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Timing of infiltration ofT lymphocytes induced by
gluten into the small intestine in coeliac disease
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SUMMARY Jejunal biopsy was performed on control subjects and patients with treated and
untreated coeliac disease. Monoclonal antibodies to T lymphocyte surface markers were used to
quantify T cell phenotypic subsets in the jejunal mucosa. The patients with untreated coeliac disease
had significantly more of both suppressor/cytotoxic and helper/inducer T cells in the surface epi-
thelium than either the control subjects or the treated patients. Serial jejunal biopsy specimens were

taken from five treated coeliac patients for six hours after a gluten challenge. In four of these five
infiltration of the surface epithelium by both T cell phenotypes, together with deterioration in the
villus architecture, had occurred both within two hours of having started the challenge. This sug-

gests that T lymphocytes may have a role in the pathogenesis of coeliac disease.

Coeliac disease is characterised by a small intestinal
enteropathy, resulting in malabsorption. Histological
sections of small intestinal mucosa taken from
patients with untreated coeliac disease show a variety
of abnormalities, including villus atrophy, elongation
of the crypts, and abnormally flattened enterocytes
with loss of their brush border.' Lymphocytes and
plasma cells also infiltrate the mucosa. A gluten free
diet resolves these changes.
The mechanism of mucosal damage caused by glu-

ten in susceptible subjects remains unclear. Earlier
suggestions that the toxicity of gluten was related to a
primary specific small intestinal enzyme deficiency2 3
or to a lectin-like effect of gluten4 have not been sub-
stantiated.5 6
A weight of evidence supports the hypothesis that

the mucosal damage results from an iummunological
reaction to gluten. In vitro studies on small intestinal
biopsy specimens from patients with coeliac disease
showed specific activation to gliadin of both the
humoral78 and cell mediated9 10 arms of the immune
systems within the small intestinal mucosa.
Most small intestinal intraepithelial lymphocytes

both in normal subjects and patients with coeliac dis-
ease are T cells.' 112 In untreated coeliac disease the
number of intraepithelial T cells is increased relative
to the number of enterocytes.'3 14 This study aimed
to quantitate intraepithelial and lamina propria T
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lymphocyte subsets in the small intestinal mucosa of
coeliac and control subjects and to compare the tim-
ing of changes in T cell density with that of the mor-
phological damage to the small intestinal mucosa of
patients with treated coeliac disease who had been
subjected to a gluten challenge.

Patients and methods

Small intestinal biopsy specimens were taken from
three subject groups: (i) control subjects (n = 6), who
underwent biopsy as part of their diagnostic manage-
ment and were subsequently found not to have
coeliac disease; (ii) patients with treated coeliac dis-
ease (n = 5), in whom the diagnosis had previously
been established by standard criteria'5 and whose
biopsy specimens showed either normal histology or a
degree of partial villus atrophy; and (iii) patients with
untreated coeliac disease (n = 5) whose biopsy speci-
mens showed the typical histological changes of the
disease and who subsequently showed improvement
both clinically and in their small intestinal mor-
phology after a period of withdrawal from dietary
gluten.

Five patients, three males and two females, aged
17-57 years, with coeliac disease, which had been
treated by gluten free diet for between eight months
and 30 years, were subjected to serial jejunal biopsy.
Biopsy specimens were taken prior to and at half
hourly intervals up to six hours after a gluten chal-
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lenge; this consisted of 10g of gluten suspended in
150 ml of water and taken by mouth. One of these five
patients served as a negative control by taking water
only on a separate occasion. Another of these five had
a further biopsy specimen taken one month after the
initial challenge, during which time he consumed a

normal diet containing gluten.
All biopsy specimens were obtained using a Quin-

ton hydraulic multiple biopsy instrument, with the
capsule positioned under fluoroscopic control in the
proximal jejunum and left there for six hours in the
patients who had been challenged with gluten.
Informed consent was obtained from the patients
before the study, which was approved by the ethical
committee of St Thomas's Hospital.
Each biopsy specimen was carefully orientated on

silver foil, coated in optimal cutting temperature
(OCT) compound (Miles Laboratories), and snap fro-
zen in liquid nitrogen and isopentane. Biopsy speci-
mens were stored under liquid nitrogen until used.

