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ABSTRACT  
OF THE THESIS OF 

 
 
Roaa Abbas Lezeik  for  Master of Science 

      Major: Physiology   
 
 

Title: Effect of Cyclophilin “A” and Cyclosporine “A” on DSS-Induced IBD in 
Syndecan-1 Deficient Mice in Presence and Absence of Probiotics 
 

 
Introduction: Inflammatory Bowel Disease (IBD) is a chronic relapsing autoimmune 
inflammatory disease that results from the interplay between genetic and environmental 
factors. Cyclosporine “A” (CysA) has been described for its potency in IBD therapy, 
however it has been known for its serious adverse effects such as infections and 
nephrotoxicity. It forms a complex with intracellular cyclophilin (CypA), thus 
suppressing the activation of T-cells. On the other hand, extracellular cyclophilin “A”, 
has been known for its proinflammatory action through its binding to its cell surface 
receptor CD147.The signaling of Cyp-CD147 interaction remains unknown and requires 
further investigations. In addition, several studies have demonstrated the importance of 
syndecan-1 in controlling inflammation. They have shown the exacerbated status of 
inflammation in the colons of DSS-induced syndecan-1 deficient mice. Regarding 
probiotics, studies have illustrated their effective role in ameliorating intestinal 
inflammation in DSS-induced colitis models.  

 
Hypothesis and aims: Based on the literature, we hypothesized first that cyclosporine “A” 
would reduce inflammation in sdc-1 deficient mice, second, the formation of 
cyclosporine-cyclophilin complex would further decrease the severity of IBD and third, 
probiotics would have a positive effect in ameliorating inflammation. Consequently, the 
aim of this study is to assess the effect of cyclosporine “A”, cyclophilin “A”, 
(cyclosporine+cyclophilin) complex and probiotics on the expression of proinflammatory 
markers (IL-6. CD147), pAKT signaling pathway activation and T-cells (CD3) in DSS-
induced IBD in sdc-1deficient mice.  
 
Materials and Methods: A total of 42 adult sdc-1 mice were used. IBD was induced by 
administering 1.5% of DSS, where each cycle of DSS consisted of 7 days of DSS 
followed by two weeks drinking water. Cyclosporine was intraperitoneally injected to 
mice, 200 ug every other day for 2 weeks. Cyclophilin was intraperitoneally injected as 
well, 25ug/kg/day for 1 week. Additionally, a daily dose of 108 CFU per animal of 
probiotics (ProbioLife) was administered for 2 weeks. All the treatments started at day 7 
of DSS induction. On the third week, six animals of each group were sacrificed and 
intestinal biopsies were frozen for protein extraction and fixed in 10% formalin for 
routine light microscopy. Histological scoring was calculated for each group. In addition, 
western blot determination of IL-6, CD147, CD3 and pAKT was performed. 

 
Results: This study demonstrated that DSS-treated group showed a significant colon 
inflammation with more than 50% loss of goblet cells. However, both (DSS+Cyp) and 
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(DSS+Cys) separately treated groups revealed a mild inflammation with an improvement 
in the mucosal architecture and a 25% loss of goblet cells. Whereas, the DSS+(Cyp-Cys) 
complex group exhibited a severe inflammation showing a detrimental effect on the 
colonic histology with a complete loss of goblet cells and severe inflammation in the 
intestinal mucosa and submucosa. The addition of probiotics to DSS+(Cyp-Cys) complex 
group displayed a slight reduction in inflammation where about 25% of goblet cells were 
restored. On the other hand, a notable reduction in inflammation occurred when mice 
were treated with DSS and probiotics in the absence of (Cyp-Cys) complex where about 
75% of mucus secreting cells were restored. Furthermore, (IL-6, CD147, pAKT, and 
CD3) were assessed in each group showing similar results correlating with the 
histological analysis. 

 
Conclusion: In light of these results, cyclosporine is a potent therapeutic agent for IBD in 
DSS-induced sdc-1 deficient mice and cyclophilin “A” might have a therapeutic role as 
well in ameliorating inflammation. However, the (Cyp-Cys) complex has a worsened 
effect on the colons of these mice. On the other hand, probiotics have worked more 
effectively in the absence of the complex in relieving inflammation. The mechanism by 
which syndecan-1 mice responded to the induced IBD remains to be elucidated. 
 
 
Keywords: IBD, DSS, cyclophilin “A”, cyclosporine “A”, (cyclophilin-
cyclosporine) complex, probiotics.  
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CHAPTER I 
 

INTRODUCTION 

 
A. General Characteristics of IBD 

IBD’s constitute a panel of inflammatory autoimmune diseases ranging from 

Ulcerative Colitis (UC) to Chron’s Disease (CD) and others. The basic underlying 

mechanism of the IBD is inflammation. Upon external aggressions,  organism’s immune 

system generates a rapid response as a way to defend itself against aggressors such as 

bacteria and pathogens; this response is called: “Inflammation” [1]. Thus, inflammation 

is a crucial process to restore homeostasis and maintain a normal physiological status in 

the body.  Normally, the gastrointestinal tract is responsible for several physiological 

functions such as absorbing and metabolizing food as well as secreting ions and waste 

products. As such, the alimentary canal is mainly exposed to different sources of antigens 

found in diets in addition to various commensal bacteria. The mucosal epithelial cells not 

only play a vital role as a physical barrier, but also secrete different antimicrobial defense 

molecules like cathelicidins, defensins, and bacteriostatic proteins like lipocalin 2 (LCN-

2) in addition to mucins and cytokines [2-4]. Moreover, the mucosal immune defense 

depends on different immune cells located in the lamina propria or in different organized 

structures such as mesenteric lymph nodes and Peyer’s patches [5]. Both genetic and 

environmental factors interplay in this response. When intestinal homeostasis is 

disrupted, an influx of neutrophils and macrophages, proteolytic enzymes and free 

radicals are consequently produced [6, 7] , thus causing intestinal inflammation that could 

be acute or chronic, such as Inflammatory Bowel Disease (IBD). 
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In brief, IBD is a chronic relapsing disorder that is mainly characterized by the 

presence of uncontrolled intestinal inflammation and epithelial injury in the 

gastrointestinal tract, and it includes two main chronic pathological entities: Crohn’s 

disease (CD) and Ulcerative colitis (UC)[8-12].The most common symptoms of IBD 

include episodes of abdominal pain, fatigue, prolonged diarrhea, bloody stools, severe 

rectal bleeding, weight loss, and fever [6, 13-15]. The pathogenesis of IBD is known to 

be multifactorial where a complex of genetic and non-genetic factors plays a vital role in 

the development and progression of the disease. The non-genetic factors involve 

epithelial barrier defects, environmental factors, dysregulated immune responses, and 

disturbance of the gut microbiota [15-21]. 

CD is mainly characterized by its transmural inflammation that may occur in a 

discontinuous pattern in any part of the gastrointestinal tract; starting from the mouth and 

ending in the anus. However, it is mostly localized in the terminal ileum, cecum, perianal 

area, and colon. Histologically, it is associated with the presence of thickened submucosa, 

fissuring ulcerations, and granulomas. In addition, colonoscopy have shown the presence 

of skip lesions, cobblestoning, and strictures in CD. On the other hand, inflammation in 

UC mainly involves the rectum and sigmoid colon, and it may affect the entire colon 

(pancolitis) or a part of it in a continuous pattern. Such inflammation is superficial and is 

mainly confined to the submucosa and mucosa only, where cryptitis and crypt abscesses 

are present as typical histological findings in UC. In addition, colonoscopy has shown the 

presence of pseudopolyps and continuous inflammatory areas [13, 22-29].Furthermore, 

Hanauer et al. showed that 10% of IBD patients are classified as indeterminant colitis 

patients where their disease symptoms are not typical for either UC or CD, but they have 
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the capability to develop one of these diseases later on as the disease progresses with time 

[12]. 

 

B. Epidemiology and Risk Factors 

Based on a systematic review, it has been shown that the Western world has 

witnessed an increase in the incidence of Ulcerative colitis and Crohn’s disease since the 

middle of the twentieth century including, Europe, North America, New Zealand, and 

Australia [30]. Studies showed that about 0.4% of European and North Americans live 

with the disease [31, 32], and that the incidence rate of IBD is mainly 2.5 million in 

Europe and 1.5 million in North America [32]. In contrast, this incidence is relatively low 

in the developing countries at that time including South America, Asia, and the Middle 

East [33-38]. However, at the turn of the twenty first century, IBD’s incidence rate started 

to rise in those countries, yet it remained lower than that in the industrialized countries 

[30]. Shivashankar R, et al. have reported that different geographical regions affect the 

incidence of the disease [39]. For instance, Western Europe has the highest incidence rate, 

whereas countries adjacent to the Mediterranean have the lowest ones [40, 41]. Burisch 

J, et al. have pointed out that not only the incidence of IBD is rising worldwide, but also 

its prevalence too, especially in the developing countries such as South America and Asia 

[42]. In addition, Ponder A, et al. have noted that individuals are more prone to develop 

IBD when it comes to migrating to countries that have high prevalence of the disease 

[43]. Moreover, studies have proven that the development of IBD is not restricted to a 

certain age, however the majority of affected patients is between 15 and 29 years 

[44].Further studies have reported that 25% of the cases are diagnosed in children or 

adolescents[45, 46]. 
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1. Genetics 

The exact etiology of IBD remains to be unknown and not fully elucidated, although 

studies have shown that IBD is a result of a plethora of genetic and non-genetic 

interactions; involving the microbiome, the environment, and the immune system that 

plays a vital role in initiating an excessive inflammatory response against host 

microbiome in genetically susceptible individuals [9, 47, 48] .Over 240 non-overlapping 

genetic risk loci have been found by genome-wide association studies (GWAS), next-

generation sequencing studies, and other analyses, whereby around 30 genetic loci were 

shared by Crohn's disease and ulcerative colitis[49-51]. CD and UC are both polygenic 

disorders. Moreover, 12 genome-wide scans have revealed susceptibility areas on 12 

chromosomes. No single locus has been consistently detected in all genome scans, which 

is consistent with the genetic variability of inflammatory bowel disease. The areas on 

chromosomes 16, 12, 6, 14, 5, 19, 1, and 3 have been redesignated “IBD1–9”, according 

to their original reporting date. More genes have been recently discovered using 

positional cloning techniques and fine mapping of susceptibility regions revealed from 

complete genome scans [52]. Interestingly, two comprehensive meta-analyses have 

reported that the most credible evidence for a relation to inflammatory bowel disease 

across all populations and disorders is found on chromosome 6 (IBD3), which encodes 

the major histocompatibility complex[53-55].Over 50% of IBD-related genes have been 

linked to other autoimmune diseases, yet exerting different effects [56].Although UC and 

CD have different clinical features, approximately 70% of IBD-related genes are shared 

between both diseases[57].Studies have reported the existence of several loci containing 

genes that overlap between ulcerative colitis and primary sclerosing cholangitis (PSC) 

such as MST1, IL2, CARD9, and REL [58]. Such an overlap is very important in 
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identifying UC patients that have the risk to develop other diseases such as PSC. 

Similarly, a set of several genes are shared between Crohn’s disease and Mycobacterium 

leprae infection such as NOD2, C13orf 31, and LRRK2 [58]. 

It should be noted that the analysis of the genes involved in IBD have paved the way 

to the understanding of several pathways involved in maintaining intestinal homeostasis, 

such as cell migration, immune regulation, epithelial barrier function, innate mucosal 

defense, autophagy, and adaptive immunity [27, 59-61].Interestingly, several studies 

have confirmed that relatives of IBD patients have a higher chance of acquiring IBD than 

the general population, bolstering the theory that the disease's pathophysiology is strongly 

linked to genetic factors [62].  It has been shown that 12% of the affected persons have a 

family history of the disease [63-65].Moreover, polymorphisms in IBD susceptibility 

genes affect the gut microbiota and disrupt key host-microbe interactions, raising the 

likelihood of IBD development. These genes could be used as genetic biomarkers to 

identify people who are more likely to develop IBD, allowing them to be treated before 

the appearance of symptoms. Despite the fact that GWAS has identified several strongly 

linked susceptibility genes, they only account for about 25% of estimated heritability 

[66]. 

Several single nucleotide polymorphisms (SNPs) have been found in IBD patients in 

genes such as (TNFSF15) which encodes for TL1A (TNF-like molecule 1A) and is 

implicated in T cell response [24, 67, 68]. Other variant genes code different molecules 

which are involved in the differentiation and regulation of T cells such as IFNG, IL12B, 

IL2, IL21 [67]. It has been proven that the mutations in IL12B gene which normally 

encodes for the p40 subunit of IL-12 and IL-23 have an association with IBD and other 
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immunological diseases. Also, variants in IL-10 have been involved in IBD [69].Other 

genes play a major role in B cell response and are associated with IBD also such as IRF5 

and IL7R [67]. Moreover, there are some IBD susceptibility genes that are implicated in 

the endoplasmic reticulum (ER) stress pathway and are IBD-related such as XBP1 and 

ODL3 [70, 71]. 

Furthermore, a strong association between IBD (CD and UC) and IL23R has been 

revealed by researchers [54, 72]. Of note, IL23R is a gene which encodes the receptor of 

a pro-inflammatory cytokine IL-23 which is mainly involved in the production of Th17 

cells. In addition, it has been shown that through modulating IL-23R recycling and 

cytokine production by macrophages, Arg381Gln, an uncommon variant at a highly 

conserved amino acid polymorphism, has a protective influence in individuals with 

Crohn’s or ulcerative colitis[54, 73] .It should be noted that Th-17/IL23 pathway 

constitutes a crucial role in the pathogenesis of IBD, and that several gene loci are 

implicated in CD and UC such as IL23R, IL-12B, JAK2, and STAT3[74, 75]. New 

studies on human have demonstrated the clinical advantage of IL-23 and anti-IL-23R 

antibodies in the management of IBD. Besides, recent studies have shown that epigenetic 

modification which is the methylation of DNA and non-coding RNAs has an 

indispensable role in the initiation and course of the disease[76-79]. 

 

2. Stress 

It has been evidently confirmed that psychological stress is one of the important risk 

factors that may increase or initiate the likelihood of UC and CD [80, 81]. A study has 

demonstrated that people living in low stress conditions are less susceptible to developing 
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IBD [82].  

3. Nutrition 

It was reported that people in the western world have been exposed to bad food 

habits, and this is mainly due to the increased variability, availability, affordability, and 

processing of food [83, 84] which have consequently lead to changes in people’s diet, 

causing an impaired function and reduced diversity of gut microbial composition, as well 

as deteriorating their mucosal immunity [85-88]. An evident study has shown that a 

typical Western diet fed to the mice has altered the composition of gut microbiota and 

has affected the texture of colonic mucus, thus showing some characteristics of IBD [88, 

89]. Recent data has highlighted the crucial role of nutrition in modifying various 

epigenetic mechanisms that may further lead to the development of IBD [90]. 

  Moreover, multiple studies have demonstrated the relation between a “High Fat 

Diet” (HFD) and the onset of IBD. In addition, it has been proven that different types of 

polyunsaturated fatty acids (PUFA) have different effects on the pathogenesis of the 

disease. For instance, individuals consuming omega-3 (PUFA) are less prone to IBD than 

those consuming omega-6 (PUFA). This is because omega-3 has an anti-inflammatory 

role whereas omega-6 acts as pro-inflammatory [91]. More studies have shown that 

protein intake may act as a risk factor for IBD. There are mainly two types of proteins; 

animal-based and plant-based proteins. Animal-based proteins involve more saturated 

fats than the plant-based one. Hou JK et al. have reported that IBD has developed only in 

people consuming animal-based proteins and not plant-based [92]. Furthermore, Jantchou 

P et.al have shown that individuals consuming fish which is mainly an animal-based 

protein, have a higher risk of IBD [93]. 
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4. Medications 

Evidently, many drugs have been implicated in the development of IBD. They 

include non-steroidal anti-inflammatory drugs (NSAIDs) such as aspirin, oral 

contraceptives, antibiotics, and hormonal replacement therapy [94-99]. Many studies 

have pointed out the relationship between the use of antibiotics and the risk of IBD [100]. 

 

5. Ecological and Socioeconomic Factors 

Among the ecological and epidemiological factors, air pollution has been recognized 

as a risk factor for the development of UC and CD. Tan WC et al. have shown that there’s 

a positive association between elevated level of air pollution and the increase of 

circulating polymorphonuclear leukocytes and plasma cytokines [101, 102]. Moreover, 

the rise of IBD’s incidence in developing countries have been associated with several 

socioeconomic changes influencing hygiene [103, 104]. 

 

C. Pathophysiology of IBD 

1. Microbial Factors 

It is estimated that the intestinal microbiome consists of a plethora of microbial 

organisms that inhabit the gut in a way to form a strong symbiotic relationship between 

microbes and the entire immune system. This relationship is based on supplying key 

nutrients to the host, modulating energy metabolism, providing host defense, and 

developing the immune system. This consequently leads to the establishment of host-

microbiome homeostasis [105-113]. Normally, gut microbiota promotes the production 

of short-chain fatty acids (SCFAs) which constitute butyrate, propionate, and acetate 

playing an indispensable role in maintaining a healthy mucosa and producing anti-
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inflammatory cytokines [114, 115]. It is proved that  most bacterial colonies reside in the 

colon, and that in most healthy individuals, 99% of the bacteria are divided into four 

major groups: Firmicutes, Bacteriodetes, Actinobacteria and Proteobacteria showing that 

Firmicutes and Bacteriodetes represent 90% of the total microbiota [116-119]. 

Interestingly, the strains of Lactobacilli which belong to the phylum Firmicutes, have 

played a pivotal role in inhibiting the growth of many Gram-negative pathogenic bacteria, 

thus maintaining a healthy state of the mucosa. 

Gut microorganisms are normally recognized by pattern recognition receptors (PRRs 

involving NOD-like, Toll-like receptors, C-type lectin receptors, and RIG-like receptors) 

of pathogen-associated molecular patterns (PAMPs), which are found in epithelial and 

immune cells [120-122], thus stimulating the innate immune system, activating NF-kB 

and inflammasome, and producing proinflammatory cytokines to maintain intestinal 

homeostasis [123-126].Under normal conditions, several mechanisms including 

epithelial and immune cell molecules such as RegIIIg, IgA, and defensins regulate the 

microbiota which regulates subsequently the activation of the immune response favoring 

the induction of distinct T cell subsets [127].Well, the intestinal homeostasis is 

maintained unless a disturbance such as illness, antibiotic exposure, or alteration in diet 

occurs, thus creating a dysbiosis status [128, 129]. 

When a disruption in the microbial diversity, composition, and function occurs, 

intestinal homeostasis is no more maintained, and inappropriate immune activation takes 

place, leading to “Gut Dysbiosis” [130-132].It has been shown that gut dysbiosis is an 

indispensable factor leading to IBD pathogenicity; fortifying the notion that IBD may 

result from the dysregulation that occurs in the intestinal immune system, contributing 

further to a pathogenic immune response [133, 134]. Studies have shown that a reduction 
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in the species that produce butyrate is present in IBD patients, knowing that butyrate is a 

SCFA which is essential for maintaining intestinal homeostasis [135-137]. In a study, 132 

IBD patients were recruited to assess their microbial activity during the progression of 

the disease. A gut dysbiosis was detected during the course of the disease; the microbial 

composition was altered, and the microbial transcription was impaired [138]. 

Additionally, it has been demonstrated that intestinal microbiota plays an essential role 

in most animal models of colitis [126].Similarly, further studies have established the 

changes that occur in the gut microbial composition in both UC and CD as a result of 

dysbiosis [139]. 

Patients with active disease have shown several changes concerning bacterial 

diversity, abundance, and composition compared to healthy individuals [140]. Evidently, 

an increase in mucolytic and pathogenic bacteria have been validated in IBD patients, 

contributing to the mucosal barrier’s degradation [139, 141-143].Other studies have 

reported that these patients display a reduction in Firmicutes and increase in 

Proteobacteria such as Bilophila, Enterobacteriaceae, and specific members of 

Bacteroidetes, showing the occurrence of temporal instability in the dominant taxa in 

Ulcerative Colitis and Crohn’s diseases [132, 135, 144-149]. 

In addition, other studies have reported that CD patients display a reduction in 

Bifidobacterium adolescentis, Dialister invisus, Faecalibacterium prausnitzii, in addition 

to Clostridium cluster XIVa [150-152] .Eventually, the differences in the microbial 

diversity have been detected within the same individual between inflamed and non-

inflamed tissues. For instance, CD patients have demonstrated a reduced overall bacterial 

diversity at inflamed regions compared to the non-inflamed ones [153].Furthermore, UC 

patients have an increased overall diversity of invasive bacteria localized in the colonic 
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mucus layer, such as “Fusobacteria” relative to healthy individuals [141, 154]. In 

addition, colonic mucosal erosion in mice have been evidently revealed post rectal enema 

involving human isolates of Fusobacterium varium [155]. 

 

2. Immunological Factors 

It has been documented that the mechanisms of both innate and adaptive immunity 

play a major role in controlling the state of low-grade inflammation in the healthy 

intestinal mucosa [156]. First, innate immune system is known as the first body defense 

against foreign antigens where it provides protection in the first minutes to hours after the 

occurrence of an infection. It is mainly constituted of macrophages, neutrophils, natural 

killer cells (NKTs), endothelial cells, and mucosal epithelial cells. It is characterized by 

its nonspecific response where macrophages engulf and digest invading microorganisms, 

thus paving the way for the adaptive immune system to complete its function in the 

protection process. However, the adaptive immune system is known for its specificity 

against invaders, and is composed of both humoral and cellular immune responses 

involving the activation and proliferation of both B- and T- lymphocytes respectively. In 

contrary to the innate, the adaptive immune system requires days and not hours to be 

activated, having an advantage in creating memory B- and T- cells. Of note, the complete 

abolition of infecting microbes is mainly based on the specific role of the adaptive system. 

It has been shown that Toll-like receptors (TLRs) play a crucial role in the innate system 

where they recognize and bind a plethora of viral, fungal, and bacterial antigens invading 

the host. However, the induction of a defective TLR signaling may influence the host in 

a deleterious way, leading to a detrimental immune response, and consequently to the 

pathogenesis of many inflammatory diseases such as IBD. Regarding IBD, it has been 
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reported that macrophages and intestinal epithelial cells of IBD patients have an increased 

expression of both TLR-2 and TLR-4. Similarly, it has been demonstrated that the loss of 

TLR-4 expression in an animal model of IBD has afforded a protection against colitis, 

thus TLRs play a vital role in the initiation of inflammatory cascade [157]. 

Moreover, IBD pathogenesis, as mentioned above, involves the participation of 

immune system in addition to the non-immune system which is mainly composed of 

endothelial cells, nerves, mesenchymal and epithelial cells. As mentioned before, the 

immune responses are of two types; humoral and cell-mediated. The humoral immune 

response activates B-lymphocytes to eventually secrete antibodies, whereas the cell-

mediated immune response stimulates effector T-lymphocytes, macrophages, and 

neutrophils. It is known that antigen presenting cells such as dendritic cells, macrophages, 

or intestinal epithelial cells, bind to the foreign antigen, process, and then present it on 

their surface to CD4+ T- helper cells. Such mechanism takes place in the lamina propria 

(intestinal epithelial cells and dendritic cells) or in mesenteric lymph nodes (dendritic 

cells) where T-lymphocytes are activated and differentiated as Th-1, Th-2, Th-3 or T-

regulatory-1 (Treg) lymphocytes. It has evidently been shown that Th-1 cells produce IL-

2 and interferon gamma IFNg, thus shaping the cell-mediated immunity. On the other 

hand, Th-2 cells induce the production of antibodies and the secretion of IL-4, IL-5, IL-

10 and other cytokines, thus supporting the humoral immunity. Knowing that IFNg is 

produced by Th-1 lymphocytes, it has been shown that IFNg stimulates the activation of 

macrophages, thus stimulating the production of further cytokines such as IL-12 and 

tumor necrosis factor (TNF). IL-12 further activates Th-1 differentiation of T-cells. 

However, IL-4 produced by T-cells evokes Th-2 differentiation. Additionally, Th-2 and 

T-reg1 cells both produce IL-10, and Th-3 cells produce transforming growth factor 



 

 23 

(TGF). Interestingly, it has been proven that IL-10 and TGF have a vital role in 

downregulating inflammation. Moreover, the role of Treg-1 cells, Th-3, CD4+ CD25+ T- 

cells, and B-cells has been demonstrated in the immunoregulation mechanism, 

specifically in reinforcing the connection between innate and adaptive immune systems. 

Not only immune cells affect an immune response, but also non-immune cells play a vital 

role in modulating it. They involve the constituents of the intestinal extracellular matrix, 

for instance, matrix metalloproteinases, adhesion molecules, fibroblasts, intestinal 

epithelial cells, and granulocytes. Such intercalating network has a great impact on 

inflammatory areas, contributing to a less inflammatory state or maybe to complete 

healing [158]. Furthermore, neurons have been known for their critical role in modulating 

immune responses; they induce the production of histamine from mast cells and produce 

substance P, thus leading to an increased intestinal vascular permeability. In contrast, 

fibroblasts have been known to produce IL-11 and other cytokines. Now, regarding 

adhesion molecules, it has been shown that selectin and integrin families, and 

immunoglobulin (Ig) supergene family such as (intercellular adhesion molecule ICAM) 

are all expressed on the surface of leukocytes or endothelial cells, thus recruiting 

leukocytes into the mucosa, and leading to their adherence in addition to the 

transendothelial emigration [159, 160]. 

Regarding cytokines produced during episodes of inflammation and specifically 

IBD, it has been reported that IL-6 plays a major role in the pathogenesis of the disease 

[161, 162].It has been shown that IL-6 is implicated in the pathogenesis of UC and 

colorectal cancer too [163]. Moreover, the administration of monoclonal antibodies in 

DSS-induced mice models of colitis has evidently contributed to the neutralization and 

decrease in IL-6 and TNF-a levels. This shows that IL-6 plays a pro-inflammatory role 
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during inflammation. However, it has been reported that the phase of inflammation in 

addition to the target cell have both a pivotal role in specifying the pleotropic effects of 

IL-6. For instance, when inflammation is initiated, IL-6 stimulates the mesenchymal and 

epithelial cells to recruit macrophages and polymorphonuclear leukocytes (PMNs) and 

initiate wound healing [164].Well, the blockade of IL-6 has been shown to prevent T-cell 

expansion and decrease Th-cell driven intestinal inflammation [165, 166].It has been 

proven that the signaling of IL-6 on intestinal epithelial cells (IECs) provokes YAP/notch 

signaling pathway which fosters the differentiation of absorptive epithelium leading to 

further stimulation of repair pathways [167].Moreover, a study has demonstrated that IL-

6 stimulates STAT3 signaling in IECs, thus promoting barrier function and mucus 

secretion [168]. 

Furthermore, a plethora of cytokines other than IL-6 have been involved in the 

pathogenesis of IBD; such as IL-1 family cytokines (IL-1b and IL-18). The loss of IL-1b 

and IL-18 expression due to the deletion of the inflammasome component caspase-1 has 

consequently ameliorated DSS-induced colitis in mice models [169]. 

Additionally, IL-8 has been known as a chemoattractant that targets neutrophils 

which migrate from peripheral blood into inflamed areas. A study has reported an increase 

in IL-8 expression in UC patients compared to normal [170]. 

Regarding IL-9, it has been shown that Th9/IL-9 pathway plays a pro-inflammatory 

role in IBD and in UC specifically. Its presence mainly aggravates the course of intestinal 

inflammation, and the administration of IL-9 antibody has been shown to ameliorate 

oxazolone-induced murine colitis [171]. 

In contrast, the presence of IL-10 has a protective role against inflammation. A study 

has reported that T-cells which lack IL-10 receptor are more prone to developing colitis 
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[172]. Similarly, the absence of IL-21R aggravates the case of DSS-induced colitis 

[173].A study has demonstrated that UC patients have increased expression of IL-33 and 

its receptor ST2 [174]. Regarding IL-23 signaling, it has been shown that IL-23 in 

activated Th17 cells induces JAK2 and STAT3 signaling contributing to the production 

of IL-17 and IL-22 [175]. 

