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Abstract
Colorectal cancer (CRC) is still one of the most common cancers and a leading cause of cancer morbidity worldwide. A 
significant issue that should be paid much attention to is its resistance to anticancer agents. Non-coding RNAs (ncRNAs), 
such as microRNAs (miRNAs), long non-coding RNAs (lncRNAs), and circular RNAs (circRNAs), have been identified 
as important regulators of drug response and drug resistance in CRC. In this review, we provide a comprehensive assess-
ment of the studies conducted in the field of investigating the role of ncRNAs in drug resistance to prominent anticancer 
agents used in CRC, including 5-fluorouracil (5-FU), oxaliplatin, cetuximab, bevacizumab, and regorafenib. We focussed 
specifically on the miRNAs, lncRNAs, and circRNAs associated with resistance to each drug individually, even within the 
context of combination therapies, such as FOLFOX. We also reviewed competing endogenous RNA (ceRNAs) networks 
and their relationship with drug sensitivity and resistance and new therapeutic strategies to manage drug resistance in CRC 
and also analyzed the role of ceRNA networks in modulating drug response and its implications for new approaches to 
overcome drug resistance in CRC. This article also discusses findings from human clinical trials, highlighting evidence 
from patient studies that validate the role of targeting ceRNA and ncRNA networks in improving drug sensitivity, over-
coming resistance, and enhancing therapeutic outcomes in CRC. It supports the targeting of ncRNA and ceRNA networks 
as potential therapies to improve treatment outcomes and drug resistance in CRC.
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PFS	� Progression-free survival

Introduction

Colorectal cancer (CRC) ranks third in global incidence 
(9.6%) and second in mortality (9.3%), according to GLO-
BOCAN 2022. By 2040, the number of cases is projected 
to rise by 63%, reaching 3.2 million annually, while deaths 
are expected to increase by 73%, totaling 1.6 million. This 
alarming trend underscores the urgent need for enhanced 
prevention and treatment strategies [1]. The severity of 
the disease and the available treatment options are deter-
mined by stage [2, 3]. While surgery is the standard treat-
ment for stages 0–II CRC, stage II is at high risk and stage 
III CRC requires both surgery and adjuvant chemotherapy. 
For stage IV and recurrent CRC, the treatment involves 
surgery, cytotoxic agents, targeted therapy, and immuno-
therapy. Unfortunately, there is still no established cure for 
these advanced stages [2]. Since the 1950 s, chemotherapy 
based on 5-fluorouracil (5-FU) has been the cornerstone 
of treatment for CRC patients [4]. At the beginning of the 
new century, other cytotoxic drugs such as oxaliplatin, iri-
notecan, and capecitabine, the oral pro-drug of 5-FU have 
been introduced. Standard treatment for first-line metastatic 
CRC (mCRC) typically involves combining 5-FU and 
leucovorin with either oxaliplatin or irinotecan associated 
with a monoclonal antibody (MoAb) (i.e., anti-EGFR or 
anti-VEGF MoAbs) [5, 6]. The immune checkpoint inhibi-
tors nivolumab and ipilimumab, anti-PD1 and anti-CTLA4 
MoAbs, respectively, are used alone (nivolumab) or in com-
bination (nivolumab and ipilimumab) in mCRC patients 
who progressed following first-line treatment, in the pres-
ence of microsatellite instability-high (MSI-H) or mismatch 
repair deficient (dMMR) tumors. Regorafenib, an antiangio-
genic protein kinase inhibitor, is also administered in mCRC 
patients who progressed after first-line treatment. Drug 
resistance to anticancer agents presents a significant chal-
lenge for the growing number of CRC patients. In recent 
decades, the overall survival (OS) rate for individuals with 
advanced colon cancer has improved due to new pharmaco-
logical regimens. However, despite the increased response 
rates CRC becomes resistant to all the available drugs, inde-
pendently from their typologies. Thus drug resistance limits 
the effectiveness of anticancer drugs and ultimately repre-
sents the main cause of treatment failure [7].

Recent advancements in transcriptomics have under-
scored the significance of non-coding RNAs (ncRNAs), in 
human cancer. NcRNAs are RNA molecules transcribed 
from the genome’s non-coding regions. They are catego-
rized into small non-coding RNAs (sncRNAs) and long 
non-coding RNAs (lncRNAs). SncRNAs are less than 200 

nucleotides long and include microRNAs (miRNAs), small 
interfering RNAs (siRNAs), piwi-interacting RNAs (piR-
NAs), and small nucleolar RNAs (snoRNAs). LncRNAs are 
over 200 nucleotides long and include circular RNAs (cir-
cRNAs) [8]. Notably, lncRNAs and circRNAs can critically 
modulate chemoresistance by acting as competitive endoge-
nous RNAs (ceRNAs). These ceRNAs sequester tumor-sup-
pressive miRNAs, thereby derepressing key downstream 
genes involved in apoptosis, epithelial-mesenchymal transi-
tion (EMT), and autophagy [9].The ceRNA hypothesis thus 
provides a powerful mechanistic framework for understand-
ing how these RNA interactions fine-tune gene expression 
networks to promote survival in drug-resistant CRC cells 
[10, 11]. Experimental evidence indicates that the dysregula-
tion of specific ncRNAs may play a role in tumor initiation, 
progression, metastasis, and the development of resistance 
to therapy [12, 13]. On the other side, ceRNAs regulate 
each other post-transcriptionally by competing for shared 
miRNAs, linking the functions of protein-coding mRNAs 
and ncRNAs (miRNAs, lncRNAs, pseudogenic RNAs, and 
circRNAs). Any transcript with miRNA response elements 
can act as a ceRNA, representing a significant form of gene 
regulation. CeRNA activity is influenced by factors like 
abundance, subcellular localization, miRNA binding affin-
ity, RNA editing, secondary structures, and RNA-binding 
proteins. Disruptions in these factors can deregulate ceRNA 
networks, potentially leading to diseases like cancer [14].

As a result, ncRNAs could serve not only as predictive 
and prognostic biomarkers for CRC [15] but also as targets 
for new ncRNA-based therapeutic strategies aimed at over-
coming drug resistance [16, 17]. This review aims to inves-
tigate the role of ncRNAs and their related ceRNA networks 
in drug resistance as a biomarker and prognostic factor in 
CRC (Figs. 1, 2 and 3).

MiRNAs regulate drug resistance in CRC

miRNAs have 19–24 nucleotides and the genomic loci 
encoding miRNAs (miR loci) are often located within non-
coding intronic regions of the transcriptome [18]. miRNAs 
only participate in the regulation of gene expression at the 
post-transcriptional level and do not encode any proteins. In 
humans, the number of miRNA genes is significantly lower 
than previously reported. Curated databases such as miR-
Base and MirGeneDB list approximately 500 to 600 miRNA 
genes and about 2,300 mature miRNAs. These sncRNAs 
regulate a substantial proportion of protein-coding genes, 
thereby influencing a wide range of biological processes and 
disease pathways [19]. Targeting miRNAs presents a robust 
strategy for modulating the cellular pathways they influ-
ence, thereby paving the way for innovative and effective 
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cancer therapies; These strategies include pharmacological 
and genetic interventions. Therefore, miRNAs can modu-
late drug sensitivity and resistance in various cancers such 
as CRC [20]. A set of miRNAs regulating the response of 
CRC to chemotherapeutic drugs has been identified. miR-
NAs that target genes associated with drug resistance may 
increase the sensitivity of CRC to chemotherapy, whereas 
miRNAs that target genes that diminish drug resistance 
could enhance drug resistance in CRC. Table 1 summarizes 

miRNAs and their targets involved in the drug resistance 
of CRC.

MiRNAs related to 5-FU resistance

5-FU-based protocols represent the standard treatment of 
CRC patients and frequently yield response rates exceed-
ing 50%. Non-responder patients develop 5-FU-resistant 
tumors [21]. The number of miRNAs potentially involved 

Fig. 2  Non-coding RNAs and pathways involved in CRC resistance to oxaliplatin

 

Fig. 1  Non-coding RNAs and pathways involved in CRC resistance to 5-FU
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to 5‑FU, induces apoptosis, and acts as a negative regula-
tor of FOXM1 expression in 5‑FU‑resistant cells [27]. The 
hsa-miR-29b-3p is involved in resistance to 5-FU-induced 
necroptosis in CRC. The overexpression of hsa-miR-29b-3p 
is positively correlated with chemoresistance, as it down-
regulates TRAF5, which reduces necroptosis and enhances 
cell survival in CRC cells exposed to 5-FU. Conversely, 
restoring TRAF5 expression reverses this resistance, posi-
tioning hsa-miR-29b-3p as a crucial mediator of necroptosis 
resistance mechanisms and a potential therapeutic target for 
overcoming 5-FU resistance in CRC treatments​ [28].

The hsa-miR-34a, which is typically induced by func-
tional p53, suppresses the leucine-rich pentatricopeptide 
repeat-containing protein (LRPPRC). This suppression 
destabilizes MDR1 mRNA, a gene associated with multi-
drug resistance. However, in cases where p53 is inactive or 
mutated, this regulatory pathway is disrupted, resulting in the 
stabilization of MDR1 and an increase in chemoresistance.

in 5-FU resistance or sensitivity is large and continues to 
expand, and new miRNAs and mechanisms are being iden-
tified [22].

The down-expression of hsa-miR-543 has been shown to 
increase the sensitivity of CRC cells to 5-FU through the 
PTEN/PI3K/AKT pathway [23]. hsa-miR-23b-3p increased 
the sensitivity of 5-FU by down-regulating ZNF281 in CRC 
cells [24]. Moreover, hsa-miR-375-3p was significantly 
down-regulated in CRC cell lines and tissues. It enhanced 
the sensitivity of CRC cells to 5-FU by promoting apopto-
sis and cell cycle arrest, while also inhibiting cell growth, 
migration, and invasion in vitro [25]. The hsa-miR-181d-5p 
is a potential therapeutic target for overcoming 5-FU resis-
tance in CRC by modulating its expression or disrupting the 
hsa-miR-181d-5p/NCALD axis. The suppression of NCALD 
by hsa-miR-181d-5p disrupts cellular signaling, thereby 
reducing the efficacy of 5-FU in CRC treatment ​ [26]. Over-
expression of hsa-miR‑361 sensitizes resistant CRC cells 

Fig. 3  This figure highlights the interaction between the lncRNA-miRNA-mRNA axis, which influences CRC drug resistance by regulating vari-
ous signaling pathways
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No. Drug miRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

1 5-FU miR-23b-3p▼ 25 5-FU-
resistant vs. 
25 sensitive 
CRC tissues; 
SW480, 
SW620 cell 
lines

ZNF281 Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium Yes [24]

2 5-FU miR-31▲ 112 tumor tis-
sues; DLD-1, 
SW480 cell 
lines

FIH-1 Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [86]

3 5-FU miR-375-3p▼ 367 tumor 
tissues; 
HCT116, 
HT29, 
SW480, 
Caco2, and 
NCM460 cell 
lines

TYMS Promotes 
5-FU 
sensitivity

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [25]

4 5-FU miR-34a▼ Colon cancer 
SP cells; 
SW480 and 
LoVo cell 
lines; 12 
female NOD/
SCID mice

DLL1/Notch signaling Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/In vivo 
xenograft 
validation

Medium - [30]

5 5-FU miR-34a▼ SW480, 
HCT116
cell lines; 
male BALB/c 
nude mice

LRPPRC/MDR1 Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/In vivo 
xenograft 
validation

Medium - [29]

6 5-FU miR-552▼ 97 tumor tis-
sues; SW-480, 
SW-620, 
HCT-116, and 
CCD-18Co
cell lines

SMAD2 signaling Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(KD)/Clinical 
correlation

Medium - [87]

7 5-FU miR-29b-3p▲ Multiple CRC 
cell lines; 
Male BALB/c 
NOD mice

TRAF5/necroptosis Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(KD)/In vivo 
xenograft 
validation

Medium - [28]

8 5-FU miR-17▲ 83 tumor tis-
sues; DLD1, 
HCT16, T84 
cell lines

SOX4/CYLD Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [88]

9 5-FU miR-650▼ 80 tumor tis-
sues; SW480 
cell line

KISS1 Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [89]

10 5-FU miR-101▼ 64 tumor 
tissues; LoVo, 
SW620, 
SW480, 
HCT-116, 
and HT-29, 
CCD-18Co, 
and HEK293T 
cell lines

KPNA3 Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [91]

