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Abstract: Colon cancer is among the most prevalent and fatal malignancies and
among the most deadly type of tumor in the world. Chemotherapy and surgery
are the main choices of treatment for cancer patients. However, Resistance to
chemotherapy remains one of the greats challenges mostly for patients with
metastatic lesions. This study will provide a comprehensive review of different
mechanisms of colon cancer chemotherapy resistance in cancer stem cells
including, epithelial-mesenchymal transition (EMT), activation of DNA damage
checkpoints, hindrance of the over-expression of antiapoptotic regulatory
element, the dormant state of colon cancer, ATP-binding cassette (ABC)

E o transporters, 5-fluorouracil resistance mechanisms in colon cancer, and the

presence of reactive oxygen species (ROS) levels will be reviewed. In this paper,

| the possible mechanisms of chemoresistance in colon cancer are systematically

E described, which will be beneficial to the further research of chemoresistance in
H' colon cancer.
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Mechanism.

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original

author and source are credited.

INTRODUCTION

Colon cancer is an illness where cancerous
tumors develop in the colon. According to research, it is
one of the most frequent among cancer patients and
among the deadliest type of cancer in the globe []. At
present, chemotherapy and surgery are among the
primary medical care methods and the personal
characteristics of a patient [?]. Chemotherapy is applied
at varying phases of treatment and it is normally
administered as adjuvant management after surgery for
patients with chronic colon cancer. It can also be applied
as neoadjuvant treatment to minimize the size of a
cancerous cell before its extraction from the body. The
accessibility of different chemo treatment routines has

! Fiorentini, Giammaria, Maurizio Cantore, Susanna
Rossi, Marco Vaira, Salvatore Tumolo, Patrizia Dentico,
Andrea Mambrini et al. "Hepatic arterial chemotherapy
in combination with systemic chemotherapy compared
with hepatic arterial chemotherapy alone for liver
metastases from colorectal cancer: results of a multi-
centric randomized study." in vivo 20, no. 6A (2006):
707-709

2 Stein, Alexander, Djordje Atanackovic, and Carsten
Bokemeyer. "Current standards and new trends in the
primary treatment of colorectal cancer." European
Journal of Cancer 47 (2011): S312-S314.

enhanced the entire endurance rate of individuals with
chronic colon cancer in the previous few years.
Nevertheless, despite the successful treatment rate for
new systematic therapies has reached up to 50%, there
have been cases of drug resistance nearly among
individuals suffering from colon cancer and there has
been a decline in the effective treatment of antitumor
agents, hence leading to a non-performance of
chemotherapy [°].

Drug counteraction is the reduced effectiveness
of a drug. This includes antiviral, antibodies, and
chemotherapeutic agents in the treatment or prevention
of a certain disease [*]. There has been an extensive

% Dallas, Nikolaos A., Ling Xia, Fan Fan, Michael J.
Gray, Puja Gaur, George Van Buren, Shaija Samuel,
Michael P. Kim, Sherry J. Lim, and Lee M. Ellis.
"Chemoresistant colorectal cancer cells, the cancer stem
cell phenotype, and increased sensitivity to insulin-like
growth factor-I receptor inhibition.” Cancer
research 69, no. 5 (2009): 1951-1957.

4 Tang, Dongxin, Zhu Yang, Fengxi Long, Li Luo, Bing
Yang, Ruyi Zhu, Xianan Sang, Gang Cao, and Kuilong
Wang. "Long noncoding RNA MALAT1 mediates stem
cell-like properties in human colorectal cancer cells by

*Corresponding Author: Zhengwei-Fu

299

Department of Gastrointestinal Surgery ‘Chongqing University Tree Gorges Hospital, Chongqging China


https://www.easpublisher.com/
https://orcid.org/0009-0009-2172-9064

Imadoudini Hassimi Safia et al, East African Scholars J Med Surg; Vol-6, Iss-10 (Oct, 2024): 299-313

investigation of the resistance of cancer drugs since the
finding of a new form of inhibition related to P-
glycoprotein (P-gp) in different hamster ovary cell
cycles. This is the resistance to different functionally and
structurally chemotherapeutic agents that are not related
after they have been exposed to a one cytotoxic agent. To
date, cancer inhibition to different types of drugs is still
a considerable hindrance to the notable medication of
cancer. Many deaths related to cancer is as a result of the
failure of chemotherapy that result because of treatment
suppression that is experienced in the period of
chemotherapy and cancer progression.

Suppression of tumor programmed cell death,
differentiation with targeted sites of chemotherapeutic
agents, cancer stem cells, change in designated regions
of chemotherapeutic mechanisms, and tumor resistance
are the main reasons for chemotherapy resistance [°].
Cancer stem cells account for approximately 5% of the
tumor cells and can lead to cloning, self-renewing, multi-
lineage variation, tumor activation, metastasis, upkeep of
tumor behaviors, and proliferation [€]. The study of the
mechanism of drug suppression and their methods of
reversal have contributed in the successful development
and study of cancer chemotherapy methods.

Different biological pathways principal to drug
inhibition were studied and developed in the past few
decades. They are grouped into two types that are,
cellular and non-cellular inhibition pathways. cellular
mechanisms are mostly associated with drug targets,
transport systems, and enzymes in the cellular cells. Non-
cellular mechanisms, on the other hand, are the
extracellular elements, such as tumor micro-
environment, and inhibited vascular accessibility. Other
mechanisms are epithelial-mesenchymal transition
(EMT), initiation of DNA damage barriers, hindrance of
the over-expression of antiapoptotic regulatory element,
the dormant state of colon cancer, ATP-binding cassette
(ABC)  transporters, 5-fluorouracil inhibition
mechanisms in colon tumor, and the presence of reactive
oxygen species (ROS) levels. Recent studies have
focused on cancer stem cells and natural drug extracts,
that can remove CSC and inhibit chemotherapy
resistance. Even though there are effective

regulating miR-20b-5p/Oct4 axis." Journal of cellular
physiology 234, no. 11 (2019): 20816-20828.

® Tang, Dongxin, Zhu Yang, Fengxi Long, Li Luo, Bing
Yang, Ruyi Zhu, Xianan Sang, Gang Cao, and Kuilong
Wang. "Long noncoding RNA MALAT1 mediates stem
cell-like properties in human colorectal cancer cells by
regulating miR-20b-5p/Oct4 axis." Journal of cellular
physiology 234, no. 11 (2019): 20816-20828.

6 Zhou, He-Ming, Ji-Gang Zhang, Xue Zhang, and Qin
Li. "Targeting cancer stem cells for reversing therapy
resistance;: Mechanism, signaling, and prospective
agents.” Signal Transduction and Targeted Therapy 6,
no. 1 (2021): 62.

chemotherapeutic treatments for colon cancer, most
patients end up developing acquired inhibition to
chemotherapeutic agents. In this consideration, we must
have an imperative knowledge of the underlying
mechanism through which drug repression develops in
colon cancer, to create effective therapeutic measures for
colon cancer patients. This paper will review different
pathways of colon cancer counteraction to
chemotherapy.

Mechanisms of colon cancer resistance to
Chemotherapy Fluorouracil resistance mechanisms in
colon cancer.

