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Summary y 

Interferon-yy (IFN-Y) is a potent pro-inflammatory cytokine thought to be involved in the 

pathogenesiss of Crohn's disease. To further define the role of IFN-y in intestinal 

inflammation,, we studied the effects of intra-colonic TNBS (2,4,6-trinitrobenzene sulfonic 

acid)) instillation in mice with a functionally inactivated interferon-y receptor 1 (IFN-yRl-/-). 

Ourr results indicate that EFN-y is not necessary for the induction of hapten-induced colitis: 

afterr TNBS administration both wild type and IFN-yRl-/- mice lost body weight, and the 

histologicc features of TNBS-induced colitis were comparable. Colons of IFN-yRl-/- mice 

containedd a greater number of cells, represented by macrophages and CD4+ T cells, caudal 

lymphh nodes (CLN) cells produced more IFN-y and TNF-cc upon in vitro stimulation. 

Moreover,, IL-18 and IL-12p40 RNA levels were comparably upregulated after TNBS 

treatmentt in IFN-yRl-/- mice and wild type mice. 

Thesee findings demonstrate that IFN-y is dispensable for the development of TNBS-induced 

colitis.. Importantly, the production of Thl cytokines (e.g. IFN-y and TNF-a) by caudal lymph 

nodee T lymphocytes was enhanced rather than decreased in IFNyRW- mice with no evidence 

forr default Th2 development. 
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Introductio n n 

Interferon-yy (IFN-y) is an immune-regulatory cytokine, mainly produced by natural killer 

(NK)) cells and activated CD4+ helper (Thl) and CD8+cytotoxic (Tel) T cells, that activates 

NKK cells and macrophages, promotes maturation of cytotoxic T cells, regulates 

immunoglobulinn production by B lymphocytes, and increases the expression of HLA class II 

moleculess on antigen-presenting cells (1). IFN-y is intimately involved in the pathogenesis of 

variouss autoimmune disorders (2, 3). Several animal models of inflammatory bowel disease, 

includingg colitis in IL-2 and IL-10-deficient mice, the model of CD4+CD45RBhigh T cell 

transferr from donor BALB/c mice to recipient SCID mice and inflammation induced by the 

haptenn 2,4,6-trinitrobenzene sulfonic acid (TNBS) are characterized by increased mucosal 

productionn of IFN-y (4, 5, 6, 7, 8). Neutralization of IFN-y by antibody administration 

abrogatedd colitis in SCID mice transferred with CD4+CD45RBhlgh T lymphocytes, and 

decreasedd the severity of disease in IL-10-deficient mice (9, 10). Furthermore, the beneficial 

effectss of anti-IL-12 antibody administration in TNBS-induced colitis are in part thought to 

resultt from a reduction of IFN-y production (8). 

Inn addition, there is direct evidence for a role of IFN-y in Crohn's disease. T lymphocytes 

fromm patients with active Crohn's disease produced more IFN-y in vitro when compared to 

controlss and isolated lamina propria mononuclear cells from patients with active Crohn's 

diseasee contained increased concentrations of IFN-y mRNA (11, 12, 13). Mucosal biopsy 

specimenss from patients with active disease were also reported to contain increased 

concentrationss of IFN-y mRNA (14). Hence, IFN-y is considered to be a major pro-

inflammatoryy cytokine in Crohn's disease. 

Recentt data from experimental models of immune-mediated disease have identified a more 

complexx role for IFN-y in immune-mediated inflammation. Unexpectedly, the onset of 

diseasee of collagen induced arthritis (CIA) and experimental autoimmune encephalomyelitis 

(EAE)) models was earlier in IFN-y receptor-deficient mice and the disease ran a more 

fulminantt course (15, 16, 17). These data indicate that IFN-y may have a protective role at 

certainn stages of the pathogenesis of Thl-type immune-mediated diseases. 

Inn view of these findings, we decided to further explore the biological role of IFN-y in Thl-

mediatedd mucosal inflammation. To this end we compared the outcome of TNBS-induced 

colitiss in IFN-yRW-and wild type mice. 
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Materiall  and methods 

MiceMice and induction of colitis 

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

Amsterdam,, The Netherlands. Interferon-y receptor I (a-chain)-deficient (IFN-yRl-/-) and 

129/Sv/Evv wild type mice were obtained from Basel Institute for Immunology, Basel, 

Switzerlandd (18). DrN-yRl-/- mice were backcrossed for at least 5 generations to 129/Sv/Ev 

wildd type mice and maintained in a facility free of specific pathogens. To confirm the 

genotypee of IFN-yRl-/- mice, tail skin DNA was amplified by PCR using the following 

primers:: (F): S'-AGATCCTACATACGAAACATACGG^', (R): 5'-TCATCATGGAAAGG 

AGGGATACAG-3'.. In the wild type allele, the primers amplify a 190 bp fragment, but in the 

disruptedd allele the amplification encompasses the inserted neomycin-resistant gene, and 

thereforee results in a 1290 bp fragment. Using this procedure it was confirmed that IFN-yRl-

/-- mice studied were homozygous. The mice were housed under standard conditions, and 

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

Netherlands). . 