Table 1  Some examples of the contribution of MiRNAs in CRC drug resistance through modulating signaling pathways. ▲ Increase▼ decrease
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No. Drug miRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

11 5-FU miR‑181d‑5p▲ 30 tumor tis-
sues; HCT116 
and HT29 cell 
lines

NCALD/METTL3 Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [26]

12 5-FU miR-372-3p▼ CCD-18Co, 
HCT8, 
HCT116 and 
SW480 cell 
lines

EPHA2/LINC02418 Promotes 
5-FU 
sensitivity

RNA-seq data/
In vitro func-
tional assays 
(OE)

Medium Yes [74]

13 5-FU & 
Oxaliplatin

miR-195-5p ▲ 
miR-497-5p▲

HCT116, 
RKO, DLD-1 
and SW480 
cell lines

CCNE1, WEE1, E2F3 Promotes 
5-FU & 
OXA 
sensitivity

Proteomic 
identification/In 
vitro functional 
validation (OE)

Medium - [41]

14 5-FU & 
Oxaliplatin

miR-193a-5p▲ 68 paired tis-
sues; SW480, 
LS180, and 
HT-29 cell 
lines

CXCR4 Promotes 
5-FU & 
OXA 
resistance

In vitro func-
tional assays 
(KD)/Clinical 
correlation

Medium - [40]

15 5-FU miR-543▼ HCT8 cell 
line

PTEN
PI3K/AKT

Promotes 
5-FU 
sensitivity

In vitro func-
tional assays 
(OE)

Low - [23]

16 5-FU miR-361▲ HCT116, and 
HT29 cell 
lines

FOXM1‑ABCC5/10 Promotes 
5-FU 
sensitivity

In vitro func-
tional assays 
(OE)

Low - [27]

17 5-FU miR-653-3p▲ HCT116, and 
RKO cell 
lines

SIRT1/TWIST1 Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(KD)

Low - [90]

18 5-FU miR-424-5p▼ HT-29 cell 
line

CCNE1/EMT via Src/
FAK

Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)

Low - [92]

19 5-FU miR-20b-5p▼ SW480 cell 
line

SDC2/JNK/ERK Promotes 
5-FU 
resistance

In vitro func-
tional assays 
(OE)

Low - [93]

20 5-FU & 
Oxaliplatin

miR-133b▼ HT29, 
HCT116, 
SW620 and 
HEK293 cell 
lines

DOT1L Promotes 
5-FU & 
OXA 
resistance

In vitro func-
tional assays 
(KD)

Low - [39]

21 5-FU & 
Oxaliplatin

miR-125b-5p▼ HCT116, 
HCT8 and 
HT29 cell 
lines

GLUT5 (SLC2A5) Promotes 
5-FU & 
OXA 
resistance

In vitro func-
tional validation 
(OE)

Low - [42]

22 5-FU & 
Oxaliplatin

miR-15a-5p▲ HCT116 cell 
line

SIRT4
STAT3/TWIST1 and 
PTEN/AKT

Promotes 
5-FU & 
OXA 
resistance

In vitro func-
tional assays 
(KD)

Low - [36]

23 Oxaliplatin miR-543▲ 23 tumor 
tissues; nude 
mice; HCT8, 
and HCT116
cell lines

PTEN/Akt/mTOR Promotes 
OXA 
resistance

In vitro func-
tional assays 
(OE)/In vivo 
xenograft 
model/Clinical 
correlation

High - [32]

24 Oxaliplatin miR-135b-5p▲ 8 tumor tis-
sues; nude 
mice; SW480, 
and HCT-116 
cell lines

MUL1/ULK1 Promotes 
OXA 
resistance

In vitro func-
tional assays 
(OE)/In vivo 
xenograft 
model/Clinical 
correlation

High - [94]

Table 1  (continued) 
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No. Drug miRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

25 Oxaliplatin miR-454-3p▼ 45 tumor 
tissues; nude 
mice; HCT-
116 cell line

PTEN/AKT Promotes 
OXA 
sensitivity

In vitro func-
tional assays 
(OE)/In vivo 
xenograft 
model/Clinical 
correlation

High - [35]

26 Oxaliplatin miR-31-5p▲ LoVo cell 
line; nude 
mice

LATS2 & FOXC1 Promotes 
OXA 
resistance

In vitro func-
tional assays 
(KD)/In vivo 
xenograft 
validation

Medium - [31]

27 Oxaliplatin miR-200b-3p▲ 10 OXA 
resistance vs. 
13 non- OXA 
resistance 
patient tis-
sues; HT29, 
and HCT116 
cell lines

TUBB3 Promotes 
OXA 
resistance

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [33]

28 Oxaliplatin miR-29a-3p▲ Nude mice; 
LoVo cell line

Fem1B/Gli1 Promotes 
OXA 
resistance

miRNA array/In 
vitro functional 
assays (KD)/In 
vivo xenograft 
model

Medium - [95]

29 Oxaliplatin & 
FOLFOX

miR-208b▲ 116 tumor tis-
sues; Murine 
CT26 cells; 
SW480-OXA

PDCD4 Promotes 
OXA & 
FOLFOX 
sensitivity

In vitro func-
tional assays 
(OE)/Clinical 
correlation

Medium - [34]

30 Oxaliplatin miR-483-3p▼ HCT116, 
LOVO, and
SW480 cell 
lines

FAM171B Promotes 
OXA 
resistance

In vitro func-
tional assays 
(OE)

Low - [37]

31 Oxaliplatin miR-409-3p▼ HCT-116 cell 
line

ERCC1 Promotes 
OXA 
resistance

In vitro func-
tional assays 
(OE)

Low - [38]

32 Oxaliplatin miR‑46,146▲ HCT116, and 
HT29 cell 
lines

PDCD10 Promotes 
OXA 
resistance

In vitro 
functional 
assays (KD) 
(preliminary)

Low - [96]

33 Cetuximab miR-302a▼ 20 tumor 
tissues; nude 
mice; 13 + 
CRC cell lines

NFIB, CD44 Promotes 
CTX 
resistance

Extensive in 
vitro functional 
assays (OE)/In 
vivo xenograft 
validation/Clin-
ical correlation

High - [47]

34 Cisplatin miR-148a▲ 90 tumor 
tissues; nude 
mice; SW480 
Cell line

WNT10b/β-catenin Promotes 
Cisplatin 
sensitivity

In vitro func-
tional assays 
(OE)/In vivo 
xenograft 
model/Clinical 
correlation

High - [97]

Table 1  (continued) 
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Some miRNAs are specifically associated with sensitiv-
ity to OXA, while others are linked to drug resistance. This 
suggests a complex interplay between various miRNA spe-
cies and the cellular response to OXA treatment. Among the 
miRNAs that contribute to cellular sensitivity to OXA, hsa-
miR-31-5p is notable. This miRNA regulates the sensitivity 
of CRC cells to OXA by targeting the LATS2 gene, which 
results in tumor proliferation and modulation of sensitivity 
to OXA-based chemotherapy [31].

Also, the upregulation of hsa-miR-543 has been associ-
ated with increased cell sensitivity to OXA, although this 
miRNA is expressed at higher levels in chemoresistant CRC 
cells compared to chemosensitive ones [32]. Similarly, the 
overexpression of hsa-miR-200b-3p has been shown to 
enhance OXA sensitivity in OXA-resistant cells [33].

Additionally, the upregulation of hsa-miR-208b pro-
motes the expansion of regulatory T cells (Tregs) by target-
ing PDCD4, which may be related to decreased OXA-based 
chemosensitivity in CRC [34]. Furthermore, the overex-
pression of hsa-miR-454-3p has been found to decrease the 
sensitivity of HCT-116 xenograft tumors to OXA treatment 
in a mouse model [35].

The miR-15a-5p/SIRT4 axis has also been reported to 
enhance the sensitivity to 5-FU in oxaliplatin-resistant cells 
[36]. Furthermore, the downregulation of hsa-miR-483-3p, 
accompanied by the upregulation of FAM171B, has been 
associated with increased sensitivity to OXA and decreased 
cell migration in OXA-resistant CRC cell lines [37].

The mechanism of action related to curcumin’s regu-
lation of ERCC1 expression was investigated, and it was 
found to increase OXA sensitivity through its effects on hsa-
miR-409-3p, the low expression of which may promote drug 
resistance in human CRC-resistant cells [38].

The overexpression of hsa-miR-133b reduced CRC 
stemness and overcame resistance to both 5-FU and OXA 

Also, targeting LRPPRC with specific inhibitors such as 
gossypol-acetic acid (GAA) can restore chemosensitivity to 
5FU in p53-inactive CRC models, both in vitro and in vivo. 
These findings emphasize the potential of the hsa-miR-34a/
LRPPRC/MDR1 axis as a therapeutic target for overcoming 
chemoresistance in CRC [29]. It is important to note that 
hsa-miR-34a was significantly downregulated in the side 
population (SP) cells of colon cancer. Furthermore, the over-
expression of hsa-miR-34a can overcome drug resistance to 
5-FU, indicating that this miRNA functions as a tumor sup-
pressor by enhancing chemosensitivity to 5-FU in SP cells. 
The hsa-miR-34a targets and suppresses the expression of 
DLL1, a ligand in the Notch signaling pathway, which is 
a key regulator of ABCG2. This suppression disrupts the 
pathway, reducing drug resistance. Furthermore, increasing 
hsa-miR-34a levels not only reverses resistance to 5-FU in 
vitro but also inhibits tumor growth under 5-FU treatment in 
vivo, demonstrating its potential as a therapeutic target for 
addressing chemotherapy resistance in CRC [30].

Evidence for several miRNAs, such as hsa-miR-34a, 
hsa-miR-23b-3p, and hsa-miR-375-3p, is relatively consis-
tent, suggesting a stronger role in modulating the response 
to 5-FU. In contrast, signals involving hsa-miR-181d-5p 
and hsa-miR-29b-3p are less well established and remain 
preliminary. Further replication in independent cohorts and 
functional validation in clinical models are required before 
these miRNAs can be translated into clinical practice.

MiRNAs related to oxaliplatin resistance

Oxaliplatin (OXA) is commonly used for the treatment of 
colorectal carcinoma. However, the development of resis-
tance can lead to tumor recurrence, rendering them insensi-
tive to OXA.

No. Drug miRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

35 Cetuximab miR-199b-3p▲ 30 tumor tis-
sues; Multiple 
CTX resistant 
and parental 
cell lines

CRIM1/Wnt/β‑catenin Promotes 
CTX 
resistance

In vitro func-
tional assays 
(KD)/Clinical 
correlation

Medium - [49]

36 Cetuximab miR-141-3p▲ HCT-15, and 
SW48 cell 
lines

EGFR/EMT Promotes 
CTX 
sensitivity

In vitro func-
tional assays 
(OE)

Low - [48]

Abbreviations: 5-FU, 5-fluorouracil; OXA, Oxaliplatin; CTX, Cetuximab; CRC, Colorectal Cancer; SP, Side Population; OE, Overexpression; 
KD, Knockdown; EMT, Epithelial-Mesenchymal Transition; qPCR, Quantitative Polymerase Chain Reaction; RNA-seq, RNA sequencing
Level of Evidence was defined as follows:
· High: In vitro functional assays (OE/KD) + in vivo xenograft validation with chemotherapeutic agent + clinical correlation
· Medium: In vitro functional assays with supporting clinical expression data or multi-model validation, but lacking in vivo drug response data
· Low: Primarily dysregulation data with preliminary functional validation in limited models (e.g., a single cell line), without strong clinical 
or in vivo correlation

Table 1  (continued) 
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responded to FOLFOX but increased in patients who did 
not respond to this regimen, suggesting that serum hsa-
miR-208b may serve as a non-invasive marker to predict 
FOLFOX chemosensitivity in CRC [34].

Circulating miRNAs, such as hsa-miR-208b, show 
promise as non-invasive predictors of FOLFOX sensitiv-
ity. However, current findings are mostly preliminary and 
occasionally inconsistent. To date, there is insufficient clini-
cal validation, highlighting the need for prospective studies 
before these markers can be considered reliable.

MiRNAs related to cetuximab resistance

Cetuximab (CTX), a monoclonal antibody targeting EGFR, 
is recommended for mCRC. Some studies have identified 
an important role for miRNAs in regulating metastasis and 
CTX resistance, with prognostic and therapeutic implica-
tions in CRC. hsa-miR-302a has been found to act as a mul-
tifaceted regulator of CRC metastasis and CTX resistance 
by targeting NFIB and CD44, respectively [47].

