivity of many patients with SLE, that ultra-
violet light denatured DNA can stimulate antibodies to DNA in exper-
imental animals (Tan, 196&b) . Ultra-violet light irradiation is also a

method of inducing replication of latent virus (Davis et al, 1968)
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should virus prove important as an antigenic stimulus in SLE. Tamily
studies (Pollak, Masndema and Kark, 1960; Chantler et al, 1973) and
studies in NZD/NZV hybrid mice (Braverman and Marino, 1966) have
suggested that SLE may be genetically determined. There is also some
evidence of abnormality in the T—lymphocyte populatibn in patients with

SLE (Horwitz, 1972; Hahn, Baghy and Osterland, 1973). These last

observations have posed the question of defective tolerance control.

Whatever the sources of stimulatory nuclear antigens in patients with
SLE, reasons must also be found for maintained antigenic stimulation
to explain the persistent responses. Biochemical abnormalities which
might lead to prolonged maintenance of some types of nuclear antigens
in the circulation are increased levels of deoxyribonuclease inhibitor
in patients with SLE and ANA positive patients with other diseases
(Frost and Lachmaﬁn, 1968) and in-NZB/NZW hybrid mice (Hadjiyannaki
and Lachmann, 1972), and a slow rate of drug acetylation in drug-
induced lupus and in the spontancous form of the disease (Alarcon-

Segovia, Fishbein and Alcala, 1971; Godeau et al, 1973).

Main Conclusions

Patients with 'pleuropulmonary' SLE resemble those referred to other
specialists having multiple responses which may involve different
nuclear antigens, several immunoglobulin classes of antibodies and

sensitized lymphocytes even in individual patients. The variety of
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responses 16 grester then in any other lung disgase. Distinctions from
other groups of patients with SiE are the low frequency of antibodies
binding with double-stranded DNA ond of the 'shaggy' membrance

pattern of immunoflucicscent staining, which suggest a sub—acute

form of the discase.,

ﬁeoxyfibonucleoprotein appeafs to be an important antigen stimulating
antibody preduction in the majority of patients, and iﬁ some cases
lymphocyte sensitizatidn. It was very rarely involved in the other
Jung diseases. DNA also appears important. Precipitating antibodies
were detected in about half the patients and lymphocyte sensitization
in others, however similar responses to DNA were demonstrated in other
lung diseases. It is suggested that single stranded DNA may be the
antigenic stimulus in most instances except in a small number of
patients who were distinct in having antibodies binding with double-

stranded DNA.

The identification of complement fixing ANA iﬁ just under half the
patients suggests antibodies with the potential to mediate tissue-
damaging reactions. The evidence of lymphocyte sensitization to
deoxyribonucieoprotein and DNA suggests also a possibility of lymphocyte-
mediated hypersensitivity reactions.

Reasons for vafiable responscs to nuclear antigens in patients with

"plecuropulmeonary' SLE are not known but may reflect a range of
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stimulatory mechanismc. The abscuce of relationship between antibody
and lymphocytie responﬂés to the same antigen suggests that host diff-
erences may determine some of the immunological differences. Another
theory is that persistent virus might explain a multipie antigenic

stimulation including the unusual reactivity to deoxyribonucleoprotein.

These observations, when compared with the findings in the other

lung diseases,; not only swppoft‘the proposal that immune responses té
nuclear antigens may arise in different ways in different lung
disecases but also suggest that even in 'pleuropulmonary' SLE they

may arise in different ways.

SENSITIZATION TO NUCLEAR ANTIGENS IN CRYPTOGENIC FIBROSING ALVEOLITIS

Antinuclear Antibodies

Unlike 'pleuropulmonary' SLE, not all patients with CFA had ANA
immunof luorescence. The prévalcnce (377) was similar to that in
silicosis (447) but higher than in asbestosis (26Z) and intrinsic
asthma (277). The range of ANA titres also resembled that in sili-
cosis, lower than in ‘pleuropulmonary' SLE, but higher than in
asbestosis. Intereétingly, males with CFA had a lower prevalence and
lower range of ANA titres than females with CFA, and in these
respects rescmbled the male asbestosis group.

ANA production in CFA, as in 'pleuropulmonary' SLE did not appear

to be a consequnce of aging occurring similarly in young, under 40
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vears, and older, over 40 years, age groups., Since ANA was not detected
in normal healthy controls of under 40 years of age in this or other
normal control studies, the presence of ANA in younger patients
indicates that' ANA producticn is likely to be linlked with the diseasc

process.

The ANA's in CFA were distinct from those in "pleuropulmonary' SLE
but resembled those in other ANA positive lung discases generally
unable to react with deoxyribonucleoprotein, induce LE cell
formation, or react with DS~DNA in Tarr-binding tésts. This

suggests differences in the stimulatory antigens.

Complement fixing ANA

A most intcresting finding was that CFA vesembled 'pleuropulmonary'
SLE but was distinct from the other lung diseases in having complement
fixing ANA in just over a third of the ANA posifive patients. Thus

in CFA, as well as in 'pleuropulmonary' SLE, at least some of the

ANA's have the potential to take part in tissue damaging reactions.

SS~DNA precipitins

The observation that in CFA as in 'pleuropulmonary' SLE complement
fixing ANA tended to occur in sera with precipitingé to SS-DNA siggests
that some precipitating antibodies to SS-DNA in patients with CFA may
fix comploment.“ However, since many other patients had SS-DNA

precipitins without complement fixing ANA there is again a possibility



of diifervent types of antiboedies veacting with $S-DRA. There may
perhaps be slightly different forms of stimulatory antigens, or alter-

natively host determined differences of immunoglobulin subelass

responsa.

Inability te fix complement does not necessarily mean that an anti-
body cannot take part in tissue damaging rcactions, other possible
routes include those involving reaginic antibodies (Coombs and Gell,
1975), non~specific stimulation of T-lymphocytes by immune complexes
(Moller, 1969) or antibody dependent 'K-cell' cytotoxicity (MacLennan,

1972).

- A suggestion of a generally higher frequency of complement fixing ANA
in female patients over males; and a trend towards a higher frequency
of SS-DNA precipitins in females over males emphasizes that caution
should be given at this stage to a definite conclusion that 'pleuro-
pulmonary' SLE and CFA are distinct from asbestosis and silicosis in
possessing complement fixing ANA in association with precipitins to
§5--DNA, since the patients with the industrial lung diseases were

mostly male.

In other studies (Turner-Warwick, Haslam and Weeks, 1971) we have been
unable to obtain convincing evidence that immune complexes‘play any
important role in the pathogenesis of CFA. Immunofluorescent examin-
ation of bicpsy and /or post mortem lung material from thirty- three
patients demenstrated evidence of complement fixing immune-

complexes in only six instances, but since CFA is probably a syndrome
of mixed etlolegy (Turner-Warwick, 1972) it was significant that all

six patients had circulating ANA., Serum from three of the six
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was availlable ior dnclusien in the present stud?. Two had preeipitins
te SS-DNA together with complement fixing ANA, and both had IgG ANA,
The vemaining patient had Igl AA and precipitins reacting with 'DS'

but not S$S-DuA, but did not have circulating complement fixing ANA.

