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ABSTRACT 

Background & Aims: We describe a type of colitis that develops after transplantation of 

nonallogeneic wt bone marrow cells into T cell- and natural killer cell-deficient tge26 mice 

(BM—>tge26). In these animals, severe wasting and inflammation of the colon correlates with the 

expansion of mucosal T lymphocytes that displays cytotoxic activity. The aims of this study were to 

determine the relative contribution of perforin and Fas ligand(Fas-L) expression to the cytotoxic 

action of these T cells and to examine the influence of each pathway in this model of colitis. 

Methods: Colonic T cells were tested for their ability to mediate Fas- and perforin-dependent killing 

in redirected cytotoxicity assays. Bone marrow cells from donor mice lacking either Fas-L (gld 

mice) or perforin (PFP"" mice) or both molecules were used to reconstitute tgs26 mice. Results: 

Colon cytotoxic T lymphocyte displayed both Fas- and perforin-dependent killing. Deficiency in 

perforin, but not Fas-L, resulted in reduced incidence of wasting and. to a lesser extent, severe colitis 

in BM->tge26 animals. Conclusions: Colon T cells from BM->tge26 mice express both perforin and 

Fas-L. Although neither pathway is critical in the development of colitis, perforin does have a 

measurable influence on disease in the BM—>tge26 colitis model. 
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INTRODUCTION 

Aberrant cell-mediated responses generated by Thl type T cells have been shown to correlate 

strongly with intestinal inflammation in human inflammatory bowel disease (IBD) " . This is also a 

feature in many animal models for IBD in which normal T-cell regulation is disrupted4"'. Although 

the actions of cytokines such as interferon (IFN)-y and tumor necrosis factor (TNF)-a may account 

for many of the abnomalities in humans and in animal models of IBD, the extent to which cytotoxic 

T lymphocytes (CTLs) might participate in IBD has yet to be directly addressed8-9. 

Cytotoxic T cells mediate rapid induction of programmed cell death in other cells by two principal 

mechanisms'" The first, classically associated with CDS' CTL but now also recognized as being 

used by some CD4^ T cells, results from the binding and polymerization of perforin monomers on 

the target cell surface10"12. The channel formation by perforin polymers allows the subsequent entry 

of serine proteases (granzymes) into the target cell, resulting in target cell death. The second 

mechanism of CTL activity, used predominantly by CD4T T cells, results from the engagement of 

Fas receptors on the target cell surface by Fas ligand (Fas-L) expressed by activated T cells. Fas-L 

was originally identified because of its ability to regulate T-cell responses by inducing activation of 

cell death in Fas-expressing effector T-cell populations"1-1''. In this manner, the Fas system prevents 

inappropriate numbers of T cells from surviving after participation in immune responses. However, 

the detection of Fas receptors on cell types other than T lymphocytes suggests a role for the Fas 

system that extends beyond that required for T-cell regulation. For example, it has been suggested 

thatT cells expressing Fas-L may fulfill a function akin to those that use perforin to clear bacterial or 

viral infections and in some forms of immunopathology, such as is associated with autoimmune 

diseases . 

It has also been speculated that perforin/granzyme- and Fas-L-mediated CTLs might each contribute 

to tissue injury in IBD8'9,15'16. For example, in ulcerative colitis, elevated expression of granzymes 

and Fas-L16 have been observed. In the case of Fas-L, this correlated with increased Fas-L-mediated 

apoptosis of colon epithelial cells in ulcerative colitis9-'6. In animal models of IBD, increased colon 

CTL activity has also been detected. For example, in interleukin 2" mice that develop colitis bearing 

similarities to ulcerative colitis,1' we previously reported elevated constitutive ex vivo CTL activity 

of colon T cells from the lamina propria and intraepithelial compartments'8. In another IBD model. 
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resulting from the adoptive transfer of CD4~ CD45RB1" T cells into Scid mice, increased CTL 

activity by colon-derived T cells has been reported19"22. Because the murine large bowel harbors 

small numbers of CTLs under normal circumstances,18 the presence of higher amounts of these cells 

in colitic mice and in human IBD15'16 implicates these T cells as participants in the pathology of this 

organ during inflammation. 

In the present study, we investigated the role of cytotoxic T cells in a model of IBD characterized in 

our laboratory. In this system, a severe wasting disease and chronic inflammation of the colon 

develop after bone marrow reconstitution of the T-cell compartment of mice lacking thymocytes, T 

cells, and natural killer cells (tgs26 mice)23-24. In these animals, a lack of early prothymocytes leads 

to the development of very small thymi that display highly abnormal stromal architecture24. 

