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Abstract. Circular RNA (circRNA) is a class of endogenous 
non‑coding RNA, a type of single‑stranded covalently closed 
RNA molecule formed by alternative splicing of exons or 
introns. Previous studies have demonstrated that circRNA 
participates in modulating biological processes such as cell 
proliferation, differentiation and apoptosis, and plays key 
roles in tumor occurrence and development. CircRNA nuclear 
receptor interacting protein 1 (circ_NRIP1), a form of circRNA, 
is abnormally expressed in certain human tumor types. It is 
present at a higher abundance compared with cognate linear 
transcripts and can regulate malignant biological behaviors 
such as tumor proliferation, invasion and migration, revealing 
a currently unexplored frontier in cancer progression. The 
present review presents a pattern of circ_NRIP1 expression in 
various malignant tumor types and highlights its significance 
in cancer development, in addition to its potential as a disease 
indicator or future therapeutic agent.
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1. Introduction

Circular RNA (circRNA) is a recent addition to an expanding 
list of non‑coding RNAs. CircRNA is produced through a 
non‑canonical splicing mechanism called back splicing, which 
involves the covalent linkage of the downstream splice‑donor 
site to its upstream counterpart (1,2). Despite the absence of 
polyadenylation and capping, circRNAs exhibit a remarkable 
tolerance to RNase and a greater stability compared with linear 
RNAs due to their covalently closed circular structure (3,4). 
Over the previous two decades, scientists have identified 
circRNAs in plant viroids, yeast mitochondrial RNAs and 
hepatitis D virus, and subsequently in the human Ets1 gene 
and the mouse Sry gene (5‑9). A small number of circRNAs 
derived from eukaryotic genomes have been discovered and 
are thought to arise from abnormal splicing events, lacking 
any discernible regulatory functions  (10,11). To date, the 
utilization of RNA‑seq and newly developed bioinformatic 
approaches have facilitated the identification of >10,000 
different circRNAs in various organisms (3). However, biolog‑
ical functions have only been investigated for a minor fraction 
of the circRNAs identified, the majority of which have been 
proposed to act as miRNA sponges (12‑15). In addition, cross‑
linking immunoprecipitation data sets suggest that circRNAs 
interact with numerous different RNA‑binding proteins to act 
as protein sponges (16‑19). Furthermore, a subset of circRNAs 
may undergo cap‑independent translation under specific 
conditions (20‑22). Taken together, these findings suggest a 
close association between circRNAs and both biological and 
pathological processes.

CircRNA nuclear receptor interacting protein 1 (circ_
NRIP1) is a 203 bp circRNA (circBase ID: hsa_circ_0004771) 
derived from exons 2 and 3 of the NRIP1 host gene which 
is located at human chromosome 21q11.2 (Fig. 1). Several 
studies in previous years have demonstrated that circ_NRIP1 
can reinforce proliferation and extracellular matrix accumula‑
tion in keloid‑derived fibroblasts and impede apoptosis (23). 
Additionally, circ_NRIP1 can also mediate alcohol depen‑
dence through the modulation of neuron projection and axon 
regeneration (24). Further research has revealed that abnormal 
expression of circ_NRIP1 is an independent predictor of poor 
prognosis in ovarian and gastric cancer (25‑30). This manu‑
script offers a thorough review of research on the oncogenic 
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functions, regulatory mechanisms and therapeutic potential 
of circ_NRIP1 in malignant tumors affecting humans 
(Tables I and II).

2. Circ_NRIP1 in malignant tumors

Ovarian cancer. Ovarian cancer is the most lethal gyneco‑
logical malignancy, which is characterized by a rapid clinical 
course, high mortality rate and poor prognosis (31). Annually 
worldwide, 230,000 women will be diagnosed and 150,000 
will succumb (32). Currently, chemotherapy is still the corner‑
stone of ovarian cancer treatment (33). Advanced stage ovarian 
cancers commonly present as sensitive to initial therapy; 
however, most (~75%) recur and develop resistance to chemo‑
therapy (34,35). CircRNA has previously been identified as a 
primary regulator of initiation, progression and therapeutic 
response in certain cancers, including ovarian cancer (36). 
CircRNA is expected to be a potential target for overcoming 
resistance to cancer chemotherapy (37‑39). 

Li et al (40) demonstrated that circ_NRIP1 is significantly 
overexpressed in ovarian cancer tumor tissues. Similar results 
have also been observed in RT‑qPCR detection in ovarian 
cancer cell lines (SKOV3). Notably, circ_NRIP1 expres‑
sion levels in tumor tissues from paclitaxel (PTX)‑resistant 
patients are markedly higher compared with those sensitive 
to PTX treatment. To investigate the roles of circ_NRIP1 in 
PTX‑resistant ovarian cancer, the expression of circ_NRIP1 
in SKOV3/PTX cells (PTX treated SKOV3 cells) was 
reduced by transfection with small interfering (siRNA). MTT, 
colony formation and Transwell assay results indicate that 
circ_NRIP1 knockdown prominently suppresses proliferation, 
migration and invasion of SKOV3/PTX cells. Western blot 
results demonstrate that circ_NRIP1‑silencing suppresses the 
expression of proliferation marker cyclin D1 and metastasis 
markers MMP2 and MMP9, which is consistent with func‑
tional assay data (40). 