None of the pﬁtients reacted with deoxyribonucleoprotein or with Dé“DNA
in TFarr-binding tests, but one with TgG ANA had positive LE cells and
clinical features of systemic disease suggesting an overlap with

~SLE.

DS-DNA précipitins

The close correlation of the precipbin results with '"DS' and

SS-DNA in CTA suggests that in most instances SS-DNA may be the reactive
antigen. The small number of sera precipitating only with 'DS'~

DNA have not vet been re-tested after ﬁbsorption with SS-DNA but none
showed positive binding with DS-DNA. There is thus no convincing

evidence from these studies of sensitization to DS-DNA in CFA.

Immunoglobulin c¢lasses of "ANA

Certain patients with CFA and 'pleuropulmenary' SLE had mixtures of
IgG, IgM and IgA ANA's. These triple mixtures were rare in patients
with other lung discases. The patients also tended to have high titres

of ANA and complement fixing ANA. There was however, no especial
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tendency for such patients with CFA to have a systemic disorder.
Another feature which distinguisbed CFA from 'pleuropulmonary' SLE

was the presence of lonc IgM ANA in some patients.

Inmunofluorescent staining patterns
[

While the homogencous immunofluoreséent staining pattern was the

ﬁost ;ommonvpattern in CTFA aé in the ofher lung disecases, the

frequent demonstration of the peripherél pattern again conflicts with
the findings in 'pleuropulmonary' SLE. As previously discussed

(p3l2) this peripheral pattern associated with IgM ANA is probably
diétinct'from the 'shaggy' membrane pattern associated with IgG ANA
which has.been described in some patients with SLE (Casals, Friou and
Teague, 1963). The possible distinction between nucleolar and speckled
stalning patterns iﬁ CrA and 'pleuropulmonary' SLE has also already been
discussed (p.315) together with evidence that these patterns may

relate to ribénuclcate antigens in CFA., Two of the

patients with CFA and speckled staining had evidence of a mixed conn-
ective tissue disorder, but many patients wiéh speckled or nucleolar
patterns had only the lung disease. The demonstration of antibodies

to ribonuclease sensitive antigens in CFA ié of interest since in an
earlier stu&y we found complement fixing antibodies to cytoplasmic
tissue compcnents in 27.5% of patients with CFA (Turner-Warwick and

Haslam, 1971). These were reacting mainly with cytoplasmic ribosomes.

.

This suggests that ribonuclcoprotein of cytoplasmic as well as nuclear

“ribosomes may be involved in antibody activity in CFA, and it may be
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worthwhile ipvestipating reactivity to ribonucleoprotein in CFA in
greater detail. Antiribosomal antibodies have been described in

up to 29% of paticnts with SLE (Schur, Moroz and Kunkel, 1968).

Deoxuyribonucleoprotein and DS-DNA binding antibodies

The six patients with CFA who had positiﬁe reactions with deoxy-
ribonuéleoprotein remarkably were ﬂxarére patients with associated
idiopathic liver disease. Only one had LE cells and in adaition

to lung and liver involvement, this patient had other systemic changes
suggestive of SLE. This observaiilon raises the question of viral
ctiology for the liver disecase and also the question of whether

the lung disease in these patients is related to the same etiologic

agent as the liver disease.

Just three patients with CFA had shown positive Farr-binding with
DS—-DNA, aﬁd these did not react with deoxyribonucleoprotein nor did
they cliﬁicallylﬁulfil the criteria for SLE. However, all did have
systemic changes in addition to the lung diseasé, one with scleroderma;
one with liver disease and the third with'rheumatoid'arthritis and

vasculitis.

It is possible that these immunological parameters may help to
identify patients with CFA who have systemic disease, a rapid pro-—

gression and poor prognosis.
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Lymphocyte Sensitization

This study has shown for the first time that commercial calf thymus
DNA inhibits the migration of leucocytes from just under hali of

untreated paticnts with CFA. The lack of corvelation with the

n

antibody results uvsing the same antigen suggests that, like certain

patients with 'pleurcpulmonary'

SLE, these patients may mount a
cellular immune response to this antigen. However, in CFA there

was né evidence of 1ymphocyte‘sensitizaﬁion to deoxyribonucleoprotein.
This is in keeping with the antibody fiﬁdings and provides further
evidence of different stimulatory mechanisms in CFA and ‘pleuro-
pulmonary' SLE. This has relevance to the clinical situation since
it éuggests that patients with CFA who respond to nuclcar antigens

do not necessarily fall inte a subgroup with a clinical and possibly

an etiological overlap with SLE.

The positive response to SS-DNA in a patient who had also reacted
.with the unheated 'DS'-DNA suggests that, as in the antibody studies,
the reactive antigen may in most instances be SS-DNA in the damaged

commercial 'DS'-DNA. Patients who did not sh&w lymphocyte sensit-—
ization to calf thymus DNA might still be sensitized to other types
of nuclear antigen since the whole rat liver nuclei appeared an
unsatisfactory screening antigen. Cell-mediated immune hypersensit-—
ivity reactions triggered by lymphocytes sensitized to DNA may,
thevefore, contribute to tissue damage in a number of ANA positive
patiénts with CFA. The real contribution of lymphocyte-mediated
hypersensitivity reactions to tissue damage in CFA is, however,
difficult to assess using methods such as peripheral leucocvte

migration which require a fairly pure form of an identified antigen.
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In CFA there is no known extrinsic etiologic agent (Turner-Warwick,
1972). There are several different kinds of anti-tissue reactivity
but the antigens involved even in antinuclear reactivity have still
to be properly idcntified (Turner-Warwick and Haslam, 1971). What
is required is a method to look for evidence of lymphocyte-
mediated hypersensitivity which is not dépendent upon antigen.

In an earlier unpublished study, we bbﬁained evidence that circulating
lymphocytes from patients with CFA could be directly cytoxic to
Wistar strain W1-38 human lung fibroblast tissue culture monolayer
.tafget cells. More attention should be focussed on this type of
study which is particularly valuable since it not only serves as a
marker éf poésible lymphocyte sensitizétion but also confirms that
.these are primed for tissue~damage. Many other methods merely con—

firm that lymphocyte sensitization has at some time occurred.

Possible Stimulatory Pathways

Nothing is known of the pathways leading to stimulation of immune
responses to nuclear and other tissue antigens iﬁ CFA. Family
studies (Peabody et al, 1950; Bonanni, Frymoyer and Jacox, 1965;
Swaye et al, 1969) and recent evidence of an increased prevalence
of HLA W12 in patients with CFA ( Evans, C.C., personal
communication) have suggested some element of
genetic predispo§iticn for the disease. It is, thérefore, possible

that there is a genetic predisposition for anti-tissue reactivity.



