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A B S T R A C T   

Inflammatory Bowel diseases (IBDs) constitute a complex panel of disorders characterized with chronic 
inflammation affecting the alimentary canal along with extra intestinal manifestations. Its exact etiology is still 
unknown; however, it seems to be the result of uncharacterized environmental insults in the intestine and their 
immunological consequences along with dysbiosis, in genetically predisposed individuals. It was the main target 
of our team since 2002 to explore the etiology of IBD and the related role of bacteria. 

For almost two decades, our laboratory, among others, has been involved in the reciprocal interaction between 
the host gastrointestinal lining and the homing microbiota. In the first decade, the attention of scientists focused 
on the possible role of enteropathogenic E. coli and its relationship to the mechanistic pathways involved in IBD 
induced in both rats and mice by chemicals like Iodoacetamide, Dextran Sodium Sulfate, Trinitrobenzene, thus 
linking microbial alteration to IBD pathology. A thorough characterization of the various models was the focus of 
research in addition to exploring how to establish an active homeostatic composition of the commensal 
microbiota, including its wide diversity by restoration of gut microbiota by probiotics and moving from dysbiosis 
to eubiosis. 

In the last six years and in order to effectively translate such findings into clinical practice, it was critical to 
explore their relationship to colorectal cancer CRC both in solid tumors and chemically induced CRC. It was also 
critical to explore the degree of intestinal dysbiosis and linking to IBD, CRC and diabetes. Remarkably, the active 
mechanistic pathways were proposed as well as the role of microbiota or bacterial metabolites involved. This 
review covers two decades of investigations in our laboratory and sheds light on the different aspects of the 
relationship between microbiota and IBD with an emphasis on dysbiosis, probiotics and the multiple mechanistic 
pathways involved.   

1. Introduction 

Inflammatory bowel disease (IBD) is a chronic disease of the 
gastrointestinal tract characterized by repetitive episodes of inflamma
tion due to an abnormal immune response to gut microflora [1]. It en
compasses two idiopathic types of intestinal disease differing mainly by 
their location and depth of involvement in the bowel wall; Crohn’s 
disease and Ulcerative colitis [2]. Furthermore, this chronic inflamma
tion of the intestines form a major risk of malignancy, including colo
rectal cancer, small bowel adenocarcinoma, intestinal lymphoma, anal 
cancer, and cholangiocarcinoma [3]. IBD is much more prevalent in 

North America and Europe than in Asia or Africa, and known generally 
as a disorder of developed countries and colder climates [4]. The total 
worldwide prevalence of Crohn’s disease and Ulcerative colitis is 201 
and 238 cases per 100,000 adults [5]. 

IBDs have intestinal and extraintestinal manifestations, however, 
their exact etiology is still unknown, and their management protocols 
need more evidence-based data. Normally, the intestinal epithelium 
prevents bacteria or antigens from entering the circulation by sealed 
intercellular epithelial junctions. In IBD, these junctions are defective 
either due to a primary barrier function failure or due to a severe 
inflammation [2]. The chronic inflammation that characterizes this 
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group of disorders could be resultant of multiple and diverse factors 
including genetic susceptibility, dysbiosis and environmental factors 
[6,7]. 

The interactions between environmental, microbial, and immune- 
mediated factors in a genetically susceptible host is thought to result 
in the disease, where several strands of evidence suggested a primary 
role for the microbiome in the pathogenesis of IBD [8]. The human gut 
harbors 100 trillion different microbial organisms which constitute the 
microbiota, including bacteria, viruses, fungi, and protozoa [9]. Many 
studies have reported that the composition of this microbiota is altered 
in IBD [10]. This unfavorable alteration of the composition of the 
microbiota and function, known as dysbiosis, affects host− microbiota 
interaction and the host immune system. Such alternations are associ
ated with several human diseases, such as IBD, irritable bowel syn
drome, allergy and metabolic syndrome [11,12]. 

Treatment options for IBD are based on introducing microbiota to the 
gut through the use of probiotics or through fecal microbiota trans
plantation [13]. Probiotics remain the major treatment option, where 
living microorganisms are administered, leading to a beneficial effect on 
the host by modulating the intestinal microbiota [14]. 

Research on IBD is extensive, with rapid progress in the field of 
probiotics and its effect in treating diseases related to gut microbiota. 
Therefore, this narrative review aims to update on the relation between 
microbiota, probiotics and IBD and to highlight advancements reached 
in this domain while shedding light on relevant research done by our 
team throughout the past two decades. Fig. 1 represents a flow chart that 
summarizes all targeted. 

2. Immunity mediators and microbiota: a key association in IBD 

Normally, the physiological functions of the gut are orchestrated by a 
complex plethora of secretory factors produced by the gut resident cells 

ranging from natural killers T cells (NKTs), Gamma delta T cells (γδ T 
cells), T helper 17 cells (Th17), intraepithelial lymphocytes (IELs), 
cluster of differentiation 8+ (CD8+), as well as innate lymphoid cells 
(ILCs) [15]. 

Being the product of an overactive immunological response against a 
foreign molecule, several experimental and clinical studies depicted the 
implications of both innate and adaptive immunities in the pathophys
iology of IBD [16]. The pathogenesis is linked to a defect in immune 
mechanisms associated with an impaired mucosal barrier function and 
bacterial dysbiosis. The loss of bacterial compartmentalization and im
mune tolerance leads to the development of chronic tissue damage due 
to a life-long risk of inadequate and recurrent immune activation to
wards luminal gut antigens [17,18]. Such responses lead to the pro
gression and maintenance of IBD, as a result of the production of a 
plethora of inflammatory cytokines and other factors including reactive 
oxygen species (ROS) [6,19,20]. 

Multiple experimental and clinical studies reported that such cyto
kines and other factors interact with the intestinal luminal barrier and 
regulate to various extents the immune system and microbiota interac
tion [21–23]. Among the panoply of cytokines, IL-10 plays an important 
function in establishing and maintaining a state of intestinal homeo
stasis. Deficiency or mutations in IL-10, IL-10RA, and IL-10RB genes 
could produce acute intestinal colitis [15]. 

Other key players in the intestinal equilibrium are IL-2 and TGF-β, 
whereby mice with TGF-β 1 or IL-2 deficiency or mutation develop IBD 
[15]. Other pro-inflammatory cytokines are also considered key players 
in IBD pathogenesis, partly by affecting the permeability of the intestinal 
barrier and consequently the movement of selective microbiota, they 
include IL-6, IL-17, IL-18, IL-1β and TNF-α [24–26]. 

