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Class II antigen (HLA-DR) expression by intestinal
epithelial cells in inflammatory diseases of colon
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SUMMARY Eighty four colonic biopsy specimens were obtained from patients with ulcerative colitis,
Crohn's disease, radiation colitis, infectious colitis, and from normal controls. Paired specimens
were examined by histological and immunohistochemical methods using monoclonal antibodies to
the chain of HLA-DR antigen. The expression ofHLA-DR antigen in mucosal epithelial cells was
strongly related to whether the specimens were actively inflamed: epithelial cells from 34 of 37
inflamed specimens (v three of 42 non-inflamed specimens) were HLA-DR positive (p < 00001).
Epithelial cells were uniformly HLA-DR negative in specimens from normal control patients
despite the presence of HLA-DR positive lymphoid cells and macrophages in the lamina propria.
Epithelial cells in specimens from patients with ulcerative colitis, Crohn's disease, and radiation
colitis were HLA-DR positive in 30 of 33 inflamed biopsy specimens and in only three of 25
non-inflamed specimens (p < 0 0001). Epithelial cells were HLA-DR positive in nine of 10 biopsy
specimens from patients with acute infectious colitis (p < 0 01).

The major histocompatibility complex is a series of
genes that participate in the regulation of the immune
response. This complex encodes two classes of cell-
surface glycoprotein antigens: class I, found on all
nucleated cells; and class II antigens, normally found
only on a limited number of cells (B-lymphocytes,
macrophages, Langerhans' cells, dendritic cells, vas-
cular endothelial cells and some epithelial cells).`
Class II antigens control cellular interactions between
lymphocytes. In man at least three class II antigens
(DR, DQ, and DP), each consisting of a and , gly-
coprotein chains, are encoded by the HLA-D region
of chromosome 6.2 4 5

In several inflammatory states class II antigens may
be expressed by cells that normally do not contain
these glycoproteins.61- This has led to the hypothe-
sis that expression of these antigens is related to the
pathogenesis of several autoimmune diseases12 13
that is, cells which are normally HLA-DR negative
may act as antigen presenters when they are HLA-
DR positive."3 Although normal intestinal mucosa
contains lamina propria macrophages and lympho-
cytes, which are strongly HLA-DR positive, colonic
epithelial cells are negative.3 14- Epithelial cells
from colon biopsy specimens from patients with
active inflammatory bowel disease, however, are
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strongly HLA-DR positive, suggesting continuous
presentation of antigen to the immune system.14

This study tests the hypothesis that expression of
HLA-DR antigen by colonic epithelial cells is specific
for idiopathic inflammatory bowel disease. A pre-
vious report had suggested that epithelial cell HLA-
DR expression was limited to patients with ulcerative
colitis and Crohn's disease, as a single patient with
Salmonella colitis had HLA-DR negative epithelial
cells.'4 We included 10 patients with infectious self-
limited colitis as disease controls, as well as patients
with both normal colons and idiopathic inflammation
of the colon. Paired biopsy specimens were examined
by histological and immunoperoxidase techniques
using monoclonal antibodies to the j chain of HLA-
DR antigen.

Material and methods

Biopsy specimens of colonic mucosa were obtained
from five groups of patients: eight patients with irri-
table bowel syndrome whose colons were normal by
endoscopy, barium enema, and histology (A); 34
patients with chronic ulcerative colitis, defined by his-
tory, abnormal barium enema, and histology (B); 11
patients with Crohn's disease defined by history,
abnormal intestinal x-ray, and histology (C); four
patients with radiation injury to the rectal mucosa
(one with friable mucosa and three with tel-
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angiectasia) (D); 10 patients with infectious colitis
(four Clostridium difficile, three Campylobacter, one
Salmonella, and two with acute self-limited colitis of
unknown cause) (E). These last two patients met both
clinical and histological criteria for the diagnosis of
acute self-limited colitis,18 although neither grew

pathogenic organisms on stool culture. Informed con-
sent was obtained from all patients.

