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A B S T R A C T HL-A phenotypes were determined in 24
unrelated patients with gluten-sensitive enteropathy
(GSE) using a lymphocyte microcytotoxicity test. 21
of the 24 patients had HL-A8 in the second segregant
series, a frequency of 0.875. In contrast, the HL-A8 fre-
quency in 200 normal individuals was 0.215 (difference
significant at P < 0.002), and in 6 patients with villous
atrophy due to tropical sprue or hypogammaglobulinemia
the HL-A8 frequency was 0.17 (difference from normal
not significant). The HL-A types in the families of
three HL-A8 positive patients with GSE indicated that
the HL-A8 antigen was inherited as an autosomal domi-
nant. Frequencies of the other HL-A antigens in the
GSE group did not differ significantly from that of the
normal group. These findings are compatible with the
hypothesis that GSE is due to the presence of an ab-
normal "immune response (Ir) gene," leading to the
production of pathogenic antigluten antibody or, alterna-
tively, to the presence of a particular membrane configu-
ration leading to the binding of gluten to epithelial cells
with subsequent tissue damage.

INTRODUCTION
Studies with inbred strains of mice have shown that
susceptibility to viral leukemias is genetically determined
and at least in part associated with certain antigens of
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the major mouse histocompatibility locus (H-2) (1, 2).
In man there is evidence that acute lymphocytic leukemia
(3, 4) and Hodgkin's disease (5-7) are associated with
an increased frequency of certain antigens of the major
histocompatibility locus (HL-A).' Furthermore, glo-
merulonephritis (8) and systemic lupus erythematosus
(SLE) (9), both non-neoplastic diseases, may be as-
sociated with a higher incidence of particular HL-A
antigens. In the present investigation, we report on the
HL-A specificities of a large group of patients with glu-
ten-sensitive enteropathy (GSE), yet another disease in
which a particular HL-A antigen occurs with increased
frequency.

METHODS
HL-A typing. HL-A antigens were determined by the

use of a lymphocyte microcytotoxicity method as previously
described (10). Sera used to detect HL-A antigens were
obtained from the Serum Bank maintained by the Trans-
plantation and Immunology Branch of the National Institute
of Allergy and Infectious Diseases (NIAID), from Doc-
tors M. Jeannet and F. Kissmeyer-Nielsen, or from Hyland
Laboratories, Los Angeles, Calif. Antigens typed for in-
cluded HL-Al, 2, 3, 5, 7, 8, 9, 10, 11, 12, 13, W5, W10,
W14, W19, W22, and W28. In all instances except W14,
W19, and W28, where only 1 serum was used, at least 2
and as many as 10 sera were used to define each specificity.
The following sera were used to identify HL-A8: Daly
(Rogentine), Welch 65-9-12-18-01, Willet 51-5-08-05-01,
Makepiece 1-16-0-10-09-01, D66-17910 VI 03-7-08-22-01, and
Rose 2-16-0-10-30-01. Daly and Welch, and an additional

1Abbreviations used in this paper: HL-A, major histo-
compatibility locus; Ir, immune response; GSE, gluten-
sensitive enteropathy; SLE, systemic lupus erythematosus.
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TABLE I
HL-A Antigen Frequencies in Normal Individuals and Patients

with Gluten-Sensitive Enteropathy*

HL-A antigen Normals (200) GSE (24)

First segregant series
1 0.350 0.666
2 0.415 0.458
3 0.215 0.166
9 0.265 0.083
10 0.095 0.292
11 0.085 0.083
W19 0.105 0.041
W28 0.045 0

Second segregant series
5 0.120 0.083
7 0.200 0.083
8 0.215 0.875t
12 0.315 0.375
13 0.10§ 0.041
W5 0.205 0
W22 0.07 0.083
W10 0.160 0.041
W14 0.075 0.166

* The number of individuals studied is in parentheses.
tP <0.002.
§ Frequency determined in 50 individuals.

one to four of these sera were employed in typing each
patient for HL-A8. (The numbers refer to the code of
the serum as listed in the Catalog of Tissue Typing Re-
agents, NIAID, while the name in parentheses indicates
the source of "Daly.") An antigen was assigned to an
individual when all or nearly all sera specific for the an-
tigen reacted with his cells. Studies with normals showed
that reproducibility of replicate determinations performed
on the same individual was 97%.

