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Abstract« 

This thesis itemises findings which support the belief .that 

antibodies against intrinsic factor within the gastro-intestinal 

tract, play a critical role in the pathogenesis of pernicious amaemia. 

A method is described for the releise and identification of 

antibody in the gastric juice against intrinsic factor. The release 

of antibody was studied over a range of pH, under conditions of 

antigen excess and using progressively smaller quantities of antibody. 

This method was used inn art investigation of patients with 

pernioious anaemia. Out of fifty-three subjects studied, antibody 

was identified in the gastric juice of twenty-nine. There vas no 

correlation in these subjects of antibody in the gastric juice with 

antibody in the serum. 

The antibody findings in the serum and gastric juice were 

related to vitamin B12  absorption studies, employing hog intrinsic 

factor. Patients without antibodiesln the gastric juice or serum 

were fbund to absorb vitamin B12 normally when provided with 

extraneous hog intrinsic factor. Vitamin 412  absorption was 

impaired in those patients who exhibited intrinsic factor antibody 

In the gastric juice. 

In addition, eleven patients were studied who did not have 

pernicious anaemia but in whoa antibodies against intrinsic factor 

were identified in. the serum. All but one of these subjects lacked 

antibody from the gastric juice« All continued to absorb vitamin 

B12  normally. 

The relative importance of antibody in the serum anl in the 

gastric juice is discussed in relation to their respective roles in 

the pathogenesis of pernicious anaemia. 

The relevant literature is reviewed and the work herein 

discussed in relation to the findings of other workers in this field. 
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Soo on 1. 

INFRODUCTplif 



1.1 The intention. 

There is indirect evidence to suggest that the impaired 

absorption of vitamin B42  which characterises pernicious anaemia 

is partly due to the action of organ-specific auto-antibodies. 

Intrinsic factor is produced by gastric parietal cells in 

the normal human subject.- It is required to mediate vitamin I312  

absorption by the distal small bowl. Deficiency of intrinsic 

factor maybe the result of reduced production; alternatively 

intrinsic factor may be made functionally inert by antibody. 

when the available intrinsic factor - falls beneath a critical 

level, vitamin H12  is no longer adequatelyabsorbed and the 

clinical consequences of vitamin B12  deficiency supervene. 

The purpose of this thesis it to investigate the incidence, 

role and importune of antibody to intrinsic factor within the 

gastro-intestinal tract in the pathogenesis of pernicious anaemia. 

1.2 Historical survey. 

The term "pernicious anaemia" has been preserved out of 

deference to tradition.. The transposition of the diagnostic 

criteria from the bedoPside to the laboratory has resulted in  the 

unsatisfactory situation where a diagnosis of pernicious anaemia 

may now be made in a patient who is not anaemic and in Whom a 

pernicious outcome can almost always be forstalled., 

Blermer in 1872 coined the term "ProgressiVe pernicious 

anaemia" to describe the clinical features in a group of patients 

resembling the oases originally reported by Thomas Addison in 1855. 

Quin** (1877) described maortcytes in the peripheral blood. 

Increased cellularity of the bone marrow, expansion of the haemo-

poietio marrow and megaloblaitio red cell preoursors were described 

respectively by Pepper (1975),.  Cohnheim (1876) Ehrlich and Lasarus 

(1898). 

4-1* 



The diagnosis of pernicious anaemia was almost certainly 

authentic in the cases documented by Osler and Gardner (1877). 

40eichtenstern (1884), Russell et al 0900), who described 

characteristic disturbances of neurological function coxistent 

with the anaemia. 

.The stomach was first intuitively implicated in the 

'allogenesis of pernicious anaemia by'Austin Flint (1860). 

This speculation was subsequently given authority by Penwiek's 

observations of atrophy of the stomach in four subjects 

manifesting the clinical features of pernicious anaemia (1870). 

Histopathological changes of the mucosa infixed gastric material 

were described byTaber and Blooh (1900). . Cahn and vonMehring 

(1886) noted the absenee of acid from the gastric juice and 

Martius (1897), Levine and Ladd (1921) and Hurst (1923) established 

this finding as the rule in pernicious anaemia. Commits and 

Verhaus (1925) described the persistent absence of acid despite 

gastrin stimulation with histamine. 

Castle's classical experiments (1929.30) implicated lack of 

an intrinsic factor from the gastric juice in pernicious anaemia 

which vas normally required for the absorption of an essential 

haematinic in liver. Precise in vitro methods for the measurement 

of this component'of gastric juice have been develOped and' the 

original term "intrinsic factor" has persisted, (Miller and Hunter 

1957; Wilson et al 1959; Sullivan et al 1963; aefferies and 

Sleisenger; Abele et al 1963; Ardeman and Chanarin 1963). 

Intrinsic factor is a giyooprotein (Grasbeck et al 1962) 

produced in man by the gastric parietal cells (Hoedmaker et al 1964). 

These cells are mainly localised in the fundus of the stomach. 

-13- 



Intrinsic factor is normally secreted in more than one.hundred 

fold excess of that required for normal vitamin B12  absorption 

(Ardeman et al 1964). 

1.3 A review or the literature on the pathogenesis  

of pernicious alaemia. 

A. THE GASTRIC LESION: 

The introduction of the flexible gastric biopsy tube by 

Wood et al (1949) has made it possible to correlate gastric 

appearances in life with teats of gastric function. 

Severe gastric mucosal atrophy or atrophic gastritis with 

histamine• or gastrin-fast achlorhydria in the gastric juice are 

the sine qua wafer a diagnosis of Addisonianpercioleus anaemia. 

However the presence of such findings does not provide cast iron 

evidence for the diagnosis or even imply that it is imminent. 

The degree of atrophy or inflammation seen in the gastric mucosa 

and submuccsa provides no criterion for predicting whether the 

patient concerned maintains normal vitamin B%2  absorption or has 

gross impairment of this function. Furthermore it cannot be 

determined from the gastric mucosal histopathology alone, which 

subjects are or will become vitamin B12  deficient with the 

attendant clinical consequences (Shiner and Doniach 1957; Williams 

et al 1958; Fisher et al 1967). 

The distinction between pernicious andaemia and haematologically 

uncomplicated atrophic gastritis is made principally on symptoms. 

Patients with pernicious anaemia attend mainly with symptoms of 

anaemia or neuropathy whereas patients with simple atrophic 

gastritis are usually asymptomatic. Nonetheless clinical and 

»14. •  



laboratory study has identified differences in these two groups of 

patients and the follow.-up studies of Wood et a (196k.) over two 

to fourteen years and Siurala et al (1966) over ten to fifteen years 

do not suggest a merging or a continuous deterioration in more than 

twentyitive per cent of those subjects who did not initially have 

pernicious anaemia. It thus appears that in unoorapb.cated gastric 

atrophy and chronic atrophic gastritis, whilst the gastric secretion 

is impaired, in the majority there is a persistence of intrinsic 

factor production *lick is sufficient to mediate normal vitamin B12  

absorption, This is in turn adequate to prevent megaloblastic 

haemopoiesis and the neurological sequelae of vitamin Bit  deficiency. 

B. TME ROM Or AIV?...ALLERGY, 

1. clinical evidence. 

Mollin and Ross (1950 slit Glass et al (1954 described patients 

with pernicious anaemia who had initially responded well to oral 

administration of heterologous preparations of intrinsic factor but 

both subsequent],y relapsed: This form of treatment was introduced 

by Sharp (1929) and Wilkinson (1930). Wilkinson (1949) later reported 

relapses in fifteen out of 441 patients thus treated over s, six year 

period and he attributed this to their failure to continue with their 

-medication. However a, blab incidence of relapse in patients who 

continued to take their oral preparations was observed by Blackburn 

et al (1955), Bastrup—Madsen (1957), Lowenstein et al (1957), 

millander (1957  and 1958) and Berlin et al (1958). 

Kristensen et al (1957) were unable to reverse relapse by 

increasing the dose of hog pyloric mucosa, whereas Berlin et al (9958) 

obtained remission by using a large increase in the amount of hog 

intrinsic factor administered. 
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Schearts et al (1957) established that relapse during 

treatment was due to impaired vitamin B12  absorption when this 

was given with hog intrinsic factor, while human intrinsic factor 

continued to mediate normal vitamin B12 absorption in these patients. 

2.' 	;n vivo studies in mans 

Schwartz (1958) identified a serum component in thirteen 

subjects with pernicious anaemia who had become refractory to hog 

intr.Lnsic factor. When these sera were incubated with hog intrinsic 

factor and vitamin B12 prior to administration to pernicious anaemia 

subjects who were normally responsive to hog intrinsic factor, there 

was a marked impairment of vitamin B12  absorption. 

Schwartz (1958) also described three other subjects who had 

become resistant to hog intrinsic faotor and those saws did not 

interfere with vitamin B12 absorption through this agency. 

Conversely some of the sera manifesting inhibitory activity againit 

hog intrinsic factor were from patients who continued to absorb 

vitamin B12 when administered with hog intrinsic factor. Thus a 

serum inhibitor of intrinsic factor was not the sole Cause of the 

intestinal blockade on vitamin B12  absorpton, where resistance to 

the effeote of hog intrinsic factor had developed. Schwartz (1958) 

suggested that this inhibitor might be an antibody and sought to 

elicit an antibody to this antigen by immunising rabbits (see section 

1.3 BO 

Subsequently Taylor (1959) demonstrated that the serum of 

nine out of nineteen previously untreated patients with pernicious 

8111111114111 or patients who had received only vitamin B12  injections, 

size had a component in their serum which interered with the ability 



of hog intrinsic factor to mediate vitamin B12  absorption in 

pernicious anaemia subjects. -Taylor (1959) also noted that in 

three of his cases the level of serum inhibitor detained or 

disappeared after four weeks treatment with hydr000rtisone amd in 

the one subjeot testea had returned to its original level one weak 

after withdrawal of hydrocortisone. .From these findings he 

inferred that this irthibitio,  was an immune globulin. Schwartz 

(1960) reported simi)sir fiidings in untreated oases of pernicious 

anaemia and identified the inhibitor as a serum globulin. 

Hagan et al (1963) immunised two volunteers who had 

pernicious anaemia, with hag intrinsic factor aniTreundis adjuvant. 

Thilat antibodies against hog intrinsic factor appeared in the sera 

of both these patients, hog inrinsio factor was still effective in 

augmenting vitamin B1%  absorption. These observations supported 

the contention of Schwartz (1950 that antibody in the serum was not 

the cause of resistance to hog intrinsic factor. 

3. Elicitinff ths(aestricAesiohin animals: 

Spontaneously occurring gastri atrophy is infrequently 

encountered in mammals. Gastric atrophy has been induced dogs 

with homologous and human gastric juice (Smith et al 1958; Piza et al 

1964) 	However Sims et al (1963) employing similar methods tailed 

to induce such gastric lesions. Hausamen et al (1969) gave intra-

venous injections of gamma globulin fractions from rabbit antlaera 

against guinea pig gastro-intestinal antigens, to guinea pigs, They 

Observed acute inflammation in the stomachs of these animals at 

necropsy, within twenty-four hours of the injection. 

Mrdhn (1968) showed that dogs immunised with homologous or 

autologous gastric preparations developed chronic gastric mucosal 

inflammation and atrophy. Andrade et al (1969) reported the induction 
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Of chronic atrophic gastritis in three monkeys injected with 

homologous gastric mucosa suspensions and complete Freund adjuvant. 

41; 	Eliciting, gastric antibodies in animal*: 

Taylor and Morton (1958) prepared antisera in rabbits against 

hog intrinsic and human intrinsic factor. IncUbatiOn of these anti• 

sera with the appropriate intrinsic factor resulted in impairment of 

their capacity to mediate vitamin B12  absorption in pernicious anaemia 

tUbjects, Cullberg and Xistner ('1962) using a gel diffusion technique, 

demonstrated precipitation of antisera prepared in rabbits with human 

intrinsic factor. 

Krohn (1968) using the iMmunofluorescent techniques of Coons (1958), 

demonstrated parietal cell antibodies in the serum of his immunised dogs 

which appeared concurrently' with the development of chronic gastric 

inflammation and atrophy. Subsequently these animals developed anti-

bodies against a canine gastric vitamin B12  binder. Rrohn (1968) 

provided indirect evidence that this macro-molecule corresponded to 

canine intrinsic faotor. Indeed, dog serum containing antibody to this 

gastric component aro...reacted with human intrinsic factor, Interfering 

with its augmentation of vitamin 8i2  absorption in a subject with 

pernicious anaemia, Nevertheless, studies of vitamin B12  absorption in 

these experimental animals showed only moderate impairment of vitamin B12  

absorption.  Thus despite the serum inhibitor the intrinsic factor function 

persisted unimpaired. 

Housemen et al (1969) in their experiments (see 1.3 B3) employes 

a direct immunofluorescent technique, demonstrated antibodies localised 

on the gastric parietal cells of guinea pigs. 
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5. 	Antibodies against intrinsic factor in :the serum in mane 

Lowenstein et al (1961) applied the method of Staviteky ant Arquilla 

(1958) to coating bis-diasotised bensidine treated rabbit erythrocytes 

with intrinsic factor in order to identify antibodies to intrinsic factor 

by a haemagglutinstion technique. In the same paper Lowenstein et el 

introduced the electrophoretio retention technique to identify antibodies 

against bog intrinsic factor in complex with vitamin Hie  In this test 

the eleotrophoretic mobility of the intrinsic factor: vitamin B12  complex 

was retarded by sera containing antibody evidently combining with a 

()opponent of the gamut globulin fraction instead of migrating unimpeded. 

This technique was applied by Jefferies et al (1962) to a study of the 

etre from 14 patients with pernicious anaemia who had either received no 

treatment or therapy only with parenteral vitamin Bie  This technique 

gave positive results for antibody in nine (2Z). The antibody was 

localised within the globulin traction of the serum. The correlation 

with in vivo testing for antibody was good. 

This titst became the prototype of many modified tests in which the 

antigen was a complex of intrinsic factor with vitamin B12  (Taylor et el 

1962; tisoob and Seining 1966). 

A further group of in vitro tests were developed in which intrinsic 

factor alone was the antigen and the, presence of antibody in the test serum 

was determined by its ability to inhibit vitamin B12  binding to the intrinsic 

factor (Abele et al 1963;  Ardeman and Chanarin 1963; Gottlieb et al 1965; 

Hansen et al 1966). These methods vary principally in the technique 

whereby inbound vitamin B12  is extracted. They can be applied to the 

identification and quantitation of antibody to intrinsic factor or to the 

assay of intrinsic factor in the gastric 3uioe. 



A third variety of test employs animal tissue slices or 

homogenates. In these tests positive sera interfere with the 

ability of intrinsic factor to bind vitamin B12  onto the tissue 

-conaerned(Wilson et al 1959; Sullivan et al 1963; Ashworth et al 

1967). 

Roitt et al (1964) tested sera for antibodies against 

intrinsic factor by representative testa from the first two 

groups cited abet's. They showed that antibody to intrinsic factor 

alone' was' found with greater frequency than was antibody to the 

complex of intrinsic factor with vitamin Ble  This discrepancy 

was first believed to represent a methodological rather than= 

immunological difference. However Roitt et al (1964.) investigated 

a large number of sera from subjects with pernicious anaemia and 

they showed that whilst most sera were either positive or negative 

by both types of test used, some of their sera were consistently 

positive by one test and negative by the other. Furthermore, 

when antibody was identified by both tests there was frequently a 

disparity of titre. This led Roitt et al (1964) to suggest the 

existence of two separate forms of antibody against intrinsic factor. 

This speculation has been supported by the findings of Schade et al 

(1967) who showed that the antibody functions could be differently 

adsorbed. Garrido Pinson et al (1966) and Samioff et al (1968) 

have reported similar findings. 

The two antibodies against intrinsic factor have been variously 

named: 

a) Type 1. Blocking antibody (blocking: not to be confused with 

the generic use of the term, as when describing the prevention of 

synthesis of reaginic antibodies). Antibody to the vitaminB12  

binding site. 



b) Type II. Precipitating antibody. Antibody to the intrinsic 

factor vitamin B12 complex. 

Thin in confirmed oases of pernicious anaemia the incidence 

of antibodies to intrinsic factor in the serum is, in decreasing 

'Order of frequency: 

Neither antibody 

Both antibodies 	40% 

Type I antibody only 	2Q% 

Type n antibody only 

(Ardeman and Ghanarin 1963; Irvine 1965; Fisher and Taylor 1965; 

Ardeman 1966; Vengel et al 1968; Samloff et al 1968; Chamarin1969). 

Examples of type 2 antibody alone have been only sporadically 

documented (Abele and S641)4216 196k; Roitt et al 1965; Garrido 

Pinson et al 1966; Schwartz 1967; Samioff et al 1968), and the 

claims quoted in the first two of the above references have since 

been rescinded. The relative frequency of type 1 antibody is 

suggested to reflect greater antigenicity of the vitamin B12  binding 

site, than elsewhere on the intrinsic factor molecule (Semler et aq 1968) 

6. 	Antibodies against parietal cells in the serum irimaxa 

A more uniform impression of the immunological disturbance in 

pernicious anaemia is conveyed, bytheincidenoe of antibodies to the 

gastric, arietal cells. These maybe demonstrated by either 

complement fixation or by immuncfluorescent methods (Taylor et al 

1962). The incidence, of parietal cell antibodies in pernicious 

anaemia, identified by immunofluorescent methods, is about 85 

(Chanarin1969). Antibody against intrinsic factor is seldom found 

in the abience of parietal cell antibody. However, Doniach and 

Roitt (196k) reported cases.of pernicious anaemia in juvenile subjects 

in whom intrinsic factor antibodies were present in the absence of 

parietal cell antibodies. In many of these children there were 



multiple coexistent endocrine disorders in addition to the gastric 

lesion. Possibly these patients represented a particular group. 

Fisher and Taylor (1969), using techniques of differential adsorption 

suggested that the different distribution of fluorescenCe might be due 

to the different nature of the antibodies being identified. They 

suggested that a particular distribution of fluorescence on the 

parietal cell represented antibody to intrinsic factor whichqmuld 

be adsorbed out with the appropriate antigen, whereas another distribution 

represented antibody against certain microsomal components of the 

parietal cell. 

7. Clinical associations: 

StUdies on the coexistence of pernicious anaemia with other, 

conditions of possible or probable autosallergic pathogenesis, have 

provided evidence of clinical association in a higher number than 

predicted by chance. 

The incidence of pernicious ansemia in Grave's disease is 30,7,, 

whereas in primary myxoedema and Hashimoto's disease it is 11% 

(Chanarini969; collected figures). Hyperthyroidism is more common 

or more commonly diagnosed than hypothyroid states, nonetheless 

among patients. with pernicious anaemia hypothyroidism is more commonly 

encountered (Wilkinson 1963). In patients with pernicious anaemia 

the incidence of thyroid disease is between 4.-45 (Wilkinson 1963; 

Doniaoh et al 1963; rengel et al 1968). 

Vitiligo is found with increased frequency in patients with 

generalised thyroid disease (Morgans 1964.), in pernicious anaemia 

(Allison and Curtis 1955),  and in Addison's disease (Dunlop 1963; 
Meecham and Bryn Jones 1967). 



The association between pernicious anaemia,and Addisoes 

disease, of the adrenal cortex is derived from relatively small 

series (Gaudio et al 1966; ,Blissard et al 1964 Blizzard et al.  

1967; Irvine et 4.1967). . It is interesting toapeculate that 

it may not .have been entirely coincidence which led Addison (1855) 

to include a clinical, description of "pernicious anaemia" as a 

preamble in a discourse upon the supra-renal capsules. 

The evidence for prevalence of pernicious anaemia in 

idiopathic hypopgrathyroidism comes,also mainly from single cases 

reports, with the atzeptioa of .the .paper of Bliszard et al (1966). 

Neither clinical association of diabetes mellitus nor 

rheumatoid arthritis, with pernicious anaemia is striking, although 

some documented series are:  suggestive:(Sundberg and Oruaberg 1960; 

Wilkinson 1963; Rousso and Cruohaud 1966; Mengel et a1,1968; 

Partridge and Duthie 1963; Irvine et al 1970). , Aumerous,studies 

have, established that subjects with pernicious anaemia frequently 

have relatives with the same,. ondition (Murphy 1939; stamos 1940; 

Romei 1952; ,MOtibedh,i953; Callenderand Denborough 1957; col,;.1962; 

Wrangel et al 1968). , There are case reports of identical, twins who 

developed pernicious anaemia more or less concurrently and other 

reports where only one of a non-identical twin pair developed 

pernicious anaemia. Among fifteen families in which both parents 

had pernicious anaemia there were.thirty-six offspring of whom only 

one had pernicious anaemia. Callender and DeAborough (1957) studied 

308 relatives of subjects with pernicious anaemia., In 8-% they found 

achlorhydria, a low serum vitamin B12  and subnormal, vitamin B12 

absorption. 



Likewise there is an increased incidence of thyroid disease 

in the relatives of subjects with pernicious anaemia (lender and 

Denborough 1957; Wangel et al 1968). 
8. Serololiical studies in man. 

Studies on sera from subjects with pernicious anaemia have 

revealed antibodies to the microsomaI cell constituents and the 

products of organs incriminated lathe associated clinical disorders 

(1.3 B7), Markson and Moore 1962; Taylor et al 1962; Solomon and 

Blizzard 1963; Doniaoh et al 1965; Irvine et al 1965). Thyroid 

antibodies are found in 55% of pernicious anaemia sera and in the sera 

from 5.0% of their relatives. Parietal cell antibodies are present 

84% of pernicious anaemia sera and about fifteen percent of matched 

controls, whereas they are positive in 36% of pernicious anaemia 

relatives, about 30% of patients with thyroid disase and 207, of the 

relatives of patients with thyroid disease (Te Velde et al 1964; 

Eeniach et al 1965; Evans et al 1967). 

Parietal cell antibody in the serum is almost invariably,  

associated with some degree of chronic inflammation in the gastric 

mucosa and submucosa and some impairment of secretory function 

(Irvine et al 1965; Taylor 1966). However this impairment of 

secretion is seldom sufficient to compromise vitamin B12 absorption 

and the presence of a parietal cell antibody in the serum of a 

subject is not a declaration that pernicious anaemia will develop. 

9. Antibody apiainst intrinsic factor _in, the serum: the 

final insult or an innocent brtander? 

Throughout the immunological characterisation of pernicious 

anaemia the question has persisted whether antibody against intrinsic 

factor circulating in the serum playa a participating role. 



Four reports have been published concerning the transpiacental 

passage of antibodies against intrinsic factor of °lass /gG from young 

women with pernicious anaemia to their foetuses in utero. 'At birth 

the neonates had detectible antibody against intrinsic factor 

circulating . in the serum. Two groups (Bar Shaw and Herbert 1967; 

Goldberg et al 1967) reported transitory impairment of intrinsic factor 

production whilst the maternal antibody persisted within the infants' 

circulation. However in two less comprehensive studies neither 

Charadhe and Mantyre (1966) nor Fisher and Taylor (1967) showed any 

impairment of intrinsic factor production,' In none of the above.. 

mentioned studies was an antibody against intrinsic factor identified 

within the neonatal gastrio 4uice. 

Possibly the 'clearest evidence thatantibody against intrinsic 

factor in the serum is riot implicated in the pathogenesis of pernicious 

anaemia comes from the studies of Sohilier et al (1965) and Ardeman et el 

(1966) in Mich type 1 antibody against intrinsic factor was identified 

in the serum of Selected patients with generalised chronic thyroid 

disease who did not have pernicious anaemia. Te Ve].de et al (1964) 

described a similar finding in one relative of a subject with pernicious 

anaemia. All these people maintained normal vitamin% absorption and 

correspondingly did not have pernicious anaemia. Follow up over a 

period of five years, by Rotie et al (1970), on the five cases of 

Ardeman et el (1966) and a further five cases of Dr. D. boniach 

(unpublished) has not shown any progression trmards the gastrointestinal 

or haematological counterparts of pernicious anaemia. 

Herbert and Kaplan (1961) suggested that intrinsic factor was 

absorbed with vitamih 12 and was taken up from the portal venous 

blood into the liver. However Cooper amanita (1968) shoved that 

intrinsic factor was limited to the gastro-intestinal tract. They 



were fi,y able to identify labelled vitamin B12  in the portal venous 

blood after intrinsic factor mediated. absOrption through the small 

bowel mucosa but were usable to identify intrinsic factor by an 

immune technique. Yamaguchi et al (1970) labelled intrinsic factor 

with radioactive chromium ant were also usable to show any evidence 

that it had been absorbed. If the conclusions drawn from these 

findings are correct, then antibody responsible for interfering with 

the function of intrinsic factor would have to confront this antigen 

in the region of its activity, that is, within the upper gastro-

intestinal tract. 

The characterisation of serum antibodies against intrinsic 

factor as class IgG by Ardeman (1966), Bernier art Hines (1967), 

suggests that this antibody originates from imosinocytes subserving 

the tissues and the blood rather than being a remote expression of 

localised gastro-intestinal antibody synthesis, where mi4nly antibody 

of class IgA is produced (Crabbe et al 1965). 

There is circumstantial evidence that an inhibitor to intrinsic 

factor may act within the gestate-intestinal tract of subjects with 

pernicious anaemia. It has been observed by a timber of workers 

that the mean vitamin B12 absorption in pernicious anaemia after 

augmentation by intrinsic factor remains beneath the range encountered 

in normal subjects (Callender ant Evans 1955; Ellenbogen et al 1955; 

Schilling et 411955; Ellenbogen and. W11140ms 1956; Oxenhorn et al 

1957; Ardeman aM Chararin 1965). The consensus findings were that 

in the Schilling test a mean 24 of an oral dose of 1 mcg was excreted 

in the urine of normal subjects within twenty-four hours, whereas, in 

subjects with pernicious anaemia tested with human intrinsic factor 

III  26 4. 



the mean figure vas 1Z and with hog intrinsic factor, fig 

(Chavarin, 1969). These differences mere • rated in patients 

irrespective of the presence or absence of antibody against intrinsic 

faotor in the serum (Ardemari. and Char grin 1965). Ardeman and Chansrin 

(1965) noted that intrinsic factor mediated vitamin B12  absorption was 

lower in pernicious anaemia subjects than in subjects after partial 

gastrectomy. 'There are a number of allowances which must be made 

before deriving conclusions from differences in vitamin B12  absorption 

in different groups. It must be clear whether urine collections were 

made on the ward or friss out-patients. The nature of 'the operative 

procedure employed for the gastrectocor is of importance, as the Polya 

gastreotomy leaves a blind loop which predisposes to the proliferation 

of organisms within the small bowel. Tabatlokral4  et al (1966) found that 

patients who had high bacterial counts in the jejunum had impaired 

vitamin B12  absorption which was not corrected with extraneous intrinsic 

factor. 

The iron status of the groups compared was also of importance 

as wilvrAms  et al (1962) have shown that iron deficiency may canpromise 

vitamin B12  absorption. Furthermore the vitamin B12  status of patients 

is of importance. Transient failure of intrinsic factor to mediate 

vitamin B12  absorption, which was later corrected by vitamin B12  therapy 

was reported by Brody et al (1966). Further similar cases have been 

reported by Haurani et a3. (1960 and Lawrence (1966). Conversely there 

is evidence that vitamin B12 absorption through the agency of extraneous 

intrinsic factor may be supressed by saturation of the subject with 

therapeutic vitamin B12. Harwood and Forahaw (1967) showed that of 

vitamin B12 
absorption fell in subjects who had previously received large 

parenteral doses of vitamin B12. 



.Ardeman and Chanirin (1965e) have compared the potentiating 

effects of heterologous and homologous intrinsic factor on vitamin 

B12 absorption in pernicious anaemia subjects* They fauna that 

the heterologous (hog) intrinsic factor was more effective than 

human sources of intrinsic factor, however Ungar (1969) failed 

to show any differences between the abilities of hog and. human 

intrinsic factor to mediate vitamin 1312  absorption. 

&Nieman and Chanarin (1965c) explained their findings by 

suggesting that an antibody against intrinsic factor was active in 

the gastrointestinal tract, also that the avidity of this antibody 

was greater for the homologous antigen-human intrinsic factor than 

it was for the hog intrinsic factor. There was nonathelese some 

degree of oross-reactivity, explaining the failure of hog iutrinsic 

factor to elevate the mean vitamin 812 absorption in pernicious 

anaemia to the levels observed in normal patients and in patients 

after gastrectonw. 

