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Abstract

Background: Inflammatory bowel disease (IBD) is a set of chronic inflammatory gastrointestinal disorders that affects many patients worldwide, with a
peak incidence in early adult life. The Toll-like receptor 4 (TLR4) binds Lipopolysaccharide (LPS) with the assistance of accessory proteins and activates
signal transduction pathways of the innate immune system. TLR4 is significantly up-regulated in the active disease phase of IBD. It has been reported
that the two most common single nucleotide polymorphisms (SNPs) of TLR4 (Asp299Gly and Thr399lle) have been shown to suspend TLR4-mediated
LPS signaling in vitro and are associated with endotoxin hyporesponsiveness in human beings. This study aims to determine if there is an association
between certain TLR4 (Asp299Gly and Thr399lle) polymorphisms and IBD in Jordanian patients, to determine the genotype and allele frequencies of TLR4
(Asp299Gly and Thr399lle) polymorphisms among IBD and healthy Jordanian groups, to determine the association between the age and IBD Jordanian
patients. Methods: 96 IBD patients aged between 17-72 years and 96 healthy subjects without genetic kinship related to the disease were enrolled and
genotyped by TLR4 (Asp299Gly and Thr399lle) polymorphisms using the polymerase chain reaction (PCR) and restriction fragment length polymorphism
(RFLP) assay methods. Results: There was no significant association between TLR4 (Asp299Gly and Thr399lle) polymorphisms and IBD compared with
healthy subjects among Jordanian subjects. Conclusions: IBD incidence was significantly higher in younger age compared to older age, which could be due

to the higher activity of the digestive system in those patients compared to older adults.
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INTRODUCTION

Worldwide, inflammatory bowel disease (IBD) considered one
of the digestive system diseases that resulted in 51,000 deaths
in 2013 and 55,000 deaths in 1990.! It is defined as a chronic
disorder that affects the colon and small intestine. IBD falls
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within the class of autoimmune diseases in which the body’s
own immune system attacks parts of the digestive system,?
caused by perturbed homeostasis between various factors
in the gut of genetically susceptible hosts® and includes two
major types; ulcerative colitis (UC) and Crohn’s disease (CD).*

The IBD’s incidence in Western population has increased with a
predictable incidence of 0.35% -1.00% for CD and 0.10% -1.00%
for UC throughout the last few decades.®

The molecular basis for the pathogenesis of IBD is unclear,
suggested to involve a complex interaction of many factors like
such as: environmental factors, mucosal immunity, infection,
and gene variants.*

Innate immune cells must apply a precise and rapid process
of discrimination between self and nonself based on the
recognition of numerous molecular patterns like pattern
recognition receptors (PRRs). Toll-like receptors (TLRs), are a
class of transmembrane PRRs; play an important role in the
initiation of pro/anti-inflammatory genes, that direct adaptive
immune responses and maintaining mucosal and commensal
homeostasis.*

Recent Studies* in different murine models of colitis have
helped to understand the mechanistic importance of TLR
dysfunction in IBD disease development.*

TLRs recognize alarm signals that can be classified into
commensal/pathogen (gut microbiota and/or viral-associated)
and injury-associated (endogenous/exogenous) molecular
patterns.
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Molecular signatures of different classes of microorganisms
or features include lipopolysaccharide: which is recognized by
TLR4 localized on the cell surface, ligand binding elicits receptor
activation through conformational changes. TLR4 uses both
MyD88-dependent and MyD88-independent adaptor protein
signaling pathways.*

In the normal intestine, TLR4 is present only in a small amounts
on the intestinal epithelial cells (IECs) and the lamina propria .

TIr4 will not be expressed to maintain the hypo-responsiveness
to omnipresent lipopolysaccharide (LPS) in the gutlumen as well
as minimizing recognition of the environment and maintaining
a basal state of activation. In contrast, TLR4 is significantly
increased in primary IEC and lamina propria mononuclear
cells (LPMNCs) in the lower digestive tract in both human UC
and CD active diseases. Increasing its responsiveness to the
surroundings and leading to an irregular state of activation.®

The signalling of TLR4 requires three accessory molecules, LBP,
CD14, and MD-2 [7]. Under healthy conditions, the expression
of this receptor complex is generally low in the intestinal
mucosa, but significantly up-regulated in various cell subsets
in either nonactive and/or active IBD colitis in humans. MD-2/
TLR4 upregulation might also result from ligands of plenty
lipopolysaccharides.”