To elucidate the impact of circ_NRIP1 on ovarian cancer, 
researchers have generated xenograft models in nude mice 
with either negative control or circ_NRIP1 knockdown cells. 
The results revealed that circ_NRIP1 suppression can impair 
xenograft tumor growth and augment the responsiveness 
of ovarian cancer to PTX in vivo (40). As the competitive 
endogenous RNA (ceRNA) regulatory network is frequently 
cited as the molecular mechanism of circRNA, researchers 
have postulated that circ_NRIP1 induces chemotherapy 
resistance in ovarian cancer through this competing ceRNA 
mechanism (41). LncBase has been used to predict the miRNA 
targets for circ_NRIP1, revealing the presence of miR‑211‑5p 
binding sites within circ_NRIP1 (40). The RT‑qPCR detection 
and dual‑luciferase reporter assay outcomes further verify 
that there is a targeted regulatory relationship between circ_
NRIP1 and miR‑211‑5p. Emerging evidence has suggested 
that homeobox C8 (HOXC8) is aberrantly overexpressed in 
malignant tumors and is intimately associated with chemo‑
therapy resistance (42,43). Through subsequent experiments, 
researchers have determined that HOXC8 gene is downstream 
of miR‑211‑5p. Functional assays indicate that overexpression 
of HOXC8 can promote malignant behaviors in SKOV3/PTX 
cells, which can be partially mitigated by silencing circ_
NRIP1 or transfection with miR‑211‑5p mimics transfection. 

Therefore, circ_NRIP1 may modulate PTX resistance in 
ovarian cancer via the miR‑211‑5p/HOXC8 axis. Blocking 
this axis with suitable inhibitors or target molecules produced 
through bioengineering may be a promising future strategy to 
overcome chemotherapy resistance in ovarian cancer.

Cervical cancer. Despite being highly preventable, cervical 
cancer remains one of the leading causes of cancer‑related 
mortality in women globally  (44). Patients with advanced 
cervical cancer typically undergo treatment strategies that are 
associated with considerable side effects and a limited effi‑
cacy (45,46). Therefore, there is a pressing need for improved 
cervical cancer therapeutics such as targeted therapy and 
immunotherapy, which offer greater efficacy and suitability 
compared with current treatment strategies. Numerous studies 
have highlighted the importance of aberrant gene expres‑
sion in tumor development, often coinciding with the altered 
expression of circRNAs  (47,48). Notably, cervical cancer 
exhibits a dysregulated circRNA expression profile as revealed 
by microarray analysis, with circ_NRIP1 demonstrating a 
significant upregulation (49). 

Successive studies have since been carried out to inves‑
tigate the relationship between circ_NRIP1 and cervical 
cancer (49). Li et al (49) collected 40 cervical cancer tumor 
samples and compared these with matched healthy samples to 
evaluate circ_NRIP1 expression in cervical cancer. The results 
indicated that circ_NRIP1 is notably expressed in neoplasm 
tissues and its aberrant expression profiles are closely associ‑
ated with lymph‑vascular space invasion and advanced FIGO 
(International Federation of Gynecology and Obstetrics) 
stage (stage II). Functionally, siRNA‑mediated silencing of 
circ_NRIP1 can markedly dampen proliferative, migration and 
invasive ability of cervical cancer cells Moreover, in instances 
where circ_NRIP1 is overexpressed in tumor cells, the malig‑
nant biological behavior of tumor cells, such as proliferation, 
migration and invasion, were reinforced, highlighting the 
numerous potential oncogenic roles of circ_NRIP1 (49). The 
crosstalk that occurs between circRNA and miRNA is an 
emerging research theme in cancer progression. Bioinformatic 
prediction data suggests that miR‑629‑3p is the downstream 
target of circ_NRIP1. Dual‑luciferase reporter and RNA binding 
protein immunoprecipitation (RIP) assay results provide further 
evidence to verify this interaction (49). Additionally, dysfunc‑
tion of the protein tyrosine phosphatase 4A1 (PTP4A1)/ERK 
signaling pathway has previously been implicated in human 
malignancies, such as breast cancer and colorectal cancer, 
where it plays a crucial role in the occurrence and development 
of tumors (50‑53). Based on data presented in StarBase, PTP4A1 
has been found to contain binding sites for miR‑629‑3p (49). 
Subsequently, western blot analysis and dual‑luciferase reporter 
assays have been performed to confirm that circ_NRIP1 serves 
as a ceRNA by sequestering miR‑629‑3p through comple‑
mentary binding, thus counteracting the suppressive effects of 
miR‑629‑3p on PTP4A1 (49). In vitro experiments also indicate 
that exogenous overexpression of PTP4A1 partially rescues 
the inhibition effects of si‑circ_NRIP1 on tumor cells, via 
increasing the expression of ERK. Largely, the current treat‑
ments of cervical cancer remain inefficient, therefore targeted 
therapy based on the circ_NRIP1/miR‑629‑3p/PTP4A1 axis 
should be considered in future cervical cancer management.
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Colorectal cancer. Colorectal cancer (CRC) is the fourth most 
deadly cancer in the world, largely due to its non‑specific 
symptoms and late‑stage diagnosis, resulting in a 5‑year rela‑
tive survival rate of 14% (54). However, the 5‑year survival rate 
for localized CRC is much higher at 90% (55,56). This factor 
has spurred great efforts to develop screening tools that allow 
for earlier detection of CRC. Previous studies have demon‑
strated that cancer cells may release exosomes containing 
circRNA into peripheral blood (57,58). Pan et al (59) collected 
serum samples from 135 patients with CRC and compared 
these with samples from 45 healthy controls (HCs). An upreg‑
ulation in the expression of circ_NRIP1 in exosomes isolated 
from serum samples has been consistently observed in CRC 
patients compared with HCs, as demonstrated by RT‑qPCR 
detection (59). Receiver operating characteristic (ROC) curve 
analysis data has demonstrated that the area under the curve to 
discriminate CRC patients from HCs is 0.92 with a sensitivity 
and specificity of 81.43 and 80%, respectively. These results 
suggest that circ_NRIP1 may be a promising new biomarker 
for early detection of CRC (59). In addition, Liu et al (60) have 
reported that circ_NRIP1 is significantly overexpressed in 
CRC tumor tissues compared with healthy specimens. 