Thus, the onset and the progress of IBD are affected by the co- 
occurrence of immunological disequilibrium and a leak in the gut 
luminal barrier as a result of an alteration in the host microbiome 

Fig. 1. Flow chart summarizing all targeted fields.  
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quality, quantity and access to immune system [20,27]. 
As illustrated in Table 1, our team for the past two decades explored 

various IBD models in rats and mice to clarify pathogenesis and the 
involvement of immune system. The knockout of IL-2, IL-2R, IL-10, TNF- 
3′, and T-cell receptor (TCR) led to a mice model of IBDs. Similarly, IL-7, 
STAT-4 and HLA B27 transgenic mice were also IBD models [28]. These 
models showed many changes in inflammatory mediators that can be 
linked to changes in microbiota. When IBD was induced in the Sprague- 
Dawley model, an increase in TNF alpha and IL 10 levels was noted [29]. 
Similarly, NGF and IL-10 levels were increased in small intestinal seg
ments of rat models with IBD. These parameters remained elevated 
throughout the duration of inflammation, leading to inflammatory 
changes at the histological level [30]. Furthermore, IL-1 beta, IL-6, TNF 
alpha and COX-2 were also increased after inducing IBD in Sprague- 
Dawley using Iodoacetamide and Enteropathogenic E. coli [31]. 
Another point that was studied concerns chaperons, especially Hsp60. 
Chaperons make a large group of molecules that play many roles during 
the cell cycle and organismal growth, mainly by being involved in the 
immune responses as the protection against infectious agents [32]. We 
found that the administration of HSP60 induced IBDs and autoimmune 
response, and that the presence of antibodies against these chaperons is 
correlated to IBDs. This led to the conclusion that gut microbiota 
imbalance and chaperoning system malfunction are correlated in IBD, 
and highlighted the role of Hsp60 in initiating and/or maintaining the 
inflammation [33,34]. In addition to the above-mentioned factors, we 
assessed the effect of estrogen on the inflammation using rat models. We 
found that the levels of RO mast cells, TNF-alpha, IL-1 and IL-6beta were 
decreased, causing a significant antioxidant effect and a reduction in 
tissue necrosis [35]. 

On another aspect, IBD was assessed in humans with ileocolic 
resection following the administration of infliximab, which is a drug that 
affects the immune system by inhibiting TNF-alpha [36]. Infliximab 
lowered the rates of endoscopic recurrence of Crohn’s disease, high
lighting the role of TNF-alpha in IBD pathophysiology [37]. 

3. Genetics and environmental agents from the perspective of 
microbiota 

Multiple studies have reported on the family history and genetic 
predisposition to IBD as important determinants in the course of the 
disease and, in particular, the degree of irritability and phenotype of the 
disease [30]. In fact, it was documented that 12% of IBD patients have a 
family history and that first-degree relatives have an increased risk [40]. 

Many of the genetic risk factors are related to the interaction be
tween immune cells and gut microbiome. So far, 230 single nucleotide 
polymorphisms were identified as linked to IBD, including the 
Nucleotide-binding Oligomerization Domain-containing protein 2 
(NOD2), the Autophagy Related 16 Like 1 (ATG16L1), the Caspase 
Recruitment Domain Family Member 9 (CARD9) and the C-Type Lectin 
Domain Containing 7A (CLEC7A) genes [13,50]. 

NOD2 encodes an intracellular receptor that interacts with the 
peptidoglycan found on bacteria. It is expressed in intestinal epithelial 
cells, functioning as a regulator of immune system with a defensive ef
fect against intracellular bacteria [38,39]. In murine models of colitis, 
an altered microbiome and increased susceptibility to colitis was found 
in NOD2-deficient mice compared with wild-type (WT) mice [40,41]. 

Moreover, ATG16L1 contributes to the regulation of the autophagy, 
which is a pathway involved in the breakdown of lysosomes and the 
clearance of intracellular bacteria [42,43]. Gene mutations interferes 
with both bacterial clearance and antigen presentation [15]. For 
example, an increase in Bacteroides species and enhancement of TH1 and 
TH17 immune responses in the gut of mice resulted from a variant of 
ATG16L1, specifically T300A, [44]. 

Furthermore, CARD9 is a protein found within an adaptor protein 
caspase recruitment domain. This domain is involved with Dectin-1 
(CLEC7A) signaling, a factor also involved in IBD [15]. Dectin-1 

Table 1 
Role of some immune mediators in IBD.  

Corresponding 
author 

Model Outcome Conclusion 

Abdo Jurjus 
(2004) [28] 

Genetically 
modified mice  

• IL-2, IL-2R, IL- 
10, TNF-3′, and 
TCR know out 
mice were 
models for IBDs  

• IL-7, STAT-4 and 
HLA B27 trans
genic mice were 
also models for 
IBDs  

• The transfer of 
Hsp60-specific T 
cells to mice 
induced IBD 
models  

• IBDs animal 
models can be 
created by 
modulating 
several immune 
factors 

Marwan El- 
Sabban 

(2007) [29] 

Male Sprague- 
Dawley rats  

• IBD experimental 
model showed 
elevation of 
inflammation 
signaling 
through Tumor 
Necrosis Factor 
alpha and 
Interleukin 1 
beta  

• This model 
showed changes 
in gap junctions 
(epithelial cell to 
cell 
communication)  

• TNF alpha is a 
main layer in the 
pathophysiology 
of IBD 

Nayef E Saadé 
(2007) [30] 

Two rat models 
of experimental 
colitis induced 

by 
iodoacetamide 

or 2,4,6-trinitro
benzene sulfonic 

acid (TNBS)  

• NGF and IL-10 
increased signifi
cantly in homog
enates of strips 
isolated from all 
small intestinal 
segments  

• NGF and IL-10 
remained 
elevated until the 
colonic inflam
mation subsided  

• Histologic 
examinations 
revealed 
inflammatory 
changes in the 
colon  

• Nerve growth 
factor and 
interleukin-10 in 
colitis play a role 
in limiting or 
resolving inflam
mation and in 
preventing it from 
becoming 
uncontrolled 

Abdo Jurjus 
(2012) [31] 

Male Sprague- 
Dawley rats  

• IL-1beta, IL-6, 
TNF-alpha, and 
COX-2 were 
significantly 
increased in 
colonic mucosa 
in IBD models  

• This work favors 
the role of 
bacteria in IBD 
pathogenesis 

Abdo Jurjus 
(2014) [35] Adult male rats  

• The 
inflammation 
levels reduced in 
estrogen-treated 
rats  

• Reactive oxygen 
and mast cell 
counts in the 
colon decreased  

• TNF-α, IL-6, and 
IL-1 ß expression 
also significantly 
decreased  

• The inflammatory 
condition 
improved in all 
estrogen-treated 
groups  

• Estrogen caused a 
noticeable 
antioxidant effect 
and less 
fibronectin, 
indicating a 
reduced tissue 
necrosis 

Paul Rutgeerts 
(2016) [37] 