Viral eclbiolegy has been suggesied (CGolden and Tullis, 1949;
Pokorney and Fellwig, 1955) but with only minimal supportive
evidence (Webster, 1972)., I{ confirmed this might also provide

explanations for the anti-tissuz responses.

The main finding of precipitating antibodies to SS-DNA but not to
DS~DNA‘in CTA rescembles the findings in connective tissue disorders
other than SLE, for example rheumatoid arthritis and systemic
sclerosis (Koffler et al, 1971; Hughes, 1975) which can also occur
in clinical association with CFA. This may reflect a similar mode

of sensitization to nuclear antigens in these disorders.

Main Conclusions

Cryptogenic fibrosing alveolitis is distinct from all the other lung

' SLE in having complement fixing ANA

diseases except 'pleuropulmonary
together with precipitins to SS-DNA in just over a third of the ANA
positive patients. However, it is distinguished from 'pleuropulmonary'
SLE by the vitual absence of LE cells, antibodies reacting with |
deoxyribonucleoprotein and of antibodies binding with DS-DNA. It
resembles silicosis, asbestosis and intrinsic asthma in having some
patients with precipitins to SS~DNA but without complement fixing

ANA. The prevalence and range of ANA titres in CFA is similar to

silicosis, lower than in pleuropulmonary SLE but higher than in the

asecs, and in fact over half the patients have negative

other dis

nuclear irmunofluorescence.

CFA is a syndrome of probable mixed etiology, and the immunological
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findings appear te demenstrate a number of clinical subgroups. The
few paticnts showing reactivity to deoxyribonucleoprotein all have
associated liver disease possibly suggesting viral etiology, and the
few with positive Farr~biﬁding to DS~DNA have systemic disease

rather than lone lung involvement.

The nuclear entigens s;imulating the responses in the majority of
these patients with CFA remain unknown.. However, the different
irmunoglobulin classes of ANA and different patterns of ANA

"immunof luorescence suggest the involvement of several different
antigens. It is felt that reactivity to ribonucleoprotein of nuclear

and cytoplasmic origin should be investigated further.

Evidence of lymphocyte sensitization probably to SS-DNA suggests that
this may trigger tissue damaging cell-mediated hypersensitivity
reactions in some patients with CFA. It is also possible that this
antigen may be involved in tissue damage via immune complex

formation with complement fixing antibody.

The findings in the different lung diseases favour the proposal that
different responses are stimulated according to the clinical cir-
cumstances, but it must be explained why this is shown by different
combinations cf features with some overlap betwcen'tﬁc diseéses
rather than by éistinct differences of response. The common prod-
uction of complement fixing ANA in CFA and 'pleuropulmonary' SLE may

reflect some similarity of host responsiveness but the other



chservationz supgest a different kind of antigenic stimulation. The
overiap between the dissases in responding to S5-DNA does not
neccssarily indicate a cormon stimulatory mechanism. There are
“several pessible antigenic determinants on SS-DNA, and antibodies
have been described reacting with different base determinants (Lacodr,

Naborn-Merlin and Michelson, 1973).



331,

SEFNSLITAATTION TC HUCLEAT ANTLGENS Ti ASPESTOETS

intinncloar

The prevalence of ARA in asbestosis was higher than in age and sex
ratehed norial centrols, but lower than in 'pleuvropulmonary' SLE,
CrA and silicosis. In addition, the ANA titres were lower than in
any otﬁer group cxcept males Qith CFA. . In contrast with the ANA's
of 'pleuvrepulmonary' SLE, none of those in ashestosis were able to
induce LE cell formation, rezct with deoxyribonucleoprotein or bind
with DS-DNA. DNor were there any able o fix complement as in
'pleuropuimonary' SLE and CFA. Ouchterlony precipitins to SS-DNA
were present in several sera, and resembled the precipitins to
SS-DNA in some patients with CFA, silicosis and intrinsic asthma
which are not associated with complement fixing ANA. It has alrecady
been suggested that there may be several types of antibodies to

SS-DNA relating to diffcrent antigenic determinants.

The features which particularly characterized the ANA's of asbes—
tosis were a higher prevalence of IgM ANA and a lower prevalence

of IgG ANA than in males with any other lung disease, and especially
characteristic was the large number of sera with lome Ighi ANA.

This suggests that fairly limited pathways lead to ANA production

in asbestosis. Asbestosis was the only lung discase where there

was evidence of a link between aging and ANA production. It was the



only disease where the prevalence of ANA increased with increasing
patient age, and where only in the older age groups was the prevalence
significantly above that in age matched normal controls. Additionally
interesting was the generél finding that patients with lone Igh ANA
vere in an older age range than those with other immunogiobulin

class profiles. If there is any similarity between the low titre

I ANA's of asbestosis aud the agewrelated low titre Igl ANA's

of nermal controls the results of this study suggest that in
asbestosis a prevalence of ANA is achieved over one decade which

under normal circumstances woﬁld take two decades. The impression
gained is that asbestos dust might accelerate age-related ANA prod-—
uction. ‘Asbestos dust irritation does not, however, by itself

Aappear able to induce ANA production since the preﬁalence of ANA

was not increased in a group of disease-free asbestos workers matched
for sex, age and duration of exposure to asbestos dust with the

asbestosis disease group.

Some element of genetic predisposition to develo? asbestosis is
suspected from individual variation in host susceptibility to the
disease (Becklake et al, 1972) and the recent suggestion of a
slightly increased prevalence of histocompatibility locus'antigen 27
(LA 27) in patients with asbestosis (Merchant et al, 1975). This
latter study did not expose any association?betweeﬁ ﬁLA type and ANA
or rheumatoid factor production, but it is still possible that
genotypes predisposed to develop asbestosis may include those pre-

disposed to produce tissue antibodies with age. 1t would then be
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possible to sﬁmculate that asbestos dust may accelerate the
expression of this pradisposition for ANA production. Tf it should
be confirmed that patients with ANA tend to develop the most severe
forms of asbestesis (Soutar et al, 1974) this would suggest that

a predisposition to produce ANA may also be a marker of a population
especially susceptible to the disease, or alternatively that ANA

may actively aggravate the development of the discase. However,
studies of biopsy and post mortem lungs using immunofluorescent
methods (Turner-Warwick, Haslam and Wecks, 1971) have failed to find
any cvidence of antibody contributing to the tissue damage in
asbestosis. The inability of the ANA's in asbestosis to f£ix complement
also suggests that they may be less likely to play-an aggressive
role than the complement fixing ANA's detected in 'pleuropulmonary'

SLE and CFA.

