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Abstract

Inflammatory bowel diseases (IBDs) are chronic in-
flammatory disorders of the bowel, including ulcerative
colitis and Crohn’s disease. A single etiology has not
been identified, but rather the pathogenesis of IBD is
very complex and involves several major and minor
contributors, employing different inflammatory path-
ways which have different roles in different patients.
Although new and powerful medical treatments are
available, many are biological drugs or immunosup-
pressants, which are associated with significant side
effects and elevated costs. As a result, the need for
predicting disease course and response to therapy is
essential. Major attempts have been made at identify-
ing clinical characteristics, concurrent medical therapy,
and serological and genetic markers as predictors of
response to biological agents. Only few reports exist on
how mucosal/tissue markers are able to predict clinical
behavior of the disease or its response to therapy. The
aim of this paper therefore is to review the little infor-
mation available regarding tissue markers as predic-
tors of response to therapy, and reevaluate the role of
tissue factors associated with disease severity, which
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can eventually be ranked as “tissue factor predictors”.
Five main categories are assessed, including mucosal
cytokines and chemokines, adhesion molecules and
markers of activation, immune and non-immune cells,
and other mucosal components. Improvement in the
design and specificity of clinical studies are mandatory
to be able to classify tissue markers as predictors of
disease course and response to specific therapy, ob-
tain the goal of achieving “personalized pathogenesis-
oriented therapy” in IBD.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

During the past decade, major insights into the patho-
genesis of inflammatory bowel disease (IBD) have been
achieved, and investigators generally agree that factors
including the external environment, genetic makeup,
intestinal microbial flora, and immune system are all in-
volved and functionally integrated in the generation of
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the chronic intestinal inflammatory reaction that charac-
terizes IBD'".

Among all factors, those considered to contribute
mainly to IBD pathogenesis are genetics, along with
mucosal immunity. New insights in mucosal immunity
have allowed for the introduction of biological agents,
which have led to great changes in clinical management
of IBD, as well as the course of the disease.

Biological drugs block key molecules that are in-
volved in the induction and maintenance of intestinal
chronic inflammation through several pathways, differ-
ently represented among patients. However, although
considered pathogenesis-oriented drugs, a lot still needs
to be done in order to achieve “personalized pathogen-
esis-oriented therapy” in IBD. The complex pathogen-
esis that involves several major and minor contributors,
involves different inflammatory pathways that can have
diverse roles in different patients.

These components should be taken into consideration,
when choosing from the variety of emerging therapies
available for IBD patients, especially biological agents and
immunosuppressants. These potent treatments may be as-
sociated with significant side effects, in particular serious
infections and increased risk of malignancy. In addition,
they might not be needed for the subgroup of patients
destined to have a more benign course. Their high cost
also requires optimal treatment-to-patient adjustment.

As a consequence, there is a pressing need to differ-
entiate between patients who may have more aggressive
phenotypes from those with a potentially more benign
course” with the use of markers that are capable of
predicting therapeutic responses.

Major attempts regarding the prediction of thera-
peutic efficacy have been made on clinical characteristics
(e.g. smoking is associated with lower response rates™),
concurrent medical therapy, serological markers (anti-
Saccharomyces cerevisiae antibody and anti-neutrophil
cytoplasmic antibody"®, outer membrane porin C, CBirl-
flagellin, antibodies against 12 protein and the anti-glycan
antibodies) and genetic markers”. All the above markers
have been assessed for their response to anti-tumor ne-
crosis factor (INF)-a therapy. Emerging evidence, mostly
related to the capacity of biological agents to induce
mucosal healing, has suggested that mechanisms related
to mucosal disease/healing are helpful in completing the
scenario of predictors of specific therapy in IBD.

However, how mucosal and tissue inflammatory path-
ways can influence or predict the disease remains largely
unknown, therefore making both prediction of disease
course and clinical management of IBD a challenging
task.

In fact, only few repotts exist on how mucosal/tissue
markers can predict clinical response, mostly related to
infliximab treatment (summatized in Table 1 and briefly
reported below).