With respect to clinicopathological data, the abnormal 
expression of circ_NRIP1 is closely associated with lymph 
node invasion, distant metastasis and tumor, node and metas‑
tasis (TNM) stage. Moreover, Kaplan‑Meier survival analysis 
data indicates that high expression levels of circ_NRIP1 
are associated with poorer overall survival in CRC cases. 
To further investigate the roles of circ_NRIP1 in CRC, two 
specific siRNAs were synthesized to silence circ_NRIP1 
expression. Subsequently, Cell Counting Kit‑8 and Transwell 
assay results demonstrated that circ_NRIP1 knockdown 
significantly suppresses viability and motility of SW480 tumor 
cells. Collectively, these findings suggest that circ_NRIP1 
functions as an oncogene in CRC (60). 

Although 5‑fluorouracil (5‑FU) is a crucial component 
of systemic chemotherapy for CRC, its effectiveness is often 

limited by the development of chemoresistance. To determine 
whether circ_NRIP1 contributes to CRC 5‑FU resistance, 
SW480 cells were transfected with si‑circ_NRIP1 or si‑NC, 
followed by treatment with varying concentrations of 5‑FU. 
Functional assay data confirmed that siRNA mediates inhibi‑
tion of circ_NRIP1 markedly increased SW480 cell sensitivity 
to 5‑FU, meanwhile, a reduction in the IC50 values of 5‑FU has 
been observed (60). Therefore, circ_NRIP1 serves as a ceRNA 
to sequester miR‑532‑3p through a complementary base pairing 
mechanism, thereby abrogating the miR‑532‑3p‑mediated 
inhibitory effect on 5‑FU resistant CRC.

Esophageal squamous cell cancer. Huang et al (61) demon‑
strated that circ_NRIP1 is highly upregulated in esophageal 
squamous cell cancer (ESCC) tumor specimens compared 
with non‑tumor tissues. The aforementioned study also 
assessed the expression of circ_NRIP1 in peripheral blood, 
revealing an upregulation of circ_NRIP1 in plasma samples of 
patients with ESCC compared with matched healthy controls. 
Meanwhile, a marked decrease in circ_NRIP1 expression 
has been observed in post‑operative samples from patients 
with ESCC (61). Notably, no significant change in plasma 
circ_NRIP1 expression has been detected after prolonged 
storage of plasma at 4˚C or following repeated freeze‑thaw 
cycles. This suggests that circ_NRIP1 is stable under these 
conditions and meets the basic requirements i)  It must be 
produced by malignant tumor cells and can be detected in 
blood, tissue fluid, secretions or tumor tissue; ii) the content is 
low in normal tissues or benign tumors; iii) the tumor marker 
of a certain tumor can be detected in most patients with the 
tumor; iv) it can be detected before there is a clear clinical 
diagnosis of the tumor; v) the amount of tumor markers can 
reflect the size of the tumor; and vi) to some extent, it can 
help estimate the treatment effect and predict the recurrence 
and metastasis of the tumor.) to serve as a serum marker for 
ESCC (62). Moreover, ROC analysis further illustrates that 
circ_NRIP1 provides a less invasive diagnostic test for ESCC 
with an improved specificity and positive predictive value 
compared with serum CEA testing (61). These findings lay the 
foundation for the potential use of circ_NRIP1 as a plasma 
biomarker for ESCC. In addition, Zhou et al  (63) confirm 
that si‑circ_NRIP1 transfection markedly restrains prolifera‑
tion, invasion and migration of ESCC cells. Mechanistically, 
circ_NRIP1 acts as a ceRNA to promote the expression of the 
oncogene semaphorin 4D (SEMA4D) by targeting miR‑595 
through base‑pairing. Additionally, upregulation of SEMA4D 
can facilitate malignant behaviors in ESCC cells by activating 
the PI3K/AKT signaling pathway and inhibiting apoptosis and 
G0/G1 cell cycle arrest in tumor cells. Epithelial‑mesenchymal 
transition (EMT) is a reversible biological process in which 
epithelial cells lose their polarity and tight junction contacts 
leading to a mesenchymal phenotype characterized by 
increased motility and invasiveness (63). EMT has previously 
been demonstrated to play a crucial role in the metastasis of 
cancer cells (64‑66). Western blot analysis results verify that 
SEMA4D overexpression can increase snail family transcrip‑
tional repressor 1 expression, the master regulator of EMT (63). 
Broadly speaking, ESCC is a challenging and biologically 
heterogenous disease that requires the development of novel 
diagnostic, therapeutic and prognostic markers to improve 

Figure 1. Chromosomal location of circ_NRIP1.
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current treatment options. Investigating the emerging role of 
circ_NRIP1 in these clinical facets may therefore aid in the 
development of future diagnostics and treatment options for 
ESCC. 

