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Abstract: Background: Cisplatin (DDP)-based systemic chemotherapy is the standard first-line treatment for ad-
vanced oral squamous cell carcinoma (OSCC). However, its clinical utility is significantly limited by the high incidence 
of acquired drug resistance. In this study, we explored the biological function of circFNDC3B in regulating DDP resis-
tance of OSCC and clarify its underlying molecular regulatory mechanism. Methods: The expression levels of circF-
NDC3B, miR-206 and ANXA2 in DDP-sensitive and DDP-resistant OSCC clinical tissues as well as corresponding cell 
lines were measured using qRT-PCR and western blotting. Dual-luciferase reporter experiments were performed to 
verify the direct binding relationship between miR-206 and circFNDC3B/Annexin A2 (ANXA2). A series of functional 
assays were further carried out to evaluate the effects of the circFNDC3B/miR-206/ANXA2 axis on the malignant 
phenotypes of drug-resistant OSCC cells. Besides, BALB/c nude mice xenograft models were established to assess 
the influence of circFNDC3B knockdown on tumorigenesis and DDP resistance in vivo. Results: circFNDC3B expres-
sion was markedly upregulated in DDP-resistant OSCC tumor samples. Silencing circFNDC3B significantly attenuat-
ed DDP resistance, suppressed the viability of DDP-resistant OSCC cells, and promoted apoptosis. Mechanistically, 
circFNDC3B directly targeted miR-206. The miR-206 inhibitor effectively eliminated the suppressive influence of 
circFNDC3B silencing on the malignant progression of DDP-resistant OSCC cells. Furthermore, miR-206 directly 
targeted ANXA2. Overexpression of ANXA2 via pcDNA-ANXA2 significantly counteracted the suppressive effects of 
miR-206 overexpression on the malignant progression of DDP-resistant OSCC cells. In vivo studies confirmed that 
knockdown of circFNDC3B substantially inhibited tumor growth. Conclusion: Knockdown of circFNDC3B inhibits 
tumor growth and enhances cisplatin sensitivity, thereby suppressing the malignant progression of OSCC cells via 
miR-206/ANXA2 axis.
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Introduction

Oral squamous cell carcinoma (OSCC) is a com-
mon malignancy of the head and neck region. 
Epidemiological studies indicate that OSCC is 
associated with high incidence and mortality 
rates. Owing to its anatomical location in the 
maxillofacial area, as well as its proximity to 
vital organs, treatment is challenging and often 
yields a poor prognosis, posing a substantial 
threat to human health [1]. Numerous etiologi-
cal factors are involved in OSCC development, 
including tobacco use, alcohol consumption, 

betel nut chewing, nutritional deficiencies, inad-
equate oral hygiene, and viral infections [2]. 
Currently, surgery combined with adjuvant che-
motherapy remains the standard treatment 
modality for OSCC [3]. Cisplatin (DDP)-based 
regimens have become the cornerstone of 
treatment for patients with advanced-stage dis-
ease. However, in clinical practice, DDP fre-
quently causes severe toxicity, and optimal 
therapeutic efficacy is rarely achieved [4]. The 
development of chemoresistance represents a 
major obstacle to the effectiveness of DDP as 
an anticancer agent. Therefore, the identifica-
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tion of molecular targets to enhance chemo-
sensitivity remains a critical research priority.

Circular RNAs (circRNAs) are a class of endog-
enous RNAs widely present in cells and pos-
sessing diverse biological functions. They are 
primarily formed through back-splicing, result-
ing in covalently closed-loop structures with- 
out polyadenylation tails [5]. Extensive studies 
have demonstrated that circRNAs regulate a 
wide range of physiological and pathological 
processes, and their abnormal expression has 
been linked to multiple diseases [6, 7]. Fur- 
thermore, circRNA dysregulation plays a critical 
role in modulating malignant phenotypes of 
tumor cells [8]. The involvement of circRNAs in 
OSCC has been extensively investigated. For 
instance, Shi et al. [9] identified upregulation of 
Circ_0004771 in OSCC tissues, which exhibit-
ed significant predictive value for tumor occur-
rence, prognosis, recurrence, and patient sur-
vival. Qi et al. [10] reported that Circ_0004674 
expression was elevated in OSCC, and its 
knockdown inhibited the progression of OSCC 
cells in vitro. Gu et al. [11] revealed that 
CircGDI2 binds to fat mass and obesity asso- 
ciated (FTO) protein, reducing RNA m6A modi- 
fication levels and suppressing the growth and 
migration of OSCC cells. Additionally, hsa_cir-
cRNA_101036 exacerbates hypoxia-induced 
endoplasmic reticulum (ER) stress in OSCC via 
the miR-21-3p/transmembrane and tetratrico-
peptide repeat containing 1 (TMTC1) axis [12], 
while circFNDC3B has been shown to alleviate 
ferroptosis and promote disease progression in 
OSCC cells by regulating the miR-520d-5p/sol-
ute carrier family 7 member 11 (SLC7A11) axis 
[13].

