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ABSTRACT

Objective: To investigate the potential effect of Lysimachia capillipes capilliposide (LCC) on the chemo sen-
sitivity and the stemness of human ovarian cancer cells.
Methods: Cell Counting Kit-8 (CCK8) was used to measure the ICsq values. The apoptosis of cells was mea-
sured through flow cytometry. Evaluation of the stemness and differentiation markers was performed by
the immunoblotting and the immunostaining assays. RNA-seq was performed through the Illumina HiSeq
PE150 platform and differentially expressed genes (DEGs) were screened out through the bioinformation
analysis. Overexpression or knockdown of Fos gene was achieved by shRNA transfection.
Results: Pre-exposure of A2780T cells with 10 pg/mL LCC sensitized them to paclitaxel, of which the ICsq
value reduced from 8.644 pumol/L (95%Cl: 7.315-10.082 pmol/L) to 2.5 pmol/L (95%Cl: 2.233-2.7882
mol/L). Exposure with LCC enhanced the paclitaxel-induced apoptosis and inhibited the colony formation
of A2780T cells. LCC exposure reduced the expression of cancer stemness markers, ALDH1, Myd88 and
CD44, while promoting that of terminal differentiation markers, NFATc1, Cathepsin K and MMP9. RNA-
seq analysis revealed that the expressions of FOS and JUN were upregulated in LCC-treated A2780T cells.
A2780T cells overexpressing Fos gene displayed increased paclitaxel-sensitivity and reduced cell stem-
ness, and shared common phenotypes with LCC-treated A2780T cells.
Conclusion: These findings suggested that LCC promoted terminal differentiations of ovarian cancer cells
and sensitized them to paclitaxel through activating the Fos/Jun pathway. LCC might become a novel
therapy that targets at cancer stem cells and enhances the chemotherapeutic effect of ovarian cancer
treatments.

© 2021 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

failures are often attributed to primary or acquired resistance to
chemotherapeutic agents. Therefore, chemo-resistance of ovarian

Ovarian cancer represents one of the most lethal gynecological
malignant diseases worldwide and accounts for nearly 300 thou-
sand new cases and 200 thousand deaths annually (Bray et al.,
2018). Despite advances in surgeries and chemotherapies, the sur-
vival rate of patients with a high-grade epithelial ovarian cancer
remains extremely low. Standard chemotherapies including carbo-
platin and paclitaxel (Taxol) combination induce a complete remis-
sion (CR) ranging from 50% to 81%. However, more than 80% of
patients with an advanced disease of ovarian cancer would experi-
ence a disease relapse within two years of their initial treatment
(Pokhriyal, Hariprasad, Kumar, & Hariprasad, 2019). Treatment
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cancer has emerged as a major challenge for clinicians and
researchers.

Increasing evidences indicate that the chemo-resistance of can-
cers is associated with the behavior of cancer stem cells (CSCs)
(Keyvani et al., 2019). CSCs have been defined as a small subpopu-
lation of cells within the tumor bulk mass, which possess the
capacity to self-renew and give rise to all heterogeneous cancer cell
lineages. Therefore, CSCs were considered as the origin of tumor.
CSCs that express distinctive markers, including ALDH1 (Ruscito
et al., 2018), CD24, CD44 (Meng et al., 2012), CD117 (Yang, Yan,
Liu, Jiang, & Hou, 2017), MyD88 (d’Adhemar et al., 2014), etc., have
been identified in ovarian cancer. Moreover, these CSCs often pre-
sent drug resistance attributed to a series of typical cytological
characterizations, including a low proliferation rate, high
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frequency in GO phase of cell cycle and resistance to apoptosis
(Cole et al., 2020). Targeting CSCs have been supposed to be alter-
native therapies for the prevention of chemo-resistance in ovarian
cancer (Keyvani et al.,, 2019).

