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Lack of Induction of Suppressor T Cells by Intestinal Epithelial Cells
from Patients with Inflammatory Bowel Disease
Lloyd Mayer and David Eisenhardt
The Mount Sinai Medical Center, Division of Clinical Immunology, New York 10029

Abstract

The mechanisms underlying the chronic unrelenting inflamma-
tory response seen in inflammatory bowel disease (IBD) are
poorly understood. Wehave recently proposed a novel role for
the normal intestinal enterocyte, that of antigen presenting
cell. However, in contrast to conventional antigen presenting
cells, normal enterocytes appear to selectively activate CD8'
antigen nonspecific suppressor T cells. To determine whether
failure of this process may be occuring in inflammatory bowel
disease, freshly isolated enterocytes from small and large
bowel from normal patients, patients with Crohn's disease,
ulcerative colitis, and inflammatory (diverticulitis, ischemic
colitis, and gold induced colitis) controls were co-cultured with
allogeneic T cells in a modified mixed lymphocyte reaction. In
contrast to normal enterocytes, 42/42 Crohn's and 35/38 ul-
cerative colitis-derived epithelial cells stimulated CD4' T
cells, whereas 65/66 and 9/9 normal and inflammatory control
enterocytes, respectively, stimulated CD8' T cells (as pre-
viously described), suggesting that the results seen were not
just a reflection of underlying inflammation. Furthermore, IBD
enterocytes from both histologically involved and uninvolved
tissue were similar in their ability to selectively activate CD4'
T cells, speaking for a more global defect in epithelial cells in
IBD. Finally, activated T cells from IBD epithelial cell-stimu-
lated mixed lymphocyte cultures displayed potent T helper
activity in an antigen nonspecific fashion. Taken together,
these data suggest that there may be an intrinsic defect in
epithelial cells from patients with IBD, resulting in the inabil-
ity to normally stimulate suppressor T cells in an antigen over-
loaded environment. (J. Clin. Invest. 1990. 86:1255-1260.)
Key words: inflammatory bowel disease * Crohn's disease
ulcerative colitis * epithelial cells * antigen presentation

Introduction

Since the studies of Perlmann and Broberger (1, 2) demon-
strating the ability of peripheral white blood cells from patients
with ulcerative colitis to kill epithelial cells from fetal gut cul-
tures, attention has turned to an immunologic mechanism to
explain the pathogenesis of inflammatory bowel disease.
Twenty years later, significant progress has been made in terms
of identifying the specific components of the mucosal immune
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system present in the intestine (3-6) but little substantive data
has been reported with regard to the presence and/or function
of such cytotoxic cells in the gut (7-10). Indeed with the ex-
ception of one study by Shorter et al. (1 1), no differences have
been detected in the number or functional cytotoxic T cells
between normal and inflammatory bowel disease (IBD)' tis-
sues (12, 13). Rather, most studies have suggested just the
opposite, i.e., a lack of cytolytic T cells in IBD mucosa (12, 13).
These negative findings, coupled with the inability to repro-
ducibly isolate an infectious agent responsible for the patho-
genesis of IBD (14-16), have raised new questions regarding
the role of mucosal immunity in these diseases. Recently, sev-
eral groups have turned their attention to the intestinal epithe-
lial cell itself. Early studies in a rat model demonstrated that
small bowel epithelial cells were capable of expressing class II
antigens in a graft versus host reaction (17). These studies were
subsequently extended to the human intestine where HLA-DR
was detectable in tissue sections only on epithelial cells from
patients with IBD and not from normal controls (18). Further-
more, the expression of class II antigens on intestinal epithe-
lium appeared to relate to the presence of intraepithelial lym-
phocytes (T cells predominantly expressing the CD8 marker
which may be cytotoxic in nature) (19). Using a more sensitive
histochemical staining technique, we were able to demonstrate
the presence of class II antigens on normal epithelial cells as
well (20). Since the presence of such immunoregulatory mole-
cules suggests that these cells may actually play a role in mu-
cosal immunoregulation, we and others have recently investi-
gated the possibility that class II antigen positive epithelial cells
can function as normal antigen presenting cells. In both the
human (21) and rat (22, 23) normal epithelial cells are potent
antigen-presenting cells (APCs) in antigen specific and nonspe-
cific systems. Yet, unlike conventional accessory cells, epithe-
lial cells appear to selectively stimulate suppressor T cells. Al-
though the mechanism of suppressor cell induction is as yet
unresolved, in this paper we demonstrate that in contrast to
normal epithelial cells, epithelial cells from patients with both
Crohn's and ulcerative colitis, but not other inflammatory
diseases, fail to induce suppressor cells but rather stimulate
potent antigen nonspecific T helper/inducer cells. Failure to
induce suppressor T cells in vivo may result in the chronic
unrelenting inflammatory response seen in these diseases.