Additionally, hsa-miR-141-3p enhanced cetuximab-
induced apoptosis in CRC cells and could predict cetux-
imab sensitivity by directly targeting the EGFR signaling 
pathway [48]. Furthermore, hsa-miR-199b-3p expression 
was associated with acquired resistance to CTX in CRC, 
and the CRIM1/Wnt/β-catenin signaling is involved in hsa-
miR-199b-3p-mediated CTX resistance [49].

hsa-miR-302a and hsa-miR-141-3p represent relatively 
stronger signals, having been repeatedly linked with cetux-
imab resistance and sensitivity, respectively. On the other 
hand, findings for hsa-miR-199b-3p and other miRNAs 
remains limited, rendering their clinical relevance uncer-
tain. Further comparative studies across patient datasets are 
essential to confirm these associations.

MiRNAs related to bevacizumab resistance

MicroRNAs play a significant role in mediating resistance 
to the antiangiogenic bevacizumab, a drug utilized in sev-
eral cancers including CRC. Both hsa-miR-126-3p and 
hsa-miR-126-5p are closely linked to the regulation of 
angiogenesis. Low expression levels of hsa-miR-126-3p 
are associated with reduced survival and resistance to beva-
cizumab, whereas higher levels correlate with improved 
treatment outcomes [50]. Additionally, hsa-miR-7-5p and 
hsa-miR-10a-5p have been identified as potential resistance 
markers to bevacizumab. Elevated expression levels of 
these miRNAs are associated with poorer progression-free 
survival (PFS) and OS in non-responders to the treatment. 
In contrast, hsa-miR-143-3p is linked to better outcomes, 
as its higher expression correlates with improved PFS and 
a favorable prognosis. This suggests that overexpression of 

[39]. Additionally, hsa-miR-193a-5p and hsa-miR-15a-5p 
are both up-regulated in CRC cells treated with 5-FU and 
OXA [36, 40]. Furthermore, hsa-miR-195-5p and hsa-miR-
497-5p have been shown to increase sensitivity to OXA and 
to a lesser extent, sensitivity to 5-FU [41].

In OXA- and in 5-FU-resistant colon cancer cells, the 
suppression of hsa-miR-125b-5p leads to increased GLUT5 
expression and enhanced cancer cell migration. This occurs 
through the promotion of fatty acid synthesis and lactate 
production, indicating that hsa-miR-125b-5p levels are 
reduced in 5-FU and in OXA-resistant cells [42].

Among OXA-associated miRNAs, hsa-miR-31-5p and 
hsa-miR-200b-3p emerge as the most consistently repli-
cated findings across studies. Other candidates, such as 
hsa-miR-208b and hsa-miR-454-3p, are supported by lim-
ited or conflicting evidence. Overall, distinguishing reliable 
regulators from preliminary signals remains a critical step 
in advancing these observations toward clinical application.

MiRNAs related to Irinotecan resistance

Irinotecan resistance poses a significant challenge in can-
cer treatment, particularly in CRC and other gastrointestinal 
malignancies. hsa-miR-200 can enhance the chemosensitiv-
ity of CRC cells to irinotecan [43].

Data obtained from differentially expressed genes 
(DEGs) using the miRTarBase database highlight the criti-
cal roles of hsa-miR-335 and hsa-miR-124 in regulating 
several key downregulated DEGs that are common across 
irinotecan-resistant CRC cell line samples [44].

Research on irinotecan resistance remains in its early 
stages. While hsa-miR-200 has some functional evidence 
supporting its involvement, the data regarding hsa-miR-335 
and hsa-miR-124 are primarily exploratory. Larger sample 
sizes, animal models, and clinical confirmation are needed 
to determine whether these miRNAs play a genuine role in 
irinotecan response.

MiRNAs related to FOLFOX resistance

FOLFOX is a cornerstone regimen for patients’ candidate 
for adjuvant chemotherapy or in cases of recurrence and 
metastasis, in this case associated with monoclonal antibod-
ies [45, 46]. The differential expression profiles of circulat-
ing miRNAs have been analyzed in response to FOLFOX 
therapy in CRC patients. The findings indicated that the 
expression levels of circulating miRNAs in non-responders 
were higher than in responders before treatment, suggest-
ing that the association of these miRNAs increased drug 
resistance and poor clinical outcomes. Specifically, the 
expression of hsa-miR-208b was significantly altered after 
chemotherapy, with its level decreased in patients who 
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Overall, current findings suggest that 5-FU resistance 
in CRC induced by lncRNAs is commonly linked to their 
upregulation. Among these, HAND2-AS1 shows the most 
consistent validation, whereas evidence for FGD5-AS1 and 
OXR1-1:3 remains preliminary, emphasizing the need for 
further systematic and mechanistic studies.

LncRNAs related to OXA resistance

It has been accepted that ncRNAs mediate chemoresistance 
to OXA in different stages in the cells like in transcriptional 
and post-transcriptional regulation, and also by epigenetic 
modification. In addition, lncRNAs contribute to drug trans-
port, tumor progression, and delayed cell death by regulat-
ing multiple signaling cascades [58, 59].

Gao, Fang, et al. conducted a study that identified the 
involvement of the upregulated CACS15 lncRNA in OXA 
drug resistance. Besides, the study revealed the roles of the 
ABCC1 gene and hsa-miR-145 in this process [60].

More recently, Zhu et al. identified the upregulation of 
FAL1 as a contributor to oxaliplatin resistance in CRC, sup-
ported by results from both cellular and animal studies [61]. 
Nevertheless, broader validation remains necessary to con-
firm its relevance.

Taken together, current evidence indicates that CACS15 
and FAL1 may play roles in oxaliplatin resistance; however, 
the current data are limited and heterogeneous. Larger and 
independent validations are needed to determine whether 
these lncRNAs serve as reliable biomarkers or mechanistic 
mediators of resistance (Table 2).

LncRNAs related to Irinotecan resistance

LncRNAs, such as HOTAIR, UCA1, CRNDE, and H19, 
play critical roles in mediating resistance to irinotecan in 
CRC. These lncRNAs regulate essential processes, includ-
ing apoptosis, angiogenesis, and tumor metabolism, which 
diminish the efficacy of SN-38, the active metabolite of iri-
notecan. Elevated expression levels of HOTAIR and UCA1 
are strongly correlated with poor prognosis and resistance 
through mechanisms such as drug efflux and the activation 
of survival pathways. Similarly, CRNDE and H19 contribute 
to resistance by modulating gene networks and influencing 
the tumor microenvironment. Collectively, these findings 
suggest that targeting lncRNAs involved in irinotecan resis-
tance may serve as a promising therapeutic approach for 
overcoming irinotecan resistance and improving treatment 
outcomes in CRC [62, 63]. UCA1 and HOTAIR have shown 
the most consistent association with irinotecan resistance, 
supported by functional assays and clinical correlations, 
highlighting their potential as reliable indicators in CRC.

hsa-miR-7-5p and hsa-miR-10a-5p may indicate a lack of 
response to treatment regimens including bevacizumab in 
patients with mCRC, while hsa-miR-143-3p could serve as 
a marker for a more favorable therapeutic response [51].

The role of hsa-miR-126-3p in regulating angiogenesis 
and the response to bevacizumab is supported by multiple 
lines of evidence and appears to be more reliable. In con-
trast, miRNAs such as hsa-miR-7-5p and hsa-miR-10a-5p 
have been linked to resistance mainly in preliminary stud-
ies, and their predictive value remains unclear. Although 
hsa-miR-143-3p is a promising candidate, it still requires 
further validation in clinical settings.

LncRNAs regulate drug resistance in CRC

Numerous studies have investigated the role of various 
lncRNAs and their interactions with molecular components, 
including miRNAs and other RNA types, in mediating 
CRC resistance to cytotoxic and targeted therapeutic agents 
[52–54]. However, current evidence remains insufficient to 
designate these lncRNAs as definitive mediators of chemo-
resistance. Most recent studies in this field are listed in Table 
2. In this section, the studies are comparatively assessed to 
clarify the relative strength of evidence and identify remain-
ing knowledge gaps.

LncRNAs related to 5-FU resistance

In a study conducted by Gao, Ren et al., the upregulated 
FGD5-AS1 lncRNA was shown to contribute to 5-FU resis-
tance through the EGFR–FGD5-AS1–miR-330-3p–HK2 
pathway [55]. This evidence, derived from CRC tissues, 
cell lines, and xenograft models, enhances the translational 
reliability of the results, though confirmation in independent 
studies is still required.

The Fu, Huang et al. study found that the downregula-
tion of OXR1-1:3 lncRNA was associated with 5-FU drug 
resistance. Although, the investigation was conducted both 
in vitro and in vivo, potential miRNA and other regulatory 
genes were not considered. Thus, further comprehensive 
and mechanistic evaluation of this result is needed [56]. 
Additional analyses are needed to explore its downstream 
targets and determine whether this association reflects a 
causal relationship.

Jiang, Li et al. investigated the HAND2-AS1/miR-20a/
PDCD4 regulatory axis and confirmed its role in mediating 
5-FU resistance across tumor tissues, in vitro, and in vivo 
experiments [57]. The data provide strong, albeit confirma-
tory, evidence that HAND2-AS1 modulates chemoresistance 
and warrants further validation in larger cohorts.
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No. Drug lncRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key 
Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

1 5-FU HAND2-AS1 ▼ 50 tumor 
tissues; 
nude 
mice; 
SW480, 
NCM460, 
HCT116 
cell lines

miR-20a/PDCD4 Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(OE)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [57]

2 5-FU UCA1▲ 25 
resistant 
vs. 25 
sensitive 
tissues; 
nude 
mice, 
SW480, 
SW620, 
and 293 T 
cell lines

miR-23b-3p/ZNF281 Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [98]

3 5-FU FGD5-AS1▲ 40 
resistant 
vs. 40 
sensitive 
tissues; 
nude 
mice, 
LoVo, 
HCT-116, 
HT-29, 
and 
DLD-1 
cell lines

miR-330-3p/HK2 Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [55]

4 5-FU NEAT1▲ 30 paired 
tissues, 
BALB/c-
nude 
mice, 
SW480, 
HCT116 
and 
NCM460 
cell lines

miR-150-5p/CPSF4 Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [99]

5 5-FU SNHG6▲ 31 paired 
tissues, 
BALB/c 
nude 
mice, 
RKO, 
HT29 
SNHG6 
cell lines
and 
HCT116 
cell lines

miR-26a-5p/ULK1 
(Autophagy)

Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [100]

Table 2  Some examples of the contribution of LncRNAs in CRC drug resistance through modulating signaling pathways. ▲ Increase▼ decrease
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No. Drug lncRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key 
Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

6 5-FU LBX2-AS1▲ 256 
tumor 
tissues; 
nude 
mice, and 
HCT116 
and 
SW480 
cell lines

miR-422a/AKT1 Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [77]

7 5-FU DLGAP1-AS1▲ 42 paired 
tissues, 
nude 
mice, 
LoVo, 
HT-29, 
SW480, 
and 
HCT116 
cell lines

miR-149-5p/TGFB2 
(TGFB signaling)

Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [101]

8 5-FU CCAT1▲ 67 tumor 
tissues, 
BALB/c 
mice, 
HCT 116, 
SW1417, 
HT-29, 
KM12 
and 
NCM460 
cell lines

miR-218, −143, −152/c-
Myc (Apoptosis)

Promotes 
5-FU 
sensitivity

In vitro 
functional 
assay (KD) 
demon-
strating 
sensitiza-
tion/In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [105]

9 5-FU POU6F2-AS2▲ 70 paired 
tissues, 
nude 
mice, 
HT-29, 
HCT-116, 
SW620, 
OUMS23 
and 
NCM460 
cell lines

miR-377/BRD4 Promotes 
5-FU 
sensitivity

In vitro 
functional 
assays 
(KD) dem-
onstrating 
sensitiza-
tion/In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [76]

10 5-FU TUG1▲ 124 
paired 
tissues, 
HCT8Fu, 
HCT8, 
HCT116, 
and 
SW1116 
cell lines

miR-197-3p/TYMS Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
Clinical 
correlation

Medium Yes [103]

11 5-FU PCAT6▲ 73 paired 
tissues, 
multiple 
CRC and 
normal 
cell lines

miR-204/HMGA2 (PI3K 
signaling)

Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)/
Clinical 
correlation

Medium Yes [104]

Table 2  (continued) 
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No. Drug lncRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key 
Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