Lysimachia capillipes hemsl (LC), a Chinese herb and medicinal
plant, is widely used as a remedy for the treatment of colds and
arthritis. Recently, it has been revealed by pharmacological inves-
tigations that capilliposide extracted from the Lysimachia genus,
exhibits an inhibitory effect on cell growths of various cancers
(Fei et al., 2014; Li et al., 2014; Shen, Xu, Li, & Zhang, 2017). How-
ever, the mechanisms by capilliposide from L. capillipes (LCC)
exhibiting its effects remain unclear. It was revealed in our previ-
ous works that a short-term exposure with LCC could lead to
remarkable epigenetic changes (including histone methylation
and acetylation) in taxol-resistant cell line A2780T of ovarian can-
cer. Epigenetic reprogramming represents the major pathway for
terminal differentiated cells to acquire stem cell properties (van
Vlerken et al., 2013). Therefore, we supposed that LCC might have
an effect on stemness remodeling and chemo-resistance regulation
in ovarian cancer.

In this study, we investigated the effects of LCC on chemo-
resistance and cancer cell stemness using two human ovarian can-
cer cell lines——A2780 and A2780T. It was found that LCC inhibited
cellular growths and reversed the resistance to paclitaxel in
A2780T cells. Moreover, it was revealed by results of immunostain-
ing and colony formation assays that stemness of CSCs was signif-
icantly reduced after an LCC exposure. Mechanistic investigations
revealed that the Fos/Jun pathway played a key role in LCC-
induced terminal differentiation and anti-cancer effects. These
findings indicated that LCC might become a novel anti-cancer ther-
apy that enhances the chemotherapeutic effects of ovarian cancer
treatment.

2. Material and methods
2.1. Cells and reagents

The A2780 and A2780T cell lines were both obtained from EK-
bioscience Co., Ltd. (Shanghai, China) and maintained in RPMI 1640
(Thermo) supplemented with 10% fetal bovine serum (FBS,
Thermo) and 1% penicillin/streptomycin at 37 °C in a humidified
atmosphere of 5% CO,. The paclitaxel (Yangtze River Pharmaceuti-
cal Co., Ltd.) was dissolved and stock according to the manufac-
turer’s instruction. Capilliposide from Lysimachia capillipes was
obtained from the Department of Chinese Medicine Sciences &
Engineering of Zhejiang University (Hangzhou, China). All of the
drugs were diluted with fresh media before each experiment.

2.2. Vector construction and cell transfection

Full length ¢cDNA of human Fos gene (Genbank NM_005252.4)
were synthesized at Tsingke Biological Technology (Hangzhou,
China) and inserted into the EcoRI/BamHI site of pLV-EF1a-EGFP
vector (Inovogen). ShRNAs were synthesized and inserted into
the pLV-shRNA-EGFP vector (Inovogen). The sequence that tar-
geted by shRNAs were listed in Supplementary Table S1. Con-
structed vectors were verified by restriction enzyme digestion
and sequencing. Validated vectors were transfected into A2780T
cells as needed using Lipofectamine 2000 (Invitrogen) following
the manufacturer’s instructions.

2.3. Cell Counting Kit-8 (CCK8) assay

The CCK8 assay was performed according to the manufacture’s
instruction (Solarbio). ICso value was determined using SPSS21.0.
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2.4. Apoptosis

Cell apoptosis was evaluated using Annexin V and propidium
iodide (PI) double staining analysis as described previously. The
samples were analyzed on a flow cytometer using the channel FITC
and PE. Both early and late apoptotic cells were recorded as apop-
totic cells, and the results were expressed as the percentage of
apoptotic cells in total cells.

2.5. Colony formation assay

A2780 and A2780T cells were pre-treated with 10 pg/mL LCC or
PBS for 72 h. Then, LCC-treated or non-treated cells were both
seeded at low density (1000 cells/well) into a standard 6-well plate
and grown for about 2 week in normal serum medium. Colonies
with more than 50 cells were fixed in 4% paraformaldehyde and
visualized by crystal violet staining.

2.6. Cancer stemness marker determination

For surface marker immunostaining, cell suspensions were
incubated with fluorescently labeled CD24, CD44, CD117 antibod-
ies (Biolegend) for 10 min. For intracellular marker staining, cells
were fixed/permeabilized with Cytofix/Cytoperm solution (BD bio-
science) and then incubated with fluorescently labeled ALDH1 and
MyD88 antibodies (Santa Cruz). The samples were analyzed on a
flow cytometer.