Mutations in the TLR4 gene can predispose to many types
of bacteria such as gram-negative like: Escherichia coli and
increase susceptibility to gut infection which may prompt IBD
pathogenesis.* Pathogenic infections have the potential to alter
the composition of commensal microorganisms and disrupt
the state of commensal tolerance.

On the other hand, systemic administration of a TLR4-blocking
antibody will change the regeneration of tissue integrity during
colitis, regardless of limiting the acute inflammatory responses
induced by recruited cells in an exaggerated manner.*

Many recent studies.*’ suggest that TLR signalling is
important for cytoprotective functions in the gut epithelial
cell (IEC) subsets. which are necessary for barrier preservation,
cell stability and survival, and restitution like; inhibition of
apoptosis, proliferation, and migration.*

TLR4 gene is localized on chromosome 9 (q32-33), a genomic
region in which a CD susceptibility gene has been implicated.
In active IBD, several alleles in the TLR4 gene might promote
functional dysregulation of LPS sensing receptor (TLR4).*
Mutations could functionally demonstrate proinflammatory
properties in response to physiological concentrations of LPS.*

TLR4 is up-regulated in intestinal epithelial cells, dendritic cells,
and macrophages in IBD patients. The Asp299Gly and Thr399lle
polymorphisms of the TLR4 gene were found to be associated
with the low responsiveness to lipopolysaccharide and with
both CD and UC.2?

In view of the discrepancy in data among different studies
regarding the association between key regulatory genes and
IBD susceptibility; the aims of our study are: To examine the
association between the two TLR4 polymorphisms, rs4986790
A>G and rs4986791 C>T, and IBD susceptibility in Jordanian
patients.

MATERIALS AND METHODS
Study design

This study was conducted at the gastrointestinal unit (GIU)
of Islamic Hospital as well as the University of Jordan, the
study group including 96 patients who were diagnosed with
IBD, including both Crohn’s and ulcerative colitis have been
selected randomly, on the other hand the control group of 96
healthy Jordanian subjects without genetic kinship related to
the disease, who were healthy individuals or patients without
functional dyspepsia, and did not have liver or gastrointestinal
diseases or any other chronic disease ( aged between 18 and
60 ) were enrolled in this study, each participant has signed
consent form to participate in this study. The study and the
consent form were approved by the Institutional Review
Board (IRB) of THE University of Jordan, Amman, Jordan
(reference Number: 64/2016). The guidelines followed for
the experimentation on human subjects was according to the
principles of the Declaration of Helsinki.

Data collection

Healthy Jordanian subjects and IBD patients diagnosed with
IBD including Crohn’s and ulcerative colitis patients were
interviewed at GIU and their related information were collected
and recorded in patient information form.

Sample size

The required sample size was calculated to be around 96
subjects in each group, based on information from previous
studies among Caucasian populations and using the Cochran’s
formula:

N=(PQZA2)/Ar2

N =sample size, Z=standard error (z=1.96 for 95% confidence
interval), P= estimated allele frequency of both Asp299Gly and
Thr399lle polymorphisms of TLR4 gene, Q=1-P, A=acceptable
sample error 5%.

96 IBD diagnosed patients (aged between 17 and 72 years old)
were enrolled in this study, and their diagnoses were relied on
the results of endoscopy as being either Crohn’s or ulcerative
colitis patients.

The control group included 96 healthy Jordanian subjects
without genetic kinship who were healthy individuals or
patients without functional dyspepsia, and did not have liver
or gastrointestinal diseases or any other chronic disease (aged
between 18 and 60) were enrolled in this study.

Blood sample collection

Peripheral blood (3-5) ml were collected from each participant
in ethylene diamine tetra-acetic acid (EDTA) tubes and then
stored at 4°C for genetic analysis.

