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Introductio n n 

General General 

Thee immune system reacts to pathogens or other foreign antigens with two main types of 

response.. A first line of defence, named the innate immune response is orchestrated by 

phagocyticc cells that in a non-specific manner bind, internalise and eliminate microorganisms. 

Thee second type, called the adaptive immune response, is represented by the anti gen-specific 

responsee mediated by B and T cells. The adaptive immune response has two amazing 

capabilities:: It is able to recognise myriads of different antigens (diversity), but does not react 

withh "self antigens (tolerance). The mechanism underlying the first capability has been 

largelyy solved, and in large part is a result of both somatic mutation and clonal selection 

(lymphocytess are genetically programmed to recognise only one particular antigen). 

Lymphocytess that have encountered that specific antigen divide, express new receptors, 

secretee cytokines and differentiate into memory cells. Hence, specificity and memory are the 

twoo main features of the adaptive immune response (1). The other feature, immune tolerance, 

iss less well understood. Clearly, immune tolerance is important, because several diseases are 

knownn to result from an immune response to self-components (autoimmunity), by mounting a 

responsee to non-pathogenic antigens or by causing an exaggerated immune response 

(hypersensitivity).. Several autoimmune diseases such as multiple sclerosis (2, 3), rheumatoid 

arthritiss (4), thyroiditis (5) and uveitis (6) are caused by T cells that are reactive against 

knownn self-components of the body. Although the specific aetiology of Crohn's disease 

remainss unknown, an abnormal T cell activation plays a central role in the pathogenesis of 

thiss inflammatory bowel disease. 

1.1. Pathophysiology of Crohn's disease 

Crohn'ss disease is a chronic inflammatory disease of the gastrointestinal tract often 

accompaniedd by intra- and extra-intestinal manifestations including fistulae, perforations, 

uveitis,, arthritis, ankylosing spondylitis and erythema nodosum (7). Aphthous ulcers are the 

characteristicc early lesions of Crohn's disease often present in the absence of clinical 

symptomss (8). The intestinal chronic lesion is histologically characterized by transmural 

infiltrationn of high numbers of macrophages and T- and B-lymphocytes (9, 10). Inflammation 

mayy often result in extensive fibrosis and strictures that require surgery (11). 
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Thee aetiology of Crohn's disease is unknown. Specific pathogens such as Mycobacterium 

paratuberculosisparatuberculosis (12, 13), Listeria monocytogenes (14) or measles virus (15) have been 

implementedd in Crohn's disease, but these observations have not been confirmed (16). 

Nevertheless,, luminal antigens are essential to trigger immune-mediated mucosal 

inflammationn in susceptible individuals and these antigens most likely originate from the 

normall  intestinal flora (17, 18). Lamina propria T lymphocytes from Crohn's disease patients 

showw high proliferative responses to microbial antigens (19), display early activation antigens 

(20-22)) and have a phenotype of memory cells (23, 24). Moreover, T cells from Crohn's 

diseasee patients secrete large amounts of IL-2 (25), the key cytokine in inducing lymphocyte 

activationn and proliferation, as well as of pro-inflammatory cytokines such as TNF-a (26-28) 

andd IFN-Y (29, 30). 

2.. Initiation of a Th-1 cell mediated response 

Inn 1986 two distinct subsets of mouse CD4+ T cell clones capable of different pattern of 

cytokinee production were identified (31). Thl CD4+ T cell clones produce IL-2, IFN-Y and 

TNF-aa and participate in cell-mediated responses such as delayed-type hypersensitivity 

(DTH)) and macrophage activation, whereas Th2 clones produce IL-4 and IL-5 and induce B 

celll  to secrete IgG and IgE antibodies implicated in humoral response and allergy (32-34). 

Althoughh many factors may influence the differentiation toward either Thl or Th2 subsets, 

thee cytokine environment is one of the main driving forces (35). IL-12 induces the 

differentiationn towards the Thl-subset (36, 37) and IL-4 and IL-6 drive the differentiation 

towardss the Th2-subset (38). Thl and Th2 cytokines can mutually reverse the ongoing 

differentiationn of T lymphocytes. For example, Th2 cells express the IFN-y receptor and IFN-

YY is known to reverse initiation of a Th-2 response during ongoing Thl cell-mediated response 

(39). . 

IL-122 is produced by activated macrophages, dendritic cells and to a lesser extent by 

granulocytes.. The active form of IL-12 is a disulfuric heterodimer protein that consists of p35-

kDaa and p40-kDa subunits. p40 homodimers (p40)i antagonise IL-12 heterodimer by binding 

andd competing with the IL-12 receptor, which consists of two subunits (pi and 32 chains), 

respectivelyy important for binding and signalling of IL-12 (40). However, agonistic effects of 

p400 homodimers have been shown on CD8+ T cells, that were induced to produce EFN-y (41, 

42)) and on macrophages that respond by recruitment to the site of inflammation (43, 44). 
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IL-122 is a central cytokine for the initiation of T helper 1 response during infection (primary 

response)) with intracellular protozoal, bacterial or fungal pathogens (45-47). IL-12 is also 

involvedd in the initiation of autoimmune Thi-type mediated models of experimental 

autoimmunee encephalomyelitis (EAE) (48), diabetes in the nonobese mice (NOD) (49) and 

experimentall  colitis (50, 51). IL-12 may induce the upregulation of the receptor for IL-18 -the 

cytokinee firstly identified as IFN-y inducing factor- on resting T cell and Thl cells but not on 

Th22 cells (52). Thus IL-12 and IL-18 are synergistic in polarising towards the Thl-response. 

IL-188 is produced by activated macrophages (53) and requires processing of pro-IL-18 by the 

IL-11 converting enzyme (ICE) for activity (54-56). Apart from its primary role in inducing 

IFN-yy production from natural killer and T cells, IL-18 may directly induce IL-1 p and TNF-a 

productionn by peripheral mononuclear cells (57, 58). IL-18 is a pro-inflammatory cytokine 

becausee it also enhances the production of both IL-2 and granulocyte-macrophage colony-

stimulatingg factor (GM-CSF) and potentiates T cell proliferation (59). Moreover, IL-18 

inducess the Fas-ligand-mediated cytotoxic activity by natural killer (60) and T cells (61), a 

mechanismm involved in killing of intracellular microbial organisms during innate immune 

responsess (62). Hence, IL-18 is involved in innate responses against infections but also 

importantlyy contributes to T cell mediated responses. 

Thee production of both IL-12 (63, 64) and IL-18 (65, 66) is increased in the intestinal mucosa 

off  patients with active Crohn's disease. 

3.3. Mucosal T lymphocyte trafficking 

Naivee T cells circulate continuously through the peripheral lymph nodes and this increases the 

likelihoodd that antigen-specific T lymphocytes encounter the appropriate antigen (67). When 

luminall  antigens enter either the Peyer's patches in the ileum or the organised mucosal 

lymphoidd tissue in the colon under the epithelium they are taken up and presented by antigen 

presentingg cells (APC: M cells, mucosal dendritic cells and macrophages) to the naive T cells 

thatt express high levels of the adhesion molecule L-selectin (68). Naïve T cells differentiate 

intoo memory T cells that express high levels of the CD44 adhesion molecule and migrate to 

thee regional lymph nodes (69, 70). The gut associated lymphoid tissue (GALT) is somewhat 

differentt from the systemic immune system because lymphocytes primed in the intestinal 

mucosa]]  pass via regional lymph nodes to the blood stream and then return to the intestinal 

laminaa propria (71). 
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Homingg molecules are important for this selective recruitment of primed GALT-derived T 

cellss to the lamina propria. Memory T cells enter the lamina propria of the intestine by 

expressingg the gut homing oup? integrin and do not require L-selectin (72). 

Figuree 1. Schematic distribution of T lymphocytes in the intestinal mucosa. Naive CD62L (L-selectin) 
positivee T lymphocytes circulate through the Peyer's patches in the ileum or the organised lymphoid 
tissuee in the colon. Memory CD44h,8h T lymphocytes cells migrate to the regional lymph node and then 
enterr the thoracic duct and the blood stream. Gut-homing a4fV T lymphocytes return to the intestinal 
laminaa propria from the blood stream. Abbreviations: follicular associated epithelium (FAE). follicular 
dendriticc cell (FDC). high endothelial venule (HEV). macrophage (MF). 

Thee natural ligand of a^i is the mucosal addressin cell adhesion molecule 1 (MAdCAM 1) 

expressedd on the post-capillary venules of the lamina propria (see Fig. 1) (73, 74). 

4.4. Maintenance of chronic Thl-cell response: role for IL-12, TNF-aand IFN-y 

IL-122 plays a role in maintaining the Thl-mediated response in models of autoimmune 

diseasess (75) and experimental colitis (50, 51). From these experimental data we know that 

IL-122 promotes Thl cell proliferation, directly or by upregulating the 1L-2 receptor (76), and 
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byy rescuing T cells from activation-induced cell death (77). Furthermore, IL-12 increases the 

productionn of TNF-a, a potent pro-inflammatory cytokine (78, 79). 

TNF-aa is a type II membrane-anchored protein, which is released in a secreted form by the 

metaHoproteinasee TNF-a converting enzyme (TACE) (80). Secreted TNF-a is active as a 

trimerr that binds one of two plasma membrane receptors, the 55- or 75-kDa TNFR. p75 

TNFRR signalling has been implicated in lymphocyte proliferation while the p55-kDa receptor 

mediatess TNF-induced cytotoxicity, apoptosis and NF-KB activation (81-83). TNF-a can 

importantlyy contribute to local inflammation by activating the vascular endothelium and the 

bloodd coagulation system (84), by inducing the production of free radicals and tissue 

degradingg enzymes such as metalloproteinases (85, 86). 

IFN-yy is a prototype Thl-type cytokine that was initially discovered as a potent antiviral 

factorr (87). Twenty years later the same factor produced by antigen-stimulated T cells was 

calledd macrophage activating factor (88). NK cells and T cells are the main source of IFN-y 

afterr stimulation with IL-12 and IL-18 (89, 56). There are also some recent data on IFN-

YY production by activated macrophages via IFN-y itself (90) and after IL-12 and IL-18 

stimulationn (91, 92). Once secreted IFN-y binds to two a-chains of the IFN-y receptor 

expressedd on the cell membrane (93). The ultimate formation of the receptor complex (which 

iss composed of two P-chains plus the IFN-y-a-chains) leads to the transphosphorylation and 

reciprocall  activation of Janus kinases (JAK) (94). This is followed by phosphorylation of the 

transcriptionn factor STAT-la (signal transducer and activators of transcription) that from the 

cytosoll  is translocated to the nucleus to induce transcription of specific target genes (95, 96). 

Afterr signaling, the IFN-y (ligand)-receptor a-chain complex is internalised and dissociated, 

andd the uncoupled a-chain is recycled back to the cell membrane (97). 

IFN-yy is a prominent activator of macrophages by inducing the upregulation of the class II 

moleculee of the major histocompatibility complex (MHC) that is necessary for antigen 

presentationn to CD4+ T cells (98). IFN-y has a primary function in host defence against 

microorganismss (99). Children with either IFN-y receptor (ligand) a-chain (IFN-yRl) or and 

IFN-yy receptor (signaling) 3-chain (rFN-yR.2) deficiency develop severe disseminated 

MycobacteriumMycobacterium tuberculosis infection (100, 101). Patients lacking the IL-12 receptor pi (102, 
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103)) have impaired EFN-y secretion and are affected by disseminated Salmonella enteriditis 

infectionn (104). 

AA role for IFN-y in autoimmunity has been long hypothesised and indeed administration of 

exogenouss IFN-y exacerbated multiple sclerosis (105). In the 1990s newly identified 

techniquess offered the possibility for studying the role of endogenous cytokines by deleting 

specificc target genes in mice. Surprisingly, endogenous IFN-y was not essential for the 

inductionn of a T cell-mediated autoimmune disease. Indeed, IFN-y and IFN-y receptor ot-

chain-deficientt mice developed more severe col lagen-induced arthritis (CIA) (106), uveitis 

(107),, thyroiditis (108) and allergic encephalomyelitis (EAE) (109-111). In view of these 

overalll  findings, immunologists started to re-examine the anti-inflammatory proprieties of 

EFN-yy in controlling disease activity. 

J.. Regulatory mechanisms of the T-cell immune response 

AA mechanism important in controlling T-cell responses is programmed cell death or 

apoptosis.. Apoptosis is instrumental in the maintenance of homeostasis in antigen-rich 

environmentss such as the intestinal mucosa (112). Without apoptosis within one week a single 

TT cell could multiply to almost 1 x 1012 cells, doubling the total number of T cells in the body 

(113).. Prolonged survival of T lymphocytes may lead to uncontrolled inflammation. A defect 

inn T cell apoptosis was reported in chronic atopic dermatitis (114), rheumatoid arthritis (115, 

116)) and asthma (117). Lamina propria T lymphocytes from patients with Crohn's disease 

weree found to have defective apoptosis induced by IL-2 deprivation, FAS receptor binding 

andd exposure to nitric oxide (NO) (118). 

Otherr regulatory mechanisms of the T-cell response comprise the mutual control of Thl and 

Th22 cytokines and the presence of a subset of regulatory T cells (38). Th2 cytokines 

includingg IL-4 (119), IL-10 (120) and TGF-J3 (121) inhibit the production of IFN-y by 

monocytes.. On the other hand, IFN-y inhibits the proliferation of Th2 cells (122). Inhibition 

off  the secretion of IL-12 from macrophages can indirectly down regulate the Thl-response. 

IL-100 and IL-4 mediate this effect and interestingly IL-12 induces IL-10 production by 

macrophagess as negative feedback of its own activity (123). IL-10 is produced by T cell and 

monocytess and is a key regulatory cytokine in the immune system (124). Exposure of T cells 

too high-dose IL-10 during antigen-priming results in generation of a specific subset of T 

regulatoryy lymphocytes (Tr-1). Tr-1 cells secrete IL-5, IL-10 and TGF-p but no IL-4 and 
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downregulatee anti gen-dependent T-cell activation in experimental colitis. At present, Tri cells 

aree considered a main class of regulatory T-cells in the intestinal immune system (125, 126). 

6.6. Anti-inflammatory properties oflFN-y 

Despitee its role in promoting cellular immunity, IFN-y may counter-regulate inflammation. 

Forr example, it can inhibit the production of metalloproteases that are responsible of tissue 

damagee during inflammatory processes (127) and activates a subset of suppressor T cells that 

mayy eliminate autoreactive T cells (128). Recent studies showed that IFN-y can de-activate 

macrophagess (129) and can inhibit the proliferation of T cells (130). 

Theree is evidence that IFN-y induces apoptosis in keratinocytes (131, 132). Activated murine 

macrophagess (133) and monocytes infected by the intracellular pathogen Coxieila burnetii 

weree also found in vivo to undergo IFN-y-dependent apoptosis (134). Interestingly, killing of 

CoxieilaCoxieila burnetii and death of infected monocytes, although both mediated by IFN-Y, w e re 

dependentt on TNF, indicating a synergism between TNF-a and EFN-y already known in 

promotingg inflammation (135, 136). This observation was subsequently confirmed at the cell-

signalingg level as it was found that STAT-la-deficient cells failed to undergo TNF-a 

inducedd apoptosis (137). 