10. The ,iffirriunoloalcal ,character of subjects with  

unoomplicated atrophic fiastritis: 

In a study of patients with biopsy proven atrophic gastritis,  

unattended by megaloblastic anaemia - ,Doniach and Roitt (1964) found 

that the incidence of parietal cell antibodies was 6V, (females only) 

whereas Glass et a (1968) in a similar study observed positive 

results for parietal cell antibodies in only 2/4, rhittingham 

et el (1969) studied 80 relatives of ten probandei with simple ,atrophic 

gastritis who had no parietal cell antibodies. These relatives showed 

an entirely different incidence of pernicious anaemiaa, thyroid disease, 

Addison s. disease, vittligo, premature greying of the hair aril 



auto-antibodies to gastric and thyroid antigens when compared with 

the relatives of subjects with pernicious anaemia. 

11. The effect of cortico-etoroids:. 

Case reports have been published of clinical and haematological 

remission of patients with pernicious anaemia, whilst receiving either 

steroids arACTH (Lowenstein et al 1951; Doig et al 1957; Gordin.1959). 

An improvement of vitamin Bi2  absorption was described in the majority 

of patients treated in this way by Frost and Goldwain (1958),,Rristensen 

and Fri ts (1960 a and b)0  Ardeman and Chanarin (1965b), Jefferies et el 

(1966) and Wall et al (1968). This improvement was evident within a 

week of starting this treatment and a return to the status quo had 

taken place within three months of withdrawal. 

Steroid treatment did not change the volume of the gastric 

secretion (Rodbro et al 1967). There was return of intrinsic factor 

in the majority and acid secretion in 15 (Kristenaen and Frits '1960b). 

Jefferies (1965).Ardeman and Chanarin (1965b), Rodbro et el (1967) noted 

a reappearance of gastric parietal. cells in biopsies taken frmn steroid 

treated patients. Such treatment also resulted in a decline of the titre 

of antibody to intrinsic factor in .the serum (Jefferies 1965; Ardeman 

and Chanarini965b;• Charadhe et a3 1968) but an improvement in vitamin 

B12  absorption preceded, any detectable change in titre of the serum 

intrinsic factorantibody (Ardeman and OtammulLn1966b). Furthermore 

the improvement in vitamin B12  absorption which followed steroid 

treatment was equally markedin patients with or without antibodies to 

intrinsic factor in their serum. 

12. Antibodies against intrinsic factor in the alimentary tracts 

Fisher et al (1965) were the first to demonstrate the presence of 

auto-antibodies in-the gastric juice. They identified antibodies against 

parietal cells in the gastric juice from the subjects with pernicious 

anaemia. These workers subsequently (1966) identified type 1 antibody against 
intrinsic factor in the gastric juice of five out of fourteen subjects with 



pernicious anaemia. in one of these subjeots with the antibody in 

the gastric juice, no antibody against intrinsic factor was detected 

in the serum. Schaal et of (1966) identified an antibody of type 2 

in the gastric juice of one patient by in Vivo and in vitro methods. 

The antibody was also detected in the serum of this patient. 

Carmel and Herbert (1966) investigated ierum arid gastric juice 

from seventeen patients with pernicious anaemia and they found that 

in only tic were 'they unable to detect an antibody against intrinsic 

factor at all.' They found predominantly type 1' antibody in the Denim 

and type 2 in the gaistric juice. However, their findings were presented 

in an abstract and no details of their • methods and 'clinical Material 

have subsequently appeared. 

Carmel and Herbert (1967) also investigate salivary secretions 

from three subjeots with' pernicious anaemia. They found a type 2 

antibody to intrinsic) factor in one specimen, which they identified as 

an immunoglebulin of class 'EA. 

Baufr et a/ (1968), using an autoradiographic teehnique, 

demonstrated' antibody against a complex of intrinsic factor with vitamin 

B12, coating submucosal mononuclear cells in gastric biopsies from two out 

of ten subjects investigated, with pernicious anaemia!  Both of the 

subjects also had type 2 antibodies in their serum. 

Antibody against intrinsic factor is of paouier interest 

because it may larticipate in the pathogenesis of pernicious anaemia. 

Its' presence in the gastrointestinal tract may be the cardinal feature 

discriminating haematologically uncomplicated chronic atrophic gastritis 

from pernicious anaemia. If antibody 'is responsible for interfering 

with the function of residual but otherwise adequate intrinsic factor 

then this must take place within the gastrointestinal tract. There 

it might function as, the critical limiting factor in vitamin B12  
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absorption. Such a role would implicate the antibody in the 

pathogenesis of vitamin B12  deficiency, even if it is not the 

cause of gastric lesion. 

id+ The Hypothesis. 

In pernicious anaemia an antibody against intrinsic factor 

is syntheeised by immunocytes in the submucosa of the upper 

alimentary tract. In the stomach it forms a complex with the 

residual intrinsic factor still produced by the few remaining 

parietal cells. In simple gastric atrophy, unattended by the 

presence of antibodies against intrinsic factor, the output of 

intrinsic factor is still adequate to subserve normal vitamin B12  

absorption. then antibody to intrinsic factor is formed locally 

in the gastrointestinal tract it forms a complex with intrinsic 

factor, thereby interfering with ite ability to mediate vitamin% 

absorption. 	hen the criteria for a diagnosis of pernicious anaemia 

are met this is in association with the presence of antibodies against 

intrinsic factor in the gastrointestinal tract. 

Since the antibody and intrinsic factor may coexist in the form 

of a complex within the gastric secretion, the total antibody content of 

an aspirated sample may only be detected after steps have been taken to 

separate the components of such a complex. 

This thesis is concerned with describing a technique for 

separating intrinsic factor from its antibody and the application of 

this technique to the investigation of gastric juice samples from 

patients known to have pernicious anaemia. 



1.5 Release of type antibody e.ainst intrinsic factor 

and its identification. Principle and method. 

A. 	T17 P? LI' rilPI  

Type 1 antibody will combine with intrinsic factor and 

thereby 'prevent access of vitamin 312 
to its binding site on this 

molecule. 

a 
bc)  

  

F 

  

C 

Figure 1. 

Representation of intrinsic factor combining with: 
a) vitamin 312 
b) Type I antibody • 
c) Type II antibody 
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A serum or gastric juice sample which interferes with the 

ability of normal gastric juice to combine with vitamin B12 may 

contain a type 1 antibody. 

About thirty per cent of subjects with pernicious anaemia 

have some intrinsic factor in their gastric juice. All human 

gastric juice samples contain some macromolecules which bind 

vitamin B, 12.  Intrinsic factor is only one such component. 

Figure 2. 

The binding of vitamin B12 by normal gastric juice in the 
presence of : a) normal serum 

b) serum containing Type I antibody to 
human intrinsic factor 
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The possible combinations of intrinsic factor and antibody 

which speculatively may be found in the gastric juice of a subject 

with pernicious anaamia are illustrated: 

Figure 3. 

Possible combinations of intrinsic factor and antibody against intrinsic factor, 
which may be found in the gastric juice of a subject with pernicious anaemia. 

1 Residual intrinsic factor alone. 

2. Intrinsic factor in excess of antibody. 

3. Equal amounts of intrinsic factor and antibody. 

4. Antibody in excess of intrinsic factor. 

5. Antibody alone. 

6. Neither intrinsic factor nor, antibody.. 



Steps to dissociate 

IF :All complex 

In 4 and 5, where antibody is either Present in excess of 

intrinsic factor or is present alone, it may be identified directly. 

However if antibody is present only in combination with intrinsic 

factor it cannot be identified on direct assay. Some preliminary 

measures are thus necessary in order to separate the antibody from 

intrinsic factor and thereafter to prevent their re-combination. 

If gastric juice specimens are to be tested for the presence 

of an antibody to intrinsic factor, it is first necessary to: 

a) Saturate all of the vitamin B1 2 binders since this will 

increase the sensitivity of a subsequent assay for free antibody. 

b) Separate the antibody from any residual intrinsic factor. 

c) Make the intrinsic factor antigenically inert so that it 

will neither recombine with antibody nor, interfere with the subsequent 

assay of the released antibody. 

Figure 4. 

Fresh source 

of intrinsic 

factor 

Principle of method for release of antibody from intrinsic factor followed by its identification. 

''35" 



B. 	DMCRIPTION OF THE METHOD: 

1. Release of the, antibody. 

Two samples of gastric juice being examined are incubated 

with an "excess" of unlabelled. vitamin B12. The pH in one of these 

samples le.reduced and in the second sample they volume As adjusted 

accordingly whilst preserving neutral pH. Samples of normal gastric 

juice and of normal gastric juice with type 1 antibody added serve as 

negative and positive controls, respectively. 

Under the conditions described, antibody present will 

separate from intrinsic factor and vitamin B12  will attach to any binding 

sites thereby exposed. 

After fifteen minutes the pH is returned to neutral. Excess 

"free" vitamin B12 is removed by adsorption onto activated charcoal, 

which is then removed by centrifugation. 

2. Identification of the antibody. 

The clear supernatant is now tested for the presence of 

"free" antibody. It is decanted into a sample ce normal gastric juice 

with a !mini intrinsic factor content. After incubation an excess of 

radioactive labelled vitamin B12 is added. This will only combine with 

the available binding sites of the normal gastric juice, since , the sites 

of the test gastric juice samples are already occupied by non-radioactive 

vit-arn4n B12. The "free" radioactive vitamin B12  is then adsorbed with 

charcoal. After centrifugation the supernatant radioactivity is 

measured. If antibody is present in the treated gastric juice sample 

it will combine with the intrinsic factor in the normal gastric juice 

and thereby reduce its capacity to bind the radioactive vitamin B12. 



C. THE ChM: 

A unit of intrinsic factor is• that amount which will bind 

I ng of vitamin B12. A unit of type 7 antibody against intrinsic factor 

will prevent the binding of 'I rig of vitamin Bi 2  by unit of intrinsic 

factor. 

D. AlIBREVATIOIS  tt 

Type I antibody against intrinsic factor in this thesis 

will therefore be referred to as antibody. 

Mere other antibodies are considered the term "antibody" 

will be qualified. 

p11 3.2 buffer refers to 0.2 molar citrate-phosphate buffer 

(see appendix 4. 

itt21PO4  refers to 0.2 molar die um hydrogen phosphate., 

IF = intrinsic factor. 

PA = pernicious ,anaemia. 
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2:1 Materials. 

A. NORMAL GASTRIC .JUICE. 

Thin was aspirated by intermittent gastric suction from hospital 

subjects with normal gastric function, from ipatferits with duodenal 

ulcer undergoing pre-operative investigation, and from normal young 

volunteers. Aspiration was conducted under resting conditions and 

also after stimulation with a standard dose of pentagastrin 

(Peptavalon. 	6ugm per Itg).. 

The aspirated gastric juice was centrifuged at 7000 r.p.m. for 

twenty minutes at 10°C in an M.S.E. fixed axis centrifuge. The 

supernatant was filtered through dental gauss. The pH was measured, 

using a direct reading, glass electrode pH meter (Electrical Instruments 

Ltd) and a small aliquot 1018 removed and titrated with 100 UM to 

measure the total acid content. 

The gastric juice was brought to pH 10 with 40% TUCK, left for 

twenty to thirty minutes to destroy pepsinogen (Grisbeok et al 1962) 

and then returned to pH 7.0 8.0 by the addition of 6 Normal HC/. 

The gastric juice was stored in 20 ml aliquots at -200C until used. 

B. ISRMA.L PLASMA.: 

This was obtained in the Fromm state, as "Fresh Frozen 

Plasma", from the Attic: al Blood Transfusion Service. It was thawed 

and stored in 20 ml aliquots at -200C until used. 

C. SERUM CONTAIN' S ANTIBODY MAIM INTRINSIC FACTOR: 

Serum with a high titre of antibody to intrinsic factor was 

taken from patients with pernicious anaemia who attended Haematology 

Clinics at St. Mares Hospital, Paddington. Subjects with an antibody 

titre of more than 200 units per ml were bled about 300 ml at six 

monthly intervals. The serum was stored in 20 ml aliquots at -200C 

until used. 



D. yITAH111412:  

1. Non radioactive: Ampoules of 100 ug and 1000 ug of 

Cebalamin (Payne and Byrne -- Cyanocdhalamin) were stored away  from 

the, light at room temperature, and diluted appropriately in isotonic 

saline before use. 

2. Radioactive: Vitamin B12  labelled with a radioactive cobalt 

(co)57  was obtained from the Radiochemical Centre at Amersham, The 

stock solutions for in vitro work were prepared by introducing iCeCI 

of the 57Cobalt vitamin B12 
into 200 ml of distilled water, to which 

non-radioactive vitamin B12  had been added. The final concentration 

of 1;1+:4 trti  n B12 was 4.00 ng per ml, with a radioactive concentration of 

50 nCI per ml. This stook solution was dispensed into 25 ml capacity 

plastic tubes and stored at -200C in lead containers until used. 

The working solution was made up by diluting the stock solution 

with an equal volume of isotonic saline. Thus 0.5 ml of the working 

solution contained, 100 ng of vitamin B12  with a radioactivity of 

12.5 nCI. The'radioactive concentration was 125 nCI per ugm of 

vitamin B12. 

E. ATTIGLOBULIRSERA:  

a) Equine anti-human globulin (Netherland Red Cross: 

Code FHO - 13 . P2). 

b) Sheep anti-human serum IgA (40H) supplied by the Department 

of Immunological Pathology, University of Birmingham Medical School. 

c) Wellcome sheep anti-human serum IgA. 

d) Sheep anti-chain serum. 

e) Horse anti-human IgG. 

P. CHARCOAL. 

British Drug Houses Activated Charcoal was employed to separate 

unbound vitamin B12 from that oomplexed with biological macromolecules. 

40 



Figure 5. 

The components of gastric juice 
sample lacking intrinsic factor 

The charcoal was heated for two hours at 160°C in a dry heat 

sterilising oven. The charcoal was then dispensed as a dry norder 

or after initial suspension in normal serum. For each 100 ng of 

charcoal, 1 ml of normal serum was added. After thorough mixing 

the suspension was centrifuged at 5000r.p.m. for twenty minutes and 

the clear supernatant serum was discarded. The deposited charcoal 

was resuspended and washed in isotonic saline and after further 

centrifugation was resuspended in isotonic saline to provide a 

concentration of 100 mg charcoal per ml of suspension. 1 ml volumes 

were dispensed. 

G. AT)PARATUS: 

a) p'.1-1 meter: Direct reading glass electrode pH meter 

(Electrical Instruments Ltd.). 

b) High speed refrigerated centrifuge (NEE). 

c) Packard Tri—carb well—type liquid scintillation 

.spectrometer. 

2.2 	Methods. 

A. 	THE DETECTION OP FREE TYPE i AlEIBODY AGAINST IhTRINSIC  

FACTOR IN THE GASTRIC JUICE: 

Two ml (or less made up to 

2 ml with isotonic saline, if no 

more was available) of test gastric 

juices dispensed into 3 ml of 

isotonic saline in a 20 ml capacity 

clip—glassed bottle (figure 5). 
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400 ng of non-radioactive vitamin 

B12  was then added in 0.5 ml. 

This combined with the binding 

sites in the gastric juice, 

thereby making them inert for the 

subsequent steps (figure 6). 

The mixtures was shaken and 

left at 37
0
C for one hour. Then 

one ml of a saline suspension of 

serum coated charcoal was added 

and the mixture was shaken for 

two minutes. The charcoal 
• 

adsorbed vitamin B12 
which was 

not bound to macromolecules in 

the gastric juice (section 3.2C). 

Thus when the charcoal was 

removed only vitamin B12  bound to 

gastric-juice macromolecules 

remained in the supernatant 

(figure 7)." 

Free 
	 Deposit 

Figure 1. 

Adsorption of unbound vitamin B12 

Figure 6. 

After addition of vitamin Bl2 

D12°S 	 

Boynd 
	

Supernatont 

a'Ci) 



The suspension was centrifuged at .5000r.p.m. for ten to 

fifteen minutes and the clear supernatant as decanted into 0.5 

ml of normal gastric juice. Any free antibody would combine 

with the intrinsic factor in the normal gastric juice ark thereby 

occlude the vitamin B12 binding site. This vas incubated at room 

temperature for two hours and then 0.5 ml of radioactive vitamin 

Bit was added (100 ng 
57Cobalt vitamin B12). 

When antibody was absent the vitamin B12. vas bound to the 

normal gastric juice in the negative control. nere antibody 

was present it occluded the binding site on intrinsic factor and 

caused an impairment of vitamin B12  binding. 

0 

0 
0 

0  

0 0  

0 

0 

0 

0 

T EST 

Figure 8. 

CONTROL 

Inhibition of B12 binding as measure of antibody 

MD 



CONTROL TEST 

r." 
A 

This zao incubated for a furthc:r fifteen minutes before the 

addition of 1 ml of a saline suspension of activated charcoal, 

which adsorbed unbound radioactive vitamin B12. 

CHARCOAL 

Figure 9. Unbound 1312 adsorbed on charcoal 

The suspension was centrifuged for fifteen minutes at 3000 r.p.m. 

and the supernatant was decanted into 10 ml capacity, calibrated 

pyrex tubes for radioactive counting. 

A straight—forward assay of the intrinsic factor content 

of the normal gastric juice was concurrently performed. The unbound 

radioactive vitamin B12 was separated by additioh of saline suspended 

charcoal and not by addition of charcoal powder to the mixture of 

gastric juice and normal serum, as originally described by Ardeman 

and Chan aria (1963). 

The following controls were treated likewise: 

1. 	Negative control: normal gastric -juice alone. 



Neutral pH 
0 

0 

Figure 10 

Gastric juice containing 
antibody and intrinsic factor 

26 Positive control: normal gastric juice seeded with 

serum known to contain antibody against intrinsic factor. 

3. Recovery control: serum containing antibody against 

intrinsic factor in isotonic saline. 

The radioactivity in the clear supernatants were related 

to that in the radioactive standard containing 100 ng of labelled 

vitamin B12  in the appropriate volume of saline. 

B. 	RELEASE AK° ID=IFICATION OF TYPE 1 ATIBODY 

ALREADY BO= TO GASTRIC II7RMIC FACTOR. 

Two ml of a mixture of normal 

gastric juice and serum containing 

antibody was dispensed into 20 ml 

capacity glass bottles as described. 

400 ng of non-radioactive vitamin B/2  

was then added in 0.5 ml, in order to saturate 

the vitamin B12 bindinc,  sites and make 

them inert in the subseauent steps. 

One ml of 0.2 M phosphate-

citrate buffer was added, creating a 

PH between 3.0 and 3.2. The mixture 

shaken and incubated at 37°C for fifteen 

minutes, permitting the separation of 

antibody from intrinsic factor and the 
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Figure 11. 

  

Release of antibody from intrinsIC 
factor. As pit falls vitamin 1312 
combines with intrinsic factor 

• 
combination of vitamin B12  with intrinsic factor - 

at the site thereby exposed. 

Two ml of 0.2 molar Eat  PO4was then added, returning the pH 

to neutral. This was incubated for 45 minutes at 37°C. 

- — 
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Figure 12. 

• Sequence of steps in release and identification 
of Type I antibody against intrinsic factor 

4•1110 OM. 

One ml of a saline suspension of serum treated charcoal was then 

added to adsorb the unbound vitamin B12 and the subsequent steps 

to identify the antibody were as described in section 2.2 A. 

The steps employed for the release of antibody from intrinsic 

factor and its identification are illustrated in figure 12. 

Acid pH 



C. MODIFIED GASTRIC ASPIRATION INACHYLIA:GA.STRM: 

Gastric fLuice was aspirated by standard Methods through a 

Ryle's tube, before and after stimulation with betasole hydrochloride 

(Histalog: Lilly) or or pentagaetrin (Peptavalon I.C.I.). More 

recently, when the yield of gastric aspirate was small, 250-300 ml of 

buffered isotonic saline was instilled into the stomach through the 

Ryle's tube in 20-30 ml quantities and aspirated. The washings were 

dialysed against buffered saline for twenty-four hours at 4.°C and 

concentrated to about one tenth of the original volume by vacuum 

dialysis through Nviskine tubing. The specimens were treated and 

tested as desoribed in sections 2.2 A and B. 

D. RADIOACTIVE COMM 

The supernatant samples containing radioactive vitamin Bit  

were placed in 10 ml capacity*  calibrated pyrex tubes and these were 

placed in scrim-topped cellulose acetate containers. The radioactivity 

was measured in a Packard auto-gamma spectrometer. Samples were 

oounted for 5.40 minutes at about 3000-4000 counts per minute above 

background. 

E. WICOCYTE MIGRATION INiIBITION FACTOR: 

This test was undertaken as a possible measure of cell mediated 

immunity against gastric antigens. The technical details of this test 

are described in Appendix IV. 

2.,3 Clinical Material. 

A. PATIENTS STUDIED: 

Investigations were performed upon pool samples of normal gastric 

juice aspirated from medical students at St. Mares Hospital Medical 

School. Gastric juice samples were obtained from fifty-three patients 
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with pernicious anaemia. Most of these samples were taken from 

patients undergoing current investigation at St. Marrs Hospital 

during the period of .this study. 	Further, samples were from 

patients with pernicious anaemia whose gastric juice had beenatored 

at ..20°C.since aspiration between 196y. and 1967. Ale! samples 

were obtained during the course:of this study also from: 

Paddington General Hospital (now St. Marra Hospital, Harrow 

Road, London, W.9). 

Bdgeware General. Hospital, Middlesex. 

.'St. Bartholomew's Hospital, London, B.1* 

Middlesex Hospital, London, W.1. 

Further samples of gastric juice mere obtained from patients: 

a) with no evidence of gaatrio muoosal disorder., 

b) after partial gastrectomy. . 

c) with atrophic gastritis or gastric atrophy, who did not,  

show impaired vitamin B12  absorption., 

d) with thyroid gland dysfunction who were found to have a 

type i antibody against intrinsic factor circulating in their serum. 

In all of these patients the vitamin Bit  absorption was normal. 

B. 	CRITERIA P( THE DIAGNOSIS, OF ADDISORLUTPERAICIOUS  

ANAEMIA: 

The following criteria were a requisite for the diagnosis of 

pernicioui anaemia: 

a) Histamine-fastorpentagastrin-fast achlothydriai 

b) Absent or rudimentary intrinsic factor in the, gastric juice 

after stimulation with histamine or pentagaptrin. 



o) Evidence of impaired vitamin 812  absorption. 

d) Improvement of vitamin B12  absorption when the oral dose 

of vitamin:812  is given with an extraneous source of intrinsic factor. 

There are many other features frequently observed in pernicious 

anaemia but these are widely encountered in mnaloblastio araemias 

from a variety of causes and fail to specify the nature,of the primary 

lesion. 

It should be emphasised that the criteria listed are principally 

concerned with specifying the presence and nature of the gastric lesion 

and that these may perthit a diagnosis of pernicious anaemia at a time 

when the haematological or neurological consequences are not overt. 
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Seats on 3. 

TM IDENTIFICATION OF TYPE 4 ANTIBODY AGAIN3T IN RII~EIC  

ACTOR IN THE GASTRIC. JUICE. 



'4.1 Introduction. 

Many macromolecular components of gastric juice bird vitamin 

B12  (Graebeck 1956; Gullberg and Olhagen1999; Glass et al 1962; 

Grasbeak et al 1962; Glass 1963). It is therefore necessary to 

expose a sample of gastric juice to an excess of vitamin B12  in 

order to occupy all of the vitamin B12  binding sites. After removal 

of the unbound vitamin B12  the test mixture maybe decanted into a 

source of normal gastric juice in order to detect antibody. Unbound. 

vitamin B12 must be entirely removed because even traces will interfere 

with the subsequent steps. 

The gastric aspirate4 from about one third of subjects with 

pernicious anaemia contain residual detectable intrinsic factor 

(Ardeman and Chanarin 1969a),;' Therefore antibody in the gastric juice 

may occasionally elude detection if it co-exists in the form of a 

compleX Withnits antigen. Correspondingly ne►asures Who been employed 

to separate this antibody from the antigen in order to permit its 

identification. One suitable measure for separating antibody from 

antigen, where the physico-chemical forces effecting union are principally 

electrostatic, is to increase the hydrogen ion concentration (Boyd 1956). 

Since B12 and the antibody compete for the same site on intrinsic 

factor at neutral plitintrinsio factor can coMbite either with the 

antibody or with B12. A fall in pit will result in separation of intrinsic 

factor from antibody. If this separation occurs in the presence of 

vitamin B12, this vitamin will combine with the newly exposed binding 

sites on intrinsic factor as the union between intrinsic factor and 

vitamin B12 is principally due to physico-chemical forces other than 

electrostatic (i.e: hydrophobia, van der Waal's*  dipolar eto). 



Accordingly when the pH is returned to neutral and the physical 

conditions would permit the recombination of type 1 antibody with 

intrinsic factor, this cannot take place as the binding site is now 

occupied by vitamin B12, and thus the antibody remains free. 

After removal of the remaining "free" vitamin B12, the 

specimen is tested for the presence of antibody by the technique of 

Ardeman and Chanarin (1963). 

The purpose of this section is to consider the effect on the 

assay system of variations in the coniitions under which the reagents 

are allowed to react. The adsorbing properties of charcoal are 

considered first in relation to vitamin B12  and type 1 antibody and 

thereafter variables in the whole experimental system are assessed. 

3.2 	Charooal as an adsorbing egent. 

A. 	ACTIVATED CHARCOAL AND VITAMIN B42. • 

Charcoal was used at two stages in the procedure: 

a) in order to adsorb unbound non-radioactive cyanocobalamin 

which had been added to saturate the vitamin B42 binding components 

of the test gastric juice. 

b) to adsorb unbound radioactive 57Cobalt vitamin B12  which 

was added as part of the test system for measuring the presence of 

type 1 antibody. 

The presence of intrinsic factor antibody is shown by its 

ability to interfere with radioactive vitamin B12  binding by normal 

gastric juice. It was essential that the removal of fres non-. 

radioactive vitamin B12  be complete. If residual unbound vitamin B12 

remained in the sample then on introduction into sample of normal 

gastric juice (used to assay the free antibody) it would bind 

preferentially to intrinsic factor and thereby reduce the number of 



sites available for binding by radioactive vitamin B12. In this 

system residual unbound non-radioactive vitamin B12  would be 

responsible for a fall in radioactive vitamin B12 binding, 

indistinguishable from that caused by antibody against intrinsic 

factor. 

The following experiments were undertaken in order to evaluate 

the effidiency of charcoal as an adsorbent for vitamin B42. 

ia 	The adsorztion of 57Cobalt vitamin B42  by activated  

charcoal. 

procedure,: 

Measured quantities of radioactive vitamin B12  were added to 

8 ml volumes of saliva. 100 mg of powdered charcoal was added to each 

preparation, shaken and left at room temperature for 2..3 minutes: 

The suspensions were centrifuged at 3000 r.p.m. for ten minutes and 

then the radioactivity in the decanted supernatant was measured and 

compared with a radioactive standard containing 100 ug radioactive 

vitamin B12. The residual vitamin B12 in the supernatant after 

adsorption by charcoal was measured. 

Charcoal was tested in various forms for the efficiency of its 

ability to adsorb vitamin B12. 

The charcoal was taste 

1 	As powder. 100 mg. 

11. 	Suspended in normal serum 100 mg/mi. 

iii. Suspended in isotonic saline, after first being mixed and 

incubated with normal serum. 100 mg/M1. 



Results: 

Table  

Initial B12 content 

OW* 

B12 (ng), remaining after adsorption 

by charcoal as: 

Powder 	serum suspension 	saline washed 

100 0.8 1.0 0.8 

200 2.0 1.25 1.25 
300 2.5 2.0 1.5 

40 2.5 2.7 2.5 

500 3.0 2.0 2.5 

1000 4.0 4.0 3.5 
OW 6.0 6.0 4.0 

Conclusions: 

Charcoal was an avid adsorbent for vitamin B12  and that 100 mg 

in any of the three forms tested was able to remove more than 99;!, of 

vitamin B12  itt quantities up to 2000 ng from solution. 

2. 	The rate of vitamin B12  adsorption by activated charcoal  

in serum suspension. 

Procedure: 

Activated charcoal was suspended in normal serum (100 mg/m1). 

ml quantities of this suspension were dispensedinto tubes containing 200 

ng of 57=telt vitamin 812  in 8 ml of saline. These mixtures were 

left for varying time before centrifugation. The results express 

the total residual vitamin B12  in the supernatant. 



