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Severity of local inflammation does
not impact development of fibrosis
in mouse models of intestinal
e fibrosis
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Intestinal fibrosis is thought to be a consequence of excessive tissue repair, and constitutes a common
problem in patients with Crohn’s disease (CD). While fibrosis seems to require inflammation as a
prerequisite it is unclear whether the severity or persistence of inflammation influences the degree

of fibrosis. Our aim was to investigate the role of sustained inflammation in fibrogenesis. For the
initiation of fibrosis in vivo the models of 1[10~/~ spontaneous colitis, dextran sodium sulfate (DSS)-
induced chronic colitis and heterotopic transplantation were used. In /l210~/~ mice, we determined a

. positive correlation between expression of pro-inflammatory factors (/13, Tnf, Ifn~, Mcp1 and Il6).

 We also found a positive correlation between the expression of pro-fibrotic factors (Col3al Collal,

. TgfBand aSma). In contrast, no significant correlation was determined between the expression
of pro-inflammatory Tnf and pro-fibrotic «Sma, Collal, Col3al, collagen layer thickness and the

. hydroxyproline (HYP) content. Results from the DSS-induced chronic colitis model confirmed this

. finding. In the transplantation model for intestinal fibrosis a pronounced increase in Mcp1, inos and
Il6in I110~'~ as compared to WT grafts was observed, indicating more severe inflammation in 1[10~/~
grafts. However, the increase of collagen over time was virtually identical in both /[10~/— and WT grafts.

. Severity of inflammation during onset of fibrogenesis did not correlate with collagen deposition.

: Although inflammation might be a pre-requisite for the initiation of fibrosis our data suggest that it
has a minor impact on the progression of fibrosis. Our results suggest that development of fibrosis
and inflammation may be disconnected. This may be important for explaining the inefficacy of anti-
inflammatory treatments agents in most cases of fibrotic inflammatory bowel diseases (IBD).

IBD, with its two entities CD and ulcerative colitis (UC), are chronic auto-inflammatory disorders with a poly-
© genic background and multiple environmental triggers'. In the pathogenesis of IBD, inflammation is sustained
. by an exaggerated response of T-lymphocytes? associated with an infiltrate of immune cells, which may cause
: severe local tissue damage’. In CD patients, the inflammation has been associated with an excessive T helper type

1 (Tyl) and T helper type 17 (T17) response with massive production of pro-inflammatory cytokines such as

interleukin (IL)-1, -2, -6, -12 and interferon (IFN)-~ - at least in mouse models*>.

In the intestinal mucosa, severe inflammation is followed by loss of epithelial cells and the degradation of
collagen-rich extracellular matrix (ECM) in the lamina propria, leading to ulcerations. This, in turn, leads to the
initiation of a reparatory process, as rapid and adequate healing is essential to restore a tight barrier and reduce
the exposure of the underlying tissue to luminal antigens>*”. Excessive ECM deposition impairs gastrointestinal
function due to motility abnormalities and increased wall stiffness, and promotes fibrosis, which is increasingly
recognised as an important cause of morbidity and mortality in IBD. CD has a fibrostenosis phenotype at diag-
nosis in at least 10% of patients®-!‘, constituting a common clinical problem. Intestinal fibrosis leads to stricture

. formation in 30-50% of patients with CD*!!, and requires surgery in approximately 80% of these patients’. UC
: has been long considered a non-fibrotic disease, but some degree of submucosal fibrosis is found in almost all
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of colectomy specimens from patients with UC#!>13, and the degree of fibrosis is proportional to the degree of
chronic but not active inflammation'?.

It is evident from clinical observations that fibrosis only develops in segments of the gut where inflammation
is or was present®. Fibrosis occurring in gut segments that never showed signs of inflammation has not been
reported. Nevertheless, the exact factors and mechanisms triggering fibrosis remain unclear. While fibrosis seems
to require inflammation as a prerequisite, the mechanisms involved in the progression of fibrogenesis may be dis-
tinct and idependent of the degree of inflammation. There is evidence that intestinal fibrogenesis - once initiated
- may become an independent and “self-perpetuating” process'*.

Based on data from experiments with bleomycin (BLM) induced fibroinflammatory responses in murine
lung, the association between inflammation and fibrosis is discussed since decades'*-'7, as pulmonary fibrosis was
suggested to be independent from preceding inflammation.