Furthermore, transfer of T cell-depleted bone marrow cells (BMCs) from nonallogeneic wild-type 

animals is insufficient to restore this abnormality and leads to the aberrant development of donor-

derived T cells . Four to five weeks after BMC transfer, BM—»tge26 mice become severely wasted 

and develop inflammation of the colon, which correlates with the expansion of IFN-y- and TNF-cc-

secreting CD4' and CD8+ T cells26. Additionally, T cells from the lamina propria and intraepithelial 

compartments of the colon, although not the peripheral lymphoid compartment, of colitic 

BM—>tge26 mice display high levels of constitutive ex vivo CTL activity2^. In light of these 

findings, we investigated potential mechanisms used by colon CTL from colitic BM-»tge26 in 

mediating programmed cell death of target cells and the role that CTL might play in this colitis 

model. 

MATERIALS AND METHODS 

Mice. Tge26 mice were generated as previously described by the transgenic overexpression (>30 

copies) of the full-length human CD3egene~\ These mice were interbred on the original 

CBA/J x C57BL/6 background at the Beth Israel Deaconess Medical Center animal facility and were 

maintained under standard conditions in autoclaved microisolator cages with autoclaved food, water, 

and bedding. C57BL/6 (C57BL/6 x CBA/J)F1 and PFP"" (129/SvEv x C57BL/6) mice were 

purchased from Jackson Laboratories (Bar Harbor, ME). MRL/MRL and MRL/gld mice were 

derived at Boston University Medical Center. The MRL/gld strain was generated by backcrossing 
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from the gld-C2>W background to the MRL background as previously described". 

BMC Preparation and Cell Transfer. BMCs were harvested from the long bones of donor animals 

and prepared as previously described28. Briefly, depletion of mature T cells was carried out on all 

bone marrow by two rounds of anti-Thy 1.2 monoclonal antibody (clone 30-H12)-mediated 

complement depletion. Cells were incubated at 5 x 107 cells/mL for 30 minutes on ice, followed by 

lysis using rabbit complement (Cederlane Laboratories, Westbury, NY) for 45 minutes at 37°C. 

Typically, percentages of T cells remaining in the bone marrow inoculum were <0.1%. Bone 

marrow-recipient animals were preconditioned with 75 mg/kg 5-fluorouracil 48 hours before 

engraftment of BMCs. BMCs were resuspended in 400 uL phosphate-buffered saline (no fetal calf 

serum) and injected into the tail vein. 

Lymphocyte Preparation. Single-cell suspensions of lymph node cells, intestinal intraepithelial 

lymphocyte (1EL), and lamina propria lymphocyte (LPL) preparations were performed as described 

previously . 

Redirected CTL Assays. Cytotoxic activity was measured in a redirected CTL assay that was 

dependent on the presence of anti-CD3 antibody (clone 145-2C11, Pharmingen, San Diego, CA) as 

described previously18. To assess FAS dependence, sublines of a murine lymphoma (LI 210) derived 

from DBA/2 were used. L1210-F+ is subline transfected with an AS overexpression gene construct. 

LF1210-F" is an L1210 subline transfected with an Fas antisense construct29. Target cells were set 

up in assays using identical conditions to those described above. To determine Ca dependence, 

EGTA (a calcium-chelating agent) was added to the assays at time zero at a concentration of 

6 mmol/L with 3 mmol/L MgCL2. 

Determination of Colitis and Histological Analysis. Mice were weighed on a weekly basis and 

monitored for signs of colitis, including hunched posture and diarrhea. Determination of colitis by 

gross examination was made by necropsy using extent of colon thickening and diarrhea as 

parameters. Gross colitis was scored for each parameter as follows. Colon enlargement asO, no 

visible thickening; 1, mild; 2, moderate; and 3, extensive thickening. Stool consistency as 0, normal 

beaded stool; 1, soft or loose stool; and 2, diarrhea. Tissue from the distal 0.5 cm of the large 
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intestine was analyzed by conventional H&E histology""1. Histology sections were scored on a scale 

of 0-3 for each of the criteria of bowel wall thickening, mucosal inflammation, and number of crypt 

abscesses. Assessment and scoring were done in a blinded fashion by the same pathologists (E.M. 

andA.K.B). 

RESULTS 

Colon T Cells From BM->tgr.26 Mice Induced Target Cell Death by Fas and Perforin. 