Arijs et al”" have shown that mucosal extracts that
overexpress five genes, which encode osteoprotegerin
(INFRSF11B), stanniocalcin-1, prostaglandin-endoper-
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oxide synthase 2, interleukin (IL)-13 receptor o 2 and
IL-11, predict response to infliximab therapy with 89%
accuracy in patients with refractory ulcerative colitis (UC).
Notably, those genes encode for proteins involved in
signaling in the adaptive immune response, inflammation
and TNF-q pathways.

Another study from Van den Brande ef a/” has sug-
gested that higher levels of apoptosis in the intestinal
mucosa, as shown by 99mTc-annexin V uptake SPECT-
CT images comparing before and after infliximab infu-
sion, correlated with clinical response to infliximab in
active Crohn’s disease (CD) patients.

Schmidt e# @/ have demonstrated that, in 19 steroid-
refractory CD patients treated with infliximab or cy-
clophosphamide, lower mucosal TNF-o concentration
predicted long-term remission with a sensitivity of 100%
and a specificity of 87.5%.

Similar to the study mentioned above, Olsen e al'”
have reported that an inverse association between pre-
treatment TNF-o expression levels and clinical/endo-
scopic remission following infliximab treatment exists in
UC patients with moderate to severe disease activity. In
the same study, neither age, sex, steroid therapy, immu-
nosuppression, pancolitis, endoscopic sub-score, disease
duration, C-reactive protein, 1L.-4, IL-10 nor interferon
(IFN) predicted mucosal or clinical remission.

Arsenescu ¢f a/'" have revealed that, in a cohort of
69 CD patients, those with low levels of RelA subunit of
nuclear factor (NF)-kB, A20 (a negative regulator of NF-
kB), polymeric immunoglobulin receptor (pIgR), TNF-q
and IL-8, had moderate to severe disease and poor re-
sponses to immunosuppressive and anti-TNF-q therapy,
while patients characterized by low expression of RelA,
A20, and plgR, normal TNF-o and elevated 11.-8, had
acute inflammation that responded well to therapy.

Few reports are available on tissue factors as predic-
tors of response to corticosteroids. Is.higurollzJ have
found a higher protein level of IL-6 and TNF-a in bi-
opsies from patients with intractable disease who were
receiving corticosteroids compared to those with non-
intractable disease receiving corticosteroids; these find-
ings have not been confirmed in other studies' .

Alternately, Raddatz ez o/ have found that, in patients
with IBD, glucocorticosteroid receptor (GR) expression
was not different from controls, although it was decreased
in biopsies from UC patients who were non-responsive
to glucocorticosteroids. In those patients, the inhibitory
subtype GRb was expressed 100-1000 times less than
GRa. On the contrary intercellular adhesion molecule-1
(ICAM-1) mRNA expression, although elevated in biop-
sies from UC patients with active disease, was no different
in responders or patients with impaired response"*.

Another study has shown by univariate analysis that,
in a total population of 561 UC patients evaluated with
a median follow-up of 21.4 years since disease onset,
mean histological inflammation and steroid use were
predictors of colectomy!”,

Moving to tissue markers as predictors of disease
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relapse, Yamamoto e7 al'” have shown by multivariate
analysis that higher rectal mucosal I1.-8 level, younger age,
and greater number of prior relapses were independent
significant risk factors for future relapse in patients with
quiescent UC. In the same study, 1L-1, IL.-6 and TNF-o
levels in the rectal mucosa were not associated with re-
lapse.

In light of these experiments, the aim of this paper
is to review the role of tissue factors associated with dis-
ease severity, which may eventually be ranked as predic-
tors of disease course and response to specific therapy.
A schematic representation of the five proposed main
categories of mucosal biomarkers, including mucosal cy-
tokines and chemokines, adhesion molecules and mark-
ers of activation, immune and non-immune cells, and
other mucosal components, is shown in Figure 1.

MUCOSAL CYTOKINES AND
CHEMOKINES

Alterations in the production of many cytokines have
been described in patients with active BD"". Although
the significance of these findings in the pathogenesis of
IBD remains a controversial issue, as it is unclear whether
they are primary or secondary defects in the regulation of
the intestinal immune system, they can be considered as
markers in the differentiation of groups of patients.