Other studies have demonstrated that dysregu-
lated circRNAs are closely associated with che-
moresistance in tumor cells. Geng et al. [14] 
confirmed that circHIF1A promotes HIF1α-
mediated alterations in glucose metabolism, 
thereby inducing cetuximab resistance in colo- 
rectal cancer. Wang et al. [15] revealed that the 
knockdown of Circ_0010235 attenuates DPP 
resistance and tumor growth in lung cancer 
through the miR-379-5p/E2F transcription fac-
tor 7 (E2F7). Meng et al. [16] identified that the 
CircPTK2/poly(A) binding protein cytoplasmic 1 
(PABPC1)/SET domain bifurcated histone ly- 
sine methyltransferase 1 (SETDB1) axis facili-
tates gemcitabine resistance in bladder can-

cer. Although circFNDC3B has been implicated 
in the progression of OSCC, no studies to date 
have investigated its association with chemo-
therapy resistance in this malignancy, and  
the underlying mechanisms remain unclear. 
Therefore, in the present study, we aimed to 
investigate the regulatory effects of circFND-
C3B on DDP resistance in OSCC and to eluci-
date the potential molecular mechanisms, with 
the goal of providing a theoretical foundation 
for overcoming chemotherapy resistance in 
OSCC.

Materials and methods

Patients and sample collection

This study retrospectively enrolled 68 patients 
with pathologically confirmed advanced OSCC 
from the biobank of the Fourth Hospital of 
Hebei Medical University, diagnosed between 
December 2021 and December 2023. All pa- 
tients received first-line cisplatin (DDP)-based 
chemotherapy regimens (DDP 75-100 mg/m2 
every 3 weeks, or 25-40 mg/m2 weekly). After 
2-3 cycles of DDP-based chemotherapy, thera-
peutic response was evaluated according to 
RECIST version 1.1. Eight patients with stable 
disease (SD) were excluded at this stage to 
ensure clear discrimination between sensitive 
and resistant groups, leaving an eligible popu-
lation of 60 patients for further analysis. The 
study protocol was approved by the Medical 
Ethics Committee of the Fourth Hospital of 
Hebei Medical University (No.2025KY038) in 
accordance with the Declaration of Helsinki.

Criteria for DDP sensitivity and resistance 
evaluation

Therapeutic responses were evaluated after 
2-3 cycles of DDP-based chemotherapy accord-
ing to the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 [17]. Patients were 
classified into two groups based on their best 
overall response:

DDP-sensitive group: Patients achieving com-
plete response (CR) or partial response (PR), 
defined as a ≥30% decrease in the sum of the 
longest diameters of target lesions, with no 
new lesions appearing.

DDP-resistant group: Patients with progressive 
disease (PD), defined as a ≥20% increase in the 



CircFNDC3B regulates cisplatin resistance in OSCC

8111	 Am J Transl Res 2026;18(9):8109-8124

sum of the longest diameters of target lesions 
or the appearance of new lesions.

Thus, patients achieving complete response 
(CR) or partial response (PR) were assigned to 
the DDP-sensitive group, while those with pro-
gressive disease (PD) were assigned to the 
DDP-resistant group.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Age 
≥18 years; (2) Histopathologically confirmed 
OSCC; (3) Received first-line DDP-based che-
motherapy; (4) Had at least one measurable 
lesion according to RECIST 1.1; (5) Complete 
clinical and follow-up data available; (6) Ea- 
stern Cooperative Oncology Group (ECOG) per-
formance status of 0-2.

The exclusion criteria were as follows: (1) Re- 
ceived prior chemotherapy or radiotherapy for 
OSCC; (2) Coexisting malignant tumors; (3) Se- 
vere organ dysfunction (cardiac, hepatic, or re- 
nal insufficiency); (4) Pregnant or lactating wo- 
men; (5) Incomplete clinical data or loss to 
follow-up.

Based on the above criteria, 60 patients were 
finally enrolled, including 30 in the DDP-sen- 
sitive group and 30 in the DDP-resistant group. 
Tumor tissue samples were collected during ini-
tial biopsy or surgical resection before chemo-
therapy initiation and immediately frozen in liq-
uid nitrogen until use. Written informed con-
sent was obtained from all patients prior to 
enrollment.

Animals

Six-week-old male BALB/c nude mice weighing 
18 to 20 g were purchased from SLAC Labo- 
ratory Animal Co., Ltd. (Shanghai, China). All ex- 
perimental mice were housed in a specific 
pathogen-free (SPF) laboratory environment, 
with strictly controlled ambient temperature at 
22±2°C, relative humidity maintained at app- 
roximately 60%, and a standard 12 h light/12 h 
dark circulation cycle. Sterilized standard feed 
and drinking water were provided ad libitum 
throughout the experimental period. All animal 
procedures were approved by the Institutional 
Animal Care and Use Committee of the Fourth 
Hospital of Hebei Medical University.