12 5-FU CRART16▲ HEK-
293T, 
SW620, 
Caco-2 
cell lines

miR-193b-5p/HMGA1 
(MAPK signaling)

Promotes 
5-FU 
resistance

In vitro 
functional 
assays 
(KD)

Low Yes [102]

13 Oxaliplatin XIST ▲ 122 
tumor 
tissues, 
BALB/c 
nude 
mice/
DLD1, 
HCT116, 
HCT8, 
Cell lines

miR-125b-2-3p/Wee1 Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [106]

14 Oxaliplatin CACS15▲ 96 paired 
tissues, 
BALB/c-
nude 
mice, 
NCM460, 
HT29, 
HCT116 
cell lines

miR-145/ABCC1 Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [60]

15 Oxaliplatin KCNQ1OT1▲ 90 paired 
tissues, 
BALB/c 
nude 
mice, 
HCT116 
and 
SW480 
cell lines

miR-34a/ATG4B pathway Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [79]

16 Oxaliplatin MCF2L-AS1▲ 120 
tumor 
tissues, 
BALB/c 
nude 
mice and 
HT-29, 
LOVO 
cell lines

miR-105/IL-1β Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [107]

17 Oxaliplatin Linc00152▲ 134 
paired 
tissues, 
Nude 
mice, 
NCM460, 
SW480, 
Caco2, 
SW620, 
and HT29 
cell lines

miR-193a-3p/ERBB4 
(AKT signaling)

Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [108]

Table 2  (continued) 
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No. Drug lncRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key 
Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

18 Oxaliplatin MALAT1 ▲ 40 
resistant 
vs. 40 
sensitive 
tissues, 
nude 
BALB/c 
mice, and 
HCT116 
and 
HCT8 
cell lines

miR-324 3p/ADAM17 Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [109]

19 Oxaliplatin HOTAIR ▲ BALB/c 
nude 
mice, 
LoVo, 
HT-29, 
and HCT-
116cell 
lines

miR-1277-5p/ZEB1 Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model

High Yes [110]

20 Oxaliplatin BLACAT1▲ 55 tumor 
tissues, 
BALB/c-
nude 
mice, 
HIEC-6, 
HCT116, 
HT29, 
LOVO, 
and 
SW620 
cell lines

miR-519d-3p/CREB1 Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [111]

21 Oxaliplatin MALAT1 ▲ 68 paired 
tissues, 
and 
HT29, 
SW480, 
SW620, 
FHC cell 
lines

miR-218/EZH2 Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
Clinical 
correlation

Medium Yes [112]

22 Oxaliplatin LINC00525▲ 60 fresh 
paired 
tissues, 
Caco2, 
SW480, 
SW620, 
HCT116 
and HT29 
cell lines

miR-507/ELK3 Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
Clinical 
correlation

Medium Yes [113]

23 Oxaliplatin CRNDE ▲ 64 tumor 
tissues, 
HCT116 
and 
SW480 
cell lines

miR-181a-5p/TCF4 
(Wnt/β-catenin)

Promotes 
OXA 
resistance

In vitro 
functional 
assays 
(KD)/
Clinical 
correlation

Medium Yes [114]

Table 2  (continued) 
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Alteration

Model 
Systems

Target/Pathway Result Key 
Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

24 Cetuximab HCG18▲ 33 paired 
tissues, 
BALB/c 
nude 
mice, 
HT29, 
SW480 
and 
LOVO 
cell lines

miR-20b-5p/PD-L1 Promotes 
CET 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [116]

25 Cetuximab UCA1▲ 20 paired 
tissues, 
BALB/c 
athymic 
nude 
mice, 
Caco2 
cell line

miR-495/HGF/c-MET Promotes 
CET 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
validation/
Clinical 
correlation

High Yes [117]

26 Cetuximab MIR100HG ▲ Extensive 
cell line 
panel, 
athymic 
BALB/c 
nude 
mice

miR-100, −125b/GATA6 
(Wnt/β-catenin)

Promotes 
CET 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
validation

Medium Yes [118]

27 Cetuximab HCG18▲ 20 paired 
tissues, 
CCC-
HIE-2, 
SW480, 
SW620, 
SW48, 
HCT116, 
LoVo and 
HCT-15 
cell lines

miR-365a-3p/FOXO1 Promotes 
CET 
resistance

In vitro 
functional 
assays 
(KD)/
Clinical 
correlation

Medium Yes [81]

28 Cetuximab CRART16▲ HCT116, 
HT29, 
HCT8, 
SW620 
and 
Caco-2 
cell lines

miR‑371a‑5p/ERBB3 
(Apoptotic pathway)

Promotes 
CET 
resistance

In vitro 
functional 
assays 
(KD)

Low Yes [115]

Table 2  (continued) 
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regulator of bevacizumab resistance, but further multi-level 
validation is required to confirm its clinical relevance.

LncRNAs related to cetuximab resistance

Recent advances in understanding cetuximab resistance in 
CRC have highlighted lncRNAs, particularly UCA1, as key 
players in cancer progression and drug resistance. UCA1 
regulates critical pathways, including EGFR signaling, tar-
geted by cetuximab. Its altered expression supports feed-
back loops that sustain tumor growth and survival despite 
therapy. Beyond intracellular signaling, UCA1 impacts the 
tumor microenvironment by influencing immune cell infil-
tration and stromal interactions, further driving resistance. 
Moreover, it has also been implicated in resistance to other 
therapies, such as irinotecan, suggesting its role as a conver-
gence point for multiple drug resistance mechanisms.

Targeting UCA1 or its downstream effectors through 
RNA-based inhibitors or small molecules offers promising 
strategies to overcome resistance and enhance cetuximab 
efficacy. These findings position UCA1 as a biomarker and 
a therapeutic target in CRC treatment [65, 66].

Experimental evidence supports the involvement of 
UCA1 in cetuximab resistance through the miR-495/HGF/
c-MET axis, validated across cellular and animal models. 
Among known lncRNAs, UCA1 stands out as the most 
consistently supported by both experimental and clinical 
evidence (Table  2). In contrast, CRART16, MIR100HG, 

In contrast, CRNDE and H19 have been reported 
mainly in exploratory studies, and their functional rele-
vance remains to be fully validated. Overall, while several 
lncRNAs exhibit potential clinical relevance, only a limited 
subset currently provides reproducible evidence sufficient 
to support their use as robust indicators of irinotecan resis-
tance (Table 2).

LncRNAs related to bevacizumab resistance

Despite thorough evaluation of OXA and 5-FU drug resis-
tance, bevacizumab drug resistance has not been studied 
sufficiently, highlighting the need for additional research to 
determine the potential effect of lncRNAs and other ceRNA, 
including miRNA and genes, on this event [64].

The only comprehensive study on this topic is the inves-
tigation by Huang et al., which focused on.

the hsa-miR-1207-5p/ABCC1 axis. The study encom-
passed CRC tissues, cell lines, and xenograft models, 
providing multi-level validation but still requiring indepen-
dent confirmation. The results demonstrated that lncRNA 
SNHG11 was upregulated, and hsa-miR-1207-5p was down-
regulated in bevacizumab-resistant cells.

Currently, the available evidence remains limited, with 
SNHG11 being the only lncRNA investigated in detail. 
Although Huang et al. provided in vitro, in vivo, and clini-
cal validation, replication remains limited. As summarized 
in Table 2, current evidence supports SNHG11 as a potential 

No. Drug lncRNA & 
Alteration

Model 
Systems

Target/Pathway Result Key 
Validation 
Assays

Level of 
Evidence

In ceRNA
Network?

Ref

29 Bevacizumab SNHG11 ▲ 27 paired 
tissues, 
nude 
mice, 
NCM460, 
LOVO 
and 
HCT116 
cell lines

miR-1207-5p/ABCC1 Promotes 
Bevaci-
zumab 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [80]

30 Regorafenib MIR570MG ▲ Nude 
mice and 
SW480 
and 
HCR116 
cell lines

miR-145/SMAD3 
signaling

Promotes 
REG 
resistance

In vitro 
functional 
assays 
(KD)/
In vivo 
xenograft 
validation

Medium Yes [82]

Abbreviations: lncRNA, long non-coding RNA; 5-FU, 5-fluorouracil; OXA, Oxaliplatin; CET, Cetuximab; CRC, Colorectal Cancer; OE, 
Overexpression; KD, Knockdown;
Level of Evidence was defined as follows:
· High: In vitro functional assays (OE/KD) + in vivo xenograft validation with chemotherapeutic agent + clinical correlation
· Medium: In vitro functional assays with supporting clinical expression data or multi-model validation, but lacking in vivo drug response data
· Low: Primarily dysregulation data with preliminary functional validation in limited models (e.g., a single cell line), without strong clinical 
or in vivo correlation

Table 2  (continued) 
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has been consistently replicated across studies, indicating 
that targeting circ_0014130 could significantly improve the 
sensitivity of CRC tissues to 5-FU, underscoring its clini-
cal relevance. Similarly, circ_0000338 has been implicated 
in 5-FU resistance through its negative regulation of hsa-
miR-217 and hsa-miR-485-3p via exosomal pathways. This 
finding not only suggests its involvement in chemosensitiv-
ity but also points to circ_0000338 as a potential biomarker 
for guiding 5-FU-based chemotherapy in clinical settings. 
The reproducibility of these results enhances their reliabil-
ity. Another significant finding involves circ-ERBB2, where 
knockdown experiments have consistently demonstrated 
that it promotes sensitivity to 5-FU by modulating the miR-
181a-5p/PTEN/Akt pathway. This provides robust evidence 
for its role as a valuable biomarker for CRC diagnosis and 
treatment. Furthermore, circDDX17 has been identified as 
a regulator of chemosensitivity to 5-FU, with its upregula-
tion associated with blocking CRC progression through the 
miR-31-5p/KANK1 axis. The replicability of these findings 
strengthens their significance, suggesting that circDDX17 
could be an important target in CRC therapy. Overall, these 
findings regarding these circRNAs not only demonstrate 
robustness and replication across various studies but also 
highlight their potential clinical relevance in enhancing 
treatment strategies for CRC patients resistant to 5-FU.

CircRNA related to oxaliplatin resistance

hsa_circ_0079662, a circRNA that binds with hsa-mir-
324-5p and affects the growth, migration, and invasion of 
CRC cells, can also regulate the target gene HOXA9 and the 
mechanism of resistance to OXA through TNF-α pathway 
in human colon cancer [70]. The expression of circPDE4D 
is significantly increased in OXA-resistant CRC cells. Also, 
this circRNA is a potent ceRNA that targets hsa-miR-569 
and regulates the expression of SPl1, effectively inhibiting 
tumorigenesis and progression of both normal and resistant 
CRC cells [71].

Overall, both circRNAs present robust findings that 
warrant further investigation for their implications in CRC 
treatment and resistance.

CircRNA related to cetuximab resistance

Recent research found that circHIF1A is significantly 
overexpressed in cetuximab-resistant LIM1215-R cell 
lines compared to their cetuximab-sensitive counterparts, 
LIM1215 cells. This finding is robust, as it suggests a clear 
link between circHIF1A levels and drug resistance. Fur-
thermore, reducing circHIF1A in resistant cells results in 
notable outcomes: a decrease in cell proliferation and clonal 
formation, an increased proportion of cells in the G0-G1 

and HCG18 remain underexplored, with validation limited 
mainly to in vitro studies. Further multicenter investigations 
are needed to confirm the robustness of UCA1 across patient 
populations.

LncRNAs related to regorafenib resistance

The mechanisms of CRC resistance to regorafenib have not 
been widely assessed, and to better illuminate this underex-
plored area, more efforts are needed to evaluate the effect of 
lncRNAs on regorafenib tumor resistance [67].

Previous studies on this topic are limited, with the follow-
ing being the most comprehensive. The study by Q. Wen et 
al. primarily focused on the αvβ3-integrin/FAK/PI3K/AKT 
pathway, investigating the role of the SYTL5-OT4 lncRNA 
and ASCT2 gene in drug resistance. Their findings demon-
strated that SYTL5-OT4 lncRNA and ASCT2 gene were both 
overexpressed under chemoresistance conditions [68].

Although these findings reveal a novel regulatory mecha-
nism, current evidence is derived from a single study and 
remains preliminary. Broader validation in patient-derived 
and multicenter models is essential to determine whether 
SYTL5-OT4 represents a reproducible biomarker of rego-
rafenib resistance. To date, no lncRNA has entered clinical 
evaluation in colorectal cancer, in contrast to microRNAs 
that dominate noncoding RNA–based trials. This lack of 
clinical progression underscores the technical and biologi-
cal challenges that continue to impede the translation of 
lncRNA discoveries into therapeutic applications.