Results: 

Table 2 

Time  of exposure and the adsorption of vitamin B12  

by serum suspended charcoal. 

Time (minutes) Supernatant B12  content 	ng)• 

1 1.0 

10 0.9 

20 1.0 

30 0.7 

60 0.8 

Conclusion: 

The adsorption of 200 ng of vitamin B12  by 100 mg of aotivated 

charcoal is virtually complete within one minute. 

3. 	The stability of adsorbinA properties of activated  

charcoal in serum suspension. 

Procedtire: 

Activated charooal was suspended in normal serum (100 mg/m1) 

and left at room temperature on the bench for specified periods before 

being added to 57 cobalt vitamin 812 in saline for two minutes. The 

suspension was centrifuged at 3000 r.p.m. for fifteen minutes and the 

supernatant radioactivity was measured. 

- 55 - 



Result: 

Table 

The effect of time in serum suspension on the ability 

of activated 4113arcoal to adsorb vitamin B4 2. 

Time (minutes) Supernatant vitamin B12  (ng). 

1 0.8 

15 

30 0.8 

60 1.0 

conclusion; 

The adsorbing capacity of the activated charcoal was sustained 

for 60 minutes in serum suspension. 

4. 	The effect of sequential _additions of serum suseenied  

charcoal. 

Procedure: 

Serum suspended charcoal (100 mg/m3.) was added to radioactive 

vitamin B12  in saline. The vitamin B12  remaining was measured after 

one addition of charcoal and after two such additions which were 

separated'by two minutes. 

Remits: 

Total vitamin B12. 

(ng) 

Table 4  

Residual vitamin B12 in supernatant after: 

One charcoal addition 	Two charcoal 
additions • 

1000 

2000 .5.0 

3.5 

465 

   



Conolulions: 

The radioactivity *Leh remained in the supernatant after 

one exposure to activated charcoal. was not further reduied.after 

a second similar. expoiute to charcoal. Possibly a In lance is 

struck between the vitamin B12  adsorbed onto the charcoal and that 
. 	....... 	, 

which remains in the supernatant. Pith increasing quanti4es of 

vitamin Bit further additions of Charcoal would have limited power 

to complete the adsorption. 

5: Comments. 

1.- Activated charcoal was an effective adsorbent of unbound 

vitexain'Bi2  whether administered as powder, in serum suspension or 

in isotonic saline after incubation with normal serum. 

2. ,Two additions of serum.suspended charcoal were no more 

effective in clearing unbound vitamin 13.12'than was a .single addition. 

3. Up to 500 mg of vitamin B12 could be satisfactorily 

extracted with only a small supernatant residue. 

44, Increasing the duration of exposure to the Charcoal. 

preparation for, up to. one hour made no appreciable difference to the. 

order of vitamin B12 extraction. 

5. 	 When the charcoal had remained suspended in serum for up 

to one hour at room temperature, it made no difference to its function 

as an adsorbent. 

B. 	ACTIVATED CHARCOAL Alai yrE 1 menoDyACAIN3T.INPRIZISIC  

FACTOR. 

Serum proteins attach themselves to the surface of charcoal 

particles. . This can discriminate between large and small molecules. 

It is possible that in addition to adsorbing "free" vitamin B12, the 

charcoal might alio remove some 'of the antibody from suspensio4- 



In order to determine whether type 1 antibody was lost during 

incubation with a charcoal preparation the following test was 

performed: 

Procedure; 

Serum containing type 1 antibody of knOwn titre was added to 

sal-ine.' Serum from five subjects was ,  thus dispensed in'triplicate. 

Charca'al was added 'to two of the Samples, either as a serum suspension 

in Saline after incubation.  with serum. In the third sample the 

volume was made up 'with saline. 

After two minutes incubation with charcoal the samples were 

Centrifuged at 3000 r.p.m.' for fifteen minutes and the supernatants 

Were decanted into samples of normal gastric juice 'of known intrinsic 

factor content; in order to measure the antibody present ' by the usual 

method.' 

Result: - 

Table 5  

Antibody detected (units 

charcoal 'treated 

Serum' sample -neat sample serum suspension saline washed 

A 15. 11.0 11.0,  

3 9.5 6.5 7.0 
C 10.0 8.0 8.0 

A iici 9(1, 8.0 

E 7.0 4.5 5:0 



Comment: 

A fall in identifiable antibody took place after exposure 

to charcoal. This fall was fairly consistent among the samples 

tested: 

Table 6.  

Sample 	per cent antibody lost in charcoaling. 

A 

B 

27 

26 

20 

29 

28 

Antibody loss is probably due to adsorption of antibody onto 

charcoal. 

C.' 	COWED CHARCOALAND THE SEPARATION OF PRES FROM BOUM  

VITAMIN B12. 

t. Introduction. 

Charcoal is widely used inimmuncassay techniques for_ 

discriminating between molecules of different sises. It is used in 

peptide and protein hormone assays as well as assays for intrinsic 

facotr and antibody against intrinsic factor. 

,Since its function is critical in the assay herein described 

it is considered appropriate to Itemise some of the,properties and 

functions of charcoal in the techniques in which it is employed. 

Gottlieb et al (1965) suggested that the charcoal particles might be 

conceived as a "micro-sponge". Charcoal is an avid adsorbent of a 

large variety of molecules. When coated with plasma, blood fractions, 



plasma expanders or other materials, charcoal will continue to 

adsorb molecules of lesser molecular size than the ccatinE particles 

and will reject molecules equal to or of greater size than that of 

the coating. molecules (Gottlieb et al 1965). 	In the immunoassay 

systems employed for hormones, specific antibodies bind to radio-

activity labelled hormone present and the complex is too largo to 

Gain access to coated charcoal and remains in the supernatant 

(Herbert 1969) . 	In studies of Gastric juice the vitamin B12 which 

combines uith macromolecules in the gastric juice is inaccessible 

.to the coated charcoal. 

Uncoated 

0 	B 12 

Intrinsic factor 

Nr-A7,  
/•• 	Coating particles 

Figure 13. 

Molecular discrimination by coated charcoal 



In order to discriminate between molecules of different 

sizes in a mixture, it is important that the charcoal is introduced 

into the mixture previously coated with the appropriate molecules. 

In the assay system for intrinsic factor introduced by Ardeman and 

Chanarin (1963), powdered charcoal is introduced into the mixture 

containing gastric juice, serum and vitamin B12. The vitamin B12  

is present partly bound to macromolecules and partly free. In this 

system it is assumed that in order to discriminate between bound and 

free vitamin B12 the charcoal must become instantaneously coated 

with the serum proteins. However rapidly this coating takes place 

it would be remarkable if it was oomplete before any of the bound 

vitamin B12 had become taken up by the charcoal particles. 

2. A comparison of pre-coated and uncoated charcoal in the  

Intrinsic factor assay. 

Procedure: 

Normal gastric juice samples samples were incubated with 

normal serum and with serum known to contain antibody against intrinsic 

factor. After fifteen minutes S7 cobaltvitamin B12 was added. 

Duplicate preparations were made of all samples thus tested. In the 

one preparation unbound vitamin B12  was extracted by the addition of 

charcoal inPoWdertorm, and unbound vitamin B12  was removed from the 

duplicate preparations by charcoal in saline suspension which had 

previously been incubated with normal serum (100 mg oharcoal ini ml 

of serum). The suspensions were centrifuged at 3000 r.p.m. for fifteen 

minutes and the radioactivity was measured in the clear supernatant. 



Results: 
0111111111111NPOPEOPM1 

Table 7, 

Sample ng of 570012  in supernatant 

*naked charcoal" 	Preoaated charcoal 

A + normal. 67.0: 
serum 

A + Type 1 Ab. 14.5 18.0 1  

B + normal 
serum 

5tt..5 65.5 

B + Type 1 Ab. -13.5, 24.5 
+ normal 43.0„ 60.0 
SWUM 

+ Type 1 Ab. 	10.6 	 1365 

Comment: 

The supernatant radioactivity is higher after 'adsorption with 

precoated charcoal. This suggests that poWdered'charcoal adsorbs 

some of the bound B12  before boob:ming adequately coated to discriminate 

between bound and free vitamin B12. These figures result in a higher estimate 

of intrinsic factor in the duplicates tested with pre-coated charcoal. 

Pre-coated charcoal was used in the studies herein itemised. 

because: 

a) it was easier to separate by oentrifUgatiOn'than charcoal 

added in powder form, some of which settled on the surtaoe of the 

suspension or adhered to the sides of the-tubes and contaminated the 

'decanted supernatant. 

b) the above experiments showed that it was less able to absorb 

large molecules and therefore more likely to leiVe antibody molecules 

free in the supernatant. 
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3. The preparation of pre-coated charcoal: 

The required amount of powdered charcoal was introduced into 

normal serum, at a concentration of 100 mg charcoal per ml of serum. 

This was stirred until the charcoal was ;in suspension. , The suspension 

was left for ten minutes at, room temperature and then centrifuged at 

3000 	for fifteen minutes. The supernatant 'serum was discarded 

and the charcoal resuspended in isotonic saline*  stirred and centrifuged 

again at 3000 r.p.m.. The supernatant was again discarded and the 

'charcoal deposit resuspended in a volume of isotonic saline so that 

there was 100 mg of charcoal per ml of suspension* This was kept on 

the bench at room temperature and used in the assay within the 

subsequent hour. There the tests extended beyond the period of an 

hour the charcoal was freshly prepared, 

	

3. 	Afitiboay against intrinsia factor, 

A. 	THE EFFEar OF off: 

Since intrinsic factor and type 1 antibody will separate as the 

pH is brought down through a critical range*  it was necessary to 

identify the effect of exposure to' a range of pH for increasing periods 

on the function of the antibody alone. 

	

1. 	Antibody stability over Of range 7.5  

Prooedure: 

Samples of serum with a known titre of antibody against intrinsic 

factor were introduced into 0.2 It phosphate citrate buffer over the pH 

range 7.5 - 2.0 at room temperature. 'After precisely fifteen minutes 

the pH was returned to neutral by adding 0.2 M disodium-hydrogen phosphate. 

Each sample was tested for the remaining functioning antibody by the 

method of Ardeman and Chanarin (1963). 
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Result: 

lm four different serum samples tested, fifteen minutes 

exposure to pH 3.0 made no appreciable difference to the antibody 

detected. Below pH 2.5 however there was a fall in antibody titre. 

Table 8 

Antibody detected expressed as percentage of  

the content in control samples preserved at  

neutral pH. 

pH Serum samples: 

7.5 100 100 100 100 

6.0 90 100 95 95 

5.0 97 98 95 96 

4.0 93 97 95 100 

3.8 100 98 95 96 

3.6 100 98 92 96 

3.4 100 98 98 

3.2 100 97 100 

3.0 100 97 95 94- 

2.5 88 84. 85 

2.0 72 77 75 

2. The effect of the duration of exposure to PH 2.3  

Procedure: 

Serum which was known to contain antibody against intrinsio 

factor was placed in a glycine.sulphuric acid buffer at pH 2.3. 

Aliquots were extracted and tested for antibody at stated intervals: 



Results: 
WWINOWIPM. 

Table 9 

Time (minutes) Antibody activity, expressed as 

percentage of that in control 

sample maintained at neutral pH. 

5 87 

10 81 

15 78 

30 71 

45 57 

60 45 

Comment: 

There was a progressive and steady decline of antibody activity 

after increasing exposure to pH 2.3 

3. The relative,effects of low pHAnd the duration of exposure  

on type i antibo47. 

Procedmre: 

g41111,11:0  volumes of serum containing antibody against intrinsio 

factor were decanted into: 

a) isotonic saline 

b) 0.2 M phosphate citrate buffer at pH 342 

c) 0.2 M phosphate citrate buffer at pH 3.0 

_Aliquots were removed at stated intervals and decanted into 

0.2 H disodium-hydrogen phosphate, at neutral pH. The samples were 

then tested for antibody content by the usual method. 



Result 

Table 10 

Units of antibody deteoted after incubation. 

Sample pH 

Duration (minutes) at pH stated 

15 	30 	60 

2 

3 
4 

3.0 

1415 

4.5 
,5„!0 

10.0 

16.0 

4.0 

"' 	6.5 
11.0 

16.0 

' 6.0 
6.0 

12.0 

15.0 16.0 17.0 

2 4.0 4.0 5.0 
3.2 

3 5.0 5.0 7.0 

4 10.0 10.0 12.5 

1440 16.0 16.0 

2 4.0 3.5 5.0 
7.5 

3 5.0 5.0 7.0 

If 10.0 10.0 12.0 

Cam:sent; 
In the four serum samples tested there was no evidenoe 

of decline in antibody activity after exposure for up to one 

hour at pH 3.0. 



B. 	THE RELATIVE RATES OP COMMIT/ON OF IHERINSIC FACTOR  

nrg TITAMIN Bi  AM) VITHANILT3ODY. 

1. Combimtion of normal gastric juice with vitamin B at i 2. 
neutral DE: 

Ten ml of neutralised normal gastric juice was introduced into 

5 ml of saline at 4°C. The vitamin B12  binding capacity of this 

gastric juice had been previously tested and was about 70 ng/mi. 

5 ml of 57cobalt vitamin B12 (200 ng/m1) were rapidly dispensed into 

the gastric juice. The total mixture thus contained 700 vitamin B12  

binding units and 1000 ng of vitamin B12. This was mixed and 1 ml 

aliquots were removed with a "Summit" spring loaded syringe and 

delivered at stated intervals into glass bottles containing serum 

coated charcoal in saline. The coated charcoal adsorbed the unbound 

vitamin Bit, thus curtailing the combination ofgastric juice binders 

with vitamin B12: The suspension was shaken for two minutes,, 

centrifuged at 3000 r.p.m. for ten minutes and the clear superratarrt 

was decanted into calibrated tubes for radioactive counting. 

2. The combination of normal gastric juice with vitamin B12  

at cai 3:2. 

A similar experiment was carried out to test the combining rate 

of normal gastric juice with vitamin B12  at pH 3.2. 10 ml of normal 

gastric juice were added to 5 ml of 0.2 molar phosphate-citrate buffer 

at pH 3.2 57cobalt vitamin B12  was added as described above. One ml 

aliquots were transferred at stated intervals into a suspension of 

serum coated charcoal in 0.2 H disodium hydrogen phosphate. The 

suspension was shaken, centrifuged and decanted as itemised above: 



Results I 

The results of a typical experiment are shown: 

Table 11, 

Vitamin B 2 bound ml of incubation mixture. 

Time p11 7.5 03.2 

bound 

5 seconds '40 
10 42 

15 46 

00 '5 44 

30 43 44 

40 44 

50' 44 44 

60 	ft 41 

10 minutes 47 47 

Comment: 

There was no difference in the rate or order of combination 

between normal gastric juice and vitamin% -at pH 7.5 and pH 3.2. 

These findings conflict with Goldberg and Pudenberes claim: (1969) 

that the'binding of vitamin B12  by intrinsic factor becoMes impaired 

ari the pH fell. 

3. 	The effects of pH on the intrinsic factor assay systems  

is 'a whole: 

In view of the claim by Goldberg and PUderberg (1969) that'narmal 

gastric juice showed a decline of vitamin % binding with falling pH, 

an intrinsic factor assay by the method of Ardeman and Chanarin (1963) 

was performed on samples of normal gastric juice over the pH range 

7.5 — 2.3 in 0.2 M phosphate citrate buffer. 



Results: •••••1~~faimb 

Table 12  

Gastric juice with:. 

PH 
	Noma l 

Plasma. 	Plasm 	mg B12  banal 

7.5 
	 !iv v 

4.0 
	

38 	26 a 	12 

3.8 	 30 	16 14 

3.6 
OOP 
	 14 26 	12 

3.4. 	 13 

25 	12 13 

3.0 	 241 11.5 a 	 13 

2.3 	 1
3.

5
56.) 
) 3.0 - 	+ 	1  

3.2 a 



+ Normal serum 

0 0 

0 0 0 	0 4.) 

- + Type I antibody 

	

fi 	80 

M 60 
O 

O 
a 40 
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0 

E'  0 

7.5 	 4.0 3.8 3.6 3.4 3.2 3.0 

PH 

Figure 14. 

Results of intrinsic factor assay performed over pH range 7.5 - 2.3 

Comment: 

The fall in the amount of vitamin 312  remaining after charcoal 

adsorption at low pH is due to the charcoal adsorbing less selectively. 

with lowering of pH. The alternative explanation offered by 

Goldberg and Fudenberg (1969) that intrinsic factor fails to bind 

vitamin B12  at low pH is not borne out by the findings represented 

in the previous section. It was shown that intrinsic factor bound 

with vitamin 312  over a wide—range of PH. 

	/1 	 
2.3 



In view of the disparity between the combining rates of 

gastric Juice with vitamin B12, and with antibody which became more 

evident as the pH fell, it was decided to employ this change in physical 

conditions in order to separate pre-complexed antibody from intrinsic 

factor. However the identification of liberated antibody required 

a return to neutral pH, since the assay system had been shown to be 

affected by low pH. Clearly a return to neutral pH would permit 

recombination of intrinsic factor with antibody. This could be 

prevented by the addition of vitamin B12  when the pH was still low, 

since vitamin B12 could combine with the intrinsic factor, obstructing 

the site for the antibody, which thus remained free in the solution. 

4. Combination of the intrinsic factor in normal !gastric  

Juice with Type i antibody at neutral pH. 

Procedure: 

10 ml of normal gastric juice known to bind about 80 ng 

vitamin B12 per mi were added to 6.7 ml of saline. Then 3.3 ml of 

serum was added which contained about 200 units of Type 1 antibody per ml. 

One ml samples were removed with a "Summit" spring loaded syringe and 

decanted at stated intervals into bottles containing saline and 100 ng 

57Cobalt vitamin B12. Binding with vitamin B12  curtailed further 

combination with antibody whilst leaving the intrinsic factor antibody -

complex undisturbed. After incubation at room temperature for ten 

minutes, activated charcoal was added to adsorb the unbound vitamin B12. 

This was shaken and then centrifuged at 3000 r.p.m. for ten minutes. 

The supernatant was decanted into calibrated glass tubes for radio-

active counting. 



5. 	Combination of ',intrinsic factor With. Type 1 antibodx  

at •nH 3.2. 

Procediire: 

A' similar experiment Was set up to test the rate of combination 

between the intrinsic factor of the normal gastric juice with type 

antibody at pH 3.2. 10 ml of normal gastric juice was mixed with 6.7 ml 

of 0.2 L phosiliate.•;oitrate buffer at pH 3.2. • 3.3 ml of plasma containing 

an antibody to intrinsic •factor'was added as before. 1 ml samples were 

removed from the mixture with. a 'Summit" spring loaded Syringe' and • 

decanted 	0.2 M 103.2H1104.  containing 100 ng of 57Cobalt vitamin 312. 

After incubation for ten minutes at room temperatUrei, these' Samples 'were 

treated as above. 

Results:- The results of a typical experiment are shown. 

13  

Type 1 antibody bound•bly-pastric Jules' in an ml of  

incubation' mixture: 

Time at neutral pH at 01 3.2 

5 seconds 

10 

ng Units of antibody bound 

22 

27 
7 
i0 

15 29 11 

ff : 30 15 

It 30 32 19 

1.0 	I, 33 21 

50 33 21 

60 	ft 36 22 

10 minutes 38 35 
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Figure 15. 

Comparison of rates of combination of intrinsic factor with 
a) vitamin D12 	 1 neutral pH 
b) antibody against isitrinsic factor f pH 3,2 

Commcsnt: 

The rate of combination of intrinsic factor and type antibody .  

vas dependent upon hydrogen ion concentration, whereas binding between 

gastric juice and vitamin 312  was independent of pH within the range 

selected. 
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6. 	Competitive CoMbination  of Intrinsic Factor with Vitamin B12  

and with type 1 Antibody. 

The measurements of combining rates presented in items 1 and 2 

at this section presuppose that when aliquots are decanted into charcoal 

or vitamin B12 solution, the reaction between the components of the 

initial mixture is instantaneously curtailed. That-4:where gastric juice 

and vitamin 3'312 are studied, expulsion into charcoal is responsible for 

immediate adsorption of unbound vitamin B12. Mere gastric juice is 

mixed with antibody, that expulsion into vitamin B12  curtails further 

combination of intrinsic factor with antibody, Clearly the steps taken 

to stop the reaction, must proceed at their own rate. Thus, in concluding 

that antibody combines with intrinsic factor more slowly than does B12, 

allowance must be made for the fact that B12 also takes time to combine with 

gastric juice binders and the difference maybe more apparent than real. 

This is likely to mare important at pH 7.0 than at pH 3.2. 
In order to test the . rqative rates of combination between gastric 

intrinsic factor with either vitamin B12  or antibody to intrinsic factor, 

the gastric juice was introduced into a mixture containing both 57Cobalt 

vitamin B12  and antibody. The quantities were such that nanograms of 

vitamin B12 corresponded in number to ng units of antibody. 

Procedure: 

0.5 ml 57coli12  (100 ng) and 0.5 ml serum containing antibody was 

prepared. Controls contained each of these in salinee Normal gastric 

juice was added. The combination of these components with intrinsic 

factor was measured after 15 minutes at pH 7.0 and at pH 3.2. A fall in 

B12 binding was held to represent combination of intrinsic factor with 

antibody. 
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Results: The results in a typical experiment were: 

1. Gastric juice alone bound 50 ng vitamin B12, 

2. B12 bound by non-specific binders in gastric juice 	ng. 

3. Intrinsic factor presents 36 units. 

4. Gastric juice added to antibody and vitamin Bi ftit 

Binding to vitamin B12 

(a) pH 74 : 38 

(b) pH 3.0 : 46.5 

Since non-speoifio binders account for 14 ng of B12  in both (a) 
and 0), the vitamin B12  bound to intrinsic factor was:- 

(a) 24 ng.,  

(b) 32.5 ng. 

The intrinsic factor available for combination in both tests was 

36 units. Thus at rH 7.0  24/36 = 2/3 of the intrinsic factor bound to 

vitamin B12; 12/36 = 1/3 of the intrinsic factor was bound to antibody. 

there antibody and vitamin B12  were present in equivalent proportions, 

intrinsic factor takes up 2 parts of B12  and only i part of antibody. 

At OH 3.0;  32.5/36 • 90% units of intrinsic factor bound to 

vitamin B12; 3.5/36 units of intrinsic factor combined with antibody.  (1W): 

Thus at pH 3.0 'here antibody and vitamin B12  were present in equivalent 

proportions, intrinsic factor combined with nine times as much 812  as 

antibody. 

Although oombination of intrinsic factor with vitamin B12  or with 

type 1 antibody are mutually exclusive, since they compete for the same 

binding site, physical conditions may be adapted to virtually exclude 

antibody from forming a complex with intrinsic factor. 
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Figure 17. 

Effect of pH on relative binding of intrinsic 
factor to vitamin B12_ and Type I antibody 
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C. 	COMPARISON OF INZRIASIC FACTOR ASSAY IN. SALINE 

Altifi PHOSMATE-CTTRATE BUFFER AT NEUTRAL VH. 

During the steps employed to dissociate intrinsic factor 

from type 1 antibody 0.2 M phosphate-citrate buffer pH 3.2 was 

added and subsequently the pH was returned to neutral by addition 

of 0.2 M ha.2HPO4.. Since these steps altered the ionic content 

and molar concentrations in the final mixtures in the measurement 

of vitamin B12 binding by normal gastric juice, intrinsic factor 

assays in saline and "phosphate-citrate buffer" were performed and 

the results compared. 

Procedure. 

1 ra. of 0.2 M phosphate-citrate buffer pH 3.2 was added to 

3.0 ml 0.2 L fla2HPO4. A further 2 ml of saline were added. 

Controls were added as shown below. An intrinsic factor assay was 

performed in this medium and also in isotonic saline. 

Table 14., 

(Volumes in ml) 

TESTS conum 

Saline 2.0 2.0 '6.0 6.0 

.pH 3.2.buffer (0.2M) ,1.0 1.0 

11:1,2HPO4,  (0.2M) 3.0 360 • 

Gastric juice 0.5 0.5 445 0.5 

Normal plasma 1.0 - 140 - 

P.A. plasma - 1.0 - 1.0 

57Co vitamin B12 0.5 0.5 0.5 0.5 

Charcoal 1 ()Ong 100mg 100mg 100mg 



Results: 

There was no evident difference is results of the 

intrinsic factor assay as performed in a neutral mixture of 

neutralised oitra‘phosphete buffer or performed in saline. 



Section 4. 

STUD S ON 	RELEASE OF ANUROpT FROM IN 	FACTOR. 
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4.1 Differential thermal lability. 

A. 	NORMAL GASTRIC JUICE: 

Intrinsic factor assays were performed on aliquots of normal 

gastric juice, after incubation in a water bath at temperatures from 
45°C - 65°C for periods up to 60 minutes. 

Results: 

Table 15. 

The thermal stability of intrinsic factor and nonscecific  

binders in gastric klicet  expressed as percentage  

peqidual activity of that in the unheated sample.,  

Temperature Component 0 15 30 

65°C Intrinsic factor 100 nil nil. nil 

Non-specific binders 100 nil nil nil. 

60°C Intrinsic factor 100 nil, nil nil 

Non-specific binders 100 nil nil nil 

50°C Intrinsic factor 100 62 50 29 

Non-specific binders 100 42 4.0 35 

45°C Intrinsic factor 100 84 76.5 70 

Non-specific binders 100 70 65 52 

Comment: 

After fifteen minutes at temperatures above 60°C,;  no intrinsic 

factor or nonspecific vitamin B12  binding remained detectable. At 

50°C the initial decline of non-specific binding activity was more 

rapid than that of intrinsic factor but intrinsic factor deterioration 

was progressive whereas that of the non-specific binders was limited. 

At 45C the deterioration of non-specific binders was also more 

rapid than that or intrinsic factor. 

- 80 



B. 	SERUM INTRINSIC FACTOR ARPIBODT: 

Serum containing an antibody against intrinsic factor was 

incubated i.n a water bath for periods up to Go minutes at 50°C 

and 60°C. 0.1 ml samples were removed at stated intervals and 

introduced into saline and nprmal gastric juice, in order to test 

for the remaining antibody. 0.9 ml of normal plasma was added to 

all the sample tubes in order to permit selective charcoal adsorption, 

of unbound vitamin B12. The subsequent procedure was that described 

for the detection of antibody. 

Results: 

Tablei.  16. 

Antibody,activitcfremaininis after heating. expressed as  

percentage of the antibody present in the unheated control. 

Temperature 

Time (Minutes) 

0 15 30 60 

50°C 
60°C 

100 

100 

94. 

85 

94 

91 
91 
85 

pomment: 

There was only slight deterioration of antibody over sixty 

minutes at 60°C. 

This contrasted with the thermal lability of the vitamin B12  

binding molecules in normal gastric juice, which were destroyed 

during fifteen minutes exposure to 60°C. 
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C. RECOVERY OF AreIBODY FROM COITIEX yam In/mimic  

FACTOR BY RRATIM: 

Normal gastric juice was mixed with serum from a subject 

with pernicious anaemia which was known to contain an antibody 

against intrinsic factor. The volumes chosen were such as to 

provide an equivalent number of units of intrinsic factor and 

antibody. This mixture was incubated at room temperature for 

twenty minutes. One ml aliquots were taken to measure the free 

intrinsic factor and. the free detectable antibody. Thereafter 

the mixture was incubated in a water bath at 60°C. One ml 

aliquots were taken at fifteen minutes and thirty minutes to 

measure: 

a) the vitamin B12  binding. 

b) detectable antibody which might have been released by 

the elevation of temperature. 

Comment: 

It was shown that vitamin B12 binding of normal gastric 

juice was reduced to nil by heating to 60°C for fifteen minutes. 

Correspondingly the presence of antibody would be shown when a 

teat preparation inhibited the vitamin B12  binding of a normal 

gastric juice sample to which it had been added. The total 

vitamin B12 binding of 1 ml of test mixture together with 0.5 ml 

of normal gastric juice, declined after heating at the same rate 

as the fall in vitamin B12  binding of the heated sample alone. 

Therefore no antibody could be detected by these means, after it 

had been in complex with intrinsic factor* 
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4.2 Al)erations in hydrogen ion concentration. 

