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ABSTRACT 

Background & Aims: Experimental colitis in most animal models is caused by dysregulation of T 

lymphocytes that display a T helper 1 (Thl) phenotype. CD 154 (CD40L/gp39), a member of the 

tumor necrosis factor (TNF) family, is up-regulated on T cells on activation and has been shown 

to play a key role in the induction of a Thl response. We investigated whether chronic 

experimental colitis is dependent on the CD154/CD40 pathway and whether disease can be 

prevented by anti-CD154 antibody treatment. Methods: Two models of chronic colitis were used: 

CD45Rb ' cell transfer into recombination activation gene-deficient (Rag"") mice and bone 

marrow transplant of tgs26 animals. In both models, mice were reconstituted with cells from 

CD154-deficient animals. In another series of experiments, wild-type CD45Rb'" T cell-

reconstituted recipients were treated with anti-CD 154, either from the start of the experiment or 

after onset of disease. Results: T cells deficient in CD 154 induced a milder clinical disease, less 

weight loss, and fewer histologic signs of colitis than wild-type cells. The level of interleukin 

12 in the serum of CD154-deficientT-cell recipients was 5-fold less than that of wild-type cell 

recipients. Nevertheless, no signs of deviation from a Thl phenotype were observed. Treatment 

with anti-CD 154 antibodies substantially impaired disease development, even when started after 

the onset of colitis. Conclusions: The CD154/CD40 pathway plays a critical role in Thl-induced 

chronic experimental colitis. Blocking CD154, even after the onset of disease, ameliorates colitis 

but does not induce a T helper 2 (Th2) phenotype. 
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Blocking CD 154 in chronic murine colitis 

INTRODUCTION 

Crohn's disease and ulcerative colitis, the two main forms of inflammatory bowel disease, are 

chronic, spontaneously relapsing disorders that appear to be immunologically mediated. Although 

the underlying genetic and environmental causes remain to be elucidated, CD4' helper T 

lymphocytes play a pivotal role in the pathology of these diseases " . 

Terminal differentiation of CD4' helper T cells results in at least two distinct phenotypes, 

depending on the cytokine environment in which they are activated. Interleukin (IL)-12 skews 

naive helper T cells to an antibacterial T helper 1 (Thl) phenotype, whereas IL-4 drives them to a 

Th2 response that has been associated with allergy and antiparasitic reactions. Murine Thl and 

Th2 cells can be mutually suppressive in in vitro experiments4". A Thl-like phenotype, with its 

signature cytokines interferon (IFN)-y and tumor necrosis factor (TNF), is shared between many 

colitis models and is found in patients with Crohn's disease1,6"'. One way of interfering with 

disease is targeting the induction or effector functions of a Thl response. Thus, blocking IL-12, 

TNF, or lymphotoxin all diminish chronic experimental colitis,8"1" and recently anti-TNF therapy 

was proven effective in treating patients with Crohn's disease". A second approach to interfering 

with disease is believed to be in the induction of a population of cells that inhibits Thl 

differentiation. For instance, as yet poorly defined regulatory cells that express IL-10 and 

transforming growth factor-P can abrogate the pathogenicity of Thl cells ' . These findings 

suggest that blocking Thl-effector mechanisms orup-regulation of a cell population that inhibits 

Thl cells could lead to therapies for patients with Crohn's disease. 

Activation of helper T cells through the T-cell antigen receptor leads to expression of CD 154 

(gp39, CD40L), a member of the TNF family of proinflammatory cytokines. When CD 154 binds 

its receptor CD40 on antigen-presenting cells (APCs), this signal activates the APC and will 

result in both up-regulation of costimulatory receptors and production of proinflammatory 

mediators such as TNF and IL-1 l4 '15. Therefore, CD154/CD40 signal transduction appears to play 

an essential role in the activation loop between helper T cells and APCs. This was shown by the 

ability of blocking anti-CD 154 antibody to prevent disease in models of rheumatoid arthritis,16 

graft-versus-host disease,17 multiple sclerosis,18 and lupus erythematosus19. Anti-CD 154 therapy 

was also shown to arrest established disease in a lupus nephritis model" . In a model of 

chemically induced acute colonic inflammation, prophylactic anti-CD 154 antibody appeared to 

ameliorate disease. In that model, increased levels of IL-4 were observed after blocking the 
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CD154/CD40 pathway21. Given these findings, we have set out to study the role of CD 154 in 

chronic experimental colitis. 

