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Abstract: Chronic inflammation is a common trait in the pathogenesis of several dis- eases of the gut,
including inflammatory bowel disease and celiac disease. Control of the inflammatory response is crucial in
these pathologies to avoid tissue destruction and loss of intestinal function. Over the last 50 years, the
identification of the mechanisms and mediators involved in the acute phase of the inflammatory response,
which is characterized by massive leukocyte recruitment, has led to a number of therapeutic options. New
drugs targeting inflammatory flares are still under development. However, interest on the other end of the
spectrum—the resolution and repair phases—has emerged, as promoting tissue functional repair may maintain
remission and counter- act the chronicity of the disease. This review aims to discuss the current and future
pharmacological approaches to the treatment of chronic intestinal inflammation and the restoration of
functional tissues.

Introduction

this study secondary data has been collected. From the website of KSE the monthly stock prices for the sample
firms are obtained from Jan 2010 to Dec 2014. And from the website of SBP the data for the macroeconomic
variables are collected for the period of five years. The time series monthly data is collected on stock prices for
sample firmsand relative macroeconomic variables for the period of 5 years. The data collection period is
ranging from January 2010 to Dec 2014. Monthly prices of KSE -100 Index is taken from yahoo finance.

INFLAMMATION: WHY? WHEN? HOW?

Inflammation is the body’s response to harmful stimuli such as pathogens, toxic compounds, or damaged cells.
It acts to remove the injurious stimuli and to initiate repair and functional healing processes. It is characterized
by different phases (Figure 1): a silent phase, where a number of mediators are released by damaged or
aggressed cells to initiate the inflammatory response; a vascular phase, which is associated with vasodilation
and plasma extravasation; a cellular phase, characterized by the infiltration of inflammatory cells such as
neutrophils, monocytes,and macrophages, which can be followed by the activation of the adaptative immunity;
and finally a resolution phase, which repairs tissues and clears the debris and the infiltrated inflammatory cells.
Therefore, by definition inflammation is a physiological process with a beginning, a middle, and an end.

However, some patients can develop chronic inflammatory disorders, defined by inflammatory symptoms that
persist for several months to years. Chronic inflammation can result from the fail- ure to eliminate the agent
causing the acute inflammatory response.
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That can happen in cases of infection by pathogens (e.g., bacteria, fungi, parasites) that resist or counteract host
defense mechanisms, as well as in cases where exposure to the irritant is constant and the irritant can- not be
degraded by endogenous mechanisms (e.g., enzymes, engulfment by inflammatory cells)(3). Chronic
inflammation also occurs in autoimmune disorders, where the immune system rec- ognizes self-proteins as
foreign antigens and organizes tissue destruction, as in celiac disease (4).

Dysregulation of the resolution mechanisms, which normally represent the end of the inflamma- tory process,
could also be responsible for chronic inflammation (5). At mucosal surfaces such as the intestine, malfunction
of the mechanisms involved in “handling” foreign antigens and microor- ganism exposure by mucosal tissues
could also explain chronic inflammatory disorders. Among these malfunctioning mechanisms is the barrier
function, in all its dimensions—physical (mucus), cellular (epithelial cells), and immunological (resident
inflammatory cells) (6).

DISEASES ASSOCIATED WITH INTESTINAL INFLAMMATION

Episodes of acute ileitis or colitis are usually associated with infectious events (viral, bacterial, fungal, or
parasitic). If a specific pathogen is identified as the cause of this acute inflammation, an- tibiotics or
antiparasitic treatments can be prescribed, but in most cases, the inflammatory event resolves by itself.
However, in some cases, acute ileitis or colitis may represent the first mani- festation of chronic inflammatory
disorders, which have to be carefully defined and diagnosed and which frequently require pharmacological
interventions (7). These chronic inflammatory disorders of the gut include IBD, celiac disease, and irritable
bowel syndrome (IBS).

