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Abstract

Cytokines play a central role in the pathogenesis of inflammatory bowel diseases. For this reason, the
vast majority of biological therapies are aimed to block pro-inflammatory cytokines or their receptors.
Although these drugs have modified the course of the disease due to their efficacy, a high rate of non-
response or loss of response over time is still an important issue for clinicians. In this perspective,
many studies have been conducted in recent years to individuate a reliable biomarker of therapeutic
response. In this review, we discuss the role of cytokines involved in the pathogenesis and in the
therapy of inflammatory bowel diseases, and their putative use as pharmacological biomarkers of
therapy responsiveness.
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MAIN TEXT
Introduction

Inflammatory Bowel Diseases (IBD) are chronic relapsing conditions characterized by an abnormal
activation of immune system, leading to a significant damage of gastrointestinal tract.! The two major
subtypes of IBD, Crohn’s Disease (CD) and Ulcerative Colitis (UC), are distinguished by some
clinical and histopathological characteristics, even if they share many pathophysiological features.?

Nowadays, the mechanisms underlying development and pathophysiology of IBD are not fully
understood. However, an overactive mucosal immune response against gut microorganisms in
genetically susceptible individuals is thought to play a predominant role.>® At present, current
therapeutic approaches, far to be resolutive for the inflammatory process, allowed to counteract the

activation of the inflammatory cascade.®

The characterization of the immunophenotype of mucosal cells in IBD allowed the identification of
several key players in the onset and development of the pathological process, highlighting a critical
involvement of cytokines in orchestrating the major immunologic events underlying IBD.? A better
comprehension and identification of key cytokines, critically involved in the pathophysiology of IBD,
paved the way to the development of several biological therapies’. In this regard, the introduction of
the innovative single-cell analysis of samples obtained from IBD patients, in parallel with the
available pre-clinical models of IBD, allowed to identify several cytokine and cellular pathways
associated with intestinal inflammation, as novel and potential alternative therapeutic targets.’
However, it remains very difficult to target therapies to those patients most likely to respond. In this
regard, a number of recent studies are beginning to investigate if the assessment of tissue and
circulating levels of some cytokines can be used as biomarkers, useful to predict the response to
biologic therapy in IBD. The aim of this review is to illustrate the available data about how and to
what extent cytokine patterns can affect the response to a biological therapy, and critically discuss

their putative use as pharmacological biomarkers of therapy responsiveness.



Cytokines in the pathogenesis of IBD

The cytokines represent the key pathophysiologic elements, driving and shaping the onset and the
progression of the phlogistic process occurring in IBD. At present, based on the binding to different
receptors, the cytokines are divided in six families®: the hematopoietin (Class 1) family, the interferon
(Class 1) family, the tumor necrosis factor (TNF) family, the interleukin (IL)-1 family, the 1L-17
family and the chemokines. Such families exhibit different functions, although they share sequence
similarity and some promiscuity in their reciprocal receptor systems. In particular, the receptors for
the class I and 11 cytokines are dimers or trimers that typically consist of unique ligand-binding chains
and one or more signal-transducing chains, which are often shared by receptors for different
cytokines®. Both engage the JAK-STAT (Janus activated kinase—signal transducer and activator of
transcription) signaling, and the only difference between these two families is represented by a
membrane proximal peptide stretch containing a tryptophan-serine-X-tryptophan-serine motif, where
X is any amino acid only in Class | receptors®. The TNF family receptors are trimers that share
intracellular signaling mechanisms aimed to stimulate gene expression, but in some cases induce
apoptosis trough the activation of caspase-8. The receptors of IL-1 family display a conserved
cytosolic sequence, and engage similar signal transduction pathways that induce gene transcription.
IL-17 family receptors are pre-formed oligomers that activate intra-nuclear mediators that are usually
associated with innate immune signaling. Chemokine receptors are G-protein-coupled that can bind
many different chemokines, as well as a chemokine can bind different receptors.

In this paragraph, we discuss the role of the main pro-inflammatory and anti-inflammatory cytokines

in the pathogenesis of IBD.