Methods

Cell isolation and culture. Heparinized venous blood was obtained
from normal laboratory volunteers, diluted 1:3 with PBS and sepa-
rated by Ficoll/Hypaque (Pharmacia Fine Chemicals, Piscataway, NJ)

1. Abbreviations used in this paper: Ag, antigen; APC, antigen present-
ing cell; CD, Crohn's disease; CM, culture medium; IBD, inflamma-
tory bowel disease; IEL, intraepithelial lymphocytes; MLR, mixed
lymphocyte reaction; UC, ulcerative colitis.
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density gradient centrifugation to obtain isolated mononuclear cells
(MNC). Further separation to T and B cells was performed as pre-
viously described (24) using neuraminidase treated sheep red blood cell
(sRBC) rosetting. Monocytes/dendritic cells were isolated by culturing
varying numbers of non-T cells (5 X 105-5 X 103) in triplicate micro-
well culture wells (Linbro Chemical Co. Hamden, CT) and allowing
them to adhere during a 45-min incubation period in culture medium
(CM) at 370C. Actual numbers of adherent cells were determined by
subtracting the remaining nonadherent cells.

Cells were cultured in RPMI 1640 (Gibco Laboratories, Grand
Island, NY), 5% agammaglobulinemic serum, 1% penicillin/strepto-
mycin (Gibco Laboratories), and 2 mMglutamine, henceforth
termed CM.

Epithelial cells were isolated from freshly obtained surgical speci-
mens; normal tissue was obtained from the distal margin of tissue
resected from colonic or small bowel malignancies (at least 10 cm from
the tumor), volvulus, familial polyposis, and chronic constipation. In
IBD, epithelial cells were isolated from areas of active inflammation as
well as grossly uninvolved margins (terminal ileum in ulcerative colitis
(UC), resection margin in Crohn's disease [CD]). All specimens thus
obtained were correlated with histologic analysis by the pathology de-
partment. Inflammatory controls included involved tissue from pa-
tients with diverticulitis (n = 8) (with and without local perforation),
ischemic colitis (n = 3) and gold induced colitis (n = 1). Epithelial cells
were isolated by a series of enzymatic steps as previously described
(21). Purity and viability were improved by a series of density gradient
centrifugation steps (Percoll; Sigma Chemical Co., St. Louis, MO; and
Ficoll/Hypaque). The resultant epithelial cell preparation was 85-90%
viable and > 95%pure (< 0.1 OKMI+, < 0.1 sIg+, 3-4% CD3+ [CD8])
and was utilized in the various assays of accessory cell function listed
below. In some experiments, peripheral blood adherent cells were sub-
jected to similar isolation steps to assure that the effects demonstrated
did not relate to the isolation procedure used.

Mixed Iymphocyte reaction. Isolated epithelial cells or adherent
cells from each patient were irradiated 3,000 R by a cesium irradiator
and co-cultured in CMat varying cell concentrations with 1 X 105
allogeneic peripheral blood T cells. Such mixed lymphocyte reaction
(MLR) cultures were maintained for 120 h at 37°C in a humidified 5%
CO2 incubator. During the last 18 h of culture 1 1ACi [3Hlthymidine
(Aquaeous methyl; sp act 1.9 mCi; ICN Pharmaceuticals, Inc., Irvine,
CA) was added to each well. T cells alone or irradiated stimulator cells
served as negative or background controls. Cells were harvested onto
glass fiber filter mats and counted using a fB scintillation counter
(Beckman 3801; Beckman Instruments Inc., Irvine, CA) as previously
described (21). T cell stimulation was determined by the following
formula: Stimulation index = cpm T X stimulator/cpm T alone.

