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Background and aims: Mucosal flattening and epithelial cell apoptosis are typical features of T cell
induced inflammatory diseases of the bowel, such as coeliac disease and graft versus host disease.
Mice injected with a T cell activating anti-CD3 antibody develop a severe diarrhoeal illness. We
describe the histological features of this enteropathy and define the effector mechanisms involved in T
cell induced mucosal injury in this in vivo model.
Methods: Wild-type and genetically modified mice were injected with the anti-CD3 antibody 3C11
(50 µg). Changes in the murine intestine were characterised by light microscopy analysis and terminal
uridine nick-end labelling (TUNEL) assay. The role of perforin, Fas/Fas ligand (FasL), tumour necrosis
factor α (TNF-α), and interferon γ (IFN-γ) in T cell induced mucosal damage was assessed using selected
immunodeficient mouse strains.
Results: T cell activation caused severe damage, including small intestinal mucosal flattening and
apoptosis of crypt epithelial cells. Mucosal damage was unaltered in anti-CD3 treated mice lacking
IFN-γ, Fas, or TNF-α receptors. In mice lacking TNF-α receptors and Fas (TNF-R1×R2 lpr/lpr strain),
enterocyte apoptosis was diminished but there was no significant reduction in tissue damage. Apopto-
sis and mucosal injury were significantly reduced in perforin knockout mice. Abrogation of both FasL
and perforin (perforin KO×gld mice) further significantly reduced tissue damage and apoptotic bodies.
Conclusions: T cell induced mucosal injury is mediated by the combined effect of multiple pathways
but predominantly by perforin. The redundancy of the mechanisms of tissue damage will have signifi-
cant impact on therapeutic strategies aimed at specific and targeted inhibition of inflammatory
processes.

In inflammatory diseases of the intestine (for example, coe-
liac disease and intestinal graft versus host (GvH) disease),
the architectural changes of the mucosa have been

attributed to local T cell activation.1–4 The architectural
changes associated with mucosal damage, particularly epithe-
lial cell apoptosis, villus flattening, and crypt hyperplasia can
be reproduced experimentally by T cell activation in an in vitro
model using human fetal intestinal explants,1 or in in vivo
mouse models of GvH disease.5–7 The mechanisms by which T
cell activation results in tissue damage and cell death of enter-
ocytes in vivo have not been clarified to date. Circumstantial
evidence suggests that release of tumour necrosis factor α
(TNF-α),8 interferon γ (IFN-γ),9–11 and Fas ligand (FasL)3 12–15

are involved in mediating mucosal damage in T cell dependent
intestinal diseases. Activation of local enzymes such as matrix
metalloproteinases16 17 may also contribute.

In this study, we describe an in vivo mouse model of T cell
mediated small intestinal tissue damage that is characterised
by enterocyte apoptosis, epithelial damage, and villus atrophy.
We assessed the molecular mechanisms responsible in vivo for
T cell induced epithelial cell damage. We specifically investi-
gated the individual and combined roles of the cytotoxic
mediators TNF-α, IFN-γ, perforin, and FasL.

MATERIALS AND METHODS
Mice
Balb/c, C57BL/6, and MPJ mice (6–16 weeks of age), IFN-γ−/−

mice, and Fas deficient MPJ lpr/lpr mice were obtained from
the Jackson Laboratory (Bar Harbour, Maine, USA). SCID.bg
mice were kindly provided by A Croy (University of Guelph);

TNF-α receptor p55/TNF-R1−/− mice by Dr T Mak (Amgen
Institute, Toronto, Canada); TNF-α receptor p75/TNF-R2-/-

mice, mice deficient in both TNF-R1 and R2, and TNF-R1×R2
lpr/lpr mice by Dr J Peschon (Immunex Corporation, Seattle,
Washington, USA). Generation of perforin KO/gld mice has
been described previously.18 All mice were housed under spe-
cific pathogen free conditions. This study was approved by the
McMaster University Animal Care Committee and conformed
to the guidelines of the Canadian Council on Animal Care.
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Abbreviations: Ab, antibody; BrdU, bromodeoxyuridine; CsA,
cyclosporin A; Dex, dexamethasone; GvH, graft versus host; HIgG,
hamster IgG; IFN-γ, interferon γ; TNF, tumour necrosis factor; FasL, Fas
ligand; PBS, phosphate buffered saline; TUNEL, terminal uridine nick-end
labelling; IEL, intraepithelial lymphocytes.