5-fluoroucil is a cognate of a fluorine atom at
the C5 point as a substitute of hydrogen. The most
important catalyst in 5-FU catabolism is thymidylate
synthase (TS), belonging to one of the three fundamental
routes of 5-FU metabolism. Similar to other enzymes
taking part in either 5-FLU catabolism or metabolism,
they are always changed, leading to 5-FU resistance. The
primary cellular functions (autophagy, apoptosis, cell
cycle, glucose catabolism, and respiration) can also be
interfered with in colon tumor leading to contact with 5-
FU. Drug transporters are the primary elements taking
part in multi-drug counteraction. 5-FU-mediated
epigenetic changes, epithelial-mesenchymal transition
(EMT), and microRNA (miR) dysregulations make up
the most vital 5-FU resistance mechanisms. we will
review different mechanisms created by colon cancer
cells to inhibit 5-FU-activated cytotoxic ramifications.

Alternation of TS and Various Enzymes Associated
With 5-Fu Activation and Metabolism

TS mRNA levels increase in 5-FU-repression
cells causing heightened TS catalytic activity and
inhibition of TS transport [*]. Increased intrinsic values
of TS are a product of 5-FU counteraction in patients, in
the cells, and in a laboratory setting [?]. It is also clear
that after the treatment of 5-FU, the continuity rate of
long-suffering individuals with high TS levels, which
can be seen in main tumors with lymph node progression
and in those with metastasis, is lesser than for patients
with low TS levels. Among the main sources of the high
level of TS in colon cancer is TS polymorphism [°]. The

7 Zhang, Ye, Xinggian Hu, Xiaofei Miao, Kuiyu Zhu,
Songkui Cui, Qingyang Meng, Jialin Sun, and Tong
Wang. "Micro RNA-425-5p regulates chemoresistance
in colorectal cancer cells via regulation of Programmed
Cell Death 10." Journal of cellular and molecular
medicine 20, no. 2 (2016): 360-369.

8 Zhang, Y., G. Talmon, and J. Wang. "MicroRNA-587
antagonizes 5-FU-induced apoptosis and confers drug
resistance by regulating PPP2R1B expression in
colorectal cancer, Cell Death Dis. 6 (2015) e1845-
e1845." (2015).

® Braun, Christian J., Xin Zhang, Irina Savelyeva, Sonja
Wolff, Ute M. Moll, Troels Schepeler, Torben F. @rntoft,
Claus L. Andersen, and Matthias Dobbelstein. "p53-
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existence of high-level TS ahead 5-FU clinical care leads
to disrupted folate streams and results in intrinsic
hindrance. On the other hand, acquired suppression is
associated with TS gene mutations and amplification.
This study indicates that patients with tumors that show
the presence of TS amplification should seek alternative
treatment methods and should not be treated with 5-FU.

Other mechanisms that have recently been
identified as new pathways explaining 5-FU suppression
in colon cancer are thymidine kinase and Uridine kinase,
orotate phosphoribosyltransferase activities that have a
lower cell resistance [°]. Changes in the uridine
monophosphate synthetase (UMPS) RNA that is subject
to the alteration of 5-FU into activated anticancer
metabolites in cancer cells. An example is heterozygous
splice target alterations and aberrant exon splitting and
deterioration that lead to a reduction in its functionality.

Disruption of Cellular Activities by 5-FU

Cancer cells can lead to a chemical mechanism
resistance to anticancer drugs. This section will provide
a review of how colon cancer can regulate the cell cycle,
oxidative stress, glucose metabolism, EMT, and the
activities of mitochondrial in order to be able to inhibit
cell death induced by 5FU.

Autophagy and Apoptosis Disruptions

These are two regulatory events that are liable
for the extermination of cancer cells. However, this
process is always counteracted by cancer cells and
becomes drug resistant.

Chemotherapy is one among other treatments
that enhance apoptosis through the introduction of tumor
suppressor gene p53 (pt53). Studies has indicated that,
that some colon tumor tend to be more defiant to 5-FU
as a result of the alternation of cytoplasmic p53.
therefore, hydroxymethyltransferase 2 can marge
together cytoplasmic p53 instead of HDM2 limiting the
deterioration of cytoplasmic p53 [*']. However, research
indicated that tp53 is mutated in 50% of cancer since it
losses its functionality [*2]. It has also been found that

Responsive micrornas 192 and 215 are capable of
inducing cell cycle arrest." Cancer research 68, no. 24
(2008): 10094-10104.

10 Chai, Jie, Wei Dong, Chao Xie, Lin Wang, Da-Li Han,
Shan Wang, Hong-Liang Guo, and Zong-Li Zhang.
"Micro RNA-494 sensitizes colon cancer cells to
fluorouracil through regulation of DPYD." IUBMB
life 67, no. 3 (2015): 191-201.

11 Chen, Pinjia, Xiaoyong Luo, Peipei Nie, Baoyan Wu,
Wei Xu, Xinpeng Shi, Haocai Chang, Bing Li, Xiurong
Yu, and Zhengzhi Zou. "CQ synergistically sensitizes
human colorectal cancer cells to SN-38/CPT-11 through
lysosomal and mitochondrial apoptotic pathway via p53-
ROS  cross-talk.” Free  Radical Biology and
Medicine 104 (2017): 280-297.

p53 modulators, like caspase-9 and its elements,
apoptotic protease that is responsible for the activation of
factor one can be inactivated resulting in resistance to
drugs. Other have also been indicated the function of
glycogen synthase kinase3f (GSK3p) in cell resistance
associated with 5-FU. Studies have also indicated that
the prevention of enhancing colon tumors continuity to
5-FU via the suppression of apoptosis activated by 5-FU
and evolution of in G2/M and S phase [**]. In addition to
GSK3p and TP53 involvement of resistance mediated by
5-FU, the expected functions of Maspin (pro-apoptotic
protein) and Rho GDP dissociation resistance 2
(RhoGDI2) that are promoted and downgraded
correspondingly, in suppressor cells, were also observed.
This, therefore, indicates that knockdown of (RhoGdI2)
has the ability to improve 5-FU inhibition colon cancer
cells to this treatment.

Autophagy can be described as a procedure
where cells can be able to thrive via the presence of a
self-regulated mechanism of nutrition when the pressure
evoked is over expressed. It leads to resistance to
treatment and tumor growth. Stimulation of the
p38MAPK mechanism has a vital determinant in this
pathway and the cellular response to 5FU. It has also
been found that the suppression of this mechanism goes
in line with a decline in 5-FU-associated apoptosis,
which later leads to colon tumor inhibition. The 5-FU
inhibition channeled by P38MAPK mechanism
suppression is related to an autophagic reaction in places
where it evokes a decline in p53-mediated apoptosis in a
way that it does not affect p53 driven autophagy. It is also
clear that the p38MAPK-mediated mechanism takes a
vital function in colon tumor 5-FU inhibition by
regulating the equilibrium amidst autophagy and
apoptosis.