CircRNAs related to drug resistance in CRC

The distinct characteristics and biological roles of cir-
cRNAs underscore their significance in tumor development, 
growth, metastasis, invasion, and resistance to drugs and 
radiation. Moreover, these findings suggest that circRNAs 
may serve as potential biomarkers or therapeutic targets 
related to drug resistance in tumors [69]. The most promi-
nent studies related to drug resistance and circRNAs are dis-
cussed and several studies that identified specific circRNAs 
associated with drug resistance in CRC are summarized in 
Table 3; Fig. 3.

CircRNAs related to 5-FU resistance

The investigation of various circRNAs reveals several 
key findings related to CRC progression and resistance 
to 5-FU. One of the most robust findings is the role of 
circ_0014130, which promotes CRC progression by acting 
as a sponge for hsa-miR-197-3p, thereby positively regulat-
ing PFKFB3. Its impact on enhancing resistance to 5-FU 

1 3

Page 17 of 26    174 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Molecular Biology Reports          (2026) 53:174 

No. Drug CircRNAs & 
Alteration

Model 
Systems

Target/pathway Result Key Valida-
tion Assays

Level of 
Evidence

In ceRNA
Network?

ref

1 5-FU circ_0014130▼ 57 paired 
tissues, 
BALB/c 
nude mice, 
NCM460, 
HCT116 
and LoVo 
cell lines

miR-197-3p/PFKFB3 Promotes 
5-FU 
resistance

In vitro 
functional 
assays (OE)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [119]

2 5- FU circ_0000338 
▲

60 tumor 
tissues, 15 
BALB/C 
nude mice, 
SW480, 
HCT116 
cell lines

EMT pathway Promotes 
5-FU 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High - [120]

3 5- FU circ_0007031 
▼

60 tumor 
tissue, 18 
BALB/c 
nude mice, 
SW480, 
HCT116 
cell lines

miR-133b/ABCC5 Promotes 
5-FU 
sensitivity

In vitro 
functional 
assays (OE)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [121]

4 5- FU circ-ERBB2 ▼ NCM460, 
SW480 and 
HCT116 
cell lines

PTEN/Akt pathway Promotes 
5-FU 
sensitivity

In vitro 
functional 
assays (KD)/
Clinical 
correlation

Medium - [122]

5 5- FU &
Oxaliplatin

circ-ZEB1 ▲ 44 paired 
tissues, 
BALB/c 
nude mice,
SW480 and 
RKO cell 
lines

EMT Promotes 
5-FU 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High - [123]

6 5- FU circ-0004771 ▲ 60 serum 
and tumor 
tissues, 60 
controls, 
multiple 
CRC cell 
lines

miR-653/ZEB2 Promotes 
5-FU 
resistance

In vitro 
functional 
assays (KD)/
Clinical 
correlation

Medium Yes [124]

7 5- FU circDDX17 ▲ 30 paired 
tissues, 
BALB/c 
nude mice,
NCM460, 
SW480 and 
HCT116 
cell lines

miR-31-5p/KANK1 Promotes 
5-FU 
sensitivity

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [125]

8 5- FU circ-PRKDC ▲ 30 resistant 
vs. sensitive 
tissues, 
Nude mice, 
FHC, 
SW620, 
SW480 cell 
lines

miR-375/FOXM
(Wnt/β-Catenin)

Promotes 
5-FU 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [126]

Table 3  Some examples of the contribution of circrna in CRC drug resistance through modulating signaling pathways. ▲ Increase▼ decrease
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No. Drug CircRNAs & 
Alteration

Model 
Systems

Target/pathway Result Key Valida-
tion Assays

Level of 
Evidence

In ceRNA
Network?

ref

9 5- FU circSAMD4A 
▲

74 tumor 
tissues, 
BALB/c 
nude
Mice,
SW480, 
HCT-116, 
SW480/5-
Fu and 
HCT-
116/5-Fu 
cell lines

miR-545-3p/PFKFB3 Promotes 
5-FU 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [127]

10 Oxaliplatin circPDE4D▲ Tumor 
tissues, 
multiple 
CRC and 
resistant 
cell lines

miR-569/SP11 Promotes 
OXA 
sensitivity

In vitro 
functional 
assays (KD)/
Clinical 
correlation

Medium Yes [71]

11 Oxaliplatin circHIPK3▲ 49 tumor 
tissues, 
BALB/c 
nude mice,
HT29, 
HCT116, 
and 
HEK293T 
cell lines

miR-637/STAT3/Bcl-2/
beclin1(Autophagy signal-
ing pathway)

Promotes 
OXA 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [128]

12 Oxaliplatin circ_008218▲ 24 sensitive 
vs. 24 resis-
tant tissues, 
BALB/c 
nude mice
NCM460, 
SW480 and 
HCT116 
cell lines

miR-326/NFIB Promotes 
OXA 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [129]

13 Oxaliplatin circ_0071589▲ 40 paired 
tissues, 
BALB/c 
nude mice,
Multiple 
CRC cell 
lines

miR-133b/SOX13 Promotes 
OXA 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [130]

14 Oxaliplatin circ_0079662▲ HT29, 
HCT116, 
HCT8 cell 
lines,
nude mice

mir-324-5p/HOXA9 
(TNF-α pathway)

Promotes 
OXA 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
validation

High Yes [70]

15 Cetuximab circ_0008274▲ 11 sensitive 
vs. 4 resis-
tant tissues,
DiFi-R, and 
Caco-2-R 
cell lines

miR-140-3p/SMARCC1 Promotes 
CET 
resistance

In vitro 
functional 
assays (KD)/
Clinical 
correlation

Medium Yes [131]

Table 3  (continued) 
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CRC and may represent a potential therapeutic target for 
improving CRC chemosensitivity [74].

CeRNAs related to 5-FU resistance

Numerous studies have been conducted to determine the 
effects of various lncRNAs and their interactions with other 
molecular components, such as miRNAs and genes, as well 
as their potential ceRNAs on 5-FU tumor resistance [75–
78]. Among these, in a study conducted by Wu, Zou, et al., 
the interaction between PCAT6 lncRNA, HMGA2 mRNA, 
and hsa-miR-204 was examined in vitro, concluding that 
these molecules form a ceRNA network that influences che-
moresistance. Overall, the evaluation of 5-FU drug resis-
tance indicated that numerous studies reported a significant 
ceRNA impact.

CeRNAs related to OXA resistance

Several efforts have been made to determine whether 
lncRNAs and other ceRNAs including miRNA and genes 
have a possible effect on OXA drug resistance. Concerning 
this area, a prominent study by Li et al. concluded that the 
downregulation of KCNQ1OT1 lncRNA and the upregula-
tion of hsa-miR-34a were associated with CRC resistance to 
OXA. The study evaluated the potential ceRNA elements, 
identifying hsa-miR-34a and ATG4B as the contributors to 
the ceRNA network [79].

phase, and reduced capabilities for both respiration and gly-
colysis [72].

These results strongly imply that circHIF1A mediates 
changes in HIF1α-driven glycometabolism, which contrib-
utes to cetuximab resistance in CRC.

CeRNAs networking regulate drug resistance 
in CRC

Profiles of lncRNAs, miRNAs, mRNAs, and ceRNA net-
works are closely related to chemoresistance, but in ceRNA 
regulatory circuits, different RNA species competitively 
bind shared miRNAs, thereby modulating the expression 
of drug-resistance related genes [73]. By sequestering 
miRNAs, ceRNAs can de-repress key targets involved in 
apoptosis, DNA repair, autophagy, and drug efflux, ulti-
mately shifting the balance toward a chemoresistant phe-
notype. This competitive binding is influenced by ceRNA 
abundance, subcellular localization, miRNA binding-site 
affinity, and the stoichiometric ratio of miRNAs to ceRNAs 
factors that collectively determine the strength and direc-
tion of ceRNA-mediated regulation. For example, Yao et al. 
found that LINC02418 functioned as an oncogenic lncRNA 
by acting as a ceRNA to sponge hsa-miR-372-3p and sub-
sequently enhanced EPHA2 expression. The LINC02418/
miR-372-3p/EPHA2 axis contributes to 5-FU resistance in 

No. Drug CircRNAs & 
Alteration

Model 
Systems

Target/pathway Result Key Valida-
tion Assays

Level of 
Evidence

In ceRNA
Network?

ref

16 Cetuximab circIFNGR2 ▲ Fresh tumor 
tissues, 
BALB/c 
athymic 
nude mice, 
extensive 
cell line 
panel

miR-30b/KRAS Promotes 
CET 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [132]

17 FOLFOX circ_003283 ▲ 50 
FOLFOX 
treated 
tissues, 24 
BALB/c 
nude mice, 
HCT116 
resistant 
lines

miR-125-5p/MSI1 Promotes 
FOLFOX 
resistance

In vitro 
functional 
assays (KD)/
In vivo 
xenograft 
model/
Clinical 
correlation

High Yes [133]

Abbreviations: circRNA, circular RNA; 5-FU, 5-fluorouracil; OXA, Oxaliplatin; CET, Cetuximab; FOLFOX, Folinic acid, Fluorouracil, and 
Oxaliplatin; CRC, Colorectal Cancer; EMT, Epithelial-Mesenchymal Transition; OE, Overexpression; KD, Knockdown
Level of Evidence was defined as follows:
· High: In vitro functional assays (OE/KD) + in vivo xenograft validation with chemotherapeutic agent + clinical correlation
· Medium: In vitro functional assays with supporting clinical expression data or multi-model validation, but lacking in vivo drug response data
· Low: Primarily dysregulation data with preliminary functional validation in limited models (e.g., a single cell line), without strong clinical 
or in vivo correlation

Table 3  (continued) 
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MRX34, a liposomal mimic of the tumor-suppressive hsa-
miR-34a, entered a phase I trial but was terminated due to 
severe immune-related toxicities, highlighting the need for 
improved delivery systems and comprehensive safety eval-
uations. Moreover, ongoing trials, such as NCT02466113, 
are exploring the use of a six-miRNA panel as a prognos-
tic tool to guide adjuvant chemotherapy decisions in stage 
II colorectal cancer. Collectively, these studies underscore 
major challenges in the clinical translation of miRNA thera-
peutics, including targeted delivery, avoidance of off-target 
effects, immunogenicity, and assay standardization [83].

A clinical trial (NCT02466113, Registration Date: 2015-
04-30), is investigating the opportunity to administer adju-
vant chemotherapy in stage II colon cancer patients. The 
study, which began in 2016, is still ongoing. Researchers 
have developed a tool utilizing six miRNAs (hsa-miR-21, 
hsa-miR-20a-5p, hsa-miR-103a-3p, hsa-miR-106b-5p, 
hsa-miR-143-5p, and hsa-miR-215) to assist in determin-
ing whether a patient should receive chemotherapy or not. 
Patients are randomly assigned to two groups: one evaluated 
based on traditional pathological features (control group) 
and the other assessed using the miRNA tool (experimental 
group). The miRNA tool uses a specific risk score derived 
from the expression levels of the six miRNAs. Patients clas-
sified as high-risk by either method are recommended to 
undergo chemotherapy, while low-risk patients are moni-
tored without additional treatment. The primary outcomes 
assessed are disease-free survival and overall survival.

On the other hand, a study analyzed the levels of 22 miR-
NAs and the Dicer protein in primary tumors from mCRC 
patients who were treated with capecitabine monotherapy 
[85]. Results showed that low expression of hsa-miR-143 
in primary tumors was associated with longer PFS. These 
findings suggest that hsa-miR-143 could serve as a valuable 
biomarker for predicting sensitivity to fluoropyrimidines 
and warrant further investigation [85].

Given the limited treatment efficacy in CRC and the 
urgent need to address chemoresistance, it is crucial to 
identify and evaluate promising miRNA-based biomarkers 
through clinical trials. Moreover, considering the encour-
aging results of ncRNAs in overcoming drug resistance in 
CRC—some of which have already advanced to clinical tri-
als—it is both necessary and highly beneficial to develop 
these molecules as reliable and effective biomarkers for 
detecting chemoresistance and improving treatment out-
comes in CRC patients.

