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Abstract:

One of the diseases that has highly mortality rate among cancer types is Colorectal cancer (CRC),
which triggered by variety factors like genetic, environments, nutrition and life style. CRC is in-
creased in Iraq in last years, thus it still under investigations, the present review discussing The Pos-
sible etiological role of Lipopolysaccharides (LPs) and Tolle Like Receptor 4 (TLR4) in CRC, The
up-regulation of certain TLRs in CRC cells proposed that TLRs has a vital effect in the inflammatory
and chronic diseases prognosis that lastly culminate in CRC, the review clarified the contribution
of the TLR pathway in the beginning, metastasis and progression of CRC. the physiological role of
TLR4 in CRC pathogenesis, and propose novel belong to the effect of TLR4 in immune response (IR)
and the microbial community that contributed on the LPs in colitis, human studies have found that
response of preoperative systemic inflammatory is prophetic of recurrence tumor after influenc cura-
tive resection. Lipopolysaccharides (LPS) are biomarkers of gram-negative bacteria (G) membrane
surface, which stimulate gut barrier inflammation and dysfunction, it also has significantly implicated
in the CRC appearances and development. the CRC progressing and development are stimulated by
association of TLR4 and LPs with immune response (IR). These relationships are discussed in pres-
ent review. We can conclude the vital role of TLR4, LPs and IR stimulated by these factors in CRC.

Key word: LPS,TLR4,Colorectal Cancer .
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1-1-Introduction

Cancer is the main cause of death
worldwide (Hasan , 2024). Cancer
is a disease in which a group
of abnormal cells grow uncontrolla-
bly .(Abood, 2018) colorectal cancer
CRC is disease included colon and/
or rectum cancer, that reported as one
of the highly health disorders in the
world, globally it a third most cancer
types and second most fatal (WHO,
2021). which constitutes about 10%
of cancer mortality. Malignant gastro-
intestinal tumors such as esophageal,
gastric, liver, colorectal, and pancre-
atic carcinomas are a major cause of
cancer-related deaths worldwide.( Ra-
sheed,,2022) One of the Top Ten Can-
cers is (CRC) (4 th) (Abdullah ,2021).

Its form About 9.4% of deaths relat-
ed with cancer in 2020 (Ferlay,2021).
The evidences expected that the CRC
incidence will be more than twice by
2025 in developed nations (Papami-
chae, 2015). Worldwide, colon cancer
ranks third among women and fourth
among men, Notably, there were dif-
ferences in CRC distribution across
different countries (WHO,2023).

Obesity and overweight, diet defi-
cient in vegetables and fruits, physical

inactivity, and smoking are risk fac-
tors for CRC, As a result, the disease
was previously mostly seen in long-es-
tablished developed countries, whose
people also tend to exhibit these vari-
ables (Renehan, 2008). elevated levels
of some chemokines that act as growth
factors and can promote cancer devel-
opment (Neamah,2024). there is sig-
nificant correlation between the psy-
chological problems related for these
patients and one demographic charac-
teristic that was region (residency) of
patients (Khalaf ,2013).However, in
recently industrialized nations across
the world, where the risk was previ-
ously low, substantial incidences of
CRC have been identified (zhang,
2021). CRC can be categorized as ge-
netic instability, and presence of gas-
trointestinal tract chronic inflamma-
tion like Crohn’s disease or sporadic,
which about high than 80% of all CRC
(Jasim, 2015).several study domes-
trated the role ofdifferent gene in GC
AND CRC. (Rasheed, 2021). Several
important molecular alterations that
have important function in etiology
and progression of colorectal have
been widely studied by researcher
such as mutations of the KRAS and
PIK3 genes in addition to methyla-
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tion process like in P16 , MLHI1 and
BNIP genes also were explored (Mu-
saw1,2017)

It has been found that LPS stimu-
late the release and expression of in-
flammatory cytokines leading to an
acute inflammatory response by acti-
vation of Toll-like receptor 4 (TLR4)-
dependent pathway!ARk.2018]TLR4
identified as a LPS receptor, now it’s
widely observed that the Coley’s toxin
pro-inflammatory activity, which con-
sist of different bacterial compositions,
like highly immunostimulatory LPS,
particular mediated by TLRs linked
with immune cells, the TLRs has a sig-
nificant effect in IRs activation. TLRs
identified conserved pathogen-associ-
ated molecular patterns (PAMPs) pro-
duced in a various microorganisms, as
in endogenous DAMPs liberate from
stressed or dying cells (Adams., 2009).
Based on the stage, upfront surgery is
the major therapeutic type, then ad-
juvant chemotherapy uptake. Several
medications have U.S. Food and Drug
Administration approval, CRC are
linked to right-sided primary cancer,
older female and high-grade tumors
(Sabry, 2022).
used for the treatment of systemic pro-

radiotherapy, mainly

liferation of tumor, (Rasoul,2019).

The rate of CRC in male were
(8.37%,5.69/100,000 MP), The rate
of CRCs in females were (5.89%,
5.31/100,000 FP), in Iraq (2020) the
distribution of CRC in Baghdad are
586 cases and the rate 1s 7.29 %, male
323 and female 263 cases (Iraqi Can-
cer Registry-2020). The percentage of
all CRC cases to total malignancies
raised from 3.69% - 6.5% in same pe-
riod also. While mortality of CRC pro-
portion also raised (1.25 - 1.77) per 10°
populations (Ibrahem ,2022) . Cancer-
ous cells are stressed cells that express
huge amounts of intracellular and ex-
tracellular heat shock proteins to cor-
rect for distorted proteins. They also
directly affect immune cells and stimu-
late high amounts of cytokines produc-
tion (Ismaeel ef al., 2023).

1-2 The biology of toll-like recep-
tors and signal cascade

The toll-like receptors (TLRs) is A
category of conserved structure dis-
crimination receptors (PRRs). TLRs
classified under the type I transmem-
brane glycoprotein receptor group
With
C-terminal signaling and N-terminal

trans-membrane, intracellular

ligand-recognition domains (Wang et
al., 2012) There are 13 TLRs known
to exist in humans and mice, several of
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TLRs have same form with the animal
species, Genes implicated in antimicro-
bial host defense like those encoding
proinflammatory chemokines and cyto-
kines, are induced upon engagement of
TLRs with a broad variety of microbial
moieties through the intracellular sig-
naling cascades stimulation (David et
al., 2014). TLR signaling has been the
subject of some researches. Firstly, the
LBP and CD14 sequential action has
triggered the TLR4/MD-2 heterodi-
mer formation in the cell membrane;
the intracellular signal can take ei-
ther ways TLR4/TRIF/IRF3 or TLR4/
MyD88/NF-kB . other receptors types
including the signaling TIR location-
containing adaptor protein (TIRAP),
the adaptor proteins myeloid variation
initially response gene 88 (MyD&8),
TIR-location-containing adapter-stim-
ulating interferon-B (TRIF) and TRIF-
associated adaptor molecules (TRAM)
(Giovannucci, 2006). The intracellu-
lar TLR4 unit and all TLR4 adaptor
units own Toll/interleukin-1 receptor
(TIR) site which involved mutual in-
terplay. MyD88-dependent and TRIF-
dependent way are mutually exclu-
sive and competitive (Rychter, 2023).
TLR4/MyD88 way starting from the
complex (LPS/MD-2/TLR4), found

on cell surface, where transduction of
TLR4/TRIF begin after internalization
of complex in endosomes. It is may be
debated the both ways by components
that exist selectively on endocytosis.
another evidence found that the anti-
inflammatory function of several anti-
microbial peptides is depended on the
TLR4 endocytosis prevention in LPS-
activation cells that prevent the TRIF-
dependent part of signaling of TLR4
(Shim et al., 2015). Notably, it has also
been demonstrate that CD14 have ma-
jor effect in the complex (TLR4-MD2-
LPS) internalization promoting in en-
dosomes (Zanoni et al., 2017).
1-3 definition and characteriza-
tion of Toll-like receptor 4 (TLR4)
Toll-like receptor 4 in human is
transmembrane protein transcript form
TLR4 gene located at 9q33.1, about
95 kDa from this gene is expressed,
it compose of 3 exons, it is one type
of the toll-like receptor group, that re-
garding to the family of recognition
receptor (PRR) pattern. The IRs are
initiated via members of the Toll-like
receptor (TLR) (Abood, 2023).
Mainly, TLR4 is produced in im-
mune cells of myeloid origin, like den-
dritic cells macrophages and mono-
cytes (Vaure, 2014). also produced in
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low concentration in other cells like
placental cells, endothelium, epitheli-
um and beta cells. some myeloid cells
produced plasma membrane-anchored
CD14 in a high level, that assist TLR4
stimulation by LPS and regulate the
subsequent LPS-stimulate internaliza-
tion, TLR4 essential for receptor deg-
radation and signaling (Sabroe, 2002;
Yang , 2015).

TLR4 signaling pathway has carci-
nogenic consequences in some stud-
ies, A typical characteristic of CRCs is
highly production of TLR4 and IL6,
which is linked to a poor prognosis (
Nagao, 2016). Yesudhas et al. (2014)
investigated the production of TL-
R4and MYDS88 in CRC to illustrate
the significance TLR4 signaling in
colon carcinogenesis, They proposed
the elevation production of TLR4 and
MYDSS is related to metastasis in liver
and 1s separated indicator of a weak-
ness prognosis in CRC cases to clarify
the significance of TLR4 signaling in
colon carcinogenesis.

