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Abstract

Objective: Our previous work revealed that CD36 accelerates progression of cervical
cancer. Here, we elucidate the effects of CD36 in regulating stemness and
chemotherapy resistance of cervical cancer cells.

Methods: We used bioinformatics analysis to assess the correlation between CD36
expression and chemotherapy drugs sensitivity in advanced cervical cancer. The effects
of CD36 expression on proliferation of cervical cancer cells were analyzed using the
CCKS8 and colony formation assay. The stemness of cervical cancer cells were assessed
by tumorsphere formation assay. Correlations between CD36 expression and stem cell
markers were investigated by Western blot. Next, the roles of CD36 on chemotherapy
resistance of cervical cancer cells were evaluated by using colony formation assay,
CCKS assay and flow cytometry. Finally, the molecular mechanisms by which CD36
promotes stemness and chemotherapy resistance of cervical cancer cells were explored
through bioinformatics analysis and Western blot.

Results: CD36 expression was positively correlated with cisplatin resistance in
advanced cervical cancer. CD36 overexpression promoted the stemness and
chemotherapy resistance of cervical cancer cells. Most importantly, we discovered that
CD44, Hippo and MEKS/ERKS pathways might be involved in CD36-mediated
chemotherapy resistance and stemness of cervical cancer cells.

Conclusions: CD36 may be an effective therapeutic target for improving the prognosis
of cervical cancer.
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Introduction

Cervical cancer is the most common malignancy of the female genital tract [1]. Its
progression involves infection with human papillomavirus, cervical intraepithelial
neoplasia, local invasion, and metastasis [2-3]. Widespread use of cytological
screening and biopsies has effectively reduced cervical cancer incidence. However,
advanced cervical cancer continues to have a poor prognosis due to chemotherapy
resistance [4]. Therefore, elucidating the mechanisms underlying chemotherapy
resistance in cervical cancer is essential.

Cancer cells utilize fatty acids as an energy source to reprogram metabolism. CD36, a
lipid transporter, is a membrane protein expressed on monocytes, epithelial cells, and
endothelial cells [5-8]. In cancer cells, CD36 overexpression accelerates fatty acid
uptake and lipid accumulation, promoting growth and metastasis [9-12]. Lipid
accumulation also exerts immunosuppressive effects [13]. Owing to its multifaceted
roles in cancer biology, CD36 has recently emerged as a promising therapeutic target
in various cancers [14-18]. Notably, silencing CD36 inhibits clonogenicity and
stemness marker expression in bladder cancer cells, highlighting its critical role in
enhancing stemness properties [19]. However, current understanding of CD36’s role
in regulating stemness and chemotherapy resistance in cervical cancer cells remains
limited.

Cancer stem cells (CSCs) are tumor-initiating cells that are capable of differentiating
into multiple cell types and contributing to tumorigenicity and chemotherapy

resistance in solid malignancies [20-22]. However, limited studies have examined the
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relationship between cervical CSCs, chemotherapy resistance, and cancer progression.
CD44, a cervical tumorigenesis stem cell marker, can enhance CSC self-renewal and
chemotherapy resistance [23]. Yes-associated protein (YAP) promotes malignant
transformation of cervical intraepithelial neoplasia by reinforcing CSC traits [24]. In
this study, we explored the roles of CD36 in regulating 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.

Half-maximal inhibitory concentration (IC50) correlation analysis

CD36 expression levels in cervical cancer specimens from The Cancer Genome Atlas
database were analyzed in combination with data from the Genomics of Drug
Sensitivity in Cancer 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
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estimated 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 correlation coefficients above 0.3 and P-values below 0.05
were retained. The Database for Annotation, Visualization and Integrated Discovery
(DAVID) version 6.8 (https://david.ncifcrf.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 survival package (version 2.41-1;
https://cran.r-project.org/web/packages/finalfit/vignettes/survival.html) was used to
evaluate the correlation 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 cultured 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).
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Plasmid construction and transfection