A. INZRODUCT/ON 

It was shown in section 3.3 that intrinsic factor binding to 

vitamin B12 was not affected by a fall in the pH to 3.2, whereas the 

combination of intrinsic factor with type 1 antibody was impaired. 

The purpose of the subsequentinvestigations was to determine whether 

pre-oomplexed antibody could be separated from intrinsic factor by 

increasing the hydrogen ion concentrations  also the rate and order 

of such separation and the degree of recovery of the antibody 

introduced. 

B. THE RELEASE OF TYPE 1 ANTIBODY FROM ILTRIVSIC FACTOR. 

Procedure: 

Serum was titrated for antibody against intrinsic factor by 

the method of Ardeman and Manarin (1963). In the 'articular 

experiment set out below the antibody titre of the serum was 120 units 

per ml. The intrinsic factor content in a sample of pooled normal 

gastric juice was measured by the same method,, The content was 

62 units per ml. The following mixtures were made: 

A. 4 ml gastric juice. 

2 ml serum 

B. 4 ml isotonic saline  

248 units IF 

240 units Ab. 

2 ml serum 	240 unite Ab 

4 ml gastric juice 	248 units IF 

   

   

IF Ab 

 

   

   

Ab1  

IF 

These mixtures were incubated at room temperature for twenty 

minute!: to allow the antibody to react with intrinsic factor. 
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Thereafter 1000 ng of non-radioactive cynnocobabmin in 1 ml of 

saline was added to each mixture in order to saturate the vitamin B12 

binding sites present and also to provide an excess of vitamin B12  

so that it could carbine with sites on intrinsic factor previously 

occupied by antibody which had been released. 

One ml was withdrawn from each mixture to test for antibody 

Content at neutral pH. Then four ml , of 0.2 11 phosphate—citrate 

buffer at pH 3.2 was added to the remaining six ml in the three 

mixtures in order to permit separation of the antibody from its 

pre.complexed state with intrinsic factor. One ml aliquots were 

transferred at stated intervals directly into 2 ml of 0.211 Da2HPO4  

in order to return the pH to neutral. This permitted measurement 

of ftee antibody as described in section 2.2.3. 

The 1 ml aliquots comprised 0.6 ml aliquots 

of the original incubation mixture and 0.4 ml of the, added phosphate 

citrate buffer. In order to have an equivalent amount from the 

control mixtures 0.6 ml aliquots-  were taken from these and decanted 

into a neutral mixture of 0.4 ml H phosphate-citrate buffer and 

2.0 ml of rh2HPO4. The samples from mixtures A, B and C were then 

all treated Identically, 

Protein coated charcoal suspended in 1 ml saline was added 

to all the specimen tubes and shaken in order to adsorb all the 

unbound vitamin B12. After 1-2 minutes these suspensions were 

centrifuged at 3000 r.p.m. for ten minutes and the clear supernatants 

were decanted. The free antibody present was measured. 

In a typical experiment 240 units of antibody were present in 

mixture A and B. One ml was removed from the incubation mixture 

prior to the addition of buffer in order to measure the free antibody 

present. Since the mixtures were originally of 6 ml volume, the 

antibody remaining was: 240-240/6=200 units. Buffer was added to 
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a total volume of 10 ml and one ml aliquots were removed and tested 

for free antibody at stated intervals. Each of these aliquots 

was thus calc,ulatea to contain 20.0 units of antibody in combination 

with intrinsic factor before processing. 

The procedure is outline in table t7. 

Table 17. 

The components of test and control mixtures in measurement  

of antibody. 

MIXTURES 

          

 

	

12 	B 12 	B12 x 1 ml. 

	

Ab. 	Ab 	Normal 2 ml. 
fj serum 

 

E, 	  

Gastric 	Saline 	
1  Gastric j 4 ml. 

juice h 	l 	juice 

CONTROLS 

1 ml. aliquots decanted into neutral buffer 

TESTS  ( 6 ml.) 
4.0 ml. 0.2 m. buffer at pH 3.2 
Incubated at 37°C 
1 ml. aliquots removed and 
decanted into 0.2 m. Na2HPO4 
at stated intervals 

F 

Y1 
Free vitamin B12  adsorbed by charcoal 
Supernatant decanted into normal gastric juice 
100 ng. 57CoI312 added 
Unbound 57C0B12 adsorbed by charcoal 

Impairment of radioactive vitamin Bj.2 binding 
is a measure of free antibody in treated sample 
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Results : Recovery of antibody from complex with intrinsic  

factor:. 

Table 18 shows the percentage of. bound antibody which was 

released from combination with intrinsic factor., The release of 

antibody in sera 2, 5 and 9 was tested only once whereas with the 

remaining sera this was tested more than once to determine the 

reproducibility of the method. 

Table 18. 

Antibody containing sera (1 to 9) added to standard 

pastrio juice. 

Total Antibody 
(ngunas) 

2 3 4 5 6 7 8 9 

15 32 15.5 21 25 30 16.5 22.5 13.5 

Free Antibody 
in mixture 

5.5 6 0 0 2 3.9 0 0 0 

Antibody bound. 9.5 26.0 15.5 21 23 26.9 16.9 22.5 13.5 

Antibody released 5.5 20.5 11.5 16.5 18 23 10.5 1445 8.0 

Recovery (%) 

Experiment a. 

b. 

0. 

d. 

58 

54 

62 

79 74 78 

76.5 

78 

75 

87 

90 

88 

64 

83 

82 

85 

64 

6o 

60 

=meat: 

This between 54 - 90% of antibody added to gastric juice could 

be made to dissociate from intrinsic factor in a form detectable by 

the standard assay described for intrinsic factor antibody, With the 

same serum the method appeared to be reasonably reproducible. 
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C. 	THE RAM OF RELEASE OF ANCIBODT FROM IMMIX= FACTOR 

AT nil 3.2. 

Procedure: 

Normal gastric juice and serum containing anti4o4 against 

intrinsic factor were mixed (A), in such volumes as to introduce 

corresponding units of intrinsic factor and antibody. This mixture 

was incubated at room temperature for 20 minutes. Preparations 

were also made containing serum with antibody alone (B) and normal 

gastric juice with normal serum (C), These were included in meter 

to test the effects of the subsequent steps on the independent 

components of mixture A. The mixtures were then placed in, a water 

bath at 37°C and non-radioactive vitamin B12  was added in excess of 

the binding capacity of the components of the mixtures.. The 

subsequent °toga were as outlined in table 17. 

Results; 

The rate of release of precomplexed antibody in a typical 

experiment is shown in figure 1§. 

In three similar experiments employing different sera 

containing antibody against intrinsic factor, the rate of release 

was greatest during the first five minutes at pH 3.2 and no further 

release was obtained after fifteen minutes. 
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Rate of antibody release at pH 3.2 room temperature 

88 Olt 



4.3 The intrinsicaotcr-:antibo4 oomolow. 

vranputirioN 
In mixture, intrinsic) factor, type .1 antibody s*x vitamin 

re in a state or equilibrium: 

i f 

b 

Ili -4 2 

      

      

    

B12 

at the following studies vas to define the 
physical conditions so that, #a an incubation atiture oontaining 

intrinsic factor in complex with types antibody. the vitamin 1312  
will owehamge with the antibody at their common binding site on 

the intrii*ia factor salmi*: 

2 	Ab Ab 
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B. 	THE mafECT OF TIM AND TIMPERATURE ON THE IMRINS/C FACTOR-

AI ITBOTif COMP= IN THE l'RESENCE OF yITAMIN)312. 

Procedure: 

Normal gastric juice and serum containing antibody were 

incubated together for twenty minutes at room temperature. The 

respective volumes were such that a slight excess of free intrinsic 

factor remained detectable. 

100 ng of 57Cobalt vitamin B12 was added to each of three such 

incubation mixtures. The specimens at neutral pE were left at 4°C, 

room temperature and 37°C for 48 hours. Samples of gastric juice 

alone were incubated at these temperatures for 48 hours to serve as 

controls. 

At the end. of 48. hours the bound 57Cobalt vitamin B was 12 	• 
measured in the incubation mixtures,  and in the gastric juice controls. 

Table 19. 

larZURES INCUBATED FOR 48 HOURS AT TEMPERATURES SPECIFIED, 

Teat 	Control 

Gastric juice 

Isotonic saline 

Serum with antibody 

Normal serum 

57C0812 

Results: 

Titration of serum showed that 26 units of antibody were 

present in the initial mixtures. 

There was a considerable decline in the vitamin B12  binding 

capacity of the normal gastric juice alone, over 48 hours at 370C 

by contrast with 4°C• 

- 90 - 



22.5 

Gastric juice alone — — — — — — — — — — 10.0 
—1 

3.5 
— ...7.7.3 

Gastric juice and antibody 4.0 22.0 	37.0 A
nt

ib
od

y  
de

te
ct

ed
 -  

un
its

  

60 
' ' 

50 . 

c 
.c 40 
cq 

3 

20 > 

At 4C 13.5;; of the antibody ras free in the presence of 

unbound vitamin Bi2  whereas at room temperature 65 of of the anti—

body had been released. 

The release of antibody was related to the rise an vitamin 

B12 binding since they displace each other from the same site on 

intrinsic factor. 
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Figure 19 
Exchange of Type I antibody and vitamin B12 over 48 hours at 4.0, 22.0, 37 °C 



C. 	COMBINED 1,TEASUREMENe OF ANTIBODY RELEASED AT /MI pH BY 

OBSERTilt THE RISE IN VITAMIN a12  BINDIM AND BY DIRECT  

TITRATION OF ANTIBODY. 

In the previous experiment it was assumed that the difference 

in vitamin Bi 2  binding after 48 hours at 37°C and 4°C was a measure of 

antibody release. It has been shown (in section 4.2) that antibody 

release may be hastened by ,increasing the hydrogen ion concentration. 

In order to show whether the rise in vitamin B12  binding 

corresponded to antibody released, when the pH was lowered to 3.2, 

the following tests were performed: 

Procedure 

Six samples of normal gastric juice to which antibody against 

intrinsic; factor had been added were each separated into equal volumes 

or 1 ml. Buffer (pH 3.2) was added to each of the six sample pairs. 

In one of the sample pair, the change in vitamin D12  binding was 

measured after fifteen minutes exposure to pH 3.2. In the second 

specimen from the sample pair the antibody release after fifteen 

minutes at pH 3.2 was measured by the method described in section 3.2B. 

Results: 

Table 20« 

Correlation of Antibody Relbase with Elevation of Vitamd.n B42 
Binding at 

Sample Units of 
Antibody Added 

Units of 
Antibody Released 

Rise in Vitamin 
B./2  Bound (ng) 

1 17.0 15.0 19.0 

2 16.0 13.5 21.5 
3 14.5 9.0 11.0 

13.5 8.0 7.0 

5 13.5 8.0 9.0 

6 14.0 0 0.0 
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Figure 20. 
Comparison between vitamin B12 bound and antibody release 

Comment:  

Antibody recovery was consistently less than 100% of that added, 

varying from zero to 88%. Mean recovery was 68%. By and. large the 

concomitant rise in vitamin 312 binding was higher than the antibody 

recovered, varying from zero to 134.%, mean 86%. In two tests for 

alteration in vitamin 312  binding the results were higher than anticipated; 

they were lower than predicted. in four of the tests. There are a number 

Of explanations fcr the variation in degree of recovery of antibody from 

different subjects. Antibodies in a serum to a specific antigen may 

exhibit heterogeneity in respect of their susceptibility to an alteration 

in physical conditions. The antibody molecules to irth.insic factor may 

have heterodeneous avidity (binding constant) for intrinsic factor. 

These antibodies may correspondingly vary in the relative proportion 

which-may be released. from combination with the antigen as the hydrogen 

ion concentration is increased. Also increasing proportions of antigen 

relative to antibody, will result in an increased strength of binding. 

In order to test the effect of antigen excess upon antibody 

recovery, the recovery was measured in specimen mixtures with graded antigen 
027.-COSS. 
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D. 	ALTIBODIRECOURT FROM /NTRIVSIC FACPORIAETIBODY comp=  

XIITHE FRESEINCE OF  IBTRIESIC FACTOR EXCESS* 

Procedure: 

Sera from three subjects with antibody to intrinsic factor in 

high titre were incubated for 20 minutes with normal gastric juice. 

The volumes of gastric) juice and serum were calculated to pravidevi 

(a) Equivalent proportions of intrinsic factor units and 

units of antibody. 

(b) A two-fold excess of intrinsic factor over antibody. 

(0) A four-fold excess•of intrinsic factor over antibody. 

After inoubation at OK 3.2 in the presence of a known excess 

ofnon-radioactivevitami 1312'  the antibody release was measured as 

previously described (section 3.20. 

Results 

Table 21. 

Serum Sample I.F./Ab Units Ab 
Added 

Units lb 
Recovered Recovery 

i 	1 i 

2 t 1 
4 t 1 

21 

18.5 
23.5 

17 
14 
10 

78 
76 
42.5 

1 	1 18 14.5 81 

2 : 1 18 14.0 78 

4 1 1 18.5 11.5 62 

3 1 	: i 22.5 12.5 56 

2 : 1 22 42.0 55 
4 : 1 22.5 8.5 38  
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Figure 21. 

Effect of intrinsic factor 
excess on antibody recovery 

Comment: 

. 1,11 three curves of declining recovery of antibody with 

increasing antigen excess show a_greater fall with the four—fold 

excess than would be expected if the initial decline in recovery 

from ecuivalent to two—fold excess of intrinsic factor were 

sustained. 
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E. 	ANZ1330Dr ARC VW, FROM 3NTR/N3IC FACTOR 7$XCESS OVER A  

WIDER RAMIE. 

Samples of serum.KA. ?Umber 2 (in previous section) were 

incubated with progressively increasing quantities of normal gastric 

juice. 

Antibody controls were also prepared of serum in a corresponding 

volume of isotonic saline. The relative volumes employed were 

derived from the intrinsic factor content of the normal gastric juice 

and the antibody titre of the serum. The relative units of intrinsic 

factor to units of antibody ranged from 1 4. to i : 20. 

Results: 

Table 22. 

Serum :  

Units of 	Units of 	Units or, 
IF/Ab Antibody 4ntibody' flaat 	Recovery Predicted Recovered Antibody ,  

4 	1 

6 	i 
15.5 

11.0 

11.5 

74 , . 

15.5 

11i5 

75 
61 

8 i 1 9 405 8.5 53 

10 	I, 1  7.5 3.5 6.5 54 

15 : 1 5.5 2.5 7.0 36 

20 : 1  4.0 1.5 5.0 30 
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Figure 22. 

Antibody detected from scaled 
increase of intrinsic factor excess 

F. 	THE RECOVERY OF 72,CRE IM 0,ULP2I1IES OF AITIBODY FROM 

COI STANT CUANTITY OF IDTRINSIC FACTOR. 

In order to establish whether the declining antibody recovered 

was related to increasing excess of intrinsic factor over antibody 

present or was simply due to the reduced amount of antibody present 

an experiment was performed to compare recovery when:— 

(a) decreasing antibody was present in constant quantities 

of normal gastric juice. 

(b) increasing dilutions of antibody were made in complex 

with an couivalent number of units of intrinsic factor 

in saline. , 
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Procedure: 

0.5 ml samples of gastric juice (intrinsic factor concentration: 

28 units per half ml) were incubated with volumes of serum, containing 

antibody, in increasing quantities. Antibody controls were also made 

with similar volumes of serum containing antibody, in 0.5 ml of saline. 

A further mixture of antibody and normal gastric juice was 

prepared containing equivalent units of antibody and intrinsic factor. 

Aliquots of increasing volume were tahen from the test and control 

mixtures and decanted into normal saline to make a total volume of 

0.5 ml. The steps described in section 3.2B were employed to separate 

intrinsic factor from antibody and to identify the released antibody. 

    

    

 

IF 

1 F:Ab 

 

Figure 23. 
Recovery from decreasing quantities of antibody 



rPable 221— 

B. Intrinsic Factor Present : as antibody. 

Units of Antibody 
Present 

Units of Antibody 
Recovered 

/0  

4 2.5 62.5 

7 5.0 71.5 

1 2 10.0 83.5 

100 7 

%
  a
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i b
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d 

80 

60 

40 

20 

Results: 

Table  23. 

A. Intrinsic Factor Present : 23 Units. 

Units of Antibody 
Present 

Units of Antibody 
Recovered 

/0  

5 2.0 40 

7 2.5 35.5 

9 4.0 44.5 

11.5 7.0 61.0 

15.5 11.5 74.0 

2- 4 6 8 10 12 14 16 

Units of antibody present in aliquot 

Figure 24 . 

Recovery from decreasing quantities of antibody 
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Commenti 

Mere the units of antibody and intrinsic factor were similar, 

the antibody recover5Tremained high with' decreasing units of these 

components. • Where the quantity of antibody vas progressively smaller 

with identical content .of intrinsic factor, antibody recovery was 

lower than obtained with the conditions described above., 

There are evidently two factors which determine the efficiency 

of recovery of the antibody from an excess of intrinsic factor. One 

is the absolute quantity of antibody present proportionately less 

antibody is recovered Whore less antibody is present. The second is 

the order of intrinsic factor excess s. the recovery from deolining 

amounts of antibody is lower in the presence of intrinsic factor excess. 

One factor common to both systems is the loss of some identifiable 

antibody during the process of charcoaling to remove the unbound vitamin 

$2.  
In the presence of excess intrinsic factor, antibody ocmplexed with 

intrinsic factor molecules maybe a lot more strongly bound and be less 

susceptible to the methods employed for dissociation, whereas in the 

system of simple dilution the complexes of antibody and intrinsic factor 

are bound in a variety of strengths. 

When the pH is lowered, antibody is,released from intrinsic 

factor and vitamin B12  combines with the sites thereby vacated
.  

IF 	Bi2  + Antibody 	Antibody. 

As this remains an equilibrium reaction, the amount of free 

intrinsic factor depends on the total intrinsic rector present in the 

mixture. Correspondingly this proportion of *free,' intrinsic factor 

remains available for combination with antibody when the pH is returned 

to neutrality. 
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Figure 25. 

Binding of intrinsic factor with antibody at pH 3.2 

G. 	.-:',""PE  OF =BODY _.=SE WUM ITURTN3IC FACTOR 0VEA RA=  

PH 3.0 - 7.0. 

To measure the relative importance of the hydrogen ion 

concentration upon the rate and order of antibody release in the 

presence of an excess of non-radioactive vitamin B19, recovery 

experiments wore performed on aliquots from a single pool of mixture 

of normal gastric juice, serum with an intrinsic factor antibody and 

non-radioactive vitamin B12. Those aliquots were incubated with 

0.2M citrate-phosphate buffer at pr_ 3.0, 4.0, 5.0 and 7.0 respectively. 



Procedure: 

Normal gastric juice was mixed with serum containing an 

antibody to intrinsic factor in high titre. After incubation at 

room temperature for 20 minutes, an excess of cold vitamin Bi 2  was 

added. This mixture was divided into four sub-samples. To each 

of these samples 0.2 M citratephosphate buffer was added to reach 

pH 3.0, 4.0, 5.0 and 7.0 respectively. 

After fifteen minutes aliquots of these sub-samples were 

expelled into 0.2 M MI2HPO4  returning the pH to neutrality. Unbound 

vitamin B12 was adsorbed with a saline suspension of serum coated, 

active charcoal. After centrifugation at 3000 r.p.m. for 10 minutes 

the supernatant tested for antibody released as outlined in section 

3.28. Appropriate controls were treated likewise:. 

(a) Antibody control test plus saline. 

(b) Gastric juice control : gastric juice plus normal serum. 

Results: 

Total antibody in test samples : 19 units. 

Free antibody present : nil. 

Therefore antibody bound to intrinsic factor ; 19 unite. 

Free Antibody Identified in,Control Mixtures: 

(a) Saline plus test serum 19 units 

(b) Gastric juice plus normal serum : nil 

(c) Gastric juice plus test serums nil 
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Table 25. 

Anobody Recovery    (%) 

Time (Minutes) 3.0 4..0 5.0 7.0 

1 63 37 10 nil 

5 74- 53 . 26 nil 

10 82 68 31.5 nil 

15 84. 74. 34- nil 

0 	5 	10 	15 
Time - minutes 

Figure 26. 
Rates of release of antibody over pH range 3.0 -7.0 
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H. 	TOR CRITICAL isietiCT OF frolowsN ION pONCEICRATION. 

When exposing a complex of intrinsic factor and antibody to 

a fall in pFi there 'are= two components determining the recovery of 

antibody. One is the release of antibody from intrinsic factor 

and the other is deterioration of antibody at the selected pH. 

VII1st mative antibody was able to withstand pH 3.0 for up to 

60 minutes with no appreciable deterioration, it may have had a 

different susceptibility to the inoreased hydrogen ion concentration 

during and after separation from intrinsic factor. Since only the 

resultant recovery could be measured, tests were performed on 

complexes of intrinsic factor and antibody over a wide pH range with 

particular attention between pH 3.0 

Procedure: 

Normal gastric juice and serum containing antibody ware mixed. 

After incubation at room temperature_ for 20 minutes, 0.5 ml aliquots, 

calculated to contain 23 units of intrinsic factor and 13 units of 

antibody were decanted into 200 ng of non-radioactive vitamin B12. 

After 20 rd.rates i ml of 0.2 V citrate-phosphate buffer was aaa.d to 

relish the pH specified. This was incubated at 37°C for 15 minutes. 

Then 3 ml of 0.2 n lia2HP0 was added, returning the pH to neutrality. 

The procedure for removal of unbound vitamin Bi2  and for the detection 

of antibody was as described in section 3.211. 
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Results 

Table 26. • 

pR 	Antibody Recovered 	% Reeovered 

7.5 	 nil 	 0 
7.0 	 nil 	 0 
6.5 	 nil 	 0 
6.0 	 nil 	 0 

5.5 	 nil 	 0 

5.0 	 nil 	 0 

4.5 	 0.5 	 4.0 
4.0 	 2.5 	 19.0 
3.8 	 6.0 	 46.0 

5.6 	 5.5 	 42.5 
3.4 	 6.5 	 50.0 

3.2 	 10.0 	 77.0 
3.0 	 8.5 	 65.0 
Negative 	Pal 	 0 Control 

Antibody 

	

13.0 	100 Control 
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Figure 27. Antibody release and pH 

404.- The effect of Bile-Stained Gastric Juice on  

Factor Content of a 1,:braal Gastric  

Juice Sample. 

Temperley et al (1969) described non-specific, heat stable 

components of normpl duodenal juice which inhibited intrinsic factor. 

In order to test this, the effect of a bile-stained sample of gastsio 

juice on the intrinsic factor content of a normal gastric juice 

specimen was tested. 
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Pr000dure: 

Memel gastric juice was incubated with the bile-stained sample 

for one hours two volumes of normal gastric juice plus one volume of 

the bile-stained sample. These were kept at room temperature. After. 

one hour the sample was tested for its intrinsic factor concentration. 

Control samples were similarly tested:- 

Two volumes of normal gastric juice plus-, one volume of saline. 

Two volumes of saline plus one volume of the bile-stained sample. 

The test sample at control samples were then stored for 48 hours 

at 1.20°G and the intrinsic factor content measured again to see if any 

deterioration had taken place on 'torso'. 

R 	ts: 

Table 27. 

Gastric juice Serum as Vitamin B46  Intrinsic Factor 
Added Bound. (Units)  

Normal Normal 40.0 
30.5 0 Ab 9.5 

Bile-Stained Normal 5.0 
0 

Ab 5.0 

Mixture of normal and 
bile-stained at i hour 

Normal 43.5 w 5.04c 0.5 26.5 
Ab 174 . 5.0 a  i2.9  

MiitUre after storage' Bernal 38.0 
26.0 

Ab 12.0 

Comments 

Mixing with bile-stained gastric juice resulted ins fall of the 

intrinsic factor eontent of a normal gastric juice sample.. This fall 

was registered within an hour and no further decline was observed after 

frozen storage and thawing. 
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4.5, In vitro interference ,with vitamin B12  bindincby  

intrinsielector. 

A. IBIRWICTIO?‘ 

There are componeht4 in the gastro-intestinal, secretions which 

may interfere with vitamin 312  binding by intrinsic factor or may 

destroy the intrinsic rector. Bile-stained gastric juice for example 

inhibits the union of vitamin 812  with intrinsic faotor, as demonstrated 

in the previous section (4.4.). Residual unadsorbed unlabelled 

vitamin B1.  would have a priority of access to intrinsic factor and 

would obstruct sites for radioactive vitamin B12, thereby creating 

confusion in recognising the presence of intrinsic factor antibody. 

In order to confirm that impaired vitamin B12  binding by intrinsic 

factor was due to antibody, a speolflo antibody imbibition test was 

required. 

B. ANME9DTINI/BITION1IPMAIFIRUMANCIOBULIM4  

Proosdarle: 

Samples of pernicious anaemia serum with a known antibody content 

were introduced into saline. Specified volumes of horse anti-human 

IgG were added. Bernal serum was added to control tubes., The mixtures 

were incubated at 370C for two hours and then for 48 hours at -500C. 

They were thawed and decanted into 0.5 ml samples of normal pooled 

gastric juice, so that antibody could combine with intrinsic factor. 

After 20 minutes,, 10© ng of radioactive vitamin B12  was added. Bormal, 

serum was also added to make the total serum volume added up to 140 ml.. 

After a further 20 minutes unbound vitamin B12 was ad.orbed with 

activated charcoal. 
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krocedures 

Table 28. 

Sample 	Control 
Volumes in ml 

Tests 

 

1 	2 	3 

PA Serum 	0.1 	0.1 	0.1. 	0.1 	0.1 

Arta Ig0 	 0.1 	0.2 	0.i. 	1.0 

Normal Soma 
Added in 	1,0 	0.9 	0,8 	0.6 	nil 
Final Step 

Results: 

Table  

Specimen 
Units of Antibody 

Deteoted 

Units of Antibody 

Inhibited 

Control 22 

Anti 40 Tests 

0.1 21 1.0 

0.2 20 2.0 

0.4. 18.5 3.5 
1.0 10.0 12.0 
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Figure 28 . 
Inhibition of Typei antibody by antihuman 1 gG. serum 

comment,: 

The ability of anti—human globulin to interfere with the intrinsic 

factor inhibition by the test serum, confirmed that the inhibition iraS 

due to an antibody. This test could furthermore be used to identify 

the antibody class of inhibitors found in gastric juice from pernicious 

anaemia subjects (see section 5). 
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Ti  7FFECT CP EP 	THE GASTRIC 4.6. 

170)7CTTETY 07;1  77130D7  TO TwRTSTC  7.ACTOZ. 

ITT7LDUCTION. 

The antibody activity of an immunoglobulin is evidently 

unaffected by digestion with pepsin (Iisonoff et al 1960). 	Pepsin 

in the presence of cysteine causes cleavage of the immunoglobulin 

molecule as shown in figure 29. 

PAPAIN (+ Cysteine) 
/ 

/ 
L 	 / 

\ PEPSIN 

Figure 29. 

Sites of clearage of immunoglobulin 
molecule by, Pepsin and Papain 

The Pab pieces are unaffected by pepsin whereas the Fc piece 

is digested. The antibody activity is however a function of the Fab 

pieces and this should therefore remain unaffected. 

Pepsin shows two pH peaks of optimum activity. One between 

pH 1.6 — 2.4; the second between pH 3.3 — 4.0 (Bell, Davidson and 

Scarborough 1968). Hydrolytic activity due to pepsin does not continue 

beyond the range: pH 0.7 — 	(3oc1:us 1963). Exposure to pH 10 for 

thirty minutes reduced p6'1 sin activity to a negligible order once the 

gastric juice is returned to thooptimal DH range Grasbeck et al (1962). 
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In order to test the effect of pepsin upon intrinsic factor 

antibody activity, the antibody was incubated 'in normal active 

gastric juice and in pepsin inactivated gastric juice. 

B. 	THE EFFECT OF PEPSIN ON ANPIBODY AWAIT ItTRIEVC FACTOR. 

Procedure: 

Normal gastric juice which had been brought to neutral pH 

was divided into two samples of equal volume. In one sample the 

pH wise raise' to 10 with 40$ MOH. This was left at rocs temperature 

for 30 minutes in order to inactivate the pepainogen• Thereafter 

6 nornalima was added, returning the pH to neutrality. The volumes 

of these reagents which were added were extremely small. The second 

sample was left at neutral pH. 