Bioinformatics analysis

The StarBase (ENCORI) database (http://star-
base.sysu.edu.cn/) was employed to predict 
the interaction between circFNDC3B and miR-
206, as well as the putative binding sites of 
miR-206 on the 3’-untranslated region (3’-UTR) 
of Annexin A2 (ANXA2).

Cell transfection

OSCC cell lines, obtained from the China Cell 
Research Institute Center (Shanghai, China), 
were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS). The incubation condition 
was set at 37°C with 5% CO2. To maintain drug 
resistance, CAL-27/DDP and SCC-9/DDP cells 
were cultured in the same medium supple-
mented with 5 μM DDP, according to the previ-
ously described method [18]. For all transfec-
tion experiments and subsequent functional 
assays, maintenance DDP was withdrawn 24 
hours prior to transfection, and cells were cul-
tured in DDP-free medium throughout transfec-
tion and the following 48-hour incubation peri-
od to eliminate drug interference on viability 
and apoptosis readouts. For transfection, CAL-
27/DDP and SCC-9/DDP cells were transfected 
using Lipofectamine™ 2000 when the conflu-
ence reached approximately 80%. Specifically, 
for each well, 2 µg of plasmid DNA or 20 nM of 
siRNA/miRNA mimic/inhibitor was diluted in 
250 µL of Opti-MEM (Gibco), while 5 µL of 
Lipofectamine 2000 was diluted in another 
250 µL of Opti-MEM. After a 5-min incubation 
at room temperature, the two solutions were 
gently mixed and incubated for an additional 
20 min to allow complex formation. The com-
plexes were then added dropwise to each  
well. The medium was replaced with fresh com-
plete medium 6 hours post-transfection, and 
cells were harvested for further analyses  
48 hours later. The experimental design includ-
ed the following groups: si-negative control  
(NC, 5’-GAACCACCTATACCCTGGA-3’) group,  
si-circFNDC3B (5’-TTCAGTGCATTCAAGGAAG-3’) 
group, vector group, pcDNA-circFNDC3B gr- 
oup, si-circFNDC3B+NC inhibitor group, si-circ- 
FNDC3B+miR-206 inhibitor (5’-CCACACACUU- 
CCUUACAUUCCA-3’) group, NC mimic (5’-CAG- 
UACUUUUGUGUAGUACAA-3’) group, miR-206 
mimic (5’-UGGAAUGUAAGGAAGUGUGUGG-3’) 
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group, miR-206 mimic+Vector group, and miR-
206 mimic+pcDNA-ANXA2 group.

qRT-PCR

Total cellular RNA was extracted from CAL-27/
DDP and SCC-9/DDP cells using TRIzol reagent. 
According to the kit’s instructions, the extra- 
cted RNA was then reverse-transcribed into 
cDNA. The expression levels of circFNDC3B 
and miR-206 were measured via SYBR Green 
real-time quantitative PCR (Wuhan Xavier 
Biotechnology Co., Ltd., Wuhan). GAPDH and 
U6 were used as the endogenous controls  
for data normalization. Relative transcrip- 
tion levels of the target genes were calculat- 
ed using the 2-ΔΔCt method. The primer sequenc-
es were as follows: for circFNDC3B, forward 
5’-TCAGTGCATTCAAGGAAGCC-3’ and reverse 
5’-CCATCCTCTGCTCTTATTGTGAA-3’; for GAPDH, 
forward 5’-GGAGCGAGATCCCTCCAAAAT-3’ and 
reverse 5’-GGCTGTTGTCATACTTCTCATGG-3’; for 
miR-206, forward 5’-AGGCCACATGCTTCTTTAT- 
ATCCC-3’ and reverse 5’-CGAAACCACACACT- 
TCCTTACATT-3’; and for U6, forward 5’-GCT- 
TCGGCAGCACATATAC-3’ and reverse 5’-ATTTG- 
CGTGTCATCCTTGC-3’.

Cell counting kit-8 (CCK-8) assay

Cells in the logarithmic growth phase were har-
vested and resuspended to obtain a uniform 
single-cell suspension. A volume of 100 μL cell 
suspension was seeded into each well of 
96-well plates. The cells were then incubated in 
5% CO2 at 37°C until they fully recovered from 
the plating process. Subsequently, the cells 
were treated with drug according to group 
assignments and cultured continuously for 48 
h. Afterwards, 10 μL CCK-8 working solution 
was added to each well, followed by 2 h incuba-
tion under the same culture conditions. Cell 
viability was determined by measuring the 
absorbance at 450 nm using a microplate 
reader.

Flow cytometry

Cell apoptosis was assessed using Annexin 
V-FITC/Propidium Iodide (PI) double staining 
kits (Hangzhou Lianike Biotechnology Co., Ltd., 
China). Cells were digested, harvested and 
resuspended in 1× binding buffer at a density 
of 5 × 105 cells. Then, 5 µL of Annexin V-FITC 
and 10 µL of PI staining solution were added to 

the cell suspension, with gentle mixing per-
formed. The reaction was conducted in the 
dark for 10 minutes. The apoptosis rate was 
assessed with a flow cytometer.