IL-10 is considered to be one of the most important anti-inflammatory cytokines in humans, produced
by various cells of the innate and adaptive immune system such as CD4* T-cells, CD8" T-cells, macrophages,
dendritic cells (DC) and mast cells. IL-10 initiates a negative regulatory pathway triggered by the production
of pro-inflammatory cytokines*!®. IL-10 binding to its receptor (IL-10R) leads to phosphorylation, dimeri-
zation and nuclear translocation of STAT3. This leads to an increase in anti-inflammatory and a decrease in
pro-inflammatory cytokine expression®!® and MHC-II class molecule expression in DC and macrophages®'8.
Together with its participation in a negative feedback loop circuit, IL-10 also plays a crucial role in the con-
trol of inflammation via CD4"CD257 regulatory T cells (Tregs). CD4TCD25" Tregs cells produce and require
IL-10 to suppress Ty;1 and Ty17 to control and terminate the immune response®. Due to their ability to conduct
self-tolerance and establish an immune homeostasis, Tregs play a crucial role in the orchestration of immune
responses?!. Tregs mainly act via the inhibition of function, proliferation and cytokine production of other
immune cells?’.

Mutations in IL-10 and IL-10R are associated with a severe course of IBD'*?2%, Genetic variants of [L-10 in
humans are associated with increased susceptibility to UC?. In CD patients, mutations in IL-10 protein reduce its
release from cells”®, and a mutation (3020insC) in the intracellular sensor molecule nucleotide-binding oligomer-
ization domain containing 2 (NOD2), previously associated with CD, inhibits the ribonucleoprotein hnRNP-AL,
and thereby actively blocks transcription of IL-10'%%. However, there are no data on the direct role of IL-10 and
IL-10R in the pathomechanism of intestinal fibrosis. Nevertheless, IL-10 is known to decrease tissue remodeling
protease matrix metalloproteinase (Mmp)9 at a transcriptional level. MMP9 is a endopeptidase responsible for
the degradation of denatured collagens and basement membranes?” causing further tissue damage and inflam-
mation**?’. MMP? is also involved in many developmental processes, including wound healing and ECM degra-
dation, cell migration and invasion. Recent data indicate that MMP?9 plays a role in the modulation of intestinal
fibrosis, and suggest that selective MMP9 inhibition is a promising therapeutic strategy for treatment of pene-
trating CD*.

Our aim was to investigate the role of sustained intestinal inflammation on fibrogenesis, and whether
increased inflammation correlates with an increase in fibrotic processes. In this study, we describe the impact
of inflammation on fibrogenic processes using three different models of intestinal fibrosis. Our data suggest that
inflammation might be a pre-requisite for the initiation of fibrosis but has only a minor or no impact on the pro-
gression of fibrosis. This finding may help to explain the little impact most anti-inflammatory treatments have on
IBD-associated fibrosis.

Materials and Methods

Animals. Chronic colitis was induced as described previously®!. Mice weighing 20 g on average were bred
locally in the animal facility of the University Hospital Zurich. The animals received standard laboratory mouse
food and water ad libitum. They were housed under specific pathogen-free conditions in individually ventilated
cages. During a cycle of chronic colitis mice received either 1.75% dextran sodium sulfate (DSS) in drinking
water or drinking water alone over seven days. DSS was administred in a total of 3 cycles with 14 days of recovery
between each cycle. Three weeks after the last DSS administration cycle the mice were euthanized.

For the model of spontaneous colitis I/110~'~ mice (C57BL/6) were used. Mice were observed until they
reached 11-20 weeks of age. For the heterotopic transplantation model, male B.6129P2IL-10'™!8"/] (IL-10~/)
and C57BL/6-Tg (UBC-green fluorescence protein [GFP] 30Scha/], WT) were used. Surgeries were always per-
formed during the light cycle. The use of C57BL/6-Tg allows to determine the origin of lumen-obstructing cells or
the progression of lymphocyte influx. We did not apply this option in this work, hence C57BL/6-Tg are referred
as WT in the following text.

Heterotopic intestinal transplant model.  The heterotopic mouse intestinal transplant model is an adap-
tion of the heterotopic transplantation model of intestinal fibrosis in rats, which has been previously described
in detail®. Briefly, donor small bowel resections were extracted and transplanted subcutaneously into the neck of
recipient animals. Donor small bowel proximal to the caecum was excised and flushed with 5ml of 0.9% NaCl to
remove stool, and divided into 10 mm parts. A small bowel resection was implanted into a subcutaneous pouch,
and a single dose of cefazolin (Kefzol®, 1 g diluted in 2.5 ml aqua dist.) was applied i.p. as infection prophylaxis.