The activation of autophagy by 5-FU can in the
same case be associated with the P53-AMPK-mTOR
mechanism. The induction of AMPK leads to the
suppression of mTOR by p53 and can lead to autophagy
[*]. The study indicated that receptor-associated-co-
activator 3(RAC3), which is highly found in cancer with

12 He, Jinxia, Ganfeng Xie, Jingtao Tong, Yonghai Peng,
Haihui Huang, Jianjun Li, Ning Wang, and Houjie Liang.
"Overexpression of microRNA-122 re-sensitizes 5-FU-
resistant colon cancer cells to 5-FU through the
inhibition of PKM2 in vitro and in vivo." Cell
Biochemistry and Biophysics 70 (2014): 1343-1350.

13 Huffman, Derek M., William E. Grizzle, Marcas M.
Bamman, Jeong-su Kim, Isam A. Eltoum, Ada Elgavish,
and Tim R. Nagy. "SIRT1 is significantly elevated in
mouse and human prostate cancer." Cancer research 67,
no. 14 (2007): 6612-6618.

14 To, Kenneth KW, W. W. Leung, and Simon SM Ng.
"Exploiting a novel miR-519¢c-HUR-ABCG2 regulatory
pathway to overcome chemoresistance in colorectal
cancer." Experimental cell research 338, no. 2 (2015):
222-231.
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primary function in cancer progression, induction,
survival, and metastasis, enhances 5-FU resistance.
RAC3 is over-expressed in colon tumor cells under 5-FU
diagnosis. It suppresses both autophagy and apoptosis
[ ] The induction of PI3/AKt and P38MAPK
mechanisms is accompanied by repression of caspase-8
and 9 and an encirclement of apoptosis-activating factor
-1 moved to the nucleus from mitochondria.

Interruption of Cellular Roles Taking Part in EMT

Changing growth factor-p (TGF-) is a vital
element of EMT that is associatyed with paradoxical
duties in the development of cancer. According to
research, it has also been found that it acts as a key
modulator of 5-FU inhibition; it is up-regulated in 5-FU-
inhibition colon cancer tumors, and its resistance
reactivates 5-FU colon cancer cell functionality via the
regulation of some RNA expression forms, such as the
transcription actor TWIST1 [*6]. It has also been found
that TWIST1 inhibition in colon tumor cells activates
them to 5-FU-mediated apoptosis.

It was observed that integrins play a primary
function in the intrusion, degradation, and metastasis of
ECM of colon tumor cells. It was also found that -6
integrin is up-regulated after 5-FU diagnosis, shielding
colon tumors from the outcomes of 5-FU cytotoxic on
cell development resistance and apoptosis, via BvsI2
over-expression, Bax adverse effect, and ERK/MAPK
mechanism activation [*7]. Connexins, a group member
of surface adhesion proteins were found to reduce the
effectiveness of 5-FU hazardousness in colon cancer
cells [*]. Consequently, development of E-cadherin
reduces with colon cancer stage after the administration
of 5-FU treatment. This element associated with the
EMT cycle have adverse effects as a result of the over-
expression of hairy catalyst of split-1, a transcription
element of a Notch signaling mechanism (HES1) in
phase II-1I1 colon cancer treatment through 5-FU
activating higher colon cancer recurrence rates [*°].

15 Han, Jia, Jie Li, Kaijie Tang, Huahua Zhang, Bo Guo,
Ni Hou, and Chen Huang. "miR-338-3p confers 5-
fluorouracil resistance in p53 mutant colon cancer cells
by  targeting the mammalian  target  of
rapamycin." Experimental cell research 360, no. 2
(2017): 328-336.

16 Wu, Haijun, Yu Liang, Lin Shen, and Liangfang Shen.
"MicroRNA-204 modulates colorectal cancer cell
sensitivity in response to 5-fluorouracil-based treatment
by targeting high mobility group protein A2." Biology
Open 5, no. 5 (2016): 563-570.

7 Liu, Song, Jian Wang, Weibo Niu, Enyu Liu, Jiayong
Wang, Cheng Peng, Pengfei Lin et al. "The B6-integrin-
ERK/MAP kinase pathway contributes to chemo
resistance in colon cancer.” Cancer letters 328, no. 2
(2013): 325-334.

18 Zou, Zhao-Wei, Hai-Jin Chen, Jin-Long Yu, Zong-Hai
Huang, Shun Fang, and Xiao-Hua Lin. "Gap junction
composed of connexin4d3 modulates 5-fluorouracil,

Apart from cell surface adhesion molecules,
there are other elements of cancer advancement and
EMT. It has been implied that cell amalgamation can be
successfully applied during the induction, progression,
and phenotypic change of tumor. It has also been found
that GTP-binding protein, radixin, ADAM 10, RhoA
proteins, and myosin controlling light chain were found
to enhance cell amalgamation in colon cancer, resulting
to the growth of a resilient phenotype to 5-FU.

It was also observed that some mechanisms
such as Hedgehog signaling, which had been labelled as
vital controllers of embryonic growth, cell differentiation
(EMT), and tissue polarity, were also found to be part of
colon cancer development and 5-FU resistance cells [%°].

Oxidation  Stress, Glucose Metabolism, and
Mitochondrial Process

The pyruvate dehydrogenase (PDH) catalyst is
an important intermediary of glucose oxidative
metabolism that helps in the conversion of pyruvate to
acetyl-CoA. Its functionality is restricted by (PDHK)
proteins and PDH kinase. It has been found that the
conversion of PDHK4 is completely compatible with 5-
FU suppression of colon cancer tumors. It has also been
found that 5-FU activates PDHK4 expression in a TGF-
B indicating a similar reliant way with the
phosphorylation of Survivin expression and Smad2 [2].
The protein groups, Prolyl hydroxylase are oxygen-
selective catalysts that were first known for their
potential to control cellular survival to a very low level
oxygen environment by focusing the hypoxia-activatable
transcriptional elements HIF-20 and HIF-1a to their
proteasomal declining. Through p53 phosphorylation
activation, Pyruvate dehydrogenases take part in cell
destruction, mediated 5-FU colon cancer recession, and
development of metabolic stress. The modification of
P53 post-translational activates the reaction amidst XPB
and P53, a factor of nucleotide editing restoration
process, resulting in 5FU-activated DNA mutilation

oxaliplatin and irinotecan resistance on colorectal
cancers." Molecular Medicine Reports 14, no. 5 (2016):
4893-4900.

19 Sun, Lei, Jia Ke, Zhen He, Zexian Chen, Qinghua
Huang, Wenjia Ai, Guogiang Wang et al. "HES1
promotes colorectal cancer cell resistance to 5-Fu by
inducingg of EMT and ABC transporter
proteins.” Journal of Cancer 8, no. 14 (2017): 2802.

20 Zhang, Lining, Ruolan Song, Dongsheng Gu, Xiaoli
Zhang, Beigin Yu, Bingya Liu, and Jingwu Xie. "The
role of GLI1 for 5-Fu resistance in colorectal
cancer.” Cell & bioscience 7, no. 1 (2017): 1-9.

2L Leclerc, D., D. N. T. Pham, N. Lévesque, M.
Truongcao, W. D. Foulkes, C. Sapienza, and R. Rozen.
"Oncogenic role of PDK4 in human colon cancer
cells." British journal of cancer 116, no. 7 (2017): 930-
936.
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restoration and hence colon cancer proliferation and
survival.