Patients with 
ileocolonic 

resection within 
45 days  

• Compared to the 
placebo group, a 
significantly 
lower percentage  

• Infliximab does 
lessen endoscopic 
recurrence of 
Crohn’s disease 

(continued on next page) 
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recognize fungal wall through a pattern recognition receptor, and ARD9 
respond to specific bacterial and viral infections through inflammatory 
cytokine production [45]. The knockout of CARD9 in mice render them 
susceptible to Candida albicans, Aspergillus fumigatus, and Cryptococcus 
neoformans among others [46–48]. Another effect of this gene knockout 
was the loss of TH17 cells involved in keeping mucosal barrier integrity 

and clearing pathogens at mucosal surfaces [49]. 
As depicted in Table 2, research by our team showed that the 

expression of several genes was found to be altered in IBD. For example, 
C3H/HejBir mice develop colitis in the ileocecal regions occasionally 
and SAMP1/Yit mice develop chronic terminal ileitis spontaneously 
[28]. Other studies showed that sucrase, lactase aminopeptidase and 
Glut-5 were all decreased in rat models having IBD [50]. Also, when IBD 
was induce in Sprague-Dawley rats using iodoacetate and bacteria, an 
elevation TNF-α gene expression and MPO activity was found [20]. 
Another gene that is affected in IBD is the SDC1 gene that leads to the 
expression of sdc-1 protein. This protein plays a critical role in matrix 
remodeling, tissue repair, immune function regulation and resolution of 
inflammation [51]. In our experiment were mice had IBD induced, sdc-1 
null mice lost more weight and had more bleeding compared to normal 
mice. Death rate was also higher in this group. Sdc-1 null mice had more 
severe histological changes, more crypt formation and more erosion of 
the intestinal epithelium. We concluded that Sdc-1 loss renders the 
mouse more sensitive to IBD induction and leads to more acute 
inflammation and higher death rate [52]. Another way of genetically 
exacerbating IBD is the administration of EBV DNA. This nucleic acid led 
to the worsening of colonic disease activity, increase in damage to the 
colon histologic architecture and enhancement of the expression of IL- 
17A, IFNγ and TNFα in colon tissues. Moreover, this viral DNA 
decreased the expression of the CTLA4 immunoregulatory marker and 
enhanced the expression of endosomal TLRs in colon tissues [53]. 

Environmentally, many risk factors for IBD were linked to the 
microbiota, such as exposure to gastroenteritis, breast-feeding, early 
antibiotic use, cigarette smoking, and diet [8]. 

Infectious gastroenteritis was found to increase the risk for the sub
sequent development of IBD by 40% [54]. An episode of infectious 
gastroenteritis can trigger an abnormal immune response subjects with 
susceptible gut microbiota profile [55]. 

Regarding breast-feeding, some studies showed a protective role 
against the development of IBD, since breast milk is microbially diverse 
and has both probiotic and prebiotic effects [56]. 

Antibiotic use in early life was also associated with the development 
of IBD and is thought to effect the commensal microbiota and immune 
regulation in genetically susceptible subjects [8]. This was proved by a 
study on animal model of neonatal NOD2-deficient mice treated with 
amoxicillin and then dextran sulfate sodium to induce colitis. Compared 
with normal mice, NOD2-deficient mice had more severe colitis and a 
delayed recovery of microbial diversity after antibiotic cessation [57]. 

Cigarette smoking has an opposing effect in IBD, being apparently 
protective against UC but negatively affecting CD [58]. Some studies 
showed that the gut microbiota of current and former smokers had a 
relatively increased numbers of Bacteroidetes and decreased Firmicutes 
and Proteobacteria compared to non-smokers [59]. 

Certain diets have been associated with an increased risk for IBD. A 
population-based study found that patients with IBD were less likely to 
have consumed unpasteurized milk or eaten pork [60]. Another study 
found that diets high in total fats, omega-6 fatty acids, and meat 
increased the risk of IBD, whereas higher fiber and fruit intakes 
decreased the risk for CD, and a high intake of vegetables decreased the 
risk for UC [61]. 

As shown in Table 3, our research with IBD was completed by 
exploring colorectal cancer (CRC). Actually, CRC can be a consequence 
of bowel inflammation [62]. As a way to treat using a natural com
pound, our experiments found that Thymoquinone, a component of 
black seed oil extract with many antioxidant and anti-inflammatory 
effects, had some antiinvasive and therapeutic activities [63]. In 1,2- 
dimethyl hydrazine (DMH) model of colon cancer, numbers and sizes 
of aberrant crypt foci was decreased, and tumor multiplicity was 
reduced. Also, Thymoquinone has beneficial effect in xenograft model of 
colon cancer, as it reduced tumor growth [64]. 

From another environmental aspect, some experiments were done to 
assess the effect of catechin on IBD models. Catechins, which are found 

Table 1 (continued ) 

Corresponding 
author 

Model Outcome Conclusion 

of patients in the 
infliximab group 
experienced 
endoscopic 
recurrence of 
Crohn’s disease 

by inhibiting TNF- 
α 

Abdo Jurus 
(2019) [33] 

Patients and 
mice  

• There was an 
increase in levels 
of anti HSP60 
IgA in serum of 
CD and UC 
patients after 
stimulation with 
Mycobacterium 
tuberculosis 
homolog Hsp65  

• Administration 
of Yersinia 
enterocolitica 
HSP60 induced 
UC-like lesions 
and autoimmune 
responses in mice  

• Prozumab, 
developed from 
an antibody 
against HPS65, 
suppressed 
murine colitis by 
inducing IL-10 
secretion from 
human periph
eral blood mono
nuclear cells  

• Low levels of 
antibodies 
against E. coli 
and 
mycobacterial 
HSP65 were 
detected in 
patients with CD 
and UC  

• Abnormal 
immune response 
to bacterial 
HSP65 contribute 
to a dysregulation 
of host defenses 
against certain 
component of the 
intestinal flora  

• The use of specific 
probiotics can 
counteract 
microbiota 
imbalance and 
HSP malfunction 
in IBD 

Alberto 
Macario 

(2019) [34] 
NA  

• Levels of Hsp60 
positively 
correlated with 
those of CD68- 
positive cells  

• Antibodies 
against Hsp60 
were found in 
patients with IBD  

• Staining for 
Hsp60 in 
mononuclear 
cells of the 
intestinal 
mucosa of 
patients with 
IBDs was strong 
positivity  

• Hsp60 was 
present in B7- 
positive cells  

• A correlation 
between gut 
microbiota 
imbalance and 
chaperoning 
system 
malfunction in 
IBD has also been 
suggested  

• Hsp60 may play a 
role in the 
initiation and/or 
maintenance of 
the inflammatory 
process  
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mainly in green tea, have several health benefits such as antioxidant 
effects and cancer chemoprevention. The compound EGCG has been 
shown to regulate disease-specific molecular targets, mainly inflam
matory mediators [65]. In our experiments, we found that Epi
gallocatechin gallate (EGCG) reduced the erosions and inflammatory 
cellular infiltration of the mucosa and submucosa, and decreased NF-KB 
and TNF- levels in rats with induced IBD (despite being high in IBD) 
[66]. Consequently, the Mediterranean diet, which is rich in green tea 
(catechins), was found to be superior to western diet in maintaining 
healthy microbiota and preventing IBD [67]. Moreover, EGCG in IBD 
models led to less histological damage, which is also highlighting its 
anti-inflammatory role [68]. 

3.1. The gut barrier and microbiota 

The human intestinal tract hosts about 100 trillion microorganisms 
with at least 15,000 to 36,000 bacterial species [70]. Its mucosal lining 
constitutes the immediate barrier and field of interaction between the 
host immune system and the luminal content, including the host’s 
microbiome. Such a microbiome develops and evolves over the years. It 
begins early in infancy, and it is affected and modulated by several 
factors including breastfeeding, mode of delivery, food consumption, 
lifestyle, use of antibiotics and other medications. In adulthood, gut 
microbiome consists mainly of microbial phyla, such as Firmicutes and 
Bacteroidetes, Lactobacillus, Proteobacteria and Actinobacteria [71,72]. 