7.. NO in T-cell response 

Fromm the first report on nitric oxide (NO), which was based on the finding of a large amount 

off  nitrate in the urine of a febrile patient in 1818, many studies on NO have been published. 

Amongg many other biological activities, NO is considered to be a regulator of T-cell 

responsess (138). NO derives from L-arginine catabolism via the constitutive (endothelial and 

neuronal)) and the inducible forms of the NO synthase (iNOS). The latter can be induced in 

macrophagess via IFN-y, IFN-a/p and TNF-a (139, 140). NO regulates many physiological 

activitiess such as blood vessel relaxation (141), inhibition of platelet aggregation and adhesion 

(142,, 143), neurotransmission (144) and host defence (145). High tissue concentrations of 

iNOSS have been implicated in the pathogenesis of inflammatory arthritis (146, 147), type I 

diabetess (148) and inflammatory bowel disease (149). But more recently NO was shown to 

controll  T cell activation by its ability to reduce IL-12 production from activated macrophages 

(ass auto negative feed back) and to inhibit T cell proliferation (150, 151). Moreover, NO can 

bee pro-apoptotic depending on its concentration and the target cell (152). High levels of NO 
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mayy induce T cell apoptosis, but low concentrations of NO rescue NK cells from cell death 

(153).. Circulating monocytes are sensitive to NO-induced apoptosis (154, 155) whereas 

activation-inducedd apoptosis of tissue macrophages seems to be NO independent (133, 156). 

Hence,, NO is produced in inflammatory responses but its activity is tightly regulated, in part 

byy its own biological activity. 

7.. Experimental models of T cell mediated colitis 

Experimentall  models of colitis are very important for understanding the pathophysiology of 

Crohn'ss disease and have helped to design novel intervention strategies. Three main models 

off  experimental colitis in mice are characterized by a dysregulated T helper 1 response: 1) 

Micee with selective deletion of the IL-10 gene (IL-10-/- mice); 2) mice with altered T cells 

populationss such as the transfer model of CD45RBblghCD4+ T cells into immunodeficient 

SCEDD mice and 3) administration of 2,4,6-trinitrobenzene sulfonic acid (TNBS) that results in 

aa Thl-mediated colitis. 

Deletionn of the IL-10 gene, a potent downregulator of T helper 1 cytokines, in mice resulted 

inn a chronic inflammatory bowel disease that affected the entire intestine. The disease likely 

resultss from an enhanced T helper 1 response to antigens of the bacterial flora secondary to 

thee lack of IL-10. In the absence of IL-10, a chronic inflammation develops via continuous 

overproductionn of cytokines such as TNF-a, IL-1 and IFN-y (157, 158). Recent studies in IL-

10-/-- mice have established different roles of IFN-y during the onset of disease and during 

progressionn and chronicity of the intestinal inflammation. Treatment of neonatal IL10-

deficientt mice with anti-IFN-y delayed the onset of disease and reduced the severity of the 

inflammationn (51). No effects of anti-IFN-y were seen when disease had already established 

inn adult mice whereas anti-IL-12 could abrogate colitis in both young and aged mice. 

Therefore,, IL-12 seems to be required for sustaining chronic colitis. 

Thee second model results from adoptive transfer of a subset of CD4+ T cells, expressing high 

levelss of the surface molecule CD4+CD45RBhlgh into immunodeficient SCID mice which 

resultss in a moderate to severe colitis (159, 160). CD4+CD45RBhlgh T cells are considered to 

bee a Thl precursor population and activate resident macrophages to produce high levels of 

TNF-aa (161). The occurrence of colitis can be prevented by the co-transfer of the regulatory 

CD4+CD45RBloww subpopulation, which contains T cells capable of secreting anti-

inflammatoryy cytokines. 
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Finally,, in mice and rats intrarectal administration of the hapten reagent 2,4,6-tri nitrobenzene 

sulfonicc acid (TNBS) results in a chronic inflammation of the colon (162, 163). During the 

initiationn of colitis, activated macrophages present hapten-modified self-antigens to naive 

CD4++ T lymphocytes that produce Thl cytokines such as IL-2, IFN-y and TNF-a. Repeated 

administrationn of TNBS causes a chronic Thl-mediated colitis that mimics chronic relapsing 

Crohn'ss disease. Successful treatment of already established colitis could be obtained by 

systemicc administration of antibodies to IL-12 and by intraperitoneal injection of antibodies to 

TNF-aa (50, 164). 

Aimss of this thesis 

Thee main aim of this thesis was to investigate the intestinal T-lymphocyte-mediated immune 

response,, which plays a central role in the pathogenesis of Crohn's disease. In chapter 2, the 

expressionn of IFN-y and EL-4 cytokines, respectively considered the prototypic Thl and Th2 

cytokines,, was analysed in intestinal specimens from patients with Crohn's disease, ulcerative 

colitiss and from controls. 

Inn chapter 3, the colitis model induced by administration of 2,4,6-trinitrobenzene sulfonic 

acidd (TNBS) was used to study the mucosal T-cell response. To obtain more insight in T-celt 

traffickingg during colitis, the expression of the adhesion molecule CD44 and the gut homing 

oup̂77 on T cells was studied in the early and chronic stages of the disease. 

IL-122 is considered a major cytokine in driving the Thl-cell response, in chapter 4, 

developmentt of TNBS-colitis was examined in mice deficient for either the p35 subunit or the 

p400 subunit of EL-12 and in mice lacking the IL-12 |3l(binding)-chain receptor. The T-cell 

responsee was investigated in the total absence of EL-12 and in the presence of endogenous p40 

(EL-12p35-deficientt mice still produce p40). Moreover, IFN-y ancl IL-18 production in the 

absencee of either IL-12 or endogenous IL-12p40 was studied. 

IFN-YY is a pro-inflammatory cytokine involved in Crohn's disease. In chapter 5, mice lacking 

thee ot-chain of the IFN-y receptor (IFN-yRl-deficient mice) and therefore unable to respond to 

IFN-yy were studied after induction of TNBS-colitis. The pattern of cytokine production was 

analysed.. In chapter 6, the anti-inflammatory properties of IFN-y were re-examined in mice 

lackingg either IFN-y or IFN-y receptor, with particular focus on the expression of iNOS and 
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thee induction of apoptosis in the absence of IFN-y. In chapter 7, the summary and the 

concludingg remarks of this study are presented. 
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Summary::  Experimental data indicate that mucosa! CD4+ T 
cellss play an important role in the pathogenesis of inflamma-
toryy bowel disease (1BD). Based on the pattern of cytokine 
production.. CD4+ T cells may be distinguished into two dif-
ferentt phenotypes. Thl responses are characterized by secretion 
off  interleukin (IL)-2, tumor necrosis factor (TNF)-a. lympho-
toxin.. and interferon (IFN)-'y and are associated with delayed-
typee hypersensitivity reactions, whereas Th2 responses, which 
aree characterized by secretion of IL-4, IL-5, and IL-IO, have 
beenn associated with humoral immune responses and allergy. 
Too assess the number of IFN-a and IL-4 positive cells in IBD 
andd normal intestinal specimens, frozen sections from intestinal 
specimenss from 10 Crohn's disease (CD), 8 ulcerative colitis 
(UC).. and 8 healthy controls were examined by immunohtsto-
chemistry.. Monoclonal antibodies for CD3, CD8, IFN--y, and 
IL-44 were used, T-lymphocyte infiltration and cytokine expres-

INTRODUCTION N 

Antigen-dependentt T-cell stimulation results in differ-
entiationn into various phenotypes that are characterized 
byy specific cytokine profiles. Thl cells produce interleu-
kin-22 (IL-2), interferon-7 (IFN--y). and tumor necrosis 
factor-aa (TNF-a), and mediate cellular immune re-
sponses,, whereas Th2 cells, which produce IL-4. IL-5. 
IL-10,, and IL-13, are implicated in humoral responses 
andd allergy. 

TT lymphocytes have an important role in the patho-
genesiss of intestinal inflammation, and increased produc-
tionn of IFN--V is a hallmark of Crohn's disease (CD) (1). 
Recently,, two studies have demonstrated increased mu-
cosall  production of IL-12, the major inducer of IFN-7. in 
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sionn by epithelial, lamina propria, and submucosal cells were 
scoredd on a four-point scale by two independent observers who 
weree blinded for the clinical data. One-way analysis of variance 
lANOVA )) testing was used for statistical analysis. In intestinal 
specimenss from IBD patients, the number of CD3+ cells was 
foundd increased in the lamina propria and, within the submu-
cosa,, this increase was significant (p < 0.001). In CD the num-
berr of lamina propria IFN-7 positive cells was significantly 
increasedd as compared with controls (p < 0.002). In UC the 
numberr of both IFN-7 and IL- 4 producing cells in the lamina 
propriaa was not significantly increased as compared with con-
trols.. The present results confirm the existence of a Thl-biased 
patternn production in CD but not in UC. Key Words: Inflam-
matoryy bowel disease—Crohn's disease—Ulcerative colitis— 
Cytokines-—Interferon-a—Interleukin-4—Immunohistochem--
istry. . 

activee CD (2,3). In contrast, ulcerative colitis (UC) is 
characterizedd by increased production of IL-5 (4). These 
dataa suggest that the immunological mechanisms that 
underliee CD and UC markedly differ. Thl-type cytokine 
productionn is generally increased in CD, whereas a Th2 
typee pattern is found in UC. However, this scheme is 
complicatedd by repons that in early CD lesions, mucosal 
IL-44 messenger ribonucleic acid (mRNA) dominated and 
IFN-77 mRNA decreased (5). Moreover, increased muco-
sall  production of IL-10 was found increased in both ac-
tivee CD and UC (6). 

Mostt studies on mucosal cytokine production have 
usedd methods that measure total mucosal cytokine pro-
ductionn (enzyme-linked immunosorbent assay [ELISA], 
reversee transcribed polymerase chain reaction [RT-
PCR]),, or cytokine production by isolated lamina propria 
mononuclearr cells. These methods do not allow for 
analysiss of the distribution of cytokine producing cells 
withinn the mucosal layers. 

Inn the present study we have analysed the mucosal 
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distributionn of cells producing IFN-7 ;ind IL-4 111 resec-
110111 specimens obtained from patients witli CD. UC. and 
fromm non inflammatory controls. Here we confirm (he 
presencee of increased numbers of IFN-7-positive lym-
phocytess in CD. and report that these cells are mainly 
locatedd within the lamina propria compartment. 

MATERIAL SS AND METHOD S 

Patients s 

Resectionn specimens were obtained from 10 patients 
withh CD (4 male. 6 female) who underwent bowel re-
sectionn because of medical treatment failure (n = 4). 
extensivee inflammatory infiltrate In = 5), or fistula for-
mationn {11 = 1). The mean age of this group was 32 years 
(range.. 17 54 years) and (lie disease duration ranged 
fromm 1-19 years (mean, d.2 years). Four patients had 
ileall  disease, five had colonic localization, and in one 
patientt both colon and ileum were involved. Seven pa-
tientss used corticosteroids. 

Eightt patients (three male, five female) with UC. mean 
agee 32.8 years (range, 18-54 years), underwent total col-
ectomy.. Their disease duration was 5.4 years (range, 
0.2-155 years). Five patients had shown insufficient re-
actionn to medical treatment and seven patients were on 
corticosteroidd treatment. 

Thee control group consisted of eight normal speci-
menss obtained from patients who had a bowe! resection 
forr various reasons (two carcinoma, two diverticulitis, 
onee polyposis colt syndrome, one ischemia, one perfo-
ration,, and one adenomatous polyp). 

Specimenss were snap-frozen in liquid nitrogen and 
storedd in -70°C until analysis. Sections were cut and 
tissuess stained with hematoxilin and eosin for histologic 
analysis. . 

Immunohistochemistry y 

Thee single stain protocol was as follows. Serial tissue 
sectionss (6 u.m) were cut on a cryostat, mounted on 
gelatine-coatedd glass slides, and fixed in ice-cold ac-
etone.. Staining was performed according to a three-step 
immunoperoxidasee method. 

Afterr a brief wash in phosphate buffered saline (PBS), 
sectionss were incubated for 30 minutes in \0% normal 
goatt serum (Dako A/S. Glostrup, Denmark) and then 
incubatedd with the first antibody diluted in PBS/1% bo-
vinee serum albumin (Sigma, St. Louis, MO, U.S.A.) 1 
hourr at room temperature (monoclonal mouse antihu-
man-CD33 and -CD8, Beclon Dickinson, Montain View. 
CA,, U.S.A.) or overnight at 4°C (monoclonal mouse 

arui)uiman-lFN-"YY and -IL-4 antibodies, Gen/yme. Cam-
bridge.. MA, U.S.A.). Endogenous peroxidase activity 
wass quenched by placing the slides in a solution of 

-methanol/1%% H,02 for 20 minutes. Following a further 
washh in PBS, sections were incubated with hiotinylated 
rabbitt aniimouse antibody (Dako) diluted 1:200 in PBS/ 
\()\()rr/r/r  AB serum for 30 minutes (CLB. Amsterdam. The 
Netherlands)) and then with streptavidin complex (Dako) 
forr 30 minutes. Slides were developed using hydrogen 
peroxidee (HTGM and 3.3-amino-9-ethyl carhazole 
(Sigma)) and N,N-dimethylformamide (Sigma) in acetate 
buffer.. Following counter-staining with hematoxylin, 
sectionss were coated with glycerol and a cover slip was 
applied.. In control sections, the primary antibod\ was 
omitted.. In double-staining experiments, a mouse anti-
human-IL-44 antibody was incubated overnight at 4üC, 
andd after a wash in PBS a rabbit antihuman-CD3 was 
incubatedd for I hour at room temperature. Endogenous 
peroxidasee activity was quenched by placing the slides in 
aa solution of methanol/1 % V\202 for 20 minutes. Follow-
ingg a further wash in PBS, sections were incubated with 
alkalinee phosphatase-conjugated swine-antirabbit (Dako) 
andd biolin-eonjugated goat-antimouse (Southern Bio-
technologyy Associates, Birmingham, AL, U.S.A.) and 
dilutedd in TBS/10% AB serum were incubated together 
forr 30 minutes and then with streptavidin complex 
(Dako)) for 30 minutes. Alkaline phosphatase activity 
(bluee staining) was detected using Fast Blue (Sigma) and 
naphtol-AS-MX-phosphatee (Sigma), to which levami-
solee (Sigma) was added; peroxidase activity (red activ-
ity)) was detected using 3,3-amino-9-ethil carbazole and 
N.N-dimethy!formamide. . 