Gastric cancer. Zhang et al (67) demonstrated that circ_NRIP1 
in gastric cancer (GC) tumor tissues is increasingly expressed 
compared with healthy tissues. In addition, the dysregulated 
expression profiles of circ_NRIP1 correlate with GC tumor 
size and lymphatic invasion. Kaplan‑Meier analysis also illus‑
trates those patients in the circ_NRIP1 overexpression group 
demonstrate shortened overall and disease‑free survival rates. 
Functionally, specific siRNA‑mediated exogenous down‑
regulation of circ_NRIP1 may repress the proliferation and 
metastasis of tumor cells and restrict the growth of xenograft 
tumors in immunodeficient mice. Additionally, experiments 
have been conducted to investigate the biological effects of 
circ_NRIP1 in gastric cancer. The results demonstrate that 
circ_NRIP1 acts as a molecular sponge by sequestering 
miR‑149‑5p, which attenuates miRNA suppression of the 
oncogene AKT serine/threonine kinase 1 (AKT1), thereby 
activating the AKT1/mTOR axis (67). This classic signaling 
pathway plays a positive role in promoting EMT. Quaking (QKI) 
is an RNA binding protein that has been reported to be a major 
regulator of circRNA biogenesis in EMT (68). To determine 
any potential post‑transcriptional regulation of circ_NRIP1 
formation by QKI in GC development, the flanking intron 1 

and intron 3 of the host gene NRIP1 were aligned to the QKI 
binding motif, as circ_NRIP1 is derived from exon 2 and exon 
3 of the host gene NRIP1 (67). A total of four canonical QKI 
binding sequences have been discovered. Furthermore, RIP 
and RT‑qPCR assays confirm that QKI targets pre‑mRNA 
to increase circ_NRIP1 expression in a post‑transcriptional 
manner  (67). In addition to epigenetic variations, altered 
energy metabolism is a distinct biochemical feature of cancer 
cells (69). It is becoming increasingly clear that glycolysis is 
tightly regulated in cancers and is coupled with tumor progres‑
sion (66). Liu et al (70) reports that circ_NRIP1 can strengthen 
glycolysis by modulating the miR‑186‑5p/myosin heavy 
chain 9 axis. Similarly, Xu et al (71) has also demonstrated 
that circ_NRIP1 acts as a ceRNA to repress miR‑138‑5p, 
resulting in increased glycolysis in GC. In addition, regular 
follow‑up checks are of great importance for patients with 
malignant tumors (72). However, there is a paucity of specific 
and effective biomarkers to screen for cancer recurrence (73). 
Xu et al (71) has demonstrated that circ_NRIP1 is abnormally 
higher expressed in the serum of primary patients with GC, 
which decreases to within the expected range after radical 
gastrectomy. Meanwhile, the expression of circ_NRIP1 
remains upregulated in patients with postoperative recurrence, 
indicating a potential for dynamic monitoring of circ_NRIP1 
in patients with GC. To summarize, circ_NRIP1 is a critical 
regulator in GC initiation, progression and dissemination, 
and ongoing efforts to uncover the mechanisms of action 

Table I. Characterization of circ_NRIP1 in cancers.

First		  circ_NRIP1			   Reported
author, year	 Cancer type	 regulation	 Role	 Clinicopathologic features	 drug resistance	 (Refs.)

Li, 2021	 OC	 Increased	 Onco‑	 ‑	 Paclitaxel	 (40)
Li, 2020	 CC	 Increased	 Onco‑	 Lymph node metastasis, 	 ‑	 (49)
				    advanced FIGO stage
Pan, 2019, 	 CRC	 Increased	 Onco‑	 Diagnostic biomarker, 	 5‑Fluorouracil	 (59,60)
Liu, 2020				    advanced TNM stage, poor 
				    overall survival
Huang, 2020, 	 ESCC	 Increased	 Onco‑	 Diagnostic biomarker	 ‑	 (61,63)
Zhou, 2021
Zhang, 2019, 	 GC	 Increased	 Onco‑	 Advanced TNM stage, poor	 ‑	 (67,70,71)
Liu, 2020, 				    disease‑free survival
Xu, 2020
Ding, 2021, 	 BC	 Increased	 Onco‑	 Advanced TNM stage, poor	 ‑	 (74,77)
Xie, 2019				    overall survival
Lin, 2021	 NPC	 Increased	 Onco‑	 ‑	 Cisplatin	 (85)
Li, 2021, 	 PTC	 Increased	 Onco‑	 Advanced TNM stage, poor	 ‑	 (86,90)
Fu, 2022				    overall survival
D'Ambrosi, 	 NSCLC	 Decreased	 ‑	 Negative correlation with	 ‑	 (98)
2021				    TNM, Diagnostic biomarker	
Meng, 2021, 	 OS	 Increased	 Onco‑	 Advanced TNM stage, poor	 ‑	 (111,113)
Shi, 2021				    overall survival

OC, ovarian cancer; CC, cervical cancer; CRC, colorectal cancer; ESCC, esophageal squamous cell cancer; GC, gastric cancer; BC, breast 
cancer; NPC, nasopharyngeal carcinoma; PTC, papillary thyroid carcinoma; NSCLC, non‑small cell lung cancer; OS, osteosarcoma; Onco‑, 
oncogenic.
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of circ_NRIP1 may lead to the development of an effective 
targeted therapy in the future.