Interestingly, the overexpression of STAT3 can induce the differentiation and 

proliferation of Th17 cells. Thus, the absence of STAT3 can absolutely prevent the 

differentiation of naïve T-cells into Th17 cells [176]. Well, in a DSS model of colitis, the 

contrasting roles of IL-17A and IL-17F have been demonstrated. An excessive 

inflammation and deterioration of intestinal epithelium has been reported after the 

administration of IL-17A antibody [177, 178].Whereas, lacking IL-17F in DSS-induced 

models of colitis has consequently contributed to the improvement of intestinal 

inflammation [179]. 

It has been proven that Toll-like receptors (TLRs) have specific sensing mechanisms 

in the gut microbiome which normally control the immune responses and maintain 

intestinal homeostasis [180]. Normally, when TLR2 is stimulated, it induces the 

association with the adaptor protein myeloid differentiation primary response protein 88 

(MyD88) and recruits further proteins leading finally to the activation of NF-kB [8]. 

However, studies have shown that an alteration in TLR2/6 signaling leads to colitis [181, 

182]. Shmuel-Galia L, et al have proven that the inhibition of TLR2 in this pathway has 

lead consequently to the amelioration of colitis in DSS-treated mice [183]. Interestingly, 

the differentiation of more pathogenic Th1 and Th17 cells is caused by the upregulation 

of TLR6 expression and thus leading to colitis in mice [184]. 
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NOD2 (nucleotide binding oligomerization domain 2) pathway has been considered 

to be one of the important pathways involved in IBD. It has been reported that NOD2 

gene was strongly associated with IBD [50, 185-187]. Normally, NOD2 senses muramyl 

dipeptide (MDP) and activates NF-kB via receptor- interacting serine/threonine-protein 

kinase 2 (RIPK2) which associates with the inflammasomes to induce the secretion of IL-

1b [188, 189]. It has been demonstrated that NOD2 deficiency in mice contributed to 

modified TLR signaling and production of high levels of pro-inflammatory cytokines by 

macrophages leading to inactivation of NF-kB and subsequently promoting injury [190]. 

Besides, IL-22/IL-22R pathway has been implicated in the pathogenesis of IBD. The 

stimulation of mononuclear phagocytes (MNPs) by commensal microbiota has triggered 

the secretion of several interleukins such as IL-1b, IL-6, and IL-23 leading to the 

activation of innate lymphoid cells (ILC3s) inducing IL-22 production [191]. It has been 

shown that STAT3 and MAPK pathways are both activated as IL-22 binds to its receptor, 

contributing to the production of IL-10, mucus, and antimicrobial peptides (AMPs). In 

addition, IL-22 has been shown to have an anti-apoptotic role, thus enhancing the 

proliferation of the damaged intestinal epithelium via the increase of claudin-2 expression 

[192]. In this context, a study has proven that colitis is exacerbated in mice models after 

the blockade of IL-22/IL-22R pathway; this shows that IL-22 pathway has a protective 

role against the development of colitis [192, 193]. 

Type1 Interferon (IFN-1) mainly promotes intestinal epithelial integrity through the 

activation of STAT1 and STAT2 signaling pathways [194]. However, mutations in type1 

Interferon receptor gene (IFNAR1) occur, contributing to IBD pathogenesis [195]. In 

addition, it has been demonstrated that tumor necrosis factor-a (TNF-a) plays a vital role 

in IBD through triggering the upregulation of IL-1b, IL-33, and IL-6 levels [196, 197].In 
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contrast, transforming growth factor- b (TGF-b) has been shown to suppress the 

development of T-cell mediated colitis [198]. 

Hence, the strong connections during inflammatory episodes between immune cells 

which produce chemokines and cytokines and non-immune cells such as fibroblasts and 

epithelial cells as well as adhesion molecules lead to an enhanced production of cytokines, 

neuropeptides, growth factors, and antibodies. In addition to oxygen and nitrogen reactive 

species which all participate in the pathophysiology of IBD [199]. 

 

3. Oxidative Stress in IBD 

The production of ROS has been always controlled by the production of an 

antioxidant system that involves a plethora of enzymes such as superoxide dismutase 

(SOD), catalase (CAT), glutathione peroxidases (GPXs), and their antioxidant substrates 

(glutathione and a-tocopherol) [200]. In addition to other antioxidant compounds such as 

b-carotene, vitamin C, bilirubin, zinc, selenium, copper, and urate [201]. 

One of the well-known antioxidants is “Superoxide dismutase” (SOD) which has 

been expressed in three different isomer forms (SOD1, SOD2, and SOD3) in IBD 

patients. It has been shown that its activity is correlated with the course of the disease 

[202]. The expression of SOD2 has shown a significant increase in IBD, while a 

downregulation of SOD3 has been detected especially in intestinal epithelial cells (IECs). 

Well, regarding SOD1, no effect has been reported [203].Moreover, several studies have 

demonstrated contradictory results regarding SOD’s expression in IBD animal models of 

colitis. For instance, in studies on UC induced by intrarectal acetic acid, an increased 

SOD level has been detected [204]. Whereas, other studies on UC induced by TNBS have 

reported a reduced SOD activity [205-207]. This implies that the level of oxidative stress 
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has increased, leading further to the oxidation of proteins and membranes’ lipid 

peroxidation, therefore damaging cells [208]. 

On the other hand, “Catalase enzyme” (CAT) is found in peroxisomes and is 

chemically responsible for reducing hydrogen peroxide into water and oxygen [209]. 

Clinical studies have proven that CD and colorectal cancer patients have both 

downregulated CAT levels [210, 211].Also, a decreased expression of CAT in genetically 

modified mice has been linked to a decreased occurrence of colitis and colon cancer too 

[212, 213]. 

In addition, “Glutathione peroxidase” (GPX) is another antioxidant which has mainly 

three different isoforms. Whereby, the polymorphisms occurring in GPX1 and GPX2 

levels have resulted in intestinal inflammation and oxidative stress, in addition to the 

appearance of IBD symptoms in mice models [214]. Other studies have demonstrated the 

significant association between increased GPX2 levels and colitis [215, 216]. In mice 

models of colitis treated with DSS, the plasma glutathione peroxidase (E-GPx) has been 

increased by more than 60% compared to the control, showing that GPX is implicated in 

the pathogenesis of the disease [217]. 

 

D. Animal Models of IBD 

The multifactorial nature of IBD has emphasized the need to develop a vast number 

of animal models that served as relevant tools for a better understanding of the disease 

pathogenesis and the underlying mechanisms involved in its initiation and progression. 

Researchers attempted to induce the disease (in its acute and chronic forms) in those 

models in several ways, thus allowing them to express various defects mimicking its 
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different aspects [57, 218]. Such models have provided pivotal insights into 

histopathological and morphological modifications occurring in the intestinal tract during 

the course of the disease [219]. However, it has been shown that none of these models 

has provided a sufficient clinical and histopathological representation of IBD, yet they 

have elucidated a detailed understanding of its pathogenesis [220, 221]. Importantly, 

researches focused on those models in research to use them for preclinical studies of drug 

development [220]. These models have been categorized into chemically induced colitis, 

spontaneous colitis, adoptive transfer, and genetically modified models [172, 218, 219, 

222-224]. The chemically induced models were the first used by Kirsner and Elchlepp in 

1957 when they induced colitis in a rabbit model by irritating its rectum with a diluted 

formalin solution, and then localizing its crystalline egg albumin within its colon.[225] 

After several years, chemically induced murine models of colitis were developed; the 

dextran sulfate sodium (DSS) and the 2,4,6-trinitrobenzene sulfonic acid (TNBS) models. 

In the following years, more than 60 different types of acute and chronic models of 

intestinal inflammation were generated [226]. In 1981, spontaneous colitis was induced 

in the cotton –topped tamarin animal which used to live in Colombia. Nine years later, 

Dr. Powrie and other researchers induced experimental colitis in immunodeficient mice 

using an adoptive T-cell transfer system; they transferred lymphocytes in lymphopenic 

mice [227]. Interestingly, this model system has significantly lead to a deeper 

understanding of the vital role of regulatory T-cells and the regulation of the mucosal 

immunity [228, 229]. Cell-transfer models include CD45RB-high, CD62L-high, and Hsp60 

CD8+ T cells [230]. In 1990, colitis was developed in genetically engineered modified 

rats that carry (HLA-B27) gene, a specific human gene [231].  In 1993, three different 

types of knockout (KO) mice which are interleukin-2 (IL-2) KO, interleukin-10 (IL-10) 
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KO, and T-cell receptor (TCR) KO mice also developed spontaneous colitis [232]. 

Additionally, IBD was developed in transgenic (Tg) models where a specific gene has to 

be selected, overexpressed, and introduced into such models leading to intestinal 

inflammation. More than 40 different types of genetically engineered mouse strains in 

addition to other strains possessing congenital gene mutations develop spontaneous 

colitis and/or ileitis. Genetically manipulated models include STAT3 KO, TGFb-1 KO, 

Caspase-8 KO, XBP-1 KO, Keratin-8 KO, WASP KO, NEMO KO, STAT4 Tg, IL-7 Tg, 

Gp39 Tg, and many others [230]. Moreover, it has been experimentally shown that the 

mating of two different inbred strains of mice having different genetic backgrounds 

caused spontaneous models of intestinal inflammation, and such models represent 

congenic models of IBD [226]. Congenic models, the most relevant to human conditions 

and diseases, are characterized by their complexity and similarity to human 

immunopathogensis, thus they are poorly understood by researchers [233]. They include 

C3H/HeJBir, SAMP1/Yit, and cotton-top tamarin models [230]. However, most of the 

researchers tended to use the chemically induced models instead due to the direct 

procedures they require, in addition to the rapid onset of inflammation they develop 

consequently [222, 234]. 

 Compared to genetically modified models, chemically induced models are better in 

avoiding different developmental abnormalities that can be the result of a certain genetic 

defect that takes place in genetically engineered models. Additionally, they have an 

advantage over the cell-transfer system which requires the use of immunodeficient mice 

to be successful. However, chemical induction is applied in immunocompetent mice 

which is much easier in performing experiments. Furthermore, researchers have to 

carefully select the model taking into consideration the standardized experimental design 
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being used because such factors are very critical in affecting the extent of the disease 

development. It should be noted that such models are easily used in the field of IBD 

research. Specifically, chemically induced models serve as pivotal tools in mimicking 

some of the histopathological and pathophysiological aspects of the disease, thus paving 

the way to important therapeutic interventions and strategies to treat IBD. Although these 

models have provided great insights into the disease pathogenesis, still none of them have 

fully elucidated its complexity and heterogeneity in humans [235]. There are several 

chemically induced models including dextran sulfate sodium (DSS), 2,4,6-

trinitrobenzene sulfonic acid (TNBS), dinitrobenzene sulfonic acid (DNBS), acetic acid, 

oxazolone, carrageenan, peptidoglycan polysaccharide, immune complex, indomethacin, 

and cyclosporine A [218]. However, the most commonly used IBD models are the DSS 

and TNBS as models of colitis [230]. 

 

E. DSS Model of Colitis 

The DSS IBD model, adopted in this research, is one of the most commonly used 

chemically induced models of IBD due to several reasons.  First of all, DSS is a water-

soluble polysaccharide that is made up of dextran and sulfated anhydro-glucose unit 

[236], carrying a highly negative charge due to its sulfated groups. Its molecular weight 

ranges from 5 to 1400 kDa. It has been shown that supplementing the drinking water of 

murine models with DSS (40-50 kDa) leads subsequently to murine colitis [237]. 

Additionally, Kitajima et al. reported that a mild colitis is caused by a low molecular 

weight DSS (5 kDa) while a high molecular weight (500 KDa) doesn’t contribute to 

colonic injury [238]. Due to unknown reasons, the huge pathology of the disease induced 

by DSS has been limited to the large intestine, specifically the distal colon [239]. Laroui 
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et al. have suggested that DSS-induced colitis is associated with the formation of nano-

lipocomplexes with medium-chain-lengthy fatty acids (MCFAs) in the colon [240]. It has 

been shown that the oral administration of DSS via drinking water in mice had disastrous 

effects on their gut epithelial cells and the integrity of their intestinal mucosal barrier 

[241]. It mainly contributes to epithelial injury in the gut; exposing the mucosal and 

submucosal immune cells to foreign antigens and promoting a severe inflammatory 

response [235]. Consequently, an upregulation in the levels of nitric oxide, inducible 

nitric oxide synthase (iNOS) and chemokines has been noticed [242, 243]. Yan et al have 

evidently reported the increase in the levels of proinflammatory cytokines after the 

administration of DSS also [244]. The assessment of different inflammatory mediators 

has played an important role in understanding the pathology of DSS-induced colitis; it 

included TNF-a, IL-1b, IL-6, IL-17, IL-10, TGF-b, mucin, TLR2/4 gene expression, and 

MPO activity [219, 222]. In addition, several changes in the expression of the tight 

junctions have been reported one day post treatment with DSS [245]. 

Several researchers have used the DSS model of murine colitis to study the 

association between colonic inflammation and Gall-R expression. The results of their 

experiment have evidently demonstrated an induction of a progressive and severe colitis 

whose severity has been associated with the activation of NF-kB and a further increase 

in Gall-R expression. Researchers assumed that Gall-R expression might be a vital 

component in the excessive fluid secretions detected in IBD [246, 247]. In 2000, Soriano 

et al. used this model to study the involvement of several adhesion molecules (CAMs) 

considering their important role in the pathogenesis of human IBD (UC and CD), 

specifically in regulating the recruitment of leukocytes during inflammation. They have 

studied three different endothelial CAMs; the vascular cell adhesion molecule 1 (VCAM-
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1), intercellular adhesion molecule 1 (ICAM-1), and mucosal addressing cell adhesion 

molecule 1 (Mad-CAM-1) which have been implicated in various acute and chronic 

inflammatory diseases [248].  

Although the experimental protocol of DSS-induced colitis is easy, several factors 

affect its efficiency in animal models, involving concentration of DSS (usually 1% to 

5%), molecular weight of DSS, duration and frequency of treatment (acute or chronic), 

strain ( BALB/c and C3H/HeJ mice strains are more susceptible to the disease) and gender 

(males show increased susceptibility) of the animal model, and the microbial environment 

of the animals (if it is pathogenic or germ-free) [237, 249]. Interestingly, studies have 

highlighted the effect of enteric bacteria on acute colitis; it has been validated that the 

enteric bacteria suppress the development of the disease. Researchers kept mice in germ-

free conditions and after a while, they detected a massive intestinal bleeding in those mice 

as a result of DSS administration contributing to the development of lethal colitis [250]. 

Several acute histological modifications occur at the level of the colon after a short 

exposure to a relatively high dose of DSS. They include mucin depletion, epithelial 

erosion and necrosis contributing to the disappearance of epithelial cells. Araki et al. have 

proven that an acute phase of DSS is mainly characterized by the presence of a leaky 

epithelial barrier caused by a decreased proliferation of the epithelium in addition to an 

increased level of apoptosis [251]. It should be noted that during inflammation, 

neutrophils migrate to the inflamed site, thus forming cryptitis and crypt abscesses. 

Although those are considered to be important histological aspects of human IBD, they 

are rarely reported in DSS-induced colitis [246]. Several clinical symptoms have been 

observed when inducing acute colitis such as bloody stools, weight loss, diarrhea, 
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hunched back, and death [239]. However, a continuous administration of relatively low 

dose in a cyclic manner causes chronic lesions. A chronic phase of DSS-induced colitis 

is mainly characterized by an infiltration of mononuclear leukocytes, disarray in the crypt 

architecture; where the gap between the muscularis mucosa and crypt bases is widened, 

in addition to the formation of deep mucosal lymphocytosis and transmural inflammation 

[222]. 

Interestingly, the DSS model is characterized by its simplicity, controllability, 

reproducibility and rapidity in inducing inflammation [239]. Further, it has been used in 

screening potential therapeutic substances.  Studies have elucidated that the induction of 

strong acute colitis by DSS in lymphopenic immunodeficient mice (SCID and Rag-/-) 

appeared to be linked to the innate immune cells and not adaptive ones [252, 253]. Thus, 

acute models have offered insights only into innate immunity being more relevant in 

studies that address the physiology of acute flares, wound healing, and resolution of acute 

inflammation. Thus, providing limited information about the pathogenesis of IBD. 

Whereas, chronic models have been implicated in studying the adaptive immunity which 

seems to be an advantage in studying the complications of chronic diseases such as 

neoplasia and tissue fibrosis [235]. 

 

F. Syndecan-1 knock-out Animal 

1. Characteristics of Syndecan-1 and its Role in Health: 

Syndecan-1 or (CD138) is a member of the heparan sulfate (HS) proteoglygan family 

which is mainly expressed on the glycocalyx of epithelial cells, endothelial cells, and 

plasma cells [254, 255]. It consists of three different domains; a long variable ectodomain 
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, a single transmembrane domain, and a short cytoplasmic domain [254]. SDC-1 mainly 

modulates different proteolytic activities [256], and plays a crucial role in a plethora of 

biological processes involving cell proliferation, differentiation and redifferentiation 

[257]. In addition, it acts as a co-receptor for different tyrosine kinase receptors [258, 

259]. For instance, it modulates and stimulates the activity of the complex of basic 

fibroblast growth factor (bFGF) and the FGF receptor, thus leading to keratinocyte 

proliferation and consequently to improved wound healing [260]. In addition to its role 

in integrin activity [261] and migration [262], it has been implicated in development, 

tissue repair, tumor progression and inflammatory responses. [255] J. Angsana has 

proven that sdc-1 expression on macrophages enhances macrophage’s motility in human 

and murine models and is significantly associated with an anti-inflammatory M2 

polarization [263]. Sdc-1 has been involved in maintaining the function of the mucosa 

barrier. It seems to activate Stat3 leading to the restoration of the tight junctions’ 

dysfunction in the cell, thus maintaining the epithelial integrity [264]. The extracellular 

domain of SDC-1can be shed from the cell surface and released into extracellular fluids 

by the action of distinct metalloproteinases, cytokines, chemotactic factors, as well as 

oxidative stress [265].  

 

2. Role of Syndecan-1 in Disease 

It has been shown that patients suffering from multiple myeloma, acute graft-versus-

host disease, diabetic nephropathy, acute coronary syndrome, cardiogenic shock, acute 

myocardial infarction, cardiac fibrosis, and severe sepsis, in addition to patients 

undergoing dialysis or major vascular surgery have increased levels of soluble sdc-1 

[265-275]. Additionally, it has been demonstrated that an elevated expression of sdc-1 
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has been mainly implicated in invasive growth and development of distinct tumor entities 

involving breast cancer and myeloma cancer [276-280]. Moreover, a clinical study has 

proven that colorectal carcinoma patients have significant high epithelial sdc-1 levels 

which is mainly associated with tumor size [281]. A further study highlighted the 

association between serum sdc-1 levels and Systemic Lupus Erythematosus (SLE), 

showing that this level is significantly upregulated in SLE patients with active disease 

compared to individuals with inactive one [282]. Knowing that sdc-1 plays a pivotal role 

in migration, it has been shown that the gene knockout and overexpression of sdc-1 both 

lead to a reduced migration in a wound healing process[260, 283]. H Salminen-Mankonen 

et al. have proven that sdc-1 expression is upregulated in the knee joints of Dell mice 

during the early stages of articular cartilage degeneration, and that sdc-1 positive cells 

have been localized in chondrocytes that are close to degenerated areas [284]. G. Diab et 

al. has demonstrated the association between sdc-1 expression and Rhematoid Arthritis 

(RA) as well, showing that after a six-week of antirheumatic treatment, serum levels of 

sdc-1 have been reduced reflecting the reduction in sdc-1 shedding from glycocalyx 

[285]. Furthermore, it has been reported that sdc-1 deficiency leads to skin inflammation 

in experimentally induced psoriasisform dermatitis mouse models and other models 

leading to exaggerated airway hyperresponsiveness [286, 287].  

 

3. Role of Syndecan-1 in IBD 

 It has been shown that sdc-1 plays a crucial role in intestinal inflammation. Patients 

with chronic IBD have shown downregulated levels of sdc-1 in their colons [288, 289]. 

Specifically, patients with ulcerative colitis (UC) have increased sdc-1 shedding from 

their cell surface, leading to the activation of several inflammatory factors and higher 
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circulation of neutrophils. Further results in that study have shown that cell-surface 

anchored sdc-1 inhibits the secretion of pro-inflammatory cytokines due to its suppressed 

ectodomain shedding, causing amelioration of intestinal inflammation and neutrophil 

transmigration [290].  

It has been demonstrated that loss of sdc-1 contributes to an increase in epithelial 

permeability causing protein-losing enteropathy which is similar to the case of IBD where 

a defect in the intestinal epithelial barrier takes place [291]. It has been evidently revealed 

that inflammation disrupts the normal healing process in IBD, and this is maybe due to 

the loss of sdc-1, leading to a decreased rate of healing. Well, patients with ulcerated 

mucosa have actually shown a lack in sdc-1 expression and a decreased rate of tissue 

repair, consequently leading to a state of persistent chronic inflammation [291-293]. 

Another study has demonstrated the correlation between the release of TNF-a and IL-1b  

by lamina propria mononuclear cells in active IBD and degree of mucosal inflammation 

[294]. The stimulation of HT29 and T84 colonic epithelial cells with TNF-a and IL-1b  

leads to sdc-1 shedding, and thus downregulation of the epithelial sdc-1 expression [292]. 

Additionally, it has been reported that patients with CD have reduced sdc-1 levels which 

is mainly caused by upregulated TNF-a levels [292]. Importantly, several murine models 

of IBD have similarly shown reduced levels of sdc-1 [295-297]. For instance, Floer M. et 

al have proven that syndecan-1- null mice have delayed and exaggerated recruitment of 

leukocytes, impaired mucosal repair, and worsening of DSS colitis symptoms with high 

lethality [298]. Another study has revealed that a DSS-induced model of colitis is 

characterized by an increased syndecan-1 shedding which leads to a reduced expression 

of anchored sdc-1 in the colonic mucosa. This proves explicitly the correlation between 

sdc-1 shedding process, decreased mucosal sdc-1 expression, and sustained inflammation 
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[299]. 

 

G. Management of IBD 

Most available treatment protocols for IBD aim to maintain patients in remission, 

ameliorate the symptoms of the disease, reduce its severity, and prevent surgeries [300]. 

It is crucial to study the symptoms of patients very well, and to specify the type of the 

disease before giving them a certain treatment. Specifically, treatment for IBD is mainly 

based on pharmaceutical drugs and self-care [301]. “Aminosalicylates” were the first to 

be used to treat IBD. It involves two different drugs, “Salazopyrin” which is the oldest 

one in this category, and “Mesalazine” which is the main aminosalicylate used in IBD 

management nowadays [302]. It has been proven that the effectiveness of 

aminosalicylates depends on the dose administered to patients [303]. Moreover, 

corticosteroids mainly “Hydrocortisone” and “Prednisolone” have been commonly used 

for treatment. Studies have shown that corticosteroids can be used either alone or in 

combination with “Mesalamine” which might be better and more effective [304]. 

Knowing that TNF-α is one of the proinflammatory factors produced during 

inflammation, several anti-TNF agents such as “Infliximab”, “Adalimumab”, and 

“Golimumab” have been produced as classic IBD drugs. The combination of 

“Infliximab” and “Azathioprine” has been shown to be efficient in maintaining remission 

in both CD and UC patients [305-307]. However, “Vedolizumab”, an α4β7 integrin 

blocker, is transcribed for those who do not respond to anti-TNF therapy [308, 309].  

In addition, classical immunosuppressive drugs such as Azathioprine, Methotrexate, 

and Cyclosporine “A” have been used in IBD therapy. Azathioprine has been shown to 
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have a positive effect in both UC and CD cases while the effect of “Methotrexate” has 

been limited only to CD cases. Interestingly, Cyclosporine “A” has efficacy in only UC 

cases [310-313]. It is very essential in patients who did not respond to corticosteroid 

treatment, for that it might prevent them from surgery. However, after one year of 

cyclosporine treatment, it has been proven that most of the patients might require surgery 

[314]. Cyclosporine “A” and Methotrexate have been shown to inhibit the production of 

proinflammatory cytokines and stimulate apoptosis [315-318]. 

 

H. Cyclosporine 

1. Definition of Cyclosporine “A” and its Role in Health 

Cyclosporine “A” is a large hydrophobic, cyclic, organic molecule that was extracted 

from the soil fungus Tolypocladium inflatum Gams in 1971 [319, 320]. After organ 

transplantation, it acts as an immunosuppressant to prevent rejection. In addition, it has a 

pivotal role in ameliorating chronic inflammatory diseases [321]. Cyclosporine 

downregulates the activation of T-lymphocyte by blocking the production of IL-2 through 

inhibition of the calcineurin pathway [322-324]. Its mechanism of action starts when it 

binds to cyclophilin, an intracellular binding protein for CysA, forming a (Cyp-Cys) 

complex. The formed complex binds to calcineurin, a protein phospahatase that has a 

vital role in T-lymphocyte activation, and prevents the dephosphorylation of the nuclear 

factor of activated T-lymphocytes (NFAT). Thus, the cytosolic component of NFAT can’t 

enter the nucleus, and NFAT complex is not formed. Thereby, the production of IL-2 and 

its receptor are further inhibited [325]. Not only IL-2 is inhibited when the complex binds 

to calcineurin since calcineurin is a regulatory factor that leads to the transcription of 

several cytokine genes such as IL-3, IL-4, TNF-a, granulocyte-macrophage colony-
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stimulating factor (GM-CSF), and interferon-g (IFN-g). Knowing that calcineurin 

controls the phosphorylation of nitric oxide synthase (NOS), and knowing that CysA 

prevents the calcineurin pathway, it has been shown that CysA reduces the production of 

nitric oxide, thus affording an anti-inflammatory activity [326]. 

In addition, it has been proven that CysA inhibits the activation of c-Jun N-terminal 

kinase (JNK) and p38 signaling pathways [316]. Interestingly, it contributes to the 

apoptosis of CD4+ T-lymphocytes [327] and prevents the activation of antigen presenting 

cells, specifically B-lymphocytes [324]. Evident studies have shown that it plays a critical 

role in impeding granulocyte infiltration, thus leading to an increased vascular 

permeability [326].Consequently, CysA inhibits NF-kB and reduces the expression of 

cellular adhesion molecules, contributing further to a decreased adhesion contact, 

transendothelial migration, and neutrophils’ infiltration [328]. Moreover, it has a pivotal 

role in the blockade of chemotactic migration and inhibition of superoxide and IL-8 

production in a dose-dependent manner [319]. 

 

2. Role of Cyclosporine “A” in IBD 

It has been demonstrated that cyclosporine A is an effective treatment in reducing 

colitis [329]. Since the mid-1980s, it has been used as a substituent for corticosteroid 

therapy in UC patients [304]. Additionally, it has been reported that cyclosporine therapy 

plays a pivotal role in fistula closure in 44% of CD patients [330]. It is known that 

cyclophilin is an endogenous protein secreted by activating macrophages and has a pro-

inflammatory effect. When CysA binds to cyclophilin, it neutralizes its chemotactic 

properties, thus inhibiting intestinal inflammation [319]. Several studies have reported an 
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increase in the expression of several cytokines such as TNF-a, IL-4 and IL-17 in IBD 

patients and IL-10 in UC patients [196, 331, 332]. However, a significant decrease in 

their expression has been detected in IBD groups treated with CysA [315]. It has been 

demonstrated that cyclosporine A is an effective treatment in reducing colitis [329]. Sumit 

Sharma et al. has proven that TNBS induced colitis in New Zealand rabbits is ameliorated 

after using a targeted delivery system of cyclosporine, and that the expressions of TNF-

a, IL-6, IL-10 are downregulated in treated animals [333]. Additionally, in a DSS-

induced model of colitis, cyclosporine has ameliorated body weight loss, epithelial 

apoptosis, and colonic mucosal destruction[334]. Similarly, it has particularly prevented 

the presence of ulcerations and lymphocytes’ infiltration in treated animals. In addition, 

it has avoided colon shortening which is usually detected as an inflammatory marker, and 

has decreased the production of pro-inflammatory cytokines [335]. In another study, 

Holger Sann et al. has shown that systemic and colonic anti-DSS effects are produced 

after the oral treatment of cyclosporine A in a dose-dependent manner [335]. However, 

serious adverse effects have been evaluated in IBD patients taking intravenous CysA (4 

mg/kg/day) followed by oral CysA (8 mg/kg/day). They involve renal insufficiency, 

hypertension, hypomagnesemia, paresthesias, seizures, anaphylaxis, infections, and death 

[336]. Along this line, research has been active towards finding ways to decrease these 

side effects of CysA; coupling it with Cyp is one option to work on. 