We used two transfer models of chronic colitis that depend on colitis inducing CD4~ T cells. The 

tlrst model is based on the observation that a T-cell population, depleted of its regulatory/memory 

subset, induces disease in a T cell-deficient host . Thus, when helper T cells are separated into 

naive CD45Rb" and memory CD45Rb'° cells, transfer of only the naive cells into recombination 

activation gene-deficient (Rag"") mice will induce a wasting disease with colitis. The second 

model is based on the tge26 mouse that, because of a block in thymic development, has no 

peripheral T or NK cells ' . When wild-type bone marrow is transplanted into these mice, donor 

CD4' T cells are aberrantly educated in the tgs26 thymus and cause a severe wasting disease 

accompanied by pancolitis"6" . Both models have a disease in common that is highly skewed 

toward aThl-type reaction and is dependent on TNF, IL-12, and lymphotoxin8"10'28. In contrast 

to the pancolitis observed in the tgc26 model, inflammation in the CD45Rbhl model is more 

patchy in nature and sometimes involves the distal ileum, more reminiscent of Crohn's disease. 

MATERIALS AND METHODS 

Mice 

C57BL/6 (B6), (B6 x 129)Fi, and B6 Rag-1" mice were purchased from Jackson Laboratory 

(Bar Harbor, ME), and 129 Rag-2" mice were purchased from Taconic Farms (Germantown, 

NY). CD 154 " or CD 154" mice were generated as described previously" and kept on the 

B6 x 129 original background or back-crossed to the B6 background. The tgs26-recipient mice 

were generated by overexpressing the full-length human CD3c gene, as described previously,24 

and maintained on the original B6 x CBA background in the Beth Israel Deaconess Medical 

Center animal facility. All CD45Rb" experiments were performed using B6 donors and B6 Rag-

1""recipients, except for 1 CD 154 "experiment in which B6 x 129 donors were transplanted into 

129 Rag-2" recipients. Recipients were between 6 and 10 weeks of age. 

Cell and Bone Marrow Purification and Cell Transfer 

The CD45Rb model was generated as described by Powrie23 with minor modifications. Donor 

spleen cells were enriched with T-ccll enrichment columns (R&D Systems, Minneapolis, MN) 

and labeled for cell sorting with phycocrythrin-conjugated CD45Rb (clone 16A)and fluorescein 
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Blocking CD 154 in chronic murine colitis 

isothiocyanate-conjugated CD4 (clone RM4-5) fromPharMingen (San Diego, CA). Collected 

cells were resuspended at 2.5 * 107400 uL phosphate-buffered saline and injected into the tail 

veins of recipient mice. 

For the tgs26 model, bone marrow from B6 mice was prepared as described previously27. Tgs26 

mice received total body irradiation with 450 R, and the tail vein was injected with 5 x 1 0 bone 

marrow cells, containing <0.1% CD3+ cells as determined by flow cytometry. 

Antibody Treatment 

Anti-CD 154 antibody (clone MR1)'° was harvested from hybridoma supernatant and purified by 

using conventional methods. Twice a week, 250 ug of anti-CD 154 monoclonal antibody or 

control hamster immunoglobulin (Ig) G in 200 uL phosphate-buffered saline (clone Ha4/8-3.1; 

provided by Dr. D. Mendrick, Human Genome Sciences, Rockville, MD) was injected 

intraperitoneally starting at the time of cell transfer unless specified otherwise. 

Disease Monitoring and Scoring 

Mice were weighed twice a week and monitored for appearance and signs of soft stool and 

diarrhea. When moribund, the mice were killed and assessed for a disease activity score that is the 

sum of 4 parameters as follows: hunching and wasting, 0 or 1; colon thickening, 0-3 (0, no colon 

thickening; 1, mild thickening; 2, moderate thickening; 3, extensive thickening); and stool 

consistency, 0-3 (0, normal beaded stool; 1, soft stool; 2, diarrhea, and an additional point was 

added if gross blood was noted). Three tissue samples from the proximal, middle, and distal parts 

of the colon were prepared for H&E histology by using standard techniques, as described 

previously27. For the histologic colitis score, the area most affected was scored on a scale of 0-3 

in each of 3 criteria: cell infiltration, crypt elongation, and the number of crypt abscesses. 

