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Chapterr 4 

Abstract t 

Backgroundd & Aims: The transfer of genes encoding immunomodulatory proteins to the 

intestinall  mucosa is a promising new approach to the treatment of Crohn's disease (CD). 

Methods:: 'liti s studv investigates die therapeutic efficacy of an adenoviral vector 

encodingg IL-10 (AdvmuIL-10) in experimental colitis. BALB/ c mice were treated with a 

singlee intravenous injection of AdvmuIL-10, empty cassette virus (AdvO) or PBS prior to 

diee induction of trinitrobenzene sulfonic acid (TNBS) colitis. 

Results:: AdvmuIL-10 treatment prevented the severe toss of body weight associated 

withh TNBS administration. In addition, AdvmuIL-10 therapy led to a significant 

reductionn in both stool pro-inflammatory protein levels (IL-1J3 and TNIR- I I ) and acute 

phasee response (serum amvloid protein). Finally, the histological scores of mice with 

TXB SS colitis treated with AdvmuIL-U) were significandy lower than AdvO or PBS 

treatedd controls. 'Hie therapeutic efficacy of AdvmuIL-10 was associated widi a decrease 

inn the IFN-y and IL- 6 levels detected in colonic homogenates from mice with TNBS 

colitis,, whereas no effect was observed on cytokine release from stimulated systemic 

lymphocytes. . 

Conclusions:: AdvmuIL-10 is an effective therapy in the TNBS model of colitis. 

Genee therapy strategies using adenoviral vectors encoding IL-10 may prove to be a 

potentt therapy for chronic inflammatory conditions such as Crohn's disease. 
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Adenovirall IL-10 gene transfer in TNBS colitis 

Introduction n 

Studiess of II..-1U deficient (IL-10 ) and IL-10 receptor-2 deficient mice show that these 

micee develop a T helper (Th)-l cell mediated intestinal inflammation and indicate that 

II--100 is an important regulatory cytokine within the mucosal immune system.1' : 'Iti e 

activity'' of IL-10 in counter-regulating mucosal inflammation is likely to be multifactorial. 

IL-100 is a potent downregulator of IJ.,-12 production and dius acts at the level of Thl cell 

induction.'' In addition, IL-10 suppresses production of other pro-inflammatory 

cytokiness and chemokines including TNF-oc, IL-1J3, IL- 6 and IL-8.4 Finally, there is 

substantiall  evidence that IL-10 acts both to promote the differentiation and augment the 

activityy of regulatory T cells."̂  

Thee observations in II..-] (1 mice have laid die foundation for therapeutic trials of 

IL-100 in several other models of colitis. 'Iliese studies have shown that systemic IL-10 

administrationn is able to prevent intestinal inflammation by downregulating the intestinal 

pro-inflammatoryy T hl response.1, K "' Based on these successful experimental findings, 

recombinantt (r)IL-U) was administered by subcutaneous injection to patients witi i either 

mi ld/moderatee or steroid refractory Crohn's disease, as well as in patients undergoing 

ileall  resection to prevent postoperative recurrence." M Although the data indicated that 

systemicc rIL-10 therapy is safe and well tolerated, this therapy did only have a modest 

therapeuticc effect compared with placebo. Explanations for this lack of efficacy include 

thee short half-life of rIL-10,14 local delivery of insufficient amounts of rIL-10 to inhibit 

mucosall  Thl responses and the side effects associated with high dose rlL-lO.1,1 

Sustainedd IL-10 delivery may prove more effective than daily svstemic injections. 

Indeed,, daily intragastric administration of II.-10-secreting Lactococcus lactis caused a 

50lJ-'uu reduction in disease severity in mice with dextran sulfate sodium induced colitis and 

preventedd the onset of colitis in IL-10 mice.'r' Alternatively, adenoviral vectors could be 

usedd to deliver the IL-10 gene and secure constant expression of high levels of IL-10 

withinn the gastro-intestinal tract. Adenoviral vectors can infect intestinal epithelial cells 

withh high efficiency' and after intravenous administration they target die liver and the 

spleen,, but also the colon.1'11 v> Adenoviral transfer of IL-10 has been shown to be 

beneficiall  in murine experimental arthritis, another 'I*hl cell mediated disease." '" Finally, 
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wcc have recently demonstrated the efficacy of adenovirus mediated IL-10 gene transfer 

inn die treatment of established colitis in IL-U t mice.""' 

Inn the present srudv, we have investigated the therapeutic efficacy of murine 

(m)IL-l OO adenovirus mediated (AdvmuIL-10) gene transfer in murine TNBS colitis, 

whichh has many histological and immunological similarities to Crohn's disease, and is 

alsoo relatively unresponsive to daily systemic injections of rIL-10r Intrarectal TNBS 

administrationn induces a transmural colitis, which results from the rapid induction of an 

IL-122 driven. Thl cell mediated response that is not balanced by the prompt appearance 

off  a regulatory response.2' The TNBS colitis model is associated with increased 

concentrationss of IFN-y and TNT'-ot in the intestinal mucosa/' In this paper we 

demonstratee that systemic administration of adenovirus expressing mil .-10, but not the 

controll  adenovirus or PBS vehicle, reduces both the clinical and histopathological signs 

off  TNBS colitis. These data suggest that adenovirus-mediated gene transfer may be a 

valuablee therapeutic alternative in Crohn's disease. 