Threee separate series of experiments were conducted in 8 and 10 weeks old male IFN-yRl-/-

micee and their 129/Sv/Ev littermates respectively. Colitis was induced by rectal 

administrationn of two doses (separated by a 7 day interval) of 2 mg 2,4,6-trinitrobenzene 

sulfonicc acid (TNBS)(Sigma Chemical Co, St Louis, MO, USA) in 40% ethanol (Merck, 

Darmstadt,, Germany), using a vinyl catheter that was positioned 3 centimetres from the anus 

(88 mice per group). During the instillation, the mice were anaesthetized using isoflurane (1-

chll  oro-2,2,2,-tri fluoroethyl-isoflurane-difluoro methyl-ether, Abbott Laboratories Ltd., 

Queenborough,, Kent, UK), and after the instillation they were kept vertically for 30 seconds. 

Controll  mice (IFN-yRl-/- as well as wild type mice, 4 mice per group) underwent identical 

procedures,, but were instilled with physiological salt. All mice were sacrificed 9 days 

followingg the first TNBS administration (i.e. 48 hours following the second TNBS 

challenge). . 

Inn a separate experiment, 10 weeks old male 129/Sv/Ev wild type and ÏFN-yRl-/- mice 

receivedd 2mg TNBS in 40% ethanol dissolved in PBS on days 0, 7 and 14 and were sacrificed 

att day 17 (8 mice per group). Four of the eight IFN-yRI-/- mice received a fourth dose of 

TNBSS in 40% ethanol at day 21 and were sacrificed at day 23. 
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AssessmentAssessment of inflammation 

Bodyy weights were recorded daily. Spleen, caudal lymph nodes and colons were harvested 

fromm both IFN-yRl-/- mice and 129/Sv/Ev wild type mice. The colons were removed through 

aa midline incision and opened longitudinally. After a rinse with 0.9% NaCl solution to 

removee faecal material, the wet weight of the distal 6cm was recorded and used as an index of 

disease-relatedd intestinal wall thickening. Subsequently, the colons were longitudinally 

dividedd in two parts, one of which was used for histological assessment, the other for FACS 

andd RT-PCR analyses. 

HistologicalHistological analysis 

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 follicle aggregates, 3) edema, 4) erosion/ulceration, and 5) infiltration of 

mononuclearr and polymorphonuclear (granulocytes) cells. The percentage of area involved 

wass scored on a scale ranging from 0 to 4 as follows: 0, normal; 1, less than 10%; 2, 10%; 3, 

100 to 50%; 4, more than 50%. Erosions were defined as 0 if the epithelium was intact, 1 for 

thee involvement of the lamina propria, 2 ulceration's involving the submucosa, and 3 when 

ulcerationss were transmural. The severity of the other parameters was scored on a scale 0 to 3 

ass follows: 0, absent; 1, weak; 2, moderate; 3, severe. This score ranges from 0 to a maximum 

off  16 points. 

ImmunohistochemistryImmunohistochemistry and image analysis 

Seriall  tissue sections (6 u.m) were cut on a cryostat and mounted on gelatin coated glass slides 

andd fixed in ice-cold acetone for 10 minutes. Single staining was performed according to a 

two-stepp immunoperoxidase method. Sections were incubated with normal rabbit serum 10% 

andd then incubated with the first monoclonal rat anti-mouse-CD4 (clone GK1.5) and rat anti-

mouse-pann macrophage (clone F4-80) antibodies diluted in PBS/1% bovine serum albumin 

(BSA)(Sigma,, St. Paul, MO) for one hour at room temperature. Endogenous peroxidase 

activityy was quenched by placing slides in a solution of sodium-azide/1% hydrogen peroxide 

(H202)) for 10 minutes. Following a further wash in PBS, sections were incubated with rabbit 

anti-rat-HRPP antibody (Dako, Denmark) diluted 1:100 in PBS/1% normal mouse serum for 
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onee hour. Slides were developed using 1% H202 and 3.3'-diaminobenzidin-tetra-

hydrochlondee (Sigma, St.Louis, MO) in TRIS-HC1 for 20 minutes. Following counter 

stainingg with haematoxylin, sections were coated with glycerol and a cover slip was applied. 