Histologic grades were assigned in a blinded fashion by one pathologist (A.K..B.). 

Cell Preparations and Cytokine Analysis 

Lamina propria, mesenteric lymph node, and spleen cells were harvested and prepared as 

described previously6. Cells were then stimulated with plate-bound anti-CD3e antibody (clone 

145-2C1 l,PharMingen) for 4 hours in RPMl-10% fetal calf serum for intracellular staining or 

36 hours in X-Vivo (Bio Whitaker, Walkersville, MD)for supernalants. Surface and cytoplasmic 

staining and fluorescence-activated cell sorter analysis were performed as described previously', 

using isotype-matched control antibody staining as the 0 value. The following antibodies were 

used: anti-CD4 (clone RM4-5), CD 154 (clone MR1), hamster IgG control (clone G235-2356), 
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IFN-y (cloneXMG 1.2), rat isotypc IgGl control (all from PharMingen), and streptavidin-Red670 

(GIBCO BRL, Grand Island, NY). IFN-y. IL-4 (Endogen, Woburn. MA), and IL-10 (Genzyme. 

Cambridge, MA) in supernatants, and IL-12p70and TNF (PharMingen) in serum, were detected 

using standard enzyme-linked immunosorbent assay kits. Soluble CD 154 was captured with MR1 

and detected using biotin-conjugated MR1. To measure proliferation, lamina propria lymphocytes 

(LPLs) were stimulated with plate-bound anti-CD3 for 24 hours followed by addition of 0.5 uCi 

[ H]thymidine (Amersham, Arlington Heights, IL) per 5 x 105 cells for 12 hours, after which 

thymidine incorporation was counted. 

Statistical Analysis 

Weight and cytokine data were analyzed using Prism 2.01 software (GraphPad, San Diego, CA), 

with P values calculated using a nonpaired t test. Disease activity scores and histologic scores 

were analyzed with the Mantcl-Hacnszel y~ test, using SAS software. Mean values arc reported 

as ±1 SEM. 

RESULTS 

T Cells From Mice With Chronic Colitis Express High Levels of CD154 

To assess whether CD 154 was up-regulated in colitis, LPLs from moribund colitic mice were 

analyzed by flow cytometry. The number of LPLs from CD45Rb ' cells transferred Rag" 

(CD45Rbhl->Rag"'") mice that expressed CD154 on their surface was higher than that in healthy 

wild-type mice (colitic: 6.57% ± 0.75%; mean fluorescence intensity [MFI], 185.4 ± 5.5; wild-

type: 1.07% ± 0.12%; MFI, 166.9± 16.3) (Figure \A and \B). On anti-CD3 stimulation, both the 

number of CD154^ cells and the level ofCD154 expression were dramatically increased 

(23.2% ± 6.5% CD 154'; MFI, 262.7 ± 10.7; Figure 1C). By contrast, only 1.8% of LPLs from 

healthy wild-type mice had a very low level of CD154 on in vitro stimulation (MFI, 170.3 ± 14.3; 

Figure ID). In fact, in CD45Rb'"—>Rag"'" mice, a high level of expression of CD 154 on the 

surface of LPLs was observed before substantial histologic alterations in the colon (data not 

shown). 
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Blocking CD 154 in chronic murine colitis 

colitic wild type 

Q 
O c 28,5% 

CD4 
Fig. 1. CD154 surface expression on helperT cells is up-regulated in experimental colitis. (A) In the CD45Rbhi model, 

a small subset of lamina propria CD4* cells express low levels of CD 154 on their surface. (/}) Helper T cells in the lamina 

propria of healthy wild-type mice do not express significant amounts of CD154. When stimulated in vitro, there is (Q 

marked up-regulation of CD 154 on lamina propria CD4* cells in colitic animals but (D) no significant induction in 

healthv wild-type control mice. 

Because soluble CD 154 has been detected in serum during acute angina and systemic lupus 

erythematosus31-32, we next investigated whether CD 154, like TNF, is secreted in these colitis 

models. On anti-CD3 stimulation of LPLs from colitic CD45Rbh'->Rag"" mice, intracellular 

staining levels for CD154 were significantly higher (34.8% ± 7.2% of CD4+ cells; MFI, 357 ± 14) 

than surface-stained levels (23.2% ± 6.5%). However, using a specific enzyme-linked 

immunosorbent assay, we detected no soluble CD 154 in the serum of colitic mice in either the 

CD45Rbh' or tgs26 model (data not shown). 