Table 1 Small intestinal damage score

Score

0 1 2 3

Villus height:crypt length ratio* >3.5 2.5–3.5 1.5–2.4 <1.5
Apoptotic bodies† 1–5 5–13 14–21 >22

Damage score=sum of villus:crypt points and apoptosis points
(maximal score=6).
*Mean of 5 villus/crypt units.
†Number of apoptotic bodies per 5 villus crypt units.
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Monoclonal antibodies
Antimouse CD3e antibody (Ab) (145–2C11) was provided by
Dr J Bluestone (University of Chicago, Chicago, Illinois, USA).
This Ab induces initial T cell activation and cytokine release
followed by T cell inactivation and elimination and resulting
immunosuppression.19 Hamster IgG (HIgG) control Ab was
purchased from Rockland Inc. (Gilbertsville, Pennsylvania,
USA).

Evaluation of in vivo anti-CD3 treatment
Mice received a single intraperitoneal injection of 50 µg of anti-
CD3 or control Ab diluted in 500 µl of phosphate buffered saline
(PBS), pH 7.4. In wild-type mice, this treatment reliably induced
diarrhoea without being lethal. In some experiments, cyclo-
sporin A (CsA 50 mg/kg) or dexamethasone (Dex 50 mg/kg)
was given intraperitoneally either as a single dose at the same
time as the anti-CD3 Ab or daily for a total of three injections
beginning at the time of anti-CD3 injection. Mice were
monitored for clinical signs and sacrificed at varying time
points. Haematoxylin-eosin stained tissue sections of paraffin
embedded intestinal specimens were graded in a blinded fash-
ion using a quantitative histology score based on the frequency
of apoptotic epithelial cells within the epithelium and the ratio
of villus height to crypt length (table 1).

Apoptosis was assessed by identification of apoptotic bodies
on histology and by identification of DNA fragmentation
using terminal uridine nick-end labelling (TUNEL) staining
on paraffin embedded sections. TUNEL staining was per-
formed using the FragEL TDT detection kit (Calbiochem,
Cambridge, Massachusetts, USA). Tissue samples from HIgG
treated mice served as negative controls and irradiated
thymocytes as positive controls.

Cytokine measurements
TNF-α and IFN-γ levels were measured by ELISA in duplicate
serum samples (IFN-γ, Amersham International, Little Chal-
font, Buckinghamshire, UK; TNF-α, R&D Systems, Minneapo-
lis, MInnesota, USA). Tissue levels of TNF-α were measured in
whole small intestine suspended in 5 ml of RPMI, homog-
enised, and then subjected to ultrasonication.

Detection of T cell activation
To assess mononuclear cell activation, cells were isolated 20
hours after anti-CD3 injection and six hours after bromode-
oxyuridine (BrdU) injection (1.5 mg/mouse intraperito-
neally). Intraepithelial lymphocytes (IEL) were isolated as
previously described20 (viability of isolated IEL >95%), fixed in

Figure 1 Micrographs of the small intestinal mucosa from Balb/c
mice treated with anti-CD3 or hamster IgG control antibody (40×).
(A) Mucosa 20 hours after treatment with anti-CD3. The villi are
shortened and oedematous; goblet cells and intraepithelial
lymphocytes (IEL) are depleted. In the crypt regions, epithelial cells
are difficult to distinguish and many apoptotic bodies can be found.
Note villus height, short crypts, goblet cells, and IEL. (B) After 40
hours, villi are short and plump. Apoptotic bodies have disintegrated
into nuclear fragments. (C) Mucosa 72 hours after anti-CD3
treatment. (D) Five days after anti-CD3 treatment, the mucosa
appears normal. Terminal uridine nick-end labelling (TUNEL) assay
demonstrates DNA fragmentation as a hallmark of apoptosis of
epithelial cells 12 hours after anti-CD3 injection ((E) 40× and (F) 10×
magnification).