TISSUE PROCESSING
Rectal biopsy specimens obtained with grasp forceps
at sigmoidoscopy were bisected with scalpel blades;
one half was fixed in buffered formalin, and the other
half mounted in OCT compound (Lab-Tek, Nap-
erville, Illinois) to allow sections to be cut perpendic-
ular to the plane of the mucosa. Specimens mounted
in OCT were then frozen in liquid nitrogen. Multiple
colonoscopic biopsy specimens were obtained from
two patients with active left sided ulcerative colitis
and from two patients with normal colon mucosa;
paired specimens were taken from each site
sampled-one was formalin fixed and the other
frozen after mounting in OCT compound.
Formalin fixed biopsy specimens were imbedded in

paraffin, sectioned at 4 gm, stained with hamatoxylin
and eosin, and reviewed without knowledge of immu-
nohistological results. Biopsy specimens were judged
to be inflamed when increased numbers of mono-
nuclear cells or polymorphonuclear leucocytes were
found in the lamina propria.

IMMUNOPEROXIDASE STAINING
Cryostat sections (5 gim ) were placed on slides coated
with gelatin, air dried, and fixed in petroleum
ether:acetone (40:60) for 10 minutes. The sections
were then stained by a two stage immunoperoxidase
procedure, in which the following first layer mono-
clonal antibodies were incubated on the sections in a
humid covered chamber for 40 minutes: CR3/43 and
Tu 35, which react with the f3 chain of human HLA-
DR antigens,'920 and anti-IgD, which reacts with
human immunoglobulin D. Tu 35 was kindly sup-
plied by A Ziegler. Antibodies were used undiluted.
One section from each specimen was incubated with
Tris buffered saline (TBS) as a negative control.

After incubation with monoclonal antibodies sec-
tions were washed in TBS and then incubated for 30
minutes using peroxidase conjugated rabbit anti-
mouse immunoglobulin (Dakopatts, Denmark) as a
2% solution in TBS:normal human serum (2:1)
After another wash the peroxidase reaction was

developed by incubating sections with 3, 4, 3', 4'
tetraaminobiphenyl hydrogen chloride (diamino-
benzidine) (0-6 mg/ml) and hydrogen peroxide
(0-01 %) for eight minutes at room temperature. Sec-
tions were washed in tap water, counterstained with

313

hamatoxylin, and mounted for light microscopy.
Coded sections were examined without knowledge of
clinical or histological diagnoses.

STATISTICAL ANALYSIS
Two by two tables relating expression of HLA-DR
antigen on colonic epithelial cells to the presence or
absence of lamina propria inflammation were pre-
pared (table 1). Pearson x2 tests were applied to the
hypothesis that expression of HLA-DR in epithelial
cells was related to underlying inflammation.

Results

NORMAL CONTROLS (fig la)
Light microscopy showed normal crypt architecture,
epithelial cells containing mucus, and lamina propria
mononuclear cells. Immunoperoxidase stains showed
HLA-DR positive macrophages, other mononuclear
cells, and endothelial cells in the lamina propria, as
well as HLA-DR positive cells at the periphery of
lymphoid follicles. Negative controls showed absence
of stain precipitate in these areas. Epithelial cells were
uniformly HLA-DR negative in biopsy specimens
from all areas of the colon.

Table 1 Correlation between expression ofHLA-DR
antigen and presence of inflammation in colon biopsy
specimens from normal patients and those with
inflammatory colitis