Patients. 24 unrelated patients were studied. These in-
cluded 8 males and 16 females. 23 patients were Caucasian
and 1 was Negro. Before inclusion in the study the diag-
nosis of GSE was established by the presence of each of
the following criteria: (a) a history of unequivocal im-
provement of diarrhea after gluten restriction; (b) mal-
absorption of fat (steatorrhea greater than 5 g/day on
a 100 g fat intake), and carbohydrate (D-xylose excretion
less than 5 g/5 hr after a 25 g oral dose; (c) villous blunt-
ing associated with submucosal infiltration of plasma cells
in jejunal biopsy specimens.
Family studies. HL-A phenotypes were determined in

the relatives of three patients.
Control group. The control group comprised 200 nor-

mal male and female Caucasian blood bank donors of the
NIH Clinical Center. An additional group of 50 normal
blood bank donors were phenotyped concurrently with the
patient group. Six other patients with malabsorption and
villous blunting of the jejunal mucosa were studied., These
patients who were not gluten sensitive included tWo with
tropical sprue and four with hypogammaglobulinemia.

Statistical analysis. The individual HL-A antigeh fre-
quencies in the GSE group were compared with the an-

tigen frequencies in the control group. P values of differ-
ences in frequencies were ascertained by multiple normal
deviate tests (11) which adjust the probability levels by
correcting for the number of antigens in each segregant
series. Significance was assigned to frequency differences
for which P values were less than 0.01.

RESULTS

HL-A antigens occurring in patients with GSE.
HL-A antigen frequencies of 200 normal individuals
comprising the control population are shown in Table I.
These frequencies are similar to those published by others
for normal Caucasians (12, 13) and were also observed
in 50 blood bank donors tested simultaneously with the
GSE patients. HL-A antigen frequencies of the patients
are also shown in Table I, while their HL-A phenotypes
are shown in Table II. The most striking finding was
that in the second segregant series HL-A8 was found in
21 of 24 patients corresponding to a frequency of 0.875.
In contrast, HL-A8 was found at a 0.215 frequency in
the group of control individuals. This difference is sig-
nificant at the P < 0.002 level. Each of the three patients

TABLE I I
HL-A Phenotypes in 24 Patients with Gluten-Sensitive

Enteropathy*

First Second
segregant segregant

Patient Sex series series

G. K. M 9/10 8/12
M. N. F 1 8/12
L. M. F 1/2 7/8
W. G. M 1/11 8/W22
H. C. F 2/10 8
F. F. F 2/10 5/8
L. H. F 1/10 8/12
D. R. F 1 8/W1O
T. B. M 1/W19 8/W14
N. G. M 2 7/8
B. W. F 2/3 8/12
E. B. F 1/2 8/12
B. B. F 1/3 8/W14
E. D. M 1/2 8/12
S.L. F 1 8
J. R. M 1/9 8
R. W. F 1/2 8/W14
F. B. M 1/10 8/13
D. R. F 2/3 5/8
S. C. F 1/10 8/W22
H. B. F 1/11 8/W14
B. N. F 2/10 12
L. H. F 2/3 12
S. Mc. M 1 12

* A single antigen reported in a segregant series indicates
either a double dose of the antigen or the presence of an un-
defined antigen.
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TABLE II I
HL-A Genotypes of Three Patients with Gluten-Sensitive Enteropathy and their Families

Patient Parents Normal sibling (s)

G. K. (M) 9, 12/10, 8

L. M. (F) 1, 8/2, 7

B. B. (F) 3, W14/1, 8

D. K. (M) 9,12/2, W10
J. K. (F) 1, ?*/10, 8

R. M. (M) W28, W5/I, 8
B. M. (F) 2, 7/?, ?

H. B. (F) 2, WS/1, 8

D. M. (F) 1, 8/2, 7

* ? = undefined antigen; M = male; F = female.

in the GSE group not having HL-A8 had an identical
phenotype in the second segregant series, namely HL-A12
(B. N., L. H., S. Mc., Table II).
The frequency of other HL-A antigens in the GSE

group was compared with that in the normal group, and
no other significant differences were found (including
HL-A1, 7, 9, 10 W5, W10). The HL-A1,8 and HL-A2,8
combinations were found frequently in the 21 patients
who had HL-A8, but not significantly more frequently
than in the 43 control individuals who had HL-A8 (0.75
vs. 0.84 frequency for 1,8, and 0.42 vs. 0.28 for 2,8 in
patients and normals respectively). W5 was not found in
any GSE patient but only occurred in 2 of 43 control
individuals with HL-A8.
Family studies. Blood was available for typing from

family members of patients G. K., L. M., and B. B. The
genotypes of the families and patients are shown in Ta-
ble III. HL-A8 is inherited from either parent in au-
tosomal dominant fashion, as expected (12). It is there-
fore unlikely that HL-A8 is an acquired specificity or
that it is a cross-reacting antigen found more frequently
in patients with GSE.
Examination of the genotypes in the family of pa-

tient L. M. discloses that D. M., a young sibling (age
6) of L. M., had an identical HL-A genotype with the
patient. D. M. does not have clinical evidence of GSE.