The pIRES2-ZsGreenl-CD36 plasmid, designed to overexpress CD36, was
constructed by cloning the CD36 coding sequence into the pIRES2-ZsGreenl vector.
C33a-CCSCs were transfected with the plasmid using Lipo™6000 (Beyotime,
Shanghai, China) and selected in medium containing 600 pg/ml G418 for three
weeks. The empty pIRES2-ZsGreen1-NC plasmid 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 x 10° cells/well. HeLa cells were transfected with CD36 siRNA
(HeLa/siRNA CD36) (sense: 5-CCUGAUAGAAAUGAUCUUATT-3’; antisense:
5'-UAAGAUCAUUUCUAUCA GGTT-3’) or NC siRNA (HeLa/NC-siRNA) (sense:
5'-UUCUCCGAACGUGUCACGUTT-3'; antisense: 5'-ACGUGACACGUUCGGAG
AATT-3") using 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 pl of phosphate-buffered saline, followed by the

addition of 5 pl of CD133 antibody to each flow tube. Samples were incubated at 4°C
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for 30 min. After adding another 200 pl of phosphate-buffered saline, the proportion
of CD133-positive cells was analyzed by flow cytometry.

Tumorsphere formation assay

C33a/CD36, C33a-CCSCs/CD36, or HelLa/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 1xB27. Cells were seeded in
low-attachment six-well plates at a density of 2 x 10* cells/well and cultured for 10
days. Three fields were randomly selected from confocal images, and the number of
stem cell spheres with diameters greater than 100 pm was counted for each group.
Western blot

After boiling for 8 min, total protein (80 pg) was loaded onto a 10% polyacrylamide
gel and transferred to a polyvinylidene fluoride membrane. 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, Cincinnati, USA), TAZ (1:300; A8202,
Abclonal, MA, USA), Bcl-2 (1:3000; 26593-1-AP, Sanying, Wuhan, China), Bax
(1:10000; 60627-1-1g, Sanying, Wuhan, China), MEKS5 (1:2000; DF7667, Affinity,
Cincinnati, USA), ERKS (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 horseradish peroxidase-conjugated secondary antibodies (1:10000; BA1051,
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BA1054; Boster Biology, Wuhan, China). Proteins were visualized 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% CO,. After 14 days, colonies
were stained with trypan blue, and the number of cell colonies was counted.

CCKS assay

C33a/CD36, C33a-CCSCs, HeLa/siRNA CD36 cells and the corresponding control
groups were inserted into 96-well plates with 5 X 103 cells per well and cultured 24h
at 37°C. Add 10ul cck8 per well and culture at 37°C for 2h. The absorbance value
OD450 of each well was determined by microplate reader. Cell survival rate %=
[(experimental hole absorbance) - (blank hole absorbance)]/[control hole absorbance)
- (blank hole absorbance)] x100%

TUNEL assay

C33a-CCSCs, C33a-CCSCs/CD36 and C33a-CCSCs/NC were seeded at a density
of 4x10° 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 pl of
TUNEL equilibrium solution was added to each sample. A TUNEL reaction mixture
containing TdT enzyme and fluorescein-dUTP was applied and incubated at 37 °C for
2h. Then diluted DAPI was added, and the samples were further incubated at room
temperature for 5 min. The samples were observed under a fluorescence microscope.

Immunofluorescence
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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(dilution, 1:100; AF5120, Affinity, Cincinnati, USA) at 4°C overnight,
then incubated with secondary antibody (dilution, 1:100; BA1105, 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
microscope. Image-Pro Plus 6.0 software (Media Cybernetics,Maryland, USA) was
used to quantitatively 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 1500rpm 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 (2x10%mL) were injected subcutaneously
into the axillary of right forelimb of nude mice. Each group had six nude mice. In
vivo imaging detection was performed with a small animal in vivo imager (IVIS
Lumina III, Perkin Elmer). We euthanized the nude mice with anesthesia. The animal
experiment protocol was carried out in accordance with the regulations of the
Institutional Animal Ethical Care Committee of the Eighth Affiliated Hospital, Sun

Yat-sen University (2024r005) .
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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 comparisons of data from the experiments on cultured cells or
mice were performed using the two-tailed Student’s 7 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 was less than 0.05.

Results

Correlation between CD36 expression level and resistance of chemotherapy
drugs in advanced cervical cancer.

The IC50 value reflects the sensitivity of chemotherapeutic drugs, and its correlation
with CD36 expression was evaluated through bioinformatics 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

associated with CD36 expression (Table S3). KEGG pathway enrichment analysis
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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 MEKS/ERKS 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, MEKS, and ERKS in cervical cancer cells (Figure 1G-J). These
results suggest that CD36 may enhance stem cell marker expression and activate the
Hippo and MEKS/ERKS pathways in vitro.