Serum containing antibody to intrinsic factor was added to the 

depepsinised gastric juice and to normal gastric juice. The relative 

volumes were such 'that intrinsic factor was present intvo-fold excess 

over the antibody. Antibody controls were prepared with serua and 

saline.. Anemias of non-radioactive vitamin1312  was added to all 

mixtures. 

The subsequent steps for release and identification of antibody 

against intrinsic factor were as outlined in section 3.2B. 
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Premature: 

Table 0. 

Volume in ml. (except where otherwise stated) 
Reagents Tests Controls 

Saline 

Gastric Juice 

Antibody 

Straight Depepainiced Serum Serum 

0.5 

0.1 

0.5 

0.1 

0,5 

0.1 

0.5 

0.1 

Cold B12  

pH 3.2 buffer 

11111204 

Charcoal 
suspension 

57Co112  

Charcoal 
suspension 

1400ng 

1.0 

400ng 

1.0 
40ong 

9.0 

400ng 

1.0 

3.0 3.0 3.0 3.0 

1.0 1.0 1.0 1.0 

100ng 100ng 10O 100ng 

1,0 1.0 1.0 1.0 

Sample 3 

pinata; 

Table 31:  

Specimen ng 57Co1112  bound Units or Antibody 
liberated 

Normal gastric juice 

7W + Antibody 

62.5 

20.0 

+ Sample (1) 

+ Sample (2) 40.5 

22.5 
22.0 

1W + Sample (3) 

11G.T + Sample (4) 

36.0 

33.0 

26.5 

29.5 

(MT le Normal pool gastric juice). 
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lissover, 

Normal e4i stria uice * Antibody 
Serum control at pH 7.0 22.549.5 	76.9% 

Depepsinised itstriel juice + Antibody  
22,14,.5 	755 Serum control at 	7.0 

Since acme detorioratioiA of antibody took place in the serum 

control at pH 3.2, the recovery of antibody from complex with intrinsic 

faotQr, making allowance for deterioration of antibody at pH is 

expressed as 24*  

7t.3, x 29.5/26.5 - 85% 
75 x 29.5/26.5 	a= 83.5% 

Antibody deterioration : 29.5 — 26.5  
29.5 

Comments 

Depepsinisation made no Uffersnos to the recovery,  of antibody 

from complex with intrinsic factor, 

447 pmasase of type II antibody. 

The techniquefor release and identifio4ion of type I antibody 

has the advantage that oncs- vitamink2  occupies the binding site on 

intrinsic factor the antibody oat; no longer recombine. No Ryan° 

function has been localised to the sons of intrinsic fastor with which 

type X/ antibody combines. 'Sims the only other recognised funation 

of intrinsic factor is to bind with aucosal receptors in the ileum, it 

may be that the type II antibody is directed against a portion of the 

intrinsic factor molecule responsible for this function. 

The simplest method for detecting type II antibody against 

intrinsic factor was the ammonium sulphate precipitation technique 

introduced by 'Jacob and Schilling (1966). Teats performed by this 

method confirmed that the precipitated radioactivity bore a linear 

relationship to the amount of type IX antibody present. Figure 30 

shows the results of a representative experiment. 



However, when attempts were made to release and identify 

antibody from union with intrinsic factor, a fall in pH was not found 

to increase recovery and that precipitated radioactivity was of a 

relatively low order compared with control serum samples (figure 31). 

This method was unsatisfactory when applied to gastric juice 

samples because of the negligible precipitation with ammonium sulphate. 

Furthermore this system did not lend itself to tests for antibody 

specificity with mono—specific antiglobulin antisera. 

100• 

80 
c.) 

60 

0.05 0.1 0.15 0.2 
Pernicious anaemia serum added - ml. 

Figure 30. 

Radioactive deposit by ammonium 
sulphate precipitation 



pH Serum 
V 7.0 control 

3.2 

7.0 Test 
3.2  mixtures 

0.1 
	

0.2 

Pernicious anaemia serum added - ml. 

Figure 31. 

Recovery of Type U antibody from combination with intrinsic factor 
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5.1. Addisenian pernicious Amami*. 

A. INTRODUCTION. 

Speculation on the role of auto.immunity in the pathogenesis 

of pernicious anemia is complicated by the finding that & large 

minority of patients with this condition have no detectable antibody 

to intrinsic factor in their serum. A further problem is that 

occasional subjects, particularly those suffering from associated 

organ specific, auto-immune diseases, may have an antibody to 

intrinsic factor circulating in their system, whilst maintaining 

normal vitamin Bi 2  absorption. 

Intrinsic teeter fu1f1101 its functions of Mating vitamin 312  

and mediating absorption of vitamin B12  across the muoosal surface of 

the distal ileum. Zr an antibody is to interfere with these functions 

then it must be detectable within the gastro-intestinal secretions. 

The purpose of this section was to determine the present's and 

the incidence of antibodies to intrinsic factor within the gastric 

juice of pernicious anaemia subjects. This involved the identification 

of free antibody and the release of antibody from union with intrinsic 

factor. The pilot studies itemised in section 4. have shown that 

separation of intrinsic factor from the type I antibody can be ethanced 

by lowering the pH into a critical range between pH 3.0 - 

B. CLINICAL MATHRIAL. 

Patients with Addisordan Pernicious Anasmisi (see appendix II} 
Samples of gastric juice were taken from patients as a routine 

diagnostic procedure in order to determine the cause of a megaleblastio 

anaemia or a low storm vitamin Hu  level. These samples were collected 

as detailed in section 2.2C. Samples were obtained frame patients under 
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current investigation at St. Mary's Hospital, Paddington, W.2. 

during the period of the present study and further specimens 

collected at the same hospital during the preceding period, 

1963 19670  were obtained from cold storage (-20°C) for Oulu,. 

testing. 

Occasional samples of gastric juice were also received from 

other hospitals (see appendix II). 

C. PERNICIOUS AnistrA, 

1. Diagnostio criteria: A diagnosis of pernicious anaemia vas 

made with confidence in patients with evidence of impaired vitamin 

B12 .,;bsorption, in 'ham extraneous intrinsic factor served to improve 

this function. This clearly defined the diagnosis in terms of 

gastric dysfunction rather than in terms of the sonsequential 

haematological changes, which are indistinguishable from megalablastio 

baemopoiesis, from whatever cause. 

a) Blood findings: 

Patients initially underwent further investigation for macro- 

cytio anaemia with megaloblastic haemepoiesis in the bone marrow. 

b) Serum findings: 

Levels of vitamin B12  below 180 pd/m1 were suggestive of vitamin 

B12 deficiency, of which pernicious anemia was the most likely causes 

The finding of an antibody to intrinsic factor in the serum, strongly 

supported this diagnosis. 

c) Gastric:Pining:xis: 

Histamine fast or pentagastrin fast adhlerhydrie were the sine 

qua non for a diagnosis of pernicious anaemia. Radio-immune assay for 

intrinsic factor performed upon the aspirated samples *demon and 

Chantrin1963) showed either an absence or the presence of intrinsic 

factor in only small amounts. 
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d) Clinical findings: 

Associated organ-spot:1;10 auto-immune disuse, a family history of 

pernicious anaemia or organ specific auto4m*une disease, were supportive 

evidence for the diagnosis. 

e) Therapeutiofindinss: 

Response to a therapeutic course of vitamin 812  was taken es evidence 

of a pre-existing state of vitamin B%  deficiency: 

2. Antibody to intrinsic factor in the gastric juice of patients with  

pernioieus anaemia. 

The gastrie juice specimens from fifty4hree patients with pernicious 

anaemia were studied. A radio-immune assay of the intrinsic factor content 

was performed on all gastric juice specimens by the method of Ardeman end 

Chanarin 0963). 

Tests for antibody to intrinsic factor were made by the method 

described in section 3.28. 

Overt antibody was detected in eighteen out of fiftr.three specimens 

tested (34%). Antibody was found in a further eleven specimens (21%D only 

after steps had been taken to release antibodyy from complex with intrinsic 

factor. Thus the overall incidence of antibody to intrinsic factor in these 

samples of gastric juice was 29 out of 53 (55%) 

120 



60 ';- 

of
  s

u
bj

ec
ts

  

G 

Figure 32. 

The incidence of antibody against intrinsic 
factor in the gastric juice of 53 patients 
with pernicious anaemia 
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Table 32. 

Antibody against intrinsic factor detected in rstric taco  

of fiftYsthree sub4eots ,with pernicious 11121411111. 

Case Caserite of antibody detected 
Free 	 Total 

Units of antibody detested 
Free 	Total 

I 4 5.5 28 0 

2 0 29 0 

3 4 4 30 0 5.0 

4 0 6 31 
0 5 3 7 32 0 

6 0 33 0 

7 0 34 
8 7 10.5 35 0 

10.0

0  

9 0 8 36 0 
10 0 37 4.5 7.0 
11 6 11 38 0 

12 0 39 0 5.5 
13 5.5 4.5 40 0 4.0 
14 0 44 5 9.0 
15 0 42 0 8.0 
16 19.5 21.5 43 0 

17 0 6.5 44 4 9 

18 0 45 4,  4.0 
19 0 46 0 

20 7.5 8.0 47 7.0 10.5 
21 0 48 0 

22 0 49 0 5.5 
23 0 3.5 50  0 4.0 
24 0 51 6 8.0 
25 0 52 0 

26 0 52 4 8.0 
27 0 3.5 

Correlation of antibody to intrinsic _factor in serum and in gastric  

Aa92! 

Of the fifty—three patients with pernicious anaemia from whoa 

gastric juice was obtained, the serum contained an antibody to intrinsio 
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factor in 24 (45.5A, contained no such antibody in 27 (51A and in 

the two remaining cases no serum sample was obtained 

Of the twenty-four subjects with an antibody in the serum, 

fourteen had an antibody in the gastric juice and ten did not. Of the 

twenty-seven subjects with no antibody in the serum, fifteen had an 

antibody in the gastric juice and twelve did not. Of the two remaining 

cases with no information concerning the serum, one had detectable antibody 

in the gastric juice and one did not. 

(The correlation is shown in table 33. For case breakdown see 

appendix V). 

Twelve subjects out of a total of fifty-three had no detectable 

antibody in either the' serum or in thDir gastric juice (23A. In thirty-

none patients (74A antibody to intrinsic factor was detected in either 

serum or in the gastric juice or, in both. 

Table 33 

Correlation between antibody against intrinsic 
factor in the serum and gastric juice 

GASTRIC JUICE 

POE 	NEC 

POS 	14 	10 	24 

NEG 
	15 	12 	27 

Total  
22 	51 

P = 0.93 

29 
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Comment 

In order to test whether there vas any correlation between the 

presence of antibody in the serum and in The flistrio juice, the 

probability of such s distribution being due to chance was evaluated 

by the wc.hi squared" test: P = 0.98. There was thus no significance 

in this oorrelation. 

Effect of .antisera on intrinsic factor irhibition. 

a) Principle. 

It can be seen in the preceding section that a component in maw 

of the gastric juice specimens from subjects with pernicious anaemia 

tested, interfered with vitamin Pit  binding by normal' gastric juice. 

This inhibition was considered due to en antibody. Tn order to test 

this, the effects of multiple and specific anti—human sera upon a limited 

number of samples containing an inhibitor were observed. 

These observations were limited to eight samples, ober* the volume 

of aspirated gastric juice was sufficient. Of these eight samples, 

three were obtained from patients without and five from patients with an anti... 

body to intrinsic factor in the serum. All of the samples had shown 

the presence of an inhibitor to intrinsic factor on prior testing by the 

method described in section 3.28. 
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	 0 
L. 

!Cold' vitamin B12 added 
to gastric juice 0 

Lir  

pH lowered to 3.2 with 
phosphate citrate buffer 

pH returned to neutral 
with Na2HPO4 

0 

66 

• • ,...trunna•ssus•=72 

0 Antiglobulin serum added 

 

• • 
a nd E ci  Li LI 1 n 

Thereafter the steps were as described in section 3.2 B, for 
removing unbound vitamin B12 and identifying free antibody 

Figure 33 . 

Antigiobulin inhibition 
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b) Procedurcp.reeultsand comments. 

tbe'tests were pe2ormed to identity free and belied antibody. 

ni'to dliterm the offoCts off 

a) Hose antimmthele hUman' ecru's.' 

b) SpCcific horse antiimaga• 

c) Specific sheep anti IA. 

(for sources and speoificationd of these antisera see Section 2,44. 

Mere sufficient volume was available, six separate one ml samples 

of test gastric juice" weir® dispensed into titres' containing' non-radioactive 
vitamin Hit. 0.2 buffer at OH 3:2 was added to five of the preparations 

and incubated in a water bath at 370C for fifteenminUtes. This step 

would permit separation of antibody, 'where present, from intrinsic factor. 

Thereafter 0.2 Ilynni.  was added returning the pH to neutrality. 

A mixture pf pa 3.2 buffer and 0.2 X iii2HPO4  Was added to the sixth tube, 

preserving neutral pH and thus permitting identification of any free' 

intibodi. 

The reapictive intisera Were added to the of the flee mikturesi 

eximed to a fall inpa. 'Normal imiruawas added to-the fifth samples as 

an antiserum contra. 

All Mixturei were incubated in a water bath at 370C far two hours. 

The unbound vitamin H12 was extracted from all specimens by the addition 

of serum coated charcoal in saline. The mixtures were shaken for-two 

minutes and then centrifUged for fifteen minutes at 3000 r.p.m., The 

supernatants were decanted, into samples of normal gastric juice to detect, 

the presence or antibody and henna to observe whether antibody inhibition 
occurred in those samples incubated with antiserum. 
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Results: 

Table 3y. 

Sample antiserum ng 1112  bound Antibody Inhibition 

0.5 normal 
gsstrio juloo Ras 31.5 

TEST I 13.0 18.5 
* Is& 26.0 5.5 13.0 

TEST 2 16.0 15.5 
* Ilk 30.5 1.0 14.5 

TEST 3 26.0 54 
W ARO 31.0 0.5 5.0 
* Ig& 31.5 0.0. 5.5 

TEST 4 22.0 9.5 
" MG 
it 

 21.5 10.0 
XA 25.5 6.0 3.5 

TEST 5 19.0 13.5 
11  AHG 23.5 8.5 440 

TEST 6 28 3.5 
AHG 34 0.0 3.5 

TEST 7 26 5.5 
18% 25 6.5 0.0 
I81► 28 3.5 2.0 

TEST 8 29 2.5 
1, ISG 29 2.5 0,0 
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1. 26 

2. 30.5 

3. 31.5 

4. 25.5 

5. 23.5 

6. 34 

7. 28 

8. 29 

I. 13 

2. 16 
3. 26 

4. 22 

5. 19 

6. 28 
'7. 26 
8. 29 

Normal gastric juice P.A. gastric juice 	P.A. gastric juice, 
and 	 A.H.G. and 

normal gastric juice 	normal gastric juice 

Figure 34. 

Antiglobulin inhibition M gastric juice antibody 
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Commezrts 

in two cases the intrinsic factor inhibition was entirely 

oounteraoted after incubation with Iek antiserum (tests 2 and 3), 

In & further three oases a partial effect was seen after incubation 

with Igi antiserum (tests 1, 14- and, 7). In one case (test 6) total 

inhibition occurred after incubation with ARG and in another (test 5) 

AEG Gauged partial inhibition only of the antibody. In one case, 

(test 8), an 180 antiserum failed to inhibit the ',antibody*. 

Thus in five of the eight specimens tested, the inhibitor was 

either partially or entirely identified as an 10 immunoglobuline 

In a further two it us an unspecified immunoglobulin, inhibited by 

an anti-whole human serum. In one case the inhibitor was not 

blocked by IgG antiserum and insufficient gastric juice Ivo left to 

test the effect of anti-/eke 

5. 	Wrests of lowering 41 on vitamin BB 2  

a) ?Ambles Preliminary experiments performed with normal 

gastric juice, seeded with antibody against intrinsic factor, had 

shown a fairly close correlation between antibody released upon 

lowering the pH and the rise in vitamin Bit  binding (section 4.3/ 

figure 23). A small number of gastric juice specimens from 

pernicious anaemia subjects were tested at neutral re and after 

exposure to pf! 3.2 in order to observe any differences in vitamin 

B12 binding. 

b) Procedure, results and comment: Two samples were taken 

from each gastric juice specimen and incubated with radioactive vitamin 

Bi 2 0.2 M pH 3.2 buffer was added to one tube for fifteen minutes, 

after which the pH was returned to neutrality with 0 M Na211PO4 



A corresponding mixture of pH 3.2 buffer and xypolk  at neutral pH 
were added.so that both tubes had identical contents and similar 

vOlumes.- ,ftbouni radioactive vitamin B12  was adsorbed by serum 

coated'charcoalln saline and the supernatant radioactivity was 

measured. 

Results: 

Table 4.  

Sample 	zg of 
57 Cobalt vitamin B12 mini 

pH 7.0 
	pH 3.2 

Norma gas 	juice 	27 
	

24.5 

Specimen 1 * 	 45 
	

47.5 

2 	 45 
	

44 

3 	45 
	

46.5 

4 * 	21 
	

23.0 

5 	41.0 
	

0 

6 19 	 18.0 

(* Antibody detected in gastric juice). 

Comments: 

These results are not striking bat there is a tendency for 

those gastric juice samples in which an antibody was detected to show 

a rise in vitamin B12  binding after exposure to a'low pH, whereas the 

normal gastric juice showed a slight impairment of vitamin B12  

binding and those specimens without demonstrable antibody also showed 

a decline in vitamin B12 binding. 
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6. 	Augmented. vitamin B12  binding: Occasional sanvles of gastric 

4uice from subjects with pernicious anaemia not only failed to show 

an inhibitor to vitamin B12  binding but consistently augmented 

binding to a higher level than encountered in the negative antibody 

control preparation. /n order to determine whether augmentation 

could be curtailed and =antibody thereafter detected, test gastric 

juices wart mixed with normal gastric, prior to testing for the 

presence of an inhibitor by the method described in section 34E. 

In three out of the five samples thus treated, the augmented 

vitamin 12  binding no longer occurred. In the remaining two it 

was still observed but somewhat reduced. Antibodywas not detected 

in any of these samples after these steps and been employed* 

Enhanoement of vitamin)!'12 binding by intrinsic factor has been 

encountered in radio4sotope dilution methods for vitamin B12  assay. 

Rothenberg (1961) noted that serum was responsible for enhanced vitamin 

Bi2 binding by intrinsic factor and Raven et al (1969)  made similar 

observations. 

5.2. Intrinsic factor antibody and vitamin B12  absorption. 

A. XATRODUOTION. 

Vitamin B12 absorption studies using extraneous intrinsic 

factor were performed on most of the subjects with pernicious anaemia, 

whose gastric juice yes examined during the course of this investigation. 

Tillers samples were received from hospitals Other than St. Mares 

Hospital, Paddington, this informationless ocoasionalky unavailable. 
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Vitamin B12 absorption mediated by extraneous intrinsic 

factor was measured in 29 of the 53 subjects Nose and Chamarini970). 

The small sire of this sample is beoause this correlation was under-

taken retrospectively. The correlations which have been assessed are 

between: 

a) Presence or absence of antibody against intrinsic factor 

p: the serum and the results of intrinsic factor mediate absorption 

of 1 ug of vitamin Bus 

b) Presence or absence of antibody against intrinsic factor 

in the gastric Nice and the results of intrinsic factor mediated 

absorption of 1 ug of vitamin Bie  

e) Absence of antibody against intrinsic factor from both 

serum: and astrio 4uice and the results of intrinsic factor mediated 

absorption of 1 ug of vitamin B12. 

d) Correlation of the age of onset and sex of patient with the 

presence of antibody against intrinsic factor in the serum. 

B. MEASUREMEW OP VITpirEB12  ABSOIIPTION. 

This was performed by the urinary excretion method of Schilling 

(1953): after the patient had voided his urine, 1000 ugm of eyano-

cobe3am4cLwas injected intramuseularly. 1 ug of 57cobalt vitamin B12  

was mixed with 20 as of hog intrinsic factor (Lederle WEB 818) dissolved 

in saline. This vas swallowed. A meal was provided thirty minutes 

later. Urine was collected for the subsequent twenty-four hours and 

a blood sample was taken 640 hours after the oral dose had been given. 

The urinary excretion of vitamin B12  was derived from the ratio 

of the radioactivity of an aliquot of urine and the radioactivity of a 

standard prepared from an aliquot of the oral dose. The result was 

expressed as a percentage of the oral dose of radioactive vitamin Bi2  

which was excreted during the succeeding twenty-four hours. 
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C. 	COMETATION WREN AIVIBODY AND VITAMIN 242  A88t I0X 

1. 	Serum antibotlx and vitamin B42, absorption. 

Table. 36, 

intrinsic factor antis e 	 Intrinsis factar,,antibody, 
not detected in serum pressart in serua. 

Case Vitamin B 
absorptis 
with V, 

Cass 	Vitamin B12  
absorption 
,i.th 2F.  

11, 12.8 

8 10.7 2 10.3 

11 10.4 3 13.4 

16 11.1 5 10.4 

18 22.0 6 10.7 

18.6 13 5.4 

28 16.2 13 17.7 

33 15.8 19 15.8 

35 20.3 21 19.0 
36 5.4 23 10.2 

40 13.3 25 12.6 

6,3 23.0 27 10.2 
47 9.0 39 5.5 

48 12.5 

49 8.5 

50 15.0 
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Figure 35. 

Correlation of intrinsic factor mediated vitamin 012  
absorption with antibody to intrinsic factor in the scrum 

Table sit 

Correlation between results of intrinsic 
factor mediated vitamin 1312 absorption 
tests and serum antibody 

SERUM 

POS NEG 

>15 
3 8 11 

G15 10 7 N 17 

13 15 P =0.1 

   

134 OA 

g 

L 
x 



case 	Vitamin B 
absorptio 
with IF 

Comment: 

In order to test whether correlation between serum antibody 

and vitamin B12 absorption was significant the chi squared test was 

applied: P 0.1.0  which is not significant. 

2. 	Gastric Juice ,antibody absorption. and vitamin B42 
Table 38  

9orrelatioll of isastrie juice antibody status and results of 

;vitamin B42  abs....sztim with intrinsic factor. 

PRESBAF fe, 	0 vice. 

Case 	Vitamin B o  

absorptiot 
with IF 

2 10.3 1 3.8 

6 10.7 3 13.4. 

15 17.7 4. 12.8 

18 22.0 5 10.4 

19 15.8 8 10.7 

21 19.0 11 10.2 

24 18.6 13 5.4 

25 12.6 16 11.1 

28 16.2 23 10.2 

33 15.8 27 10.2 

35 20.3 36 5.4 

43 23.0 39 5.5 
40 15.5 

47 9.0 

48 12.5 

49 8.5  
15.0 
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Figure 35. 

Correlation of vitamin Bin absorption with antibody 
against intrinsic factor in gastric juice 

Table 39 

Correlation between results of intrinsic factor mediated 
vitamin B12 absorption tests and gastric juice antibody 
(u-  percentage urinary excretion of lug. 57CoB12 taken 
by mouth) 

Gastric juice antibody 

POS 	NEG 

c 
0 

0 
X 

a 

> 15 
	

0 
	

9 	9 

<l5 	17 	3 	s 	20 

     

17 . 	12 
	

P = 0.001 
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comment: 

When this _correlatiOn was tested by the chi squared test 

it was shown to be significant p s 0.01. 

3. 	Correlation between antibody in either sastric Juice andior, 

serum and vitamin B42  absorption. 

Table 40  

Intrinsio factor antihAt 	Intrinsic factor, antibo& PUNK 

Case 

IfYr detected in serum. gastric juice or both 

Vitamin 114  
absorption2with 
IF. 

Case Vitamin B12 absorption 
with IF 

18 22.0 1 3.8 

24 18.6 2 10.3 

28 46.2 3 134 

33 15.8 4 12.8 

35 20.3 5 10.4 

43 23.0 6 10.7 

8 10.7 

11 10.2 

13 54,  

#5 17.7 ,  

16 11.1 

19 15.8 

21 19.0 

23 10.2 

25 12.6 

39 5.5 

4.0 15.5 

47 9.0 

48 12.5 

49 8,5 

.137. 50 15.0 
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Correlation of vitamin 1312 absorption and antibody against 
intrinsic factor in serum and/or gastric juice 

Table 41 

Correlation between results of intrinsic 
factor mediated vitamin B12 absorption 
and antibody status 

(* percentage urinary excretion of 1 pg 
57CoB12 taken by mouth) 

ANTIBODY 

POS 	NEG 
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Co-nment  : 

The distribution of this pairing .w.s., s significant. 	By the 

chi squared test: 	P = 0.01 

D. 	C01:1711237:;2P707T 11F,TWEEN ACE OF OYSET OF PICIOUS ATTLEIJIA ALD 
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Figure 38. 
Antibody status age and sex 
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Table 42 
Correlation between serum antibody status and age 

SERUM 

POS (_) 	NEG 

< 55 8 10 	18 

   

10 11 21 

18 	i 21 	P > 0.1 

Comment: 

Dividing the patients by age into a group younger than 55 years 

at diagnosis and a second group of 55 years or more, there was no 

significant difference in the distribution of patients with or without 

antibodies to intrinsic factor. 	P = 0.1 by the chi squared test. 

SS..7:..M.Y CT FII'DIMS. 

A strong correlation was shown between, the presence of antibodies 

against intrinsic factor in the gastric juice and a relative impairment 

of vitamin B12 
absorption through the agency of hog intrinsic factor. 

Those subjects in whom no antibody was identified in either serum 

or gastric juice showed the highest levels of vitamin B12 absorption 

when given with hog intrinsic factor. 

No significant correlation was shown between serum anitbodyand 

vitamin 312 
absorption with hog intrinsic factor. Age of onset did not 

determine the antibody status. 
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6.1 Patients with aut., allergic Thyroid disease. 

A. XER9DUCTX0B4 

Antibodies to intrinsic factor in the serum are virtually 

exclusive to pernicious anaemia and are found in 55 of subjects with 

this condition. This antibody may however occasionally be found in 

the serum of patients with unimpaired vitamin B12  absorption. 

most of the sUbjects described in the literature, who have an 

intrinsic factor antibody 	in the serum in the absence of 

pernicious anaemia have had an associated organ-specific, autot.allerCio 

disease. 

There is good reason to believe that intrinsic factor antibodies 

are important in the development 61)  vitamin B12  deficiency since the 

great majority of oases in venom such antibodies combs demonstrated have 

pernicioui anaemia. The antibod,, bas been shown by in vivo studies in 

man to prevent intrinsic factor mediated vitamin B12  absorption (Sohwarts 

1960) and, firrthermore, in pernioious anaemia it is present in the gastro-

intestinal tract where it can react with intrinsic factor, On the other 

hand patients with simple atrophic gastritis do not have intrinsic factor 

antibodies in the serum (Coghill et al 1965) and the small amount of 

intrinsic factor produced by the atrophic mucosa is usually sufficient to 

potentiate vitamin B12 absorption (Whiteside et al 1964). 

A small number of examples have been recorded of the presence of 

intrinsic factor antibodies in serum in the absence of pernicious anaemia. 

Antibodies to intrinsic factor have been detected in the serum of a patient 

with atrophic gastritis (Jeffries et alA962) in two relatives of patients 

with pernicious anaemia (te Wade et al 1964; Sharpstone and James 1965) 

in patients with thyroid disease (Ardeman et al 1966; Schiller et al 1966) 

and in diabetes mellitus (Ungar et al 1967; Irvine et al 1969, 1970). 

Single examples of such an antibody have been documented by Irvine (1965) 



to Void. et al (1966) and 'Rangel and Schiller (1966). 

If the development of pernicious anaemia in the majority of 

patients requires an intrinsic factor antibody then the long tans 

follow up of patients who initially had such an exrabody but were 

still able to absorb vitamin B12  normally, is of particular interest. 

It is important to know whether in time such patients develop 

pernicious anaemia. If they do not, thenhowdo,they differ from 

patients with this. disease?,. It maybe that the relevant, antibodies

are those secreted, into the gastric juice, or that the difference may 

lie in the degree of,oell-mediated immunity which the patient develops 

to intrinsiefectors Recent findings suggest that the leucocyte 

migration test reflects this component of the autadmmune'response in 

several diseases (Bendizen et al 1969). 