Various anticancer elements, for example 5-FU,
produce reactive oxygen species (ROS), which activate
oxygen adding impairment resulting in tumor cell
damage. However, cancer stem cells (CSC) can create
cellular adaptive responses to reactive oxygen species to
thrive [??]. Some proteins have been marked as new
indicators of this colon cancer sub-population with the
ability to counteract the 5-FU activated reactive oxygen
species: 5-FU activation nuclear rearrangement and
induction of Nrf2, identified as being associated with the
resistance to treatment via its fundamental induction,
which later results to up-regulation of antioxidant
enzymes, enhancing the inhibition of cells to the
cytotoxic outcomes brought about by this treatment.

Mitochondria supply energies for the cells and
led to programmed cell death. Over-expression of ATP
synthase restricts the energy flow to the process of
respiratory, leading to an higher level of superoxide
electrons, triggering DNA mitochondrial-associated cell
disintegration and DNA damage, but also changed
phenotype [*]. Therefore, mitochondrial ATP synthase
flaw could lead to bionergetic elements of cancer as well
as a primary factor of chemotherapy-activated
hinderance [ 2*]. This will, therefore, reduce the
production of the sub-elements of the mitochondrial
F1FO-ATP synthesis in 5-FU recession cells.
Consequently, an ATP synthase, oligomycin a resistor
highly counters 5-FU cytotoxic properties. Recent
studies have also indicated that 5-FU hindrance is
activated by minimizing mitochondrial metastasis with
reference to reduced production of both the large cancer
inhibitor kinase 2 (LATS2) Hippo mechanism and
mitochondrial extension factor 1.

Cell Cycle Perturbation

22 Lj, Xiangyong, Haibin Zhao, Xijian Zhou, and Lei
Song. "Inhibition of lactate dehydrogenase A by
microRNA-34a resensitizes colon cancer cells to
5-fluorouracil.” Molecular medicine reports 11, no. 1
(2015): 577-582.

2 Cuezva, José M., Maryla Krajewska, Miguel Lopez de
Heredia, Stanislaw Krajewski, Gema Santamaria,
Hoguen Kim, Juan M. Zapata, Hiroyuki Marusawa,
Margarita Chamorro, and John C. Reed. "The
bioenergetic signature of cancer: a marker of tumor
progression.” Cancer research 62, no. 22 (2002): 6674-
6681.

2 Dey, Runu, and Carlos T. Moraes. "Lack of oxidative
phosphorylation and low mitochondrial membrane
potential decrease susceptibility to apoptosis and do not
modulate the protective effect of Bcl-xL in osteosarcoma
cells." Journal of Biological Chemistry 275, no. 10
(2000): 7087-7094.

%5 Guo, Xiaoxia, Elisabeth Goessl, Gang Jin, Elaina SR
Collie-Duguid, James Cassidy, Weiguang Wang, and V.

5-FU-inhibitor colon tumor cells indicated key
cell cycle delay in long DNA synthesis time and G1 and
G1/S [?°]. It was also found that the levels of protein
activation of cyclin-mediated kinase 2(CDK2) and its
other phosphorylation levels, were minimized in 5-FU-
impediment cells. The outcomes indicated that there is a
cell cycle delay, preventing the transformation of 5-
FUmetabolites into DNA and giving cancer cells ample
period for DNA restoration [?]. Studies also indicated
that a colon sub-population that had ideal cancer stem
cell elements and resistance to 5-FU has the ability to
change into a reversible inactive GO form after it has
been exposed to high 5-FU concentrations. The inactive
5-FU-recession colon cancer cells over-expressed both
the membrane-bound and activated tyrosine kinase c-
Yes. Consequently, Yes-associated protein (YAP) and
YES 1 transcript rates are at a high level in liver
metastases of individuals diagnosed with colon tumor
done after 5-FU-related neoadjuvant treatment. In
addition, YAP and YES1 manuscript factors correlated
accordingly with tumor degeneration and reduced patient
survival [%].

Membrane Drug Transporters and Multidrug
Resistance

MDR can result in hindrance to cytotoxic
factors like 5-FU influenced by an increase in the
activities and expression of some membrane medicine
transporters that will be reviewed below.

The first is the MDR-related protein (MRP)
which is made up of nine elements, MRP8/ABCC11,
ATP/MRP1 binding cassettes (ABC) subtype
ABCC6/MRP6 to C1, MRP9/ABCC12,
MRP7/ABCC10. The efflux of anticancer and
MRP/ABCs reportedly mediated ATP-dependent
transport mediators out of cells, enhancing drug
inhibition [%9].

I. N. C. E. N. T. O'BRIEN. "Cell cycle perturbation and
acquired 5-fluorouracil chemoresistance.” Anticancer
research 28, no. 1A (2008): 9-14.

%6 Touil, Yasmine, Wassila Igoudjil, Matthieu
Corvaisier,  Anne-Frédérique  Dessein,  Jérdbme
Vandomme, Didier Monté, Laurence Stechly et al.
"Colon cancer cells escape 5FU chemotherapy-induced
cell death by entering stemness and quiescence
associated with the c-Yes/YAP axis." Clinical cancer
research 20, no. 4 (2014): 837-846.

27 |bid 40

28 Bera, Tapan K., Sanghyuk Lee, Giuliana Salvatore,
Byungkook Lee, and Ira Pastan. "MRP8, a new member
of ABC transporter superfamily, identified by EST
database mining and gene prediction program, is highly
expressed in breast cancer.” Molecular Medicine 7
(2001): 509-516.

© East African Scholars Publisher, Kenya

303



Imadoudini Hassimi Safia et al, East African Scholars J Med Surg; Vol-6, Iss-10 (Oct, 2024): 299-313

Both ABCC5 and MRP8/ABCC11 have been
found as enhancing factors to the resistance of therapies
related to 5-FU and its active derived metabolite in colon
cancer [?]. Consequently, MRP7/ABCC10 indirectly
participates in the 5-FU recession. 5-FU activated up-
regulation of Forkhead box M1 (FOXM1) transcription
elements, which later up-regulate ABBCC10 in 5-FU-
recession cells. Following these findings, the hindrance
of ABCC10 and FOXM1 enhance the hindrance of colon
tumor to 5-FU.

Tumor Microenvironment

Some 5-FU recession pathways take place in
cancer cells and while are moderately modulated by the
TME, that assumes a vital function in the bio-availability
of chemo-treatment molecules and the overall tumor's
factors [*°]. The TME is comprised of endothelial cells,
cancer-associated fibroblasts (CAFs), cancer cells, and
resistant cells with fundamental functions taken by
cancer-related macrophages cancer stem cells, and
(TAMS).

(A} response of cellular partners like immunity cells

B. induction of released soluble factors

C. CAFs, CAF-released soluble factors, and CSCs.

D._ results of other actors like cytokines, chemokines,
condition medium, ligand 21, transforming factor- B
[TGF-B]}

CRR, chemokine [C-C motif) recptor; IL, interleukin; CM,
conditioned medium, PD-2 mediated cell deadth-1

A. M1 reaction B. induction of released soluble
factors and TAMs C. colon cancer stem cells and CAF-
released soluble factor D&E. results of varrying actors
like cytokines, chemokines, condition medium etc.