2.7. Western blotting analysis

The western blotting analysis was performed using a standard
procedure. A total of 30 pg of protein crude extracts was resolved
by SDS-PAGE and transferred to a PVDF membrane (Millipore). The
membrane was blocked and then incubated overnight at 4 °C with
antibodies against Ki67 (Santa Cruz), NFATc1 (Santa Cruz), MMP9
(CST), Cathepsin K (Sigma), phospho-c-Fos (Ser32) (CST), c-Fos
(CST), phospho-c-Jun (Ser73) (CST), c-Jun (CST), or B-actin
(Thermo). Next, the membranes were washed twice in TBST and
incubated with the secondary HRP-conjugated antibody (Thermo)
for 1 h at room temperature. Finally, the proteins on the mem-
branes were detected with the electro chemi luminescence (ECL)
detection kit (Millipore) and visualized using the ChemiDocTM
Imaging System (Bio-rad).

2.8. RNA extraction, sequencing and bioinformatics analysis

Biological duplicates of non-treated A2780, A2780T and LCC-
treated A2780T cells were lysed in Trizol RNA isolation reagent
(Invitrogen), then total RNA was extracted following the manufac-
turer’s instructions. The RNA-Seq was performed using the Illu-
mina HiSeq PE150 platform (Illumina) at Mega Genomics
(Beijing, China). Gene annotations were obtained from nr, Swiss-
Prot, KEGG databases (https://www.genome.jp/kegg/) by BLAST.
Genes with |log2 (fold change) | >1 and false discovery rate
(FDR) < 0.01 were considered significant for DEGs. The calculated
P-value went through Bonferroni Correction, taking corrected P-
value < 0.05 as a threshold. Differentially expressed transcriptional
factors (TFs) were further identified using AnimalTFDB2.0 database
(http://bioinfo.life.hust.edu.cn/AnimalTFDB2/).

2.9. Quantitative real time PCR (QRT-PCR) analysis

Total RNA of cells was extracted using a Trizol kit (Invitrogen).
The reverse transcription reactions were performed using 2 pg of
total RNA that was reverse transcribed into cDNA using oligo
(dT) and random mixed primers (Tiangen, China). RT-PCR was car-
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ried out using Tagman® one-step PCR Master Mix (Applied Biosys-
tems) following the manufacturer’s instruction. Sequences of pri-
mers for all target gene were listed in Supplementary Table S2
(GAPDH was used as internal control).

2.10. Statistical analysis

Statistical analyses were performed using SPSS 21.0 statistical
software and the data are presented as the mean + SD. At least three
biological replicates were included in each group. Statistical signifi-
cance was calculated using Dunnett’s test or Student’s t-test for
unpaired data, and P < 0.05 was considered statistically significant.

3. Results
3.1. Effects of LCC on chemo-sensitivity of A2780 and A2780T cells

We first determined the effect of a first-line chemotherapeutic
agent——paclitaxel, on growths of human ovarian cancer cell line
A2780 and A2780 taxol-resistant cell line A2780T, respectively.
With ICsq values determined by the CCK8 assay, we found that
A2780T cells response to paclitaxel with ICsq values much higher
than A2780 cells (Fig. 1A and Supplementary Table S3). This vali-
dated the paclitaxel resistance in A2780T cells. To investigate
whether LCC can reverse the paclitaxel-resistance of A2780T, we
first needed to select an appropriate exposure concentration of
LCC. We found that the IC5¢ value of LCC alone on A2780T cells
was 11.393 pg/mL, with 95% Confidence Interval (CI) ranging from
8.48 — 16.156 ng/mL (Fig. 1B and Supplementary Table S3). The
ICso value of LCC on A2780 cells was relative lower. Therefore,
we used 10 pg/mL LCC prior to paclitaxel to treat A2780T cells,
and found that the ICsq value of paclitaxel on A2780T cells was lar-
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gely restored after LCC pre-treatment for 72 h (Fig. 1A and Supple-
mentary Table S3).