Immunofluorescence studies. Five million T cells were cultured
alone or with equal numbers of irradiated allogeneic adherent cells or
epithelial cells in 5 ml CMin a T25 flask as described above. After 48 h
of culture, cells were harvested and T cells separated from stimulator
cells by Ficoll-Hypaque density gradient centrifugation. In some ex-

periments, further T cell purification was achieved using SRBCroset-
ting as described above. T cells were then stained with various mono-
clonal antibodies by direct or indirect immunofluorescence techniques
as previously described (25). Monoclonal antibodies used in this study
were as follows: anti-CD3, anti-CD4, anti-CD8 (Coulter Electronics
Inc., Hialeah, FL), 9.3 (recognizing CD8+ cytotoxic T cells kindly
provided by Dr. Shu Man Fu, Oklahoma Medical Research Founda-
tion, Oklahoma City, OK), anti-Tac (anti-low affinity IL2 receptor
kindly provided by Dr. Tom Waldmann, National Cancer Institute,
Bethesda, MD), OKT9 (transferrin receptor; Ortho Diagnostic Sys-
tems Inc., Raritan, NJ) and VG2 (anti-DR [21]). At least 5,000 cells
were counted per analysis, gating for viable lymphocytes. Analysis was

performed using an Epics C cytofluorograph (Coulter).
Isolation of T cell subsets. T cells were cultured for 48 h and

isolated as described above. Isolated T cells were aliquoted and sub-
jected to further fractionation into CD4 and CD8' T cell subpopula-
tions as follows: 10-20 X 106 T cells were incubated with sterile un-

conjugated anti-CD4 or CD8antibody (1:4 dilution; Becton Dickinson
&Co., Sunnyvale, CA) for 30 min at 220C with frequent shaking. After
this initial incubation, cells were washed three times in PBSand resus-

pended in a 2% suspension of goat anti-mouse Ig-coated RBC as

previously described (24). This suspension was pelleted at 1,000 rpm
for 5 min at 4VC and incubated a further 30 min on ice. After gently
resuspending the pellet, the rosetted cells were isolated by Ficoll/Hy-
paque density gradient centrifugation. For CD4' positive selection, T
cells were < 2-6% CD8'. Interface cells (CD4-) were > 90-96 CD8'
and < 2-6% CD4'. Similar purity was obtained for CD8 positive and
negative selection. In general, negatively selected cells were used for
studies of thymidine incorporation. Cells were resuspended at 1
X 106/ml in CMand added alone to triplicate 100-.ul microwell cul-
tures. After 72 h, 1 gCi 3H was added to these cultures for an additional
18-h period. Isolated but unfractionated T cells were used as controls
in these assays to determine the effects of removal of the stimulator
population. All results were compared to cultures where T cells were

left intact in CMalone or with irradiated stimulator cells. Stimulation
was assessed as described above.

Assays of T cell help and/or suppression of mitogen stimulation.
Allogeneic control peripheral blood T cells were cultured in triplicate
100-Ml microwell cultures (1 X 105 cells/well) in the presence or ab-
sence of PHA (1/100, Gibco Laboratories), Con A (10 gg/ml; Sigma
Chemical Co.), or PWM(1/100, Gibco Laboratories). In order to
determine whether MLRactivated T blasts were functional helper or

suppressor T cells, isolated T blasts (after 48 h of culture as described
above) were added in varying concentrations to these cultures. In some

experiments, these cells were irradiated 2,000 R to inhibit their ability
to proliferate in response to mitogen. Control cultures included T
blasts alone in the presence or absence of mitogen. The ability to help
or suppress allogeneic T cell responses to a given mitogen was deter-
mined by the following formula: cpm T + mitogen + T blast/cpm T
+ mitogen X 100 = %help (positive No.) or suppression (negative No.)

Effect on MLR cultures. Similar studies were performed using
MLRcultures. Isolated T blasts were added in varying cell concentra-
tions to MLRcultures containing T cells stimulated with either the
same stimulator population or a different allogeneic combination.
This allowed for determination of the antigen specificity of the acti-
vated T cells.

Effect on B cell differentiation. PBMCwere cultured at 1 X 105
cells/well in 100-MAl triplicate microwell cultures in the presence of
PWM(1/100). T blasts (irradiated and unirradiated) were added to
these cultures at varying cell concentrations as described above. After 6
d, supernatants were harvested and assessed for total Ig secretion using
ELISA (26). Positive controls were MNCcultured in the presence of
PWMwhile the negative control was MNCin the absence of PWM.
Degree of help or suppression was assessed as described above using Ig
concentration rather than counts per minute.