In active IBD, a disturbed balance between regula-
tory and effector cells has been described, which mainly
involves effector T cells (Thl and Th2) and regulatory
T cells (Tregs, Th3). CD is associated with a Th1 T-cell
cytokine profile, including IFN-y, TNF-q, and 112",
whereas UC is associated with a modified Th2 type re-
sponse cytokine profile including I11.-15 and IL-10"". In
addition, these findings have been recently complemented
by the discovery of the TL-23/IL-17 axis that is part of
the effector T cell immunological response, and seems to
be involved in IBD. Levels of expression of 11.-23 and
1L-17 are increased in patients with active IBD".

TNF-o, IL-1, IL-6
IL-1 and TNF-q share a multitude of pro-inflammatory
properties and ate crucial in the amplification of mu-
cosal inflammation in IBD. Both cytokines, primarily
secreted by monocytes and macrophages, activate intes-
tinal macrophages, neutrophils, fibroblasts, and smooth-
muscle cells, inducing them to secrete prostaglandins,
proteases, and other soluble mediators of inflaimmation
and injury, as well as other chemotactic cytokineslzoj.
TNF-q is increased in the colorectal mucosa and
stools of both forms of IBD""*, and correlates with a
higher endoscopic inflammation score™. TNF-¢ is sig-
nificantly increased in the non- inﬂamed mucosa of CD
patients compared to controls"*! as well as in organ
culture taken from rnacroscoplcally normal mucosa,
Other studies'* have shown that several cytokines
other than TNF-q are also upregulated in the intestinal
mucosa of active IBD patients, including 1L-1 and IL-6.
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Figure 1 Mucosal biomarkers in inflammatory bowel disease (IBD). Based
on available data from IBD pathogenesis, there are five major categories of
mucosal biomarkers which can be assessed as predictors of disease severity
and also response to therapy. A: Mucosal cytokines and chemochines [tumor
necrosis factor (TNF)-a, interleukin (IL)-6, CXCL-2, etc.]; B: Adhesion mole-
cules (MadCAM, ICAM-1, efc.) and intracellular markers of activation [mitogen-
activated protein kinase (MAPK), nuclear factor (NF)-xB, A20, etc.]; C: Immune
cells (dendritic cells, monocytes, macrophages, lymphocytes, NK, plasma cells,
etc.); D: Non immune cells (endothelial cells, mesenchymal cells, platelets,
etc.); E: Other factors [toll-like receptors (TLRs), NLRs, mucin (MUC), G6PD,
etc.].

In addition TNF-q,, IL-1f and IL-6 mRNA expression
is increased compared to controls, with IL-6 being par-
ticularly high in the inflamed mucosa.

IL-4

IL-4 seems to play a crucial role in the Th2 response. One
study has found that II.-4 is expressed in most biopsies
from UC patients but not in CD*”, whereas others have
not found any association between IL-4 levels and any
form of IBD!"*, probably due to technical issues™.

IL-10

IL-10 is an anti-inflammatory cytokine produced by T
cells, which inhibits the production of IL-1, IL-6 and
TNF-a. Although a polymerase chain reaction (PCR)-
based qualitative study on 1L-10 in IBD has revealed
that 11.-10 is less frequently detected in UC compated to
controls and CD™, other studies have reported elevated

mucosal IL-10 expression in UC and CD™ or in UC
alonem’m’m]

IFN-y
IFN-y is elevated in all genetic animal models of IBD
and is crucial in the development of Thl responses.
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Target Techniques Use Ref.
Osteoprotegerin, STC1, PTGS2, Microarray and PCR on mucosal extract Predict response to IFX in UC Arijs et al”
IL13Ra2 and IL11

TNF-a levels and IL8, IL18 PCR and Immunohistochemistry on Clinical/endoscopic remission in UC, response Olsen et al™

mucosal biopsies, ELISA on organ culture

RelA, A20, pIgR PCR and Immunohistochemistry on

mucosal biopsies

GR expression RT-PCR on mucosal biopsies

Mean histological inflammation and Histology on colon biopsies
steroid use

Mucosal IL-8 level ELISA on mucosal biopsies culture

Ishiguro et al™”
1]

to corticosteroids, response to therapy in CD
Arsenescu et al
Schmidt et al”

Arsenescu et al™

Severe disease and poor responses to
immunosuppressive and anti-TNF-o therapy in
69 CD patients

Decreased in biopsies from UC patients non
responsive to glucocorticosteroids

For univariate analysis, were predictors of

Raddatz et al™

Hefti et al™
colectomy in 561 patients UC
In multivariate analysis, independent risk factors Yamamoto et "

for future relapse in patients with quiescent UC

GR: Glucocorticosteroid receptor; UC: Ulcerative colitis; CD: Crohn’s disease; TNF: Tumor necrosis factor; IL: Interleukin; pIgR: Polymeric immunoglobulin

receptor; ELISA: Enzyme-linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; IFX: Infliximab.

