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Abstract
Circular RNAs (circRNAs) have gained attention in cancer immunotherapy, particularly in the 
context of immune checkpoint blockade therapies targeting programmed cell death 1 (PD-
1). In this review, we aimed to elucidate the complex interactions between circRNAs and the 
PD-1 axis across various malignancies, highlighting their pivotal roles in modulating tumor 
immunity and influencing therapeutic responses in in vitro, in vivo, and in clinical studies.  
Beginning with an overview of circRNA biogenesis and functionalities, we examine cir-
cRNA-mediated mechanisms that impact the PD-1 pathway in cancers such as colorectal, 
gastric, pancreatic, hepatocellular, bladder, breast, lung, and metastatic melanoma. Cir-
cRNAs exhibit diverse functions, including acting as microRNA (miRNA) and protein sponges, 
translational modulators, and gene expression regulators, thereby intricately modulating the 
efficacy of PD-1 blockade therapy. Despite remarkable advancements, the field necessitates 
further investigation to unravel the full spectrum of circRNA-PD-1 interactions and translate 
these findings into clinical practice effectively. Our review underscores the significant trans-
lational potential of circRNAs in cancer immunotherapy, highlighting their multifaceted role 
in shaping innovative therapeutic strategies. These circRNAs offer insights into the molecular 
mechanisms of malignancies and hold promise as reliable biomarkers for early detection, 
prognosis, and monitoring of treatment responses. By integrating circRNA profiling into clin-
ical practice, we envision the development of more personalized treatment approaches that 
cater to the unique molecular and immune landscapes of individual patients, ultimately 
revolutionizing cancer management and improving patient outcomes.
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Introduction
Immune Checkpoints and Anti-PD-1 Therapy
Immunotherapies refer to the usage of stimulative or suppressive substances in 
order to change the outcomes of immune system interactions and antagonize the 
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disease progression (1). In cancer immunotherapies, it 
is provided by cancer vaccines, adoptive cell therapies 
with tumor-infiltrating lymphocytes, chimeric antigen 
receptor (CAR) T-cell therapies, and immune checkpoint 
blockade. 

Immune checkpoints (ICPs) typically function to suppress 
overactivated cell-mediated immune responses, there-
by maintaining homeostasis, particularly normal anti- 
tumor immunity; concurrently, they prevent peripheral 
tissue damage (2). Examples of immune checkpoint pro-
teins are programmed cell death 1 (PD-1), programmed 
cell death ligand 1 (PD-L1), cytotoxic T-lymphocyte–as-
sociated antigen 4 (CTLA-4), lymphocyte activation gene 
3 (LAG3), T-cell immunoglobulin (Ig) and mucin domain 
(TIM3), and V-domain Ig suppressor of T-cell activation 
(VISTA) (3). However, cancer cells acquired the ability to 
activate these ICPs to evade immune surveillance. For 
this reason, potential chemopreventive strategies should 
be developed to counteract the diminished or decreased 
immune cell activity in cancer treatment by ICP inhibi-
tors (4). Immune checkpoint inhibitors (ICIs) represent a 
transformative therapeutic strategy designed to reverse 
this tumor-induced immune suppression (5). The core 
concept behind ICIs is to release the “brakes” placed 
on the immune system by the malignant cells, thereby 
restoring the effector T-cell capacity to recognize and 
eliminate the tumor (6). This novel mechanism of action 
has led to remarkable clinical success and significant im-
provements in patient outcomes across numerous solid 
tumors (7). 

Nevertheless, the therapeutic utility of ICIs remains 
challenged by considerable patient response variability, 
the development of acquired resistance, and the poten-
tial for immune-related adverse events, necessitating 
ongoing research into predictive biomarkers and rational 
combination strategies (8,9). 