Inn control sections, the primary antibody was omitted. The percentage of CD4+ T cells and 

macrophagess in the lamina propria from the last 6 cm of the colon was scored 

semiquantitativelyy on a scale: 0= 0-5%; 1= 5-10%; 2 =10-20%; 3=more than 20% by two 

independentt observers who were blinded for data allocation (19). 

Doublee staining was performed as follows. Sections were incubated with normal rabbit serum 

10%% and then incubated with monoclonal rat anti-mouse IFN-Y(IgGi, clone XMG1.2, 

Pharmingen,, San Diego, CA, USA) antibody diluted in PBS overnight at 4°C. After a wash in 

PBS,, a secondary Texas Red dye-conjugated (TRITC) goat anti-rat antibody (IgG, Jackon 

Immunoo Reseach, West Grove, PA, USA) diluted in PBS was incubated 1 hour at room 

temperature.. Following a further wash in PBS, sections were incubated with either FITC-

conjugatedd monoclonal rat anti-mouse CD4 (IgG2a, clone L3T4, Pharmingen) or FTTC-

conjugatedd monoclonal rat anti-mouse macrophage (IgG(, clone MAC-3, Pharmingen) for one 

hourr at room temperature. Sections were coated with mounting fluid (Bacto FA, Difco Lab, 

Ditroit,, MC, USA) and a cover slip was applied. In control sections, the primary antibody was 

omitted. . 

Imagess were acquired with a CLSM (Leica Lasertechnique, Heidelberg) using double 

excitationn (488 nm for FITC and 563 nm for TRITC) and detection (BP530 for FITC and 

LP6100 for TRrTC). Images were merged and corrected for cross talk with the Leica 

Multicolorr Analysis Software. The merged images present FITC and TRITC as green and red 

respectively,, whereas the co-localised areas are presented as white. 

CellCell preparation and flow cytometry 

Freshlyy obtained (3 x 0.5 cm) intestinal specimens were homogenised with an automated 

mechanicall  tissue desegregation device (Medimachine System, Dako, Danmark). For 

preparingg spleen and caudal lymph node cell suspension, filter cell strainers 

(Becton/Dickinsonn Labware, New Jersey, USA) were used. Cells were suspended in the 

RPMII  medium (BioWhittaker-Boehringer, Verviers, Belgium) containing 1% BSA (Sigma 

Chemicall  Co., St. Louis, MO, USA) and counted. Spleen and intestinal cell suspensions were 

centrifugedd with sterile Ficoll (Pharmacia, Uppsala, Sweden) and then mononuclear cells 
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weree transferred to cold PBS containing 0.5% BSA, 0.3 mmol/l EDTA and 0.01% sodium 

azidee (Sigma). 

Thee following antibodies were used for detection of surface markers. Rat anti-mouse CD8a 

(clonee 53.6.72, IgG2a) was kindly provided by Dr. R. Mebius (Free University of 

Amsterdam);; phytoerythrin (PE)-conjugated rat anti-mouse CD3 (clone KT3, IgG2a) was 

obtainedd from Serotec (Oxford, New England); cy-chrome-conjugated rat anti-mouse CD4 

(clonee RM4-4, IgG2a), FITC-conjugated rat anti-mouse unconjugated rat anti-mouse CD62L 

(clonee MEL-14, IgG2a), FITC-conjugated rat anti-mouse CD25 (clone 7D4, IgM), and PE-

conjugatedd mouse (C57L) anti-mouse TCR V|38.1,2 (clone MSR-2, IgG^a) were purchased 

fromm PharMingen (San Diego, CA, USA). FITC-conjugated Ffab'h goat anti-rat or goat anti-

hamsterr were used as secondary antibodies (Caltag, San Francisco, CA, USA). Free binding 

sitess of goat anti-rat and goat anti-hamster antibodies were blocked by incubation with 1% 

normall  mouse serum. Cells were analyzed by flow cytometry using a FACscan® flow 

cytometerr in conjunction with the FACScan® software (Becton Dickinson, Mountain View, 

USA)) (20). 