To examine the cytotoxic activity mediated by colon-derived T cells from BM—>tgs26mice, 

redirected CTL assays were used. In these assays. ^'Cr-loaded, murine Fc receptor-bearing cell lines 

served as targets, and addition of anti-CD3 antibody facilitated T-cell receptor/CD3 receptor cross-

linking and subsequent activation of effector CTL. As shown in Figure 1. extensive cell death of 

target cells was mediated by colon-derived IELs and LPLs from colitic (C57BL/6 * CBA/J)F1 

(Fl)—»tge26mice. In these assays, induction of target cell death was rapid, with measurable activity 

as early as after 3-4 hours of coincubation with effector cells. Consistently, killing by mucosal T 

cells from Fl—»tge26mice was considerably higher than that by T cells from wt (Fl) animals, which 

generally mediated low or moderate killing by IELs and low or no detectable killing by LPLs. 

30-1 

70-

60-

1 »• 
(0 

o 
Q «H "3 
O 3 0 -

3? 
2 0 -

10-

0 

A 
, 

fr*~-~^ 

I 
f —-* 
/ 

* 
0 10 20 3 0 40 SO GO 0 10 20 30 40 50 60 

E:T Ratio E:T Ratio 

Figure 1. T cells from the colon of BM—»tge26 mice are potent CT1 ,s. Redirected cytotoxic T cell assays were ser up using 

colon T cells against MCr-labclcd Fc-rcccptor positive P815 cells. Effector cells were incubated with targers at different 

effector to target (E:T) ratios in the presence or absence of anti-CD3 antibody and harvested after 6 hours. Killing in the 

absence of antibody was <5% maximum in all cases (not shown). Effectors cells comprised (A) [ELs or(/5) LPLs extracted 

from the colons of BM—>tgc26 mice (A) or «'/(C57BL/6 x CBA/J)F1 mice (•). Data are representative of at least five 

different assays. 
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We next sought to determine the relative contributions of Fas-dependent and independent pathways 

to this CTL activity. To measure this, redirected assays were set up against cell lines that expressed 

either high levels of Fas receptor (L1210-F*) or were negative for Fas expression (L1210-F")29. In 

these assays, effector cells were composed of mixed LPL and IEL populations from the colon. 

Consistent with the previous results, significant cell death was observed against the FasT targets 

(Figure 2). Although variability existed in the relative levels of CTL activity measured from 

individual animals, killing against Fas" targets by the same effector populations was consistently 

lower. These results demonstrate that both Fas-dependent and -independent induction of target cell 

death contributed to the cytotoxic activity of colon T cells from colitic BM—»tge26 mice. 
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Figure 2. Target cell death is mediated by I'AS-depcndcnt and FAS-independent mechanisms. Colon 'I' cells were set up in 

redirected assays against FAS-expressing targets (1.1210F*) and FAS targets (LI21 OF-) either in the presence or absence of 

6 tnmol/l . FXiTA and harvested after 6 hours. Cell dearh at E:T 40:1 is represented, liach point represents an assav from a 

single individual, and lines connect effector cells from the same individual. 

Perforin-mediated killing depends on the presence of extracellular calcium, which is required for 

binding of perforin monomers to the target cell. To examine the calcium requirement for the 

induction of target cell death, a calcium-chelating agent (EGTA) was included into each assay. As 

shown in Figure 2, measured cell death of both Fas1 and Fas" cell lines was significantly reduced in 

the presence of EGTA. These data strongly implicate perforin as the principal mechanism by which 

Fas-independent cell death was induced in these assays. The strong reduction of Fas-dependent 

killing also observed in the presence of EGTA is consistent with the reported requirement of calcium 
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in the induction of Fas-L expression by T cells after T-cell receptor stimulation13. 

Relative Involvement of Perforin and Fas-Ligand in Wasting and Colitis. 

The relative contribution of Fas-L and perforin expression to the development of disease in 

BM->tgs26 mice was examined by transplanting BMCs from mice deficient in the expression of 

either Fas-L or perforin or both molecules. Thus, gld mice that are deficient in the expression of 

functional Fas-L,13 perforin-deficient(PFP') mice,3"31 or gld x PFP"" mice were used as BMC 

donors. Tgc26 mice transplanted with BMCs from wild-type mice of the same backgrounds (MRL 

vs. gld, 129/SvEv vs. PFP"" and C57BL/6 vs. gld x PFP"") or from the original (CBA/J x C57BL/6) 

Fl background from which colitis was originally described served as control donors in these 

experiments. 

