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INTRODUCTION 

Originally of interest mainly in transplantation immunology 
the histocompatibility antigens (HLA) have rapidly drm'ln \.,rider 
attention when it was recognized that alloantibodies detect 
structures concerned with a variety of cell membrane functions. 
From the point of view of the clinician, apart from the interes t 
in biology, the important di s covery was that histocompatibility 
antigens in ma n may be closely associated with the developme nt 
of certain diseases. The best example is the a ssociation of the 
antigen HLA-B27 with predisposition to deve lop ankylosing spondy
litis. Since 90% of the patients with ankylosing spondylitis 
carry this antigen , the test for B27 has rapidly entered medical 
practice a s a diagnostic procedure. Marked increases in the 
frequency of HLA-B27 were found also in patients with Reiter's 
disease, in spondylitis associated with inflammatory bowe l 
dise a se , in psoriasis with arthritis and in patients with acute 
anterior uveitis. As a result these conditions are now thought 
to be r e l a t e d in pathogenesis and perhaps also in etiology. 
A variety of other clinica l conditions h a ve bee n shown to have 
associations with histocompatibility genes. Include d are ailments 
as diver s e as gluten enteropathy, Graves ' disease, juvenile 
diabetes, multiple sclero s is and rheumatoid arthritis. It is 
still early to fully e valuate the repercus sions that these dis
cover i es may have on clinical practice . Already they are pro
viding new ways of looking at the classification of disease s 
and their pathogenesis. Undoubtedly they will prove useful in 
the areas of prognosis, therapy and prevention in a number of 
different clinical conditions. 

BIOLOGY OF THE MAIN HISTOCOMPATIBILITY COMPLEX 

Much has been written about the remarkable polymorphism 
of the histocompatibility antigens and the probable evolutionary 
pressures that led to their developme nt and maintenance (1,2,3). 
Jerne (1) pos tulated that alloantigens serve to generate the 
whole diversity of receptors required for immunologic responses; 
Burnet (3) suggested that the major function of alloantigens is 
to protect against invasion by cells from other individuals; and 
Bodme r (2) foun d an explanation in the need for differentiation 
antigens and complementary receptors in the deve lopment of cell
cell interactions during early development of multi-cellular 
organisms. 

Some of the functions presently controlled by the genes of 
the main histocompatibility comple x are shown in Table 1. Certain 
antigens are widely held to function in cell-cell interactions. 
Among them are embryonic T/t antigens (4 ) which are controlled 
by a locus nea r to the mouse H-2 K region. They are expressed 
during embryonic development and appear to be rather important 
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TABLE 1 

FUNCTIONS ASSOCIATED WITH THE MAIN 
HISTOCOMPATIBILITY CHROMOSOMAL REGION 

1. Cell-cell interactions 

a) embryonic anti gens (T /tl 
b) differentiation anti ge ns (Tia, Ia) 
c) strong histocompatibility antigens (HLA-A, 8 and 

C) 

2. Cell -mediated immunity 

a) T-cell receptors (in helper and effector T-cells) 
b) antigen presenta tion molecules 

3. Antibody formation 

a) T-cell receptors 
b) helper factor (?) 
c) 8 -cell acceptor(?) 

4. Specific immune res ponse regulation (lr) 

5. Funct ions of complement factors 

a) classical pathway: C2, C4 
b) alternate pat hway: factor B 

6. Other cell membrane functions (hormone receptors?) 

since the homozygous mutant T/T is incompatible with life at an 
early stage of the embryo. The differentiation antigens Tla, 
expressed in certain thymus derived lymphocytes (5) and the Ia 
antigens, expressed mainly in B-lymphocytes and certain other 
cells also belong to this group. Antigens equivalent to mouse 
Ia have recently been found in man (6,7). The main histo
compatibility antigens (HLA-A, B and C) participate in cell 

~ interactions concerned with immunity. The role of H-2 antigens 
in cell mediated immunity in mice has been clearly established (8). 
The interaction of Ia and HLA molecules with two different subsets 
of allogeneic T cells is schematically represented in Figure 3, 
and will be discussed in more detail below. Another form of 
cell-cell interaction dependent on molecules of the histo
compatibility complex is the T-B cell interaction in the course 
of antibody formation to -thymus dependent antigens (9). However 
the exact nature of the cell interaction molecules is presently 
a matter of some debate (10). 

The discovery of specific immune response (Ir) genes (11) 
which control the response to synthetic polymers of limited 
antigenicity or to larger proteins given in small amounts has 
provided an important stimulus to these investigations. Ir 
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genes are now also recognized in rhesus monkeys (12) and probably 
in man (13,14). The nature of the Ir gene products and their 
mechanism of action is a subject of intensive investigation at 
the present time (9,10). 

Control of the second and the fourth components o f comple
ment (C2, C4) has b een found to be linked to HLA. In addition 
the production of alleles of factor B of the alternate comple
ment pathvmy is controlled by a gene located close to HLA (15,16). 