TNF

TNF is a pro-inflammatory cytokine produced mainly by activated macrophages, monocytes and T
lymphocytes, and is chronically elevated both in intestinal cells and in serum of IBD patients® °.
Activation of TNF receptor (TNFR)-1 induces an intracellular signaling cascade with pleiotropic
effects involving apoptosis, cell proliferation or cytokine secretion. Activation of the nuclear factor
kappa B (NF-xB) following stimulation of TNFR-1 results in translocation to the nucleus and
transcriptional upregulation of several genes such as IL-8, IL-1, IL-6, COX-2 and TNFY
Alternatively, TNFR-1 engagement can activate a caspase-8 dependent signaling pathway triggering

a pro-apoptotic process*!.



The TNFR-2 pathway does not contain a death domain and its stimulation can result in proliferation,
migration and cytokines’ production (such as IL-1 and I1L-6)*2. Therefore, TNF plays a leading role
on sustaining inflammation in IBD among all the pro-inflammatory cytokines, promoting
upregulation of other inflammatory cytokines, as well as up-regulating the expression of adhesion
molecules in the endothelium allowing lymphocytes homing and the activation of macrophages®. In
addition, a number of evidences highlighted its pivotal role in altering the intestinal barrier integrity

eliciting the apoptosis of epithelial gut cells®3.

IL-12 group

This family includes a series of heterodimeric cytokines, such as I1L-12, 1L-23, IL-27 and 1L-35%.
Despite many structural similarities in the cytokines (chain pairing promiscuity is a common feature
of them), their receptors and downstream signaling components, they possess vastly contrasting
biological activities'*. The two dimers of this group of cytokines consist of an o chain (p19, p28 or
p35) and a B chain (p40 or Ebi3). The p40 chain can pair with p35 or p19 to form IL-12 or IL-23,
respectively, while Ebi3 can pair with p28 or p35 to form IL-27 or IL-35, respectively*,

IL-12 is a pro-inflammatory cytokine produced by dendritic cells, macrophages and B cells in
response to microbial pathogens®®. This cytokine is a Class | cytokine, so its functions are mediated
by a JAK-STAT activation. 1L-12 induces Interferon (IFN)-y production by NK cells and CD8+ T
cells, which activate additional antigen presenting cells for 1L-12 production, and facilitates Thy
differentiation of naive CD4+ T cells®®. Moreover, 1L-12 antagonize Th; response and differentiation
by inhibit IL-4 production’’. Therefore, IL-12 secretion associated with innate recognition of
pathogens was linked with the development of adaptive immune responses dominated by the

production of IFN-y, which is central in the pathogenesis of autoimmune inflammation®®,

IL-23, like IL-12, is a pro-inflammatory cytokine produced by dendritic cells and macrophages that
creates a positive feedback loop that enhances IL-23 expression. However, if differs from IL-12 by
playing a key role in Thy7 development!®. Thy7 lymphocytes have a central role in autoimmunity and
regulate inflammatory response at mucosal level?®. They produce a milieu of cytokines, such as IL-
17, 1L-21, 1L-22, 1L-26% . Functionally, IL-17 and IL-21 promote inflammation through the
upregulation of TNF, IL-1B, IL-6, and IL-8, recruitment of neutrophils and secretion of tissue-

degrading proteases by intestinal fibroblasts?? 23,



IL-13

IL-13 is a cytokine secreted by eosinophils, basophils, CD8" T-lymphocytes, and activated Th; cells,
and exerts its functions trough the activation of JAK-STAT signaling in the same producing cells, as
well as in fibroblasts, dendritic cells and epithelial cells?*. The main inflammatory role of this
cytokine is against helminthic infections as a part of the gut mucosal immune response system. I1L-13
acts in mucosal immunity as a factor that stimulates goblet cells to produce mucus, and attracts
eosinophils to release and increase the IgE production®. In IBD, IL-13 limits Thy7 inflammation by
blocking IL-17 production, with a subsequent result of increasing 1L-10%. This effect has been proved
by investigating related responses on both human and mouse cells, which suggests a homeostatic role
of IL-13 in the gut?’. On the other hand, IL-13 is also produced by natural killer T-cells, and exerts a
negative effect on gut barrier function, promoting an increase of permeability?®. In addition, IL-13
participate also to increase gut motility and epithelial secretion®. This is particularly important in
UC, characterized by an increase of Th, population, promoted by IL-4. Indeed, IL-13 levels in patients

with active UC are higher in comparison with the active CD patients and healthy controls?® *°,