 

I. Cyclophilin 

1. Definition of Cyclophilin 

 Cyclophilins (Cyps) are ubiquitous proteins which are well conserved and present 
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in both prokaryotes and eukaryotes [337]. The peptide bonds of Cyps are isomerized from 

trans form to cis form at specific proline residues, and this isomerization is mainly 

catalyzed by the peptidyl prolyl isomerase activity which facilitates protein folding [338]. 

Cyps in human are intracellular and extracellular, and they consist of 16 family members 

having different structures [337]. Among them, CypA is the most abundant member that 

was first purified from bovine thymocytes and accounts for ~ 0.1-0.6% of the total 

cytosolic proteins. It has been shown to be the primary cytosolic binding protein of 

cyclosporine A  [339-341]. Macrophages, vascular smooth muscle cells, endothelial cells, 

and fibroblast-like synoviocytes secrete CyPA, and it plays a role in both autocrine and 

paracrine signaling pathways [342-345].  

 

2. Role of Cyclophilin in Health 

CypA stimulates the intercellular communication and is characterized by its 

chemoattractant influence on inflammatory cells which consequently aggravates 

oxidative stress and inflammation [337]. It has been proven that extracellular Cyp is a 

ligand for the surface receptor CD147, and that the binding of Cyp to CD147 evidently 

contributes to its chemotactic activity [346]. It should be noted that the presence of 

heparan sulfate proteoglycans (HSPGs) is very important in the signaling activity of 

CypA because they act as primary binding sites for CypA on their targets. If HSPGs are 

removed from the cell surface of target cells (neutrophils), the signaling responses to 

cyclophilins will be accordingly abolished, and therefore the chemotaxis and adhesion of 

T cells and neutrophils will be eradicated [346, 347]. Moreover, it has been shown that 

CypA is implicated in protein folding, trafficking, and assembly, in addition to its role in 

the activation of T cells and cell signaling [337, 348]. Interestingly, it is related to 
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molecular chaperones because of its enzymatic properties and cellular localization, in 

addition to its critical role in protein folding [349]. 

 

3. Role of Cyclophilin in Diseases and IBD 

It has been reported that CypA is involved in many key processes which underlie 

different human diseases [337]. Growing body of evidence has shown that an upregulated 

level of extracellular CypA is present in patients with inflammatory responses such as 

asthma [350], sepsis [351], and coronary artery disease [352]. The table below shows the 

involvement of cyclophilin in different pathologies. 
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Table 1: Cyclophilin's Role in Diseases. 

 
 
 
 

 

 

Cardiovascular 
Disease 

Angiotensin II- induced Abdominal aortic 
aneurysm (AAA) was prevented by the 
deletion of CypA in mice.  

[353] 

CypA induces ROS production and 
proliferation of cardiac fibroblasts, thus 
causing cardiac myocyte hypertrophy. 

[354] 

Patients with myocardial infarction and 
unstable angina have significant high 
serum CypA concentration compared to 
patients with stable angina.  

[355] 

 

Rheumatoid 
Arthritis 

CypA is the major constituent in 
macrophages of the synovial lining layer in 
RA. 

[356] 

In RA, the destruction of cartilage and 
bone are mainly caused by CyPA-CD147 
interaction which upregulates MMP-9 
expression and causes the adhesion of 
macrophages to the extracellular matrix.  

[357] 

Diabetes Plasma levels of CypA in diabetic patients 
are much higher than that in healthy 
individuals.  

[358] 

Asthma It was found that asthmatic mice have an 
elevated level of extracellular CypA in 
their airways, and that the airway epithelial 
mucin is reduced after anti-CD147 
treatment. 

[359] 

Sepsis The expression of CypA is elevated in a 
mouse model, specifically in the liver after 
sepsis. 

 

[360] 

Periodontitis Inflamed gingival tissues has an elevated 
cyclophilin expression compared to 
healthy tissues. 

[361] 
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CypA plays a role in migration of dendritic cells [362] ,activation of ERK1/2 MAPK 

pathway, and NF-kB phosphorylation, therefore causing proliferation of macrophages 

[363]. It has been further demonstrated that the stimulation of cyclophilin leads to the 

activation of AKT and NF-kB pathways, and subsequently to the upregulation of 

antiapoptotic protein Bcl-2 levels in endothelial cells [364]. Similarly, the binding of 

cyclophilin to the cell surface receptor CD147 has been shown to increase both ERK and 

AKT signaling [340, 346, 365]. Thus, the main signaling pathways that are implicated in 

CypA/CD147 interactions are ERK1/2, AKT, MAPK, and NF-kB pathways. 

Furthermore, the association between elevated CypA levels and cancer has been evidently 

illustrated [364, 366, 367]. Moreover, CypA plays a pivotal role in stimulating monocytes 

to produce matrix metalloproteinases MMP-9 and MMP-2 in inflammatory diseases 

[368]. The increase of MMP-9 has been interestingly reported in both inflammatory 

bowel diseases UC and CD [369]. Evident studies have shown that the reduction of 

inflammation and intestinal mucosal damage in DSS-induced ulcerative colitis mice is 

mainly caused by the absence of MMP-9 expression [370]. More studies have highlighted 

the role of tissue inhibitor of matrix metalloproteinase (TIMP-1) in IBD, showing that 

TIMP-1 level is elevated in IBD patients [371, 372]. It has been evidently shown that the 

expression of TIMP-1/MMP-9 is regulated by the high expression of serum CypA in IBD 

by the activation of ERK1/2 which contributes to the development of IBD, specifically 

ulcerative colitis.[357, 373, 374]. A study has reported a significant increase of CypA 

levels in the colonic tissue [375], serum [376], and lymphocytes of UC patients [376] 

showing that CypA has a crucial proinflammatory role in IBD. 
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J. CD147 

1. Definition of CD147 and its Role in Health 

CD147, known as ECM metalloproteinase inducer or “EMMPRIN”, is a 50-60 kDa 

transmembrane glycoprotein which is highly glycosylated. It is made up of two 

extracellular immunoglobulin domains: a transmembrane domain and a cytoplasmic 

domain containing 39 amino acids [377]. It is mainly expressed on macrophages, 

endothelial cells, and human peripheral blood cells, in addition to cultured cells. 

Interestingly, it is implicated in a plethora of cellular processes such as signal 

transmission, cell adhesion, neural functions, and reproduction. 

Additionally, its role has been illustrated in inflammation, production of matrix 

metalloproteinases, cancer development, and HIV infections [377, 378]. Moreover, 

EMMPRIN has also participated in transport of calcium [379] , chaperone functions, 

[380] development of blood brain barrier [381] , and neutrophil chemotaxis. [346] 

Accumulating evidence has shown that CD147 may bind to integrins. In a study, the 

colocalization CD147 with b1 integrins has been illustrated in adhesive cellular areas 

[382]. Well, as mentioned before CD147 has been implicated in several signaling 

pathways such as: MAPK p38, NF-kB, ERK1/2, and PI3K pathways [383-385]. 

 

2. Role of CD147 in inflammation and IBD 

 It has been proven that CD147 plays an essential role in modulating inflammation 

and immune responses [386]. Experimental models of human diseases such as 

rheumatoid arthritis [387], multiple sclerosis [388], asthmatic lung inflammation [359], 

and myocardial ischemia/reperfusion injury [389] have demonstrated a  reduction in 
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inflammation and disease severity when targeting CD147. Regarding IBD, an elevated 

expression of CD147 has been detected in the intestinal mucosa of IBD patients. 

Similarly, serum CD147 has been also elevated in addition to disease activity (DAI) in 

these patients. This shows that CD147 is a pivotal proinflammatory biomarker for IBD 

[390]. 

 

K. Syndecan-1/Cyclophilin/CD147 interaction 

Rachel Pakula et al. and her colleagues have investigated the role of Syndecan-

1/Cyclophilin “B”/CD147 association in the activation of p44/42 mitogen activated 

protein kinases and further stimulation of cell adhesion and chemotaxis [391].Their 

previous investigations showed that cyclophilin plays an essential role in chemotaxis and 

integrin-mediated adhesion of T lymphocytes. They have interestingly shown that such 

processes involve the collaboration with two types of binding sites, CD147 and cell 

surface Heparan sulfate (HS). In this study, they have demonstrated that only syndecan-

1 among other syndecans has a physical association with CD147. They have proven that 

the addition of antibodies to syndecan-1 or the knockout of syndecan-1 gene have both 

contributed to a reduction in the Cyp-induced p44/42 activation, and thus a reduction in 

the migration and adhesion of T cells. Knowing that cyclophilin evokes different 

responses by a specific mechanism which involves the prolyl isomerization of CD147, 

findings have shown that syndecan-1 serves as a crucial coreceptor for cyclophilin, and 

it acts in collaboration with CD147, thus stimulating the activation of p44/42 MAPK 

pathway, leading to adhesion and migration of T cells. In addition, the pretreatment of T 

cells with a MAPK pathway inhibitor has consequently inhibited ERK activation, and 

thus inhibiting Cyp-mediated cell adhesion to fibronectin. Similarly, the addition of 
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antibodies to CD147 has contributed to the same previous result showing that CD147 has 

a pivotal role in the signaling pathways triggered by Cyp. This has significantly shown 

that Cyp evokes ERK activation through CD147 and cell adhesion by a process that 

involves the functional activity of cell surface heparan sulfate proteoglycan “HSPG” 

(syndecan-1). Furthermore, it has been hypothesized in this study that a physical 

interaction between CD147 and HSPG occurs, leading to the formation of an active 

complex at the cellular membrane of T lymphocytes. Specifically, the association 

between syndecan-1 and CD147 has been demonstrated despite the absence of Cyp. Well, 

the presence of Cyp has subsequently contributed to the stabilization or even increase in 

the association between HSPG and CD147, thus forming an active ternary complex with 

CD147 at the membrane of T cells. The disturbances in CD147/syndecan-1 complex 

which occur when adding antibodies to either CD147 or syndecan-1 have shown to 

neutralize Cyp-mediated ERK activation, thus decreasing the adhesion of responsive T-

cells to fibronectin. Knowing that CD147, syndecan-1, and cyclophilin are all 

incorporated in the inflammatory responses, data in this study have suggested that the 

interaction between the three subunits may have a pivotal role in the pathogenesis of 

several inflammatory diseases including IBD. 

 

L. Probiotics 

1. Definition of Probiotics 

Probiotics are active nonpathogenic living microorganisms which confer positive 

effects to the host when consumed in sufficient doses [392]. Their efficient role has 

evidently been demonstrated in the treatment of several human diseases [393-395]. It has 

been shown that probiotics have specifically beneficial effects in treating inflammatory 
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diseases such as arthritis [396],ulcerative colitis [397, 398],and experimental colitis [399-

401]. 

 

2. Mechanisms of Action of Probiotics 

No doubt that the effect of probiotics mimics that of the intact microbiota during 

intestinal homeostasis. Their mechanism of action first of all depends on their strain and 

involve the assembly of antibacterial components such as bacteriocins, lactic acid, and 

hydroperoxides. Second, they play a crucial role on the intestinal epithelial surface where 

they have the ability to block completely the epithelial binding sites, thus preventing 

bacteria from binding. Third, they fortify the integrity of the mucosal barrier by 

upregulating the tight junction molecules. Also, they have the ability to destroy toxin 

receptors and modify pH, thus creating a more acidic milieu which is unfavorable for the 

survival of proinflammatory bacteria. Finally, they tend to compete for indispensable 

nutrients that are needed for the survival of the host [132, 402-404]. Moreover, probiotics 

are very well known for their pivotal role in regulating immunity and assisting in the 

defense mechanism of the immune system. Actually, they are involved in the activation 

of Toll-like receptors and differentiation of T-helper cells, and the production of mucosal 

antibodies (IgA). Furthermore, they play a vital role in a plethora of mechanisms. They 

stimulate phagocytosis and natural killer (NK) activity and provoke apoptosis of T cells. 

They also decrease proinflammatory cytokines (TGF-a, IFN-g), and increase the 

secretion of anti-inflammatory cytokines (TGF-b,IL-10) [405-407]. 
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3. Effectiveness of Probiotics in Clinical Cases 

Interestingly, the effect of probiotics in the reduction of inflammation has been 

established in various clinical studies. For instance, Li et al. has revealed the essential 

role of Lactobacillus acidophilus, Streptococcus, and Bifidobacterium bifidum in the 

downregulation of the proinflammatory cytokine IL-1b and upregulation of IL-10 which 

is a well-known anti-inflammatory cytokine [408]. Additionally, Chen et al. has 

highlighted the important role of Escherichia coli Nissle 1917 and VSL#3 which is mainly 

a food product that involves (L. paracasei, L. plantarum, L. acidophilus, L. delbrueckii, 

B. longum, B. breve, B. infantis, and Streptococcus thermophilus) in having a positive 

impact on UC patients [409]. Moreover, it has been revealed that the supplementation of 

Bifidobacterium-fermented milk (BFM) causes a reduction in the concentration of a 

molecule which is involved in colitis remission (Luminal Butyrate), showing an 

improvement in the function of colorectal mucosa [410]. 

 

4. Effectiveness of Probiotics in Animal Models of Colitis 

A study has demonstrated the effect of a seven-days pretreatment with L. plantarum 

DSM 9843, Bifidobacterium sp. 3B1 and B. infantis DSM 15158 in a DSS-model of 

colitis. Accordingly, a reduction in both disease activity and bacterial translocation have 

been evidently revealed in rats [411]. Another study by McCarthy et al. has shown the 

effect of Lactobacillus salivarius and Bifidobacterium infantis strains in the IL-10-/- model 

where a significant reduction in the pro-inflammatory cytokines TNF-a, IL-12, IFN-g  

has been detected, consequently leading to a reduction in the mucosal inflammation 

[412]. Similarly. Madsen et al. has validated the effect of VSL#3 in the IL-10-/- mice 
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model where a significant reduction in the pro-inflammatory cytokines (TNF-a and IFN-

g), colitis severity, and histological scores have been detected as well [413].  

Moreover, Fujiwara et al. has shown the effect of Bifidobacterium longum in a DSS-

mouse model of colitis where a reduction in colonic shortening and disease severity have 

been revealed [414]. Another study has shown that the supplementation with other strains 

of Bifidobacterium such as B. animalis subsp. lactis BB12 has caused a reduction at the 

level of colon length and colon’s histology, in addition to the decrease in TNF-a levels 

and in the apoptosis in intestinal epithelial cells [415]. Interestingly, it has been proven 

that probiotics have a pivotal role in supporting and intensifying gut-tight junctions, in 

addition to affecting the proportions of T cell subpopulations. It has been shown that the 

mixture of Bifidobacterium, Lactobacillus acidophilus, and Enterococcus in a DSS-model 

of colitis has subsequently contributed to a reduction in the total number of T cells in the 

colon and peripheral blood, an increase in the number of T reg cells, and strengthening in 

the gut-tight junctions [416]. In other models of colitis such as TNBS models, it has been 

demonstrated that the oral treatment with Bifidobacterium bifidum has reduced the 

inflammatory state, histological scores, and macroscopic damage, and it has avoided 

weight loss of the animals [417, 418]. However, no beneficial impact has been detected 

at the levels of histological scores, weight changes, and gut permeability in TNBS rat 

models of colitis after the supplementation of Lactobacillus plantarum species 299 in 

contrast to other studies and reports. This may be to several factors including the used 

dose, the severity of the disease, the animal model of colitis (mice or rats),and the 

probiotics’ strains used which may have different properties affecting their mechanisms 

of action [419]. 



 

 52 

 

M.  Cluster of differentiation 3 (CD3) 

1. Definition of (CD3) 

Cluster of differentiation 3 or CD3 is a cell surface multimeric protein complex, 

identified as a T3 complex. It mainly constitutes of four different subunits; epsilon, 

gamma, delta and zeta, where they dimerize and form three distinct pairs. These subunits 

are chains of integral membrane glycoproteins that have a non-covalent association with 

the T cell receptor (TCR). They are necessary for TCR cell surface expression and 

signaling transduction as well [420-422]. It has been shown that the expression of CD3 

has initially taken place in the cytoplasm of the developing T cells. As the T cell 

maturation process progresses, the cytoplasmic CD3 is subsequently abolished, and CD3 

antigen is only presented on the cell surface [421]. At the pathophysiological level, the 

binding of antigen peptides leads to the stimulation of TCR, thus evoking the 

phosphorylation of (ITAMS) which are intracellular immunoreceptor tyrosine-based 

activation motifs found in the CD3ζ subunits [422].  

 

2. (CD3) in Diseases and Inflammation 

CD3 antigen has evidently been demonstrated as an ultimate immunohistochemical 

T cell marker in tissue sections to distinguish between normal T cells and T cell 

neoplasms such as lymphomas and leukemias [423, 424]. Additionally, CD3 has been 

interestingly shown as a marker for various diseases such as collagenous colitis 

[425],lymphocytic colitis [426],and coeliac disease [427]. Moreover, Takeuchi et al. has 

proven the association between the deficiency in the CD3 ζ polypeptide chain and the 
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development of Systemic Lupus Erythematosus (SLE), an auto-immune disease [428]. 

Furthermore, deficiencies in CD3 have been linked with the development of “Severe 

Combined Immune Deficiency” (SCID) where T cells are either defective in their 

function or production [429, 430]. It has been also demonstrated that the addition of 

antibodies specific to CD3 in animals has consequently stimulated tolerance to allografts 

[431]. 

In a murine model of “Pneumocystis Pneumonia”, it has been proven that anti-CD3 

antibody treated to mice has evidently reduced inflammation after one week, and 

improved their health consequently compared to mice receiving control antibody [432]. 

Another study has revealed the association between the incubation of intestinal tissues 

from IBD patients with “Otelixizumab”, an anti-CD3 antibody, and the reduced 

production of pro-inflammatory markers (IL-17A, IFN-g). In contrast, it has been shown 

that an increased production of anti-inflammatory cytokine IL-10 has been detected post-

treatment with anti-CD3. This indicates that CD3 is an inflammatory marker that is 

upregulated during inflammatory diseases, including “IBD” [433]. 

 

N.  “Phosphorylated Protein Kinase B” (pAKT) in Health and Diseases 

The PI3K/Akt pathway is one of the crucial pathways that control several 

mechanisms such as cell proliferation, differentiation, and survival by inhibiting other 

apoptotic processes. It has been evidently shown to be activated in various types of 

cancers [434-438]. Phosphatidyl inositol bisphosphate (PIP2) is converted to 

phosphatidyl inositol trisphosphate (PIP3) by the action of PI3K enzyme. Subsequently, 

the formed (PIP3) translocates Akt to the plasma membrane where its phosphorylation 
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process takes place by the action of 3-Phosphoinositide-dependent kinase1 (PDK1) 

enzyme [439]. Thus, the activated phosphorylated form of Akt (pAKT) is formed which 

further modulates the function of a plethora of substrates incorporated in the regulation 

of cell growth and survival.  

It has been demonstrated that Akt signaling controls the differentiation of Th1 cells 

[440, 441]. Further studies have proven that the activation of PI3K/Akt/mTOR pathway 

in the lymphocytes of murine models has displayed symptoms of systemic autoimmunity, 

showing the critical role of this pathway and its involvement in autoimmune disorders 

[442]. Moreover, it has been shown in one of the studies that “Beauvericin” ameliorates 

experimental colitis in mice through the inhibition of activated T lymphocytes by 

downregulating the PI3K/Akt signaling pathway. Hence, this pathway is upregulated in 

mice inflammatory bowel disease[443]. Another study has shown that its activation is 

also involved in human IBD as well as tumor invasion in the Piroxicam / IL-10−/− mouse 

model. The use of LY294002, a mast cell and tumor-associated macrophages (TAMs) 

inhibitor, has targeted the PI3K/Akt pathway, consequently impeding the progression of 

colitis. This indicates that the development of colitis and progression to cancer depend on 

the activity of stromal PI3K [444]. A study has revealed that fibrinogen stimulates 

vascular permeability through Akt activation and consequent microfilament 

depolymerization. A significant increase in the expression of phosphorylated Akt (pAkt) 

has been shown in the colons of DSS and TNBS-induced mice models of colitis [445]. 

Therefore, PI3K/Akt pathway is a therapeutic target for IBD. 

In summary, Inflammatory Bowel disease or (IBD) is a complex multifactorial 

disease that is amplified by various genetic and environmental factors which disrupt the 
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immune microbiome axis and promotes intestinal inflammation. One of the used drugs 

that leads to the amelioration of the disease is “cyclosporine”, an immunosuppressant that 

prevents organ transplant rejection and forms a complex with its binding protein 

“cyclophilin”. Additionally, several studies have highlighted the positive role of 

probiotics in restoring the healthy mucosal state inside the gut while reducing 

inflammation. Moreover, the role of syndecan-1 has been explained in the previous 

sections showing that it is an essential cell membrane proteoglycan that participates in a 

plethora of biological processes such as adhesion, migration, and plays a vital role in 

inflammation. Besides, it has been shown that Syndecan-1/Cyclophilin /CD147 pathway 

has a pivotal role in the healing process during the onset of inflammation (IBD), but it 

has been rarely investigated in other research studies. Several inflammatory markers such 

as (IL-6, CD147, CD3 and pAKT) have been briefly discussed concerning their role in 

inflammation, specifically IBD. 
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CHAPTER II 
 

OBJECTIVES AND HYPOTHESIS OF THE STUDY 

 

 Several studies have shown that cyclosporine “A” plays a role in the therapy of 

IBD in both clinical and animal models. However, as mentioned previously, various 

systemic adverse effects have been reported in treated patients and animals. Moreover, 

studies have highlighted the prominent role of Syndecan-1/Cyclophilin “A”/CD147 

interactions in inflammation and their possible role in the pathogenesis of IBD. 

Furthermore, it is hypothesized that the combination of CypA and CysA might decrease 

the side effects of CysA, particularly in the presence of probiotics since research studies 

have evidently revealed the positive effect of probiotics on the course of IBD in reducing 

colonic edema, macroscopic damage, histological alterations, and clinical features in both 

human and animal models. Based on the literature, we hypothesized that: 

• Cyclosporine “A” would reduce inflammation in syndecan-1 knock out mice IBD 

models due to its proven immunosuppressive therapeutic effects in IBD models. 

• The cyclosporine “A” and cyclophilin A would have an added value to improve 

the healing process in IBD with limited side effects. 

• Probiotics would have a positive effect on IBD in syndecan-1 knock outs in 

ameliorating inflammation and speeding up the healing process. 

 Accordingly, our project was based on three objectives: 

• To evaluate the effect of cyclosporine “A” on the expression of several 

inflammatory markers (CD147, IL-6), CD3 and pAKT in syndecan-1 knock out 

mice. 
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• To assess the anti-inflammatory activity of cyclosporine “A” in the presence of 

extracellular cyclophilin “A” in Syndecan-1 knock out mice with DSS induced 

IBD. 

• To explore the effect of probiotics on IBD alone and in presence of (Cyp-Cys) 

complex in Syndecan-1 knock out mice. 
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CHAPTER III 
 

 MATERIALS AND METHODS 

 
A. Experimental Procedure 

1. Animal Housing 

 A total of 42 adult Syndecan-1 mice were used. Approval of the experimental 

protocol was obtained from the Institutional Animal Care and Use Committee (IACUC) 

of the American University of Beirut (AUB), Lebanon.  

 

2. Induction of IBD and Treatments 

 DSS-induced IBD is a well-established model commonly used in experimental 

colitis studies. Optimized concentration of the pro-inflammatory agent Dextran Sodium 

Sulfate (DSS-Sigma-Aldrich,42867-100G) 1.5% was prepared in autoclaved water and 

administered to animals in their drinking water. Each DSS cycle consisted of 7 days of 

DSS followed by 2 weeks normal drinking water. The syndecan-1 null mice were divided 

into seven groups and treated as follows: 

Cyclophilin A (Human recombinant expressed in E-coli) from Sigma - Aldrich (C3805- 

1MG) was injected intraperitoneally (IP) at a dose of 25µg /Kg/Day for one week starting 

day 7 of DSS administration. Similarly, Cyclosporine A (Novartis, SPE31) was 

administered by IP injections at a concentration of 200ug every other day for 2 weeks 

starting day 7 of DSS treatment. In addition, probiotics (P) used was a mixture of 7 strains 

of lactic acid-producing bacteria: lactobacillus rhamnosus, saccharomyces boulardii, 

bifidobacterium breve, bifidobacterium lactis, lactobacillus acidophilus, lactobacillus 

plantarum and lactobacillus reuteri. One capsule of (P) was dissolved in 1.75 L of 
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autoclaved tap water to reach a daily dose of 108 CFU per animal given for 2 weeks 

starting day 7 of DSS treatment. 

3. Groups 

• Not treated mice 

• DSS only  

• DSS+cyclophilin  

• DSS +cyclosporine  

• DSS+cyclophilin+cyclopsporine  

• DSS+cyclophilin+cyclopsporine+probiotics  

• DSS+probiotics  

 

 

 

 

Figure 1: Treatments administered to the syndecan-1 knockout mice. 
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B. Histology 

 For the microscopic analysis, the proximal and distal sigmoid colon tissues were 

removed and fixed in 4% formaldehyde solution for 48 hours. Then formaldehyde fixed 

tissues were dehydrated using a series of alcohol concentrations. They were embedded 

with paraffin wax, cut into 5 µm sections, and stained with hematoxylin and eosin (H&E) 

to investigate the histopathological changes that might be detected at the level of the 

intestinal layers. In addition, Periodic Acid Schif (PAS) stain was also used to examine 

mucus and goblet cells. The slides were finally scanned using a “Zeiss” Microscope. The 

histological score of each animal within each group was assessed and calculated based 

on a histological scoring system shown in table (2) [446]. 
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Table 2: Scoring system used to calculate the histological alterations in dextran 
sulphate sodium (DSS)-induced colitis. [446] 
 
 

C. Western Blot 

 Western blotting analysis was performed according to standard protocols. 

Briefly, 100 mg of colon tissue homogenized with Laemli lysis buffer, centrifuged at 

10,000 rpm for 10 min at 4ºC, supernatant was collected and kept in aliquots. Protein 

concentration was determined by the Lowry method using the DC™ Protein Assay Kit 

(#5000111). For gel loading, protein samples were boiled with loading buffer for 5 min 

at 95ºC and separated in SDS PAGE. Proteins were transferred to nitrocellulose 

membranes (Bio-Rad Laboratory, CA, USA). Tricolor Broad Protein Ladder (3.5-245 

kDa) was used from Abcam (K00059-0250). The blots were then blocked with 5% BSA 

in Tris-buffered saline for 1 hour at room temperature, and then incubated overnight at 

4°C at a dilution of 1:500 with their respective primary antibodies. Antibodies against IL-

 
Histological Scoring System for DSS-Induced Colitis 

 
Feature Score Description 
Severity of inflammation 0 None 

1 Mild 
2 Moderate 
3 Severe 

Extent of inflammation 0 None 
1 Mucosa 
2 Mucosa and submucosa 
3 Transmural 

Crypt damage 0 None 
1 1/3 damages 
2 2/3 damaged 
3 Crypts lost, surface and 

epithelium present  
4 Crypt and surface 

epithelium lost 
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6 (anti-mouse SC-57315), CD147 (anti-mouse SC-46700), CD3 (anti-mouse 20047)  and 

pAKT (anti-mouse SC-57315) were purchased from Santa Cruz Biotechnology. Then, 

the primary antibodies were detected using a secondary antibody (horseradish 

peroxidase-conjugated anti-mouse; Abcam 97046 at a dilution of 3:40000), in which 

membranes were incubated for 1 hour at room temperature. The membranes were rinsed 

with TBST before and after the incubation with the secondary antibody. Finally, the 

immunoprecipitated protein bands were detected with ChemiDoc MP Imaging System-

Biorad.  