Basal levels of cyclic AMP in the liver were found to 
segregate with H-2. Variation in the effect of glucagon, insulin 
and prostaglandins on adenyl cyclase activity in different mouse 
strains suggested an H-2 linked control of the interaction of 
hormones w·i th the cell surface receptors (17). 
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GENETIC ORGANIZATION AND CHEMISTRY OF HLA 

The main histocompatibility region is located on the sixth 
human chromosome (20,21). This HLA chr omosomal region (18) is 
depicted in Figure 1, in which the loci are designated by letter s 
A,B,C,D, according to the new nome nclat ure. Three loci (A,B,C) 
control the expression of antigens found in all nucleated cells 
which are easily detected by complement depeBdent cytotoxicity. 
They are called HLA-A (previous ly LA, First, c~ SD-1 ), HLA-B 
(previously Four, Second, or SD-2) and HLA-C (previously AJ or 
Third) • HLA-D is the locus for determinants that produce strong 
mixed lymphocyte culture (MLC) stimulation (previously called 
MLR- S, LD-1 or LAD-1). Also shmvn in Figure 1, is the Bf locus 
which codes for allotypes. of the B factor of the properdin system 
(15,16). Each HLA chromosome can code for only 1 of 19 HLA-A 
alleles and 1 of 20 HLA-B alleles (18) • The prefi x W before some 
antigen numbers stands for "workshop" and is used to indicate 
tmmporary status and that there may exist some difficulties 
in definition with available reagents. All the kno~m alleles 
for the HLA-C and HLA-D loci are of this type. It should be 
stressed that HLA- D is different from the other three loci in 
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FIGURE 1. Th e HLA chPomoaomaZ Pegion of the sixth human chromosome. 
The loci are identified as HLA-A, HLA-B, HLA-C. The older names 
(LA, Four and AJ ) are given below. HLA-D is the locus that codes for 
determinants that produce strong stimulation in mixed lymphocyte cul
tures (MLC ) . Bf codes for alleles of factor B of the properdin sys
tem; a locus for the second component of complement (not shown) is 
thought to be very near. The crosshatched area represents the equi
valent of the I region where immune response genes are presumed to be 
located. 

that it codes for antigens expressed mainly in B-cells, which can 
at present be identified only by a mixed lymphocyte culture pro
cedure. Alleles of the weal<:e.f .r;me-Jlocus (labeled LD-2 in Figure 1) 
have not yet been characterized. 

The chemical structure of the HLA molecule (Figure 2) has 
been compared to that of immunoglobulin (10) . It is a glyco
protein which consists of rreavy polypeptide chains (MW 4U,OOO) 
which carry the HLA antigenic determinants and small polypeptide 
chains (MW 12,000) identified as B-2-microglobulin. The heavy 
chains are cleaved by papain generating units of 34,000 daltons. 
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CELL MEMBRANE 

FIGURE 2. The HLA Molecule. HLA is a glycoprotein . The carbo
hydrate portion is not shown. The protein consists of two kinds of 
polypeptide chains: Heavy chains (44,000 daltons) which contain the 
antigenic determinant and a light chains identified as S-2-micro
globulin (12, 000 daltons). 

The molecules appear to be arranged in dimeric form and are linked 
by a disulfide bond. The structural genes for the production of 
the heavy chains of the HLA molecules are located in the HLA 
chromosomal region of the 6th human chromosome (20,21). The gene 
coding for the synthesis of beta~2-microglobulin however, is 
located on chromosome number 15 (2 2 ). Certain antigens expressed 
mainly in B-lymphocytes probably coded by HLA-D or loci adjacent 
to it (hatched area in Figure 1, comparable to the I region in 
the mouse and rhesus monkey) do not appear to contain B-2- micro
globulin. These antigens have been called Ia (for I region 
associated) in the mouse and will presently be called the same in 
man (6,7 ) until a better terminology can be developed. 
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The alleles of the four HLA loci are shown in Table 2. 
The main changes decided upon by the nomenclature committee this 
year (18) consisted of renaming the loci by letters following 
HLAj r enaming the specificities W5 to BW35, and BWlO to W40; 
the dropping of the W prefix for antigens 14, 18, 27, 28, 29; and 
the addition of many nmv alleles on the basis of the results 
collecte d during the sixth workshop. 

TABLE 2 

HLA LOCI AND ALLELES 

HLA-A HLA-B HLA-C HLA-D 

A1 AW23 85 8W15 CW1 DW1 
A2 AW24 87 8W16 CW2 DW2 
A3 AW25 88 8W17 CW3 DW3 
A9 AW26 812 8W21 CVI/4 DW4 
A10 AVI/30 813 8W22 CW5 DW5 
A11 AW31 814 8W35 DW6 
A28 AW32 818 8W37 
A29 AW33 827 8W38 