MORPHOMETRY
Cryostat sections (5 gm) were mounted on glass slides
and stained with haematoxylin and eosin. The sec-
tions were examined using an eyepiece micrometer
and a Leitz Wetzler microscope; five separate
measurements each of villus height:crypt depth ratio
and enterocyte surface-cell height were made and the
mean values calculated.

LYMPHOCYTE COUNTING
Cryostat sections (5 pm) mounted on glass slides were
stained using an immunoperoxidase method as fol-
lows: the sections were air dried, fixed in acetone, and
washed first in tap water and then in Tris buffered
saline (TBS, pH 7 6). Murine monoclonal antibodies
to different human T lymphocyte subsets were diluted
1 in 10 in TBS and applied to the sections for one
hour in a moist chamber. The monoclonal antibodies
(Becton Dickenson) used with their phenotypic
specifications were anti-leu 4 to the pan T cell pheno-
type, anti-leu 3a to the helper/inducer T cell pheno-
type, and anti-leu 2a to the suppressor/cytotoxic T
cell phenotype.

Sections were then washed in TBS and in a second
layer antibody, peroxidase conjugated rabbit anti-
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mouse immunogloblin (Dako Ltd), diluted I in 50,
and applied for 30 minutes. After further washing in
TBS the sections were developed using 3,
3-diaminobenzidine as substrate. Cell nuclei were
counterstained with Mayer's haematoxylin. The sec-
tions were finally washed, dehydrated in alcohol,
cleared in xylene and mounted.

Separate sections from each biopsy specimen were

stained with each of the three different monoclonal
antibodies so that each T cell phenotypic subset could
be counted. In the surface epithelium T lymphocytes
were counted per 100 enterocytes in five separate
fields using an objective at a magnification of 40 and
the mean value taken. Lamina propria T cells were
counted per unit area in three different villi, using an
eyepiece graticule and the same magnification objec-
tive, and again the mean value was calculated. The
area of the eyepiece graticule was 1-82 x 10 -2mm.2
Several biopsy specimens were found to be either too
small or too distorted to permit accurate lymphocyte
counting. For this reason it was not always possible
to follow the changes in counts in each patient at reg-
ular half hourly intervals after the gluten challenge.
For comparison, changes in T subsets after gluten
challenge were presented as percentage changes from
the values in the biopsy specimen taken before chal-
lenge (time 0). This was necessary because individual
patients had different starting values for the numbers
of cells in each T cell subset.

Results

BASELINE T SUBSETS
Table 1 shows the means of the individual counts of
intraepithelial T lymphocytes that stained with the
three different monoclonal antibodies and also the
Leu 2a (suppressor/cytotoxic): Leu 3a (helper/
inducer) ratios for the three subject groups in the first
part of the study. In each group Leu 2a T cells greatly
outnumbered Leu 3a positive cells. The patients with
untreated coeliac disease had significantly more Leu
2a positive (p < 0-0001), Leu 3a positive (p < 0 02),
and Leu 4 positive T cells (p < 0 0001) than the con-
trol subjects. Counts for the patients with treated
coeliac disease were intermediate between the con-

trols and the untreated patients, although they did

Table I Small intestinal intraepithelial T Iymphocyte counts (mean (SD) /100 surface enterocytes) and suppressorl
cytotoxic:helper/inducer cell ratios