CD36 promotes stemness and tumor growth in vivo

After six weeks, CD36 overexpression significantly promoted tumor growth in female
BALB/c-nu mice compared with the C33a/Con group (1636.12 + 462.29 mm?* verses
732.64 £ 329.89 mm?®; Figure 2A-C). Additionally, immunofluorescence assays
showed that CD133 (mean optical density: 0.81 + 0.04 vs. 0.31 + 0.01; Figure 2D)
and CD44 expression (0.95 £ 0.05 vs. 0.48 = 0.03; Figure 2E) were increased in the
C33a/CD36 group compared with controls. These findings suggest that CD36 may
promote cervical cancer cell growth by enhancing stemness in vivo.

CD36 promoted the stemness of cervical cancer cells in vitro

As shown in Figure 3A-B, the number of stem cell spheres with diameters greater
than 100 um was higher in the C33a/CD36 group (5.33 + 0.58) than in the C33a/NC
group (1.67 £ 0.58) and C33a group (2.33 + 0.57). The Cell Counting Kit-8 assay

revealed that CD36 overexpression significantly enhanced the proliferative capacity
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of C33a cells (Figure 3D). In contrast, the number of spheres larger than 100 um
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 (4.34 = 0.54) (Figure 3A, C).
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, H). Conversely, fewer CD133-positive cells were observed in the
HeLa/siRNA CD36 group (2.44 + 0.33%) compared with the HeLa/NC-siRNA (5.07
+ 0.11%) and HeLa groups (5.06 £ 0.52%) (Figure 3G and I). These findings 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 corresponding control group (C33a-CCSCs/NC). Western blot analysis
confirmed that CD36 expression was successfully upregulated in the
(C33a-CCSCs/CD36 group (Figure 4A and D). The number of stem cell spheres with
diameters exceeding 100 um 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
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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 enhance the
stemness of cervical CSCs.

Elevating CD36 expression potentiated the chemotherapy resistance of cervical
CSCs through Hippo and MEKS/ERKS pathways activation.

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 pg/ml cisplatin for 24 h. As depicted in Figure SA, the C33a-CCSCs/CD36
group exhibited higher proliferative capacity (130.98 £+ 3.15%) compared with the
(C33a-CCSCs/NC group (97.89 + 1.28%) and the C33a-CCSCs group (99.57 =+
0.54%). Additionally, the C33a-CCSCs/CD36 group displayed the fewest apoptotic
cells relative to the control groups (Figure 5F). The expression levels of YAP, TAZ,
MEKS, and ERKS were also elevated in the C33a-CCSCs/CD36 group compared
with the controls (Figure SD-E).

To further investigate whether the Hippo and MEKS/ERKS 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 ERKS inhibitor).
As shown in Figure 5B-C, proliferative capacity decreased following treatment with
Verteporfin (117.13 £ 1.78% vs. 99.14 + 0.84%; 99.18 + 0.47%) or XMD§-92
(120.99 £ 2.32% vs. 99.37 + 0.74%; 98.43 + 0.92%) compared with the C33a-CCSCs

+ cisplatin and C33a-CCSCs/NC+cisplatin groups. Additionally, the number of
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apoptotic cells in the C33a-CCSCs/CD36 group increased relative to controls after
treatment with either inhibitor (Figure 5G, H). These findings indicate that CD36
may induce chemotherapy resistance in cervical CSCs via activation of the Hippo and
MEKS/ERKS pathways.

Interfering CD36 expression alleviated the chemotherapy resistance of cervical
cancer cells

Conversely, we downregulated CD36 expression in HeLa cells and treated them with
20 pg/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, E). Furthermore, Bcl-2 expression was decreased, Bax
expression increased, and cleaved caspase-3 activity enhanced in the HelLa/siRNA
CD36 group, consistent with CD36 downregulation (Figures 6D, F). These findings
indicate that silencing CD36 inhibits proliferation and promotes apoptosis in HelLa
cells following cisplatin treatment. Additionally, the expression of CD44, CD133, and
Nanog was significantly reduced in the HeLa/siRNA CD36 group compared with
controls (Figure 6D, F), suggesting that CD36 knockdown may alleviate

chemotherapy resistance by suppressing cervical cancer cell stemness.
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Discussion

Previous studies have shown that CD36 promotes the progression and metastasis of
oral cancer by facilitating the uptake of exogenous fatty acids [11]. Our prior work
also demonstrated that CD36 accelerates epithelial-mesenchymal transition and
metastasis in cervical cancer [30]. Additionally, CD36-driven lipid uptake contributes
to chemotherapy resistance. In acute myeloid leukemia, the CD36-fatty acid
oxidation (FAO)—oxidative phosphorylation (OXPHOS) axis underlies resistance to
chemotherapy [31]. In this study, we investigated the roles of CD36 in regulating
stemness and chemotherapy resistance in cervical cancer cells.