Programmed cell death 1, which is also depicted as 
CD279, is an example of the immune checkpoint and 
can be found on the surfaces of activated T cells, B cells, 
dendritic cells (DCs), regulatory T cells (Tregs), and tu-
mor-associated macrophages (TAMs) (2). Structurally, 
PD-1 protein contains a monomeric extracellular do-
main (ECD), transmembrane domain (TMD), and intra-
cellular domain (ICD). In the tumor microenvironment 
(TME), T cell and PD-1 interacts with PD-L1 expressed in 
tumor cells (10). After the PD-1/PD-L1 interaction, im-
munoreceptor tyrosine-based inhibitory (ITIM) or switch 

motifs (ITSM) are activated, and later this interaction 
suppresses downstream T-cell receptor (TCR) signal-
ing pathways and therefore inhibits T cell proliferation 
and the production of cytokines like interferon-gamma 
(IFN-γ) and interleukin-2 (IL-2) (11). In this way, tumor 
cells make the immune cells vulnerable while performing 
their functions (12). Recent research has uncovered that 
non-coding RNAs, especially circular RNAs (circRNAs), 
may play a significant role in influencing immune check-
point pathways like PD-1, providing new opportunities 
for therapeutic interventions.

Biogenesis and Functions of circular RNAs
After the discovery of its role in viral replication in RNA 
viruses by Sanger et al. (13) in 1976, circRNAs were 
found to have distinct features, particularly in their 
unique structure among non-coding RNAs (ncRNAs), 
and are responsible for a vast number of both physi-
ological and pathophysiological events, as discussed 
in detail elsewhere (14). Biogenesis of these special 
ncRNAs is dependent on the circularization of linear se-
quences of both exons and/or introns throughout the 
interaction with 5’-cap and 3’-poly-A tail, which are 

Highlights

•	 Circular RNAs (circRNAs) have emerged as crit-
ical regulators of immune evasion in cancer by 
modulating programmed cell death 1 (PD-1) 
and programmed cell death ligand 1 (PD-L1) 
signaling pathways.

•	 Recent studies demonstrate that specific cir-
cRNAs can directly or indirectly influence PD-1 
expression, affecting T cell exhaustion and im-
mune checkpoint blockade efficacy.

•	 Circular RNA-mediated competitive endoge-
nous RNA (ceRNA) networks represent promis-
ing therapeutic targets to enhance the response 
to PD-1 inhibitors.

•	 Major unanswered questions include the pre-
cise mechanisms by which circRNAs modulate 
immune cell phenotypes within the tumor mi-
croenvironment and their clinical utility as pre-
dictive biomarkers.

•	 Future perspectives suggest integrating cir-
cRNA profiles into immunotherapy decision 
algorithms and exploring circRNA-based thera-
peutics in combination with immune checkpoint 
blockade.
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covalently bound and do not have the site for binding 
the RNA exonucleases, which drives downregulation of 
RNA components in the environment (15). After their 
biogenesis, circRNAs act like sponges to certain microR-
NAs (miRNAs), which are other ncRNAs that have diverse 
functions either inhibiting or activating the downstream 
effect of miRNA-associated pathways. It has been iden-
tified as a key regulator of gene expression pathways, 
functioning through interactions with enhancer and 
silencer proteins, mediating RNA splicing to generate 
diverse transcript variants, and contributing to protein 
translation processes (16). Although they are synthe-
sized in the nucleus, they transfer to the cytoplasm and 
then eventually can be found in different body sites and 
cellular components such as exosomes, plasma, and in-
terstitial fluids (17).