Materialss and methods 

Adenovirall vectors 

Thee adenovirus encoding mlL-10 under an RSV promotor (AdvmuIL-10) and the empty 

cassettee adenovirus (Advti) were a gift from Professor Dallman (Imperial College, 

London,, 1'K). Viruses were propagated in the 293 human embryonic kidney cell line 

(Quantumm Biotechnology, Montreal, Canada) and purified by ultracentri f Ligation through 

twoo cesium chloride gradients (Boehringer Mannheim, Lewes. L'K) . ' l l i e titre of the 

adenovirall  vectors was determined bv plaque assav on 293 ceils." Viral stocks were 

alitjuotcdd and stored in 10" <i glycerol at -SO°C until use. 

Micee and induction of colitis 

BALH/ cc mice were purchased from Charles River (Charles River, Someren, the 

Netherlands)) and maintained in filter-top cages under specific-pathogen tree conditions 

att our animal care facility. The Animal Studies Kthics Committee of the 
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Tablee I Experimental set-up 

Groupp (number of mice) TNBS/control Treatment t 

11 (n=!2) 

22 (n=12) 

33 (n=!2) 

44 (n=6) 

55 (n=6) 

66 <n=6) 

TNBS S 

TNBS S 

TNBS S 

saline e 

saline e 

saline e 

PBS S 

AdO O 

AdvmulL--

PBS S 

AdO O 

10 0 

AdvmulL-10 0 

1'niversitvv of Amsterdam, the Netherlands approved all experiments. The experiments 

weree conducted in 8-week old female mice. Colitis was induced by rectal administration 

off  0.5 mg 2,4,6-trinitrobenzene sulfonic acid (TNBS) (Sigma Chemical Co, St Louis, MO, 

LTSA)) dissolved in 40% ethanol (Merck, Darmstadt, Germany), using a vinyl catheter that 

wass positioned 3 centimetres from the anus, as described previously."" Control mice 

underwentt identical procedures, but were instilled with similar volumes of saline (NaCl 

0.9%).. One dav prior to the first instillation of TNBS/sal inc, mice received a tail vein 

injectionn of 1x10* PFU of AdvmuIL-10, AdvO or saline vehicle (table 1). 

Assessmentt of inflammation 

Rodvv weights were recorded and wasting disease was determined by percentage of weight 

losss from initial bodv weight. Mice were sacrificed 9 days after the first TNBS/sal ine 

instillationn (i.e. 48 hours following the second TXBS challenge) by cardiac puncture. 

Serumm was separated bv centrifugation (10,000g for 10 min) from whole blood and 

storedd at -20°C until use. The spleen, caudal lymph nodes, liver and colon were 

harvestedd through a midline incision. The colon was opened longitudinally and the stools 

weree collected. The wet weight of the distal 6 cm of colon was measured and used as an 

indexx of disease related intestinal wall thickening. Subsequently, each colon was divided 

longitudinallvv into two parts: (me for histology, the other was snap-frozen in liquid 

nitrogenn and stored at -80°C for cytokine measurement. Liver and colon homogenates 

weree made with a tissue homogenrzer in 9 volumes of Greenberger lysis buffer (300 mM 
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NaCl,, 15 mM Tris, 2 mM MgCL, 2 mM Triton (X-](')(.)). Pepsratin A, Leupeptin, 

Aprotonmee (all 20 ng/mJ), Ph7.4). Tissue was lysed for 30 minutes on ice followed bv 

twoo times centrifugation (10 min 14(100 g). Homogenatcs were stored at -20°C until 

furtherr use. 

Histologicall analysis 

Thee longitudinally divided colons were rolled up and fixed in 4".:» formalin, fixed tissues 

weree embedded in paraffin, and 4-6 um sections were stained with haematoxvlki and 

eosinn for histological evaluation. An experienced pathologist blinded to treatment 

allocationn scored the following parameters: 1) percentage of colon involved, 2) fibrosis, 

3)) edema, 4) erosions and ulcerations, 5) crypt loss, 6) infiltration of mononuclear cells 

andd 7) polymorhonuclear cells as described previously.1" The total score ranges from 0 

(normall  colon) to a maximum of 20 points (severe inflammation). 

Celll cu l tures 

Celll  suspensions of the spleens and caudal and mesenteric lymph nodes were prepared bv 

filtrationn through a cell strainer (Becton Dickinson) and red cell lysis of splenocvte 

suspensions.. Cells were suspended in RPMI 1640 medium (Biowhirtaker, Walkcrsville, 

MD ,, I S A ) , supplemented with 10% FCS and 1" > penicillin-streptomycin-glutamine 

solutionn (GibcoBRL, Grand Island, NY, L'SA). Cells (1 x UT/well) were seeded on 96-

wclll  round bottom plates (Costar) precoated with anti-(o<)CD3 antibodv (1:30 

concentration;; 145.2C11 clone) in a final volume of 200 jd in the presence of soluble 

«CD288 monoclonal antibodies (mAb) (1:1000 concentration, Pharmingen, San Diego, 

CA,, l7SA) under standard conditions (37°C, 5% CCX). Culture supernatants were 

collectedd from 3 wells after 48 hours (h), pooled and stored at -20°C until use. 

