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Cellular hypersensitivity to a synthetic
dodecapeptide derived from human adenovirus 12
which resembles a sequence of A-gliadin in patients
with coeliac disease

G J Mantzaris, J A Karagiannis, J D Priddle, D P Jewell

Abstract
The human intestinal adenovirus serotype 12
(Adl2) may be implicated in the pathogenesis
of coeliac disease by virtue of immunological
cross reactivity between epitopes shared by its
early region Elb protein and A-gliadin. In the
present study a synthetic dodecapeptide from
the corresponding viral epitope (Adl2Elb,
residues 384-395) was tested for its effect on

peripheral blood mononuclear cells from 22
treated and eight untreated patients with
coeliac disease, 22 healthy subjects, 11
patients with ulcerative colitis, and 11 patients
with Crohn's disease by an indirect leucocyte
migration inhibition assay. In addition, the
effect ofboth the viral and the gliadin synthetic
peptides was studied by proliferation and
migration assays simultaneously performed in
an unselected subgroup of 12 treated coeliac
patients and 12 healthy subjects of the study.
Coeliac patients with untreated disease
showed no response to the viral peptide com-

pared with treated patients (p>01). Treated
coeliac patients showed a significantly differ-
ent response from healthy control subjects and
control patients with disease (p<0001) which
was dependent on the concentration of the
viral peptide. In the subgroup of the treated
coeliac patients (n=12) there was a significant
correlation between the responses in the
migration and the proliferation assay using
either the viral (p<002) or the gliadin
(p<0005) peptide at the highest concentration
(33.3 ,ug/ml). Furthermore, the responses
obtained using viral peptide correlated signifi-
candy with the responses obtained with gliadin
peptide in both the migration (p<0001) and
the proliferation (p<0001) assays. These
results show that in coeliac patients there is
pronounced cross reactivity at the level of T
celi recognition between synthetic peptides
derived from the Adl2 and A-gliadin. This
antigenic cross reactivity may be involved in
the pathogenesis of coeliac disease.
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Coeliac disease is due to an adverse reaction to
dietary gluten which results in damage to the
small intestinal mucosa and subsequent malab-
sorption. However, gluten is a complex mixture
of many proteins which broadly fall into two
groups: gliadins and glutenins. Four fractions of
gliadins can be obtained by electrophoresis': a

and gliadins are toxic for coeliac patients,
whereas there is disagreement concerning the
toxicity of y and w gliadins.2 A-gliadin is a major

component of a gliadins and is known to be
toxic.34 Its primary structure has recently been
determined.5

Genetic factors are important in determining
susceptibility to coeliac disease."'0 However,
the well documented discordance for disease
in monozygotic twins and HLA identical
siblings' " II as well as the failure of additional
gluten intake to induce small intestinal damage
in these groups'3 offer the best argument that
environmental factors in addition to gluten may
also play a part in the pathogenesis of this
disease. Kagnoff et al have reported a region of
sequence homology between A-gliadin (residues
205-217) and the Elb protein (residues 384-395)
of human intestinal adenovirus 12 (Ad12).'4
Within 12 amino acids they share eight identi-
ties.3 14 Both structures are hydrophilic and so are
likely to be located on the exterior of the
molecule.'" Kagnoff et al postulated that,
because of this shared epitope, an immune
response to Adl2 might render genetically sus-
ceptible individuals to become sensitised to
gluten in such a way as to lead to coeliac disease. 14
They found that antibodies raised to Elb protein
cross react with A-gliadin,'6 a 119 cyanogen
bromide fragment of A-gliadin containing the
206-217 sequence,'6 and a synthetic A-gliadin
heptapeptide from within the region of sequence
homology. '4 Specific A-gliadin peptides, includ-
ing the 119 cyanogen bromide fragment, show
toxicity in organ tissue culture assays of jejunal
biopsy specimens obtained from untreated
patients with coeliac disease. 1' Serological
evidence of past exposure to Ad 12 is more
common in coeliac patients than in healthy
subjects,'8 although increased titres of antibody
specific to the dodecapeptide (residues 206-217)
have not been found in coeliac patients."' How-
ever, cell mediated immunity to a synthetic
peptide comprising A-gliadin residues 206-217
has been shown in treated coeliac patients using
indirect leucocyte migration inhibition assays
and proliferation assays.20"2 The aim of our study
was to investigate cellular immune responses to a
synthetic peptide from the corresponding viral
epitope (Adl2Elb residues 384-395) in coeliac
patients and control subjects and to compare the
results with those obtained concurrently using
the synthetic dodecapeptide from gliadin.