C. colon cancer stem cells and CAF-released soluble
factor

Vesicles and extracellular soluble molecules
perform a major role in carcinogenesis activation and
TME-associated recession. A review of the contribution
of the two resistant cells CAFs and (TMEs) and the
results of their free soluble elements on cancer stem cell
preservation and development of 5-FU inhibition will be
done.

29 Bera, Tapan K., Sanghyuk Lee, Giuliana Salvatore,
Byungkook Lee, and Ira Pastan. "MRP8, a new member
of ABC transporter superfamily, identified by EST
database mining and gene prediction program, is highly
expressed in breast cancer." Molecular Medicine 7
(2001): 509-516.

Subtypes macrophages, released soluble factors, and
TAMs

Insoluble tumors, resistant cells, and mostly
macrophages have been developed as crucial elements of
the cancer stroma, taking a key part in cancer
development [ 3! ]. Research data on Macrophage
subtypes M2 anti-inflammatory 1, M1 pro-inflammatory
macrophages, and TAMs have been well documented.

M1 culture media (M1-CM) weakens 5-FU-
activated cytotoxic reaction outcomes by minimizing cell

30 Schiavoni, Giovanna, Lucia Gabriele, and Fabrizio
Mattei. "The tumor microenvironment: a pitch for
multiple players.” Frontiers in oncology 3 (2013): 90.

31 Rutkowski, Melanie R., Tom L. Stephen, and Jose R.
Conejo-Garcia.  "Anti-tumor  immunity:  myeloid
leukocytes control the immune landscape.” Cellular
immunology 278, no. 1-2 (2012): 21-26.
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development and enhancing cell cycle arrests [32]. M1-
CM restricts the 5-FU-activated S stage colon cancer cell
blockade that concentrates in G2/M and GO0/G1,
preventing them from medicine-initiated cytotoxic
results. Consequently, M1-CM up-regulates protein
levels in MRNA, and protein rates of the known element
which controls the reaction of p2l1 that is also
overexpressed at protein levels in colon cancer and
mRNA affected by M1-CM. The increase of p21
expression has had a direct effect on 5-FU inhibition in a
cell line from other parts of the body and from the colon.

Tumor development is enhanced by M2 through
metastasis, cell proliferation, immunosuppression, and
lymphangiogenesis/angiogenesis [33]. Therefore, it can
be well said that TAMs regulate not only tumor
development but also chemoresistance, and medical
care-guided cytotoxic effects. Research has also
indicated that there is a relationship between colon
cancer progression and TAM infiltration [3*]. 5-FU
enhances TAM permeation in colon cancer and the
removal of myeloid cells, which are composed of TAMs
which increases 5-FU effectiveness on cancer increased
resistance. Consequently, the channel of culture from 5-
FU-prepared TAMs (TAM-CM) hinders 5-FU-activated
cancer development, weight restriction, and size,
indicating that 5-FU can lead to the release of TAM
elements that act against 5-FU-activated cytotoxicity.
TAM-CM metabolic division that has a surplus supply of
putrescine is the only metabolic fraction that can do away
with 5-FU cytotoxic outcomes by minimizing cleaved
caspase-3 and JNK mechanism induction.

Cancer-Associated Fibroblasts, Cancer Stem Cells,
and CAF-Released Soluble Factors

Cancer-related fibroblast results from different
categories of cells. The most common cells in the group
have crucial elements of stroma cancer. They enhance
the creation of new tumors by facilitating tumor cell

32 Hedbrant, Alexander, Ann Erlandsson, Dick Delbro,
and Jonny Wijkander. "Conditioned media from human
macrophages of M1 phenotype attenuate the cytotoxic
effect of 5-fluorouracil on the HT-29 colon cancer cell
line." International journal of oncology 46, no. 1 (2015):
37-46.

% Ding, Ling, Guikai Liang, Zhangting Yao, Jiegiong
Zhang, Ruiyang Liu, Huihui Chen, Yulu Zhou, Honghai
Wu, Bo Yang, and Qiaojun He. "Metformin prevents
cancer metastasis by inhibiting M2-like polarization of
tumor associated macrophages.” Oncotarget 6, no. 34
(2015): 36441.

34 Zhang, Jia, Yan Yan, Ya Yang, Li Wang, Min Li,
Jizhao Wang, Xu Liu, Xiaoyi Duan, and Jiansheng
Wang. "High infiltration of tumor-associated
macrophages influences poor prognosis in human gastric
cancer patients, associates with the phenomenon of
EMT." Medicine 95, no. 6 (2016).

% Martelli, Alberto M., Giovanna Tabellini, Daniela
Bressanin, Andrea Ognibene, Kaoru Goto, Lucio Cocco,

propagation and angiogenesis and incursion performing
key functions in inhibition to chemotherapy of various
tumors, counting colon cancer. Cancer-mediated
fibroblasts propagate various distinct characteristics such
as fibroblast growth factor receptor 4(FGFR4) and o-
smooth muscle actin. In colon cancer, FGFR4 promotes
EMT, takes action in tumor-stroma reactions, and can
also be part of a new key factor of 5-FU inhibition in
colon cancer [*]. Its hindrance improves cytotoxic
paraphernalia of 5-FU via downregulation of indicator
converter and catalysts of transcription 3 (STAT3) and
later resistance of cFLIP, ensuing in cytochrome c
discharge, BAX and caspase-8 and -9 induction, and
caspase-9 and -3 and caspase-9 and polymerase divisions
and lastly the apoptosis of FGFR4-mediated 5-
FUresistant colon cancer cells [3].

Tumor-related fibroblasts also have the ability
to release cytokines and chemo- and soluble expression
elements that activate JAK and PI3K motion routes to
shield cancer cells from chemotherapy treatment
elements presently applied in colon cancer [*7]. Cancer-
mediated fibroblast-associated culture medium (CAF-
CM) comprising CAF soluble agents, minimize
proliferative and apoptotic levels of colon cancer cells
unprotected from 5-FU or not. The colon cancer cell
increment is minimized by CAF-CM in the S stage
activated by 5-FU, enhancing a longer G1 propagation
with cell accretion in GO/G1. Cancer-mediated fibroblast
soluble factor, thus enhances cycle arrest of 5-FU-
associated colon cancer cells earlier than they enter into
mitosis for it to restore cell DNA impairment and keep
them ready for mitosis. The cell cycles are associated
with the induction of G2/M checkpoint kinase and
2(CHK2) the following reduction in expression of
mitosis cycle 25B (CDC25B. Increased levels of
phosphorylated CHK2 that are similar to lower CDC25B
expression can be found in 5-FU mediated cells formed
in CAF-CM [%8]. Consequently, CAF soluble elements

and Camilla Evangelisti. "The emerging multiple roles of
nuclear Akt." Biochimica et Biophysica Acta (BBA)-
Molecular Cell Research 1823, no. 12 (2012): 2168-
2178.

% Gongalves-Ribeiro, Samuel, Natalia Guillen Diaz-
Maroto, Mireia Berdiel-Acer, Antonio Soriano, Jordi
Guardiola, Mercedes Martinez-Villacampa, Ramon
Salazar et al. "Carcinoma-associated fibroblasts affect
sensitivity to oxaliplatin and 5FU in colorectal cancer
cells." Oncotarget 7, no. 37 (2016): 59766.