AW34 8W39 
AW36 BW40 
AW43 BW41 

BW42 
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ROLE OF HLA AND Ia MOLECULES IN CELL MEDIATED IMMUNITY 

When human (23) or moue~ (24) lymphocytes are stimulated 
in vitro different products of the HLA region seem to be involved 
in the sensitization phase (MLC) and in the effector phase,cell 
mediated lympholysis, (CML) of the allogeneic reaction. On the 
responder side it appears that at least two separate sub-popu-
lations of T-cells (Figure 3) are involved (2 5,26 ). The allo-
geneic stimulating cell presents one kind of determinant (I a ) to 
the Tl lymphocytes and another (HLA-A,B or C) to the T2 lympho-
cytes of 'the S!'GSJ!ronder population. The Tl cells activated by 
the allogeneic I region molecules produce a helper factor. It 
acts on the T2 cell leading to differentiation and developme nt of 
effector killer cells of cell mediated immunity. In testing for 
this,killer cells are allovmd to interact with chromium labeled target 
cells which present on their surface the same HLA determinants as 
were present during sensitization. It can be shown that the T2 
lymphocytes have become cytotoxic and cause chromium release from 
such targets. Tl and T2 ·percursor lymphocytes differentiate 
prior to and independently of antigenic exposure (25,26) and can 
be identified in mice by the presence on their surface of specific 
Ly antigens. It has also been shown that histocompatibility region 
molecules play similar roles in the course o f the immune response 
to chemical and viral antigens. Of particular significance are 
experiments that showed that H-2 compatibility is required for 
destruction of target c e lls infected with ectromelia virus (27), 
lymphocytic choriomeningitis vi r us ( 28 ) and vaccinia (29). The 
r equirement is for compatibility at the H-2 (K or D) loci and 
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FIGURE 3. Generation of aytotoxia kiZler aeZla of aell mediated 
immunity in the reaction to aZZogeneic ceZla. MLC = mixed lympho
cyte culture or sensitization phase; CML = cell mediated lympho
lysis. This figure is an interpretation of the role of Ia and HLA 
molecules in the stimulation and triggering of helper T-cells (Tl) 
and effector T-cells (T2) of cell mediated immunity. For more - detail 
see text. 

as Forman has recently shown (30) with trinitrophenyl modified 
targets, is not due to a separate event requiring histocompatibility 
but to the specificity of the immune process generated. An inter
pretation of the mechanism involved is shmvn in Figure 4. The 
sensitizing·agent: is·an antigen combined with the HLA molecule on 
the surface of an autologous macrophage. This selects effector 
cells responding only to the same combination. Neither histo
compatible targe t cell without antigen, nor the target cell with 
antigen but of a different HLA t .ype can serve effectively. When 

I 

'" 
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FIGURE 4. Role of HLA (H-2) in the immune response to virus 
infected or T_NP modified target cells. The effector cell is 
sensitized to HLA plus antigen, it is tr~ggered only by target 
cells that have these same determinants. For more detail see 
text. 
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both the HLA and the antigen are the · same as those originally 
presented the k iller cell is triggered. Somewhat similar histo
compatibili ty requirements exist in the cooperation bet\"een T a nd 
B cells in the course o f the humoral antibody r e sponse (31). 

Because of the role in the immune response and in other cell 
functions the possibility of development of alleles in the 
histocompatibility region that would l ead to predisposition f or 
disease was c onsidered likely. Such associations were rapidly 
found in e xp e rimental animals and the implications have been 
e xtensive ly r eviewed (32,33 ,34,35). 
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DISEASES ASSOCIATED WITH HLA-B27 

HLA-B27 is an allele of the B locus which is highly cross
reactive with B7, but can be well differentiated from it with 
available reagents. Until the 6th International Histocompatibility 
Workshop it was called W27. TheW indicating a temporary status 
was dropped in July, 1975. HLA-B27 is an antigen o f relatively 
low freque ncy. It was found in 9% of the Caucasian control pop
ulation typed in Dallas; in 2% of Black Americans and in 10% of 
Mexican-Americans typed (Table 3). 

---- - --- ------·- ·- --------

TABLE 3 

DISEASES ASSOCIATED WITH HLA-B27 

Clinical Combined Number of References 
Condition Frequency Subjects 

(%) Studied 

Normal Controls 9 537* (36) 

Ankylosing 90 192 (36,37,38,39) 
Spondylitis 

Reiter's Disease 79 143 (36,39,42,43,44) 

Reiter's after 76 59 (45,46,47,48) 
Yersinia, Salmonella 
Shigella infections 

*From HLA typing of random Caucasian donors in Dallas; the 
frequencies were 2% in 206 Black-Americans and 10% in 50 
Mexican-Americans. 
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DISEASES ASSOCIATED WITH HLA-827 Cont'd 

Clinical Combined Number of References 
Condition Frequency Subjects 

(%) Studied 

Inflammatory Bowel 73 26 (49,50) 
Disease with 
Spondylitis 

Psoriasis with 34 100 (36.49,51) 
Arthritis 

Psoriasis with 50 52 (36.49,51 ) 
Spondyl itis 

Acute anterior 56 126 (52,53,54) 
uveitis 

The frequency of B27 is markedly increased in patients with 
ankytosing spondytitis. The combined frequency from several re
ports was 90%. This is the strongest HLA association found thus 
far and suggests that linkage with this histocompatibility antigen 
must be related to the pathogenesis and perhaps also to the etiology 
o f ankylosing spondylitis. Although both the disease and the B27 
antigen are more frequent in Caucasians ankylosing spondylitis is 
found also in other populations and interestingly the linkage 
with B27 is maintaimed. In Japane s e , where B27 was almost 
completely absent in normal controls, 18 subjects who carried 
the B27 antigen all had ankylosing spondylitis ( 4 0) . The overall 
frequency of B27 in this group of Japanese patients with anky
l o sing spondylitis was 67% compared to 0% in controls. In Cau 
casians of course B27 is found in many individuals who do n o t have 
ankylosing spondylitis indicating that other factors must be in
volved. It is pos s ible however, that the frequency of ankylosing 
~pondylitis may b e under estimate d. In a study recently reported 
random B27 positive donors and matched controls were selected in 
a tissue typing laboratory and questionnaires were sent to deter
mine the frequency of symptoms and other manifestatioms~·_.__; sug
gestive of spondylitis. Twenty-two of the supposedly normal B27 
positive individuals were found to have back pain and x-ray changes. 
It is possible that low grade unre cognized ankylosing spondylitis 
may be much more frequent than was previously believed. 
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Reiter's disease classically consists of a triad of arthritis , 
urethritis and conjunctivitis. Involvement of the spine and of 
the sacroiliac joints is common and may be very similar to anky
losing spondyli t is. Freque ncy of HLA-B27 in patients with Reiter's 
disease was found to be close to 80% (Table 3). Non-specific 
urethritis is a common accompaniment of Reiter's disease, but 
patients with non-specific urethritis only, did not show an in
crease of B27. A syndrome very similar to Reiter's disea se may 
develop following intestinal infection with yersinia ent ero colitica 3 