IL-6

IL-6 is a pleiotropic cytokine involved in the differentiation and proliferation of CD4* and CD8"* T-
cells via JAK-STAT signaling pathway®" 32, For this reason, IL-6 is classified into the Class | family.
Macrophages and dendritic cells are the main source of IL-6 in response to infections and tissue
injuries, and the secretion of this cytokine contributes to immune defense through the stimulation of
acute phase proteins and differentiation of T-cells®®. I1L-6 is indispensable for Thy7 differentiation
from naive CD4"* T cells, and this is particularly important in the pathogenesis of CD**. Moreover,
the synergic action with IL-1p promotes the survival of T-cells, and facilitate granulocytes
recruitment and the subsequent promotion of Thi7 activity, especially in CD.%° Indeed, IL-6 levels are
significantly higher in CD than in UC.*® Furthermore, 1L-6 also inhibits transforming growth factor
(TGF)-B-induced Trq differentiation’®. T are suppressive CD4* T-cells, which plays an important
role in maintaining gut immune homeostasis.®® 3" Despite the molecular suppressive mechanism is
not completely know, these cells boost the production of two important anti-inflammatory cytokines,
IL-10 and TGF-B.*® The alteration of the Thai7/Teg balance is considered to be responsible for the
disruption of immunological tolerance, and, thus to be pathologically involved in the development of
IBD*.

TGF-p



TGF-B is produced by many cell types: epithelial cells, immune cells, and fibroblasts®® “°. TGF-B is
an anti-inflammatory cytokine, with the activation of SMAD nuclear pathway, but is not able to exert
its anti-inflammatory role in IBD patients, due to the increased levels of SMAD7%. Although the
mechanism underlying modulation of TGF-p in the human intestine remains to be elucidated, TGF-
B production is upregulated by various factors, such as bacteria, viruses, cytokines, apoptotic cells,
and the autocrine/paracrine loop* %2, Intestinal TGF-B exerts its anti-inflammatory function by
modulating adhesion molecule expression, preventing goblet cell depletion and dysbiosis, 1L-33
production, and enhancing epithelial tight junction expression®.

IL-10

IL-10 is a major immunosuppressive cytokine, which belongs to Class Il family. It is produced by
nearly all leukocytes, including macrophages, dendritic cells, natural killer cells, neutrophils,
eosinophils, mast cells, B cells and a large number of CD4+ T-cell subsets (including Th1, Thy, Thiz,
Thaz, Treg)*. IL-10 binding to its receptor activates the JAK1/STAT3 cascade, where phosphorylated
STAT3 homodimers translocate to the nucleus to activate the expression of target genes (such as
Bcl3, etv3, hdacl) which suppress the expression of pro-inflammatory genes* 46, The 1L-10/STAT3-
mediated anti-inflammatory response is activated in macrophages ad dendritic cells, where it is in
opposition to the pro-inflammatory IL-6 pathway, which is also mediated by STAT3*". On the other
hand, the anti-inflammatory effect of IL-10 in macrophages is mediated by the transcriptional
inhibition of the LPS-induced genes, including pro-inflammatory mediators, such as cell surface
receptors, chemokines and cytokines*®. In addition, IL-10 also suppresses cytokine production in
neutrophils*® and regulates apoptosis in B cells®. One of the crucial function of this cytokine in IBD
is related to its capability to inhibit the release of TNF, which is critical to the maintenance of immune

homeostasis in gastrointestinal tract®?.



Cytokines as targets of treatment

Based on the increasing knowledge about the molecular mechanisms underlying IBD, over the years
several molecules have been developed to modify the intra- and extra-cellular signaling pathways of
cytokines. In particular, the modulation of cytokine signaling in IBD recognizes different types of
approaches: 1) direct inhibition of single cytokines or their receptors, such as TNF, IL-12, 1L-23; 2)
indirect modulation through the blockade of lymphocyte trafficking towards the intestinal mucosa
through the blockade of specific integrins; 3) blockade of the superfamily of JAK receptors. In this
paper, only therapies based on a direct action on cytokines are discussed.