Genomic DNA extraction

DNA was extracted from white blood cells of the collected
peripheral blood using a genomic DNA extraction kit (Wizard
Genomic DNA Purification Kit, Promega, USA). To detect DNA
concentration in (ng/ml), Absorbance was measured at 260 nm

2

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/

Zihlif M, Zakaraya Z, Nael R, Al-Shudiefat AR, Alshhab M, Sundookah A, Alsayed AR. Association between Toll-Like Receptor 4 Gene
and inflammatory bowel disease among Jordanian patients. Pharmacy Practice. 2024 Oct-Dec;22(4):3047.

https://doi.org/10.18549/PharmPract.2024.4.3047

wavelength (A260) using NanoDrop 2000 spectrophotometer
(Thermo Scientific, USA).

For DNA purity evaluation, the absorbance was measured at
260 nm and divided by the absorbance at 280 nm, DNA with
high quality and less contaminants will have a (A260/A280)
ratio of around 1.7 to 2.0.

Genotyping of TLR4 SNPs: Asp299Gly (299 A>G, rs4986790)
and Thr399lle (399 C>T, rs4986791) alleles:

Amplification of an exact site in TLR4 gene that contains the
mutation sites of interest (Asp299Gly and Thr399lle) was
carried out. Amplification was performed using a pair of
oligonucleotide primers (forward and reverse) described by
10 ,which were complementary to the termini of the mutation
site of interest. Primer sequence and expected product sizes
for both Asp299Gly & Thr399lle PCR amplification are shown
in Table 1. PCR mixture was prepared in a total volume of 20ul
and PCR was performed using PCR-Thermocycler (BIO-RAD,
USA). The resultant amplified sequence length was 249 bp. It
was confirmed by 1.2% agarose gel electrophoresis (Appendix-
VII) and visualized using Red-Safe stain. The PCR products of
Asp299Gly were digested by Ncol restriction enzyme and the
PCR products of Thr399lle were digested by Hinfl restriction
enzyme. The digested products of both TLR4 SNPs were
mixed with 2.5ul loading dye and run on a 3.5% agarose gel
electrophoresis for one hour and fifteen minutes at 90volts,
and then it was photographed using UV trans-illuminator.
Genotypes were recorded according to the size of the resulted
fragments.

Table 1. Primer sequence and expected product sizes for both Asp299Gly &
Thr399Ile PCR amplification.
Primers Sequence (5’-3’) PCR product size (bp)
*Asp299Gly -F | GCATACTTAGACTACTACCTCCA 249 bp
Asp299Gly -R ACTTCTGAAAAAGCATTCCCAC
**Thr399lle -F | GGTTGCTGTTCTCAAAGTG 406 bp
Thr399lle-R ACCTGAAGACTGGAGAGT

*[23]

** This primer sequence designed on DNA man program v 5.2.9 and tested on
primer 3 (Primer3web version 4.0.0): http://bioinfo.ut.ee/primer3/.
Statistical Analysis:

Allele and genotype frequencies of 96 IBD patients and 96
healthy controls were estimated as the following:

Number of variant alleles in the population
2 x population size

Allele frequency =

Normally distributed continuous variables such as age were
analyzed using ANOVA test. Pearson Chi-square test and
Fisher’s exact test were used for tests of independence to
determine the association between Asp299Gly and Thr399lle
polymorphisms in both IBD and control groups, the relation
between these polymorphisms and gender and age.

A P value of 0.05 was considered significant. Odds ratio (OR)

for significant association was given with 95% Cl. All statistical
analyses were performed using statistical package for the social
sciences (SPSS Inc., Chicago, Illinois) version 22.0 software for
Windows.

Ethical approval and consent to participate :

The study and the consent form were approved by the
Institutional Review Board (IRB) of THE University of Jordan,
Amman, Jordan (reference Number: 64/2016). Each participant
has signed consent form to participate in this study.