Methods

PATIENTS
Twenty two treated patients (nine men, 13
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women, age range 20-68 years) and eight
untreated patients (two men, six women, age

range 35-54 years) with coeliac disease were

studied. Five of the untreated patients were

studied both at the time of diagnosis and three to

five months after they had been on a gluten free
diet. The other 17 treated coeliac patients had
been on a gluten free diet from between one and
15 years. Initially, all patients had subtotal
villous atrophy consistent with coeliac disease,
but showed a satisfactory clinical and histological
response to gluten withdrawal and were being
maintained on a strict gluten free diet at the time
of testing.
The control group consisted of 22 healthy

subjects (nine men, 13 women, age range 20-68
years) and 22 patients with inflammatory bowel
disease. Eleven of those patients had Crohn's
disease (five men, six women, age range 34-80
years) and 11 had ulcerative colitis (four men,

seven women, age range 20-80 years). All disease
control patients were in remission and had not
been treated with steroids in the two months
before entering the study or other immuno-
suppressive treatment in the six months before
the study.

HLA TYPING
All coeliac patients and healthy subjects were

tested serologically for HLA-A, B, C, DR,22 and
DQ loci.

PEPTIDES
The viral (Adl2Elb 384-395) and the gliadin (A-
gliadin 206-217) sequences were synthesised by
solid phase methods. The structure of the
peptides was as follows:
Adl2Elb: Leu-Arg-Arg-Gly-Met-Phe-Arg-Pro-Ser-Gln-Cys-Asn
A-gliadin: Leu-Gly-Gln-Gly-Ser-Phe-Arg-Pro-Ser-Gln-Gln-Asn
Both peptides were homogeneous and ran as

a single peak on high performance liquid
chromatography. They were diluted in phos-
phate buffered saline (pH 7 3) and after filter
sterilisation (0 22 jim) samples were stored at
-200C.

INDIRECT LEUCOCYTE MIGRATION
INHIBITION ASSAYS
Indirect leucocyte migration inhibition assays
were performed according to the method of
Clausen,23 as described previously.20 Briefly,
peripheral blood mononuclear cells from coeliac
patients and control subjects were incubated in
the presence (stimulated cultures) and the
absence (control cultures) of the viral synthetic
peptide at concentrations of 33 3, 11 1, and5 55
jig/ml for 72 hours at 37°C in a 5% carbon
dioxide humidified atmosphere. The release of
migration inhibition factor was assayed by its
effect on the migration under agarose of poly-
morphonuclear cells from healthy donors.
Results are expressed as a migration index (MI)
which is calculated as follows:

mean migration area of cells incubated with stimulated

MI=
culture supernatants

mean migration area of cells incubated with
reconstituted culture supernatants

Using the gliadin synthetic peptide at 33 3 jig/
ml, additional migration inhibition assays were
performed in an unselected subgroup of 12 of the
22 treated coeliac patients and 12 of the 22
healthy subjects matched for age and sex.

PROLIFERATION ASSAYS
Proliferation assays were performed simul-
taneously with the migration assays in the sub-
group of 12 treated coeliac patients and healthy
subjects. Briefly, peripheral blood mononuclear
cells from treated coeliac patients and healthy
subjects were suspended in RPMI 1640 contain-
ing 25 mmol Hepes, 300 mg/l L-glutamine, 10%
heat inactivated fetal calf serum, and antibiotics.
Triplicate cultures in 96 U shape bottomed
microtitre plates (Sterilin, Feltham, UK) con-
tained 1x 106 viable cells with or without the viral
or the gliadin peptide (at 33 3, 11 1, and 5 55
jig/ml) in a final volume of 200 jil. Phyto-
haemagglutinin (Wellcome, Kent) 10 jig/ml
was used as mitogen in control cultures (without
peptide) (10 jig/ml gave maximal stimulation in
the range 0-5-20 jig/ml as determined in pre-
liminary experiments). Cells were incubated for
six days at 37°C in a 5% carbon dioxide humidi-
fied atmosphere (six days' incubation was
optimal as determined by preliminary experi-
ments). Sixteen hours before the end of the
incubation period individual cultures were
pulsed with 1 [tCi [methyl-3H]-thymidine
(Amersham Radiochemicals, Amersham,
Bucks) and then subsequently harvested onto
glass-fibre scintillation discs (Flow Lab, Irvine).
The incorporation of [methyl-3H]-thymidine
was determined in a ,-scintillation counter
(LKB Rackbeta, Sweden). Results are expressed
as a stimulation index (SI), which is calculated as
follows:

mean (of three) dpm in cultures with peptide or
phytohaemagglutinin-mean (of three) dpm in

SI=
cell free cultures (culture medium alone)

mean (of three) dpm in cultures without peptide
or phytohaemagglutinin-mean (of three) dpm in

cell free cultures (culture medium)
The viability of the cells was more than 99% at

the beginning and more than 87% at the end of
the incubation period as determined by trypan
blue exclusion.

STATISTICAL ANALYSIS
As the observations in some ofthe groups did not
follow a normal distribution, non-parametric
methods were used for the statistical evaluation
of the data. Results are expressed as median and
range. The Kruskal-Wallis one way analysis of
variance by ranks (H) and the Mann-Whitney U
test respectively were used to examine for any
significant differences and subsequently to make
pair wise comparisons between groups. Within
groups the Quade's two way analysis of variance
by ranks for repeated measures (T)24 was used to
examine for any dose-response effect of the
peptides. Kendall's T correlation was used to
examine for the relationship between the values
of either the migration or the stimulation index
in the subgroup of the treated coeliac patients
(n=12) tested by migration and proliferation
assays using both synthetic peptides.
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Results

INDIRECT LEUCOCYTE MIGRATION
INHIBITION ASSAYS
Using 33 3 .tg/ml and 1 1 Ig/ml viral peptide
the median (range) migration indices respect-
ively were 0 79 (0'51-1F 13) and 0 90 (0-65-1-52)
for treated coeliac patients, 1 07 (0-81-1 56) and
1 10 (0-83-1-70) for healthy subjects (p<0001),
1[0 (0-84-1 22) and 1 10 (0-85-1-42) for patients
with ulcerative colitis (p<0'002), and 1[0 (0'81-
1[70) and 1 0 (0-95-1[50) for patients with
Crohn's disease (p<0 001). For the lowest con-
centration (5-55 .tg/ml) there were no significant
differences 'between the groups (H=5-65,
p=013). No significant difference was found
between healthy subjects and either group of
disease control subjects at all concentrations of
the viral peptide (p>005). Figure 1 shows the
scatter of the values of the migration indices at
33-3 [tg/ml viral peptide antigen. There was a
dose-response effect when the viral peptide was
tested at three different concentrations in the
treated group of coeliac patients (Fig 2).
The migration indices from untreated coeliac

patients lay within the range of those obtained
from control groups (p>005) and were higher
than for the vast majority of treated coeliac
patients (Fig 3). When five coeliac patients were
studied serially in response to a gluten free diet
the migration indices fell remarkably (Fig 3).
To examine the correlation between the

migration indices obtained with the gliadin and
the viral peptides simultaneous assays using both
peptides were performed in 12 patients from the
treated group of coeliac patients and 12 matched
subjects from the healthy control group. The
migration indices from the group of coeliac
patients (0-77 (0-63-0 96)) were significantly
lower than for the control group (1[05 (0-92-
1-40), Mann-Whitney U test=1 5, p<0001) at
33-3 [ig/ml gliadin peptide. The results for the
viral peptide were similar (0-80 (0 60-1 00)
compared with 1'13 (0-81-1-56), Mann-
Whitney U test=8-0, p<0 001). The correlation
between the migration indices for the gliadin and
viral peptide was highly significant (Kendall's T

correlation, T=0-719, n= 12, p<0001) (Fig 4).