In our study, 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 transfection in
(C33a-CCSCs. Similarly, Gyamfi et al. reported that CD36 knockdown reduced
stemness marker expression in breast cancer cells [32]. Collectively, our results
demonstrate that CD36 promotes the stemness of cervical cancer cells.

Chemotherapy resistance is a major factor limiting the clinical efficacy of cervical
cancer treatment. Bioinformatics analysis revealed that CD36 expression was
positively correlated with cisplatin resistance in advanced cervical cancer. Therefore,
we investigated the role of CD36 in chemotherapy resistance. CD36 overexpression
enhanced proliferation and reduced apoptosis in C33a-CCSCs treated with cisplatin.
In contrast, CD36 silencing decreased colony formation and proliferation in HeLa

cells while increasing apoptosis. These findings suggest that CD36 plays a key role in
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promoting chemotherapy resistance in cervical cancer cells.

CD44 is a well-established cancer stem cell marker and a key regulator of epithelial—
mesenchymal transition [33]. We found that CD36 enhances CD44 expression both in
vitro and in vivo, thereby promoting the stemness of cervical cancer cells. The ERKS
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
upregulating PD-L1 [38], while the MEKS5-ERKS5 —-STAT3 axis accelerates
self-renewal and tumorigenicity in glioma stem cells [39]. In our study, CD36
upregulated the expression of YAP, TAZ, MEKS, and ERKS, thereby activating both
the Hippo and ERKS pathways. Vittoria et al. reported that Hippo pathway activation
is mediated 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, treatment
with YAP and ERKS inhibitors reduced proliferation and increased apoptosis in
(C33a-CCSCs/CD36 cells, further supporting the involvement of the Hippo and ERKS
pathways in CD36-mediated chemotherapy resistance.

Conclusion

In summary, our findings demonstrate that CD36 promotes stemness and
chemotherapy resistance in cervical cancer cells. Notably, CD44, Hippo, and
MEKS/ERKS pathways are involved in CD36-mediated resistance and contribute to

enhanced stemness. Collectively, these results suggest that CD36 may serve as a
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promising therapeutic target for improving the prognosis of cervical cancer.
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Figure Legend

Figure 1. Correlation between CD36 expression and resistance of 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 significantly 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 correlated with
the prognosis of cervical cancer in stage 4. G, I: The expressions of CD44, CD133,
Nanog, YAP, TAZ, MEKS5 and ERKS5 were increased after enhanced CD36
expression in C33a cells. H.J: The expressions of CD44, CD133, Nanog, YAP, TAZ,
MEKS and ERKS5 in HeLa cells were reduced along with the down-regulation of
CD36.

Figure 2. CD36 promotes stemness and tumor growth. A: CD36 over-expression
(C33a/CD36 group) promoted tumor growth in vivo compared with the control group
(C33a/Con group). B: The upper row: C33a /CD36 group; The bottom row: C33a/Con
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1

2

2 group. C: Statistical plots of tumor volume in C33a/CD36 group and C33a/Con group
5 (n=6). D: CDI133 expression in C33a/CD36 group was significantly enhanced
6 compared with the C33a/Con group (%400) . E: CD44 expression in C33a/CD36 group
; was significantly enhanced compared with the C33a/Con group (*x400).

?O Figure 3. CD36 promotes stemness of cervical cancer cells. A, B. The number of stem
1 cell spheres with a diameter larger than 100um in C33a/CD36 group was the highest.
g A-C: Interfering with CD36 expression in HeLa cells suppressed the number of stem
14 cell spheres larger than 100um (A:*x200). D: The proliferative ability of C33a/CD36
15 group was increased compared with the C33a and C33a/NC group. E: Interfering with
:? CD36 expression suppressed the proliferative ability of HelLa cells. F: The
18 CD133-positive cells in the C33a/CD36 group were the highest compared with the
19 C33a and C33a/NC group. G. The CD133-positive cells in the HeLa/siRNA CD36
;‘1) group were the least compared with the HeLa and HeLa/NC siRNA group.
2 H.Statistical chart of CD133-positive cell rate in C33a, C33a/NC and C33a/CD36
23 group. I. Statistical chart of CD133-positive cell rate in HeLa, HeLa/NC siRNA and
;g HeLa/siRNA CD36 group. All experiments were performed in triplicate.*P<0.05.