To determine whether LCC affected the drug-induced apoptosis
in A2780T cells, Annexin V/ propidium iodide (PI) staining was per-
formed to determine the proportion of apoptotic cells induced by
paclitaxel. Smaller proportion of apoptotic cells were found in
A2780T cells than A2780 cells at 72 h after treatment of paclitaxel.
Pre-exposure with LCC increased the number of apoptotic A2780T
cells induced by paclitaxel (Fig. 1C and Supplementary Fig. S1).
These results indicated that LCC facilitated chemo-induced apopto-
sis of A2780T, and sensitized ovarian cancer cells to chemotherapies.

3.2. Effects of LCC on colony formation of A2780T cells

Colony formation abilities of A2780 and A2780T cells were
determined by the standard plate colony assay. In the absence of
paclitaxel and LCC, A2780 and A2780T cells showed comparable
colony formation ability. The addition of LCC did not change the
colony number of A2780T cells. In the presence of 400 ng/mL or
800 ng/mL paclitaxel, colony formation of A2780 cells was com-
pletely impeded, while colony growth of A2780T cells was mini-
mally affected. However, pre-exposure with LCC dramatically
reduced the colony number of A2780T cells (Fig. 1ID—E). In conclu-
sion, LCC can inhibit the colony formation of A2780T cells.

3.3. Effects of LCC on stemness of A2780T cells

Effects of LCC on ovarian cancer stemness markers were deter-
mined by flow cytometry. In general, our results revealed that
A2780T cells expressed high level of CD44, Myd88, ALDH1, and
were negative for CD24 and CD117 (Supplementary Fig. S2).
Pre-exposure with LCC significantly downregulated the expression
of CD44, Myd88 and ALDH1 (Supplementary Fig. S2). These results
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Fig. 1. Effects of LCC on chemo-resistance, apoptosis and colony formation of human ovarian cancer cells A2780T. (A) Cytotoxic effects of paclitaxel on A2780 and A2780T
cells, and the pre-exposure of LCC to sensitize A2780T cells to chemo drugs treatment. (B) Cytotoxic effects of LCC on A2780 and A2780T cells. 0D450 was normalized to that
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suggested that A2780T cells exhibited stem-like cell properties,
which were somewhat neutralized by LCC.

3.4. LCC induced transcriptomic changes that were associated with
drug resistance and terminal differentiation in A2780T cells

To further explore the molecular mechanisms by which LCC
exhibited its effects, we performed RNA-seq to analyze global tran-
scriptomic changes of A2780T with or without LCC treatment.
Among 7862 differentially expressed genes (DEGs) between
A2780 and A2780T cells, 3935 genes were up-regulated and
3927 genes were down-regulated in A2780T cells (Supplementary
Table S4). KEGG analysis revealed that these DEGs were involved in
critical pathways (Supplementary Fig. S3).

To evaluate transcriptomic changes between non-treated
A2780T and LCC-treated A2780T cells, totally 123 DEGs, including
33 up-regulated and 90 down-regulated genes were filtered out
and further analyzed. TFs prediction revealed that 16 TF-coding
genes were differentially expressed in LCC-treated A2780T cells.
When comparing the A2780 vs. A2780T DEGs and the non-
treated A2780T vs. LCC-treated A2780T DEGs, we found that more
than half of DEGs are overlapped in these two pairs (Fig. 2A). KEGG
analysis revealed that the enriched pathways in these two pairs are
also highly overlapped (Supplementary Fig. S4). Among these over-
lapped pathways, MAPK signaling and osteoclast differentiation
were most enriched (Fig. 2B). Changes of the mRNA expression
level of DEGs involved in this pathway, including FOS, JUN, DUSP5
and NR4A1, were shown in Fig. 2C. Of note, FOS, JUN and NR4A1 all
fall into the category of differentially expressed TFs.