1-4- .Intestinal Homeostasis and
TLRs

it 1s suggested that interactions be-
tween intestinal microbes, environ-
mental factors and host genetic pre-
disposition are required to trigger

irregular immune responses that are
participated in provoking chronic re-
lapsing and remitting inflammation
[Abdul-Hussein,2021].The toll-like re-
ceptor activation is a process that com-
bats microbial infections while sparing
the host cell. Typically, inflammatory
mediators, antimicrobial peptides, the
antigen presenting cells maturation, in
addition to the activation of pathways
for tissue repair and cell survival are
used to achieve this (Metzatof, 2008).
TLRs are mostly found on the endo-
somal vesicles and in the IECs baso-
lateral surface where they are only
weakly expression of TLR inhibitors
such as A20, interleukin 1 receptor as-
sociation kinases 3 (IRAK3) and single
IL-1-related receptor (SIGIRR); these
inhibitory molecules block TLRs to IR
via continuous interaction and foster-
ing the anti-inflammatory phenotype
of leukocytes (Abreu, 2010). Defects
in intestinal homeostasis are seen in
SIGIRR-deficient animals, and these
abnormalities are linked to the over-
expression of inflammatory mediators
and the microbiota. Remarkably, these
flaws also make the mice treated with
azoxymethane and dextran sodium
sulfate susceptible to colitis and coli-
tis-connected colorectal cancer. While
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increased TLR activity interferes with
TLR2 and TLR4’s ability to recognize
intestinal microorganisms, TLR sig-
naling is essential for IEC homeostasis
and repair controlling (Xiao, 2007).
PTEN gene mutations caused the eti-
ology of CRC as there were genetic
alterations in bowel inflammation and
CRC patients [Mahood,2016].

1-5- Toll like receptor 4 role in
colorectal cancer development

CRC complexity is primarily in-
volved to environmental factors,
where a minor role represented by ge-
netic factors. The CRC risk factors are
food-with pollution, mutagens, chron-
ic intestinal inflammation and certain
commensal bacteria, (Terzic, 2010).
Globally, CRC observed in the right
ascending colon has symptoms being
blood in the rectal bleeding or stool. In
genetic factor, inherited colon polyps
involved to CRC progression (Adel-
stein, 2011). CRC can injury the host
immune system through the period of
their proliferation, to stimulate against
CRC promises to development treat-
ment research (Evans ,2003) .

The extracellular location of TLR4
i1s consist of 22 leucine-rich repeats
(LRRs), that mediate receptor dimer-
1zation and LPS discrimination, a

transmembrane domain; and the Toll/
IL-1 receptor domain (TIR) that 1s im-
portant for transduction downstream
signal of TLR4 alone didn’t associate
LPS directly and needs the co-receptor
MD-2. MD-2 is binding to the TLR4
extracellular domain and binds LPS
directly, giving LPS responsiveness
on TLR4 (Ohto, 2012). the innate im-
mune system have a strong process in
the conserved TLRs form that can esti-
mate the signature approach of invad-
ing organism to protect the host cells
(Kawai ,2010).

TLRs not recognize invading mi-
crobes only but detect intracellular
anomalies and IRs quantities, thus have
vital impact in the human immune sys-
tem homeostasis (Rakoff-Nahoum,
2008). The TLRs abnormal activation
can imperil normal physiological path-
ways and lead to some inflammatory
diseases as well as, autoimmune dis-
eases and cancers (Keogh,2011).

TLRS are expressed as ubiquitous-
ly, in spite of the variation expression
level bases on the conditions and the
tissues. Also, stimulate the TLRs ex-
pression has seen when ligands con-
nect to their cognate TLRs (Shi,2011).
Report in the last years has demon-
strated different functions, intermedi-
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ate units, and ligands correlated with
TLRs. a good documented association
between the cancer development and
progression with TLR-induced inflam-
mation .On the other hand, TLRs are
also known to have essential effect in
CRC that impact in the rectum and
large intestine. This location is highly
common by intestinal microbes, focus-
ing the essential effect of TLRs in the
CRC pathogenesis (So et al., 2010).

1-6 Contribution of TLR4 in
Colorectal development

In spite of IECs are in strong rela-
tion to LPS, they aren’t made an IR
on the normal flora in normal condi-
tions. Whatever, the coexistence dis-
turbance in the diseased state between
IECs and bacteria lead to an inflamma-
tory response, it leads to question: how
much and when inflammation should
be elevated to equilibrate the bacterial
infection (Fig .1). some reports have
been carried out to treat this dilemma
(Leaphart, 2007). Such as, IFN-y and
[FN-a are called to LPS response in-
creasing in IECs, that is associated
to the TLR4 and MD2 production
(Abreu, 2001). In addition, the chron-
ic LPS activation culminates in TLR4
level reduction and elevated inhibi-
tory proteins production. Moreover, a

conflicting study elucidated that long
time LPS exposure is not change TLR4
production. hypoxia and some endo-
toxins are found to be frequent in the
inflamed intestinal lining, that lead to
TLR4 production induction (Leaphart,
2007). Other study found TLR4 level
elevation from the CRC patients mu-
cosa of different sexes and ages like
from a different of CRC (Doan,2009).
Moreover, a study found that TLR4
level is needed for polyp formation
and dysplasia. This observation is pro-
portionate with finding implemented in
knockout TLR4 gene in mice (Fukata,
2006). Globally, these finding exist a
clear linked between CRC develop-
ment and TLR4 .
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(Fig.1) Homeostatic interaction between TLRs and microbiota. (Yesudhas, 2014).
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The TLRs localization is hetero-
geneous and are varied from the cell
membrane in the human (Blasius,
2010), based on the of pathogen-as-
sociated molecular patterns (PAMPs)
localization. Its consisted of the three
regions: ectodomain [leucine rich re-
peats (LRR)] which estimated PAMPs,
a trans-membrane location, and a cyto-
solic toll/interleukin-1 (IL-1) receptor
(TIR) region linked with adaptor unit
(like MyD88/MAL and TRIF/TRAM)
to increased downstream signaling, the

Ligand linking stimulate the TLRs di-

merization, assistance the binding of
adaptor unit.

1-7- TLR4 Crosstalk in Progres-
sion of colorectal cancer

TLR4 is excessive expression in the
CRC with liver cancer (Laird, 2009).
In response to LPS association, the
TLR4/MD?2 structure high activation
stimulates the phosphorylation of pro-
tein kinase B, that activates the B1 inte-
grin function. This structure interaction
between pathways stimulates the adhe-
siveness and CRC metastatic attitude
(Sheng, 2003). The AKT phosphoryla-
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tion enhancement can be stopped by er-
itoran, PI 103 [a phosphatidylinositide
3-kinases (PI3K) inhibitor], or anti-1
integrin antibodies which found to im-
provement and metastatic attitude of
CRC (Somanath, 2007), known that
the PI3K/AKT signaling process 1is
stimulated by TLR4 in response to
LPS association and have vital effect
in the CRC progression. Moreover,
LPS has been found to stimulate the
urokinase plasminogen activator (uPA)
system expression via TLR4 and NF-
kB in CRC. Through progression of
tumor, vital extracellular matrix inter-
play observe, in which uPA and the its
receptor level and function assist the
CRC growth and metastasis (Killeen,
2009). contrariwise, TLR4 inhibition,
NF-kB, or the uPA system can weaken
progression of CRC.

1-8-
Prognosis

the high level of the TLR4/ MYD&8
signal was related to weak prognosis
of CRC (Brunner, 2010). In the tumor
condition, high TLR4 level make it
as a possible test of CRC progression
. TLR4 level in stromal fibroblasts is
linked to weak CRC prognosis, thus,
TLR4 level in fibroblasts might be
benefit for CRC prognostic biomarker

TLR In colorectal cancer

(Eir6, 2013). A study found that the
STAT3 and NF-«kB deregulated activa-
tion is a prevalent characterization of
gastrointestinal tumor and invariably
associated with weakness prognosis;
NF-xB and STAT3 are downstream
signal transforming key of TLR groups
and IL-6 .

TLR-specific stimulation of NF-
kB in CRC and especially in tumor-
starting cells may support more can-
cer development by perpetuation of
signaling from tissue repair processes
and inflammatory, with resulting self-
renewal of pluripotent cancer cells .

In CRC, high TLR4 level is found
in all cancer compositions like the en-
dothelial, epithelial and stromal layers
(Cammarota, 2010). Otherwise, the
expression level varies according to
the cancer type. In spite of all TLRs
produced at the low basal mRNA lev-
el, IECs can up-regulate the TLR level,
according to the inflammatory signals
or other induction (Fukata, 2007). An-
other report elucidated a TLR4/MD2
low level in the normal lamina pro-
pria and epithelial cells in human and
that is strong link with the TLR4/MD2
level estimated in different epithelial
cell lines (Abreu, 2003). These reports
documented the opinion of any chang-
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es in the inflammatory circumstances
prevalence or the luminal bacteria
community may stimulate the robust
and TLR signaling, to facilitate the in-
flammatory responses starting in IECs
(Katakura, 2005) .

1-9-
munotherapy

TLR agonists in cancer im-

LPS ability to stimulate and promote
proliferation of T cell which has a huge
role to trigger APCs and generation of
large quantity of proinflammatory cy-
tokines induction that enhance nonspe-
cific T cell activation and expansion
(Yadav, 2006). Moreover, the T cells
CD8 and CD4 can also stimulate TLR4
activation with LPS. The first work of
TLR4-activating T cells was found
murine IL-2-dependent cytotoxic T
cell line, the CT6 was proliferated in
LPS response, TLR4 linking on human
CD8 T cells has found to the induction
of IFN (Vogel et al., 1983).

