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Summary y 

Inn the present study, we examined the role of lFN-y in controlling cellular responses during 

TNBS-colitis.. Mice lacking either IFN-y (IFN-Y-/- mice) or the IFN-y a-chain receptor (IFN-

yRl-/-- mice) showed increased lymphocyte proliferation in the germinal centers of colonic 

lymphoidd follicles after induction of colitis. In IFN-YRI-deficient mice, the colonic lymphoid 

follicless were significantly larger and contained about twice the number of germinal centers. 

TNBS-colitiss in wild type mice caused a marked increase of the number of PARP-positive 

laminaa propria mononuclear cells, while in striking contrast very few PARP-positive lamina 

propriaa mononuclear cells were present in inflamed lamina propria of IFN-YRI-deficient mice. 

Thiss observation strongly suggests that a lack of IFN-Y signaling in TNBS-colitis is associated 

withh defective caspase-3 mediated apoptosis. During TNBS-colitis, iNOS expression within 

thee lamina propria becames markedly upregulated. Surprisingly, even higher iNOS mRNA 

concentrationss were consistently detected in the TNBS-IFN-YRI-/- colons both by Northen 

blott and and using in situ hybridization. 

Wee present evidence for defective apoptosis in IFN-YRI-deficient mice, which is not related 

too a defect of iNOS induction, but rather seems to be related to reduced caspase-3 activation. 
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Introductio n n 

IFN-YY is a key cytokine during cellular immune responses (1). IFN-Y is mainly produced by 

naturall  killer (NK) and activated T cells and enhances the expression of class I and II 

moleculess of the major histocompatibility complex (MHC) on activated macrophages and 

augmentss antigen presentation to respectively CD8+ and CD4+ T cells. Consequently, IFN-Y 

hass been implicated in the pathogenesis of Thl-cell mediated diseases such as rheumatoid 

arthritis,, multiple sclerosis (2) and Crohn's disease (3). 

Despitee its inductive role in cellular immunity, IFN-Y may counter-regulate inflammation by 

inducingg macrophage de-activation, inhibition of T cell proliferation and cell death of reactive 

effectorr cells. In particular, IFN-Y may induce the expression of the A2B adenosine receptor on 

activatedd macrophages that inhibits the expression of both MHC class II and iNOS expression 

thatt is initially upregulated by IFN-Y (4). Secondly, IFN-y may up-regulate the expression of 

thee enzyme indoleamine 2,3-dioxygenase (IDO) that renders peripheral blood monocytes 

capablee of inhibiting T cell proliferation (5). 

Apoptosiss or programmed cell death is a central mechanism for limiting the persistence of 

bothh activated macrophages and reactive T lymphocytes during autoimmune reactions (6, 7). 

Recentt studies using experimental allergic encephalomyelitis, a Th-1 mediated model of 

multiplee sclerosis, have implicated a role for NO in apoptosis of reactive Thl-cells (8). 

Wee have recently found that IFN-Y receptor-deficient mice are not protected against the 

inductionn of experimental colitis. In the present study, we examined the possible mechanisms 

byy which IFN-Y may (counter) regulate cellular immune responses in a model of Thl-

mediatedd colitis, focussing on induction of iNOS and apoptosis. 

Materiall  and methods 

AnimalsAnimals and induction of colitis 

Alll  experiments were approved by the Animal Studies Ethics Committee of the University of 

Amsterdam,, The Netherlands. BALB/c wild type (BALB/c mice) mice were obtained from 

Harlann Nederland (Horst, The Netherlands). 129/Sv/Ev wild type and IFN-y a-chain receptor-

deficientt (IFN-YRI-/-) mice provided by M. Kopf (Institute for Immunology, Basel, 

Switzerland). . 
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Micee were maintained in a facility free of specific pathogens. Mice were routinely genotyped 

byy PCR using lysates from tail DNA biopsies and specific oligonucleotides (IFN-y wild type 

allelee (F): 5'-GAAGTGAAGTGGAAGGGCCCAGAAC-3' and (R): 5'-

AGGGAAACTGGGAGAGGAGAAATAT-3';; IFN-yRl wild type allele (F): 5'-

AGATCCTACATACGAAACATACGG-3'' and (R) 5'- TCATCATGGAAAGGAGGGAT 

ACAG-3').. During the experiments, mice were housed under standard conditions, and 

suppliedd with drinking water and food (AM-I I 10mm, Hope Farms, Woerden, The 

Netherlands)) ad libitum. 