87 Chandarlapaty, Sarat, Ayana Sawai, Maurizio
Scaltriti, Vanessa Rodrik-Outmezguine,  Olivera
Grbovic-Huezo, Violeta Serra, Pradip K. Majumder,
Jose Baselga, and Neal Rosen. "AKT inhibition relieves
feedback suppression of receptor tyrosine Kkinase
expression and activity." Cancer cell 19, no. 1 (2011):
58-71.

%8 1bid 36
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excite and activates STAT/JAK and PI3BK/mTOR/ AKT
mechanism and the following nuclear translocation of
AKT, p38, and STAT triggered states, which enhance the
expression of survivin. In this case, STAT3 exhibits a
potential point to overrule CAF-associated CRC 5-FU
inhibition, as STATS3 resistance enhances colon cancer
cells to 5-FU despite the presence of CAF-CM. On the
other hand, AKT resistance indicates adversary
properties; it does not inform colon tumor cells to 5-FU,
which might lead to trosine kinase or MYC receptor
mechanism [%°]. Cancer-inhibited fibroblasts or colon
cancer also eject chemokine (C-C motif) ligand 1
(CCL1), an unhealthy intermediary that has a great
contribution to lymph node conversion as well as 5-FU
recession, and strongly demonstrates the finger transcript
factor snail [*°].

Epigenetic Alterations

This is the alteration of gene expression and not
changing the nucleotide series. They are among the
pathways that lead to 5-FU resistance that will be
reviewed in our study.

Histone Posttranslational Modification

Histone structure modification is fundamental
in tumor activation and advancement. Histone
acetylation or methylation has a direct impact on the
chromatic structure and modulates DNA accessibility
and gene expression. Histone methylation is related to
RNA expression or RNA induction, other the hand,
acetylation is only related to RNA induction [*1].

The mediated serine-threonine kinase body
structure (STRAP) is a a structural protein that binds
several molecules together and that epigenetically
modulates the Notch route and establishes properties that
are related to colon cancer stem cells by working on the
polycomb-immune complex 2 (PRC2). The polycomb-
resistant complex 2 has trimethylates histone H3 and

39 Chandarlapaty, Sarat, Ayana Sawai, Maurizio
Scaltriti, Vanessa Rodrik-Outmezguine, Olivera
Grbovic-Huezo, Violeta Serra, Pradip K. Majumder,
Jose Baselga, and Neal Rosen. "AKT inhibition relieves
feedback suppression of receptor tyrosine Kkinase
expression and

40 Li, Zigian, Kaying Chan, Yifei Qi, Linlin Lu, Fen
Ning, Mengling Wu, Haifang Wang, Yuan Wang,
Shaohui Cai, and Jun Du. "Participation of CCL1 in
snail-positive fibroblasts in colorectal cancer contribute
to 5-fluorouracil/paclitaxel chemoresistance.” Cancer
Research and Treatment: Official Journal of Korean
Cancer Association 50, no. 3 (2018): 894-907.

4l Crea, Francesco, Stefania Nobili, Elisa Paolicchi,
Gabriele Perrone, Cristina Napoli, Ida Landini, Romano
Danesi, and Enrico Mini. "Epigenetics and
chemoresistance in colorectal cancer: an opportunity for
treatment  tailoring and novel therapeutic
strategies.”" Drug Resistance Updates 14, no. 6 (2011):
280-296.

histone methyltransferase actions on lysine 27
(H3K27me3), a representation of both notch-associated
gene inhibition and transcriptionally silent chromatin.
However, the activity of methyltransferase is hindered by
STRAP, whose mRNA and protein levels are over-
copied in colon cancer samples related with ideal tissues.
Consequently, STRAP upregulation is related to poor
endurance with adjuvant phototherapy, indicating its
fundamental duty in 5-FU chemotherapy resistance [*?].

DNA Methylation and Demethylation

In the medical care of colon tumor, studies have
indicated that some genes that take part in medicine
metabolism modulated by cytochrome P450, pyrimidine
metabolism, p53 signaling pathways, epidermal
development factor receptor, and apoptosis that are
hypermethylated and later downregulated leading to 5-
FU repression [*®]. Some characteristics of microsatellite
instability are lack of sufficient incongruity repair
(MMR) MLH1 RNA, that result from its catalytic
hypermethylation. Despite being identified by advanced
appearance MSI colon cancer usually have a promising
medical diagnosis. 5-FU metabolism leads to the
formation of 5-FUTP, that is consequently incorporated
into DNA, producing a discrepancy identified by the
MMR structure. This lead to cell cycle apoptosis and
arrest in situations where cases of irreversible cuts. In
cases where patients are suffering from MLH1 gene
deficiency, the damage is not recognized, therefore,
conferring repression to 5-FU [*4].

Lack of Methylation Hypomethylation-Modulated
Gene Upregulation

Prooncogenes genes of recurrent colon cancer
take part in the cell production mechanism as well as cell
series, resulting in higher rates of production, shielding
cells from phototherapeutic cytotoxicity, and the
growing danger of return [*°].

42 Buess, Martin, Luigi Terracciano, Jurgen Reuter,
Pierluigi Ballabeni, Jean-Louis Boulay, Urban Laffer,
Urs Metzger, Richard Herrmann, and Christoph
Rochlitz. "STRAP is a strong predictive marker of
adjuvant  chemotherapy  benefit in  colorectal
cancer." Neoplasia 6, no. 6 (2004): 813-820.

43 Shen, Y., M. Tong, Q. Liang, Y. Guo, H. Q. Sun, W.
Zheng, L. Ao, Z. Guo, and F. She. "Epigenomics
alternations and dynamic transcriptional changes in
responses to  5-fluorouracil  stimulation  reveal
mechanisms of acquired drug resistance of colorectal
cancer cells." The pharmacogenomics journal 18, no. 1
(2018): 23-28.

4 Arnold, Christian N., Ajay Goel, and C. Richard
Boland. "Role of hMLH1 promoter hypermethylation in
drug resistance to 5-fluorouracil in colorectal cancer cell
lines." International journal of cancer 106, no. 1 (2003):
66-73.

45 Baharudin, Rashidah, Nurul-Syakima Ab Mutalib, Sri
N. Othman, Ismail Sagap, Isa M. Rose, Norfilza Mohd
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DNA Demethylation

As described in previous studies, improvement
of ROS production after the drug treatment of 5-FU is
observed in 5-FU repression of colon tumor cells.
Indeed, ROS production has a relationship with DNA
methylation cycles through maximizing levels of 10-11
translocation (TET) enzymes, with no interference in
DNMT protein levels. DNA demethylation is, therefore,
enhanced through the oxidization of 5-methylcytosine by
TET enzymes [*°]. It was also observed that there was the
presence of hypomethylation of NRF2 in 5-FU-
associated colon tumor cells that were in line with the
increase in protein levels and mRNA. When treated with
5-FU, Nrf2 is transited into the colon cancer nucleus and
reacts with the OH-1 catalytic site, activating cellular
stability. Combined, these findings indicate that
upregulation of HO-1 and Nrf2 expression through
epigenetic DNA demethylation activates the activation
of 5-FU hindrance in colon tumor cells [*].