 

D. Statistical Analysis 

 Data are presented as mean± standard error (SE) (n=6 per group). Statistical 

analysis is performed using GraphPad Prism and results are analyzed by One -way 

analysis of variance (ANOVA) to detect the difference among the treatments. P-value < 

0.05 is considered significant and is indicated by (*). 
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CHAPTER IV 
RESULTS 

 
A. Histology 

1. Assessment of Histological Alterations by (H&E) 

 
 As shown in (Fig.2, a), the negative control group (no DSS) has a morphologically 

normal colon showing vertically oriented crypts lined by columnar epithelium. All 

intestinal layers are preserved and the leukocyte infiltration is in the normal range. In 

contrast, the DSS group suffered a severe localized inflammation extending from 

submucosa to mucosa layers with the presence of a marked edema between musculosa 

and submucosa. A massive increase of immune cell infiltrate and a complete loss of 

epithelial architecture are both observed. However, the remaining portions of the section 

are characterized by semi-preserved crypts with a low leukocyte infiltration; a spotted 

inflammation characteristic of Crohn’s disease (Fig.2, b). 

  However, mice treated with (DSS+Cyp) and (DSS+Cys) exhibited a significant 

improvement in colonic histology showing a mild inflammation compared to the group 

treated with DSS only Fig. 2 (c, d). Only a one-third damage of the crypts is present with 

a very low level of edema between musculosa and submucosa. The overall architecture 

is almost preserved and a low level of leukocyte infiltration localized in the mucosa and 

submucosa layers with a little more in the DSS+Cys group where Peyer’s patches are 

active. 

 In contrast to the (DSS+Cyp) and (DSS+Cys) separately treated groups, the 

treatment with (Cyp-Cys) complex along with DSS causes a detrimental effect on the 

tissue architecture where two–third of the crypts are lost in addition to the intensive 
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leukocyte infiltration spreading throughout the mucosa and submucosa. The thickening 

of the mucosa and submucosa layers is significant, as well as the notable areas of 

complete epithelial denudation (Fig. 2, e). 

 However, a slight reduction in the severity of inflammation is clearly observed 

after the addition of probiotics to (Cyp-Cys) along with DSS (Fig. 2, f). The inflammation 

is still invading the mucosa and submucosa layers and even between musculosa and 

submucosa compared to the group treated with DSS+(Cyp-Cys) complex. The heavy 

infiltrates are mainly localized between the musculosa and submucosa layers and also in 

the mucosa. The crypts are partially preserved, only one-third is distorted with very active 

Peyer’s patches. 

 On the other hand, group treated with (DSS+probiotics) only, represented in (Fig. 

2, g), showed a marked reduction in inflammation in the absence of (Cyp-Cys) complex. 

About one-third of the crypts is inflamed while the remaining crypts are preserved. A 

heavy leukocyte infiltration is present, probably at Peyer’s patches. However, the 

remaining parts of the tissue (3/4) reflect a normal morphological image with very low 

levels of infiltrates. 
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Figure 2: The representative photographs of hematoxylin and eosin staining 
(magnification x40).  

a b 

c d 

e 
* 

* 

* 

f 

g 

a 
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(a) Negative control group (no DSS) showing normal colon morphology with normal 
crypt architecture; (b) DSS-treated group showing a marked localized inflammation 
invading mucosa and submucosa and characterized by edema, massive increase of 
leukocyte infiltration. However semi-preserved crypts are present throughout the 
remaining areas with low infiltration. (c) DSS+Cyp treated group showing a mild 
inflammation with an improvement in the colonic histology, preservation of overall 
architecture, and low leukocyte infiltration. (d) DSS+Cys treated group showing a mild 
inflammation with only a one-third crypt damage and very active Peyer’s patches. (e) 
DSS+(Cyp-Cys) complex treated group showing a detrimental destruction of the 
complete colonic morphology and crypt architecture with an intensive leukocyte 
infiltration. (f) DSS+(Cyp-Cys) complex+ probiotics treated group showing a 
moderate inflammation extending from submucosa to mucosa with a one-third damage 
of the crypts. A heavy leukocyte infiltration is restricted to the space between musculosa 
and submucosa in addition to mucosa. (g) DSS+probiotics group showing a marked 
reduction in inflammation where one-third of the crypts is distorted. However, a massive 
leukocyte infiltration is concentrated at Peyer’s patches while the remaining areas reflect 
a normal morphology with a low infiltration. 

 
2. Assessment of mucus secreting cells, Goblet cell, by (PAS) 

 The use of PAS is to demonstrate mucopolysaccharide moieties, in particular, in 

the goblet cells.  

 The negative control group shows a normal tissue morphology where a vast 

amount of goblet cells resides throughout the mucosa layer (Fig. 3, a). However, a loss 

of more than 50% of goblet cells is detected in the DSS-treated group (Fig. 3, b).  

 In contrast, in the group treated with (DSS+Cyp), more than 75% of goblet cells 

have been present throughout the tissue, and less than 25% have been only lost (Fig. 3, 

d). Similarly, same effect has been revealed in the group treated with (DSS+Cys) where 

only 25% of goblet cells has been lost (Fig. 3, e). 

 On the other hand, the group treated with DSS+(Cyp-Cys) complex in (Fig. 3, f) 

presented a complete loss of goblet cells while the group treated with DSS+(Cyp-Cys) 

complex+probiotics has retained 25% of goblet cells and about 75% loss has been 

detected (Fig. 3, g). In contrary, the treatment of (DSS+probiotics) only, in the absence 
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of the complex, has evidently improved the colonic histopathological state in retaining 

75% of goblet cells (Fig.3, h). 

 

 

  
a 

c 

a’ 

b b’ 

c’ 

d d’ 
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Figure 3: The representative photographs of Periodic acid-Schiff staining 
(magnifications to the left x40 and to the right x100).  

(a, a’) Negative control group (no DSS) showing a vast amount of goblet cells (no loss). 
(b, b’) DSS-treated group showing a 50% loss reflecting moderate inflammation. (c, c’) 
DSS+Cyp and (d, d’) DSS+Cys treated groups showing both a mild inflammation with 
25% loss of goblet cells. (e, e’) DSS+(Cyp-Cys) complex treated group showing a 
complete loss of goblet cells due to severe inflammation. (f, f’) DSS+(Cyp-Cys) 
complex+ probiotics treated group showing a 75% loss. (g, g’) DSS+probiotics 
treated group showing a reduction in inflammation and loss of only 25% of goblet cells. 

 
3. Histological Scoring Analysis: 

 The comparison of the tissue damage scores based on the histological scoring 

table [446] has revealed that colons from the negative control group (no DSS) have the 

lowest histological damage score (0.55/10) among all groups. In contrast, the DSS group 

e e’ 

f f’ 

g g’ 
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shows a significantly high histological score (3.11/10) compared to the negative control 

group.  

 Regarding the groups (DSS+Cyp) and (DSS+Cys), it is obvious that both 

treatments have same positive ameliorating effect on the colonic tissue reflected by their 

low damaging score (1.33/10) which is significantly less than the DSS-treated group 

(3.11/10) and higher than the negative control (0.55/10) showing no significance. 

 However, the histological score has remarkably increased to (3.8/10) in the 

DSS+(Cyp-Cys) complex group compared to the negative control (0.55/10), (DSS+Cyp), 

and (DSS+Cys) (both 1.33/10), but showing no significance with the DSS group 

(3.11/10). 

 After the addition of probiotics to the DSS+(Cyp-Cys) complex group, a slight 

reduction in the histological scoring has been demonstrated indicating a score of (3.3/10) 

compared to the DSS+(Cyp-Cys) complex (3.8/10). However, a marked reduction has 

been reported in the (DSS+probiotics) compared to the DSS+(Cyp-Cys) complex and 

DSS+(Cyp-Cys) complex+probiotics groups showing a score of (2.2/10). 
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Figure 4: A bar graph showing the histological scoring in all treated groups. 

(a) Negative control group (no DSS) showing a score of (0.55/10). (b) DSS group 
showing a score of (3.11/10). (c) DSS+Cyp and (d) DSS+Cys groups have the same 
histological score (1.33/10). (e) DSS+(Cyp-Cys) complex group showing a high score 
of (3.8/10). (f) DSS+(Cyp-Cys) complex+probiotics group showing a score of (3.3/10). 
(g) DSS+probiotics group showing a score of (2.2/10). Data is expressed as mean ± SD. 
Statistical significance is determined by one-way ANOVA. P-value < 0.05 is considered 
significant and is indicated by (*). 
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B. Analysis of molecular parameters 

1. Interleukin-6 Expression (IL-6) 

 As shown in Fig.5, the protein level of IL-6 in the negative control group has been 

(0.14), the lowest significant level among all groups except (DSS+Cyp) and (DSS+Cys), 

whereby the values are slightly higher than in the control but significantly lower than the 

DSS alone (0.79) where this decrease has failed to reach significance. The notable 

increase revealed in the DSS group for IL-6 expression has level has remarkably 

decreased to (0.25) and (0.24) in the groups treated with (DSS+Cyp) and (DSS+Cys), 

respectively. On the other hand, a sharp increase has been evidently demonstrated in the 

group treated with DSS+(Cyp-Cys) complex to reach (1.27) exacerbating the 

inflammation.  

A very slight decrease from (1.27) to (1.19) has occurred after the addition of probiotics 

to the DSS+(Cyp-Cys) complex group. In contrast, a notable drop has been shown in the 

(DSS+probiotics) group reaching (0.54). It’s obvious that the expression in DSS group is 

significantly less than DSS+(Cyp+Cys) complex and DSS+(Cyp-Cys) complex 

+probiotics, but more than that in (DSS+probiotics) which is importantly higher than that 

in (DSS+Cyp) and (DSS+Cys) groups. In contrary, the expression in (DSS+Cyp) group 

(0.25) is approximately the same as that in the (DSS+Cys) (0.24).  

 

 

                       

IL-6 

Actin 
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Figure 5: Protein Expression levels of the pro-inflammatory marker Interleukin-6 (IL-6) 
in syndecan-1 null mice. 

Upper: Representative figure for Western blot reflecting the protein expression of IL-6 
normalized by the levels of housekeeping protein “Actin”. Lower: Bar graph reflecting 
the quantification of protein expression of IL-6/Actin. Data is expressed as mean ± SD. 
Statistical significance was determined by one-way ANOVA. P-value < 0.05 is 
considered significant and is indicated by (*). 
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2. Emmprin Expression (CD147) 

 As shown in Fig.6, the protein level of CD147 in the negative control group has 

been (0.23), the lowest significant level among all groups except (DSS+Cyp) and 

(DSS+Cys) where this decrease has failed to reach significance between the 2 groups. On 

the other hand, the significant increase has been shown in the DSS only group where 

CD147 expression has reached (0.58). However, a notable drop from (0.58) to (0.3 and 

0.26) has taken place in the (DSS+Cyp) and (DSS+Cys) groups respectively. Whereas, a 

remarkable increase has been demonstrated in the DSS+(Cyp-Cys) complex group 

reporting a value of (0.99). 

On the other hand, CD147 level has tended to decrease from (0.99) to (0.81) after the 

addition of probiotics to DSS+(Cyp-Cys) complex treatments. In addition, a significant 

reduction has been detected in the (DSS+probiotics) group; decreasing from (0.81) to 

(0.47). It’s noteworthy that the expression in the DSS group is significantly lower than 

that in DSS+(Cyp-Cys) complex and DSS+(Cyp-Cys) complex +probiotics groups, but 

slightly higher than that in (DSS+probiotics) group.  

No significance has been reported between (DSS+probiotics) group and (DSS+Cyp) & 

(DSS+Cys) groups which have both revealed approximate values of CD147 expression 

(0.3 and 0.26).  
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Figure 6: Protein Expression levels of the pro-inflammation marker CD147 in syndecan-
1 null mice. 

Upper: Representative figure for Western blot reflecting the protein expression of CD147 
normalized by the levels of housekeeping protein “Actin”. Lower: Bar graph reflecting 
the quantification of protein expression of CD147/Actin. Data is expressed as mean ± SD. 
Statistical significance was determined by one-way ANOVA. P-value < 0.05 is 
considered significant and is indicated by (*). 
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3. pAKT Expression: 

 As shown in fig.7, pAKT level in the negative control group has been (0.16), 

significantly lower than that in the DSS only (0.43), DSS+(Cyp-Cys) complex (0.6), 

DSS+(Cyp-Cys) complex+probiotics (0.53), and (DSS+probiotics) (0.26) groups. 

However, it has been slightly higher than the reported expression in (DSS+Cyp) (0.12) 

and (DSS+Cys) (0.15) groups respectively. An evident increase has been shown in the 

DSS group reaching (0.43). In contrary, this value has remarkably decreased to (0.12) in 

the (DSS+Cyp) group, then increased slightly to (0.15) in (DSS+Cys). On the other hand, 

a notable increase has been demonstrated in the DSS+(Cyp-Cys) complex group reporting 

a value of (0.6). This value has tended to decrease indicating a value of (0.53) in the DSS+ 

(Cyp-Cys) complex+probiotics group. Nonetheless, pAKT expression has significantly 

decreased from (0.53) to (0.26) in the presence of DSS and probiotics only. It is 

noteworthy that (DSS+probiotics) group shows significance with all groups. Similarly, 

the DSS group has also significant differences among all groups except DSS+(Cyp-Cys) 

complex+probiotics group. 
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Figure 7: Protein Expression levels of pAKT in syndecan-1 null mice. 
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Upper: Representative figure for Western blot reflecting the protein expression of pAKT 
normalized by the levels of housekeeping protein “Actin”. Lower: Bar graph reflecting 
the quantification of protein expression of pAKT/Actin. Data is expressed as mean ± SD. 
Statistical significance was determined by one-way ANOVA. P-value < 0.05 is 
considered significant and is indicated by (*). 
 

 
4. CD3 Expression: 

 As shown in fig.8, the expression of CD3 in the negative control group has been 

(0.16), significantly higher than that in (DSS+Cys) (0.07) and DSS+(Cyp-Cys) complex 

+probiotics (0.11) groups. However, this increase has failed to reach significance 

compared to DSS+(Cyp-Cys) complex group (0.12). CD3 expression in the control group 

has shown a significant decrease compared to that in the DSS group (0.25) and 

(DSS+probiotics) (0.21) while showing no significance compared to that in (DSS+Cyp) 

group (0.2). A sharp increase has been reported in the DSS group reaching (0.25). 

Nevertheless, this value has evidently decreased to (0.25) in the (DSS+Cyp) group. This 

significant decrease has sharply continued to reach (0.07) in the (DSS+Cys) group. 

 In contrast, a notable increase has taken place in the DSS+(Cyp-Cys) complex group 

reaching (0.12). Yet, a slight decrease has been demonstrated after the addition of 

probiotics indicating a value of (0.11). On the other hand, this value has significantly 

increased to (0.21) in the (DSS+probiotics) group (0.25). It’s noteworthy that the 

expression of CD3 in the DSS group has been significantly higher than that in all groups 

except (DSS+probiotics) where the expression has been lower than that in DSS group 

with no significance. Obviously, no significant difference has been detected between 

(DSS+Cyp) and (DSS+probiotics) groups. 
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Figure 8: Protein Expression levels of CD3 in syndecan-1 null mice. 

Upper: Representative figure for Western blot reflecting the protein expression of CD3 
normalized by the levels of housekeeping protein “Actin”. Lower: Bar graph reflecting 
the quantification of protein expression of CD3/Actin. Data is expressed as mean ± SD. 
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Statistical significance was determined by one-way ANOVA. P-value < 0.05 is 
considered significant and is indicated by (*). 
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CHAPTER VI 
 

DISCUSSION 

 IBD has been described as a chronic multifactor idiopathic disorder that is 

associated with uncontrolled inflammation and epithelial injury within the 

gastrointestinal tract [8-12]. Over the years, multiple promising treatment protocols have 

emerged, including cyclosporine “A”, based on clinical data as well as animal 

experiments. Numerous IBD models have been reported in the literature including 

chemically-induced colitis models. [218] The best described and most commonly used 

one is the DSS model [447, 448]. It has been proven to be simple, controllable, 

reproducible and rapid in inducing inflammation [239]. 

 In this study, DSS successfully induced colitis in syndecan-1 null mice. The DSS-

treated group showed a strong localized severe inflammation in the mucosa and 

submucosa with more than 50% loss of mucus secreting cells, goblet cells. However, both 

treatments with either (DSS+Cyp) or (DSS+Cys) separately revealed a mild inflammation 

with an improvement in the mucosal architecture and only about 25% loss of goblet cells. 

Whereas, the DSS+(Cyp-Cys) complex group exhibited a severe inflammation showing 

a severe detrimental effect on the colonic histology with a complete loss of goblet cells. 

Interestingly, the addition of probiotics to DSS+(Cyp-Cys) complex group displayed a 

partial insignificant reduction in inflammation of the tissues where only 25% of goblet 

cells were restored. On the other hand, in the group treated with DSS and probiotics in 

the absence of the (Cyp-Cys) complex, inflammation in the mucosa and submucosa was 

significantly reduced and 75% of mucus secreting cells were restored. Proinflammatory 

markers (IL-6, CD147) and pAKT as well as CD3 were assessed in each group and the 

results correlated very well with the histological analysis data. The marked upregulations 



 

 81 

in the proinflammatory markers, increase in Akt phosphorylation and decrease in CD3 

expression were illustrated in the (Cyp-Cys) complex DSS-treated mice. On the other 

hand, probiotics alone downregulated these molecular markers. Adding probiotics to the 

complex did not improve significantly the outcome. 

 In this study, we were able to show that syndecan-1 is basically implicated in 

controlling intestinal inflammation, and that DSS treatment has serious toxic effects on 

the overall colonic histology leading to a worsened inflammatory episode. This was 

reflected by a marked severe inflammation invading the mucosa and submucosa layers 

with high levels of proinflammatory markers as compared to the negative control. This is 

in accordance with other studies reporting that many factors are linked to the mechanism 

of DSS-induced colitis, such as the destruction of enteric epithelium barrier, the alteration 

of normal intestinal flora, the disturbance in the function of macrophages and other 

immune cells, and the toxic effect on the synthesis of DNA [449, 450]. Besides, several 

studies have also demonstrated that DSS is toxic in damaging the colonic mucosal 

architecture and further alternating the mucosal permeability, where numerous intra-

luminal antigens penetrate into the mucosa and contribute to cytokine production, thus 

leading to the onset of inflammatory responses [245, 451]. What did cyclosporine along 

with other combination do to improve the outcome in these syndecan-1 knock-out mice? 

 Sdc-1 is the most pivotal heparan sulfate proteoglycan (HSPG) located on the 

surface of epithelial cells [452, 453]. It has important functions in cell proliferation and 

repair, as it serves as a vital co-receptor in cytokine signaling pathways [454].  Day et al. 

[293] were the first to verify that sdc-1 is less expressed in ulcerative colitis patients. 

Similarly, numerous animal models indicated that the exacerbation of inflammation was 

mainly due to sdc-1 deficiency [286, 287, 455]. In a DSS-induced model of colitis, an 
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amplified and continuous recruitment of leukocytes was shown in sdc-1 null mice 

compared to wild type mice. [298] Other similar studies demonstrated an increased 

mucosal inflammatory cells infiltration in sdc-1 deficient mice treated with DSS with an 

increase in the expression of the proinflammatory marker IL-6 [456]. Their results are in 

agreement with ours. Indeed, we have observed in the DSS group an increased 

recruitment of inflammatory cells. This increase was coupled with an increase in IL-6, 

CD147, CD3 and pAKT expressions.  

 IL-6 is one of the best-characterized proinflammatory cytokines. It has been 

implicated in several mechanisms such as cell survival, proliferation, differentiation, 

migration, invasion, metastasis, angiogenesis, metabolism and inflammation [457]. In 

addition, it has been strongly involved in the pathogenesis of human and experimental 

models of colitis [163, 458, 459]. Physiologically, IL-6 can induce the activation of three 

main pathways; the Janus kinase (JAK)-signal transducer and activator of transcription 3 

(STAT3) pathway, the Src homology 2 (SH2)-containing protein tyrosine phosphatase-2 

(SHP-2)-Ras-Raf-MEK-extracellular signal- regulated kinase (ERK) pathway, and the 

phosphoinositide 3-kinase (PI3K)-AKT pathway. It has been demonstrated that the 

activation of these pathways occurs through the engagement of their unique receptor (s) 

and the common signaling receptor subunit glycoprotein 130 (grp130, CD130 and IL6ST) 

[457, 460]. 

IL-6 creates a proinflammatory milieu by inhibiting the differentiation of Treg 

cells that normally suppress the development of tumor cells. During a chronic intestinal 

inflammation episode, IL-6 trans-signaling causes an increased resistance of mucosal T-

cells against apoptosis [461]. It is noteworthy that CD3 marker is necessary for the 
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expression of T cell surface receptor (TCR), and that it is located on the surface of all 

subsets of T- cells [420-422]. This elucidates that the increase of IL-6 in the DSS-treated 

group caused the activation of T-cells and ultimately the increase in CD3 expression. 

Moreover, IL-6 stimulates the production of chemokines in endothelial cells (ECs) and 

plays a vital role in recruiting leukocytes; this indeed agree with our results [462]. 

Furthermore, IL-6 influences the differentiation of myeloid lineages, involving dendritic 

cells (DCs) and macrophages, both in vivo and in vitro via STAT3 activation [463]. 

Accordingly, macrophages and other immune cells are activated upon the binding of IL-

6 to its receptor (IL-6Ra) which is expressed on the surfaces of macrophages, monocytes, 

neutrophils, T and B cells [464]. In addition, during an immune response, activated 

macrophages amplify the pathogenetic cascade via activating fibroblasts by cytokines 

such as IL-1 and TNF-a. Other molecules, such as CD147, present on surface of 

macrophages, play a vital role in this process and may play essential roles in IBD 

pathogenesis[465]. Interestingly, CD147 is one of the markers expressed on the surface 

of activated monocytes and macrophages [465-467]. CD147, known as extracellular 

MMP inducer (EMMPRIN), is an immunoglobulin super-family transmembrane protein 

that was primarily recognized on the surface of human cancer cells and has been 

demonstrated to stimulate the production of various MMPs from the activated stromal 

cells [378, 468, 469]. One of the studies has illustrated the upregulation of CD147 

expression in the rheumatoid arthritis synovial membrane leading to elevated expressions 

of MMPs [470, 471]. In addition, an increased expression of CD147 has been detected in 

the intestinal mucosa of IBD patients [390]. Evident studies have highlighted the role of 

CD147 as a high affinity receptor for cyclophilin “A” and have verified its crucial role in 

contributing to cyclophilin signaling cascade that eventually leads to chemotaxis and 
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ERK activation [346, 472]. It has also been proven that CypA ,which is one of the 

immunophilin family of peptidyl- prolyl cis-trans isomerases [473], has a potent 

chemotactic activity towards leukocytes (neutrophils or eosinophils) [474]. It is supposed 

that CypA is released into the medium during inflammation, acting as a ligand of CD147, 

thus stimulating the accumulation of immune inflammatory cells which highly express 

CD147 in the intestinal wall in case of IBD.  

One of the main pathways activated by IL-6 is (PI3K)-AKT pathway. AKT is a 

downstream target of PI3Ks belonging to the AGC family of protein kinases [475]. PI3K 

products bind to the pleckstrin homology (PH) domain, thus translocating Akt to the 

plasma membrane where it is phosphorylated by the action of specific upstream protein 

kinases such as the phosphoinositide‐dependent kinase 1 (PDK1). The binding of PIP3 to 

PDK1 occurs via the PH domains. The activated PDK1 phosphorylates Akt at Thr308 in 

its kinase domain. Further phosphorylation of AKT occurs at Ser473 by the action of 

PDK2 enzyme [476]. When Akt is fully activated (in its phosphorylated form), it moves 

to the cytoplasm and nucleus to phosphorylate several downstream targets and 

subsequently regulate cellular functions. It has been proven that phosphorylated Akt is a 

biomarker for cancer used in cancer therapy [477] ,in addition, it is implicated in IBD 

pathogenesis where a significant increase in its expression has been reported in DSS-

induced model of colitis [445]. More in- depth studies have evidently demonstrated the 

pivotal role of (PI3K)-AKT signaling for the interaction between tissue infiltrating 

macrophages, mast cells and epithelial cells in colitis-induced cancer. PI3K has been 

shown to mediate proliferation and activate Akt and β-catenin in epithelial stem cells 

leading to crypt architectural disturbances that contribute to colitis [478]. This applies to 

our study whereby the elevated expression of IL-6 in the DSS-treated sdc-1 deficient mice 
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stimulated the activation of (PI3K)-Akt pathway, thus leading to an increase in pAKT 

expression (Fig.s 5,7). 

In addition, pAKT can be activated upon the engagement of T cell surface receptor 

(TCR) [479]. When the antigen is presented to TCR, a dual response is evoked; sodium 

channels and PI3K signaling pathway are both activated. An influx of calcium ions 

penetrates into the cells through the activated sodium channels, thus activating the 

transcription factor nuclear factor of activated T cells (NFAT) and eventually leading to 

the production of proinflammatory cytokines [480]. Concerning the PI3K pathway, it 

transmits its signal to multiple pathways including NFκB and AKT pathways resulting in 

migration, inflammation, and proliferation of cells [481, 482].  Several studies have 

previously shown that activated Akt affects T cell activation and survival by restraining 

apoptotic processes [483, 484]. Our results on pAKT expression in the DSS-treated group 

are consistent with previous studies demonstrating that activated AKT (pAKT) inhibited 

T-cells apoptosis and contributed to a more activation of T cells, leading to an increase 

in CD3 expression. In light of other previous studies, our data show that sdc-1 gene has 

a crucial role in controlling inflammation, and that DSS has toxic effect on sdc-1 null 

mice reflected by increased expression of proinflammatory markers and disrupted 

mucosal architecture [245, 298]. 

 In the group treated with DSS and cyclophilin “A”, inflammation was notably 

reduced as compared to the DSS group. This was reflected by an improvement in the 

colonic mucosal architecture whereby about 75% of goblet cells were restored, in addition 

to the significant decrease in the levels of expression of molecular parameters (IL-6, 

CD147, pAKT and CD3).  The value of IL-6 expression (0.25) has been decreased by 3 
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compared to that in the DSS group (0.79). Concerning CD147, its value has been 

decreased by 2 (0.3<0.58). Interestingly, 3.5 decrease in the value of pAKT has been 

reported (0.12<0.43) where only 1.25 decrease has been illustrated for CD3 (0.2<0.25), 

(Fig.s 5,6,7,8). 

 The results obtained in the (DSS+Cyp) group opposed that of other studies in the 

literature. Other studies have established the chemoattractant influence of CypA on 

inflammatory cells, as mentioned previously, leading to an aggravated course of 

inflammation [337, 485]. Furthermore, it has been shown that CypA mainly binds to its 

primary binding site, heparan sulfate proteoglycan (HSPG), on the surface of target cells. 

All the cyclophilin-dependent signaling responses and chemotactic effects, in addition to 

the adhesion of neutrophils and T cells responses are subsequently inhibited when 

HSPGs, sdc-1, are absent [346, 347]. It could be speculated that sdc-1 deficiency caused 

a partial inhibition of the proinflammatory effects of CypA. 

Furthermore, studies have emphasized the role of CD147 as a surface receptor for 

extracellular cyclophilin [346]. It has been shown that the binding of extracellular Cyp A 

to CD147 contributes to the activation of CD147, thus increasing Akt phosphorylation 

and exacerbating inflammation [340, 346]. In contrast, our current findings showed that 

CypA has a significant ameliorating effect on the colons of sdc-1 deficient mice in 

presence of DSS. Knowing that our mice are sdc-1 null and based on the literature, we 

assumed that the extracellular CypA might bind to CD147 on the surface of macrophages 

in the absence of HSPG (sdc-1) and induce an increased inflammatory response. Yet, our 

results revealed a significant decrease in the levels of molecules like IL-6, CD147, CD3, 

and pAKT compared to the DSS group. It is possible that the IL-6 trans-signaling was 
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masked by the activation of other signaling pathway that contributed to the amelioration 

of inflammation. Probably, IL-6 was not sufficient to activate macrophages and other 

inflammatory cells. This explains the low expression of CD147 on the non-activated 

target cells. Obviously, IL-6 failed to activate the (PI3K)-AKT pathway, and this was 

reflected by the low expression of pAKT. It is expected that T-cells are less activated due 

to the inactivation of (PI3K)-Akt pathway; this was revealed by the low expression of 

CD3 reflecting a low number of T- cells. It is probable that extracellular CypA binds to a 

distinct receptor (other than Sdc-1 and CD147) on the surface of its target and needs 

further investigation. It might be involved in one of the pathways which are still not 

described and that lead to healing.  