Circular RNAs in Tumorigenesis and Cancer 
Progression
Circular RNAs are emerging as critical regulators of im-
mune cell function, influencing processes such as activ 
ation, differentiation, and immune evasion, particularly 
within the TME (18,19). By acting as sponges for specific 
miRNAs, circRNAs modulate gene expression in immune 
cells, shaping their activity and interactions. In T cells, 
circRNAs like circNCOA3 and circFGFR1 suppress cyto-
toxic responses by indirectly promoting the recruitment 
of immunosuppressive cells or reducing CD8+ T cells in-
filtration into tumors. Similarly, circRNAs regulate DCs 
by affecting their antigen-presenting capacity and cy-
tokine production, as seen with circDLG1, which recruits 
myeloid-derived suppressor cells (MDSCs) and impairs 
T cell activation (20-22). These effects collectively hin-
der effective anti-tumor immunity, making circRNAs key 
players in immune regulation. In addition to their roles 
in T cells and DCs, circRNAs significantly influence mac-
rophages, particularly TAMs, by driving their polarization 
toward an immunosuppressive M2 phenotype (23-25). 
For instance, circPRDM4 enhances this polarization via 
the hypoxia-inducible factor-1α (HIF-1α) pathway, sup-
porting tumor immune evasion (26)

Circular RNAs also regulate other immune cells, such 
as Tregs, where they contribute to maintaining immune 
suppression in pathological conditions (27). In acute 
respiratory distress syndrome, circFLNA increases PD-1 
expression on Tregs, promoting their anti-inflammatory 
functions (27,28). These findings underscore the diverse 
and interconnected roles of circRNAs across immune 
cell populations, highlighting their potential as targets 

for therapeutic intervention in diseases like cancer and 
inflammatory disorders (29-31). 

In this review, we aimed to reveal the influence of cir-
cRNAs on anti-programmed cell death 1 (anti-PD-1) 
therapy and their underlying pathways, which give us 
insights into considering circRNAs either as interrupting 
or promoting the therapeutic efficacy. After a literature 
search on databases such as Scopus, Web of Science, 
and PubMed, all the relevant information was summa-
rized for each different malignancy, separated by the 
subheadings. Critically, the mechanisms discussed, and 
data compiled integrate findings from both in vitro (cell 
lines) and in vivo (animal and clinical) studies, providing 
a holistic view of the circRNA-PD-1 axis. The identifier of 
the circRNAs and their downstream pathways were indi-
cated in Figure 1. The affected protein expression levels 
and the relationship with anti-PD-1 therapeutic efficacy 
were summarized in Table 1.

Circular RNAs and Programmed Cell Death 1 
(PD-1) Axis in Multiple Malignancies
 
Colorectal Cancer
In a study that investigated colorectal cancer (CRC) pa-
tients who underwent PD-1 immune checkpoint block-
ade therapy, it was determined that hsa_circ_0060627, 
also known as circNCOA3, was associated with an in-
crease in metastatic ability and tumor mass. Further-
more, levels of circNCOA3 were found to be correlated 
with low overall survival and progression-free survival. 
Also in this study, results were confirmed to be from the 
activity of circNCOA3 as miR-203a-3p.1 sponge, which 
eventually inhibits the C-X-C motif chemokine ligand 1 
(CXCL1) mRNA transcription. The downstream effect of 
these mechanisms can be summarized as the accumula-
tion of MDSCs, which usually prevent the effector func-
tions of immune cells in the tumor microenvironment. 
Also, it was proposed to be a means suitable for possible 
therapeutic intervention as augmenting PD-1 respon-
siveness (20).

Gastric Cancer
There is just one study that explores the axis in which 
gastric cancer (GC) and circRNA are investigated to-
gether. As reported by Chen et al. (21), circDLG1 (hsa_
circ_0008583) causes the attraction of MDSCs to the 
tumor site through the C-X-C motif chemokine ligand 12 
(CXCL12), which facilitates this migration when circDLG1 
performs miR-141-3p sponge activity. The overall ef-
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Figure 1. Summary of the circRNAs in the axis of PD-1 therapy and its efficacy. The names of the circRNAs were indicated in pink, while miRNAs that interfere 
with the circRNA function were indicated in green. Blue boxes were designed to indicate the affected protein that eventually interferes with the anti-PD-1 thera-
peutic efficacy.



Kırkık D et al.