Western blot

Radioimmunoprecipitation assay (RIPA) buffer 
was utilized to extract proteins from the cells or 
tissues, and bicinchoninic acid (BCA) quantifi-
cation was conducted. Protein samples were 
separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) electro-
phoresis and transferred onto polyvinylidene 
fluoride (PVDF) membranes. The membranes 
were blocked with skimmed milk powder for 1 
hour at room temperature, then incubated with 
primary rabbit anti-ANXA2 antibody (Abcam, 
1:1000, USA) overnight at 4°C. Next, the sec-
ondary antibody (goat anti-rabbit IgG, Abcam, 
1:5000, USA) was applied and incubated for 2 
h. The chemiluminescence substrate was then 
used to detect the protein bands, and Image J 
software was utilized to analyze the grayscale 
intensity.

Dual luciferase reporter gene assay

Wild-type (circFNDC3B-WT) and mutant-type 
(circFNDC3B-MUT) luciferase reporter plas-
mids containing the predicted miR-206 binding 
sequence of circFNDC3B were constructed and 
inserted into the pmirGLO dual-luciferase vec-
tor. These plasmids were then co-transfected 
into CAL-27/DDP and SCC-9/DDP cells along 
with either the NC mimic or the miR-206 mimic. 
Luciferase activity was measured on a Dual-
Luciferase Reporter Assay System (Promega, 
USA) with a microplate reader (TECAN, Swi- 
tzerland).

Xenograft tumor assay

The pretreated CAL-27/DDP cells (transfected 
with si-NC or si-circFNDC3B) were enzymati- 
cally dissociated using trypsin, counted, and 
resuspended in phosphate-buffered saline 
(PBS). A total of 100 μL cell suspension was 
subcutaneously injected into the right axillary 
region of each nude mouse. All model mice 
received intraperitoneal injection of DDP at a 
dose of 3 mg/kg once a week, with all opera-
tions performed under strict aseptic conditions. 
Tumor growth was monitored once a week, and 
the longest and shortest diameters of each 
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Table 1. Clinicopathological characteristics of OSCC patients

Characteristics DDP-sensitive 
group (n=30)

DDP-resistant 
group (n=30) p-value

Age (years)
    Mean ± SD 58.3 ± 10.2 59.1 ± 9.8 0.742
    Median (range) 57 (32-76) 60 (34-78) 0.698
Gender, n (%) 0.815
    Male 22 (73.3) 21 (70.0)
    Female 8 (26.7) 9 (30.0)
TNM stage, n (%) 0.624
    I-II 10 (33.3) 12 (40.0)
    III-IV 20 (66.7) 18 (60.0)
Tumor location, n (%) 0.538
    Tongue 15 (50.0) 13 (43.3)
    Gingiva 8 (26.7) 10 (33.3)
    Buccal mucosa 5 (16.7) 4 (13.3)
    Other 2 (6.7) 3 (10.0)
Differentiation, n (%) 0.791
    Well differentiated 9 (30.0) 10 (33.3)
    Moderately differentiated 15 (50.0) 14 (46.7)
    Poorly differentiated 6 (20.0) 6 (20.0)
ECOG performance status, n (%) 0.673
    0 11 (36.7) 12 (40.0)
    1 16 (53.3) 15 (50.0)
    2 3 (10.0) 3 (10.0)
Data are presented as n (%) or mean ± standard deviation (SD). P-values were cal-
culated using chi-square test or Fisher’s exact test for categorical variables, and 
Student’s t-test or Mann-Whitney U test for continuous variables. P-values indicate 
the statistical significance of differences between the groups, and P<0.05 was set 
as statistically significant. TNM, tumor-node-metastasis; ECOG, Eastern Cooperative 
Oncology Group.

tumor were measured with a caliper to calcu-
late tumor volume. Four weeks after treatment, 
the mice were euthanized by cervical disloca-
tion, and the tumor tissues were removed and 
weighed. One part of each tumor sample was 
used to test circFNDC3B, miR-206, and ANXA2 
protein levels. The remaining tissue was fixed in 
formalin and embedded in paraffin, and immu-
nohistochemistry was carried out to assess 
Ki67 expression in the subcutaneous tumors 
from the different groups.

Immunohistochemistry

The sections were deparaffinized in xylene and 
rehydrated in graded alcohols. Ethylenedia- 
minetetraacetic acid (EDTA) was used for anti-
gen retrieval. Next 5% bovine serum was added 
for incubation for 20 minutes. Then, anti-Ki67 
(Abcam, USA) was added and incubated over-

night at 4°C. After thorough 
washing, horseradish peroxi-
dase (HRP)-conjugated sec-
ondary antibody (Abcam, USA) 
was added, followed by visual-
ization with 3,3’-Diaminoben- 
zidine (DAB) substrate. Follo- 
wing this the tissue was coun-
terstained with hematoxylin 
for 2 minutes, and the sec-
tions were differentiated three 
times with hydrochloric acid-
ethanol solution for 2 seconds 
each time. Dehydration was 
carried out using a graded eth-
anol series, and the sections 
were cleared with xylene. Fina- 
lly, the sections were mounted 
with neutral gum and exam-
ined under a light microscope.

