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Abstract
Fibrogenesis in inflammatory bowel diseases is a com-
plex phenomenon aimed at mucosal repair. However, 
it may provoke intestinal fibrosis with the develop-
ment of strictures which require surgery. Therefore, 
fibrogenesis may be considered as a “two-faced” 
process when related to chronic intestinal inflamma-
tion. Many types of cells may be converted into the 
fibrogenic phenotype at different levels of the intes-
tinal wall. A complex interaction of cytokines, adhe-
sion molecules and growth factors is involved in the 
process. We report an overview of recent advances 
in molecular mechanisms of stricturizing Crohn’s dis-
ease (CD) including the potential role of trasforming 
growth factor beta, protein kinase C and Ras, Raf and 
ERK proteins. Fibrotic growth factors such as vascular 
endothelial growth factor and platelet-derived growth 
factor, as well as the Endothelial-to-Mesenchymal 
Transition induced by transforming growth factor-β, 
are considered. Finally, our experience, focused on tu-

mor necrosis factor α (the main cytokine of inflamma-
tory bowel diseases) and the link between syndecan 
1 (a heparan sulphate adhesion molecule) and basic 
fibroblast growth factor (a strong stimulator of colla-
gen synthesis) is described. We hypothesize a possible 
molecular pattern for mucosal healing as well as how 
its deregulation could be involved in fibrotic complica-
tions of CD. A final clinical point is the importance of 
performing an accurate evaluation of the presence of 
fibrotic strictures before starting anti-tumor necrosis α 
treatment, which could worsen the lesions.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The present minireview reports an outline of 
the mechanisms of fibrogenesis in inflammatory bowel 
diseases. Potential fibrogenetic cells and their char-
acterization are detailed. Recent advances in possible 
molecular mechanisms are highlighted. Our experi-
ence, suggesting the hypothesis of a possible molecu-
lar mechanism of mucosal healing, is described. The 
modalities whereby a deregulation of this molecular 
pattern may lead to fibrotic strictures in Crohn’s dis-
ease are also illustrated. Finally, possible clinical impli-
cations are outlined.
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are 
immunologically mediated disorders of  the gastrointes-
tinal tract in which inflammation and damage are the 
main findings. Fibrosis may be a complication of  both 
processes, occurring more frequently in CD and often 
requiring surgical treatment due to the development of  
stenosis and hence bowel occlusion. However, fibro-
genesis is a phenomenon that is intimately involved in 
mucosal repair[1] and, therefore, fibrotic complications 
of  the disorders are paradoxically closely linked to a 
physiological phenomenon aimed at restoring damaged 
mucosa.

On these bases, a better understanding of  the mo-
dalities of  the evolution of  fibrogenesis into fibrosis 
is essential, and the issues of  how fibrosis differs from 
normal tissue repair, as well as the identification of  cel-
lular mediators for testing possible therapies, are intrigu-
ing emerging research concepts.

CELLULAR BASIS OF FIBROSIS
Fibrosis in CD can be viewed as an extreme healing re-
sponse to injury. This model predicts that injury causes 
an initial activation of  normal intestinal mesenchymal 
cells, with a shift to a “fibrogenic” phenotype[2,3]. These 
cells are characterized by an enhanced ability to trigger 
extracellular matrix (ECM) synthesis. Following acute 
injury, however, the normal intestinal architecture is re-
stored because post-transcriptional and post-translation-
al mechanisms prevent the accumulation of  ECM, while 
fibrogenic cells are eliminated. By contrast, in fibrosis 
the mechanisms serving to degrade ECM are not opera-
tive at appropriate levels and fibrogenic cells are not only 
maintained but increase in number. The mechanisms 
regulating these effects are unknown but may include 
factors associated with CD, such as cytokines or trans-
mural inflammation.

The normal intestine has a large, heterogeneous popu-
lation of  mesenchymal cells, some of  which synthesize 
significant amounts of  collagen. These cells could be 
considered to have a fibrogenic phenotype and are mainly 
constituted by fibroblasts and smooth muscle cells or 
myofibroblasts, as shown by their immunostaining proper-
ties with antibodies to vimentin (V) and α-smooth muscle 
actin (α-SMA)[2,3].

Fibroblasts are V+/A-, while smooth muscle cells 
are V-/A+ and predominate in the normal muscularis 
mucosa and muscularis propria. Subepithelial myofi-
broblasts (SEMF) with a V+/A+ phenotype are found 
adjacent to epithelial cells. However, some of  these, that 
share common features with V+/A+ myofibroblasts, do 
not express α but g-SMA[2,3]. 

Interstitial cells of  Cajal (ICC) are a myofibroblast-
related subtype specific to the intestine. They are located 
between enteric smooth muscle layers and serve to regu-
late gut motility. The c-kit receptor, which binds the pro-

tooncogene stem cell or steel factor, is a marker of  cells 
of  Cajal. Recent studies suggest that in normal human 
intestine these elements also express vimentin, but not 
α-SMA. It has been suggested that ICC could transform 
into a collagen-expressing fibroblast or myofibroblast 
phenotype. Another possibility is that ICC are destroyed 
during fibrosis and replaced by cells with a fibroblast 
phenotype[2,3].

Inflammatory cells that infiltrate the gut in UC and 
CD include macrophages, lymphocytes, and plasma cells. 
These may have important interactions with mesenchy-
mal cells and thereby impact fibrosis[4,5].

In normal intestine, SEMF and fibroblasts found in 
submucosa, serosa, and intermuscular connective tissue 
are the primary sites of  expression of  collagen mRNA 
and protein. In UC, collagen mRNA expression is up-
regulated in SEMF, suggesting that chronic inflammation 
further increases the activity of  fibrogenic cells.

Recent studies in fibrotic intestine from CD pa-
tients indicate that V+/A- or V+/A+ fibroblasts and 
myofibroblasts are the major sites of  increased col-
lagen mRNA expression and collagen deposition[6]. An 
overgrowth of  the muscularis mucosa and muscularis 
propria occurs in CD but not UC, and this contributes 
to the development of  stenosis, strictures, and obstruc-
tion[7]. Muscularis overgrowth also occurs in some ani-
mal models of  chronic intestinal inflammation and these 
data support the concept that in muscularis overgrowth 
in CD, but not in UC, a change in enteric smooth muscle 
cells towards a fibroblast or myofibroblast phenotype[8] 
is implicated. 