Mucosal IFN-y expression is elevated in clinically active
CDP but not in UC™ ™, which supports the theory that
an imbalance in cytokine expression occurs in UC and
CD; however, other studies have not reported such dif-
ferences between UC and CD patientsl36’37j.

Other mucosal cytokines and chemokines

Other cytokines in the intestinal mucosa that are associ-
ated with active IBD include 11.-21, I1.-18, I1.-8, mono-
cyte chemotactic protein (MCP)-1, RANTES, epithelial
neutrophil activating protein 78 (ENA-78), and 1L-32",

Western blotting analysis of biopsies from patients
with IBD and controls has demonstrated that 1L-21 (a
cytokine involved in the Th17 response) is overproduced
in the inflamed intestine of patients with CD, in com-
parison to patients with UC and normal controls™.

11.-18 is upregulated in intestinal mucosal cells of
patients with IBD™ and animal models have shown to
benefit from anti-IL-18 antibody therapy with reduced
severity in colitis™",

In the proximal and distal regions of the colonic
mucosa of UC patients, there was a greater than 10-fold
increase in IL-8 levels compared to control subjects. A
3-5-fold increase in leukotriene B4 levels was observed
along with a significant increase in myeloperoxidase levels
throughout the colonic mucosa in patients with ucH,

Other studies have reported elevated levels of MCP-1
and MCP-3, ENA-78, macrophage inflammatory proteins
1a and 1b, IFN inducible protein 10, stromal cell detived
factor 1, and fractalkine™™ ",

Of particular interest is the demonstration that RAN-
TES expression is not only increased in human IBD, but
also plays a crucial role in the transition of acute to chron-
ic disease in experimental models of colitis. In addition,
RANTES triggers leukocyte adhesion to the inflamed
intestinal microvasculature™ .

Furthermore, Kawashima e @/ have observed a sig-
nificant increase in CCR7 receptor only in CD and not
in UC patients or healthy subjects. These observations
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are consistent with the reported increase in CC ligand
expression in CD.

Studies assessing mucosal cytokine/chemokine panels
Several studies have attempted to explore the possibility
of detecting tissue factors as predictors of disease sever-
ity by combining the analysis of different components
simultaneously. However, none of these approaches has
been validated and none are used for clinical purposes.

Real-time PCR quantification of CXCL8, CXCL10,
calgranulin B and CXCL2 in colonic biopsies correlated
with clinical activity index and endoscopic activity index
in 27 UC patients, which suggests the use of these mol-
ecules as biomarkers and objective tools in clinical trials
for the evaluation of anti-inflammatory and immuno-
modulatory regimens'™.

Another study with real-time PCR analysis (some
confirmed by western blotting and enzyme-linked immu-
nosorbent assay) of biopsy specimens from patients with
UC and CD has shown increased expression levels of
IFN-y, TNF-q, 1L-6, I1.-15, 1L-18, and 1I.-23 in affected
and unaffected areas of IBD mucosa, compared to those
found in healthy controls. Conversely, 1L-1f3, IL-6, IL-12,
and 11.-27 levels were higher in affected areas compared
to unaffected ones in UC mucosa, but not in CD. A cotre-
lation between cytokine mRINA levels and inducible nitric
oxide synthase and granzyme B has been observed').

ADHESION MOLECULES AND MARKERS
OF ACTIVATION

Lymphocyte infiltration into the intestinal tract in IBD
is mostly mediated by the interaction between a4f7 in-
tegrin expressed on lymphocytes and its specific ligand,
mucosal vascular addressin CAM-1 (MAdCAM-1), which
is expressed on the endothelial cells of the microvascu-
lature in the inflamed intestinal tissue. Integrins form a
large family of transmembrane proteins that are required
for leukocyte-endothelium interaction, as well as cell-cell
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interactions in the intestinal mucosa. These molecules
together with the NF responsible for the signaling trans-
duction pathway, such as NF-kB and mitogen-activated
protein kinase (MAPK), are particularly abundant in the
inflamed mucosa in UC and CD.