salmone lla or s higella. In each case after an episode of dysentery 
the patients de v e lop arthritis and mucous membrane lesions. 
Follow-up of such patients has shown a remarkable increase in 
the frequency of HLA-B27 (Table 3). Thus it appears that the 
B27 antigen signals the exis tence of a predisposition to deve lop 
arthritis and spondylitis after such infections. 

A small number of pati ents with ul cerative colitis and with 
Grahn's disease developed ankylos ing spondylitis. The freque ncy 
of B27 in patients with inflammatory bowel disease in general was 
not increased but in those individuals who developed spondylitis 
the frequency was 73% (Table 3). 

Psoriasis is a disease often noted to be increased in families. 
Patients with psoriasis have been shown to have an increased fre
quency of the HLA antigens Bl3, BW17 and BW37. This will be dis
cussed below. Arthritis may occur in certain p a tients with psoriasis. 
It is often see n in patients with fingernail psoriasis and 
tends to involve the distal phalangeal joints. A small number 
of patients develop spondylitis. There are also similarities 
between pustular psoriasis and keratodermia of Reiter's disease. 
HLA-B27 was found in 34% of patients with psoriasis and arthritis, 
and in 50% of psoriatic patients developing spondylitis (Table 3). 

Acute anterior uveitis is an inflammatory condition of 
unknown cause limited to the anterior portion of the eye. It 
may be idiopathic or associated with certain systemic diseases. 
The most con~on being ankylosing spondylitis and Reiter's disease. 
It is therefore of interest to investigate the frequency of HLA-B27 
in these patients. It was found to be 56% (Table 3). 

Thus a number of clinical conditions known for some time to 
have certain features in common are now clearly grouped together 
by their association with the same HLA antigen. Already the test 
for B27 is being used by rheurnatologists to confirm the diagnosis 
in suspected cases of ankylo~ ing spondylitis or of Reiter's 
disease. 

In the course of the past year our laboratory has received 
frequent requests for typing of patients suspected of having 
ankylosing spondylitis, Reiter's disease or psoriasis with 
arthritis. In our material the frequency of HLA-B27 was 96% in 
ankylosing spondylitis, 81% in Reiter's disease and 54% in patients 
with psoriasig and arthritis . (Table 4). It is interesting to 
compare these values '~ith frequencies of 12% in adults with 
rheumatoid arthritis and 15% in patients with juvenile rheumatoid 
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TABLE 4 

HLA-B271N NORMAL INDIVIDUALS AND IN PATIENTS 
WITH VARIOUS RHEUMATIC DISEASES STUDIED 

IN DALLAS* 

Diagnosis Number HLA-827 Posit ive 
Tested Number Percent 

Normal Controls 793 59 7 

Akylosing 
Spondylitis 24 23 96 

Reiter's Disease 32 26 81 

Psoriasis with 
Arthritis 11 6 54 

Rheumatoid 
Arthritis 50 6 12 

Juvenile Rheumatoid 
Arthritis 47 7 15 

*Stastny, 1975, unpublished. 

arthritis. Although HLA-B27 may be increased in children with 
spondylitis, the overall frequency of B27 in juvenile RA does not 

,, seem to show a significant deviation (95 , 96 ) . 
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DISEASES ASSOCIATED WITH HLA-BB 

HLA-B B is a more frequent antigen in Caucasians , it was 
present in 26% (Table 5 ) . It is rare in Africans and in American 
Indians and its presence in Black-American and Hexican-Amer ican 
populations in Dallas in probably due to the presence of Cau
casian genes . HLA-B B is in strong linkage disequilibrium with 
HLA-Al and with the MLC allele DW3. Typing f or HLA-D is very 
new and information about HLA-D locus alleles in patients is 
rather limited. Already it appears however, that some diseases 
initially thought to be associated with HLA- BB actually have 
stronger associations \vi th HLA-DW3 (Figure 5 ) . This appears to 

--- ------

TABLE 5 

DISEASES ASSOCIATED WITH HLA-B8 

Clinical Combined Number References 
Condi tion Frequency of 

(%) Subjects 
Studied 

Normal Controls 26 537* (36) 

Celiac Disease 79 126 (55,56,57) 

Dermatitis 
Herpetiformis 62 89 (60,61,62) 

Myasthenia Gravis 50 236 (65,66,67,68) 

Chronic Active 
Hepatitis 66 58 (69,70,71) 

*From HLA typing of random Caucasian donors in Dallas; the 
frequencies were 12"/o in 206 Black-Americans and 18% in 50 
Mexican-Americans. 
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FIGURE 5. Diseases associated with HLA-BB and with HLA-DWJ. 
In some di seases the strongest association is HLA-B8, in others 
it seems to be HLA-DW3. 

be true in Grave's disease, Addison's disease and diabetes mellitus 
of the juvenile insulin dependent type. On the other hand chronic 
active hepatitis and myasthenia gravis seem to have the strongest 
association with HLA-BB. 