Twoo separate series of experiments were conducted in 10 weeks old IFN-Y-/-mice and IFN-

yRl-/-- mice and the wild types. Colitis was induced by rectal administration of two doses 

(separatedd by a 7 day interval) of 2 mg 2,4,6-trinitrobenzene sulfonic acid (TNBS) (Sigma 

Chemicall  Co, St Louis, MO, USA) dissolved in 40% ethanol (Merck, Darmstadt, Germany) 

inn PBS using a vinyl catheter that was positioned 3 centimeters from the anus (8 mice per 

group).. Prior to the instillation, the mice were anaesthetized using isoflurane (l-chloro-2,2,2,-

trifluoroethylsoflurane-- difluoro methyl-ether (Abbott Laboratories Ltd., Queenborough, Kent, 

UK),, and after the instillation they were kept vertically for 30 seconds. Control mice (4 mice 

perr group) underwent identical procedures, but were instilled with physiological salt. All mice 

weree sacrificed 48 hours following the second challenge with TNBS. 

AssessmentAssessment of inflammation 

Colonss were harvested from IFN-y-/-mice and IFN-yRl-/- mice and from wild type mice. The 

colonss were removed through a midline incision and opened longitudinally. After a rinse with 

0.9%% NaCl solution to remove faecal material, the wet weight of the distal 6cm was recorded 

andd used as an index of disease-related intestinal wall thickening. Subsequently, the colons 

weree longitudinally divided in two parts, one of which was used for histological assessment, 

anti-PARPP staining and in situ hybridization, and the other for Northern blot analysis. 

HistologyHistology and apoptotic bodies in the colonic lymphoid follicles 

Thee longitudinally divided colons were rolled up, fixed in 4% formaline and embedded in 

paraffinn for routine histology. Two investigators who were blinded for the treatment 

allocationn of the mice scored the following parameters: 1) percentage of area involved, 2) 

hyperplasiaa of the colonic lymphoid follicles, 3) edema, 4) erosion/ulceration, and 5) 
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infiltrationn of granulocytes (polymorphonuclear cells) and macrophages and lymphocytes 

(mononuclearr cells). 

Thee percentage of area involved was scored on a scale ranging from 0 to 4 as follows: 0, 

normal;; l t less than 10%; 2, 10%; 3, 10 to 50%; 4, more than 50%. Follicle aggregates were 

countedd and scored as follows: 0 point, 0-1 follicles; 1 point, 2-3 follicles; 2 point, 4-5 

follicles;; 3 point, more than 6 follicles. Erosions were defined as 0 if the epithelium was 

intact,, 1 for ulcerations that involved the lamina propria, 2 ulcerations involving the 

submucosa,, and 3 when ulcerations were transmural. The severity of the other parameters was 

scoredd on a scale 0 to 3 as follows: 0, absent; 1, weak; 2, moderate; 3, severe. This score 

rangess from 0 to a maximum of 16 points. 

Thee degree of apoptosis in the germinal center of the colonic lymphoid follicles was quantified 

byy an apoptotic index, calculated as the ratio of number of tingible body macrophage per 

singlee germinal center divided by the total number of germinal Centers per mouse group. 