RESULTS

Characteristics of the study population:

This study included 96 IBD patients and 96 healthy participants
who visited gastrointestinal clinics at JUH and Islamic Hospital
Out of the 96 healthy Jordanian subjects, 80.2% were females
(n=77) and 19.8% were males (n=19) with an age range of (18-
60) years and blood samples were collected from these 96
subjects. On the other hand, out of the 96 IBD patients, 52.1%
were females (n=50) and 47.9% were males (n=46) with an age
range of (17-72) years and blood samples were collected from
these 96 patients.

Genotype frequencies of A299G polymorphism:

The wild type genotype AA was seen in 95 IBD patients (98.9%)
and in 93 control subjects (96.9%), thus in 188 of IBD + Control
combination (98%), the heterozygous genotype AG was seen
in 1 patient of IBD patients (1.04%) and in 3 control subjects
(3.13%) thus in 4 of IBD + Control combination (2.08%) and
the homozygous variant genotype GG was not seen in any
patient. This is shown in Table (2). Therefore, there was no
significant difference between healthy and IBD patients when
we compared each genotype.

Genotype frequencies of C399T polymorphism:
The wild type genotype CC was seen in 92 IBD patients (95.83%)

Table 2. Genotype frequencies of A299G polymorphism among healthy IBD
combination Jordanian subjects

A299G (IBD n=96)

IBD Genotype frequency, n (%)

AA AG GG
95 (98.9%) 2(2.08%) 0(0)
95% CI

0.9681-1.0099 +2.09
A299G (Control n=96)

0-0.0493 +2.85 -

Control Genotype frequency, n (%)

AA AG GG
93(96.9%) 3(3.13%) 0(0)
95% Ci

0.9343-1.0037 +3.47 0-0.0661 +3.48 -

P Value = 0.361
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and in 89 control subjects (92.71%), and thus in 181 of IBD +
Control combination (94.28%), the heterozygous genotype CT
was seen in 4 IBD patients (4.17%) and in 4 control subjects
(4.17%) thus in 8 of IBD + Control combination (4.17%), and
the homozygous variant genotype TT was seen in 3 control
subjects (3.13%) only, thus in 3 IBD + Control combination
(1.56%), . This is summarized in Table (3). And here also there
was no significant difference between healthy and IBD patients
when we compared genotypes (P >0.05).

Table 3. Genotype frequencies of C399T polymorphism among healthy IBD
combination Jordanian subjects

C399T (I1BD n=96)

IBD Genotype frequency, n (%)

cc CcT T
92 (95.83%) 4(4.17%) 0(0)
95% CI

0.9187-0.9983 0.0017-0.0817 -
4 4

C399T (Control n=96)

Control Genotype frequency, n (%)

cC cT T
89(92.71%) 4(4.17%) 3(3.13%)
95% Cl

0.8751-0.9791 0.0017-0.0817 -
5.2 +4

P Value = 0.355

Combination of A299G and C399T genotypes distribution:

The distribution of both genotypes (A299G and C399T) is shown
in Table (4). The homozygous and heterozygous variant alleles
for both genotypes (299GG and -399TT), (299AG and -399CT)
retrospectively were not seen in any patient. Moreover, the
wild alleles for both genotypes (299AA and -399CC) were seen
in 91 IBD patients (94.79%) and in 86 of the controls (89.58%).
And the combination has no significant difference when we
compare of both IBD patients and control groups; (P>0.05).

Allele frequencies of A299G and C399T among IBD and control
Jordanian patients:

Table (5) shows the allele frequencies of A299G and C399T
polymorphisms in IBD and healthy Jordanian subjects. The
A299G variant allele frequencies of the IBD and controls are
0.01, 0.016, respectively; while the C399T allele frequencies
of the IBD and controls are 0.02, 0.05 respectively, there was

no significant difference between controls and IBD patients
among different Allele Frequencies (P>0.05).

Comparison between A299G and C399T allele frequencies of
IBD Jordanian patients with other populations

We compared A299G and C399T allele frequencies in IBD
Jordanian patients with other populations.In this study, the
299G allele frequency was 0.01 (Table 6). The variant allele
frequencies among other populations ranged from 0.01 to
0.109 as shown in Table (6), the 299G allele frequency was the
highest in Belgium and lowest in Jordanian.