Statistical methods

Statistical analysis of the ex- 
perimental data was perfor- 
med using SPSS 25.0 and 
GraphPad Prism 8. To com-
pare differences between the 
two groups, Student’s t-test 
was employed. For compari-
sons involving multiple groups, 
one-way analysis of variance 
(ANOVA) followed by Tukey’s 
post-hoc test was utilized. In 

all data, a p-value <0.05 was considered statis-
tically significant.

Results

The baseline clinicopathological characteris-
tics of the enrolled OSCC patients are sum- 
marized in Table 1. No significant differences 
were observed between the DDP-sensitive and 
DDP-resistant groups in terms of age, sex, TNM 
stage, tumor location, differentiation, or ECOG 
score (all P>0.05), indicating comparability 
between the two groups.

Knockdown of circFNDC3B could inhibit the 
resistance of OSCC cells to DDP

circFNDC3B expression was markedly upregu-
lated in tumor tissues from DDP-resistant OSCC 
patients (Figure 1A). Subsequently, qRT-PCR 
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Figure 1. Knockdown of circFNDC3B could inhibit the resistance of OSCC cells to DDP. A. qRT-PCR was used to 
detect the expression of circFNDC3B in DDP-resistant and DDP-sensitive OSCC tissues. B. qRT-PCR was used to 
detect the expression of circFNDC3B in OSCC DDP-resistant cell lines CAL-27/DDP and SCC-9/DDP and parental 
cells CAL-27 and SCC-9. C. qRT-PCR was used to detect the expression level of circFNDC3B in CAL-27/DDP and SCC-
9/DDP cells after silencing circFNDC3B. D. CCK-8 assay was used to detect the cell viability and IC50 value of DDP 
in OSCC cells after silencing circFNDC3B at different DDP concentrations. E. CCK-8 assay was used to detect the 
cell viability of CAL-27/DDP and SCC-9/DDP cells after silencing circFNDC3B. F. Flow cytometry was used to detect 
the apoptosis of CAL-27/DDP and SCC-9/DDP cells after silencing circFNDC3B. *P<0.05, **P<0.01, ***P<0.001. 
OSCC: oral squamous cell carcinoma; DDP: Cisplatin; CCK-8: Cell counting kit-8.

analysis demonstrated that circFNDC3B ex- 
pression was significantly increased in CAL-27/
DDP and SCC-9/DDP cells in contrast with CAL-
27 and SCC-9 (Figure 1B). Next, we transfect- 
ed si-circFNDC3B into CAL-27/DDP and SCC-9/
DDP cells. The resulting expression levels of cir-

cFNDC3B were remarkably reduced in contrast 
with those in the si-NC group, confirming suc-
cessful transfection (Figure 1C). circFNDC3B 
silencing significantly decreased cell viability 
and the IC50 value of DDP (Figure 1D, 1E). Flow 
cytometry analysis further demonstrated that 
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circFNDC3B knockdown significantly promoted 
apoptosis (Figure 1F). Collectively, these find-
ings indicate that silencing circFNDC3B effec-
tively diminishes DDP resistance, suppresses 
cell viability, and induces apoptosis in OSCC 
cells. 

circFNDC3B targeted and regulated the ex-
pression of miR-206

The direct interaction between circFNDC3B 
and miR-206 was predicted using the StarBase 
database (Figure 2A). Dual-luciferase reporter 
assays demonstrated that co-transfection with 
miR-206 mimic and circFNDC3B-WT signifi-
cantly decreased luciferase activity in contrast 
with the NC mimic group, whereas no signifi-
cant change was observed for circFNDC3B-
mut, confirming specific binding between circF-
NDC3B and miR-206 (Figure 2B). qRT-PCR 
results revealed that the expression level of 

miR-206 was markedly decreased in tumor tis-
sues from DDP-resistant OSCC patients in con-
trast with DDP-sensitive OSCC patients (Fi- 
gure 2C). Additionally, miR-206 expression was 
downregulated in drug-resistant CAL-27/DDP 
and SCC-9/DDP cells relative to their parental 
CAL-27 and SCC-9 cells (Figure 2D). Knock 
down of circFNDC3B led to an increase in miR-
206 expression, while overexpression of circF-
NDC3B resulted in the opposite effect (Figure 
2E). These findings indicate that circFNDC3B 
directly targets and negatively regulates miR-
206 expression.

circFNDC3B regulated DDP resistance in OSCC 
cells via targeting miR-206

To further explore the function of circFNDC3B/
miR-206 axis in DDP-resistant OSCC cells, cells 
were transfected with si-NC, si-circFNDC3B, si-
circFNDC3B+NC inhibitor, and si-circFNDC3B+ 

