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Abstract: Objectives: Our previous work revealed that CD36 accelerates the progression of cervical cancer. Here, we 
elucidate the role of CD36 in regulating stemness and chemotherapy resistance in cervical cancer cells. Methods: 
Bioinformatic analysis was used to assess the correlation between CD36 expression and chemotherapy drug sensi-
tivity in advanced cervical cancer. The effects of CD36 on cell proliferation were evaluated using Cell Counting Kit-8 
and colony formation assays. Tumorsphere formation assays were performed to assess stemness. Western blot 
analysis was conducted to examine correlations between CD36 expression and stem cell markers. Chemotherapy 
resistance was further evaluated using colony formation, Cell Counting Kit-8 assays, and flow cytometry. Finally, the 
molecular mechanisms by which CD36 influences stemness and resistance were explored through bioinformat-
ics analysis and western blotting. Results: CD36 expression was positively correlated with cisplatin resistance in 
advanced cervical cancer. CD36 overexpression enhanced both stemness and chemotherapy resistance. Notably, 
CD44, Hippo, and MEK5/ERK5 pathways were implicated in CD36-mediated effects. Conclusion: CD36 may serve 
as an effective therapeutic target to improve the prognosis of cervical cancer.

Keywords: CD36, stemness, chemotherapy resistance, cervical cancer

Introduction

Cervical cancer is the most common malignan-
cy of the female genital tract [1]. Its progression 
involves infection with human papillomavirus, 
cervical intraepithelial neoplasia, local inva-
sion, and metastasis [2, 3]. Widespread use of 
cytological screening and biopsies has effec-
tively reduced cervical cancer incidence. How- 
ever, advanced cervical cancer continues to 
have a poor prognosis due to chemotherapy 
resistance [4]. Therefore, elucidating the mech-
anisms underlying chemotherapy resistance in 
cervical cancer is essential.

Cancer cells use fatty acids as an energy source 
to reprogram metabolism. CD36, a lipid trans-
porter, is a membrane protein expressed on 
monocytes, epithelial cells, and endothelial 
cells [5-8]. In cancer cells, CD36 overexpres-
sion accelerates fatty acid uptake and lipid 

accumulation, promoting growth and metasta-
sis [9-12]. Lipid accumulation also exerts immu-
nosuppressive effects [13]. Owing to its multi-
faceted roles in cancer biology, CD36 has 
recently emerged as a promising therapeutic 
target in various cancers [14-18]. Notably, 
silencing CD36 inhibits clonogenicity and stem-
ness marker expression in bladder cancer cells, 
highlighting its critical role in enhancing stem-
ness properties [19]. However, current under-
standing of CD36’s role in regulating stemness 
and chemotherapy resistance in cervical can-
cer cells remains limited.

Cancer stem cells (CSCs) are tumor-initiating 
cells that are capable of differentiating into 
multiple cell types and contributing to tumorige-
nicity and chemotherapy resistance in solid 
malignancies [20-22]. However, limited studies 
have examined the relationship between cervi-
cal CSCs, chemotherapy resistance, and can-

http://www.ijcem.com
https://doi.org/10.62347/HFTC6895


CD36 promotes chemotherapy resistance and stemness of cervical cancer

289	 Int J Clin Exp Med 2025;18(12):288-300

cer progression. CD44, a cervical tumorigene-
sis stem cell marker, can enhance CSC self-
renewal and chemotherapy resistance [23]. 
Yes-associated protein (YAP) promotes malig-
nant transformation of cervical intraepithelial 
neoplasia by reinforcing CSC traits [24]. In this 
study, we explored the roles of CD36 in regulat-
ing stemness and chemotherapy resistance in 
cervical cancer cells. Further, we investigated 
the specific mechanisms through which CD36 
facilitates these processes.

Materials and methods

Acquisition of cervical cancer transcriptome 
data

We downloaded transcriptome sequencing 
data (ribonucleic acid [RNA] sequencing) for 
cervical cancer from The Cancer Genome  
Atlas database (https://www.cancer.gov/ccg/
research/genome-sequencing/tcga) using the 
Illumina HiSeq 2000 platform. The dataset 
included 62 advanced cervical cancer samples 
(41 stage 4 and 21 additional stage 4 cases). 
Details of the downloaded data are provided in 
Table S1. This study was approved by the ethics 
committee of the Eighth Affiliated Hospital of 
Sun Yat-Sen University.

Half-maximal inhibitory concentration (IC50) 
correlation analysis

CD36 expression levels in cervical cancer spec-
imens from The Cancer Genome Atlas data-
base were analyzed in combination with data 
from the Genomics of Drug Sensitivity in Can- 
cer database (https://www.cancerrxgene.org/) 
[25]. The R version 4.3.1 pRRophetic package 
(https://github.com/paulgeeleher/pRRophetic) 
was used to evaluate the sensitivity of advanced 
cervical cancer to various chemotherapeutic 
agents [26]. Using the downloaded drug data 
as a reference, the pRRophetic package esti-
mated the IC50 value of each sample based on 
whole-genome expression.