S t o o ll s a m p l e s 

Stooll  samples were collected upon sacrifice from all animals and weighed. Samples were 

emulsifiedd in 500 JJ.1 per 100 ug stool weight of a soluuon of 1 mg/tnl sov trypsin 

inhibitorr and 1 mg /ml phenylmethylsulfonyl fluoride in PBS. Supernatants were 

collectedd after centnfugation at 10,O00g for 15 minutes and stored at -20°C. 
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Cytokinee analysis and serum amyloid protein measurement 

Cytokinee concentrations (II.-I D and TNI ' -a (BD Pharmingen, San Diego, CA, L'SA)); 

IFN-yy (Genzvme Diagnostics, Cambridge, MA , L'SA); 11,-1(3 (K& D Systems, Abingdon, 

Oxon,, L'K) ; and IL- 6 (Sandoz, Basel, Switzerland) were measured bv sandwich ELISA 

usingg paired Abs according to the manufacturers recommendations. Serum amvloid 

proteinn (SAP) levels were measured in serum samples bv MUS A as described 

previously."" " 

Statisticall analysis 

Differencess between treatment groups were analyzed bv the Mann-WTutnev I ' test. 

Resultss are expressed as mean  SUM. A p value nf less than 0.05 was considered to 

representt a significant difference. 

Results s 

Biodistributionn of IL-10 expression 

Intravenouss administration of adenoviral vectors predominandv results in transduction 

off  hepatoevtes. To confirm that AdvmuIL-10 infection was successful, IL-10 

expressionn was assessed in liver homogenates of BALB/ c mice with TNBS coliris treated 

withh 1x10* PIT" AdvmuIL-10, AdvO or PBS vehicle (n = 5 tested/group, figure 1). The 

meann II .-10 concentration ten days after AdvmuIL-10 injection was 760  99 pg/rng 

comparedd with 331  80 pg/ml in PBS (p=0.031) and 224  32 pg /ml in AdvO (p-0.008) 

treatedd mice. Ten days after injection, IL-10 (400 (50-1230) pg/ml) was detected in die 

serumm of 6 out of the 15 surviving mice that had received AdvmuIL-10. In all the other 

micee IL-10 levels in the serum were below the detection limit . There were no differences 

betweenn the treatment groups in the concentration of IL-10 detected in colon 

homogenatess (data not shown). 
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Figuree I AdvmulL- IO administration induces hepatic IL-IO expression 

Twenty-fourr hours prior to induction of TNBS colitis. BALB/c mice received I x 10tf PFU 

AdvmulL-IO,, AdvO or PBS by tail vein injection. After 10 days, mice were sacrificed and IL-IO 

levelss were determined in liver homogenates. Results are expressed as mean  SEM (n=5/group). 

*p=0.03ll (AdvmulL-IO versus PBS) and p=0.008 (AdvmulL-IO versus AdvO). 

A d v m u l L - 11 0 t r e a t m e n t r e d u c e d b o d y w e i g h t loss in T N B S colit is 

Too determine whether AdvmuLL-10 was able to prevent TNBS colitis, disease was 

inducedd in BALB/ c mice- 24 h after tail vein injection of 1x10* PIT." of AdvmuIL-10. 

Controll  mice with TNBS colitis received AdvO or PBS alone. There was 25" n mortality in 

eachh TNBS group. As expected, intrarectal instillation of TNBS resulted in diarrhea and 

wastingg in mice treated with PBS and AdvO (figure 2). However, recipients of 

AdvmulL-100 suffered less severe weight loss and by the end of the experiment, the bod\ 

weightss of AdvmulL-10 treated mice were significantly higher than PBS treated 

(p=0.015)) or AdvO treated mice (p—0.020). All negative control mice that received intra-

rectall  saline 24 h after svstemic injection with PBS, AdvO or AdvmulL-10 survived and 

gainedd weight throughout the experiment (data not shown). These results indicate that 

administrationn of AdvmuIL-10 significant!) attenuated body weight loss associated with 

TNBS-inducedd colitis. 
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'' treatment 
S S 

ES^AdvO O 
L^Advmu iL -10 0 

Figuree 2 AdvmulL - IO t r e a t m e n t prevents body weight loss 

BALB/cc mice received Ix lO8 PFU AdvmulL-IO. AdvO or PBS by tail vein injection 24 h prior to a 

rectall instillation of 0.5 mg TNBS in 40% ethanol (n=l2/group). All mice received a second dose 

77 days later, and were sacrificed after a further 48 h. Body weights of surviving mice, measured at 

thee end of the experiments, are expressed as a percentage of initial body weight. Results are 

expressedd as mean  SEM (n=9/group). Data are pooled from two separate experiments. ': 

p=0.0155 (AdvmulL-10 versus PBS) and p=0.020 (AdvmulL-10 versus AdvO). 