Referring to the above mentioned table, there were no
significant differences in TLR4 299G allele frequency
distribution between the following populations: Hungary
, CEU (Utah residents of Northern and Western European
ancestry) , and YRI ( oruba trios from lbadan, Nigeri). In 399T
case, the allele frequency was 0.02 (Table 6). The variant allele
frequencies among other populations ranged from 0.004
to 0.071 as shown in Table 6, the 399T allele frequency was
the highest in German and lowest in Greece. Referring to the
above mentioned table, there were no significant differences in

Table 4. Combination of A299G and C399T genotypes distribution

AA IBD A299G, n (%)
AG GG
IBD C399T, n (%) | CC 91(0.9479) 1(0.01) | 0(0)
cr 3(0.031) 1(001) | 0(0)
nf 0(0) 0(0) 0(0)
AA Control A299G, n (%)
AG GG
Control C399T, | CC 86(0.8958) 2(0.0208) | 0(0)
n (%) cT 4 (0.0416) 0(0) 0(0)
I 3(0.031) 0(0) 0(0)
P Value = 0.177

Table 5. Allele frequencies of (299A, 299G, 399C, 399T) among IBD and
control Jordanian patients

Allele Frequency (n) Frequency (n)

IBD Control P value*
299A 0.99(190) 0.984(189)
299G 0.01(2) 0.016(3) P =0.6042
399C 0.98(188) 0.95 (182)
399T 0.02(4) 0.05(10) P =0.0928

Table 6. Comparison of A299G and C399T allele frequencies between IBD Jordanian patients and other ethnic groups
TLR4 A<299G Reference P-value** Is there a statistical difference?
Country/ethnicity IBD Sample size MAF*(%)
Jordanian 96 1 Our Present - -
study
New Zealand Caucasian 101 6.4 [10] 0.0472 Yes
German 204 7.1 [12] 0.026 Yes
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Scotland 234 10.3 [13] 0.0038 Yes
Hungary 527 5.1 0.074 No
Netherlands 112 10.3 0.005 Yes
Belgium 334 10.9 0.0024 Yes
CEU (Utah residents of Northern 30 3.3 [14] 0.3749 No
and Western European ancestry)

YRI ( oruba trios from Ibadan, 30 3.3 0.3749 No
Nigeri)

Tunisian 90 7 [15] 0.0352 Yes

* Chi Square test

Note: there was no significant difference between controls and IBD patients among different Allele Fre quencies (P>0.05).

ii. TLR4 C< 399T Reference P-value** Is there a statistical difference?
Country/ethnicity IBD Sample size MAF*(%)

Jordanian 96 2 Our Present study - -

New Zealand Caucasian 106 6.7 [10] 0.0392 Yes

German 204 7.9 [12] 0.0163 Yes

Greece 120 0.4 [13] 0.5911 No

CEU ( Utah residents of Northern 30 3.3 [14] 0.3749 No

and Western European ancestry)

Tunisian 90 7 [15] 0.0352 Yes

*MAF: Minor Allelic Frequency
** t-test

TLR4 399T allele frequency distribution between the following
populations: Greece, and CEU (Utah residents of Northern and
Western European ancestry).

Association of Age with IBD patients.

According to Table (7), there is a significant association between
age and IBD when we compared young people (17-27) with
elderly people (50-60) or (61-71), with P value <0.05.

Table 7. Association of Age with IBD patients

Age Interval IBD Patient Numbers % P-value*

17-27 27 28.13 Between 17-27 & 50-60

28-38 19 19.8 P =0.0038

39-49 28 29.17

50-60 11 11.46 Between 17-27 & 61-71

61-71 11 11.46 P =0.0038
DISCUSSION

In the last few years, new insights in many present studies
support the role of intestinal microbiota in developing
common disorders such as obesity and inflammatory bowel
disease (IBD).1° Differences in fecal microbiota have been
found in those with and without IBD, as well as defects in
epithelial recognizing of bacteria are also linked with IBD.
Pattern recognition receptors (PRRs) like TLR4, which identify
conserved structures of microorganisms, are in charge of
epithelial sensing of bacteria.!?

