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To the Editor: Epithelial ovarian cancer has the highest
mortality rate among all gynecologic cancers. Cisplatin
and carboplatin are the primary first-line therapies for the
treatment of ovarian cancer. Although most ovarian
cancer patients are initially sensitive to platinum, many
eventually develop drug-resistant diseases.[1] However,
the exact mechanism of platinum resistance is still
unclear.[2] Through DNA microarray analyses of a
cisplatin-resistant human ovarian cancer cell line
(A2780CP) and the parental cell line (A2780), we found
that the fibroblast growth factor 21 (FGF21) gene was
extremely upregulated by 18.74-fold in A2780cp cells
compared with that in A2780 cells. The upregulated and
downregulated genes identified in the microarray analyses
were involved in various biological processes including the
regulation of metabolic process and response to growth
factors [Supplementary Figure 1, http://links.lww.com/
CM9/B12]. Pathway analysis revealed that the mitogen-
activated protein kinase (MAPK) signaling pathway was
involved in cisplatin resistance [Supplementary Figure 2,
http://links.lww.com/CM9/B12].

FGF21 is a member of an atypical FGF subfamily that
sometimes circulates as hormones.[3] FGF21 is involved in
the above-mentioned biological processes and is one of the
key factors in the MAPK signaling pathway.[4-7] FGF21 is
a promising new treatment in diabetes and obesity and has
also been demonstrated to have a therapeutic role in
nonalcoholic fatty liver disease.[3] The safety of chronic
FGF21 administration has not yet been fully studied.
Recent studies have suggested that FGF21 may have a
potential influence on cancer pathogenesis and treat-
ment.[8-10] However, little is known about the relationship
between FGF21 and ovarian cancer. This study examined
the association between FGF21 and cisplatin sensitivity in
ovarian cancer.
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We constructed a pCDH-CMV-MCS-EF1-copGFP plas-
mid encoding FGF21 (pCDH-copGFP-FGF21) and three
small interfering RNAs (siRNAs) targeting FGF21 to
upregulate and downregulate FGF21, respectively. A2780
ovarian cancer cells transfected with FGF21-overexpress-
ing plasmid or FGF21 siRNA demonstrated enhanced or
reduced expression of FGF21 compared with control
pCDH-copGFP plasmid or control siRNA-treated cells.
siRNA2 was most potent in downregulating FGF21
among all three siRNAs and was selected for subsequent
experiments [Supplementary Figure 3, http://links.lww.
com/CM9/B12].

To evaluate the effect of FGF21 on cisplatin sensitivity in
ovarian cancer, A2780 cells were transfected with FGF21-
overexpressing, control plasmid, FGF21 siRNA, or
negative control (NC) siRNA, and after 12 h, cells were
incubated with cisplatin at different concentrations (0, 1,
2, 3, and 4 mg/mL) for 2 days. The results showed that
FGF21-overexpressing A2780 cells gained resistance to
cisplatin compared with control cells [Figure 1A]. In
contrast, A2780 cells transfected with FGF21 siRNA
showed enhanced sensitivity to cisplatin compared with
control cells [Figure 1B].