Furthermore, the simple columnar epithelial cells lining the gut 
constitute the major component of the intestinal barrier separating be
tween internal organs and luminal contents. This protective lining along 
with its various junctional complexes, controls selectively the crossing 
over or through the barrier. Such junctional complexes, formed of 
several multiprotein, cover the lateral surface of the cell. They include, 
ordered in descending order from the apex, the apical tight junctions 
(TJs),the subjacent adherens junctions (AJs), desmosomes and gap 
junctions [73]. 

In IBD, there is an altered, leaky intestinal barrier that favors the 
passage of the luminal content (food antigens, residence microbiota, 
pathogenic organisms, etc.) to the immune system, thus triggering a 
persistent immune activation [27,72]. Importantly, this defective bar
rier along with the increase in intestinal permeability disrupt the bal
ance between beneficial and harmful bacteria thus creating a state of 
dysbiosis [74,75]. 

These bacterial alterations were inspected by several metagenomic 
studies whereby patients with IBD showed a decrease in microbial di
versity and intestinal microbiota stability, compared to individuals 
without IBDs [76,77]. Additionally, several additional studies have 
demonstrated the depletion of many microbial metabolites in patients 
with IBD compared to healthy individuals [77]. Some of the depleted 
metabolites were found to exert protective anti-inflammatory effects. 
However, there is an enrichment in other bacterial species and metab
olites thought to be causative of IBD [73]. 

It was observed that the microbiome in IBD patients is unstable in 
composition leading to dysbiosis. In this context, there is a need to 
reestablish eubiosis with optimal abundance of diverse bacterial groups 
similar to normal control individuals [78,79]. On this basis, over the last 
2 decades, our team as well as others, in a series of studies on animal 
models and one or two studies on humans, focused on the advantages 
and health profits affecting the course of IBD by bringing back balance in 
microbiota composition. 

Table 2 
The effect of genetics on IBD.  

Corresponding 
author 

Model Outcome Conclusion 

Abdo Jurjus 
(2004) [28] 

Genetically 
modified mice  

• C3H/HejBir 
develop colitis 
occasionally and 
limited to ileocecal 
regions  

• SAMP1/Yit mice 
develop chronic 
terminal ileitis 
spontaneously  

• IBDs animal 
models can be 
found in animals 
with specific gene 
mutations 

Michele 
Kedinger 

(2006) [50] 

Rat model of 
iodoacetamide- 
induced colitis  

• In the jejunum, the 
expression of 
lactase, sucrase, 
and 
aminopeptidase 
decreased 2 days 
after colitis 
induction, and 
recovered 2 days 
later.  

• Glut-5 expression 
decreased 
transiently with 
partial recovery by 
day 8.  

• Colitis can induce 
significant 
changes in the 
expression of 
several genes 
coding for 
enzymes and 
transporters 

Abdo Jurjus 
(2008) [20] 

Male Sprague- 
Dawley rats  

• Induction of IBD 
using combined 
treatment with 
iodoacetamide and 
bacteria leads to 
elevation of MPO 
activity and 
upregulation TNF-α 
gene expression  

• TNF-α gene 
expression is 
increased in IBD 

Rosalyn Jurjus 
(2021) [52] 

Male (BALB/c 
and Sdc-1 null) 

mice, 8–10 
weeks old  

• Sdc-1 null mice lost 
more weight, had 
earlier rectal 
bleeding and died 
more, compared to 
BALB/C mice  

• Sdc-1 null mice had 
more severe 
histological 
alterations 
compared to BALB/ 
C mice, with more 
dissemination of 
the inflammation, 
cryptitis and 
erosion of the 
intestinal lining 
epithelium  

• Sdc-1null mice 
are more 
sensitive to IBD 
induction, so the 
loss of Sdc-1 
makes the 
inflammation 
more acute and 
lethal 

Elias Rahal 
(2022) [53] 

Dextran 
sodium sulfate 
(DSS) mouse 
colitis model  

• Administration of 
EBV DNA 
aggravated colonic 
disease activity, 
increased the 
damage to the 
colon histologic 
architecture and 
enhanced 
expression of IL- 
17A, IFNγ and 
TNFα in colon 
tissues  

• Administration of 
EBV DNA 
decreased the 
expression of the 
CTLA4 
immunoregulatory 
marker  

• Administration of 
EBV DNA enhanced  

• EBV DNA 
exacerbates 
proinflammatory 
responses in 
colitis  

Table 2 (continued ) 

Corresponding 
author 

Model Outcome Conclusion 

the expression of 
endosomal TLRs in 
colon tissues  
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For the past 2 decades our team investigated the role of bacteria in 
the etiology as well as management of IBD (Table 4). In order to assess 
the role of microbiota in IBD pathogenesis, and to find its interaction 
with the gut, bacteria was injected into animal models in several ex
periments. Iodoacetamide, a sulfhydryl blocker with some IBD inducing 
effects, was also used in some of the experiments to better assess the 
effect of bacteria [80]. On repetitive treatment of rats with iodoaceta
mide and bacteria, we found a decrease in weight gain in addition to 
diarrhea and loose bloody stool. Furthermore, histologic changes 
showed ulcer formation, changes in communication between epithelial 
cells (gap junctions) and an extensive inflammatory reaction (inflam
matory cellular infiltrates in lamina propria and morphological changes 
in the villosities of the colon) [20,29,81]. A study assessing inflamma
tion levels compared the difference between giving iodoacetamide alone 
or in combination with bacteria. Inflammatory mediators were 
increased with iodoacetamide alone, yet this increase was bigger when 
bacteria was also injected. This leads us to the pure conclusion regarding 
the role of microbiota in the pathogenesis of IBD [31]. 

Moreover, salivary microbiota was studied and correlated to IBD and 
colorectal cancer. A difference in the composition of the salivary 
microbiota was present between healthy patients and patients with IBD 
or CRC. It was also found that some bacteria in the oral cavity may 
predispose to IBD and CRC [82]. 

From a perspective targeting the gut barrier, we studied the effect of 
microbiota on integrins. Integrins are composed of interacting α and β 
subunits that bind to cell adhesion molecules (CAMs) and the extracel
lular matrix [83]. Integrins expressed on specific lymphocyte subsets 
were found to have a role in the pathogenesis of IBD [84]. Adult rats 
injected with iodoacetamide alone or with Enteropathogenic E. coli 
showed that the expression of ß2 and ß3 integrin increased in the mucosa 
and submucosa, yet this elevation was higher in combined treatment 
[85]. Furthermore, this showed high expression of ß3 integrin on 
platelets, endothelial and inflammatory cells. In addition, the expression 
of both α5ß3 and α2ß3 integrins was also elevated [86]. Overall, the 
combination treatment led to an upregulation of all the tested integrins, 
contributing to the increase and chronicity of inflammation. 