ImmunodetectionImmunodetection of PARP-positive cells 

Colonn tissue was fixed in buffered formalin and embedded in paraffin and sections of Sum 

weree cut. Following deparaffinization in xylene and rehydration in alcohol, endogenous 

peroxidasee was blocked by incubation with 0.3% hydrogen peroxidase in methanol for 20 

minutes.. Colon sections were incubated in a microwave oven at 100°C for 10 minutes in 

citratee buffer (0.01 M, pH=6). The slides were washed in phosphate-buffered saline (PBS) and 

incubatedd with 10% normal goat serum for 15 minutes. The first anti-poly (ADP-ribose) 

polymerasee (PARP) p85 fragment polyclonal antibody (Promega, Leiden, The Netherlands) 

wass diluted in PBS and incubated overnight. After a brief rise in PBS, colon sections were 

incubatedd with biotinylated swine anti-rabbit antibody (Dako, Glostrup, Denmark) in PBS 

containingg 5% normal mouse serum and with streptavidin-biotin peroxydase complex (Dako) 

eachh for 30 minutes at room. HRP activity was detected by incubation in 1 mg/ml 3,3-

diaminobenzidinee tetrahydrochloride (Sigma, St. Louis, USA) and 0,015% H2O2 in 50mM 

Tris-HCLL (pH=7.6). Colon sections were counterstained with haematoxylin. In control 

sections,, the primary antibody was omitted. 

Thee number of PARP-positive cells in the lamina propria was scored semiquantitatively on a 

scale:: 0=low; l=focal; 2=diffuse by two independent observers who were blinded for data 

allocationn (9). 
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NorthernNorthern blot analysis 

Totall  RNA was isolated as described. (10) Ten micrograms of total RNA, denatured by 

heatingg for 10 minutes at 65°C in the presence of 2.2 M formaldehyde, was electrophoresed on 

ann agarose gel, containing formaldehyde. After transfer onto a nylon membrane (Amersham 

Internationall  pic, Littl e Chalfont, Buckinghamshire, UK), the RNA was hybridized to [cc-32P]-

cytidinee triphosphate (CTP)- labelled (Amersham International pic.) cDNA probes for iNOS 

derivedd from the same clone used for the cRNA labelling in the in situ hybridization. 

Hybridizationn was performed in 50% formamide, 5 times Denhart's solution (0.1 % Ficoll 400, 

0.11 % polyvinylpyrrolidone, 0.1 % bovine serum albumin (fraction V), 0.5% SDS and 5 times 

SSCC (0.75 M NaCl, 75 mM Na3Citrate). cDNA probes were labelled using the random primed 

labellingg method. After washing, the blots were exposed to phosphor screens for 

approximatelyy 15 hrs, and signals were quantified using the Phosphorimager software 

(Molecularr Dynamics, Sunny Vale, CA, USA). Monitoring 18S and 28S RNA assessed 

equivalentt amounts of total RNA load per gel lane (data not shown). 

InIn situ hybridization 

Tissuess were fixed in 4 % formaldehyde in PBS for four hours at 4°C dehydrated in a graded 

seriess and embedded in paraplast. Sections of 7 u,m w e re c ut anci mounted in 3-

aminopropyltri-ethoxyy si lane-coated microscope slides. In situ hybridisation was carried out as 

previouslyy described (11, 12). At variance with this protocol the temperature during the 

hybridisationn and washes was raised to 55°C and a cRNA probe was used rather than a cDNA 

probe.. The probe was prepared by in vitro transcription of the appropriate DNA strand and had a 

specificc activity of 1.5 x 109 cpm/u.g. Ten p.1 probe containing 40,000 cpm was applied onto each 

section. . 

ImageImage acquisition and quantification of the in situ hybridisation signal 

Digitall  images (8 bits, 658 x 517 pixels) were acquired using a CCD camera (Photometries) 

attachedd to a microscope (Zeiss Axiophot) using normal bright field illumination at a lOx 

magnificationn (each image represents 0.9 x 0.7mm2 of the colon section). These images were 

convertedd into Optical Density (OD) images by calculating the negative logarithm of the 

transmissionn image of the object divided by an image of the light source without object. Per 

colonn section 10 images were systematic randomly recorded in the proximal 6cm of the colon 
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startingg from the anus. The recorded OD images were analysed using the NTH-Image image 

analysiss program (W. Rasband, National Institute of Health, Bethesda, MD, USA). 

