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 Abstract: Colorectal cancer (CRC) usually begins as adenomatous polyps in the colorectal 

or rectal epithelial cells. Currently, there are no reliable biomarkers for early CRC screening 

or prognostic prediction, leading to late-stage diagnoses when surgical options may no long-

er be viable. The disease is driven by mutations in oncogenes, tumor suppressor genes, and 

DNA repair genes, with rapid growth and metastasis contributing to treatment failure. Over 

the past two decades, research on non-coding RNAs (ncRNAs), particularly long ncRNAs 

(lncRNAs), has expanded significantly, revealing their critical roles in cancer biology. 

LncRNAs are involved in numerous biological processes such as cell proliferation, apopto-

sis, metabolism, and drug resistance, and they are often abnormally expressed in various 

cancers, including hepatocellular carcinoma, pancreatic cancer, and bladder cancer. In CRC, 

lncRNAs play a regulatory role by influencing cell cycle, proliferation, apoptosis, and epi-

thelial-mesenchymal transition, and some have been shown to affect CRC cell proliferation, 

invasion, and resistance to cisplatin, highlighting their potential as therapeutic targets and bi-

omarkers in cancer treatment. This review highlights current investigations on the functions 

and mechanisms of lncRNAs in cisplatin resistance in CRC. Such overview is anticipated to 

contribute to figuring out that lncRNAs can be applied as a promising target gene to develop 

drug resistance and remedial efficacy. 
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1. INTRODUCTION 

 Colorectal cancer (CRC) is the third most common type 
of cancer and the fourth most common cause of cancer-
related death [1]. This type of cancer affects the large intes-
tine (colon) or rectum and is often only diagnosed at an ad-
vanced stage, which limits treatment options [2]. Broken 
down by gender, CRC is the second most common cancer in 
women (9.2%) and the third most common in men (10%) [3, 
4]. This type of cancer originates from an adenomatous pol-
yp in the colorectal or rectal epithelial cells, which results 
from adenomatous polyposis coli (APC) mutations, a tumor 
suppressor gene [5]. Not all polyps develop malignant char-
acteristics; those that undergo further changes in other tumor 
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suppressor genes and oncogenes have the potential to pro-
gress to adenocarcinoma. This transformation can take sev-
eral years or even decades to occur. CRC can be classified 
into three categories: CRC inflammatory, hereditary, and 
sporadic. Each category arises from changes in the molecular 
mechanisms that contribute to cancer progression [6]. As 
there are no early screening and prognostic prediction bi-
omarkers, diagnosis of many subjects only occurs at an ad-
vanced stage when surgical treatment is no longer an option 
[7]. The likelihood of developing CRC is related to personal 
characteristics or habits such as age, chronic diseases, and 
lifestyle. CRC is caused by mutations affecting oncogenes, 
tumor suppressor genes, and genes related to DNA repair 
mechanisms. Rapid growth, distant metastasis, and drug re-
sistance are the main reasons for treatment failure in CRC 
[8]. Current treatment approaches for CRC include surgery, 
chemotherapy, and radiotherapy. The primary purpose of 
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chemotherapy is to interfere with cell metabolism, DNA 
replication, mitosis, and protein synthesis of cancer cells to 
prevent their growth [9]. One of the most common hurdles in 
the treatment of CRC is undoubtedly chemoresistance pro-
gression, which finally results in the failure of chemothera-
py, metastatic potential, tumor recurrence, and, unluckily, 
patient mortality. Multiple chemotherapeutic agents have 
been approved to inhibit tumor growth, with the most im-
portant for colorectal cancer (CRC) being 5-fluorouracil (5-
FU), oxaliplatin (OXA), capecitabine, and irinotecan, along 
with its analogs. [10]. Nonetheless, other drugs, including 
doxorubicin (DOX) along with cisplatin, have also been con-
sidered for the treatment of CRC. Although these various 
chemotherapeutic agents are efficient, chemoresistance has 
been exhibited to progress with any of these drugs [11]. De-
spite advancements in diagnosis and treatment-especially 
with the introduction of molecularly targeted therapies and 
immune checkpoint suppressors, the overall prognosis for 
patients with advanced cancer remains bleak, even as their 
survival rates have improved. Therefore, it is essential to 
recognize further new diagnosis biomarkers and targets for 
cancer treatment. 