At present, the blockade of TNF is the most common way to manage IBD patients. Since introduction
of Infliximab (IFX) in the clinical practice in 1998,%2 the use of anti-TNF drugs has dramatically
changed the management of IBD, as these drugs have been shown to be effective in inducing and
maintaining remission in both CD and UC. Nowadays, several anti-TNF drugs are approved for the
treatment of CD and UC: IFX and Adalimumab for both diseases, Golimumab only for UC, and
Certolizumab Pegol for CD. These drugs are IgG monoclonal antibodies, able to restore the integrity
of the intestinal epithelial tight junctions, and to reduce neo-angiogenesis that contributes to the
recruitment of cytokines.? However, the evidence that over 60% of moderate-to-severe IBD patients
does not respond to anti-TNF drugs, in parallel with the high rates of loss of response,* spurred the
scientific community toward the development of drugs targeting other pathways involved in the onset
and development of intestinal inflammation. In this regard, the evidence of the involvement of IL-12
and IL-23 in promoting a Thy and Thz7 driven inflammation in IBD led to the design and development
of specific drugs against this molecular target.>* Ustekinumab, a human IgG antibody that blocks the
p40 protein, (the subunit shared by IL-12 and IL-23), is currently approved for the treatment of
moderate-to-severe CD in anti-TNF failure patients cohort (UNITI-1), conventional therapy failure
patients cohort (UNITI-2)% and in the maintenance phase study (IM-UNITI)%®. The phase 3 trial

evaluating the efficacy and safety of ustekinumab in UC is still ongoing.

Of note, the increasing evidences demonstrating a critical role for 1L-23 in mucosal inflammation,
lead to the development of selective IL-23 inhibitors. Risankizumab is a humanized monoclonal
antibody against p19 subunit, which is specific for IL-23, thus preventing the binding with its
receptor. The phase 2 trial including moderate-to-severe CD patients showed that this drug is more
effective than placebo in inducing clinical remission after 12 weeks®’. The open label extension study
showed that risankizumab is effective in increasing clinical response and remission rates at week 26,
and provides a sustained response at week 52°8; Phase 3 trials, both in UC and CD, are still ongoing.

Brazikumab, another anti IL-23 p19 human 1gG2 monoclonal antibody, showed higher rates of
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clinical response, compared to placebo, in a randomized phase 2b trial in moderate to severe CD
patients who had failed at least one anti-TNF drug, with no differences in terms of safety®®. Other
selective anti IL-23 antibodies, such as mirikizumab and guselkumab, approved in 2017 for the
treatment of moderate to severe psoriasis, have shown encouraging results in phase 2 studies
performed both in CD and UC patients, and are now on phase 3 testing.

As indicated in the previous paragraph, another potential target in IBD treatment is IL-6, a
pleiotropic cytokine that plays a central role as a regulator of the adaptive immune response in IBD®C.
In phase I trial, tocilizumab, a monoclonal antibody anti-IL-6R, showed its efficacy in inducing
clinical remission in active CD at week 8 and 12, despite no difference was observed in endoscopic
and histological response®®. In a randomized phase 2 trial performed in moderate-to-severe CD
patients, PF-04236921, a fully human 1g-G2 monoclonal antibody that binds IL-6, has been studied.
This drug showed to elicit a significant clinical improvement compared to those treated with placebo
at week 8 and week 12, 2,

IL-13 has emerged as an important cytokine effective in UC and fistulizing CD, thus representing
another attractive target for the development of a novel potential therapeutic option in 1BD®2,
Anrukinzumab, a humanized IgG1 antibody that binds IL-13 and inhibits binding of IL-13 to IL-4Ra,
has been evaluated in a phase Ila study. In this context, 152 patients with mild to moderate UC were
randomized to receive placebo or anrukinzumab at different doses. At week 14, there were no
statistically significant differences between the actively treated group at any dose compared to

placebo, suggesting that 1L-13 is not an effective therapeutic target in UC.%

Another promising target for IBD management is Interleukin-17 (IL-17). Indeed, in the intestine this
pro-inflammatory cytokine, stimulates the secretion of IL-6 and IL-8 from epithelial cells and
myofibroblasts, and the upregulation of intercellular adhesion molecule-1 (ICAM-1) on intestinal

endothelial cells®®.