Noncoding RNA-miRNA

FU restricts the amalgamation of DNA and
RNA and changes the protein formation profile of miR
in colon tumor cells. MicroRNA can control the
production of target RNAs and 1 RNA can also be
governed by numerous miR. The first example of the
molecular mechanism is where they can modulate colon
cancer cell 5-FU-medicine reactivity by creating a
reaction with the 3'-UTR of their desired RNA’s mRNA.
In the process of ideal alkaline conjugation amid miR
and mRNA, the aim is split. When microRNA is at the
basis of translational reproduction, it can lead to the
production of steric hindrance on the mRNA site or
translocation efficiency transcription. Evaluation of miR
expression amidst colon cancer cells and hale and hearty
ones indicated upregulation and downregulation of miR
after exposure to 5-FU. After chemotherapeutic

Mokhtar, and Rahman Jamal. "ldentification of
predictive  DNA  methylation  biomarkers  for
chemotherapy response in colorectal cancer." Frontiers
in pharmacology 8 (2017):

46 Rasmussen, Kasper Dindler, and Kristian Helin. "Role
of TET enzymes in DNA methylation, development, and
cancer." Genes & development 30, no. 7 (2016): 733-
750.

47 Zhao, Xiao-Qian, Yi-Fei Zhang, Yi-Fang Xia,
Zhong-Mei Zhou, and Ying-Qing Cao. "Promoter
demethylation of nuclear factor-erythroid 2-related
factor 2 gene in drug-resistant colon cancer
cells.” Oncology letters 10, no. 3 (2015): 1287-1292.

48 Zhou, Jianfeng, Yanping Zhou, Bin Yin, Wei Hao, Lin
Zhao, Wenyi Ju, and Chunmei Bai. "5-Fluorouracil and
oxaliplatin modify the expression profiles of microRNAs

treatment, the variation in miR expression a possibility
of their involvement in the regulation of 5-FU response
in colon tumor. With respect to their target, some miR
performance as oncogenes and others as cancer
inhibition genes [*8].

Taml chemoresistance and tumor invasiveness

A. The bar shows mRNA formation of protein
copies of TIAM1 in colon cancer cell cycles caused
transfection by siRNA counter to TIAM1 B. the figure
indicates how formation of protein copies of TIAML1 in
colon tumor cell line caused transfection by SiRNA
against TIAM1. C. the cell lines are indicated as the
medical cured cell ratio with the bar graph indicating
IC50. D. illustrates the potential of invasion of colon
cancer cell line transfected by TIAM1 siRNA [*°].

In patients with chemoresistance colon cancer,
TIAML1 is frequently overexpressed. Wnt-signaling
pathways are well-modulated for their role in both drug
stemness and resistance. Six are mostly associated with
drug stemness, they are also highly related to Ocy4. One
of these genes metastasis-activating protein-1, and T-
lymphoma invasion (TIAM1) indicate the most key
correlation [*°]. Recent studies have identified TIAM1 as
an oncogene in various cancer.

Studies to determine the expression of TIAM1
gene mRNA correlation with medical care results
indicated that TIAM1 is highly upregulated in patients
with chemotherapeutic resistance. The use application of
Kaplan-Meier examination indicated that patients
suffering from colon cancer having high-TIAM1
expression have lower endurance, both overall disease-
free survivals. High formation of protein copies of
TIAM1 is correlated with poorer sensitivity to
phototherapeutic factors.

in human colon cancer cells in vitro." Oncology
reports 23, no. 1 (2010): 121-128.

49 Izumi, Daisuke, Shusuke Toden, Elsie Ureta,
Takatsugu Ishimoto, Hideo Baba, and Ajay Goel.
"TIAM1 promotes chemoresistance and tumor
invasiveness in colorectal cancer.” Cell death &
disease 10, no. 4 (2019): 267.

50 Sperger, Jamie M., Xin Chen, Jonathan S. Draper,
Jessica E. Antosiewicz, Chris H. Chon, Sunita B. Jones,
James D. Brooks, Peter W. Andrews, Patrick O. Brown,
and James A. Thomson. "Gene expression patterns in
human embryonic stem cells and human pluripotent
germ cell tumors." Proceedings of the National Academy
of Sciences 100, no. 23 (2003): 13350-13355.
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TIAM1 Chemoresistance Mechanism in Colon
Tumor

The overexpression of TIAM1 is correlated
with the chemoresistance of colon tumor during

treatment and in the regulation of treatment repression in
cancer cells. The examination of the expression of
TIAM1 in different cells with high endogenous
expression to undertake siRNA transfection indicated the
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resistance of TIAM1 at both protein expression levels
and mRNA. The application of cytotoxicity assays to
investigate the regulation of TIAM1 towards
phototherapeutic elements used in colon cancer patients
indicated that TIAML1 resistance highly improved
response to chemotherapeutic elements in colon cancer
cycles.

Among of the main distinctions of cancer stem
cells with advanced repression of chemotherapeutic
factors is their high intrusion ability [ ®]. The
examination of the invasion of colon cancer cells using
or without using TIAML resistance by means of matrigel
intrusion examinations indicated that the repression of
TIAML highly reduced the invasiveness of colon cancer.
Consequently, the formation of TIAML1 in colon tumor
that have been made chemoresistance for more than a
year by repeated treatment with L-OHP, 5-FU, and
CPT11 indicates that TIAML1 is highly overexpressed in
cell cycles that are immune against CPT-11, L-OHP, 5-
FU equated to other parental cell cycles [*?].

TIAM1 Modulated Chemoresistance through
Stemness Control of Colon Cancer Cells

According to research, cancer stemness plays a
significant function in modulating chemoresistance in
different cancers [5%]. With the fact that TIAM1
suppression leads to enhanced sensitivity towards colon
cancer therapeutic drugs, it can be said that TIAM can
modulate chemotherapy resistance via the modulation of
cancer stemness. A cyclic experimental test using cancer
tumor with the presence or without the presence of
TIAML resistance to investigate the interaction between
stemness and TIAML1 indicates that TIAM1 takes part in
the regulation of cancer stemness. Among the most
significant downstream phases of TIAM1 that modulate

51 Zheng, Xiaofeng, Julienne L. Carstens, Jiha Kim,
Matthew Scheible, Judith Kaye, Hikaru Sugimoto, Chia-
Chin Wu, Valerie S. LeBleu, and Raghu Kalluri.
"Epithelial-to-mesenchymal transition is dispensable for
metastasis but induces chemoresistance in pancreatic
cancer." Nature 527, no. 7579 (2015): 525-530.

2 Toden, S., Okugawa, Y., Jascur, T., Wodarz, D.,
Komarova, N. L., Buhrmann, C., ... & Goel, A. (2015).
Curcumin mediates chemosensitization to 5-fluorouracil
through miRNA-induced suppression of epithelial-to-
mesenchymal transition in chemoresistant colorectal
cancer. Carcinogenesis, 36(3), 355-367.