Other patients. The HL-A8 frequency in six other
patients with malabsorption and blunting of the intestinal
villi not due to GSE was 0.17, not significantly different
from the control group.

DISCUSSION
In the present study we demonstrate that there is a
pronounced increase in the occurrence of the histo-
compatibility antigen HL-A8 in patients with gluten-
sensitive enteropathy. This antigen ocurred at a 0.875
frequency in patients with GSE, whereas in a large
group of normal individuals it occurred at a 0.215 fre-
quency. This represents a higher degree of association
between a disease state and a particular HL-A antigen
than any previously reported (3-9).

HL-A antigens may be associated with disease by any
of several mechanisms: (a) the antigens may cross-react
with viral antigens leading to immunologic tolerance to
the virus; this would result in increased susceptibility
of individuals with certain HL-A antigens to particular
viral infections; (b) the genes controlling the HL-A
antigen may be fortuitously linked to, or be identical
with, genes determining susceptibility to disease. In one
example of this possibility HL-A genes may be linked to
an "immune response (Ir) gene" which determines
whether or not an individual is capable of making an im-
mune response to certain antigens; such Ir genes have
been extensively studied in mice and guinea pigs wherein
the ability to make antibody responses to synthetic anti-
gens appears to be linked to histocompatibility types
(14); (c) HL-A antigens may serve as cell surface
receptors for the attachment of infectious agents or other
materials of pathologic significance.
The first of these possibilities is not likely to be rele-

vant to GSE. The latter is clearly related to the ingestion
of a food protein, gluten, and is alleviated or cured by
elimination of this material from the diet. Furthermore,
the disease does not behave epidemiologically as an in-
fectious disease.
The latter two possibilities have greater likelihood of

being relevant to GSE and require closer scrutiny. It is
possible that the HL-A locus is, in some manner, linked
to an Ir gene in GSE since a number of immunologic
abnormalities have been demonstrated in this disease.
Patients with GSE in relapse have increased serum IgA
levels (15) associated with increased mucosal synthesis
of IgA (16). More particularly, we have recently shown
that patients with GSE but not normal individuals, re-
spond to gluten challenge with an increase in mucosal
IgA and IgM immunoglobulin synthesis; furthermore
this increase is in large measure due to the synthesis of
antigluten antibodies (17). These studies suggest that
the local antigluten antibody response may mediate the
mucosal injury seen in GSE patients. In parallel with
studies in experimental animals (14), the ability of pa-
tients with GSE to mount this mucosal antibody response
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may be determined by an Ir gene which may in turn be
linked to an HL-A gene. This would be the first tangible
example of an Ir gene in humans, which in this case
would regulate production of IgA or IgM antibodies
rather than only IgG immunoglobulins as has been dem-
onstrated in animal systems (18). If this Ir gene hy-
pothesis is correct, GSE could be thought of as a geneti-
cally determined disease characterized by an abnormal
tendency to respond to the ingestion of gluten with the
local synthesis of antigluten antibodies.
The possibility that HL-A8 represents a surface re-

ceptor site at which antigen (gluten) may bind is an
equally plausible explanation for the association between
GSE and particular HL-A antigens. In this regard,
Rubin, Fauci, Sleisenger, and Jeffries (19) have demon-
strated by immunofluorescence that intestinal epithelial
cells of patients with GSE, but not normal individuals,
bind gluten. Thus, one may postulate that the patho-
logic process in GSE involves the attachment of gluten
to epithelial surfaces; as a result of such attachment
tissue injury occurs or, alternatively, a local antigluten
antibody response is elicited which actually mediates
the tissue injury. If this receptor hypothesis is correct,
GSE could be thought of as a disease characterized by
an abnormal tendency to bind gluten at epithelial surfaces
which, in turn, leads to local antibody production and
tissue injury.
Even if one of these possibilities proves correct we

must recognize that the gene determining the HL-A8
type cannot be the sole factor responsible for the occur-
rence of GSE, since not every patient with GSE has
HL-A8. Furthermore, the vast majority of individuals
with HL-A8 (20% of the Caucasian population) do not
have GSE, and a sibling of patient L. M. had an identical
HL-A genotype but no evidence of GSE. Nevertheless,
the presence of an increased incidence of a particular
HL-A antigen in patients with GSE is compatible with
the concept that there is a genetic predisposition for the
acquisition of gluten-sensitive enteropathy and that im-
munological responses are primarily involved in its
pathogenesis.
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