Colonic epithelial cells

HLA-DR HLA-DR
plus minus Total p value*

Total group:
Inflamed 39 3 42
Not inflamed 3 39 42 <0 0001

84
Normal patients:

Inflamed 0 0 0
Not inflamed 0 16 16 <0 0001

16
Ulcerative colitis:

Inflamed 28 1 29
Not inflamed 2 12 14 <0 0001

43
Crohn's disease:

Inflamed 2 1 3
Not inflamed 1 7 8 NS

11
Radiation injury:

Inflamed 0 1 1
Not inflamed 0 3 3 NS

4
Infectious colitis:

Inflamed 9 0 9
Not inflamed 0 1 1 <0 01

10

*Tests the hypothesis that expression of HLA-DR in colonic
epithelial cells was related to the presence of inflammation.
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INFLAMMATORY BOWEL DISEASE (fig lb)
Fifty four biopsy specimens were obtained from pa-
tients with ulcerative colitis (n = 43) and Crohn's
disease (n= 11). Thirty two were from inflamed mu-
cosa, and 22 were from non-inflamed mucosa. There
was a strong correlation between expression of HLA-
DR antigen in epithelial cells and the presence of
inflammation in the lamina propria (p < 0-0001) (ta-
ble 1). The immunoprecipitate in HLA-DR positive
cells was diffusely distributed in the cytoplasm of
crypt and surface cells, as well as in mononuclear cells,
macrophages, and endothelium. The staining reaction
was more intense when the first layer monoclonal
antibody CR3/43 was used, compared with the
staining of the Tu 35 antibody.
Among the 32 inflamed biopsy specimens were 25

with both mononuclear and polymorphonuclear cell
infiltrates in the lamina propria; epithelial cells were
HLA-DR positive in 24 of 25. Seven inflamed speci-
mens had only a mononuclear cell infiltrate; epithelial
cells were HLA-DR positive in six of seven (table 2).
Among the 22 non-inflamed biopsy specimens from

patients with ulcerative colitis and Crohn's disease
were 14 with crypt atrophy or distortion, and eight
with histologically normal epithelium; epithelial cells
in 19 of 22 were HLA-DR negative. Two patients with
ulcerative colitis who were colonoscoped had similar
patterns: HLA-DR positive epithelial cells in the
inflamed left colon but HLA-DR negative epithelial
cells in the non-inflamed mucosa proximally.

RADIATION INJURY
One patient with active inflammation had HLA-DR
negative epithelial cells, as did three patients with
telangiectasia of the rectal mucosa.

INFECTIOUS COLITIS (fig Ic)
Nine patients with infection causing inflammation of
the rectal mucosa had HLA-DR positive epithelial
cells. One patient with Clostridiwn difficile diarrhoea
had shedding of faecal polymorphonuclear leucocytes

Table 2 Analysis of cellular infiltrate in inflamed biopsy
specimens from patients with ulcerative colitis and Crohn's
disease with regard to expression ofHLA-DR antigen in
epithelial cells

Colonic epithelial cells

HLA-DR HLA-DR
plus minus Total

Inflammatory cells:
Mononuclear cells and 24 1 25
polymorphonuclear
leucocytes

Mononuclear cells only 6 1 7
32

315
but normal rectal mucosa: her epithelial cells were
HLA-DR negative and the rectal biopsy specimen was
histologically normal.

Discussion

This study confirms the observation that colonic epi-
thelial cells are normally HLA-DR negative but be-
come HLA-DR positive in patients with active
inflammatory bowel disease.3 1 The synthesis of these
glycoproteins, however, is a non-specific response to
inflammation: epithelial cells were HLA-DR positive
in the inflamed colon, independent of the underlying
disease process (ulcerative colitis, Crohn's disease, or
infectious colitis). Epithelial cells from patients with
long standing ulcerative colitis were HLA-DR nega-
tive in atrophic but non-inflamed mucosa, even in
patients with active inflammation elsewhere in the
colon.

These observations are consistent with findings in
inflammatory conditions in other organs. In normal
skin only Langerhans' cells are HLA-DR posi-
tive,19-21 but inflammatory diseases such as contact
hypersensitivity and graft versus host disease are asso-
ciated with expression of DR antigens in kera-
tinocytes in the epidermis.22 23 Normal human
endocrine cells do not express DR antigens on their
surface but can be stimulated by mitogens to syn-
thesise these glycoproteins.24 Expression ofHLA-DR
by thyroid endocrine cells is one of the earlier man-
ifestations of autoimmune lymphocytic thyroiditis.6
Brain cells (oligodendrocytes, astrocytes, and some
neurones) can be induced to express class II antigens
by exposure to T lymphocytes or to the lymphokine
y-interferon.'0 25 Renal tubule epithelial cells syn-
thesise class II antigens in response to a nearby graft
versus host reaction.9 Bile duct epithelial cells are
HLA-DR positive in primary biliary cirrhosis."I In
experimental animals intestinal epithelial cells express
immune associated antigens in response to graft ver-
sus host disease and parasite infection.26 27 In man
HLA-DR positive epithelial cells have been found in
crypt cells adjacent to adenocarcinomas of the colon
but not elsewhere in the colon.28 Epithelial cells seem
to synthesise class II antigen glycoprotein, rather
than acquire it from neighbouring antigen positive
macrophages.
Experiments in a chimaeric rat model of graft ver-