The finding thatt SS-DNA was the only antigen idéntified contributing
to ANA activity in asbestosis was of interest in view of the evidence
that in mice aging is assocjated with an abnormal persistence of
increasing amounts of nuclear DNA in single-stranded form (Chetsanga
et al, 1975). The fibrogenic effect of asbestos dust is connected
with enhanced intra—alveolar macrophage aétivity. (Pernis et al,
1966; Davis, 1967; Vigliani, 1968) which persists relentlessly
because the inert nature of asbestos dust renders it resistant to
macrophage atte&pts to degrade it. The resultant inflammatory

response might cause the continued release of nuclear antigens irom

damaged intra—alveolar macroohages or other particularly vulnerable
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cell types im the locality. I apging is associated with an abnormal
build up of nuclear DRA in singie«stranded form in humans as well

as nice, the inflammatory résponsc might then lead to a greater than
norral amount cf SS-DHA in the civculatiou and a premature stim-

uletion of ANA in individuals with such a predisposition.

Lywphocyvte Sensitization

The results of the lymphocyte studies in asbestosis were very similar
to those in CFA, with just under half the ANA positive patients
having evidence of lymphocyte sensitization to commercial calf thymus
DNA, but Qery rarely to deoxyribonucleoprotein. Again it is possible
that the reactive antigen is single-stranded DNA present in the
damaged commercial material, but this must now be confirmed. In
ashestosis, as in CrFA and 'pleuropulmonary' SLE the dissociation
between the antibody and lymphocyte findings provides evidence

.that the inhibition of leucocyte migration to DNA was not mediated

by antibody. It therefore appears that SS-DNA is a fairly important
antigen stimulating both lymphocyte and antiboay responses in
patients with asbestosis. There may be defective production of other
nuclear antigens as well as DNA with age, and the patients ﬁho had
circulating AﬁA but who did not react with DNA in the lymphocyte

or antibody studies may be sensitized to such antigens.

This is the first time that evidence has been obtained that lymphocyte-
mediated hyperscnsitivity reactions might contribute to the tissue
damage in certain patients with asbestosis. It is alsc the only

evidence in support of the idea that immune responses to nuclear
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antipens wight diveetly cguravate the disease. If immune hyper-
sensibivity reactions prove unimporiant, the responses may be

J 9
havmless genobypic markers of a population especially susceptible

to the disease.

Main Concluslons

The ANA's in ashestosis are distinct from those in other diseases

since they are generally lone IgM ANA's of low titre. This and
evidence that ANA producticn is associated with aging suggests a
“resemblance to the age-related ANA's of normal controls. Precipitins

to SS—DFA are the only main group of antibodies yet identified in

asbestosis.

There is no cenvincing evidence that ANA's play any'role in tissue
damage in asbestosis, but evidence of lymphocyte sensitization to
conmercial calf thymus DNA suggests that lymphocyte-mediated

hypersensitivity reactions may aggravate tissue damage in certain

patients.

A theory proposed for the source of stimulatery antigen is that this
may be SS—-DNA derived from damaged alveolar macrophages or other

cells in the vicinity of inhaled dust particles at a time when aging
may cause a persistence of intracellular DNA in singie-straﬁded

form. It is aléo suggested that defective nuclear antigens of other
types may appear with agevand explain the responses in other patients.
The oBservations in asbestosis sugoest that the pathways of sensit-
ization may be limited in comparison with CFA and "pleuropulmonary’

SLE.
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ZATTON IO TTUCLEAR  ANTTICENS "1 SILICOSTIS

Silicosis was distinct from the other lung diseases in having a
majority of ANA positive patients with lone TgG ANA and a lower
proportion of Igi ANA thaon any other disease. The general features
otherwise were a prevalence of ANA higher than in asbestosis,
resembling CTA, and ANA titres generally higher than in asbestosis
also resembling CFA but lower than in 'pleuropulmonary' SLE.

Immunef luorescent patterns were cither homogencous or peripheral,
and the ANA's were generally non—complement fixing; non—-reactive
with deoxyribonucleoprotein, unable to induce LE cell formation and
négative in Farr binding tests with DS-DNA. However, as in the other
diseases, many sera had precipitins to SS-DNA. The observation

that slightly morve sera were positive in precipitin tests with 'DS'
than SS-DNA may be due to technical variation or may suggest that

some patients have precipitins to double-stranded DNA.

Although both silicosis and asbestosis are fibrotic lung diseases
associated with inorganic dust inhalation with a similar tendency to
produce lone immunoglobulin classes of ANA and precipitins to SS-DNA,
the inmunoglobulin class difference suggests.different pathways of ANA
production. Since SS-DNA was of possible importance as a stimulatory
antigen in both diseases there may be a slightly different form of
denatured DNA agtigen in the two diseases. Experiments in mice have

shovn that different immunoglobulin classes of DNA antibody can be
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induced by preseuting ¢enatured DNA antigen in different ways. An
IgM response is obtained using a cowplex of DNA with human serum
albumin (Sandberg and Stollar, 1966) and an IgG response using
Fmﬂmmethylated bovine serum albumin complexes (Stollar and

-

Sandberg, 1960).

The theory proposed'for the source of SS-DNA antigen in asbestosis
is an unlikely explanation in silicosis‘since ANA production was
nat associated ﬁith aging. In silicosis as well as asbestosis
macrophages ave importaut in the responsc to dust inhalation, but
unlike inert asbestos ores silica salts are highly reactive chem-
ically and the phagocytosed dust is highly toxic (Vigliani Pernis
and Monaco, 1961; Allison, Harington and Birbeck, 1966; Allison,
1968). Tibrogenesis is particularly dramatic and appears to be
asgociated with rapid and exténsive macrophage killing with release
of fibrogenic stimulating factors (Heppleston and Styles, 1967;
Heppleston, 1969). In theory ANA production ;n silicosis may be

a response to intracellular antigens including DNA which are
altered perhaps by chemical interaction with silica or enzymes from
damaged phagqsomes and then released after macrophage death. The
adjuvant effect of silica (Pernis and Pavonetto, 1962) may also

aid overthrow of tolerance.

~
«

A recent radiographic study has suggested that patients with sili-

cosis who have ANA may develop particularly severe disease (Jones et



al, 1976). It is not, however, known whether the AlA's take part
in tissue damaging reactions which aggravate the discase. The
infrequency of cowplement fixing ANA suggests that Type III
hypersensitivity reactions involving nuclear antigens are unlikely

¢

to be important.

In view of the occasional case reports of silicosis associated with
SLE the LE cells and positive Fafr binding with DS-DNA in one
patient and the positive reactivity to deoxyribonucleoprotein in
another was of interest. However, neither had clinical evidence of

SLE.
It is not yet known whether nuclear antigens stimulate lymphocyte
sensitization in silicosis since it was not possible to obtain

lymphocytes from these patients for inclusion in the present study.

Main Conclusions

Silicosis is distinct from the other lung diseases in having a
majority of ANA positive séra with lone IgG ANA. Resembling
asbestosis, precipitins to SS-DNA are the only main type of anti-
bodies identified. However, ANA production in silicosis; unlike
asbestosis, does not appear to be a consequence of aging. It is
suggested that host intracellular antigens altered b? chcmical

interaction with silica or phagosomal enzymes and released from

intra—-alveclar macrophages killed after phagocytosis of toxic silica
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dust, may be a source of antigen(s) stimulating ANA production in
silicosis. It is a2lso suggested that aotigenic stimulation may be

aided by the adjuvant effect of silica.