TwoTwo different isotype antibodies, mouse antihuman-
CD3.. IgGl (incubated overnight at 4°C), and mouse an-
tihumann IFN-7, IgG2a (incubated 1 hour at room tem-
perature),, were used as functional markers for T cells and 
IFN-77 and alkaline phosphatase-conjugated goal-
antimouse-IgGll  (Southern Biotechnology Associates) 
andd peroxidase-conjugated goat-antimouse-IgG2a 

(Southernn Biotechnology Associates) were used as sec-
ondaryy antibodies. Alkaline phosphatase and peroxidase 
activitiess were detected as previous described. 

Microscopicc Analysis 

T-eelll  infiltration and cytokine expression within the 
epithelial,, lamina propria, and submucosal layers were 
scoredd on a four-point scale by two independent observ-
erss who were blinded for clinical data. A score of 0 
representedd minimal infiltration, while a score of 4 rep-
resentedd infiltration by numerous inflammatory cells. In-
dividuall  readings were identical or differed by only one 
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point.. Minimal differences between the observers were 
resolvedd by mutual agreement. 

Statisticall  Analysis 

Differencess between the three patient groups were 
testedd by one-way analysis of variance using SPSS sta-
tisticss for Windows (SPSS. Inc., Chicago, IL, U.S.A.). A 
two-sidedd p < 0.05 was considered significant. 

RESULTS S 

Histologicall  analysis showed active inflammation in 
alll  10 CD patients and the presence of granulomas in 8 
specimenss (data not shown). Five UC patients had active 
colitiss and three had mild inflammation. Table 1 sum-
marizess the clinical data of both 1BD populations. The 
threee groups were well matched for age, sex ratio, dura-
tionn of disease, and localization of disease. The cortico-
steroidd use in CD and UC patients was equally distrib-
uted. . 

Monoclonall  antibodies specific for CD3, CD8, [FN-7, 
andd IL-4 were used in single-staining (Fig. 1) and CD3 in 
combinationn with either IFN-7 or IL-4 in double-
staining.. T-cell infiltration was scored on epithelial, 
laminaa propria, and submucosal compartments (Table 2). 
Thee number of intraepithelial CD3+ T cells was slightly 
(nonsignificantly)) increased in CD as compared with UC 
andd controls. The number of CD3+ T cells in lamina 
propriaa was somewhat increased in both diseases com-
paredd with controls, but the most striking difference was 
observedd in the submucosa of CD specimens that con-
tainedd an increased number of CD3+T cells (p < 0.001). 
Thee pattern of epithelial and lamina propria CD8+ cells 
revealedd no significant differences in both diseases, as 
comparedd with controls with the only exception of an 
increasee of CD8+ T celts in the submucosal compartment 

TABL EE L Clinical findings of patient and controls 

Crohn'' s 
disease e 
nn = 10 

Ulcerative e 
colitis s 
nn = 8 

Controls s 
nn = 8 

Agee mean 32(17-54}  32.8 < 17-54-j 54.7(14-79) 
Sexx ratio m:l 4:6 3:5 5:3 
Disease e 

historyy mean 6.2 (1-19) 5,4 (0.27-15) 
Localizationn ileum 2 4 

colonn 5 8 4 
bothh 1 

Steroidss 7 7 
Histologyy normal 8 

mildd 5 
activee 10 3 

Surgeryy 10 8 8 

inn CD patients (p = 0.002). By analyzing single-stained 
seriall  sections, it was shown that the majority of CD3+ T 
cellss were CD4+ T cells. 

Thee number of lamina propria IFN-7+ cells was sig-
nificantlyy greater in CD compared with controls (p < 
0.002)) (Fig. 3). and the morphology of lamina propria 
IFN-7++ cells was typical of macrophages and lympho-
cytess (Fig. 1). In UC, the pattern of IFN-7+ cells showed 
noo difference between the patient material and normal 
tissue,, whereas the number of lamina propria IL-4+ cells 
wass increased, but not significantly (Figs. 2 and 3). In 
CD.. the number of lamina propria and submucosal IL-4+ 
cellss was slightly and not significantly increased as com-
paredd with normal specimens (Fig. 3). 

DISCUSSION N 

Wee report that the number of lamina propria CD3+ (T 
lymphocytes)) cells in both CD and UC was increased. 
Thee number of submucosal CD3+ cells was increased in 
bothh diseases as compared with normal specimens (p = 
0.001). . 

IFN-*y++ cells were more often present in the lamina 
propriaa of CD specimens as compared with UC and with 
controlss (p < 0.002). No differences were seen in the 
epitheliall  and submucosal compartments between the 
threee groups. In UC. the number of IL-4+ cells was only 
slightlyy and nonsignificantly increased as compared with 
normall  controls, and the pattern of IFN-*/+ cells within 
thee three examined compartments did not differ from 
controls. . 

Thesee results are in accordance with several previous 
studiess that reported an increase of the number of CD4+ 
TT cells in active CD and UC (7). In addition, high levels 
off  IFN-^ mRNA were found in freshly isolated lamina 
propriaa mononuclear cells (LPMN) from patients with 
activee CD (1.8.9). IFN-7 mRNA concentrations also 
weree increased in mucosal biopsies from active CD (1). 
Severall  studies have reported unchanged or even de-
creasedd production of IL-4 in UC (10-13). Interestingly, 
whenn lamina propria CD4+ cells were isolated from UC 
biopsiess and stimulated in vitro, IL-5 production was 
increasedd (4). IL-5 is probably produced by highly dif-
ferentiatedd Th2 cells no longer capable of produce IL-4, 
whichh may explain why we could detect very littl e IL-4 
expressionn in UC specimens. 

Ourr results are in accordance with findings in Thl-
biasedd models of IBD that are characterizedd by increased 
productionn of lFN-'v (14-19), Moreover, neutraliza-
tionn of IFN-7 abrogated the established colitis in severe 
combinedd immunodeficient mice transferred with the 
CD45RBhlghh T-lymphocytes (20,21), whereas in the 
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FIG.. 1. IFN-7+ cells In the lamina propria of Crohn's disease (CD) specimens Top left: a diffuse infiltration of cells with macrophage and 
lymphocytee morphology (magnification x250). Lower left: a higher power view of lamina propria IL-4+ cells of the same CD specimens 
(x500).. IFN-7+ cells in lamina propria and submucosal layers in a UC specimens Top right: The architecture of the mucosa is completely 
alteratedd and infiltration of inflammatory cells is confined to the muscolaris mucosae (x250). Lower right: infiltration of cells with basophil 
andd lymphocyte morphology (x250) confined to the lamina propria compartment. 

TABL EE 2. Microscopic score ofT cell infiltration 
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FIG.. 2. Expression of IFN--y+ cells in epithelial, lamina propria, and submucosa compartments trom noninflammatory controls fC) (n = 
8)) and from patients with Crohn's disease (CD) (n = 10) and ulcerative colitis (UC) (n = 8). The stainings were scored on a semiquantitative 
four-pointt scale. One-way analysis of variance (ANOVA) test was used for statistical analysis. The bar indicates median values of the 
IFN-77 immunoreactivity in each group. 

TNBS-inducedd colitis. anti-IL-12 decreased IFN-7 pro-
ductionn and abrogated established disease (22). 

Indeed.. T-cell modulation and inhibition of Thl re-
sponsess have become a primary therapeutic goal of CD. 
Depletionn of CD4+ T cells with an anti-CD4 monoclonal 
antibodyy (c.MT-412) in 12 steroid refractory CD patients 
causedd a dose-dependent reduction of circulating CD4+. 
reducedd the CDAI (Crohn's disease activity index) (23), 

andd reversed the abnormal expression of major histo-
compatibilityy complex class II DR on the intestinal epi-
theliumm (24). Because human leucocyte-associated-class 
III  expression by gut epithelial cells is up-regulated by 
IFN-7.. this finding suggests that anti-CD4 antibody 
treatmentt down-regulates T-lymphocyte activation. 

Treatmentt of steroid-refractory Crohn's patients with 
aa single dose of anti-TNF-a antibody has resulted in 
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FIG.. 3. Expression of IL-4» cells in epithelial, lamina propria, and submucosa compartments from noninflammatory controls (C) (n = 8) 
andd from patients with Crohn's disease (CD) (n = 10) and ulcerative colitis (UC) (n = 8). The stainings were scored on a semiquantitative 
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importantt therapeutic etïecls (25-27). These findings 
suggestt thai targeting cytokines thai are involved in Thl 
responsess may be beneficial in CD. In particular, because 
off its proximal effects on Thl/Th2 differentiation, IL-12 
iss a promising candidate for the treatment of active CD 
andd or for the maintenance of the anii-TNF-ot -induced 
remission.. In summary, our findings support a predomi-
nantt Thl response in CD but not in UC. 

A c k n o w l e d g m e n t :: T h i s w o r k was suppor ted by T h e N e t h -

e r l andss D i g e s t i v e Diseases F o u n d a t i o n . 
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Summary y 

Wee investigated the phenotype of gut-associated lymphoid tissue (GALT) T lymphocytes 

duringg early and chronic phases of TNBS-induced colitis in BALB/c mice. The early phase of 

TNBS-colitiss was accompanied by loss of body weights, high numbers of colonic 

mononuclearr cells, and elevated mucosal concentrations of TNF-a mRNA. At this stage, 

memoryy CD4+CD44high T cells were found in the CLN. Chronic TNBS-colitis was marked by 

evenn higher number of mononuclear lymphoid cells, not only in the CLN but also in the non-

inflamedd draining MLN, enhanced cellularity in the colonic mucosa and higher levels of 

TNF-aa mRNA as compared to the acute inflammation. At this stage, memory CD4+CD44hlgb 

TT cells and rxtp7-positive lymphocytes were recruited into the lamina propria. We conclude 

thatt reactive T lymphocytes in TNBS-induced colitis are recruited by using o^P?, and that 

locall  inflammation caused a generalized infiltration of the GALT by memory T lymphocytes. 
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Introductio n n 

AA dysregulated antigen-driven T cell-mediated response has been implicated in the 

pathogenesiss of Crohn's disease and several models of inflammatory bowel disease, such as 

IL-100 deficient mice (1) and the transfer model of CD4+CD45RBhlgh T cells into scid mice (2, 

3)) have firmly established a central pathogenic role of CD4+T helper-1 (Thl) cells. 

Naivee lymphocytes randomly migrate from lymph node to lymph node until they encounter 

thee antigen (4, 5). Adhesion of these cells to high endothelial venules within the lymph nodes 

iss mediated by interactions of L-selectin (CD62L) and endothelial cell adhesion molecules 

(CAMs)) of the Ig superfamily leading to firm adherence, active diapedesis and immigration 

(6).. Differentiation into memory/effector T lymphocytes includes shedding of the L-selectin 

moleculee and upregulation of the expression of the CD44 adhesion molecule (7). The 

recruitmentt of effector/memory lymphocytes within the organized gut-associated lymphoid 

tissuee (GALT) and the lamina propria is regulated by expression of the gut homing OC4P7 

integrinn on lymphocytes and takes place independently of L-selectin (8, 9). The natural ligand 

off  cup/? is MadCAM-1 (10) and expression of MadCAM-1 on lamina propria high endothelial 

venuless is upregulated by inflammatory stimuli (11, 12). The mechanism of T lymphocyte 

traffickingg within the gut associated lymphoid tissue (GALT) in Crohn's disease is not 

completelyy understood and difficult to study. A representative experimental model of colitis 

cann be obtained by instillation of the hapten 2,4,6-trinitrobenzene sulfonic acid (TNBS) that 

modifiess self-antigens to become immunogenic (13, 14). During the initiation of colitis, 

activatedd macrophages present hapten-modified self-antigens to naive CD4+ T lymphocytes 

thatt produce Thl cytokines such as IL-2, IFN-y and TNF-a, which are known to be involved 

inn the pathogenesis of Crohn's disease (15-17). Repeated administration of TNBS causes a 

chronicc Thl-mediated colitis that mimics chronic relapsing Crohn's disease (18, 19). 

Inn order to obtain more insight in the time course and mechanism of the recruitment of 

memoryy T lymphocytes during colitis, in the present study, we investigated the expression of 

thee adhesion molecule CD44 and the gut homing cufV? on T cells trafficking within the MLN, 

thee CLN and the colonic mucosa during either the early or the chronic phase of colitis induced 

byy instillation of TNBS in BALB/c mice. 

Material ss and methods 

MiceMice and induction of colitis 
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Alll  experiments were approved by the Animal Studies Ethics Committee of the University of 

Amsterdam,, The Netherlands. BALB/c mice were obtained from Harlan Nederland (Horst, 

Thee Netherlands). Mice were housed under standard conditions, and supplied with drinking 

waterr and food (AM-I I 10mm, Hope Farms, Woerden, The Netherlands) ad libitum. 

BALB/cc mice received 2,4,6-tri nitrobenzene sulfonic acid (TNBS)(Sigma Chemical Co, St 

Louis,, MO, USA) dissolved in 40% ethanol (Merck, Darmstadt, Germany) in PBS at a 

weeklyy interval (12 mice per group)(total volume, lOOuJ) (18), using a vinyl catheter 

positionedd 3 centimeters from the anus. Two and one milligram of TNBS in 40% ethanol in 

PBSS were administered respectively on days 1 and 7 and on days 14 and 21. Prior to the 

instillation,, the mice were anaesthetized using isoflurane (l-chloro-2,2,2,-trifluoroethyl-

isoflurane-difluorornethyl-etherXAbbottt Laboratories Ltd., Queenborough, Kent, UK), and 

afterr the instillation they were kept vertically for 30 seconds. Control mice (6 mice per group) 

underwentt identical procedures, but were instilled with the same volume of either ethanol 

40%% in PBS or 0.9% NaCI solution. Mice were sacrificed two days after either the second 

enemaa (at day 9) or fourth enema (at day 23). 

AssessmentAssessment of inflammation 

Bodyy weights were recorded daily. Mesenteric (MLN) and caudal lymph nodes (CLN) and 

colonss were harvested. The last 6cm of the colons were opened longitudinally. After a rinse 

withh 0.9% NaCI solution to remove fecal material, colon wet weight was recorded and used as 

ann index of disease-related intestinal wall thickening. Subsequently, the colons were 

longitudinallyy divided in two parts, one of which was used for histological assessment, and 

thee other for flow cytometry and RT-PCR analyses. 

HistologicalHistological analysis 

Thee longitudinally divided last 6 cm of the colons were rolled up, fixed in 4% formaline and 

embeddedd in paraffin for routine histology. Two investigators who were bunded for the 

treatmentt allocation of the mice scored the following parameters: 1) percentage of area 

involved,, 2) hyperplasia of the colonic lymphoid follicles, 3) edema, 4) erosion/ulceration, 

andd 5) infiltration of granulocytes (polymorphonuclear cells) and macrophages and 

lymphocytess (mononuclear cells). 
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CellCell preparation and flow cytometry 

Forr preparing mesenteric and caudal lymph node cell suspensions, 40 u,m filter cell strainers 

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

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

Chemicall  Co., St. Louis, MO, USA) and counted. Freshly obtained colonic specimens of 

comparablee size (3 cm x 0.5 cm) were homogenised with an automated mechanical tissue 

desegregationn device (Medimachine System, Dako, Danmark). Colonic cell suspensions were 

centrifugedd with sterile Ficoll (Pharmacia, Uppsala, Sweden) and then mononuclear cells 

weree transferred to cold PBS containing 0.5% BSA, 0.3 mmol/1 EDTA and 0.01% sodium 

azidee (Sigma). 