CeRNAs related to bevacizumab resistance

Unfortunately, investigations on bevacizumab have not been 
done sufficiently but an example is represented by a novel 
ceRNA network consisting of SNHG11 lncRNA, hsa-miR-
1207-5p, and ABCC1 gene that has been shown to increase 
resistance to bevacizumab both in in vitro and in vivo CRC 
models [80].

CeRNAs related to Cetuximab-Resistance

In light of the aforementioned reasons, studies have been 
conducted to investigate the effects of ceRNA network 
on cetuximab. For example, Gao, Hu et al. identified the 
upregulated HCG18 lncRNA as a contributing factor in 
CRC cetuximab resistance, focusing on the miR-365a-3p/
FOXO1/CSF-1 axis. Besides, the study examined the roles 
of the FOXO1 gene and hsa-miR-365a-3p, as well as the 
ceRNA network involving these components. Consequently, 
the studied axis could illustrate a convincing ceRNA net-
work that impacts the activity of cetuximab [81].

CeRNAs related to regorafenib resistance

Only one study was identified on the effect of the ceRNA 
network on CRC resistance to regorafenib. It was found 
that MIR570MG was upregulated and works as a molecu-
lar sponge for hsa-miR-145, whose levels were significantly 
reduced in resistant cells. This interaction resulted in the 
upregulation of SMAD3, a key signaling molecule that pro-
motes survival and resistance mechanisms. These findings 
suggest that targeting the MIR570MG/miR-145/SMAD3 
axis could provide new therapeutic strategies to overcome 
regorafenib resistance and potentially serve as biomarkers 
for treatment customization in CRC [82].

Non-coding RNAs evaluated in human 
clinical trials

To date, only microRNA-based therapeutics have reached 
human trials, such as the miR-34a mimic MRX34 [83]. In 
contrast, no lncRNA- or circRNA-targeted approaches have 
progressed to clinical evaluation, largely due to delivery bar-
riers and molecular complexity [84]. Advances in nanopar-
ticle-based delivery systems may soon facilitate translation 
of these molecules into clinical applications.

Based on the relevance that ncRNAs, particularly 
miRNAs, may play in predicting responses to antican-
cer agents due to their high sensitivity and specificity at 
early time points, some clinical trials have been planned 
to elucidate such a potential role in patients. For example, 
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Acknowledgements  The authors would like to thank all individuals 
whose fruitful research has contributed in any way for the elucidation 
of drugs, and their activity in GI cancers.

Author contributions  Conceptualization ES, EDA, NS, SE, SN, 
MMM, AS, ENM, NF; Supervision ENM, NF; Visualization ES, 
EDA, NS, SE; Roles/Writing - original draft ES, EDA, NS, SE, SN, 
ENM, NF; Writing – review & editing SN, AS, MMM, ENM, and NF. 
The work reported in the paper has been performed by the authors un-
less clearly specified in the text.

Data availability  No datasets were generated or analysed during the 
current study.

1 3

  174   Page 22 of 26

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Molecular Biology Reports          (2026) 53:174 

33.	 Wu YZ, Lin HY, Zhang Y, Chen WF (2020) miR-200b‐3p miti-
gates oxaliplatin resistance via targeting TUBB3 in colorectal 
cancer. J Gene Med 22(7):e3178

34.	 Ning T, Li J, He Y, Zhang H, Wang X, Deng T et al (2021) Exo-
somal miR-208b related with oxaliplatin resistance promotes 
Treg expansion in colorectal cancer. Mol Ther 29(9):2723–2736

35.	 Qian X-L, Zhou F, Xu S, Jiang J, Chen Z-P, Wang S-K et al 
(2021) MiR-454-3p promotes oxaliplatin resistance by targeting 
PTEN in colorectal cancer. Front Oncol 11:638537

36.	 Deng J, Wang H, Liang Y, Zhao L, Li Y, Yan Y et al (2023) miR-
15a-5p enhances the malignant phenotypes of colorectal cancer 
cells through the STAT3/TWIST1 and PTEN/AKT signaling 
pathways by targeting SIRT4. Cell Signal 101:110517

37.	 Liang H, Xu Y, Zhang Q, Yang Y, Mou Y, Gao Y et al (2019) MiR-
483-3p regulates oxaliplatin resistance by targeting FAM171B in 
human colorectal cancer cells. Artificial Cells, Nanomedicine, 
and Biotechnology 47(1):725–36

38.	 Han W, Yin H, Ma H, Wang Y, Kong D, Fan Z (2020) Curcumin 
regulates ERCC1 expression and enhances oxaliplatin sensitiv-
ity in resistant colorectal cancer cells through its effects on miR-
409-3p. Evid Based Complement Alternat Med 2020:8394574

39.	 Lv L, Li Q, Chen S, Zhang X, Tao X, Tang X et al (2019) miR-
133b suppresses colorectal cancer cell stemness and chemore-
sistance by targeting methyltransferase DOT1L. Exp Cell Res 
385(1):111597

40.	 Azar M, Aghazadeh H, Mohammed HN, Sara MRS, Hosseini A, 
Shomali N et al (2021) miR-193a-5p as a promising therapeutic 
candidate in colorectal cancer by reducing 5-FU and oxaliplatin 
chemoresistance by targeting CXCR4. Int Immunopharmacol 
92:107355

41.	 Poel D, Boyd LNC, Beekhof R, Schelfhorst T, Pham TV, Piersma 
SR et al (2019) Proteomic analysis of miR-195 and miR-497 
replacement reveals potential candidates that increase sensitiv-
ity to oxaliplatin in MSI/P53wt colorectal cancer cells. Cells 
8(9):1111

42.	 Park GB, Jeong JY, Kim D (2020) GLUT5 regulation by AKT1/3-
miR-125b-5p downregulation induces migratory activity and 
drug resistance in TLR-modified colorectal cancer cells. Carcino-
genesis 41(10):1329–1340

43.	 Juang V, Chang CH, Wang CS, Wang HE, Lo YL (2019) pH‐
responsive PEG‐shedding and targeting peptide‐modified 
nanoparticles for dual‐delivery of irinotecan and microRNA to 
enhance tumor‐specific therapy. Small 15(49):1903296

44.	 Poorebrahim M, Sadeghi S, Ghanbarian M, Kalhor H, Meh-
rtash A, Teimoori-Toolabi L (2020) Identification of candidate 
genes and miRNAs for sensitizing resistant colorectal cancer 
cells to oxaliplatin and irinotecan. Cancer Chemother Pharmacol 
85:153–171

45.	 Emmanouilides C, Sfakiotaki G, Androulakis N, Kalbakis K, 
Christophylakis C, Kalykaki A et al (2007) Front-line bevaci-
zumab in combination with oxaliplatin, leucovorin and 5-fluoro-
uracil (FOLFOX) in patients with metastatic colorectal cancer: a 
multicenter phase II study. BMC Cancer 7(1):91

46.	 Cervantes A, Adam R, Roselló S, Arnold D, Normanno N, Taïeb 
J et al (2023) Metastatic colorectal cancer: ESMO clinical prac-
tice guideline for diagnosis, treatment and follow-up. Ann Oncol 
34(1):10–32

47.	 Sun L, Fang Y, Wang X, Han Y, Du F, Li C et al (2019) miR-302a 
inhibits metastasis and cetuximab resistance in colorectal cancer 
by targeting NFIB and CD44. Theranostics 9(26):8409–25

48.	 Xing Y, Jing H, Zhang Y, Suo J, Qian M (2020) MicroRNA-
141-3p affected proliferation, chemosensitivity, migration and 
invasion of colorectal cancer cells by targeting EGFR. Int J Bio-
chem Cell Biol 118:105643

49.	 Han H, Li Y, Qin W, Wang L, Yin H, Su B, Yuan X (2022) 
MiR-199b-3p contributes to acquired resistance to cetuximab in 

16.	 Luo X, Burwinkel B, Tao S, Brenner H (2011) MicroRNA signa-
tures: novel biomarker for colorectal cancer? Cancer Epidemiol 
Biomarkers Prev 20(7):1272–86

17.	 Kitade Y, Akao Y (2010) MicroRNAs and their therapeutic poten-
tial for human diseases: microRNAs, miR-143 and-145, function 
as anti-oncomirs and the application of chemically modified miR-
143 as an anti-cancer drug. J Pharmacol Sci 114(3):276–280

18.	 Nik Mohamed Kamal N, Shahidan WNS (2019) Non-exosomal 
and exosomal circulatory micrornas: which are more valid as bio-
markers? Front Pharmacol 10:1500

19.	 Fromm B, Domanska D, Hackenberg M, Mathelier A, Høye E, 
Johansen M et al (2018) MirGeneDB2. 0: the curated microRNA 
gene database. BioRxiv 258749

20.	 Ashrafizadeh M, Zarrabi A, Hushmandi K, Hashemi F, Hashemi 
F, Samarghandian S, Najafi M (2020) MicroRNAs in cancer ther-
apy: their involvement in oxaliplatin sensitivity/resistance of can-
cer cells with a focus on colorectal cancer. Life Sci 256:117973

21.	 Azwar S, Seow HF, Abdullah M, Faisal Jabar M, Mohtarrudin 
N (2021) Recent updates on mechanisms of resistance to 5-fluo-
rouracil and reversal strategies in colon cancer treatment. Biol 
10(9):854

22.	 Marjaneh RM, Khazaei M, Ferns GA, Avan A, Aghaee-Bakhtiari 
SH (2019) The role of MicroRNAs in 5-FU resistance of colorec-
tal cancer: possible mechanisms. J Cell Physiol 234(3):2306–2316

23.	 Liu G, Zhou J, Dong M (2019) Down-regulation of miR-543 
expression increases the sensitivity of colorectal cancer cells to 
5-fluorouracil through the PTEN/PI3K/AKT pathway. Biosci Rep 
39(3):BSR20190249

24.	 Xian Z, Hu B, Wang T, Zeng J, Cai J, Zou Q, Zhu P (2020) 
LncRNA UCA1 contributes to 5-fluorouracil resistance of 
colorectal cancer cells through miR-23b-3p/ZNF281 axis. Onco-
Targets Therapy 7571–7583

25.	 Xu F, Ye ML, Zhang YP, Li WJ, Li MT, Wang HZ et al (2020) 
MicroRNA-375‐3p enhances chemosensitivity to 5‐fluorouracil 
by targeting thymidylate synthase in colorectal cancer. Cancer Sci 
111(5):1528–41

26.	 Pan S, Deng Y, Fu J, Zhang Y, Zhang Z, Qin X (2022) N6–meth-
yladenosine upregulates miR–181d–5p in exosomes derived from 
cancer–associated fibroblasts to inhibit 5–FU sensitivity by tar-
geting NCALD in colorectal cancer. Int J Oncol 60(2):1–17

27.	 Zhang L, Li B, Zhang B, Zhang H, Suo J (2019) miR–361 
enhances sensitivity to 5–fluorouracil by targeting the FOXM1–
ABCC5/10 signaling pathway in colorectal cancer. Oncol Lett 
18(4):4064–4073

28.	 Wu S, Zhou Y, Liu P, Zhang H, Wang W, Fang Y, Shen X (2021) 
MicroRNA-29b-3p promotes 5-fluorouracil resistance via sup-
pressing TRAF5-mediated necroptosis in human colorectal can-
cer. Eur J Histochemistry: EJH 65(2):3247

29.	 Yang Y, Yuan H, Zhao L, Guo S, Hu S, Tian M et al (2022) Tar-
geting the miR-34a/LRPPRC/MDR1 axis collapse the chemo-
resistance in P53 inactive colorectal cancer. Cell Death Differ 
29(11):2177–2189

30.	 Xie Z-Y, Wang F-F, Xiao Z-H, Liu S-F, Tang S-L, Lai Y-L (2020) 
Overexpressing microRNA-34a overcomes ABCG2-mediated 
drug resistance to 5-FU in side population cells from colon cancer 
via suppressing DLL1. J Biochem 167(6):557–564

31.	 Hsu H-H, Kuo W-W, Shih H-N, Cheng S-F, Yang C-K, Chen M-C 
et al (2019) FOXC1 regulation of miR-31-5p confers oxalipla-
tin resistance by targeting LATS2 in colorectal cancer. Cancers 
11(10):1576

32.	 Liang Y, Zhu D, Zhu L, Hou Y, Hou L, Huang X et al (2019) 
Dichloroacetate overcomes oxaliplatin chemoresistance in 
colorectal cancer through the miR-543/PTEN/Akt/mTOR path-
way. J Cancer 10(24):6037–47