Interactivelyy three regions were defined: the apical part of the epithelial layer, the lamina 

propriaa and the submucosal compartments and the mean OD values were measured in each of 

thesee regions. The maximum OD value in the sections did not exceed 0.7 and therefore the 

ODD values can be considered to be linearly related to the concentrations of iNOS mRNA in 

thee tissue (13). 

StatisticalStatistical analysis 

Valuess are given as mean  SEM per type of mouse, treatment and part of the colon. 

Interactionss between the part of the colon studied (distal, middle and proximal), the type of 

mousee (wild type and tFN-yRl-A mice) and treatment (saline and TNBS) were analysed by 

Analysiss of Variance (ANOVA). Differences between saline and TNBS groups were 

analysedd using the nonparametric Mann-Whitney U test. A p-value < 0.05 (two-sided) was 

consideredd significant. SPSS statistical software (SPSS Inc., Chicago, USA) was used for this 

analysis. . 

Results s 

ColitisColitis occurred in the absence oflFN-y 

TNBS-instillationn in both wild types (BALB/c and 129/Sv/Ev) was followed by a comparable 

severityy of colitis: colon weights and the total colitis score increased significantly as 

comparedd to the concurrent baseline (table 1). The histopathology was characterized by the 

presencee of erosions and ulcerations of the lamina propria in same cases were transmurally, 

edemaa in the submucosa and infiltration in the lamina propria by granulocytes, mononuclear 

macrophagess and lymphocytes (Fig. 1). TNBS administration to IFN-yor IFN-y receptor cc-

chain-deficientt mice also caused an increase of both colon weights and the colitis scores 

(tablee 1) and the severity of colitis was qualitatively comparable to the wild types with the 

exceptionn that more prominent colonic lymphoid follicles were observed (Fig. 1). Further 

analysiss indicated that the number of mucosal lymphoid follicles was similar in wild type and 

IFNYRI-/ -- mice, excluding the possibility of de novo formation of colonic lymphoid 

aaggregates.Howee ver, the total number of germinal centers after TNBS challenge was two 

timess higher in both IFN-y-A and IFN-yRl-/- mice as compared to the wild types. Tingible 
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Figuree 1. Uninflamed colon from wild type showing with a small colonic lymphoid follicle in wild type mice 
(figuree A: 129/Sv/Ev, 50X object; figure B: BALB/c wild type. 100X object). Ulcerations (figure C: 129/Sv/Ev 
wildd type. 50X object) crypt loss and infiltration by granulocytes and mononuclear cells in the lamina propria 
fromm TNBS-treated mice (figure D: BALB/c wild type. 50X object). Colitis in IFN-y-/- and IFN-yRl-/- mice is 
comparablee to wild types (figure E: IFN-yRl-/-. 25X object) but marked by increased cellularity (figure F: IFN-
Y-/-.. 50X object) and more prominent colonic follicles (figure G: IFN-7-/-. 25X object). Colonic lymphoid 
follicless from a TNBS-BALB/c mouse where germinal centers and tingible apoptotic bodies are present (figure 
H:: 129/Sv/Ev wild type, object 50x). 



bodyy macrophages were present in the germinal centers from norma! colons and after TNBS 

instillation.. The number of tingible body macrophages were in proportion with the formation 

off  germinal centers in the activated colonic lymphoid follicles, resulting in unchanged 

apoptoticc ratio (Fig. 2). In contrast, in both TNBS-treated IFN-Y-/- and IFN-yRl-/- mice the 

increasee number of tingible body containing macrophages was not observed, resulting in a 

lowerr apoptotic index in the wild type mice (BALB/c: 1.3  0.35 and IFN-y-/- 0.63 , 

p=0.05)(129/Sv/Ev:: 0.74  0.24 and IFN-yRl-/- 0.57  0.11). 