3.2. The microbiota based IBD therapy 

Correcting dysbiosis and bringing back the balance in microbiota 
contents by probiotics is being adopted as the optimal choice in the 
management of IBD. Probiotics have been defined by professional and 
world health authorities as being living microorganisms which, if 
appropriately and adequately administered, could confer health benefits 
to the recipient [87,88]. Probiotics are the third most commonly used 
non-vitamin, non-mineral dietary supplement [6,72]. In this context, the 

Table 3 
The effect of the environment on IBD.  

Corresponding 
author 

Model Outcome Conclusion 

Regine 
Schneider- 

Stock (2008) 
[64] 

Two different 
mice colon 

cancer 
models [1,2- 

dimethyl 
hydrazine 

(DMH) and 
xenografts]  

• Thymoquinone 
injected 
intraperitoneally 
significantly 
reduced the 
numbers and sizes 
of aberrant crypt 
foci, and tumor 
multiplicity in the 
1,2-dimethyl hy
drazine (DMH) 
group  

• In a xenograft 
model of colon 
cancer cells, 
thymoquinone 
significantly 
delayed the growth 
of the tumor cells.  

• Thymoquinone 
has antiinvasive 
activities in 
colorectal cancer 
cells, in addition 
to a therapeutic 
role against DMH- 
induced colon 
cancer 

Abdo jurjus 
(2014) [66] 

Sprague- 
Dawley rats  

• Epigallocatechin 
gallate (EGCG) 
significantly 
reduced the 
erosions and 
inflammatory 
cellular infiltration 
of the mucosa and 
submucosa  

• After EGCG 
treatment at all 
time points, the 
elevated NF-KB and 
TNF- α levels 
following IBD in
duction were 
decreased in 
colonic scraping  

• EGCG likely 
inhibited the 
transcription of 
inflammatory 
genes, decreasing 
the inflammation 
in the bowel 

Francesco 
Carini (2016) 

[67] 
NA  

• Consumption of 
large amounts of fat 
and sugar results in 
a degree of 
dysbiosis and in a 
change of 
microbiota: 
increased number 
of Bacterioides spp. 
and Ruminococcus 
torques  

• Diet rich in 
saturated fatty 
acids and low in 
polyunsaturated 
fatty acids induces 
dysbiosis with 
proliferation of 
Bilophila 
wadsworthia, 
leading to an 
inflammatory 
reaction and colitis  

• Compared to the 
Western diet, 
there are clear 
benefits of the 
mediterranean or 
vegetarian diet 
rich in fruits, 
vegetables, fish 
oil, whole grains 
and olive oil  

• These foods 
maintain a 
healthy intestinal 
microbiota 
preventing 
dysbiosis, and 
eventually, IBD 

Angelo Leone 
(2017) [69] 

Balb c wild 
type and IL10 
deficient mice  

• Epigallocatechin 
gallate (EGCG) and 
other green tea 
polyphenols have 
been used to reduce 
the signs and 
symptoms of colitis 
and inflammatory 
bowel disease (IBD)  

• EGCG reduces 
inflammation by 
increasing 
glutathione and  

• Antioxidants in 
black, green, and 
white tea may be 
protective against 
IBD and the 
development of 
colon cancer  

• Tea flavonoids’ 
anticancer 
activities favor 
cell cycle arrest, 
induce apoptosis, 
and block the  

Table 3 (continued ) 

Corresponding 
author 

Model Outcome Conclusion 

inhibiting NF-B and 
I kappa B kinase  

• Regular green tea 
consumption, 
besides the Eastern 
diet, was linked to a 
lower risk of colon 
and rectum 
precancerous 
adenomas 

processes that 
lead to tumor 
angiogenesis 

Abdo Jurjus 
(2017) [68] 

Sprague- 
Dawley rats  

• Treatment with 
EGCG with the 
induction of IBD 
showed that less 
damage was found 
on the histological 
level  

• Strong anti- 
inflammatory and 
antioxidant bene
fits were proved 
by catechin  
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most-studied species include Lactobacillus, Bifidobacterium, and Saccha
romyces [89]. 

Several studies reported the beneficial effects of probiotics on host’s 
health at the level of prevention, management or treatment of several 
health conditions. Such disorders cover a wide range of medical entities 
such as diarrhea, irritable bowel syndrome, allergic conditions, atopic 

Table 4 
The effect of microbiota on IBD.  

Corresponding 
author 

Model Outcome Conclusion 

Marwan El- 
Sabban 

(2007) [29] 

Male 
Sprague- 
Dawley 

rats  

• Repetitive 
treatments with 
iodoacetamide alone 
or combined with 
bacteria, decreased 
weight gain and 
caused diarrhea and 
loose bloody stools 
were observed  

• Histologically, 
changes confirmed 
the development of 
ulcers  

• Gap junctions 
showed changes, 
affecting epithelial 
cell to cell 
communication  

• Successful 
development of an 
IBD experimental 
model with 
repetitive treatments 
iodoacetamide alone 
or combined with 
bacteria 

Jean Noel 
Freund 

(2006) [81] 

Adult 
Sprague- 
Dawley 

rats  

• The combination of 
bacteria along with 
iodoacetamide 
maintained 
symptoms and signs 
of weight loss, 
diarrhea, or loose 
stools  

• Intestinal biopsies 
showed histological 
changes: 
inflammatory 
cellular infiltrates in 
lamina propria and 
morphological 
changes in the 
villosities of the 
colon  

• Iodoacetamide and 
bacteria led to 
changes consistent of 
ulcerative colitis and 
an ongoing 
inflammatory 
process 

Abdo Jurjus 
(2008) [20] 

Male 
Sprague- 
Dawley 

rats  

• Combined treatment 
with iodoacetamide 
and bacteria showed 
slow rate of increase 
in body weight, 
diarrhea, bloody 
stool and a high 
colonic ulcer score  

• Histological 
alterations 
characteristic of UC 
appeared, with an 
extensive 
inflammatory 
reaction  

• Iodoacetamide and 
bacteria led to 
ulcerative colitis 
model that 
resembles the human 
disease with 
characteristics of 
chronicity 

Inaya Abdallah 
Hajj Hussein 
(2011) [85] 

Adult 
male 
Sprage- 
Dawley 
rats  

• The expression of ß2 
and ß3 integrin 
increased in the 
mucosa and 
submucosa of mice 
injected with 
iodoacetamide alone 
or with 
Enteropathogenic 
E. coli  

• The highest values 
were in the 
combination groups  

• Iodoacetamide and 
Enteropathogenic 
E. coli may cause 
precancerous profile 
of integrins 
expression 

Abdo Jurjus 
(2012) [31] 

Male 
Sprague- 
Dawley 
rats  

• IL-1beta, IL-6, TNF- 
alpha, and COX-2 
increased in colonic 
mucosa after Iodoa
cetamide + Entero
pathogenic E. coli 
combined treatment  

• Lesser but also 
significant increase 

• This work favors the 
role of bacteria in IBD 
pathogenesis  

Table 4 (continued ) 

Corresponding 
author 

Model Outcome Conclusion 

in IL-1beta, IL-6, 
TNF-alpha, and COX- 
2 levels after iodoa
cetamide treatment 
alone, or Entero
pathogenic E. coli 
treatments alone 
• Iodoacetamide +

Enteropathogenic 
E. coli combined 
treatment exhibited 
more necrosis and 
less apoptosis 