CellCell culture and ELISAfor cytokines 

Celll  suspensions from spleen and caudal lymph node were prepared as described above. A 

totall  number of 1 x 10 cells from three mice per group was incubated in 200 .̂1 Iscove's 

modifiedd Dulbecco's medium (BioWittaker Europe, A Cambrex Company, Verviers, 

Belgium)) containing antibiotics (Penicillin G sodium 10000 U/ml, Streptomycin sulfate 25 

jig/ml,, Amphotericin B 25 jig/ml; Gibco/BRL, Paisley, Scotland) and 10% fetal calf serum in 

triplicatee wells. Cells were stimulated by precoating with anti-CD3 antibody (1:30 

concentration;; 145.2C11 clone) and soluble anti-CD28 antibody (1:1000 concentration; 

Pharmingen).. Supernatants were removed after 24 hours and 48 hours and IFN-y, IL-4 

(Pharmingen)) and TNF-cc (Genzyme Corporation, Cambrige, MA, USA) concentrations 

measuredd by ELISA. 

ReverseReverse transcription PCR (RT-PCR)for cytokines message 

Tissuee samples were homogenized in 1 ml of TRIzol Reagent (Gibco/BRL, Life 

Technologies,, Berlin, Germany) and total RNA was isolated using chloroform extraction and 

isopropanoll  precipitation. The RNA was dissolved in DEPC-treated water and quantified by 
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spectrophotometry,, cDNA was synthesized by mixing 2 jig of RNA with 0.5 ug oligo(dT) 

(Gibco/BRL),, and by incubating the solution (total volume 12 u.1) for 10 minutes at 72°C. 

Subsequently,, 8 ul of a solution containing 5x first strand buffer (Gibco/BRL), 1.25 mM each 

off  dNTPs (Amersham Pharmacia, Biotech, UK), 10 mM DTT (Gibco/BRL), and the 

Superscriptt Pre-amplification system (Gibco/BRL) were added and the final solution was 

incubatedd for 60 minutes at 37°C. 

Forr RT-PCR, equivalent amounts of cDNA (5 p.1) were amplified using a solution (20 u.1) 

containingg 4% DMSO (Merck, München, Germany), 12.5 u,g BSA (Biolabs Inc., New 

England),, 1.25 mM of each dNTPs, lOx PCR buffer (0.67 M Tris-HCL (pH 8.8), 67 mM 

MgCl2,, 0.1M p-mercaptoethanol, 67 u.M EDTA, 0.166 M (NHihSC^). 0.5 U of Ampli7a<? 

DNAA polymerase (Perkin Elmer Corp., Branchburg, NJ, USA), and the forward (F) and the 

reversee (R) primers (lOOmM each). 

Thee PCR reactions were carried out in the thermocycler Gene AMP® PCR System 9700 

(Perkinn Elmer, Norwalk, CT, USA) using the following sequences: 5 minutes at 94°C (1 

cycle),, 60 seconds at 95°C, 60 seconds at 55°C (for IL-12p40) and 58°C (IL-18), 60 seconds 

att 72°C and a final extension phase at 72°C for 10 minutes. For each cytokine, the number of 

cycless that resulted in linear amplification was determined (data not shown). The sequences 

andd the cycle numbers were as follows: 

IL-188 (F): 5'ACTGTACAACCGCAGTAATACGG 3', (R): S'AGTGAACATTACAGATTT 

ATCCCC 3' (29 cycles); IL-12p40 (F): 5'ACTCACATCTGCTGCTCCAC 3', (R): 5' 

CTCTGTCTCCTTCATCTTTTCC 3' (28 cycles); p-actin (F): 5'GTCAGAAGGACTC 

CTATGTGG 3', (R): 5'GCTCGTTGCCAATAGTGATG 3' (24 cycles). The PCR products 

weree separated in 1.5% agarose gel containing 0.5 x TBE (50 mM Tris, 45 mM boric acid, 0.5 

mMM EDTA, pH8.3) with 0.5 ng/ml ethidium bromide. Single band intensities were analyzed 

usingg the Eagle Eye II video system (Eagle® Sofware System, Stratagene, La Jolla, Ca, USA) 

onn the negative image and the relative absorbances of the cytokine PCR products were 

correctedd for the absorbances of the fl-actin amplification band using the ONE-Dscan one-

dimensionall  electrophoresis analysis software (Scananalytics, Billerica MA, USA). Results 

aree given as optical density (OD) ratio. 
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StatisticalStatistical analysis 

Valuess are given as mean  SEM. Differences of body weight before (day 0) and after 

inductionn of colitis (day 9) were analyzed using the Wilcoxon rank sum test for non 

parametricc data. The Mann-Whitney U test for non parametric data was used to analyze 

differencess between treatment groups using SPSS statistical software (SPSS Inc., Chicago, 

USA).. A two sided p value <0.05 was considered significant. 