Inflammatory Bowel Disease

IBD is a chronic inflammatory disorder of the gut. It includes two major subtypes, Crohn’s dis- ease (CD) and
ulcerative colitis (UC), which are associated with general abdominal pain, diarrhea, and bloody stools. IBD
consists of episodes of acute inflammation (flares) followed by remission periods and relapses (Figure 1). In
terms of etiology, the consensus is that IBD develops in in- dividuals who are both genetically susceptible and
exposed to a propitious environment, which together lead to modification of intestinal microbiota and an
uncontrolled immune response.

Celiac Disease

Celiac disease is a hereditary immunological disorder. In genetically susceptible individuals, mucosal
inflammation and villous atrophy develop in the small intestine following the dietary ingestion of gluten. The
high glutamine and proline content in wheat gliadins and glutenins ren- ders these proteins resistant to
proteolytic degradation, leading to the presence of immunogenic large peptides in the small intestine. However,
the presence of these peptides is not sufficient to develop the disease; patients must also have specific HLA
class Il genes that map the DQ locus. This genetic predisposition renders intestinal tissues more prone to a
food-based inflammatory trigger (4).

Given the central role of gluten in the pathogenesis of celiac disease, a strict gluten-free diet is the
recommended treatment.The Particular Case of Irritable Bowel SyndromelBS is a painful chronic abdominal
syndrome associated with altered bowel habits, for which the underlying structural abnormalities or
inflammatory cell infiltration has not been identified. Many studies have investigated whether signs of
inflammation are associated with this syndrome (8). Some studies have demonstrated that anti-inflammatory
treatments (e.g., mesalazine) did not al- leviate IBS symptoms, thereby suggesting that inflammation is not
responsible for IBS symptoms (9-11). However, strong evidence for increased activation of immune cells has
been found in a large proportion of IBS patients (12). These immune cells include mast cells, which were de-
granulated in colon tissues from IBS patients (13, 14), and various proinflammatory mediators (histamine,
polyunsaturated fatty acid metabolites, proteases), which were upregulated in colonic biopsies of IBS patients
(12-16). Therefore, sufficient evidence suggests that IBS can be consid- ered a low-grade, chronic,
inflammatory disorder of the gut, in which inflammatory cell infiltration is clearly not an associated feature,
but where tissue dysfunction and altered mucosal homeostasis may occur.
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MOLECULAR MECHANISMS INVOLVED IN INTESTINAL INFLAMMATION

Common features of an inflammatory state of intestinal mucosa include microbiota biofilm dys- biosis,
epithelial dysfunction, innate immune cell infiltration, and activation of adaptive immunity (Figure 2).
Microbiota dysbiosis might not present the exact same taxonomic profiles in IBD, celiac disease, or IBS;
therefore, common microbial molecular mechanisms are difficult to iden- tify. However, a decrease in the
diversity and richness of microbial species is common in all of these inflammatory states (17-19). Altered
barrier function is another common trait (20). Degradation of intestinal epithelial cells’ tight-junction
molecules, such as zonulin and occludin, is associated with gut inflammation, as is reduced production of
mucus by goblet cells (21).

The expression and se- cretion of antimicrobial peptides by Paneth cells and enterocytes are also major
components of the intestinal barrier function, which decreases upon inflammation (22). a- and B-defensins,
lysozyme, and protease inhibitors such as elafin and secretory leukocyte protease inhibitor, which act as an-
timicrobial peptides, are downregulated in inflamed tissues (22—25). Promoting the expression and function of
tight-junction molecules, mucous proteins, and antimicrobial peptides would there- fore help reinforce the
intestinal barrier function and is considered a therapeutic approach to the treatment of inflammation.

Microbiota dysbiosis and altered barrier function set the stage for an increased and abnor- mal tissue exposure
to microorganisms, resulting in a profound activation of innate immune cells. Activated macrophages engulf
microbial motives and release tumor necrosis factor o (TNF-a), interleukin (IL)-6, 1L-12, and IL-23 (Figure
2), through signaling mechanisms that involve Toll- like receptor 9, phosphodiesterase 4, and Janus kinase
( JAK). All of these mediators and signaling pathways are considered important molecular targets for the
treatment of chronic inflammation(25).