It is not yet known vhether the ANA's in silicosis can take part
in tissuve damaging reactions, nor whether nuclear antigens can

stimuiate Tymphocylte sensitization as well as antibody production.

SENSITTZATLION TO NUCLEAR ARTICENS TN TNTRINSIC ASTHMA

Discussion of Lﬁe ANA's iﬁ this disease is less satisfactory because
of the small number of patients studied. There wag just one inter—
esting feature, the frequent finding of mixtures of IgG with IgM
ANA. The only other disease where sera.frequently contained this

- mixture was 'pleuropulmonary' SLE. There was, however, no general
rescemblance between the ANA'Q in intrinsic asthma and those in
'pleuropulmonary’ SLE. Only one patient had antibodies to deoxy-
ribonucleoprotein and none had LE cell factor, positive Farr binding
with DS-DNA or complement fixing ANA, and even precipitins to SS—DNA
were apparently less common than in the other diseases., It is
nevertheless possible that the mixtures of IgG and IgM ANA's

may reflect some immunological link between the two discases. A
theory that they may share an ability to produéé reaginic ANA has

alrcady been discussed (p.311).



There was no cvidence of lympho;yte sensitization to deoxyribon-—
ucleeprotein, DA or whole nuclel in this small group of untreated
ARA positive paticnts with iﬁtrinsic asthwa. Additional tests using
SS-LilA and depolymerized RHA in four patients were also negative.
Practically nothing is known of the etiologic agent(s) in intrinsic
asthma, and the generally negative_findings'in this study give no
guide to the identity of the antigens stimulating ANA production.
The fact that the ANA's were easily detécted and of reasonably high
titre in most of these patients suggests that the generally negative
antibody and lymphocyte findings in this group are not due to low
levels of sensitization. It is more likely that the main antigen
stimulating ANA in intrinsic asthma is of a type which has not yet
been examined. If an antigen is identified, it will then be

possible to look again for evidence of lymphocyte involvement.

THE iNFLUFlNCE OF CORTICOSTEROLD THERAPY

The few patients with 'pleuropulmonary' SLE and CFA examined in
lymphocyte tests before and then again during corticosteroid therapy
brought to light the very marked influence of corticosteroid therapy
in reducing inhibition of leucocyte migration. Corticosteroids

may directly inhibit T-lymphocyte responses for example by inhibiting
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lyupholine release (Eaglstein, Reasor and lisia, 1969), or they may
interfere with the vivo inflammatory rcaction limiting the availability
of sensitized lymphocytes (Ernstrom and Larsson, 1967). Whatcver

the explanation, the impertance of appreciating the considerable
influence of corticosteroid therapy on leucocyte migration is

emphasized.

We have not yet satisfactorily eiamined the influence of cortico-
steroid therapy on antibody production to nuclear antigens in our

' pétients with 'pleuropulmonary' SLE and CFA. While we have previously
shown that neither the presence or titres of immunofluorescent ANA
are perceptibly affected by corticosteroid therapy, we have not
looked closely at the different types of nuclear antibodies. Case
reports of patients with SLE have demonstrated that antibodies to
DNA éan fluctuate quite markedly monitoring periods of acute disease
and theraﬁeutically induced remissions (Schur and Sandson, 1968;
Lightfoot, Redecha and Levsanos, 1975). There were just two
patients with 'pleuropulmonary' SLE in the lymphocyte studies who
were tested before and during corticosteroid therapy who happened

to have precipitating antibodies to calf thymus DNA. Interestingly,
the precipitin line in one of these patients initially véry strong,
was reduced to a mere tracce after corticosteroid therapy. The ANA '
titres on the other hand did not change. Neither paiient ﬂad
antibodies to deoxyribonucleoprotein. The three patients with CFA

tested before and during corticosteroid therapy unfortunately did not
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have antibodiés cither to DNA or to dcouwyribouucleoprotein. Again,
the ANA titres were unaffccted by corticosteroid therapy., In this
study the only group which included some patients receiving
corticostereid -therapy was CFA, and the possibility that this might
have influenced the results of tests for certain kinds of antibodies

should therefore be borne in mind.
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SUMMAREZID CONCLUSTON

4.

This study has confirmed that the prevalence of immunofluores-
cont ANA in random normal controls is very low but increases

with increasing age.

1

Tt has also been confirwaed that there is an increased prevalence
of immunofluorescent ANA in certain lung diseases which cannot
be explained as a simple consequence of variation in patient age

or SseX.

It has been shown for the first time that DNA may stimulate
cellular as well as antibody responses in patients with CFA
and asbestosis, and further evidence has been obtained that DNA
and deoxyribonucleoprotein may stimulate cellular as well as

antibody responses in patients with SLE.

Differences have been dewonstrated in the titres as well as the
prevalence of positive immunofluorescent ANA in different lung
diseases which may suggest host differences or variable

antigenic challenge.

Differences have been demonstrated in the numbers and types of
immunoglobulin classes of ANA in the different lung diseases
perhaps a consequence of different stimulatory antigens or a

~

different time course of antigenic stimulation. Multiple
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immuncgiohulin classes of ANA were frequent in sera from patients
with S1l, CFA and intrinsic asthma, but lone IgM ANA was the
most cormon f{inding in asbestosis and lone IgG ANA in sili-

coOS1s.

Differences have been demonstrated in the complement fixing ability

of the A¥As 1

3

different lung diéeéses. ANAs able to fix com—
plement were detected in a third of the ANA positive patients
with SLE and CFA but very rarely in other diseases. It is

not known whether this relates to a particular type of antigenic

stimulation or to immunocoglobulin subeclass differences.

Differences in the identity of the stimulatoryAantigens in the
different lung diseascs have been suggested. Responses to deoxyribo-
nucleoprotein were common in SLE but were otherwise rare except

in a few paticents with CFA and associated idiopathic liver disease.
Farr assays suggested the possible involvement of double-stranded
DNA in some patients with SLE. Single—straﬁded DNA appeared a
fairly common antigen in all the diseases except intrinsic asthma.
It is suggested that the form of denatured DNA antigen may differ
in different diseases. Studies of speckled and nucleolar stain-
ing patterns in a swall number of patients with SLE and CFA
suggested that these relate to saline soluble or deoxyribonuclease-
sensitive antigens in SLE but to ribonuclease—sensitive antigens

in CFA.
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These distinctive types of respenses to nucléar antigens in
different lung diseasces support the thesis that the responses
arise in different ways dependent upon the clinical circum—
stances, The altermtive proposal that they arise as a common
consequence of extensive tissue destruction in the lung seems
unlikely since the only differences then expected would

perhaps be quantitative in accordance with the degree of tissue

destruction.