MOLECULAR MECHANISMS OF FIBRO-
GENESIS
Cytokines are a heterogeneous class of  secretory pro-
teins produced by several types of  cells. For some of  
them, they act as growth factors, for others as regulators 
of  cellular division and finally, cytokines may paradoxi-
cally trigger mechanisms which mediate cell death. All 
these effects occur via regulation of  the immune system 
and inflammation, so cytokines are currently subdivided 
into pro and anti-inflammatory types. The main cytokine 
involved in the pathogenesis of  both UC and CD is tu-
mor necrosis factor-α (TNF-α)[9,10]. The sites of  TNF-α 
production are the mononuclear phagocytes, antigen 
activated T-lymphocytes, activated mast cells and natural 
killer cells. Conventional stimulators of  TNF-α produc-
tion are the lipopolysaccharides of  the Gram negative 
bacteria cellular wall, since they are the main mediators 
of  the host response to these organisms. However, 
TNF-α may be seen as two-faced, since it is able to trig-
ger a closed circle in which, starting from tissue damage, 
it generates an inflammatory response that exacerbates 
the damage itself. Moreover, increasing doses of  TNF-α 
may have a lethal effect. Nevertheless, TNF-α plays a 
key role in the maintenance of  tuberculous granuloma, 
allowing Koch’s bacilli to “be walled alive” and thus pre-
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venting their spread in the body of  an infected person 
(miliary tuberculosis)[11].

Cell adhesion molecules (CAMs) are proteins located 
on the cell surface involved in binding with other cells or 
with the ECM. Essentially, cell adhesion molecules help 
cells to join together and to their surroundings. These 
proteins are typically transmembrane receptors and are 
composed of  three domains: an intracellular domain 
that interacts with the cytoskeleton, a transmembrane 
domain, and an extracellular domain that interacts either 
with other CAMs of  the same kind (homophilic bind-
ing) or with other CAMs or the extracellular matrix (het-
erophilic binding)[12]. A subtype of  adhesion molecules 
containing heparan sulphate (syndecan family) is chemi-
cally a proteo-glycan and plays a significant role in tissue 
repair[13]. At intestinal level, syndecan 1 is located in the 
basolateral region of  the columnar epithelium[14] and is 
a relevant factor in the reversal of  inflammatory bowel 
disease (IBD) damage[15,16]. Indeed, in inflamed mucosa, 
these molecules are mainly located in the cells of  the 
stroma and apical epithelium, where the repair of  ulcera-
tive lesions will presumably occur.

Basic fibroblast growth factor (bFGF) is a member 
of  the fibroblast growth factor family[17], comprising 
at least 22 factors with pleiotropic functions[18]. This 
peptide is able to repair ulcerative lesions because of  its 
capacity to bind epithelial and stromal cells. In normal 
tissue, basic fibroblast growth factor is present in base-
ment membranes and in the subendothelial extracellular 
matrix of  blood vessels. It stays membrane-bound as long 
as there is no signal peptide, when it acts as a potent 
angiogenic factor in patho-physiological processes that 
include wound healing and tissue repair[19-22]. The bFGF 
has been shown to promote proliferation of  endothelial 
cells, to increase the number of  fibroblasts and myofi-
broblasts and to activate these fibroblasts. The induction 
of  collagen secretion from CD and UC fibroblasts by 
bFGF may be one of  the mechanisms inherent to the 
stromal processes of  the disease, including transmural 
fibrosis and stricture formation, as well as tissue repair 
and healing.

Klagsbrun et al[23] suggested that heparan sulphate 
proteoglycans (and, therefore, syndecan 1) change the 
bFGF morphology and modulate the structure of  its 
receptors, allowing it to bind to the cells dedicated to 
the repair process, such as those located at the margins 
of  an ulcerative lesion[24,25]. bFGF, when not activated by 
syndecan 1, is destroyed by luminal and circulating pro-
teases, which may be activated by TNF-α, thus impeding 
the tissue restoration process.

Molecular mechanisms: recent advances
A relevant actor in the pathogenesis of  fibrotic com-
plications of  CD is the cytokine transforming growth 
factor beta (TGF-β)[26]. TGF-β is secreted by many cell 
types, including macrophages, and has a controlling role 
in cellular proliferation, differentiation and apoptosis, 
immunoregulation, supervision of  the inflammatory 

response, as well as fibrosis and other functions includ-
ing tissue healing. It is known that TGF-β promotes 
collagen expression by intestinal fibroblasts and smooth 
muscle cells[27,28]. This process is mediated by an intracel-
lular signaling pathway in which a cascade constituted by 
protein kinase C and Ras, Raf  and ERK proteins plays 
a key role[26,29,30]. Moreover, it has been hypothesized 
that TGF-β promotes the overexpression of  adhesion 
molecules (e.g., intracellular adhesion molecule-1)[31] by 
fibroblasts and other pro-fibrotic growth factors such as 
vascular endothelial growth factor[32] and platelet-derived 
growth factor[33]. Finally, a recently revealed mechanism 
of  fibrogenesis in CD, is the Endothelial-to-Mesenchy-
mal Transition induced by TGF-β[34]. This cytokine is 
able to induce a protein expression pattern in endothe-
lium that leads to a de-differentiation of  these cells and 
to a transformation to a fibrogenetic phenotype, similar 
to fibroblasts.

In conclusion, the overexpression of  TGF-β and its 
receptors in both the intestinal wall, and in fibroblast 
cultures taken from sites of  intestinal stricture in patients 
with CD, suggests a potential regulatory role for this cy-
tokine in intestinal fibrogenesis[35].

Adipokines are cell-to-cell signaling proteins pro-
duced by adipose tissue. The best known adipokines are 
leptin, adiponectin and resistin. They play a key role in 
regulating energy intake and expenditure, including ap-
petite and hunger, metabolism, and behavior: indeed, 
their role has beenwidely studied in diseases like meta-
bolic syndrome and type 2 diabetes. Recently, however, 
further functions of  these molecules have been dis-
covered, as mediators of  systemic inflammation. It has 
been shown that obesity per se, and in particular visceral 
adiposity, is associated with systemic microinflammation, 
and disturbed circulating adipokines levels[36,37]. This is 
why numerous studies have been focused on the role of  
adipokines in the pathogenesis of  IBD[38].