1 3

Page 23 of 26    174 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Molecular Biology Reports          (2026) 53:174 

colorectal cancer via the MiR-495 and HGF/c-MET pathways. J 
Cancer 13(1):253–267

66.	 Yang Y-n, Zhang R, Du J-w, Yuan H-h, Li Y-j, Wei X-l et al 
(2018) Predictive role of UCA1-containing exosomes in cetux-
imab-resistant colorectal cancer. Cancer Cell Int 18(1):164

67.	 Chen S, Lin J, Zhao J, Lin Q, Liu J, Wang Q et al (2023) FBXW7 
attenuates tumor drug resistance and enhances the efficacy of 
immunotherapy. Front Oncol 13:1147239

68.	 Wen Q, Huang M, Xie J, Liu R, Miao Q, Huang J et al (2023) 
LncRNA SYTL5-OT4 promotes vessel co-option by inhibit-
ing the autophagic degradation of ASCT2. Drug Resist Updat 
69:100975

69.	 Kun-Peng Z, Xiao-Long M, Chun-Lin Z (2018) Overexpressed 
circPVT1, a potential new circular RNA biomarker, contributes 
to doxorubicin and cisplatin resistance of osteosarcoma cells by 
regulating ABCB1. Int J Biol Sci 14(3):321

70.	 Lai M, Liu G, Li R, Bai H, Zhao J, Xiao P, Mei J (2020) Hsa_
circ_0079662 induces the resistance mechanism of the chemo-
therapy drug oxaliplatin through the TNF-α pathway in human 
colon cancer. J Cell Mol Med 24(9):5021–5027

71.	 Li J, Lv J, Chen Y, Li L (2023) Tumor suppressor circPDE4D 
inhibits the progression of colorectal cancer and regulates oxali-
platin chemoresistance. Gene 864:147323

72.	 Geng Y, Zheng X, Zhang D, Wei S, Feng J, Wang W et al (2024) 
CircHIF1A induces cetuximab resistance in colorectal cancer by 
promoting HIF1α-mediated glycometabolism alteration. Biol 
Direct 19(1):36

73.	 Tay Y, Rinn J, Pandolfi PP (2014) The multilayered complexity of 
CeRNA crosstalk and competition. Nature 505(7483):344–352

74.	 Yao F, Huang X, Xie Z, Chen J, Zhang L, Wang Q et al (2022) 
LINC02418 upregulates EPHA2 by competitively sponging miR-
372-3p to promote 5-Fu/DDP chemoresistance in colorectal can-
cer. Carcinogenesis 43(9):895–907

75.	 Vaghari-Tabari M, Majidinia M, Moein S, Qujeq D, Asemi Z, 
Alemi F et al (2020) MicroRNAs and colorectal cancer chemore-
sistance: new solution for old problem. Life Sci 259:118255

76.	 Xu G, Zhu H, Xu J, Wang Y, Zhang Y, Zhang M, Zhu D (2020) 
Long non-coding RNA POU6F2-AS2 promotes cell prolifera-
tion and drug resistance in colon cancer by regulating miR-377/
BRD4. J Cell Mol Med 24(7):4136–4149

77.	 Ma Y-N, Hong Y-G, Yu G-Y, Jiang S-y, Zhao B-l, Guo A et al 
(2023) Retraction note: LncRNA LBX2-AS1 promotes colorectal 
cancer progression and 5-fluorouracil resistance. Cancer Cell Int 
23(1):32

78.	 Jiang W, Xia J, Xie S, Zou R, Pan S, Wang ZW et al (2020) Long 
non-coding RNAs as a determinant of cancer drug resistance: 
towards the overcoming of chemoresistance via modulation of 
lncRNAs. Drug Resist Updat 50:100683

79.	 Li Y, Li C, Li D, Yang L, Jin J, Zhang B (2019) LncRNA 
KCNQ1OT1 enhances the chemoresistance of oxaliplatin in 
colon cancer by targeting the miR-34a/ATG4B pathway. Onco 
Targets Ther 12:2649–2660

80.	 Huang W, Zhang H, Tian Y, Li Y, Li J, Zhong X, Yuan X (2022) 
LncRNA SNHG11 enhances bevacizumab resistance in colorec-
tal cancer by mediating miR-1207-5p/ABCC1 axis. Anticancer 
Drugs 33(6):575–586

81.	 Gao C, Hu W, Zhao J, Ni X, Xu Y (2022) LncRNA HCG18 
promotes M2 macrophage polarization to accelerate cetuximab 
resistance in colorectal cancer through regulating miR-365a-3p/
FOXO1/CSF-1 axis. Pathol Res Pract 240:154227

82.	 Wei F, Wang M, Li Z, Wang Y, Zhou Y (2020) Long Non-coding 
RNA MIR570MG causes regorafenib resistance in colon cancer 
by repressing miR-145/SMAD3 signaling. Front Oncol 10:291

83.	 Hong DS, Kang Y-K, Borad M, Sachdev J, Ejadi S, Lim HY 
et al (2020) Phase 1 study of MRX34, a liposomal miR-34a 

colorectal cancer by targeting CRIM1 via Wnt/β-catenin signal-
ing. Cancer Cell Int 22(1):42

50.	 Fiala O, Pitule P, Hosek P, Liska V, Sorejs O, Bruha J et al (2017) 
The association of miR-126-3p, miR-126-5p and miR-664-3p 
expression profiles with outcomes of patients with metastatic 
colorectal cancer treated with bevacizumab. Tumor Biology 
39(7):1010428317709283

51.	 Romero-Lorca A, Novillo A, Gaibar M, Gilsanz MF, Galán M, 
Beltrán L et al (2021) miR-7, miR-10a and miR-143 expres-
sion May predict response to bevacizumab plus chemotherapy 
in patients with metastatic colorectal cancer. Pharmacogenomics 
Personalized Med 1263–1273

52.	 Liang Y, Zhang C, Ming H, Dai D (2018) Identification and pre-
diction of novel non-coding and coding RNA-associated com-
peting endogenous RNA networks in colorectal cancer. World J 
Gastroenterol 24:5259–5270

53.	 Khalafizadeh A, Hashemizadegan SD, Shokri F, Bakhshinejad B, 
Jabbari K, Motavaf M, Babashah S (2024) Competitive endoge-
nous RNA networks: decoding the role of long non-coding RNAs 
and circular RNAs in colorectal cancer chemoresistance. J Cell 
Mol Med 28(7):e18197

54.	 Raziq K, Cai M, Dong K, Wang P, Afrifa J, Fu S (2020) Com-
petitive endogenous network of lncRNA, miRNA, and mRNA in 
the chemoresistance of Gastrointestinal tract adenocarcinomas. 
Biomed Pharmacother 130:110570

55.	 Gao S-J, Ren S-N, Liu Y-T, Yan H-W, Chen X-B (2021) Targeting 
EGFR sensitizes 5-Fu-resistant colon cancer cells through modi-
fication of the lncRNA-FGD5-AS1-miR-330-3p-Hexokinase 2 
axis. Mol Ther Oncolytics 23:14–25

56.	 Fu Y, Huang R, Li J, Xie X, Deng Y (2021) LncRNA 
ENSG00000254615 modulates proliferation and 5-FU resistance 
by regulating p21 and Cyclin D1 in colorectal cancer. Cancer 
Invest 39(9):696–710

57.	 Jiang Z, Li L, Hou Z, Liu W, Wang H, Zhou T et al (2020) 
LncRNA HAND2-AS1 inhibits 5-fluorouracil resistance by mod-
ulating miR-20a/PDCD4 axis in colorectal cancer. Cell Signal 
66:109483

58.	 Luo ZD, Wang YF, Zhao YX, Yu LC, Li T, Fan YJ et al (2023) 
Emerging roles of non-coding RNAs in colorectal cancer oxalipl-
atin resistance and liquid biopsy potential. World J Gastroenterol 
29(1):1–18

59.	 Qi FF, Yang Y, Zhang H, Chen H (2020) Long non-coding RNAs: 
key regulators in oxaliplatin resistance of colorectal cancer. 
Biomed Pharmacother 128:110329

60.	 Gao R, Fang C, Xu J, Tan H, Li P, Ma L (2019) LncRNA CACS15 
contributes to oxaliplatin resistance in colorectal cancer by posi-
tively regulating ABCC1 through sponging miR-145. Arch Bio-
chem Biophys 663:183–191

61.	 Zhu S, Mao J, Zhang X, Wang P, Zhou Y, Tong J et al (2024) 
CAF-derived exosomal lncRNA FAL1 promotes chemoresis-
tance to oxaliplatin by regulating autophagy in colorectal cancer. 
Dig Liver Dis 56(2):330–42

62.	 Sun F, Liang W, Qian J (2019) The identification of CRNDE, 
H19, UCA1 and HOTAIR as the key LncRNAs involved in oxali-
platin or Irinotecan resistance in the chemotherapy of colorectal 
cancer based on integrative bioinformatics analysis. Mol Med 
Rep 20(4):3583–3596

63.	 Jensen NF, Soekilde R, Stenvang J, Nielsen BS, Litman T, Brün-
ner N, Rømer MU (2012) Micrornas related to intrinsic resistance 
to oxaliplatin and the irinotecan metabolite SN-38 in 10 colorec-
tal cancer cell lines. J Clin Oncol 30(4_suppl):524

64.	 Sun W, Ren S, Li R, Zhang Q, Song H (2019) LncRNA, a novel 
target biomolecule, is involved in the progression of colorectal 
cancer. Am J Cancer Res 9(11):2515–2530

65.	 Yuan HH, Zhang XC, Wei XL, Zhang WJ, Du XX, Huang P 
et al (2022) LncRNA UCA1 mediates cetuximab resistance in 

1 3

  174   Page 24 of 26

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Molecular Biology Reports          (2026) 53:174 

100.	Wang X, Lan Z, He J, Lai Q, Yao X, Li Q et al (2019) Lncrna 
SNHG6 promotes chemoresistance through ULK1-induced 
autophagy by sponging miR-26a-5p in colorectal cancer cells. 
Cancer Cell Int 19(1):234

101.	Qu L, Chen Y, Zhang F, He L (2021) The lncrna DLGAP1-AS1/
miR-149-5p/TGFB2 axis contributes to colorectal cancer pro-
gression and 5-FU resistance by regulating smad2 pathway. Mol 
Ther Oncolytics 20:607–624

102.	Wang J, Zhang X, Zhang J, Chen S, Zhu J, Wang X (2021) Long 
noncoding RNA CRART16 confers 5-FU resistance in colorectal 
cancer cells by sponging miR-193b-5p. Cancer Cell Int 21(1):638

103.	Wang M, Hu H, Wang Y, Huang Q, Huang R, Chen Y et al (2019) 
Long non-coding RNA TUG1 mediates 5-fluorouracil resistance 
by acting as a CeRNA of miR-197-3p in colorectal cancer. J Can-
cer 10(19):4603–4613

104.	Wu H, Zou Q, He H, Liang Y, Lei M, Zhou Q et al (2019) Long 
non-coding RNA PCAT6 targets miR-204 to modulate the che-
moresistance of colorectal cancer cells to 5-fluorouracil-based 
treatment through HMGA2 signaling. Cancer Med 8(5):2484–95

105.	Yang C, Pan Y, Deng SP (2019) Downregulation of lncRNA 
CCAT1 enhances 5-fluorouracil sensitivity in human colon can-
cer cells. BMC Mol Cell Biol 20(1):9

106.	Zeng ZL, Lu JH, Wang Y, Sheng H, Wang YN, Chen ZH et al 
(2021) The lncRNA XIST/miR-125b-2-3p axis modulates cell 
proliferation and chemotherapeutic sensitivity via targeting Wee1 
in colorectal cancer. Cancer Med 10(7):2423–41

107.	Cai M, Hu W, Huang C, Zhou C, Li J, Chen Y, Yu Y (2021) 
LncRNA MCF2L-AS1/miR-105/IL-1β axis regulates colorectal 
cancer cell oxaliplatin resistance. Cancer Manag Res. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​2​​1​4​7​​/​C​M​​A​R​.​S​3​1​3​9​0​5

108.	Yue B, Cai D, Liu C, Fang C, Yan D (2016) Linc00152 func-
tions as a competing endogenous RNA to confer oxaliplatin 
resistance and holds prognostic values in colon cancer. Mol Ther 
24(12):2064–2077