The murine CD8 T cells didn’t ob-
serve TLR4 express or its supplement
protein CD14 and it doesn’t TLR4 trig-
gering responding. In contrast with na-
ive murine T cells, that do not stimu-
late to some TLR agonist, in vitro the
LPS addition to naive CD4 T cell in-
tensify their survival and proliferation
(Reynolds, 2012). An analysis via sub-

set of CD4 T cell which produce and
reply to TLR4 signaling demonstrate
that TLR4 mRNA was produced at
once by murine Th17 CD4 T cell sets
in compare with Thl and Th2 (Reyn-
olds, 2010). moreover, in murine CD4
T cells, LPS decrease INF concentra-
tions unless elevated IL-17A expres-
sion (Gonzalez, 2010). These events
on CD4 Th cells were produced by re-
duction MAPK stimulation. TLR4 ac-
tivation on CD4 T cells has elucidated
to increase intestinal inflammation and
have significant effects in stimulation
colitis, focusing the strong impacts that
TLR activation on T cells can stimu-
late. An effect for TLR4 signaling in
CD4CD25 TRegs isn’t well under-
stood. clarified that LPS can stimulate
CD4CD25 TRegs, their reproduction
activation, and assist its immunosup-
pressive function. This is contrast to the
preventing impacts that TLR1-TLR2
activation has on TRegs. Furthermore,
Zhu et al. (2011) observed that TLR4
connection on TRegs with HMGBI
decreased the levels of CTLA4 and
forkhead box p3 and IL-10 expression
limitation. furthermore, stimulating
TLR4 on TRegs stimulate signals by
TRIF, where TLR4 activation on non-
TReg T cells occur to observed by p38
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MAPK and MyD88 signaling primar-
ily (Caramalho, 2003). These disparate
findings may have found from the vary
TLR4 agonists using or from disasso-
ciation appear from genetic variation.

study has been suggested that TLR4-
driven inflammation might have signif-
icant impacts in tumor: where chronic
inflammation can assist tumor growth
and development (Wu, 2018) stimulate
trigger of the TLR4 axis support anti-
tumor reply and is related to a positive
tumor growth prognosis, cancer metas-
tasis reduction and suppression (Yahi-
ro, 2020). According to these results,
TLR4 signaling pathway induction
and/or amplification were proposed
as an influence medication strategy in
specific tumor (Shetab,2018).

Lastly, MPL® has been document-
ed for some human viral vaccines
uses (Cimica , 2017). Likewise, sub-
stantial batch-to-batch differentiation
in the vaccine-grade MPL® adjuvant
and contaminate CU3ions with under-
acylated TLR4-antagonizing lipid A
variants cases numerous restriction
(Wang, 2020). It is found that TLR4
moderate stimulation by exogenous
PAMPs comprises essential pathways
of defense versus viral hitting in an im-
munocompetent host by guarantee the

specific pro-inflammatory signaling
pathways induction (Shinya, 2011).
thus adjuvants targeting TLR4 can
support other pros by showing an in-
trinsic protective response goal at the
immunological memory stimulation.
Thereby, there is a large investigation
for the development of more impacts
TLR4 agonists other than LPS as Very
lastly, TLR4 has proposed as an effi-
cient therapeutic goal for drug uptake
(Bachtell, 2015) and major depres-
sion disorders (Liu, 2014; Wu, 2015),
like amyotrophic lateral sclerosis (De
Paola, 2016). Possible using of TLR4
antagonists in medication of periph-
eral neuropathic pain has demonstrated
(Thakur, 2017).

in a study and pose a hurdle, The
concept that systemic TLR agonist-
based therapies are ineffectual in devel-
oping optimal cancer medications are
mention by researchers (Guha, 2012).
Studies were found that tumor-spe-
cific human T cells cloned to express
the TLRS ligand at the cancer location
stimulate antitumor responses and pro-
long survival of T cell. also the Auto-
crine TLRS signaling in T cells lead
to the different cytokines/chemokines
production at the location of tumor that
more proved antitumor capacity by
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provide T cell and DC infiltration (Li,
2007).

1-10- Therapeutic Potential of
TLR4 Antagonists

A study has been found that Erito-
ran protects mice administrated lethal
influenza by OxPAPC-dependent was
stimulation blocking of TLR4 and
TLR4-mediated
which may be prevented by TLR4 an-

damage signaling
tagonists interplay with MD-2 (Shirey,
2013).

Another chromatin-associated pro-
tein-derived DAMP, HMGBI1 that
produced by dying cells through viral
hitting may be sensed via the TLR4
co-receptor MD-2 (Shirey, 2021). The
HMGBI1 activated pro-inflammatory
responses as well as of LPS and thus
proved the important role of the medi-
cation influence of TLR4/MD-2 an-
tagonists for viral infection features.
It is suggested that the TLR4 axis is
contributed in the estimation impacts
of West Nile virus, respiratory syncy-
tial virus, filovirus and influenza virus
(; Sabouri, 2014; Younan, 2017; Ole-
jnik, 2018).

Morbidity and mortality companied
with acute viral infection is correlated
with huge inflammation stimulated by
chemokines and pro-inflammatory cy-

tokines high level that can cause life-
threatening problems likes circulatory
shock, acute respiratory distress syn-
drome, and myocarditis. additionally,
the TLR4-mediated pro-inflammatory
signaling up-regulation have signifi-
cant impact in the SARS-CoV-2 patho-
genesis (Choudhury, 2020; Guan ,
2020; Aboudounya, 2021).

Some reports documented the TLR4
role in the skin defense mechanisms
regulation during cutaneous tumori-
genic inflammation (Dickinson, 2018).
the responses of TLR4-driven Pharma-
cologic inhibition stimulate the skin’s
photoprotective capability, attenuating
cutaneous stress signaling (Blohm-
Mangone, 2018).

2- Lipopolysaccharide role in
colorectal cancer

2-1 Chemical Structure of Lipo-
polysaccharide (LPS)

Lipopolysaccharide or LPS are es-
sential outer surface composition of
G-V bacteria. Its huge amphipathic
glycoconjugates which mainly com-
pose of a hydrophobic or lipid region
linked to a distal polysaccharide and a
core oligosaccharide (Farhana, 2023).
These units are called as lipogylcans
based on the sugar molecules and lip-
id (Cao, 2023) . The LPS are consist
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of Lipid A the hydrophilic core poly-
saccharide, hydrophobic domain and
O-antigen.

The lipid A compositions are differ-
ent according to organism and are vital
in specific pathogenic bacterial fea-
tures (Allen, 2019). Inherent to G-V,
LPS gives bacterial cell integrity and
a process of bacterial interplay with
other surfaces (Li, 2017). Some LPS
molecules are produce a strong pro-
inflammatory of immune system in
mammals, it’s also thermo stable. Since
LPS different types are found in vari-
ant genera of G-V, LPS is benefit for
serotyping G-V (Maldonado, 2016),
particularly, O-antigen conveys sero-
logical discrimination to the bacterial
types. M oreover, the size and com-
ponents of LPS are largely dynamic
among bacterial types. According to
unique features, LPS has considerable
report to complex composition under-
standing, transport, biogenesis and as-
sembly

2-2- Role of Lipopolysaccharide
in TLR4 signal activation

LPS is the major component of the
outer layer of the cell membrane in
gram-negative bacteria (Salih, 2019)
The human immune system discrimi-
nate Lipid A molecules in LPS, that is

produced by dividing cells in soluble
matter, in lysed cells after autolysis of
Bactria, or by complement stimulation
killing or phagocytosis and antibiotics
effected. The early response is identifi-
cation and association the lipid A com-
position by the host cell TLR4. The
highly immunogenic Lipid A is gener-
ated by Salmonella and E. coli , while
Yersinia spp., changed the acylation
extent of lipid A after hitting to gener-
ate LPS of low immunogenicity. No-
tably, LPS making poor immunogenic-
ity 1s bacteria to IR of host avoidness
and intracellular survival increasing
(Bertani, 2018). Features of G bacte-
ria are Represented as an envelope has
two membranes: an inner (IM), and an
outer membrane (OM) .Therefore, in
G, the OM used as first defense line
against threats, the OM of most GV is
not a phospholipid bilayer, it is strong-
ly asymmetric bilayer, in the inner part
consist of phospholipids and LPS unit
in the outer part (fig.2) (Silhavy, 2010).
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Fig. 2: (structure of the Gram-negative cell envelope (Silhavy, 2010)
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LPS are the molecular components
known as endotoxins. LPS are existed
in the external membrane of G*V. Lipo-
polysaccharide (LPS) stimulate inflam-
masome, a hydrophobic lipid domain
and hydrophilic core polysaccharide
chain; and a side chain of repeating hy-
drophilic O-antigenic oligosaccharide.
LPS are also protected Bactria against
lipophilic and antibiotics bile salts (Yo-
shioka, 2001). LPS was suggested to
have antitumor activity in some studies
. Several reports demonstrated the LPS
effect in gene expression in CRC, LPS
stimulate TGFP and HGF generation
stimulate NFkB (NFkappaB) stimula-

tion and the migratory capability in-
creasing in CRC (Liu ,2017).

A study implemented by Yuan etal.,
(2013) who demonstrated a55molecu-
lar A High LPS level increased TTP
family gene expression in CRC, LPS
also elevated Glucose transporters
(GLUTI1, GLUT2 and GLUT3) mRNA
concentration in the CRC, assumed
that LPS able to elevate glucose trans-
port into CRC (Ca0,2008;ca0,2013).

The LPS trigger macrophage dam-
ages and inflammation by transcription
factor NF-kB. P65 and NF-kB subunit
precipitate in the nucleus and can in-
duct nuclear Snail by associated to
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genes cluster promoters (Bhatt, 2017).
P65 stabilizes Snail and stimulate mi-
gration and invasion after TNF-a treat-
in breast cancer (Wu, 2009).
The glucose flux controlled by Snail

ment

by preventing fructose-1,6-biphospha-
tase and phosphofructokinase, platelet
(Kim, 2017). NF-kB effect in glucose
metabolism, such as in macrophages,
transcription regulation of hexokinase
2 (Gao, 2017).