The outer intestinal wall in patients affected by IBD 
is enveloped by fat deposits called “wrapping” or “creep-
ing” fat that seem to play an important role in the patho-
genesis of  IBD. An overexpression of  leptin mRNA in 
mesenteric visceral adipose tissue (mWAT) has also been 
found in IBD subjects[39], and is correlated with local 
macrophages infiltration, which drives a high expression 
of  interleukin (IL)-10, IL-6 and TNF-α[40]. On the other 
hand, adiponectin seems to have a protective function 
against inflammation in IBD[41,42]. Rodrigues et al[43] evalu-
ated serum adiponectin and leptin by enzyme-linked 
immunosorbent assay in patients with active CD (ACD 
group), CD in remission (RCD group) and in six healthy 
controls, and found that serum adiponectin was lower in 
the ACD group as compared to controls, whereas there 
were no differences between the ACD and RCD groups.

The Janus kinase/signal transducer and activator of  
transcription (JAK/STAT) pathway is involved in the 
control of  the expression of  DNA sequences that af-
fect basic cell functions, like cell growth, differentiation 
and death[44]. This pathway is triggered by the binding 
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of  a ligand (usually a pro-inflammatory cytokine such as 
IL-6[45], IL-12, IL-1, TNF-α or interferon gamma[46]) to a 
tyrosine-kinase membrane receptor. Wu et al[47] evaluated 
whether intestinal myofibroblasts could produce nitric 
oxide (NO) in response to the IBD-associated cytokines 
IL-1b, TNF-α, and interferon gamma in a JAK-STAT 
dependant pathway, using intestinal myofibroblasts 
isolated from mice and cultured. The result was an in-
creasing expression of  inducible nitric oxide synthase 
(iNOS) mRNA (evaluated by real time polymerase chain 
reaction, RT-PCR), but not endothelial NOS or neuro-
nal NOS. This mechanism was shown to be enhanced 
by a protein cascade constituted by JAK-STAT, Akt and 
NF-kB. The importance of  NO in the pathogenesis of  
IBD has long been known and is widely discussed in 
literature[48,49]. Furthermore, genetic studies investigating 
polymorphisms in the JAK gene[50] revealed that same 
genetic variants (the G allele of  rs744166 and the C al-
lele of  rs3816769) increase not only the risk of  onset 
of  CD, but even the risk of  strictures requiring surgery, 
because of  the interaction with the CARD15 gene[51]. 
Considering the JAK2 rs10758669 polymorphism, the 
homozygous C/C or heterozygous A/C genotypes had 
a higher risk of  CD as compared with the homozygous 
A/A (OR = 1.76, 95%CI: 1.26-2.45 and OR= 2.36, 
95%CI: 1.44-3.86, respectively). On these bases, future 
therapy with JAK inhibitors for their anti-inflammatory 
effects appears promising[52].

A novel field of  genetics which is attracting the atten-
tion of  researchers is epigenetics, i.e., the study of  all the 
heritable modifications that vary gene expression while 
not altering the DNA sequence. Micro RNAs (miRNA)[53] 
are just one example. miRNAs are small non-coding 
RNA oligonucleotides that can regulate the expression 
of  a large number of  genes and have been implicated 
in different human diseases like cancer[54] and inflamma-
tory diseases[55,56] including IBD[57]. A very recent study[58] 
performed on NCM460 human colonocytes incubated 
with interleukin-6 and on colon biopsies from pediatric 
and adult patients with UC revealed that a deregulation 
(low levels) of  miRNA-124 can cause a hyper-phosphor-
ylation of  STAT3 (and consequently, hyper-activation), 
via a mechanism induced by IL-6, very likely resulting 
in a pathogenic system leading to IBD. miRNA-124 is 
only a second lead on the crowded stage of  miRNAs: 
miRNA-192, which is normally expressed in colonic 
epithelial cells, is significantly reduced in tissues of  pa-
tients with active UC[59]; miR-150 is up-regulated in mice 
with dextran sulfate sodium-induced colitis and in colon 
tissues from patients with UC[60]; an overexpression of  
miRNA-21, which promotes inflammation, has been re-
ported in several studies of  patients with active UC and 
CD colitis[61].

The process of  DNA methylation is another form of  
epigenetic regulation of  gene expression. It consists in 
the binding of  a methyl group to cytosines that are part 
of  cytosine-guanine dinucleotides (CpG), and has a gene 
silencing function. The main genes whose methylation 

is involved in the pathogenesis of  IBD are the CDH1[62], 
BCL3, STAT3, OSM, STAT5[63] proteins involved in the 
IL-12 and IL-23 pathways.

Finally, histone modifications are an epigenetic pro-
cess that may modify genomic expression. Histones are 
alkaline proteins that package and order the DNA into 
structural units called nucleosomes and chromatine[64]. 
They have N-terminal amino acid tails that protrude and 
can be modified by acetylation, methylation, ubiquitina-
tion, and phosphorylation. Acetylation, however, is the 
most closely studied phenomenon, because it improves 
gene transcription and recruitment of  transcriptional 
factors. In the course of  IBD, the main genes targeted 
by histone acetylation are p53, STAT3, and HIF1a[65]. 
Furthermore, an innate immune response to microbiota 
has been proposed to link histone modifications with in-
flammation: butyrate, an endogenous metabolite formed 
during fermentation of  dietary fibers by the intestinal 
microbiota, is a histone deacetylase inhibitor. Butyrate 
increases the expression of  NOD2 by increasing histone 
acetylation in its promoter region[66].

The importance of  all these epigenetic mechanisms 
lies in possible future therapeutic applications: inhibitors 
of  deacetylation, demethylating agents and miRNA pro-
duced by genetic engineering could be potential targets 
in IBD[67].

Molecular mechanisms in mucosal healing and 
strictures: our experience
Our previous investigations[68] demonstrated that a de-
crease of  TNF-α induced by anti-TNF-α (infliximab) 
treatment is accompanied by a decrease in both syndecan 
1 and bFGF when mucosal healing occurs. A possible 
explanation is that infliximab therapy may downregulate, 
via a marked reduction of  TNF-α mucosal levels, the 
bFGF/syndecan 1 link. This molecular profile could 
represent a pathway of  mucosal healing. However, the 
parallel trend of  TNF-α, syndecan 1 and bFGF could 
be just a simultaneous consequence of  the control of  
inflammation. To dispel this doubt, we analyzed the 
‘‘timing’’ of  the TNF-α decrease and bFGF/syndecan 
1 reversal to normal levels and sites in cultured biopsy 
samples taken from patients with both CD and UC and 
incubated in a medium containing comparable amounts 
of  infliximab similar to those reached in the serum of  
treated patients. After 24 h we assayed TNF-α, syndecan 
1 and bFGF in tissue homogenates. TNF-α was found 
to be decreased, while syndecan 1 and bFGF levels were 
still high when evaluated by both a molecular method 
(reverse transcriptase real time polymerase chain reac-
tion) and immunohistochemistry[69]. This last finding 
supports our primary hypothesis that a mucosal TNF-α 
reset, induced by biological drugs, is followed by a mu-
cosal restoration in which syndecan 1 modulates the 
strong reparative bFGF aptitudes. Finally, in healed mu-
cosa, cytokines, adhesion molecules and growth factors 
resume their normal pattern.