IL-10~/~ and WT mice were used as both donors and recipients for isogeneic transplantation. Body weight
remained unchanged. 112 transplants were performed and all but 5 grafts were recovered. Grafts were explanted
up to 21 days after transplantation. To compare grafts with non-transplanted tissue, 21 small bowel resections
were extracted from IL-10~/~ mice and 19 small bowel resections were extracted from WT mice.

gqPCR. (PCR was performed using Taqman gene expression assays for I115 Mm01336189_m1,
inos Mmo01309893_m1, Mcpl Mm00441242_m1, Ifny Mm00439552_s1, Mmp-9 Mm00442991_m]1,
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Figure 1. Inflammation is a pre-requisite for the initiation of fibrosis in the spontaneous colitis model. (A)
MPO. (B) Histological score. (C) Collagen layer thickness from small bowel and colon. Mann-Whitney
rank sum test each. (D) Significant link between collagen layer thickness from the small bowel and the colon
(Pearson product moment correlation).

Timp-1 MmO00441818_m1, LoxI-2 Mm00804740_m1, Collal MmO00801666_g1 and Gapdh 4352339E. Relative
gene expression was calculated using the AACt-method.

Collagen layer thickness measurement. Samples were processed using a benchtop tissue processor
(Leica TP 1020) prior to be embedded and cut into 5pum sections. To visualize the collagen layer, the samples were
stained with Sirius Red according to a standard protocol®. Sirius red staining was examined using the Imager Z2
microscope (Zeiss) and the software AxioVision (Zeiss). Quantification of the Sirius red-stained collagen was
performed by Image]J 1.47t (NIH, USA) using pictures taken under transmission light, as well as a polarized light
filter. Collagen layer thickness was determined in 5 jum sections by a blinded investigator from at least eight places
in representative areas at 10-fold magnification. Sirius Red-stained slides were analyzed by bright-field micros-
copy with an additional polarizing filter. Under polarized light, Sirius Red-stained collagen assumes a palette of
colors ranging from green to red based on the fibrotic maturation process. Elastica van Gieson-stained slides were
analyzed by transmission light microscopy.

Statistical analysis. Statistical analysis for QPCR and collagen layer thickness was performed using
Kruskal-Wallis one way analysis of variance on ranks, all pairwise multiple comparison procedures, Dunn’s
method. Comparison between genotypes was performed using the Mann-Whitney-Test for each time point.
Differences were considered significant at a p-value of < 0.05 (*) and highly significant at a p-value of < 0.01 (**)
and p-value of < 0.001 (**%*).

Ethical considerations. The experimental protocol for animals was approved by the local Animal Care
Committee of the University of Zurich (registration numbers 114/2011 and ZH183/2014). We herewith confirm
that all experiments were performed in accordance with relevant guidelines and regulations.

Results

Fibrogenesis is not affected by inflammatory gene expression levels in the murine model of
spontaneous colitis. We hypothesized that the level of inflammation plays a minor role in fibrosis formation
in murine intestine. Three different murine models were used. At first, the II10~'~ model of spontaneous colitis
was applied. I110~/~ mice showed a significantly increased MPO and histological score in the intestinal mucosa
compared to WT in both small bowel and colon (Fig. 1A,B). This is reflected by an increased lymphocyte influx
into the mucosa (Fig. 1B). Regarding fibrosis parameters, Il110~/~ mice showed a significantly increased collagen
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Figure 2. No correlation between pro-inflammatory and pro-fibrotic parameters in the spontaneous colitis
model. gPCR from small bowel whole tissue, and collagen layer thickness measurement from the small bowel.
(A) Pro-inflammatory factors. (B) Pro-fibrotic factors. (C) Pro-inflammatory parameters do not correlate with
pro-fibrotic parameters (Pearson product moment correlation each, nonlinear regression shown if p < 0.05).

aSma

0.0176 0.00452 NS 0.00279 0.007 NS NS

Collal 0.0176 0.0138 NS 0.0129 NS NS NS

Col3al 0.00452 0.0138 0.0000518 0.0081 0.00671 NS NS
pro-fibrotic pro-inflammatory | Tgf3 NS NS 0.0000518 NS NS 0.00239 NS

Mcpl 0.00279 0.0129 0.0081 NS 0.00524 0.0158 NS

nipg 0.007 NS 0.00671 NS 0.00524 0.000049 0.00556

Tnf NS NS NS 0.00239 0.0158 0.000049 NS (0.0861)
anti fibrotic Ifny NS NS NS NS NS 0.00556 NS (0.0861)

Table 1. No significant correlation between pro-inflammatory Tnfand pro-fibrotic markers. gPCR from small

bowel whole tissue sections. Pearson product moment correlation. Tgf3, Mcp1, 1113 and Ifny were assigned to
pro-fibrotic or anti-fibrotic function according to Rieder et al.**.

layer thickness compared to WT in both the small bowel and the colon (Fig. 1C). We found a correlation between
the collagen layer thickness of the small bowel and the colon (Fig. 1D).