Tablee 1. Colon weight, colitis score and number of colonic lymphoid follicles in the colon 
fromfrom wild type mice, IFN-y' and IFN-yRl mice. 

Mice e 

Saline-BALB/c c 

TNBS-BALB/c c 

Saline-IFN-Y"'" " 

TNBS-IFN-Y'7' ' 

Saline-129/Sv/Ev v 

TNBS-129/Sv/Ev v 

Saline-IFN-YRr'' ' 

TNBS-rFN-YRl"'" " 

ColonColon weight 

(mg)'" " 

1200 * 

222.55 * 

117.55 | 

177.55 f 

187.55  10.3tt 

2355  8.2ft 

197.55 5 

211.33 4 

Colitiss score"' 

3.55 $ 

10.44  1.9$ 

1.77  1.2§ 

7.44  2§ 

1.33  l.l'l l 

9.33 1 

3  1.5|| 

9.11  1.4|| 

Colonicc lymphoid 

Follicless "' 

4  1.2 

3.88  1.4 

3  1.3 

4.755  1.6 

5  1.7 

3.33  1.3 

3.55  1.5 

3.55  1.3 

(a]] Results are representative of mean . Differences between saline (n=4) and 
TNBSS (n=8) treatments were analysed by NP Whitney U test. Colon weight 
representss the wet weight of the last 6 cm of the colon (*P=0.004, tP=0.016, 
ttP=0.013).. Colitis score represents the total of five histologic features. max=16 
pointss (iP=0.019, §P=0.033. ^P=0.014, ||P=0.008). Colonic lymphoid follicles were 
countedd in the last 6 cm of the colon. 
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Figuree 2. Tingible body macrophages 
weree counted within the germinal 
centerss (GC) of the colonic lymphoid 
follicles.. White (saline=-) and black 
barss (TNBS=+) represent the mean
SEMM of the number of tingible 
apoptoticc macrophages divided by the 
totall  number of germinal centers per 
mousee group (*p=0.05). 

BALB/cc IFN-yV- 129/Sv/Ev IFN-yRl-/-

LaminaLamina propria PARP-positive cells in the absence oflFN-y 

Colonn sections were stained with the anti-PARP p85 fragment antibody that binds to the 85-

kDaa caspase 3-cleaved fragment of the poly ADP-ribose polymerase (PARP) (14-16). 

?>> Se T v * 

II '' - , 

,, '- * * 
lav v 

* -«V^& ' ' 

j - . . **  r-.-,. 
-- "' . -5 

,.?? .1' 

Figuree 3. Paraffin colon sections were 
stainedd with the anti-PARP antibody 
showingg a punctuate patter due to 
bindingg to cytoplasmatic structures 
andd counter-stained with haematoxylin 
(magnificationn lOOx). Apical 
epitheliumm is patchy stained for anti-
PARP.. Lamina propria PARP-positive 
mononuclearr cells were present in the 
wildd types colons after TNBS 
instillationn (upper left: TNBS-
BALB/c;; upper high: TNBS-
129/Sv/Ev)) while in both TNBS-
treatedd IFN-y-/- and IFN-yRl-/- colons 
appearedd less numerous (low left: 
TNBS-IFN-Y-/-:: lower right: TNBS-
IFN-yRR !-/->. 

Inn normal colons, few PARP-positive mononuclear cells were present in the lamina propria 

whilee in TNBS-colitis in wild type mice, PARP-positive mononuclear cells, mainly 

representedd by macrophages and lymphocytes, were largely present in the lamina propria. In 
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contrast,, the number of PARP-positive cells was markedly lower in the lamina propria from 

bothh TNBS-treated EFN-y-/- and IFN-yRl-/- colons (BALB/c: 1.8  0.67 and IFN-y-/-: 1.2

0.7)(129/Sv/Ev:: 1.4 7 and IFN-yRl-/-: 1) (Fig. 3). 