Breast cancer. Ding et al (74) has reported that circ_NRIP1 
expression is markedly elevated in breast cancer (BC) tumor 
tissues compared with adjacent benign tissues. Moreover, 
analysis of the correlation between circ_NRIP1 expression 
and clinicopathological traits of patients with BC demon‑
strates that circ_NRIP1 upregulation is closely associated 
with lymph node metastasis and advanced TNM stage (74). 
Kaplan‑Meier analysis results also confirms that cases of 
BC with overexpressed circ_NRIP1 demonstrate worse 
overall patient survival, which may potentially guide clinical 
decision‑making. Furthermore, functional experiments have 
been conducted to investigate the impact of circ_NRIP1 
on oncogenic phenotypes, and the results demonstrate that 
circ_NRIP1 knockdown depresses proliferation, migration 
and invasion abilities of tumor cells  (74). In addition, the 
western blot analysis data have demonstrated that silencing 
circ_NRIP1 results in restricted expression of Vimentin, the 
mesenchymal marker associated with cell polarity (75). These 
results suggest that circ_NRIP1 plays numerous roles in 
maintaining the BC phenotype. While normal angiogenesis is 
critical for development and tissue growth, pathological angio‑
genesis is important for the growth and spread of cancers by 
fueling cancer progression and providing a conduit for distant 
metastasis (76). Dimethylarginine dimethylaminohydrolase 1 
(DDAH1) is the cysteine hydrolase enzyme that metabolizes 

asymmetric dimethylarginine and N‑monomethyl L‑arginine, 
which are inhibitors of endogenous nitric oxide synthase (76). 
By doing so, DDAH1 enhances the angiogenesis of prostate 
cancer (76). Circ_NRIP1 has been demonstrated to function 
as a ceRNA to sequester miR‑1253, resulting in increased 
DDAH1 expression (74). Rescue experiments confirm that 
DDAH1 overexpression can reverse the impaired prolifera‑
tive, migratory and invasive potential of tumor cells caused by 
circ_NRIP1 silencing  (74). In addition, Xie et al  (77) has 
also demonstrated that circ_NRIP1 is prominently overex‑
pressed in pathological tissues of BC, which is associated 
with advanced histological grade and positively correlates 
with poor prognosis. Zinc finger E‑box binding homeobox 2 
(ZEB2) is a transcription factor composed of two zinc finger 
clusters and a central repression region. ZEB2 is primarily 
involved in executing EMT processes during cancer develop‑
ment (78,79). Circ_NRIP1 has been reported to act as pivotal 
regulator in BC, which enhances the transcriptional activity of 
ZEB2 by sponging miR‑653 (77). In summary, circ_NRIP1 
has the potential to change the conventional approach to BC 
management through use as an effective method for cancer 
screening. Moreover, novel drug delivery technologies such as 
light‑activated siRNA endosomal release can also provide a 
possibility for circNRIP1‑based targeted therapy, which may 
ultimately lead to increased BC control.

Nasopharyngeal carcinoma (NPC). NPC is an epithelial‑ 
derived malignant tumor that arises in the nasopharynx. It is 

Table II. Regulatory mechanism of circ_NRIP1 in certain cancer types.

	 Biological function		
Cancer type	 impacted by circ_NRIP1	 Targeted miRNA	 Downstream molecules impacted	 Year	 (Refs.)

OC	 P ↑ M ↑ I ↑ CR ↑	 miR‑211‑5p	 HOXC8, cyclin D1, MMP2, MMP9	 2020	 (40)
CC	 P ↑ M ↑ I ↑	 miR‑629‑3p	 PTP4A1, ERK1, ERK2	 2020	 (49)
CRC	 P ↑ M ↑ I ↑ CR↑	 miR‑532‑3p	 ‑	 2021	 (60)
ESCC	 P ↑ M ↑ I ↑ A ↑ EMT ↑	 miR‑595	 SEMA4D, SNAI1	 2021	 (63)
GC	 P ↑ M ↑ I ↑	 miR‑149‑5p	 AKT1	 2019	 (67)
	 P ↑ M ↑ I ↑ G ↑	 miR‑186‑5p	 MYH9	 2020	 (70)
	 P ↑ M ↑ I ↑ G ↑	 miR‑138‑5p	 ‑	 2020	 (71)
BC	 P ↑ M ↑ I ↑ AG ↑	 miR‑1253	 DDAH1	 2021	 (74)
	 P ↑ M ↑ I ↑ EMT ↑	 miR‑653	 ZEB2	 2019	 (77)
NPC	 P ↑ M ↑ I ↑ CR ↑	 miR‑515‑5p	 IL‑25	 2021	 (85)
PTC	 P ↑ M ↑ I ↑ A ↑	 miR‑195‑5p	 JAK2, STAT1, p38	 2021	 (86)
		  miR‑653‑5p	 PBX3	 2022	 (90)
OS	 P ↑ M ↑ I ↑	 miR‑199a	 FOXC2	 2021	 (111)
		  miR‑532‑3p	 AKT3	 2021	 (113)