Hybridomass producing antibodies, rat anti-mouse CD83 (clone 53.6.72) and rat anti-mouse 

04 7̂7 (clone DAT-K) were kindly provided by Dr. R. Mebius (Free University of Amsterdam). 

PE-conjugatedd rat anti-mouse CD3e (clone KT3) was purchased from Serotec (Oxford, New 

England).. Cy-chrome-conjugated rat anti-mouse CD4 (clone RM4-5); unconjugated rat anti-

mousee L-selectin (CD62L, clone MEL-14); PE-conjugated rat anti-mouse CD44 (clone IM7) 

weree purchased from PharMingen (San Diego, CA, USA); FITC-conjugated F(ab')2 goat anti-

ratt was used as secondary antibodies (Caltag, San Francisco, CA, USA). Rat IgG2b cy-chrome 

(clonee R35-38, Pharmingen), rat IgG2a-PE (clone LO-DNP-16, Serotec, Oxford, New 

England),, rat IgG2b-FITC (clone R35-38, Pharmingen) were used as control antibodies. Free 

bindingg sites were blocked by incubation of primary and secondary antibody with 1% normal 

mousee serum. Cells were analyzed by flow cytometry using a FACscan® flow cytometer in 

conjunctionn with the FACScan® software (Becton Dickinson, Mountain View, USA). 

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 

spectrophotometry.. cDNA was synthesized by mixing 2 \xg of RNA with 0.5 jig oligo(dT) 

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

Subsequently,, 8 \il  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 
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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, Miinchen, Germany), 67 M Tris-HCL (pH 8.8), 67 mM 

MgCl2,, 0.1M p-mercaptoethanol, 67 uM EDTA, 0.166 M (NH^SO*), 0.5 U of AmpliTaq 

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 58°C, 60 seconds at 72°C and a final extension 

phasee at 72°C for 10 minutes. The sequences and the cycle numbers were as follows: TNF-a 

(F):: 5'-GGCAGGTCTACTTTGGAGTCATTGC-3', (R): 5'-ACATTCGAGGCTCCAGTG 

AATTCGG-3'' (27 cycles); (3-actin (F): 5'-GTCAGAAGGACTCCTATGTG-3\ (R): 5'-

GCTCGTTGCCAATAGTGATG-3'' (24 cycles). The PCR products were separated in 1.5% 

agarosee gel containing 0.5 x TBE (50 mM Tris, 45 mM boric acid, 0.5 mM EDTA, pH8.3) 

withh 0.5 ng/ml ethidium bromide. For TNF-a and fi-actin, the number of cycles that resulted 

inn linear amplification was determined (data not shown). Single band intensities were 

analyzedd using the Eagle Eye II video system (Eagle® Sofware System, Stratagene, La Jolla, 

CA,, USA) using the negative image. The relative absorbencies of TNF-a PCR products were 

correctedd for the absorbencies of the fi-actin amplification band using the ONE-Dscan one-

dimensionall  electrophoresis analysis software (Scananalytics, Billerica, MA, USA) and the 

resultss are given as optical density (OD) ratio. 

StatisticalStatistical analysis 

Valuess are given as mean  SEM. SPSS statistical software (SPSS Inc., Chicago, USA) was 

used.. Differences of within-group variables were analyzed using the NP Wilcoxon rank sum 

testt and differences between groups using the NP Mann-Whitney U test. One-way analysis of 

variancee (ANOVA) was used to compare differences between multiple groups. A two sided p 

valuee <0.05 was considered significant. 

50 0 



Results s 

ColitisColitis in BALB/c mice is accompanied by body weight loss and influx of mononuclear cells 

intointo the colonic mucosa 

Inductionn of colitis after the second TNBS instillation was associated with loss of body 

weightt (change of body weight at day 9: saline=+4%; ethanol=+0.7%; TNBS=-17.9%, 

p=<0.001)) (Fig.1). The colon weights and the number of mononuclear intestinal cells (table 1) 

increasedd as compared to either saline or vehicle treatments (saline=145  23.7mg; 

ethanol=2300  14.6mg; TNBS=273.8  31.9mg, p=0.006). 

Figuree 1. BALB/c mice 
receivedd either two or four 
weeklyy instillations of 
TNBS/ethanoll ; 12 mice 
perr group). Control mice (6 
micee per group) received of 
eitherr saline (O) or 40% 
ethanoll  alone (O) at the 
samee time-points. The body 
weightt is expressed as 
changee in percentages from 
thee initial body weight 
(meann  SEM). 

1 22 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

daysdays days 

Instillationn of ethanol 40% (vehicle) was characterized by extravasation of erythrocytes into 

thee lamina propria, multifocal edema in the submucosa, and segmental erosions of the 

epitheliumm surrounded by neutrophils. After instillation of TNBS, mice developed a severe 

colitiss that was characterized by prominent colonic lymphoid follicles with germinal centers, 

multifocall  epithelial erosions, ulcerations of the lamina propria, that in some cases were 

transmural,, segmental loss of the crypts alternated with regeneration and ramification of the 

crypts,, granulocytes infiltration around the ulcerations and influx of macrophages and 

lymphocytess in the lamina propria and submucosa (Fig. 2A. 2B, 2C). 

Followingg repeated TNBS instillations. BALB/c mice recovered from the initial loss of body 

weightt but gained substantially less body weight as compared to either saline or vehicle 

treatmentss (change of body weight at day 23: saline=+9.1%; ethanol=+6.7%; TNBS=+4.1%, 

p=0.006)) (Fig.1). Chronic TNBS-induced colitis was accompanied by a rise of the number of 

MLNN and CLN cells as compared to either saline or vehicle treatments (table 1). 
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Figuree 2. Histolopathology at day 9 shows normal 
colonn after saline instillation (A); extravasation of 
redd cells in the lamina propria and edema in the 
submucosaa after ethanol instillation (B); erosions, 
cryptt loss, ulceration and infiltration of granulocytes 
andd mononuclear cells in the lamina propria after 
TNBSS instillation (C). At day 23. mucosal 
architecturee was normal with the exception of a 
slightt cell infiltration in the lamina propria after 
multiplee instillations with ethanol (D) crypt loss, 
regenerationn of the epithelium and infiltration of 
lymphoidd cells in the lamina propia and submucosa 
afterr multiple TNBS instillations (E). 
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Tablee 1. Total number of mononuclear cells from mesenteric (MLN), caudal lymph (CLN) nodes and colons 

inin BALB/c mice 

MLNN cells (107) "' CLN cells (10*)'" Colonic cells (105)'" 

Salinee BALB/c 4.25  3.06 1.21 7 

I **  40% ethanol-BALB/c 4.85  4.69 2.18  0.36 

TNBS-BALB/cc 4.94 + 5.01 4.47  0.65 5.56 + 2.05 

Saline-BALB/cc 3.22  4.38 1.2  0.18 

""  40% ethanol-BALB/c 3.4.5 2 3.42 + 0.61 

NN TNBS-BALB/c 4.25 *  5.95  0.6t 7.27 3 

[a>[a>  Values are given as mean + SEM. Mononuclear cells were counted in separated suspensions from 
entiree lymph nodes and same size colon specimens. In both saline and 40% ethanol groups the number 
off  mononuclear cells did not increased from baseline. One way anova was used to analyse multiple 
groupss <*P=0.001. tP<0.001). 

Thee colon weights (saline=115  5.6mg; ethanol=197.5  18mg; TNBS=217  13mg, 

p<0.001)) and the mononuclear intestinal cell number were significantly increased in the 

TNBS-treatedd group as compared to either saline or vehicle treatments. At histology, colon 

sectionss appeared normal after multiple instillations of saline. After repeated instillations of 

40%% ethanol alone, erythrocyte extravasation in the lamina propria and edema in the 

submucosaa decreased, and the number of lamina propria granulocytes remained slightly 

increased.. In contrast, after multiple TNBS instillations, the resulting chronic colitis was 

characterizedd by enlargement of the colonic lymphoid follicles (even when compared to short 

termm TNBS administration) as well as erosions and crypt loss alternated with regeneration of 

thee epithelium and infiltration of both lamina propria and submucosa by lymphocytes (Fig. 

2DD and 2E). 

TNBS-colitisTNBS-colitis associated with increased TNF-a mRNA 

TNF-ccc mRNA concentrations were measured in the colonic specimens by RT-PCR analysis. 

Instillationn of 40% ethanol (vehicle) did not increase the transcription for TNF-a after either 

twoo or four instillations of TNBS. Induction of colitis after TNBS challenge was marked by 

increasedd TNF-a mRNA concentrations as compared to either saline or vehicle treatments 

(p=0.023).. During the chronic phase of colitis, TNF-a mRNA concentrations increased as 

comparee to baseline (p=0.003) and to greater extent as compared to the acute phase of colitis 

(p=0.04)) (Fig. 3). 
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Figuree 3. Mucosal TNF-a mRNA 
concentrationss were determined by RT-PCR 
analysiss in the colons during early (upper panel) 
andd chronic (lower panel) phases of colitis. The 
relativee absorbencies of the PCR products were 
correctedd for the absorbencies of the (3-actin 
amplificationn band. The results are given as 
opticall  density (OD) ratio. The Mann-Whitney U 
testt was used to assess differences between 
salinee (white bar) and TNBS (black bar) 
instillationn (*p=0.023. **p=0.003). 

Saline e 40%% ethanol TNBS 

MemoryMemory T lymphocytes in the MLN and CLN during early and chronic phases of colitis 

Thee redistribution of T lymphocytes and the expression of the adhesion molecules CD44 and 

L-selectinn (CD62-L) were examined in both MLN, that drain lymphocytes from the caecum, 

thee small intestine and the ascending colon (all non-diseased), and in the CLN that drain 

lymphocytess from the colon and the rectum (inflamed). During the early phase of TNBS-

colitis,, the redistribution of T lymphocytes in the MLN remained unaltered whereas the 

percentagee of CD4+ T lymphocytes decreased in the CLN as compared to either saline or 

vehiclee treatments (table 2). In contrast, repeated re-exposures to TNBS were associated with 

aa marked increase of the percentage of the CD4+ T lymphocytes in the MLN and an increase 

off  the CD8+ T lymphocytes in CLN. 

Thee percentage of CD4+CD44+ T lymphocytes increased in CLN but not in MLN (table 2). 

However,, by fluorescence intensity analysis, the expression of CD44 on the membrane 

surfacee was highly upregulated on CD4+ T lymphocytes from both MLN and CLN as 

comparedd to either saline or vehicle treatments. These findings indicate that a specific subset 

off  memory CD4+ T cells migrated from the colonic lymph follicles to the regional peripheral 

lymphh node at the early phase of TNBS-colitis. 

Repeatedd instillations of TNBS slightly increased the percentage of the CD4+CD44+ T 

lymphocytess in the CLN and also in MLN as compared to either saline or vehicle treatments. 

Thee percentage of L-selectin+ lymphocytes increased in both MLN and CLN after repeated 

TNBSS instillations (MLN: saline=81.2  2%: ethanol=84.2  1.4%; TNBS=90  0.6%, 
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p<0.001)) (CLN: saline=86.8  1.7%; ethanol=87.4  1.4; TNBS=95.4  0.4%, p<0.001). 

Moree importantly, the expression of CD44 on the membrane surface of CD4+ T lymphocytes 

fromm MLN and CLN was down regulated as compared to either saline or vehicle treatments, 

suggestingg a recruitment of naive T cells that re-circulate preferentially through the lymph 

nodee (4). 

Tablee 2. Phenotype ofT lymphocytes from MLN and CLN in BALB/c mice 

Saline-BALB/c c 

40%% ethanoi-BALB/c 

TNBS-BALB/c c 

Saline-BALB/c c 

40%% ethanol-BALB/c 

TNBS-BALB/c c 

%CD3 3 

60.22  1.6 

61.3  1.3 

59.55  1 

64.55  1.9 

62.55 6 

64.77 4 

%CD4 4 %CD8 8 %CD4/CD44 4 

MesentericMesenteric lymph node 

455 1 

48.55  0.9 

46.55  3.3 

47.88  0.6 

45.77  5.4 

52.33  0.9 \ 

16.11 4 

15.77 6 

1 1 

13.88 7 

15.55 7 

12.88 8 

86.33  0.9 

89.22  0.3 

87.66  0.5 

888  0.8 

86.44  0.6 

966  0.5 t t 

CD4/CD44 4 
(MR) ) 

1118 8 

1104 4 

14977 § 

1076 6 

1090 0 

9144 || || 

CaudalCaudal tymph node 

Saline-BALB/c c 

40%% ethanol-BALB/c 

TNBS-BALB/c c 

Saline-BALB/c c 

40%% ethanol-BALB/c 

TNBS-BALB/c c 

61.55 5 

67.77  1.5 

55.55  1.8 

577 7 

60.55 4 

722  6.4 

41.77  1.9 

44.33  1.6 

37.6  1.1* 

45.88 6 

45.11 3 

38.44 5 

16.44 7 

21.22  1.3 

16.88 1 

13.11  1.4 

15.11 8 

35.33 * 

72.88 4 

77.66  2.3 

87.99  I t 

93.44 6 

90.11  0.8 

95.66  0.9 §§ 

1318 8 

1155 5 

1647|| | 

1252 2 

1195 5 

9211 n 

Valuess are given as mean  SEM. T lymphocyte subsets were gated from the entire lymphoid cell 
population.. The expression of CD44 was determined on CD4-gated lymphocytes. The analysis of variance 
wass used to compare saline, 40% ethanol and TNBS treatment groups (*p=0.019, tp=0.001, §p=0.001, 
||p<0.001,<Hp=0.006,, **p=0.023, ttp=0.017, || ||p=0.017, §§p<0.001.fl[p<0.001). 

7""  lymphocytes in the colonic mucosa 

Duringg chronic TNBS-colitis, the percentage of intestinal CD4+ T lymphocytes did not 

significantlyy change from the acute phase. However, the percentage of colon lymphocytes 

expressingg the gut homing receptor oupN strongly increased during chronic TNBS-colitis 

(saline=7.11  0.15%; 2x TNBS enemas=8.7  0.8%; 4x TNBS enemas=68.1  0.5%, 

p=0.003)) (Fig. 4). Multiple TNBS instillations also caused upregulation of CD44 on the 

surfacee membrane of lamina propria CD4+ T lymphocytes (MFI increased from 413.8  31.6 
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Figuree 4. The distribution and 
phenotypee of lymphocytes in the 
colonn during acute (left panels) 
andd chronic (right panels) TNBS-
colili ss were determined by flow 
cytometry.. Colonic CD4 and 0.4P7 
positivee lymphocytes were gated 
fromm the entire lymphoid 
population. . 

andd to 665.6  29, p=0.019) (Fig. 5). These results indicate a re-circulation and homing of 

gut-trophicc memory T lymphocytes into the lamina propria. 