Among the diseases associated with this group of histocompati
bility antigens celiac disease and dermatitis herpetiformis are 
most interesting (Figure 6). Celiac disease is the cause of a 
malabsorption syndrome with pathologic changes in the small 
intestine, dermatitis herpe t iformis produces a skin rash with 
granular deposits of immunoglobulin A in the dermal papillae (64). 



CELIAC DISEASE AND 
DERMATITIS HERPETIFORMIS 

-19-

DW3 
IMMUNE RESPONSE 
TO GLUTEN 

FIGURE 6. HLA association in Celiac disease and dermatitis 
herpetiformia. Possible linkage to a locus between HLA-B8 
and HLA-DW3 responsible for the immune response to gluten. 

The link betv,reen the two diseases seems to be the clinical re-
sponse to withdrawal of gluten from the diet. In fact patients 
with both conditions have been shown to produce antibodies to a 
component~of gluten. It seems reasonable that an immune response 
to gluten is involved in the pathogenesis. Both diseases have a 
similar linkage with the HLA chromosome. HLA-B8 was increased to 
79 % in patients with Celiac disease and to 62% in dermatitis 
herpetiformis (Table 5). In a small group a similar increase 
in the frequency of HLA- mn was found ( 35 ). It was postulated 
therefore that the primary association may be not B8 or DW3 but a 
locus between the two responsible for control of the immune response. 
The region adjace nt to the strong mixed lymphocyte culture loci 
have been shown to contain immune response (Ir) genes in mice and 
in rhesus monkeys (11,12). 
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Myasthenia gravis is a diseas e well known to be associated 
with development of a bnormal antibodies and tumors of the thymus. 
Recent evidence suggests that the defect in neuromuscular trans
mission that causes the symptoms may be due to presence of auto
antibodies reacting with acetycholine receptors. The frequency 
of HLA-B8 in patients with myasthenia gravis was found to be 
twice that of normal controls. The information available suggests 
that this is the primary association but further work will be 
needed to rule out the possibility of a stronger association with 
an adjacent locus concerned vli th the immune response. 

Chronic active hepatitis of the type which is not associated 
with hepatitis B virus has been found to b e frequently associated 
with HLA-B8. The combined frequency was 66% (Table 5). A recent 
publication suggests that homo zygosity f or HLA- B8 was conunon 
in patients with chronic active hepatitis and that the primary 
association was B8 and not mB (71). 
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DISEASES ASSOCIATED TVITH HLA-D LOCUS ALLELES 

. Testing for HLA-D locus alleles is possible by performing 
mixed lymphocyte cultures with homozygo us typing cells. The HLA-D 
locus was investigated for the first time in this way in the 6th 
International Histoco~patibility Workshop during v1hich the presently 
known alleles were defined (72). The normal values given in Table 6, 
are based on pooled \'mrkshop data. Some of the HLA-D locus alleles 
have strong linkage with HLA-B locus alleles including DWl with 
HLA-DW35 1 DW2 with B7 and DW3 with B8, 

In early studies, muZtipZe sclerosis was found to have 
associations with HLA-A3 and B7. The strongest association how
ever appears to be with DW2 (Figure 7), in three separate studies. 
The combined frequency of DW2 was 56 % in multiple sclerosis compared 
to 15% in controls. It is probable that the linkage between the 
histocompatibility antigens is the cause of the apparent. association 
with the othe~ two loci (Figure 7). The presence of DW2 in patients 
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TABLE 6 

DISEASES ASSOC IATED WITH HLA-D LOCUS ALLELES 

Clin ical Frequency Number References 
Condition (%) Studied 

HLA-DW2 (LD-7a) 

Normal Contro ls 15 171 (72) 

Mu ltiple Sclerosis 56 105 (73,74) 

C2 Deficiency 83 6 (75,76) 
.. 

HLA-DW3 (LD-8a) 

Normal Controls 16 171 (71 ) 

Graves ' Disease 54 26 (80,81 ) 

Juveni le Diabetes 50 42 (82) 

Addison's Disease 70 30 (82) 

with multiple sclerosis has been associated with a more rapid rate 
o f progr ession o f the disease ( 73 ) . It is often speculated that 
the etiology of multiple sclerosis may be related t o a virus. The 
association with DW2 may represent linkage with an immune response 
g ene important in handling this infection. 