OC, ovarian cancer; CC, cervical cancer, CRC, colorectal cancer; ESCC, esophageal squamous cell cancer; GC, gastric cancer; BC, breast 
cancer; NPC, nasopharyngeal carcinoma; PTC, papillary thyroid carcinoma; OS, osteosarcoma; P, proliferative capacity of tumor cells; M, 
migration capacity of tumor cells; I, invasive capacity of tumor cells; A, apoptosis of tumor cells; CR, chemoresistance; G, glycolysis; AG, 
Angiogenesis; EMT, epithelial‑mesenchymal transition; HOXC8, homeobox C8; MMP2, matrix metalloproteinase 2; MMP9, matrix metal‑
loproteinase 9; PTP4A1, protein tyrosine phosphatase 4A1; ERK1, extracellular regulated protein kinase1; ERK2, extracellular regulated 
protein kinase2; SEMA4D, semaphoring 4D; SNAI1, snail family transcriptional repressor 1; AKT1, AKT serine/threonine kinase 1; MYH9, 
myosin heavy chain 9; DDAH1, dimethylarginine dimethylaminohydrolase 1; ZEB2, zinc finger E‑box binding homeobox 2; IL‑25, interleukin 
25; JAK2, Janus kinase 2; STAT1, signal transducer and activator of transcription 1; p38, p38 kinase; PBX3, pre‑B‑cell leukemia homeobox 3; 
FOXC2, forkhead box C2; AKT3, AKT serine/threonine kinase 3.
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characterized by its unique geographical distribution and a 
marked propensity to invade and metastasize (80,81). Currently, 
the extensive application of intensity‑modulated radiotherapy 
and chemotherapy regimens has resulted in enhanced survival 
outcomes for individuals with NPC. However, despite these 
advancements in treatment, Chinese patients with NPC still 
have a poor prognosis with a 5‑year survival rate of 50% (82). 
This is largely attributed to the fact that advanced NPC is 
initially responsive to concurrent radiotherapy and chemo‑
therapy using cisplatin, resulting in complete disease control 
and remission, but relapses with metastasis can occur (83,84). 
Therefore, it is essential to clarify the mechanistic basis for 
cisplatin resistance in NPC. In a cohort of 138 patients with 
NPC, circ_NRIP1 expression in serum isolated from 72 
cisplatin resistant cases was significantly elevated in compar‑
ison with the serum from cisplatin sensitive patients (85). To 
explore the possible role of circ_NRIP1 in the development 
of cisplatin chemoresistance, Lin et al (85) subjected NPC 
tumor cells (HK‑1) to successive passages in varying concen‑
trations of cisplatin. This ultimately led to the emergence of 
a subpopulation of HK‑1 cells that were able to withstand 
cisplatin treatment, known as cisplatin‑resistant HK‑1 cells 
(HK‑1/CDDP). Notably, RT‑qPCR analysis revealed that circ_
NRIP1 expression is significantly upregulated in HK‑1/CDDP 
cells despite its increased baseline expression in parental 
HK‑1 cells (85). To investigate whether the upregulation of 
circ_NRIP1 in HK‑1/CDDP cells was functionally remark‑
able, researchers further assessed the proliferative capacity of 
these cells (85). It was demonstrated that circ_NRIP1 knock‑
down in HK‑1/CDDP cells led to the loss of their baseline 
proliferative advantage when cultured in cisplatin, exhibiting 
a proliferation profile similar to parental HK‑1 cells  (85). 
Therefore, researchers concluded that circ_NRIP1 augments 
cisplatin resistance in NPC by promoting interleukin 25 
(IL‑25) expression by targeting miR‑515‑5p (85). Additionally, 
rescue studies have also confirmed that the proliferative 
advantage of HK‑1/CDDP, conferred by circ_NRIP1 overex‑
pression, is partially reversed by upregulation of miR‑515‑5p 
or silencing of IL‑25 (85). Broadly speaking, novel mediators 
of tumor aggression, such as circ_NRIP1, can provide insight 
into the mechanism of cisplatin chemotherapy resistance. As 
bioengineering and pharmaceutical technology advances, this 
increased understanding may help to develop more targeted 
and efficient strategies to further improve the management of 
NPC.

Papillary thyroid carcinoma. Li et al (86) demonstrated that 
circ_NRIP1 is overexpressed in papillary thyroid carcinoma 
(PTC) tumor tissues, and that this increased expression is asso‑
ciated with advanced TNM stage. The relationship between 
circ_NRIP1 expression and clinicopathological features in 
patients with PTC reveals a strong association between circ_
NRIP1 upregulation and poor overall survival, highlighting 
the potential of circ_NRIP1 as a prognostic biomarker (86). 
Additionally, as determined by the RT‑qPCR detection results, 
circ_NRIP1 expression has been observed to be more highly 
expressed in PTC tumor cells (TPC‑1) compared with healthy 
human thyroid follicular epithelial cells (86). To investigate 
how circ_NRIP1 expression impacts PTC, researchers 
performed gain and loss of function assays (86). Subsequently, 

MTT and Transwell assays were used to demonstrate that 
knocking down circ_NRIP1 can significantly attenuate the 
viability and mobility of TPC‑1 cells (86). In parallel, flow 
cytometry detection results also revealed that circ_NRIP1 
depletion expedites TPC‑1 cell apoptosis (86). A growing body 
of evidence has demonstrated that circRNA can serve as a 
natural miRNA sponge and regulate functions of miRNAs (41). 
Circ_NRIP1 has been demonstrated to competitively bind 
miR‑195‑5p to promote PTC progression (86). In addition, 
previous studies have demonstrated that the JAK/STAT and 
MARK signaling pathways regulate cell proliferation and 
PTC development (87‑89). Thus, researchers measured the 
expression of genes involved in these pathways in TPC‑1 
cells (86). The results indicate that knockdown of circ_NRIP1 
suppresses the expression of Janus kinase 2, signal transducer 
and activator of transcription 1 and mitogen‑activated protein 
kinase 14, while silencing of miR‑195‑5p increased expression 
of these molecules, confirming that circ_NRIP1 activates 
the JAK/STAT and MARK signaling pathways by targeting 
miR‑195‑5p (86). In summary, these results demonstrate that 
overexpression of circ_NRIP1 promotes PTC progression 
by activating the JAK/STAT and MARK signaling pathway 
in a ceRNA‑dependent manner. Researchers also found that 
increased circ_NRIP1 expression promotes PTC cell prolif‑
eration, migration and invasion via the miR‑653‑5p/PBX3 
axis (90). In conclusion, understanding the important roles of 
circ_NRIP1 and aberrant activation of the associated signaling 
pathway will increase our knowledge of the biological basis 
of PTC and may open the door for future novel therapeutic 
strategies.