26

27 Figure 4. Effect of CD36 overexpression on stemness of cervical cancer stem cells. A,
28 D: Compared with C33a-CCSCs and C33a-CCSCs/NC, CD36 expression was
gg significantly enhanced in the C33a-CCSCs/CD36 group. B: The number of stem cell
31 spheres with a diameter larger than 100um in C33a-CCSCs/CD36 group was the
32 highest compared with the C33a-CCSCs and C33a-CCSCs/NC group (B:%200). C:
gi The proliferative ability of C33a-CCSCs/CD36 group was increased compared with
35 the C33a-CCSCs and C33a-CCSCs/NC group. E: CD44 expression was increased in
36 (C33a-CCSCs/CD36 group compared with C33a-CCSCs/NC group (E:x400).
37 *P<0.05.

38

39

40 Figure 5. The effects of CD36 expression on chemotherapy resistance of cervical
41 cancer stem cells. A: CD36 promotes proliferative ability of C33a-CCSCs. B,C:
g Verteporfin and XMD8-92 inhibited proliferation of C33a-CCSCs to some extent.
44 D,E: CD36 increased the the expression levels of YAP, TAZ and ERKS. F: CD36
45 inhibited apoptosis of C33a-CCSCs. G: Verteporfin promotes apoptosis of
j? (C33a-CCSCs. H: XMD8-92 promotes apoptosis of C33a-CCSCs. All experiments
48 were performed in triplicate. *P<0.05.

49

50 Figure 6. Effects of interfering CD36 expression on chemotherapy resistance of Hela
g; cells. A: Interfering CD36 expression inhibited clone formation ability of HeLa cells
53 after treated with cisplatin. B: Interfering CD36 expression inhibited proliferative
54 ability of HelLa cells after treated with cisplatin. C, E: Interfering CD36 expression
gg promoted apoptosis of HeLa cells after treated with cisplatin. D, F: Compared with
57 the control groups, expression of CD44, CD133, Nanog, Bcl-2 were decreased and
58 expression of Bax, Caspase-3 were increased in the HeLa/siRNA CD36 group. All
23 experiments were performed in triplicate.*P<0.05.
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Figure 1. Correlation between CD36 expression and resistance of 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 significantly 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 correlated 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,
MEKS and ERK5 in Hela cells were reduced along with the down-regulation of CD36.
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20 Figure 2. CD36 promotes stemness and tumor growth. A: CD36 over-expression (C33a/CD36 group)

21 promoted tumor growth in vivo compared with the control group (C33a/Con group). B: The upper row: C33a
/CD36 group; The bottom row: C33a/Con 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
23 with the C33a/Con group (x400) . E: CD44 expression in C33a/CD36 group was significantly enhanced

24 compared with the C33a/Con group (x400).
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Figure 3. CD36 promotes stemness of cervical cancer cells. A, B. The number of stem cell spheres with a
diameter larger than 100pum in C33a/CD36 group was the highest. A-C: Interfering with CD36 expression in
Hela cells suppressed the number of stem cell spheres larger than 100um (A:x200). D: The proliferative
ability of C33a/CD36 group was increased compared with the C33a and C33a/NC group. E: Interfering with
CD36 expression suppressed the proliferative ability of HelLa cells. F: The CD133-positive cells in the
C33a/CD36 group were the highest compared with the C33a and C33a/NC group. G. The CD133-positive
cells in the HeLa/siRNA CD36 group were the least compared with the HelLa and HelLa/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 HelLa/siRNA CD36 group. All experiments were
performed in triplicate.*P<0.05.
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Figure 5. The effects of CD36 expression on chemotherapy resistance of cervical cancer stem cells. A: CD36

promotes proliferative ability of C33a-CCSCs. B,C: Verteporfin and XMD8-92 inhibited