Individual patient differences within diseases, for example

~a dissociation of antibody and lymphocyte responses to the

same antigen, suggest that some of the observed variability of
response may be determined by individual differences of immune

disposition.,

The antigenic stimuli in the different lung diseases remain
unknown but the observations in SLE suggest a_multiplicity of
stimulatory antigens triggering different facets of the immune
system. It is proposed that persistent virus might provide ane
explanation for a multiple antigenic stimulation. In CFA the
observations also suggest multiple‘stimulatipn. The observa-
tions in asbestosis and silicosis suggest that the stimulatory
péthways are more limited than in SLE and CfA. It is proposed
that SS—DNA.dcrived from dust-damaged intra-alveolar macrophages

at a time when ageing may cause a persistence of intracellular DNA
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in single-strunded form may be a stimulatory antigen in
ashestosis, In silicosis iﬁ is proposed that host antigens
altered by chemical interaction with silica salts then released
from dead intva-alveolar macrophages may stimulate the responses.

The observations in intrinsic asthma give no guide to the initiating

antigen.

As a result of this study it may now be proposed tﬁat different
responses to nuclear aﬁtigens in different lung diseases may

have variable biological properties which confer a vqriable
ability to take part in tissue damaging reactions. The

complement fixing ANA in SLE and CFA suggests a possibility of
antibody-mediated tissue damaging hypersensitivity reactions in
some patients. The evidence of lymphocyte sensitization to DNA
and deoxyribonuclecoprotein in SLE and to DNA in CFA and asbestosis
‘suggests also a possibility of lymphocyte-mediated tissue

damaging hypersensitivity reactions.
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APPENDIX

STATISTICAL METBODS AND TABULATED RESULTS




STATTSVICAL METEHODS

Miss Margaret Rehahn, statistician to the Brompton Hospital and
Cardiothoracic Institute, and Mr. Andrew Nunn, statistician of the
M.R.C. Tuberculosis and Chest Diseases Research Unit very kindly

advised on the following statistical methods.

METHOD 1 To test whether the prépbrtion of occurrences of a single
variable characteristic in two different populations was the same in
both.

Statistical test: 7Test of difference of two proportions.

Reference: ’ Hayslett, H.T. in "Statistics made simple" edited

by P. Murphy, published by W. H. Allen 1968, p.122-124.

METHOD 2 To test the assumption that the two events occur with equal

frequency within a single population.

Statistical test: Tested using the binomial distribution.
Reference: "Documenta Geigy Scientific Tables', edited by
Konréd Diem, published by Geigy Pharmaceutical Co. Ltd. Manchester,

6th edition, p.l05.

METHOD 3 To test for a significant association between two diff-
erent variable characteristics in a single population (Bivariate

distributicn).
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Statistical tests: a) TFisher fourfold table test for populations
nurbering 50 or -less.
Reference: "Documenta Ceigy Scientific Tables", edited by
Konrad Diem, published by Geigy Pharmaceutical Co. Ltd. Manchester,
6th edition, p.l09-123.

b) Chi square (Xz):test with Yates continuity
correctiﬁn, for populations numﬁering moré than 50.
Reference: Siegel S. in "Non parametric statistiecs for the

behavioural sciences", published by McGraw-Hill 1956, p.107.

METHOD & Td test for differences in the mean values of quantitative
test data from two different populations the conditionsbeing that the
4data are normally distributed, that the variances are not signif-
icantly different, that the samples are random.

Statistical test: Student t—test (uh~paired data).

Réferénce: | Hayslett, H.T. in "Statistics made simple",

edited by P. Murphy, published by W. H. Allen 1968, p.124-130.
Normalization of data: This test was used to coﬁpare ANA titre
distributions which are extremely skew therefore it was necessary

to normalize the data by logarithmic transformations, i.e. using the
1og10 of each feciprocal ANA titre reading (Reference: Lutz, V.
"Statistical methods as applied to immunological data", in "Handbook
of cexperimental immunolog&", edited by D. M. Weir, published by
Blackwell 1967, p:1184—1191). The Variance ratio test (F-test) was

used to confirm normalization of the data (Reference: Moroney, M.J. in

"Facts from {igures", published by Penguin Books 1973, p.233-236).
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Methed 5 To tcét vhether variations in numerical values of two
measurable random variables within a single population were
independcnt or related.

Statistical test: Linear regression.

Reference: Iayslett, H.T. in "Statistics made simple",

edited by P. Murphy, published by W. H. Allen 1968, p.131-134,

Hypothesis Al) statistical tests were used as two-tailed tests
of the null hypothesis, and this was accepted for probability levels

> 0.1.
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STATISTICAL TARLE 1

(Supplement to Figure 2)

The probability of obtainiug the observed differences in the prevalence
of iwmunofluorescent ANA (titre % 1 in 10) in normal controls of

different ages by chance (Statistical method 1).

Comparing-—--Age group:’

ANA 30-39  40-49  50-59  60-69 70 &

Prevalence . . . .. Lo . .Qver
¢

Age group:

a. Total 20-29 NS 0.05 0.05 0.02 - 0.001
Normal 30-39 0.1 0.1 0.1 0.01
Controls 40~49 NS NS NS

50-59 | NS NS
6069 ' NS
b. Males 20-29 NS NS 0.1 0.02 NS
Only 30-39 NS NS 0.05 NS
40~49 NS NS NS
50-59 NS NS
60-69 _ : NS

c. Females 20-29 NS NS NS NS 0.01

Only 30-39 NS NS NS 0.1
40-49 ’ NS NS NS
50-59 NS NS
60-69 ‘ : 0.05

NS = p> 0.1
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STATTSTICAL TABLE 2

(Supplement to Table 4)
The prohability of obtaining the observed diffevences in the prevalence

of immunoflucrescent ANA (titre ) 1 in 10) in different lung diseases

by chance (Statistical Methed 1). .

COMPARING ———> CFA -~ ASB STL COAL INT. EXT.
ANA PN AST. AST.
PREVALENCE

-éLE 0.001 0.001 0.001 0.001  0.001 0.001
CFA 0.01 NS 0.01 0.01 0.01
ASB 0.1 NS NS NS
STL 0.01 NS . 0.0l
COAL PN \ NS - NS
INT. AST. NS

NS = P> 0.1
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STATISTICAL TABLE 3

(Supplement to Figure 3)

The probability of obtaining the observed differences in the preval-
ence of immunofluorescent ANA (titre ) 1 in 10) with age in patients

with asbestosis by chance (Statistical method 1).

a. A comparison of the ANA prevalence in patients with asbestosis

and in normal controls of similar age

COMPARING 5 Normal Controls

ANA PREVALENCE

v

Asbestosis Age: 20-29 _ NS
30-39 NS
40-49 NS
50-59 NS
60-69 0.01

b. A comparison of the ANA prevalence in asbestosis patients

of different ages

COMPARING » Age group:

ANA PREVALEXNCE © o 40-49 _-: 50-59 60;69
Agl group:

30-39 NS | NS 0.1
40-49 .~ NS 0.05
50-59 ' o 0.1

NS = p>» 0.1
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STATISTICAL TARLE 4

(Supplement to Table 7)

The probability of obtaining the observed differences in the

1

distribution of positive titres of immunoflucrescent ANA in the

different lung diseases by chance (Statistiéal method 4).