A group of patients with thyroid disease and intrinsic factor 

antibody in serum were followed for 3 to 7 years. Their vitamin B12  

status, gastric secretion and auto-antibodies including test for 

migration inhibition factor were' investigated. 

B. cum= MATERIAL. 

.mtientalere derived from two sources. In 1964*  249 subjects 

who were attending a thyroid clinic were investigated for,evidenes of 

vitamin B12 deficiency and for the presence of antibodies against 

intrinsic factor. Nine patients had intrinsic factor antibodies and 

initial observations were reported.by, Ardeman et al (1966). Another 

14 such patients with intrinsic factor antiboAyinserum were collected 

at the Middlesex Hospital over a period of years and these patients were 

studied through the courtesy of Dr. D.. Lenity*. Follow-up was planned 

01  144 0. 



;to determine whether malabsorption of vitamin B12  developed by 

carrying out either urinary excretion (Schilling) tests with an 

	

oral dose' 	of 	ug' 'of' 51Cei-labelled vitamin B12, or measuring the 

amount of 57 Co labelled vitamin B12  retained by whole body' counting, 

one week after a s4nilliro oral dose. Initially moat patients were'  

seen at 6 monthly intervals and later annually. 

C. pNBSTIGATION3. 

	

1. 	Serum vitamin B12  levels were assayed by microbiological 

assay using L.leiohmannii or by saturation analysis and a full blood 

count was usually carried out at each visit. 

	

.2. 	Gastrio secretion was studied initially in 6 patients with 

intrinsic factor antibody in serum but without pernicious anaemia and 

finally in ,all but one patient using an augmented dose of histamine 

and more recently pentagastrin (6 ug per kg) as the stimulant to 

gastric secretion. Gastric juice was. examined for the preserve of 

acid, intrinsic factor (Ardeman and. Chanarin 1963) and intrinsic factor 

antibodies by the method described in section 3.2B. 

	

3. 	Antibodies against intrinsic factor in Serum were titrated. 

by the method of Ardeman md Chanarin (1963), and against the gastric 

parietal cells by an immuncflUoreseent 'method. Thyroid antibodies 

were estimated using methods described by Roitt and Doniach (1969). 

D. CLXNtCLL FIMIBUS. 

Of the 23 patients with thyroid disease studied, 12 were round 

to have early pernicious anaemia (Group 1) and 11 absorbed vitamin B12  

normally (Group 2). All but three of the patients were women ant all 

had normal haemoglobin levels. The patients with early pernicious 

anaemia had a macrocytio peripheral blood film, the marrow when examined 

showed megaloblastio haemopoiesis, the serum vitamin B12  level was 
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borderline or lowi  there was a histamine fast aohlorhydria in all 

6 Mlles examined and all had malabsorption of vitamin Sir  Seven 

patients in when the iibsorption test was repeated with added 

intrinsio faotcr showed an enhanced vitamin 312  retention. All had 

intrinsic factor antibodies in serum. The patients with pernicious 

anaemia are not considered further in this seetion but were considered 

in section 5. The patients in Group 2 were seen at more or less 

regular intervals, the duration of follow-up being to 7 years in 

6. 5 years and in 2 and 3 years in 3• 

Table 43  

FOLIAC-41P 

7 	1 

6 	5 

5 
	

2 

4. 

3 

2 

There were interesting differences between these grOups of 

patients in the nature of the thyroid disease and in the family 

history (table 44.). Six of the 7 patients with liashimotela 

thyroiditis or primary myxoedema had pernicious anaemia. By oontrast 

only 6 out of 16 patients with thyrotoxicosis had pernicious anaemia 

the other 10 having serum intrinsic factor antibodies with a non-

progressive atrophic gastritis. A family history of other auto-

immune disorders was noted in only 4. out of the 12 pernicious anaemia 

patients but was present in 9 out of the 11 patients in Group 2. 
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B. ;MT/AL LABORATORY FINDIM. 

All subjects in group 2 had a normal haemoglobin level and tau► 

appearanoe of the stained blood film was normal. The serum vitamin B12 

level was normal in all 7 patients in whom this was carried out initially. 

Six had gastric juice aspirated. Pivo showed the presence of acid and 

one (case 1) had a histamine-fast aohlorhydria with a low intrinsic 

factor output. Nevertheless she absorbed. vitamin B12  norzallyj  as did 

all the other patients tested and her serum vitamin Bi2  level was normal. 

In addition all the patients had antibody in earum against human intrinsic 

factor and against gastric parietal cells, and 9 out of 10 patients tested 

had thyroid antibodies. The titres of gastric parietal cell fluorescence 

were unusually- high in 6 of the 8 patients idlers serial dilutions had been 

made but thyroid antibodies were present in low concentrations as seen in 

Graves' disease except for two patients with complement fixation titres of 

32 and 128 respectively. 
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F. 	IABORATORY mums AFTER FOLLOW-41P. 

Re-examination after 3 to 7 years showed the blood picture to 

be unchanged. The serum vitamin B12  concentration remained normal 

although this could have been influenced by the injection of 1000 ug 

of vitamin B12 given to some of the patients once or twice yearly in 

the performance of Schilling tests. The absorption of vitamin 312  

was unchanged in 7 patients who had regular tests and was also normal 

in the remaining  4 who were only tested at the end of this period 

although they were known to have had intrinsic factor antibodies in 

serum for 2 to 6 years. In particulars, case 1 still absorbed vitamin 

B12  normally although 6 years previously she already had a histamine- 

fast achlorhydriat  severe atrophic gastritis on biopsy and residual amounts 

of intrinsic factor that were not significantly greater than those 

encountered in some patients with pernicious anaemia. Nevertheless 

the Schilling test excretion increased from 124 to 19•4% on addition 

of intrinsic factor. 

In three of the 11 patients intrinsic factor antibodies disappeared 

from the plasma (Appendix III). In case 1 the intrinsic faotor antibody 

titre was between 60 to 80 units during 1965 and 4966 but thereafter 

declined and was no longer detectable after 1968. Parietal cell 

antibodies persisted in all 11 patients without significant changes in 

titre. Thyroid antibodies were still present in 8 patients and case 3 
who also had Addison's disease and a premature menopause had. both adrenal 

and ovarian antibodies detected by ismuino.fluoresoenee as well. 

Intrinsic factor antibodies in gastric juice were looked for in 

ten patients (one refused) by the method described in Section 3.2B. 

This was absent from 9 samples but present in significant titre in case 7-•  
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The gastric'juice in this patient in 2 studies had a pH of 2,0 after 

pentagastrin and an intrinsic factor concentration of 22 units, per ml. 

Only 10 ml of juice was aspirated and hem' the estimate for total 

secretion over an hour maybe unreliable', Following dissociation of 

ant-threw from intrinsic factor, the gastric juice was found to, have an 

antibody titre of 7 units per ml. , This antibody was largely neutralised 

by the addition of anti-lgAlmmunoglobulin.serum and only ,to a small 

extent by the additon, of an anti-10 serum. 

iEuteqns HIGHATIOWTEST,  (ii courtesy of Br. a. seiliati). 
This was carried out in, 10 of the patients In Group 2 and in 2 

additional oases of simple atrophic ,gastritis in thyroid patients without 

serum intrinsic factor antibody (see Appendix iV). For maparison 10 

cases of known pernicious anaemia were tested as well as 8 patients with 

early pernicious anaemia associated with thyroid disCase (group 1). 

Eleven laboratory staff were included as normal controls. The results • 

are shown I 
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The test was considered positive when cultures containing intrinsic 

factor showed a migration area of less than 80% that of control 

chambers. Seven of the 18 patients with early ar overt pernicious 

anaemia showed an inhibition of leucoeyte migration in the presence 

of intrinsic factor while only 1 of 11 cases in Group 2 gave a positive 

test. In addition, one patient with Hashimoto's disease, normal 

gastric function jarietal cell antibodies but without intrinsic factor 

antibodies in the serum gave a positive result (migration 70). The 

other positive case (migration 70  was the only patient in Group 2 Who had 

intrinsic factor antibodies in both blood and gastric 'juice and who allowed 

the most striking rpm411A1  incidence of thyrotoxicosis, pernicious anaemia 

and early greying of the hair. 

The individual differences are illustrated in the following two 

brief summaries: 

a) One patient, a sixty-one year old lady with Crave's disease, 

had histamine and pentagastrin-fast achlorhydria. She had a low intrinsic 

factor concentration and the output of intrinsic factor during the thirty 

minutes after stimulation was within the range of pernicious anaemia. 

The findings in her gastric Juice did not change appreciably over 

the six years of follow-up. Her vitamin B12  absorption, measured by 

urinary excretion of a 1 ugm dose of 57Cobalt vitamin B12  was normal and 

unchanged (1964 : 12.4$ 1970 : 13.0). When first seen, the patient had 

an antibody against intrinsic factor in her serum at a titre of 60 units/ml; 

However, on three separate ocoasions since 1968 this antibody has been 

undeteotable. The gastric juice of this patient did not contain any 

antibody to intrinsic factor and correspondingly the impaired output of 

intrinsic factor has remained adequate to subserve normal vitamin B12  

absorption. 
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b) The second patient of interest was a fifty-six year old lady 

with Graves' disease. She had a strong family history of pernicious 

anaemia and thyroid disorder. Antibody to intrinsic factor was found 

in both her serum and in her gastric secretion after measures had been 

taken to release the antibody from combination with intrinsic factor. 

This inhibitor was identified as an immunoglobulin of class IgA, by 

antiserum inhibition (see section 5.1%). 

Xn this patient sufficient excess of free intrinsic factor was 

still produced, despite the presence of antibody, to mediate normal 

vitamin B12 absorption. 

Also, the test for leucocyte 0migraidAmi inhibition factor" was 

positive in this one subject and negative in the remaining ten. 

• COMET.  

In nine of the ten sUbjects in this group, auto-allergic insult 

to the thyroid gland was associated with hyperthyroidism. 

Although sight of these ten patients showed a strong predisposition 

to pernicious anaemia, with striking family histories and serological 

overlap, none of them developed pernicious anaemia during the period 

of follow-up, nor have they shown a deteriorating vitamin B12  absorption. 

Whilst the absence of antibody from the gastric juice maybe of 

significance, as maybe also the negative results obtained far inhibition 

of leucocyte migration in the presence of intrinsic factor, the findings 

in case b) shelf that pernicious anaemia will not occur when the gastric 

output of intrinsic factor is in excess of locally synthesised antibody. 

Furthermore, where acid secretion persists and the pH remained low 

arskibody and intrinsic factor will be fres and do not react. Hence the 

intrinsic factor is still available to take up vitamin B12  and is still 

able to mediate vitamin 1112  absorption. 
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The leuvocytes in the gastric sbbmucosa may behave differently 

to leucooytes in the peripheral blood, since the circulating leucooytes 

in about 50% of pernicious anaemia oases show no imbibition of migration 

whereas case b) showed inhibition but did not have pernicious anaemia. 

It is clear that no single factor so far identified can determine 

whether pernicious anaemia will develop in an inherently predisposed 

subject. 

6.2. Miscellaneouspospital Sub4ects. 

Gastric juice was tested from nine subjects with a variety of 

gastro-intestinal disorders and from two patients'with megaloblastio 

haemopoiesis in whom no disorder of gastro-intestinal function was 

identified. Aritibody to intrinsic factor was not demonstrated in the 

serum of any of these subjects. Sample; from patients following 

gastrectomy were not studied as it was founi that bile stained samples 

caused impairment of vitamin 812  binding which could not be inhibited 

by antisera. 

BO inhibition of vitamin B12 binding by normal gastric juice was 

caused by these gastric juice samples. 
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7.1 	Release and detection of antibody against intrinsic factor  

in the ,, ~atrio juice. 
A. IIIENSEEZ 

The method employed for the release and detection of type I 

antibody against intrinsic factor was described in'detail in Section 

3.2B. 

The procedure for release was undertaken in order to detect 

antibody in samples where intrinsic factorand antibody were present 

in relative quantities such as to evade detection by more straight-

forward means. 

The following factors were of importance in the release of 

antibody from intrinsic factor. 

1) Type i .antibody and vitamin B12 are mutually exclusive 

via a vie their binding to intrinsic factor. 

2) At neutral pH, room temperature and isotonic solution, 

intrinsic factor will form a durable complex with either vitamin B12 

or with type i antibody, depending on which is first introduced. 

This phenomenon is of fundamental importance in the immunological 

techniques for assay of intrinsic factor. 

3) Vitamin B12 binds strongly and rapidly with intrinsic factor 

over a wide pH range. 

4) Type i antibody combines less rapidly and less strongly with 

intrinsic factor as the pH falls. 

5) With a fall in pH there is a shift in the equilibrium of the 

reaction: 

IrlAb 	XV + Ab 

to the right. Correspondingly the combination between intrinsic 

factor and vitamin B12 
continues unimpaired until most of the antibody 

is released. 
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6) Then the pH is returned the newly released antibody is 

excluded from its otiginal (wafting site and can be identified by 

testing against a_ fresh source of intrinsic factor. 

B. AIMERFATIVE METHODS. 

Fisher et al (1966) first identified type 1 antibody in the 

gastric juice against intrinsic factor by an indirect method in five 

out of fourteen subjects with pernicious anaemia (56%). They 

considered antibody to be present when the vitamin B12  bound by a 

mixture of normal gastric juice and test gastric juice was less than 

the total of that bound to each component sample. The figure of 50% 

,ositive results corresponds to the incidence of free antibody in the 

gastric juice identified in the present study (307).  However; Fisher 

et al (1966) did not consider concealed antibody. 

The only other method so far employed to release and identify 

precomplexed antibody is acidic-gel filtration.' Goldberg and Bluestone 

(1970), testing the concept introduced by Rose and Chanarin (1969), 

were able to identify free antibody in six samples, and antibody after 

release in le.further four out of a total, of twelve samples from 

pernicious anaemia patients. Of the two subjects, with no demonstrable 

antibody in the gastric juice, one had agammaglobulinaemia. They 

also found no correlation between their findings in the 	serum and in 

the gastric juice. 

7.2 	Intrinsic factor antibodies in the gastrointestinal tract. 

A. TTFE OFANTIBOM 

The investigations of Fisher et al (1966) identified antibody 

of type 1 in five out of fourteen subjects with pernicious anaemia. 

No tests were performed to show type 2 antibody. However, Sohade et al 

(1966) demonstrated type 2 antibody in the gastric juice of one patient, 



Whereas no testa were performed for type 1. 

Ina further study Baur et *I (1968) identified type 2 antibody 

coating submuoosal immunooytes in the gastric biopsies of two out of 

twelve subjects with pernicious anaemia. Again, no search was made 

for type 1 antibody. 

The only correlation of the incidences of type 1 and type 2 

antibody in the gastric juice has been:meg* by Goldberg and Bluestone 

(1970). Of their twelve cases, ten had type 1 artibodPts and one of 

those ten also had type 2 antibody in the gastric juice. 

It is worth mentioning that whilst type i antibody maybe more 

easily identified in the gastric juice, it is less likely to be of 

importance in obstructing intrinsic factor function than type 2 antibody, 

since it cannot interfere with absorption of the complex of intrinsic 

factor. Type 2 antibody may interfere with intrinsic factor in the 

intestine, down to the distal ileum, whereas type 1 antibody can only 

unite with intrinsic factor in the absence of vitamin Bie 

B. AM 
Carmel and Herbert (1967) have described intrinsic factor antibody 

in the saliva of a single case with pernicious anaemia. The identification 

of antibody in the gastric juice.bas been described previously. Baur et al 

(1968) using autoradiographic methods, showed looalisation of cell bound 

antibody in the submucom. of two gastric biopsies from pernicious anaemia 

sUbjects. 

C. gASS OF AlITIBODI. 

The results of Fisher et al (1966) give no information concerning 

the immunoglobulin class of the intrinsic factor antibodies which they 
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identified in the gastric juice. Goldberg and Bluestone (1970) 

Vand. that the gastric juice antibodies 'against intrinsic factors  

were mainly IgGs  'whereas out of 'eight samples in the'present study, 

which were 'investigated for immunoglobulin class, in five , at lasts  . 
a Component of the antibody activity could be inhibited by an IgA. 

antiserum. 

D.. Ii1C131831a.' 

Fisher et al 0966) identified free antibody in the gastric) 

juice of five out of fourteen subjects' with pernicious 'anaemia (36%). 

This corresponds to the figure obtained for' free antibody in this 

study. Goldberg and Bluestone (19;?..g) found free 'antibody, in six of 

their- twelve subjects (50%) and in a further four (30) after release 

frai intrinsic factor. Thus in their study legg, of the subjects with 

antibody against intrinsic factor were identified only after release: 

of the pre-44omplexed 'molecules  ithereas in the present study 45J of the 

positive results were obtained only after release. 

In the present study antibody was not identified in twenty-four 

out of fifty-three samples of gastric , juice from subjects.with pernicious 

amends,. 'The following suggestions • may explain this failure:, 

a) Type I antibody was absent from the gastric .secretion. 

Poslibly suoh antibody is principally located in the gastric mucosa 

and subsumes. Associated and as yet undetermined factors may be 

responsible for its presence in the gastric secretion. Baur et al 

(1968) have shown localisation of antibody on the surface of mononulcear 

cells in two subjects with pernicious anaemia. They did not comment 

on the gastric secretion of these subjects, but both had antibody in 

the serum. 

b) Possibly the appearance and disappearancie of antibodies against 

intrinsic factor in the serum and gastric juice represent phases in the 
pathogenesis of pernicious anaemia. The persistence of intrinsic factor 



maybe required to provoke production and assist transport of the 

antibody from its site of synthesis into the gastric Secretion. 

o) Antibody is principally syntheiised fUrther'dOen the small 

bowel, vihere'submUcoselaymphoid tissue is more abgndant. 

d) Type 2 antibody is Synthesised preferentially in the gastres 

intestinal tract (Carmel and Herbert 1966) and unlike the serum 

counterpart, it is produced independent4 of tyPe'i'intibody. Carmel 

and Herbert's (1966) findingsVore presented in an abstract which has 

net since'received'elaberation in, a detailed paper. Their observations 

cannot oorrespondingly be Ocmmented upon further. 

e) The method employed was insufficiently sensitive, Goldberg 

and Bluestone (1970) using a sisalsr method reported a higher incidence 

offrpositive results. Their findings lend support to the evidence 

submitted in this thesis, that intrinsic fadter and antibody frequently 

coexist in the gastric secretion of patients with pernicious anaemia. 

Their method is possibly more sensitive. However their criteria for 

claiming presence of antibody were leas'stringent than those employed 

in the present study. A fUrther shortcoming is that their method is 

tile consuming and laborious, requiring about one week for. the processing 

of a single gastric juice sample. 

7.3 	;ntrinsio factor antibodies in the serum and ipaitricluict. 

Relative importance And sifnifioance in, pathogenesis of  

Pernicious anriemia. 

A. INTRODUCTION. 

The amount of vitamin B12 that is absorbed in patients with 

gastritis depends upon the amount Of intrinsic factor that is available. 

This in turn is related to the number of retaining parietal cells and 

to the presence Of factors thatl,nterfere with action of intrinsic 

factar.. Under particular circumstances these factors can be an 



abnormal bacterial flora in the small gut, fish tape-worm, impaired 

capacity or ileal cells for vitamin% absorption and antibody 

against intrinsic factor. In the early phases of pernicious anaemia 

the latter factor is of particular importance. 

B. 	AIMIBODY IN THE SEBUM. 

There is strong evidence to suggest that antibody against 

intrinsic factor in the serum is not actively responsible for the 

pathogenesis of pernicious anaemia. 

Half of the patients with Addisonian pernicious anaemia do not 

have intrinsic factor antibody in their serum. Ungar et al (1967) 

found a significant correlation, between the duration of the disease 

and the incidence of antibody, suggesting that given times, all patients 

with pernicious anaemia  would develop detectable circulating antibody 

against intrinsic factor. Dige-Petersen et al (1967) described a 

correlation between the gastric sullmucosal lymphooytio infiltration 

seen on histology of biopsy specimens and the incidence of antibody. 

Fisher et al (4967) observed a more profound impairment of 

vitamin B12 
absorption by the Schilling test in subjects with serum 

antibodies than those without antibodies against intrinsic factor. 

However most of their patients without antibodies against intrinsic 

factor did not have bona fide pernicious anaemia but chronic atrophic 

gastritis. Thus their derma are no; substantiated, 

Most workars have however been unable to identify differences 

betwee4 patients with and without intrinsic factor antibodies in the 

serum. There are no records to date of patients with established 

pernicious anaemia in whom intrinsic factor antibody has appeared in 
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the serum after initially being declared negative, nor is there a 

record of a patient with such an antibody later losing it. There 

are however cases in which considerable spontaneous fluctuations'Of 

antibody titre, occur (Ungar et 0.1967) and circumstances where such 

fluctuations may induced (Taylor, 1953; Ardeman and Chanarin„ 

1965/6). The only documented case. in which there has been a 

spontaneous alteration of intrinsic factor antibody status are included 

in this thesis (section 6.1114 In these three subjeots an antibody 

was inittall,y identified which disappeared during the period'of 

up. 	None of these patients however had pernioious anaemia. 

One finding of note was that the,patientswho did not have 

pernicious anaemia but who had intrinsic factor antibodies in their 

serum tended to have higher titres both of thieentibody, parietal'' 

0,11 antibodies and thyroid antibodies than did bona fide pernicious' 

anaemia subjects. 

The eedence for the effects of .antibody' in neonates is.  

equivocal. Four cases have been described in which Mother's with 

pernicious anaemia*, whahad,ciroulating /0.antibodies against 

intrinsic factor have given birth to infant• in whom this' antibody 

was initially detected in the cord blood and in whom'the antibody ' 

titre subsequently declined. In two of the'neonatesi desoribed by 

Bar Shany and Herbert (1966) and by Goldberg et al (1967) there vas 

total failure of intrinsic factor secretion which returned to norMal 

as the titre of serum antibody fell. In theta), other oases the 

intrinsic factor 'emotion of the infants was normal (Charache and 

McIntyre 19661 Fisher and Taylor 1967). 
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Finally it is important to emphasise that of those patients 

without pernioious anaemia, who had serum antibodies to intrinsic 

faCtoro  none have developed pernicious anaemia. They have been 

studied over a' period from 3.7 ye=as. Thus where intrinsic, factor 

is being produced, it remains inaccessible to inhibition by antibody 

in the serum. 

C. 	INFRIBEICFACTOTI III TIM GASTRIC JUICE. 

About thirty per cent of subjects with pernicious anaemia have 

detectable intrinsic factor in their gastric secretion. This is 

however inadequate to mediate vitamin /112  absorption. But the are 

subjects with uncomplicated atrophic gastritis in whom the intrinsic 

factor output is of a similar low level, who continue to absorb 

vitamin B12 normally (Adams et al 1960. 

Croft et al (1966) provide evidence that the gastric mucosa in 

atrophic gastritis is actively proliferating. 'A. balance is struck 

between proliferation and destruction. The coexistence of intrinsic 

rooter and antibody maybe an expression of these conflicting processes. 

If antibody in the serum itself participates in the impairment 

of intrinsic factor funotion then intrinsic factor would need to pass 

across the muooaal surface into the portal circulation. There is no 

evidence that it does so. Cooper and Mite (1968) using an immunological 

technique, and lammagual et al (1970) who labelled intrinsic factor 

with 51Chromium were unable to show that intrinsic factor entered: 

the p-Ortal ciroiation. 

Thus intrinsic factor performs its function within the gastro-

intestinal tract and if an antibody interferes with this function it 

must also be localised there. 
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p. 	A.171DBODY _111 THE GeTrac mixes. 
The relative paucity of published studies upon antibody to 

intrinsic factor in the gastric juio of patients with pernicious 

anaemia gives the impression that this is a rare finding. Newsier 

the findings presented in this thesis are evidence that this is the 

rule rather than the exception in pernicious anaemia. 

Localisation of antibody in the gastrointestinal tract may be 

a crucial factor in the pathogenesis of Addisonian pernicious anaemia 

in some eubjeets. Nevertheless it is' evidently not, the Eire qua non 

for this condition to, develop. Purthermore the. antibody may be 

detected in gastric juice in a patient without pernicious anaemia, as 

seen in section 6.1r. Gastrointestinal' antibody plays a crucial nets 

only when the intrinsic factor output has fallen below a critical level. 

Xn the absence of this antibody, these levels of intrinsic factor output 

may remain adequate. there severe gastric atrophy or atrophic gastritis 

coexist, with intrinsic factor antibody idthin the gastroeintestinal 

tract, the stage is set for, pernicious anaemia. These may be 

independently determined factors in the pathogenssis of the disease. 

Yates and, Cooper ('1968) using an indirect method were unable to show 

evidence in seven patients with pernicious anaemia that antibody in the 

gastrointestinal tract was interfering with the function of intrinsic 

factor. 

However, the correlation between intrinsic: factor mediated 

vitamin B12 absorption in patients with and. without antibodies in the 

gastric juicer  described in section 5.2, was highly significant. This 

lends support to the belief that antibody in the gastrointestinal tract 

does indeed interfere with intrinsic factor. 
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E, EgUrOCYTE MaATIOD IVEIBITIONFACTOR". 

If the leucocyte migre‘ion test which detects the production or 

"migration inhibition factoe by sensitised lymphoid cells reflects 

cellular immunity  to intrinsic fustor, this was present in about 40 

of tested patients with overt or latent pernicious anaemiu but vas 

Daly positive in a single patient belonging to group 2 (see section 6.1). 

This same patient also showed intrinsic raotor antibodies in her gastric 

juice. This teat is still being evaluated and possibly results could 

be improved by using different quautities of antigen or by setting up 

some chambers with gastric microwomal antigen. These preliminary 

results however suggest a difference in the degree of cellular hyper—

sensitivity between patients with pernicious anaemia and those with a 

gastritis in which greater numbers of functioning parietal cells have 

persisted. 

7.4 	Conclusions. 

Clinical awl aerological findings in the families of subjects with 

pernicious anaemia provide evidence that the predisposition to form 

organ.specifio mite...antibodies is inherited. Hoiever, this is only one 

component in the pathogenesii'of pernicious anaemia. Further, as yet 

nattwnfactors determine the order of gastric atrophy and rate of gastric 

mucosa/ cell turnover. 

Organ specific auto•untibodies' in the serum in high titre may 

accompany only mild atrophy of the organ concerned. They are thus 

not responsible for the severity of the process. 
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Possibly th4 predisposition to forming circulating antibodies 

against gastric antigens may bl intimately associated rith suseeptibility 

to environmental agents rosponsible .-or gastrin atrophy. 

It is proposed that the following fhotors are responsible for 

perm ous anaemia: 

1) an inherited predisposition to form ,organ specific auto., 

antibodies. 

2) the gastro—intestinal localisation of cells producing.  

antibodies against intrinsic factor. 

3) possibly the persistence, of a residual intrinsic, factor, 

output as an antigenic stinulus to antibody synthesis. 

4) susceptibility to causes of gastric atrophy or atrophic 

gastritis. 

5) impaired parietal cell regeneration, possibly related to 

parietal cell antibody to cell bound. antibody. 

6) an excess of antibody produced in the upper gastro—

intestinal tract, over ani above the residual intrinsie 

factor output, 
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A. MATERIALS. 

1. Glassware. All glassware was washed in tapwater, left in 
5g chromic acid for 3-6 hours, thoroughly rinsed in distilled water 

and dried in an oven at 110°C. 

2. Storage of materials.  An fluid materials including solutions 
of Blie gastric juice, plasma and serum were stored in aliquots at -20°C. 

3. MA intrinsic factor concentrate. This was obtained, in 
powder form. (lodarle Laboratories. Code WES 818),' A dose of 20mg 

was used in the augmented Schilling test. 

4. Citrate"phosphate buffer. This mixture'vas made up according 

to MLOqivaine (1520. Buffer solutions ranging from pH 2,2 - 8.0 were 

obtained by adding varying amounts of 0.2M disodium phosphate to 0.41! 

citric acid.. 

5. pH meter, A direct reading glass electrode pH meter 

(Electronic Instruments Ltd., model 23A) was used for measuring the 

hydrogen ion concentration of gastric juice samples. 

B. METHODS. 

1. Intrinsic factor assay (Ardenan and Chanarini963)* Six na.,  

saline and. 0.5 ml, of the gastric juice being tested were dispensed into 

two glass bottles. i ml. of pooled normal serum was added to one tube 

and 1 ml. of a serum containing antibody to intrinsic factor was added 

to the second tube. Serum controls were also prepared. The mixtures 

were shaken and left at room temperature for ten minutes. Thereafter 

Cobalt-vitamin B#2 was added to each t0e,(100 ug in 0,5 ml). These 

mixtures were shaken and left at room temperature for twenty minutes. 