The TLR system has an important role in protecting the gut
epithelial barrier and maintaining tolerance against commensal
microbiota, thus participating in gut homeostasis. On the other
hand, it is interesting that TLR system affects the ability for
front-line bacterial recognition, and thus favours to develop
IBD.1

Under normal conditions of the gut, TLR4 is expressed only in
few amounts on primary intestinal epithelial cells, however,
TLR4 is significantly up-regulated in the active disease phase
of IBD since it has an important role in activating signal
transduction pathways of the innate immune system including
the NF-kB signaling pathway and inflammatory cytokines.!

Our study results showed no significant association between
TLR4 ( Asp299Gly and Thr399lle) polymorphisms and IBD
in comparing with control healthy subjects (P > 0.05), this
suggests that the TLR4 mutations could not affect the LPS
responsiveness of nonhematopoietic cells such as intestinal
epithelial cells in inflammatory bowel disease , and this result
is similar to what was obtained from another study that was
conducted by.12131415

On the other hand, our study contradicted with other studies
reported that two common SNPs of TLR4 ( Asp299Gly and
Thr399lle) have been shown to suspend TLR4-mediated
LPS signaling in vitro and is associated with endotoxin
hyporesponsiveness in human beings.!* such as the study
conducted by Franchimontet al.® who reported that the TLR4
Snp was associated with UC and CD in a Belgian study. As well
as contradicting with Dutch, Greek, Australian, and German
populations with CD, and an association with colonic disease
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has been described.**® |n one German cohort, an association
between the TLR4 Thr399lle SNP and UC was demonstrated.®
This is possibly due to the existence of racial and geographic
differences or due to the small sample size included in the
present study.

Interestingly to mention that our study revealed that IBD
incidence was significantly higher in younger ages compared
to older ages when we compared young people (17-25) with
elderly people (50-60) or (61-71), with P value <0.05, this
results agree with what is known about the epidemiology of
this disease; 7-20% of IBD sufferers are children, 60—85% are
adults, most of them being under 40 years of age.'® CD typically
has two incidence peaks: between 20 and 30 and between 60
and 70. The incidence of UC surges between ages 20 and 30.
Recent studies suggest that the bimodal distribution of CD is
typical of American cohorts. In contrast, large European and
Canadian data suggest a peak incidence of CD in the 15-29 age
group and a peak incidence of UC in the 20-29 age group.®
The available epidemiological data indicate that IBD primarily
affects individuals in their younger years.?

Relating to ethnicity, our data revealed that the variant allele
frequency of Asp299Gly polymorphism (299G) in Jordanians
owns the same pattern as in Caucasians, African Americans,
and Hispanics. 299G variant allele frequency among many
populations was similar to that found in Jordanian population
(p-value>0.05) such as Hungary, CEU (Utah residents of

Northern and Western European ancestry), YRI ( oruba trios
from Ibadan, Nigeri) but a difference in this frequency was found
in New Zealand Caucasian , German, Scotland, Netherlands,
Belgium, and Tunisian populations.?*?> When comparing the
399T variant allele frequency between Jordanians and other
populations, it was also similar to that found in Greece and CEU
(Utah residents of Northern and Western European ancestry),
However, New Zealand Caucasian , German, and Tunisian
populations showed significant differences in 399T allele
frequency compared to our study population.

CONCLUSIONS

Concerning the association of Asp299Gly and Thr399lle
polymorphisms of TLR4 and IBD compared with healthy
subjects, no significant association was found between these
polymorphisms and IBD compared with healthy subjects
among Jordanian inflammatory bowel disease patients.

It is worthy that IBD incidence was significantly higher in
younger age compared to older age, with P value <0.05, which
could be due to the higher activity of the digestive system
in those patients compared to elderly people as well as the
lifestyle changes toward unhealthy dietary patterns such as
high fast food consumption, this agree with many studies
suggest that around a quarter of people with IBD were aged
under 16 when they were diagnosed.?
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