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A B S T R A C T Anti-gliadin antibody was measured by
radioimmunoassay in 30 Caucasians with gluten-sen-
sitive enteropathy (GSE). 22 GSE patients maintained
on a gluten-free diet for 1.5 to 20 yr (mean duration
76 mo) had elevated serum concentrations of IgG an-
tigliadin antibody. Among GSE patients on a gluten-
free diet, antigliadin antibody was seen only in those
having the chromosome 14-encoded IgG immuno-
globulin heavy chain allotype marker G2m(n). IgG
antigliadin antibody was found in GSE patients with
G2m(n) regardless of whether the HLA-B8 and/or
-DR3 major histocompatibility complex antigens that
occur frequently in GSE were present. No patient lack-
ing G2m(n) had significant levels of antigliadin anti-
body. The association between antigliadin antibody
and the immunoglobulin heavy chain allotype marker
G2m(n) in GSE patients likely reflects the presence of
Gmn-linked variable region genes or Gmn-linked genes
that regulate variable region gene expression.

INTRODUCTION

Gluten-sensitive enteropathy (GSE)l (celiac disease,
nontropical sprue) is a disease that results in injury to
the small intestinal mucosa and is precipitated by the
ingestion of wheat gluten and similar proteins in rye,
barley, and possibly oats. Exclusion of these proteins
from the diet results in clinical and histological im-
provement. The exact mechanisms causing mucosal
damage and subsequent malabsorption are unknown.
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' Abbreviations used in this paper: GAb, antigliadin an-
tibody; GARG, goat anti-rabbit globulin; GSE, gluten-sen-
sitive enteropathy; MHC, major histocompatibility complex;
RT, room temperature.

However, several reports suggest that immune
mechanisms are important in the pathogenesis of
GSE (1-5).
The major histocompatibility complex (MHC)-en-

coded antigens, HLA-B8 and/or -DR3 are found in
-65-90% of GSE patients of Northern European or-
igin (6-10) and linkage studies in families show sig-
nificant segregation of these antigens with disease (11).
However, 20-30% of subjects in unselected healthy
populations carry the same HLA-B8 and/or -DR3 an-
tigens and yet <0.2% of these individuals develop clin-
ical disease (11). Thus, additional genetic loci or en-
vironmental determinants must also influence suscep-
tibility to GSE (12-14).

Antibodies to gluten or gliadin can be detected in
many GSE patients, but their role, if any, in the patho-
genesis of this disease is unknown (15-18). We recently
reported that antibody responses to gliadin in mice are
associated with genes that map to two separate genetic
regions; the MHC (H-2) on chromosome 17 and the
immunoglobulin heavy chain allotype (IgCH) locus on
chromosome 12 (19).

In this study, we sought to determine whether IgG
heavy chain allotype markers (Gm markers) were as-
sociated with the production of antibody to gliadin.
This report describes a striking association between the
IgG2 heavy chain allotype marker G2m(n) and IgG
antigliadin antibody (GAb) that was revealed in GSE
patients maintained on a gluten-free diet.

METHODS
Subjects. The patient population consisted of 30 unre-

lated Caucasians with GSE (22 males and 8 females) and 28
unrelated healthy controls (21 males and 7 females) matched
for ethnic background and geographic origin. Ages of the
patients and controls ranged from 17 to 81. The diagnosis
of GSE was based on clinical evidence of malabsorption, a
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small bowel biopsy compatible with GSE, clinical and/or
biopsy improvement on a gluten-free diet, and clinical and/
or biopsy abnormalities on rechallenge with a gluten-con-
taining diet. Sera from patients reported in this study were
obtained 18 mo or more after initiation of a gluten-free diet
(mean duration 76 mo, range 18 mo to 20 yr), at which time
patients were asymptomatic. When serial serum samples
were available in a given patient, the serum obtained fur-
thest from initiation of a gluten-free diet was used.

Sera were typed for IgG (Gm) allotypes using a hemag-
glutination-inhibition procedure as described before (20,
21). Notation follows the World Health Organization rec-
ommendation on human allotypic markers (22). Typing was
performed for the following allotype markers: Glm(a,x,f),
G2m(n), G3m(bO,bl,b3,b5,c3,s,t,g). Because of the lack of
a measurable allele, it cannot be determined whether sera
having the Gm(f; b) phenotype and IgG2 marker G2m(n)
are homozygous or heterozygous for G2m(n). We have used
the term G3m(b) to refer to individuals having bO,bl,b3,
and b5.

All specimens were typed for 13 A locus (AL,2,3,9,10,
11,28,29,30,31,32,33,34), 17 B locus (B5,7,8,12,13,14,15,16,
17,18,21,22,27,35,37,40,53) and 7 DR locus (1,2,3,4,5,6,7)
antigens as described before (20).