Figure 1: Migration indices
in patients with treated
coeliac disease (TCD),
healthy controls (HC), and
patients with ulcerative
colitis (UC) and Crohn's
disease (Crohn's) at 33-3
pg/ml viral peptide.
Horizontal lines represent
median. The dotted line
indicates the lowest
migration index value in the
control groups. Kruskal-
Wallis one way analysis of
variance (H=23-560,
p<0001). *Value in TCD
group significantly different
from control groups (Mann-
Whitney U test, p<0001).

PROLIFERATION ASSAYS
Stimulation indices from treated coeliac patients
were significantly higher than for healthy con-
trols at all concentrations of both peptides in the
six day cell cultures (Table). Figure 5 shows the
scatter of stimulation indices for viral and gliadin
peptides (concentration 33'3 [ig/ml). There was

1-6-

1 4-
x
'a 1-2

c

*° 1-0'
.21
E 0-8

06-

0

0
0

1-4

1-2
x

-0

c,, 08

0-4-

0

0

0

0%

000oo
0

0
0 0

cx'Q

0
0
o
0

0 *

0

0

5-55 11 1 33-3
Viral peptide concentrations (,ug/ml)

Figure 2: Effect of three different concentrations ofthe viral
peptide on cellsfrom treated coeliac patients (n=22). Open
circles indicate values ofmigration indices. Vertical lines
represent median and interquartile range. Quade's two way
analysis ofvariance (T=3-68, p<005). *Values at 33-3 [tg/
ml significantly differentfrom 11 1 g/ml and 5-55 Rglml
(p<OO5).

a dose-response effect for both peptides when
tested at three different concentrations in the
subgroup of treated coeliac patients (Figs 6 and
7). In the same subgroup a significant correlation
was found between the stimulation indices
obtained using the viral and the gliadin peptides
at 33'3 .tg/ml (T=0'708, n=12, p<0001) (Fig
8), 11 - Ig/ml (T=0-848, n=12, p<0001), and
5.55 [tg/ml (T=0'576, n= 12, p<001). In addi-
tion, a significant negative correlation was found
in the same subgroup between the stimulation
and the migration index at the highest concentra-
tion of both the viral (T =-0'481, n=12,
p<0 02) and the gliadin peptides (TX=-0'605,
n= 12, p<0 005).

HLA TYPING
Twenty two of the coeliac patients had the
serological haplotype HLA B8,DR3,DQ2.
The remaining three had B27,DR7,DQ2;
B7,DR2,DQ1; and B7,DR3,DQ2 respectively.
Among healthy subjects two had B8,DR3,DQ2
and two had DR4,DQ1; another three
had B18,DR3,DQ2; B7,DR7,DQ2; and
B5 1,DR7,DQ2 respectively.

Discussion
In this study we tested a synthetic dodecapeptide
sequence from the Elb protein ofAdl2 (residues
384-395), which is closely homologous to a
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Figure 3: Migration indices in healthy controls (HC) (n=22)
and in patients with untreated coeliac disease (UCD) (n=8)
and treated coeliac disease (TCD) (n=22) at 33-3 pg/ml viral
peptide. Open circles represent coeliac patients serially tested in
response to gluten free diet. Horizontal lines represent median.
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Figure 4: Scatter ofthe
migration indices (MI) at
33-3 jig/ml viral and 33-3
pglml gliadin peptide in
treated coeliac patients (n=
12). Kendall's T correlation
(T=0 719, p<O°I1).
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sequence contained in A-gliadin, for its effect on
peripheral blood mononuclear cells from coeliac
patients and controls using immunological
assays which detect different stages of the
lymphocyte response to antigens. The premise
was that if this viral sequence was recognised by
T cells, lymphocytes from sensitised subjects
would proliferate in response to the synthetic
viral peptide and also release leucocyte migration
inhibition factor (LMIF). The presence of this
lymphokine could subsequently be assayed for
its effect on the inhibition of migration under
agarose ofpolymorphonuclear cells from healthy
donors.