A report by Bousvaros et al[70] showed that in chil-
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dren with CD there was a strong correlation between 
the bFGF level and disease activity. The relationship of  
bFGF with disease activity persisted even after adjusting 
for other covariates (including age, sex, hematocrit, albu-
min, and sedimentation rate) in a multivariate linear re-
gression model. There was also a statistically significant, 
although less strong, correlation between the bFGF 
level and disease activity in UC. Although bFGF is not 
a specific marker for CD, its serum levels reflect disease 
activity. Therefore, bFGF release may be important in 
mediating the angiogenesis and wound healing seen in 
CD. This report, as well as our experience both in vivo 
and in vitro[68,69], suggest a similar molecular mechanism 
for mucosal healing both in CD and UC.

In a further study, we investigated the pattern of  
TNF-α, syndecan 1 and bFGF in patients with CD 
complicated by fibrotic stenosis undergoing surgical re-
section[71]. We observed that TNF-α mucosal levels were 
not significantly increased. A possible explanation for 
this finding may be that an overgrowth of  fibrotic tissue 
may be a successive stage after inflammation, where the 
increase in TNF-α is the peculiar aspect. Therefore, at 
the stage of  fibrotic stenosis requiring surgery, inflam-
matory mucosal changes may be an irrelevant phenom-
enon in most patients. Syndecan 1 levels were increased, 
showing a pattern similar to the one observed in dam-
aged tissues. It may be presumed that the molecule 
location, albeit limited to the mucosal layer, reflects an 
attempt at bFGF modulation. However, this function 
cannot be effectively carried out due to the bFGF over-
expression and location all along the intestinal wall, i.e., 
outside the district where syndecan 1 could operate[14]. 
Indeed, bFGF overexpression affects all intestinal wall 
layers, being expressed in epithelium, stroma, muscula-
ris propria and endothelium. It is possible that: (1) the 
low levels of  TNF-α may provoke a failure in cytokine 
induced bFGF proteolysis; (2) the presence of  syndecan 
1 is limited to the mucosal layer with a consequent very 
partial regulation of  bFGF binding to specific receptors 
dedicated to tissue repair; and (3) an irreversible trans-
formation of  different type of  cells to the fibrogenetic 
phenotype occurs, thus provoking the prevalence of  
fibrotic over inflammatory stenotic lesions[72]. 

In strictures, it is possible that the excess extracellular 
matrix cannot be inhibited by the regulatory mechanisms 
of  the phenomenon, in accordance with the hypothesis 
proposed by Pucilowska et al[72]. On these bases, we may 
conclude that the different molecular patterns in repair 
dedicated fibrogenesis and stricturizing fibrosis in CD 
could be the consequence of  different mucosal levels of  
TNF-α. These are very high in the active disorder, but 
undergo a progressive depletion in the long term, and 
this event may trigger a polymorphic regulation of  the 
syndecan 1/bFGF system.

FINAL REMARKS
Fibrogenesis in inflammatory bowel diseases is a phe-
nomenon aimed at tissue repair. Many cellular types are 

involved in this process and cytokines, adhesion mol-
ecules and growth factors interact to achieve mucosal 
repair. However, a deregulation of  the healing molecular 
pathway can progress towards fibrosis and stenotic com-
plications often requiring surgical therapy[73,74]. Therefore, 
fibrogenesis and fibrosis may represent the good and 
bad sides of  the same coin, the former allowing lesion 
healing but the latter leading to severe complications. 
The main tool for discriminating between them is, in our 
experience, the presence/absence of  inflammation (and, 
consequently, the level of  TNF-α expression).

A final clinical consideration is the importance of  
making an accurate evaluation[75] in cases of  stenosis in 
the course of  CD using all available diagnostic tools (his-
tology, ultrasonography[76] with Doppler evaluation of  
the resistance index, magnetic resonance[77], computed 
tomo-enterography[78], biochemical indices of  inflamma-
tion[79,80]) in order to distinguish inflammatory from fi-
brotic stenosis. This could orient anti-TNF-α therapy[81], 
that should be limited to the first case, avoiding the risk 
that the cytokine decrease could support fibrotic compli-
cations rather than mucosal healing.

REFERENCES
1	 Speca S, Giusti I, Rieder F, Latella G. Cellular and molecu-

lar mechanisms of intestinal fibrosis. World J Gastroenterol 
2012; 18: 3635-3661 [PMID: 22851857 DOI: 10.3748/wjg.v18.
i28.3635]

2	 Powell DW, Mifflin RC, Valentich JD, Crowe SE, Saada 
JI, West AB. Myofibroblasts. II. Intestinal subepithelial 
myofibroblasts. Am J Physiol 1999; 277: C183-C201 [PMID: 
10444394]

3	 Pucilowska JB, McNaughton KK, Mohapatra NK, Hoyt EC, 
Zimmermann EM, Sartor RB, Lund PK. IGF-Ⅰ and procol-
lagen α1(Ⅰ) are coexpressed in a subset of mesenchymal 
cells in active Crohn’s disease. Am J Physiol Gastrointest Liver 
Physiol 2000; 279: G1307-G1322 [PMID: 11093955]

4	 Fiocchi C. Inflammatory bowel disease: etiology and patho-
genesis. Gastroenterology 1998; 115: 182-205 [PMID: 9649475]

5	 Matthes H, Herbst H, Schuppan D, Stallmach A, Milani S, 
Stein H, Riecken EO. Cellular localization of procollagen 
gene transcripts in inflammatory bowel diseases. Gastroen-
terology 1992; 102: 431-442 [PMID: 1732114]

6	 Dvorak AM, Osage JE, Monahan RA, Dickersin GR. Crohn’
s disease: transmission electron microscopic studies. III. Tar-
get tissues. Proliferation of and injury to smooth muscle and 
the autonomic nervous system. Hum Pathol 1980; 11: 620-634 
[PMID: 6161074]

7	 Becker JM. Surgical therapy for ulcerative colitis and Crohn’
s disease. Gastroenterol Clin North Am 1999; 28: 371-390, viii-
ix [PMID: 10372273]