Kyoto encyclopedia of genes and genomes 
pathways analysis

The correlation between CD36 gene expression 
and all of the other genes was calculated in 62 
advanced cervical cancer samples using the 
Pearson correlation coefficient. Genes with cor-
relation coefficients above 0.3 and P-values 
below 0.05 were retained. The Database for 

Annotation, Visualization and Integrated Dis- 
covery (DAVID) version 6.8 (https://david.ncif-
crf.gov/) was then used to perform Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analysis on the selected 
genes, applying a P-value threshold of less than 
0.05 [27]. There were 10 KEGG pathways that 
met the significance criteria.

Prognostic analysis

For prognostic analysis, the R version 4.3.1 sur-
vival package (version 2.41-1; https://cran.r-
project.org/web/packages/finalfit/vignettes/
survival.html) was used to evaluate the correla-
tion between CD36 expression and prognosis 
in advanced cervical cancer [28]. The effects of 
CD36 expression and clinical stage on patient 
prognosis were analyzed.

Cell culture

C33a and HeLa cells were obtained from the 
Type Collection Center (Wuhan, China) and cul-
tured in Dulbecco’s Modified Eagle Medium 
(Gibco, CA, USA). C33a cells were incubated 
with fluorescein isothiocyanate-labeled CD133 
and sorted by flow cytometry. The CD133-
positive C33a cell population was collected, 
expanded, and cultured in vitro as C33a-
Cervical CSCs (C33a-CCSCs).

Plasmid construction and transfection

The pIRES2-ZsGreen1-CD36 plasmid, design- 
ed to overexpress CD36, was constructed by 
cloning the CD36 coding sequence into the 
pIRES2-ZsGreen1 vector. C33a-CCSCs were 
transfected with the plasmid using Lipo™6000 
(Beyotime, Shanghai, China) and selected in 
medium containing 600 µg/ml G418 for three 
weeks. The empty pIRES2-ZsGreen1-NC plas-
mid served as a negative control (NC). CD36-
overexpressing C33a and C33a-CCSCs cells 
were designated as “C33a/CD36” and “C33a-
CCSCs/CD36”, respectively.

Transfection with siRNA (small interfering RNA)

Human CD36 small interfering ribonucleic acid 
(siRNA) was purchased from Guangzhou Ribo 
(Guangzhou, China). Cells were seeded in six-
well plates at a density of 2 × 105 cells/well. 
HeLa cells were transfected with CD36 siRNA 
(HeLa/siRNA CD36) (sense: 5’-CCUGAUAGAAA- 
UGAUCUUATT-3’; antisense: 5’-UAAGAUCAUUU- 
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CUAUCA GGTT-3’) or NC siRNA (HeLa/NC-siRNA) 
(sense: 5’-UUCUCCGAACGUGUCACGUTT-3’; an- 
tisense: 5’-ACGUGACACGUUCGGAGAATT-3’) us- 
ing Lipo™3000 (Thermo Fisher Scientific, 
Waltham, USA) at a final concentration of 100 
nM.

Flow cytometry analysis of the ratios of CD133 
positive cervical cancer cells

C33a/CD36 and HeLa/CD36-siRNA cells were 
centrifuged at 1500 rpm for 5 min. The cells 
were resuspended in 200 μl of phosphate-buff-
ered saline, followed by the addition of 5 μl of 
CD133 antibody to each flow tube. Samples 
were incubated at 4°C for 30 min. After adding 
another 200 μl of phosphate-buffered saline, 
the proportion of CD133-positive cells was ana-
lyzed by flow cytometry.

Tumorsphere formation assay

C33a/CD36, C33a-CCSCs/CD36, or HeLa/
siRNA CD36 cells were incubated in Dulbecco’s 
Modified Eagle Medium supplemented with 20 
ng/ml basic fibroblast growth factor, 20 ng/ml 
epidermal growth factor, and 1 × B27. Cells 
were seeded in low-attachment six-well plates 
at a density of 2 × 104 cells/well and cultured 
for 10 days. Three fields were randomly select-
ed from confocal images, and the number of 
stem cell spheres with diameters greater than 
100 μm was counted for each group.