Turkish Journal of Immunology, 13(3):122-31

126

fects of this migration can be summarized as diminished 
cancer cell detection and killing, and insensitivity to 
anti-PD-1 treatment. Further research revealed that 
circ_0001947, encapsulated within small extracellular 
vesicles (sEVs) derived from GC cells, is markedly upreg-
ulated in GC and is associated with unfavorable clinical 
outcomes. Functionally, elevated circ_0001947 levels 
enhance GC cell proliferation, migration, and invasion. 
Mechanistically, circ_0001947 functions as a molecular 
sponge for miR-661 and miR-671-5p, resulting in in-
creased CD39 expression, which in turn promotes CD8+ 
T cell exhaustion and contributes to immune evasion. 
In contrast, inhibition of circ_0001947 mitigates CD8+ T 
cell exhaustion and improves the efficacy of anti-PD-1 
therapy (31). Additionally, hsa_circ_0136666 has been 
shown to act by sponging miR-375-3p to competitive-

ly upregulate protein kinase, DNA-activated, catalytic 
subunit (PRKDC) expression, which regulates immune 
checkpoint proteins and promotes PD-L1 phosphoryla-
tion to prevent its degradation, thereby driving PD-L1 
aggregation and suppressing immune function (33).

Pancreatic Cancer
According to a study by Zhao et al. (34) covering pancre-
atic adenocarcinoma, the researchers specifically exam-
ined the involvement of circ-UBAP2 within the circRNA 
network. Through their analysis, circ-UBAP2 was iden-
tified as a key regulator influencing the expression of 
pivotal genes, including C-X-C motif chemokine recep-
tor 4 (CXCR4) and zinc finger E-box binding homeobox 
1 (ZEB1), in tumor tissues. Furthermore, it was observed 
that circ-UBAP2 interacts with hsa-miR-494 to modulate 

Table 1. Expression levels of circular RNA molecules for each cancer group and their effects on the therapeutic effectiveness of anti-PD-1 therapy.

Disease type circRNA CircBase ID MicroRNA that 
circRNA interacts Targets Expression level Effect on PD-1 therapy 

effectiveness

Colorectal cancer circNCOA3 hsa_circ_0060627 miR-203a-3p.1 CXCL1 Increased Decreased

Gastric cancer circDLG1 hsa_circ_0008583 miR-141-3p CXCL12 Increased Decreased

Gastric cancer circPRKDC hsa_circ_0136666 miR-375 PD-L1 Increased Decreased

Gastric cancer circAFF2 hsa_circ_0001947 miR−661 and 
miR−671−5p CD39 Increased Decreased

Pancreatic cancer circUBAP2 hsa_circ_0007367 miR-494 CXCR4 and ZEB1 Increased Decreased

Hepatocellular carcinoma circPRDM4 hsa_circ_0007468 miR-203a-3p.1 HIF-1α Increased Decreased

Hepatocellular carcinoma circCAR1 hsa_circ_0000240 miR-127-5p WTAP Increased Decreased

Hepatocellular carcinoma circSOD2 hsa_circ_0004662 miR-497-5p Annexin A11 Increased Decreased

Hepatocellular carcinoma circRHBDD1 hsa_circ_0058497 - YTHDF1 Increased Decreased

Hepatocellular carcinoma circSC25 - miR-25 miR-25 Decreased Increased

Bladder cancer circMGA hsa_circ_0000491 - CXCL1 Increased Decreased

Bladder cancer circFAM13B hsa_circ_0001535 - PKM2 Increased Decreased

Breast cancer circFGFR4 hsa_circ_0075147 miR-185-5p CXCR4 Increased Decreased

Lung cancer circHSP90A hsa_circ_0033393 miR-424-5p HSP90A Increased Decreased

Lung cancer circSOD2 hsa_circ_001678 miR-326 ZEB1 Increased Decreased

Lung cancer circHMGB2 hsa_circ_0071452 miR-181a-5p CARM1 Increased Decreased

Lung cancer - hsa_circ_0020714 miR30a-5p SOX4 Increased Decreased

Lung cancer - hsa_circ_0000190 - sPD-L1 Increased Decreased

Lung cancer circFGFR1 hsa_circ_0084003 miR-381-3p CXCR4 Increased Decreased

Melanoma - hsa_circ_0020710 miR-370-3p CXCL12 Increased Decreased

Acute respiratory syndrome circFLNA hsa_circ_0092012 miR-214-5p PD-1 Increased Decreased
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the expression levels of these genes. This interaction 
underlines the potential role of circ-UBAP2 in orches-
trating immune modulation within the tumor site, po-
tentially impacting immune cell infiltration and function 
through increased PD-1 levels.