Gliadin. Whole gliadin derived from unbleached flour
from bread wheat variety Scout 66 was prepared as follows.
20 g of flour was extracted with 200 ml of 55% ethanol at
40°C for 60 min. After centrifugation at 19,000 g for 10
min, 600 ml of 1.5% NaCI was added to the supernatant to
precipitate gliadins from wheat albumins and other non-
storage proteins, and the mixture was centrifuged at 25,000
g for 50 min. The precipitate was washed several times with
1.5% NaCl, dissolved in 0.01 M acetic acid, dialyzed against
H20, and then lyophilized. To remove glutenins and further
diminish any albumins that might remain after the precip-
itation step, the gliadin was further purified by chromatog-
raphy on Sephadex G-100 using 0.01 M acetic acid, pH 3.2,
as eluant. Polyacrylamide gel electrophoresis in pH 3.2 alu-
minum lactate buffer showed no evidence of albumins mov-
ing faster than gliadins, indicating that the preparative ap-
proach was effective in separating gliadins from albumins
(23, 24).

Antisera. Rabbit anti-human IgG, IgA, and IgM (Miles
Yeda, Ltd., Rehovot, Israel) were tested and shown to be
specific for human IgG, IgA, and IgM respectively by ra-
dioimmunoassay (RIA). Human IgG, IgA, and IgM were the
generous gift of Dr. Hans Spiegelberg, Scripps Clinic and
Research Foundation, La Jolla, CA.

125I-Goat anti-rabbit globulin (GARG) prepared as de-
scribed previously (25) was adsorbed with human gamma
globulin coupled to Sepharose 4B before use.

RIA. Antibody responses were measured by a modifi-
cation of a solid-phase RIA (25). Briefly, 96-well Flex-vinyl
U-bottom microtiter Dyna-tech plates (Cooke Laboratory
Products Division, Dynatech Laboratories, Inc., Alexandria,
VA) were coated with whole-gliadin (0.1 mg/ml) for 2 h at
37°C and then quenched with 1% bovine serum albumin
(BSA). Control plates were coated with 1% BSA. Plates could
be stored at 4°C in phosphate-buffered saline (PBS) con-
taining 0.02% sodium azide for up to 2 mo before use.

For the assay, serial dilutions of test sera were added to
gliadin and control BSA-coated plates and the plates were
incubated at 370C for 15 min and at room temperature (RT)
for 2 h. After rinsing with PBS, appropriate dilutions of
rabbit anti-human class specific antisera were added to each
well (anti-IgG 1:80,000, anti-IgA 1:5,000, anti-IgM 1:12,000
in PBS containing BSA 10 mg/ml) and the plates were rein-

cubated for 15 min at 370C and 2 h at RT. The plates were
rinsed with PBS, after which 0.05 ml '25I-GARG containing
25-30 X 103 cpm was added to each well and the plates were
incubated for an additional 15 min at 370C and 2 h at RT.
Wells were aspirated, rinsed, and counted in an automatic
gamma counter. Specific binding to gliadin was obtained by
subtracting background counts in BSA-coated wells from
counts on gliadin-coated wells. All assays were done in trip-
licate.
Standard curve. Affinity-purified IgG GAb for use in the

standard curve was prepared from the serum of GSE pa-
tients. Briefly, serum globulins twice precipitated with 50%
saturated ammonium sulfate were dialyzed against 0.015 M
potassium phosphate buffer, pH 8.0, and then loaded onto
a 20-ml DEAE cellulose column (DE 52, Whatman, Inc.,
Clifton, NJ) equilibrated with the same buffer. The IgG frac-
tion eluted using 0.015 M potassium phosphate buffer, pH
8.0, was reprecipitated with 50% saturated ammonium sul-
fate and dialyzed overnight against PBS before affinity pu-
rification by chromatography on an AH-Sepharose 4B-whole-
gliadin column (25). IgG affinity-purified GAb was shown
by RIA to be free of contaminating IgA and IgM.

IgG GAb levels > 8.5 ig/ml were deemed positive. This
value was chosen arbitrarily, based on the arithmetic mean
+ 3 SD of GAb concentrations in the control group.

Statistical analysis. P values for 2 X 2 tables calculated
using Fisher's exact test were corrected for the number of
comparisons made. Student's t test was used to determine
the significance of differences between IgG GAb concentra-
tions in groups of GSE patients and controls.