sus host disease have shown that immune associated
antigens in host epithelial cells were of the host pheno-
type, rather than being derived from donor mono-
nuclear cells that had repopulated the lamina

27propria. Normal human colon epithelial cells are
HLA-DR negative despite their proximity to HLA-
DR positive cells in the lamina propria, suggesting
that mere proximity to macrophages does not trigger
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DR glycoprotein synthesis.
Class II antigen synthesis by other cells, however,

can be induced by both lymphocyte suspensions and
by lymphokines. Activated T cells show enhanced ex-
pression of class II antigens, an effect mediated by
y-interferon.8 29-31 Gamma-interferon has also been
shown to induced class II antigen synthesis by periph-
eral blood monocytes,32 macrophages,8 30 33 epider-
mal Langerhans' cells,34 and brain cells.'0 In the
present study expression of HLA-DR by epithelial
cells was possibly mediated by lamina propria lym-
phocytes, as increased lymphoid cell infiltrates were
common to all biopsy specimens containing DR pos-
itive epithelial cells (table 2). This hypothesis is consis-
tent with the findings of recent studies showing that
intraepithelial lymphocytes induce class II antigen
synthesis by cultured intestinal epithelial cells.35
The following sequence has been proposed to ex-

plain continued T lymphocyte activity in autoimmune
diseases: a local stimulus causes lymphokine release
which induces HLA-DR expression-which presents
autoantigen to T lymphocytes-which activate
effector B and T lymphocytes. 13 Autoimmune disease
would then develop if the response of suppressor T
lymphocytes were inappropriate. 12 The initial steps of
this sequence seem to occur both in idiopathic and
infectious colitis, but the self-limited nature of infec-
tious colitis suggests that either the DR antigen in
epithelial cells is not biologically active or available to
lamina propria cells, or that there is an appropriate
suppressor T cell response that lessens any stimu-
latory reaction. Conversely, a defective suppressor T
cell response could permit an amplified immune re-
sponse in which HLA-DR presenting epithelial cells
play a key part. Against this hypothesis are obser-
vations that DR antigen is diffusely present in the
cytoplasm of epithelial cells, rather than on the sur-
face, and that the normal small bowel has HLA-DR
positive epithelial cells in the absence of chronic
inflammatory "disease".3 1436 Furthermore, there is
little evidence that suppressor activity is defective
within the mucosa. Studies using isolated mucosal
mononuclear cells have shown normal Con-A-
induced suppressor activity.37 The same authors also
found that the addition of intestinal to peripheral
blood mononuclear cells did not suppress the re-
sponse of these peripheral blood cells to phyto-
haemagglutinin; in fact, the response was enhanced.38
A contrasting study found that intestinal cells
impaired the response of peripheral blood cells to
phytohaemagglutinin; a mechanical method, how-
ever, was used for isolating cells.39 The "covert" sup-
pressor cells reported to be present in peripheral
blood40 4' are apparently absent in the mucosal pop-
ulation of mononuclear cells.42

There is evidence ofpolymorphism among cells that
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express class II antigens, suggesting that not all
class II antigens are equally capable of stimulating an
immune response. Recent experiments have shown
successful transplantation of epithelial tissue bearing
class II antigens across major histocompatibility bar-
riers.44 This suggests that immunogenicity is not
solely a function of antigen expression but is
influenced by the type of cell in which antigens are
expressed.44

In summary, colonic epithelial expression of class II
antigens is a non-specific response to inflammation,
the biological importance of which is unknown.
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istration, the American College of Physicians and the
Fred Hutchinson Research Center. We are grateful to
Kevin Gatter and David Mason for the advice and
encouragement.
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