3.5. LCC promotes chemo-sensitivity and terminal differentiation
through activating Fos/Jun pathway in A2780T cells

Next, we aimed to determine which DEG(s) candidates (FOS,
JUN or NR4A1) was responsible for the LCC-induced phenotypes.
ShRNA-mediated knockdown of these genes was validated by

A
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QRT-PCR, respectively (Supplementary Fig. S5). Our results showed
that knockdown of FOS and JUN (but not NR4A1) reduced the drug-
induced apoptosis of A2780T cells and thus neutralized the effects
of LCC treatment (Supplementary Fig. S6). Therefore, the Fos/Jun
pathway might be critical for the LCC pharmacology.

In view of functional homogeneity of FOS and JUN genes, we
tested whether knockdown of FOS alone could be antagonistic to
the LCC effects on the biological phenotypes of A2780T cells. The
CCK8 assays revealed that the growth inhibition effect of paclitaxel
in A2780T cells was hardly affected after cells were transfected
with Fos shRNA alone (Fig. 3A and Supplementary Table S5). How-
ever, LCC-induced sensitization of A2780T cells was largely abro-
gated by the Fos shRNA, with nearly half of the ICso value
restored. Moreover, overexpressing of Fos in A2780T cells mim-
icked the effect of LCC and significantly decreased the ICs0 values
compared with the LCC non-treated group (Fig. 3A and Supplemen-
tary Table S5). Therefore, our data proved that FOS gene plays a key
role in LCC-mediated regulation of chemo-sensitivity.

The results of annexin V/PI dual staining revealed that knock-
down of c-Fos reduced the number of apoptotic cells in LCC-
treated A2780T (Fig. 3B). Overexpression of c-Fos in A2780T
reversed this trend and mimicked the effect of LCC. Likewise,
knockdown of c-Fos abrogated LCC-mediated suppression of col-
ony formation capacity in A2780T cells (Fig. 3C). These results indi-
cated that LCC promotes apoptosis and inhibits the colony
formation of A2780T cells through activating the Fos/Jun pathway.

Given that LCC inhibited CSC formation shown previously, we
examined the effect of LCC on differentiation status of A2780T with
or without c-Fos overexpression/knockdown. Interestingly, expres-
sions of stemness markers, including Myd88, ALDH1 and CD44
were all elevated by c-Fos shRNA compared with the LCC-treated
plus si-Ctrl group (Fig. 3D and Supplementary Fig. S2). LCC-
induced terminal differentiation, especially osteoclast differentia-
tion (reflected by the expression of osteoclast-related markers,
NFATc1, MMP9 and CTSK) was partially impeded by c-Fos shRNA
(Fig. 3E and Supplementary Fig. S7). Moreover, overexpression of
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Fig. 2. Results of RNA-seq analysis identified key signaling pathways and DEGs. (A) Venn diagram showing the number of overlapped DEGs between indicated groups. (B)
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of pathways. (C) FPKM (Fragments Per Kilobase of transcript per Million mapped reads) of indicated genes measured by RNA sequencing. P < 0.001.
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c-Fos did mimic the LCC and induced an osteoclast-like differenti-
ation in A2780T cells (Fig. 3E and Supplementary Fig. S7). Taken
together, these results indicated that LCC inhibited CSC formation
and promoted terminal differentiation of A2780T through activat-
ing the Fos/Jun pathway.

