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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 

50000 0 
AA

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. 
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