The overall extent of weight loss in g/d->tge26 animals was as severe as that in tge26 mice 

transplanted with the MRL control BMCs (Figure 3/1). Both the PFP" ->tge26 and PFP " 

x g/d^>tge26 groups showed, in most cases, an increase in body weight, whereas the respective 

control animals suffered from weight loss. Examination of colitis in each group using gross and 

histological determination revealed that the overall severity of colitis in g/d->tge26 mice was 

comparable with that in control animals. In the case of perforin, it was observed that although severe 

colitis did still develop in many cases in the absence of thisCTL pathway, a number of animals 

showed less extensive gross and histological colitis compared with tgs26 controls that received wt 

BMCs (Figures 35 and Q . Representative histology of colitis (Figure 4) revealed the salient features 

of severe and mild colitis in the tgs26 model. For the most part, severe colitis was evident from 

extensive cell infiltration, crypt proliferation, loss of goblet cells, and formation of crypt abscesses 

(Figure AA). Interestingly, in a proportion of colitic PFP" ->tgs26 and gld * PFP" ->tge26 animals, 

significant inflammation of the colon was observed as a result of extensive cell infiltration in the 

absence of prominent thickening of the bowel wall (Figure 4B). In some cases this, together with an 

increased appearance of crypt abscesses, yielded an elevated histological score compared with that 

of the gross colitis. 
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Figure 3. Measurement of weight loss and colitis. (A) The percentage of initial body weight was calculated by dividing the 

final body weight of the animal at week 4 by the initial body weight (measured at time of transplant). (B) The extent of gross 

colitis (colon thickening and diarrhea) was determined by necropsy (weeks 4-5 after transplantation). Represented are the 

mean scores ± SF.M on a scale of 0-5, calculated according to the criteria outlined in Materials and Methods 

(*P < 0.05 relative to controls). (Q Histological colitis was determined by examination of sections taken from distal large 

bowel. These were scored according to the parameters of bowel wall thickening and inflammatory cell infiltrate, as described 

in Materials and Methods. The combined scores are measured on a scale of 0-9.O, Animals with significant gross colitis 

(scores of 2-5); A, animals with mild or no significant gross colitis (scores of 0-1). 
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Figure 4. Histological examination of colons from BM-»tge26 mice. H&E histology of distal colon from BM—»tg£26 mice. 

(A) Severe colitis with a high number of inflammatory cells (3) (see Materials and Methods) and extensive crvpt elongation 

(3) from a PFP ' -Hgs26 mouse. (If) Healthy colon with many goblet cells and no inflammatory infiltrate (0), PFP -»tge26 

mouse. (Q Moderate mucosal inflammation (2) without bowel wall thickening (0) in a PFP x ^M —»tgc26 mouse (original 

magnification 1 (K)x). 

Taken together, these data demonstrate that Fas-L expression by T cells is not a significant factor in 

either the development of wasting or colitis in BM—»tg£26 mice. In contrast, perforin expression did 

have a significant impact on the wasting syndrome and had a moderate, although measurable, effect 

on the incidence of severe colitis. 

With the exception of the Fl donor mice, each of the donor backgrounds differed from the tgs26 

background. In the case of the gld background, the same H-2 loci are shared (H-2k) but differ from 

tge26 mice at non-H-2 loci (tgs26 are all H-2k' H-2b" due to segregation of H-2k alleles). In the case 

of the 129/SvEv and C57BL/6 backgrounds, differences existed between donor and recipient mice at 

the H-2 loci (H-2 vs. H-2 ). Because these allogeneic differences make graft-versus-host disease a 

potential problem, considerable care was taken in carrying out T-cell depletion of BMCs, resulting 

in the presence of very few CD4* and CD8^ T cells in the BMC inoculum (see Materials and 

Methods). Skin inflammation, a characteristic of graft-versus-host disease, was not apparent in any 

of the mice examined. Furthermore, histopathologic features of colons in recipient mice were similar 

to those seen in (nonallogeneic) Fl—>tge26-induced colitis. 
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Figure 5. Colon CTLs in (A) Fl-»tge26, (Ö) PFP -Hge26, and (Qj/rf->tgs26 mice. The CTL activity of T cells from 

colons of j/rf—>tge26 and PFP ' —>tge26 mice with significant colitis was measured, as described in Figure 1. Responses 

against L1210* (•) and L1210" ( • ) targets were determined, as described in Figure 2. Assays are representative of two 

separate experiments. 