8	 Williams KL, Fuller CR, Dieleman LA, DaCosta CM, Hal-
deman KM, Sartor RB, Lund PK. Enhanced survival and 
mucosal repair after dextran sodium sulfate-induced colitis 
in transgenic mice that overexpress growth hormone. Gas-
troenterology 2001; 120: 925-937 [PMID: 11231946]

9	 Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF 
receptor superfamilies: integrating mammalian biology. 
Cell 2001; 104: 487-501 [PMID: 11239407 DOI: 10.1016/
S0092-8674(01)00237-9]

10	 Ierardi E, Giorgio F, Rosania R, Zotti M, Prencipe S, Della 
Valle N, De Francesco V, Panella C. Mucosal assessment 
of tumor necrosis factor α levels on paraffined samples: a 
comparison between immunohistochemistry and real time 
polymerase chain reaction. Scand J Gastroenterol 2010; 45: 

104 November 15, 2013|Volume 4|Issue 4|WJGP|www.wjgnet.com

Principi M et al . Fibrogenesis in inflammatory bowel diseases



1007-1008 [PMID: 20446801]
11	 Xie X, Li F, Chen JW, Wang J. Risk of tuberculosis infection 

in anti-TNF-α biological therapy: From bench to bedside. J 
Microbiol Immunol Infect 2013  May 30; [Epub ahead of print] 
[PMID: 23727394 DOI: 10.1016/j.jmii.2013.03.005]

12	 Vainer B. Role of cell adhesion molecules in inflammatory 
bowel diseases. Scand J Gastroenterol 1997; 32: 401-410 [PMID: 
9175198]

13	 Saunders S, Jalkanen M, O’Farrell S, Bernfield M. Molecular 
cloning of syndecan, an integral membrane proteoglycan. J 
Cell Biol 1989; 108: 1547-1556 [PMID: 2494194]

14	 Principi M, Day R, Marangi S, Burattini O, De Francesco 
V, Ingrosso M, Pisani A, Panella C, Forbes A, Di Leo A, 
Francavilla A, Ierardi E. Differential immunohistochemical 
expression of syndecan-1 and tumor necrosis factor α in co-
lonic mucosa of patients with Crohn’s disease. Immunophar-
macol Immunotoxicol 2006; 28: 185-195 [PMID: 16873088]

15	 Day R, Forbes A. Heparin, cell adhesion, and pathogen-
esis of inflammatory bowel disease. Lancet 1999; 354: 62-65 
[PMID: 10406379]

16	 Day R, Ilyas M, Daszak P, Talbot I, Forbes A. Expression 
of syndecan-1 in inflammatory bowel disease and a pos-
sible mechanism of heparin therapy. Dig Dis Sci 1999; 44: 
2508-2515 [PMID: 10630505]

17	 Kim HS. Assignment1 of the human basic fibroblast growth 
factor gene FGF2 to chromosome 4 band q26 by radiation 
hybrid mapping. Cytogenet Cell Genet 1998; 83: 73 [PMID: 
9925931 DOI: 10.1159/000015129]

18	 Ornitz DM, Itoh N. Fibroblast growth factors. Genome Biol 
2001; 2: REVIEWS3005 [PMID: 11276432]

19	 Fernig DG, Gallagher JT. Fibroblast growth factors and 
their receptors: an information network controlling tissue 
growth, morphogenesis and repair. Prog Growth Factor Res 
1994; 5: 353-377 [PMID: 7780086]

20	 Okada-Ban M, Thiery JP, Jouanneau J. Fibroblast growth 
factor-2. Int J Biochem Cell Biol 2000; 32: 263-267 [PMID: 
10716624]

21	 Szebenyi G, Fallon JF. Fibroblast growth factors as multi-
functional signaling factors. Int Rev Cytol 1999; 185: 45-106 
[PMID: 9750265]

22	 Galzie Z, Kinsella AR, Smith JA. Fibroblast growth factors 
and their receptors. Biochem Cell Biol 1997; 75: 669-685 [PMID: 
9599656]

23	 Klagsbrun M, Baird A. A dual receptor system is required 
for basic fibroblast growth factor activity. Cell 1991; 67: 
229-231 [PMID: 1655276]

24	 Beck PL, Podolsky DK. Growth factors in inflammatory 
bowel disease. Inflamm Bowel Dis 1999; 5: 44-60 [PMID: 
10028449]

25	 Yoshida S, Ono M, Shono T, Izumi H, Ishibashi T, Suzuki 
H, Kuwano M. Involvement of interleukin-8, vascular en-
dothelial growth factor, and basic fibroblast growth factor 
in tumor necrosis factor α-dependent angiogenesis. Mol Cell 
Biol 1997; 17: 4015-4023 [PMID: 9199336]

26	 Mulsow JJ, Watson RW, Fitzpatrick JM, O’Connell PR. 
Transforming growth factor-beta promotes pro-fibrotic be-
havior by serosal fibroblasts via PKC and ERK1/2 mitogen 
activated protein kinase cell signaling. Ann Surg 2005; 242: 
880-887, discussion 887-889 [PMID: 16327498]

27	 Stallmach A, Schuppan D, Riese HH, Matthes H, Riecken 
EO. Increased collagen type Ⅲ synthesis by fibroblasts iso-
lated from strictures of patients with Crohn’s disease. Gas-
troenterology 1992; 102: 1920-1929 [PMID: 1587410]

28	 Graham MF, Bryson GR, Diegelmann RF. Transforming 
growth factor beta 1 selectively augments collagen synthesis 
by human intestinal smooth muscle cells. Gastroenterology 
1990; 99: 447-453 [PMID: 2365193]

29	 Chen Y, Blom IE, Sa S, Goldschmeding R, Abraham DJ, 
Leask A. CTGF expression in mesangial cells: involvement 
of SMADs, MAP kinase, and PKC. Kidney Int 2002; 62: 

1149-1159 [PMID: 12234285]
30	 Leask A, Holmes A, Black CM, Abraham DJ. Connective tis-

sue growth factor gene regulation. Requirements for its in-
duction by transforming growth factor-beta 2 in fibroblasts. 
J Biol Chem 2003; 278: 13008-13015 [PMID: 12571253]

31	 Brannigan AE, Watson RW, Beddy D, Hurley H, Fitzpatrick 
JM, O’Connell PR. Increased adhesion molecule expression 
in serosal fibroblasts isolated from patients with inflamma-
tory bowel disease is secondary to inflammation. Ann Surg 
2002; 235: 507-511 [PMID: 11923606]