IFN-yRl-/-miceIFN-yRl-/-mice are susceptible to TNBS-colitis 

Inn three experiments, IFN-yRl-/- mice and their Iittermates (129/Sv/Ev mice) received two 

dosess (day 1 and day 7) of 2 mg TNBS in 40% ethanol via rectal instillation. The induction of 

colitiss resulted in a loss of body weight in both wild type and tFN-yRi-/- mice (In TNBS-

treatedd mice, wild type spleen weights decreased 10.2% and yRl-/- spleen weights 5,9% as 

comparedd to the concurrent saline-treatment group). In both groups of mice, TNBS-colitis 

wass accompanied by enlargement of the draining caudal lymph nodes and increased colon 

weightss as compared to the colon weights after instillation of physiological salt (17.7% in the 

wildd type and 32% in IFN-yRl-/- mice)(table 1). Macroscopically, TNBS caused gross signs 

off  colonic inflammation, such as wall thickening, increased vascularization, erosions and in 

somee cases, frank ulceration. 

ComparableComparable histological features of colitis in wild type and IFN-yRI-/- mice 

Thee histology of the colons of IFN-yRI-/- mice and their wild type Iittermates that received 

physiologicc salt did not differ, with the exception that more prominent mucosal lymphoid 

aggregatess were observed in IFN-yRI-/- mice (Fig. 1 A-F). Focal erosions and ulcerations of 

thee mucosa, segmental transmural inflammation, oedema of the submucosa and hypertrophy 

off  the lymphoid aggregates characterized the TNBS-induced colitis in wild type mice. Crypt 

losss or fibrosis was rarely observed. The cells infiltrating the lamina propria and the 

submucosaa included both granulocytes (polymorphonuclear cells) and mononuclear cells (Fig. 

1G).. The total histological score (max 16 points) in wild type mice instilled with saline was 

2.33 points and after TNBS-treatment increased to 10.83 points. TNBS-treatment of IFN-yRI-

/-- mice caused colitis with histological features that did not qualitatively differ from wild type 
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Figuree 1. Histological analysis of the colon in the 129/Sv/Ev wild type (A. B. C; 25x object) and IFN-yRl" 
micee (D, E, F; 25x object). Figure A shows normal architecture of the colonic mucosa from the wild type mouse. 
Figuress B and C show erosions of the epithelium, crypt loss, massive mixed inflammatory infiltrate with 
polymorphonuclearr and mononuclear cells in particular in the lamina propria and oedema of the submucosa in 
wildd type mice after TNBS administration. Figure D: the colon architecture in the intestine from one saline-
controll  IFN-yRF'' mice is well preserved and a hypertrophic follicle aggregate is shown. Figure E: prominent 
follicless aggregate in the submucosa extending to the lamina propria after TNBS instillation in IFN-yRl mice. 
F:: colitis in TNBS challenged IFN-yRF'" mice. 
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Figuree 1G: mononuclear cells infiltrating the lamina 
propriaa together with scattered granulocytes 
(polymorphonuclearr cells) and mononuclear cells in 
thee TNBS- IFN-yR 1"'' mice (lOOx object). 

mice.. The histological score in saline and TNBS-treated IFN-yRl- /- mice was 3.75 points and 

12.33 points respectively. 

Tablee 1. Colon weights and total number of mononuclear cells in the colon, spleen and caudal lymph 

nodenode (CLN)from 129/Sv/Ev wild type and IFN-yRI'' mice 

Colonn weight (mg) Colonic cells (106) Spleen cells (106) CLN cells (106) 

Saline-129/Sv/Ev v 

TNBS-129/Sv/Ev v 

Saline-IFN-yRl" " 

TNBS-IFN-YRI"'" " 

1800 * 

218.88  12.7* 

1755  9.6 f 

257.55  19.81 

1.811 8 

2.111 3 

0.655 1 | 

2.522  0.76

3.66 1 

2.99  0.97 

3.44  0.85 

2.99  0.64 

1.733 8 

3.66  0.63 

2.88 5 

3.811 1 

Thee results are representative of three separated experiments (saline-mice: n=4 and TNBS-mice: 
n=8).. The Mann-Whitney U test for non parametric data was used to analyze differences 
betweenn treatment groups (*P=0.05: |P=0.048; +P=0.019). 