Figure 2. circFNDC3B targeted and regulated the expression of miR-206. A. Bioinformatics software was employed 
to predict the binding site between circFNDC3B and miR-206. B. A dual-luciferase reporter gene assay was con-
ducted in CAL-27/DDP and SCC-9/DDP cells to confirm the interaction between circFNDC3B and miR-206. C. The 
expression levels of miR-206 were detected by qRT-PCR in DDP-resistant and DDP-sensitive OSCC patient samples. 
D. qRT-PCR was used to analyze the expression of miR-206 in DDP-resistant OSCC cell lines (CAL-27/DDP and SCC-
9/DDP) as well as their parental cell lines (CAL-27 and SCC-9). E. After silencing or overexpressing circFNDC3B, 
the expression levels of miR-206 were measured by qRT-PCR in CAL-27/DDP and SCC-9/DDP cells. **P<0.01, 
***P<0.001. OSCC: Oral squamous cell carcinoma; DDP: Cisplatin.
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miR-206 inhibitor. Knockdown of circFNDC3B 
not only upregulated miR-206 expression but 
also significantly reduced the DDP IC50 and cell 
viability, while substantially increasing the apo- 
ptosis rate. Importantly, the inhibitory effects of 
circFNDC3B knockdown were reversed by co-
transfection with the miR-206 inhibitor (Figure 
3A-D). These data reveal that circFNDC3B kno- 
ckdown inhibits the malignant progression of 
DDP-resistant OSCC cells through modulation 
of miR-206 expression.

miR-206 targeted and regulated the expres-
sion of ANXA2

The StarBase (ENCORI) database predicted a 
direct interaction between miR-206 and ANXA2 
(Figure 4A). Dual-luciferase reporter assays 
showed that the miR-206 mimic lowered the 
luciferase activity of the ANXA2-WT construct 
compared to the NC mimic, whereas no signifi-
cant effect was observed on the ANXA2-MUT 
construct, confirming specific binding between 
miR-206 and ANXA2 (Figure 4B). The protein 
level of ANXA2 was significantly higher in DDP-
resistant OSCC patients than in DDP-sensitive 
OSCC patients (Figure 4C). Furthermore, com-
pared with CAL-27 and SCC-9 cells, the protein 
expression levels of ANXA2 were markedly ele-
vated in the resistant cell lines (Figure 4D). 
Knockdown of circFNDC3B significantly reduc- 
ed ANXA2 protein levels, an effect that was 
effectively reversed by co-transfection with the 
miR-206 inhibitor (Figure 4E). The above results 
demonstrate that miR-206 directly targets and 
negatively regulates ANXA2 expression. 

miR-206 regulated DDP resistance in OSCC 
cells through acting on ANXA2

A series of functional assays demonstrated 
that miR-206 overexpression reduced ANXA2 
protein levels, while significantly suppressing 
the IC50 value of DDP and cell viability, and mar- 
kedly enhancing apoptosis. Conversely, co-
transfection with pcDNA-ANXA2 effectively re- 
versed these effects (Figure 5A-D). The above 
results demonstrate that miR-206 upregulation 
inhibits the progression of DDP-resistant OSCC 
cells by reducing ANXA2 expression.

Effect of circFNDC3B silencing on the subcuta-
neous tumor formation of OSCC DDP-resistant 
cells in nude mice

Knockdown of circFNDC3B significantly reduc- 
ed xenograft tumor volume and weight (Figure 

6A-C). Furthermore, circFNDC3B silencing mar- 
kedly decreased circFNDC3B and ANXA2 ex- 
pression, while increasing miR-206 level in 
tumor tissues (Figure 6D-F). Immunohistoche- 
mical analysis further indicated that Ki67, a 
proliferation marker, was downregulated in tu- 
mor tissues following circFNDC3B knockdown 
(Figure 6G). Collectively, these findings indicate 
that circFNDC3B suppression effectively inhib-
its tumor growth in OSCC in vivo, but its effect 
on cisplatin sensitivity requires further inves- 
tigation.

Discussion

OSCC is the most prevalent malignant tumor in 
the head and neck region. The development of 
OSCC results from multiple factors, stages, and 
genetic alterations. Despite ongoing improve-
ments in treatment strategies, the prognosis of 
OSCC patients remains poor, largely due to che-
moresistance, a major contributor to unfavor-
able outcomes [19]. Given that DDP remains 
the cornerstone of chemotherapy for OSCC, 
elucidating the mechanisms underlying DDP 
resistance is of great significance for enhanc-
ing therapeutic outcomes.