 Over the last two decades, more studies have been pub-
lished on cellular functions of non-coding RNAs (ncRNAs). 
Research has demonstrated that the functional disruption of 
non-coding RNA (ncRNA)-through mutations, transcription-
al changes, and post-translational modifications-intends to 
induce cancer progression [12]. Long non-coding RNAs 
(lncRNAs), defined as ncRNA transcripts of more than 200 
nucleotides, are involved in human diseases' physiological 
and pathological processes, including cancer [13]. They are 
associated with many biological processes, including cell 
proliferation, apoptosis, metabolism, and drug resistance 
[14]. This type of RNA is abnormally expressed in various 
tumors, including hepatocellular carcinoma [15], pancreatic 
cancer [16], and bladder cancer [17]. LncRNAs play an im-
portant regulatory role in the development of CRC. Conse-
quently, some studies have indicated that certain factors can 
influence cellular processes, such as the cell cycle, prolifera-
tive capacity, apoptotic ability, and epithelial-mesenchymal 
transition in colorectal cancer cells. Additionally, some fac-
tors have been found to repress the invasion along with the 
metastatic potential of these cancer cells [18]. Some studies 
suggest that some lncRNAs affect CRC cell proliferation and 
invasion and cisplatin resistance [19]. Therefore, understand-
ing the molecular mechanisms and genes involved in cispla-
tin resistance is pivotal for developing more effective thera-
peutic strategies against colorectal cancer (CRC). In the cur-
rent review, we outline novel directions to the essential role 
of the long non-coding RNAs (lncRNAs) in cisplatin re-
sistance in CRC. Such an overview is anticipated to contrib-
ute to figuring out the mechanisms of cisplatin resistance in 
CRC and the correlation of the expression modulation of 
multiple lncRNAs. 

2. CISPLATIN: BIOGENESIS AND FUNCTION 

 Cisplatin is recognized as one of the earliest and most 
effective metal-based chemotherapeutic agents discovered 
by Michele Peyrone in 1845. However, its biological fea-
tures stayed largely unknown until 1965, when its cell divi-
sion inhibitory impact was uncovered by biophysicist Dr. 