Figure 2 Time course of small intestinal mucosal damage in Balb/c
mice treated with 50 µg of anti-CD3 antibody 145-2C11. (A) A
significant increase (p<0.05) in damage score was observed
beginning eight hours post injection (data are mean (SEM)). Tissue
damage was highly significant (p<0.005) from 24 hours to three
days post injection. Tissue damage had completely resolved by five
days post injection. The damage score of mice treated with hamster
IgG control antibody was below 1 for all time points (data not
shown; n=3–6). (B) The number of apoptotic bodies increased
significantly after anti-CD3 treatment (p<0.005 at 24 hours to three
days post injection). (C) The ratio of villus height to crypt length was
significantly reduced by 14 hours post injection (p<0.005 at 24
hours to three days post injection). *p<0.05 compared with controls;
NS, no significant difference compared with controls (numbers
indicate the number of animals treated).
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70% ethanol at −20°C, permeabilised, and nuclear DNA dena-
tured with 2 N HCl in 0.5% (v/v) Triton X-100 (Sigma, St Louis,
Missouri, USA) solution. After neutralisation (0.1 M Na2B4O7,
pH 8.5) and washing (0.5% Tween 20/1.0% bovine serum
albumin/PBS, pH 7.4), samples were treated with either FITC
conjugated anti-BrdU Ab (Becton Dickinson, San Jose,
California, USA) or isotype control Ab, diluted 1:20 in Tween/
bovine serum albumin/PBS. FITC fluorescence was measured
on a FACScan (Becton Dickinson) using a doublet discrimina-
tion module set up to disregard cell aggregates.

Statistical analysis
Data are expressed as mean (SEM). Significance of differences
in the quantitative intestinal damage score between groups
was compared using the non-parametric Mann-Whitney U
test as some data sets did not pass the Komolgorov-Smirnov
test for normal distribution. Differing cytokine levels between
groups were analysed using the Student’s t test. Correlation of
parameters was calculated by linear regression analysis using
the SigmaStat computer program (Jandel Scientific Corp.,
Chicago, Illinois, USA).

RESULTS
Anti-CD3 induced enteropathy
Balb/c mice injected intraperitoneally with anti-CD3 Ab
developed diarrhoea within four hours. At autopsy, 20 hours
post injection, the small intestine was hyperaemic and
contained liquid stool. Histological alterations of the small

intestinal mucosa were characterised by reduced villus height,
increased thickness of the crypt region, loss of Paneth cells,
goblet cells, and IEL in the epithelial layer, and severe
morphological changes of the epithelial cells (fig 1). In the
villi, enterocytes lost their columnar and polarised morphol-
ogy and became flattened. In the crypt region, numerous
apoptotic bodies were identified in the epithelium. Regression
analysis confirmed that reduction of villus:crypt ratio corre-
lated closely with the number of apoptotic bodies in the
epithelium (p=0.002). Apoptotic bodies disintegrated into
small cell fragments that were cleared by infiltrating
histiocytes within days. No inflammatory infiltrate of lym-
phocytic or granulocytic cells developed. By 72 hours post
injection, the normal villus-crypt architecture eventually
became an almost flat epithelium. A broadened layer of
connective tissue replaced the apoptotic crypts. The intestinal
damage score was maximal 20 hours after injection of
anti-CD3 antibody (figs 1, 2). Villus-crypt architecture was
almost completely restored by five days after anti-CD3
injection.

In the large intestine, apoptosis of enterocytes was also
detected but architectural changes remained minimal. Mu-
cosal damage observed after anti-CD3 treatment of MPJ and
C57BL/6 mice, the background strains for the knockout mice
used in some of the subsequent experiments, was similar to
that in Balb/c mice (fig 3).

Demonstration of epithelial cell apoptosis
TUNEL staining showed that enterocyte cell death was
preceded by DNA fragmentation (fig 1), suggesting apoptosis
as the main mechanism of cell death and contributing to
mucosal damage. TUNEL positive labelled epithelial cells were
evident in the small intestinal (jejunal) crypts 12 hours after
injection of anti-CD3 antibody. In the villi, TUNEL positive
epithelial cells were not identified. No positive staining was
observed in tissues taken from HIgG treated control animals.

Anti-CD3 induced enteropathy is accompanied by
activation of local T cells
Local activation of T cells was demonstrated by increased DNA
synthesis. IEL were isolated 20 hours after anti-CD3 treatment

Figure 3 Damage score of wild-type background strains 24 hours
after treatment with either hamster IgG (HIgG) control antibody (left)
or anti-CD3 antibody (right). The histological damage that developed
in the small intestine 24 hours after treatment with anti-CD3 antibody
of C57Bl/6 mice and MPJ mice was similar to that observed in
Balb/c mice (A). The number of apoptotic bodies was significantly
higher in MPJ mice compared with both Balb/c or C57Bl/6 mice
(B). *p<0.05 compared with MPJ mice treated with anti-CD3
antibody (numbers indicate the number of animals treated).
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Figure 4 Activation of intraepithelial lymphocytes (IEL) in vivo is
shown by demonstration of increased DNA synthesis (incorporation
of uridine analogue bromodeoxyuridine (BrdU)). Single colour
histograms are shown depicting the proportion of IEL that stained
positive with FITC anti-BrdU antibody. (A) IEL isolated from mice
treated with hamster IgG (HIgG) control antibody. (B) IEL isolated
from mice 24 hours after treatment with anti-CD3 antibody.
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from mice that had also received an injection of the uridine
analogue BrdU six hours prior to sacrifice. Incorporation of
BrdU was detected by flow cytometry (fig 4).