 In the group treated with DSS and cyclosporine “A”, the ameliorating effect of 

cyclosporine “A” has been evidently illustrated on the colonic histology of the sdc-1 

deficient mice (Fig.2, d). The overall picture showed a mild inflammation compared to 

the only DSS group, with a partially restored mucosal architecture and only 25% loss of 

goblet cells. Notably, histology revealed a high aggregation of leukocyte infiltration 

concentrated at the Peyer’s patches, reflecting the extent of the reaction of the immune 

cells during the induction process. CD3 expression has dropped as expected from 

treatment with cyclosporine and the other molecular parameters IL-6, CD147 and pAKT 

followed a similar pattern. 

 Multiple studies have proven that cyclosporine “A” is an immunosuppressive 

drug that is implicated in IBD therapy and reduction of colitis [329]. Its role has been 

established in stimulating apoptosis and inhibiting the production of proinflammatory 

cytokines [315, 316]. Physiologically, it complexes with intracellular cyclophilin, hinders 
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the action of the protein phosphatase, calcineurin, in a calcium-dependent reaction and 

consequently blocks the entering of cytosolic nuclear factor of activated T cells (NFAT) 

to the nucleus of the cell, eventually contributing to the inhibition of T-helper cells [486].  

Our results showed 3.3 times decrease in the value of IL-6 expression (0.24) 

compared to that in the DSS group (0.79). Concerning CD147, its value has been reduced 

by 2.2 (0.26<0.58). Moreover, the value of pAKT has been reported to decrease by 2.8 

(0.15<0.43). Notably, as expected,3.6 decrease has been revealed for CD3 (0.07<0.25). 

However, this group revealed a result similar to that of (DSS+Cyp) group concerning all 

molecular parameters except CD3, where it showed 3 times decrease with respect to the 

(DSS+Cyp) treated group. This sharp decrease in CD3 expression is firmly clarified by 

the mechanism of action of Cys concerning the inhibition of T-helper cells that express 

on their surfaces CD3 marker. 

Further studies have shown that Cys impedes neutrophil adhesion to the venular 

endothelium, thus restraining leukocyte infiltration [326]. Regarding this point, CysA 

reduces adhesion, interaction and infiltration of neutrophils by attenuating cell adhesion 

molecules (E-selectin and vascular cell adhesion molecule 1) and blocking the production 

of NF-kB, a pivotal transcription factor transcribed during an inflammatory response 

[328], in particular in IBD. Many studies have reported the effectiveness of CysA in 

ameliorating inflammation and reducing colitis in DSS mice models, showing an 

improvement in the mucosal architecture and infiltration of lymphocytes, in addition to 

the reduction in the expression of proinflammatory cytokines (IL-6) [329, 334]. Our 

results are in agreement with that of other studies where the expression of IL-6 was 

reduced in the (DSS+Cys) group compared to the DSS only. This contributed to a reduced 
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activation of (PI3K)-AKT pathway, subsequently reducing pAKT expression. 

Consequently, less macrophages and other immune cells expressing CD147 were 

activated. This justifies the low expression of CD147 in this group. Therefore, our 

findings are supported by the results of other studies concerning the role of cyclosporine 

in reducing inflammation in DSS induced colitis models.  

 Despite the high efficacy of cyclosporine, it has been shown to have serious 

adverse effects such as infections, nephrotoxicity, hepatotoxicity, hypertension, and 

anaphylaxis [336]. In an attempt to prevent the development of these side effects, our 

study was the first of its kind trying to test the combination of cyclosporine and 

cyclophilin “A” in DSS induced colitis sdc-1 deficient mice. Unfortunately, this 

combination displayed an exacerbated status of inflammation showing a severe 

detrimental effect on the overall colonic histology; ranging from complete epithelial 

erosions and massive leukocyte infiltration to a marked thickening of the mucosa and 

submucosa layers, in addition to the sharp increase in the levels of the proinflammatory 

markers (IL-6, CD147) and in the phosphorylation of AKT. However, a drop in CD3 

expression was detected. More explorations are needed to explain such data. 

 Regarding extracellular cyclophilin “A”, studies have reported its potent 

chemotactic effect on monocytes, leukocytes, and lymphocytes [342, 474]. As mentioned 

previously, CD147 has been demonstrated as a cell surface receptor for extracellular 

cyclophilin, and has been implicated in mediating most of its signaling [487]. Yet, the 

mechanism of CypA- CD147 interaction remains unclear. Interestingly, the direct binding 

of CypA to CD147 without the involvement of its PPIase activity, has been illustrated to 

stimulate leukocyte chemotaxis [488]. Moreover, reports have demonstrated a high 
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expression of CD147 in inflamed tissues [489, 490]. In addition, CypA has been shown 

to be involved in activating Akt and NF-kB signaling pathways, thus aggravating the 

status of inflammation [364]. However, the exact role of cyclosporine “A” in this respect 

needs more clarification. 

 Concerning cyclosporine “A”, it has been proven, as mentioned previously, that 

it binds to intracellular CypA, inhibits the activity of calcineurin and restrains the 

translocation of (NFAT) into the nucleus. This ultimately inhibits the activity of T-helper 

cells and reduces intestinal inflammation [316], as reported by our study. 

 Our results demonstrated 5.29 times increase in the value of IL-6 (1.27) compared 

to that in the (DSS+Cys) group (0.24). Concerning CD147, its value has increased by 3.8 

(0.26<0.99). Moreover, the value of pAKT has 4 times increased compared to (DSS+Cys) 

group (0.15<0.6). Only 1.7 times increase has been illustrated for CD3 expression. 

However, the value of CD3 expression has been 2.08 lower than that in the DSS only 

group (0.12<0.25). In light of the data discussed above and our findings, we suggest that 

the aggravation of inflammation in the group treated with DSS+(Cyp-Cys) complex may 

be caused by the action of the proinflammatory extracellular CypA. The binding of 

extracellular CypA to the cell surface CD147 has most probably contributed to the 

activation of CD147 and further increased its expression. Indeed, a notable increase in 

IL-6 has also been detected during this inflammatory response. It is expected that both 

CypA and IL-6 activate AKT pathway; this elucidates the significant increase in pAKT 

expression. On the other hand, the expression of CD3 has been significantly lower than 

that in the negative control, DSS only and (DSS+Cyp) groups, but significantly higher 

than that in (DSS+Cys) group. The low CD3 expression reflecting a low number of total 
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T-cells, is perhaps due to the immunosuppressive effect of Cys that targets the activity of 

T-helper cells. However, the high levels of IL-6 and CD147 could be reflecting a high 

number of activated macrophages or other cells having the same receptor, they are 

probably due to the proinflammatory effect of extracellular cyclophilin “A”. 

The effect of (Cyp-Cys) complex treatment in DSS induced sdc-1 deficient mice needs 

further investigation to clarify the mechanism underlying the interaction between Cys and 

Cyp in the context of IBD. 

 After the addition of probiotics to DSS+(Cyp-Cys) complex group, a slight 

reduction in the severity of inflammation is clearly observed. However, the overall 

histological picture shows a massive leukocyte infiltration invading the mucosa and also 

localized between the muscularis mucosa and submucosa layers. Only one-third of the 

crypts is damaged, yet very active Peyer’s patches are present. Concerning the molecular 

parameters, an insignificant decrease in the levels of proinflammatory markers (IL-6, 

CD147), in addition to pAKT and CD3 is revealed compared to the DSS+(Cyp-Cys) 

complex group. More investigations are needed to unveil the mechanism of action of the 

complex in the presence of probiotics. 

 On the other hand, the addition of (DSS+probiotics) in the absence of (Cyp-Cys) 

complex reveals a marked reduction in inflammation. Histology shows a normal 

preserved architecture in 75% of the section, yet very active Peyer’s patches are existent. 

Regarding the molecular parameters, the levels of proinflammatory markers are notably 

reduced compared to that in DSS+(Cyp-Cys) complex and DSS+(Cyp-Cys) complex 

probiotics groups. The values of IL-6, CD147 and pAKT expressions in (DSS+probiotics) 

group have decreased by 2.3, 2.1 and 2.3 times, respectively, compared to that in 
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DSS+(Cyp-Cys) complex group, however, as probably expected in the absence of Cys, 

the value of CD3 expression has increased by 1.75. Similarly, the values of these markers 

have decreased by 2.2, 1.7 and 2, respectively compared to that in DSS+(Cyp-Cys) 

complex+probiotics group. Yet, the value of CD3 expression has increased by 1.9. In 

brief, probiotics alone are more efficient in reducing the inflammation in the colon. This 

result is in line with previous studies which have evidently shown that probiotics 

stimulate the differentiation of T-helper 1 cells, boost antibody production, promote the 

activity of both natural killer cells and phagocytic cells, and increase T-cell apoptosis by 

inhibiting the transcription of NF-kB. In addition, they have a pivotal role in increasing 

the production of anti-inflammatory cytokines while decreasing that of proinflammatory 

cytokines [392, 491-493]. Moreover, probiotics prevent apoptosis of intestinal epithelial 

cells and stimulate the production of proteins that are essential components of tight 

junctions, thus decreasing the paracellular permeability and restoring the barrier function 

[494-497]. Furthermore, probiotics produce bacteriocins, thus creating an acidic medium 

detrimental to pathogenic bacteria, yet favorable to the growth of beneficial 

microorganisms such as lactobacilli and bifidobacteria [409, 498-500]. Furthermore, in a 

DSS-induced model of colitis, it has been shown that the supplementation with a mixture 

containing Bifidobacterium, Lactobacillus acidophilus, and Enterococcus has 

consequently contributed to a reduction in total T-cells and increase in the number of 

Treg cells in the colonic tissue and blood, in addition to enhancing the function of tight 

junctions [416]. In this study, the results of the group treated with DSS+(Cyp-Cys) 

complex+probiotics demonstrate a slight reduction in CD3 expression compared to 

DSS+(Cys-Cyp) group while a sharp increase has been observed in the (DSS+probiotics) 

group where (Cyp-Cys) complex is absent. It is likely that the sharp increase in CD3 
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expression in (DSS+probiotics) group is due to the increase in the number of T-helper 

cells or Treg cells in the colons of the sdc-1 deficient mice. However, the presence of 

(Cyp-Cys) complex in DSS+(Cyp-Cys) complex+probiotics group has been shown to 

partially decrease the effectiveness of probiotics by immunosuppressing T-cells. The 

slight reduction in the molecular markers (IL-6, CD147 and pAKT) fosters the same 

conclusion, that probiotics are less effective in the presence of (Cyp-Cys) complex. 

However, the mechanism underlying the action of Cys and Cyp in presence of DSS and 

probiotics need further and deeper investigations. Would it be possible that the complex 

(Cyp-Cys) could override the effect of probiotics? 

On the other hand, the marked reduction in inflammation is clearly noticed in 

(DSS+probiotics) only, as reflected by the molecular markers (IL-6, CD147 and pAKT), 

supporting the fact that probiotics decrease the production of anti-inflammatory cytokines 

and have a pivotal role in relieving inflammation. 

  Altogether, our findings suggest a therapeutic role for cyclophilin “A” in DSS-

induced sdc-1 deficient mice. The presence of distinct receptors for extracellular CypA 

(other than CD147 and sdc-1) on its target cell merits further exploration. In addition, the 

potent role of cyclosporine in IBD therapy has been demonstrated due to the marked 

reduction of inflammation taking place in (DSS+Cys) group. However, the exacerbation 

of inflammation in the group treated with the complex group (Cyp-Cys) needs further 

investigation concerning the overlap between Cys and Cyp and the mechanisms 

underlying them. Moreover, the effectiveness of probiotics has been clearly revealed 

when treated alone in DSS-induced sdc-1 deficient mice. In contrast, this effectiveness 

has been partially inhibited in the presence of (Cyp-Cys) complex. Further and deeper 
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investigations need to be carried out to answer the question on how the complex decreases 

the function of probiotics.  
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CHAPTER VII 
LIMITATIONS OF THE STUDY 

  
 Concerning the limitations of the study, more inflammatory markers and more 

cells such as mast cells, eosinophils and basophils should be further studied to establish 

a better understanding of the mechanisms underlying the role of Cyp, Cys and probiotics 

in IBD.  

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 96 

REFERENCES 

1. Medzhitov, R., Origin and physiological roles of inflammation. Nature, 2008. 
454(7203): p. 428-35. 

2. Moschen, A.R., et al., Lipocalin-2: A Master Mediator of Intestinal and 
Metabolic Inflammation. Trends Endocrinol Metab, 2017. 28(5): p. 388-397. 

3. Mukherjee, S. and L.V. Hooper, Antimicrobial defense of the intestine. 
Immunity, 2015. 42(1): p. 28-39. 

4. Peterson, L.W. and D. Artis, Intestinal epithelial cells: regulators of barrier 
function and immune homeostasis. Nat Rev Immunol, 2014. 14(3): p. 141-53. 

5. Garrett, W.S., J.I. Gordon, and L.H. Glimcher, Homeostasis and inflammation in 
the intestine. Cell, 2010. 140(6): p. 859-70. 

6. Szigethy, E., L. McLafferty, and A. Goyal, Inflammatory bowel disease. Child 
Adolesc Psychiatr Clin N Am, 2010. 19(2): p. 301-18, ix. 

7. Baumgart, D.C. and W.J. Sandborn, Gastroenterology 2 Inflammatory bowel 
disease : clinical aspects and established and evolving therapies. The Lancet 
(British edition), 2007. 369(9573): p. 1641-1657. 

8. Baumgart, D.C. and S.R. Carding, Inflammatory bowel disease: cause and 
immunobiology. Lancet, 2007. 369(9573): p. 1627-40. 

9. de Souza, H.S. and C. Fiocchi, Immunopathogenesis of IBD: current state of the 
art. Nat Rev Gastroenterol Hepatol, 2016. 13(1): p. 13-27. 

10. Corridoni, D., K.O. Arseneau, and F. Cominelli, Inflammatory bowel disease. 
Immunol Lett, 2014. 161(2): p. 231-5. 

11. Loddenkemper, C., Diagnostic standards in the pathology of inflammatory 
bowel disease. Dig Dis, 2009. 27(4): p. 576-83. 

12. Hanauer, S.B., Inflammatory bowel disease: epidemiology, pathogenesis, and 
therapeutic opportunities. Inflamm Bowel Dis, 2006. 12 Suppl 1: p. S3-9. 

13. Baumgart, D.C. and W.J. Sandborn, Crohn's disease. Lancet, 2012. 380(9853): 
p. 1590-605. 

14. Bernstein, C.N., et al., World Gastroenterology Organisation Global Guideline. 
Inflammatory bowel disease: A global perspective - June 2009. South African 
gastroenterology review, 2010. 8(2): p. 13-23. 

15. Baumgart, D.C. and W.J. Sandborn, Inflammatory bowel disease: clinical 
aspects and established and evolving therapies. Lancet, 2007. 369(9573): p. 
1641-57. 

16. Weinstock, J.V., Helminths and mucosal immune modulation. Ann N Y Acad 
Sci, 2006. 1072: p. 356-64. 

17. Eckburg, P.B. and D.A. Relman, The role of microbes in Crohn's disease. Clin 
Infect Dis, 2007. 44(2): p. 256-62. 

18. Ananthakrishnan, A.N., et al., Environmental triggers in IBD: a review of 
progress and evidence. Nat Rev Gastroenterol Hepatol, 2018. 15(1): p. 39-49. 

19. Magro, F., et al., ECCO Position Paper: Harmonization of the Approach to 
Ulcerative Colitis Histopathology. J Crohns Colitis, 2020. 14(11): p. 1503-1511. 

20. Danese, S., M. Sans, and C. Fiocchi, Inflammatory bowel disease: the role of 
environmental factors. Autoimmun Rev, 2004. 3(5): p. 394-400. 

21. Xavier, R.J. and D.K. Podolsky, Unravelling the pathogenesis of inflammatory 
bowel disease. Nature, 2007. 448(7152): p. 427-34. 



 

 97 

22. Wilkins, T., K. Jarvis, and J. Patel, Diagnosis and management of Crohn's 
disease. Am Fam Physician, 2011. 84(12): p. 1365-75. 

23. Veauthier, B. and J.R. Hornecker, Crohn's Disease: Diagnosis and 
Management. Am Fam Physician, 2018. 98(11): p. 661-669. 

24. Yamazaki, K., et al., Single nucleotide polymorphisms in TNFSF15 confer 
susceptibility to Crohn's disease. Hum Mol Genet, 2005. 14(22): p. 3499-506. 

25. Yamamoto, S. and X. Ma, Role of Nod2 in the development of Crohn's disease. 
Microbes Infect, 2009. 11(12): p. 912-8. 

26. Abraham, C. and J.H. Cho, Inflammatory bowel disease. N Engl J Med, 2009. 
361(21): p. 2066-78. 

27. Khor, B., A. Gardet, and R.J. Xavier, Genetics and pathogenesis of 
inflammatory bowel disease. Nature, 2011. 474(7351): p. 307-17. 

28. Gajendran, M., et al., A comprehensive review and update on Crohn's disease. 
Dis Mon, 2018. 64(2): p. 20-57. 

29. Ordás, I., et al., Ulcerative colitis. Lancet, 2012. 380(9853): p. 1606-19. 
30. Molodecky, N.A., et al., Increasing incidence and prevalence of the 

inflammatory bowel diseases with time, based on systematic review. 
Gastroenterology, 2012. 142(1): p. 46-54.e42; quiz e30. 

31. Jess, T., et al., Cancer risk in inflammatory bowel disease according to patient 
phenotype and treatment: a Danish population-based cohort study. Am J 
Gastroenterol, 2013. 108(12): p. 1869-76. 

32. Kaplan, G.G., The global burden of IBD: from 2015 to 2025. Nat Rev 
Gastroenterol Hepatol, 2015. 12(12): p. 720-7. 

33. Park, S.J., W.H. Kim, and J.H. Cheon, Clinical characteristics and treatment of 
inflammatory bowel disease: a comparison of Eastern and Western perspectives. 
World J Gastroenterol, 2014. 20(33): p. 11525-37. 

34. Ng, S.C., Emerging leadership lecture: Inflammatory bowel disease in Asia: 
emergence of a "Western" disease. J Gastroenterol Hepatol, 2015. 30(3): p. 440-
5. 

35. Ng, S.C., et al., Incidence and phenotype of inflammatory bowel disease based 
on results from the Asia-pacific Crohn's and colitis epidemiology study. 
Gastroenterology, 2013. 145(1): p. 158-165.e2. 

36. Sood, A., et al., Incidence and prevalence of ulcerative colitis in Punjab, North 
India. Gut, 2003. 52(11): p. 1587-90. 

37. Tozun, N., et al., Clinical characteristics of inflammatory bowel disease in 
Turkey: a multicenter epidemiologic survey. J Clin Gastroenterol, 2009. 43(1): 
p. 51-7. 

38. Victoria, C.R., L.Y. Sassak, and H.R. Nunes, Incidence and prevalence rates of 
inflammatory bowel diseases, in midwestern of São Paulo State, Brazil. Arq 
Gastroenterol, 2009. 46(1): p. 20-5. 

39. Shivashankar, R., et al., Incidence and Prevalence of Crohn's Disease and 
Ulcerative Colitis in Olmsted County, Minnesota From 1970 Through 2010. 
Clin Gastroenterol Hepatol, 2017. 15(6): p. 857-863. 

40. Burisch, J., et al., East-West gradient in the incidence of inflammatory bowel 
disease in Europe: the ECCO-EpiCom inception cohort. Gut, 2014. 63(4): p. 
588-97. 



 

 98 

41. Vegh, Z., et al., Incidence and initial disease course of inflammatory bowel 
diseases in 2011 in Europe and Australia: results of the 2011 ECCO-EpiCom 
inception cohort. J Crohns Colitis, 2014. 8(11): p. 1506-15. 

42. Burisch, J. and P. Munkholm, The epidemiology of inflammatory bowel disease. 
Scandinavian journal of gastroenterology, 2015. 50(8): p. 942-951. 

43. Ponder, A. and M.D. Long, A clinical review of recent findings in the 
epidemiology of inflammatory bowel disease. Clin Epidemiol, 2013. 5: p. 237-
47. 

44. Ekbom, A., et al., The epidemiology of inflammatory bowel disease: a large, 
population-based study in Sweden. Gastroenterology, 1991. 100(2): p. 350-8. 

45. Loftus, E.V., Jr., Clinical epidemiology of inflammatory bowel disease: 
Incidence, prevalence, and environmental influences. Gastroenterology, 2004. 
126(6): p. 1504-17. 

46. Turunen, P., et al., Incidence of inflammatory bowel disease in Finnish children, 
1987-2003. Inflamm Bowel Dis, 2006. 12(8): p. 677-83. 

47. Wallace, K.L., et al., Immunopathology of inflammatory bowel disease. World J 
Gastroenterol, 2014. 20(1): p. 6-21. 

48. Xu, X.R., et al., Dysregulation of mucosal immune response in pathogenesis of 
inflammatory bowel disease. World J Gastroenterol, 2014. 20(12): p. 3255-64. 

49. Mirkov, M.U., B. Verstockt, and I. Cleynen, Genetics of inflammatory bowel 
disease: beyond NOD2. Lancet Gastroenterol Hepatol, 2017. 2(3): p. 224-234. 

50. Huang, H., et al., Fine-mapping inflammatory bowel disease loci to single-
variant resolution. Nature, 2017. 547(7662): p. 173-178. 

51. Peters, L.A., et al., A functional genomics predictive network model identifies 
regulators of inflammatory bowel disease. Nat Genet, 2017. 49(10): p. 1437-
1449. 

52. Gaya, D.R., et al., New genes in inflammatory bowel disease: lessons for 
complex diseases? Lancet, 2006. 367(9518): p. 1271-84. 

53. Williams, C.N., et al., Using a genome-wide scan and meta-analysis to identify a 
novel IBD locus and confirm previously identified IBD loci. Inflamm Bowel Dis, 
2002. 8(6): p. 375-81. 

54. Duerr, R.H., et al., A genome-wide association study identifies IL23R as an 
inflammatory bowel disease gene. Science, 2006. 314(5804): p. 1461-3. 

55. van Heel, D.A., et al., Inflammatory bowel disease susceptibility loci defined by 
genome scan meta-analysis of 1952 affected relative pairs. Hum Mol Genet, 
2004. 13(7): p. 763-70. 

56. Parkes, M., et al., Genetic insights into common pathways and complex 
relationships among immune-mediated diseases. Nat Rev Genet, 2013. 14(9): p. 
661-73. 

57. Liu, J.Z., et al., Association analyses identify 38 susceptibility loci for 
inflammatory bowel disease and highlight shared genetic risk across 
populations. Nat Genet, 2015. 47(9): p. 979-986. 

58. Janse, M., et al., Three ulcerative colitis susceptibility loci are associated with 
primary sclerosing cholangitis and indicate a role for IL2, REL, and CARD9. 
Hepatology, 2011. 53(6): p. 1977-85. 

59. Mehta, M., S. Ahmed, and G. Dryden, Immunopathophysiology of inflammatory 
bowel disease: how genetics link barrier dysfunction and innate immunity to 
inflammation. Innate Immun, 2017. 23(6): p. 497-505. 



 

 99 

60. Liu, T.C. and T.S. Stappenbeck, Genetics and Pathogenesis of Inflammatory 
Bowel Disease. Annu Rev Pathol, 2016. 11: p. 127-48. 

61. Cohen, L.J., et al., Genetic Factors and the Intestinal Microbiome Guide 
Development of Microbe-Based Therapies for Inflammatory Bowel Diseases. 
Gastroenterology (New York, N.Y. 1943), 2019. 156(8): p. 2174-2189. 

62. Nunes, T., et al., Familial aggregation in inflammatory bowel disease: is it 
genes or environment? World journal of gastroenterology, 2011. 17(22): p. 
2715-2722. 

63. Turpin, W., et al., Determinants of IBD Heritability: Genes, Bugs, and More. 
Inflammatory bowel diseases, 2018. 24(6): p. 1133-1148. 

64. Liu, J.Z.B. and C.A.P. Anderson, Genetic studies of Crohn's disease: Past, 
present and future. Baillière's best practice & research. Clinical 
gastroenterology, 2014. 28(3): p. 373-386. 

65. Moller, F.T., et al., Familial risk of inflammatory bowel disease: a population-
based cohort study 1977-2011. The American journal of gastroenterology, 2015. 
110(4): p. 564-571. 

66. Franke, A., et al., Genome-wide meta-analysis increases to 71 the number of 
confirmed Crohn's disease susceptibility loci. Nat Genet, 2010. 42(12): p. 1118-
25. 

67. de Lange, K.M. and J.C. Barrett, Understanding inflammatory bowel disease via 
immunogenetics. J Autoimmun, 2015. 64: p. 91-100. 

68. Kakuta, Y., et al., TNFSF15 transcripts from risk haplotype for Crohn's disease 
are overexpressed in stimulated T cells. Hum Mol Genet, 2009. 18(6): p. 1089-
98. 

69. Tremelling, M., et al., IL23R variation determines susceptibility but not disease 
phenotype in inflammatory bowel disease. Gastroenterology, 2007. 132(5): p. 
1657-1664. 

70. Kaser, A., et al., XBP1 links ER stress to intestinal inflammation and confers 
genetic risk for human inflammatory bowel disease. Cell, 2008. 134(5): p. 743-
56. 

71. McGovern, D.P., et al., Genome-wide association identifies multiple ulcerative 
colitis susceptibility loci. Nat Genet, 2010. 42(4): p. 332-7. 

72. Ahern, P.P., et al., Interleukin-23 drives intestinal inflammation through direct 
activity on T cells. Immunity, 2010. 33(2): p. 279-88. 

73. Sun, R., M. Hedl, and C. Abraham, IL23 induces IL23R recycling and amplifies 
innate receptor-induced signalling and cytokines in human macrophages, and 
the IBD-protective IL23R R381Q variant modulates these outcomes. Gut, 2020. 
69(2): p. 264-273. 

74. Anderson, C.A., et al., Meta-analysis identifies 29 additional ulcerative colitis 
risk loci, increasing the number of confirmed associations to 47. Nat Genet, 
2011. 43(3): p. 246-52. 

75. Brand, S., Crohn's disease: Th1, Th17 or both? The change of a paradigm: new 
immunological and genetic insights implicate Th17 cells in the pathogenesis of 
Crohn's disease. Gut, 2009. 58(8): p. 1152-67. 

76. Scarpa, M. and E. Stylianou, Epigenetics: Concepts and relevance to IBD 
pathogenesis. Inflamm Bowel Dis, 2012. 18(10): p. 1982-96. 

77. Ventham, N.T., et al., Beyond gene discovery in inflammatory bowel disease: 
the emerging role of epigenetics. Gastroenterology, 2013. 145(2): p. 293-308. 



 

 100 

78. Aleksandrova, K., B. Romero-Mosquera, and V. Hernandez, Diet, Gut 
Microbiome and Epigenetics: Emerging Links with Inflammatory Bowel 
Diseases and Prospects for Management and Prevention. Nutrients, 2017. 9(9). 

79. Ventham, N.T., et al., Integrative epigenome-wide analysis demonstrates that 
DNA methylation may mediate genetic risk in inflammatory bowel disease. Nat 
Commun, 2016. 7: p. 13507. 

80. Maunder, R.G., Evidence that stress contributes to inflammatory bowel disease: 
evaluation, synthesis, and future directions. Inflamm Bowel Dis, 2005. 11(6): p. 
600-8. 

81. Mawdsley, J.E. and D.S. Rampton, The role of psychological stress in 
inflammatory bowel disease. Neuroimmunomodulation, 2006. 13(5-6): p. 327-
36. 

82. Bitton, A., et al., Predicting relapse in Crohn’s disease: a biopsychosocial 
model. Gut, 2008. 57(10): p. 1386-1392. 

83. Dolan, K.T. and E.B. Chang, Diet, gut microbes, and the pathogenesis of 
inflammatory bowel diseases. Mol Nutr Food Res, 2017. 61(1). 