, A deficiency in the Second component of complement has been 
observed in rare patients suffering from systemic or discoid lupus 
erythematosus, glomerulonephritis, polyarteritis polymyositis 
and juvenile RA. Family studies have shown that patients lacking 
C2 are homozygous f o r a gene which in the heterozygous relatives 
produces about half the normal amount of C2 protein . Tissue 
culture experiments have shown that monocytes from patients with 
the genetic defect do no t synthesize the protein ( 77 ). Inheri
tance of the C2 defective gene has been shown to be linked to the 
inheritance of HLA in families. The HLA haplotype Al O, Bl8 was 
found in several C2 deficient subjects but other antigens were 
also found. Subsequently it was observed that unrelated patients 
with C2 deficiency did not stimulate each other in mixed lympho
cyte cultures. The common HLA-D allele has been identified as 
DW2 and has been found to be present in 5 out of 6 invo lved 
families (Table 6 ) . A number of o ther genetic abnormalities o f 
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FIGURE 7. HLA association in multiple s cl erosis. The strongest 
associa tion is with HLA- DW2. The increas ed frequency of HLA-B7 
and HLA-AJ ma y be due to the norma l linkage between the se histo
compa tibility alleles . 

the complement system which ma y be associated with disease have 
been described (78). At least one other, the fourth component of 
complement is also controlled b y genes linked to HLA (79). The 
nature of the link between C2 de ficiency, HLA and the connective 
tissue-like diseases in these individuals is at present unknown. 
One pos s ibility is that the complement defect itself predispose s 
to persistence of an infectious agent. A more likely explanation 
is that the link is through another locus near the complement 
deficiency gene. · 

HLA-DW3 is in linkage disequilibrium with HLA-BS. The fre
quency of DI\13 among 171 indi viduals studied during the 6th Inter-
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national Workshop was 16 % (Table 6). B8 and DW3 seem to be involved 
in various pa~hologic conditions . The thyroid, the a drenal, the 
testicles , the islet cells of the pancreas and the gastric mucosa may 
be involve d in autoimmune r eactions. The hallmark in this group 
of diseases is the production of organ specific autoantibodies. 

In the case of the thyroid, a relationship betwee n Graves ' 
dise ase a nd histocompatibility antigens h a s been found in several 
studies which showed an increase in the frequency of HLA-B8. In 
two recent series in which DW3 was also tested it was found that 
the D-locus allele s howe d the stronger association (Table 6) . 
The pathogenes is of Graves'disease is obscure. A corre lation 
between histocompatibility antigeris and thyroid autoantibodies h a s 
not been fo und. Such correl ations h ave been reporte d in the two 
other diseases that belong to this group. Islet cell antibodies 
in patients with juvenile diabetes a nd antiadrenal antibodies in 
patients with idiopathic Addison's disease did correlate with the 
presence of HLA ant ige n B8. In both conditions the strongest 
assocfat ion is with the antige n DW3. _It was 50 % in juvenile 
diabetes, and 70 % in patients with Addison's disease (Table 6). 

In addition to association with HLA-B8 and HLA-Dv13 juvenile 
diabetes was also reported to be associate d with HLA-BW15. 
Patients having both B8 and BW15 appear to have a higher chance 
of developing insulin dependent diabetes, suggesting that the two 
traits h ave an~additive affect and therefore probably operate 
through separate mechanisms. It has been suggested t hat HLA-B8 
and DW3 influence the development of diabetes through a n immune 
response mechanism (34). Islet cell antibodies have been demon
strat:ed (87). In other experime nts it was shmvn that HLA-Bv115 
may be associated with sub-norma l insulin production in response 
to glucose i nfusion (3 4 ). It is tempting to speculate that this 
could be related to the action of HLA linked cell membrane hormone 
receptors (17), but information is not yet available. 

HLA-DW4 was characterized by five LD typing cells during the 
6th Interna tional His tocompatibility Workshop. One of them came 
from a Dallas patient with rheuma toid arthritis. The frequency 
of DW4 in the population studied in the workshop was 16%. In 
the local ser ies of 54 normal individuals it was 11% (Table 7). 
Several reports failed to sho\~ abnormal distribution of HLA-A 
and HLA-B antigens in patients with rheumatoid arthritis. However 
when the alleles of the HLA- D locus were examined several patients 
with rheumatoid arthritis were found to be HLA-D locus homozygous (88) • 
The LD determinant characterized in these cells has b een identi-
fied as HLA-DW4. The frequency of DW4 in adult pat ients with 
rheumato i d arthriti s was 72% (Ta ble 7) . In a group o f children 
with juv eni Ze rh erumatoid arthril;is the frequency of DW4 was found 
to be 32%, much l es s than in adults with rheumatoid arthritis 
but significa ntly more tha n in normal controls (90) . Juvenile 
rheumatoid arthritis may we ll b e a heterogeneous group. When 
the patients having the pauciart icular form of juvenile RA were 
excluded from the analysis , the frequency of HLA-DW4 rose and 
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TABLE 7 

HLA-DW4 1N NORMAL INDIVIDUALS 
AND IN PATIENTS WITH RHEUMATOID ARTHRITIS (RA) 

Diagnosis Number HLA-DW4 Positive 
Tested Number 

Normal Controls1 171 27 

2 54 6 

Adult RN 44 32 

Juvenile RA3 38 12 

1 From Sixth International Workshop (71) . 
2 From Stastny, 1975 (88,89). 
3 From Sta~ : :1y & Fink, 1975 (90). 

came close to the frequency found in adults. 