These findings show that the number of CD4+ cells expressing CD 154 as well as the levels of 

surface expression are up-regulated in the CD45Rbhl->Rag"" colitis model. 

CD154-Deficient T Cells Induce a Milder Form of Colitis Than Wild-type Cells 

We next sought to determine whether development of colitis in these models is CD154 pathway 

dependent by comparing donor cells from CD 154-deficient (CD 154"") mice with wild-type cells. 
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The absence of CD 154 impaired T cells in their ability to induce disease. Although both groups 

of animals started to lose weight around the same time, weight loss was more gradual in 

recipients of CD 154" T cells in the CD45Rbh' model. This translated to an average of 14% 

difference in original body weight between the groups, which was highly significant (P< 0.001; 

Figure 2A). In the tg£26 model, no statistically significant difference in total weight loss was 

observed between the two groups. However, assessment of colitis by clinical disease activity 

index showed a clear difference between animals in which the donor T cells were derived from 

CD 154"" mice compared with wild-type animals. In both models, recipients of wild-type cells 

were more hunched and wasted and had more diarrhea than mice that received CD 154"" cells 

(Figure 25). This difference in disease was also confirmed by histologic examination of the colon 

(Figure 2C). 

A CD45Rbhi tgi;26 

120-1 

,100 

60 

4 ^ 
. • I -8o^ ^^ 

n=25 n=20 n=26 n=24 

wild CD154"'" wild CD 154"' 
type type 

CD45Rbhl tgi:26 
5 

8 4 

> 3 

a> 2 

</> , 
0-

T 

|n=31 

!-
i - ' 
I 
l = 2 4 | 

wild CD154"'" 
type 

2 CD45Rbhl 

£ 6-i 

S 5-
in 
its 4 . 

m -i 

O 2 
O 
.2 1-

T 

n=?9 

T 
1 

Bil 
wild CD154-' 
type 

1 

n=14 

* 
« 

" • ' 

! • 

In=13| 

wild CD154 
type 

tgi;26 

n = 14 

* 

H 
wild CD 154 
type 

60 



Blocking CD 154 in chronic murine colitis 

Fig. 2. T cells deficient in CD 154 induce a mild wasting disease with moderate colitis. CD154 donor cells are less 

pathogenic in chronic colitis models than in wild-type controls. (A) Wasting disease, measured by the change in the 

percentage of body weight from the beginning of the experiment, was substantially less in the CD45Rb'" model, but no 

difference was observed in the tg£26 model. In addition, clinical disease signs in both models, translated into (B) disease-

activity score and (Q histologic colitis scores, were markedly decreased when mice received CD 154 cells compared with 

wild-type controls. *P < 0.05; **P < 0.01; **'P < 0.001. 

Examples of the observed histopathology for the CD45Rbh'-»Rag"" model are shown in Figure 3. 

Most mice transplanted with wild-type cells showed extensive colonic inflammatory infiltrate, 

crypt elongation, and numerous crypt abscesses and giant cells. These were infrequent in mice in 

which donor cells were derived from CD 154"" animals. Together, these data show that T cells 

without CD 154 are less potent than wild-type T cells in inducing chronic colitis. 

magnification 100x). 

Because the CD154/CD40 pathway involves T-cell activation of APCs, we measured IL-12 and 

TNF levels in serum from CD45Rbh'-»Rag"" mice. IL-12 levels in Rag" mice that had received 

CD 154" cells were significantly lower (5-fold) than those in recipients of wild-type cells. 

Similarly, TNF levels were 4-fold lower, although there was quite a range in the levels (Figure 

4A). To assess whether lower serum values of IL-12 correlated with a decrease in Thl -cytokine 

production, cells were stained for IFN-y expression after in vitro anti-CD3 stimulation. As shown 
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in Figure 45, a lower percentageofCDl54""cells than wild-type T cells produced IFN-y which 

was more pronounced in the periphery than in the lamina propria. This was confirmed by 

measuring IFN-y in the supernatants of LPLs stimulated by anti-CD3 (Figure 3C). Interestingly, 

the levels ofTh2 cytokines produced by CD 154"" T cells were also significantly lower than 

produced by wild-type cells (Figure 3C). The lamina propria of Rag"" mice that had received 

CD 154"" T cells contained less cells (4.4 ± 1.0 * 106; n = 15) than Rag" mice that had been 

transplanted with wild-type T cells (7.9 ±1.1 x 106; n = 14. P < 0.05). However, no difference in 

proliferation was observed on in vitro stimulation with anti-CD3 (data not shown). 