84. Rizzello, F., et al., Implications of the Westernized Diet in the Onset and 
Progression of IBD. Nutrients, 2019. 11(5). 

85. Carmody, R.N., et al., Diet dominates host genotype in shaping the murine gut 
microbiota. Cell Host Microbe, 2015. 17(1): p. 72-84. 

86. David, L.A., et al., Diet rapidly and reproducibly alters the human gut 
microbiome. Nature, 2014. 505(7484): p. 559-63. 

87. Ussar, S., et al., Interactions between Gut Microbiota, Host Genetics and Diet 
Modulate the Predisposition to Obesity and Metabolic Syndrome. Cell Metab, 
2015. 22(3): p. 516-530. 

88. Schroeder, B.O., et al., Bifidobacteria or Fiber Protects against Diet-Induced 
Microbiota-Mediated Colonic Mucus Deterioration. Cell Host Microbe, 2018. 
23(1): p. 27-40.e7. 

89. Alipour, M., et al., Mucosal Barrier Depletion and Loss of Bacterial Diversity 
are Primary Abnormalities in Paediatric Ulcerative Colitis. J Crohns Colitis, 
2016. 10(4): p. 462-71. 

90. Rapozo, D.C., C. Bernardazzi, and H.S. de Souza, Diet and microbiota in 
inflammatory bowel disease: The gut in disharmony. World J Gastroenterol, 
2017. 23(12): p. 2124-2140. 

91. Raphael, W. and L.M. Sordillo, Dietary polyunsaturated fatty acids and 
inflammation: the role of phospholipid biosynthesis. Int J Mol Sci, 2013. 14(10): 
p. 21167-88 

92. Hou, J.K., B. Abraham, and H. El-Serag, Dietary intake and risk of developing 
inflammatory bowel disease: a systematic review of the literature. Am J 
Gastroenterol, 2011. 106(4): p. 563-73. 

93. Jantchou, P., et al., Animal protein intake and risk of inflammatory bowel 
disease: The E3N prospective study. Am J Gastroenterol, 2010. 105(10): p. 
2195-201. 

94. Shaw, S.Y., J.F. Blanchard, and C.N. Bernstein, Association Between the Use of 
Antibiotics in the First Year of Life and Pediatric Inflammatory Bowel Disease. 
Official journal of the American College of Gastroenterology | ACG, 2010. 
105(12): p. 2687-2692. 



 

 101 

95. Chan, S.S., et al., Aspirin in the aetiology of Crohn's disease and ulcerative 
colitis: a European prospective cohort study. Aliment Pharmacol Ther, 2011. 
34(6): p. 649-55. 

96. Ananthakrishnan, A.N., et al., Aspirin, nonsteroidal anti-inflammatory drug use, 
and risk for Crohn disease and ulcerative colitis: a cohort study. Ann Intern 
Med, 2012. 156(5): p. 350-9. 

97. Cornish, J.A., et al., The risk of oral contraceptives in the etiology of 
inflammatory bowel disease: a meta-analysis. Am J Gastroenterol, 2008. 103(9): 
p. 2394-400. 

98. Khalili, H., et al., Hormone Therapy Increases Risk of Ulcerative Colitis but not 
Crohn's Disease. Gastroenterology, 2012. 143(5): p. 1199-1206. 

99. Khalili, H., et al., Oral contraceptives, reproductive factors and risk of 
inflammatory bowel disease. Gut, 2013. 62(8): p. 1153-1159. 

100. Hildebrand, H., et al., Early-life exposures associated with antibiotic use and 
risk of subsequent Crohn's disease. Scand J Gastroenterol, 2008. 43(8): p. 961-6. 

101. Tan, W.C., et al., The human bone marrow response to acute air pollution 
caused by forest fires. Am J Respir Crit Care Med, 2000. 161(4 Pt 1): p. 1213-7. 

102. van Eeden, S.F., et al., Cytokines involved in the systemic inflammatory 
response induced by exposure to particulate matter air pollutants (PM(10)). Am 
J Respir Crit Care Med, 2001. 164(5): p. 826-30. 

103. Shepherd, H.A., G.D. Barr, and D.P. Jewell, Use of an intravenous steroid 
regimen in the treatment of acute Crohn's disease. J Clin Gastroenterol, 1986. 
8(2): p. 154-9. 

104. Greenberg, G.R., et al., Oral budesonide for active Crohn's disease. Canadian 
Inflammatory Bowel Disease Study Group. N Engl J Med, 1994. 331(13): p. 
836-41. 

105. Bäckhed, F., et al., Host-bacterial mutualism in the human intestine. Science, 
2005. 307(5717): p. 1915-20. 

106. Sender, R., S. Fuchs, and R. Milo, Revised Estimates for the Number of Human 
and Bacteria Cells in the Body. PLoS Biol, 2016. 14(8): p. e1002533. 

107. Structure, function and diversity of the healthy human microbiome. Nature, 
2012. 486(7402): p. 207-14. 

108. Qin, J., et al., A human gut microbial gene catalogue established by 
metagenomic sequencing. Nature, 2010. 464(7285): p. 59-65. 

109. O'Hara, A.M. and F. Shanahan, The gut flora as a forgotten organ. EMBO Rep, 
2006. 7(7): p. 688-93. 

110. Lathrop, S.K., et al., Peripheral education of the immune system by colonic 
commensal microbiota. Nature, 2011. 478(7368): p. 250-4. 

111. Yassour, M., et al., Natural history of the infant gut microbiome and impact of 
antibiotic treatment on bacterial strain diversity and stability. Sci Transl Med, 
2016. 8(343): p. 343ra81. 

112. Bokulich, N.A., et al., Antibiotics, birth mode, and diet shape microbiome 
maturation during early life. Sci Transl Med, 2016. 8(343): p. 343ra82. 

113. Pannaraj, P.S., et al., Association Between Breast Milk Bacterial Communities 
and Establishment and Development of the Infant Gut Microbiome. JAMA 
Pediatr, 2017. 171(7): p. 647-654. 

114. Kamada, N., et al., Role of the gut microbiota in immunity and inflammatory 
disease. Nat Rev Immunol, 2013. 13(5): p. 321-35. 



 

 102 

115. Kelder, T., et al., Correlation network analysis reveals relationships between 
diet-induced changes in human gut microbiota and metabolic health. Nutr 
Diabetes, 2014. 4(6): p. e122. 

116. Eckburg, P.B., et al., Diversity of the human intestinal microbial flora. Science, 
2005. 308(5728): p. 1635-8. 

117. Ley, R.E., et al., Evolution of mammals and their gut microbes. Science, 2008. 
320(5883): p. 1647-51. 

118. Andoh, A., Physiological Role of Gut Microbiota for Maintaining Human 
Health. Digestion, 2016. 93(3): p. 176-81. 

119. Sheehan, D., C. Moran, and F. Shanahan, The microbiota in inflammatory bowel 
disease. J Gastroenterol, 2015. 50(5): p. 495-507. 

120. Richard, M.L. and H. Sokol, The gut mycobiota: insights into analysis, 
environmental interactions and role in gastrointestinal diseases. Nat Rev 
Gastroenterol Hepatol, 2019. 16(6): p. 331-345. 

121. Saleh, M. and C.O. Elson, Experimental inflammatory bowel disease: insights 
into the host-microbiota dialog. Immunity, 2011. 34(3): p. 293-302. 

122. Nell, S., S. Suerbaum, and C. Josenhans, The impact of the microbiota on the 
pathogenesis of IBD: lessons from mouse infection models. Nat Rev Microbiol, 
2010. 8(8): p. 564-77. 

123. Medzhitov, R., Recognition of microorganisms and activation of the immune 
response. Nature, 2007. 449(7164): p. 819-26. 

124. Zuo, T., et al., Urbanization and the gut microbiota in health and inflammatory 
bowel disease. Nat Rev Gastroenterol Hepatol, 2018. 15(7): p. 440-452. 

125. Atarashi, K., et al., Induction of colonic regulatory T cells by indigenous 
Clostridium species. Science, 2011. 331(6015): p. 337-41. 

126. Ni, J., et al., Gut microbiota and IBD: causation or correlation? Nat Rev 
Gastroenterol Hepatol, 2017. 14(10): p. 573-584. 

127. Hooper, L.V., D.R. Littman, and A.J. Macpherson, Interactions between the 
microbiota and the immune system. Science, 2012. 336(6086): p. 1268-73. 

128. Lozupone, C.A., et al., Diversity, stability and resilience of the human gut 
microbiota. Nature, 2012. 489(7415): p. 220-230. 

129. Yatsunenko, T., et al., Human gut microbiome viewed across age and 
geography. Nature, 2012. 486(7402): p. 222-7. 

130. Morgan, X.C., et al., Dysfunction of the intestinal microbiome in inflammatory 
bowel disease and treatment. Genome Biol, 2012. 13(9): p. R79. 

131. Carding, S., et al., Dysbiosis of the gut microbiota in disease. Microb Ecol 
Health Dis, 2015. 26: p. 26191. 

132. Frank, D.N., et al., Molecular-phylogenetic characterization of microbial 
community imbalances in human inflammatory bowel diseases. Proc Natl Acad 
Sci U S A, 2007. 104(34): p. 13780-5. 

133. Sartor, R.B., Microbial influences in inflammatory bowel diseases. 
Gastroenterology, 2008. 134(2): p. 577-94. 

134. Strober, W., I. Fuss, and P. Mannon, The fundamental basis of inflammatory 
bowel disease. J Clin Invest, 2007. 117(3): p. 514-21. 

135. Machiels, K., et al., A decrease of the butyrate-producing species Roseburia 
hominis and Faecalibacterium prausnitzii defines dysbiosis in patients with 
ulcerative colitis. Gut, 2014. 63(8): p. 1275-83. 



 

 103 

136. Looijer-van Langen, M.A. and L.A. Dieleman, Prebiotics in chronic intestinal 
inflammation. Inflamm Bowel Dis, 2009. 15(3): p. 454-62. 

137. Andoh, A., T. Bamba, and M. Sasaki, Physiological and anti-inflammatory roles 
of dietary fiber and butyrate in intestinal functions. JPEN J Parenter Enteral 
Nutr, 1999. 23(5 Suppl): p. S70-3. 

138. Lloyd-Price, J., et al., Multi-omics of the gut microbial ecosystem in 
inflammatory bowel diseases. Nature, 2019. 569(7758): p. 655-662. 

139. Chassaing, B. and A. Darfeuille-Michaud, The commensal microbiota and 
enteropathogens in the pathogenesis of inflammatory bowel diseases. 
Gastroenterology, 2011. 140(6): p. 1720-28. 

140. Lucas López, R., et al., The human gastrointestinal tract and oral microbiota in 
inflammatory bowel disease: a state of the science review. Apmis, 2017. 125(1): 
p. 3-10. 

141. Swidsinski, A., et al., Mucosal flora in inflammatory bowel disease. 
Gastroenterology, 2002. 122(1): p. 44-54. 

142. Darfeuille-Michaud, A., et al., High prevalence of adherent-invasive 
Escherichia coli associated with ileal mucosa in Crohn's disease. 
Gastroenterology, 2004. 127(2): p. 412-21. 

143. Ng, K.M., et al., Microbiota-liberated host sugars facilitate post-antibiotic 
expansion of enteric pathogens. Nature, 2013. 502(7469): p. 96-9. 

144. Gevers, D., et al., The treatment-naive microbiome in new-onset Crohn's 
disease. Cell Host Microbe, 2014. 15(3): p. 382-392. 

145. Nishino, K., et al., Analysis of endoscopic brush samples identified mucosa-
associated dysbiosis in inflammatory bowel disease. J Gastroenterol, 2018. 
53(1): p. 95-106. 

146. Devkota, S., et al., Dietary-fat-induced taurocholic acid promotes pathobiont 
expansion and colitis in Il10-/- mice. Nature, 2012. 487(7405): p. 104-8. 

147. Kang, S., et al., Dysbiosis of fecal microbiota in Crohn's disease patients as 
revealed by a custom phylogenetic microarray. Inflamm Bowel Dis, 2010. 
16(12): p. 2034-42. 

148. Martinez, C., et al., Unstable composition of the fecal microbiota in ulcerative 
colitis during clinical remission. Am J Gastroenterol, 2008. 103(3): p. 643-8. 

149. Sokol, H., et al., Faecalibacterium prausnitzii is an anti-inflammatory 
commensal bacterium identified by gut microbiota analysis of Crohn disease 
patients. Proc Natl Acad Sci U S A, 2008. 105(43): p. 16731-6. 

150. Joossens, M., et al., Dysbiosis of the faecal microbiota in patients with Crohn's 
disease and their unaffected relatives. Gut, 2011. 60(5): p. 631-7. 

151. Ananthakrishnan, A.N., Epidemiology and risk factors for IBD. Nat Rev 
Gastroenterol Hepatol, 2015. 12(4): p. 205-17. 

152. Melgar, S. and F. Shanahan, Inflammatory bowel disease—from mechanisms to 
treatment strategies. Autoimmunity, 2010. 43(7): p. 463-77. 

153. Sepehri, S., et al., Microbial diversity of inflamed and noninflamed gut biopsy 
tissues in inflammatory bowel disease. Inflamm Bowel Dis, 2007. 13(6): p. 675-
83. 

154. Ohkusa, T., et al., Commensal bacteria can enter colonic epithelial cells and 
induce proinflammatory cytokine secretion: a possible pathogenic mechanism of 
ulcerative colitis. J Med Microbiol, 2009. 58(Pt 5): p. 535-545. 



 

 104 

155. Ohkusa, T., et al., Induction of experimental ulcerative colitis by Fusobacterium 
varium isolated from colonic mucosa of patients with ulcerative colitis. Gut, 
2003. 52(1): p. 79-83. 

156. Strober, W. and I.J. Fuss, Proinflammatory cytokines in the pathogenesis of 
inflammatory bowel diseases. Gastroenterology, 2011. 140(6): p. 1756-1767. 

157. Abreu, M.T. and M. Arditi, Innate immunity and toll-like receptors: clinical 
implications of basic science research. J Pediatr, 2004. 144(4): p. 421-9. 

158. Baert, F. and P. Rutgeerts, Immunomodulator therapy of inflammatory bowel 
disease. Acta Clin Belg, 1997. 52(5): p. 251-7. 

159. Panés, J. and D.N. Granger, Leukocyte-endothelial cell interactions: molecular 
mechanisms and implications in gastrointestinal disease. Gastroenterology, 
1998. 114(5): p. 1066-90. 

160. Kountouras, J., D. Chatzopoulos, and C. Zavos, Reactive oxygen metabolites 
and upper gastrointestinal diseases. Hepatogastroenterology, 2001. 48(39): p. 
743-51. 

161. Bouguen, G., J.B. Chevaux, and L. Peyrin-Biroulet, Recent advances in 
cytokines: therapeutic implications for inflammatory bowel diseases. World J 
Gastroenterol, 2011. 17(5): p. 547-56. 

162. Atreya, R. and M.F. Neurath, New therapeutic strategies for treatment of 
inflammatory bowel disease. Mucosal Immunol, 2008. 1(3): p. 175-82. 

163. Li, Y., et al., Disease-related expression of the IL6/STAT3/SOCS3 signalling 
pathway in ulcerative colitis and ulcerative colitis-related carcinogenesis. Gut, 
2010. 59(2): p. 227-35. 

164. Hunter, C.A. and S.A. Jones, IL-6 as a keystone cytokine in health and disease. 
Nat Immunol, 2015. 16(5): p. 448-57. 

165. Atreya, R., et al., Antibodies against tumor necrosis factor (TNF) induce T-cell 
apoptosis in patients with inflammatory bowel diseases via TNF receptor 2 and 
intestinal CD14⁺ macrophages. Gastroenterology, 2011. 141(6): p. 2026-38. 

166. Yamamoto, M., et al., IL-6 is required for the development of Th1 cell-mediated 
murine colitis. J Immunol, 2000. 164(9): p. 4878-82. 

167. Taniguchi, K., et al., A gp130-Src-YAP module links inflammation to epithelial 
regeneration. Nature, 2015. 519(7541): p. 57-62. 

168. Kuhn, K.A., et al., Bacteroidales recruit IL-6-producing intraepithelial 
lymphocytes in the colon to promote barrier integrity. Mucosal Immunol, 2018. 
11(2): p. 357-368. 

169. Siegmund, B., et al., IL-1 beta -converting enzyme (caspase-1) in intestinal 
inflammation. Proc Natl Acad Sci U S A, 2001. 98(23): p. 13249-54. 

170. Mahida, Y.R., et al., Enhanced synthesis of neutrophil-activating peptide-
1/interleukin-8 in active ulcerative colitis. Clin Sci (Lond), 1992. 82(3): p. 273-
5. 

171. Gerlach, K., et al., TH9 cells that express the transcription factor PU.1 drive T 
cell-mediated colitis via IL-9 receptor signaling in intestinal epithelial cells. Nat 
Immunol, 2014. 15(7): p. 676-86. 

172. Wirtz, S. and M.F. Neurath, Mouse models of inflammatory bowel disease. Adv 
Drug Deliv Rev, 2007. 59(11): p. 1073-83. 

173. Wang, Y., et al., IL-21/IL-21R signaling suppresses intestinal inflammation 
induced by DSS through regulation of Th responses in lamina propria in mice. 
Sci Rep, 2016. 6: p. 31881. 



 

 105 

174. Kobori, A., et al., Interleukin-33 expression is specifically enhanced in inflamed 
mucosa of ulcerative colitis. J Gastroenterol, 2010. 45(10): p. 999-1007. 

175. Teng, M.W., et al., IL-12 and IL-23 cytokines: from discovery to targeted 
therapies for immune-mediated inflammatory diseases. Nat Med, 2015. 21(7): p. 
719-29. 

176. Yang, X.O., et al., STAT3 regulates cytokine-mediated generation of 
inflammatory helper T cells. J Biol Chem, 2007. 282(13): p. 9358-9363. 

177. Ogawa, A., et al., Neutralization of interleukin-17 aggravates dextran sulfate 
sodium-induced colitis in mice. Clin Immunol, 2004. 110(1): p. 55-62. 

178. Garrido-Mesa, N., et al., The association of minocycline and the probiotic 
Escherichia coli Nissle 1917 results in an additive beneficial effect in a DSS 
model of reactivated colitis in mice. Biochem Pharmacol, 2011. 82(12): p. 1891-
900. 

179. Yang, X.O., et al., Regulation of inflammatory responses by IL-17F. J Exp Med, 
2008. 205(5): p. 1063-75. 

180. Lu, Y., et al., Toll-like Receptors and Inflammatory Bowel Disease. Frontiers in 
immunology, 2018. 9: p. 72-72. 

181. Berger, M., et al., Neutrophils express distinct RNA receptors in a non-
canonical way. J Biol Chem, 2012. 287(23): p. 19409-17. 

182. Depaolo, R.W., et al., Toll-like receptor 6 drives differentiation of tolerogenic 
dendritic cells and contributes to LcrV-mediated plague pathogenesis. Cell Host 
Microbe, 2008. 4(4): p. 350-61. 

183. Shmuel-Galia, L., et al., Neutralization of pro-inflammatory monocytes by 
targeting TLR2 dimerization ameliorates colitis. Embo j, 2016. 35(6): p. 685-98. 

184. Morgan, M.E., et al., Toll-like receptor 6 stimulation promotes T-helper 1 and 
17 responses in gastrointestinal-associated lymphoid tissue and modulates 
murine experimental colitis. Mucosal Immunol, 2014. 7(5): p. 1266-77. 

185. Rivas, M.A., et al., Deep resequencing of GWAS loci identifies independent rare 
variants associated with inflammatory bowel disease. Nat Genet, 2011. 43(11): 
p. 1066-73. 

186. Mukherjee, T., et al., NOD1 and NOD2 in inflammation, immunity and disease. 
Arch Biochem Biophys, 2019. 670: p. 69-81. 

187. Ogura, Y., et al., A frameshift mutation in NOD2 associated with susceptibility 
to Crohn's disease. Nature, 2001. 411(6837): p. 603-6. 

188. Hsu, L.C., et al., A NOD2-NALP1 complex mediates caspase-1-dependent IL-
1beta secretion in response to Bacillus anthracis infection and muramyl 
dipeptide. Proc Natl Acad Sci U S A, 2008. 105(22): p. 7803-8. 

189. Martinon, F., et al., Identification of bacterial muramyl dipeptide as activator of 
the NALP3/cryopyrin inflammasome. Curr Biol, 2004. 14(21): p. 1929-34. 

190. Watanabe, T., et al., NOD2 is a negative regulator of Toll-like receptor 2-
mediated T helper type 1 responses. Nat Immunol, 2004. 5(8): p. 800-8. 

191. Fung, T.C., et al., Lymphoid-Tissue-Resident Commensal Bacteria Promote 
Members of the IL-10 Cytokine Family to Establish Mutualism. Immunity, 2016. 
44(3): p. 634-646. 

192. Dudakov, J.A., A.M. Hanash, and M.R. van den Brink, Interleukin-22: 
immunobiology and pathology. Annu Rev Immunol, 2015. 33: p. 747-85. 

193. Sugimoto, K., et al., IL-22 ameliorates intestinal inflammation in a mouse model 
of ulcerative colitis. J Clin Invest, 2008. 118(2): p. 534-44. 



 

 106 

194. Kotredes, K.P., B. Thomas, and A.M. Gamero, The Protective Role of Type I 
Interferons in the Gastrointestinal Tract. Front Immunol, 2017. 8: p. 410. 

195. Jostins, L., et al., Host-microbe interactions have shaped the genetic 
architecture of inflammatory bowel disease. Nature, 2012. 491(7422): p. 119-24. 

196. Sanchez-Munoz, F., A. Dominguez-Lopez, and J.K. Yamamoto-Furusho, Role 
of cytokines in inflammatory bowel disease. World J Gastroenterol, 2008. 
14(27): p. 4280-8. 

197. Murch, S.H., et al., Location of tumour necrosis factor alpha by 
immunohistochemistry in chronic inflammatory bowel disease. Gut, 1993. 
34(12): p. 1705-9. 

198. Fantini, M.C., et al., Transforming growth factor beta induced FoxP3+ 
regulatory T cells suppress Th1 mediated experimental colitis. Gut, 2006. 55(5): 
p. 671-80. 

199. Sleisenger, M.H.F.M.F.L.S.B.L.J., Sleisenger & Fordtran's gastrointestinal and 
liver disease : pathophysiology, diagnosis, management. 2006, Philadelphia: 
Saunders. 

200. Krinsky, N.I., Mechanism of action of biological antioxidants. Proc Soc Exp 
Biol Med, 1992. 200(2): p. 248-54. 

201. Ioannidis, O., et al., Nutritional modulation of the inflammatory bowel response. 
Digestion, 2011. 84(2): p. 89-101. 

202. Naito, Y., et al., Changes in superoxide dismutase activity in the gastric mucosa 
of peptic ulcer patients. J Clin Gastroenterol, 1992. 14 Suppl 1: p. S131-4. 

203. Kruidenier, L., et al., Differential mucosal expression of three superoxide 
dismutase isoforms in inflammatory bowel disease. J Pathol, 2003. 201(1): p. 7-
16. 

204. Sakthivel, K.M. and C. Guruvayoorappan, Protective effect of Acacia ferruginea 
against ulcerative colitis via modulating inflammatory mediators, cytokine 
profile and NF-κB signal transduction pathways. J Environ Pathol Toxicol 
Oncol, 2014. 33(2): p. 83-98. 

205. Socca, E.A., et al., Inhibition of tumor necrosis factor-alpha and 
cyclooxigenase-2 by Isatin: a molecular mechanism of protection against TNBS-
induced colitis in rats. Chem Biol Interact, 2014. 209: p. 48-55. 

206. Wang, Y.H., et al., Effects of proanthocyanidins from grape seed on treatment of 
recurrent ulcerative colitis in rats. Can J Physiol Pharmacol, 2010. 88(9): p. 
888-98. 

207. Xu, B.L., G.J. Zhang, and Y.B. Ji, Active components alignment of 
Gegenqinlian decoction protects ulcerative colitis by attenuating inflammatory 
and oxidative stress. J Ethnopharmacol, 2015. 162: p. 253-60. 

208. Aleisa, A.M., et al., Pretreatment of Gymnema sylvestre revealed the protection 
against acetic acid-induced ulcerative colitis in rats. BMC Complement Altern 
Med, 2014. 14: p. 49. 

209. Schrader, M. and H.D. Fahimi, Peroxisomes and oxidative stress. Biochim 
Biophys Acta, 2006. 1763(12): p. 1755-66. 

210. Iborra, M., et al., Role of oxidative stress and antioxidant enzymes in Crohn's 
disease. Biochem Soc Trans, 2011. 39(4): p. 1102-6. 

211. Chang, D., et al., Association of catalase genotype with oxidative stress in the 
predication of colorectal cancer: modification by epidemiological factors. 
Biomed Environ Sci, 2012. 25(2): p. 156-62. 



 

 107 

212. de Moreno de LeBlanc, A., et al., Oral administration of a catalase-producing 
Lactococcus lactis can prevent a chemically induced colon cancer in mice. J 
Med Microbiol, 2008. 57(Pt 1): p. 100-105. 

213. LeBlanc, J.G., et al., Use of superoxide dismutase and catalase producing lactic 
acid bacteria in TNBS induced Crohn's disease in mice. J Biotechnol, 2011. 
151(3): p. 287-93. 

214. Esworthy, R.S., et al., Mice with combined disruption of Gpx1 and Gpx2 genes 
have colitis. Am J Physiol Gastrointest Liver Physiol, 2001. 281(3): p. G848-55. 

215. Mangerich, A., et al., Chemistry meets biology in colitis-associated 
carcinogenesis. Free Radic Res, 2013. 47(11): p. 958-86. 

216. Hiller, F., et al., GPx2 Induction Is Mediated Through STAT Transcription 
Factors During Acute Colitis. Inflamm Bowel Dis, 2015. 21(9): p. 2078-89. 

217. Tham, D.M., J.C. Whitin, and H.J. Cohen, Increased expression of extracellular 
glutathione peroxidase in mice with dextran sodium sulfate-induced 
experimental colitis. Pediatr Res, 2002. 51(5): p. 641-6. 

218. Jurjus, A.R., N.N. Khoury, and J.-M. Reimund, Animal models of inflammatory 
bowel disease. Journal of Pharmacological and Toxicological Methods, 2004. 
50(2): p. 81-92. 

219. Randhawa, P.K., et al., A review on chemical-induced inflammatory bowel 
disease models in rodents. The Korean journal of physiology & pharmacology : 
official journal of the Korean Physiological Society and the Korean Society of 
Pharmacology, 2014. 18(4): p. 279-288. 

220. Kiesler, P., I.J. Fuss, and W. Strober, Experimental Models of Inflammatory 
Bowel Diseases. Cell Mol Gastroenterol Hepatol, 2015. 1(2): p. 154-170. 

221. Ostanin, D.V., et al., T cell transfer model of chronic colitis: concepts, 
considerations, and tricks of the trade. Am J Physiol Gastrointest Liver Physiol, 
2009. 296(2): p. G135-46. 

222. Perše, M. and A. Cerar, Dextran sodium sulphate colitis mouse model: traps and 
tricks. J Biomed Biotechnol, 2012. 2012: p. 718617. 

223. Neurath, M., I. Fuss, and W. Strober, TNBS-colitis. Int Rev Immunol, 2000. 
19(1): p. 51-62. 

224. Wirtz, S., et al., Chemically induced mouse models of intestinal inflammation. 
Nat Protoc, 2007. 2(3): p. 541-6. 

225. Kirsner, J.B. and J. Elchlepp, The production of an experimental ulcerative 
colitis in rabbits. Trans Assoc Am Physicians, 1957. 70: p. 102-19. 

226. Mizoguchi, A., Animal models of inflammatory bowel disease. Prog Mol Biol 
Transl Sci, 2012. 105: p. 263-320. 

227. Powrie, F. and D. Mason, OX-22high CD4+ T cells induce wasting disease with 
multiple organ pathology: prevention by the OX-22low subset. J Exp Med, 1990. 
172(6): p. 1701-8. 

228. Powrie, F., et al., Inhibition of Th1 responses prevents inflammatory bowel 
disease in scid mice reconstituted with CD45RBhi CD4+ T cells. Immunity, 
1994. 1(7): p. 553-62. 