Anti-CD3 induced enteropathy is prevented by
immunosuppressive treatment
A single dose of 50 mg/kg CsA significantly reduced the anti-
CD3 induced tissue damage observed 24 hours post injection.
Similarly, Dex (50 mg/kg intraperitoneally), given at the time
of anti-CD3 treatment, abrogated the development of severe
mucosal damage (fig 5). Given daily for three days beginning
at the time of administration of anti-CD3 antibody, immuno-
suppressive agents largely prevented tissue damage compared
with mice treated solely with anti-CD3 antibody (fig 5). SCID
mice lacking T cells21 failed to develop intestinal damage after
treatment with anti-CD3 antibody (fig 7).

Effect of single deficiency of the IFN-γ, TNF-α, Fas, or
perforin mediated pathways
Serum levels of TNF-α were increased and peaked 30 minutes
after anti-CD3. Serum IFN-γ was elevated at two hours and
remained high until 12 hours after anti-CD3 (fig 6). Anti-CD3
Ab treatment also increased tissue TNF-α levels in the small
intestine by one hour and this remained elevated at 20 hours
(fig 6).

Tissue damage developed in a similar manner in IFN-γ defi-
cient mice compared with Balb/c wild-type mice (fig 7).
Signalling through the p55 TNF receptor, TNF-R1, is regarded
as the main pathway by which TNF-α induces apoptosis in
target cells. Treatment of TNF-R1−/− mice, TNF-R2−/−, or
TNF-R1−/−×TNF-R2−/− mice, lacking both TNF receptors, with
anti-CD3 antibody induced significant intestinal damage
similar in severity to that seen in wild-type mice (fig 8). Also,
the number of apoptotic bodies was not different compared
with wild-type mice (fig 8). MRL lpr/lpr mice, which lack the
Fas receptor, also developed diarrhoea and intestinal damage
(fig 8). Even though the number of apoptotic bodies that were
present 24 hours after treatment with anti-CD3 antibody was
higher in MPJ background strain mice compared with Balb/c
or C57BL/6 mice treated similarly, no significant difference in
the number of apoptotic bodies between Fas deficient lpr mice
and either of the wild-type strains was discernible (fig 8).

In contrast, the absence of perforin significantly reduced
the severity of anti-CD3 induced enteropathy (fig 8). This was

characterised by a significant reduction in the number of
apoptotic bodies present in the epithelium 24 hours after
anti-CD3 treatment although some villus architectural dam-
age remained. Thus T cell induced tissue damage is partially
mediated by perforin, while FasL and TNF-α pathways are not
individually required.

Effect of combined deficiencies of TNF-α×Fas or
perforin×FasL mediated pathways
In mice lacking Fas and both TNF receptors (TNF-R1×R2 lpr/
lpr), mean tissue damage induced by T cell activation was not
significantly reduced (fig 9). However, the number of
apoptotic bodies was significantly reduced in these mice.
Interestingly, in these double knockout mice, the reduction in
villus:crypt ratio was not significantly different from that seen
in wild-type mice treated with anti-CD3. Thus TNF-α and Fas
are involved in the mediation of epithelial cell apoptosis but
their combined presence is not required for alteration in
mucosal architecture.

In contrast, the histological damage score in mice deficient
in both perforin and FasL (perforin−/−×gld) was significantly
reduced relative to the wild-type strain (p=0.001). This dam-
age was also statistically less severe than that seen in
TNF-R1×R2 lpr/lpr mice or in perforin knockout mice (fig 9).
Both changes in villus:crypt ratio and number of apoptotic
bodies were significantly different in the perforin−/−×gld mice
compared with control TNF-R1×R2 lpr/lpr mice as well as per-
forin knockout mice (fig 9). Furthermore, the immune medi-
ated tissue damage in FasL deficient mice heterozygous for
perforin deficiency (perforin+/−×gld) was not significantly
reduced compared with wild-type mice, supporting the
important role of perforin in mediating this damage. In
perforin knockout×FasL deficient mice, histological tissue
damage remained negligible 48 hours after in vivo T cell
stimulation (p=0.032 compared with HIgG treated control
mice) showing that the development of mucosal damage in
these mice was not delayed. Thus FasL and perforin are the
major contributors to the development of tissue damage
induced by T cell activation while TNF-α appears to play a less
significant role.