In one study[ssl, MAdCAM-1-expressing venules were
more abundant in CD than in UC, whereas E-selectin was
equally expressed in both diseases. Furthermore, CD was
characterized by the presence of MAdCAM-1-expressing
venules deep into the intestinal tissue, mainly localized in
lymphoid aggregates.

Another group has reportedm increased endothe-
lial ICAM-1 expression in areas with dense lymphocyte
infiltration, and areas close to crypt abscesses and ulcer-
ations in the intestinal mucosa of active IBD patients.
Ulcerations were covered by a continuous layer of mac-
rophages and epithelial cells expressing ICAM-1.

We have reported previously”” CD40 overexpression
on mucosal endothelium in CD patients, which was re-
duced markedly after infliximab treatment, and reached
a level similar to that seen in the normal mucosa of
control subjects. In the same study, we reported vascular
cell adhesion molecule-1 overexpression in the intestinal
microvasculature of CD patients, which also disappeared
after infliximab treatment.

Nikolaus ¢z a/** have shown that CD patients that
relapse after induction of remission following infliximab
administration, are characterized by increased TNF-a se-
cretory capacity and mucosal nuclear NF-kB p65 before
reactivation of clinical symptoms. Conversely, extended
downregulation of nuclear concentrations of colonic mu-
cosal NF-kB p65 is associated with sustained induction of
remission.

Our group has reported increased phosphorylation
of all three MAPKSs (p38, extracellular signal-regulated
kinase and Jun N-terminal kinase) in the microvascula-
ture and mesenchymal cells of bowel preparations from
patients with CD and UC, compared to controls and
non-inflamed IBD mucosa®™. In the same study, activa-
tion of these major signal transduction pathways was
associated, 7 vifro, with increased production of inflam-
matory cytokines, as well as increased leukocyte adhe-
siveness to intestinal endothelial cells and fibroblasts.

IMMUNE CELLS

The uncontrolled inflammatory reaction in IBD is most
likely the result of the interplay between genetic defi-
ciencies in the innate immune system and an exaggerated
T-cell-driven adaptive immune responsem.
IL-17-positive cells have been detected by immuno-
histochemical staining in the inflamed mucosa of CD
and UC patients[()o‘. A recent study has confirmed the
presence of Th17 cells in CD mucosa but the authors
also found a previously unreported subset of mucosal
T cells that share features with Th1 and Th17 [cﬁﬁlls (.e.

cells concomitantly producing IFN-y and IL-17)™".
Abnormalities in Tregs in human IBD have been de-
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scribed but are unclear because of the few inconclusive
studies reported so far. It has been reported that, in the
course of active UC and CD, the number of circulating
Tregs is decreased compared to controls™ . but these
differences do not persist during remission, which sug-
gests that, in active IBD, Tregs migrate to the inflamed
gut. In fact, paralleling the clinical activity of the disease,
the number of Tregs during UC and CD has been re-
ported to increase in the intestinal lamina propria and
mesenteric lymph nodes'™***”, One study from Japan
has found that the relative proportion of CD4+CD25+
Tregs is significantly increased in patients with active
IBD" whereas a German study has demonstrated that
the frequency of CD4+CD25+ Tregs varies according to
1IBD activity[()zl. In the latter study, Tregs were functional,
but their number was reduced in the peripheral circulation
and only moderately expanded in the inflamed mucosa.

Neutrophils and monocytic cells also play an im-
portant role in the pathogenesis of IBD and in the
maintenance of active inflammation. Recently'®, inflix-
imab has been reported to decrease histological disease
activity in Crohn’s ileocolitis, by lowering the number of
neutrophils and mononuclear cells in intestinal mucosal
biopsies. Furthermore, the number of lamina propria
mononuclear cells is also reduced because of a global
reduction in CD4(+) and CD8(+) T lymphocytes and
CD68(+) monocytes.