proliferation of C33a-

CCSCs to some extent. D,E: CD36 increased the 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 CD36 expression on chemotherapy resistance of Hela cells. A: Interfering
CD36 expression inhibited clone formation ability of HelLa cells after treated with cisplatin. B: Interfering
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CD36 expression promoted apoptosis of HelLa cells after treated with cisplatin. D, F: Compared with the
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were increased in the HelLa/siRNA CD36 group. All experiments were performed in triplicate.*P<0.05.
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TCGA-EK—-A2RB- 0.3 0 Stage 1VB
TCGA-Ch—-ATX5- 13.8 1 Stage IVB
TCGA-VS—A9UY- 18.5 1 Stage IVB
TCGA-VS—A9UM- 27. 63333 1 Stage IVB
TCGA-VS—A9U6- 44 0 Stage IVB
TCGA-HM—-AGW2- 9. 566667 0 Stage 1VB
TCGA-VS—A8QM- 31.7 1 Stage IVB
10 TCGA-JW-A5VH- 3. 333333 1 Stage IVB
11 TCGA-VS—-A9V3- 18 0 Stage IVB
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-0. 00975
0. 129326
-0. 01661
-1.51812
-0. 39385
-0. 14838
9 -0. 13575
10 -0. 13564

0. 064978
13 -0.60133
14 -0. 27338
15 0. 962058
16 0.180313

917778 —4. 33664 —3.35705 0. 857542
. 908113 —4. 46493 —3.97244 0. 817574
. 791662 -3.73169 —3.84264 1.304176
. 673048 —5. 13845 —3. 24524 1. 347883
. 757053 —5. 18885 —3.02747 1.19654
. 185658 -3.66177 —3.42134 1.277418
. 838325 —4.19894 —-4.02974 1.055105
L727249 -3.96745 —3.93668 1. 185539
. 933326 —4.02753 —4.11291 1.073728
. 816778 —2.84908 —-2.57004 1.644087
. 045093 -3. 41993 -3.16614 1. 345514
.821037 -0.93194 -1.41253 0.937295
. 904889 —4. 17795 —3.72743 0.915782
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SPINK9
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CARTPT
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SLC13A5
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LYSMD4
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YAP
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KRT10
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TMEM45A
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LENEP
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RORA
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0.000147
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0. 000221
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0. 000227
0. 000251
0. 000257
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0. 000279
0. 00028
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0. 000325
0. 000338
0. 000338
0. 000342
0. 000348
0. 000361
0. 000362
0. 000399
0. 000403
0. 000407
0. 000408
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0. 000416
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0. 481545
0.478334
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. 468766
467782
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0. 458944
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. 446069
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0. 434645
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; TNFRSF10I 0. 000427
3 CD133  0.000429
4 TGM5 0. 000433
5 PIGF 0. 000443
6 PGLYRP3 0. 000446
; RABIS  0.000448
9 KLHL20 0. 000456
10 CEL 0. 000469
1 NTRK3  0.000481
12 TMEM6S 0. 000489
13 Clorf61 0.000491
14 HIST2H2BE 0. 000532
12 SPANXNI 0. 000547
- LRRKI  0.000557
18 TMEM184A 0. 000558
19 TMEM254 0. 000561
20 PAQR7  0.000605
21 VPS37A 0. 000607
22 TPMK 0. 000616
23 LIPK 0. 000627
;g PRSS42 0. 000652
e LYPD3  0.000676
- UNC5B  0.000728
28 FAMS4A  0.000734
29 CPNE3  0.000754
30 GPR1 0. 000768
31 TPST2  0.000773
32 DLX5 0. 000778
gj ARLSB 0. 000803
3 RALGPS2 0. 000814
36 RIC3 0. 000844
37 RALGAPA1 0. 000854
38 CHP2 0. 000856
39 SCN3A  0.000869
40 SLC6A14 0. 000878
41 CHRNB4 0. 000881
jg YPEL5  0.000912
4 SECTSBP2I 0. 000927
45 BICD2  0.000928
46 RXRA 0. 000936
47 BAALC 0. 00096
48 PIGN 0. 000968
49 CYP4F3  0.000968
50 NCKAP1 0. 000992
g; ERMP1 0. 000994
o3 FBXW2  0.001006
54 SNX16  0.001013
55 SKTL 0. 001024
56 ZMAT3  0.001032
57 TMEM117 0. 001039
58 PGM2 0.001081
59 CST9L  0.001099
60 ANKRDZ 0. 001105

ADAD2  0.001112
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GRHL1
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; NPHP3 0
3 INPP4A
4 HSPA2 O
5 NOX5 0
6 WNT11 0
; MAP7 0
9 RYR1 0.
10 ADCY7 0
11 SLURP1 0
12 SOX7 0
13 ATP6VIH 0
14 FUT11 0
15 MTB1
}? CST6 0
18 KRT74 0
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