DISCUSSION
Activation of T cells is a pivotal step in the pathogenesis of
inflammatory diseases of the bowel, such as coeliac disease,

Figure 5 Immunosuppressive treatment significantly reduced tissue damage induced by T cell activation. Treatment with a single dose of
either cyclosporin A (CsA) or dexamethasone (Dex) significantly reduced the damage score observed 24 hours post injection (A). The damage
score in mice treated with daily doses of either CsA or Dex was not different from control mice treated with only hamster IgG (HIgG) control
antibody (B). *p<0.05 compared with control mice treated with only anti-CD3 antibody; †p<0.05 compared with control mice treated with
only HIgG control antibody; NS, no significant difference compared with mice treated with HIgG control antibody. Damage score was
assessed three days post injection (numbers indicate the number of animals treated).
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GvH disease, and the idiopathic inflammatory bowel diseases.
Activated T cells participate in both regulatory and effector
mechanisms involved in the development of an inflammatory
response. The effector mechanisms are important for defence
against microorganisms but may also cause significant
bystander tissue damage. Mucosal flattening and enterocyte
apoptosis have been recognised as hallmarks of T cell induced
tissue injury in small intestinal inflammatory diseases.

To assess the contribution of T cell cytotoxicity to tissue
damage that occurs in inflammatory bowel diseases, we
established an in vivo mouse model of T cell mediated intesti-
nal injury induced by direct in vivo activation of T cells via the
common signal transduction moiety of the T cell receptor CD3.
Administration of the anti-CD3 antibody 145-2C11 in vivo
results initially in T cell activation followed by immunosup-
pression due to T cell depletion and downregulation of the T
cell receptor.22 23 Injection of mice with anti-CD3 induced a
severe small intestinal enteropathy that was characterised by
epithelial crypt cell apoptosis and villus flattening. This
supports the notion that villus flattening and enterocyte
apoptosis can result from T cell activation.24

In the large intestine, the structural sequelae of T cell acti-
vation were less obvious. A decreased sensitivity towards

proapoptotic stimuli has been suggested for large intestinal
epithelial stem cells that usually express bcl-2, in contrast with
small intestinal stem cells, which are bcl-2 negative and rapidly
express bax on cellular damage. Knockout studies have
demonstrated that both p53 and Bcl2 are important regulators
of stress induced apoptosis but that there are significant
differences between early and late time points. The cumulative
effect of stress induced apoptosis on tissue architecture is not
straightforward, and cell cycle arrest also plays a critical
role.25 Our data suggest that although apoptotic bodies were
seen in the colon of anti-CD3 mice, the tissue damage was
minimal, perhaps reflecting less dependence of the colonic
epithelium on rapid epithelial cell turnover. Alternatively, the
differences between small and large bowel damage may be
related to a differential response of local T cells to activation
signals.26 We assessed in vivo activation of T cells by measuring
BrdU incorporation as a reflection of cell division. The increase
in BrdU staining of IEL from mice treated with anti-CD3 anti-
body may be due to altered in vivo proliferative response of
activated/memory T cells found in mucosal tissues27 or
alternatively an altered cytokine environment within the
mucosa. None the less, detection of T cell activation in the
mucosa suggests that the anti-CD3 antibody can actually acti-
vate mucosal T cells in vivo. It remains to be shown which
mucosal compartment of T cells is actually mediating the
mucosal damage.

We investigated the role of distinct pathways of T cell medi-
ated cytotoxicity in the induction of intestinal damage. In
vitro experiments suggest that T cell induced target cell dam-
age, including apoptosis of epithelial cells, is mediated by
TNF-α, FasL, and perforin.28 TNF-α is a central mediator of
intestinal inflammation and is increased in human inflamma-
tory bowel disease. Our results indicate that the absence of
TNF-α pathways failed to prevent T cell induced intestinal
damage. This was not anticipated given that TNF-α is toxic for
epithelial cells in vitro10 29 and in vivo administration of TNF-α
induces an enteropathy characterised by villus shortening.9 30