Percent 

16 

11 

72 

32 

There is some debate about the role of genetic factors in 
rheumatoid arthritis. Results of one survey suggested that 
environmental factors played the major role. In other studies 
a genetic influence was suggested (97,98,99). 
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HISTOCOMPATIBILITY ANTIGEN ASSOCIATIONS IN OTHER DISEASES 

Psoriasis has been found to have associations with three 
dif ferent HLA-B locus alleles (Table 8), HLA-Bl3, BW17 and BW37. 
It appears that the r e lative risk is not increased in subjects 
having two of these antigens compared to . those who have only 
one. Thus they do not seem to have an additive effect . 
'l'herefore their expression is probably dominant and they may 
act through the same mechanism (102). The presence of HLA-B27 
in patients having psoriasis with arthritis and ps~riasis asso
ciated with spondylitis has been discussed above. 

Two other diseases are listed in Table B. They are pem
phigus with an association with HLA-Bl3 and Behcet ' s disease 
with a reported association with HLA-B5. The information comes 
from single reports based on studies of small numbers of patients 
which will have to be confirmed. 

Many other diseases have been looke d at. Of particular 
interest have been malignancies in view of the strong association 
of histocompatibility with development of leukemia in mice. 
In humans however thus far studies in neoplastic diseases have 
been disappointing. One of the more interesting reports is that 
of an association of an HLA-B locus antigen found almost ex
clusively in orientals, in patients with nasopharingeal carcinoma. 
The HLA antigen has been characterized in a second laboratory (106) 
and other studies of this di sease association should be forth-

TABLE 8 HISTOCOMPATI BILITY ANTIGEN ASSOCIATIONS 
IN OTHER DISEASES 

HLA Frequency Number Normal References 
Antigen (%) Studied Frequency 

(%) 

PSORIASIS 

B13 16 420 4 ( 1 00,101,102) 

BW17 30 420 7 (100,101,102) 

BW37 9 220 1 (102) 

PEMPHIGUS 

813 28 18* 4 (103) 

BEHCET'S 

85 71 21* 31 (104) 

* Needs to be confirmed. 
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coming. HLA associations have been studied extensively in 
patients with Hodgkin ' s disease (107) but the overall results 
in 523 patients evaluated during the 5th International Histo
compatibility Workshop have been inconclusive (108.) 

Reports of HLA associations in patients with systemic lupus 
erythematosus were among the earliest to appear in the literature 
(10 9 ,110) but have not been confirmed in subsequent studies (111,112). 
There are technical problems in typing lymphocytes that may be 
coated by autoantibodies. Black patients with both systemic 
and discoid lupus erythematosus have been studied in Dallas and 
have not shown a ny significant deviations in the distribution of 
HLA-A and HLA-B alleles. HLA-D locus studies have not yet been 
performed, they may be technically difficult be cause of the 
presence of lymphocyte antibodies and the freque nt use of high 
doses o f immunosuppressive drugs. 

REFERENCES 

88. Stastny, P. Mixe d lymphocyte culture typing cells from 
patients with rheumatoid arthritis. Tissue Antigens 4: 
571-579, 1974. 

89. Stastny, P. MLC determinants associated with rheumatoid 
arthritis. In Histocompatibility Testing 1975, in press. 

90. Stastny, P. & Fink, C. I>ii xed lymphocyte culture (MLC) 
and HL-A antigens in children with rheumatoid arthritis. 
Arthr. Rheum. 18: 428, 1975 (Abst ). 

91. Lies, R.B., Messner, R.D. & Troup, G.M. Histocompatibility 
antigens in rheumatbid arthritis. Arth. Rheum. 15:52 4 , 1972. 

92. Seignalet , J., Clot, J., Sany, J. & Serre, H. HL-A antigens 
' in rheumatoid arthritis. Vox Sang. 23: 468, 1972. 

93. Brackertz, D. , Mueller-Eckhardt, Ch., Heinrich, D., Kueppers, 
F., Schulz, G. & Dretschmer, V. Histocompatibility antigens 
of patients with rheumatoid arthritis. z. Immun. Forsch. 
14 6 : 10 8 , 19 7 3·. 

94. Nyulassy, s., Ravingerova, G., Zvarova, E. & Buc, H. HL-A 
antigens in rheumatoid arthritis. Lancet 1: 450, 1974. 

95. Rachelefsky, G.S., Terasaki, P.r., Katz, R. & Stiehm, E.R. 
Increased prevalence of W27 in juvenile rheumatoid arthritis. 
New Engl. J. Med. 290: 892, 1974. 

96. Gibson, D.J., Carpenter, C.B., Stillman, J., Schur, P.H. 
Re-examina tion of histocompatibility antigens found in 
patients with juvenile rheumatoid arthritis. New Engl. J. Med. 
293: 636, 1975. 



' . 

-29-

97. O'Brien, W.M. The genetics of rheumatoid arthritis. Clin. 
Exp. Immunol.2: 785, 1967. 

98. Bennett, P.H. & Bench, T.A. The genetics of rheumatoid 
arthritis in: Population studies of the rheumatic diseases. 
P.H. Bennett and P.H.N. Wood, eds. Excerpta Medica Founda
tion, New York, 1968. 

99. Lawrence, J. S. & Wood, P.H.N. Genetic influences in rheuma
toid arthritis in Rheumatic Diseases J.J.R. Duthie and W.R.M. 
Alexander, eds. The Williams & Wilkins Co., Baltimore, 1968, 
pp 20-28. 

100. Russel, T.J., Schultes, L.H. & Kuban, D.J. 
(HL-A) antigens associated with psoriasis. 
28?: 738, 1972 . 

Histocompatibility 
New Engl. J. Med. 