Secukinumab, a fully human anti-IL-17 monoclonal antibody, was tested on 59 CD patients in a
randomized, double-blind, placebo-controlled trial, showing no significant clinical benefit, and
displaying higher rate of adverse events compared to placebo®. Brodalumab, another human
monoclonal antibody against IL-17RA, was evaluated in a phase Il trial in moderate to severe CD
patients. This study was early suspended because a significant worsening of CD was observed in

patients actively treated with the drug compared to placebo, with no evidence of efficacy®’.

Another therapeutic approach in the treatment of IBD was focused on the promotion of the activities

of the regulatory cytokines, such TGF-f or IL-10. At present, the only therapeutic option tested in
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IBD to activate TGF-B activity is represented by Morgensen,®® an oral antisense oligonucleotide, but
it is not a monoclonal antibody and, therefore, it is not relevant for the purposes of this review. When
evaluating the effect of a human recombinant IL-10 in CD patients, SCH 52000, despite the
encouraging results in the first studies®®, a further double-blind, placebo-controlled trial did not show
any benefit in preventing endoscopic recurrence after 12 weeks’®.

All the cytokines-based therapies proposed are illustrated in Table 1.
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Cytokines as biomarkers of treatment response

A key feature of the mucosal cytokine network is its dynamic fluidity, and it is likely that the blockade
of a single cytokine in patients with IBD may lead to the establishment of alternative compensatory
pro-inflammatory cytokine pathways.* This is probably the reason why available therapies in IBD
have a high rate of loss of response over time. When considering the biologic drugs currently available
for medical prescription, it has been described a loss of response rate ranging between 23 and 46%
for anti-TNF drugs,”* 39% for VDZ"?, and 36% for ustekinumab3. Based on these findings, the design
of selective targeted therapy for individual patients with IBD would decrease the number of patients
that lose the response to biological drugs.

At present, this approach is difficult, since it needs one or more reliable biomarkers in order to identify
the modification of inflammatory pathways. The most used biomarker in IBD practice is represented
by fecal calprotectin, but it reflects only a non-specific anti-inflammatory response.’ "™ For this
reason, an analysis of cytokine levels, in serum or in the inflamed mucosa, could be useful to predict

the pharmacological response to biological drugs.

Crohn’s disease

Niederau et al.”® firstly proposed the role of cytokines in monitoring clinical activity of IBD, and
demonstrated that a reduction of serum IL-6 during conventional medical therapy could reliably
predict therapeutic efficacy in CD patients. However, only few studies in CD included the assessment
of serum IL-6 as a biomarker of therapeutic response to biologic therapy. An interesting study by
Billiet et al.”” performed on a large cohort of CD patients, compared the serum levels of IFNy, TNF
and IL-6 in primary non-responders and responders to IFX therapy at the end of the induction. Serum
TNF levels increased significantly after each drug infusion and this increase resulted more
pronounced from week 0 to week 14 in responders. On the other hand, IFNy and IL-6 concentrations
decreased significantly at week 2 and week 6 in responders compared to primary non-responders.
Similarly, a prospective study by Ogawa et al.”® demonstrated that serum levels of TNF were
significantly higher both at week 2 and 6 compared to baseline in CD patients treated with IFX,
regardless of therapeutic outcome. In the same study, the authors demonstrated that higher levels of
IL-12, IL-17, and IL-23, at baseline might be predictive markers for poor therapeutic response to IFX
treatment. With regard for 1L-6, a small study by Song et al.”® showed a decrease of this cytokine
after 12 weeks of treatment with anti-TNF, which was more pronounced in responders than in non-

responders, in line with the findings of Billiet et al.”’
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Defendenti et al.2%, following the evaluation of a panel of serum cytokines in CD and UC patients,
demonstrated a significant correlation between IL-9 level and disease severity in CD, but not in UC.
In this perspective, a recent study by Feng et al.8* showed that serum IL-9 level declined in patients
with CD with clinical response after 30 weeks of IFX therapy. Interestingly, 1L-9 level at week 14
could predict therapeutic outcome at week 30. Moreover, the cutoff values for IL-9 were
incrementally lower in the prediction of clinical remission and mucosal healing. The decrease in the
level of this cytokine seem to reflect directly the increasing level of inflammatory suppression
required to achieve these outcomes in clinical practice. For this reason, serum IL-9 represents a
putative reliable biomarker of therapeutic response to IFX, and it would be interesting to evaluate its
role during adalimumab or even VDZ treatment.