In the migration inhibition assays peripheral
blood mononuclear cells of treated coeliac
patients as a whole showed a significantly
different response to the viral peptide from that
seen in healthy subjects or patients with inflam-
matory bowel disease. Although there were
treated coeliac patients showing no sensitisation
and, conversely, a few control subjects with a
migration index overlapping those in the treated
coeliac group, nearly all of the migration index
values in the latter group were clearly below the
lowest value in the control groups. This value is
considered to indicate the upper limit of sensiti-
sation to the peptide since the data were not
distributed normally. The extent of this overlap
was slightly less for the gliadin peptide than for
the viral peptide in the subgroup of 12 treated
coeliac patients and healthy control subjects.
However, in the subgroup of treated coeliac
patients there was a significant correlation
between the migration indices so that responders
to the gliadin peptide tended to be responders to
the viral peptide as well. This overlap in migra-
tion indices may reflect the occurrence of adeno-
virus 12 infection in the community rather than
major differences in the specificity and sensi-
tivity of the two synthetic peptides in coeliac

Median (range) ofthe stimulation indicesfor viral peptide and gliadin peptide in a subgroup of
treated coeliac patients and healthy controls

Concentrations ofpeptides (pg/ml)
No
tested 33-3 11 1 5-55

Viral peptide:
Treated coeliac patients 12 1-78 (101-4A50)* 1-64 (0-58-3-81)* 1-35 (067-2-39)*
Healthy control subjects 12 0 90 (0-60-1-37) 0-89 (0-48-1-23) 0 89 (0 41-1 11)
Gliadin peptide:
Treated coeliac patients 12 2-40 (1-20-6-00)t 1 50 (0-76-3-16)t 1-60 (0-83-2 48)t
Healthy control subjects 12 0 90 (0 58-1 13) 0 94 (0-52-1-13) 0-89 (0 68-1 10)

*Values in treated patients significantly different from those in control group at the same
concentration of the viral peptide (Mann-Whitney U test: *p<0o001).
tValues in treated patients significantly different from those in control group at the same
concentration of the gliadin peptide (Mann-Whitney U test: tp<0 001).

Viral peptide Gliadin peptide

Figure 5: Stimulation indices in treated patients with coeliac
disease (TCD) (n= 12) and healthy controls (HC) (n= 12) at
33-3 pg/ml viral (left) and 33-3 pg/ml gliadin peptide
(right). Horizontal lines represent median. *Value in TCD
group significantly differentfrom HC group (Mann-Whitney
U test, p<O0OO1).

disease. Indeed, although detailed epidemio-
logical data for Adl2 are lacking, such double
stranded DNA viruses can be detected in the
gastrointestinal tract of infants and children
early in childhood.25 26 Accordingly, Kagnoff
et al'4 detected neutralising antibody to Adl2 in
the sera of up to 12-8% of healthy and disease
control subjects. It is notable that high values
were seen in a few healthy subjects and patients
with Crohn's disease and may thus account for
the wide range of the migration index in these
groups.
The pattern of the responses in untreated

coeliac patients tested serially before and after
the introduction of a gluten free diet is strikingly
similar to that seen in a previous study using the
synthetic gliadin peptide20 and is in keeping with
studies using various gluten derived peptides.2728
This response may be brought about by viral
peptide sensitive T lymphocytes, which leave the
intestinal mucosa and recirculate in the peri-
pheral blood after the intestinal inflammation
has settled on a gluten free diet, in the same way
that has been suggested for gluten sensitive
lymphocytes.29

Skin testing to detect delayed type hypersen-
sitivity to the viral peptide was not performed. It
has been shown, however, that lymphocytes
from treated coeliac patients stimulated with the
gliadin synthetic peptide release a lymphokine
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Figure 6: Dose-response effect ofthree different concentrations
ofviral peptide in patients with treated coeliac disease (n= 12).
Open circles indicate stimulation indice values. Vertical bars
represent median and interquartile range. Quade's two way
analysis ofvariance (T= 7-99, p<005). *Values at 33-3 pgl
ml significantly differentfrom I1-1 pg/ml and 5-55 ig/ml
(p<0 01).
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Figure 7: Dose-response
effect ofthree different
concentrations ofgliadin
peptide in patients with
treated coeliac disease (n=
12). Open circles indicate
values ofstimulation indices.
Vertical bars represent
median and interquartile
range. Quade's two way
analysis ofvariance (T=
11 07, p<001). *Values at
33-3 pg/ml significantly
differentfrom 11 1 gIml
and 555 [tg/ml (p<001).
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with many of the properties of LMIF.30 Given
the similarities, those already mentioned and
those that follow, between the immunological
behaviour ofthe two synthetic peptides, it would
be surprising if a different mechanism was
involved. In addition, we have shown (unpub-
lished observations) that in assays performed
simultaneously the migration indices from
peripheral blood unfractionated mononuclear
cells in treated coeliac patients were not signifi-
cantly different from those obtained using a pure
T cell population with the addition of adherent
cells. Therefore, we believe that LMIF from
sensitised lymphocytes was released in the assay
and that the low migration index is indeed an
expression of cell mediated immunity to the viral
peptide.