I FN-/ IL-4 IL-10 

Fig. 4. CD154-deficient '1' cells induce less II.-12 production than wild-type cells, hut show no deviation to a Th2 

phenotype. (A) Serum levels of the Thl-inducingcytokine IL-12 and T N F were lower when mice were transplanted with 

CD 154 (•) than in wild-rype (•) CD45Rb'" cells. (B) The lower amounts of 11.-12 found in serum correlated with a 

lower percentage of IPN'-y-producing T cells in mice receiving CD154 vs. wild-type cells. (C.) I lowever, when lamina 
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propria T cells were stimulated in vitro, not only did they produce less IFN'-y but also less of the Th2 cytokines IL-4 and 

IL-10. *P < 0.05; **P < 0.01 (A, IL-12 cumulative data from 3 experiments; TNT and B and C from 2 experiments). 

Therapeutic Anti-CD154 Antibody Treatment Impairs Development of Colitis 

Treatment of colitic animals (CD45Rb'"->Rag ') with anti-CD 154 ameliorated disease when 

antibody treatment was started at the time of cell transfer. Mice treated with anti-CD154 gained 

an average of 23.8% more weight than controls (P < 0.01; Figure 5A, left 2 columns). An 

inhibition of colitis was evident by examination of the disease activity score (P < 0.05; Figure 5fi) 

and histologic analysis (P= 0.09; Figure 5C). 
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Fig. 5. Anti-CD 154 antibody treatment, even when started after onset of disease, impairs its progression. In the 

CD45Rbhi model, treatment of animals with anti-CD 154 antibody (•) from the start of the experiment substantially 

abrogated weight loss (A, left), clinical disease parameters (B, left), and colitis as assessed by histologic examination (C, 

left). Antibody treatment, when started after the onset of disease, was able to significantly improve clinical disease 

parameters (B, right) and colitis (C, right) but had only a modest effect on weight loss (A, right). (/)) Starting antibody 

treatment after die onset of disease showed a similar pattern in cytokine production as found in experiments using 

C D 1 5 4 ' T cells. I.Pl.s from anti-CD 154-treated animals (•) produced lessThl and Th2 cytokines than control antiboc 

recipients (G) (cumulative data from 2 experiments). *P < 0.05; **P < 0.01. 

Surprisingly, anti-CD 154 treatment started after the onset of disease also impaired its 

progression. For these experiments, treatment began after mice had started to lose weight, 3.5-4.5 
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weeks after CD45RV' cell transfer. At this time, minor histologic changes could be observed and 

nontransplanted littermates weighed, on average, 12% more than CD45Rbhl cell recipients (data 

not shown). 

When mice were killed 3-4 weeks after treatment was started, a clear difference in clinical 

disease was obvious between anti-CD 154-treated mice and controls. Only 31% of anti-CD 154-

treated mice had hunching and loose stool, whereas 69% of control antibody recipients showed 

signs of wasting disease with some mice having diarrhea (P < 0.01; Figure 5B). The notion that 

anti-CD] 54 treatment could ameliorate disease was supported by histologic analysis (P < 0.05; 

Figure 5C). The observed histologic difference was primarily a decrease in the number of 

infiltrating mononuclear cells (Figure 6.4 and 6B). This was confirmed by the lower number of 

cells that could be isolated from the lamina propria of anti-CD 154-treated mice (1.3 ± 0.3 x 106 

cells; n = 18) than control antibody-treated mice (2.8 ± 0.6 x 106 cells; n - 18, P < 0.05). To 

investigate whether anti-CD 154 treatment acted on the activation of infiltrating T cells, LPLs 

were stimulated in vitro. Lamina propria T cells from mice that had been treated with anti-CD 154 

produced less IFN-y, IL-4, and IL-10 than controls, but there was a large range of levels produced 

(Figure 5D). Unlike the dramatic effect seen in mice that received anti-CD154 at the time of cell 

transfer, anti-CD 154 treatment started after the onset of disease had only a modest effect on 

weight loss (Figure 5A). Overall, these data show that anti-CD 154 treatment given after disease 

onset is efficacious in inhibiting progression to severe colitis. 