28S-§ § 

^  ̂ 15000.0 

gg 10000.0 

q q 
3 3 
>--
§§ 5000.0 
£ £ 

129/Sv/Ev v 

-- + ' 

m m 

IFN N 
--

^g g 

-YR-/--

+ + Figuree 4. Inducible nitric oxide synthase (iNOS) mRNA 
expressionn in the colon from 129/Sv/Ev wild type and IFN-
yRl-/-- mice was quantified by Northern blot analysis. The 
upperr panel is the Northern blot and the lower panel is the 
densitometryy analysis of the blot (representing the mean
SEMM of two experiments). 

+ + 
129/Sv/Ev v IFN-yRl-/--

EnhancedEnhanced expression of iNOS in the lamina propria 

IFN-yy is known to induce the expression of the inducible nitric oxide synthase (iNOS) that 

leadss to high production of NO that, depending on the concentration, may induce apoptosis. 

Byy Northern blot analysis, the expression of iNOS mRNA increased in the colons from 

TNBS-treatedd 129/Sv/Ev mice as compared to baseline. Surprisingly, high levels of iNOS 

mRNAA were also expressed in the colons from TNBS-IFN-yRl-/- mice (Fig. 4). 

Colonn sections were then examined by in situ hybridization along the distal, middle and 

proximall  parts of the colons and recorded images were then selectively analyzed for iNOS 

expressionn in the apical epithelium and the lamina propria compartments. iNOS mRNA was 

constitutivelyy expressed in the apical epithelium and after TNBS administration significantly 

increasedd in the proximal part of the colons from IFN-yRl-/- mice (Fig. 5). In the lamina 

propria,, the concentrations of iNOS mRNA increased after TNBS independently of the 

localizationn along the colonic tract in the wild type and even more in IFN-yRl-/- colons. 

Al ll  these findings indicate that iNOS was induced in the lamina propria during TNBS-colitis 

andd that a lack of IFN-y signaling did not interfere with iNOS upregulation. 
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Figuree 5. Ten fields per 
colonn section were recorded 
fromm the anus to the 
proximall  part as followed: 
distall  n=3, middle n=4. and 
proximall  n=3 (object 40x). 
Opticall  density was 

analysedd in the apical 
epitheliumm (*p=0.001) and 
inn the lamina propria 
(*p=0.047)(129/Sv/Evv wild 

type:: 0= saline, = TNBS; 

IFN-yRl-/-- mice: A= saline 

A=TNBS). . 

Laminaa propria 

Discussion n 

Althoughh IFN-y is considered as a pro-inflammatory cytokine in Thl mediated inflammation, 

IFN-y-- or IFN-YRI -deficient mice are not protected from inflammation in several T-

lymphocyte-dependentt disease models, including TNBS-induced colitis in mice (17, 18, 19). 

Inn the present study, we further examined the role of IFN-y in controlling cellular responses 

duringg TNBS-colitis. According to previous reports, after induction of colitis we found 

expansionn of the germinal centers of colonic lymphoid follicles in wild-type mice. The 

germinall  centers are an important site for proliferation, isotype switching and differentiation 

off  B cells into either memory cells or antibody-secreting plasma cells (20). In IFN-yRI -

deficientt mice, the number of colonic lymphoid follicles was not increased as compared to 

wildd type mice, but the lymphoid follicles were significantly larger and contained about twice 

thee number of germinal centers. Tingible bodies are apoptotic B cells that are ingested by 

macrophages,, and we found that, the number of tingible body containing macrophages per 

germinall  center was decreased in IFN-yRI-deficient mice as compared to wild types. This 

findingg strongly suggests that defective signaling through the IFN-y receptor is associated 

withh a lack of control of T-and B-lymphocyte proliferation in TNBS-colitis. What is the 