COMPARING 2 CFA

ANA titres

SLE 0.001
CTA

Asbestosis

Asbestosis

0.001

Silicosis

0.001

NS

NS

NS =p3» 0.1
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"STATISTTCAL TABLE 5

(Supplement to Table 8)

The probabrlilty of obtaining the observed differences in the dis-
tribution of positive titres of Immunofluorescent ANA in (a)
females, (b) males with different lung diseases by chance

(Statistical method 4).

a. Temale patients only

COMPARING + CTA

ANA titres

\4’
SLE 0.05

b. Male patients only

COMPARING > CFA Asbestosis ' Silicosis
ANA titres

A4

SLE : 0.01 0.01 0.05

CFA NS ' NS

NS = p> 0.1
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STATTISTICAL TABLE 6

(Supplement to Table 9)

The probability of obtaining the observed differences in the prop-—
ortions of TgG, TgM and TgA ANA in ANA peositive sera in the

differcnt lung diseases by chance (Statistical method 1).

COMPARING —--—3> CFA  ASD SIL INT

ANA Ig class ' AST
freguencies
J
a. IgG ANA SLE 0.05 0.01 NS NS
| CTA NS NS NS
ASB 0.05 0.05
SIL ' NS
b. IgM ANA SLE ks NS 0.02 NS
CFA NS 0.05 NS
ASB 10.05  Ns
SIL NS
C. IgA ANA SLE NS ° NS | NS NS
CFA NS NS NS
ASB , NS’ | NS
STL - | NS

NS = p> 0.1
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"STATTSTICAL TABLE 7

(Supplement to Table 10)

The probability of obtaining the observed differences in the prop—
ortions of IgG, IgM and IgA ANA in male and female patients by

chance (Statistical method 1).

Males: Females:r

COMPARING ———> CFA ASB SIL INT. CFA INT.

ANA Ig class AST AST
frequencies
a. IgG ANA SLE NS 0.1 NS NS 0.02 NS
CFA 0.05 NS NS NS
ASB 0.1 NS
STL NS
b. IgM ANA SLE NS NS NS NS NS NS
CFA : NS NS NS NS
ASB . 0.02 NS
SIL NS
c., IgA ANA SLE 0.05 NS NS NS 0.1 NS
CFA 0.05 0.1 0.1 NS
ASB NS NS
SIL NS
d. COMPARING > Temale patients:
ANA TIg class IgG IgM IgA
frequencies ANA ANA ANA
Male patients: SLE NS 0.05 NS
T CFA 0.05 NS NS

NS =p ) 0.1
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]

(Supplement to Figure 7)

The probability of obtaining the obsecrved differcnces in the profiles

of immunoglobulin classes of ANA in ANA positive sera in the different

lung discascs by chence (Statistical method 1).

COMPARING =——7 CTA ASB. SIL. INT.
Ig class AST
profile
a. IpgG ANA SLE NS NS 0.01 NS
_ alone CFA NS 0.05 NS
ASB. 0.05 NS
SIL, NS
b. IgM ANA SLE 0.05 0.01 NS NS
alone CrA NS NS NS
ASB. 0.05 0.05
SIL. NS
c. IgG/IgM/IgA SLE NS 0.1 NS NS
- ANAS CFA 0.1 NS NS
ASB. ' * NS NS
SIL. NS
d, IgG/IgM SLE 0.05 0.1 0.05 NS
ANAs CFA NS NS " 0.05
ASB., NS 0.1
SIlL. 0.05
NS = p > 0.1




"STATISTICAL TABLE 9

(Supplement to Figure 8)

The probability of obtaining the observed differences in the frequency of the various profiles of immuno-
globulin classes of ANA in male and female patients by chance (Statistical method 1).

Males: Females:
COMPARING ————r CFA. ASB. SIL. INT. CFA INT.
Ig class AST AST
Rrofile v :
a. IgG ANA alone SLE NS NS NS NS _ NS NS
CYA NS NS NS NS
ASB, 0.02 NS
SIL. ‘ ) NS
b. IgM ANA alone '~ . SLE NS NS NS NS ' 0.02 NS G
CFA 0.05 NS ‘ NS NEs .
ASH, o 0.1 NS ’ '
_ © SIL. ’ : NS
c. TgG/IgM/IgA SLE 0.05 NS NS NS NS NS
ANAs CFA 0.02 0.1 0.1 NS
' ASB., NS NS
. SIL. : NS
d. IgG/IgM - SLE | . NS NS - 0.05 NS NS NS
ANAS CrA ) NS NS 0.1
ASB. : NS NS
SIL. 0.02

NS = p% 0.1
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STATIOTICAL TARTE 10

(Supplement to Table 13)

The probability of obtaining the observed differences in the ANA
titre distributions in sera with different profiles of immunoglobulin

classes of ANA by chance (Statistical method 4).

COMPARING > LM ANA IgG/TeM/ IgG/IgM
ANA- titres alone Igh ANAs ANAs
IgG ANA alomne NS 0.01 NS

IgM ANA alonme 0.01 . 0.01
IgG/TgM/IgA ANAs _ ~0.01

NS =pY 0.1



STATTISTICAL TADBLE 11

(Supplement to Tigure 9)

a. The prohability of obtaining the observed diffcrences in the
frequercics of the various immunoflucrescent staining patterns

in ANA positive sera by chance (Statistical method 1).

COMPARING » Peripheral  Speckled Nucleolar

pattern frequencies

W

Homogeneous 0.001 0.001 0.001
Peripheral ' 0.05 0.1
Speckled : ‘ NS

b. The probability of obtaining the observed differences in the
frequency of occurrence of the various immunofluorescent stain-
ing patterns alone or in combination with other patterns by

chance (Statistical method 2).

CCMPARING > In combination with other patterns

frequency of

occurrence

As a lone : Homogeneous { C,01

pattern Peripheral NS
Speckled ' NS
Nucleclar { 0,01

NS =p 3 0,1
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STATISTICAL TABLE 12

(Supplement to Figure 10)

The probability of obteining the observed differences in the frequency
of the various immunofluorescent ANA staining patterns in ANA

positive sera in the different lung diseases by chance (Statistical

method 1).
COMPARING 3 CFA ASB. SIL. INT.
ANA pattern AST,
frequencies '
a. Homogeneous SLE NS NS NS NS
pattern CFrA ' NS - NS. NS
ASB, : NS NS
- . SIL. _ NS
b. Peripheral SLE NS NS 0.05 0.01
pattern CFA NS NS 0.1
ASB. . NS NS
SIL. ' NS
¢. Speckled SLE NS NS 1 0.05 NS
-pattern CFA : NS NS NS
ASB, : NS "NS
SIL. NS
d. Nucleolar SLE NS  0.05 NS NS
pattern CFA 0.02 0.1 NS
ASB. NS NS
. 8IL. NS

NS = p) O.1
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STATISTICAL TABLL 13

(Supplement to Figure 12)

The prebability of obtaining the observed variability in the
frequency of different immwnofluorescent staining patterns in
different immunoglobuliu classes of ANA by chance (Statistical

method 1).