in n 

AdvmulL-11 0 diminished both stool and serum markers of inflammation in 

TNBSS colitis 

Bothh Crohn's disease and experimental colitis are associated with a profound increase 

faecall  levels of pro-inflammatory proteins.23 ' Therefore, stools collected upon sacrifice 

weree assayed for II.-13 and sTNFR by F.LISA (figure 3). As expected, IL-I 3 and TNFR-

III  levels were high in TNBS mice treated with BBS (731  348 pg /ml and 441  90 

pg/mll  respectively) and undetectable in all saline control mice. In stools of AdvmuIL-10 

treatedd TNBS mice, a reduction in IL-lp" level (16.9  3 pg/ml) was observed compared 

withh both PBS (see above, p=0.046) and AdvO treated TNBS mice (135  58 pg/ml, 

p=0.073).. In addition, AdvmulL-10 treatment significantly decreased TNFR-I1 levels 

(1600  29 pg/ml) compared with both BBS (see above. p<0.001) and AdvO treatment 

(2799  14 pg/ml, p<0.001). 
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Figuree 3 Advmul l_ - I0 diminishes the stool cytokine levels in T N B S colitis 

Stoolss were harvested 48 h after the second dose of TNBS from BALB/c mice treated with Ix lO8 

PFUU AdvmulL-IO, AdvO or PBS. Levels of IL-IB (A) and TNFR-II (B) were assayed by ELISA in 

duplicate.. Each symbol represents an individual mouse. Bars indicate mean levels for each group. 

Dataa are pooled from two separate experiments. *p=0.046 (AdvmulL-IO versus PBS) and 

**p<0.00ll (AdvmulL-IO and versus AdvO). 

Systemicc II.-6 levels and SAP were determined as markers of disease activity in serum 

samples.. AdvmuIL-10 treatment resulted in reduced serum 11.-6 levels (14.4  1.4 pg/ml) 

comparedd with PBS (48  24 pg/ml, p=0.040) and Advil treatment (47  25 pg/ml, nor 

significant)) in mice with TNBS colitis. As shown in figure 4, SAP levels were significantly 

lowerr in AdvmuIL-10 treated mice f244  23 u.g/ml) than in PBS (1 162  413 [ig/ml , 

p<0.001)) and Advil treated colitic mice (5H7  141 [Ag/ml, p=0.004). AdvmuII.-IO did 

nott alter systemic II.-6 or SAP levels in the saline control mice (data not shown). 

Together,, these findings indicate that AdvmuIL-10 therapy diminishes both the local 

consequencess and systemic manifestations of TNBS colitis. 

86 6 



Adenov i ra ll IL -10 gene transfer in T N B S colitis 

"lOOOOnn i 1 t reatment: 

r—^—  ' P B S 
 AdvO 

__ a AdvmulL-10 
E E 

~ 1 0 0 0--
< < 
CO O 

100 0 

Figuree 4 Advmul l_ - I0 therapy reduces serum amyloid protein (SAP) levels 

Serumm samples were collected 48 h after the second dose of TNBS from BALB/c mice treated 

withh Ix lO8 PFU AdvmulL-IO. AdvO or PBS. The SAP concentration was assayed by ELISA in 

duplicate.. Each symbol represents an individual mouse. Bars indicate mean levels for each group. 

Dataa are pooled from two separate experiments. **p<0.000l (AdvmulL-IO versus PBS) or 

p=0.0044 (AdvmulL-IO versus AdvO). 

A d v m u l L - I OO t r e a t m e n t decreased in tes t ina l i n f l a m m a t i o n in B A L B / c m i c e 

w i t hh T N B S colit is 

Macroscopicc signs of inflammation observed in TNBS-induced colitis arc marked edema 

andd mucosal thickening, which are reflected by increased colon weight." Mice were 

sacrificedd on dav 10, and the weight of rhe last 6 cm of the colon was determined. There 

wass a significant increase in the mean colon weight in all groups that received TNBS 

comparedd with the corresponding saline control groups irrespective of whether the mice 

hadd been treated with PBS (p=0.001), AdvO (p<0.001), or AdvmuIL-10 (p<0.001). 

However,, colons from mice with TNBS colitis that had received \dvmul l . -10 weighed 

lesss (208  7 mg) than colons from colitic mice that had received either AdvO (237  13 

mg.. p=0.038) or PBS vehicle (244  22 mg, p=0.080), although this did not reach 

statisticall  significance for the latter. 

-AanoQ--
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Figuree 5 AdvmulL - IO t rea tment decreased total histological scores 

TNBSS mice were created with Ix IO8 PFU AdvmulL-IO, AdvO or PBS by tail vein injection on day 

0.. Upon sacrifice at day 10, the extent of mucosal inflammation was examined and graded (see 

materialss and methods). Each symbol represents an individual mouse. Bars indicate mean colitis 

scoree for each group. *p=0.038 (AdvmulL-10 versus PBS) or p=0.012 (AdvmulL-10 versus AdvO). 