mechanismm by which IFNy controls lymphocyte proliferation? Peripheral control of T-

lymphocytee proliferation is mainly dependent on either the induction of apoptosis of activated 

lymphocytes,, or on secretion of cytokines with anti-proliferative properties, such as IL-10 
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(21).. Binding of IFN-y to its receptor causes phosphorylation of the transcription factor signal 

transducerr and activator-1 (STAT-1) (22). Signaling through the IFN-y receptor may result in 

apoptosiss induction through two distinct mechanisms, which are both dependent on STAT-1 

phosphorylation.. First, STAT-1-dependent induction of iNOS, and the resulting production of 

NOO may result in apoptosis (23). However, it should be noted that, depending on the NO 

concentrationn and the target cell, NO may act either pro- or anti-apoptotic (24-27). We found 

thatt the expression of iNOS within the lamina propria significantly increased in TNBS-colitis, 

ass has been reported earlier (28). Somewhat surprisingly, even higher iNOS mRNA 

concentrationss were consistently detected in the TNBS-IFN-YRI-/- colons and by using in situ 

hybridizationn we confirmed that iNOS mRNA expression was confined to the lamina propria. 

Hence,, iNOS was still induced in the absence of IFN-y, possibly through IFN-cc/p-dependent 

STAT-laa phosphorylation and induction of iNOS gene activity (29, 30). Together, these data 

makee it unlikely that altered NO production was the cause of increased lymphocyte 

proliferationn in EFN-YRl-deficient mice. A second mechanism that links IFN-yR signaling 

withh lymphocyte apoptosis is also secondary to STAT-1 signaling, but is independent of 

iNOSS induction (31). This mechanism is related to the resistance of STAT-1-defective cells to 

(TNFa-induced)) apoptosis as a consequence of low intracellular concentrations of several 

caspases,, including caspase-3 (32). We assessed caspase-3 activity by its ability to cleave the 

116-kDaa substrate PARP and to release the 85-kDa fragment in activated effector cells. 

Releasee of the 85-kD PARP fragment occurs prior the DNA fragmentation before the 

stereotypee apoptotic changes of the cell morphology can be observed. Caspase-3 cleaved 

PARPP inhibits DNA repair and contributes to irreversibility of apoptosis (33). We found that 

inn TNBS-colitis the number of PARP fragment containing lamina propria mononuclear cells 

markedlyy increased, while in striking contrast very few PARP-positive mononuclear cells 

weree present in inflamed lamina propria of IFN-yR 1-deficient mice. This observation strongly 

suggestss that a lack of IFN-Y signaling in TNBS-colitis is associated with defective caspase-3 

mediatedd apoptosis. 

Thesee observations may have relevance for our understanding of Crohn's disease. In Crohn's 

disease,, intestinal T cells proliferate in response to intestinal microbial antigens (34) and 

secretee large amounts of pro-inflammatory cytokines such as IL-2 (3), IFN-y (35), IFN-ct (3) 

andd TNF-a (36). Recently, it has been demonstrated that lamina propria T-lymphocytes from 
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patientss with Crohn's disease are resistant to apoptosis induction (37, 38). Our results indicate 

thatt an IFNy-dependent defect of (caspase-dependent) induction of apoptosis is associated 

withh increased inflammation. Together, these data lend further support to the concept that 

selectivee induction of apoptosis of activated T lymphocytes may be a potentially effective 

therapeuticc strategy in Crohn's disease. 

Inn conclusion, we here report that IFN-yR-deficient mice are not protected against TNBS-

inducedd colitis. These mice show evidence for increased lamina propria T- and B-lymphocyte 

proliferationn as indicated by the presence of enlarged colonic lymphoid follicles. We present 

evidencee for defective apoptosis of lamina propria lymphocytes in IFNy-R-deficient mice, 

whichh is not related to a defect of iNOS induction, but rather seems to be related to reduced 

caspase-33 activation. 
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