Non‑small cell lung cancer (NSCLC). Lung cancer is the leading 
cause of cancer‑associated mortalities worldwide. Studies show 
that ~85% of patients with lung cancer have NSCLC, a group of 
histological subtypes of cancer with a five‑year survival rate of 
15%, which has barely improved in the past two decades (91,92). 
Currently, the lack of a routine screening method for the 
early detection of this disease is a major contributor to its 
high mortality rate. However, the advent of large databases 
characterizing the molecular features of human tumors have 
improved our understanding of NSCLC, shifting the focus from 
traditional histopathological descriptions to precise molecular 
and genetic identification (93,94). CircRNAs are emerging as 
promising molecular biomarkers for cancer diagnosis due to 
their high stability, abundance, conservation and accessibility 
in certain bodily fluids including bile, saliva and gastric 
juice (95). Several studies have demonstrated that blood plate‑
lets can serve as platforms for detecting circRNAs, as platelets 
can carry biomolecules from their environment, including 
tumor‑derived circRNAs  (96,97). Therefore, analyzing the 
alterations in platelet circRNA profiles can be employed as a 
biomarker for liquid biopsy diagnosis. D'Ambrosi et al  (98) 
performed RNA sequencing of 12 platelet samples derived from 
patients with NSCLC and healthy controls, which were age and 
gender matched. RNA sequencing analysis demonstrated 411 
aberrantly expressed circRNAs, of which only circ_NRIP1, 
showed increased upregulation in the NSCLC samples with 
a false discovery rate value of <0.05. To investigate whether 
circ_NRIP1 could potentially serve as a biomarker for 
NSCLC, researchers investigated circ_NRIP1 expression in an 
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independent cohort of platelet samples isolated from 23 patients 
with NSCLC and 24 asymptomatic individuals, and the results 
demonstrated that circ_NRIP1 is overexpressed in the NSCLC 
group (98), consistent with previous RNA sequencing data (98). 
Subsequent statistical analysis confirmed a strong correlation 
between circ_NRIP1 expression, lymph node invasion and 
advanced TNM stage, indicating that circ_NRIP1 can serve 
as a novel biomarker for NSCLC (98). Previous studies have 
demonstrated that circRNAs, such as circ_USP7, circ_SATB2 
and circ_PTK2, are differentially expressed in NSCLC and 
play vital roles in tumor initiation and progression (99‑101). 
Similarly, circ_NRIP1 may also have the potential to promote 
cancer development. Circ_NRIP1 has also been demonstrated 
to be highly abundant in platelet‑derived exosomes (102). This 
may indicate that circ_NRIP1 can promote cancer progres‑
sion by being released from platelets via exosomes. Tumors 
exhibit a high heterogeneity, with remarkable biological differ‑
ences between certain tumor types and even within subtypes 
of the same tumor. The differential roles of circNRIP1 in 
different tumors are not unique, as other circRNAs, such as 
circRHOBTB3, circFNDC3B, circGRAMD1B and circOXCT1, 
can also act as oncogenes or tumor suppressors depending on 
the tumor context (103‑110). This suggests that when designing 
targeted drugs for circRNA, drug carriers and administration 
routes should be comprehensively considered. Otherwise, the 
off‑target effects of drugs may bring unexpected side effects to 
patients, violating the basic ethical principle of ‘do no harm’. 
Further studies on circ_NRIP1 have the potential to improve 
management strategies for NSCLC, in addition to improving its 
early detection.

Osteosarcoma. Meng et al  (111) demonstrated that circ_
NRIP1 expression is markedly elevated in osteosarcoma 
tumor tissues compared with adjacent healthy tissues. When 
combined with clinicopathological parameters of patients 
with osteosarcoma, researchers demonstrated that the 
abnormal expression of circ_NRIP1 is positively associated 
with distant metastasis of the tumor and TNM stage (111). 
Kaplan‑Meier analysis results also demonstrated that 
patients with osteosarcoma who overexpressed circ_NRIP1 
have a worse overall survival rate compared to low expres‑
sion group (70‑50%) (111). In vitro experiments that knocked 
down circ_NRIP1 with siRNA effectively decreased tumor 
cell proliferation, migration and invasion. In parallel, flow 
cytometry data revealed that circ_NRIP1‑silencing induces 
cell cycle arrest (111). Therefore, it can be concluded that 
miR‑199a contains a complementary sequence (UGUGACCA) 
to circ_NRIP1, as identified through a bioinformatics data‑
base (StarBase; https://starbase.sysu.edu.cn). Furthermore, 
downregulation of circ_NRIP1 expression leads to a 
significant increase in miR‑199a expression, while the over‑
expression of circ_NRIP1 exhibits the opposite effect (111). 
Subsequently, the biotin‑labeled pull‑down analysis demon‑
strated that circ_NRIP1 can negatively regulate miR‑199a 
via a ceRNA mechanism. Forkhead box C2 (FOXC2) is a 
well‑characterized oncogene that is targeted by miR‑199a 
in certain tumors such as breast cancer  (112). Notably, 
knockdown of circ_NRIP1 leads to a significant decrease 
in FOXC2 expression, while transfection with a miR‑143 
inhibitor upregulates circ_NRIP1 expression. Function 
assays further demonstrated that upregulation of FOXC2 