Next, we investigated whether FGF21 influenced the cell
apoptosis caused by cisplatin. A2780 cells were trans-
fected with FGF21-overexpressing, control plasmid,
FGF21 siRNA, or NC siRNA overnight and treated with
1 mg/ mL cisplatin for 2 days. Quantitative evaluation of
cellular apoptosis was performed by Annexin V/propi-
dium iodide (PI) staining and flow cytometric analysis.
The percentage of apoptotic cells was significantly reduced
in the FGF21-overexpressing cells treated with cisplatin
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Figure 1: Effect of overexpression or downregulation of FGF21 on cisplatin sensitivity, cisplatin induced apoptosis, and growth ability of cisplatin-treated ovarian cancer cells. A2780 cells
were transfected with pCDH-copGFP, pCDH-copGFP-FGF21, FGF21 siRNA, or NC siRNA, and 12 h later incubated with cisplatin for 2 days at different concentrations (0, 1, 2, 3, and 4 m,g/
mL). MTT assay was used to validate the changes in cisplatin sensitivity (A, B). A2780 cells were transfected with pCDH-copGFP, pCDH-copGFP-FGF21, FGF21 siRNA, or NC siRNA, and 12
h later incubated with cisplatin (1 m.g/mL) for 2 days; apoptosis was examined by flow cytometry via Annexin/PI staining (C, D). A2780 cells were transfected with pCDH-copGFP, pCDH-
copGFP-FGF21, FGF21 siRNA, or NC siRNA overnight and then incubated with 0.5m,g/mL cisplatin for 4 h, followed by cell culture for another 2 weeks. The colony formation assay showed
that upregulation of FGF21 resulted in increased colony numbers in cisplatin-treated A2780 cells. FGF21 siRNA significantly inhibited the colony formation of cisplatin-treated A2780 cells
(E, F). Results were mean± SD of three independent experiments.

∗
P< 0.05. †P< 0.01. ‡P< 0.001. FGF21: Fibroblast growth factor 21; NC: Negative control.
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compared with cisplatin-treated control cells, P< 0.05
[Figure 1C], and increased in cells transfected with FGF21
siRNA and treated with cisplatin compared with cisplatin-
treated control cells, P< 0.05 [Figure 1D].

We then evaluated whether FGF21 affected the growth
ability of cisplatin-treated A2780 cells. Cells were trans-
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fectedwithFGF21-overexpressing, controlplasmid,FGF21
siRNA, or NC siRNA overnight and then incubated with
0.5 mg/mL cisplatin for 4 h, followed by cell culture for
another2weeks.Colony-formationassay indicated that the
growth ability of cisplatin-treated A2780 cells was
significantly improved by the upregulation of FGF21 and
reduced by the downregulation of FGF21 [Figure 1E, F].

http://www.cmj.org


Chinese Medical Journal 2022;135(12) www.cmj.org
As a whole-body metabolic regulator, FGF21 has gained
much attention in recent years. Many clinical trials have
tested the effectiveness of long-acting FGF21 analogs in
treating type 2 diabetes, obesity, and non-alcoholic fatty
liver disease. However, it remains unknown whether
longterm FGF21 exposure causes side effects in humans,
such as promoting tumors or adversely impacting cancer
chemotherapy. Circulating FGF21 was implicated in renal
and colorectal cancer pathogenesis,[8,9] and serum FGF21
level was elevated in response to hepatocarcinogene-
sis.[10,11] An elevated level of FGF21 was also found in
breast cancer.[12] However, little is known about the role
of FGF21 in ovarian cancer, let alone the relationship
between FGF21 and cisplatin resistance. In this study, we
demonstrated that upregulated FGF21 reduced cisplatin
sensitivity in ovarian cancer and decreased the apoptosis
induced by cisplatin. The growth ability of cisplatin-
treated ovarian cancer cells was also significantly
improved by the upregulation of FGF21. Our data
suggested that elevated FGF21 level may impair cisplatin
sensitivity in ovarian cancer. Therefore, doctors should be
aware of the potential side effects on cancer cells when
using FGF21 analogs to treat diseases. This study also
showed that downregulation of FGF21 increased cisplatin
sensitivity, enhanced cisplatin-induced apoptosis, and
decreased the growth ability of cisplatin-treated ovarian
cancer cells. Our findings indicate that FGF21 may serve
as a potent mediator for cisplatin sensitivity in ovarian
cancer, and FGF21 targeted therapy combined with
platinum compounds may have clinical implication in
ovarian cancer therapy.

Our next step is to explore the clinical data on the
correlation between FGF21 and cisplatin sensitivity and
conduct preclinical experiments on the combined therapy
of cisplatin and FGF21-targeted therapy in ovarian
cancer.
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