Fig. 6. Anti-CD154 treatment after the onset of disease was able to attenuate disease progression. Although most anti-

CD 154-treated animals had only mild colitis, (A) some animals had moderate crypt elongation and inflammation. (B) In 
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contrast, the majority of control antibody-treated animals showed extensive inflammatory infiltrate with moderate 

thickening and a total loss of goblet cells. 

DISCUSSION 

Our studies show that CD 154 expression on CD4^ cells in the lamina propria is much greater in 

animals with colitis than in healthy wild-type animals and can already be observed at an early 

stage in the development of disease. Recently, CD154 was shown to be up-regulated in patients 

with both Crohn's disease and ulcerative colitis33, showing that this pathway may play a role both 

inhuman disease and experimental models. In addition, CD 154 maybe a marker for early disease 

detection. 

When CD154"" T cells were administered in these models, there was a clear difference in the 

severity of wasting disease and colitis compared with wild-type T cells. These results are similar 

to those of many other disease models in which a blockade in development of Thl-dependent 

diseases was observed when CD 154"" mice were studied 4"36. 

Interestingly, disrupting the CD 154/CD40 pathway after the onset of disease significantly 

impaired the severity of colitis. This is remarkable because we have been unable to interfere with 

disease outcome in these models by using other potential therapeutic agents (e.g., anti-TNF or 

anti-lymphotoxin therapy) when these are administered after the onset of colitis10. Although there 

are reports that chemically induced colitis models can be abrogated by a number of 

interventions,37"39 treating mice in one of these models with anti-CD 154 prevented disease but 

had no effect on established colitis21. This suggests that pathogenesis in the chronic CD45Rbh' 

colitis model is dependent on continuous signals through CD154/CD40, and is clearly distinct 

from chemically induced colitis. However, in the absence of CD 154, we found significant 

residual wasting disease and colitis. This is not unprecedented because recently several groups 

have reported CD154-independent immunity against a number of pathogens. For instance, IFN-y, 

IL-12, and TNF levels in mice infected with the Thl-inducing pathogen Histoplasma capsulatum 

were similar in CD 154"" and wild-type animals,40 and dendritic cells were shown to produce IL-

12 independently from CD40 activation41. Because both IL-12 and TNF have been implicated as 

important factors in the pathogenesis of experimental colitis,8"10'37'42 it is possible that disease 
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could propagate in the absence of CD154 signaling. T cells appear able to initiate a substantial 

antibacterial reaction by means of other CD 154-independent mechanisms. We and others have 

shown that IFN-y expression by T cells is redundant in experimental colitis ' . Preliminary data 

using a combination of IFN-y-deficient donor CD45Rbh' T cells together with anti-CD 154 did not 

show any difference from treatment of wild-type CD45Rb ' cell recipients. This suggests that 

mechanisms other than IFN-y lead to the residual colitis observed in these experiments (e.g., the 

recently described TNF family member TRANCE) . 

In colitis induced by CD154'" T cells, we found lower serum levels of 1L-12 and TNF, two 

cytokines that are produced predominantly by APCs and play a dominant role in experimental 

colitis models9'1"'45. This suggested that in the absence of CD 154, pathogenic T cellsare impaired 

in their ability to activate APCs. This would lead to decreased feedback to T cells, which could 

explain the lower numbers of activated IFN-y-producing cells and lower amounts of 

inflammation. 

These studies do not support that T-cell activation in the absence of CD 154 leads to a Th2 

phenotype. Like IFN-y, IL-4 and IL-10 were produced in lower amounts by T cells from mice 

that received CD154"''" cells, or mice treated with anti-CD 154 than from controls. This could be 

explained by the lack of an IL-4-inducing signal through CD154,46 and is in contrast to studies of 

Stuber et al.21 who showed higher production of IL-4 after treating animals with anti-CD 154. This 

difference could be caused by an intrinsic Tb.2 component in their model, "' although we do not 

know what role these Th2 cytokines play in our models. 

In conclusion, we propose that blocking the CD154/CD40 pathway either prophylactically or 

therapeutically blocks T cells in their ability to activate APCs, thereby impairing the development 

of chronic colitis. 
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