Leu 2a Leu 3a Leu4
Suppressor/cytotoxic Helperlinducer Pan T Leu 2a:Leu 3a ratio

Controls (n = 6) 22-0 (6 3) 3-2(1 4) 27-2 (6 8) 69:1
Treated coeliac patients (n = 5) 31 6 (19 9) 3-3 (1-3) 40-1 (19 6) 9 6:1
Untreated coeliac patients (n = 5) 64-2 (9-9) 5-2 (0-9) 78 0 (10-4) 12 3:1
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Table 2 Small intestinal lamina propria Tlymphocyte counts (mean (SD) No/unit area) and
suppressor/cytotoxic:helper/inducer cell ratios

Leu 2a Leu 3a Leu 4
Suppressor/cytotoxic Helper/inducer Pan T Leu 2a:Leu 3a ratio

Controls (n = 6) 39-5 (17-0) 59-9 (18-1) 101 (31-3) 1:1 5
Treated coeliac patients (n = 5) 38-2 (11-2) 682 (276) 110 (33-1) 1:1-8
Untreated coeliac patients (n = 5) 37-0 (11-1) 57-2 (25-1) 1001 (37-4) 1:1 5

6 i 2 3 4 5 6

100 100 100
80 80 80
60- -60 -60-

~~~~~20~~~~ ~ .~ . ,20 .I

a,-0 -24 5 6 0 256 4 0 1 2 3 4 5 6
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Time (hours) Time (hours) weeks Time (hours)

Figure Percentage changes in intraepithelial T lymphocyte counts and mucosal morphometry plotted against time in five
patients given gluten challenge and one control patient given only water. a * Suppressor/cytotoxic T cells;
LI-- *D helper/inducer T cells; 0---- O~villus height:crypt depth ratio; al----fa epithelial surface-cell height.
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not differ significantly from the control group. The
differences between the three groups in Leu 2a:Leu 3a
ratios were not significant. In the lamina propria there
were slightly more Leu 3a positive cells than Leu 2a
positive cells (table 2), but there were no significant
differences between the three subject groups for any
of the three T lymphocyte subsets nor for the Leu
2a:Leu 3a ratios.

EFFECT OF GLUTEN CHALLENGE
Of the five patients with treated coeliac disease who
were given a gluten challenge, four showed a similar
pattern of changes in intraepithelial lymphocyte
counts and morphometry. The figure shows their
results as percentage changes from the values before
challenge (time 0). There were no significant changes
in T lymphocyte counts in the lamina propria in any

of the subjects. Each of these four patients cases (a-d)
showed an increase in both suppressor/cytotoxic and
helper/inducer intraepithelial T cell counts concomi-
tant with a deterioration in mucosal morphometry,
shown by a reduction in villus height:crypt depth
ratio and a fall in enterocyte height, although the lat-
ter actually increased in one patient (c) after an initial
fall. These changes started within two hours of the
gluten challenge in each subject but showed a variable
degree of recovery by six hours. The fifth patient (e),
in whom coeliac disease was diagnosed only eight
months before the study, showed a very different pat-
tern of changes; there was virtually no change in
either intraepithelial suppressor/cytotoxic lympho-
cyte counts nor morphometric variables during the
six hours after the gluten challenge, although there
was an increase in epithelial helper/inducer lympho-
cytes. On rebiopsy, however, after four weeks on a
normal diet containing gluten, he was found to have
similar epithelial infiltration with both T cell subsets
and changes in mucosal morphometry as had
occurred in the other four patients during the first six
hours.
As expected, in the patient who took water only (f)

(figure), there was very little change in either epithelial
lymphocyte counts or mucosal morphometry.

Discussion

This study clearly shows considerable differences
between the surface epithelium and lamina propria of
the small intestinal mucosa in terms of the T lympho-
cyte phenotype subpopulations, and emphasises the
importance of studying them separately. In agree-
ment with the findings of previous studies12 16 - 18 we
found that most intraepithelial T cells, both in control
and coeliac subjects, are of the suppressor/cytotoxic
phenotype, whereas in the lamina propria there was a
slight predominance of helper/inducer T cells. The
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ratio of suppressor/cytotoxic:helper/inducer cells did
not differ significantly between the controls and the
treated and untreated coeliac patients in either layer.
This ratio was therefore not measured in the challenge
studies. In addition, there were no significant
differences in the numbers of lamina propria T lym-
phocytes of any of the three phenotypes that were
counted between the control subjects and the patients