Abdo Jurjus 
(2013) [86] 

Adult 
male 
Sprage- 
Dawley 
rats  

• In combined 
iodoacetamide plus 
bacteria treatment, 
there was high 
expression of ß3 
integrin, mostly on 
platelets, endothelial 
and inflammatory 
cells  

• ß2 integrin mostly 
expressed in the 
mucosa and 
submucosa  

• The expression of 
both α5ß3 and α2ß3 
integrins was also 
elevated  

• The combined 
treatment of 
Iodoacetamide and 
Enteropathogenic 
E. coli led to an 
upregulation of all 
the tested integrins, 
contributing to the 
increase and 
chronicity of 
inflammation 

Giovanni 
Tomasello 

(2016) [82] 

Human 
patients  

• Microbiota consisted 
of furniture gram – 
negative bacteria, 
small and flagellates 
in patients with IBD 
and periodontal 
lesions  

• In contrast, in 
patients with 
periodontal lesions 
but without IBD, the 
oral microbiota was 
composed of 
spirochetes, fusiform 
and filamentous  

• Campylobacter 
detected in fecal 
samples and biopsies 
of patients with IBD 
may arise from the 
salivary microbiota 
and have a role in the 
pathogenesis of IBD  

• Patients with IBD 
had increased 
Prevotella kind and 
reduced 
Streptococcus, in the 
salivary microbiota  

• There is a difference 
in the composition of 
the salivary 
microbiota between 
healthy patients and 
patients with IBD or 
CRC  

• Oral dysbiosis can 
causes oral lesions 
related to IBD and 
also some bacteria in 
the oral cavity may 
predispose to IBD 
and CRC  
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dermatitis and of course, IBD [90]. 
Probiotic species had several beneficial effects on the host with IBD, 

mainly by 1- producing proteins, quorum sensing signaling inhibitors, 
butyrate, immunoglobulin A, and short-chain fatty acids [91], 2- 
decreasing the production of tumor necrosis factor alpha and interleukin 
8 [92], 3- increasing the expression of mucin 2 [93] and 4- increasing the 
upregulation of defensin [94,95]. 

Two new systematic reviews published in 2023 showed remarkable 
results for the fecal microbiota transplantation FMT. The first meta- 
analysis conducted on the topic showed that FMT can be an effective 
therapy in inducing remission, in addition to improving disease activity 
and biochemical indicators [96]. The second meta-analysis showed that 
FMT can be an effective and safe therapy for CD, by increasing the di
versity of enteric microbiome [97]. However, a third review published 
in 2023 showed that FMT had limited effects in IBD. When considered 
early in the clinical course of severe CDI (within 48h of failing to 
respond to antibiotic therapy), FMT resulted in decreased mortality and 
colectomy rates compared to standard of care approach, and showed 
promising results as salvage therapy for critically-ill, refractory patients 
who are poor surgical candidates [98]. 

3.3. Mechanisms of action of probiotics in IBD 

A large number of studies including ours depicted the capacity of 
probiotics to improve and enhance the management of IBD. Many of 
such studies were performed on murine and rat models using normal or 
immunocompromised mice and even knockout mice for short-term 
acute and chronic IBD’s. The IBD was induced either by Dextran Sul
fate Sodium (DSS) or 2,4,6-Trinitobenzene sulfonic acid (TNBS) fol
lowed by a carcinogen whose characteristics and criteria are well 
established [99–101]. These models do not fully reflect human IBD; 
however they are the best known colitis models [102,103]. 

The increase in the number of studies in this field shed light on the 
multifaceted effects of probiotics in ameliorating the pathogenic process 
of inflammatory bowel disease. They exert their beneficial effects 
through a variety of overlapping mechanisms that could be categorized 
into anti-inflammatory effects, effects on the barrier function, antimi
crobial effects, and immunomodulatory effects [78,104,105]. 

It was also documented that the anti-inflammatory and antioxidant 
effects of probiotics are manifested through the downregulation of 
proinflammatory cytokines secretions: IL-6 IL-1β, TNF-α as well as 
reactive oxygen species (ROS) through various mechanistic pathways 
[106–109]. 

Besides their anti-inflammatory effects, probiotics were shown to 
have protective effects on the intestinal barrier and its integrity, a 
crucial factor in IBD pathogenesis [30]. They can renormalize selective 
intestinal permeability and reestablish the integrity of the gut barrier as 
documented by histological studies. Consequently, the crossing of 
pathogenic bacteria and their respective antigenic interactions with the 
intestinal barrier cells, including the intraepithelial lymphocytes, are 
reduced or even inhibited. As a result, the inflammatory reaction in the 
gut associated lymphoid tissues is significantly decreased [6]. 

In addition, probiotics have significant immunomodulating effects 
on the function of the antigen presenting dendritic cells as well as 
various types of T and B lymphocytes. These cells secrete anti- 
inflammatory cytokines which have a direct positive impact on the 
resorption of intestinal pathological processes, the reemergence of 
healthy intestinal tissues and functions and the disappearance of clinical 
symptoms and signs [20,110]. Probiotics are also able to regulate the 
activation of NF-κB as described in a recent study by Kim et al., whereby 
they demonstrated the immunomodulatory effect of Lactobacillus aci
dophilus through suppression of NF-κB activation, which is a crucial 
checkpoint in the pathogenesis of IBD. Such a characteristic could be 
useful and persistent in its treatment [111]. In addition, such immuno
modulation is expressed through the toll-like receptors of enterocytes 
[112], where the interactions with probiotics leads to the activation of 

antigen presenting cells in Peyer’s patches which exert their benefits 
predominantly on the innate immune system [113]. 

Besides the experimental studies in animals, there is abundant evi
dence, from clinical observations and experimental studies in humans, 
shedding light on the beneficial role of probiotics on IBD: A double blind 
placebo controlled clinical trial showed beneficial effects of probiotic 
yogurt consumption on IBD patients [114]. Two meta-analyses, con
ducted in 2018, showed that selective effects of specific types of pro
biotics in inhibiting or controlling inflammatory reactions in IBD 
[88,115]. Another study conducted in 2019 on patients diagnosed with 
IBD depicted an overall improvement of patients’ health following oral 
administration of probiotics [116]. Also, a systematic review showed 
that 5 out of 9 studies on UC showed a better effect of treatment when 
adding probiotics to the standard treatment [117]. 

As mentioned in Table 5, our team explored intensely the place of 
probiotics in the management of IBD and CRC. After inducing IBD in 
mice using several methods, probiotics were administered to assess their 
effect on the inflammatory process. Probiotics depicted many effects in 
ameliorating colitis and halting the evolution of colorectal cancer. Some 
of these effects are due to the reduction of histological alterations, 
apoptosis, bleeding, diarrhea and inflammation, intestinal polyps, 
vascular vasodilation, and colon necrosis. Other experiments assessed 
the effect of combining probiotics to rapamycin and metformin. Rapa
mycin is an antibiotic with immunosuppressive effects. It inhibits cell 
growth in tumor cell lines including colorectal cancer cell lines [118]. 
Similarly, Metformin is found to be associated with decreased cancer 
incidence and cancer-related mortality, and this was also defined in 
colon cancer [119]. This made it logical to include these two drugs in 
experiments, and to assess the effect of probiotics in their presence. The 
combination of these three led to a delay in tumor growth, and a 
decrease in proinflammatory cytokines, ROS and phosphorylated mTOR 
[101]. Moreover, the combination of metformin and probiotics led to a 
significant reduction in inflammation (IL-6 and TNF-a) and oxidative 
stress [99]. 