Furthermore, TNF-α induces the release of matrix metallopro-
teinases that digest connective tissue and is involved in the
remodelling of the mucosa in the in vitro fetal intestinal
explant model of T cell mediated injury.17 31 On the other hand,
activated T cells from inflamed mucosa of interleukin 2
deficient mice produced significant amounts of TNF-α and
IFN-γ but were unable to kill or reduce the growth of
syngeneic intestinal epithelial cells.32 Lastly, anti-TNF therapy
is only effective in a subgroup of patients with Crohn’s disease,
supporting the notion that other potent mediators of tissue
damage contribute to immune mediated mucosal damage.33

The role of Fas/FasL and perforin in inflammatory diseases
of the bowel has only recently been studied. Increased expres-
sion of FasL has been detected in inflammatory bowel
disease,3 12 GvH disease,34 35 and coeliac disease,36 and treat-
ment with anti-FasL Ab was therapeutic in a murine model of
GvH disease.14 On the other hand, the absence of FasL failed to
prevent inflammation in a mouse model of colitis induced by
transfer of bone marrow cells into Tg26 mice.37 Our data indi-
cate that the Fas/FasL pathway was not required for T cell
induced tissue damage or the development of apoptosis.

Perforin on the other hand played an important role in T cell
induced mucosal damage. Perforin expression is increased in
GvH disease,38–40 coeliac disease,36 and murine models of
inflammatory bowel disease.41 Perforin contributes to apopto-
sis by facilitating the introduction of granzymes into the tar-
get cell via the perforin pore and increased levels of granzyme
B mRNA have been detected in cells adjacent to apoptotic epi-
thelial cells in inflamed Crohn’s disease tissue.42 Furthermore,
experiments with the Tg26 transfer model of colitis indicate
that the absence of perforin reduced tissue damage.37

In the absence of both TNF-α receptors and Fas (TNF-
R1×R2−/− lpr/lpr mice), loss of villi occurred in spite of a reduc-
tion in the number of apoptotic cells. In the absence of

Figure 6 Serum and small intestinal tissue cytokine levels in Balb/c
mice injected with anti-CD3 antibody or hamster IgG (HIgG) control
antibody. (A) Serum tumour necrosis factor α (TNF-α); (B) serum
interferon γ (IFN-γ); (C) mucosal tissue TNF-α levels (n=3).
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perforin and FasL, both loss of villus structure and apoptotic
bodes were decreased. This suggests that in the presence of
proapoptotic mediators and perforin, epithelial damage occurs
mainly through apoptosis while perforin may also contribute
to non-apoptotic mechanisms of target cell damage such as
pore mediated lysis of target cells in the absence of TNF-α and
Fas/FasL.

Therefore, a number of cooperative pathways contribute to
the induction of apoptosis and mucosal damage during T cell
induced enteropathy. This is supported by in vitro studies
showing that T cell induced target cell damage, including
apoptosis of epithelial cells, is mediated by the combined
effect of TNF-α, FasL, and perforin.28 The contribution of Fas/
FasL is underestimated if cooperative effects between cyto-
toxic effector mechanisms are not considered. Absence of Fas/
FasL alone failed to reduce apoptosis but the combined
absence of both TNF-α and Fas significantly reduced
enterocyte apoptosis. Therefore, even though TNF-α and FasL
are both not individually required for the development of
mucosal damage in our model, both molecules contribute to
induction of apoptosis. Similarly, the Fas/FasL and perforin
pathways combine to induce even greater epithelial cell apop-
tosis and mucosal damage. Similar results were obtained in
studies of T cell induced tissue destruction in intestinal
inflammatory disease36 and GvH disease models.38 40

On the other hand, our finding that TNF-α receptor and
IFN-γ deficiency alone did not reduce tissue damage should
also to be interpreted with caution. The potential remains for

these cytokines to cooperate with other cytotoxic mediators.
None the less, the role of TNF-α and FasL is outweighed by
perforin mediated killing. It remains possible therefore that in
the absence of perforin, the effects of TNF-α and IFN-γ would
be more apparent.

In conclusion, the experimental enteropathy induced by in
vivo anti-CD3 antibody injection in mice demonstrates that
multiple pathways of cytotoxicity, including TNF-α, Fas/FasL,
and particularly perforin, mediate apoptosis and are associ-
ated with architectural damage. These results highlight the
redundancy of cytotoxic T cell mechanisms and predict that
inhibiting any one pathway is unlikely to prevent all aspects of
immunopathology associated with T cell induced enteropa-
thies.
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