Some reports have elucidated that
inflammasomes and glycolytic en-
zymes may react to each other. The
Hexokinase 1 in the glycolytic path-
way 1s catalyzing the first step activa-
tion of NLRP3 inflammasome. NLRP3
inflammasome activate and subse-
quent IL-1B level modulate glycoly-
sis by 6-phosphofructo-2-kinase/fruc-
tose-2,6-bisphosphatase 3 (Finucane
,2019). The Warburg effects (in aerobic
circumstances cancer cells prefer me-
tabolism by glycolysis) has been found
in tumors. the consumption of glucose
are elevated and up-regulation of lac-
tate generation which are glycolysis
characterization.

2-3- LPS-TLR4 binding in CRC
enhancement

Some studies found in some types
of cancer including CRC, LPS may

stimulate or involved to tumor pro-
gression, carcinogenesis, invasion and
metastasis (L1u,2010), according to gut
flora and gut barrier changings, LPS
destroy was elevated in the CRC cases
intestine and portal venous blood (Liu
et al., 2017). that proposed impact of
LPS in CRC carcinogenesis. Typically
in CRC metastasis, LPS can stimulate
different ways, like cell adhesion to
the ECM, ECM degradation belong to
detachment and invasion (Panyathep,
2020). Likewise, in the tumor microen-
vironment (TME) LPS might stimulate
EMT(li etal, 2014).the phenotype of
mesenchymal cells and fibroblasts of
epithelial cells were acquired and their
concentration of cell-to-cell adhesion
was reduced, which stimulate CRC
progression .The In -vitro study have
suggested that LPS induced adhesion
molecules expression in colon cancer
cells (Simiantonaki ,2002). Moreover,
LPS elevated liver metastasis of CRC
cells in vivo (Hsu, etal, 2011).

LPS stimulate the CRC cell invasion
and adhesion, in the absent of TLR-
4 preventing antibody. (Ikebe, 2009).
LPS support the tumor cells avoid im-
mune surveillance by the IL-6, IL-12
production, stimulate nitric oxide syn-
thase like via the antiapoptotic pro-



Article Reviw : The Possible etiological role of Bacterial Lipopolysaccharides and Tool
Like Receptor 4 in colorectal cancer ................. Layla Mahmood Saeed, Dr. Hazima Musa khalel 136

teins level, such as X-linked inhibitor
of apoptosis (Cammarota etal, 2010).
Reports have also proposed that the
TLR-4 chronic activation from micro-
organism invasion stimulate oncogenic
influence in the host, during the NF-kB
and cyclooxygenase-2 chronic activa-
tion (Thiery, 2006).

The LPS of Bactria is deleterious
agent that can involve to the CRC de-
velopment when dysfunction of gut
barrier was happened. LPS-activated
TLR4-related inflammatory signaling
ways have significant role in cancer
metastasis and invasion, affecting fea-
tures like the low CRC survival rate
(Wet et al, 2020). in some cancer types
LPS is the primary TLR4activator, like
liver, pancreatic and colorectal cancer.
Based on the 116 CRC patient’s anal-
yses, TLR-4 high expression was re-
lated to metastasis a high rate and thus
belongs to weakness prognosis. (Cam-
marota efal, 2010)._Data Analysis have
proven role of LPS in CRC cell adhe-
sion and metastasis mediated TLR4 in-
flammatory signaling pathway (Thiery,
20006).

LPS-induced inflammation raises
metastasis possibility in tumor. NF-kB
has an important role in the inflamma-
tory response (DiDonato efal., 2012).

LPS-stimulate intestinal epithelial cell
inflammation raised adhesion mol-
ecules expression by the NF-«B path-
way. LPS elevate metastasis capability
by different NF-xB-related ways. like,
the LPS-elevated HK3 level by sig-
naling pathway of NF-xB/Snail/HK3
activate CRC metastasis (Wux etal.,
2021) LPS activated the CRC invasion
and metastasis by the NF-kB signal-
ing pathway activating via the SDF-
la/CXCR4 axis (Liu, 2017) therefore,
CRC cases with high level of CXCR4
chemokine receptor were correlated
with liver metastasis and receptor ex-
pression poor prognosis (Gao, 2017).
In spite of IECs which in closed re-
lation to LPS, they do not form an IR
against the normal flora in normal con-
ditions. Likewise, in the disease, the
coexistence disturbance between bac-
teria and IECs result to an inflamma-
tory response, these lead to study the
inflammation amount to be elevated
to equilibrate the bacterial infection,
several reports have been demonstrat-
ed to prove dilemma (Simiantonaki,
2002). IEC can influence effect innate
and adaptive immune cell function
(Hasan.2021). .like, IFN-a and IFN-y
to raise the LPS response in IECs, that
is directly associated to TLR4 and M D2
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production (Hsu, 2011). Additionally,
continuous LPS activation culminates
in TLR4 level reduction and elevated
level of inhibitory proteins (L1, 2014).
On the other hand, a study elucidated
that TLR4 production doesn’t change
by long-term LPS exposure. further-
more, hypoxia and several endotoxins
are found to be common in the inflamed
intestinal lining, and stimulated TLR4
production. Hung et al. (2015) found
high TLR4 expression from CRC mu-
cosa in different ages categories and
cases sex as like from CRC cell lines.
2-4 The Function of LPS in Induc-
ing Dysfunction of the Gut Barrier
Tight association TJs and adherens
junctions (AJs) play significant impact
in the intestinal barrier integrity main-
taining Intestinal barrier damage and
increased intestinal permeability result
from modifications to AJs and TJs or
from the incompleteness of the muco-
sal layer (Wei1,2020). As demonstrated
by experiments, LPS has the ability to
cause inflammation and decrease epi-
thelium in intestine occludin and clau-
din-1, that is crucial elements of Tight
junctions (TJs), that break down the
gut barrier (He et al, 2019) In terms of
mechanism, LPS influenced the mal-
functioning of the gut barrier through

the TLR4/NF-xB pathway of inflam-
matory signaling. This pathway con-
tributed in the phosphorylation of [kBa
and p65 in the cytoplasm, which was
facilitated by the activation of TRL4
by LPS. P65 moves into the nucleus,
causing TJ disruption as IkBa breaks
down. ]]Thirteen Research has dem-
onstrated that G~ bacteria like Serratia.
marcescens and Escherichia coli may
regulate the intestinal barrier, To sum
up, these illustrations demonstrate that
intestinal LPS has the capacity to com-
promise the gut barrier (Fig. 3)
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(Fig- 3) TLR4/NF-kB pathway-mediated tight junction destruction is how
LPS induces disruption of the gut barrier. (Li,2023).
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. junction
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The dysfunction of gut barrier and
LPS found to impact in CRC progres-
sion during an inflammatory IR in-
creasing. the gut barrier Changes can
stimulate IRs and tumor-related in-
flammation while intestinal inflamma-
tion stimulate gut barrier disturbance
and the CRC increasing susceptibility.
Other report is needed to clarify the
processes by which bacterial LPS and
gut barrier dysfunction contribute to
the CRC progression.

2-5- LPS role in Carcinogenesis
and Metastasis regulation in CRC

Some evidences find that LPS impli-
cated to carcinogenesis, progression of

tumor, invasion, and metastasis in some
cancer type, like CRC. CRC patients
base on the gut microorganism and gut
barrier changes, the concentration of
LPS damage were elevated in the in-
testine and portal venous blood versus
control group (Kim, 2017) which pro-
posed that LPS has an impact on CRC
carcinogenesis. Particular in CRC me-
tastasis, furthermore, LPS can stimu-
late via several approaches, as well as
cell adhesion to the ECM, detachment
according to ECM disruption, and in-
vasion. (Tomasello, 2014) further-
more, LPS in TME can stimulate EMT.
Through EMT, epithelial cells needed
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the mesenchymal cells phenotype and
fibroblasts and decrease their concen-
tration of cell adhesion, more stimula-
tion CRC progression. (Wang, 2003)
In vitro tests have documented that
LPS induced CRC to express adhesion
molecules LPS causes liver metastasis
increasing of CRC in vivo ( Li1,2023).

The LPS lipid A moiety, which fixed
LPS to the outer membrane of G, is
involved of the LPS immunostimu-
latory function (Lei, 2021). The acyl
chains of lipid A, detection the agonis-
tic function of lipid A. like £ coli lipid
A 1s hexa-acylated and represented a
strong agonist for all mammalian cells,
while the precursor of E. coli LPS
(tetra-acylated lipid Iva) represented as
an agonist only for several mammalian
species (Garcia , 2019; Wong, 2018).
Moreover, deletion of lipid A phos-
phate group causes endotoxic activ-
ity reduction (Nicholson, 2022; Low,
2020).

The activation of mammalian cells
LPS happened during a sequences of
interplay with some proteins like the
LPS binding protein (LBP), MD-2,
CD14 and TLR4 (Feams, 2006). LBP
is a soluble shuttle protein that linked
directly with LPS and assists the bind-
ing with CDI14 (Kobayashi, 2002).