TNBSS administration results in an acute colitis that is characterized by mucosal 

ulcerationn and an influx of inflammatory cells. A pathologist blinded to treatment 

allocationn performed histological analysis of colons harvested from mice in the above 

experimentss (figure 5). The total histological score was decreased in AdvmuIL-lO treated 

TNBSS mice (7.1  0.9) compared wall PBS (10.8  1.3, p=0.038) and AdvO (10.4  1.0. 

p=0.012)) treated TNBS mice. As illustrated by the pictures in figure 6. mice with TNBS 

colitiss that had been treated with AdvmuIL-10 displayed less mucosal ulceration, crypt 

losss and fibrosis, as well as a diminished influx of polymorphonuclear cells. The colons 

harvestedd from saline instilled mice showed only mild edema. There were no significant 

differencess in histological scores between PBS, AdvO and AdvmuIL-10 treated mice 

(meann scores 2.0  0.7, 0.8  I).5 and 1.7  1.0 respectively). Thus, the AdvmuIL-10 

treatmentt prevented development of severe TNBS colitis. 
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Figuree 6 AdvmulL -10 t r e a t m e n t attenuated colonic inf lammation 

H&EE staining of the colons of mice with TNBS induced colitis. A) Severe colitis in mouse treated 

withh PBS, characterized by an extensive inflammatory cell infiltrate, ulcerations and crypt loss. B) 

Severee colitis in mouse treated with AdvO. with histological features similar to photo A. C) 

Colonn of a mouse treated with AdvmulL-10. Inflammation was present but significantly less 

severe,, wi th no ulcerations, less crypt loss, fibrosis and polymorphonuclear cell influx. Original 

magnifications:: 33 x. 

AdvmulL-100 treatment decreases local cytokine production 

Too investigate whether the therapeutic efficacy of AdvmulL-10 treatment was related to 

aa generalized reduction of T cell responsiveness, cells horn caudal lymph nodes and 

spleenss were isolated and stimulated in vitro for 48 h with oc(7D3/CD28 Abs. [FN-v and 

TNF-aa levels were quantified by I .LISA. No significant differences were found in IFN-y 

andd TNF-a concentrations in supernatants of stimulated caudal lymph node and spleen 

celll  cultures harvested from both TNBS and saline control mice treated with PBS, AdvO 

orr AdvmulL-10 (data not shown). By contrast. AdvmuIL-l l ) therapy did affect local pro-

inflammatoryy cytokine release within the colon. IFM-v and II.-6 concentrations in 

colonicc homogenates from AdvmulL-10 treated TNBS mice (262  41 pg/ml and 172

188 pg/ml) were lower than those from TNBS mice treated with LBS (429  79 pg/ml, 

p=0.044 and 10(1(1  600 pg/ml, p=0.038) and AdvO (430 8 and 428  201 pg/ml, 

bothh not significant). TNF-a concentrations were similar in the AdvmulL-10 and AdvO 

treatedd mice (66  9 pg/ml and 72  10 pg/ml). although both were lower than in the 

PBSS treated mice (160  75 pg/ml). These results suggest thai AdvmulL-10 reduced 

89 9 



Chapterr 4 

colonn inflammation by modulating local production of pro-inflammatory cytokines such 

ass IFX-y and IL-6. 

Discussion n 

Thee results presented here show that a single systemic dose of AdvmuIL-10 attenuated 

TNBSS colitis. This effect was related specifically to IL-10 transgene expression, since 

bothh the empty cassette vector and PBS vehicle were unable to modify the course of 

disease.. Furthermore, AdvmuIL-10 suppressed the pro-mflammatorv cytokine levels in 

stooll  samples and colonic homogenates as well as inhibiting the acute-phase response 

andd systemic 11.-6 release. 

Ass expected, the systemic administration of adenoviral vectors targeted hepatoevtes, 

sincee high levels of IL-tO were detected in liver homogenates of AdvmuIL-10 treated 

micee 10 days after administration. In addition, IL-10 was detected at high levels in the 

serumm of several mice that had received AdvmuIL-10. This agrees with our previous 

observationn that serum mIL-10 levels are raised for approximately one week after 

AdvmuIL-100 administration in IL-10 mice.̂  In contrast, there was no difference in the 

levelss of IL-10 detected in colon homogenates from AdvmuIL-10 or control treated mice 

withh TNBS colitis. Finally, in tiii s study we did not assess the host anti-adenovirus 

response,, which may shorten the duration of transgenic IL-10 expression. However, in 

otherr animal models, we"1 and others'"' '' have shown that the delivery of immuno-

regulatoryy genes is able to suppress the development of anti-adenoviral antibodies 

resultingg in extended transgene expression. 

Previouss studies of IL-10 therapy in TNBS colitis have yielded mixed results. Pre-

treatmentt of BALB/ c mice with high dose intra-pentoneal mIL-10, restored the 

tolerancee of lamina propria mononuclear cells to autologous colonic bacterial sonicates, 

whilstt not affecting the proliferative response to heterologous bacterial sonicates.12 

However,, the effect of IL-10 on the histological seventy of colitis was not reported. A 

separatee study that assessed the effect of daily IL-10 injections on rats with TNBS colitis 

demonstratedd no effect on the histological disease severity even if the IL-10 injections 
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weree commenced prior to colitis induction." Finally, Barbara el al examined the 

therapeuticc efficacy of an adenoviral vector encoding human II.-10 administered by intra-

peritoneall  injection to rats witi i TNBS colitis. In die latter studv only 12 pg /ml IL-10 

wass detected 24 h after injection in the serum, and no changes were demonstrated in 

histologicall  scores when die virus was administered one hour after colitis induction. 