Upon their activation by tissue damage or invasion, mast cells, macrophages, and neutrophils collectively
release molecules stored in their granules. Among these molecules are lipidic media- tors of inflammation,
including prostaglandins and leukotrienes, as well as reactive oxygen species (ROS) and proteases, all of which
constitute molecular targets for the treatment of inflammation (Figure 2) (26). Intestinal epithelial cells also
contribute to the release of these.

mediators in the inflamed gut mucosa.In chronic inflammatory disorders, the adaptive immune system kicks
in with dendritic cells, which migrate to mesenteric lymph nodes to present antigens to naive T cells. This
process leads to the proliferation and differentiation of effector T helper 1 and 17 (Th1 and Th17) cells under

PHARMACOLOGICAL APPROACHES TARGETING CHRONIC GUT INFLAMMATION

The vast majority of the drugs that are currently used to treat chronic intestinal inflammation either target
inflammatory mediators released in the early phases of the inflammatory response (i.e., the silent and vascular
phases) or target the recruitment of inflammatory cells.

Aminosalicylates

Aminosalicylates, including sulfasalazine and 5-ASA, target the metabolism of arachidonic acid, inhibiting the
release of lipidic mediators of inflammation from the prostaglandin and leukotriene families. However, this
class of drugs is suspected to harbor additional mechanisms of action, in- cluding scavenging ROS, inhibiting
cytokine production by leukocytes, inducing regulatory T cell recruitment through an aryl hydrocarbon
receptor—dependent pathway, and binding to peroxi- some proliferator-activated receptor y (28-30). 5-ASA is
used to treat UC, where it helps maintain remission, but its use in CD patients remains controversial.

While one study reported that 5-ASA is effective at decreasing oxidative burst and inflamma- tion in
organotypic cultures of tissues of celiac disease patients, its use has not been reported to reduce tissue
inflammation (31). Studies in IBS patients reported that 5-ASA treatment did not modify symptoms (9, 11).

Corticosteroids

In the 1950s, corticosteroids became the first pharmacological approach to the treatment of IBD, and their use
still leads to effective remission in many patients. They have not proved effective in maintaining remission. As
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a result, corticosteroids are used to stop inflammatory flares and induce remission but are not considered for
long-term use.

The pleiotropic effects of corticosteroids on all the pathways involved in inflammation explain their efficacy.
However, despite efforts to develop corticosteroids with better safety and tolerability, their use can have
significant side effects, including opportunistic infections, diabetes mellitus, hypertension, venous
thromboembolism, and osteoporosis. In addition, some patients are resistant to corticosteroid treatments and
must be considered for other immunomodulatory approaches.

Immunomodulators

Immunomodulators used for the treatment of gut inflammation include thiopurines, methotrex- ate, calcineurin
inhibitors, and JAK inhibitors, all of which aim to reduce T lymphocyte activation or proliferation and are very
effective at reducing inflammatory flares. However, they also cause many adverse effects, including liver
injury, bone marrow suppression, and infectious diseases.

Biologics

Many of the biologics used in the treatment of intestinal inflammation, particularly IBD, target cytokines or
integrins. Because TNF-a, IL-12, and IL-23 play a major role in the pathogenesis of IBD, anti-TNF-a and anti-
IL-12/23 antibodies are the major biologics that are used for the treatment of IBD.

Anti-TNF-a antibodies can inhibit both the inflammatory response and tissue damage. They are prescribed to
patients with moderate to severe UC or CD who do not respond to corticosteroids. Long-term remission with
anti-TNF-a antibodies can be achieved through dose escalation.

However, up to 40% of patients do not respond to TNF-a inhibitors, and between 20% and 45% of patients
experience secondary loss of response only 1 year after the start of anti- TNF-a treatment (32). As a result,
anti-1L-12 and anti-1L-23 are often used in these patients as a second-line therapy, since they are effective in
both biologic-naive and -experienced patients (33).