CD44 4 

Figuree 5. The expression of CD44 on CD4-gated lymphocyte was analyzed by flow 
cytometryy on single cell suspension from the colons of TNBS-treated mice during 
earlyy (left panel) and chronic (right panel) phases of TNBS-colitis. 

Discussion n 

Wee here report differences in the phenotype of GALT T lymphocytes during acute and 

chronicc TNBS-induced colitis in BALB/c mice. Induction of TNBS-colitis was accompanied 

byy loss of body weight and an increase of both colon weights and the number of colonic 

mononuclearr cells. 

Histologically,, colitis was characterized by prominent colonic lymphoid follicles, multifocal 

erosionss and ulcerations, which in some case extended to the muscularis propria, crypt loss. 
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andd inflammatory infiltrates characterized by neutrophils around the ulcers and lymphocytes 

scatteredd throughout the lamina propria and submucosa. 

Chronicc TNBS-colitis was accompanied by an increase of the colon weight and at histology, 

colitiss was characterized by enhanced infiltration of lymphocytes in the lamina propria and 

submucosa,, hyperplasia of the colonic lymphoid follicles, multifocal regeneration of the 

epitheliumm and elongation of the crypts. In chronic colitis an increase of the number of 

mononuclearr lymphoid cells not only in the CLN but also in the MLN draining the non-

diseasedd parts of the colon and the small bowel was observed. 

TNBSS is a hapten that modifies self-antigens to become immunogenic. During the onset of 

colitis,, macrophages present hapten-modified self-antigens, derived from covalently binding 

off  TNBS to autologous proteins, to naive CD4+ T lymphocytes. 

Wee found high levels of TNF-oc mRNA after TNBS but not following ethanol administration 

duringg both the acute and chronic colitis, consistent with previous reports on increased 

productionn of TNF-ct in TNBS-colitis in SJL/J mice (20) and in Crohn's disease (21). 

Wee investigated cell trafficking through! the gut-associated lymphoid tissue during acute and 

chronicc phase of the Thl-biased TNBS-colitis. According to the lymphocyte trafficking 

model,, primary immune responses are initiated in the lymph node where the antigen has been 

transportedd and presented to naive lymphocytes. After activation and differentiation, 

effector/memoryy T lymphocytes leave the lymph node, enter the blood stream and home to 

effectorr side whereas naive lymphocytes re-circulate through lymph nodes, which enhances 

thee likelihood of anti gen-encounter (4). During the early phase of colitis, the percentage of 

CD4++ T lymphocytes importantly decreased in the CLN, suggesting their migration to the 

bloodd stream, but the percentage of CD4+CD44+ T lymphocytes increased in the CLN, while 

highh levels of CD44 were expressed on CD4+ T lymphocytes. Together these data indicate a 

recruitmentt of memory CD4+ T lymphocytes from the mucosal site to the regional draining 

CLNN during the early phase of TNBS-colitis. 

Duringg the chronic TNBS-induced colitis, we observed a different distribution of T cell 

subsets:: an increase of the percentage of CD4+ T lymphocytes in the MLN and a rise of the 

percentagee of CD8+ T lymphocytes in the CLN. Hence, during chronic colitis CD4+ T 

lymphocytess are recruited to MLN that do not drain the inflamed colon, and CD8+ T 

lymphocytess home into the lymph nodes that drain the inflamed colon. The phenotype of 

MLNN CD4+ T lymphocytes showed changes that were similar to those observed in CLN. In 
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bothh CLN and MLN, the percentage of CD4+CD44+ T lymphocytes expressing low levels of 

thee CD44 on the surface membrane increased and a high rate of L-selectin-positive 

lymphocytess were observed. Taken together these data indicate that during the chronic phase 

off  TNBS-colitis naive lymphocytes re-circulate through the MLN and CLN and that immune 

responsess extend to the MLN that do not drain the inflamed colon. 

Tissue-specificc migration is restricted to memory T cells that via the regional lymph nodes 

enterr the blood stream and home back in the intestinal lamina propria (22). Mucosal T 

lymphocytess express high levels of the gut homing receptor cup7 which enables binding to the 

counterr receptor MAdCAM-I on lamina propria venules and subsequent extravasation into 

thee intestinal mucosa (8). During chronic TNBS-induced colitis, colonic CD4+ T lymphocytes 

expressedd high levels of CD44 on surface membrane and a large percentage of lymphocytes 

alsoo stained positive for the gut homing receptor cufr. 

Thiss result indicates that inflammatory memory T lymphocytes in chronic TNBS-induced 

colitiss still use the 04 7̂ integrin in order to home back to the intestinal mucosa, which is 

congruentt with our previously reported data on oupVpositive T lymphocytes in the mucosa of 

patientss with Crohn's disease (23, 24). This observation also provides a basis for the use of 

o^pVtargetingg therapies. Indeed, administration of antibodies neutralizing the ou-integrin 

diminishedd the severity of spontaneous colitis in the cotton-tap tamarin monkeys by reducing 

thee number of infiltrating monocytes and lymphocytes in the intestinal mucosa (25). 

Inn conclusion, during the early phase of TNBS-colitis (nine days after the first TBNS 

instillation)) intestinal T cells differentiate into memory T cells and enter the regional draining 

lymphh node using the CD44 adhesion molecule. Non-inflamed draining lymph nodes 

participatee in the chronic immune response (twenty-three days after the first TBNS 

instillation).. Finally, 04 7̂ is expressed by T lymphocytes that are recruited into the mucosa 

duringg chronic TNBS-induced colitis. 
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Summary y 

IL- 122 is the key cytokine for the generation of effector Thl cells during inflammatory 

diseases.. In the present study we investigate the role of IL-12 and its biological antagonist the 

IL-12p400 during intestinal inflammation. After intrarectaal administration of the contact-

sensitizingg TNBS, IL-12p40-/- mice developed severe colitis characterized by ulcerations, 

increasedd cell infiltration in the lamina propria, crypt loss and high levels of IL-18mRNA. In 

contrast,, TNBS-IL-12p35-/- mice recovered from a transient loss in body weight and 

developedd only a mild colitis, characterized by low expression for IL-18mRNA. Although 

IFN-YY is considered to be a pro-inflammatory cytokine in Thl-mediated inflammatory 

diseases,, the TNBS-induced IFN-y production by caudal lymph node cells from IL-12p35-/-

micee was much higher than in IL-12p40-/- mice. Anti-p40 treatment dramatically increased 

diseasee in TNBS-IL-12p35-/- mice: body weight loss, colon weights and the overall histology 

weree comparable to the TNBS-IL-12p40-/- mice. Taken together, these data indicate that 

endogenouss IL-12p40 has a (agonistic) biological role independently from IL12p70, which is 

protectivee in TNBS-induced colitis. 
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Introductio n n 

IL-122 is a heterodimeric cytokine that is mainly produced by anti gen-presenting cells and 

influencess Thl/Th2 differentiation in T-lymphocyte-mediated inflammatory conditions. IL-12 

stimulatess generation of effector Thl cells during intracellular infections (1,2) and has been 

implicatedd in the pathogenesis of several T-lymphocyte-mediated inflammatory diseases (3, 4, 

5).. Several observations strongly implicate a pathogenic role for IL-12 in Thl biased 

inflammatoryy diseases of the intestinal tract. Increased Thl cytokine production was 

demonstratedd in IL-10-deficient (IL-10-/-) mice (6), which develop chronic colitis, and in the 

trii  nitrobenzene sulfonic acid (TNBS)-induced mode) of colitis (7). In this latter model, IL-12 

neutralizingg antibodies were strongly protective, even when administered after the induction 

off  colitis. In Crohn's disease, which is considered a T-lymphocyte-dependent Thl-biased 

condition,, but not in ulcerative colitis, increased numbers of IL-12 producing mucosal cells 

weree detected (8). Many of the biological effects of IL-12 are thought to result from induction 

off  interferon-Y (IFN-y) production by T lymphocytes. However, although IL-12 strongly 

inducess IFN-y production in virtually all disease models tested, several observations suggest 

ann IFN-Y-independence for IL-12 in experimental colitis. IL-12, but not IFN-y, was required 

forr maintenance of the chronic nonresolving colitis in IL-10-/- mice and in RAG-2-/- mice 

reconstitutedd with pathogenic CD4+CD45RBhigh T cells (9). 

IL-122 is a heterodimer (p70) that is composed of a p35 and a p40 subunit. Once secreted by 

activatedd macrophages, dendritic cells or neutrophils, IL-12p70 binds to the IL-12 receptor 

(IL-12R).. IL-12R consists of two subunits, the constitutive or the high affinity binding pi and 

thee inducible or the low affinity [32 subunit, which is exclusively expressed by NK cells and 

Thll  cells. Homodimers of p40 are produced in large excess over p70 heterodimers, and may 

antagonizee IL-12p70 activity by competitive binding to the IL-12 receptor (10). Recently, two 

novell  functions have been identified for p40 homodimers. Firstly, the alloreactive Thl 

responsee following heart transplantation from either IL-12p35-deFicient (IL-12p35-/-) or IL-

12p40-/-- was accentuated in recipient IL-12p35-/- mice as compared to IL-12p40-/- C57BL/6 

mice.. Remarkably, splenocytes from recipient p35-/- mice produced large amounts of EFN-y 

inn vivo and neutralization of endogenous p40 homodimer reduced the IFN-y concentration 

levelss to that produced by allografted IL-12p40-/- mice (11). Secondly, transfer of rat 

hepatomaa cells engineered to express mouse p40, resulted in tumor regression in 75% of the 
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injectedd rats, which was associated with recruitment of macrophages 10 the site of 

inflammationn (12). 

Together,, these findings suggest independent biological roles for IL-12p70 heterodimers and 

IL-I2p400 homodimers. Against this background we have investigated the contribution of IL-

12p700 and IL-12p40 to mucosal inflammation using the TNBS-colitis in IL-12p40-/-, IL-

12p35-/-- and IL-12R31-/- mice. 

Material ss and methods 

MiceMice 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). IL-I2p40-/-, IL-12p35-/-, and EL-12Rpl-/- mice 

weree backcrossed for at least 5 generations to BALB/c mice (kindly provided by Jeanne 

Magram,, Roche Nutley) and maintained in a facility free of specific pathogens. Mice were 

routinelyy genotyped by PCR using lysates from tail DNA biopsies and specific 

oligonucleotidess (IL-12p40 (F): 5'-AGTGAACCTCACCTGTGACACG-3\ (R): 5'-TCTTT 

GCACCAGCCATGAGC-3';; IL-12p35 (F): S'-GGCTCTGGACTCACCTGGATO', (R); 5'-

GCATCGCATTGTCTGAGTAGG-3';; IL-12Rpl (F): S'-CAGGGTTTCCAAGACAGACT-

3';; (R): 5'-GTTGACCTTGGACAGCACAG-3') During the experiments, mice were housed 

underr standard conditions, and supplied with drinking water and food (AM-I I 10mm, Hope 

Farms,, Woerden, The Netherlands) ad libitum. 

Threee separated series of experiments were conducted in 7-10 weeks old IL-12p40-/- mice 

andd two separated experiments were conducted in 15-week-old IL-12p35-/- and IL-12R(il-/-

mice.. Colitis was induced by rectal administration of two doses (separated by a 7 day interval) 

off  2 mg 2,4,6-trinitrobenzene sulfonic acid (TNBS) (Sigma Chemical Co, St Louis, MO, 

USA)) dissolved in 40% ethanol (Merck, Darmstadt, Germany) in PBS using a vinyl catheter 

thatt was positioned 3 centimeters from the anus (8 mice per group). Prior to the instillation, 

thee mice were anaesthetized using isoflurane (l-chloro-2,2,2,-trifluoroethylsoflurane-

difluoromethyl-etherr (Abbott Laboratories Ltd., Queenborough, Kent, UK), and after the 

instillationn they were kept vertically for 30 seconds. Control mice (4 mice per group) 

underwentt identical procedures, but were instilled with physiological salt. All mice were 

sacrificedd 48 hours following the second TNBS challenge. In a separate series of experiments, 
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IL-I2p35-/-- mice were treated intraperi tone ally with either anti-p40 mAb (clone 10F6), 

kindlyy provided by L. Adorini, Roche Milano), or isotype control (clone R4D7, IgG )̂ 

antibodyy at days 1 and 5. 

AssessmentAssessment of inflammation 

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

fromm IL-12p40-/-, IL-12p35-/-and IL-I2R(3l-/- mice and from BALB/c mice wild type mice. 

Thee colons were removed through a midline incision and opened longitudinally. After a rinse 

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

recordedd and used as an index of disease-related intestinal wall thickening. Subsequently, the 

colonss were longitudinally divided in two parts, one of which was used for histological 

assessmentt or immunohistochemistry, the other for flow cytometry (FACS) and 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, 5) crypt loss, 6) fibrosis 

andd 7) infiltration of macrophages and lymphocytes (mononuclear cells) and granulocytes 

(polymorphonuclearr cells). 

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

normal;; 1, 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 22 points. 

CellCell preparation and flow cytometry 
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Forr preparing caudal lymph node cell suspension, 40 u,m 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. Hybridomas producing; unconjugated rat 

anti-mousee oufr (clone DAT-K, IgG) were kindly provided by Dr. R. Mebius (Free 

Universityy of Amsterdam). Cy-chrome-conjugated rat anti-mouse CD4 (clone RM4-5, IgG2a); 

FTTC-conjugatedd rat anti-hamster CD69 (clone H1.2F3, IgG); were purchased from 

Pharmingenn (San Diego, CA, USA); FITC-conjugated F(ab*)2 were used as secondary 

antibodiess (Caltag, San Francisco, CA, USA). Rat IgG^ cy-crhome (clone R35-38, 

Pharmingen),, rat IgG2b-FITC (clone R35-38, Pharmingen) were used as control antibodies. 

Freee binding sites of primary and secondary 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). . 

CellCell culture and ELISA for cytokines 

Celll  suspensions of caudal lymph node (CLN) were prepared by using 40 ^m filter cell 

strainerss (Becton/Dickinson Labware, New Jersey, USA). Cells were suspended in 3 ml 

Iscove'ss modified Dulbecco's medium (BioWittaker Europe, A Cambrex Company, Verviers, 

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

lig/ml,, Amphotericin B 25 U-g/ml; Gibco/BRL, Paisley, Scotland) and 10% fetal calf serum. 

Mononuclearr cells were transferred to cold PBS containing 0.5% BSA, 0.3 mmol/1 EDTA and 

0.01%% sodium azide (Sigma) and were counted. 

AA total number of 1 x 105 cells from three mice per group were incubated in 200 (J.1 of the 

samee medium in triplicate wells. Cells were stimulated by immobilized anti-CD3e antibody 

(1:300 concentration; 145.2C11 clone) and soluble anti-CD28 antibody (1:1000 concentration; 

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

measuredd by ELISA assay (R&D System, Abingdom, UK). 