Western blot

After boiling for 8 min, total protein (80 µg) was 
loaded onto a 10% polyacrylamide gel and 
transferred to a polyvinylidene fluoride mem-
brane. The membrane was incubated with the 
following primary antibodies: CD36 (1:1000; 
Ab252923, Abcam, Cambridge, UK), CD44 
(1:3000; A19020, Abclonal, MA, USA), CD133 
(1:1000; AF5120, Affinity, Cincinnati, USA), 
Nanog (1:5000; 67255-1-Ig, Sanying, Wuhan, 
China), YAP (1:1000; AF6328, Affinity, Cin- 
cinnati, USA), TAZ (1:300; A8202, Abclonal, MA, 
USA), Bcl-2 (1:3000; 26593-1-AP, Sanying, 
Wuhan, China), Bax (1:10000; 60627-1-Ig, 
Sanying, Wuhan, China), MEK5 (1:2000; 
DF7667, Affinity, Cincinnati, USA), ERK5 
(1:1000; DF6835, Affinity, Cincinnati, USA), 
cleaved caspase-3 (1:1000; AF7022, Affinity, 
Cincinnati, USA), and GAPDH (1:1000; AB- 
P-R001, Xianzhi Biology, Hangzhou, China). 
Membranes were then incubated with horse-

radish peroxidase-conjugated secondary anti-
bodies (1:10000; BA1051, BA1054; Boster 
Biology, Wuhan, China). Proteins were visual-
ized using a chemiluminescence kit (Pierce; 
Thermo Fisher Scientific, Inc., Massachusetts, 
USA).

Colony formation assay

HeLa/siRNA CD36, HeLa/NC siRNA, and HeLa 
cells were seeded at 200 cells/well in six-well 
plates [29]. The cells were incubated at 5% CO2. 
After 14 days, colonies were stained with try-
pan blue, and the number of cell colonies was 
counted.

CCK8 assay 

C33a/CD36, C33a-CCSCs, HeLa/siRNA CD36 
cells and the corresponding control groups 
were inserted into 96-well plates with 5×103 
cells per well and cultured 24h at 37°C. 10 μl 
CCK8 per well were added and cultured at 37°C 
for 2 h. The absorbance value OD450 of each 
well was determined by microplate reader. Cell 
survival rate %= [(experimental hole absor-
bance) - (blank hole absorbance)]/[control hole 
absorbance) - (blank hole absorbance)] ×100%.

TUNEL assay

C33a-CCSCs, C33a-CCSCs/CD36 and C33a-
CCSCs/NC were seeded at a density of 4×105 
cells/well in six-well plates. After added 0.5 ml 
fixative, the cells were permeabilized by 0.2% 
Triton X-100. Removed the excess PBS, 100 μl 
of TUNEL equilibrium solution was added to 
each sample. A TUNEL reaction mixture con-
taining TdT enzyme and fluorescein-dUTP was 
applied and incubated at 37°C for 2 h. Then 
diluted DAPI was added, and the samples were 
further incubated at room temperature for 5 
min. The samples were observed under a fluo-
rescence microscope.

Immunofluorescence

After the tissue sections were deparaffinized, 
antigen repair was performed. After blocking 
non-specific binding with 5% diluted goat 
serum, sections were incubated with primary 
antibodies against CD44 (dilution, 1:100; 
A19020, Abclonal, MA, USA) and CD133 (dilu-
tion, 1:100; AF5120, Affinity, Cincinnati, USA) 
at 4°C overnight, then incubated with se- 
condary antibody (dilution, 1:100; BA1105, 
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BOSTER, Wuhan, China). Nuclei were stained by 
4’,6- Diamidino-2-phenylindole (DAPI). After 
using anti-fluorescence quencher, the images 
were observed under a fluorescence micro-
scope. Image-Pro Plus 6.0 software (Media 
Cybernetics,Maryland, USA) was used to quan-
titatively analyze the expressions of CD133 and 
CD44 in each group. The mean optical density 
value represents the protein expression level.

Flow cytometry analysis of apoptosis

Cells were centrifuged at 1500 rpm for 5 min. 
The ratios of apoptotic in cervical cancer cells 
were measured using Annexin V FITC/PI 
Apoptosis Detection Kit.

Animal assay

Four-week-old female BALB/C nude mice were 
purchased from SiBei Fu Animal Center (Beijing, 
China). C33a/CD36 cells (2×106/mL) were 
injected subcutaneously into the axilla of the 
right forelimb of nude mice. Each group had six 
nude mice. In vivo imaging detection was per-
formed with a small animal in vivo imager (IVIS 
Lumina III, Perkin Elmer). We euthanized the 
nude mice with anesthesia. The nude mice 
were housed in an animal room with a tempera-
ture of 25°C and humidity levels ranging from 
40 to 60%. The animal experiment protocol 
was carried out in accordance with the regula-
tions of the Institutional Animal Ethical Care 
Committee of the Eighth Affiliated Hospital, 
Sun Yat-sen University.