Fluorescently labelled TNF-specific antibodies have been used to determine the abundance of
immune cells that express membrane-bound TNF in the mucosa of patients with CD, obtaining a kind
of “in-vivo imaging”.82 The presence of high levels of immune cells expressing membrane-bound
TNF predicted a positive clinical response to subsequent therapy with anti-TNF drugs. Conversely,
the presence of few immune cells expressing membrane-bound TNF was prognostic of a scarce
response to this type of therapy, suggesting that gut inflammation was TNF-independent. Although
this approach does not represent a real assessment of cytokines as a biomarker of biologic therapy, it
IS conceivable that “in-vivo imaging” should be improved and more extensively used in monitoring

therapies in the next future.

Lastly, it is worthy to mention the possible role of IL-17 as putative biomarker, although great
expectations have been disappointed. In CD, a Thi7-dependent disease, an increased IL-17 level in
the inflamed mucosa and serum of IBD patients was reported.®® At present, no studies have been
aimed to monitor serum IL-17 during biologic therapy. However, a recent study performed during
the Phase 2 trial performed on CD patients treated with Risankizumab, highlighted that this
monoclonal antibody targeting the IL-23 p19 subunit could modify transcriptomic expression of IL-
17-dependent genes in colonic mucosa only in drug responders.2* On the other hand, Katz et al.®
demonstrated that anti-TNF therapy did not have a significant impact on the expression of IL-17 in
CD4 lymphocytes of CD patients. Of note, a tissue and serum assessment of IL-17 during biologic
therapy could be useful to clarify whether this cytokine might be considered as a possible biomarker

of therapeutic response.

Ulcerative colitis
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Olsen et al.2® demonstrated that IFX treatment was less effective in UC patients with high mucosal
expression of TNF mRNA at baseline. In addition, the same authors pointed out that after 10 weeks
of treatment with IFX the tissue expression of TNF and IFNy mRNA underwent a more pronounced
decrease in therapy responders than in non-responders, in terms of clinical and endoscopic
improvement.®” Accordingly, Hassan et al.® showed that tissue TNF down-regulation in UC patients
responding to the induction of IFX therapy was strictly associated with a dramatic regression of the

inflammation evaluating the histological activity.

Similar findings were reported in studies evaluating serum levels of TNF. Magnusson et al.®
demonstrated that serum levels of IL-5, IL-8 and TNF decreased after 2 weeks of treatment with IFX

in UC patients responding to therapy, but not in therapy failures.

The therapeutic effects of IFX in UC patients are likely to arise not only from a direct suppression of
tissue expression of TNF, but also from an indirect suppression of other Th; cytokines, such as IFN-
v. In this regard, a study by Dahlen et al.%® evaluated both serum and mucosal expression of a panel
of cytokines in UC patients treated with anti-TNF. At baseline, IFX responders had lower mucosal
MRNA expression for IL-1p, IL-17A, IL-6 and IFN-y than non-responders. Fourteen weeks after
baseline, mucosal IL-1p and IL-6 were down-regulated in therapy responders but not in non-
responders, and serum levels of IL-6 were decreased only in responders. By contrast IFNy and 1L-12
p70 were increased in non-responders. On the other hand, a study by Rismo et al.°* performed in the
same subset of patients, showed that high mRNA expression of mucosal IFN-y and IL-17A at baseline

was associated with therapeutic response.