Immunohistochemistry Immunohistochemistry 

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. Staining was performed according to a two-step 
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immunoperoxidasee method. Sections were incubated with normal rabbit serum 10% and then 

incubatedd with the first antibody diluted in PBS/1% bovine serum albumin (BSA) (Sigma, St. 

Paul,, MO, USA) one hour at room temperature for monoclonal rat anti-mouse-CD4 (clone 

GK1.5)) and anti-mouse-CD8 (clone 53-6.72) or overnight at 4°C for monoclonal rat anti-

mouse-IFN-YY (clone, XMG1.2, Pharmingen), Endogenous peroxidase activity was quenched 

byy placing slides in a solution of sodium-azide/1% hydrogen peroxide (H2O2) for 10 minutes. 

Followingg a further wash in PBS, sections were incubated with rabbit anti-rat-HRP antibody 

(Dako,, Denmark) diluted 1:100 in PBS/1% normal mouse serum for one hour. Slides were 

developedd using 1% H202 and 3.3'-diaminobenzidin-tetra-hydrochloride (Sigma) in TRIS-

HC11 for 20 minutes. Following counter staining with haematoxylin, sections were coated with 

glyceroll  and a cover slip was applied. In control sections, the primary antibody was omitted. 

MicroscopicMicroscopic analysis oflHC sections 

Quantificationn of T cell subsets and IFN-Y-positive cells in lamina propria (LP) of the distal 

colonn section (last 6 cm) was performed using a light microscope connected to the 3CCD 

Colorr Video Camera DXC-950P (Sony Corp., Tokyo, Japan) and using the Matrox 

Intellicam-DCFll  program (Matrox Eletronics Systems Ltd.). Immunostained positive pixels 

andd hematoxilin stained nuclei were quantified per section (object magnification 40x) by 

usingg the Image Analysis program (EFM Software, Rotterdam, The Netherlands). The 

numberr of positive pixels directly correlated with the number of positive hematoxilin stained 

nucleii  within the same section. By analyzing increasing pictures numbers to a total of 8 

pictures,, we observed that 5 pictures per section displayed a relative fault of 0.1 and a p value 

<0.055 and that more pictures did not further improve results (data not shown). 

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 

spectrophotometry.. cDNA was synthesized by mixing 2 u,g of RNA with 0.5 u,g oligo(dT) 

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

Subsequently,, 8 p.1 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 
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Superscriptt Pre-amplification system (Gibco/BRL) were added and the final solution was 

incubatedd for 60 minutes at 37°C. 

Forr RT-PCR of IL-18, equivalent amounts of cDNA (5 p.1) were amplified using a solution 

(200 pi) containing 4% DMSO (Merck, Miinchen, Germany), 12.5 jig BSA (Biolabs Inc., New 

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

MgCl:,, 0.1M p-mercaptoethanol, 67 jiM EDTA, 0.166 M (NR);SO,), 0.5 U of AmphTaq 

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). Cycling conditions for PCR amplification of IL-18 and 

P-actinn were: 94°C for 5 minutes (1 cycle), before 29 (IL-18) or 24 (p-actin) cycles of 95°C 

forr 60 seconds, 58CC for 60 seconds and 72°C for 60 seconds followed by a final extension 

phasee at 72°C for 10 minutes. Cycling conditions for PCR amplification of IL-12p40 were 

94°CC for 2 minutes before 35 cycles of 94°C for 20 seconds, 58°C for 30 seconds, followed by 

aa final extension at 72°C for 5 minutes. The sequences and cycle numbers were: IL-12p40 (F): 

5'-CTGGCCAGTACACCTGCCAC-3\\ (R): 5'-GTGCTTCCAACGCCAGTTCA-3'; IL-18 

(F):: 5'-ACTGTACAACCGCAGTAATACGG-3', (R): 5'-AGTGAACAT TACAGATTTAT 

CCC-3';; p-actin (F): 5'-GTCAGAAGGACTCCTATGTG-3', (R): S'-GCTCGTTGCCAATA 

GTGATG-3'.. The PCR products were separated in 1.5% agarose gel containing 0.5 x TBE 

(500 mM Tris, 45 mM boric acid, 0.5 mM EDTA, pH8.3) with 0.5 |ug/ml ethidium bromide. 

Forr IL-18 and P-actin, the number of cycles that resulted in linear amplification was 

determinedd (data not shown). Single band intensities of IL-18 and P-actin were analyzed 

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

usingg the negative image. The relative absorbencies of IL-18 PCR products were corrected for 

thee absorbencies of the p-actin amplification band using the ONE-Dscan one-dimensional 

electrophoresiss analysis software (Scananalytics, Billerica, MA, USA) and the results are 

givenn as optical density (OD) ratio. 

StatisticalStatistical analysis 

Valuess are given as mean  SEM. SPSS statistical software (SPSS Inc., Chicago, USA) was 

used.. Differences within group variables were analyzed using the NP Wilcoxon rank sum test 

andd differences between group variables using the NP Mann-Whitney U test. One-way 
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analysiss of variance (ANOVA) was used to compare differences between multiple groups. A 

twoo sided p value <0.05 was considered significant. 

Results s 

IL-12IL-12 p40-/- mice develop severe colitis after TNBS treatment 

Previouss studies provided strong evidence that IL-12 is causally involved in the development 

off  TNBS-induced colitis. Anti-IL-12 antibody administration abrogated disease (7). To 

investigatee the role of IL-12 in more detail, we examined colitis in mice deficient in the 

constituentss of the IL-12 heterodimer. IL-12p40 and IL-12p35, and in the IL-12 receptor (31 

chain.. As expected, rectal administration of TNBS in wild type mice resulted in colitis 

characterizedd by diarrhea (not shown), wasting disease (Fig. 1). and inflammation (table 1 and 

Fig.. 2B). After TNBS instillation, three out of eight IL-12p40-/- mice died because of severe 

colitiss as compared to one out the eight BALB/c, IL-12p35, and IL-12RP1-/- mice. 

110 0 

105 5 

80 0 

Saline-- BALB/c 

110 0 
TNBS-IL-12p35-/-- (mAb) 

TNBS-IL-12p35-/-- (anti-p40) 

1 2 3 4 5 6 7 8 9 9 
Days Days 

1 2 3 4 5 6 7 8 9 9 
Days Days 

Figuree 1. Body weight was 
recordedd daily from day 1 
too day 9. The change in 
weightt is expressed as 
percentagee of the body 
weightt change from day 1 
andd data represent the mean 
valuess  SEM of four to 
eightt mice per group. Left 

panel:: (O) saline and ) 
n=88 TNBS-treated BALB/c 

micee (A) TNBS-IL-p40-/-
mice.. Right panel: ) 
TNBS-IL-12p35-/-- mice 
afterr administration of 
eitherr control monoclonal 
(mAb)) or anti-p40 
antibodies. . 

Surprisingly,, IL-12p40-/- mice developed similar and even more severe disease. Colon 

infiltrationn of granulocytes and lymphocytes were comparable in both groups of mice, 

whereass the overall histological score was slightly elevated in IL-I2p40 mice (table 1), which 

presentedd with erosions of the epithelium, ulcerations of the lamina propria, edema, crypt loss 

andd early stages of fibrosis (Fig. 2C). Moreover, after an initial recovery from weight loss at 

dayy 8. IL-12p40 mice, in contrast to wild type mice, rapidly lost weight again at day 9 after 

TNBSS treatment (Fig. 1). Thus, colitis is promoted rather than attenuated in the absence of IL-

12p40. . 
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Figuree 2. Histolopathology shows normal colon 
fromm saline (A) and colitis in TNBS-treated 
BALB/cc mice characterized by ulcerations, loss of 
intestinall  glands and infiltration of mononuclear 
cellss both in the lamina propria and submucosa 
(B).. Colitis in TNBS-IL-12p40-/- mice was 
comparablee to the wild type colitis (C). Treatment 
off  TNBS-IL-12p35-/- mice with anti-p40 antibody 
reversedd colitis from mild (D) to severe (E). All 
hematoxylin-eosinn sections are at the same 
magnificationn (magnification x50). 
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2.33 + 0.8 
11.22 7 

3  1.1 
13.33 6 

1 1 
8.11 7 
14.33 1 

2.55  0.6 
7.44  1.3 

0.899  0.17 
6.622  0.89 

2.55 3 
9.255 6 

1.533 5 § 
6.488  1.2 § 
9.311 6 § 

1.522 3 
3.888  0.67 

Tablee 1. The percentage of colon weight increase, colitis score and caudal lymph node (CLN) mononuclear 
cellscells in BALB/c. 1L-I2p35-/-, iL-!2p40-/- and IL-12R$1-/- mice 

Micee % Colon weight Colitis score"' CLN cells (lO6)"' 
increase"' ' 

Saline-BALB/cc -
TNBS-BALB/cc 95 * 

Saline-IL-12p40-/--
TNBS-IL-12p40-/-- 95  6.3f 

Saline-IL-12p35-/--
TNBS-IL-12p35-/-- (control mAb) 51  4.7$ 
TNBS-IL-12p35-/-- (anti-p40) 73  3.6$ 

Saline-IL-12R01-/--
TNBS-IL-12RpM-/-- 74 *  52 

''a>a> Values are given as mean  SEM. The analysis of variance was used to compared saline, TNBS plus 
controll  monoclonal antibody (mAb) and TNBS plus anti-p40 antibody treatment groups (*P=0.003, 
$P=0.04,, §P=0.004) and the NP Mann Whitney U test to compare saline versus TNBS treatments 
(tP=0.02).. The results are representative of two separated experiments. 

IL-12p35-/-IL-12p35-/- mice are protected through IL-I2p40 from TNBS-induced colitis 

Severall  reports suggest that IL-12p40 can compete with IL-12p70 for binding to the IL-12R 

andd antagonize IL-12 function (18). To examine this possibility, we used IL-12p35-/- mice, 

whichh can still produce EL-12p40. Indeed, colitis was much attenuated in TNBS-treated 

IL12p35-/-- mice compared to wild type, and in particular compared to IL-12p40-/- mice. IL-

12p35-/-- rapidly recovered from a slight loss in weight and continued to gain weight (Fig. 1) 

alreadyy from day 3 after treatment. Tissue sections showed only a slight increase of cells 

withinn the lamina propria compartment (Fig. 2D) and the total histological score was reduced 

(tablee 1). Although colon weights increased comparably to wild type, this was significantly 

lesss than in TNBS-p40-/- mice. 

Next,, we used neutralizing anti-p40 mAbs, in order to proof that IL-12p40 mediates 

protectionn from colitis. Indeed, administration of anti-p40 compared to isotype control mAb 

dramaticallyy increased disease in TNBS-treated IL-12p35-/- mice. Two out of five anti-p40-

treatedd mice died because of severe colitis on days 2 and 3. In the remaining, body weight 

loss,, colon weight increase and the overall histology was comparable to IL-12p40-/- mice. 

Thesee results demonstrate that the absence of IL-12p35 protects from the development of 

colitis,, by the presence of endogenous IL-12p40. 
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AttenuatedAttenuated outcome of disease in IL-12R$1 mice 

Thee IL-12R(3l has been suggested lo be essential for signaling of IL-12 binding (10). 

Considenngg the differences between IL-12p40-/- and IL-12p35-/- mice, it was interesting to 

studyy colitis induction in IL-12Rpl-/- mice. Following TNBS instillation, colitis in LL-12RJ31-

/-- mice appeared less severe than in BALB/c mice and strongly attenuated compared to IL-

12p40-/-- mice comparing body weight loss, colon weights and histology (table 1). 

CellCell proliferation of caudal lymph node cells 

Inn all mice, TNBS administration resulted in an increase of the number of CLN cells (table 1). 

Thee increase was greater in IL-12p35-/- mice than in IL-12p40-/- mice (4.2-fold versus 3.7-

fold)) however less than in TNBS-BALB/c mice (7.4-fold). Indeed, administration of anti-p40 

antibodiess to TNBS-IL-12p35-/- mice resulted in an even greater rise of the number of CLN 

cellss as compared to baseline (6.1-fold). 

I'FN-yproductionI'FN-yproduction by caudal lymph node cells in TNBS-lL-12p35-/- mice 

IFN-yy and IL-4 levels were measured in the supernatant from CLN cells stimulated 48 hours 

withh anti-CD3/CD28 antibodies (Fig. 3). IFN-y production by CLN cells from BALB/c mice 
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Figuree 3. Caudal lymph node cells 
weree isolated and stimulated for 48 
hourss with anti-CD3/CD28 
antibodiess in vitro. IFN-y was 
measuredd in duplicate in the 
supernatant.. While bars (saline-
treatment.. n=4) and black bars 
(TNBS-treatment.. n=8) represent 
thee mean  SEM (- =saline, + 
=TNBS).. The results are 
representativerepresentative of two experiments. 
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increasedd 1.4-fold as compared to saline instillation. In contrast, TNBS challenge in IL-

12p35-/-- mice caused very large increase of IFN-y production by CLN cells (19.6-fold), as 

comparedd to saline instillation. CLN cells from TNBS-IL-12R01-/- mice secreted 2.6-fold 

higherr concentrations of IFN-y as compared to baseline, but to a less extend as compared to 

TNBS-BALB/cc mice. Only CLN cells from saline-IL-12p40-/- mice, and TNBS-IL-12p35-/-

micee secreted IL-4 but at very low levels (data not shown). 

RecruitmentRecruitment of lamina propria CD8+ T lymphocytes and number of lamina propria IFN-y 

producingproducing cells 

Laminaa propria (LP) T lymphocyte subsets and IFN-y-positive cells were examined by 

immunohistochemistryy (Fig. 4). TNBS administration caused a significant increase of the 

numberr of CD4̂  lymphocytes in the LP of BALB/c mice as compared to baseline (p<0.001). 

Colonss from TNBS-treated IL-12p40-/- and 1L-I2p35-/-, IL-12RfJl-/- mice contained similar 

numberr of LP CD4* as compared to TNBS-BALB/c mice. The number of CD8+ lymphocytes 

increasedd after TNBS in BALB/c mice (p<0.001), in IL-12p40-/- mice (p=0.018) and IL-

12RF41-/-- (p=0.031) but not in IL-12p35-/- colons. As expected, the number of IFN-y-positive 

Figuree 4. Lamina propria cells were 
stainedd with antibodies against CD4 

(A),, CD8 (B), and IFN-y (C) in 

frozenn sections from saline (O) and 
TNBSS ) treated BALB/c mice. 

TNBS-p40-/-- mice (A). TNBS-IL-

I2p35-/-- ) and TNBS-IL-12RpM-
/-- ) mice (-^saline. +=TNBS). 
Immunostainedd positive pixels were 
quantifiedd per field using the Image 
Analysiss program. 

BALB/ cc IL-12p40-/- IL-12p35-/- IL-12RP1-/-
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cellss increased after induction of colitis in BALB/c mice. TNBS administration also caused an 

increasee of the number of IFN-y-positive cells in IL-12pl-/- mice as compared to saline 

instillationn (p=0.002), even more than in TNBS-BALB/c mice and IL-12p40-/- mice 

(p=0.001).. IFN-y-positive cells in the LP of TNBS-IL-12p35-/- colons increased more than in 

TNBS-p40-/-- colons but not significantly. 