Accumulating evidence has confirmed that cir-
cRNAs are extensively involved in the regula-
tion of gene expression and play critical roles in 
tumor initiation, progression, and chemoresis-
tance. For instance, Dong et al. [20] confirm- 
ed that CircRNA LOC729852 regulates macro-
phage polarization via the miR-769-5p/Inter- 
leukin 10 (IL-10) axis, thereby promoting blad-
der cancer progression. Fei et al. [21] identified 
that circ_0008315 modulates the characteris-
tics of gastric cancer stem cells via the miR-
3666/CPEB4 axis, thus enhancing DDP resis-
tance and driving malignant progression in gas-
tric cancer. Lei et al. [22] reported that circ_
ARHGEF28, as a novel circRNA, promotes DDP 
resistance in ovarian cancer by inhibiting the 
Hippo pathway. Recent research has highlight-
ed the association between circFNDC3B and 
the development of various tumors. Notably, 
circFNDC3B is upregulated in OSCC and posi-
tively correlates with lymph node metastasis. 
circFNDC3B enhances vascular endothelial 
growth factor A (VEGFA) transcription and sub-
sequently promotes angiogenesis [23]. How- 
ever, the function of circFNDC3B in DDP resis-
tance in OSCC remains unclear. Herein, we 
found that circFNDC3B is highly expressed in 
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Figure 3. circFNDC3B regulated DDP resistance in OSCC cells by targeting miR-206. A. The expression levels of miR-206 in CAL-27/DDP and SCC-9/DDP cells were 
measured using qRT-PCR across all groups. B. CCK-8 assays were conducted to evaluate the viability of OSCC drug-resistant cells under various concentrations of 
DDP, as well as to determine the IC50 values for DDP. C. CCK-8 assays were further employed to assess the cell viability of CAL-27/DDP and SCC-9/DDP cells. D. 
Flow cytometry was used to analyze apoptosis in CAL-27/DDP and SCC-9/DDP cells. *P<0.05, **P<0.01, ***P<0.001. OSCC: oral squamous cell carcinoma; DDP: 
Cisplatin; CCK-8: Cell counting kit-8.
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Figure 4. miR-206 targeted and regulated the expression of ANXA2. A. Bioinformatics software was employed to predict the binding sites of miR-206 and ANXA2. B. 
Dual-luciferase reporter assays were conducted to verify the targeting relationship between miR-206 and ANXA2. C. Western blot analysis was performed to detect 
the expression of ANXA2 protein in DDP-resistant and DDP-sensitive OSCC patients. D. Western blot analysis was used to evaluate the expression of ANXA2 protein 
in DDP-resistant OSCC cell lines and their parental cells. E. Western blot analysis was carried out to determine the ANXA2 protein expression levels in CAL-27/DDP 
and SCC-9/DDP cells. *P<0.05, **P<0.01, ***P<0.001. OSCC: oral squamous cell carcinoma; ANXA2: Annexin A2; DDP: Cisplatin.
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Figure 5. miR-206 regulated DDP resistance in OSCC cells by targeting ANXA2. A. Western blot analysis was employed to detect the expression levels of ANXA2 
protein in CAL-27/DDP and SCC-9/DDP cells. B. The CCK-8 assay was conducted under various concentrations of DDP to evaluate the viability of OSCC cells and 
determine the IC50 value for resistant cells. C. The CCK-8 assay was further utilized to assess the cell viability of CAL-27/DDP and SCC-9/DDP cells. D. Flow cytom-
etry was performed to analyze apoptosis in CAL-27/DDP and SCC-9/DDP cells. **P<0.01, ***P<0.001. OSCC: oral squamous cell carcinoma; ANXA2: Annexin A2; 
DDP: Cisplatin; CCK-8: Cell counting kit-8.
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DDP-resistant cells, and its knockdown signifi-
cantly enhances the sensitivity of DDP-resistant 
cell lines to DDP, suggesting that circFNDC3B 
has association with DDP resistance in OSCC.

miRNAs are key regulators involved in diverse 
human physiological and pathological process-
es [24]. In recent years, a growing number of 
studies have shown that circRNAs participate 
in various biological events. For example, cir-
cBIRC6 promotes the progression of prostate 
cancer by targeting miR-574-5p [25], while circ-
ZFR enhances the growth ability and metasta-
sis of colorectal cancer cells by binding to miR-
3127-5p [26]. Interestingly, circFNDC3B has 
also been reported to interact with miRNAs and 
contribute to cancer development. One study 
showed that circFNDC3B drives esophageal 
squamous cell carcinoma progression via the 
miR-370-3p/miR-136-5p axis [27], whereas 

another demonstrated that it directly binds to 
miR-937-5p to suppress colorectal cancer pro-
gression [28]. To elucidate the mechanism by 
which circFNDC3B modulates drug resistance 
in OSCC, we performed a circRNA-miRNA inter-
action analysis. The results demonstrated that 
circFNDC3B can directly bind to miR-206 and 
negatively regulate its expression, suggesting 
that circFNDC3B may function as a molecular 
sponge for miR-206, thereby modulating OSCC 
chemoresistance. It has been previously shown 
that miR-206 acts as a tumor suppressor in 
colorectal cancer, breast cancer, and OSCC 
[29-31]. In rescue experiments, we combined 
circFNDC3B knockdown with miR-206 inhibi-
tion in resistant cancer cells, and found that 
miR-206 inhibition effectively reversed the in- 
creased DDP sensitivity induced by circFND-
C3B knockdown. Collectively, these results in- 
dicate that circFNDC3B enhances drug resis-