109.	Fan C, Yuan Q, Liu G, Zhang Y, Yan M, Sun Q, Zhu C (2020) 
Long non-coding RNA MALAT1 regulates oxaliplatin-resistance 
via miR-324-3p/ADAM17 axis in colorectal cancer cells. Cancer 
Cell Int 20:473

110.	Weng X, Liu H, Ruan J, Du M, Wang L, Mao J et al (2022) 
HOTAIR/miR-1277-5p/ZEB1 axis mediates hypoxia-induced 
oxaliplatin resistance via regulating epithelial-mesenchymal tran-
sition in colorectal cancer. Cell Death Discov 8(1):310

111.	Chen R, Zhou S, Chen J, Lin S, Ye F, Jiang P (2020) LncRNA 
BLACAT1/miR-519d-3p/CREB1 axis mediates proliferation, 
apoptosis, migration, invasion, and drug-resistance in colorectal 
cancer progression. Cancer Manag Res 12:13137–13148

112.	Li P, Zhang X, Wang H, Wang L, Liu T, Du L et al (2017) 
MALAT1 is associated with poor response to oxaliplatin-based 
chemotherapy in colorectal cancer patients and promotes chemo-
resistance through EZH2. Mol Cancer Ther 16(4):739–51

113.	Wang S, Li J, Yang X (2019) Long non-coding RNA LINC00525 
promotes the stemness and chemoresistance of colorectal cancer 
by targeting miR-507/ELK3 axis. Int J Stem Cells 12(2):347–59

114.	Han P, Li JW, Zhang BM, Lv JC, Li YM, Gu XY et al (2017) 
The lncRNA CRNDE promotes colorectal cancer cell prolifera-
tion and chemoresistance via miR-181a-5p-mediated regulation 
of Wnt/β-catenin signaling. Mol Cancer 16(1):9

115.	Zhang X, Wen L, Chen S, Zhang J, Ma Y, Hu J et al (2020) The 
novel long noncoding RNA CRART16 confers cetuximab resis-
tance in colorectal cancer cells by enhancing ERBB3 expression 
via miR-371a-5p. Cancer Cell Int 20(1):68

116.	Xu Y-J, Zhao J-M, Ni X-F, Wang W, Hu W-W, Wu C-P (2021) 
LncRNA HCG18 suppresses CD8 + T cells to confer resistance 
to cetuximab in colorectal cancer via miR-20b-5p/PD-L1 axis. 
Epigenomics 13(16):1283–1299

mimic, in patients with advanced solid tumours. Br J Cancer 
122(11):1630–1637

84.	 Yang X, Liang Y, Tong S (2024) Advancing cancer treatment: in 
vivo delivery of therapeutic small noncoding RNAs. Front Mol 
Biosci 10:1297413

85.	 Simmer F, Venderbosch S, Dijkstra JR, Vink-Börger EM, Faber 
C, Mekenkamp LJ et al (2015) Microrna-143 is a putative pre-
dictive factor for the response to fluoropyrimidine-based chemo-
therapy in patients with metastatic colorectal cancer. Oncotarget 
6(26):22996–23007

86.	 Nakagawa Y, Kuranaga Y, Tahara T, Yamashita H, Shibata T, 
Nagasaka M et al (2019) Induced miR-31 by 5‐fluorouracil expo-
sure contributes to the resistance in colorectal tumors. Cancer Sci 
110(8):2540–8

87.	 Zhao P, Ma Y-g, Zhao Y, Liu D, Dai Z-j, Yan C-y, Guan H-t (2019) 
Microrna-552 deficiency mediates 5-fluorouracil resistance by 
targeting SMAD2 signaling in DNA-mismatch-repair-deficient 
colorectal cancer. Cancer Chemother Pharmacol 84:427–39

88.	 Pan S, Bao D, Li Y, Liu D, Quan S, Wang R (2022) SOX4 induces 
drug resistance of colorectal cancer cells by downregulating 
CYLD through transcriptional activation of microrna-17. J Bio-
chem Mol Toxicol 36(1):e22910

89.	 Valizadeh M, Babaei E, Sharifi R, Yazdanbod A (2023) Restora-
tion of miR-650 leads to down-regulation of KISS1, a possible 
route involved in overcoming 5-FU resistance and induction of 
apoptosis in CRC cells in-vitro. Mol Biol Rep 50(8):6591–6599

90.	 Wang H, Liang Y, Zhao L, Deng J, Li Y, Zhao H et al (2023) miR-
653-3p promotes genomic instability of colorectal cancer cells 
via targeting SIRT1/TWIST1 signaling pathway. Biochimica et 
Biophysica Acta (BBA) 1869(8):166821

91.	 Wang XW, Jiang YH, Ye W, Shao CF, Xie JJ, Li X (2023) SIRT1 
promotes the progression and chemoresistance of colorectal can-
cer through the p53/miR-101/KPNA3 axis. Cancer Biol Ther 
24(1):2235770

92.	 Liu Y, Wang G, Li Y, Zhao Q, Fan L, Tan B et al (2021) miR-
424-5p reduces 5-fluorouracil resistance possibly by inhibiting 
Src/focal adhesion kinase signalling-mediated epithelial–mes-
enchymal transition in colon cancer cells. J Pharm Pharmacol 
73(8):1062–70

93.	 Hua R, Zhang Y, Yan X, Tang D, Li X, Ni Q et al (2021) Syn-
decan-2, negatively regulated by miR-20b-5p, contributes to 5-flu-
orouracil resistance of colorectal cancer cells via the JNK/ERK 
signaling pathway. Acta Biochim Biophys Sin 53(11):1547–57

94.	 Wang H, Wang X, Zhang H, Deng T, Liu R, Liu Y et al (2021) The 
HSF1/miR-135b-5p axis induces protective autophagy to pro-
mote oxaliplatin resistance through the MUL1/ULK1 pathway in 
colorectal cancer. Oncogene 40(28):4695–708

95.	 Su YC, Metzen LT, Vélez LM, Bournique E, Seldin M, Buis-
son R et al (2023) Induction of resistance to oxaliplatin in can-
cer by a microRNA/Fem1B/Gli1 pathway. Am J Cancer Res 
13(12):6011–6025

96.	 Xu Y, Zhu M (2020) Novel exosomal miR-46146 transfer oxali-
platin chemoresistance in colorectal cancer. Clin Transl Oncol 
22(7):1105–1116

97.	 Shi L, Xi J, Xu X, Peng B, Zhang B (2019) Mir-148a suppressed 
cell invasion and migration via targeting WNT10b and modulat-
ing β-catenin signaling in cisplatin-resistant colorectal cancer 
cells. Biomed Pharmacother 109:902–909

98.	 Xian Z, Hu B, Wang T, Zeng J, Cai J, Zou Q, Zhu P (2020) 
LncRNA UCA1 contributes to 5-Fluorouracil resistance of 
colorectal cancer cells through miR-23b-3p/ZNF281 axis. Onco-
Targets Therapy 13(null):7571–7583

99.	 Wang X, Jiang G, Ren W, Wang B, Yang C, Li M (2020) LncRNA 
NEAT1 regulates 5-Fu sensitivity, apoptosis and invasion in 
colorectal cancer through the MiR-150-5p/CPSF4 axis. OncoTar-
gets Ther. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​1​4​7​​/​O​T​​T​.​S​2​3​9​4​3​2

1 3

Page 25 of 26    174 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Molecular Biology Reports          (2026) 53:174 

127.	Gao Y, Liu C, Xu X, Wang Y, Jiang Y (2022) Circular RNA 
sterile alpha motif domain containing 4A contributes to cell 
5-fluorouracil resistance in colorectal cancer by regulating the 
miR-545-3p/6-phosphofructo-2-kinase/fructose-2, 6-bisphospha-
taseisotype 3 axis. Anticancer Drugs 33(6):553–563

128.	Zhang Y, Li C, Liu X, Wang Y, Zhao R, Yang Y et al (2019) 
CircHIPK3 promotes oxaliplatin-resistance in colorectal can-
cer through autophagy by sponging miR-637. EBioMedicine 
48:277–288

129.	Wang Z, Liu J, Yang T, Wang Q, Liang R, Tang J (2023) 
Circ_0082182 upregulates the NFIB level via sponging miR-326 
to promote oxaliplatin resistance and malignant progression of 
colorectal cancer cells. Mol Cell Biochem 478(5):1045–1057

130.	Lv L, Yi L, Huang B, Zhou C, Zhang L (2023) Hsa_circ_0071589 
aggravates stemness and oxaliplatin resistance in colorectal can-
cer through sponging miR-133b to upregulate SOX13 expression. 
Mol Cell Biochem 479(8):1–14

131.	Hongyan L, Yijie Z, Honggang Y, Ganggang M (2022) Analysis 
of the correlation between circular RNA circ_0008274 and cetux-
imab resistance in colorectal cancer cells. Chin J Dig 42:9

132.	Zhang Q, Zheng Y, Liu J, Tang X, Wang Y, Li X et al (2023) 
CircIFNGR2 enhances proliferation and migration of CRC and 
induces cetuximab resistance by indirectly targeting KRAS via 
sponging to MiR-30b. Cell Death Dis 14(1):24

133.	Li S, Zheng S (2020) Down-regulation of Circ_0032833 sen-
sitizes colorectal cancer to 5-fluorouracil and oxaliplatin partly 
depending on the regulation of miR-125-5p and MSI1. Cancer 
Manag Res. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​2​1​​​4​7​/​​C​​M​A​R​.​S​2​7​0​1​2​3

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

117.	Yuan H-H, Zhang X-C, Wei X-L, Zhang W-J, Du X-X, Huang P 
et al (2022) (2022) LncRNA UCA1 mediates Cetuximab resis-
tance in Colorectal Cancer via the MiR-495 and HGF/c-MET 
Pathways. J Cancer [Internet] 13(1):253–67

118.	Lu Y, Zhao X, Liu Q, Li C, Graves-Deal R, Cao Z et al (2017) 
LncRNA MIR100HG-derived miR-100 and miR-125b medi-
ate cetuximab resistance via Wnt/β-catenin signaling. Nat Med 
23(11):1331–41

119.	Wang W, Zhou L, Li Z, Lin G (2022) Circ_0014130 is involved 
in the drug sensitivity of colorectal cancer through miR-197‐3p/
PFKFB3 axis. J Gastroenterol Hepatol 37(5):908–918

120.	Zhao K, Cheng X, Ye Z, Li Y, Peng W, Wu Y, Xing C (2021) Exo-
some-mediated transfer of circ_0000338 enhances 5-fluorouracil 
resistance in colorectal cancer through regulating microRNA 217 
(miR-217) and miR-485-3p. Mol Cell Biol 41(5):e00517-20

121.	He X, Ma J, Zhang M, Cui J, Yang H (2020) Circ_0007031 
enhances tumor progression and promotes 5-fluorouracil resis-
tance in colorectal cancer through regulating miR-133b/ABCC5 
axis. Cancer Biomark 29(4):531–542

122.	Zhang Y, Wang X, Wang S, Liu J, Li R, Li X, Zhang R (2023) 
Circ-ERBB2 knockdown sensitized colorectal cancer cells to 5‐
FU via miR‐181a‐5p/PTEN/Akt pathway. J Biochem Mol Toxi-
col 37(4):e23297

123.	Chen H, Zhang J, Yang L, Li Y, Wang Z, Ye C (2023) Circ-ZEB1 
regulates epithelial-mesenchymal transition and chemotherapy 
resistance of colorectal cancer through acting on miR-200c-5p. 
Transl Oncol 28:101604

124.	Qiao X-X, Shi H-B, Xiao L (2023) Serum exosomal hsa-
circ-0004771 modulates the resistance of colorectal cancer to 
5-fluorouracil via regulating miR-653/ZEB2 signaling pathway. 
Cancer Cell Int 23(1):243

125.	Ren T-J, Liu C, Hou J-F, Shan F-X (2020) CircDDX17 reduces 
5-fluorouracil resistance and hinders tumorigenesis in colorectal 
cancer by regulating miR-31-5p/KANK1 axis. European Review 
for Medical & Pharmacological Sciences. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​6​3​5​​
5​/​e​​u​r​r​e​v

126.	Chen H, Pei L, Xie P, Guo G (2020) Circ-PRKDC contributes to 
5-fluorouracil resistance of colorectal cancer cells by regulating 
miR-375/FOXM1 axis and Wnt/β-catenin pathway. OncoTargets 
Ther. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​1​4​7​​/​O​T​​T​.​S​2​5​3​4​6​8

1 3

  174   Page 26 of 26

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