53 Zhao, Jihe. "Cancer stem cells and chemoresistance:
The smartest survives the raid." Pharmacology &
therapeutics 160 (2016): 145-158.

% Yoon, Chang-Hwan, Kyung-Hwan Hyun, Rae-Kwon
Kim, Hyejin Lee, Eun-Jung Lim, Hee-Yong Chung,
Sungkwan An et al. "The small GTPase Racl is involved
in the maintenance of stemness and malignancies in
glioma stem-like cells." FEBS letters 585, no. 14 (2011):
2331-2338.

% Rao, Jun, Zhi-hang Zhou, Jing Yang, Y. U. Shi, Sen-
lin Xu, Bin Wang, Yi-fang Ping et al. "Semaphorin-3F

stemness is Rac 1 [**]. Racl induction acts as a key
function in stemness repression by semaphorin-3F in
colon cancer [°®]. Consequently, the inhibition of TIAM1
leads to a reduction of the phosphorylation of Racl.
These outcomes confirm that repression of TIAM1
inhibits cancer stemness in sections via suppression of
Racl phosphorylation.

Colon Cancer-Associated Cafs Intensify Drug
Resistance through TAIM1 Overexpression
According to research, cancer
microenvironment acts a significant agent in the
acquisition of drug inhibition and the maintenance of
stemness in different cancers, including colon cancer [°9].
Cancer-mediated fibroblasts (CAFs) have the potential to
facilitate invasiveness and stemness in colon cancer [*7].
Therefore, it can be concluded that CAFs lead to over
production of protein copies of TIAML1 in colon cancer,
and that can afterward can be seen in heightened
chemotherapeutic inhibition in colon cancer patients.

The Dormant State of Cancer Stem Cells

Their quiescent state is another factor leading to
drug resistance in colon cancer [*]. A metabonomics
study of colon cancer indicated a key suppression of the
response to stimulus production of protein in colo205
CD133+ colon cancer cells in comparison with CD133
cells and the attenuated creation of nucleotides such as
glucose and cholesterol-modulated lipids [5°]. The
unparalleled factors of CRCSC indicate a sluggish flow
attribute that enhance chemotherapy inhibition. Since
various chemotherapeutic treatments exterminate rapid-
developing cells preferentially, cancer cells are dynamic
in DNA reproduction and are more active in DNA
impairment factors [®°]. Furthermore, colon cancer has
more time to fix DNA impairment and thrive. This,

suppresses the stemness of colorectal cancer cells by
inactivating Racl." Cancer Letters 358, no. 1 (2015): 76-
84.

5 Ibid 38

5 Hu, Yibing, Chang Yan, Lei Mu, Kaiyu Huang,
Xiaolan Li, Deding Tao, Yaqun Wu, and Jichao Qin.
"Fibroblast-derived exosomes contribute to
chemoresistance through priming cancer stem cells in
colorectal cancer.” PloS one 10, no. 5 (2015): e0125625.
%8 Talukdar, Sarmistha, Praveen Bhoopathi, Luni Emdad,
Swadesh Das, Devanand Sarkar, and Paul B. Fisher.
"Dormancy and cancer stem cells: An enigma for cancer
therapeutic targeting." Advances in cancer research 141
(2019): 43-84.

% Vincent, Zangiacomi, Kenichi Urakami, Koji
Maruyama, Ken Yamaguchi, and Masatoshi Kusuhara.
"CD133-positive cancer stem cells from Colo205 human
colon adenocarcinoma cell line show resistance to
chemotherapy and display a specific metabolomic
profile." Genes & cancer 5, no. 7-8 (2014): 250.

60 Zhao, Xiao-Qian, Yi-Fei Zhang, Yi-Fang Xia,
Zhong-Mei Zhou, and Ying-Qing Cao. "Promoter
demethylation of nuclear factor-erythroid 2-related
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therefore, indicate that despite the fact that most
circulation cancer cells can be alienated by
chemotherapy, remaining colon cancer cells can join the
cell series and lead to tumor return [%].

DiscussIoON

The review has indicated that much is known
about resistance to targeted and cytotoxic therapies in the
handling of colon cancer, though much need to be done.
The aim of researching on the mechanisms of resistance
is to come up with new ways of overcoming the
resistance to enhance this treatment and achieve
improved, long lasting treatment responses and lasting
patient survival. The existence of multiple target therapy,
customized treatments with available drugs is expected
to present better outcomes. Previous examinations of
customized therapy related to different anomaly
conditions and expressions did not indicate any
development in progression-free endurance. The basis of
colon cancer treatment involves, targeted therapy,
surgery, adjuvant chemotherapy, and neoadjuvant
radiotherapy. Recent studies on the impact of the tumor
microenvironment have gained attention, introducing the
extensive analysis of clinical trials to examine immune-
cell infiltration as predictive and prognosis markers.

CONCLUSION

Colon stem cells can be found in different
cancers such as colon cancer, lung cancer, pancreatic
cancer, and breast cancer. They are seen as an effective
focus for cancer treatment. These cells cannot be
completely alienated during chemotherapy leading to the
growth of resistance to medical care, which is primarily
the cause of poor prognosis, tumor reappearance, and
metastasis. This study reviews the key pathways of colon
cancer chemotherapy inhibition in colon cancer.

This review, provides a comprehensive
assessment of the most relevant and significant study of
the crucial 5-FU inhibition mechanism in colon. All
proteins and their associated pathway in 5-FU hindrance
of colon tumors, responsible for metastasis, tumor
development, and recurrence have been discussed. Using
a line of in vivo and in vitro experiments, research have
been able to indicate that TIAM1 modulates the drug
sensitivity of colon cancer chemotherapeutic factors.
Consequently, cross-drug sensitization of TIAM1
resistance is in line with suppressed stemness.

factor 2 gene in drug-resistant colon cancer
cells.” Oncology letters 10, no. 3 (2015): 1287-1292.

61 Zhou, Jianfeng, Yanping Zhou, Bin Yin, Wei Hao, Lin
Zhao, Wenyi Ju, and Chunmei Bai. "5-Fluorouracil and
oxaliplatin modify the expression profiles of microRNAs
in human colon cancer cells in vitro." Oncology
reports 23, no. 1 (2010): 121-128.

62 Eyler, Christine E., and Jeremy N. Rich. "Survival of
the fittest: cancer stem cells in therapeutic resistance and

The association between colon cancer cells and
CAFs on drug inhibition via modulation of tumor
stemness have been discussed [ 62]. According to
research, the tissue environment is a complicated system
of different cellular action regulated by physical
connections, soluble molecules, and biochemical
indicators [®%]. This makes the study of signals traced
from cancer microenvironment on tumor development a
topic of interest. New findings have proven that CAFs
are among the primary factors of tumor
microenvironment which leads to drug resistance. The
review has indicated that CAF-associated CM led to
overexpression of TIAML1 in colon cancer cells. We also
demonstrated that resistance of TIAM1 production of
protein copies in CAFs hinders drug inhibition and
indicates the significance of inhibiting TIAM1
expression in both CAFs and cancer cells.

The review has indicated that TIAM1
modulates hinderance to chemo-treatment factors via
improvement of stemness affirming the significance of
TIAML1 in colon cancer drug resistance.
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