229. Wirtz, S. and M.F. Neurath, Animal models of intestinal inflammation: new 
insights into the molecular pathogenesis and immunotherapy of inflammatory 
bowel disease. Int J Colorectal Dis, 2000. 15(3): p. 144-60. 

230. Kolios, G., Animal models of inflammatory bowel disease: how useful are they 
really? Curr Opin Gastroenterol, 2016. 32(4): p. 251-7. 



 

 108 

231. Hammer, R.E., et al., Spontaneous inflammatory disease in transgenic rats 
expressing HLA-B27 and human beta 2m: an animal model of HLA-B27-
associated human disorders. Cell, 1990. 63(5): p. 1099-112. 

232. Mombaerts, P., et al., Spontaneous development of inflammatory bowel disease 
in T cell receptor mutant mice. Cell, 1993. 75(2): p. 274-82. 

233. Bamias, G., K.O. Arseneau, and F. Cominelli, Mouse models of inflammatory 
bowel disease for investigating mucosal immunity in the intestine. Curr Opin 
Gastroenterol, 2017. 33(6): p. 411-416. 

234. Strober, W., I.J. Fuss, and R.S. Blumberg, The immunology of mucosal models 
of inflammation. Annu Rev Immunol, 2002. 20: p. 495-549. 

235. Wirtz, S., et al., Chemically induced mouse models of acute and chronic 
intestinal inflammation. Nat Protoc, 2017. 12(7): p. 1295-1309. 

236. Goyal, N., et al., Animal models of inflammatory bowel disease: a review. 
Inflammopharmacology, 2014. 22(4): p. 219-33. 

237. Eichele, D.D. and K.K. Kharbanda, Dextran sodium sulfate colitis murine 
model: An indispensable tool for advancing our understanding of inflammatory 
bowel diseases pathogenesis. World J Gastroenterol, 2017. 23(33): p. 6016-
6029. 

238. Kitajima, S., S. Takuma, and M. Morimoto, Histological analysis of murine 
colitis induced by dextran sulfate sodium of different molecular weights. Exp 
Anim, 2000. 49(1): p. 9-15. 

239. Chassaing, B., et al., Dextran sulfate sodium (DSS)-induced colitis in mice. 
Current protocols in immunology, 2014. 104: p. 15.25.1-15.25.14. 

240. Laroui, H., et al., Dextran Sodium Sulfate (DSS) Induces Colitis in Mice by 
Forming Nano-Lipocomplexes with Medium-Chain-Length Fatty Acids in the 
Colon. PLOS ONE, 2012. 7(3): p. e32084. 

241. Okayasu, I., et al., A novel method in the induction of reliable experimental 
acute and chronic ulcerative colitis in mice. Gastroenterology, 1990. 98(3): p. 
694-702. 

242. Marshall, N.B. and S.L. Swain, Cytotoxic CD4 T cells in antiviral immunity. J 
Biomed Biotechnol, 2011. 2011: p. 954602. 

243. Johnson, C., M. Wannemuehler, and J. Hostetter, Mycobacterium avium 
paratuberculosis infection augments innate immune responses following 
intestinal epithelial injury. Experimental Biology and Medicine, 2014. 239(4): 
p. 436-441. 

244. Yan, Y., et al., Temporal and spatial analysis of clinical and molecular 
parameters in dextran sodium sulfate induced colitis. PLoS One, 2009. 4(6): p. 
e6073. 

245. Poritz, L.S., et al., Loss of the tight junction protein ZO-1 in dextran sulfate 
sodium induced colitis. J Surg Res, 2007. 140(1): p. 12-9. 

246. Dou, W., et al., Protective effect of naringenin against experimental colitis via 
suppression of Toll-like receptor 4/NF-κB signalling. Br J Nutr, 2013. 110(4): p. 
599-608. 

247. Marrero, J.A., et al., Dextran sulfate sodium-induced murine colitis activates 
NF-kappaB and increases galanin-1 receptor expression. Am J Physiol 
Gastrointest Liver Physiol, 2000. 278(5): p. G797-804. 

248. Soriano, A., et al., VCAM-1, but not ICAM-1 or MAdCAM-1, immunoblockade 
ameliorates DSS-induced colitis in mice. Lab Invest, 2000. 80(10): p. 1541-51. 



 

 109 

249. Low, D., D.D. Nguyen, and E. Mizoguchi, Animal models of ulcerative colitis 
and their application in drug research. Drug Des Devel Ther, 2013. 7: p. 1341-
57. 

250. Kitajima, S., et al., Dextran sodium sulfate-induced colitis in germ-free IQI/Jic 
mice. Exp Anim, 2001. 50(5): p. 387-95. 

251. Araki, Y., et al., Increased apoptosis and decreased proliferation of colonic 
epithelium in dextran sulfate sodium-induced colitis in mice. Oncol Rep, 2010. 
24(4): p. 869-74. 

252. Dieleman, L.A., et al., Dextran sulfate sodium-induced colitis occurs in severe 
combined immunodeficient mice. Gastroenterology, 1994. 107(6): p. 1643-52. 

253. Krieglstein, C.F., et al., Collagen-binding integrin alpha1beta1 regulates 
intestinal inflammation in experimental colitis. J Clin Invest, 2002. 110(12): p. 
1773-82. 

254. Couchman, J.R., Syndecans: proteoglycan regulators of cell-surface 
microdomains? Nat Rev Mol Cell Biol, 2003. 4(12): p. 926-37. 

255. Alexopoulou, A.N., H.A. Multhaupt, and J.R. Couchman, Syndecans in wound 
healing, inflammation and vascular biology. Int J Biochem Cell Biol, 2007. 
39(3): p. 505-28. 

256. Kainulainen, V., et al., Syndecans, heparan sulfate proteoglycans, maintain the 
proteolytic balance of acute wound fluids. J Biol Chem, 1998. 273(19): p. 
11563-9. 

257. Bernfield, M., et al., Biology of the syndecans: a family of transmembrane 
heparan sulfate proteoglycans. Annu Rev Cell Biol, 1992. 8: p. 365-93. 

258. Bartlett, A.H., K. Hayashida, and P.W. Park, Molecular and cellular 
mechanisms of syndecans in tissue injury and inflammation. Mol Cells, 2007. 
24(2): p. 153-66. 

259. Carey, D.J., Syndecans: multifunctional cell-surface co-receptors. Biochem J, 
1997. 327 ( Pt 1)(Pt 1): p. 1-16. 

260. Stepp, M.A., et al., Defects in keratinocyte activation during wound healing in 
the syndecan-1-deficient mouse. J Cell Sci, 2002. 115(Pt 23): p. 4517-31. 

261. Beauvais, D.M., B.J. Burbach, and A.C. Rapraeger, The syndecan-1 ectodomain 
regulates alphavbeta3 integrin activity in human mammary carcinoma cells. J 
Cell Biol, 2004. 167(1): p. 171-81. 

262. Averbeck, M., et al., Syndecan-1 regulates dendritic cell migration in cutaneous 
hypersensitivity to haptens. Exp Dermatol, 2017. 26(11): p. 1060-1067. 

263. Angsana, J., et al., Syndecan-1 modulates the motility and resolution responses 
of macrophages. Arterioscler Thromb Vasc Biol, 2015. 35(2): p. 332-40. 

264. Wang, Z., et al., Syndecan-1 Acts in Synergy with Tight Junction Through Stat3 
Signaling to Maintain Intestinal Mucosal Barrier and Prevent Bacterial 
Translocation. Inflamm Bowel Dis, 2015. 21(8): p. 1894-907. 

265. Palaiologou, M., I. Delladetsima, and D. Tiniakos, CD138 (syndecan-1) 
expression in health and disease. Histol Histopathol, 2014. 29(2): p. 177-89. 

266. Svennevig, K., S.O. Kolset, and H.J. Bangstad, Increased syndecan-1 in serum 
is related to early nephropathy in type 1 diabetes mellitus patients. 
Diabetologia, 2006. 49(9): p. 2214-6. 

267. Seidel, C., O. Ringdén, and M. Remberger, Increased levels of syndecan-1 in 
serum during acute graft-versus-host disease. Transplantation, 2003. 76(2): p. 
423-6. 



 

 110 

268. Seidel, C., et al., Serum syndecan-1: a new independent prognostic marker in 
multiple myeloma. Blood, 2000. 95(2): p. 388-92. 

269. Larsen, A.M., et al., High syndecan-1 levels in acute myeloid leukemia are 
associated with bleeding, thrombocytopathy, endothelial cell damage, and 
leukocytosis. Leuk Res, 2013. 37(7): p. 777-83. 

270. Vlahu, C.A., et al., Damage of the endothelial glycocalyx in dialysis patients. J 
Am Soc Nephrol, 2012. 23(11): p. 1900-8. 

271. Rehm, M., et al., Shedding of the endothelial glycocalyx in patients undergoing 
major vascular surgery with global and regional ischemia. Circulation, 2007. 
116(17): p. 1896-906. 

272. Miranda, C.H., et al., Evaluation of the endothelial glycocalyx damage in 
patients with acute coronary syndrome. Atherosclerosis, 2016. 247: p. 184-8. 

273. Jung, C., et al., Impairment of the endothelial glycocalyx in cardiogenic shock 
and its prognostic relevance. Shock, 2015. 43(5): p. 450-5. 

274. Ostrowski, S.R., et al., Acute myocardial infarction is associated with 
endothelial glycocalyx and cell damage and a parallel increase in circulating 
catecholamines. Crit Care, 2013. 17(1): p. R32. 

275. Ostrowski, S.R., et al., Association between biomarkers of endothelial injury 
and hypocoagulability in patients with severe sepsis: a prospective study. Crit 
Care, 2015. 19(1): p. 191. 

276. Ibrahim, S.A., et al., Targeting of syndecan-1 by microRNA miR-10b promotes 
breast cancer cell motility and invasiveness via a Rho-GTPase- and E-cadherin-
dependent mechanism. Int J Cancer, 2012. 131(6): p. E884-96. 

277. Tiemann, K., et al., Significance of syndecan-1 expression in ductal carcinoma 
in situ of the breast. Anticancer Res, 2014. 34(7): p. 3607-16. 

278. Leivonen, M., et al., Prognostic value of syndecan-1 expression in breast 
cancer. Oncology, 2004. 67(1): p. 11-8. 

279. Loussouarn, D., et al., Prognostic impact of syndecan-1 expression in invasive 
ductal breast carcinomas. Br J Cancer, 2008. 98(12): p. 1993-8. 

280. Yang, Y., et al., Soluble syndecan-1 promotes growth of myeloma tumors in 
vivo. Blood, 2002. 100(2): p. 610-7. 

281. Kim, S.Y., et al., Syndecan-1 expression is associated with tumor size and 
EGFR expression in colorectal carcinoma: a clinicopathological study of 230 
cases. Int J Med Sci, 2015. 12(2): p. 92-9. 

282. Minowa, K., et al., Elevated serum level of circulating syndecan-1 (CD138) in 
active systemic lupus erythematosus. Autoimmunity, 2011. 44(5): p. 357-62. 

283. Elenius, V., et al., Inhibition by the soluble syndecan-1 ectodomains delays 
wound repair in mice overexpressing syndecan-1. J Biol Chem, 2004. 279(40): 
p. 41928-35. 

284. Salminen-Mankonen, H., et al., Syndecan-1 expression is upregulated in 
degenerating articular cartilage in a transgenic mouse model for osteoarthritis. 
Scand J Rheumatol, 2005. 34(6): p. 469-74. 

285. Deyab, G., et al., Antirheumatic treatment is associated with reduced serum 
Syndecan-1 in Rheumatoid Arthritis. PLoS One, 2021. 16(7): p. e0253247. 

286. Jaiswal, A.K., et al., Syndecan-1 Regulates Psoriasiform Dermatitis by 
Controlling Homeostasis of IL-17-Producing γδ T Cells. J Immunol, 2018. 
201(6): p. 1651-1661. 



 

 111 

287. Xu, J., et al., Endogenous attenuation of allergic lung inflammation by 
syndecan-1. J Immunol, 2005. 174(9): p. 5758-65. 

288. Çekiç, C., et al., Serum Syndecan-1 Levels and Its Relationship to Disease 
Activity in Patients with Crohn's Disease. Gastroenterol Res Pract, 2015. 2015: 
p. 850351. 

289. Zhang, S., et al., Syndecan-1 and heparanase: potential markers for activity 
evaluation and differential diagnosis of Crohn's disease. Inflamm Bowel Dis, 
2013. 19(5): p. 1025-33. 

290. Zhang, Y., et al., Cell surface-anchored syndecan-1 ameliorates intestinal 
inflammation and neutrophil transmigration in ulcerative colitis. J Cell Mol 
Med, 2017. 21(1): p. 13-25. 

291. Bode, L., et al., Heparan sulfate and syndecan-1 are essential in maintaining 
murine and human intestinal epithelial barrier function. J Clin Invest, 2008. 
118(1): p. 229-38. 

292. Day, R.M., et al., Regulation of epithelial syndecan-1 expression by 
inflammatory cytokines. Cytokine, 2003. 21(5): p. 224-33. 

293. Day, R. and A. Forbes, Heparin, cell adhesion, and pathogenesis of 
inflammatory bowel disease. Lancet, 1999. 354(9172): p. 62-5. 

294. Reinecker, H.C., et al., Enhanced secretion of tumour necrosis factor-alpha, IL-
6, and IL-1 beta by isolated lamina propria mononuclear cells from patients 
with ulcerative colitis and Crohn's disease. Clin Exp Immunol, 1993. 94(1): p. 
174-81. 

295. Patterson, A.M., et al., Expression of heparan sulfate proteoglycans in murine 
models of experimental colitis. Inflamm Bowel Dis, 2012. 18(6): p. 1112-26. 

296. Wang, X.F., et al., Low molecular weight heparin relieves experimental colitis 
in mice by downregulating IL-1β and inhibiting syndecan-1 shedding in the 
intestinal mucosa. PLoS One, 2013. 8(7): p. e66397. 

297. Yablecovitch, D., et al., Beneficial effect of glatiramer acetate treatment on 
syndecan-1 expression in dextran sodium sulfate colitis. J Pharmacol Exp Ther, 
2011. 337(2): p. 391-9. 

298. Floer, M., et al., Enoxaparin improves the course of dextran sodium sulfate-
induced colitis in syndecan-1-deficient mice. Am J Pathol, 2010. 176(1): p. 146-
57. 

299. Wang, X., et al., Activated Syndecan-1 shedding contributes to mice colitis 
induced by dextran sulfate sodium. Dig Dis Sci, 2011. 56(4): p. 1047-56. 

300. Ng, S.C. and M.A. Kamm, Therapeutic strategies for the management of 
ulcerative colitis. Inflamm Bowel Dis, 2009. 15(6): p. 935-50. 

301. Wheeler, J.G., et al., The diagnosis of intra-abdominal abscesses in patients 
with severe Crohn's disease. Q J Med, 1992. 82(298): p. 159-67. 

302. Williams, C., et al., Optimizing clinical use of mesalazine (5-aminosalicylic 
acid) in inflammatory bowel disease. Therap Adv Gastroenterol, 2011. 4(4): p. 
237-48. 

303. Sairenji, T., K.L. Collins, and D.V. Evans, An Update on Inflammatory Bowel 
Disease. Prim Care, 2017. 44(4): p. 673-692. 

304. Pithadia, A.B. and S. Jain, Treatment of inflammatory bowel disease (IBD). 
Pharmacol Rep, 2011. 63(3): p. 629-42. 

305. Colombel, J.F., et al., Infliximab, azathioprine, or combination therapy for 
Crohn's disease. N Engl J Med, 2010. 362(15): p. 1383-95. 



 

 112 

306. Hanauer, S.B., et al., Maintenance infliximab for Crohn's disease: the ACCENT 
I randomised trial. Lancet, 2002. 359(9317): p. 1541-9. 

307. Panaccione, R., et al., Combination therapy with infliximab and azathioprine is 
superior to monotherapy with either agent in ulcerative colitis. 
Gastroenterology, 2014. 146(2): p. 392-400.e3. 

308. Fischer, A., et al., Differential effects of α4β7 and GPR15 on homing of effector 
and regulatory T cells from patients with UC to the inflamed gut in vivo. Gut, 
2016. 65(10): p. 1642-64. 

309. Stallmach, A., et al., Vedolizumab provides clinical benefit over 1 year in 
patients with active inflammatory bowel disease - a prospective multicenter 
observational study. Aliment Pharmacol Ther, 2016. 44(11-12): p. 1199-1212. 

310. Tiede, I., et al., CD28-dependent Rac1 activation is the molecular target of 
azathioprine in primary human CD4+ T lymphocytes. J Clin Invest, 2003. 
111(8): p. 1133-45. 

311. D'Haens, G., et al., Healing of severe recurrent ileitis with azathioprine therapy 
in patients with Crohn's disease. Gastroenterology, 1997. 112(5): p. 1475-81. 

312. Feagan, B.G., et al., A comparison of methotrexate with placebo for the 
maintenance of remission in Crohn's disease. North American Crohn's Study 
Group Investigators. N Engl J Med, 2000. 342(22): p. 1627-32. 

313. Feuerstein, J.D., et al., Systematic review and meta-analysis of third-line salvage 
therapy with infliximab or cyclosporine in severe ulcerative colitis. Ann 
Gastroenterol, 2016. 29(3): p. 341-7. 

314. Lichtiger, S., et al., Cyclosporine in severe ulcerative colitis refractory to steroid 
therapy. N Engl J Med, 1994. 330(26): p. 1841-5. 

315. Steiner, S., et al., Cyclosporine A regulates pro-inflammatory cytokine 
production in ulcerative colitis. Arch Immunol Ther Exp (Warsz), 2015. 63(1): 
p. 53-63. 

316. Matsuda, S. and S. Koyasu, Mechanisms of action of cyclosporine. 
Immunopharmacology, 2000. 47(2-3): p. 119-25. 

317. Nielsen, C.H., et al., Methotrexate induces poly(ADP-ribose) polymerase-
dependent, caspase 3-independent apoptosis in subsets of proliferating CD4+ T 
cells. Clin Exp Immunol, 2007. 148(2): p. 288-95. 

318. Wessels, J.A., T.W. Huizinga, and H.J. Guchelaar, Recent insights in the 
pharmacological actions of methotrexate in the treatment of rheumatoid 
arthritis. Rheumatology (Oxford), 2008. 47(3): p. 249-55. 

319. Kountouras, J., C. Zavos, and D. Chatzopoulos, Immunomodulatory benefits of 
cyclosporine A in inflammatory bowel disease. Journal of cellular and molecular 
medicine, 2004. 8(3): p. 317-328. 

320. Cascorbi, I., The Pharmacogenetics of Immune-Modulating Therapy. Adv 
Pharmacol, 2018. 83: p. 275-296. 

321. Kountouras, J., C. Zavos, and D. Chatzopoulos, Immunomodulatory benefits of 
cyclosporine A in inflammatory bowel disease. J Cell Mol Med, 2004. 8(3): p. 
317-28. 

322. Pino-Lagos, K., et al., Cyclosporin A-treated dendritic cells may affect the 
outcome of organ transplantation by decreasing CD4+CD25+ regulatory T cell 
proliferation. Biol Res, 2010. 43(3): p. 333-7. 



 

 113 

323. Siegel, C.A. and B.E. Sands, Review article: practical management of 
inflammatory bowel disease patients taking immunomodulators. Aliment 
Pharmacol Ther, 2005. 22(1): p. 1-16. 

324. Van Assche, G., et al., A pilot study on the use of the humanized anti-
interleukin-2 receptor antibody daclizumab in active ulcerative colitis. Am J 
Gastroenterol, 2003. 98(2): p. 369-76. 

325. Sandborn, W.J. and W.J. Tremaine, Cyclosporine treatment of inflammatory 
bowel disease. Mayo Clin Proc, 1992. 67(10): p. 981-90. 

326. Aiko, S., et al., Effects of cyclosporine or FK506 in chronic colitis. J Pharmacol 
Exp Ther, 1997. 280(2): p. 1075-84. 

327. Ying, S., et al., Cyclosporin A, apoptosis of BAL T-cells and expression of Bcl-2 
in asthmatics. Eur Respir J, 2003. 22(2): p. 207-12. 

328. Rafiee, P., et al., Cyclosporine A enhances leukocyte binding by human 
intestinal microvascular endothelial cells through inhibition of p38 MAPK and 
iNOS. Paradoxical proinflammatory effect on the microvascular endothelium. J 
Biol Chem, 2002. 277(38): p. 35605-15. 

329. Melgar, S., et al., Validation of murine dextran sulfate sodium-induced colitis 
using four therapeutic agents for human inflammatory bowel disease. Int 
Immunopharmacol, 2008. 8(6): p. 836-44. 

330. Present, D.H. and S. Lichtiger, Efficacy of cyclosporine in treatment of fistula of 
Crohn's disease. Dig Dis Sci, 1994. 39(2): p. 374-80. 

331. Hering, N.A., M. Fromm, and J.D. Schulzke, Determinants of colonic barrier 
function in inflammatory bowel disease and potential therapeutics. J Physiol, 
2012. 590(5): p. 1035-44. 

332. Melgar, S., et al., Over-expression of interleukin 10 in mucosal T cells of 
patients with active ulcerative colitis. Clin Exp Immunol, 2003. 134(1): p. 127-
37. 

333. Sharma, S. and V.R. Sinha, In vitro and in vivo amelioration of colitis using 
targeted delivery system of cyclosporine a in New Zealand rabbits. Drug 
Development and Industrial Pharmacy, 2020. 46(10): p. 1726-1733. 

334. Satoh, Y., et al., Cyclosporine regulates intestinal epithelial apoptosis via TGF-
beta-related signaling. Am J Physiol Gastrointest Liver Physiol, 2009. 297(3): 
p. G514-9. 

335. Sann, H., et al., Efficacy of drugs used in the treatment of IBD and combinations 
thereof in acute DSS-induced colitis in mice. Life Sci, 2013. 92(12): p. 708-18. 

336. Sternthal, M.B., et al., Adverse Events Associated With the Use of Cyclosporine 
in Patients With Inflammatory Bowel Disease. The American Journal of 
Gastroenterology, 2008. 103(4): p. 937-943. 

337. Nigro, P., G. Pompilio, and M.C. Capogrossi, Cyclophilin A: a key player for 
human disease. Cell Death Dis, 2013. 4(10): p. e888. 

338. Lang, K., F.X. Schmid, and G. Fischer, Catalysis of protein folding by prolyl 
isomerase. Nature, 1987. 329(6136): p. 268-70. 

339. Handschumacher, R.E., et al., Cyclophilin: a specific cytosolic binding protein 
for cyclosporin A. Science, 1984. 226(4674): p. 544-7. 

340. Obchoei, S., et al., Cyclophilin A: potential functions and therapeutic target for 
human cancer. Med Sci Monit, 2009. 15(11): p. Ra221-32. 

341. Seizer, P., M. Gawaz, and A.E. May, Cyclophilin A and EMMPRIN (CD147) in 
cardiovascular diseases. Cardiovasc Res, 2014. 102(1): p. 17-23. 



 

 114 

342. Sherry, B., et al., Identification of cyclophilin as a proinflammatory secretory 
product of lipopolysaccharide-activated macrophages. Proc Natl Acad Sci U S 
A, 1992. 89(8): p. 3511-5. 

343. Nishioku, T., et al., Cyclophilin A secreted from fibroblast-like synoviocytes is 
involved in the induction of CD147 expression in macrophages of mice with 
collagen-induced arthritis. Journal of inflammation (London, England), 2012. 
9(1): p. 44-44. 

344. Kim, S.H., et al., Cyclophilin A as a novel biphasic mediator of endothelial 
activation and dysfunction. Am J Pathol, 2004. 164(5): p. 1567-74. 

345. Satoh, K., et al., Cyclophilin A mediates vascular remodeling by promoting 
inflammation and vascular smooth muscle cell proliferation. Circulation, 2008. 
117(24): p. 3088-98. 

346. Yurchenko, V., et al., Active site residues of cyclophilin A are crucial for its 
signaling activity via CD147. J Biol Chem, 2002. 277(25): p. 22959-65. 

347. Hanoulle, X., et al., Structural and functional characterization of the interaction 
between cyclophilin B and a heparin-derived oligosaccharide. J Biol Chem, 
2007. 282(47): p. 34148-58. 

348. Solstad, T., et al., CD147 (Basigin/Emmprin) identifies 
FoxP3+CD45RO+CTLA4+-activated human regulatory T cells. Blood, 2011. 
118(19): p. 5141-51. 

349. Satoh, K., H. Shimokawa, and B.C. Berk, Cyclophilin A: promising new target 
in cardiovascular therapy. Circ J, 2010. 74(11): p. 2249-56. 

350. Chang, C.S., et al., Cyclophilin-A: a novel biomarker for untreated male 
essential hypertension. Biomarkers, 2013. 18(8): p. 716-20. 

351. Stemmy, E.J., et al., Extracellular cyclophilin levels associate with parameters 
of asthma in phenotypic clusters. J Asthma, 2011. 48(10): p. 986-993. 

352. Tegeder, I., et al., Elevated serum cyclophilin levels in patients with severe 
sepsis. J Clin Immunol, 1997. 17(5): p. 380-6. 

353. Satoh, K., et al., Cyclophilin A enhances vascular oxidative stress and the 
development of angiotensin II-induced aortic aneurysms. Nat Med, 2009. 15(6): 
p. 649-56. 

354. Satoh, K., et al., Cyclophilin A promotes cardiac hypertrophy in apolipoprotein 
E-deficient mice. Arterioscler Thromb Vasc Biol, 2011. 31(5): p. 1116-23. 

355. Yan, J., et al., The clinical implications of increased cyclophilin A levels in 
patients with acute coronary syndromes. Clin Chim Acta, 2012. 413(7-8): p. 
691-5. 

356. Kim, H., et al., Cyclophilin A may contribute to the inflammatory processes in 
rheumatoid arthritis through induction of matrix degrading enzymes and 
inflammatory cytokines from macrophages. Clin Immunol, 2005. 116(3): p. 217-
24. 

357. Yang, Y., et al., Cyclophilin A up-regulates MMP-9 expression and adhesion of 
monocytes/macrophages via CD147 signalling pathway in rheumatoid arthritis. 
Rheumatology (Oxford), 2008. 47(9): p. 1299-310. 

358. Ramachandran, S., et al., Proteomic profiling of high glucose primed monocytes 
identifies cyclophilin A as a potential secretory marker of inflammation in type 2 
diabetes. Proteomics, 2012. 12(18): p. 2808-21. 



 

 115 

359. Gwinn, W.M., et al., Novel approach to inhibit asthma-mediated lung 
inflammation using anti-CD147 intervention. J Immunol, 2006. 177(7): p. 4870-
9. 

360. Dear, J.W., et al., Liver proteomics for therapeutic drug discovery: inhibition of 
the cyclophilin receptor CD147 attenuates sepsis-induced acute renal failure. 
Crit Care Med, 2007. 35(10): p. 2319-28. 

361. Liu, L., et al., Cyclophilin A (CypA) is associated with the inflammatory 
infiltration and alveolar bone destruction in an experimental periodontitis. 
Biochem Biophys Res Commun, 2010. 391(1): p. 1000-6. 

362. Chen, T., et al., Cyclosporin A impairs dendritic cell migration by regulating 
chemokine receptor expression and inhibiting cyclooxygenase-2 expression. 
Blood, 2004. 103(2): p. 413-21. 

363. Sànchez-Tilló, E., et al., Cyclophilin A is required for M-CSF-dependent 
macrophage proliferation. Eur J Immunol, 2006. 36(9): p. 2515-24. 

364. Wei, Y., et al., Antiapoptotic and proapoptotic signaling of cyclophilin A in 
endothelial cells. Inflammation, 2013. 36(3): p. 567-72. 

365. Boulos, S., et al., Evidence that intracellular cyclophilin A and cyclophilin 
A/CD147 receptor-mediated ERK1/2 signalling can protect neurons against in 
vitro oxidative and ischemic injury. Neurobiol Dis, 2007. 25(1): p. 54-64. 

366. Melle, C., et al., Identification of proteins from colorectal cancer tissue by two-
dimensional gel electrophoresis and SELDI mass spectrometry. Int J Mol Med, 
2005. 16(1): p. 11-7. 