Hepatocellular Carcinoma
In hepatocellular carcinoma (HCC), according to a study 
done by Chen et al. (26), hsa_circ_0007468, also known 
as circPRDM4, was evaluated in hypoxic conditions. It 
was found that circPRDM4 was associated with increased 
PD-L1 levels through the HIF-1α pathway, which is cor-
related with the positive response to anti-PD-1 therapy 
with good prognostic markers; however, downstream ac-
tivation of PD-L1 was reported as diminishing anti-tumor 
response to the cancerous cells, resulting in immune 
evasion. In addition, a microarray study comprising HCC 
patients and their circRNA levels was assessed by Hu et al. 
(35), and circCCAR1 (hsa_circ_0000240) was discovered 
to be abundant in patients’ plasma samples, especially 
located in exosomal content. CircCCAR1 was associated 
with the regulation of PD-1 through post-transcriptional 
events, as high circCCAR1 levels were correlated with the 
diminished proteolysis of PD-1 and ubiquitination, which 
all affect the resistance to inhibition of PD-1. By using 
BALB/c nude mice, Ye et al. (36) established a mice xen 
ograft tumor assay for understanding the role of hsa_
circ_0004662 or circSOD2 in HCC, as a result of the study 
it was confirmed that circSOD2 through sponging the 
miR-497-5p upregulate the oncogene expression such 
as Annexin A11 (ANXA11) which is also thought to be 
involved in cancer hallmarks as favoring tumor survival. 
This pathway and its axis were also found to be correlat-
ed with poor response to anti-PD1 therapy. CircRHBDD1 
(hsa_circ_0058497) in HCC throughout the mechanism 
that upregulates glycolysis, as its elevated levels were 
identified to be associated with prolonged HCC pro-
gression. The underlying mechanism in the context of 
glycolysis and circRHBDD1 was considered as YTH do-
main-containing family protein 1 (YTHDF1), as they rec-
ognize post-transcriptional RNA modification m6A and 
upregulate the translational activity of phosphoinosit-
ide-3-kinase regulatory subunit 1 (PIK3R1). Also, when 
considering circRHBDD1 as an indicator of the potency of 
PD-1 blockade, elevated levels were detected in patients 
with low response rates to the anti-PD-1 therapy (37). In 
another study, Lai et al. (38). developed an innovative, 
multifunctional engineered circRNA for HCC therapy, de-
signed to execute a dual therapeutic function: it acts as 
a sponge for the oncogenic miR-25 while simultaneously 

expressing an anti-PD-1 single-chain variable fragment 
(scFv). This circRNA-based construct successfully inhib-
ited HCC cell proliferation and suppressed angiogenesis 
in vitro by effectively sequestering miR-25. Furthermore, 
the expression of the anti-PD-1 scFv significantly bol-
stered the cytotoxic T-cell response against the cancer 
cells, indicating enhanced immunotherapeutic action. 
The combined mechanism proved highly effective in vivo, 
resulting in a significant reduction in tumor volume and 
prolonged survival in treated mouse models compared 
to controls, thereby demonstrating a promising strategy 
for combined gene- and immuno-therapy in HCC 