with treated and untreated coeliac disease. A gluten
challenge given to patients with treated coeliac disease
produced no significant change in T cell counts in the
lamina propria during the first six hours. Lancaster-
Smith et al"9 also found no significant difference in
total lamina propria lymphocyte numbers between
control and coeliac patients, although a single gluten
challenge given to treated patients did produce a
small increase in lymphocyte numbers in the lamina
propria 24 to 48 hours later, but which was no longer
detectable at seven days. This increase may have been
accounted for by B rather than T lymphocytes, and
the authors also found a larger increase in lamina pro-
pria plasma cells both at 24-48 hours and seven days.

Finding the correct method of quantitating small
intestinal intraepithelial lymphocytes has proved con-
troversial. Ferguson and Murray'3 counted the num-
ber of intraepithelial lymphocytes per 100 enterocytes
to establish the normal range of values using data
from 160 non-coeliac biopsy specimens. They found
significantly increased intraepithelial lymphocyte
counts in patients with untreated coeliac disease com-
pared with controls. Intraepithelial lymphocyte
counts were also raised above the value for normal
controls in coeliac patients on a gluten free diet,
although these were significantly lower than in the
untreated group. Marsh,20 however, argued that
intraepithelial lymphocyte counts should be related to
a fixed area of underlying muscularis mucosae (areal
density) rather than to the number of enterocytes
when comparing normal and coeliac mucosa, as
coeliac and normal epithelium differ considerably in
respect of their relative surface areas, structure, and
cell sizes. In this study, however, we chose the former
method as, like Corazza et al'4 and Dobbins,2' we
feel that it is the local density of lymphocytes within
the epithelium that is most relevant when considering
the possible aetiological role of these cells in coeliac
disease. Like us, Jenkins et al'8 also showed a much
higher relative density of T lymphocytes in untreated
coeliac small intestinal surface epithelium than in nor-
mal surface epithelium. These authors also showed a
change in marker patterns of the intraepithelial lym-
phocytes "which might suggest an altered functional
state rather than just an increase in density because of
the non-specific crowding of cells into a reduced sur-
face epithelial compartment."
Although we studied only a small number of
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patients, in the small intestine of most patients with
treated coeliac disease oral gluten challenge caused
both damage to the villus architecture, evidenced by a
reduction in villus height:crypt depth ratio and
enterocyte height, and an increase in density ofT lym-
phocytes in the surface epithelium; both of these
events started within two hours of the challenge. The
concurrent morphological and lymphocyte density
changes suggest that they are interrelated. The
delayed response to gluten challenge shown by one of
our five patients suggests that there may be a sub-
population of coeliac patients who relapse more
slowly after reintroduction of dietary gluten. This is in
keeping with the large variation in the time taken to
relapse in a study performed by Kumar et al.22
The speed with which changes in morphometry and

intraepithelial lymphocyte counts occurred in our
study in four of the five patients is somewhat sur-
prising, and is faster than has previously been
reported. Anand et al23 in a study of two coeliac sub-
jects, detected the first histological changes three to
four hours after gluten challenge and suggested that
the timing was in keeping with an Arthus type reac-
tion producing the mucosal damage. Bramble et al24
found changes both in brush border enzymes and vil-
lus population counts one to two hours after gluten
challenge, but no significant changes in the villus
height or crypt depth within 24 hours of the challenge.
Our findings of a rapid increase in density ofT lym-

phocytes in the surface epithelium of the small intes-
tine of treated coeliac patients following gluten chal-
lenge, coinciding with the observed damage to the
villus architecture, suggest that T lymphocytes have a
role in the pathogenesis of the disease, although fur-
ther work is required to elucidate the exact nature of
that role.
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