Too define the phenotype of mononuclear cells infiltrating the lamina propria, CD4+ T cells 

andd macrophages were stained by immunohistochemistry in serial sections (Fig. 2). The 

numberr of CD4+ T cells increased in both TNBS-treated colons from both wil d types and 

IFN-yRI- / -- colons at comparable rates (Fig. 3). TNBS caused a rise of infiltrating 

macrophagess in the lamina propria of the wil d type that was even more prominent in the 

TNBS-EFN-yRl-/-- colons. After administration of TNBS. in the lamina propria from both 

wil dd type and IFN-yRI-/- colons CD4~ T cells stained for IFN-y (white) but single IFN-y-

positivee mononuclear cells (red) were also present (Fig. 4). These cells were further 

characterizedd in double staining analysis using the macrophage marker MAC-3. We found 

macrophagess positive for IFN-y both in the TNBS wil d type mice and in mice lacking the 
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bindingg a-chain of the IFN-y receptor, indicating that in mice IFN-y is produced by activated 

macrophagess (Fig. 5). 

}} «Iff i £ 
Figuree 2. Colon sections 
weree stained against CD4* T 
cellss and macrophages in 
seriall  sections (magnification 
lOOx).. TNBS-colons from 
wildd type showed increased 
numberr of CD4* cells (upper 
leftt panel) and macrophages 
(upperr right panel). In the 
TNBS- IFN-YRI- /-- mice 

CD4++ T cells were 
comparablee to wild type 
(lowerr left panel) but more 
macrophagess were present in 
thee lamina propria and 
infiltratedd also the submucosa 
(lowerr right panel). 

3--

a a 
££ 2-o o 

CD4++ T cells 

X X 

Figuree 3. The percentage of CD4+ T cells and 
(F4-80+)) macrophages infiltrating the lamina 
propriaa were scored on a scale from 0-3 points. 
Thee bars represent the mean score  SEM (white: 
TNBS-129/Sv/Evv wild type mice; black: TNBS-
IFN-yRI-/-- mice). 

129/Sv/Evv IFN-yRl-/- 129/Sv/Ev IFN-YRW-

PhenotypePhenotype of spleen and intestinal cells in lFN-yRl-/- mice 

Afterr intracolonic instillation of TNBS, the number of mononuclear cells isolated from the 

distall  colon increased 1.2-fold in the wild type and 3.9-fold in the IFN-yRl-/- mice 

(p=0.019)) as compared to the saline treatment. In both wild type and rPN-yRl-/- mice, 

colitiss was accompanied by a decreased number of spleen cells and enhanced cellularity in 

thee caudal lymph node (CLN) (table I). In the intestinal mucosa of both TNBS-treated 

129/Sv/Evv wild type and IFN-yRl-/- mice, the CD4+ T lymphocytes increased the 

expressionn of the IL-2 a receptor (CD25) at comparable rate (data not shown). After TNBS 
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Figuree 4. In colon sections, CD4* T cells and IFN-Y* cells are represented by green and red respectively, 
whereass the co-localisation is represented as white. Saline-colon shows one single CD4+ T cell and a single IFN-
Y**  cell in the lamina propria (upper left panel). TNBS-colon from 129/Sv/Ev wild type shows several double 
positivee cells for CD4* T cells and IFN-Y and single IFN-y*  cells in the lamina propria (upper right panel). In the 
TNBS-IFN-yRl-/-- mice, single CD4+ T cells (lower left panel) and double positive cells for CD4* T cells and 
IFN-yy are present in the lamina propria together with single IFN-y+ cells (lower right panel). 

Figuree 5. TNBS-
colonss from both 
129/Sv/Evv wild 
typee (left panel) 
andd IFN-YRI-/ -

micee (right panel) 
showedd several 
singlee (red) IFN-Y* 
cellss and few 
doublee (white) 
positivee cells for 
MAC-33 and IFN-
YY in the lamina 
propria. . 
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administration,, most CLN CD4+ T cell expressed a high level of the homing receptor L-

selectinn (CD62Lhigh) which is considered a phenotype of naive T cells (wild type, 83.55

1.27%% versus 86.09  1.46%; IFN-yRl-/- mice, 83.19  2.36% versus 87.77  0.57%, 

p=0.038)) (21). However, it should be noted that L-selectin may be retained in the presence 

off  EL-12 on memory ThI cells (22). Previous studies in BALB/c mice have identified a 

subpopulationn of memory CD4+CD62L,0WCD45RBlow TCRV08.1X T cells which produce 

highh levels of IL-4 and counteract a Thl-biased response (23). We observed a decrease of 

thee percentage of TCRVP8.1X spleen CD4+ lymphocytes in IFN-yR 1 -I- mice after TNBS 

challengee (wild type, 7.99  0.21% versus 9.55  1.69%; IFN-yRl-/-, 9.01  2.5% versus 

6.144  0.79%). No significant differences were observed in TCRVfi8.1,2+ expression by 

CLNN CD4+ lymphocytes after application of TNBS in both mouse groups. 