CD14 is a protein, glycosylphospha-
tidylinositol-anchored, that presences
in a soluble form. CD14 assist the LPS
transfer to the TLR4/MD-2 receptor
structure and changes LPS detection
(Hardy, 2004). MD-2 is protein found
in a soluble state that non-covalently
related to TLR4 but can make a com-
plex with LPS in the absence TLR4
(Cherry , 2006). In spite of suggestion
that TLR4 can directly link to LPS,
TLR4 can stimulate the association of
LPS to MD-2 (Kurt-Jones, 2000).
After LPS detection, TLR4 under-
goes oligomerization and bring its
downstream adaptors by interplaying
with the TIR domains, That consist of
three conserved domain, that mediate
interplay between the signal transduc-
tion adaptor proteins and TLRs. The
TIR domain of TLR4 is critical for
signal transferring, regarding to TIR
domain point mutation which abolish
the response to LPS (Bowie, 2005).
reports using knockout mice has dem-
onstrated important roles of adaptors
in TLR4 signaling. MyD88 was first
found as a myeloid differentiation pri-
mary response gene .Then it proposed
to be the important adaptor in the in-
terleukin-1 receptor signaling pathway
.Regarding to the IL-1R and the TLR
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has TIR domains, researches were im-
plemented to estimate whether MyD88
was contributed in TLR-mediated sig-
naling pathways. While mice with
MyD88-deficient were observed to be
resistant to LPS-stimulate septic shock,
and macrophages with MyD88-deple-
tion failed to express proinflammatory
cytokines after LPS activation, in spite
of the possibility to activate NF-xB
(Beutler,2003). A study has supported
signaling pathway of tremendous in-
sights into LPS/TLR4. The facts from
this pathway also indicated models for
which other TLR signaling pathways
can be controlled. besides improper
controlling of LPS/TLR4 signaling has
a vital to massive inflammation induc-
tion and lead to disorders in chronic in-
flammatory or acute sepsis (lu, 2008).

Conclusion

The CRC development is highly
complex, several reports found that the
gut microbiota involved to CRC. The
studies demonstrated that the micro-
biota composition elucidate the vivid
variance in microbial community. thus,
the changes in LPs and microbial pop-
ulation have an essential role in CRC
development and progressing.

TLR4 i1s a crucial receptor that dis-

criminate LPS and biological behavior
induction to defense against bacteria,
more investigation on the of immune
cell characteristics affected by LPS,
like their role in CRC cell lines. The
linked between development of cancer
and LPS exposure is still under investi-
gation. It seems likely that more details
about TLR4 signaling, G bacterial in-
fections will be given more answers
about cancer growth and metastasis
questions. It is also produced in differ-
ent cancer cells and its function, prolif-
eration and invasion, which suggested
high of production in tumor tissues
predicted poor prognosis. As the TLR4
activator, Colon bacteria implicated to
a large LPS amount which can stimu-
late CRC metastasis. TLR4 detection
pathogen ligands, like LPS endotoxin
from E coli and mediates signaling to
IRs initiation. It stimulate signals con-
tributed for genes activation that im-
portant for efficient host defense, par-
ticularly proinflammatory cytokines
and discrimination represents mediator
a link between the acquired and innate-
immune systems. LPS-stimulate TLR4
signaling in CTC implicated to their
capability of adhesiveness and meta-
static and prevent signaling pathway
may stimulate to be efficient to eradi-
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cate distal organ metastases. Further
work may consist of clinical and pre-
clinical trials of the therapeutic agents
used.

References

Rychter, A. M., Lykowska-Szuber,
L., Zawada, A., Szymczak-Tomczak,
A., Ratajczak, A. E., Skoracka, K.,

. & Krela-Kazmierczak, 1. (2023).
Why Does Obesity as an Inflamma-
tory Condition Predispose to Colorec-
tal Cancer?. Journal of Clinical Medi-
cine, 12(7), 2451.

Renehan, A. G., Tyson, M., Eg-
ger, M., Heller, R. F., & Zwahlen, M.
(2008). Body-mass index and incidence
of cancer: a systematic review and
meta-analysis of prospective observa-
tional studies. The lancet, 371(9612),
569-578.

Li, Y., Shi, Z., Radauer-Preiml, 1.,
Andosch, A., Casals, E., Luetz-Meindl,
U., ... & Boraschi, D. (2017). Bacterial
endotoxin (lipopolysaccharide) binds
to the surface of gold nanoparticles, in-
terferes with biocorona formation and
induces human monocyte inflamma-
tory activation. Nanotoxicology, 11(9-
10), 1157-1175.

Ohto,U.,Yamakawa,N., Akashi-
Takamura, S., Miyake, K., & Shimizu,

T. (2012). Structural analyses of human
Toll-like receptor 4 polymorphisms
D299G and T3991. Journal of Biologi-
cal Chemistry, 287(48), 40611-40617.

Silhavy, T. J., Kahne, D., & Walker,
S. (2010). The bacterial cell envelope.
Cold Spring Harbor perspectives in bi-
ology, 2(5), a000414.

Abreu, M. T. (2010). Toll-like re-
ceptor signalling in the intestinal epi-
thelium: how bacterial recognition
shapes intestinal function. Nature re-
views immunology, 10(2), 131-144.
Allen, K. N., & Imperiali, B. (2019).
Structural and mechanistic themes in
glycoconjugate biosynthesis at mem-
brane interfaces. Current opinion in
structural biology, 59, 81-90.

Bachtell, R., R Hutchinson, M.,
Wang, X., C Rice, K., F Maier, S., &
R Watkins, L. (2015). Targeting the
toll of drug abuse: the translational po-
tential of toll-like receptor 4. CNS &
Neurological Disorders-Drug Targets
(Formerly Current Drug Targets-CNS
& Neurological Disorders), 14(6),
692-699..

Mohammed Ibraheem, N., Qahtan
Alrawi, N., & Banoosh,A. K. A. (2021).
Assessment the Characteristic Features
of Colorectal Cancer among Patients
Attending Tikrit Teaching Hospital



Article Reviw : The Possible etiological role of Bacterial Lipopolysaccharides and Tool 142
Like Receptor 4 in colorectal cancer ................. Layla Mahmood Saeed, Dr. Hazima Musa khalel

from 2009-2013. Kirkuk Journal of
Medical Sciences, 6(1), 125-135.
Ismaeel, F. E., Obaid, M. F., Al-
Saffar, A. Z., & Al-Shammari, A.
(2023). Elevated "Colorectal Carcino-
ma: Hsp70 & IL-1/IL-10 in Iraqi CRC
Patients. Iraqi Journal of Cancer and
Medical Genetics, 16(1), 15-20.

Jasim, B. S. (2015). Molecular Lo-
calization of Human Papilloma Virus
genotypes (16, 18, and 6/11) in Patients
with Colorectal Cancer by DNA-Insitu
Hybridization. Iragi Journal of Cancer
and Medical Genetics, 8(1).

Kawai, T., & Akira, S. (2010). The
role of pattern-recognition receptors in
innate immunity: update on Toll-like
receptors. Nature immunology, 11(5),
373-384.

Killeen, S. D., Wang, J. H., An-
drews, E. J., & Redmond, H. P. (2009).
Bacterial endotoxin enhances colorec-
tal cancer cell adhesion and invasion
through TLR-4 and NF-xB-dependent
activation of the urokinase plasmino-
gen activator system. British journal
of cancer, 100(10), 1589-1602.

Laird, M. H., Rhee, S. H., Per-
kins, D. J., Medvedev, A. E., Piao, W.,
Fenton, M. J., & Vogel, S. N. (2009).
TLR4/MyD88/PI3K interactions regu-
late TLR4 signaling. Journal of Leuco-

cyte Biology, 85(6), 966-977.

Leaphart, C. L., Cavallo, J., Gribar,
S.C., Cetin, S., L1, J., Branca, M. F., ...
& Hackam, D. J. (2007). A critical role
for TLR4 in the pathogenesis of necro-
tizing enterocolitis by modulating intes-
tinal injury and repair. The Journal of
Immunology, 179(7), 4808-4820.

Li, J., Song, W., Czerwinski, D. K.,
Varghese, B., Uematsu, S., Akira, S., ...
& Levy, R. (2007). Lymphoma immu-
notherapy with CpG oligodeoxynucle-
otides requires TLRO either in the host
or in the tumor itself. The Journal of
Immunology, 179(4), 2493-2500.

Medzhitov, R. (2008). Origin and
physiological roles of inflamma-
tion. Nature, 454(7203), 428-435.

Nagao-Kitamoto, H., Kitamoto,
S., Kuffa, P., & Kamada, N. (2016).
Pathogenic role of the gut microbiota
in gastrointestinal diseases. Intestinal
research, 14(2), 127.

Olejnik, J., Hume, A. J., & Miihl-
berger, E. (2018). Toll-like receptor 4
in acute viral infection: Too much of
a good thing. PLoS pathogens, 14(12),
¢1007390.

Papamichael, D., Audisio, R. A.,
Glimelius, B., de Gramont, A., Glynne-
Jones, R., Haller, D., ... & Aapro, M.
(2015). Treatment of colorectal cancer



143 ||

aublyell dooladl - du il &5 - dualellg dugy il Olwlyal dloo
02024 jgai- oLl pglc - oWl adlonall - ggyuuellg CULUI saell

in older patients: International Society
of Geriatric Oncology (SIOG) consen-
sus recommendations 2013. Annals of
oncology, 26(3), 463-476.

Reynolds, J. M., Martinez, G. J.,
Chung, Y., & Dong, C. (2012). Toll-
like receptor 4 signaling in T cells pro-
motes autoimmune inflammation. Pro-
ceedings of the National Academy of
Sciences, 109(32), 13064-13069.

Sabroe, 1., Jones, E. C., Usher, L. R.,
Whyte, M. K., & Dower, S. K. (2002).
Toll-like receptor (TLR) 2 and TLR4 in
human peripheral blood granulocytes:
a critical role for monocytes in leuko-
cyte lipopolysaccharide responses. The
Journal of Immunology, 168(9), 4701-
4710.