Integrins are at the forefront of inflammatory cell recruitment and retention in inflamed tissues because they
mediate the homing of leukocytes through binding to tissue-specific cell adhesion molecules. Anti-integrin
therapy blocks the binding of integrin at the leukocyte surface to en- dothelial cell adhesion molecules or to E-
cadherin expressed on epithelial cells.

Anti-integrin biologics target either the y4 or the $7 integrin subunit of the adhesion molecules.All biologics
are very effective at inducing remission in responders. However, despite their advantages of high selectivity
and specificity, primary no response, secondary loss of response, and therapeutic intolerance are still high in a
proportion of IBD patients, so other therapeutic options are necessary.Targeting the MicrobiotaMicrobiota
dysbiosis is not only a common feature of intestinal pathologies associated with in- flammation but also an
early event contributing to long-term inflammation.

Therefore, targeting the microbiota appears to be an interesting therapeutic option for the treatment of intestinal
inflammation (34). From a pharmacological perspective, however, such approaches have been challenging.

First, the complexity of the microbiome (which consists of trillions of microor- ganisms interacting with one
another) and the difficulty of fully reproducing this complexity in culture models have made microbiome-
targeted approaches empirical. Second, microbiome-based therapies range from dietary interventions, prebiotic
supplementation, single- or multiprobiotic strain administration, and phage therapy to human donor—derived
fecal microbiota transplantation (FMT) and microbiome mimetics.

Quality control, precise dosing of live biotherapeutics, treat- ment frequency, delivery mode, and determination
of bioavailability are data that are extremely challenging to collect (35). Nonetheless, several lines of evidence
suggest that microbiome- targeted therapies may have some benefits for IBD (18, 36), IBS (17), and to a certain
extent celiac disease (37).
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The mode of action of microbiome-based therapies is probably multimodal, involving direct effects on biofilm
composition and metabolism, control of barrier function, and influence on mucosal immunity (34). However,
considerable research is still needed to understand the mechanisms of action and to optimize and define reliable
conditions for microbiome-based therapeutic prescription in the clinic.

PROMOTING REPAIR: WHAT PHARMACOLOGY?

All of the current therapeutic approaches to the treatment of intestinal inflammation focus either on inhibiting
early mediators of the silent/vascular phases or on inhibiting the cellular phase of leukocyte recruitment. In this
sense, they all aim to induce remission but do not necessarily succeed at maintaining it. Therefore, the goals of
clinical studies are not only to stop flares by inducing remission but also to achieve complete histological repair
of the damaged tissues (38).

Mucosal healing has become a key endpoint in clinical trials (39). To lead the way, better knowledge of the
mechanisms involved in tissue repair is crucial. To achieve long-term and successful remission, the tissues
must return to functionality and homeostasis. Different mediators and actors of resolution and repair are
currently under investigation to serve as potential targets for drug development focusing on functional repair
of intestinal mucosa (Figure 3).Following a bout of inflammation, repair is triggered by the inflammatory
mechanisms themselves.

This first step, described as resolution of inflammation, starts with the initiation of neutrophil apoptosis, which
promotes efferocytosis, and the recruitment of monocytes and macrophages (under the control of 15-
lipoxygenase), which induce a proresolving response char- acterized by M2 macrophage differentiation and
the recruitment of suppressive regulatory T cells(40). All of these events are controlled by specialized
proresolving mediators including lipoxins, resolvins, protectins, and maresins.

The role and importance of these resolution mechanisms in chronic inflammatory disorders of the gut have
been studied mostly in animal models, although proresolving mediators have been identified in human tissues
in IBD (41). Engineered regula- tory T cells have been tested in IBD patients but have demonstrated limited
efficacy (42). Further clinical studies are needed to determine the pharmacology and potential effects of
proresolving mediators in human intestinal inflammation.

Mucosal healing relies on the coordinated activity of intestinal epithelial cells to replace dam- aged epithelium
and to restore full barrier and secretory function. Intestinal epithelial cells at the edges of epithelial wounds
lose their columnar polarity and migrate to initiate a process called epithelial restitution (43) .