However,, thev did demonstrate a small but significant improvement in colitis if the 

adenovirall  vector was injected 24 h prior to TNBS administration. 

Thee experiments reported here demonstrate that a single systemic dose of 

AdvmuIL-100 prior to TNBS administration results in significandv less weight loss and 

lowerr histological scores than control virus. We extended the findings of Barbara el alhx 

delineatingg the effect of II .-10 gene therapy on the cytokine network within the inflamed 

mucosa.""  The mechanisms by which IL-10, induced by AdvmuIL-10 therapy, could have 

diminishedd disease severity in the intestine include downregulation of antigen presenting 

celll  activity, inhibition of pro-inflammatory cytokine production and activation of 

regulatoryy T cells. Our experiments did not address these mechanisms directly. However, 

AdvmuIL-100 therapy was found to decrease the levels of Th-1 cytokines detected in the 

colonicc mucosa, which suggests an effect on T cell differentiation and cytokine release. 

Thiss effect was localized to the mucosa, as AdvmuIL-lU had no effect on the ability of 

systemicc lymphocytes to respond to T cell receptor stimulation. 

Thee 34% drop in histological score seen with AdvmuII.-10 therapy in TNBS colitis 

iss not as impressive as the drop seen in IL-10 " mice,"1 However, this is not surprising 

givenn the breadth of the inflammatory cascade that is activated by TNBS administration, 

comparedd with the isolated defect in IL-10 mice. In fact, the results compare 

favourablyy with other therapeutic strategies reported in mice with TNBS colitis; for 

example,, IL-18 binding protein (42% fall in histological score)"'' and the chemokine 

receptorr antagonist Met-RANTLS (57% fall in histological score).14 

Wee recently showed that systemic administration of high dose rIL-10 mav have pro-

inflammatoryy effects via induction of IFN-y. ^ In this studv we found no indications for 

pro-inflammatoryy effects of IL-10, since spleen cell production of IFN-y and TNF-sc was 

nott altered after AdvmuIL-10 treatment and serum levels of IL-6 were decreased. 

However,, systemic administration of AdvmuIL-10 leading to high serum levels of IL-10 
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mavv cause systemic side effects. To minimize exposure of non-target organs to both the 

transgenee and the adenoviral vector, local gene therapy is the next step in the 

developmentt of targeted biological therapy. In fact, a recent study has demonstrated that 

tntra-rectall  administration of an El deleted adenoviral vector expressing 11.-18 antisense 

mRNTAA inhibits mucosal II :N-y release and suppresses inflammation in the transfer 

modell  of colitis. ' Alternative strategics to reduce the systemic side effects of 

immunoregulatorvv gene therapy include die use of less common adenovirus serotypes, r' 

orr modifications that alter the tropism of the virus. Local administration of adenoviruses 

withh normal fiber structure to the inflamed mucosa mainlv targeted epithelial cells, 

whereass adenoviruses with a modified fibre structure infected lamina propria '1' cells and 

mononuclearr cells. " Further studies are required to determine the most appropriate 

vectorr for immunotherapy of intestinal inflammation. 

Immunoregulatorvv gene delivery offers the prospect of local downregularion of the 

immunee response in Crohn's disease. The results of die present study, showing that 

transientt overexpression of IT-HI by prior administration of the adenoviral vector 

attenuatess the signs of TNBS colitis, confirm the therapeutic potential of IL-K ) gene 

therapyy in intestinal inflammation. 

Acknowledgements s 

Wee thank Joost Daalhuizen and Ingvild Kop for biotechnical assistence, and prof F.J.W', 

tenn Kate for careful reading of the manuscript. 

References s 

1,, ^erg D\- Davidson N, k u hn K, Muller \Y, Menon S, Holland G, Thompson-Snipes J,, I.each 

M\\ ' ,, Rennick 1). I enterocolitis and colon cancer in tnicrieukin-lO-defiaent mice are 

associatedd with aberrant cytokine production and (il)4~ Thl- l ik e responses, ƒ C/i>i  Invest 

19%;; 9K: 10111-20. 

2.2. Spencer SD, l) i Marco I-, I looley |, Pitts-Meek S, Bauer M, Ryan AM , Sordar l i . Gihbs VC. 

Ague!!  M. 'l"he orphan receptor CRi'2-4 is an essential subunit of die interleukin 10 receptor. 

// K Y M / < Y / ] < J W : 1K7: 5"M-H. 

{{)2 )2 



Adenovirall IL-tO gene transfer in TNBS colitis 

Buclenss C, Yerhasselt V, De Grootc D, Tluelemans K, Goldman M, VCillems I'. Human 

dendriticc cell responses to lip< polysaccharide and CD40 ligation arc differentially regulated 

byy interleukin-10. Eurj Immunol 1997; 27; 1848-52. 