In the small bowel from I110~/~ mice, we determined a positive correlation between pro-inflammatory factors.
1113 is similarly regulated to Tnf, Ifny, Mcp1 and 116 (Fig. 2A and Table 1, cytokines were assigned to pro-fibrotic
or anti-fibrotic function according to Rieder et al.**). In addition, we determined a positive correlation between
pro-fibrotic factors. Col3al is similarly regulated to Collal, Tgf3 and aSma (Fig. 2B and Table 1). In contrast, no
significant correlation was determined between pro-inflammatory Tnf and pro-fibrotic aSma, Collal, Col3al,
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Figure 3. Tgf(3, which shares pro-inflammatory and pro-fibrotic features, correlates with pro-inflammatory
Tnf. QPCR from small bowel whole tissue from mice suffering from spontaneous colitis (Pearson product
moment correlation nonlinear regression).

and collagen layer thickness (Fig. 2C and Table 1). In addition, no significant correlation was determined between
the HYP content and the expression levels of pro-inflammatory markers. Likewise, no significant correlation was
determined between pro-fibrotic Collal and pro-inflammatory Tnf, 1113, Ifn~, 1l6 or MPO (Fig. 2C and Table 1).
During spontaneous colitis, changes in inflammatory expression were not reflected by changes in fibrosis associ-
ated gene expression. Tgf3, which has a dual function sharing pro-inflammatory and pro-fibrotic features, cor-
related with pro-inflammatory Tnf (Fig. 3). gPCR data from colon whole tissue confirmed the results from small
bowel (Supplementary Fig. 1).

Fibrogenesis is not affected by inflammatory gene expression levels in the DSS-induced
model of chronic colitis. As a second experimental approach we used the DSS-induced chronic colitis
model. Regarding inflammatory parameters, mice suffering from chronic colitis showed a significantly increased
MEICS compared to WT (Fig. 4A). Mice suffering from chronic colitis showed a significantly increased MPO
(Fig. 4B) and histological score in the colon samples (Fig. 4C). This is reflected by an increased lymphocyte influx.
Mice suffering from chronic colitis showed a significantly increased collagen layer thickness compared to WT
(Fig. 4D). Pro-inflammatory Tnf, Ifn+, 116 and 1113 mRNA expression levels were increased in colitis (Fig. 4E).
In the colon from mice suffering from DSS-induced chronic colitis, we determined a positive correlation
between pro-inflammatory factors. Il13 is similarly regulated to Tnf and II6 (Fig. 5A). In addition, we deter-
mined a positive correlation between pro-fibrotic factors. Col3al is similarly regulated to Collal, Tgf3 and aSma
(Fig. 5B). In contrast, no significant correlation was determined between pro-inflammatory Tnfand pro-fibrotic
Col3al, and collagen layer thickness (Fig. 5C). During DSS-induced chronic colitis, changes in inflammatory
expression were not reflected by fibrosis associated gene expression. Tgf3, which exhibits pro-inflammatory and
pro-fibrotic features, showed a trend towards a significant correlation to pro-inflammatory Tuf (Fig. 6).

Fibrotic gene expression is not affected by inflammation in the heterotopic transplantation
model. Ina third experimental approach we performed transplantation of the intestine according to the het-
erotopic animal model for intestinal fibrosis. For this purpose small bowel resections from both non-inflamed
WT and inflamed IL-10 deficient mice were used. IL-10 is a potent macrophage-deactivating cytokine, which is
associated with the suppression of IFN~ and iNOS expression.

Control tissue was obtained from I110~~ and WT mice. Here, mRNA expression of Mcp1, Ifn, inos, 1118 and
116. Mcpl, inos and 116 was significantly increased in freshly isolated resections from I110~/~ compared to WT
mice (Fig. 7A). Ifn-y and 1118 expression further confirmed increased inflammation in Il10~/~ mice compared to
WT mice. Both small bowel and colon showed massive lymphocyte influx into the mucosa in inflamed 1110/~
mice compared to non-inflamed WT mice (Fig. 7B).