Figure 2. Regulatory network of circ_NRIP1 in human malignant tumors. (A) Ovarian cancer, (B) breast cancer, (C) esophageal squamous cell cancer, 
(D) papillary thyroid carcinoma, (E) colorectal cancer, (F) gastric cancer, (G) osteosarcoma, (H) nasopharyngeal carcinoma and (I) cervical cancer. HOXC8, 
homeobox C8; MMP2, matrix metalloproteinase 2; MMP9, matrix metalloproteinase 9; PTP4A1, protein tyrosine phosphatase 4A1; ERK1, extracellular 
regulated protein kinase1; ERK2, extracellular regulated protein kinase2; FOXC2, forkhead box C2; AKT3, AKT serine/threonine kinase 3; PI3K, phospha‑
tidylinositol 3‑kinase; DDAH1, dimethylarginine dimethylaminohydrolase 1; ZEB2, zinc finger E‑box binding homeobox 2; EMT, epithelial‑mesenchymal 
transition; MYH9, myosin heavy chain 9; AKT1, AKT serine/threonine kinase 1; SNAI1, snail family transcriptional repressor 1; SEMA4D, semaphoring 4D; 
IL‑25, interleukin 25; PBX3, pre‑B‑cell leukemia homeobox 3; JAK2, Janus kinase 2; STAT1, signal transducer and activator of transcription 1; p38, p38 kinase.
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increased tumor cell malignancy. These results demonstrated 
that circ_NRIP1 promotes tumor cell growth and metastasis 
via the miR‑199a/FOXC2 axis (111). Similarly, Shi et al (113) 
reported that circ_NRIP1 can also be transferred between 
cells via extracellular vesicles, which can contribute to the 
formation of the tumor microenvironment. Shi et al also 
revealed that the regulatory mechanism of circ_NRIP1, as 
a molecular sponge of miR‑532‑3p, leads to elevated expres‑
sion of AKT3 and PI3K/AKT signaling pathway activation, 
thereby facilitating osteosarcoma progression. Previous 
advances in RNA modification research have shed light on 
the pivotal role of N6‑methyladenosine (m6A) in circRNA 
metabolism and tumor biology  (113). Deposition of m6A 
on circRNA is catalyzed by the methyltransferase‑like 3 
(METTL3), which acts as the main catalytic subunit in RNA 
methylation (114‑116). Methylated RNA immunoprecipita‑
tion analysis has indicated that circ_NRIP1 contains an m6A 
modification site. Additionally, western blot and RT‑qPCR 
analysis results demonstrate that METTL3 is significantly 
upregulated in osteosarcoma tumor tissues and is positively 
associated with circ_NRIP1 expression. This suggests that 
the aberrant expression of circ_NRIP1 may be regulated by 
methylation modifications of the NRIP1 parent gene (113). 
Therefore, circ_NRIP1 can promote osteosarcoma progres‑
sion by sponging miR‑532‑3p and activating the PI3K/AKT 
signaling pathway, indicating its potential use in osteosarcoma 
targeted therapy. Moreover, circ_NRIP1 m6A modification 
demonstrates a new layer of epigenetic regulation in cancer 
and opens up new possibilities in osteosarcoma research. 
This discovery may also contribute to the future development 
of novel therapeutics that are more specific and effective at 
treating osteosarcoma.

3. Conclusion and future perspectives

Emerging evidence has continued to recognize circRNA as 
a tightly regulated transcript that is involved in numerous 
versatile biological functions in addition to being a byproduct 
in pre‑mRNA splicing. Circ_NRIP1, one of the circRNA 
families, has been found to interfere with crucial steps 
during cancer initiation and progression thereby promoting 
proliferation, metastasis and adaptation to the cellular 
microenvironment. Circ_NRIP1 acts as a vital regulator 
in certain cancers through various mechanisms such as 
molecular sponging and activation of signaling pathways 
(Fig. 2). Although the ceRNA function of circ_NRIP1 is well 
documented, exploration of the upstream and downstream 
regulators that may modulate circ_NRIP1 expression and 
activity is still a work in progress. Additionally, the discovery 
of circ_NRIP1 regulatory mechanisms could contribute not 
only to furthering the field of genomics research but also to 
improving the diagnosis and targeted therapeutic applica‑
tions for cancers. It is important to validate circ_NRIP1 
expression in diverse populations with cancer to realize its 
diagnostic potential. Notably, circ_NRIP1 based targeted 
therapy also faces major challenges, such as off‑target 
effects and immune system activation, which can induce 
an uncontrolled hyperinflammatory response in patients. 
Future research will be marked by the further mechanisms 
of circRNA which may contribute to successful translation of 

circRNA based targeted therapy from the bench to bedside. 
With a clearer understanding of circRNA biological func‑
tions, future cancer treatments may present an exciting facet 
to personalized medicine.
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