32	 Beddy D, Watson RW, Fitzpatrick JM, O’Connell PR. In-
creased vascular endothelial growth factor production in 
fibroblasts isolated from strictures in patients with Crohn’s 
disease. Br J Surg 2004; 91: 72-77 [PMID: 14716797]

33	 Kumagai S, Ohtani H, Nagai T, Funa K, Hiwatashi NO, Shi-
mosegawa H. Platelet-derived growth factor and its recep-
tors are expressed in areas of both active inflammation and 
active fibrosis in inflammatory bowel disease. Tohoku J Exp 
Med 2001; 195: 21-33 [PMID: 11780721]

34	 Rieder F, Kessler SP, West GA, Bhilocha S, de la Motte C, 
Sadler TM, Gopalan B, Stylianou E, Fiocchi C. Inflammation-
induced endothelial-to-mesenchymal transition: a novel 
mechanism of intestinal fibrosis. Am J Pathol 2011; 179: 
2660-2673 [PMID: 21945322 DOI: 10.1016/j.ajpath.2011.07.042.]

35	 Burke JP, Mulsow JJ, O’Keane C, Docherty NG, Watson 
RW, O’Connell PR. Fibrogenesis in Crohn’s disease. Am J 
Gastroenterol 2007; 102: 439-448 [PMID: 17156147]

36	 Olszanecka-Glinianowicz M, Chudek J, Kocełak P, Szromek 
A, Zahorska-Markiewicz B. Body fat changes and activity 
of tumor necrosis factor α system--a 5-year follow-up study. 
Metabolism 2011; 60: 531-536 [PMID: 20580040 DOI: 10.1016/
j.metabol.2010.04.023]

37	 Olszanecka-Glinianowicz M, Zahorska-Markiewicz B, 
Janowska J, Zurakowski A. Serum concentrations of nitric 
oxide, tumor necrosis factor (TNF)-α and TNF soluble re-
ceptors in women with overweight and obesity. Metabolism 
2004; 53: 1268-1273 [PMID: 15375781]

38	 Olszanecka-Glinianowicz M, Handzlik-Orlik G, Orlik B, 
Chudek J. Adipokines in the pathogenesis of idiopathic in-
flammatory bowel disease. Endokrynol Pol 2013; 64: 226-231 
[PMID: 23873428]

39	 Barbier M, Vidal H, Desreumaux P, Dubuquoy L, Bourreille 
A, Colombel JF, Cherbut C, Galmiche JP. Overexpression 
of leptin mRNA in mesenteric adipose tissue in inflamma-
tory bowel diseases. Gastroenterol Clin Biol 2003; 27: 987-991 
[PMID: 14732844]

40	 Kredel LI, Batra A, Stroh T, Kühl AA, Zeitz M, Erben U, 
Siegmund B. Adipokines from local fat cells shape the mac-
rophage compartment of the creeping fat in Crohn’s dis-
ease. Gut 2013; 62: 852-862 [PMID: 22543156 DOI: 10.1136/
gutjnl-2011-301424]

41	 Karmiris K, Koutroubakis IE, Xidakis C, Polychronaki 
M, Voudouri T, Kouroumalis EA. Circulating levels of 
leptin, adiponectin, resistin, and ghrelin in inflammatory 
bowel disease. Inflamm Bowel Dis 2006; 12: 100-105 [PMID: 
16432373]

42	 Fantuzzi G. Adiponectin and inflammation: consensus and 
controversy. J Allergy Clin Immunol 2008; 121: 326-330 [PMID: 
18061654]

43	 Rodrigues VS, Milanski M, Fagundes JJ, Torsoni AS, Ay-
rizono ML, Nunez CE, Dias CB, Meirelles LR, Dalal S, Coy 
CS, Velloso LA, Leal RF. Serum levels and mesenteric fat 
tissue expression of adiponectin and leptin in patients with 
Crohn’s disease. Clin Exp Immunol 2012; 170: 358-364 [PMID: 
23121676 DOI: 10.1111/j.1365-2249.2012.04660.x]

44	 Aaronson DS, Horvath CM. A road map for those who 
don’t know JAK-STAT. Science 2002; 296: 1653-1655 [PMID: 
12040185]

45	 Ito H. IL-6 and Crohn’s disease. Curr Drug Targets Inflamm 
Allergy 2003; 2: 125-130 [PMID: 14561164]

105 November 15, 2013|Volume 4|Issue 4|WJGP|www.wjgnet.com

Principi M et al . Fibrogenesis in inflammatory bowel diseases



46	 O'Shea JJ, Gadina M, Schreiber RD. Cytokine signaling in 
2002: new surprises in the Jak/Stat pathway. Cell 2002; 109 
Suppl: S121-S131 [PMID: 11983158]

47	 Wu J, Chitapanarux T, Chen Y, Soon RK, Yee HF. Intestinal 
myofibroblasts produce nitric oxide in response to combina-
torial cytokine stimulation. J Cell Physiol 2013; 228: 572-580 
[PMID: 22833357 DOI: 10.1002/jcp.24164]

48	 Lundberg JO, Hellström PM, Lundberg JM, Alving K. 
Greatly increased luminal nitric oxide in ulcerative colitis. 
Lancet 1994; 344: 1673-1674 [PMID: 7996962]

49	 Boughton-Smith NK, Evans SM, Hawkey CJ, Cole AT, Bal-
sitis M, Whittle BJ, Moncada S. Nitric oxide synthase activ-
ity in ulcerative colitis and Crohn’s disease. Lancet 1993; 342: 
338-340 [PMID: 7687730]

50	 Ferguson LR, Han DY, Fraser AG, Huebner C, Lam WJ, 
Morgan AR, Duan H, Karunasinghe N. Genetic factors in 
chronic inflammation: single nucleotide polymorphisms 
in the STAT-JAK pathway, susceptibility to DNA damage 
and Crohn’s disease in a New Zealand population. Mutat 
Res 2010; 690: 108-115 [PMID: 20109474 DOI: 10.1016/
j.mrfmmm.2010.01.017]