Statistical analysis

Data are presented as mean ± standard error 
of the mean (SEM). The overall survival rate 
was calculated by plotting the survival curve 
with the Kaplan-Meier method. Statistical com-
parisons of data from the experiments on cul-
tured cells or mice were performed using the 
two-tailed Student’s t test. All of the statistical 
analyses were performed using Statistical 
Package for the Social Sciences version 17.0 
(SPSS Inc., Chicago, USA). Differences were 
considered significant when the p value < 0.05.

Results

Correlation between CD36 expression level 
and resistance of chemotherapy drugs in ad-
vanced cervical cancer

The IC50 value reflects the sensitivity of chemo-
therapeutic drugs, and its correlation with 

CD36 expression was evaluated through bioin-
formatic analysis (Table S2). Notably, higher 
CD36 expression in advanced cervical cancer 
was associated with increased IC50 values for 
cisplatin. Additionally, CD36 expression showed 
a positive correlation with cisplatin resistance 
and a negative correlation with vinorelbine 
resistance in advanced cervical cancer (Figure 
1A).

Analysis of downstream pathways regulated by 
CD36 in advanced cervical cancer

In 62 advanced cervical cancer samples, 648 
genes were identified as significantly associat-
ed with CD36 expression (Table S3). KEGG 
pathway enrichment analysis was conducted 
using DAVID version 6.8. There were 10 KEGG 
pathways that were identified based on a 
P-value threshold of <0.05 (Figure 1B). Among 
these, the Hippo and MEK5/ERK5 signaling 
pathways were associated with chemotherapy 
resistance and cancer cell stemness. However, 
no correlation was observed between CD36 
expression and prognosis in patients with 
advanced cervical cancer (Figure 1C-F). CD36 
expression was positively correlated with the 
expression of CD44, CD133, YAP, TAZ, MEK5, 
and ERK5 in cervical cancer cells (Figure 1G-J). 
These results suggest that CD36 may enhance 
stem cell marker expression and activate the 
Hippo and MEK5/ERK5 pathways in vitro.

CD36 promotes stemness and tumor growth 
in vivo

After six weeks, CD36 overexpression signifi-
cantly promoted tumor growth in female BALB/
c-nu mice compared with the C33a/Con group 
(1636.12 ± 462.29 mm3 versus 732.64 ± 
329.89 mm3; Figure 2A-C). Additionally, immu-
nofluorescence assays showed that CD133 
(mean optical density: 0.81 ± 0.04 versus 0.31 
± 0.01; Figure 2D) and CD44 expression (0.95 
± 0.05 versus 0.48 ± 0.03; Figure 2E) were 
increased in the C33a/CD36 group compared 
to controls. These findings suggest that CD36 
may promote cervical cancer cell growth by 
enhancing stemness in vivo.

CD36 promoted the stemness of cervical can-
cer cells in vitro

As shown in Figure 3A, 3B, the number of stem 
cell spheres with diameters greater than 100 
μm was higher in the C33a/CD36 group (5.33 
± 0.58) than in the C33a/NC group (1.67 ± 

https://e-century.us/files/ijcem/18/11/ijcem0167240suppltab2.xlsx
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0.58) and C33a group (2.33 ± 0.57). The Cell 
Counting Kit-8 assay revealed that CD36 over-
expression significantly enhanced the prolifera-
tive capacity of C33a cells (Figure 3D). In con-

trast, the number of spheres larger than 100 
μm decreased in the HeLa/siRNA CD36 group 
(2.33 ± 0.58) compared with the HeLa/
NC-siRNA group (5.33 ± 0.57) and HeLa group 