Figure 6. Effect of circFNDC3B silencing on the subcutaneous tumorigenesis of OSCC DDP-resistant cells in nude 
mice. A. Tumor volumes in nude mice at 28 days. B. Subcutaneous tumor growth curve. C. Analysis of subcutaneous 
tumor weight in each group of nude mice. D. qRT-PCR detection of circFNDC3B expression in subcutaneous tumors 
of nude mice. E. qRT-PCR detection of miR-206 expression in subcutaneous tumors of nude mice. F. Western blot 
analysis of ANXA2 protein expression in subcutaneous tumors of nude mice. G. Immunohistochemical analysis of 
Ki67 expression in subcutaneous tumor tissues of nude mice. **P<0.01, ***P<0.001. OSCC: oral squamous cell 
carcinoma; DDP: Cisplatin; ANXA2: Annexin A2.



CircFNDC3B regulates cisplatin resistance in OSCC

8122	 Am J Transl Res 2026;18(9):8109-8124

tance in OSCC cells by targeting miR-206. Toge- 
ther, our findings provide a mechanistic expla-
nation for circFNDC3B-mediated chemoresis-
tance and offer a theoretical basis for thera-
peutic targeting of the circFNDC3B/miR-206 
axis.

To demonstrate the function of miR-206 in 
OSCC chemoresistance, we performed experi-
ments to predict and validate miRNA target 
genes. Our findings illustrated that ANXA2 is a 
direct target of miR-206. ANXA2, a calcium-
dependent phospholipid-binding protein, con-
tributes to various cellular biological process-
es, including proliferation, apoptosis, and drug 
resistance. Previous research has shown that 
ANXA2 is overexpressed in various cancers and 
strongly linked to drug resistance. For instance, 
ANXA2 promotes esophageal cancer progres-
sion by regulating the Akt/mTOR axis [32], and 
its high expression in esophageal cancer tis-
sues contributes to tumor development throu- 
gh modulation of extracellular signal-regulated 
kinase (ERK) phosphorylation [33]. Additionally, 
knockdown of RecQ Like Helicase 4 (RECQL4) 
reduces the sensitivity of cervical cancer cells 
to DDP by modulating ANXA2 expression [34]. 
Herein, miR-206 upregulation significantly in- 
hibits ANXA2 expression, thereby reducing drug 
resistance in OSCC cells. Taken together, these 
findings indicate that miR-206 enhances the 
sensitivity of OSCC cells to DDP by regulating 
the expression of ANXA2. In summary, our stu- 
dy elucidates a mechanistic axis through which 
miR-206 mediates drug resistance in OSCC 
and provides a theoretical basis for targeting 
the miR-206/ANXA2 axis in future therapy.

For the first time, we have identified the inte- 
raction between circFNDC3B, miR-206, and 
ANXA2 in OSCC drug resistance. This finding 
offers a theoretical basis for designing new 
therapies. Admittedly, there are still some wea- 
knesses that need to be considered. First, we 
did not perform gain-of-function experiments 
by overexpressing circFNDC3B in parental sen-
sitive cells. Second, we did not conduct in vivo 
rescue experiments targeting the miR-206/
ANXA2 axis in the xenograft model. Third, the 
lack of a PBS control group in the xenograft mo- 
del precludes us from distinguishing the intrin-
sic antitumor effect of circFNDC3B knockdown 
from its impact on cisplatin sensitivity. Fourth, 
the CCK-8 assays were performed at single 

time points, which reflect cell viability rather 
than genuine proliferation rates. Fifth, the eff- 
ects of miR-206 alone showed context-depen-
dent heterogeneity, and the observed pheno-
types were not always consistent across differ-
ent cell backgrounds. Sixth, we did not carry 
out clinical trials or systematic drug screening 
to validate circFNDC3B as a therapeutic target. 
Taken together, these limitations indicate that 
our conclusions should be interpreted with cau-
tion and warrant further investigation.

In summary, our study demonstrates that circF-
NDC3B is highly upregulated in DDP-resistant 
OSCC, and its knockdown attenuates DDP re- 
sistance in OSCC cells via the miR-206/ANXA2 
axis, concomitantly suppressing cell viability 
and promoting apoptosis in DDP-resistant 
OSCC cells. These findings provide novel insig- 
hts into the drug resistance mechanisms of 
OSCC and offer innovative strategies for its 
treatment. Furthermore, this study is the first to 
identify circFNDC3B as a central hub within the 
ceRNA network driving the molecular pathology 
of chemoresistance in OSCC. It also provides a 
new molecular marker and theoretical founda-
tion for developing strategies to reverse drug 
resistance based on RNA-targeted therapy.
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