51	 Barrett JC, Hansoul S, Nicolae DL, Cho JH, Duerr RH, 
Rioux JD, Brant SR, Silverberg MS, Taylor KD, Barmada 
MM, Bitton A, Dassopoulos T, Datta LW, Green T, Griffiths 
AM, Kistner EO, Murtha MT, Regueiro MD, Rotter JI, 
Schumm LP, Steinhart AH, Targan SR, Xavier RJ, Libioulle 
C, Sandor C, Lathrop M, Belaiche J, Dewit O, Gut I, Heath 
S, Laukens D, Mni M, Rutgeerts P, Van Gossum A, Zelenika 
D, Franchimont D, Hugot JP, de Vos M, Vermeire S, Louis 
E, Cardon LR, Anderson CA, Drummond H, Nimmo E, Ah-
mad T, Prescott NJ, Onnie CM, Fisher SA, Marchini J, Ghori J, 
Bumpstead S, Gwilliam R, Tremelling M, Deloukas P, Man-
sfield J, Jewell D, Satsangi J, Mathew CG, Parkes M, Georges 
M, Daly MJ. Genome-wide association defines more than 
30 distinct susceptibility loci for Crohn’s disease. Nat Genet 
2008; 40: 955-962 [PMID: 18587394 DOI: 10.1038/ng.175]

52	 Coskun M, Salem M, Pedersen J, Nielsen OH. Involvement 
of JAK/STAT signaling in the pathogenesis of inflammatory 
bowel disease. Pharmacol Res 2013; 76: 1-8 [PMID: 23827161 
DOI: 10.1016/j.phrs.2013.06.007]

53	 Bartel DP. MicroRNAs: target recognition and regulatory 
functions. Cell 2009; 136: 215-233 [PMID: 19167326 DOI: 
10.1016/j.cell.2009.01.002]

54	 Hatziapostolou M, Polytarchou C, Aggelidou E, Drakaki A, 
Poultsides GA, Jaeger SA, Ogata H, Karin M, Struhl K, Had-
zopoulou-Cladaras M, Iliopoulos D. An HNF4α-miRNA 
inflammatory feedback circuit regulates hepatocellular on-
cogenesis. Cell 2011; 147: 1233-1247 [PMID: 22153071 DOI: 
10.1016/j.cell.2011.10.043]

55	 Stagakis E, Bertsias G, Verginis P, Nakou M, Hatziaposto-
lou M, Kritikos H, Iliopoulos D, Boumpas DT. Identification 
of novel microRNA signatures linked to human lupus dis-
ease activity and pathogenesis: miR-21 regulates aberrant 
T cell responses through regulation of PDCD4 expression. 
Ann Rheum Dis 2011; 70: 1496-1506 [PMID: 21602271 DOI: 
10.1136/ard.2010.139857]

56	 Du C, Liu C, Kang J, Zhao G, Ye Z, Huang S, Li Z, Wu Z, 
Pei G. MicroRNA miR-326 regulates TH-17 differentiation 
and is associated with the pathogenesis of multiple sclero-
sis. Nat Immunol 2009; 10: 1252-1259 [PMID: 19838199 DOI: 
10.1038/ni.1798]

57	 Dalal SR, Kwon JH. The Role of MicroRNA in Inflamma-
tory Bowel Disease. Gastroenterol Hepatol (N Y) 2010; 6: 
714-722 [PMID: 21437020]

58	 Koukos G, Polytarchou C, Kaplan JL, Morley-Fletcher A, 
Gras-Miralles B, Kokkotou E, Baril-Dore M, Pothoulakis C, 
Winter HS, Iliopoulos D. MicroRNA-124 Regulates STAT3 
Expression and Is Down-regulated in Colon Tissues of 
Pediatric Patients With Ulcerative Colitis. Gastroenterol-
ogy 2013; 145: 842-852. e2 [PMID: 23856509 DOI: 10.1053/

j.gastro.2013.07.001]
59	 Wu F, Zikusoka M, Trindade A, Dassopoulos T, Harris ML, 

Bayless TM, Brant SR, Chakravarti S, Kwon JH. MicroRNAs 
are differentially expressed in ulcerative colitis and alter 
expression of macrophage inflammatory peptide-2 α. Gas-
troenterology 2008; 135: 1624-1635. e24 [PMID: 18835392 DOI: 
10.1053/j.gastro.2008.07.068]

60	 Bian Z, Li L, Cui J, Zhang H, Liu Y, Zhang CY, Zen K. Role 
of miR-150-targeting c-Myb in colonic epithelial disruption 
during dextran sulphate sodium-induced murine experi-
mental colitis and human ulcerative colitis. J Pathol 2011; 
225: 544-553 [PMID: 21590770 DOI: 10.1002/path.2907]

61	 Fasseu M, Tréton X, Guichard C, Pedruzzi E, Cazals-Hatem 
D, Richard C, Aparicio T, Daniel F, Soulé JC, Moreau R, 
Bouhnik Y, Laburthe M, Groyer A, Ogier-Denis E. Identi-
fication of restricted subsets of mature microRNA abnor-
mally expressed in inactive colonic mucosa of patients with 
inflammatory bowel disease. PLoS One 2010; 5: pii: e13160 
[PMID: 20957151 DOI: 10.1371/journal.pone.0013160]

62	 Saito S, Kato J, Hiraoka S, Horii J, Suzuki H, Higashi R, Kaji 
E, Kondo Y, Yamamoto K. DNA methylation of colon mu-
cosa in ulcerative colitis patients: correlation with inflam-
matory status. Inflamm Bowel Dis 2011; 17: 1955-1965 [PMID: 
21830274 DOI: 10.1002/ibd.21573]

63	 Lin Z, Hegarty JP, Yu W, Cappel JA, Chen X, Faber PW, 
Wang Y, Poritz LS, Fan JB, Koltun WA. Identification of 
disease-associated DNA methylation in B cells from Crohn’
s disease and ulcerative colitis patients. Dig Dis Sci 2012; 57: 
3145-3153 [PMID: 22821069 DOI: 10.1007/s10620-012-2288-z]

64	 Kouzarides T. Chromatin modifications and their function. 
Cell 2007; 128: 693-705 [PMID: 17320507]

65	 Glauben R, Siegmund B. Inhibition of histone deacetylases 
in inflammatory bowel diseases. Mol Med 2011; 17: 426-433 
[PMID: 21365125]

66	 Leung CH, Lam W, Ma DL, Gullen EA, Cheng YC. Butyrate 
mediates nucleotide-binding and oligomerisation domain 
(NOD) 2-dependent mucosal immune responses against 
peptidoglycan. Eur J Immunol 2009; 39: 3529-3537 [PMID: 
19830732 DOI: 10.1002/eji.200939454]

67	 Ventham NT, Kennedy NA, Nimmo ER, Satsangi J. Beyond 
gene discovery in inflammatory bowel disease: the emerg-
ing role of epigenetics. Gastroenterology 2013; 145: 293-308 
[PMID: 23751777 DOI: 10.1053/j.gastro.2013.05.050]