Figure 1. Correlation between CD36 expression and resistance to chemotherapy drugs and prognosis of cervical 
cancer and its regulated signaling pathways. A: CD36 expression had the most significant positive correlation with 
cisplatin resistance and the most significant negative correlation with vinorelbine in advanced cervical cancer by 
IC50 correlation analysis. Scale represents P value. B: KEGG analysis downstream pathways regulated by CD36 in 
advanced cervical cancer. C: Kaplan-Meier analysis showed the prognosis of stage 3 cervical cancer was significant-
ly better than stage 4 cervical cancer. D: Kaplan-Meier analysis showed CD36 expression was not correlated with 
the prognosis of advanced cervical cancer. E: Kaplan-Meier analysis showed CD36 expression was not correlated 
with the prognosis of cervical cancer in stage 3. F: Kaplan-Meier analysis showed CD36 expression was not corre-
lated with the prognosis of cervical cancer in stage 4. G, I: The expressions of CD44, CD133, Nanog, YAP, TAZ, MEK5 
and ERK5 were increased after enhanced CD36 expression in C33a cells. H, J: The expressions of CD44, CD133, 
Nanog, YAP, TAZ, MEK5 and ERK5 in HeLa cells were reduced along with the down-regulation of CD36. 
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Figure 2. CD36 promotes stemness and tumor growth. A: CD36 over-expression (C33a/CD36 group) promoted tumor growth in vivo compared to the control group 
(C33a/Con group). B: Upper row: C33a/Con group; Lower row: C33a/CD36 group. C: Statistical plots of tumor volume in C33a/CD36 group and C33a/Con group 
(n=6). D: CD133 expression in C33a/CD36 group was significantly enhanced compared to the C33a/Con group (×400). E: CD44 expression in C33a/CD36 group 
was significantly enhanced compared to the C33a/Con group (×400). 
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(4.34 ± 0.54) (Figure 3A, 3C). Proliferation was 
also reduced in the HeLa/siRNA CD36 group 
relative to the HeLa/NC-siRNA and HeLa groups 
(Figure 3E). Flow cytometry analysis further 
demonstrated a higher percentage of CD133-
positive cells in the C33a/CD36 group (8.35 ± 
0.30%) than in the C33a/NC group (3.45 ± 
0.21%) and C33a group (3.33 ± 0.37%) (Figure 
3F, 3H). Conversely, fewer CD133-positive cells 
were observed in the HeLa/siRNA CD36 group 
(2.44 ± 0.33%) compared to the HeLa/
NC-siRNA (5.07 ± 0.11%) and HeLa groups 
(5.06 ± 0.52%) (Figure 3G and 3I). These find-
ings suggest that CD36 plays a critical role in 

promoting the stemness of cervical cancer 
cells in vitro.

CD36 overexpression augmented stemness of 
cervical CSCs

We further sorted CD133-positive C33a cells 
using flow cytometry and established a CD36-
overexpressing cervical cancer stem cell model 
(C33a-CCSCs/CD36) along with a correspond-
ing control group (C33a-CCSCs/NC). Western 
blot analysis confirmed that CD36 expression 
was successfully upregulated in the C33a-
CCSCs/CD36 group (Figure 4A and 4D). The 

Figure 3. CD36 promotes stemness of cervical cancer cells. (A, B) The number of stem cell spheres with a diameter 
larger than 100 μm in the C33a/CD36 group was the highest. (A-C) Interfering with CD36 expression in HeLa cells 
suppressed the number of stem cell spheres larger than 100 μm (A: ×200). (D) The proliferative ability of C33a/
CD36 group was increased compared to the C33a and C33a/NC group. (E) Interfering with CD36 expression sup-
pressed the proliferative ability of HeLa cells. (F) The CD133-positive cells in the C33a/CD36 group were the highest 
compared to the C33a and C33a/NC group. (G) The CD133-positive cells in the HeLa/siRNA CD36 group were the 
least compared to the HeLa and HeLa/NC siRNA group. (H) Statistical chart of CD133-positive cell rate in C33a, 
C33a/NC and C33a/CD36 group. (I) Statistical chart of CD133-positive cell rate in HeLa, HeLa/NC siRNA and HeLa/
siRNA CD36 group. All experiments were performed in triplicate. *P<0.05.
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number of stem cell spheres with diameters 
exceeding 100 μm was significantly higher in 
the C33a-CCSCs/CD36 group (7.33 ± 0.58) 
than in the C33a-CCSCs/NC group (3.67 ± 
0.58) and the C33a-CCSCs group (3.33 ± 0.57) 
(Figure 4B). Similarly, the proliferative capacity 
of the C33a-CCSCs/CD36 group was markedly 
elevated compared with both control groups 
(Figure 4C). Immunofluorescence assays also 
showed increased CD44 expression in the 
C33a-CCSCs/CD36 group relative to the C33a-
CCSCs/NC group (Figure 4E). These findings 
suggest that CD36 overexpression may en- 
hance the stemness of cervical CSCs.

Elevating CD36 expression potentiated the 
chemotherapy resistance of cervical CSCs by 
activating Hippo and MEK5/ERK5 pathways

To further assess whether CD36 expression 
influences chemotherapy resistance in cervical 
CSCs, C33a-CCSCs/CD36, C33a-CCSCs/NC, 
and C33a-CCSCs were treated with 20 μg/ml 
cisplatin for 24 h. As depicted in Figure 5A, the 
C33a-CCSCs/CD36 group exhibited higher pro-
liferative capacity (130.98 ± 3.15%) compared 
to the C33a-CCSCs/NC group (97.89 ± 1.28%) 

and the C33a-CCSCs group (99.57 ± 0.54%). 
Additionally, the C33a-CCSCs/CD36 group dis-
played the fewest apoptotic cells relative to the 
control groups (Figure 5F). The expression lev-
els of YAP, TAZ, MEK5, and ERK5 were also 
elevated in the C33a-CCSCs/CD36 group com-
pared to controls (Figure 5D, 5E).