Sheng, H., Shao, J., Townsend, C.
M., & Evers, B. M. (2003). Phospha-
tidylinositol 3-kinase mediates prolif-
erative signals in intestinal epithelial
cells. Gut, 52(10), 1472-1478.

So, E. Y., & Ouchi, T. (2010). The
application of Toll like receptors for
cancer therapy. International journal
of biological sciences, 6(7), 675.

Shetab Boushehri, M. A., & Lampre-
cht, A. (2018). TLR4-based immuno-
therapeutics in cancer: a review of the
achievements and shortcomings. Mo-
lecular pharmaceutics, 15(11), 4777-

4800.
Shi Z, Cai Z, Sanchez A, Zhang
T, Wen S, Wang J, et al. A nov-

el toll-like receptor that recog-
nizes vesicular stomatitis virus.J
Biol Chem (2011) 286(6):4517-24

10.1074/jbc.M110.159590 [PMC free
article] [PubMed] [CrossRef] [Google
Scholar]

Shim, D. W., Heo, K. H., Kim, Y.
K., Sim, E. J., Kang, T. B., Choi, J. W.,
... & Lee, K. H. (2015). Anti-inflamma-
tory action of an antimicrobial model

peptide that suppresses the TRIF-de-
pendent signaling pathway via inhibi-
tion of toll-like receptor 4 endocytosis
in lipopolysaccharide-stimulated mac-
rophages. PloS one, 10(5), e0126871.
Shirey, K.A.; Blanco, J.C.G.; Vogel,
S.N.(2021). Targeting TLR4 Signaling
to Blunt Viral-Mediated Acute Lung
Injury. Front. Immunol. , 12, 705080.
[[Google Scholar] [CrossRef
Simiantonaki, N., Jayasinghe, C., &
Kirkpatrick, C. J. (2002). Effect of pro-
inflammatory stimuli on tumor cell-me-
diated induction of endothelial cell ad-
hesionmoleculesinvitro. Experimental
and molecular pathology, 73(1),46-53.
Somanath, P. R., Kandel, E. S., Hay,
N., & Byzova, T. V. (2007). Aktl sig-
naling regulates integrin activation,



Article Reviw : The Possible etiological role of Bacterial Lipopolysaccharides and Tool 144
Like Receptor 4 in colorectal cancer ................. Layla Mahmood Saeed, Dr. Hazima Musa khalel

matrix recognition, and fibronectin as-
sembly. Journal of Biological Chemis-
try, 282(31), 22964-22976.

Suzuki M, Hisamatsu T, Podolsky
DK. (2003). Gamma interferon aug-
ments the intracellular pathway for
lipopolysaccharide (LPS) recognition
in human intestinal epithelial cells
through coordinated up-regulation of
LPS uptake and expression of the intra-
cellular toll-like receptor 4-MD-2 com-
plex. Infect  Immun ,71(6):3503—11.
doi:10.1128/1A1.71.6.3503-3511.2003

Tenesa A, Dunlop MG. (2009) .New
insights into the aetiology of colorectal
cancer from genome-wide association
studies. Nat Rev Genet ,10(6):353-8
10.1038/nrg2574 [PubMed]
Ref] [Google Scholar].

Terzic J, Grivennikov S, Kar-
in E, Karin M. (2010) . Inflam-
mation and colon cancer. Gas-
troenterology  ,138(6):  2101-14.
es. 10.1053/j.gastro.2010.01.058
[PubMed] [CrossRef] [Google Scholar
Blasius, A. L., & Beutler, B. (2010).
Intracellular toll-like receptors. Immu-
nity, 32(3), 305-315..

Cammarota R, Bertolini V, Pennesi
G, Bucci EO, Gottardi O, Garlanda C,
Laghi L, Barberis MC, Sessa F, Noon-
an DM, et al. (2010).The tumor micro-

[Cross-

environment of colorectal cancer: stro-
mal TLR-4 expression as a potential
prognostic marker. J Transl Med;8:112.
[PMC free article] [PubMed] [Google
Scholar.

Caramalho 1., Lopes-Carvalho T.,
Ostler D., Zelenay S., Haury M., De-
mengeot J. (2003) Regulatory T cells
selectively express Toll-like receptors
and are activated by lipopolysaccha-
ride. J. Exp. Med. 197, 403—411 [PMC
free article] [PubMed] [Google Scholar

Thakur, K.K.; Saini, J.; Mahajan,
K.; Singh, D.; Jayswal, D.P.; Mishra,
S.; Bishayee, A.; Sethi, G.; Kunnumak-
kara, A.B. ( 2017). Therapeutic im-
plications of toll-like receptors in pe-
ripheral neuropathic pain. Pharmacol.
Res, 115, 224-232. [Google Scholar]
[CrossRef] [PubMed].

.Tenesa A, Dunlop MG. (2009) .New
insights into the aetiology of colorectal
cancer from genome-wide association
studies. Nat Rev Genet ,10(6):353-8
10.1038/nrg2574 [PubMed]
Ref] [Google Scholar].

Abood,(2023). Study the Serum
Levels of IL-17, 1L-23, TLR-4, and
TLR-7 Role in Immunopathogenesis

[Cross-

in Patients with Moderate and Severe
Psoriasis. Journal Of Advanced Zoolo-
gy 44(S-3):1408-1416 .DOI:10.17762/



15 ||

aublyell dooladl - du il &5 - dualellg dugy il Olwlyal dloo
02024 jgai- oLl pglc - oWl adlonall - ggyuuellg CULUI saell

1az.v441S-3.1768.

Yadav R., Zammit D. J., Le-
francois L., Vella A. T. (2006). Ef-
of LPS-mediated bystander
activation in the innate immune sys-
tem. J. Leukoc. Biol. 80, 1251-1261
[PubMed] [Google Scholar.

David LA, Maurice CF, Carmody
RN, Gootenberg DB, Button JE, Wolfe
BE, Ling AV, Devlin AS, Varma Y, Fis-
chbach MA, Biddinger SB, Dutton RJ,
Turnbaugh PJ. (2014).Diet rapidly and
reproducibly alters the human gut mi-
crobiome. Nature. 23;505(7484):559-
63..

De Paola, M.; Sestito, S.E.; Mari-
ani, A.; Memo, C.; Fanelli, R.; Freschi,
M.; Bendotti, C.; Calabrese, V.; Peri,
F.. (2016). Synthetic and natural small
molecule TLR4 antagonists inhibit mo-

fects

toneuron death in cultures from ALS
mouse model. Pharmacol. Res, 103,
180—187. [Google Scholar] [CrossRef]
[PubMed].

Dickinson, E.S.; Wondrak, T.G.
(2018).TLR4-directed Molecular Strat-
egies Targeting Skin Photodamage and

Carcinogenesis. Curr. Med. Chem. 25,
5487-5502. [Google Scholar] [Cross-
Ref].

Diebold, S.S.; Kaisho, T.; Hemmi,
H.; Akira, S.; Reis e Sousa, C. (2004).

Innate antiviral responses by means of
TLR7-mediated recognition of single-
stranded RNA. Science, 303, 1529—
1531. [Google Scholar] [CrossRef ]

Doan HQ, Bowen KA, Jackson LA,
Evers BM. (2009) . Toll-like receptor
4 activation increases Akt phosphory-
lation in colon cancer cells. Antican-
cer Res,29(7):2473—-8. Pubmed Ab-
stract | Pubmed Full Text.

Abreu MT, Thomas LS, Ar-
nold ET, Lukasek K, Michelsen
KS, Arditi M. (2003) . TLR signal-
ing at the intestinal epithelial inter-
face. J Endotoxin Res ,9(5):322-30
10.1179/096805103225002593
[PubMed] [CrossRef] [Google Scholar

Figueroa L, Xiong Y, Song C,
Piao W, Vogel SN, Medvedev AE.(
2012).The Asp299Gly polymorphism
alters TLR4 signaling by interfering
with recruitment of MyD88 and TRIF.
J Immunol, 1;188(9):4506-15. doi:
10.4049/jimmunol.1200202. Epub
2012 Apr 2. PMID: 22474023; PM-
CID: PMC35319.

FukataM,Abreu MT. (2007) .TLR4
signalling in the intestine in health
and disease. Biochem Soc Trans,35(Pt
6):1473-8 10.1042/BST0351473
[PubMed] [CrossRef] [Google Schol-
ar].




Article Reviw : The Possible etiological role of Bacterial Lipopolysaccharides and Tool
Like Receptor 4 in colorectal cancer ................. Layla Mahmood Saced, Dr. Hazima Musa khalel 146

Fukata M, Chen A, Klepper A,
Krishnareddy S, Vamadevan AS,
Thomas LS, et al. (2006) .Cox-2 is reg-
ulated by toll-like receptor-4 (TLR4)
signaling: role in proliferation and
apoptosis in the intestine. Gastroenter-
ology ,131(3):862—77. doi:10.1053/;.

Giovannucci E, Wu K.(2006). Can-
cers of the colonand rectum. In: Schot-
tenfeld D, Fraumeni J,eds. Cancer
Epidemiology and Prevention.3rd
ed. New York: Oxford University
Press;2006:809-829.

GuhaM.(2012). Anticancer TLR ag-
onists on the ropes. Nat. Rev. Drug Dis-
cov. 11, 503-505 [PubMed] [Google
Scholar

TLR4 toll like receptor 4 [ Homo
sapiens (humanGene ID: 7099, up-
dated on 25-Mar-2024-3 , Gene ID:
7099, updated on 19-Feb-2024.

YArovinsky F, Zhang D, Ander-
sen JF, Bannenberg GL, Serhan CN,
Hayden MS, Hieny S, Sutterwala FS,
Flavell RA, Ghosh S, Sher A. (2005).
TLR11 activation of dendritic cells
by a protozoan profilin-like protein.
Science, 308:1626—1629. [PubMed]
[Google Scholar] [Ref list].