RESULTS

IgG GAb levels in the 30 GSE patients on a gluten-
free diet and controls are shown in Fig. 1. 22 of 30
GSE patients but none of the 28 controls had IgG GAb
>8.5 Ag/ml. The striking association between the IgG
heavy chain allotype marker G2m(n) and IgG GAb in
GSE patients can be seen in Fig. 2. Concentrations of
IgG GAb were significantly elevated in patients having
G2m(n) regardless of whether the HLA antigens -B8
or -DR3 were present. Although IgG GAb concentra-
tions were initially two- to threefold higher when
measured in several GSE patients having G2m(n) be-
fore initiation of a gluten-free diet, determinations on
serial samples available at two to four intervals over
a 2-yr period while on a gluten-free diet indicated that
elevated IgG GAb concentrations remained consis-
tently elevated. In two GSE patients having HLA-B8
and -DR3, but lacking G2m(n), sera were available
both at the time of diagnosis and at intervals for the
subsequent 2 yr. In both patients, GAb levels were
elevated at the time of diagnosis (79.5 and 37.0 ;g/
ml), but declined to normal (2.4 and 2.1 Mg/ml) within
6 mo of beginning a gluten-free diet. Table I lists GAb
concentrations in our GSE patients and controls ac-
cording to Gm phenotype. As shown, 22 of 24 GSE
patients having the G2m(n) marker had elevated con-
centrations of IgG GAb, whereas IgG GAb was not
increased above control values in any of the six GSE
patients lacking G2m(n).
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FIGURE 1 IgG GAb in GSE patients on a gluten-free diet
and controls. Each point represents the data from a different
subject. GAb concentrations >8.5 ug/ml (unshaded area)
were considered positive as indicated in Methods.

IgG GAb levels were not elevated in 19 disease con-
trols (12 patients with ulcerative colitis, two patients
with infectious diarrheas, five patients with peptic
ulcer disease) or in 10 additional unrelated healthy
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Fic.URE 2 Association between IgG GAb and G2m(n) in GSE
patients. Subjects are grouped according to whether they are
positive or negative for HLA-B8 and/or -DR3 and the IgG
heavy chain allotype marker G2m(n). Bars represent the
arithmetic mean±SEM, with the number of subjects in each
group indicated in brackets. Asterisks indicate statistically
significant differences between GSE patients and controls
within groups (P < 0.005). All GSE patients were on a gluten-
free diet for >18 mo at the time of GAb determination. Not
shown, deviation from a gluten-free diet was associated with
a transient two- to threefold increase in IgG GAb in two
patients having G2m(n) (one patient also had HLA-B8 but
not -DR3; one patient lacked both HLA-B8 and -DR3).

subjects (five with HLA-B8, -DR3, and G2m(n); five
with G2m(n) but lacking HLA-B8 and -DR3) who were
not ethnically matched to the GSE group. We have
found two related apparently healthy controls (i.e.,
mother and son) with elevated IgG GAb levels (10.5
and 15.3 Ag/ml respectively). Both had G2m(n) and
the son was positive for HLA-B8. Although they de-
nied symptoms suggesting GSE or other intestinal dis-
ease, no intestinal biopsies were taken to exclude sub-
clinical disease. IgG GAb levels were increased in 14
of 98 Crohn's disease subjects with small intestinal in-
volvement, but in those subjects there was no associ-
ation between elevated GAb concentrations and Gm
allotype. Serum IgG anti-BSA antibody titers did not
differ significantly between GSE patients and controls
(P > 0.50).

IgA GAb levels were increased in 14 of 30 GSE pa-
tients on a gluten-free diet. Like IgG GAb, GSE pa-
tients with increased IgA GAb all had the G2m(n) al-
lotypic marker. Although quantitative levels of serum
IgA GAb were not assessed because of the lack of a
highly purified IgA antigliadin standard, when ex-
pressed as counts per minute of '25I-GARG bound per
well, IgG and IgA GAb levels in individual patients
correlated significantly (r2 = 0.53; P < 0.005).

DISCUSSION

Our data demonstrate that IgG GAb are present in
73% of GSE patients maintained on a gluten-free diet
for 1.5 to 20 yr. Persistently elevated IgG GAb titers
were seen only in GSE patients having the chromosome
14-encoded IgG2 heavy chain allotype marker G2m(n).
GAb has been reported in GSE patients before, al-
though prior studies usually used less sensitive assay
methods and measured antibody directed to deter-
minants associated with peptic-tryptic digests of glu-
ten or gliadin, or gliadins containing wheat albumins
and other impurities (15-18, 26-30). We were fortu-
nate to have a specific, sensitive, and reproducible RIA
for GAb (25) and highly purified gliadin (23, 24).
The finding of persistently increased levels of IgG

and, to a lesser extent, IgA GAb in our G2m(n)-positive
GSE patients on a gluten-free diet could indicate that
these patients are unknowingly ingesting gluten in
quantities that are insufficient to activate disease. It
seems less likely that the GAb was stimulated by host
self-components that cross-react with gluten (i.e., au-
toimmune), since antibody was present in the absence
of active disease and activation of disease required the
ingestion of gliadin. This does not exclude the possi-
bility that GAb is involved in mechanisms that damage
the small intestine. GAb-mediated injury could be sec-
ondary to immune complex deposition in the intestine
(i.e., GAb-gliadin immune complexes) (31, 32) or to
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TABLE I