COMPARING ——————3>TgM ANA Igh ANA

- pattern
frequency
a. Homogeneous LgG ANA 0.001 0,001
pattern IgM ANA 0.001
- b. Peripheral IgG ANA ) ' 0.01 0.02
pattern IgM ANA : 0.001
c. Speckled IgG ANA 0.1 . NS
pattern IgM ANA 0.01L
d. ©Nucleolar IgG AMA "~ NS NS
pattern IgM ANA NS
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e i Lo 0 et 4R YA A L TS BTN Ak

(Supplement to Table 15)

The probability of obtaining the observed differences in the prop-
ortions of ANA positive sera with complement fixing ANA in the

different lung discases by chance (Statistical méthod 1).

COMPARING y CTA © - ASB. SIL. INT.
) : AST.
C” fixing

ANA. frequency

SE NS 0.001 0.05 0.05
CTA o 0.01 0.1 0.05
ASE. | 7 0.1 NS
SIL. | | NS
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STATTISTICAL TABLE 15

(Supplement.to Table 16)

The probability of obtaining the observed differences in the proportion
of sera with complement fixing ANA in male and female patients by

chance (Statistical method 1).

a. COMPARING ~» Female
ct fiking ANA patients
frcquegcy
Male fatients: SLE . NS

CFA NS
| Males: " TFemales:
5. COMPARING ——————> CFA  ASB. SIL. INT. CFA = 1INT.
1. AST AST
C” fixing ANA
frequency
gLE NS NS NS NS NS 0.1
CFA ) 0.05 NS NS .. NS
ASB. . 0.1 - N5
Sitn. | NS
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STATISTICAL TARBLE 16

(Supplement to Figure 14)
The probability of obtaining the observed differences in the frequency

of the various immunoglobulin class profiles of ANA in sera with

and without complement fixing ANA by chance (Statistical method 1),

COMPARING —~—3% Sera without
Ig class ’ ct fixing ANA
profile

N

Serawith : - IgG ANA alome NS

C1 fixing IgM ANA alone : | _ :0.05

ANA . IgG/IgM/Igh ANAs 0.01
IgG/Igh ANAs B ' NS

NS =p 2 0.1
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STATTGTICAL TABLE 17

(Supplement to Talle 19)

The probability of obtaining the observed differences in the patterns
of ANA immunofluorescence in sera with and without complement fixing

ANA by chance (Statistical method 1).

a. COMPARING . y Sera without
ANA pattern ' C” fixing ANA
?requency
‘Sera with  Homogeneous : NS
C” fixing Peripheral 0.05
ANA Speckled 0.001

Nucleolar ~ 0.001

b. COMPARING y» Sera without
ANA pattern Cl fixing ANA
frequency '

Sera with Lone homogeneous 0.01

cl fixing Homogeneous in pattern ' 0.1

ANA combinations )
NS = p> 0.1
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STATYSTYCAL, TABLE 18

(Supplement to Table 20)

The probability of obtaining the observed differences in the fre-
quency of antibodies to deoxyribonucleoprotein (NP) in ANA positive

gsera in the different lung diseases by chance (Statistical method 1).

COMPARING : y CrA ASB. SIL. INT.
AST

| NP antibody

frequency

) .
SLE _ 0.001 0.001 0.001 0.01
CFA ‘ NS NS NS
ASE. | ’ : | NS NS
SIL. NS
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STATTISTICAL TARLE 19

(Supplement to Table 21)

The probability of obtaining the observed differences in the fre-

quency of antibodies to deoxyribonuclecoprotein (NP) in male and

female patients by chance (Statistical me thod .

COMPARING
NP antibody

frequency

SLE
CrA
ASB.

SIL.

0.01

Males:

ASB.

0.01

NS

0.01
NS

NS

INT.
AST

0.05
NS
NS

NS

Females:
CFA INT.
AST
0.01 NS
NS

NS = p> 0.1
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STATISTICAL TABLE "20

(Supplement to Table 27)

The probability of obtaining the observed differences in the fre-
quency of Ouchterlony precipitins to Nuclease Sl-treated calf
thymus 'DS'-~DNA in ANA positive sera in the different lung diseases

by'chance (Statistical method i).

COMPARING > CFA ASB. SIL. . INT.

'DST-DNA AST

precipitin frequency

|

SLE ‘ NS NS 0.1 0.05
| crA | ’ : 0.65 NS 0.02
ASB. | | - 0.01 NS

SIL. : 0.01
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STATISTICAL TABLE 21

(Supplement to Table 28)
The probability of obtaining the observed differences in the fre-—

quency of Ouchterlony precipitins to Nuclease Sl-treated calf

thymus 'DS'-DNA in malec patients by chance (Statistical method 1).

COMPARLNG - : y Male patients:
'DS'--DNA ’ CFA ASB. SIL. INT.
AST
precipitin frequency
fa . R .

Male patients: SLE NS NS 0.05 NS
CFA - NS ‘NS NS
ASB. » 0.0l NS
SIL. ' - 0.05
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STATISTICAL TABLE 22

(Supplement to Table 34)

The probability of obtaining the observed differences in the fre-

quency of Ouchterlony precipitins to calf thymus SS-DNA in ANA

positive sera in the different lung diseases by chance (Statistical

‘method 1).
| COMPARING CFA ASB. SIL. INT.
AST
SS—DNA
precipifin frequency
N4 ’ .

SLE 0.1 0.01 NS 0.02
CFA NS NS NS

| ASB. NS NS
SIL. NS
NS = »p2 0.1
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STATLSTICAL TABLE 23

(Supplement to Table 35)

The probability of obtaining the observed differences in the fre— -
quency of Ouchterlony precipitins to calf thymus SS-DNA in male

and female patients by chance (Statistical method 1).

COMPARING : » : - > TFemale patients
SS-DNA

precipitin frequency

Male patients ' ‘SLE 0.1
CFA ' , 0.05
Total patients 0.001
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STATISTICAL TABLE 24

(Supplement to Table 42)

The probability of obtaining the observed differences in the fre-
quency of positive Farr-globulin binding with Ile“HeLa cell DS-DNA
in positive sera in the different lung discases by chance (Statis-—

tical method .1).

COMPARING y CFA ASB. SIL. - INT.
DS-DNA binding , AST.

antibody frequency

SLE o . 0.05 0.01 NS NS
CFA ' NS NS NS
ASB. .. : | NS NS

SIL. ’ ' NS
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