Yesudhas D, Gosu V, Anwar MA,
Choi S. (2014). Multiple roles of
toll-like receptor 4 in colorectal can-

cer. Front Immunol, 15;5:334. doi:
10.3389/fimmu.2014.00334. PMID:
25076949; PMCID: PMC4097957.
Yang H, Wang H, Ju Z, Ragab AA,
Lundbick P, Long W, etal. (January
2015). “MD-2 is required for disul-
fidle HMGBI1-dependent TLR4 sig-
naling”. The Journal of Experimental
Medicine, 212 (1): 5-14. doi:10.
.Younan, P.; Ramanathan, P.; Gra-

ber, J.; Gusovsky, F.; Bukreyev, A.
(2017).The Toll-Like Receptor 4 An-
tagonist Eritoran Protects Mice from
Lethal Filovirus Challenge. mBio, 8§,
€00226-17. [Google Scholar] [Cross-
Ref] [PubMed] [Green Version] . .

Evans JT, Cluff CW, Johnson DA,
Lacy MIJ, (2003).Persing DH, Bal-
dridge JR. Enhancement of antigen-
specific immunity via the TLR4 li-
gands MPL adjuvant and Ribi.529.
Expert Rev Vaccines, 2(2):219-29
10.1586/14760584.2.2.219 [PubMed]
[CrossRef] [Google Scholar].

Ferrao R., Zhou H., Shan Y., Liu
Q., Li Q.,, Shaw D.E., Li X.,, Wu
H.( 2014).Irak4 dimerization and
trans-autophosphorylation are in-
duced by myddosome assembly. Mol.
Cell,  55:891-903. doi: 10.1016/.
molcel.2014.08.006. [PMC free ar-

ticle] [PubMed] [CrossRef] [Google




147 ||

aublyell dooladl - du il &5 - dualellg dugy il Olwlyal dloo
02024 jgai- oLl pglc - oWl adlonall - ggyuuellg CULUI saell

Scholar.

Yesudhas D, Gosu V, Anwar MA,
Choi S. (2014). Multiple roles of
toll-like receptor 4 in colorectal can-
cer. Front Immunol, 15;5:334. doi:
10.3389/fimmu.2014.00334. PMID:
25076949; PMCID: PM(C4097957.

Vogel S. N., Hilfiker M. L., Caulfield
M. J. (1983) Endotoxin-induced T lym-
phocyte proliferation. J. Immunol, 130,
1774-1779 [PubMed] [Google Schol-
ar]

Wang, E. L., Qian, Z. R., Naka-
sono, M., Tanahashi, T., Yoshimoto,
K., Bando, Y., ... & Sano, T. (2010).
High expression of Toll-like recep-

tor 4/myeloid differentiation factor 88
signals correlates with poor prognosis
in colorectal cancer. British journal of
cancer, 102(5),908-915.  [PMC free
article] [PubMed] [Google Scholar].

Choudhury, A.; Mukherjee, S.
(2020). In silico studies on the com-
parative characterization of the inter-
actions of SARS-CoV-2 spike glyco-
protein with ACE-2 receptor homologs
and human TLRs. J. Med. Virol. 92,
2105-2113. [Google Scholar]| [Cross-
Ref]

Cammarota, R., Bertolini, V., Pen-
nesi, G., Bucci, E. O., Gottardi, O., Gar-
landa, C., ... & Albini, A. (2010). The

tumor microenvironment of colorectal
cancer: stromal TLR-4 expression as a
potential prognostic marker. Journal of
translational medicine, 8, 1-16.

10.1186/1479-5876-8-112
free article] [PubMed]
[Google Scholar]

Cao, H., Urban Jr, J. F., & Ander-
son, R. A. (2008). Insulin increases

[PMC
[CrossRef]

tristetraprolin and decreases VEGF
gene expression in mouse 3T3-L1 adi-
pocytes. Obesity, 16(6), 1208-1218.

DiDonato JA, Mercurio F, Karin M.
(2012).NF-kB and the link between in-
flammation and cancer. Immunological
Reviews , 246(1):379—400. [PubMed]
[Google Scholar

Finucane, O. M., Sugrue, J., Ru-
bio-Araiz, A., Guillot-Sestier, M. V.,
& Lynch, M. A. (2019). The NLRP3
inflammasome modulates glycolysis
by increasing PFKFB3 in an IL-1pB-
dependent manner in macrophages.
Scientific reports, 9(1), 4034.

Farhana, A., & Khan, Y. S. (2023).
Biochemistry,
In StatPearls
Publishing.

GaoY, Yang Y, Yuan F, Huang J, Xu
W, Mao B, et al. (2017).TNFa-YAP/
p65-HK2 axis mediates breast cancer

lipopolysaccharide.
[Internet]. StatPearls

cell migration. Oncogenesis, 6(9):e383.



Article Reviw : The Possible etiological role of Bacterial Lipopolysaccharides and Tool
Like Receptor 4 in colorectal cancer ................. Layla Mahmood Saeed, Dr. Hazima Musa khalel 148

https://doi.org/10.1038/oncsis.2017.83

Gao W., Xiong Y., Li Q., Yang
H.(2018). Inhibition of toll-like recep-
tor signaling as a promising therapy

for inflammatory diseases: a journey
from molecular to nano therapeutics.
Frontiers in Physiology,8:p. 508. doi:
10.3389/fphys.2017.00508. [PMC free
article] [PubMed] [CrossRef] [Google
Scholar

Garcia H, Song M. (2019). Early-
life obesity and adulthood colorectal
cancer risk: a meta-analysis. Rev Pa-
nam Salud Publica. 43:e3. [PMC free
article] [PubMed] [Google Scholar]

Hardy MP, O’Neill LA. (2004 ).The
murine IRAK2 gene encodes four al-
ternatively spliced isoforms, two of
which are inhibitory. J Biol Chem.
25;279(26):27699-708. doi: 10.1074/
7bc.M403068200. Epub 2004 Apr 13.
PMID: 15082713.

He C, et al. (2019). Vitamin A in-
hibits the action of LPS on the intesti-
nal epithelial barrier function and tight
junction proteins. Food & Function,
10(2):1235-1242. [PubMed

Hsu RY, et al. (2011). LPS-induced
TLR4 signaling in human colorectal
cancer cells increases betal integrin-
mediated cell adhesion and liver metas-
tasis. Cancer Res, 71(5):1989—1998.

[PubMed] [Google Scholar]

Abdul-Hussein, S.S., Ali, E.N.,
Zaki, N.H.et al. (2021). Genet-
ic polymorphism of HLA-G gene
(G*01:03, G*01:04, and G*01:05N)
in Iraqi patients with inflammatory
bowel disease (ulcerative colitis and
Crohn’s disease). Egypt J Med Hum
Genet 22, 34 https://doi.org/10.1186/
s43042-021-00158-9.

Abdullah,a. etal (2021). The effect
and association of mmp-9 serum level

on both colorectal and gastric cancer in
iraqi patients, The journal of research
on the Lepidoptera, 51 (2): 182-194
Bertani B, Ruiz N.( 2018 ).Function
and Biogenesis of Lipopolysaccha-
rides. EcoSal Plus, 8(1):10.1128/eco-
salplus.ESP-0001-2018. doi: 10.1128/
ecosalplus.ESP-0001-2018.  PMID:
30066669; PMCID: PMC6091223
Fearns C, Pan Q, Mathison JC,
Chuang TH.( 2006 ).Triad3A regu-
lates ubiquitination and proteasomal
degradation of RIP1 following dis-
ruption of Hsp90 binding. J Biol
Chem, 10;281(45):34592-600. doi:
10.1074/jbc.M604019200. Epub
2006 Sep 12. PMID: 16968706.
. Kim NH, Cha YH, Lee J, Lee S-H,
Yang JH, Yun JS, et al. (2017).Snail
reprograms glucose metabolism by re-



149 ||

aublyell dooladl - du il &5 - dualellg dugy il Olwlyal dloo
02024 jgai- oLl pglc - oWl adlonall - ggyuuellg CULUI saell

pressing phosphofructokinase PFKP
allowing cancer cell survival un-
der metabolic stress. Nat Commun,
8(1):14374.  https://doi.org/10.1038/
ncomms 14374

Kurt-Jones EA, Popova L, Kwinn
L, Haynes LM, Jones LP, Tripp RA,
Walsh EE, Freeman MW, Golenbock
DT, Anderson LJ, Finberg RW. (2000).
Pattern recognition receptors TLR4
and CD14 mediate response to respi-
ratory syncytial virus. Nat Immunol,
1:398-401. [PubMed] [Google Schol-
ar] [Ref list]

Lei X, Song S, Li X, Geng C, Wang
C.(2021). Excessive body fat at a young
age increases the risk of colorectal can-
cer: a systematic review and meta-anal-
ysis. Nutr Cancer Routledge, 73:1601—
1612. [PubMed] [Google Scholar]

Lejeune P, Reisser D, Onier N, Lag-
adec P, Lindley I, Jeannin JF.( 1994).
Interleukin-8 has antitumor effects in
the rat which are not associated with
polymorphonuclear leukocyte cytotox-
icity. Cancer Immunol Immunother,
38(3):167-170. [PubMed]
Scholar ]

Li H, et al. (2014).LPS promotes
epithelial-mesenchymal transition and
activation of TLR4/JNK signaling.
35(10):10429-10435.