4. Discussion and conclusion 

During the past 2 decades experimental and clinical research on IBD 
and CRC in relation to microbiota has evolved deeply from considering 
bacteria as an etiological agent in dysbiosis to discover afterwards its 
therapeutic efficacy when homeostasis is reestablished by administering 
probiotics leading to eubiosis. Between these 2 extremes, extensive 
research has been focusing on multiple signaling pathways involved in 
the pathogenesis of IBDs with great expectations to find specific tar
geting molecules to manipulate such signaling pathways at various 
levels. Some of the promising results appear in a series of publications, 
beginning at first with medications that control the disease process and 
evolving into immunotherapy, gene therapy and target molecular 
therapy. 

In brief, IBD is a very complex disease where the microbiota of pa
tients is characterized by a decrease of fecal and mucosal microbial 
(species) diversity, decreased temporal stability, and a change in the 
relative abundance of specific bacterial taxa. The cooperation between 
immune response mediated by T-cell differentiation subsets and the gut 
microbiota may affect the occurrence of IBD [124]. Eubiosis maintains a 
healthy homeostatic intestinal microenvironment within a well- 
balanced composition, while sustained dysbiosis alters immunity, in
duces chronic inflammation and promotes the pathogenesis for IBD 
[125]. 

The emergence of probiotics as part of the therapeutic armamen
tarium and management strategies of IBD offered promising results, in 
particular, by reestablishing the intestinal homeostatic balance and 
reducing inflammation. Depending on the major role of the gut micro
biota in the pathogenesis of IBD, FMT can have a key role in restoring the 
intestinal mucosal immune homeostasis in IBD [126]. Furthermore, the 
indirect (metabolic) effect of probiotics on systemic drugs treating IBD, 
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may guides new treatments to personalized methods [127]. 
Exploring the spectrum of altered intestinal flora through molecular 

screening and identifying the gaps or the excess of some strains will help 
in providing better chances for probiotics to work in the management of 
IBD. In addition, more explorations will continue in immunotherapy, 
gene therapy and targeted molecular therapy Such topics constitute a 
potential area for future research in IBD patients leading to dedicated 
personalized holistic therapy. 
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Table 5 
Effect of probiotics on IBD induced mice models.  

Corresponding 
author 

Model Outcome Conclusion 

Giovanna 
Traina 

(2014) [120] 

CD-1 male 
mice, 5 to 6 
weeks old  

• Administration of 
probiotics 
significantly reduced 
histological 
alterations and 
apoptosis  

• Probiotics 
administration in 
advance protects 
from inflammation  

• Lactobacillus casei, 
Bifidobacterum 
lactis probiotics 
ameliorates the 
colitis by 
reversing the 
histological 
changes caused by 
TNBS in mice. 

Giovanni 
Tomasello 

(2016) [121] 

Human 
patients 

with 
moderate to 

severe 
ulcerative 

colitis  

• Administration of a 
probiotic blend of 
Lactobacillus 
salivarius, 
Lactobacillus 
acidophilus and 
Bifidobacterium 
bifidus strain BGN4 
showed better 
improvements when 
added to mesalazine  

• Probiotics and 
anti-inflammatory 
medications can 
be used as a long- 
term treatment 
option for mild to 
moderate ulcera
tive colitis in 
place of 
corticosteroids 

Rizzo Manfredi 
(2017) [122] 

C57BL/6 
mice  

• The combination of 
Curcumin, 
Resveratrol, 
Quercetin, EGCG, and 
Cruciferex probiotics 
reduced the bleeding, 
diarrhea, 
inflammation, and 
helped the animals 
regain weight  

• Probiotics reduced 
intestinal polyp 
development, 
vascular vasodilation, 
inflammation, and 
colon necrosis  

• The 
macroscopical 
and microscopic 
levels of 
colorectal cancer 
evolution appear 
to be halted by 
probiotics 

Abdo Jurjus 
(2018) [123] 

IL10 knock- 
out mice  

• Lactobacillus reuteri 
prevented colitis and 
boosted the amount 
of lactobacilli in the 
digestive tract  

• Oral administration 
of L. salivarius 
UCC118 altered the 
intestinal microbiota, 
which decreased the 
occurrence of colon 
cancer and mucosal 
inflammatory disease  

• Adding lactobacilli to 
standard therapy is 
not a superior 
addition for 
prevention or 
remission of Crohn’s 
disease  

• Oral administration 
of probiotic 
bacterium alters host 
immune responses 
and greatly protects 
mice against 
colorectal cancer 
caused by DMH (1,2- 
dimethylhydrazine)  

• Combination of 
Bifidobacterium 
lactis and 
Lactobacillus casei 
effectively 
reduced the 
inflammation in 
the colonic 
mucosa  

• It is effective in 
reversing 
malignant 
alterations and in 
decreasing 
apoptosis, leading 
to cancer 
prevention 

Assad Eid et al. 
(2019) [101] 

NOD/SCIDs 
mice  

• Rapamycin and 
metformin alone 
showed no significant 
effects  

• The addition of 
probiotics resulted in 
delayed tumor  

• The use of 
rapamycin plus 
metformin is 
categorically 
supported by the 
available 
research,  

Table 5 (continued ) 

Corresponding 
author 

Model Outcome Conclusion 

development and 
growth  

• The addition of 
probiotics suppressed 
the levels of 
inflammatory 
cytokines and ROS, 
and inhibited 
phosphorylated 
mTOR 

particularly when 
probiotics are 
present 

Bertrand Liagre 
et al. (2020) 
[99] 

Balb/c mice  

• Probiotics and 
metformin both had 
positive effects on 
CRC and diabetes, but 
their combined 
effects were more 
important  

• They worked by 
reducing 
inflammation, which 
was evidenced by a 
downregulation of IL- 
6 and TNF-a as well as 
oxidative stress  

• Probiotics and 
metformin affect 
CRC and diabetes 
by focusing on the 
role that 
inflammation and 
microbiota  
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[55] L.A.G. Rodríguez, A. Ruigómez, J. Panés, Acute gastroenteritis is followed by an 
increased risk of inflammatory bowel disease, Gastroenterology. 130 (2006) 
1588–1594, https://doi.org/10.1053/j.gastro.2006.02.004. 

[56] S. Moossavi, K. Miliku, S. Sepehri, E. Khafipour, M.B. Azad, The prebiotic and 
probiotic properties of human Milk: implications for infant immune development 
and pediatric asthma, Front. Pediatr. 6 (2018), https://doi.org/10.3389/ 
fped.2018.00197 (accessed October 30, 2022). 

[57] A. Goethel, W. Turpin, S. Rouquier, G. Zanello, S.J. Robertson, C.J. Streutker, D. 
J. Philpott, K. Croitoru, Nod2 influences microbial resilience and susceptibility to 
colitis following antibiotic exposure, Mucosal Immunol. 12 (2019) 720–732, 
https://doi.org/10.1038/s41385-018-0128-y. 