Barnett Rosenberg [20]. It has a complex compound charac-
terized by a planar structure that includes two chlorine atoms 
and two ammonia molecules arranged in a cis configuration 
around a platinum atom in its second oxidation state, con-
nected through coordination bonds [21]. This drug is used in 
various solid malignancies, including testicular, ovarian, 
bladder, lung, cervical, head and neck, and gastric. Investiga-
tions have proved that cisplatin shows its anticancer impact 
at more than one site. Generally, its binding to genomic or 
mitochondrial DNA (gDNA or mtDNA) induces DNA le-
sions, inhibits DNA, mRNA, and protein synthesis, halts 
DNA replication, and triggers multiple signaling pathways 
that ultimately lead to apoptosis or necrosis [20]. Cisplatin is 
administered to patients intravenously in the form of a saline 
solution. Since it circulates in the bloodstream, the active 
compound in the drug can readily bind to blood amino acids 
and proteins such as cysteine and albumin, resulting in 65–
95% inactivation of administered cisplatin within the pa-
tient’s body. The non-inactivated form of cisplatin is taken 
up by cells through CTR1 and CTR2 as membrane transport 
proteins, as well as via passive diffusion. Once inside the 
cells, cisplatin becomes activated by replacing one or two 
chloride ligands with water molecules [21]. It also has a hy-
drated and activated compound that has multidirectional cy-
totoxic activity that, among other things, triggers oxidative 
stress in the cells and damages the cellular and mitochondrial 
DNA in cancer cells [20, 21]. The main cisplatin cytotoxic 
target is the genomic DNA. After cell entrance, cisplatin 
binds to nitrogenous bases in the DNA — with the highest 
affinity for guanine and adenine at the N7 position of their 
imidazole rings [20, 22, 23]. Most commonly (65 % of cas-
es), cisplatin binds to two guanines of the same DNA strand 
or guanine and adenine of the same strand (25 % of cases), 
resulting in the formation of adducts within the strand. To a 
lesser extent, in only 5 % of cases, it binds to two guanines 
located on opposite strands, creating cross-links between the 
strands [23]. Both intrastrand adducts as well as interstrand 
cross-links formation results in genetic material damage. The 
latter is triggered by cisplatin activating mechanisms of 
DNA repair, basically the nucleotide excision repair (NER) 
as well as mismatch repair (MMR) ones. If such repair 
mechanisms fail, apoptosis signalings are triggered within 
the cell [20, 21]. Such pathway activation can occur, for in-
stance, by suppressing the cell cycle during the G1, S, or G2 
phases, resulting in a disruption of DNA synthesis within the 
cell and ultimately leading to cell death [21, 24]. 

 Mitochondrial DNA (mtDNA) is also considered a target 
of cisplatin. Similar to its interaction with nuclear DNA, 
cisplatin binding to mtDNA leads to the formation of ad-
ducts and cross-links, resulting in mitochondrial DNA dam-
age [25]. Mitochondrial DNA damage modifies mitochon-
drial membrane permeability, resulting in cytochrome C as 
well as procaspase 9 release from the organelle. The binding 
of mitochondria-released components with APAF-1 and 
ATP creates an apoptosome, leading to caspase 9 activation. 
The activated caspase 9 interacts with downstream caspases, 
activating caspases 3, 6, and 7, which initiate cell apoptosis 
[20]. 

 Another mechanism of the cytotoxic effect of cisplatin is 
oxidative stress induction in the cells via enhancing the reac-
tive oxygen species production like hydroxyl radicals and 
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superoxidase. It is believed that there are three key intracel-
lular compartments, including cell membrane, cytoplasm, as 
well as cellular organelles where cisplatin triggers the ROS 
formation. In the cell membrane, a significant ROS increase 
results in acid sphingomyelinase activation, which leads to 
an accumulation of FAS receptors in the plasma membrane 
through the hydrolysis of sphingolipids to ceramides, result-
ing in cell death [26]. Mitochondria are regarded as the most 
organelles exposed to ROS. Interaction of excess ROS with 
the pro-apoptotic BAX protein damages and modifies the 
mitochondrial membrane potential, resulting in apoptosis 
activation via the intrinsic pathway already explained [27]. 
Nonetheless, cisplatin does not exert its most significant pos-
sibility due to complications and drug resistance. Cisplatin 
resistance relies on several factors, including decreased ac-
cumulation of drugs, drug inactivation through various pro-
tein binding, increased DNA repair, and modification of var-
ious proteins that signal apoptosis [23, 28, 29]. The main 
toxicities of cisplatin remedy are nephrotoxicity, ototoxicity, 
hepatotoxicity, gastrointestinal toxicity, and neurotoxicity 
[30]. 

3. THE INTERPLAY BETWEEN LNCRNAS-
CISPLATIN IN CRC 

 The relationship between lncRNAs and cisplatin in CRC 
is quite intricate, as lncRNAs can either enhance sensitivity 
to cisplatin or contribute to resistance. This complexity un-
derscores the dual roles that lncRNAs can have, positioning 
them as promising targets for strategies aimed at boosting 
the effectiveness of chemotherapy and tackling drug re-
sistance. 