68	 Ierardi E, Giorgio F, Zotti M, Rosania R, Principi M, Ma-
rangi S, Della Valle N, De Francesco V, Di Leo A, Ingrosso 
M, Panella C. Infliximab therapy downregulation of basic 
fibroblast growth factor/syndecan 1 link: a possible mo-
lecular pathway of mucosal healing in ulcerative colitis. J 
Clin Pathol 2011; 64: 968-972 [PMID: 21945924 DOI: 10.1136/
jcp.2010.086892]

69	 Della Valle N, Giorgio F, Cantatore S, Zotti M, Ierardi E, 
Panella C. Tumor Necrosis Factor α, syndecan 1 and basic 
fibroblast growth factor levels and site in cultured biopsy 
specimens of patients with inflammatory bowel diseases af-
ter incubation with infliximab (Abstract). Dig Liver Dis 2013; 
45: S107 [DOI: 10.1016/S1590-8658(13)60296-0]

70	 Bousvaros A, Zurakowski D, Fishman SJ, Keough K, Law T, 
Sun C, Leichtner AM. Serum basic fibroblast growth factor 
in pediatric Crohn’s disease. Implications for wound heal-
ing. Dig Dis Sci 1997; 42: 378-386 [PMID: 9052523]

71	 Ierardi E, Giorgio F, Piscitelli D, Principi M, Cantatore S, 
Fiore MG, Rossi R, Barone M, Di Leo A, Panella C. Altered 
molecular pattern of mucosal healing in Crohn’s disease 
fibrotic stenosis. World J Gastrointest Pathophysiol 2013; 4: 
53-58 [PMID: 23946888 DOI: 10.4291/wjgp.v4.i3.53]

72	 Pucilowska JB, Williams KL, Lund PK. Fibrogenesis. IV. 
Fibrosis and inflammatory bowel disease: cellular mediators 
and animal models. Am J Physiol Gastrointest Liver Physiol 
2000; 279: G653-G659 [PMID: 11005750]

73	 Schoepfer AM, Safroneeva E, Vavricka SR, Peyrin-Biroulet 

106 November 15, 2013|Volume 4|Issue 4|WJGP|www.wjgnet.com

Principi M et al . Fibrogenesis in inflammatory bowel diseases



L, Mottet C. Treatment of fibrostenotic and fistulizing 
Crohn’s disease. Digestion 2012; 86 Suppl 1: 23-27 [PMID: 
23051723 DOI: 10.1159/000341961]

74	 Ono Y, Hirai F, Matsui T, Beppu T, Yano Y, Takatsu N, 
Takaki Y, Nagahama T, Hisabe T, Yao K, Higashi D, Futami 
K. Value of concomitant endoscopic balloon dilation for 
intestinal stricture during long-term infliximab therapy in 
patients with Crohn’s disease. Dig Endosc 2012; 24: 432-438 
[PMID: 23078435 DOI: 10.1111/j.1443-1661.2012.01315.x]

75	 Panes J, Bouhnik Y, Reinisch W, Stoker J, Taylor SA, 
Baumgart DC, Danese S, Halligan S, Marincek B, Matos C, 
Peyrin-Biroulet L, Rimola J, Rogler G, van Assche G, Ar-
dizzone S, Ba-Ssalamah A, Bali MA, Bellini D, Biancone L, 
Castiglione F, Ehehalt R, Grassi R, Kucharzik T, Maccioni 
F, Maconi G, Magro F, Martín-Comín J, Morana G, Pendsé 
D, Sebastian S, Signore A, Tolan D, Tielbeek JA, Weishaupt 
D, Wiarda B, Laghi A. Imaging techniques for assessment 
of inflammatory bowel disease: Joint ECCO and ESGAR 
evidence-based consensus guidelines. J Crohns Colitis 2013; 7: 
556-785 [PMID: 23583097 DOI: 10.1016/j.crohns.2013.02.020]

76	 Novak KL, Wilson SR. The role of ultrasound in the evalua-
tion of inflammatory bowel disease. Semin Roentgenol 2013; 
48: 224-233 [PMID: 23796373 DOI: 10.1053/j.ro.2013.03.003.]

77	 Lawrance IC, Welman CJ, Shipman P, Murray K. Correla-
tion of MRI-determined small bowel Crohn’s disease cate-
gories with medical response and surgical pathology. World 
J Gastroenterol 2009; 15: 3367-3375 [PMID: 19610137]

78	 Zhang LH, Zhang SZ, Hu HJ, Gao M, Zhang M, Cao Q, 
Zhang QW. Multi-detector CT enterography with iso-osmotic 
mannitol as oral contrast for detecting small bowel disease. 
World J Gastroenterol 2005; 11: 2324-2329 [PMID: 15818746]

79	 Hauser G, Tkalcic M, Pletikosic S, Grabar N, Stimac D. 
Erythrocyte sedimentation rate - possible role in determin-
ing the existence of the low grade inflammation in Irritable 
Bowel Syndrome patients. Med Hypotheses 2012; 78: 818-820 
[PMID: 22513237 DOI: 10.1016/j.mehy.2012.03.020]

80	 Ricanek P, Brackmann S, Perminow G, Lyckander LG, 
Sponheim J, Holme O, Høie O, Rydning A, Vatn MH. 
Evaluation of disease activity in IBD at the time of diagnosis 
by the use of clinical, biochemical, and fecal markers. Scand 
J Gastroenterol 2011; 46: 1081-1091 [PMID: 21619483 DOI: 
10.3109/00365521.2011.584897]

81	 Sorrentino D, Avellini C, Beltrami CA, Pasqual E, Zearo E. 
Selective effect of infliximab on the inflammatory compo-
nent of a colonic stricture in Crohn’s disease. Int J Colorectal 
Dis 2006; 21: 276-281 [PMID: 15951989]

P- Reviewers: Feo F, Grizzi F,  Sipos F, Tarantino G    
S- Editor: Zhai HH    L- Editor: A    E- Editor: Liu XM

107 November 15, 2013|Volume 4|Issue 4|WJGP|www.wjgnet.com

Principi M et al . Fibrogenesis in inflammatory bowel diseases



Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 

315-321 Lockhart Road, Wan Chai, Hong Kong, China
Telephone: +852-6555-7188

Fax: +852-3177-9906
E-mail: bpgoffice@wjgnet.com

http://www.wjgnet.com

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.