To further investigate whether the Hippo and 
MEK5/ERK5 pathways contribute to CD36-
regulated chemotherapy resistance in cervical 
CSCs, C33a-CCSCs/CD36 cells were treated 
with Verteporfin (a YAP inhibitor) and XMD8-92 
(an ERK5 inhibitor). As shown in Figure 5B, 5C, 
proliferative capacity decreased following treat-
ment with Verteporfin (117.13 ± 1.78% vs. 
99.14 ± 0.84%; 99.18 ± 0.47%) or XMD8-92 
(120.99 ± 2.32% vs. 99.37 ± 0.74%; 98.43 ± 
0.92%) compared to the C33a-CCSCs + cispla-
tin and C33a-CCSCs/NC + cisplatin groups. 
Additionally, the number of apoptotic cells in 
the C33a-CCSCs/CD36 group increased rela-
tive to controls after treatment with either 
inhibitor (Figure 5G, 5H). These findings indi-
cate that CD36 may induce chemotherapy 
resistance in cervical CSCs through activation 
of the Hippo and MEK5/ERK5 pathways.

Figure 4. Effect of CD36 overexpression on stemness of cervical cancer stem cells. (A, D) Compared to C33a-CCSCs 
and C33a-CCSCs/NC, CD36 expression was significantly enhanced in the C33a-CCSCs/CD36 group. (B) The num-
ber of stem cell spheres with a diameter larger than 100 μm in C33a-CCSCs/CD36 group was the highest compared 
to the C33a-CCSCs and C33a-CCSCs/NC group (B: ×200). (C) The proliferative ability of C33a-CCSCs/CD36 group 
was increased compared to the C33a-CCSCs and C33a-CCSCs/NC group. (E) CD44 expression was increased in 
C33a-CCSCs/CD36 group compared to C33a-CCSCs/NC group (E: ×400). *P<0.05.
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Interfering CD36 expression alleviated the che-
motherapy resistance of cervical cancer cells

Conversely, we downregulated CD36 expres-
sion in HeLa cells and treated them with 20 μg/
ml cisplatin for 24 hours. The colony formation 
assay revealed fewer colonies in the HeLa/
siRNA CD36 group (106.67 ± 14.57) compared 
with the HeLa/NC siRNA group (161.33 ± 8.08) 
and HeLa group (148.33 ± 10.02) (Figure 6A). 
The proliferative capacity of the HeLa/siRNA 
CD36 group (75.10 ± 3.12%) was significantly 
reduced relative to the HeLa group (94.15 ± 
1.18%) and HeLa/NC-siRNA group (97.48 ± 
2.57%) (Figure 6B). The HeLa/siRNA CD36 
group also exhibited the highest number of 
apoptotic cells (35.28 ± 1.15% vs. 21.27 ± 
0.88%; 21.26 ± 0.67%) (Figure 6C, 6E). 
Furthermore, Bcl-2 expression was decreased, 
Bax expression increased, and cleaved cas-
pase-3 activity enhanced in the HeLa/siRNA 

CD36 group, consistent with CD36 downregula-
tion (Figure 6D, 6F). These findings indicate 
that silencing CD36 inhibits proliferation and 
promotes apoptosis in HeLa cells following cis-
platin treatment. Additionally, the expression of 
CD44, CD133, and Nanog was significantly 
reduced in the HeLa/siRNA CD36 group com-
pared with controls (Figure 6D, 6F), suggesting 
that CD36 knockdown may alleviate chemo-
therapy resistance by suppressing cervical can-
cer cell stemness.

Discussion

Previous studies have shown that CD36 pro-
motes the progression and metastasis of oral 
cancer by facilitating the uptake of exogenous 
fatty acids [11]. Our prior work also demon-
strated that CD36 accelerates epithelial-mes-
enchymal transition and metastasis in cervical 
cancer [30]. Additionally, CD36-driven lipid 

Figure 5. The effects of CD36 expression on chemotherapy resistance of cervical cancer stem cells. A: CD36 pro-
motes proliferative ability of C33a-CCSCs. B, C: Verteporfin and XMD8-92 inhibited proliferation of C33a-CCSCs 
to some extent. D, E: CD36 increased the expression levels of YAP, TAZ and ERK5. F: CD36 inhibited apoptosis of 
C33a-CCSCs. G: Verteporfin promotes apoptosis of C33a-CCSCs. H: XMD8-92 promotes apoptosis of C33a-CCSCs. 
All experiments were performed in triplicate. *P<0.05.
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Figure 6. Effects of interfering with CD36 expression on chemotherapy resistance of Hela cells. A: Interfering CD36 
expression inhibited clone formation ability of HeLa cells after treatment with cisplatin. B: Interfering with CD36 ex-
pression inhibited proliferative ability of HeLa cells after treatment with cisplatin. C, E: Interfering with CD36 expres-
sion promoted apoptosis of HeLa cells after treatment with cisplatin. D, F: Compared to control groups, expression 
of CD44, CD133, Nanog, and Bcl-2 were decreased, and expression of Bax and Caspase-3 were increased in the 
HeLa/siRNA CD36 group. All experiments were performed in triplicate. *P<0.05.
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uptake contributes to chemotherapy resis-
tance. In acute myeloid leukemia, the CD36-
fatty acid oxidation (FAO)-oxidative phosphory-
lation (OXPHOS) axis underlies resistance to 
chemotherapy [31]. In this study, we investigat-
ed the roles of CD36 in regulating stemness 
and chemotherapy resistance in cervical can-
cer cells.