4. LINC00461/MIR-593-5P/CCND1 

 The oncogenic function of long intergenic non-protein 
coding RNA 461 (LINC00461) has been illuminated in hu-
man malignancies [31, 32]. High LINC00461 expression has 
been revealed in colorectal cancer cells [33]. Little investiga-
tion has been conducted on the biological effects of miRNA-
593-5p in malignancies [34]. It has been shown that 
LINC00461 loss of function or miR-593-5p overexpression 
restrained the progression of rectal cancer and increased rec-
tal cancer cell sensitivity to cisplatin. In addition, overex-
pression of cyclin D1 (CCND1) as a miR-593-5p down-
stream target could reverse the impact of low expression of 
LINC00461 on the progression of rectal cancer and rectal 
cancer resistance to cisplatin [33]. Overall, LINC00461 
regulates rectal cancer resistance to cisplatin through target-
ing the miR-593-5p/CCND1 axis, shedding novel insight 
into the management of rectal malignancy. 

5. KCNQ1OT1/MIR-497/ BCL-2 
 LncRNA KCNQ1 opposite strand/antisense transcript 1 
(KCNQ1OT1) has been shown to be strongly associated with 
cancer progression [35]. It has been shown that 
KCNQ1OT1 expression was higher in colorectal cancer cell 
lines that are resistant to cisplatin in comparison to colorectal 
cancer cell lines. Moreover, functional assay revealed that 
KCNQ1OT1 deletion repressed proliferative capacity and 
elevated apoptosis in cisplatin-resistant colorectal cancer 
cells [36]. In vitro assessment revealed the clinical signifi-

cance of miR-497-low expression in colorectal cancer in a 
way that its up-regulation restrained colorectal cancer pro-
gression [37]. It was found that KCNQ1OT1 could function 
as a miR-497 sponge, removing the repressive impact of 
miR-497 on Bcl-2 expression [36]. Over the years, a number 
of investigations demonstrated the possible impact of cur-
cumin as a natural phenolic compound to fight against cis-
platin-resistant cancer cells while the specific mechanism 
remains unclear [38, 39]. It has been reported that curcumin 
therapy restrained proliferative activity and facilitated apop-
totic potential in cisplatin-resistant colorectal cancer cells. 
While high expression of KCNQ1OT1 eliminated curcumin 
impact on such cells through the miR-497/ Bcl-2 axis, there-
by highlighting the aggravating role of KCNQ1OT1/miR-
497/ Bcl-2 network on cisplatin resistance in colorectal can-
cer cells [36].  

6. LNCRNA PVT1 

 Deregulated expression of lncRNA PVT1 has been 
shown to be involved in the pathophysiology of different 
cancers [40]. Increased PVT1 expression was reported to be 
positively associated with clinicopathological features of 
colon cancer and resistance to cisplatin in colorectal cancer 
patients. Loss of PVT1 function in cisplatin-resistant colo-
rectal cancer cells suppresses proliferation and enhances 
apoptosis, whereas its high expression promotes proliferative 
activity and reduces apoptotic potential [8]. A number of 
evidence exist to defend the assumption that apoptosis fail-
ure is regarded as a pivotal cause for drug resistance devel-
opment [41]. The vital proteins, including Bcl-2, Bax, as 
well as caspase-3 have key functions in intrinsic apoptosis 
signaling and are discovered to participate in colorectal can-
cer multidrug resistance [42]. Additionally, PVT1 has been 
shown to display colorectal cancer cell anti-apoptotic poten-
tial [43]. From a mechanistic standpoint, the levels of drug 
resistance-correlated molecules such as multidrug resistance 
protein 1, anti-apoptotic Bcl-2 expression and multidrug re-
sistance 1 were dramatically downregulated whilst pro-
apoptotic Bax and cleaved caspase-3 levels were upregulated 
in PVT1- deleted cisplatin-resistant colorectal cancer cells. 
In conclusion, it is shown that PVT1 is a notable modulator 
in carcinogenesis and cisplatin resistance of colorectal can-
cer, highlighting PVT1 as a promising target for colorectal 
cancer remedy [8, 44]. 