Bladder Cancer
Via utilizing NOG (NOD/Shi-scid/IL-2Rγnull) mice, which 
are immunodeficient as they do not have some of the 
immune cells or even their immune regulatory functions 
are diminished, the researchers created a humanized 
(HuNOG) bladder cancer model by injecting human pe-
ripheral blood mononuclear cells (PBMCs) and bladder 
cancer cell line T24. NOG mice are immunodeficient as 
they do not have some immune cells or their immune 
regulatory functions are diminished. Researchers cre-
ated a humanized (HuNOG) bladder cancer model by 
injecting PBMC and the bladder cancer cell line T24. 
This model is used to study the interactions between 
the human immune system and cancer cells. By working 
with HuNOG, Lv et al. (39) stated that, after two weeks 
of PD-1 immunotherapy, circFAM13B was found to be as 
effective in improving therapeutic efficacy in the case 
of bladder cancer as compared to mice with suppressed 
circFAM13B expression through reversing the enzymes 
promoting lactic acid formation (pyruvate kinase muscle 
isozyme M2 [PKM2]) and eventually increased pH levels 
can restore effector functions of immune cells in the 
TME. 

Furthermore, hsa_circ_0000591 (circMGA) was found to 
be correlated with an increased level of chemokine li-
gand 5 (CCL5), which is responsible for the enrollment 
of CD8+ cytotoxic T cells to the TME through the mech-
anism of CCL5 mRNA stabilization with the help of het-
erogenous nuclear ribonucleoprotein L (HNRNPL) and 
these results reflected the capability of this mechanism 
to induce efficient anti-PD-1 therapy (40).

Breast Cancer
With the research done by Wang et al. (41) in triple-neg-
ative breast cancer (TNBC) lesions, it was found that the 
severity of the disease course was correlated with the 
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elevated levels of circFGFR4 (hsa_circ_0075147). The 
research findings demonstrated that circFGFR4 pro-
motes immune escape in TNBC and is a predictive bio-
marker for anti-PD-1 immunotherapy responsivity. 

Mechanistically, circFGFR4, when overexpressed, com-
petitively sequesters miR-185-5p (acts like a sponge), 
preventing the suppression of CXCR4 expression and 
thereby hindering CD8+ cytotoxic T cell infiltration into 
TNBC lesions in both human and mice. Moreover, circF-
GFR4 emerges as a potential therapeutic target in TNBC 
patients, particularly those undergoing anti-PD-1 immu-
notherapy. 

Lung Cancer
The dual effect of circHSP90A (hsa_circ_0033393) was 
shown as an activator of the signal transducer and ac-
tivator of transcription 3 (STAT3) pathway and elevated 
levels of PD-L1 in non-small cell lung cancer (NSCLC). 
Circ_HSP90A recruits and increases the levels of ubiqui-
tin-specific peptidase 30 (USP30), which is responsible 
for the downstream activation of heat shock protein 90 
A (HSP90A) via ubiquitination and eventually STAT3 acti-
vation that is thought to be related to the upregulation 
in cancer stem cell formation, invasion, and migratory 
ability. On the other hand, throughout the miR-424-5p 
sponge effect, circ_HSP90A increases the level of PD-L1 
expression, which ultimately causes programmed cell 
death of CD8+ cytotoxic T cells, characterized by dimin-
ished anti-tumor response (42). Another study, revealing 
the circRNA and NSCLC axis, was done by Tian et al. (43), 
who stated that circ_001678, which captures miR-326, 
leads to diminished miR-326 levels. This study has gov-
erned the rise in the levels of PD-L1 throughout the ZEB1 
protein, causing lung cancer cell proliferation and de-
pletion in apoptosis or cytotoxicity maintained by CD8+ 
T cells via PD-L1 overexpression. In NSCLC, circHMGB2 
(hsa_circ_0071452) showed increased expression in lung 
tumor tissues, correlating with poor prognosis in both 
adenocarcinoma and squamous cell carcinoma patients, 
which are the common subtypes of NSCLC. While its 
impact on cell proliferation was moderate, circHMGB2 
notably influenced the TME by inducing antitumor im-
mune cell exhaustion, which ultimately downregulates 
the effectiveness of monoclonal antibody therapy tar-
geting PD-1. circHMGB2 facilitated the downregulation 
of the type 1 interferon response by sponging miR-181a-
5p, thereby enhancing coactivator-arginine methyltrans-
ferase 1 (CARM1) activity (44). As remarked by a study 
done by Wu et al. (45), a high level of hsa_circ_0020714 