We found that CD36 promoted the formation of 
larger stem cell spheres and enhanced the 
expression of stem cell markers. Additionally, 
both the proliferative capacity and sphere-
forming ability increased following CD36 trans-
fection in C33a-CCSCs. Similarly, Gyamfi et al. 
reported that CD36 knockdown reduced stem-
ness marker expression in breast cancer cells 
[32]. Collectively, these results demonstrate 
that CD36 promotes the stemness of cervical 
cancer cells.

Chemotherapy resistance is a major factor lim-
iting the clinical efficacy of cervical cancer 
treatment. Bioinformatic analysis revealed that 
CD36 expression was positively correlated with 
cisplatin resistance in advanced cervical can-
cer. Therefore, we investigated the role of CD36 
in chemotherapy resistance. CD36 overexpres-
sion enhanced proliferation and reduced apop-
tosis in C33a-CCSCs treated with cisplatin. In 
contrast, CD36 silencing decreased colony for-
mation and proliferation in HeLa cells while 
increasing apoptosis. These findings suggest 
that CD36 plays a key role in promoting chemo-
therapy resistance in cervical cancer cells.

CD44 is a well-established cancer stem cell 
marker and a key regulator of epithelial-mesen-
chymal transition [33]. We found that CD36 
enhances CD44 expression both in vitro and in 
vivo, thereby promoting the stemness of cervi-
cal cancer cells. The ERK5 and Hippo pathways 
are also recognized as important contributors 
to chemotherapy resistance and stemness in 
cancer cells [34-37]. YAP, a central effector of 
the Hippo pathway, promotes immune evasion 
in BRAF inhibitor-resistant melanoma by upreg-
ulating PD-L1 [38], while the MEK5-ERK5 
-STAT3 axis accelerates self-renewal and 
tumorigenicity in glioma stem cells [39]. In our 
study, CD36 upregulated the expression of YAP, 
TAZ, MEK5, and ERK5, thereby activating both 
the Hippo and ERK5 pathways. Vittoria et al. 
reported that Hippo pathway activation is medi-
ated through mitogen-activated protein kinase 

(MAPK) signaling [40], and CD36 has been 
shown to activate MAPK signaling [41]. Thus, 
we speculate that CD36 may activate the Hippo 
pathway via MAPK activation. Moreover, treat-
ment with YAP and ERK5 inhibitors reduced 
proliferation and increased apoptosis in C33a-
CCSCs/CD36 cells, further supporting the 
involvement of the Hippo and ERK5 pathways 
in CD36-mediated chemotherapy resistance.