Mooree KW, de Waal Malefvt R, Coffman RL, O'Garra A. Interleukin-10 and the interleukin-

100 receptor. Amu Rev Immunol 20m-, 19: 683-765. 

Grouxx H, O'Garra A, Biglcr M, Rouieau M, Antonenko S, Devries JF1, Roncarolo MG. A 

CD4""  T-ccll subset inhibits antigen-specific T-cell responses and prevents colitis. 'Saturn 

1997;389:737-42. . 

Assemann C, Mauze S, Leach MVC', Coffman RL, Powne F. An essential role for inrerleukin 

'100 in the function of regulatory T cells that inhibit intestinal inflammation, ƒ Exp Med 1999; 

190:995-1004. . 

Davidsonn N|, Fort MM, Muller W, l.each MW, Rennick DM. Chronic colitis in IL-10-

mice:: insufficient counter regulation of a Thl response. //// Rer Immunol 2W&); 19: 91-121. 

Fusss I|, Bokivant M, Lacv B, Strobcr W. The interrelated roles of TGF-jS and IL-10 in the 

regulationregulation of experimental colitis, ƒ Immunol'2002; 168: 900-8. 

Powriee F, Leach MW, Mauze S, Menon S, Caddie LB, Coffman RL. Inhibition of Thl 

responsess prevents inflammatory bowel disease in scid mice reconstituted with CD45RBhl 

CD4'' T cells. Immunity 1994; 1: 553-62. 

Herfarthh HH, Boeker L', Janardhanam R, Sartor RB. Subtherapeutic corticosteroids 

potentiatee the ability of inrerleukin 10 to prevent chronic inflammation in rats. Gastroenterology 

1998;; 115:856-65. 

Fedorakk RN, Gangl A, Clsun CO, Rutgcerts P, Schreiber S, Wild G, Hanauer S, Kihan A, 

Cohardd M, LeBeaut A, F'eagan B, and the Interleukin 10 Inflammatory Bowel Disease 

Cooperativee Studv Group. Recombinant human interleukin 10 in the treatment of patients 

withh mild to moderatelv active Crohn's disease. GastroentemloQ 2001); 119: 1473-82. 

Schreiberr S, Fedorak RN, Nielsen OH, Wild G, Williams N"C, Nikolaus S,Jacyna M, Lashner 

BA,, Gangl A, Rutgcerts P, Isaacs K, van Deventer S)H, Koningsberger JC, Cohard M, 

Lebaurr A, Hanauer SB, and the Crohn's disease IL-10 cooperative study group. Safety and 

efficacyy of recombinant human interleukin 10 in chronic active Crohn's disease. 

Gttstnenttmk&Gttstnenttmk& 2000; 119: 1461-72. 

Colombell  |F\ Rutgcerts P, Malchow H. Jacyna M, Nielsen OFI, Rask-Madsen J, Van 

Deventerr S, Ferguson A, Desreumaux P, Forbes A, Geboes K, Melani L, Cohard M. 

Interleukinn 10 (Tenovil) in the prevention of postoperative recurrence of Crohn's disease. 

GutGut 2001; 49: 42-6. 

Chernofff  AH, Granowitz FA', Shapiro I., Yannier H, Lonnemann G, Angel JB, Kennedy }S, 

Rabsonn AR, Wolff SM, Dinarello C.V A randomized, controlled trial of IL-10 in humans. 

93 3 



Chapterr 4 

Inhibitionn <>t inflammatory cytokine production and immune responses, ƒ Immunol 1995; 154: 

5492-9. . 

15.. 'I'il g H, van Mont trans C, van den Knde A, Kaser A, van Deventer SJH, Schreibcr S, Gregor 

M,, Rutgeerts P, Gasche C, Koningsberger |C, I. K, Cohard M, I^beaut A, Grint P, and 

Weisss G, Treatment of Crohn's disease with recombinant human intcrleukin HI induces the 

pro-inflammatoryy cytokine interferon  CI '7*2002; 50: 191-5. 

16.. Srcidler L, Hans \V, Schotte J., Neirynck S, Obermeier I', l-'alk W, Piers W, Remaut L. 

Treatmentt of murine colitis by I,actococcus lactis secreting interleukin-10. Science 2000; 289: 

1352-5. . 

17.. Cheng DY, Koll s |K, Lei D, Noel R \. In vivo and in vitro gene transfer and expression in 

ratt intestinal epithelial cells bv HI-deleted adenoviral vector. I him Cent- Ther 1997; 8: 755-64. 

IH.. Wirtz S, Gallc PR, Neurath MI' . Efficient gene delivery to the inflamed colon bv local 

administrationn of recombinant adenoviruses with normal or modified fibre structure. Gut. 

1999;44:800-7. . 

19.. Kortman PK, Wainwrighi MJ, Ahcke B, Kovesdi I, Wickham TJ, Smith JG, Meier-Davrs S, 

Fixx J A, Daddona P, Gardner P, Huang MT. Adenovims-mediated transduction of intestinal 

cellss in vivo. H / / O T G É W 7 7 W 1 9 9 8 ; 9: 1313-21. 