The free vitamin B12 was removed by the addition of charcoal and the 

residual radioactivity in the supernatant was measured. The results 



were expressed as go units of vitamin 1312  binders. 

The'values for the corresponding serum 'controls were subtraoted. 

2. Detection of antibody to gastric intrinsic factor' in the  

seraM:(Ardeman and Chamarin1963). The method was similar to that 

described above. however the gastric juice was taken from pooled 

normal samples'with a known intrinsic factor concentration. In addition 

to tubes containing normal serum and:plasma containing antibody, &further 

tube included gastric Juice (o.5m1) saline (6.0m).and serum from the test 

sub4eot (1.0m1). AntiboAy'was considered present when the vitamin B12  

binding of thenormatgastric juice was significantly blocked by the 

addition of the test serum. 

'3.'Vitamin 13 2  absorption. 

1: Urinary excretion tests (Schilling 1953). Absorption of 

vitamin B12Awasmeasured by its 'excretion in the urine during the twenty-

four hours following the oral does. 

Bach dose of 1 	57.1 ug of Cobalt vitamin B12  was made up in 25 ml. 

of distilled water. The "urine" standard Was prepared by adding 0.2m1. 

of this dilution to 20m1. of distilled water in a volumetric flask. 

A farther 0.2ml. was taken from the original dilution and added to 4.4.8m1. 

of distilled water in a universal bottle and used as a "plaima* standard 

(see below). These dilutions were always prepared within twenty-four 

hours of performing the test. 

After an overnight fast the patient voided urine. img.of non.. 

radioactive hydrogyedhalamin was given by intramuscular, injection. 

Immediately thereafter the radioactive dose of vitamin Blois taken by 

mouth. 

Urine was collected into darkened glass winchesterbottles without 

preservative, for twentrpfour hours from the time of taking the oral dose. 
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The results were expressed as a percentage of the total radio. 

activityjn the.oral,dose which appeared in theurine . during the ,  

tmenty.fourtoUrs of collection. 

ii. plasma level ,of radioactive vitaminB42., As an 

armillarymeasure 10 m3. of blood was taken into lithium heparin between, 

8.10 . hours after administration of the oral dose. The radioactivity in 

the. plasma was also expressed as a percentage of the, radioactivity in the 

oral ,dose and calculatedbythe. formula f 

plasma counts x 8 	x100 = 
plasma standard counts x 5 

This was done primarily to detest errors in the urinary excretion 

method due to urine loss or omission of intramuscular vitamin B12. 

iii. Method usinA whole body counting. Those patients 

studied at Middlesex Hospital, whose'details are included in section 6, 

were investigated by a whole body counting method!, as indicated in the 

text. The radioactivity remaining in the patient,- One week after 

taking an 'oral dose of °Cobalt vitamin B12 was taken as a measure of 

absorption. 

Vitamin B levels in the serum were measured by micro-

biological assay using Lactobaoillus laishmaniit  

Saturation analysis Was employed to measure serum B12  levels in 

patients at Middlesex Hospital included in section 61; 

5. Thyroid. antibodies ware demonstrated by tanned red cell 

agglutination (Middlesex Hospital). 

6. Gastric parietal coil antibodies were ident'if'ied by an 

immunefluorescent method and by complement fixation. 

7. Haemoglobin was estimated in the blood by the cyanmethaomo-

globin method. 
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Bi2  absorption 
Blo  with 	Units 11 
Intrinsic) 	in gastric 
footar. , juice 

Case Sox Age Soros 
Ab 

Gastric juice 
Ab 

Nig  
&ions 

1 M 4.2 Peg Pop 0 

2 P 48 Pos Nog 1.9 

3 P 62 Pas Pos 2.4 

4 F p4g Poe 0.2 

5 M 68 Pos Pos 0.8 

6 F 57 Poe Nog 1.7 

7 F 69 Nog Nog 3.6 

8 F 43 Nog Poo 2.6 

9 F 34. Pos Poe 

10 I 50 Po* NOg 01.11611 

11 I 56 Mg Pos 1.4 

12 P 34. Zbg Nog 110401Ir 

13 54 Pos Po* 0 

14. P 56 Pots Pos 

15 F 74. Poe Nog 1.2 

16 F 79 Nag Pos 4.2 

17 m Poe Pos 5.4 
18 P 74 Mg Neg 2.0 

i9 F 56 Poe Nog 4.3 

20 If Pos Pos 2.2 

21 P Nog 7.2 

22 M Nag amileplim 

23 F 56 Pos Poe 2.7 

24 F 75 /08 Nig 1.2 

25 F 74 Pos pbg 411111,411.1110 

26 m 37 Mg Nog 

27 F 56 Fos Poe 0.5 

	

3.8 	0 

10.3 	0 

13.4 	4 

12.8 	0 

10.4 	0 

10.7 	0 

-N.M.. 
10.7 	0 
---(E.G.R.) 	6 

---(Dementia) 0 

10.4 	4 

	

5.4 	0 

0 

17.7 	0 

11.1 	2 

0 

22.0 	0 

15.8 	7 

Mow. 	 0 

19.0 	0 

(NW. 	 0 

10.2 	0 

18.6 	0 

12.6 	7 

0 

10.2 
	

0 
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Cass Sex Ago Serua. Gastric, juice 
Ab Ab 

28 M 58 Meg Nig 

29 P70 110•0410 Nog 

30 F 54 Nig Pos 

31 F 86 Fos Ibg 

M 60 411.01•0 Poe 

33 P 82 Nag htg 

34 M Nag Rog 

35 F 38 Neg Nog 

34 P 78 Neg Poe 

37 F 62 Nog Poe 

38 F 40 Nag Neg 

39 M 56 Poe Pos 

40 P 55 _ Nag Fos 

41 P 45 Nag Fos 

42 ...... ONNIMI. Nag Poe 

43 M 38 MS Nu 

14 F 62 Fos Poe 

45 P 55 Poe Pos 

46 P 53 Poe Nog 

47 P 60 Neg Poe 

48 P 43 Nag Poe 

49 P 64 104,6 Pos 

50 M 72 Nog Poe 

91 P 39 Poll Poe 

52 If 14 Fos Neg 

53 P 52 Nog Fos 

B12 absorption 

B 	B with 	Units IF 
aline Atrinsio 	in gastric 

faoter 	juice 

0 	16.2 
...... 	--4F.G.11.) 	0 

1.8 	----(B.G.11.) 	0 

...(B.G,H.) 

!...(1  ) PG  PH  P) 	0 
1.8 	15.8 	0 

---(PAM,Se  ) 0 

8,1 	20,3 	0 

0.3 	5,4 	0 

6,0 	(LM?) 	0 

—.OM HO 7 
2.0 	5,5 	0 
0.5 	15,5 	6  

1........(staarts) 0 

St.Stevons) 0 

0.3 	23,0 	0 

8.8 	.•.".(M.H.) 	0 
(ibs) 
64 f—r(M.M.) 0 

7.6 	.....•.7(M.11.) 	0 
060 
3.5 	'9.0 	2 

0.5 	12.5 	2 

0 	'8.5 	3 

2.8 	15.0 	0 

14 	---(M•ge) 	0  (AO 
..... 	...,-;(144i.) 	0 

-(Cardiff) 0 
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A/IMF= III  

PATIENTS WITH AUTOALLEGRIC THYROID DISEASE 

ATV INTRINSIC FACTOR ANTIBODIES IN THE SERUNp 
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TABLE /15 

Autoimmune disease and serum antibody titres in patients with thyroid 
disease and intrinsic factor antibodies followed 3 to 7 Years (Group 2). 

AINTT.BODS TO * 

OTHER AUTOI27`i 

CASE 	DISEASE 

1 	Sister, aunt thyrotoxic 

2 	Nil 

3 	Post—op myxoedema, 
Addison's disease, 
infertility with adrenal/ 
ovarian antibodies; Aunt 
thyrotoxic 

4 	post—op myxoedema 

5 	post—I
131- 

myxoedema; 
mother goitre 

6 	post—I
131 

myxoedema; - 
mother pernicious anaemia; 
aunt thyrotoxic 

7 	post—I
131 

myxoedema; 

% leucocyte 
migration 
with gastric 
juice 
(normal 80-120) 

INTRIl\STC 
FACTOR 

PARIETAL 
CELL 

Fluorescence 
Titre TRC CYTO 

THYROID 

CF 	TRC CYT 0 	CF 

1 2 1 2 1 
91 60 OS,  

83 75 115 64. 128 

89 10 130 512 256 — + — — ++ 16 

85 250 • 100 64 64 20 ++ — — +4- 16 

104 50 90 32 64 — ++ 4 — 

I, 
83 .700 120 64 64 20 ++ 128 40 ++ 

70 + 50 8 1 80 ++ — 320 ++ 
rheumatic heart disease, 
smooth tongue — 5 years, 
mother goitre; father, 
cousin pernicious anaemia; 
sister thyrotoxic with 
rheumatoid arthritis; aunt 
thyrotoxic; early greying 
(3 relatives) 

Mother goitre 	• • 	+ 	+ 	+ 	64 	40 	++ 	— 	10 	++ 

	

9 	Grey hair at 22 years; 
	

95 	+ 	20 	+ 	128 	10 	++ 	— 	20 	++ 
sister thyrotoxic 

	

10 	Grey hair at 17 years 	89 	+ 	— 	16 	64. 160 	++ 

	

11 	Vitiligo; sister 	96 	+ 	135 	32 	128 	640 	++ 	8 	320 	++ 
	

8 
pernicious anaemia 

* 1 = Initial finding; 2 = most recent finding; TRC = tanned red cell agglutination for thyroglobulin anti odies; 
cyto = immunofluorescence for microsomal antibodies; CF = complement fixation for microsomal antibodies; 

titrntion aon: rer,pt-ive: 	5rdieate 	serum di2uti.on r`i'll r a 1- rr:FUlt. 

32 	40 	++ 	128 



TABLE 46 

G!=stric secretion, vitamin B12 
absorption and serum vitamin B12 

level 

in patients with thyroid disease and serum intrinsic factor antibodies 

followed for 3 to 7 years (Group 2) 

Gastric Juice - post-stimulant 

FOLLOW-UP 
CASE SEX/AGE DIAGNOSIS YEARS 

1 -( 1 

7 

8 

9 

10 

2 

3 

4. 

F/61 	Graves' 	6 

F/45 Nyxoedema 6 

F/35 Graves' 	6 

M/48  Graves' 	6 

W55 Graves' 	6 

F/54- 	Graves' 	7 

F/56 Graves' 	5 

F/55 Graves' 	3 

F/57 Graves' 	5 

F/59 	Graves' 	3 

F/66 Graves' 	3 

Hb. 

G/100 ml. 

ph 

1* 2 

IF conc. 
units/ml 

1 	2 

IF/hr. 
units 

1 	2 

13.4 7.9 7.4 3 6 200 138 

15.0 1.1 1.2 66 94 10,100 11,400 

14.2 3.0 2.4 52 52 1,200 -1,040 

14.8 5.2 4.9 52 49 3,000 1,600 

15.0 1.3 •• 159 •• 9,900 • • 

13.6 .. 1.6 •• 4-2 •• 1,260 

14.8 2.0 2.0 .. 22 •• 220 

13.6 .. 1.6 .• 36 _ -i. 1,440 

13.0 .. 2.0 .. 30 •• 180 

13.2 .. 4.0 .. 33 •• 1,980 

14.2 .. 0,41 40 .41 •• •• 

absent 

absent 

absent 

absent 

absent 

absent 

present 

absent 

absent 

absent 

antibody 
IF 	B12 	

Serum v tamin B
12 

absorption 
1 	2 1 

1 
2 

12.4 13.0 380 34.0 

20.5 20.5 350 360 

25.2 34.5 260 290 

16.3 15.0 180 180 

25.0 31.0 190 270 

.. 5609 .. 850 

21.0 66(w) 610 610 

..35, ( 1w, • • 230 

.. 64(w) .• 375 

.. 50(w) .. 260 

13.0 65(w) 308 

Nornal 
range 

13.0 	2 	14-14-7 	2,000-25,000 	10 	170-1 ,000 
mean 55 	mean 9,000 	 35(w) 	(mean 400) 

w = Vitamin B12 absorption by a whole body counting technique. Result as 5 oral dose retained at 7 days. 

All other tests by urinary excretion (Schilling) method. 

* 1 = Initial finding; 2 : most recent findings. 
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MEDD OS riBUCOGTZE 111GRATXON IlEIBITION TEST. 

(By courtesy of Dr. Jonathan Droste!). 
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25 ml of heparinised venous blood was allowed to sediment 

at 57°C in sterile plastic tubes for 1 hour. The supernatant, 

containing mostly leuooeytes, was removed with a eiliponised pipette, 

centrifuged at 125g for 5 minutes and the cell pellet was washed 

three times in Eagles tissue culture medium. The washed leucocyte& 

were then aspirated into 120 aux 1 mm capillary thee, the ends 

sealed with warm paraffin wax and centrifuged at 150g for 10 minutes. 

The capillary tube was broken at the fluid-cell interface 

and the tens placed in a circular migration chamber Ilkom diameter, 

5am depth, containing human gastric intrinsic factor in tissue culture 

fluid, Experiments were performed in quintmplicate andcontio1 

chambers set up without antigen. The area of migration was assessed 

after 17 hours incubation by placing the chambers in a photographic 

enlarger, projecting the image onto heavy paper and outlining the 

migration area which was then cut out and weighed. The migration 

was calculated from the meaner** in the presence of intrinsic factor 

as a percentage, of that: in the control cultures lacking antigen. 1 

Inhibition of Isuoosyte migration was considered significant when the 

leucocyte migration in the presence of intrinsic factor was less than 

80% of the mean control. 



APPENDIX 7 

TABLE SHOWIIG ANTIBODY STATUS OF PATIENTS 

WITH PERNICIOUS AMEMIA, 

— lac — 



I 

Table 47  

Correlation between antibody against latrine', 

factor in the serni and gastric juice. 

Breakdown of cases. 

GASTRIC MICR 

POS IEC 

1 23 2 46 

3 27 6 52 

5 39'  10 

9 14 15 

13 45 19 

14 51 21 

17 25 

20 31 

4. 42 7 35 
8 4.7 12 38 

11 48 18 43 

16 49 22 

30 50 24 

36 53 26 

37 28 

40 33 

41 34 
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Dissociation of Intrinsic Factor 
from its Antibody: Application to 

Study of Pernicious Anaemia 
Gastric Juice Specimens 

MICHAEL S. ROSE,* M.B., B.S. 
I. CHANARINA M.D., M.C.PATH. 

Summary : Intrinsic factor antibody may sometimes be 
concealed in the gastric secretions of pernicious 

anaemia subjects, being complexed with residual amounts 
of intrinsic factor. 

A method is described for dissociating intrinsic factor 
from its antibody. Antibody to the vitamin-B13-binding 
site of intrinsic factor was identified in 16 (57%) out of 
28 samples of pernicious anaemia gastric juice after disso-
ciation but in only 10 before dissociation. There was no 
clear relationship between the incidence of antibody in 
the serum and in the gastric juice of these patients. 

Introduction 

Antibody to Castle's intrinsic factor is detectable in the serum 
of 55% of patients suffering from Addisonian pernicious 
anaemia (Taylor, 1959 ; Ardeman and Chanarin, 1963). There 
is good reason to suppose that this antibody may interfere with 
intrinsic factor production as well as prevent its function in 
vitamin-1312  absorption, and these aspects have been reviewed 
by Chanarin (1968). Intrinsic factor antibodies are of at 
least two types. The commoner type reacts with that 
portion of the intrinsic factor molecule which links with 
vitamin B12, thus preventing union with this vitamin 
(synonyms: vitamin-B binding-site antibody; blocking anti-
body ; type I antibody). The other type of antibody reacts 
with intrinsic factor evidently elsewhere than on the vitamin- 
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B„-binding site (synonyms : complex antibody ; precipitating 
antibody ; type II antibody). Two general types of in-vitro 
test have been devised to identify these two kinds of antibody. 
Antibody localized in the gastrointestinal tract is likely to be 
of greater importance in pernicious anaemia patients than the 
antibody in the serum, since the antibody can interfere with 
intrinsic factor function only at sites of confrontation. As 
intrinsic factor is probably not absorbed, this encounter must 
take place in the gastrointestinal lumen or at the mucosal 
surface. 

Fisher et al. (1966) found intrinsic factor antibody in the 
gastric juice of 5 out of 14 patients with pernicious anaemia, 
including one who did not have such an antibody in the serum. 
Others have investigated the gastric juice from patients in whom 
additional •intrinsic factor failed significantly to improve the 
absorption of vitamin B12. Gastric juice antibody was present 
in the case reported by Schade et al. (1966) and in all nine 
cases reported by Herbert et al. (1967). 

These observations have been concerned with free antibody 
in the gastric juice. Intrinsic factor secretion is often not 
abolished in pernicious anaemia, and small amounts are present 
in about one-third of the patients (Ardeman and Chanarin, 
1965). If intrinsic factor antibody is present in the gastric juice 
samples from such patients, it is likely to be concealed in a 
complex with intrinsic factor and hence it will not be demon-
strable by direct examination. The purpose of this study was 
to devise a means whereby such antibody could be released 
from intrinsic factor and then assayed by a standard procedure. 
This method would then be used for the detection of antibody 
in gastric juice samples from pernicious anaemia patients. 

Materials 

Normal human gastric juice obtained from several donors was 
pooled, depepsit iized, restored to neutral pH, and frozen in 
aliquots at —20° C. until used. The vitamin-B„-binding 
capacity and intrinsic factor titre were measured by the method 
of Ardeman and Chanarin (1963). 

Gastric juice from subjects with pernicious anaemia was 
aspirated by nasogastric tube for 30 minutes before and for 
one hour after stimulation with either histamine or pentagastrin 
(Peptavalon). These samples were centrifuged, filtered, and 
stored at —20° C. until tested. 

Serum from five subjects with pernicious anaemia, contain-
ing an antibody to the vitamin-B„-binding site of intrinsic 
factor, in titres ranging from 100 to 250 units/ml. were used 
in the pilot studies. The antibody titre was measured by the 
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charcoal adsorption method of Ardeman and Chanarin (1963). 
These samples were stored at —20° C. in aliquots until used. 

57Co1312  (Radiochemical Centre, Amersham) with a specific 
activity of 25 mACi/rril. and diluted with non-radioactive cyano-
cobalamin to give a final concentration of 200 mp.g./ml. Acti-
vated charcoal (British Drug Houses) was prepared by heating 
at 160° C. for two hours and then mixed with normal plasma 
at a concentration of 100 mg./ml., immediately before use. 
Measurements of y-ray emission were made in a Packard, well-
type scintillation counter. pH was measured on a direct read-
ing glass electrode pH meter (Electronic Instruments Limited.) 

Methods 

(a) Velocity of Combination of Intrinsic Factor with Vitamin 
B„ and with Antibody to Vitamin-B„-binding Site.— 
(1) Estimates were made of the speed of combination of normal 
gastric juice samples with vitamin B12. A 10-ml. volume from 
a pool of five normal gastric juice samples (binding about 
80 mpg. of vitamin 1312/m1.) was mixed with 5 ml. of 57CoB1a  
(200 mµg./m1.). One-millilitre aliquots were expelled into 
saline containing serum-coated charcoal, which absorbed the 
unbound vitamin B12, thus curtailing the combination. After 
centrifugation the supernatant radioactivity was expressed as 
a percentage of the radioactivity observed 10 minutes after 
mixing, by which time no further vitamin B12  was bound. 
(2) Ten millilitres of the gastric juice pool was mixed with 
4 ml. of serum containing intrinsic factor antibodies (250 units 
of antibody per ml.). One-millilitre aliquots were removed at 
stated intervals and expelled into saline containing 100 mpg. 
of 57CoB12 . After 10 minutes serum-coated charcoal was added 
to extract the unbound vitamin B12. After centrifugation at 
3,000 r.p.m. for 10 minutes the activity of the supernatant was 
measured. Antibody combination was expressed as a percent-
age of the value observed after 10 minutes. These studies were 
carried out at pH 7.5, 3.8, and 3.2. 

(b) Effect of pH on Combination of Intrinsic Factor and 
Antibody Against Vitamin-B.-binding State of Intrinsic 

TABLE 1.—Test and Control Preparations to Measure Dissociation of 
Antibody from Complex With Intrinsic Factor 



Factor.—This was studied in mixtures of serum containing 
antibody to intrinsic factor and with normal gastric juice. 
Suitable controls were also set up as indicated in Table I. The 
quantities chosen were such that no free antibody could be 
detected. After incubation at room temperature for 30 minutes 
the test mixture and controls were exposed to the sequence of 
steps outlined below. The pH was reduced to 3.2 with 
0.2 M disodium-phosphate/citric-acid buffer. Cyanocobalamin 
was added in about tenfold excess of the binding capacity of 

"D the components. The mixture was agitated for 15 minutes. 
14 0,  jdz—The unbound vitamin B,, was then removed by two additions 

of 100 mg. of serum-coated charcoal, added at an interval of 
three minutes. The mixture was again shaken, centrifuged 
at 3,000 r.p.m. for 10 minutes, and the supernatant was then 
tested for antibody by the method of Ardeman and Chanarin 
(1963). The charcoal control was set up to confirm complete 
removal of the unbound vitamin 1312  excess. 

(c) Dissociation of Antibody from Sites of Intrinsic Factor 
Other than those Reacting with Vitamin B„.—Mixtures con-
taining normal gastric juice (100 units of intrinsic factor) and 
serum with intrinsic factor antibody in increasing quantities 
were lowered to pH 3.2 for 15 minutes with 0.2 M sodium-
phosphate/citrate buffer. These were decanted into 1-mi. 
volumes of normal gastric juice complexed with "CoB„. The 
antibody was precipitated with 40% saturated NH4S0, (Jacob 
and Schilling, 1966) and radioactivity in both supernatant and 
deposit were measured. The radioactivity in the deposit was 
expressed as a percentage of total radioactivity. 

(d) Pernicious Anaemia Gastric juice.—Manoeuvres applied 
to these specimens were the same as the sequence outlined in 
section (b). 

(e) Suppression of Antibody with Anti-human Serum.—An 
anti-human serum preparation was used (Netherlands Red 
Cross Transfusion Service PHO-13---P2); also a specific anti-
human serum IgA (X8OH kindly supplied by Dr. R. Drew, 
Department of Immunological Pathology, University of 
Birmingham). These were mixed with gastric juice specimens 
found to have an antibody to intrinsic factor. After incubation 
at 37° C. for two hours they were frozen at —20° C. for 
24 hours and then thawed and tested for antibody as described. 

Results 

(a) Reaction Velocities (see Chart).—(1) Intrinsic Factor and 
Vitamin 1312 : The combination was extremely rapid both at 
room temperatures and at 4° C. Vitamin l3,2  binders were 
60% saturated in two seconds and 100% saturated within 
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20 seconds. There was no significant difference in the rate of 
binding at pH 7.5, pH 3.2, and pH 3. (2) Intrinsic Factor 
and Antibody: At pH 7.5 50% of the antibody had combined 
by 20 seconds and complete combination occurred only after 
90 seconds. At pH 3.2 30% of the antibody united with 
intrinsic factor after 90 seconds. 

(b) Dissociation of "Vitamin-B12 -binding-site Antibody" 
from Intrinsic Factor.—Five separate sera were mixed with 
normal gastric juice and tested as described. Under optimum 
conditions between 75 and 100% of antibody added to normal 
gastric juice was recovered. The degree of dissociation was 
measured over the pH range from 7.5 to 3.2. A pH of 3.2 
was chosen since this pH gave maximum dissociation 
without a significant degree of denaturation of released anti-
body. A fall in antibody activity occurred below pH 3.0 when 
the duration of exposure was greater than 15 minutes. 

(c) Endeavours to dissociate " non-binding-site " antibody by 
lowering the pH to 3.2 and then permitting random reassocia-
tion at neutral pH with intrinsic factor-57CoB12  provided no 
convincing evidence that this antibody behaved similarly to the 
vitamin-B12-binding-site antibody under these conditions. 
Correspondingly, application of this manoeuvre has provided 
no evidence concerning the presence of this antibody in gastric 
juice from pernicious anaemia cases. 
juice specimens from subjects with pernicious anaemia and 17 

(d) Pernicious Anaemia Gastric juice.—Twenty-eight gastric 

0 
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control specimens were treated and tested, as described, for the 
release and identification of antibody to the vitamin-B12-
binding site. Of the 28 pernicious anaemia gastric juices, nine _ 
were from patients with an antibody to intrinsic factor in the 
serum and 11 from subjects without such an antibody. Of the 
28 gastric juice specimens, 16 gave positive results for the 
presence of antibody. Of these 16, 8 were from patients with 
a serum antibody and 8 from patients without (Table II). 
Among the 17 controls, including four specimens from patients 
with autoimmune thyroid disorders, who had serum antibody 

TABLE II.—Correlation of Incidence of Gastric Yuice Antibody with 
Serum Antibodies to Intrinsic Factor 

 

Gastric Jtece Intrinsic 
Factor Antibodies 

 

    

Serum intrinsic factor antibodies .. 	M 	+ 
M 
	

S 9 

 

 

16 12 

 

    

to intrinsic factor without evidence of impaired vitamin-B12  
absorption, no positive results for gastric juice antibody were 
obtained. A general observation among the pernicious anaemia 
samples was that dissociation showed more antibody than was 
found on simple testing and that where some intrinsic factor 
was found in the sample, antibody was demonstrated only after 
dissociation. 

(e) In three gastric juice specimens found to have an antibody 
to intrinsic factor mixture with an equal volume of anti-human 
serum caused a clear drop in antibody activity. This observa-
tion was likewise made on using specific anti IgA serum, thus 
identifying the antibody in these specimens as of class IgA. 

Discussion 
Free antibody in pernicious anaemia gastric juice was present 

in 10 out of 28 samples ; in six more cases antibody could be 
demonstrated on dissociation from intrinsic factor. In those 
with free antibody the dissociation procedure produced some 
rise in titre of antibody. Antibody was present in the gastric 
juice of four patients in the absence of serum antibody ; Fisher 
et al. (1966) described one similar case. This emphasizes that 
it is local gastrointestinal antibody which is of importance in 
impairing vitamin-B12  absorption, particularly since serum 
antibody may be present and in no way interferes with vitamin-
B1 , absorption. 
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In the present group of 28 patients antibody was found in 
the serum or gastric juice of 19 (68%). It cannot, however, 
be concluded that no antibody was present in the remaining 
32% in whom we failed to find it. 

Observations on the transplacental transmission of antibody 
to intrinsic factor suggest that this antibody may suppress 
intrinsic factor production in the infant without itself appear-
ing in the gastric juice. Fisher and Taylor (1967), however, 
failed to observe any impairment of infantile intrinsic factor 
production as a consequence of transplacental passage of 
intrinsic factor antibody. This antibody may therefore be 
synthesized in the gastric submucosa and function locally in 
the mucosa (Bar Shany and Herbert, 1966 ; Goldberg et al., 
1967) and either not appear in the gastric secretion or be found 
only in small quantities. Endeavours to identify antibody in 
concentrates of pernicious anaemia gastric juice, where the 
undiluted sample evidently contained no antibody, have failed. 
Antibody may be directed against other sites of the intrinsic 
factor molecule than the vitamin-B„-binding site. Such anti-
bodies were not identified in gastric juice by the procedures 
described. 
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Summary Eleven out of twenty-three patients 
with thyroid disease and intrinsic-

factor (i.e.) antibodies in serum had an atrophic 
gastritis which did not progress to pernicious anaemia 
over a period of 3-7 years. In these patients the 
absorption of vitamin B12  remained normal, and the 
amount of acid and I.F. in the gastric secretion remained 
unchanged. Ten out of these eleven patients had 
thyrotoxicosis and nine had a family history of other 
autoimmune disorders. The other twelve patients with 

antibodies had early pernicious anxmia. Six had 
thyrotoxicosis and six had Hashimoto's thyroiditis or 
primary myxcedema. Four of these patients had a 
family history of thyroid disease or pernicious anwmia. 
It is concluded that the patients with I.F. antibody and 
a non-progressive atrophic gastritis differ from patients 
with pernicious anwmia in that the I.F. antibody 
appears in serum at a relatively early phase in the 
evolution of gastritis when adequate amounts of I.F. 
are still being produced. They also differ from patients 
with pernicious anwmia in the absence. (with one 

	

exception) of I.F. antibody in gastric juice. 	The 
leucocyte-migration test, done to assess cellular 
immunity to I.F., was positive in 40°„ of pernicious-
anwmia cases but in only one patient followed for 5 
years without progression to pernicious anmmia in 
spite of I.F. antibodies in serum and gastric juice. 