It has been hypothesised that peripheral blood
mononuclear cells of HLA-B8 control subjects
are more sensitive to gluten fractions than those
from a non-HLA-B8 donor.3" This has not been
confirmed in other studies.2029 In our study no
such correlation was found in any group, using
either the gliadin or the viral synthetic peptide.
B8,DR3,DQ2 coeliac patients were both
responders and non-responders to the viral
peptide. The patient who had B7,DR2,DQ1
showed a low migration index. Conversely,
only one of the two control subjects with
B8,DR3,DQ2 and DR4, DQ1 respectively had a
low migration index.

In the proliferation assays the overall
responses of peripheral blood lymphocytes
from treated coeliac patients to both synthetic
peptides were not impressive. This does not
reflect an inherent lack of ability of these cells to
respond to other stimuli. Indeed, the stimulation
indices from phytohaemagglutinin stimulated
lymphocytes of treated coeliac patients were
comparable to those of control subjects and
significantly higher than those obtained using
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Figure 8: Scatter of
stimulation indices (SI) at
33-3 [Lg/ml viral peptide
and 33-3 pglml gliadin
peptide in treated coeliac
patients (n= 12). Kendall'sT
correlation (T=0-708,
p<0001).

either the viral or the gliadin peptide (data
not shown). This finding is consistent with
results of earlier studies using various gluten
fractions.2'3233 In spite of the relatively weak
response to both peptides, interesting and
complementary similarities were seen between
the proliferation and the migration assays in this
subgroup of the study. Firstly, the proliferative
response of peripheral blood mononuclear cells
from treated coeliac patients was significantly
higher than that for healthy subjects for all the
concentrations of the gliadin peptide and the
viral peptide. Secondly, no control subject
responded to the gliadin peptide. Thirdly, one of
the healthy subjects showed a weak response to
the viral peptide. Interestingly, he was the same
control who had a low migration index in the
migration assay. Consequently, there was some
overlap in stimulation indices for the viral
peptide but only minimal overlap for the gliadin
peptide between the treated coeliac patients and
the healthy control subgroups, as seen in the
migration assay. Finally, most of the treated
coeliac patients were more responsive to the
gliadin peptide than to the viral peptide.
The stimulation indices for the gliadin peptide
and the viral peptide showed a highly signi-
ficant correlation in the treated coeliac patients,
similar to that seen between the migration
indices.
To our knowledge, no dietary protein such as

a lactalbumin,3335 bovine ,B lactoglobulin,33 3
casein,283335 chicken ovalbumin,35 or maize zein
fraction B,35 when tested in these assays, has
produced a significantly different effect on the
peripheral blood mononuclear cells of treated
coeliac patients than on those in controls.
The results of this study show that a synthetic

dodecapeptide from Ad12, which is closely
homologous to a sequence contained in A-
gliadin, elicits a strong response from the
peripheral blood lymphocytes of many treated
coeliac patients, but not from the vast majority of
healthy subjects or patients with inflammatory
bowel disease. These responses were less impres-
sive than those elicited by the synthetic peptide
from the corresponding A-gliadin epitope both
in this and a previous study.20 However, these
responses obtained in assays performed simul-
taneously not only followed an identical pattern
in untreated and treated coeliac patients, but
were highly correlated.
The possibility that a human intestinal adeno-

virus might initiate an immune response to
gluten triggering a cascade of immunological
events that lead to coeliac disease is not only
intriguing, but may provide the necessary
environmental factor to explain some of the
controversies in this disease, such as the discord-
ance in monozygotic twins.8' 12 Our results
support this hypothesis but do not prove it.
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Alan Ting and Mr Craig Taylor, Nuffield Department of Surgery,
Oxford, for HLA typing.
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