[58] M.E. Kuenzig, S.M. Lee, B. Eksteen, C.H. Seow, C. Barnabe, R. Panaccione, G. 
G. Kaplan, Smoking influences the need for surgery in patients with the 
inflammatory bowel diseases: a systematic review and meta-analysis 
incorporating disease duration, BMC Gastroenterol. 16 (2016) 143, https://doi. 
org/10.1186/s12876-016-0555-8. 

[59] S.H. Lee, Y. Yun, S.J. Kim, E.-J. Lee, Y. Chang, S. Ryu, H. Shin, H.-L. Kim, H.- 
N. Kim, J.H. Lee, Association between cigarette smoking status and composition 
of gut microbiota: population-based cross-sectional study, J. Clin. Med. 7 (2018) 
282, https://doi.org/10.3390/jcm7090282. 

[60] C.N. Bernstein, P. Rawsthorne, M. Cheang, J.F. Blanchard, A population-based 
case control study of potential risk factors for IBD, Off. J. Am. Coll. 
Gastroenterol.|ACG 101 (2006) 993–1002. https://journals.lww.com/ajg/Abstra 
ct/2006/05000/A_Population_Based_Case_Control_Study_of_Potential.14.aspx 
(accessed October 30, 2022). 

[61] J.K. Hou, B. Abraham, H. El-Serag, Dietary intake and risk of developing 
inflammatory bowel disease: a systematic review of the literature, Off. J. Am. 
Coll. Gastroenterol.|ACG. 106 (2011) 563–573, https://doi.org/10.1038/ 
ajg.2011.44. 

[62] R.W. Stidham, P.D.R. Higgins, Colorectal cancer in inflammatory bowel disease, 
Clin. Colon Rectal. Surg. 31 (2018) 168–178, https://doi.org/10.1055/s-0037- 
1602237. 

[63] D.R. Worthen, O.A. Ghosheh, P.A. Crooks, The in vitro anti-tumor activity of 
some crude and purified components of blackseed, Nigella sativa L, Anticancer 
Res. 18 (1998) 1527–1532. 

[64] H. Gali-Muhtasib, M. Ocker, D. Kuester, S. Krueger, Z. El-Hajj, A. Diestel, 
M. Evert, N. El-Najjar, B. Peters, A. Jurjus, A. Roessner, R. Schneider-Stock, 

Thymoquinone reduces mouse colon tumor cell invasion and inhibits tumor 
growth in murine colon cancer models, J. Cell. Mol. Med. 12 (2008) 330–342, 
https://doi.org/10.1111/j.1582-4934.2007.00095.x. 

[65] D.G. Nagle, D. Ferreira, Y.-D. Zhou, Epigallocatechin-3-gallate (EGCG): chemical 
and biomedical perspectives, Phytochemistry. 67 (2006) 1849–1855, https://doi. 
org/10.1016/j.phytochem.2006.06.020. 

[66] I.H. Hussein, Z. Zgheib, M.N. Zeenny, S. Chams, T.B. Assi, N. Chams, A. Jurjus, 
Epigallocatechin-3-gallate reduces mast cells activity TNF-α and NFKB in colitis 
by interrupting an inflammatory Cascade (MUC2P.827), J. Immunol. 192 (2014). 
https://www.jimmunol.org/content/192/1_Supplement/68.11, 68.11-68.11 
(accessed November 15, 2022). 

[67] G. Tomasello, M. Mazzola, A. Leone, E. Sinagra, G. Zummo, F. Farina, P. Damiani, 
F. Cappello, A. Gerges Geagea, A. Jurjus, Nutrition, oxidative stress and intestinal 
dysbiosis: influence of diet on gut microbiota in inflammatory bowel diseases, 
Biomed. Pap. Med. Fac. Univ. Palacky Olomouc Czech Repub. 160 (2016) 
461–466. 

[68] A. Gerges Geagea, M. Rizzo, A. Eid, I. Hajj Hussein, Z. Zgheib, M.N. Zeenny, 
R. Jurjus, M.L. Uzzo, G.F. Spatola, G. Bonaventura, A. Leone, L. Massaad- 
Massade, A. Jurjus, Tea catechins induce crosstalk between signaling pathways 
and stabilize mast cells in ulcerative colitis, J. Biol. Regul. Homeost. Agents 31 
(2017) 865–877. 

[69] F. Carini, G. Tomasello, A. Jurjus, A. Geagea, S. Al Kattar, P. Damiani, E. Sinagra, 
F. Rappa, S. David, F. Cappello, Colorectal cancer and inflammatory bowel 
diseases: effects of diet and antioxidants, J. Biol. Regul. Homeost. Agents 31 
(2017) 791–795. 

[70] P. Aureli, L. Capurso, A.M. Castellazzi, M. Clerici, M. Giovannini, L. Morelli, 
A. Poli, F. Pregliasco, F. Salvini, G.V. Zuccotti, Probiotics and health: an evidence- 
based review, Pharmacol. Res. 63 (2011) 366–376, https://doi.org/10.1016/j. 
phrs.2011.02.006. 

[71] G. Bevivino, G. Monteleone, Advances in understanding the role of cytokines in 
inflammatory bowel disease, expert rev, Gastroenterol. Hepatol. 12 (2018) 
907–915, https://doi.org/10.1080/17474124.2018.1503053. 

[72] Q. Guan, J. Zhang, Recent advances: the imbalance of cytokines in the 
pathogenesis of inflammatory bowel disease, Mediat. Inflamm. 2017 (2017) 
4810258, https://doi.org/10.1155/2017/4810258. 

[73] J. Plaza-Diaz, F.J. Ruiz-Ojeda, M. Gil-Campos, A. Gil, Mechanisms of action of 
probiotics, Adv. Nutr. 10 (2019) S49–S66, https://doi.org/10.1093/advances/ 
nmy063. 

[74] M.F. Neurath, Cytokines in inflammatory bowel disease, Nat. Rev. Immunol. 14 
(2014) 329–342, https://doi.org/10.1038/nri3661. 

[75] S. Huidrom, M.A. Beg, Dysbiosis of gut microbiota and human diseases, 
J. Mahatma Gandhi Inst. Med. Sci. 25 (2020) 66, https://doi.org/10.4103/ 
jmgims.jmgims_59_19. 

[76] A. Ballini, L. Santacroce, S. Cantore, L. Bottalico, G. Dipalma, S. Topi, R. Saini, 
D. De Vito, F. Inchingolo, Probiotics efficacy on oxidative stress values in 
inflammatory bowel disease: a randomized double-blinded placebo-controlled 
pilot study, Endocr Metab Immune Disord Drug Targets 19 (2019) 373–381, 
https://doi.org/10.2174/1871530319666181221150352. 

[77] F.T. Moller, V. Andersen, J. Wohlfahrt, T. Jess, Familial risk of inflammatory 
bowel disease: a population-based cohort study 1977-2011, Am. J. Gastroenterol. 
110 (2015) 564–571, https://doi.org/10.1038/ajg.2015.50. 
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