This process is regulated by cytokines such as transforming growth factor beta (TGF-B), epidermal growth
factor, IL-1pB, and interferon-y (44), as well as by molecules secreted by the epithelium itself such as trefoil
peptides, galectins, and proteases or their inhibitors (45-47). As soon as the acute inflammatory flare is
attenuated, intestinal epithelial cells proliferate, expand, migrate, and differentiate to close the epithelial
wounds caused by the inflam- matory response. These mechanisms are controlled by many molecules of host
origin, including the regenerating protein family, defensins, antimicrobial peptides, proteases, and mucins, but
they also are modulated by microbiota.

A challenge in developing new pharmacological approaches to encourage mucosal repair is to determine the
most prominent pathway to target. The recovery of intestinal barrier function and of the secretory mechanisms
involved in handling mucosal microbiota has attracted attention, and new therapeutic options that target
microbiota ecology, stem cell function, and barrier function are currently under investigation in both preclinical
and clinical studies.

Microbiota-Associated Repair

Changes in the composition and metabolic activity of the intestinal microbiota occur in patients with chronic
inflammatory disorders of the gut, namely IBD (CD and UC), celiac disease, and IBS. These changes can
trigger an abnormal immune response in genetically predisposed patients with IBD (48) and celiac disease, and
they can lead to constant, low-grade inflammation in patients with IBS (17). Several ways to improve the
intestinal microecology in these patients have been proposed.
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Initial clinical studies in both CD and UC patients demonstrated the positive effects of an- tibiotics (49).
However, more recent reviews reported that antibiotics are only modestly effective at inducing remission and
that the effects of antibiotics at maintaining remission status in CD and UC patients are unclear (50, 51). Long-
term exposure to antibiotics, particularly with broad- spectrum coverage and in children, appears to be
detrimental, with a higher risk of new onset of IBD (52).

Therefore, the use of antibiotics as a future treatment for IBD has not been established. Multiple studies have
demonstrated the potential effects of pre-, pro-, and postbiotics in IBD and IBS patients. They all appear to be
safe and well tolerated, although their effects are sometimes quite limited (53).

In patients with CD, most studies have shown that probiotics have no significant effects, while in patients with
UC (54) or IBS (17), they have beneficial effects on clinical symptoms and remission.

Finally, the potential of FMT in the treatment of IBD is actively being investigated. FMT performs better than
placebo at achieving clinical remission in UC patients (55), and a meta-analysis of the efficacy of FMT in
patients with IBD reported that the clinical remission rate is significant in both CD and UC (56). Clinical
studies are ongoing, and while findings on the induction of remission are beginning to be reported, we are still
waiting for clear results regarding the maintenance of remission. However, the lack of unified standards for the
use of FMT, such as for donor selection, route of administration, and whether or not to pretreat with antibiotics,
limits the use of FMT in clinical practice.

Stem Cell Transplantation

Since stem cells are possibly the origin of all cell types, including epithelial cells, it is logical to consider stem
cell therapy for the repair of injured intestinal tissues and the restoration of their function. Beneficial effects in
severe refractory CD patients have been reported following autol- ogous treatment with hematopoietic stem
cells (57) or administration of allogeneic bone marrow mesenchymal stem cells (half of the patients achieved
clinical remission) (58). Interestingly, while most of the CD patients in a cohort study relapsed after 5 years
following transplantation of au- tologous hematopoietic stem cells, 80% of the relapsed patients returned to
clinical remission after a new treatment with hematopoietic stem cells (59).

Positive results on healing of complex anal fistula were also reported in CD patients who received allogeneic
adipose tissue—derived stem cell therapy (60, 61). Thus, stem cell transplantation has a potential therapeutic
effect on mucosa repair in patients with CD. However, the clinical use of stem cell transplantation has yet to
be ap- proved. Possible adverse effects have to be carefully documented, and the conditions of stem cell
production and use (e.g., number of cells, quality control) have to be standardized. Finally, stem cell
transplantation could also employ autologous intestinal stem cells, which would be cultured and tested in vitro
prior to transplantation. This approach has already been used successfully in animal models (62), but its
conditions of use in humans have yet to be established.