Following the initiation of fibrosis by heterotopic transplantation, we investigated whether increased inflam-
mation in the absence of IL-10 has an effect on fibrotic processes. 7 days after transplantation, Collal mRNA
expression was significantly increased in grafts from 1110/~ donors transplanted into I/10~/~ recipients compared
to freshly isolated small bowel from I110~'~ mice (Fig. 7C, 98.3+149.6 vs. 1.0 0.7, respectively, n = as indicated,
p <0.05%). In comparison to grafts from IL-10~/-, Collal expression in grafts from WT donors transplanted
into W' recipients appeared to be delayed on day 7 (Fig. 7C, 98.3 4= 149.6 vs. 24.8 - 21.9, respectively). However,
fibrosis was further increased 14 and 21 days after transplantation in a time-dependent manner in grafts from
both [110~'~ and WT donors showing similar values.

Lysyl oxidase homolog (LOXL) catalyses the first step in the formation of crosslinks in collagens and elastin.
Lox] mRNA expression in grafts from WT donors appeared to be delayed on day 7 compared to grafts from
11107/~ mice (Fig. 7D, 12.2 4+ 15.9 vs. 2.2 + 1.2, respectively). Lox] expression was further increased 14 days after
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Figure 4. Inflammation is a pre-requisite for the initiation of fibrosis in DSS-induced chronic colitis. (A)
MEICS. (B) MPO. (C) Histological score. (D) Collagen layer thickness from colon. (E) qPCR. Mann-Whitney
rank sum test each.

transplantation in grafts from both 1110~'~ and WT donors showing similar values (Fig. 7D, 61.9 4 23.4 vs.
50.0 £28.1, respectively). Although Lox! expression was significantly increased in grafts compared to freshly iso-
lated small bowel (day 0, Fig. 7D, *p < 0.05) no difference could be determined between grafts from 1110~ and
WT donors suggesting that preceding inflammation of resections has no effect on fibrogenesis.

As genes responsible for assembly of collagen during fibrogenesis were increased in fibrogenesis in a time
dependent manner irrespectively of the presence of IL-10, we next determined the expression of matrix metal-
loproteinase (Mmp9) and its natural inhibitor tissue inhibitor of metalloproteinase (Timp)1, which is also rele-
vant for disassembly of collagen. Grafts isolated from both Il110~/~ and WT recipient mice showed a decrease in
Mmp9/Timp] ratio when compared to freshly isolated small bowel. Ratios from both 11107~ and WT recipients
showed similar values (Fig. 7E).

Collagen deposition during fibrogenesis is independent of preceding inflammation.  Next, we
determined collagen deposition after heterotopic transplantation in histological cross sections of grafts from
110"~ and WT donors using Sirius red staining under transmission light microscopy (Fig. 8). Freshly isolated
small intestine was characterized by an open lumen and distinctive epithelial crypts (Fig. 8A,B). At day 7 after
transplantation, the lumen of intestinal grafts was obstructed by granulation tissue and fibrotic material (Fig. 8C-
F). Polarizing light microscopy revealed collagen adjacent to the submucosa in freshly isolated small intestine
(Fig. 8G,H). In contrast, collagen deposition was increased in the submucosa and in the luminal occlusion fol-
lowing transplantation (Fig. 8I-L). Collagen layer thickness in harvested grafts was significantly increased in
comparison to freshly isolated small intestine irrespective of the genotype of donor and recipient mice (Fig. 8M,
p < 0.001**#), indicating that collagen deposition was unrelated to preceding inflammation. Loss of epithelial
structures and luminal occlusion was observed in grafts from both IL-10~'~ and WT donors. An increase in col-
lagen deposition independent of preceding inflammation of the grafts was also confirmed by Elastica van Gieson
(EvG) staining (Supplementary Fig. 2).