20.. Ki m KN, Watanabe S, Ma Y, Thornton S, Giannini EH, Hirsch R. Yiral IL-10 and soluble 

T N FF receptor act synergistically to inhibit collagen-induced arthritis following adenovirus-

mediatedgenee transfer. / Imm/tnol 200i\; 164: 1576-81. 

21.. Whalen | D, I,echman EL, Carlos C \ , Weiss K, Kovesdi 1, Glonoso |C, Robbrns PD, Kvans 

CM.. Adenoviral transfer of the viral 11,-10 gene pcriarticularlv to mouse- paws suppresses 

developmentt of collagen-induced arthritis in both injected and uninjected paws. / Immunol 

1999;; 162:3625-32. 

22.. Apparailly I', Yerwaerdc C, Jaccjuet C, Auriault C, Sam f, Jorgcnsen C. A den o virus-media ted 

transferr of viral IL-10 gene inhibits murine collagen -induced arthnns. J Immunol 1998: 1 60: 

5213-20. . 

23.. I jndsay J O, Ciesielski CJ, Scheimn 'I', Hodgson H] , Brennan I'M . The prevention and 

treatmentt of murine colitis using gene therapy with adenoviral vectors encoding IL-10. J 

ImmunolImmunol lXt)\\ 166; 7625-33, 

24.. Ribbons KA , Thompson J H, l j u XP, Pennline K, ('lark DA, Miller M[S. Anti-inflammatory 

propertiess of interleukin-10 administration in hapten-induced colitis. p.nr / Pharmacol 1997; 

323:: 245-54. 

25.. Neurath MP, Puss I, Kelsall B, Meyer /urn Buschenfeldc KH , Strober VV'. Effects of IL 12 

andd antibodies to IL-12 on established granulomatous colitis in mice. .-In» XY .-lead Sri 1996; 

"""95. . 

94 4 



Adenovirall IL-10 gene transfer in TNBS colitis 

26.. Ten Hove T, Corbaz A, Amitai H, Aloni S, Belter I, Grabex P, Dnllenburg P, van Deventer 

Sj,, Chvatchko V, Te Velde AA . Blockade of endogenous 11.-18 ameliorates TNBS -induced 

colitiss by decreasing local TNF-alpha production in mice. GasfrotHttroloQ 2001; 121: 1372-9. 

27.. Graham FL, Prevec J,. Methods for construction of adenovirus vectors. . \W Biotechnol 1995; 

3:: 207-20. 

28.. Camogho I., te Velde AA , de Boer A, ten Kate FJ, Kopf M. van Deventer S]H. Hapten-

inducedd colitis associated with maintained Thl and infkmmatorv responses in IFN-gamma 

receptor-deficientt mice, liar]  Immunol'2000; 30; 1486-95. 

29.. Saiki T, Mitsuyama K, Toyonaga A, Ishida H, Tamkawa K. Detection of pro- and anti-

inflammatoryy cytokines in stools of patients with inflammatory bowel disease. Sauui J 

GfiSlrneniemkgfGfiSlrneniemkgf 1998; 33: 616-22. 

30.. Qin L, Ding V, Pahud DR, Robson N D, Shaked A, Bromberg )S. Adenovirus-mediated gene 

transferr of viral interleukin-10 inhibits die immune response to both alloantigen and 

adenovirall  antigen. Hum Gene Tber 1997; 8: 1365-74. 

31.. Mieter RM, Rectcnwald [K, Fukuzuka K, Tannahill CL, La Face D, Tsai V, Ahmed 1, 

Hutchinss E, Mover R, Copcland KM 3rd, Moldawer LL . TNF-alpha receptor signaling and 

IL-100 gene therapy regulate the innate and humoral immune responses ro recombinant 

adenoviruss in the lung. / Immunol 2000; 164: 443-51. 

32.. Duchmann R, Schmitt E, Knol le P, Meyer zum Buschenfeldc K H , Neuratli M. Tolerance 

towardss resident intestinal flora in mice is abrogated in experimental colitis and restored by 

treatmentt with interleukin-10 or antibodies to interleukin-12. Burj Immunol \99(K 26: 934-8. 

33.. Barbara G, Xing Z, Hogaboam CM, Gauldie J, Collins SM. Interleukin 10 gene transfer 

preventss experimental colitis in rats. Gut 2000; 46: 344-9. 

34.. Ajuebor MN, Hogaboam CM, Kunkcl SF, Proudfoot AE, Wallace (T. The chemokine 

RAX'FESS is a crucial mediator of the progression from acute to chronic coHtis in the rat. j 

ImmunolImmunol 200\\ 166: 552-8. 

35.. Wirtz S, Becker C, Blumberg R, Galle PR, Neurath MI \ Treatment of 'F ceü-dependent 

experimentall  colitis in SCID mice by local administration of an adenovirus expressing JL-18 

a n t i s e n s e m R N A J 7 / v « W 2 O 0 2;; 168: 413-20. 

36.. Croyte MA , Stone M, Amidon G F, Roessler BJ. In vitro and in vivo assessment of 

adenoviruss 41 as a vector for gene delivery to the intestine. Gene Ther 1998; 5: 645-54. 

95 5 