Results

Epithelial cells from patients with IBD selectively stimulate
CD4+ T cells. MLRcultures were established using either ir-
radiated epithelial cells or adherent cells from 42 patients with
Crohn's disease, 38 with UC, 6 with diverticulitis, 2 with isch-
emic colitis, and 1 with gold-induced colitis, and 44 nonin-
flammatory controls (margins of cancer specimens, sigmoid
volvulus, familial polyposis, and chronic constipation). After
48 h of culture, T cells were isolated and analyzed by direct
immunofluorescence for the CD4 and CD8 markers. As seen

in Table I normal PB T cells stimulated with Crohn's or UC
epithelial cells, like adherent cells, are predominantly of the
CD4phenotype.

In contrast, normal epithelial cells failed to stimulate a

CD4+ T cell response, but rather resulted in an increase of
CD8' T cells as previously reported (21). These studies were
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Table L Epithelial Cells from IBD Selectively
Stimulate CD4+ T Cells

T cells
percent

immunofluorescence
No. of

Stimulator cells specimens CI4 CD8

±SD

0 66 73±14 24±7
Non-T cells 66 67±12 28±10
Normal epithelial cells 44 12±16 76±18
Crohn's epithelium 42 81±8 10±6
Ulcerative colitis

epithelium 38 76±20 20±12
Inflammatory disease

epithelium 12 15±7 72±21

Normal peripheral blood T cells were co-cultured in the presence or
absence of varying concentrations of irradiated (3,000 R) stimulator
cells. After 48-72 h of culture, activated T cells were isolated and
stained with anti-CD4 and anti-CD8 mAbs. Staining was analysed by
flow cytometry. Epithelium from Crohn's disease and ulcerative co-
litis are contrasted with conventional allogeneic stimulators (non-T
cells) and normal and inflamed (diverticulitis, ischemic colitis, and
gold-induced colitis) epithelium. There is a significant difference
(P < 0.01) between CD8+T cells stimulated with normal epithelium
and inflammatory controls compared with IBD epithelium.

reproducible in 42/42 CD and 35/38 UC specimens. Con-
versely, only one "normal" epithelial specimen stimulated
CD4' cells.

In order to determine whether the predominance of CD4'
cells in the MLRculture containing IBD epithelium was due
to the proximity of these cells to an active inflammatory pro-
cess, epithelial cells were isolated from non-IBD inflammatory
controls (diverticulitis, ischemic colitis, and gold-induced co-
litis). These cells were noted to express class II antigens at
levels comparable to IBD epithelium by cytofluorographic
analysis (data not shown). Like normal noninflamed epithelial
cells, these cells selectively enhanced CD8+ T cells (Table I).
Thus, it appears that the predominance of CD4+ T cells in
MLRcultures does not relate to either the presence of under-
lying inflammation or the level of class II antigen (Ag) expres-
sion.

This finding was corroborated when we looked at stimula-
tion of T cells by IBD epithelial cells from areas of inflamma-
tion as well as noninflamed areas. Wehave previously demon-
strated that class II Ag expression by intestinal enterocytes is
greater in CDeven in noninflamed areas (20) where histologic
analysis does not reveal active inflammation in the unin-
flamed margin. Using epithelial cells from these areas as well
as ileal tissue from patients with UC(which is not reportedly
involved in the disease process), we found that uninflamed
epithelial cells from IBD specimens also failed to stimulate a
CD8+T cell response, but rather resulted in CD4+T cell prolif-
eration (Table II). These data suggest a more global process
occurring at the level of the epithelial cell.