expression was defined in NSCLC tumors as compared 
to surrounding healthy tissue. By sponging miR-30a-5p, 
this context results in an increased expression of tran-
scription factor ex-determining region Y-box 4 (SOX4), 
which is classified as an oncogene and eventually caus-
es impairment in response to anti-PD-1 therapy. Hsa_
circ_0000190, another type of circular RNA, has been 
identified as a potential biomarker for monitoring the 
progression of NSCLC and assessing the effectiveness of 
immunotherapy. Research conducted by Luo et al. (46) 
suggested that elevated levels of hsa_circ_0000190 may 
contribute to poor prognosis in NSCLC patients by regu-
lating the expression of soluble PD-L1 (sPD-L1), which 
has a negative influence on anti-PD-L1 antibody ther-
apeutic efficiency and cytotoxic T-cell activation. This 
study implies a role for hsa_circ_0000190 in promoting 
tumorigenesis and immune evasion in NSCLC, which 
suggests an antagonistic approach to defined circRNAs’ 
levels could potentially enhance the effectiveness of im-
munotherapy in treating NSCLC. In addition, Zhang et 
al. (47) delved into the upregulated expression of circF-
GFR1 within NSCLC tissues, correlating with an adverse 
clinical profile and poor prognosis in NSCLC patients. 
Insights from this research underline circFGFR1's role 
as directly sponging miR-381-3p and downregulating 
its downstream target, CXCR4. This intricate regulatory 
network orchestrated by circFGFR1 confers NSCLC pro-
gression and resistance to anti-PD-1 immunotherapy. 
Lastly, in NSCLC, increased expression of circIGF2BP3 
was found to be associated with reduced CD8+ T cell 
infiltration and compromised anti-tumor immunity in 
mice, mediated by plakophilin 3 (PKP3) and PD-L1. Via 
revealing the pathways correlated with the circIGF2BP3, 
N6-adenosine-methyltransferase 70 kDa subunit (MET-
TL3) facilitates the modification of circIGF2BP3, which 
competitively upregulates PKP3 by sponging miR-328-
3p and miR-3173-5p. Another finding that researchers 
postulated implies that inhibition of circIGF2BP3/PKP3 
enhances the effectiveness of anti-PD-1 therapy in NS-
CLC mouse models, which is thought to be a possible 
therapeutic strategy (48).

Metastatic Melanoma
By using the bioinformatics analysis of RNA sequence 
data taken from different databases, metastatic mela-
noma (MM) patients who are on the course of anti-PD-1 
treatment alone were analyzed to elucidate circRNAs 
that hold the potential to emphasize prognostic markers 
related to the monotherapy of PD-1 blockade. Among 
more than 74,000 distinct circRNAs, five of them were 
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statistically shown to be related to response or survival 
rates in MM patients throughout the treatment regime, 
either pembrolizumab or nivolumab, as PD-1 block-
ers (49). RNA sequencing of cutaneous melanoma pa-
tients’ formalin-fixed and paraffin-embedded samples 
with a history of metastasis was done to define possi-
ble circRNA candidates that are potential markers of 
therapeutic efficacy among the patient cohort taking 
nivolumab as chemotherapy, which is an anti-PD-1 
monoclonal antibody. Together with the other circRNA 
candidates, it was shown that the hsa_CDR1_0001 signifi 
cantly increased, and it is thought to be associated with 
response to nivolumab chemotherapy according to sta-
tistical analysis, which needs further validation with in 
vitro or in vivo studies (50). Researchers discovered that 
circ_0020710, found in higher levels in melanoma sam-
ples, correlates with more aggressive cancer behavior 
and poorer patient prognosis. Formation of this circRNA 
causes upregulation in CXCL12 expression through miR-
370-3p sponging, which ultimately leads to activation of 
biochemical pathways that are essential for tumor pro-
gression and even calls out MDSCs, which promotes an 
unfavorable environment for efficient response to can-
cer cells by cytotoxic T cells. Researchers also postulated 
that combining AMD3100 and anti-PD-1 therapies effec-
tively slows tumor growth, offering a potential treatment 
approach for melanoma (51).