The expression of pro-inflammatory /{13 does not correlate with collagen layer thickness in
the heterotopic transplant model.  Pre-existing intestinal inflammation could have an impact on the
severity of inflammatory processes during fibrogenesis. Therefore, we next aimed to determine the severity of
inflammation during fibrogenesis in both WT and IL-10~'~ mice. Il13 expression in grafts was increased 7 days
after transplantation compared to freshly isolated small bowel, but grafts of both WT and IL-10~/~ donors showed
similar values during fibrogenesis (Fig. 9A, 65.4 = 46.2 and 28.8 £ 8.3 compared to 1.040.19 and 1.040.26,
respectively). IL-10~/~ mice develop a chronic colitis after 12-15 weeks that worsens in an age-dependent man-
ner. Therefore, we next analyzed whether mRNA expression of 1113 depends on the age of donors. Il13 mRNA
expression was increased in grafts from three months old IL-10~/~~/~ donors transplanted into IL-10~'~ recipi-
ents compared to freshly isolated small bowel from IL-10~'~ mice (Fig. 9B, 27.7 & 14.6 vs. 1.7 £ 0.3, respectively),
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Tnf. qPCR from colon whole tissue from mice suffering from DSS-induced chronic colitis (Pearson product
moment correlation nonlinear regression).

and was significantly increased in grafts from both four and five months old IL-10~'~ donors compared to freshly
isolated small bowel (Fig. 9B, p < 0.05%*). However, Il13 mRNA expression was not correlated to collagen layer
thickness of grafts (Fig. 9C). Moreover, the collagen layer thickness in harvested grafts was not increased in an age
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Figure 7. Induction of Collal and Lox] mRNA expression during fibrosis reach the same level in grafts from
1110/~ and WT donors in the transplant model of fibrosis. (A) gPCR confirmed increase of Mepl, Ifny, inos,
1118 and 116 in the small bowel from 110~/ donor mice compared to WT (*p < 0.05). (B) H&E. Lymphocyte
influx is increased in small bowel and colon of I110~'~ compared to WT. (C) Collal mRNA expression is
significantly increased in grafts from I110~'~ donor mice transplanted into I/10~'~ recipients at day seven
compared to freshly isolated intestine from Il110~/~. (D) Lox] mRNA expression is significantly increased in
grafts from both I110~~ donor mice transplanted into I110~/~ recipients and WT donor mice transplanted
into WT recipients from day 14 compared to freshly isolated intestine and grafts from day 7. (E) Mmp9/ Timp1
ratio is decreased in grafts from day 7 compared to freshly isolated intestine independent from the genotype
(*p < 0.05, n=as indicated).

dependent manner (Supplementary Fig. 3), suggesting no correlation of fibrogenesis to the inflammatory status
of the donor.

Further, grafts of 11 0/~ donors showed increased levels of Ifn~y, 1118 and 116 mRNA expression compared to
WT (Fig. 10A-C,E), but mRNA expression was not correlated to collagen layer thickness of grafts (Fig. 10B-D,F).

Discussion

In this study we investigated how the severity of inflammation affects the development and extent of intestinal
fibrosis in three different mouse models. Both the I/10~'~ mouse model and the DSS-induced model of chronic
colitis have been proposed as appropriate for investigating intestinal fibrosis because in the chronic phase, an
accumulation of ECM is detectable in the affected intestine. In both, the II10~/~ model of spontaneous colitis and
the DSS-induced model of chronic colitis, fibrosis developed following intestinal inflammation. This is similar to
the clinical observation that fibrosis only develops in gut segments where inflammation is or was present®. Model
specific progressions of the inflammatory status, like the increased expression of pro-inflammatory mRNAs and
the increase in MPO, were associated with increased expression of pro-fibrotic mRNAs, deposition of ECM and
thickening of the bowel wall. However, pro-inflammatory markers were not correlated to fibrosis associated
markers in a significant manner. Deposition of ECM and activation of fibroblasts could be uncoupled from the
degree of inflammation in the course of fibrogenesis.

Furthermore, we investigated the link between the severity of the inflammation and the lack of IL-10 on the
development of fibrosis using the heterotopic transplantation model. To study the potential impact of the severity
of inflammation we studied IL-10 deficient animals as donors and recipients of the graft. Anti-inflammatory
IL-10 is a potent macrophage-deactivating cytokine®**¢ and a suppressor of iNOS expression®”*8. Conversely,
IL-10 depletion results in an increase of IFN~ in colonic mucosa®. Although determined pronounced differ-
ences in the expression of these cytokines and mediators between IL-10~'~ and WT animals, as well as a massive
influx of lymphocytes in the mucosa of IL-10~/~, the development of intestinal fibrosis was not influenced by the
IL-10 deficiency. A very similar development of fibrosis was found in grafts from both IL-10~'~ and WT donors.
Collagen expression and deposition, which increased over time, was virtually identical in both IL- 10/~ and WT
grafts after 14 and 21 days. Increased collagen deposition in the intestinal wall was determined by histological
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