CD4+ T cells are actively proliferating in MLRcultures
stimulated by IBD epithelium. Since the preponderance of
CD4+ T cells in our cultures determined by staining does not
necessarily translate into active proliferation of these cells, we

Table II. IBD Epithelium from both Involved and Uninvolved
Areas Activate CD4+ T Cells

T cells
percent

immunofluorescence
No. of

Stimulator cells specimens CD4 CD8

±SD

0 66 73±14 24±7
Crohn's epithelium

(involved) 6 83±12 13±4
Crohn's epithelium

(uninvolved) 6 78±17 17±6
Ulcerative colitis epithelium

(involved) 7 78±15 18±12
Ulcerative colitis epithelium

(uninvolved) 7 74±15 22±10

Similar to experiments depicted in Table I, peripheral blood T cells
were stimulated with isolated epithelial cells from grossly involved
and uninvolved tissue. No significant difference was noted regardless
of the tissue source.

isolated CD4+ and CD8+ T cells after 48 h of culture, and
continued to culture them for an additional 72 h, with the final
18 h in the presence of [3H]thymidine. In a representative
experiment seen in Table III, CD4+ cells actively incorporated
[3H]thymidine, whereas there was little, if any, proliferation of
CD8+T cells. This is in contrast to our previous findings using
normal epithelial cells as stimulators (21) where CD8+T cells
were the predominant cell type incorporating radiolabel.

Function of activated CD4+ T cell blasts in vitro. Wehave
previously shown that T cell blasts isolated from MLRcultures
of T cells and normal epithelial cells function as potent Ag
nonspecific suppressor T cells. Weperformed similar studies
using T blasts from IBD epithelial cell-stimulated MLRcul-
tures. CDepithelial cell-stimulated T blasts actively enhanced
T cell responses to PHA(Fig. 1) and secondary MLRcultures
(Fig. 2) in an antigen nonspecific fashion. In addition, these T
cell blasts provided potent help for Ig secretion when co-cul-
tured with autologous or allogeneic B cells and PWM(Table
IV). Similar findings were demonstrated when UCepithelial

Table 111 Crohn's Epithelial Cells Induce the Proliferation
of Helper T Cells in MLR

Control cells* cpm MLRcellst cpm

±SD +SD

T cells 343±98 T X epi 23456±398
CD4+T cells 2455±234 CD4+T X epi 21998±241
CD8+T cells 221±78 CD8+ T X epi 2034±79

* T cells were cultured in CMalone for 48 h and isolated into Leu
2-(CD4+) or Leu 3-(CD8+) subpopulations by an indirect rosetting
technique. One hundred thousand cells were then recultured for an
additional 72 h and pulsed with [3H]thymidine for the final 18 h of
culture.
t T cells were co-cultured with equal numbers of irradiated epithelial
cells for 48 h and subsequently isolated into CD4and CD8+ subpo-
pulations and cultured as stated above.
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Figure 1. Normal peripheral blood T cells (105) were cultured in the
presence or absence of CDepithelium for 72 h. T cell blasts were iso-
lated (by Percoll density gradient) and recultured in varying concen-
trations in the presence of autologous T cells stimulated with PHA(1
gg/ml) for an additional 72 h. The increase in thymidine incorpora-
tion was noted whether or not the T cell blasts were irradiated. T cell
blasts co-cultured in the absence of PHAdid not induce appreciable
T cell proliferation (not shown). Baseline proliferation for unirra-
diated T blasts was 2,312±124 and for resting T cells, 414±53. This
experiment is representative of 12 experiments with Crohn's epithe-
lium and 14 experiments with UCepithelium. Error bars represent
standard deviations.

cell-stimulated T cell blasts were co-cultured with T cells and
mitogen or allostimulators, although in general, the level of
helper activity was less than that seen by CD-stimulated T cells
(data not shown). Moreover, Ag nonspecific T cell help was
noted whether epithelial cells used for stimulation were iso-
lated from involved or uninvolved areas (Table IV).
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Figure 2. As in Fig. 1, normal peripheral blood T cells (10) were co-
cultured with irradiated allogeneic stimulators (10) for 120 h in the
presence or absence of varying concentrations of T cell blasts derived
from CDepithelial cell stimulated MLRcultures. As above, T cell
blasts co-cultured in the absence of allogeneic stimulator cells did not
induce appreciable T cell proliferation (not shown). Baseline prolifer-
ation for unirradiated T blasts was 2,768±345 and for resting T cells,
189±24. This experiment is representative of five experiments with
Crohn's epithelium and three experiments with UCepithelium.
Error bars represent standard deviations.