The serum IL-6 levels seem to be the most important biomarker in predicting therapeutic efficacy to
IFX. Accordingly to Dahlen et al.?, Sato et al.® displayed that, after 8 weeks of treatment, serum IL-
6 concentration was significantly lower in responders than in non-responders at week 26. Likewise,
Nishida et al.*® demonstrated that lower levels of IL-6 at baseline are associated with clinical response
to IFX induction. The reason about this correlation is still poor defined. In this regard, it has been
hypothesized that, one of the mechanisms of action of IFX therapy is related to its ability also to
suppress the IL-6 expression. For this reason higher levels of this cytokine might not be sufficiently
suppressed, and this might determine a failure in drug response. The study by Sato et al.®? evaluated
a panel of 17 cytokines (IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17,
granulocyte macrophage colony-stimulating factor (GM-CSF), IFN-y, TNF, granulocyte colony-
stimulating factor (G-CSF), macrophage inflammatory protein (MIP)-1f, and monocyte chemotactic
protein (MCP)-1). This study pointed out that only IL-6 showed a correlation with clinical response
to IFX. In parallel IL-8 and MIP-1p decreased significantly after 8 weeks of treatment. Not significant

13



changes was observed in the serum concentration of other cytokines, suggesting that, in UC patients,
the use of serum cytokines as biomarkers of therapeutic response to IFX is still limited.

Another challenge for the next future is the identification of biomarkers useful to predict the response
to VDZ, an interesting new therapeutic option for the treatment of patients with moderate-to-severe
UC and CD that are refractory or intolerant to either conventional treatments or anti-TNF agents. In
this regard, Battat et al.** reported that serum TNF decreased more rapidly in responders than in non-
responders, during the first 14 weeks of VDZ treatment. This result is in line with which previously
reported during anti-TNF therapy, suggesting that the decrease in TNF is probably an effect of
immunosuppression induced by both therapies, even if the mechanism of action of VDZ is not

completely understood.®

The serum IL-6 level was evaluated as putative therapeutic marker even in VDZ-treated patients®®.
The study demonstrated that IL-6 levels were higher in non-responders than in responders, in line to
what observed in the study by Nishida et al.?® taking into consideration the IFX-treated patients. It is
worth to note that, this study included both CD and UC patients, an element which can represents a
critical bias, since it has been widely recognized that IL-6 was significantly higher in CD than in
uc.®

In this regard, our group conducted a study in UC patients treated with VDZ, demonstrating that
serum IL-8 at baseline was significantly higher in patients who achieved mucosal healing at week
54.°” Moreover, also the decrease over the first 6 weeks of treatment of the serum levels of IL-8 and
IL-6 were correlated to therapeutic response in terms of mucosal healing.®” Therefore, an early
evaluation of serum levels of these two cytokines seemed to predict a one-year therapeutic outcome
of VDZ treatment. Nevertheless, larger studies are needed to evaluate if serum or either tissue levels

of cytokines could be used in the management of VDZ treatment.

At present, no data are currently available regarding the evaluation of cytokines as possible

biomarkers for the therapeutic response to ustekinumab.
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Conclusions

Many studies have been conducted to identify the role of cytokines in the pathogenesis of IBD,
highlighting their central role. For this reason, most of the biological therapies available for IBD
patients are aimed to counteract their pro-inflammatory effect. However, only few studies evaluated
cytokines as predictors of therapeutic efficacy, in particular if therapeutic response was assessed in

terms of mucosal healing, which is currently the gold standard.

Even if promising data are available, especially as regards TNF and IL-6 during anti-TNF treatment,
at the moment there is no enough evidence to suggest a regular monitoring of cytokines during
biologic therapy in IBD patients. Large real-life prospective studies are needed, because many
patients still experience loss of response during biologic therapy, and cytokines monitoring could

have a pathophysiologic rationale.
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TABLES

Table 1: Anti-cytokines drugs currently available or in study in inflammatory bowel diseases

Drug Mechanism Route Clinical Trials
ucC CD
Infliximab Anti-TNF V. Approved Approved
Adalimumab Anti-TNF S.C. Approved Approved
Golimumab Anti-TNF s.C. Approved Failed
Ustekinumab Anti-p40 1L-12/23 I.v./s.c. Phase 3 Approved
Risankizumab Anti-p19 IL-23 i.v./s.c. Phase 2 Phase 2
Mirikizumab Phase 3 Phase 2
Brazikumab Phase 3 Phase 2
Guselkumab Phase 2 Phase 2
PF-04236921 Anti-I1L-6 S.C. - Phase 2
Anrukizumab Anti-IL-13 AY2 Failed -
Secukinumab Anti-IL-17A Y2 - Failed
Brodalumab Anti-IL-17RA Y2 - Failed
SCH 52000 rh-1L-10 Y2 - Failed
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