* Present address: Northwick Park Hospital, Harrow, Middlesex. 
t Present address: Edgware General Hospital, Edgware, Middlesex. 
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Introduction 
ANTIBODIES against human gastric intrinsic factor 

(I.F.) have been found in the serum of 55% of patients 
with pernicious anaemia.' Many patients have such an 
antibody in the gastric secretion 2,3  or in the stomach 
wall.* There is good reason to believe that I.F. anti-
bodies are important in the development of vitamin-B12  
deficiency since the great majority of patients with 
such antibodies have pernicious anaemia. In man the 
antibody prevents I.F.-mediated vitamin-I3,2  absorp-
tion 5  and in cases of pernicious anaemia it is present in 
the gastrointestinal tract where it can react with 
intrinsic factor. On the other hand, patients with 
simple atrophic gastritis do not have I.F. antibodies 
in the serum 8  and the small amount of I.F. produced 
by the atrophic mucosa is usually sufficient to 
potentiate vitamin-B12  absorption.7  

In a few cases I.F. antibodies in serum have been 
recorded in the absence of pernicious anaemia. Anti-
bodies to intrinsic factor have been detected in the 
serum of a patient with atrophic gastritis,8  in two 
relatives of patients with pernicious anEemia,e•10  and 
in patients with thyroid disease,"-'a  and in diabetes 
mellitus.14," Single cases of antibody in patients 
without pernicious anaemia have been recorded.18-18  

If the development of pernicious anaemia in most 
cases requires an I.F. antibody then the long-term 
follow-up of patients who initially had such an anti-
body but were still able to absorb vitamin B,2  normally 
is of special interest. Will such patients, in time, 
develop pernicious anaemia ? If not, how do they differ 
from patients with this disease ? It may be that the 
relevant antibodies are those secreted into the gastric 
juice, or that the difference may lie in the degree of 
cell-mediated immunity which the patient develops 
to I.F. The leucocyte-migration test may reflect this 
component of the autoimmune response in several 
diseases.18-21  

We have now followed a group of patients with 
thyroid disease and I.F. antibody in serum for 3-7 
years. Their vitamin-1312  status, gastric secretion, and 
autoantibodies including test for migration-inhibition 
factor are reported. 

Patients and Methods 
Patients 

Patients were selected from two sources. In 1964, two 
hundred and forty-nine patients attending a thyroid clinic 
were investigated for evidence of vitamin-B12  deficiency and 
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for I.F. antibodies. Nine had I.F. antibodies." Another 
fourteen patients with I.F. antibody in serum was collected 
at the Middlesex Hospital over a period of years. Follow-up 
was designed to determine whether malabsorption of 
vitamin B12 developed by doing either urinary excretion 
(Schilling) tests with an oral dose of FO pg. of "Co-
labelled vitamin B1, or by measuring the amount of "Co-
labelled vitamin B1, retained by whole-body counting 1 
week after a similar oral dose. At first, most patients were 
seen at 6-monthly intervals and later annually. 

Methods 
Serum-vitamin-B12  levels were assayed by microbio-

logical assay using Lactobacillus leichmannii or by saturation 
analysis," and a full blood-count was usually done at each 
visit. 

Gastric secretion was studied initially in six patients in 
group it and finally in all but one patient using an augmented 
dose of histamine or, more recently, pentagastrin (6 ,ug. per 
kg.) as the stimulant to gastric secretion. Gastric juice was 
examined for the presence of acid, 1.F.,23  and I.F. antibodies.24  

I.F. antibodies in serum were titrated by the method of 
Ardeman and Chanarin,23  and against the gastric parietal 
cells by the immunofluorescent method. Thyroid anti-
bodies were estimated by methods previously described." 

Leucocyte-migration test.-25 ml. of heparinised venous 
blood was allowed to sediment at 37°C in sterile plastic 
tubes for 1 hour. The supernatant, containing mostly 
leucocytes, was removed with a siliconised pipette, centri-
fuged at 125g for 5 minutes, and the cell pellet washed 
three times in Eagle's tissue-culture medium. The washed 
leucocytes were then aspirated into 120 mm. x 1 mm. 
capillary tubes, the ends sealed with warm paraffin wax, and 
centrifuged at 150g for 10 minutes. The capillary tube 
was broken at the fluid-cell interface and the cells placed in a 
circular migration chamber 18 mm. diameter, 5 mm. 
depth " containing human gastric I.F. in tissue-culture 
fluid. Experiments were performed in quintuplicate and 
control chambers set up without antigen. The area of 
migration was assessed after 17 hours' incubation by placing 
the chambers in a photographic enlarger, projecting the 
image on to heavy paper, and outlining the migration area 
which was then cut out and weighed. The percentage 
migration was calculated from the mean area in the presence 
of I.F. as a percentage of that of the control cultures lacking 
antigen. Inhibition of migration was considered significant 
when the leucocyte migration in the presence of I.F. was 
less than 80% that of the mean control. 

Results 
Clinical Features 

Of the twenty-three patients studied, twelve were 
found to have early pernicious anmnia (group I) and 



TABLE I—GASTRIC SECRETION, VITAMIN-Bui  ABSORPTION, AND SERUM-VITAMIN-But  IN PATIENTS WITH THYROID DISEASE AND 
SERUM I.F. ANTIBODIES FOLLOWED UP FOR 3-7 yr. (GROUP II) 

Case Sex Age Diagnosis Follow- (g. per 
100 ml.) 

Gastric juice (post-stimulant) 
Vitamin-B„ 
absorption 

Serum- 
vitamin-B,1 

pH IX. (units 
per ml.) (PE. Per ml.)

uP 

I. 	per hr.  .F. 	 . 
(units) 

I.F. 
anti- 

2 1 1
body 

2 1 2 1 2 1 2 

1 F 61 Graves' 6 134 7.9 74 3 6 200 138 Absent 12.4 13.0 380 340 
2 F 45 Myxcedema 6 15.0 1.1 1.2 66 94 10,100 11,400 Absent 20.5 20.5 350 360 
3 F 35 Graves' 6 142 3.0 24 52 52 1200 1040 Absent 25.2 3+5 260 290 
4 M 48 Graves' 6 1+8 5.2 +9 52 49 3000 1600 Absent 16.3 15.0 180 180 
5 M 55 Graves' 6 15.0 1.3 .. 159 .. 9900 .. Absent 25.0 31.0 190 270 
6 F 54 Graves' 7 13.6 .. 1.6 .. 42.. 1260 Absent .. 56 (w) .. 850 
7 F 56 Graves' 5 14.8 2.0 2.0 .. 22.. 220 Present 21.0 66(w) 610 610 
8 F 55 Graves' 3 13.6 .. 1.6 .. 36.. 1440 Absent .. 35 (w) .. 230 
9 F 57 Graves' 5 13.0 .. 2.0 .. 30.. 180 Absent .. 64 (w) .. 375 

10 F 59 Graves' 3 13.2 .. +0 .. 33.. 1980 Absent .. 50 (w) .. 260 
11 F 66 Graves' 314 2.. . 	. .. 13-0 65 (w) 308 610 

Normal . 	. . 	. . 	. . 	. >13.0 <2 .. 14-147 2000-25,000.. >10 170-1000 
range (mean 55) (mean 9000) >35 (w) (mean 400) 

w -Vitamin-B. absorption by a whole-body counting technique Result as % oral dose retained at 7 days. All other tests by urinary excretion 
(Schilling) method. 1 =-- Initial finding. 2- Most recent findings. 
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TABLE II—COMPARISON OF TWO GROUPS OF PATIENTS WITH 
THYROID DISEASE AND SERUM ANTIBODIES TO I.F. 

Group I 
(early 

pernicious 
anemia) 

Group II 
(atrophic 
gastritis) 

No. of patients 	. . 12 11 
Sex ratio (M/F) 1/11 2/9 
Mean age (yr.) 56 54 
Associated diseases: 

Thyrotoxicosis 6 10 
Hashimoto or primary myxcedema.. 
Addison's disease 	.. 

6 

0 

1 
1 

Myasthenia gravis 
Rheumatoid arthritis 1 

0 
 0 

Diabetes mellitus 1 0 
Vitiligo or early greying 

Family history of autoimmune disease: 
0 Thyroid disease 	.. 7 

Pernicious anemia 1 3 
Addison's disease 	.. 0 1 
Rheumatoid arthritis 0 1 
Vitiligo or early greying 0 2 

eleven absorbed vitamin B12  normally (group II). All 
but three of the patients were women, and all had nor-
mal hemoglobin levels. The patients with early perni-
cious anemia had a macrocytic peripheral blood-film, 
the marrow showed megaloblastic hemopoiesis, the 
serum-vitamin-B12  level was borderline or low, there 
was a histamine-fast achlorhydria in all six cases exam-
ined, and all had malabsorption of vitamin B12. Seven 
patients in whom the absorption test was repeated with 
added I.F. showed an enhanced vitamin-B12  retention. 
All had I.F. antibodies in serum. The patients with 
pernicious anemia are not considered further in this 
paper. The patients in group II were seen at more or 
less regular intervals, the duration of follow-up being 
6 to 7 years in six, 5 years in two, and 3 years in three 
(table I). 

There were interesting differences between these 
groups of patients in the nature of the thyroid disease 
and in the family history (table II). Six of the seven 
patients with Hashimoto's thyroiditis or primary 
myxcedema had pernicious anemia. By contrast only 
six out of sixteen patients with thyrotoxicosis had 
pernicious anemia the other ten having serum-I.F.-
antibodies with a non-progressive atrophic gastritis. 
A family history of other autoimmune disorders was 
noted in only four out of the twelve pernicious-
anemia patients but was present in nine out of the 
eleven patients in group II (tables I and II). 
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Fig. 1—Results of a test for " migration inhibition factor " in 
eighteen patients with pernicious anwmia, including eight in 
group I, eleven controls, and twelve patients with atrophic 
gastritis (including ten patients in group II). 

Initial Findings 
All patients in group it had a normal hxmoglobin 

level and a normal stained blood-film (table II). The 
serum-vitamin-B12  level was normal in all seven 
patients in whom this was carried out initially. Six 
had gastric juice aspirated. Five showed the presence 
of acid and one (case 1) had a histamine-fast achlor-
hydria with a low I.F. output. Nevertheless she absorbed 
vitamin B12 normally, as did all the other patients 
tested, and her serum-vitamin-1312  was normal. All 
the patients had antibody in serum against human 
I.F. and against gastric parietal cells, and nine out of 
ten patients tested had thyroid antibodies. The titres 
of gastro-parietal-cell fluorescence were unusually 
high in six of the eight patients where serial dilutions 
had been made, but thyroid antibodies were present in 
low concentrations as seen in Graves' disease except 
for two patients with complement fixation titres of 
32 and 128 respectively (table m, fig. 2). 
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Fig. 2—Serum antibody titres against the gastric parietal cells in 
197 patients with pernicious anaemia and nine patients in 
group 11 (atrophic gastritis with I.F. antibodies) and against 
gastric intrinsic factor in 113 patients with pernicious =minis 
and eight patients in group II. 

Subsequent Findings 
Re-examination after 3-7 years showed the blood 

picture to be unchanged. The serum-vitamin-B11  
remained normal although this could have been 
influenced by the injection of 1 mg. vitamin B12 given 
to some of the patients once or twice yearly during 
Schilling tests (table 1). The absorption of vitamin B11 
was unchanged in seven patients who had regular 
tests and was also normal in the remaining four who 
were only tested at the end of this period although they 
were known to have had I.F. antibodies in serum for 
2-6 years. In particular, patient 1 still absorbed 
vitamin B„ normally although 6 years previously she 
already had a histamine-fast achlorhydria, severe 
atrophic gastritis on biopsy, and residual amounts of 
I.F. that were not significantly greater than those 
encountered in some patients with pernicious anaemia. 
Nevertheless the Schilling test excretion increased from 
12.4 to 19.4% on addition of I.F. 

In three of the eleven patients I.F. antibodies dis-
appeared from the plasma (table zit). In case 1 the I.F. 
antibody titre was between 60 and 80 units during 
1965 and 1966 but thereafter declined, and was no 



TABLE III—AUTOIMMUNE DISEASE AND SERUM ANTIBODY TITRES IN PATIENTS WITH THYROID DISEASE AND I.F. ANTIBODIES 
FOLLOWED UP FOR 3-7 yr. (GROUP II) 

Case Other autoimmune disease 

%
  l

eu
co

cy
te

 	
1  

m
ig

ra
tio

n  
w

ith
 

ga
st

ric
  ju

ic
e  

(n
or

m
al
 80

-1
20

)  
 

Serum antibodies to * 

I.F. 
Parietal cell 

(fluorescence 
titre) 

Thyroid 

1 2 1 2 T.R.C. Cyto C.F. T.R.C. Cyto C.F. 
(1) (1) (1) (2) (2) (2) 

1 Sister, aunt thyrotoxic 91 60 — + 
2 Nil 83 75 115 64 128 — — — — — — 
3 Postoperative myxcedema, Addison's disease, infertility 

with adrenal/ovarian antibodies; aunt thyrotoxic 89 10 130 512 256 .— + — — ++ 16 
4 	Postoperative myxcedema 85 250 100 64 64 20 + + — — + + 16 
5 	Post-"'I myxcedema; mother goitre 104 50 90 32 64 — + + 4 — — — 
6 	Post-'3'I myxcedema; mother pernicious anemia; aunt 

thyrotoxic 83 700 120 64 64 20 + + 128 40 + + 32 
7 	Post-'31I myxcedetna; 	rheumatic heart-disease, smooth 

tongue-5 yr. Mother goitre; father, cousin pernicious 
anwmia; sister thyrotoxic with rheumatoid arthritis; 
aunt thyrotoxic; early greying (3 relatives) 70 + 50 8 1 80 ++ — 320 ++ — 

8 	Mother goitre + .. + + 64 40 + + — 10 ++ — 
9 	Grey hair at 22 yr.; sister thyrotoxic 95 + 20 + 128 10 ++ — 20 ++ — 

10 ' Grey hair at 17 yr. 89 + — 16 64 160 + + 32 40 + + 128 
11 	Vitiligo; sister pernicious anaemia 96 + 135 32 128 640 ++ 8 320 ++ 8 

* 1 -- Initial finding; 2--most recent finding; T.R.C. =tanned red-cell agglutination for thyroglobulin antibodies; Cyto =immunofluorescence for 
microsomal antibodies; C.F. = complement fixation for microsomal antibodies; + indicates no titration done; —negative; figures indicate 
highest serum dilution giving a + result. 
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longer detectable after 1968. Parietal-cell antibodies 
persisted in all eleven patients without significant 
change in titre. Thyroid antibodies were still present 
in eight patients and case 3 who also had Addison's 
disease and a premature menopause had both adrenal 
and ovarian immunofluorescence as well. 

I.F. antibodies in gastric juice were looked for in ten 
patients (one refused). This was absent from nine 
samples but present in significant titre in case 7. The 
gastric juice in this patient in 2 studies had a pH of 2.0 
after pentagastrin and an intrinsic factor concentration 
of 22 units per ml. Only 10 ml. of juice was aspirated 
and hence the estimate for total secretion over an hour 
may be unreliable. After dissociation of antibody from 
I.F., the gastric juice was found to have an antibody 
titre of 7 units per nil. This antibody was largely 
neutralised by the addition of anti-IgA serum and 
only to a small extent by the addition of an anti-IgG 
serum. 

Leucocyte-migration Test 
This was done in ten of the patients in group n and 

in two additional cases of simple atrophic gastritis in 
thyroid patients without I.F. antibody in serum. For 
comparison ten cases of known pernicious anmmia were 
tested as well as eight patients with early pernicious 
anaemia from group i. Eleven laboratory staff were 
included as controls. The results are shown in fig. 1. 
The test was considered positive when cultures con-
taining I.F. showed a migration area of less than 80% 
that of control chambers. Seven of the eighteen 
patients with early or overt pernicious anaemia showed 
an inhibition of leucocyte migration in the presence of 
intrinsic factor while only one of eleven cases in 
group ii gave a positive test. In addition, one patient 
with Hashimoto's disease, normal gastric function, 
parietal-cell antibodies but without I.F. antibodies in 
the serum gave a positive result (migration 79%). 
The other positive result (case 7, migration 70%) was 
in the only patient in group ii who had I.F. antibodies 
in both blood and gastric juice and who showed the 
most striking familial incidence of thyrotoxicosis, 
pernicious anxmia, and early greying of the hair. 

Discussion 
The amount of vitamin B12  absorbed by patients 

with gastritis depends upon the amount of I.F. avail-
able, and this in turn is related to the number of 
remaining parietal cells and to the presence of factors 
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that interfere with action of I.F. Under certain circum-
stances these factors can be an abnormal bacterial 
flora in the small gut, fish tapeworm, impaired capacity 
of Real cells for vitamin-B12  absorption, or antibodies 
against I.F. Probably, only I.F. antibody is important, 
at least in the early phases in pernicious anaemia. In 
this disorder a very low or even absent I.F. secretion 
coupled with gastrointestinal antibody to I.F. together 
prevent vitamin-B11  absorption. 

All but one of the patients in this study (group II) 
maintained an adequate though often reduced I.F. 
output. We showed that the serum antibody reacted 
with the patients own I.F. by giving the patients the 
oral dose of 57Co-vitamin B12 with 10 ml. of the 
patients own serum. Two such tests in case 2 
reduced the urinary excretion in the Schilling test 
from 20% to 4%. 

Even patient 1, who had only very small amounts of 
residual I.F., was able to utilise this to the full and so 
maintain normal vitamin-B12  absorption presumably 
because of the absence of local gastrointestinal anti-
body. Rose 27  found I.F. antibodies in twenty-four out 
of fifty-two gastric-juice samples from pernicious 
anaemia patients by an acid elution method and 
Goldberg and Bluestone 88  detected these antibodies in 
ten out of twelve cases by effecting the dissociation of 
antigen-antibody complexes in acid acrylic-gel medium. 
By contrast such an antibody was present in only one 
of the ten gastric-juice samples from the patients in 
group II of our series. This patient (case 7) had acid in 
her gastric secretion and an excess of free I.F. which 
allowed her to absorb vitamin B12  normally when 
tested on three occasions in the past 5 years, despite 
the I.F. antibodies. 

If the leucocyte-migration test indeed reflects 
cellular immunity to I.F. by virtue of the production of 
" migration inhibition factor " by sensitised lymphoid 
cells in vitro, then this was present in about 40% of 
patients with overt or latent pernicious anaemia but 
was only positive in a single patient belonging to 
group is. This same patient also showed I.F. antibodies 
in her gastric juice. These preliminary results suggest 
a difference in the degree of cellular hypersensitivity 
between patients with pernicious anwmia and those 
with a gastritis in which greater numbers of function-
ing parietal cells have persisted. 

There were significant differences in antibody titres 
in these groups of patients. The titres of I.F. anti- 
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body in the serum in the patients in group II were 
relatively high when compared with the titres generally 
encountered in pernicious anaemia (fig. 2). Similarly 
the titres of parietal-cell antibodies observed in the 
patients in group II were somewhat higher than those 
generally found in pernicious anaemia (fig. 2). In 
myxcedema microsomal-antibody titres also tend to be 
lower than those found in many cases of foCal thyroiditis 
associated with Graves' disease or found in symptom-
free relatives of patients with Hashimoto's disease. 

The patients in group u also differed from those with 
early pernicious anmmia in the nature of their thyroid 
disease since most of the Hashimoto or primary 
myxcedema patients with I.F. antibodies had pernicious 
anaemia whereas most of the thyrotoxic patients had a 
milder gastric lesion. Thyrotoxic patients who have 
gastric antibodies also generally have evidence of 
active focal thyroiditis reflected in the almost constant 
presgpce of cytoplasmic thyroid antibodies, sometimes 
in high titre, and in the high incidence of post-
operative and post-231I myxcedema in this group. 
These patients also had an unusually high frequency of 
familial thyroid and gastric autoimmunity with other 
signs such as vitiligo,29  early greying of the hair, and, 
in one case, an associated autoimmune adrenalitis 
accompanied by infertility and early menopause, the 
serum containing an antibody to steroid-producing 
cells in the adrenal cortex, cross-reacting with ovary 
and testis.3°,31  The striking familial tendency to auto-
immunity may be responsible in the patients in group 
II for the appearance of I.F. antibodies at a relatively 
early period in the evolution of the gastritis when a 
significant number of functioning gastric parietal 
cells and an adequate though reduced intrinsic factor 
output are still present. It is possible that these 
patients are not a homogenous group and that some, 
especially patients 1 and 7, might progress to pernicious 
anaemia at a later date. However, it is equally possible 
that the final precipitating factor lacking in these 
patients may be IgA antibody produced by lymphoid 
cells in the wall of the gastric mucosa where it imme-
diately neutralises any I.F. produced, or that cell-
mediated hypersensitivity is also a necessary factor in 
the complete destruction of the gastric mucosa. 

Requests for reprints should be addressed to I. C. 



12 

REFERENCES 
1. Chanarin, I. The Megaloblastic Anwmias. Oxford, 1969. 
2. Fisher, J. M., Rees, C., Taylor, K. B. Science, 1965, 150, 1467. 
3. Rose, M., Chanarin, I. Br. med. J. 1969, i, 468. 
4. Baur, S., Fisher, J. M., Strickland, R. C., Taylor, K. B. Lancet, 

1968, ii, 887. 
5. Schwartz, M. ibid. 1960, ii, 1263. 
6. Coghill, N. F., Doniach, D., Roitt, I. M., Mollin, D. L., Williams, 

A. W. Gut, 1965, 6, 48. 
7. Whiteside, M. G., Moulin, D. L., Coghill, N. F., Williams, A. W., 

Anderson, B. ibid. 1964, 5, 385. 
8. Jeffries, G. H., Hoskins, D. W., Sleisenger, M. H. 1. din. Invest. 

1962, 41, 1106. 
9. te Velde, K., Abels, J., Anders, G. J. P. A., Arends, A., Hoedemaeker, 

P. J., Nieweg, H. 0. y. Lab. clin. Med. 1964, 64, 177. 
10. Sharpstone, P., James, D. G. Lancet, 1965, ii, 246. 
11. Doniach, D., Roitt, I. M. Sem. Hemat. 1964, 1, 313. 
12. Ardeman, S., Chanarin, I., Krafchik, B., Singer, W. Q. ,71 Med. 

1966, 35, 421. 
13. Schiller, K. F. R., Spray, G. H., Wangel, A. G., Wright, R. ibid. 

1968, 37, 451. 
14. Ungar, B., Stocks, A. E., Martin, F. I. R., Whittingham, S., MacKay, 

I. R. Lancer, 1968, ii, 415. 
15. Irvine, W. J., Clarke, B. F., Scarth, L., Duncan, L. J. P. Clin. Sci. 

1969, 37, 570. 
16. Irvine, W. J. New Engl. y. Med. 1965, 273, 432. 
17. te Velde, K., Hoedemaeker, P. J., Anders, G. J. P. A., Arends, A., 

Nieweg, H. 0. Gastroenterology, 1966, 51, 138. 
18. Wangel, A. G., Schiller, K. F. R. Br. med. ,. 1966, i, 1274. 
19. Bendixen, G. Acta med. Scand. 1968, 184, 99. 
20. Soborg, M., Halberg, P. ibid. 1968, 183, 101. 
21. Nerup, J., Anderson, V., Bendixen, G. Clin. exp. Immun. 1969, 4, 

355. 
22. Ekins, R. P., Sgherzi, A. M. Radiochemical Methods of Analysis; 

vol. it, p. 239. International Atomic Energy Agency, Vienna, 1965. 
23. Ardeman, S., Chanarin, I. Lancet, 1963, ii, 1350. 
24. Rose, S. M., Chanarin, I. Br. med. 7. 1969, I, 468. 
25. Roitt, I. M., Doniach, D. W.H.O. Manual of Autoimmune Serology 

1969. World Health Organisation, Geneva, 1969. 
26. Bendixen, G., Soborg, M. Dan. med. Bull. 1969, 16, 1. 
27. Rose, M. S. PH.D thesis, University of London, 1970. 
28. Goldberg, L. S., Bluestone, R. 7. Lab. din. Med 1970, 75, 449. 
29. Brostoff, J., Bor, S., Feiwel, M. Lancet, 1969, ii, 177. 
30. Anderson, J. R., Goudie, R. B., Gray, K., Stuart-Smith, D. A 

Clin. exp. Immun. 1968, 3, 107. 
31. Irvine, W. J., Chan, M. M. W., Scarth, L. ibid. 1969, 4, 489. 

The Lancet Office, 
7 Adam Street, Adelphi, London W.C.2 



STUDIES ON ANTIBODY TO GASTRIC INTRINSIC FACTOR. 

I regret that a number of errors escaped. detection before 

the above mentioned thesis was bound and submitted: 

Page. 	Error 	Correction. 

	

12 	Biermer coined the term Progressiver Pernici8ser Animiew 

	

13 	JefAries and Sleisenger (1963) 

	

15 	their 	continue with medication. 

Berlin etal didn't show remission but observed a rise 

in vitamin 812  absorption. 

	

16 	and Taylor and Morton (1958) sought to elicitan. antibody. 

	

20 	differently 	differentially. 

	

22 	3pg 	3g 

	

.25 	..on the four oases of Ardeman et al (1966) and a 

further seven cases of 'Dr. 	Doniach... 

	

'27 	Ardeman .and Ohanarin 	(1965 a) 

of 	(omit,) 

	

28 	 (human intrinsic factor) 

62% 	61% 

37- 	therefore 	henceforth. 

	

40 	d) sheep anti-chain 	sheep anti gamma chain. 

( this should in any case have been omitted since it was 

not employed), 

	

41 	clip glaSsed bottle 	glass olip-topped. bottle. 

	

43 	2nd para: ...as in the negative control. 



Page 	Erre' 	Correction. 

48 
	

Edgware. 

59 
	

factor. 

61 	samples 	omit. 

64 	0.2 M glyoine-.sulphurio acid was employed to ereate 

pH 2.5 and 2.0. ( ie: not phosphate-citrate buffer). 

71 	The first paragraph should net be included at this point but 

should come after p.75, at the end - of the section. This really 

represents a conclusion. 

75 	pH 3.0 	3.2 

76 	fig 27 PH 3.0 	3.2 

78 	neutral 	emit. 

83 	C. 2 ml isotonic saline. 

84 	aliquots 	omit. 

Protein 	serum. 

6 ml 	7. ml 214-240/7432O6 units, 

85 	 outlined. 

90 	Table 19 	omi$ isotonic, saline. 

93, 	 heterogeneous. 

95 	fig 21 	serum 2, 1. 3. 

99. 	fig 214. 	A & B wrongly marked. 

102 	After fifteen minutes 	At stated intervals... 

111 	fig 29 legend 	oleavage, 

113 	Table 30: straight 	normal. 

122 	Table 32 	53. Ne 14, total Ab: 6. 

123 	 nine 



Page 	Error 	Correction. 

131 	First para: 	normal gastric juice, 

132 	 mediated. 

139. fig 38 	 2•  

140 	 P 0.1 

143 	Ungar et al 	( 1968) 

145 	 leichmanii. 

]J.6 considered 	included. 

150 three 	 two 

151 	 addition. 

153 	 ug 

158 	 to neutral. 

159 	First para: insertion at margin. 
3rd para: badly expressed, see` supplementary sheet. 

160 45% 	 38% 

163 	1965/6 	 1965 e• 

three 	two, 

nine 	 neither 

167 	5) 	 •r to cell bound antibody. 

171 	 leichmanii. 



p. 159: 3rd paragraph. 

It is worth mentioning that although type 1 antibody is 

more easily identified in the gastric :aim,. it is unable to 
interfere with intrinsic factor: B12  complex, Where intrinsic 
factor fails to assist with vitamin B12  absorption by the small 
bowel type 2 antibody is more likely to be implicated. 
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