Table IV. T Cells Activated by CDEpithelial Cells Provide
Potent Help for Immunoglobulin Secretion

Tcell source Bcell source PWM IgG

ng/ml

Autologous - 1.3
Autologous + 4.6

Peripheral blood Autologous + 1234.8
CDepithelial cell (involved)

stimulated PB T Autologous + 2165.6
CDepithelial cell (uninvolved)

stimulated PB T Autologous + 1956.2
Allogeneic - 2.5
Allogeneic + 3.2

Peripheral blood Allogeneic + 887.9
CDepithelial cell (involved)

stimulated PB T Allogeneic + 1487.1
CDepithelial cell (uninvolved)

stimulated PB T Allogeneic + 1524.7

T cells isolated from various MLRcultures were co-cultured with ei-
ther autologous or allogeneic B cells in the presence or absence of
PWM(1 tg/ml) for 10 d. Total Ig secretion was determined by
ELISA. A marked increase in T cell help was noted in those T cells
stimulated by IBD epithelium from either involved or uninvolved
areas.

Epithelial cellsfrom both small bowel and colon are compa-
rable in their stimulation of specific Tcell subpopulations. One
concern was that most of our initial control epithelial cell
populations were isolated from colon and not small bowel.
Since colonic epithelial cells express less class II Ag than small
bowel epithelial cells, a trivial explanation for our findings
could have been a difference in tissue sites, especially since the
majority of CD specimens were from the ileum. Therefore,
epithelial cells from normal ileal tissue from two patients un-
dergoing a right hemicolectomy for a right-sided colon cancer,
and ileum from a patient undergoing a subtotal colectomy for
chronic constipation were contrasted with epithelial cells iso-
lated from the colon of these same patients. As seen in Table
V, similar increases in CD8' T cells were noted regardless of

Table V. Normal Epithelial Cells from both Small Bowel
and Colon Activate CD8+ T Cells

T cells percent
immunofluorescence

No. of
Stimulator cells specimens CD4 CD8

±SD

0 66 73±14 24±7
Ileum (Normal) 3 21±3 74±15
Colon (Normal) 3 26±8 68±7

As depicted in Table I, PB T cells were stimulated with either normal
colonocytes or normal small bowel enterocytes from the same pa-
tient. Staining of T cell blasts with anti-CD4 and -CD8 was per-
formed after 48-72 h of culture.
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the source of epithelial cells. Given the findings already de-
scribed (i.e., that uninvolved ileal epithelial cells from patients
with UCstill stimulate CD4' T cells), these data suggest that
the source of epithelial cells is not the critical factor in the
differences in stimulation of T cell subpopulations seen.

Discussion

Conventional class II Ag bearing APC(macrophages/dendritic
cells) typically interact with immunocompetent T cells result-
ing in the generation of predominantly helper T cell responses.
Similar findings have been described for MLRcultures where
the stimulus is response to foreign class II Ag, although some
proliferation of Ag-specific suppressor and cytotoxic T cells
have been reported (27, 28). We and others (21, 22) have
recently described a novel role for the class II Ag-bearing in-
testinal enterocyte, that of an APC. However, in contrast to
conventional APCs, normal epithelial cells appear to selec-
tively induce the proliferation of CD8' antigen nonspecific
suppressor cells (21, 23). In this study we have looked at epi-
thelial cells from patients with inflammatory bowel disease, a
disorder which is thought to result from defects in immuno-
regulation. In contrast to normal epithelial cells, epithelial cells
from patients with CD (42/42) or UC(35/38) selectively in-
duce CD4' T cell proliferation. These CD4' T cells appear to
be potent Ag nonspecific T helper cells as evidenced by their
ability to augment T cell mitogen responses, other primary
and secondary MLRcultures, as well as provide help for Ig
secretion by B cells. It is unclear at present why 3/38 UC
patients' epithelial cells failed to stimulate a CD4' T cell re-
sponse. Since the majority of patients undergoing resection
were on steroids and comparable medications at the time of
surgery, one cannot attribute the failure of CD4' T cell prolif-
eration to medication. In addition, we were unable to detect
any real differences in clinical course, age, extent, or severity of
disease in these patients when compared to the rest of the
group. In contrast, none of the epithelial cells isolated from
CDpatients stimulated CD8' T cells, and in general, resulted
in the proliferation of T helper cells. Furthermore, we were
unable to explain the difference in T cell subpopulations stim-
ulated by normal and IBD epithelial cells by the presence of
underlying inflammation, since non-IBD inflammatory con-
trols (i.e., ischemic colitis and diverticulitis) also stimulated
CD8+suppressor cells. In addition, this difference could not be
ascribed to the source of the epithelium as normal small
bowel-derived epithelium stimulated CD8+T cells in a compa-
rable manner to colon-derived epithelium. Most importantly
however, was the finding that epithelium from histologically
uninflamed areas in IBD tissue also stimulated helper T cells.
These data suggest that there may be a defect in all epithelial
cells in patients with IBD, i.e., a failure to normally activate
suppressor T cells, which might keep local inflammation in
check. Such a scenario makes inherent sense and helps to ex-
plain several previous findings in IBD. The increase in sponta-
neous secretion of IgG, reported by MacDermott et al. (29),
may relate to the presence of activated CD4+T cells. In addi-
tion, activated helper T cells secrete lymphokines which may
result in macrophage activation and secretion of a variety of
nonspecific inflammatory mediators such as prostaglandins,
superoxides, etc., which may be the final commonpathway of
tissue injury (30, 31).