Strengthening Barrier Function

Defective barrier function is associated with intestinal inflammation and has been observed in pa- tients with
IBD, celiac disease, and IBS. Many studies have reported that barrier function remains altered for several weeks
after a bout of inflammation, even in the absence of signs of inflamma- tion. Restoration of barrier function
once the acute inflammatory response has been cleared is a major step in tissue repair processes.

Several factors are involved in barrier function: (a) microbial biofilms at the mucosal surface, (b) the mucous
layer, (c) the epithelial monolayer, (d) the underly- ing mucosal immune system, and (e) mucosal innervation
(63). Therefore, barrier function may be restored through various approaches. Some IBD treatments act, at
least in part, on the restoration of epithelial barrier function, and anti-TNF-a therapy is effective in patients
with CD (64Clinically, the focus of therapies targeting intestinal barrier function has been on dietary ap-
proaches, namely immunomodulatory nutrients, probiotics, and microbial metabolites. Topical butyrate is
efficacious in strengthening barrier function in patients with refractory UC (65).

Fatty acids such as omega-3 and phosphatidylcholine have been proposed as adjuvant therapies to strengthen
barrier function and maintain remission in IBD patients (66, 67). Oral zinc therapy restores intestinal barrier
function in CD patients by a mechanism involving tight-junction modu- lation (68, 69). Polymorphism of the
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vitamin D receptor has been associated with the development of IBD (70), and vitamin D is known to be
involved in maintaining barrier function (71).

Thus, itis logical to consider the use of vitamin D to help reduce the increased intestinal permeability associated
with intestinal inflammation in IBD, celiac disease, and IBS. Whether it would affect the maintenance of
remission is not known.

Other mechanisms involved in epithelial permeability, such as myosin light-chain kinases, have been the
subject of preclinical studies. However, much of this research was performed in animal models, and no
therapeutic approaches based on these mechanisms have been proposed for clinical studies in humans.

FUTURE CONCEPTS

In the new conception of chronic inflammatory disorders described in the literature reviewed here, patients
whose genetic background leads to malfunctioning cells can be predisposed to au- toimmune responses. The
fragility of these cells due to genetic predisposition may render them more prone to inflammatory triggers.

In the gut, lumenal content is probably the primary inflam- matory trigger, but it can hardly be dampened.
Therefore, targeting the specific genetic disorder and attempting to alleviate tissue-resident cellular dysfunction
and fragility represent an avenue for therapeutic intervention.

Genome-wide association studies in IBD have identified more than 200 loci as contributing risk factors to the
disease (72, 73). Furthermore, targeted approaches have revealed disease-associated coding variants, which
have been studied functionally to demon- strate their causal relationship with the disease (74, 75). However,
most of these functional studies were performed in genetically transformed mice, and questions persist as to
the contribution of these variants in the course of human disease

In the future, specific gene therapy approaches in genotyped patients might be considered in combination with,
or as a follow-up treatment to, classical anti-inflammatory therapies. Such approaches might stabilize the
disease for an extended period of time or even be curative. However, at present, harnessing the vast array of
genetic dis- coveries in IBD for clinical application remains extremely challenging.

Genotyping studies have focused on loci with common variants that might not always match the causative
variants. Many of the variants identified are in noncoding regions, and we do not yet understand how they
might alter gene expression. In the near future, such genetic data will likely be used in the clinic as biomarkers
or for drug development in a very small population of patients, such as very early onset cases.Genetic studies
might also be applied to determine different outcomes to treatments. Such studies could be especially fruitful
for biologics, since studies have reported significant associations between polymorphism identification and
treatment response (76, 77). In the future, pretherapy genotyping could be employed to predict the best response
to treatments with biologics.

CONCLUSIONS

A wide array of therapeutic options are available to treat chronic inflammatory disorders of the gut,
particularly IBD. The most developed therapies involve targeting the acute phase of the inflam- matory
response with the goal of reducing inflammatory cell infiltrates, and additional treatments in this field are
expected.
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