7. GALNT5/MDR1/MRP1/NF-ΚB 

 GALNT5 uaRNA is known as an lncRNA-derived 
3′untranslated region (3′-UTR) of GALNT5 and its deregula-
tion has been reported in various malignancies, including 
gastric cancer. To elucidate the lncRNA GALNT5 uaRNA 
function and potential mechanism in cisplatin resistant colo-
rectal cancer, it has been shown that GALNT5 uaRNA is 
highly expressed in cisplatin-resistant colorectal cancer [45]. 
Moreover, multiple drug resistance (MDR) is regarded as the 
most common cause of remedial failure in malignant pa-
tients. MDR-correlated proteins such as MDR1, and multi-
drug resistance proteins (MRPs) are significantly correlated 
with MDR [46]. Regarding colorectal cancer, MDR1, MRP1 
and p-NF-κB expressions and apoptosis were decreased and 
increased in cisplatin-resistant colorectal cancer cells, re-
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spectively. It can be concluded that GALNT5 uaRNA devel-
ops cisplatin resistance through the MDR1/MRP1/NF-κB 
network [45]. 

8. LINC00261 

 LINC00261, as a lncRNA, is known to have vital func-
tions in tumor suppression [47]. LINC00261 expression has 
been found to down-regulate in cisplatin-resistant colorectal 
cancer cells. Indeed, LINC00261 upregulation might mitigate 
resistance to cisplatin in colorectal cancer cells by inducing 
cell apoptosis and suppressing cell viability, migratory poten-
tial, as well as invasion [48]. Moreover, carcinogenesis is 
known as a multistep process that is regulated through multi-
ple oncogenic cell pathway cascades, such as the Wnt/b-
catenin signal [49]. It has also been reported that LINC00261 
might underexpress nuclear b-catenin via promoting b-catenin 
degradation and inhibiting Wnt pathway activation. Ultimate-
ly, LINC00261 has been shown to decrease in vivo cisplatin 
resistance of colorectal cancer and induce cisplatin anti-
colorectal cancer impact via decreasing tumor weight as well 
as volume, which might propose a novel vision and insight for 
the management of colorectal cancer [48]. Indeed, miR-324-
3p and its correlation with LINC00261 and the Wnt pathway 
have also been shown to participate in colon cancer progres-
sion [50]. MiR-324-3p was found to have a correlation with 
colon cancer. In this regard, overexpression of LINC00261 
has been reported to repress colon tumor growth through miR‐
324‐3p sponging and Wnt pathway inactivation. Overall, our 
results showed that LINC00261 repressed colon cancer pro-
gression via modulating miR‐324‐3p and the Wnt signal. 
LINC00261 could be established as a promising remedial tar-
get for colon cancer [50]. 

9. DANCR/MIR-125B-5P/HK2 

 The lncRNA differentiation antagonizing non-coding 
RNA (DANCR) overexpressed in various malignancies, il-
lustrating an oncogenic function of DANCR [51, 52]. Up-
regulation of DANCR in cisplatin-resistant colorectal cancer 
cells has been demonstrated to dramatically desensitize colo-
rectal malignant cells to cisplatin [53]. Emerging data that 
illuminates the essential roles of miR-125b has reported its 
possibility as a diagnostic and prognostic marker along with 
an efficient remedial tool against malignancies [54]. Indeed, 
DANCR has been reported to have a negative association 
with miR-125b-5p, whose upregulation notably sensitized 
cisplatin-resistant colorectal cells. It is of note that colorectal 
cancer cells that are resistant to cisplatin were correlated 
with a significantly enhanced glycolysis rate. Deleting en-
dogenous DANCR resulted in dramatic expression of miR-
125b-5p and its direct target, hexokinase 2 (HK2), leading to 
repression of the glycolysis rate and upregulation of sensitiv-
ity to cisplatin in colorectal cancer cells. Such a study noti-
fied a novel mechanism of the DANCR-induced cisplatin 
resistance, highlighting the DANCR/miR-125b-5p/HK2 
network as a probable target for managing chemoresistant 
colorectal malignancy [53]. 