The mechanism by which CD8' T cells are activated by
normal epithelial cells is not clear. Preliminary data (32) sug-
gest that there may be a novel (non-class I) ligand for CD8on
normal epithelial cells. Cross-linking of CD8on T cells by this
ligand might conceivably activate these cells by stimulation of
p561ck, a sarc-like tyrosine kinase, in the intracytoplasmic tail
of the CD8 molecule (33). Alternatively, a superantigen, selec-
tively binding to and activating CD8' T cells, could be present
bound to normal epithelial cells but absent in IBD epithelial
cells. Studies to elucidate such possibilities are currently in
progress.

Given our findings, there are still several questions re-
maining. One concern relates to the physiologic relevance of
our findings. Numerous studies have reported CD4/CD8
ratios in the lamina propria, by both physical separation tech-
niques and histochemical staining in situ, to be comparable to
that seen in "normal" tissues (13, 34). Such studies may not be
rigorous enough to detect subtle changes that may have pro-
found physiologic implications. This is also true for intraepi-
thelial lymphocytes (IEL). Again, no gross differences have
been detected when comparing normal IELs with IELs from
patients with IBD (34, 35). However, in a situation where
virtually all IELs are CD8', small changes in CD4' T cell
number and functional subpopulations might occur, which are
not readily detectable by current methods. It is possible that
such changes might be associated with alterations in immune
regulation of the gastrointestinal tract. Weawait more care-
fully performed morphometric analyses to fully explore such a
possibility. Another concern is the difficulty in explaining
why, if the epithelial cell defect is global in IBD, only selected
areas of the bowel are involved in CD, and more puzzling, why
the small bowel is never involved in UC. Of interest is the
observation that there is a much higher incidence of "pouchi-
tis" (idiopathic inflammation of the surgically produced
pouch) in UCpatients after formation of an ileal pouch, com-
pared with patients who opt for pouches for noninflammatory
disease (i.e., familial polyposis). This suggests that the substrate
(i.e., abnormal epithelial cells) is present, but additional as yet
unidentified factors are required (i.e., as the pouch becomes
more "colon-like") to express clinical disease.

Lastly, it must be remembered that our studies have been
performed with specimens obtained at surgery. This could po-
tentially bias our results since patients who require surgery
may be a distinct subset of IBD patients, i.e., with medically
intractable and longstanding disease. Wehave been unable to
obtain sufficient numbers of epithelial cells from biopsy speci-
mens and epithelial cell lines are not available from either
normal bowel or inflammatory bowel disease patients. Despite
these concerns, we feel that our findings can be more globally
extrapolated given the fact that CD4+T cell stimulation is seen
with epithelial cells from both uninvolved and involved tis-
sues.

Therefore, taken together, our data suggest a novel poten-
tial pathogenetic mechanism for the development of IBD: that
of an intrinsic defect in epithelial cells which results in the
failure to stimulate a normal suppressor T cell response. In this
setting one need not invoke one specific antigen, bacteria, or
virus to explain the disease process, but rather any insult in a
genetically predisposed host, coupled with an increase in anti-
genic load caused by erosion of the mucosa, could result in the
chronic unrelenting and uncontrolled inflammation that
is IBD.
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