InIn the absence of'IFN-y receptor CNL cells are Thl primed 

Too further examine the type of Thl/Th2 helper response involved in TNBS-IFN-yRl-/- colitis, 

concentrationss of IFN-y, TNF-a (Thl cytokines) and IL-4 (Th2 cytokine) were measured by 

ELISAA in the supernatant of spleen and CNL cells stimulated with anti-CD3/CD28 

antibodies.. After 48 hours stimulation, CLN cells of TNBS-IFN-yRl-/- produced higher levels 

off  TNF-a as compared to TNBS-wild type CLN cells. Twenty-four and 48 hours stimulation 

off  spleen and CLN cells enhanced production of IFN-Y by both TNBS-wild type and TNBS-

IFN-yRl-/-- cells as compared to the respectively saline-treatment mouse cells, 

IL-44 was secreted only by stimulated spleen cells from TNBS-treated wild type and saline-

IFN-yRl-/-- mice but undetectable in the supernatant from stimulated CLN. Notably, IFN-yRl-

/-- spleen cells after TNBS treatment produced less IL-4 that lymphocytes from wild type 

micee (table 2). 

MucosalMucosal IL-18 and IL-J2p40 mRNA expression in 129/Sv/Ev wild type and IFN-yRl-/- mice 

mRNAA expression of IL-12p40 and IL18 was investigated using semi-quantitative RT-PCR. 

Thee cytokine amplification products were corrected for the absorbence of the concurrent p-
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actinn amplification product and optical density (OD) ratios were calculated (Fig. 6). Colitis 

wass characterized by increased concentrations of FL-18 mRNA in both wild type (OD ratio 

IL-18/p-actin,, 1.39  0.5 versus 2.4  0.88) and IFN-yRl-/- mice (OD ratio IL-18/(3-actin, 

0.999  0.34 versus 2.65  0.49). 

Figuree 6. Mucosal cytokine mRNA transcript levels were 
comparedd both in 129/Sv/Ev wild type (while bars) and IFN-
yRl-/-- mice (black bars). Saline-treatment (-): 4 mice per 
group;; TNBS-treatment ( + ): 8 mice per group). 

• JJ 0.00 

IFN-yRl-/--

Att baseline, IL-12p40 transcription was lower in saline-IFN-yRl-/- mice than in wild types 

afterr the same treatment (OD ratio (3-actin/IL-12p40. 0.35 1 versus 2.4  1.5) whereas 

IL-12p400 transcription was comparable in both wild type and IFN-yRl-/- TNBS-colitis (OD 

ratioo (3-actin/IL-12p40. 1.83 2 versus 2.27  0.79). 

II  FN-y and maintenance of colitis 

Afterr 17 days. TNBS-IFN-yRl-/- mice gained body weight at a rate that was comparable to 

thee TNBS-129/Sv/Ev wild type (respectively, 3.9% and 5% of the initial body weight). The 

colonn weight increased in both TNBS-treated IFN-yRl-/- and 129/Sv/Ev wild type mice 

(respectively,, 213  10.6mg and 220  10.6mg). At histology, prominent colonic lymphoid 

follicles,, regeneration of the epithelium in areas of previous ulcerations, fibrosis that in same 

casess extended into the muscularis propria and an overall increased infiltration in the lamina 

propriaa primarily by mononuclear cells were the main features of the chronic colitis observed 

inn both TNBS-treated 129/Sv/Ev wild type and IFN-yRl-/- mice. The total histologic scores 

weree comparable (respectively, 10.6 and 10.7 points). After a fourth TNBS dose at day 23, the 
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colonn weight and the histologic score in fFN-yRW- mice increased comparable to that 

observedd at day 17 (colon weight: 217 ; total histologic score: 9.25 points). 

Discussion n 

Ourr results indicate that IFN-y is not necessary for the induction of hapten-induced colitis. In 

fact,, IFN-yRl-/- mice developed colitis that was indistinguishable from colitis in wild type 

mice.. Both wild type and IFN-yRl-/- mice lost body weight, the histologic features and the 

increasee of lamina propria CD4+ T cells during TNBS-induced colitis were comparable but 

IFN-yRl-/-- mice had a greater increase of intestinal macrophages after TNBS instillation. 