Colon CTL activity was reduced in the absence of perforin and Fas-L expression. The extent of CTL 

activity mediated by colon-derived T cells from tge26 animals transplanted with BMCs from gldand 

PFP"" donors was examined next (Figure 5). As expected, the level ofcytotoxic activity by mucosal 

T cells from g/d-»tge26 animals was independent of Fas expression by the target cells. In PFP"" 

->tgc26 mice with colitis, CTL activity could still be measured by colon T cells. The finding that 

PFP-deficient CTLs were entirely dependent on target Fas expression confirmed the original results 

(Figure 2) that, together, perforin and Fas-L account fully for the rapid target cell death induced by 

colon T cells derived from BM—>tge26 mice. 

DISCUSSION 

In this study, we show that activated T cells from inflamed colon tissue are potently cytotoxic, 

delivering swift cell death after T-cell receptor stimulation. This CTL activity comprised both Fas-

dependent and Fas-independent mechanisms, the latter of which was mediated by perforin. 

The observation that both Fas-L and perforin pathways are used by colon CTLs in the BM—>tgs26 

colitis model is consistent with the presence of both activated CD8+ and CD4" T cells in the colon 

mucosa of these animals. Thus, it seems likely that the perforin-mediated killing measured in these 

experiments occurred because of the activity of CD8' T cells, whereas FAS-dependent killing 
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occurred because of activated CD4 T cells. Indirectly, this lends evidence to the notion that CD8' T 

cells may play a role in the BM-»tgs26 colitis model, because lack of perforin expression had a 

measurable effect on the severity of wasting and, to an extent, colitis in PFP""—>tgc26 mice. 

Alternatively, it is possible that colon-derived CD4' T cells from BM-»tgs26 mice might also have 

mediated perforin-dependent killing activity in BM—»tgs26 mice. Certainly, this would be consistent 

with perforin-induced cell death by CD4' T cells observed in other experimental settings"'12"32. 

However, in the CD45RB1" transfer colitis model, which occurs in the absence of CD8T T cells, 

colon-derived CTLs induced cell death exclusively byFas-L expression22. Consistent with this, we 

have shown that lack of perforin expression by T cells does not have a measurable effect on the cell 

death in this system (Shah SA, Simpson SJ, Terhorst C, unpublished observations, June 1996). 

The finding that CTL activity correlates with the development of colitis in BM-»tgs26 mice is 

consistent with previous suggestions that the pathogenic effects of such cells might occur through 

tissue injury in the colon, resulting in lesions on the mucosal surface. A primary function of the 

epithelia is to maintain a barrier between the mucosal immune system and the potentially antigenic 

contents of the lumen. The direct exposure of the immune system to bacterial cells or their products 

through disruption of the mucosal surface could thus lead to potent inflammatory responses in the 

lamina propria. Conceivably, expression of both perforin and Fas-L by activated CTLs could induce 

this type of epithelial cell damage. However, our data argue that although CTL-mediated destruction 

of epithelial cells may occur during intestinal inflammation, this is not a critical aspect of the disease. 

Compared with the effects on colitis, there was a measurable effect of perforin, but not Fas-L 

deficiency, on the wasting syndrome. This highlights the fact that each component of the disease is 

somewhat independent of the other and may, to an extent, be influenced by distinct pathogenic T 

cell-dependent mechanisms. The effects of perforin deficiency on wasting in BM—»tge26 mice are 

similar to those reported for this CTL pathway in graft-versus-host disease/'1'3" suggesting an 

important influence of perforin-dependent CTLs in different forms of immunologically mediated 

wasting. 

Although CTL may be a contributing factor in different forms of IBD, other pathways exist that 

could also lead to tissue injury in the colon during inflammation. A common pathway identified in 
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other forms of inflammation is the one mediated by TNF-a, and we demonstrated that this cytokine 

plays a dominant role in the BM—>tge26 colitis model (Mackay F, Browning J, Lawton P, Comiskey 

M, Bhan AK, Mizoguchi E, Terhorst C, Simpson SJ, August 1998 unpublished data). This is of 

particular note because neutralization of TNF-a in other models of IBD has also been shown to limit 

disease progression. Furthermore, treatment of patients with Crohn's disease with anti-TNF-ct 

antibody has proven effective in limiting bowel inflammation in this disease36. 

Finally, it is reasonable to speculate that, either alone or in concert, molecules capable of mediating 

cell death, including perforin or members of the TNF family, could each contribute to intestinal 

inflammation. Furthermore, the distinct abnormalities found in different forms of IBD may result 

from differences in the extent to which these inflammatory mediators participate in disease. 
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