10. TUG1/MIR-195-5P/ HDGF/DDX5/Β-CATENIN 

LncRNA TUG1 has been found to be pivotal to cancer drug 
resistance. The oncogenic role of IGF2BP2-stabilized TUG1 

has been reported in colorectal cancer [55]. The insulin-like 
growth factor-2 mRNA-binding protein (IGF2BP) family 
members has vital effects in tumorigenesis, as well as 
chemoresistance by influencing ncRNAs’ translatability, 
stability, and localization [56-58]. Emerging evidence has 
offered that miR-195–5p can modulate neoplastic processes 
in multiple signals [59]. A deeper mechanical investigation 
has shown that TUG1 prevented miR-195-5p expression 
[55]. Hepatoma-derived growth factor (HDGF) is known as 
a heparin-binding protein that has been deregulated in vari-
ous malignancies and participated in the regulation of cancer 
cell behaviors, including apoptotic ability, metastatic capaci-
ty, and angiogenesis [60]. DEAD-box RNA helicase DDX5 
(DDX5) is also shown to be involved in the activation of 
transcription factors to function in malignant occurrence and 
development [61]. On the other hand, miR-195-5p has been 
demonstrated to magnify the HDGF/ DDX/β-catenin net-
work triggering autophagy, thereby stepping up in vitro and 
in vivo growth of colorectal cancer cells and their resistance 
to cisplatin, hinting TUG1/miR-195-5p/ HDGF/DDX5/β-
catenin network 

CONCLUSION 

 The interactions between lncRNAs and cisplatin in CRC 
present a complex landscape that significantly impacts 
treatment outcomes. As research has demonstrated, specific 
lncRNAs, such as KCNQ1OT1, LINC00461, PVT1, 
GALNT5, LINC00261, DANCR, and TUG1, play critical 
roles in mediating cisplatin resistance by influencing various 
cellular processes. The upregulation of these lncRNAs in 
CRC cells correlates with decreased sensitivity to cisplatin, 
highlighting their oncogenic potential. Understanding the 
mechanisms by which lncRNAs contribute to cisplatin re-
sistance can lead to novel therapeutic strategies aimed at 
overcoming this challenge.  

 Despite several successes in cell-based tests for lncRNA-
based remedies, clinical trials are essential for the develop-
ment of remedial interventions that can benefit patients suf-
fering from CRC, but with increasing understanding and 
accumulating investigations, the clinical potential of target-
ing lncRNAs appears highly promising in the near future. Of 
course, substantial work is required to be done for the 
lncRNA-based tumor treatment to be used in clinical prac-
tice. Chemoresistance is a complex biological process, and 
the roles and mechanisms of lncRNAs in this process remain 
poorly understood. Most studies are conducted in vitro, 
while meaningful functional investigations often depend on 
animal models.. The lncRNA sequence conservation repre-
sents much poorer compared to protein-coding genes. As a 
remedial strategy, the technology for either deletion or up-
regulation of a particular lncRNA at a special target gene in 
vivo is still in progression. To develop sensitive and specific 
biomarkers, it is essential to create clinically applicable di-
agnostic and prognostic experiments according to the 
lncRNA markers or marker panels. Additionally, validating 
their specificity and sensitivity using large sample cohorts is 
crucial. Importantly, lncRNAs have the ability to modulate 
multiple targets simultaneously and may participate in com-
plex feedback mechanisms. Therefore, potential off-target 
effects must be carefully considered in future applications.  
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