IgG GAb in GSE Patients and Controls Having Different Gm Phenotypes'

GSE patients Controls
Gm

phenotypet With GAb Without GAb With GAb Without GAb

n usg/ml§ n jtg/md n iLg/rnl n pg/mi

a;--;b,g 0 1 0.3 0 - 0
a,x;--;g 0 1 1.5 0 2 3.3±2.0
f;--;b 0 0 0 3 0.6±0.1
f;n;b 15 35.7±5.1 1 7.5 0 12 1.6±0.6
a,f;--;b,g 0 2 4.3±1.5 0 5 1.4±0.7
a,x,f;--;b,g 0 2 1.7±0.5 0 1 7.0
a,f;n;b,g 4 18.8±5.3 1 7.5 0 4 1.3±0.7
a,x,f;n;b,g 3 42.9±16.0 0 0 1 6.5

Total 22 8 0 28

GAb was present in 22 of 30 (73%) GSE patients and 0 of 28 controls (P < 0.001). Among GSE patients, GAb
was significantly associated with phenotypes having the Gm marker G2m(n) (P < 0.001).
t b indicates positive for G3m(bO,1,3,5).
§ Data expressed as means±1 SE.

K-cell mediated antibody-dependent cytotoxic reac-
tions (33), with GAb directed to gliadin determinants
bound to comrponents of the intestinal mucosa. In this
regard, gliadin reportedly binds to reticulin (18, 34)
and it has been postulated that GSE patients may have
receptors for gliadin on intestinal epithelial cells (4,
13, 35).
We propose that the striking association between the

IgG2 heavy chain allotype marker G2m(n) and GAb
in GSE patients on a gluten-free diet reflects the pres-
ence of Gmn-linked variable (V)-region genes or Gmn_
linked genes that regulate variable region gene expres-
sion. Such V-region genes would encode a variable
region on the immunoglobulin heavy chain that in
combination with light chains, determines the struc-
ture and specificity of GAb (19). On the basis of this
hypothesis, GAb in GSE patients with G2m(n) on a
gluten-free diet would be predicted to be of restricted
heterogeneity. HLA-B8 and -DR3 positive GSE pa-
tients lacking G2m(n) also produced GAb while in-
gesting gluten. However, such antibody declined rap-
idly after initiation of a gluten-free diet and, like the
GAb noted in some of our Crohn's disease subjects,
may differ in its determinant specificity from GAb in
GSE subjects having G2m(n). More detailed studies on
the characteristics of GAb in these patient groups are
currently in progress. This proposal does not exclude
the possibility that other IgCH-linked genes on chro-
mosome 14 also could be important in immunoregu-
lation (19).
HLA-B8 and -DR3 were present in >70% of our

GSE patients, a finding noted also in earlier studies
(6, 10). However, the same HLA antigens occur at a
high frequency in several organ-specific diseases of

presumed autoimmune origin (e.g., autoimmune
chronic active hepatitis, myasthenia gravis, Grave's
disease, insulin-dependent diabetes mellitus) (36-39).
We would suggest that genes that code for HLA-B8
and -DR3 or closely linked genes are common in those
diseases because they determine the host response (40)
to environmental agents (e.g., viruses) that are critical
in the initiation of these otherwise markedly different
diseases. Disease susceptibility and organ specificity
would be further determined by antigens unique for
each disease (e.g., gliadin bound to intestinal mucosal
structures in GSE, acetylcholine receptor in myas-
thenia gravis), the site of antigen encounter and V-
region genes determining antibody specificity. We
note that an association between IgCH allotype markers
and antiinsulin antibody in insulin-dependent diabetes
mellitus (41), and associations between Gm markers
and autoimmune chronic active hepatitis (42), myas-
thenia gravis (43), and Grave's disease (44, 45) recently
have been described.
We previously reported an association between the

Gm phenotype (f;n;b) and GSE in patients lacking
HLA-B8 and -DR3 (20). Thus, both MHC and IgCH-
linked genes appear to determine susceptibility to
GSE. Athough the effects of MHC genes predominate,
in patients lacking HLA-B8 and -DR3 a significant
association between IgCH locus markers and GSE can
be revealed. Finally, any hypothesis of the pathogen-
esis of GSE must take into account the fact that HLA-
B8, -DR3, and G2m(n) occur in many apparently
healthy individuals who do not have clinically evident
GSE or GAb. This could suggest that other genes, per-
haps coding for a receptor on intestinal mucosal struc-
tures that bind gliadin (4, 13), are necessary for the
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expression of disease. However, given the lack of com-
plete concordance for GSE in identical twins (6), we
favor the additional possibility that an as yet uniden-
tified environmental factor (e.g., a virus) plays a role
in initiating GSE.
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