Mucosal dendritic cells (DCs), the main antigen-pre-
senting cells in the gut, display an activated phenotype
in IBD tissues, which is indicative of their involvement
in the local chronic inflammatory reaction. In particu-
lar, they have been shown to express elevated levels of
CD40 in mucosal extracts from UC and CD patients.
These levels decrease after patients are treated with anti-
TNF-a"”. Another groupm] has reported an imbalance
in intestinal DC subpopulations in a group of pediatric
CD patients that underwent surgical bowel resection,
following different therapies. In particular, immature
DCs (CD11c+CD83-CD68-DC-SIGN+) were only
found in non-inflamed control colonic tissue, whereas
mature (CD11c+CD83+CD68+DC-SIGN+) DCs were
markedly reduced (60% and 30%) in CD tissue samples
compatred to controls. In addition, tissue samples from
CD patients undergoing corticosteroid therapy display
marked depletion of DCs compared to tissue from
untreated patients or those treated with other drugs.
Colonic tissue with severe inflammation shows reduced
numbers of CD11c+ and CD83+ DCs in the lamina
propria and submucosal compartments, with a concomi-
tant increase in DCs in the muscularis, compared to
moderately inflamed and non-inflamed CD tissue

Active CD is also associated with an increased number
of macrophages in the ileal and colonic mucosa. A recent
study™” has shown increased numbers of macrophages
expressing the scavenger receptor CD163 in colonic
mucosa of CD patients concomitantly affected by spon-
dyloarthritis. Macrophages or DCs that express RANK
(receptor activator of NF-kB ligand), CD68 and S100
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protein are increased in the colon of CD patients, par-

ticularly in inflamed areas compared to normal colon'™.

NON-IMMUNE CELLS

Other important cell types that participate in the chronic
inflammatory response of IBD, include epithelial, mes-
enchymal and endothelial cells, and platelets, which exert
many of the functions traditionally attributed to classical
immune cells, such as cytokine production or expression
of major histocompatibility complex class I antigensﬂg].

Immunohistochemical studies have shown that intesti-
nal epithelial cells IECs) inappropriately express the class
II antigen HLLA-DR in actively inflamed mucosa of UC
and CD patients' . More recently, IBD TECs have been
reported to inappropriately express members of the B7
family of costimulatory molecules™, a finding that sug-
gests alterations in B7-ICOS costimulatory pathways in
1BD.

Other studies have shown that, in IECs, expression
of toll-like receptor (TLR)3 is significantly downregulat-
ed in active CD but not in UC, whereas TLR4 is strongly
upregulated in both CD and UC™. In the mucosa of
patients with postcolectomy active pouchitis, expression
of TLR2 and TLR4 is also strongly upregulatedm. In
addition, patients with CD show a reduced content of
defensins in the affected ileum, and this reduction is in-
dependent from the degree of mucosal inflammation”

The involvement of fibroblasts in IBD traditionally
has been viewed as being restricted to the production of
extracellular matrix components and the pathogenesis of
a common and serious complication, such as intestinal
fibrosis™. However, fibroblasts ate also involved in gut
injury because they represent a major source of matrix
metalloproteinases (MMPs), a family of proteolytic en-
zymes that are directly responsible for the tissue destruc-
tion that occurs during inflammation.

In the course of IBD, upregulation of MMPs occurs
in the intestinal tissue, and this increase is lowered sig-
nificantly by the anti-TNF-q, antibody infliximab. These
observations have been confirmed by the work of Meijer
et al”. They have reported increased expression of
MMP and tissue inhibitor of metalloproteinase (TTMP)
in the intestinal mucosa from patients with IBD, com-
pared with control samples. Furthermore, infliximab
downregulated expression of MMP-1, -3 and -9 but not
TIMP-1 and -2, depending on genotype.

Wang ez al®" have confirmed these findings. They
have shown that mRNA and protein expression of
MMP-1 and TNF-q in the ulcerated and inflamed co-
lon mucosa of patients with UC is significantly higher
than that in non-inflamed mucosa of normal controls.
Furthermore, the expression of MMP-1 and TNF-q in
the ulcerated area is significantly higher than that in the
inflamed area of patients with UC.

Endothelial cells play an essential role in inflam-
mation as a result of their central gatekeeper function,
which controls the quality and quantity of leukocytes
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that transmigrate from the vasculature into the intersti-
tial space. This process is complex and is mediated by a
number of molecules, including cytokines, chemokines
and adhesion molecules.