CD4CD4++  T lymphocytes from CLN IL-12p40-A do not express the CD69 following TNBS 

Re-exposuree to the hapten-TNBS caused in CLN from BALB/c mice up-regulation of the 

mucosall  homing receptor marker (oufr) and the early activation marker (CD69) on CD4+ 

lymphocytes.. CD4+ lymphocytes from TNBS-IL-12p40-/- CLN up-regulated the gut homing 

receptorr (ouPi) but failed to up-regulate CD69. These findings suggest that in the absence of 

p400 CD4+ lymphocyte activation might be impaired (table 2). 

Tablee 2. Flow cytometry of caudal lymph node T cells from BALB/c mice and !L-!2p40-/- mice 

CD4+ 04pyn JJ CD4+ CD69+ b ' 

Saline-BALB/cc 23.2 *  21.3 9 
TNBS-BALB/cc 32.9  8.7 51.3  10.9 

Saline-IL-12p40-/-- 7.2  3.2*  29.6  10.3 
TNBS-IL-12p40-/-- 24.8  10.5 25.9  2.7 

"""  The results are representative of two separated experiments (mean  SEM). CLN cells were 
gatedd from the entire lymphatic cell population (saline n=4 and TNBS n=6). a4p7

+ and 
CD69++ cells were gated from the CD4+ lymphocyte gate. NP Mann-Whitney U test was 
usedd to compare differences in treatment groups f*p=0.021). 

MucosalMucosal IL-18 mRNA was overexpressed in TNBS-IL12p40-/- colons 

Mucosall  IL-12p40 and IL-18 mRNA concentrations were investigated using RT-PCR 

analysis.. Firstly, we confirmed that mRNA for IL-12p40 was expressed in intestinal 

specimenss from IL-12p35-/- mice (data not shown). The IL-18 amplification products were 

correctedd for the absorbency of the concurrent fj-actin amplification products and the mean of 

thee optical density (OD) ratios was calculated (Fig. 5). 

Followingg TNBS challenge transcripts encoding for IL-18 mRNA were increased in BALB/c 

micee (p=0.038) and IL-12p40-/- mice (p=0.034) as compared to the concurrent baseline. In 
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contrast,, following TNBS IL-12p35-/- mice failed to up-regulate transcription of IL-18 

mRNAA as compared to IL-12p40-/- mice (p=0.034). 

Figuree 5. Mucosal cytokine mRNA 
transcriptt levels were analyzed in wild 
typee BALB/c. IL-12p40-/- and IL-
12p35-/-- mice (- =saline, + =TNBS). 
Thee NP Mann-Whitney U test was 
usedd to analyze the differences 
betweenn saline and TNBS BALB/c 
micee (*p=0.038) and to compare 
TNBS-treatmentt between IL-12p40-/-
andd IL-12p35-/- mice (§p=0.034). 

BALB/ cc IL-12p40-/- IL-12p35-/-

Discussion n 

Inn the present study we investigated the contribution of IL-12p70 and IL-12p40 in mucosal 

inflammationn during TNBS-colitis in IL-12p40-/-, [L-12p35-/- and IL-12Rpl-/- mice. 

Afterr TNBS instillation. IL-12p40-/- mice that produce neither IL-12p70 heterodimers nor 

p400 (both p40 monomer and p40 homodimer) developed more severe colitis and weight loss 

ass compared to BALB/c mice. Similarly. IL-12 was not absolute required for the induction of 

Thl-mediatedd arthritis in IL-12p40-/- mice (13) and in cardiac allografted IL-I2p35-/- and IL-

12p40-/-- recipients mice (14). Mucosal inflammation in IL-12p40-/- mice was characterized 

byy ulcerations of the lamina propria, crypt loss, early stages of fibrosis, infiltration of CD8~ T 

lymphocytess and granulocytes cells and increased concentrations of IL-18 mRNA. 

Independentlyy of IL-12. IL-18 may directly induce TNF-a synthesis by T cells isolated from 

humann PBMC (15). Recently. IL-18 mRNA transcripts were over-expressed by lamina 

propriaa T cells and epithelial cells from Crohn"s disease as compared to either ulcerative 

colitiss or control specimens (16. 17). 

Inn contrast, IL12p35-/- mice, that secrete no IL12p70 heterodimers. but arc able to produce 

p40.. were protected from TNBS-induced colitis, as compared to both BALB/c mice and 

IL12p40-/-- mice, and CLN cells from these mice produced very high levels of IFN-y. 

Previouss studies have indicated that IL-12p40 homodimers may antagonize the biological 

effectss of IL-12 by competitive binding to IL-12R (18). but this mechanism cannot explain 

thee finding that IL-12p35-/- mice were protected from the development of colitis. One 
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possiblee explanation was that p40 have a biological role independent of the effects of IL-

12p70.. Indeed, administration of p40-neutralizing antibodies in IL12p35-/- mice caused an 

importantt increase in disease severity comparable to the severe colitis observed in IL-12p40-/-

micee and importantly increased the number of CLN cells as compared to control mAb treated 

TNBS-IL-12p35-/-- mice. Hence, p40 might contribute to the containing of exaggerated T cell 

proliferationn during intestinal inflammation. 

Althoughh IFN-Y is considered to be a pro-inflammatory cytokine in Thl-mediated 

inflammatoryy diseases, the TNBS-induced IFN-y production by IL-12p35-/- mice (that were 

protectedd from colitis) was much higher than in IL-12p40-/- mice (that developed severe 

colitis).. Hence, the most likely explanation for this observation is that IFN-y production was 

inducedd by p40 (11). As expected, mice lacking the 01 subunit of the IL-12 receptor were 

partiallyy protected from the development of severe colitis. Our findings in IL-12Rpi-deficient 

micee data confirm previously reported data that specify a pro-inflammatory role of IL-12 in 

TNBS-inducedd colitis. Anti-IL-12p70 monoclonal antibody reversed chronic colitis in SJL/J 

micee after instillation of TNBS by induction of Fas-mediated apoptosis of the Thl T cells 

(19).. Similar, neutralization of IL-12p70 ameliorated established colitis in EL-10-/- mice and 

inn Rag-/- mice transplanted with pathogenic IL-10nuN T cells by reducing the number of CD4+ 

TT cells in the mesenteric lymph node and in the colon. In the present study, the number of 

cellss in IL-12Rpl-/- did not importantly increased after TNBS. These most recent findings 

indicatee that anti-IL-12 was associated with depleting reactive T cells rather then simply 

inhibitingg IFN-y production. 

Indeedd we showed by immunohistochemistry that in the absence of the IL-12 significant 

amountss of IFN-y were still produced in the lamina propria after TNBS instillation. As 

reportedd previously, our data indicate independent roles for IL-12p70 and IFN-y. Recipient 

micee reconstituted with IFN-Y™" T donor cells still developed colitis that was marked by 

increasedd production of TNF-a, the potent pro-inflammatory cytokine (20). TNBS-colitis 

developedd in IFN-yR-/- mice: CLN cells stimulated with anti-CD3/CD28 antibody 

upregulatedd IFN-y and TNF-a production and transcripts for IL-18 mRNA increased in the 

intestinall  mucosa of diseased EFN-yR-/- mice (manuscript in press). 

Takenn together, these data indicate that endogenous IL-12p40 have a (agonistic) biological 

rolee independently from IL12p70. which is protective in TNBS-induced colitis. Neutralization 
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off  dysregulated Th 1-response is the primary goal of the immunomodulati on -therapy in 

Crohn'ss disease (21). 

Byy generating anti-IL-12 treatment in Crohn's disease, IL-12p70 should be specifically 

inhibitedd without down-regulating endogenous IL-12p40. Alternatively, administration of p40 

mightt be helpful in maintaining remission in Crohn's disease. 

Acknowledgements s 

Thiss study was supported by the Netherlands Digestive Diseases Foundation. The Basel 

Institutee for Immunology has been founded and is supported by Hoffmann-LaRoche. We 

thankk J. Daalhuizen for technical work during the TNBS administration procedure. 

References s 

1.. Cooper, A. M , J. Magram, J. Ferrante, and I. M. Orme. 1997. Interleukin 12 (IL-12) is 

cruciall  to the development of protective immunity in mice intravenously infected with 

mycobacteriumm tuberculosis. J Exp Med 186:39. 

2.2. Manner, F., G. Alber, J. Magram, and M. Kopf. 1997. The role of IL-12 and IL-4 in 

Leishmaniaa major infection. Chem Immunol 68:86. 

3.. Leonard, J. P., K. E. Waldburger, and S. J. Goldman. 1996. Regulation of 

experimentall  autoimmune encephalomyelitis by interleukin-12. Annals of the New 

YorkYork Academy of Sciences 795:216. 

4.. Adorini, L., S. Gregori, J. Magram, and S. Trembleau. 1996. The role of IL-12 in the 

pathogenesiss of Thl cell-mediated autoimmune diseases. Annals of the New York 

AcademyAcademy of Sciences 795:208. 

5.5. Seder, R. A„  B. L. Kelsall, and D. Jankovic. 1996. Differential roles for IL-12 in the 

maintenancee of immune responses in infectious versus autoimmune disease. J 

ImmunolImmunol 157:2745. 

6.. Berg, D. J„  N. Davidson, R. Kuhn, W. Muller, S. Menon, G. Holland, L. Thompson-

Snipes,, M. W. Leach, and D. Rennick. 1996. Enterocolitis and colon cancer in 

interleukin-10-deficientt mice are associated with aberrant cytokine production and 

CD4(+)) THl-lik e responses. J Clin Invest 98:1010. 

1.1. Neurath, M. F., I. Fuss, B. Kelsall, K. H. Meyer zum Buschenfelde, and W. Strober. 

1996.. Effect of IL-12 and antibodies to IL-12 on established granulomatous colitis in 

mice.. Annals of the New York Academy of Sciences 795:368. 
81 1 



8.. Parronchi, P., P. Romagnani, F. Annunziato, S. Sampognaro, A. Becchio, L. 

Giannarini,, E. Maggi, C. Pupilli, F. Tonelli, and S. Romagnani. 1997. Type 1 T-helper 

celll  predominance and interleukin-12 expression in the gut of patients with Crohn's 

disease.. Am J Pathol 150:823. 

9.. Davidson, N. J., S. A. Hudak, R. E. Lesley, S. Menon, M. W. Leach, and D. M. 

Rennick.. 1998. IL-12, but not IFN-y, plays a major role in sustaining the chronic phase 

off  colitis in IL-10-deficient mice. J Immunol 161:3143. 

10.. Gately, M. K., L. M. Renzetti, J. Magram, A. S. Stem, L. Adorini, U. Gubler, and D. 

H.. Presky. 1998. The interleukin-12/interleukin-12-receptor system: role in normal 

andd pathologic immune responses. Annl Rev Immunol 16:495. 

11.. Piccotti, J. R., S. Y. Chan, K. Li, E. J. Eichwald, and D. K. Bishop. 1997. Differential 

effectss of IL-12 receptor blockade with IL-12 p40 homodimer on the induction of 

CD4++ and CD8+ rFN-y-producing cells. J Immunol 158:643. 

12.. Ha, S. J., C. H. Lee, S. B. Lee, C. M, Kim, K. L. Jang, H. S. Shin, and Y. C. Sung. 

1999.. A novel function of IL-12p40 as a chemotactic molecule for macrophages. J 

ImmunolImmunol 163:2902. 

13.. Mclntyre, K. W., D. J. Shuster, K. M. Gillooly, R. R. Warrier, S. E. Connaughton, L. 

B.. Hall, L. H. Arp, M. K. Gately, and J. Magram. 1996. Reduced incidence and 

severityy of collagen-induced arthritis in interleukin-12-deficient mice, Eur J Immunol 

26:2933. 26:2933. 

14.. Piccotti, J, R., K. Li, S. Y. Chan, J. Ferrante, J. Magram, E. J. Eichwald, and D. K. 

Bishop.. 1998. Alloantigen-reactive Thl development in IL-12-deficient mice. J 

ImmunolImmunol 160:1132. 

15.. Puren, A. J., G. Fantuzzi, Y. Gu, M. S. Su, and C. A. Dinarello. 1998. Interleukin-18 

(EFNy-inducingg factor) induces IL-8 and IL-1(5 via TNFa production from non-CD14+ 

humann blood mononuclear cells. J Clin Invest 101:711. 

16.. Pizarro, T. T„  M. H. Michie, M. Bentz, J. Woraratanadharm, M. F. Smith, Jr., E. 

Foley,, C. A. Moskaluk, S. J. Bickston, and F. Cominelli. 1999. IL-18, a novel 

immunoregulatoryy cytokine, is up-regulated in Crohn's disease: expression and 

localizationn in intestinal mucosal cells. J Immunol 162:6829. 

82 2 



17.. Monteleone, G., F. Trapasso, T. Parrello, L. Biancone, A. Stella, R. Iuliano, F. Luzza, 

A.. Fusco, and F. Pallone. 1999. Bioactive IL-18 expression is up-regulated in Crohn's 

disease.. J Immunol 163:143. 

18.. Ling, P., M K. Gately, U. Gubler, A. S. Stern, P. Lin, K. Hollfelder, C. Su, Y. C. Pan, 

andd J. Hakimi. 1995. Human IL-12 p40 homodimer binds to the IL-12 receptor but 

doess not mediate biologic activity. J Immunol 154:116. 

19.. Fuss, I. J., T. Marth, M. F. Neurath, G. R. Pearlstein, A. Jain, and W. Strober. 1999. 

Anti-interleukinn 12 treatment regulates apoptosis of Thl T cells in experimental colitis 

inn mice. Gastroenterology 117:1078. 

20.. Simpson, S. J.( S. Shah, M. Comiskey, Y. P. de Jong, B. Wang, E. Mizoguchi, A. K. 

Bhan,, and C. Terhorst. 1998. T cell-mediated pathology in two models of 

experimentall  colitis depends predominantly on the interleukin 12/Signal transducer 

andd activator of transcription (Stat)-4 pathway, but is not conditional on interferon y 

expressionn by T cells. J Exp Med 187:1225. 

21.. Van Deventer, S. J. H., and L. Camoglio. 1997. Monoclonal antibody therapy of 

inflammatoryy bowel disease. Pharm World Sri 19:55. 

83 3 



J J 



ChapterChapter 5 

Hapten-inducedd colitis associated with maintained Thl and inflammatory 

responsess in IFN-y receptor deficient mice 





Hapten-inducedd colitis associated with maintained Thl and inflammatory 

responsess in IFN-y receptor deficient mice 

Luisaa CamogHo', Anje A. te Velde', Anita de Boer', Fibo J. ten Kate2, Manfred Kopf3, 

Sanderr J. van Deventer'. 

Thee Laboratory of Experimental Internal Medicine' and Department of Pathology2, 

Academicc Medical Center, University of Amsterdam. 

Basell  Institute for Immunology, Basel, Switzerland . 