Other Pathologies
As stated by Zhong et al. (26), elevated levels of circ-
FLNA (or hsa_circ_0092012) were found to be associated 
with the severity of acute respiratory distress syndrome 
(ARDS) induced by sepsis as examined via bronchoalve-
olar lavage of the patients and mice, and also with the 
lung tissue of mice. Inhibition of circFLNA led to a nota-
ble increase in CD4+CD25+FoxP3+ Tregs and suppressed 
the release of inflammatory cytokines in ARDS mice. 
miR-214-5p, which circFLNA behaves like a sponge to 
it, played a crucial role in modulating these effects by 
targeting PD-1, suggesting its potential as a therapeutic 
target for ARDS. These findings highlight the intricate 
regulatory network involving circFLNA, miR-214-5p, and 
PD-1 in the pathogenesis and treatment of ARDS. In a 
study comparing PD-1 antagonist-treated A/PR8(H1N1) 
influenza A-infected mice lungs to control groups, differ-
ential expression analysis revealed significant changes in 
various types of non-coding RNA molecules. Specifical-
ly, 22 differentially expressed circRNAs were identified 
in the lungs, while in the spleens of mice, 24 circRNAs 
showed differential expression. However, it was not 

shown which circRNA is responsible for impairment in 
antiviral immunity or the essential pathways regulating 
viral infection-associated comorbidities; overall results 
can express their possible role in PD-1 checkpoint block-
ade treatment (52).

Conclusion
In summary, circRNAs have emerged as a research in-
terest within cancer immunotherapy research, exhibit-
ing considerable potential and clinical relevance, par-
ticularly in the context of PD-1 blockade therapy across 
diverse cancer types. Our literature review of circRNA 
biogenesis and functionalities has given novel insights 
into their molecular mechanisms in the context of PD-1 
blockade in cancer. CircRNAs exhibit a widened array 
of functions, serving as miRNA and protein sponges, 
translational modulators, and gene expression regula-
tors, collectively modulating the efficacy of PD-1 block-
ade therapy. Nevertheless, despite notable advance-
ments, the exploration of the circRNA-PD-1 blockade 
axis remains limited and needs further research to 
apply circRNA-based interventions to clinical practice 
effectively. Here are some points that need to be ad-
dressed: firstly, while studies have postulated individual 
pathways, a better understanding of multiple pathways' 
modulating circRNA’s downstream effects and their 
synergistic effects is needed to ease our understanding 
of the circRNA network's molecular interactions. Sec-
ondly, particular attention should be given to exosomal 
circRNAs, as they have distinct biological functions, 
which hold promise in increasing the efficacy of PD-1 
blockade therapy. Thirdly, while most of the techniques 
primarily rely on in vitro cellular assays, blood-based 
assays, and animal models, extensive clinical investiga-
tions and multicenter trials are necessary to advance 
our understanding of circRNAs in clinical settings. Uti-
lizing new technologies is also important in elucidat-
ing the physiological importance of circRNAs, so that 
it will be possible to integrate them into diagnostic and 
therapeutic approaches related to PD-1 blockade ther-
apy across different cancer types. Efforts given by re-
searchers will give rise to new therapeutic approaches 
in cancer immunotherapy, such as involving circRNA in 
their experimental setup, which may even lead to a new 
era in cancer treatment. Further studies are needed to 
determine the therapeutic potential of circRNAs in spe-
cific cancer types. 
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