4. Discussion

The resistance to chemotherapeutic drugs or chemo-resistance
remains great challenges for clinical treatments of ovarian cancer.
Here we showed that capilliposide, extracted from LC, exerted
growth inhibitory effects on ovarian cancer cells A2780 and re-
sensitized paclitaxel responses in taxol-resistant strains A2780T.
Capilliposides are mixtures of triterpenoid saponins. Until now,
growth inhibitory effects of single components or total extracts
of capilliposide have been confirmed in vitro and in vivo on esopha-
geal squamous cancer (Shen et al., 2017), prostate cancer (Li et al.,
2014), nasopharyngeal cancer and non-small cell lung cancer (Fei
et al., 2014) cells. Indeed, anti-cancer effects of triterpenoid sapo-
nins found in higher plants have been proved in their cytotoxic,
cytostatic, proapoptotic and anti-invasive effects through many
cellular models. Some of them have been clinically approved
through their utilization in combination with first-line chemother-
apeutic agents, so as to reduce the adverse effects of chemothera-
pies without attenuating their efficiency (Koczurkiewicz et al.,
2019). Moreover, triterpenoid saponins have been proved to sensi-
tize cancer cells to chemotherapeutic agents, including cisplatin
(Liu et al., 2011), doxorubicin, and docetaxel (Kim et al., 2009), thus
preventing chemo-resistance. Therefore, LCC holds a great
potential for being developed into novel therapeutic drugs for
ovarian cancer.
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Yet, the molecular mechanisms of capilliposides have not been
fully elucidated, but preliminary mechanistic investigations have
been convergently pointed to several pathways, including JNK,
PI3K (Shen et al., 2017), Caspase and MAPK (Li et al., 2014). Previ-
ous studies showed that capilliposide inhibited prostate cancer
cells by inducing apoptosis through activating the MAPK pathway,
decreasing P38 and JNK, but increasing p-P38 and p-JNK (Li et al.,
2014). The c-Fos and c-Jun (major products of FOS and JUN) form
dimers of TF—AP-1, which was a critical downstream effector of
MAPK signaling. Physiological roles of c-Fos and c-Jun are diverse,
which may be either oncogenic or tumor-suppressive (Eferl &
Wagner, 2003). It has been reported that the expressions of CSC
markers were enhanced by exogenous expressions of c-Fos in non-
tumorigenic headneck squamous cells, thus making these cells
tumorigenic in nude mice (Muhammad, Bhattacharya, Steele,
Phillips, & Ray, 2017). On the other hand, it is clear that the activa-
tion of JNK/AP-1 pathway is involved in the induction of apoptosis
through specific stimuli (Shieh et al., 2010). Moreover, Fos/Jun AP-
1 has been implicated in cell differentiation process, including
osteoclast differentiation (Bakiri et al., 2007). In this study, we pro-
vided solid evidence that c-Fos is essential for mediating LCC-
induced phenotypic changes, including drug resistance, colony for-
mation, apoptosis and terminal differentiation. Therefore, c-Fos
might act as an upstream regulator in response to LCC stimuli,
and activation of Fos/Jun might initiate the whole set of down-
stream events that finally lead cells to terminal differentiation
and increase their chemo-sensitivity.

Chemo-resistance is a multifactorial phenomenon. However,
the main factors that contribute to cancer resistance remain
unclear. Recently, cancer stem cell hypothesis provides a new
explanation for the origin of drug resistance in ovarian cancer.
The high heterogeneity of the pathological features of ovarian
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cancer suggests that the initiation and development of ovarian
cancer may not be evolved from the cloning of a single mutated
cell, but is closely related to a group of specific tumor cells with
stem-like cell properties (Hatina et al., 2019). Due to their unique
drug-resistant phenotypes, CSCs are more likely to survive from
clonal selections under drug stress and initiate cancer recurrence.
Extensive efforts have been made to identify and isolate CSCs from
ovarian cancer, while researchers attempted to find solutions that
specifically target at this population (Moghbeli, Moghbeli,
Forghanifard, & Abbaszadegan, 2014). However, it has been found
in previous studies that the formation of CSCs is completely ran-
dom and CSCs themselves are heterogeneous (Macintyre et al.,
2018). It seems difficult to eradicate CSCs through direct targeted
therapies because even if a small number of CSCs that escape tar-
geted treatments may lead to a recurrence. Here, our data showed
that LCC reduced the number of CSCs by globally reduced the
expression of stemness markers and the promotion of terminal dif-
ferentiations. Therefore, targeting the switch that globally control-
ling the stemness maintenance may be a way to prevent CSC-
initiated chemo-resistance.

5. Conclusion

Our study validated that LCC had anti-cancer properties and
enhanced the sensitivity of paclitaxel on human ovarian cancer
A2780T cells. In addition, we provided first-hand evidences of
the effect of LCC on reducing cancer stemness and inducing termi-
nal differentiations. The reversal of drug resistance and the termi-
nal differentiations by LCC exposures were attributed to the
activation of Fos/Jun signaling. Therefore, the combination of LCC
with chemotherapeutic agents holds a great potential of being
developed into adjuvant therapies for ovarian cancer.
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