[Google

Tumour Biol,

[PubMed] [Google Scholar]

Li, Q., von Ehrlich-Treuenstitt, V.,
Schardey, J. et al. (2023). Gut Barrier
Dysfunction and Bacterial Lipopoly-
saccharides in Colorectal Cancer. J Gas-
trointest Surg, 27, 14661472 https://
doi.org/10.1007/s11605-023-05654-4.

Liew FY, Xu D, Brint EK, O’Neill
LA. (2005) .Negative regulation of
toll-like receptor-mediated immune re-
sponses. Nat Rev Immunol ,5(6):446—
58.

Lin S.C, Lo Y.C., Wu H. (2010).
Helical assembly in the MyD88-
IRAK4-IRAK?2 complex in TLR/IL-1r
signalling. Nature, 465:885-890. doi:
10.1038/nature09121. [PMC free ar-
ticle] [PubMed] [CrossRef] [Google
Scholar]

Liu WT, et al.( 2017). LPS-induced
CXCR4-dependent migratory proper-
ties and a mesenchymal-like pheno-
type of colorectal cancer cells. Cell
Adh Migr, 11(1):13-23. [PMC free ar-
ticle] [PubMed] [Google Scholar]

Liu, J;
Hutchinson,

Buisman-Pijlman, F;
M.R.( 2014).Toll-like
receptor 4: Innate immune regula-
tor of neuroimmune and neuroendo-
crine interactions in stress and major
depressive disorder. Front. Neurosci.,
8, 309. [Google Scholar] [CrossRef]



Article Reviw : The Possible etiological role of Bacterial Lipopolysaccharides and Tool 150
Like Receptor 4 in colorectal cancer ................. Layla Mahmood Saeed, Dr. Hazima Musa khalel 5

[PubMed].

Liu, X., J. Liang, and G. Li, (2010).
Lipopolysaccharide promotes adhe-
sion and invasion of hepatoma cell
lines HepG2 and HepG2.2.15. Mol
Biol Rep, 37(5): p. 2235-9. [PubMed]
.

Low EE, Demb J, Liu L, Earles A,
Bustamante R, Williams CD, et al.(
2020). Risk factors for early-onset
colorectal cancer. Gastroenterology,
159:492-501.e7. [PMC free article]
[PubMed] [Google Scholar]

Mahood, W. S., Musawi, I. H. N.
A., & Jawad, M. M. (2016). Molecular
analysis of PTEN gene in some Iraqi
colorectal cancer patients. American
Journal of Bio Medicine, 4(7), 191-
198.

Maldonado, R. F., Sa-Correia, 1.,
& Valvano, M. A. (2016). Lipopoly-
saccharide modification in Gram-
negative  bacteria chron-
ic  infection. FEMS  microbiology
reviews, 40(4), 480-493. https://doi.
org/10.1093/femsre/fuw007.

Nicholson BD, Thompson MJ,
Hobbs FDR, Nguyen M, McLellan Ju-
lie, Green B, et al. (2022).Measured

weight loss as a precursor to cancer di-

during

agnosis: retrospective cohort analysis
of 43 302 primary care patients. J Ca-

chexia Sarcopenia Muscle. 13(5):2492—
2503. doi: 10.1002/jesm.13051. [PMC
free article] [PubMed] [CrossRef]
[Google Scholar].

Panyathep A, Chewonarin T. (2020).
Inhibitory effect of a gamma-oryzanol-
rich fraction from purple rice extract on
lipopolysaccharide-induced metastasis
in human colon cancer cells. J Food
Biochem, 44(12):e13487. [PubMed]
[Google Scholar

Silhavy TJ, Kahne D, Walker S.(
2010).The bacterial cell envelope.
Cold Spring Harb Perspect Biols
5)2):a000414. doi: 10.1101/cshper-
spect.a000414. PubMed PMID:

Silhavy TJ, Kahne D, Walker
S.(2010 ).The
lope. Cold Spring Harb Perspect Biol,
2(5):a000414. doi: 10.1101/cshper-
spect.a000414. PubMed PMID: ; PM-
CID: PMC2857177. [PMC free ar-
ticle] [PubMed] [CrossRef] [Google
Scholar]

Simiantonaki N, Jayasinghe C,
Kirkpatrick CJ.(2002. Effect of pro-
inflammatory stimuli on tumor cell-

bacterial cell enve-

mediated induction of endothelial
cell adhesion molecules in vitro. Exp
Mol Pathol, 73(1):46-53. [PubMed]
[Google Scholar]

Thiery JP, Sleeman JP. (2006).Com-



151 ||

aublyell dooladl - du il &5 - dualellg dugy il Olwlyal dloo
02024 jgai- oLl pglc - oWl adlonall - ggyuuellg CULUI saell

plex networks orchestrate epithelial-
mesenchymal transitions. Nat Rev Mol
Cell Biol, 7(2):131-142. [PubMed]
[Google Scholar

Wei M, et al. (2020).NDRG2 regu-
lates adherens junction integrity to
restrict colitis and tumourigenesis.
EBioMedicine. 61:103068. [PMC free
article] [PubMed] [Google Scholar]

WHO Cancer. [(accessed on 14 July
2021)]. Available online: https://www.
who.int/newsroom/fact-sheets/detail/
cancer

WHO, 2023 https://www.who.int/
news-room/fact-sheets/detail/colorec-
tal-cancer

Wong MC-s, Chan C-h, Cheung
W, Fung D-h, Liang M, Huang JL-w,
et al.(2018). Association between in-
vestigator-measured body-mass index
and colorectal adenoma: a systematic
review and meta-analysis of 168,201
subjects. Eur J Epidemiol. 33(1):15—
26. doi: 10.1007/s10654-017-0336-x.
[PMC free article] [PubMed] [Cross-
Ref] [Google Scholar].

Wu X, et al.(2021). Lipopolysac-
charide promotes metastasis via ac-
celeration of glycolysis by the nuclear
factor-kB/snail/hexokinase3 signaling
axis in colorectal cancer. Cancer &
Metabolism, 9(1):23. [PMC free arti-

cle] [PubMed] [Google Scholar

Wu Y, Deng J, Rychahou PG, Qiu
S, Evers BM, Zhou BP.(2009). Sta-
bilization of snail by NF-xB is re-
quired for inflammation-induced cell
migration and invasion. Cancer Cell.

15(5):416.  https://doi.org/10.1016/;.
ccr.2009.03.016..
Al-Rikabi, R., Al-Shmgani, H.,

Dewir, Y. H., & El-Hendawy, S.
(2020). In vivo and in vitro evaluation
of the protective effects of hesperidin
in lipopolysaccharide-induced inflam-
mation and cytotoxicity of cell. Mol-
ecules, 25(3), 478.

Al-Rikabi,R.H.and Al-
Shmgani,H.S.(2018). Evaluation of
Hesperidin Protective Effect on Lipo-
polysaccharide -Induced Inflammation
and Lipid Peroxidation in BALB/c male
mice. Research Journal of Pharmacy
and Technology, 11(12), 5513-5516.

AL-Musawi, I. H. N. A., Mahood,
W.S., Jawad, M. M., & Jawad, A. A.
(2017). Detection of BRAF Gene in
Some Iraqi Bowel Inflammation and
Colorectal Cancer Patients. Ibn AL-
Haitham Journal For Pure and Ap-
plied Sciences, 30(1), 1-10.

Salih, S., & Khalil, S. (2019). The
inhibitory effect of partially purified li-
popolysacharide extracted from Pseu-



Article Reviw : The Possible etiological role of Bacterial Lipopolysaccharides and Tool
Like Receptor 4 in colorectal cancer ................. Layla Mahmood Saeed, Dr. Hazima Musa khalel 152

domonas aeruginosa bacteria on Can-
dida glabrata yeast. Biochemical &
Cellular Archives, 19(2): 4207.
Rasheed, R. A., & Al-Abassi, H.

M. (2022). IL-17 (gene expression)
as a new biological marker for diag-
nosing the gastric and colorectal can-
cer.International Journal of Health
Sciences,6(S8), 103—111

Rasheed, R. A., & Al-Abassi, H.
M. (2020). TGF-BETA3 (gene expres-
sion) as a new biological marker for
diagnosing the gastric and colorectal
cancer. Biochemical & Cellular ar-
chives, 21(1):1539-1543.

https://www.researchgate.net/publi-
cation/376481931

Khalaf, G., & Tawfieq, N. (2013).
Psychological Problems of Patients

with Colorectal Cancer. Iragi National
Journal of Nursing Specialties, 26(3):
40-46.

Rasoul, L. M., Al1, L. F., & Moham-
med, N. S. (2019). The promising an-
ti-tumor impact of Newcastle Disease
Virus expressing IL-2 and P53 genes
in many cancer cell lines in vitro. Iragi
journal of biotechnology, 18(2).

Abbood,I.S;Azez,.H.(2018). Genet-
ic variation in BRAFgene amonglraqi
colorectal cancer patients. Iraqi Journal
of Biotechnology, 17( 3) :78-84.

Hasan, T. F., Al-Abassi, H. M., &
Ali, H. Z. (2021). Cytokines serum
profile immunosuppressant BALB/C
mice infected with cryptosporidium
parvum. biochemical & cellular Ar-
chives, 21(2):2215-2221.

Hasan , A. M., & Majeed, S. M. A.
(2024). Detection of Anti-cancer Activ-
ity of Silver Nanoparticles Synthesized
using Aqueous Mushroom Extract of
Pleurotus ostreatus on MCF-7 Human
Breast Cancer Cell Line. Iragi Journal
of Science. 65(4) pp: 1886-1894.

Neamah, A. S., & Lafta, F. M.
(2024). Diagnostic Potential Role
of CXCL3 and Leptin Levels in
Breast Cancer. Iraqi  Journal of
Science.65(4):1929-1939.