101. White, S.H., Newcomer, V.D., Mickey, M.R. & Terasaki, P.I. 
Disturbance of HL-A antigen frequency in psoriasis. New 
Engl. J. Med. 28?: 740, 1972. 

102. Svejgaard, A., Staub-Nielsen, L., Svejgaard, E. et al. 
HL-A antigens in psoriasis -population and family studies. 
Brit. J. Dermatol. 91: 145, 1974. 

103. Katz, S.I., Dahl, M.V., Penneys, N., et al . HL-A antigens 
in pemphigus. Arch. Dermatol. 108: 53, 1973. 

104. Ohno, s., Hoki, K., Suguira, s. et al. HL-A 5 and Behcet's 
disease. Lancet 2: 1383, 1973. 

105. Simons, M.J., Wee, G.B., Chan, S.H. & Shanmugaratnam, K. 
Probable identification of an HL-A second-locus antigen 
associated with a high risk of nasopharyngeal carcinoma. 
Lancet 1: 142, 1975. 

106. Payne, R., Radvany, R. & Grumet, c. A new second locus 
HL-A antigen in linkage disequilibrium with HL-A 2 in 
Cantonese Chinese. Tissue Antigens 5: 69, 1975. 

107. Bodmer, W.F. Genetic factors in Hodgkin's disease: asso
ciation with a disease susceptibility locus (DSA) in the 
HL-A region. Nat. Cane. Inst. Monograph 36: 127, 1973. 

108. Morris, P.J., Lawler, S., Oliver, R.T. HL-A and Hodgkin':s 
disease, in Histocompatibility Testing 1972, Munskgaard 
Copenhagen, 1973 pp 669. 

109. Waters, H., Donrad, P., Walford, R.L. The distribution of 
HL-A histocompatibility factors and genes in patients with 
systemiq lupus erythematosus. Tissue Antigens 1: 68, 1971. 

110. Grumet, F.C., Conkel, A., Bodmer, J~G. et al. Histocompati
bility (HL-A) antigens associated with systemic lupus ery
thematosus. A possible genetic predisposition to disease. 
New Engl. J. Med. 285: 193 , 1971. 



111. 

-30-

Arnett, F.C., Bias, W.B., Schulman, L.E. HL-A antigens 
in systemic lupus erythematosus (SLE ) . Arthr. Rheum. 15: 
428, 1972. 

112. Kissmeyer - Nielsen, Kjerbye, K.E., Andersen, E. , Halberg, P. 
HL-A antigens in systemic lupus erythematosus. Transpl. Rev. 
22: 164, 1975. 

113. Stastny, P. The distribution of HL-A antigens in Black 
patients with systemic lupus erythematosus (SLE) .Arthr. 
Rheum. 15: 454, 1972. (Abst. ) 

114. Prystowski, S.D. , Gilliam , J.N . , Stastny, P. & Herndon, J.H. 
In~unologic studies in discoid lupus erythematosus. Clin. 
Res. 22: 332, 1974 (Abst. ) . 

CONCLUSIONS 

The origins of the HLA chromos omal region are traced to the 
development of signals and recognition molecules for primitive 
cell-cell interactions. Posterior evolution led to the utili
zation of this system in most of cellular immunity, certain com
plement functions and perhaps also functions of cell membrane 
associated hormone receptors. A striking characteristic of these 
systems is their ability of creating and maintaining a large 
variety of alleles (polymorphism) all of. which seem to function. 
Some variations must of course exist and the possibilities for 
disease predisposition are obvious. 

The search f o r disease associations has rapidly produced 
some evidence . These studies have revealed the existence of HLA 
linked factors of susceptibility for development. of various 
c l inical conditions. Most o f these are multigenic and environ
mental factors play an important role. Different regions of 
the HLA chromosome may be involved and the genetic influence 
appears to be expressed in a variety of ways. In the case of 
j uvenile diabetes association with two different alleles of the 
same locus appears to have an additive effect suggesting that 
they operate through different mechanisms. In psoriasis three 
different antigens may be involved but no addi t ive effects have 
been observed. The study of associations between histocompati
bility antigens and disease may provide new insight into mech
anisms and pathogenesis. It is a method of probing that goes 
beyond the explanations of classical immunology. It is difficult 
to know how far it will l ead. It is likely to make ma j or con
tributions. In some instances the associations are so strong 
that HLA has already moved into bedside and office practice as 
a diagnostic test. It will be possible to group diseases on the 
basis o f having similar predisposing factors such as HLA-B27 
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diseases, HLA-B8 diseases, HLA- DW4 diseases, etc. As more is 
learned about these associations some. of them may become of 
prognostic significance as seems to be the case in multiple · 
sclerosis where it was reported that HLA-DW2 is associated 
with more rapid clinical progression. In other situations it 
may turn out that HLA genes are markers of relative resistance, 
as has bee n postulated in Hodgkin's disease and certain forms 
of leukemia. It also is possible that HLA may serve as an 
indicator of response to certain modes of therapy. Family 
members carrying the predisposing genes may be identified and 
perhaps preventive measures taken. These might include 
occupational or vocationsl counseling, avoidance of e xposure 
to predisposing causes and perhaps even development of re
sistance in predisposed hosts by specific vaccination or 
other fo r ms of preventive therapy. 