Bardin ¢/ a/*" have shown that, in active disease, high
expression of CD146 is observed on endothelial cells in
intestinal biopsies from patients with CD and UC. In ad-
dition, there is a decrease in the soluble form of CD146
in relation to active disease and extent of CD and UC.
Lower levels of soluble CD31 have also been detected
in UC, but not in CD. This suggests CD146 as a novel
marker of the endothelial intercellular junction, which
reflects endothelial remodeling more effectively than
soluble CD31 does.

Angiogenesis has been suggested to play an integral
part in IBD pathologylsz]. Vascular endothelial growth
factor (VEGF) has long been considered to play a central
specific role in angiogenesis. Our group has reported[gzl
increased microvessel density in IBD mucosa, with an in-
crease in oV 33 expression on new mucosal vessels. These
observations are associated with increased mucosal levels
of VEGE, which in turn are able to induce increased
angiogenesis in corneal and chorioallantoic membrane
assays. Other groups[&ﬂ have confirmed our findings, and
have shown increased VEGF expression in CD and UC
compared to controls. Furthermore, immunohistochemi-
cal staining for CD146 is also higher in both forms of
IBD, as well as CD34 expression, which indicates a pos-
sible role of angiogenesis in the pathogenesis of IBD.

Endothelial junction adhesion molecules, such as
CD146, recently have been suggested to play a role in
angiogenesis. CD34 is expressed on the vascular endo-
thelium, and is upregulated in IBD.

In active CD and UC, a loss in the expression of en-
dothelial EPCR (the receptor for protein C) and throm-
bomodulin has been reported, therefore impairing the
activated protein C pathway in the intestinal microvascu-

lature™,

OTHER MUCOSAL COMPONENTS

A positive correlation has been found between mucosal
levels of total lactate dehydrogenase (LDH) isoenzyme
M monomers and LDH 5 monomers for each of the
histological subgroups of UC, while glucose-6-phos-
phate dehydrogenase activity seems to be independent
of inflammatory changes™.

Peroxisome proliferator-activated receptors (PPARs)
are members of the nuclear hormone receptor superfam-
ily of transcription factors whose activities are regulated
by high affinity binding of small lipophilic ligands such
as steroid hormones. PAR2 methylation status in rectal
mucosa has been shown to correlate with more severe
disease phenotypes of UC™.

Mucin 2 (MUC2) precursor biosynthesis and total
MUC2 levels are significantly decreased in UC patients
with active inflammation, compared to controls. In con-
trast, both these parameters returned to control values
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during remission from inflammation, which demonstrates
that colonic biosynthesis and total amounts of MUC2
vary according to disease activity. However, MUC2 mRNA
levels are similar in all patients and are independent of
disease activity, which indicates that these variations in
MUC2 synthesis are regulated post—transcriptionally[sﬂ.

Immunohistochemical analysis[ssl of cryostat sections,
using polyclonal and monoclonal antibodies specific
for TLR2, TLR4 and CD14, have shown a significant
increase in TLR2 expression in the terminal ileum of
patients with inactive and active UC compared with con-
trols. Significant upregulation of TLR4 expression rela-
tive to controls has been found in the terminal ileum and
rectum of UC patients in remission and in the terminal
ileum of CD patients with active disease. CD14 expres-
sion is upregulated in the terminal ileum of patients with
active and inactive CD. It is also upregulated in the ce-
cum of UC patients in remission and with active disease,
and in the rectum of patients with active UC.

CONCLUSION

The identification of tissue markers, together with other
predictors, is crucial for clinical assessment and man-
agement of IBD. Although several attempts have been
made, it is clear that more efforts should be made in
creating a wider analysis, which involves more IBD cen-
ters and patients. To achieve this, a prospective obser-
vational study to identify precursors for each subgroup
of patients is necessary. More consistent data from im-
munohistochemistry or western blotting of cytokines on
mucosal extracts are needed. Interesting data also can
be derived from tissue indicators of activation, such as
NF-kB, MAPK or markers of other pathways, which are
also involved in IBD pathogenesis. Finally identifying
whether an immune or non-immune cell type is involved
in mucosal inflammation through specific markers of
activation/function, also represents another important
aspect to be addressed by further research.

In conclusion, we must admit that, to date, despite
great potential, no tissue factor can be considered as a
predictor of disease progression or response to therapy
in everyday clinical practice devoted to the management
of patients with IBD.
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