367. Zheng, J., et al., Prolyl isomerase cyclophilin A regulation of Janus-activated 
kinase 2 and the progression of human breast cancer. Cancer Res, 2008. 68(19): 
p. 7769-78. 

368. Wang, L., et al., Contribution of cyclophilin A to the regulation of inflammatory 
processes in rheumatoid arthritis. J Clin Immunol, 2010. 30(1): p. 24-33. 

369. Gao, Q., et al., Expression of matrix metalloproteinases-2 and -9 in intestinal 
tissue of patients with inflammatory bowel diseases. Dig Liver Dis, 2005. 37(8): 
p. 584-92. 

370. Santana, A., et al., Attenuation of dextran sodium sulphate induced colitis in 
matrix metalloproteinase-9 deficient mice. World J Gastroenterol, 2006. 12(40): 
p. 6464-72. 

371. La Pietra, V., et al., Identification of novel molecular scaffolds for the design of 
MMP-13 inhibitors: a first round of lead optimization. Eur J Med Chem, 2012. 
47(1): p. 143-52. 

372. Meijer, M.J., et al., Increased mucosal matrix metalloproteinase-1, -2, -3 and -9 
activity in patients with inflammatory bowel disease and the relation with 
Crohn's disease phenotype. Dig Liver Dis, 2007. 39(8): p. 733-9. 

373. Kim, J.Y., et al., The Stimulation of CD147 Induces MMP-9 Expression through 
ERK and NF-kappaB in Macrophages: Implication for Atherosclerosis. Immune 
Netw, 2009. 9(3): p. 90-7. 

374. Yuan, W., H. Ge, and B. He, Pro-inflammatory activities induced by CyPA-
EMMPRIN interaction in monocytes. Atherosclerosis, 2010. 213(2): p. 415-21. 

375. Kim, M., et al., Differential expression in histologically normal crypts of 
ulcerative colitis suggests primary crypt disorder. Oncol Rep, 2006. 16(4): p. 
663-70. 



 

 116 

376. Piechota-Polanczyk, A., et al., Serum Cyclophilin A Correlates with Increased 
Tissue MMP-9 in Patients with Ulcerative Colitis, but Not with Crohn's Disease. 
Dig Dis Sci, 2017. 62(6): p. 1511-1517. 

377. Biswas, C., et al., The human tumor cell-derived collagenase stimulatory factor 
(renamed EMMPRIN) is a member of the immunoglobulin superfamily. Cancer 
Res, 1995. 55(2): p. 434-9. 

378. Toole, B.P., Emmprin (CD147), a cell surface regulator of matrix 
metalloproteinase production and function. Curr Top Dev Biol, 2003. 54: p. 
371-89. 

379. Jiang, J.L., et al., The involvement of HAb18G/CD147 in regulation of store-
operated calcium entry and metastasis of human hepatoma cells. J Biol Chem, 
2001. 276(50): p. 46870-7. 

380. Kirk, P., et al., CD147 is tightly associated with lactate transporters MCT1 and 
MCT4 and facilitates their cell surface expression. Embo j, 2000. 19(15): p. 
3896-904. 

381. Schlosshauer, B., The blood-brain barrier: morphology, molecules, and 
neurothelin. Bioessays, 1993. 15(5): p. 341-6. 

382. Berditchevski, F., et al., Generation of monoclonal antibodies to integrin-
associated proteins. Evidence that alpha3beta1 complexes with 
EMMPRIN/basigin/OX47/M6. J Biol Chem, 1997. 272(46): p. 29174-80. 

383. Lim, M., et al., Tumor-derived EMMPRIN (extracellular matrix 
metalloproteinase inducer) stimulates collagenase transcription through MAPK 
p38. FEBS Lett, 1998. 441(1): p. 88-92. 

384. Kim, J.Y., et al., Activation of CD147 with cyclophilin a induces the expression 
of IFITM1 through ERK and PI3K in THP-1 cells. Mediators Inflamm, 2010. 
2010: p. 821940. 

385. Huang, Z., et al., Resveratrol inhibits EMMPRIN expression via P38 and 
ERK1/2 pathways in PMA-induced THP-1 cells. Biochem Biophys Res 
Commun, 2008. 374(3): p. 517-21. 

386. Zhu, X., et al., CD147: a novel modulator of inflammatory and immune 
disorders. Curr Med Chem, 2014. 21(19): p. 2138-45. 

387. Damsker, J.M., et al., Targeting the chemotactic function of CD147 reduces 
collagen-induced arthritis. Immunology, 2009. 126(1): p. 55-62. 

388. Agrawal, S.M., et al., A novel anti-EMMPRIN function-blocking antibody 
reduces T cell proliferation and neurotoxicity: relevance to multiple sclerosis. J 
Neuroinflammation, 2012. 9: p. 64. 

389. Seizer, P., et al., Disrupting the EMMPRIN (CD147)-cyclophilin A interaction 
reduces infarct size and preserves systolic function after myocardial ischemia 
and reperfusion. Arterioscler Thromb Vasc Biol, 2011. 31(6): p. 1377-86. 

390. Wang, H., et al., Clinical Significance of CD147 in Children with Inflammatory 
Bowel Disease. Biomed Res Int, 2020. 2020: p. 7647181. 

391. Pakula, R., et al., Syndecan-1/CD147 association is essential for cyclophilin B-
induced activation of p44/42 mitogen-activated protein kinases and promotion 
of cell adhesion and chemotaxis. Glycobiology, 2007. 17(5): p. 492-503. 

392. Astó, E., et al., The Efficacy of Probiotics, Prebiotic Inulin-Type Fructans, and 
Synbiotics in Human Ulcerative Colitis: A Systematic Review and Meta-
Analysis. Nutrients, 2019. 11(2). 



 

 117 

393. Yoon, S.S. and J. Sun, Probiotics, nuclear receptor signaling, and anti-
inflammatory pathways. Gastroenterol Res Pract, 2011. 2011: p. 971938. 

394. Elazab, N., et al., Probiotic administration in early life, atopy, and asthma: a 
meta-analysis of clinical trials. Pediatrics, 2013. 132(3): p. e666-76. 

395. Indrio, F., et al., Prophylactic use of a probiotic in the prevention of colic, 
regurgitation, and functional constipation: a randomized clinical trial. JAMA 
Pediatr, 2014. 168(3): p. 228-33. 

396. Baharav, E., et al., Lactobacillus GG bacteria ameliorate arthritis in Lewis rats. 
J Nutr, 2004. 134(8): p. 1964-9. 

397. Bibiloni, R., et al., VSL#3 probiotic-mixture induces remission in patients with 
active ulcerative colitis. Am J Gastroenterol, 2005. 100(7): p. 1539-46. 

398. Furrie, E., et al., Synbiotic therapy (Bifidobacterium longum/Synergy 1) initiates 
resolution of inflammation in patients with active ulcerative colitis: a 
randomised controlled pilot trial. Gut, 2005. 54(2): p. 242-9. 

399. Gaudier, E., et al., The VSL# 3 probiotic mixture modifies microflora but does 
not heal chronic dextran-sodium sulfate-induced colitis or reinforce the mucus 
barrier in mice. J Nutr, 2005. 135(12): p. 2753-61. 

400. Herías, M.V., et al., Probiotic effects of Lactobacillus casei on DSS-induced 
ulcerative colitis in mice. Int J Food Microbiol, 2005. 103(2): p. 143-55. 

401. Møller, P.L., et al., Colitic scid mice fed Lactobacillus spp. show an ameliorated 
gut histopathology and an altered cytokine profile by local T cells. Inflamm 
Bowel Dis, 2005. 11(9): p. 814-9. 

402. Veerappan, G.R., J. Betteridge, and P.E. Young, Probiotics for the treatment of 
inflammatory bowel disease. Curr Gastroenterol Rep, 2012. 14(4): p. 324-33. 

403. Triantafillidis, J.K., M. Tzouvala, and E. Triantafyllidi, Enteral Nutrition 
Supplemented with Transforming Growth Factor-β, Colostrum, Probiotics, and 
Other Nutritional Compounds in the Treatment of Patients with Inflammatory 
Bowel Disease. Nutrients, 2020. 12(4). 

404. Eom, T., et al., Current understanding of microbiota- and dietary-therapies for 
treating inflammatory bowel disease. J Microbiol, 2018. 56(3): p. 189-198. 

405. Jakubczyk, D., K. Leszczyńska, and S. Górska, The Effectiveness of Probiotics 
in the Treatment of Inflammatory Bowel Disease (IBD)-A Critical Review. 
Nutrients, 2020. 12(7). 

406. Abraham, B.P. and E.M.M. Quigley, Probiotics in Inflammatory Bowel Disease. 
Gastroenterol Clin North Am, 2017. 46(4): p. 769-782. 

407. Ghavami, S.B., et al., Immunomodulation and Generation of Tolerogenic 
Dendritic Cells by Probiotic Bacteria in Patients with Inflammatory Bowel 
Disease. Int J Mol Sci, 2020. 21(17). 

408. Li, G., et al., The effect of bifid triple viable on immune function of patients with 
ulcerative colitis. Gastroenterol Res Pract, 2012. 2012: p. 404752. 

409. Chen, P., et al., Modulation of gut mucosal microbiota as a mechanism of 
probiotics-based adjunctive therapy for ulcerative colitis. Microb Biotechnol, 
2020. 13(6): p. 2032-2043. 

410. Ishikawa, H., et al., Randomized controlled trial of the effect of bifidobacteria-
fermented milk on ulcerative colitis. J Am Coll Nutr, 2003. 22(1): p. 56-63. 

411. Osman, N., et al., Modulation of the effect of dextran sulfate sodium-induced 
acute colitis by the administration of different probiotic strains of Lactobacillus 
and Bifidobacterium. Dig Dis Sci, 2004. 49(2): p. 320-7. 



 

 118 

412. McCarthy, J., et al., Double blind, placebo controlled trial of two probiotic 
strains in interleukin 10 knockout mice and mechanistic link with cytokine 
balance. Gut, 2003. 52(7): p. 975-80. 

413. Madsen, K., et al., Probiotic bacteria enhance murine and human intestinal 
epithelial barrier function. Gastroenterology, 2001. 121(3): p. 580-91. 

414. Fujiwara, M., et al., Inhibitory effects of Bifidobacterium longum on 
experimental ulcerative colitis induced in mice by synthetic dextran sulfate 
sodium. Digestion, 2003. 67(1-2): p. 90-5. 

415. Chae, J.M., et al., Effects of Orally-Administered Bifidobacterium animalis 
subsp. lactis Strain BB12 on Dextran Sodium Sulfate-Induced Colitis in Mice. J 
Microbiol Biotechnol, 2018. 28(11): p. 1800-1805. 

416. Zhang, Y., et al., Probiotic Mixture Protects Dextran Sulfate Sodium-Induced 
Colitis by Altering Tight Junction Protein Expressions and Increasing Tregs. 
Mediators Inflamm, 2018. 2018: p. 9416391. 

417. Duranti, S., et al., Elucidating the gut microbiome of ulcerative colitis: 
bifidobacteria as novel microbial biomarkers. FEMS Microbiol Ecol, 2016. 
92(12). 

418. Satish Kumar, C.S., et al., Immunomodulatory effects of Bifidobacterium 
bifidum 231 on trinitrobenzenesulfonic acid-induced ulcerative colitis in rats. 
Res Vet Sci, 2017. 110: p. 40-46. 

419. Kennedy, R.J., et al., Probiotic therapy fails to improve gut permeability in a 
hapten model of colitis. Scand J Gastroenterol, 2000. 35(12): p. 1266-71. 

420. Smith-Garvin, J.E., G.A. Koretzky, and M.S. Jordan, T cell activation. Annu 
Rev Immunol, 2009. 27: p. 591-619. 

421. Kuhns, M.S., M.M. Davis, and K.C. Garcia, Deconstructing the form and 
function of the TCR/CD3 complex. Immunity, 2006. 24(2): p. 133-9. 

422. Dong, D., et al., Structural basis of assembly of the human T cell receptor-CD3 
complex. Nature, 2019. 573(7775): p. 546-552. 

423. Vernau, W. and P.F. Moore, An immunophenotypic study of canine leukemias 
and preliminary assessment of clonality by polymerase chain reaction. Vet 
Immunol Immunopathol, 1999. 69(2-4): p. 145-64. 

424. Salvadori, S., et al., Abnormal signal transduction by T cells of mice with 
parental tumors is not seen in mice bearing IL-2-secreting tumors. J Immunol, 
1994. 153(11): p. 5176-82. 

425. Sapp, H., et al., The terminal ileum is affected in patients with lymphocytic or 
collagenous colitis. Am J Surg Pathol, 2002. 26(11): p. 1484-92. 

426. Mosnier, J.F., et al., Lymphocytic and collagenous colitis: an 
immunohistochemical study. Am J Gastroenterol, 1996. 91(4): p. 709-13. 

427. Leon, F., Flow cytometry of intestinal intraepithelial lymphocytes in celiac 
disease. J Immunol Methods, 2011. 363(2): p. 177-86. 

428. Takeuchi, T., et al., CD3 ζ defects in systemic lupus erythematosus. Ann Rheum 
Dis, 2012. 71 Suppl 2: p. i78-81. 

429. Recio, M.J., et al., Differential biological role of CD3 chains revealed by human 
immunodeficiencies. J Immunol, 2007. 178(4): p. 2556-64. 

430. Roberts, J.L., et al., T-B+NK+ severe combined immunodeficiency caused by 
complete deficiency of the CD3zeta subunit of the T-cell antigen receptor 
complex. Blood, 2007. 109(8): p. 3198-206. 



 

 119 

431. Nicolls, M.R., et al., Induction of long-term specific tolerance to allografts in 
rats by therapy with an anti-CD3-like monoclonal antibody. Transplantation, 
1993. 55(3): p. 459-68. 

432. Bhagwat, S.P., T.W. Wright, and F. Gigliotti, Anti-CD3 antibody decreases 
inflammation and improves outcome in a murine model of Pneumocystis 
pneumonia. J Immunol, 2010. 184(1): p. 497-502. 

433. Vossenkämper, A., et al., A CD3-specific antibody reduces cytokine production 
and alters phosphoprotein profiles in intestinal tissues from patients with 
inflammatory bowel disease. Gastroenterology, 2014. 147(1): p. 172-83. 

434. Hasselblom, S., et al., High immunohistochemical expression of p-AKT predicts 
inferior survival in patients with diffuse large B-cell lymphoma treated with 
immunochemotherapy. Br J Haematol, 2010. 149(4): p. 560-8. 

435. Yoshioka, A., et al., The activation of Akt during preoperative chemotherapy for 
esophageal cancer correlates with poor prognosis. Oncol Rep, 2008. 19(5): p. 
1099-107. 

436. Valkov, A., et al., The prognostic impact of Akt isoforms, PI3K and PTEN 
related to female steroid hormone receptors in soft tissue sarcomas. J Transl 
Med, 2011. 9: p. 200. 

437. Duronio, V., The life of a cell: apoptosis regulation by the PI3K/PKB pathway. 
Biochem J, 2008. 415(3): p. 333-44. 

438. Hlobilkova, A., et al., Could changes in the regulation of the PI3K/PKB/Akt 
signaling pathway and cell cycle be involved in astrocytic tumor pathogenesis 
and progression? Neoplasma, 2007. 54(4): p. 334-41. 

439. Osaki, M., M. Oshimura, and H. Ito, PI3K-Akt pathway: its functions and 
alterations in human cancer. Apoptosis, 2004. 9(6): p. 667-76. 

440. Kim, E.H. and M. Suresh, Role of PI3K/Akt signaling in memory CD8 T cell 
differentiation. Front Immunol, 2013. 4: p. 20. 

441. Chen, M.L., et al., Antipsychotic drugs suppress the AKT/NF-κB pathway and 
regulate the differentiation of T-cell subsets. Immunol Lett, 2011. 140(1-2): p. 
81-91. 

442. Patel, R.K. and C. Mohan, PI3K/AKT signaling and systemic autoimmunity. 
Immunol Res, 2005. 31(1): p. 47-55. 

443. Wu, X.F., et al., Beauvericin ameliorates experimental colitis by inhibiting 
activated T cells via downregulation of the PI3K/Akt signaling pathway. PLoS 
One, 2013. 8(12): p. e83013. 

444. Khan, M.W., et al., PI3K/AKT signaling is essential for communication between 
tissue-infiltrating mast cells, macrophages, and epithelial cells in colitis-induced 
cancer. Clin Cancer Res, 2013. 19(9): p. 2342-54. 

445. Zhang, C., et al., Fibrinogen/AKT/Microfilament Axis Promotes Colitis by 
Enhancing Vascular Permeability. Cell Mol Gastroenterol Hepatol, 2021. 11(3): 
p. 683-696. 

446. López-García, G., et al., Effect of a Milk-Based Fruit Beverage Enriched with 
Plant Sterols and/or Galactooligosaccharides in a Murine Chronic Colitis 
Model. Foods, 2019. 8(4). 

447. Axelsson, L.G., et al., Dextran sulfate sodium (DSS) induced experimental 
colitis in immunodeficient mice: effects in CD4(+) -cell depleted, athymic and 
NK-cell depleted SCID mice. Inflamm Res, 1996. 45(4): p. 181-91. 



 

 120 

448. Egger, B., et al., Characterisation of acute murine dextran sodium sulphate 
colitis: cytokine profile and dose dependency. Digestion, 2000. 62(4): p. 240-8. 

449. Cooper, H.S., et al., Clinicopathologic study of dextran sulfate sodium 
experimental murine colitis. Lab Invest, 1993. 69(2): p. 238-49. 

450. Maitra, A., et al., Cyclooxygenase 2 expression in pancreatic adenocarcinoma 
and pancreatic intraepithelial neoplasia: an immunohistochemical analysis with 
automated cellular imaging. Am J Clin Pathol, 2002. 118(2): p. 194-201. 

451. Kitajima, S., S. Takuma, and M. Morimoto, Changes in colonic mucosal 
permeability in mouse colitis induced with dextran sulfate sodium. Exp Anim, 
1999. 48(3): p. 137-43. 

452. Bernfield, M., et al., Functions of cell surface heparan sulfate proteoglycans. 
Annu Rev Biochem, 1999. 68: p. 729-77. 

453. Day, R., et al., Expression of syndecan-1 in inflammatory bowel disease and a 
possible mechanism of heparin therapy. Dig Dis Sci, 1999. 44(12): p. 2508-15. 

454. Götte, M., Syndecans in inflammation. Faseb j, 2003. 17(6): p. 575-91. 
455. Hayashida, K., et al., Syndecan-1 is an in vivo suppressor of Gram-positive toxic 

shock. J Biol Chem, 2008. 283(29): p. 19895-903. 
456. Binder Gallimidi, A., et al., Syndecan-1 deficiency promotes tumor growth in a 

murine model of colitis-induced colon carcinoma. PLoS One, 2017. 12(3): p. 
e0174343. 

457. Garbers, C., et al., Plasticity and cross-talk of Interleukin 6-type cytokines. 
Cytokine & Growth Factor Reviews, 2012. 23(3): p. 85-97. 

458. Grivennikov, S., et al., IL-6 and Stat3 are required for survival of intestinal 
epithelial cells and development of colitis-associated cancer. Cancer Cell, 2009. 
15(2): p. 103-13. 

459. Grivennikov, S.I. and M. Karin, Inflammation and oncogenesis: a vicious 
connection. Curr Opin Genet Dev, 2010. 20(1): p. 65-71. 

460. Kishimoto, T., IL-6: from its discovery to clinical applications. International 
Immunology, 2010. 22(5): p. 347-352. 

461. Atreya, R., et al., Blockade of interleukin 6 trans signaling suppresses T-cell 
resistance against apoptosis in chronic intestinal inflammation: evidence in 
crohn disease and experimental colitis in vivo. Nat Med, 2000. 6(5): p. 583-8. 

462. Romano, M., et al., Role of IL-6 and Its Soluble Receptor in Induction of 
Chemokines and Leukocyte Recruitment. Immunity, 1997. 6(3): p. 315-325. 

463. Park, S.-J., et al., IL-6 Regulates In Vivo Dendritic Cell Differentiation through 
STAT3 Activation. The Journal of Immunology, 2004. 173(6): p. 3844. 

464. Chalaris, A., et al., The soluble Interleukin 6 receptor: Generation and role in 
inflammation and cancer. European Journal of Cell Biology, 2011. 90(6): p. 
484-494. 

465. Zhu, P., et al., Expression of CD147 on monocytes/macrophages in rheumatoid 
arthritis: its potential role in monocyte accumulation and matrix 
metalloproteinase production. Arthritis Res Ther, 2005. 7(5): p. R1023-33. 

466. Kasinrerk, W., et al., Human leukocyte activation antigen M6, a member of the 
Ig superfamily, is the species homologue of rat OX-47, mouse basigin, and 
chicken HT7 molecule. J Immunol, 1992. 149(3): p. 847-54. 

467. Felzmann, T., et al., Analysis of function-associated receptor molecules on 
peripheral blood and synovial fluid granulocytes from patients with rheumatoid 
and reactive arthritis. J Clin Immunol, 1991. 11(4): p. 205-12. 



 

 121 

468. Suzuki, S., et al., Direct cell-cell interaction enhances pro-MMP-2 production 
and activation in co-culture of laryngeal cancer cells and fibroblasts: 
involvement of EMMPRIN and MT1-MMP. Exp Cell Res, 2004. 293(2): p. 259-
66. 

469. Sun, J. and M.E. Hemler, Regulation of MMP-1 and MMP-2 production through 
CD147/extracellular matrix metalloproteinase inducer interactions. Cancer Res, 
2001. 61(5): p. 2276-81. 

470. Konttinen, Y.T., et al., Increased expression of extracellular matrix 
metalloproteinase inducer in rheumatoid synovium. Arthritis Rheum, 2000. 
43(2): p. 275-80. 

471. Tomita, T., et al., Expression of extracellular matrix metalloproteinase inducer 
and enhancement of the production of matrix metalloproteinases in rheumatoid 
arthritis. Arthritis Rheum, 2002. 46(2): p. 373-8. 

472. Pushkarsky, T., et al., CD147 facilitates HIV-1 infection by interacting with 
virus-associated cyclophilin A. Proc Natl Acad Sci U S A, 2001. 98(11): p. 
6360-5. 

473. Liu, J., FK506 and cyclosporin, molecular probes for studying intracellular 
signal transduction. Immunol Today, 1993. 14(6): p. 290-5. 

474. Xu, Q., et al., Leukocyte chemotactic activity of cyclophilin. J Biol Chem, 1992. 
267(17): p. 11968-71. 

475. Jodeleit, H., et al., Head-to-head study of oxelumab and adalimumab in a mouse 
model of ulcerative colitis based on NOD/Scid IL2Rγnull mice reconstituted with 
human peripheral blood mononuclear cells. Dis Model Mech, 2021. 14(1). 

476. Cumming, G., The new statistics: why and how. Psychol Sci, 2014. 25(1): p. 7-
29. 

477. LoPiccolo, J., et al., Targeting Akt in cancer therapy. Anticancer Drugs, 2007. 
18(8): p. 861-74. 

478. Lee, G., et al., Phosphoinositide 3-kinase signaling mediates beta-catenin 
activation in intestinal epithelial stem and progenitor cells in colitis. 
Gastroenterology, 2010. 139(3): p. 869-81, 881.e1-9. 

479. Wood, J.E., H. Schneider, and C.E. Rudd, TcR and TcR-CD28 engagement of 
protein kinase B (PKB/AKT) and glycogen synthase kinase-3 (GSK-3) operates 
independently of guanine nucleotide exchange factor VAV-1. J Biol Chem, 2006. 
281(43): p. 32385-94. 

480. Tomkowicz, B., et al., TIM-3 Suppresses Anti-CD3/CD28-Induced TCR 
Activation and IL-2 Expression through the NFAT Signaling Pathway. PLoS 
One, 2015. 10(10): p. e0140694. 

481. Oh, T., et al., PI3K pathway inhibitors: potential prospects as adjuncts to 
vaccine immunotherapy for glioblastoma. Immunotherapy, 2014. 6(6): p. 737-
53. 

482. Palmer, C.S., et al., Emerging Role and Characterization of Immunometabolism: 
Relevance to HIV Pathogenesis, Serious Non-AIDS Events, and a Cure. J 
Immunol, 2016. 196(11): p. 4437-44. 

483. Luo, Q., et al., Erlotinib inhibits T-cell-mediated immune response via down-
regulation of the c-Raf/ERK cascade and Akt signaling pathway. Toxicol Appl 
Pharmacol, 2011. 251(2): p. 130-6. 



 

 122 

484. Bauer, B. and G. Baier, Protein kinase C and AKT/protein kinase B in CD4+ T-
lymphocytes: new partners in TCR/CD28 signal integration. Mol Immunol, 
2002. 38(15): p. 1087-99. 

485. Galat, A., Peptidylproline cis-trans-isomerases: immunophilins. Eur J Biochem, 
1993. 216(3): p. 689-707. 

486. Liu, J., et al., Calcineurin is a common target of cyclophilin-cyclosporin A and 
FKBP-FK506 complexes. Cell, 1991. 66(4): p. 807-15. 

487. Muramatsu, T. and T. Miyauchi, Basigin (CD147): a multifunctional 
transmembrane protein involved in reproduction, neural function, inflammation 
and tumor invasion. Histol Histopathol, 2003. 18(3): p. 981-7. 

488. Song, F., et al., Cyclophilin A (CyPA) induces chemotaxis independent of its 
peptidylprolyl cis-trans isomerase activity: direct binding between CyPA and 
the ectodomain of CD147. J Biol Chem, 2011. 286(10): p. 8197-8203. 

489. Arora, K., et al., Extracellular cyclophilins contribute to the regulation of 
inflammatory responses. J Immunol, 2005. 175(1): p. 517-22. 

490. Damsker, J.M., M.I. Bukrinsky, and S.L. Constant, Preferential chemotaxis of 
activated human CD4+ T cells by extracellular cyclophilin A. J Leukoc Biol, 
2007. 82(3): p. 613-8. 

491. Shanahan, F. and E.M.M. Quigley, Manipulation of the Microbiota for 
Treatment of IBS and IBD—Challenges and Controversies. Gastroenterology, 
2014. 146(6): p. 1554-1563. 

492. Petrof, E.O., et al., Probiotics inhibit nuclear factor-κB and induce heat shock 
proteins in colonic epithelial cells through proteasome inhibition. 
Gastroenterology, 2004. 127(5): p. 1474-1487. 

493. Maassen, C.B.M., et al., Strain-dependent induction of cytokine profiles in the 
gut by orally administered Lactobacillus strains. Vaccine, 2000. 18(23): p. 
2613-2623. 

494. Lomasney, K.W., J.F. Cryan, and N.P. Hyland, Converging effects of a 
Bifidobacterium and Lactobacillus probiotic strain on mouse intestinal 
physiology. American Journal of Physiology-Gastrointestinal and Liver 
Physiology, 2014. 307(2): p. G241-G247. 

495. Yan, F. and D.B. Polk, Probiotic Bacterium Prevents Cytokine-induced 
Apoptosis in Intestinal Epithelial Cells*. Journal of Biological Chemistry, 2002. 
277(52): p. 50959-50965. 

496. Ahrne, S. and M.-L. Johansson Hagslatt Effect of Lactobacilli on Paracellular 
Permeability in the Gut. Nutrients, 2011. 3, 104-117 DOI: 10.3390/nu3010104. 

497. Mack, D.R., et al., Extracellular MUC3 mucin secretion follows adherence of 
Lactobacillus strains to intestinal epithelial cells in vitro. Gut, 2003. 52(6): p. 
827-33. 

498. Shiba, T., et al., The suppressive effect of bifidobacteria on Bacteroides 
vulgatus, a putative pathogenic microbe in inflammatory bowel disease. 
Microbiol Immunol, 2003. 47(6): p. 371-8. 

499. Sartor, R.B., Therapeutic manipulation of the enteric microflora in 
inflammatory bowel diseases: antibiotics, probiotics, and prebiotics. 
Gastroenterology, 2004. 126(6): p. 1620-33. 

500. Constante, M., et al., Iron Supplements Modulate Colon Microbiota 
Composition and Potentiate the Protective Effects of Probiotics in Dextran 
Sodium Sulfate-induced Colitis. Inflamm Bowel Dis, 2017. 23(5): p. 753-766. 