EuropeanEuropean Journal of Immunology (in press) 

87 7 



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 

92 2 



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. 

96 6 



I I 
V V fe>fe> .. 

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-

100 0 



•»•• ' S 

11 1 
== | 

33 Si 

33 .E 

cc o 

^ 8 8 

I I 

o11 or; 

•o o 

O O 

55 "3 
**  5 

S S 
> > 
-J J 
"-« « 
^ ^ 
E E 
*&> > 
O. . 

Ö Ö 
1 1 

<N N 

i _ _ 

3 3 
O O 

-C C 
00 0 
Tf f 

e e 
CL L 

z z 

3 3 
O O 

oo o 
Tj--

Tl" " 

3 3 
O O 
sz sz 

00 0 

NN UI 

+\+\ <N 
"*ff y 
m m 
ov v 
in n 

VV V 

o\ \ 
^^  o 
+11 u-) 
Ovv y 
u-i i 
SO O 

»nn 00 

+11 +[ 

~3 3 
m m 

»n n 
ooo rsi 
Ovv in 
+11 +1 
ovv m 
«nn K 

83 3 
Cu u 

co o 

> > 
so o 

Ov v 
OO O 
vo o 
«« i n 

TTT V 
Ö Ö 
Tt--

vö ö 
(NN ^ 
+|| <N 

ONN " ^ 
OO O 
Ov v 

in n 

<*** m 
+11 m 
r̂ ^ +1 
r ii o 
Ovv vD 

ICC 00 

+'' +1 
SOV V 
mm VS 
mm so 

vO O 

r -- _ 
ooo . 

000 — 
OO m 

gg O 
"E . . 
co o 

> > 
CO O 
& & 

co o 
CO O 

z z 

+11 rv) 

22 "v 
O O 

—ii i n 

+11 2 
vqq V 

f > > 

vO O 
Ov v 

«« "O 

OVV T f 

+11 +1 
i nn <*-> 

Ov v 
0 0 0 

Sav v 
mm -* 
+11 +1 
—''  °°. 
22 (N 
oo m 

OO J 

CL L 
CO O 

z z 

i n n 

OVV y- , 
+11 <N 

^^ "v 
00 0 

+)) (N 
COO " y 
m m 
O O 

^^ ov 

| 8 8 
+'' +1 
inn • 

SS S 
000 ï 
000 o 
mm fN 
+11 +1 
ovv vq 
voo en 
mm vo 

£ £ 
%> %> 

CL L 

o: : ~̂ ~ 
Z Z 

ca a 
z z 

4> > 

C L L 

C C 

Cu u 
3 3 
O O 

EE . 
oo 5 

uu +) 

^^ E 

oo > 

8 8 
E E 
3 3 
C C 

c3 3 
O O 

< < 

5 5 
en n 
Üi i 
o,. . 4) ) 

t! ! a a 



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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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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ChapterChapter 7 

Summaryy and concluding remarks 





Summary y 

Thee immune system is a first line of defense against pathogens or other foreign luminal 

pathogens,, but itself may be a cause of disease by reacting to self-components 

(autoimmunity),, by mounting a response to non-pathogenic antigens or by causing an 

exaggeratedd immune response (hypersensitivity). Although the specific aetiology of Crohn's 

diseasee remains unknown, an abnormal T cell activation plays a central role in the 

pathogenesiss of this inflammatory bowel disease. 

ChapterChapter 1 describes the pathophysiology of Crohn's disease (1.1), focusing on the role of 

intestinall  T lymphocytes and the production of pro-inflammatory cytokines. The initiation of 

aTh-11 cell mediated response (1.2) is described with focusing on the Thl-driven cytokines, 

i.e.. IL-12 and EL-18. The mucosal immune system in the gastrointestinal tract (the so-called 

gutt associated lymphoid tissue) is somewhat different from the systemic immune system. 

Mucosall  T lymphocyte trafficking (1.3) is described by elucidating the different pattern of 

migrationn of naive versus memory effector T lymphocytes. Current knowledge indicates IL-

12,, TNF-a and EFN-yas major key cytokines involved in maintaining a chronic Thl-cell 

responsee (1.4). We discussed the regulatory mechanisms of the T-cell immune response (1.5) 

andd in particular we focused on the anti-inflammatory properties of EFN-y (1.6) and NO 

duringg T-cell responses (1.7). Finally, we summarised the three main experimental models of 

T-celll  response in mice (1.8). 

Inn chapter 2, we investigated the expression of EFN-y and IL-4, considered respectively the 

prototypicc Thl- and Th2-type cytokines, in intestinal specimens from patients with either 

Crohn'ss disease or ulcerative colitis (the other form of inflammatory bowel disease) and from 

controls.. We found increased number of IFN-y-positive cells in the lamina propria of Crohn's 

diseasee as compared to both ulcerative colitis and controls, confirming that in Crohn's disease 

thee type of T-cell response is Thl-mediated. 

Inn chapter 3, the colitis model induced by administration of 2,4,6-tri nitrobenzene sulfonic 

acidd (TNBS) was used to study the mucosal T-cell response. We found that reactive T 

lymphocytess in TNBS-induced colitis are recruited in the lamina propria via expression of the 

gutt homing oupV?, and that local inflammation caused a generalized infiltration of the gut 

associatedd lymphoid tissue by memory T lymphocytes. 

EL-122 is considered a major cytokine in driving the Th 1 -cell response. In chapter 4, the T-cell 

responsee was investigated in the total absence of IL-12 (in IL-12p40-deficient mice) and in 
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thee presence of endogenous p40 ([L-12p35-deficient mice still produce p40). We showed that 

EL-12p40-/-- mice developed severe colitis and expressed high levels of mucosal IL-18 mRNA 

whilee TNBS-IL-12p35-/- mice developed only a mild colitis and showed low levels of 

mucosall  IL-18 mRNA. Anti-p40 treatment dramatically increased disease in TNBS-LL-

12p35-/-- mice, indicating that endogenous IL-12p40 has a (agonistic) biological role 

independentlyy from EL12p70, which is protective in TNBS-induced colitis. 

IFN-yy is a pro-inflammatory cytokine involved in Crohn's disease. In chapter 5, mice lacking 

thee cc-chain of the IFN-y receptor (IFN-yRl-deficient mice) and therefore unable to respond to 

IFN-yy were studied after induction of TNBS-colitis. We showed that IFN-y is not necessary 

forr the development of TNBS-induced colitis that was marked by greater number of intestinal 

cells,, represented by macrophages and CD4+ T cells and increased production of Thl 

cytokines.. Surprisingly, intestinal macrophages were positive for IFN-y and therefore may 

contributee to IFN-y production in inflammatory responses in mice. 

Inn chapter 6, the anti-inflammatory properties of IFN-y were re-examined in mice lacking 

eitherr IFN-y or IFN-y receptor. In the absence of IFN-y, these mice showed increased 

lymphocytee proliferation in the germinal centers of colonic lymphoid follicles after induction 

off  colitis. Lack of EFN-y was associated with a defective apoptosis that was not related to a 

defectt of iNOS induction, but to the reduced caspase-3 activation. 

ConcludingConcluding remarks 

Inn the present study we were able to investigate the role of endogenous IL-12 (in IL-12p40-/-

mice),, IL-12p40 (in IL-12p35-/- mice) and EFN-y (in LFN-yRl-/- mice) during the induction of 

aa Thl-mediated model of colitis. Firstly, colitis was still induced in the absence of EL-12p70, 

probablyy because of a compasatory role of IL-18. Secondly, we showed that endogenous p40 

hass a biologic (agonistic) activity different from IL12p70 that may contribute to maintain 

mucosall  homeostasis. Currently, pharmaceutical companies are developing anti-EL-12p40 

neutralizingg antibodies for the treatment of Crohn's disease and rheumatoid arthritis. By 

generatingg anti-IL-12 treatment in Crohn's disease, IL-12p70 or IL-12p35 should be 

specificallyy inhibited without down-regulating endogenous IL-I2p40. Thirdly, and in contrast 

too the current opinion, LFN-y was not absolutely required for the induction of Thl-mediated 

colitiss and we provided evidence that IFN-y is needed to counteract T-lymphocyte 
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Samenvatting g 

Hett mucosale immuunsysteem vormt verscheidene verdedigingslinies tegen pathogenen in het 

darmlumen,, maar het kan zelf de oorzaak van ziekte zijn door te reageren met "zelf 

antigenen,, door een reactie aan te gaan met niet-pathogene organismen, of door overdreven 

sterkee immunologische reacties. Hoewel de specifieke oorzaak van de ziekte van Crohn 

onbekendd is, is het bekend dat een abnormale activiteit van T lymfocyten een centrale plaats 

inneemtt in de pathogenese van deze inflammatoire darmziekte. 

HoofdstukHoofdstuk 1 beschrijft de pathofysiologie van de ziekte van Crohn, met speciale aandacht 

voorr de rol van T lymfocyten in de lamina propria en de productie van 

ontstekingsbevorderendee cytokinen. Het begin van een Thl gemedieerde cellulaire 

immuunresponss wordt beschreven, met speciale aandacht voor Thl-bevorderende cytokinen, 

zoalss IL-12 en IL-18. Het mucosale immuunsysteem in de darm (gut associated lymphoid 

tissue-GALTT genaamd) verschilt in enige opzichten van het systemische immuunsysteem. Het 

verkeerr van mucosale T lymfocyten wordt geregeld door speciale uadres"receptoren, en de 

patroonn van de migratie van naïeve en geheugen effector T lymfocyten verschilt. Het is 

inmiddelss bekend dat de cytokinen IL-12, TNF-a en IFN-y betrokken zijn bij de handhaving 

vann een chronische Thl reactie. Wij bespreken de mechanismen die de T lymfocyt-

gemedieerdee cellulaire immuunrespons regelen, en besteden aandacht aan de 

ontstekingsremmendee eigenschappen van IFN-Y en NO gedurende deze reactie. Ten slotte 

gevenn wij een samenvatting van de drie voornaamste experimentele modellen van de 

mucosalee T lymfocyt-gemedieerde respons in muizen. 

Inn hoofdstuk 2 wordt de expressie van IFN-y en IL-4 (respectievelijk prototype Thl en Th2 

cytokinen)) onderzocht in weefsel dat afkomstig was van patiënten met de ziekte van Crohn, 

colitiss ulcerosa of controle patiënten. Wij vonden een verhoogd aantal IFN-y positieve cellen 

inn de lamina propria van patiënten met de ziekte van Crohn in vergelijking met colitis 

ulcerosaa en controle patiënten, hetgeen bevestigd dat de T lymfocyten differentiatie een Thl 

fenotypee vertonen bij actieve ziekte van Crohn. 

Inn hoofdstuk 3 is het 2,4,6-trinitrobenzene sulfonzuur (TNBS) model bij muizen gebruikt om 

mucosalee T lymfocyt responsen te bestuderen. Wij vonden dat reactieve T lymfocyten tijdens 

TNBS-colitiss in de lamina propria worden gerekruteerd door expressie van het adresmolecuul 

cufi?? en dat een lokale ontsteking aanleiding gaf tot een gegeneraliseerde infiltratie van de 

darmm door geheugen T lymfocyten. 
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IL-122 is een cytokine dat de Thl reactie in sterke mate bevorderd. In hoofdstuk 4 wordt de T 

lymfocytenn respons bestudeerd tijdens TNBS-colitis in de afwezigheid van IL-12 (in IL-

12p400 deficiënte muizen) en in de aanwezigheid van IL12p40 (in IL-12p35-deficiente 

muizen).. Wij toonden aan dat IL12p40-/- muizen een ernstige colitis ontwikkelen en veel IL-

188 mRNA in de mucosa tot expressie brengen, terwijl TNBS-IL12p35-/- muizen slechts een 

matigee ernstige colitis ontwikkelen en weinig IL-18 tot expressie brengen. Neutralisering van 

IL12p400 verhoogde in ernstige mate de gevoeligheid voor TNBS in IL-12p35-/- muizen, 

hetgeenn betekent dat endogeen IL-12p40, onafhankelijk van IL12p70 een agonistische 

biologischee functie heeft die bescherming biedt tegen TNBS-colitis. 

IFN-yy is een ontstekingsbevorderend cytokine dat betrokken is bij het ontstaan van de ziekte 

vann Crohn. In hoofdstuk 5 werden muizen onderzocht met een deficiënte receptor voor IFN-y 

(IFN-yR-/-),, die daardoor ongevoelig voor EFN-y waren. Wij toonden aan dat CFN-y niet 

noodzakelijkk was voor het ontstaan van TNBS-colitis, die in deze muizen werd 

gekarakteriseerdd door een groter aantal macrofagen en CD4+ cellen, en een grotere productie 

vann Thl cytokinen. Tot onze verrassing troffen wij IFN-y producerende macrofagen aan, en 

dezee cellen dragen dus bij aan de productie van IFN y in muizen. 

Inn hoofdstuk 6 werden de ontstekingsremmende eigenschappen van IFN-y onderzocht in 

muizenn die deficiënt waren voor IFN-y of IFN-yR. In de afwezigheid van IFN-y toonden deze 

muizenn een verhoogde proliferatie van de kiemcentra van de lymffollikels in het colon na 

inductiee van colitis. Een deficiëntie van IFN-y was geassocieerd met een defect in apoptose 

datt niet werd veroorzaakt door een gebrek aan iNOS, maar door een verminderde activiteit 

vann caspase-3. 

Conclusie Conclusie 

Inn dit onderzoek zijn wij in staat geweest om de rol van IL-12 (in IL-12p40-/- muizen), IL-

12p400 (in IL12p35-/- muizen) en IFN-y (in EFN-yRW- muizen) gedurende de inductie van 

eenn goed gekarakteriseerd model van colitis te onderzoeken. De belangrijkste bevindingen 

warenn dat in de afwezigheid van IL-12 colitis nog steeds ontstond, waarschijnlijk door de 

compenserendee rol van IL-18. In de tweede plaats bleek IL-12p40 een zeer verschillende 

(agonistische)) biologische activiteit te hebben, die van belang was voor de handhaving van 

immunologischee homeostase in de mucosa. Op grond hiervan kan worden voorspeld dat 

neutralisatiee van IL-12p70 heterodimeren, of van IL-12p35 een gunstig effect kan hebben bij 
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dee ziekte van Crohn, maar niet inactivatie van IL-12p40. Verschillende farmaceutische 

bedrijvenn hebben momenteel IL-12p40 antistoffen in ontwikkeling voor toepassing bij de 

ziektee van Crohn of reumatoïde artritis. Ten derde, en in tegenspraak met de algemene opinie, 

vondenn wij dat JFN-y niet absoluut noodzakelijk is voor de inductie van een Thl gemedieerde 

colitis,, en wij toonden aan dat dit cytokine de proliferatie van T lymfocyten tegengaat en 

apoptosee van Thl lymfocyten bevordert. De biologische rol van DFN-y is dus veel 

ingewikkelderr dan verwacht, en IFN-y bleek belangrijke immuunregulerende functies te 

hebben. . 
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