Afterr TNBS administration, IFN-y and TNF-a production by TNBS-IFN-yRl-/- CLN cells 

wass higher than by CLN cells from TNBS-treated wild type mice. Thus, CLN T cells in IFN-

yRl-/-- mice were Thl-primed and induced inflammatory responses during TNBS-colitis. The 

polarisationn of CD4+ T cells into IFN-y producing Thl cells was confirmed by 

immunostaining.. Surprisingly, macrophages also stained for IFN-y and therefore may 

contributee to IFN-Y production in inflammatory responses in mice. Although it has been 

previouslyy reported that murine macrophages can be induced to secrete IFN-y after combined 

stimulationn with IL-12 and IL-18 (24), to our knowledge this is the first study that reports in 

vivoo IFN-y production by mouse macrophages. 

Deletionn of the IFN-y receptor could influence the production of other Thl-driving cytokines, 

suchh as IL-18 and EL-12, because of lack of negative feedback on NK cells and macrophages. 

IL-188 is a potent EFN-y-inducer in NK cells and together with IL-12 drives naive CD4+ T 

cellss to Thl differentiation (25), However, mucosal EL-18 gene expression was comparably 

inducedd in both wild type and rFN-yRl-/- mice. Thus, the absence of IFN-y did not inhibit IL-

188 gene transcription in our model. In addition, during induction of colitis IFN-y was not 

essentiall  for stimulation of IL-12p40 expression. 

Thee data from this study seem to be at odds with earlier results using IFN-y neutralizing 

antibodiess in experimental colitis. Anti-EFN-y abrogated colitis induced by transfer of 

CD4+CD4RBhighh T cell into SCID mice, and decreased disease severity in IL-10-deficient 

micee (9, 10). Moreover, inflammation in the TNBS model was abrogated by administration of 

EL-12-neutralizingg antibodies (8). Because IL-12 is the major inducer of IFN-y production by 
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TT lymphocytes, this finding strongly suggests that IFN-y is a potent effector cytokine in T-

lymphocyte-dependentt mucosal inflammation. These data suggest a pro-inflammatory role 

forr FFN-yin mucosal immune activation. Indeed, it has been recently reported that IL-12 is 

expressedd in the mucosa of patients with active Crohn's disease and transcription of IFN-y 

mRNAA by mucosal mononuclear cells increased in active disease (26, 14). 

Ourr data are in agreement with a more recently published report, which showed that IFN-y-/-

micee still developed colitis (27). In contrast to this study that showed impaired Thl and 

boostedd Th2 responses by colonic T cells in the absence of IFN-y, we found elevated Th 1 and 

undetectablee Th2 responses in IFN-yRl-/- mice. Because it is unlikely that differences exist 

betweenn Hgand and receptor knockout mice, we believe that the differences in T helper subset 

developmentt may be explained by the genetic background (IFN-y-/- BALB/c versus IFN-

yRl-/-- 129Sv mice). For example, it has been reported previously that infection with L. major 

inn IFN-y-/- C57B1/6 mice results in default Th2 responses in contrast to IFN-yRl-/- mice on 

thee 129Sv background, which showed maintained Thl responses (28, 29). 

Similarr to our results, CD45RBh'eh transferred SCID mice and bone marrow reconstituted T 

andd NK cell-deficient Tge26 mice receiving donor IFN-y""11 T cells developed colitis of 

comparablee severity of mice reconstituted with wild type cells (30). Indeed, analogous 

observationss have been made in other Thl-biased autoimmune animal models. The collagen-

inducedd arthritis (CIA) model, a model for rheumatoid arthritis in humans, is mediated by a 

typee II collagen (CU)-specific subpopulation of CD4+ T cells producing IFN-y. Accelerated 

onsett and a more severe expression of disease was observed in two separate experiments in 

EFN-yRl-/-- mice on a DBA/1 genetic background (15, 16). Similarly, functional inactivation 

off  the IFNy receptor gene rendered 70% of the resistant BALB/c mice susceptible to 

inductionn of experimental allergic encephalomyelitis (EAE) (31). 

Whatt are the implications of our results for the design of future immune interventions that 

targett IFN-y in Crohn's disease? Our data, as well as results from several other Thl-biased 

modelss of T-lymphocytes-dependent inflammation strongly suggest that IFN-y may be 

neededd to counteract T-lymphocyte mediated immune activation, and this activity is likely to 

bee important early in the immune response. Moreover, the functional absence of IFN-y may 

resultt in a defective generation of counter-regulatory lymphocyte populations. On the other 
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hand,, neutralization of increased IFN-y production has been shown to be beneficial in full-

blownn T-Iymphocyte mediated intestinal inflammation. Hence, although neutralization of 

IFN-YY production in active Crohn's disease remains a potentially beneficial strategy, complete 

neutralizationn of IFN-y in patients with quiescent disease may incapacitate counter-regulatory 

mechanismss and cause disease activation. 
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