In summary, our findings demonstrate that 
CD36 promotes stemness and chemotherapy 
resistance in cervical cancer cells. Notably, 
CD44, Hippo, and MEK5/ERK5 pathways are 
involved in CD36-mediated resistance and con-
tribute to enhanced stemness. Collectively, 
these results suggest that CD36 may be a 
promising therapeutic target for improving the 
prognosis of cervical cancer.
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Table S1. The transcriptome sequencing data of 62 advanced cervical cancer samples
gene time OS Stage CD36 status
TCGA-JX-A3Q0-01A 212.5 0 Stage III 0.106334 0
TCGA-VS-A9UD-01A 24.63333 0 Stage IIIA 0.379796 0
TCGA-VS-A950-01A 40.7 0 Stage IIIA 3.011863 1
TCGA-LP-A5U2-01A 0.3 0 Stage IIIB 0.072316 0
TCGA-C5-A1BQ-01C 20.13333 1 Stage IIIB 0.079746 0
TCGA-FU-A40J-01A 14.2 0 Stage IIIB 0.11357 0
TCGA-DR-A0ZM-01A 59.7 0 Stage IIIB 0.118669 0
TCGA-DG-A2KJ-01A 96.43333 0 Stage IIIB 0.154352 0
TCGA-FU-A23K-01A 12.4 0 Stage IIIB 0.200696 0
TCGA-C5-A7X3-01A 9.466667 1 Stage IIIB 0.269161 0
TCGA-BI-A0VR-01A 50.16667 0 Stage IIIB 0.340719 0
TCGA-FU-A770-01A 1.133333 0 Stage IIIB 0.380776 0
TCGA-EK-A2PI-01A 19.53333 0 Stage IIIB 0.397804 0
TCGA-C5-A1MN-01A 41.5 1 Stage IIIB 0.427787 0
TCGA-DG-A2KK-01A 83.2 0 Stage IIIB 0.457832 0
TCGA-VS-A8EC-01A 47.16667 0 Stage IIIB 0.490488 0
TCGA-EA-A6QX-01A 24.33333 0 Stage IIIB 0.498557 0
TCGA-LP-A4AU-01A 11.43333 0 Stage IIIB 0.530072 0
TCGA-C5-A1BI-01B 37.06667 0 Stage IIIB 0.55122 0
TCGA-EK-A3GN-01A 0.9 0 Stage IIIB 0.55288 0
TCGA-VS-A9UL-01A 14.73333 1 Stage IIIB 0.605414 1
TCGA-MA-AA43-01A 11.53333 0 Stage IIIB 0.610311 1
TCGA-ZX-AA5X-01A 3.966667 0 Stage IIIB 0.765881 1
TCGA-C5-A7UH-01A 132.9333 0 Stage IIIB 0.779847 1
TCGA-EA-A3QD-01A 13.23333 0 Stage IIIB 0.958895 1
TCGA-C5-A1MH-01A 39.53333 1 Stage IIIB 1.105976 1
TCGA-EK-A2GZ-01A 12.76667 0 Stage IIIB 1.20161 1
TCGA-VS-A954-01A 57.13333 0 Stage IIIB 1.286538 1
TCGA-FU-A3TQ-01A 26.5 0 Stage IIIB 1.364193 1
TCGA-HM-A4S6-01A 15.13333 0 Stage IIIB 1.602762 1
TCGA-DS-A3LQ-01A 23.3 0 Stage IIIB 1.664361 1
TCGA-MA-AA3X-01A 19.83333 0 Stage IIIB 2.007529 1
TCGA-UC-A7PG-01A 12.33333 1 Stage IIIB 2.123608 1
TCGA-EA-A44S-01A 12.3 0 Stage IIIB 2.133504 1
TCGA-C5-A1MK-01A 2.466667 1 Stage IIIB 2.269569 1
TCGA-FU-A5XV-01A 10.7 0 Stage IIIB 2.381891 1
TCGA-VS-A8EB-01A 10.16667 1 Stage IIIB 2.912379 1
TCGA-EK-A2PL-01A 0.433333 0 Stage IIIB 3.820598 1
TCGA-C5-A2LZ-01A 101.5333 1 Stage IIIB 4.217823 1
TCGA-C5-A7CL-01A 15.7 1 Stage IIIB 4.889445 1
TCGA-VS-A8EH-01A 32.86667 0 Stage IIIB 6.708641 1
TCGA-VS-A953-01A 15.9 1 Stage IVA 0.070301 0
TCGA-VS-A9V4-01A 4.4 1 Stage IVA 0.21431 0
TCGA-C5-A7CK-01A 136.2 1 Stage IVA 0.324765 0
TCGA-VS-A8QC-01A 11.66667 1 Stage IVA 0.463472 0
TCGA-VS-A9UH-01A 47.56667 0 Stage IVA 0.726318 1
TCGA-VS-A9UV-01A 3.466667 1 Stage IVA 0.823503 1
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TCGA-DS-A1O9-01A 8.866667 1 Stage IVA 1.211253 1
TCGA-VS-A8EK-01A 27.63333 1 Stage IVA 2.647716 1
TCGA-EA-A50E-01A 7.566667 1 Stage IVA 4.472247 1
TCGA-VS-A9V1-01A 5.233333 1 Stage IVB 0.076624 0
TCGA-IR-A3LI-01A 83.1 0 Stage IVB 0.089749 0
TCGA-EX-A449-01A 14.9 0 Stage IVB 0.100071 0
TCGA-EK-A2RB-01A 0.3 0 Stage IVB 0.158049 0
TCGA-C5-A7X5-01A 13.8 1 Stage IVB 0.238642 0
TCGA-VS-A9UY-01A 18.5 1 Stage IVB 0.332576 0
TCGA-VS-A9UM-01A 27.63333 1 Stage IVB 0.444087 0
TCGA-VS-A9U6-01A 44 0 Stage IVB 0.485612 0
TCGA-HM-A6W2-01A 9.566667 0 Stage IVB 0.935705 1
TCGA-VS-A8QM-01A 31.7 1 Stage IVB 1.552829 1
TCGA-JW-A5VH-01A 3.333333 1 Stage IVB 3.769822 1
TCGA-VS-A9V3-01A 18 0 Stage IVB 6.390622 1


