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Abstract
e AIM: To explore the effect of parthenolide (PTL) on human

uveal melanoma (UM) cells (C918 and SP6.5 cells) and its
molecular mechanism.

e METHODS: Carboxyfluorescein succinimidyl amino
ester (CFSE) assays and cell counting kit-8 (CCK-8) were
performed to detect the cell viability. Flow cytometry was
used to analyze cell cycle and apoptosis. Quantitative real-
time polymerase chain reaction (QRT-PCR) and Western
blot assays were performed to measure proliferation-related
and apoptosis-related factors.

e RESULTS: Firstly, PTL decreased the viability of C918
and SP6.5 cells in a dose-dependent manner, and the effect
of PTL on C918 cells was stronger than on SP6.5; however,
it did not affect normal cells. Secondly, PTL increased the
proportion of cell number at cell cycle G1 phase in C918
cells, and decreased the proportion of cell number at S
phase, but the proportion did not change at G2 phase. In
addition, PTL induced the apoptosis of C918 cells, and
decreased the expressions of Cyclin D1, B-cell lymphoma-2
(Bcl-2) and B-cell lymphoma-extra large (Bcl-XL). Also,
PTL increased Cyclin inhibition protein 1 (P21), Bcl-2-
associated X protein (Bax), Cysteinyl aspartate specific
proteinas-3 (Caspase-3) and Caspase-9 expression.
However, the expression of Caspase-8 was not changed.

e CONCLUSION: PTL inhibites proliferation and induces
apoptosis in UM cells by arresting G1 phase and regulating
mitochondrial pathway, however, it does not affect normal
cells.
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INTRODUCTION

hough uveal melanoma (UM) is rare tumor, however,
T it is the most common primary malignant tumor in
adults’ eyes'™. Surveillance and epidemiology of the National
Cancer Institute (NCI) reported that the incidence of UM in
Caucasians is higher than in other colored population, thus, the
occurrence of the disease is racially different!”. Meanwhile,
the incidence of UM is gender different, and is higher in men
than in women. The incidence of the disease is also positively
correlated with age'*”. It has been found that the survival rate
of UM was low, as the survival rates of 5, 10, 15, and 20y are
72%, 59%, 53% and 16%, respectively'’. Moreover, UM is
highly metastatic, and metastasis occurs in more than 50%
of the cases. Liver metastasis is the most common, causing
death within 2-4mo"*”". Although UM patients are treated with
advanced drugs and technologies, the prognosis remains poor
and half of UM patients die within 25y"*”. UM is characterized
by a high malignancy, invasion, metastasis and poor prognosis,
which can seriously affect the quality of life and even life of
people!"”*'". Therefore, it is necessary to find effective drugs
and treatment methods to prevent and treat UM.
In recent decades, many Chinese medicine researchers have
carried out studies on anti-tumor screening in vivo and in
vitro. Results show that many Chinese herbal medicines had
anti-cancer effects at different levels!"' "> Parthenolide (PTL)
is the main extract of Chinese herbal medicine parthenium
hysterophorus, which contains the component of sesquiterpene

lactone!™”

that is a-methylene-y-lactone ring and has epoxide
structure"!!. This structure can react with enzymes, which
contain mercapto groups and other functional proteins, to
interfere with the many key biological processes of cells,
such as cell signaling pathways, mitochondrial respiration,
proliferation and apoptosis''”. In the past, PTL was primarily
used to treat migraine, fever and rheumatoid arthritis". In
recent years, the studies find that PTL exerted anti-cancer effect in

a variety of tumors, such as breast cancer, cholangiocarcinoma,
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pancreatic cancer, bladder cancer, prostate cancer, leukemia ™",

However, as far as we know, the potential effect of PTL on
UM has not been investigated, and the molecular mechanism
of PTL on UM remains to be studied.
PTL may control cell growth and apoptosis in tumor cells™**",
Cell cycle is the most important process of cellular activities.
The regulation of cell cycle is achieved by the specific cell
cycle protein in each phase of cell cycle. As we all known,
cyclin D1 and Cyclin inhibition protein 1 (P21) played key
roles in G1 phase®. So far, it has been reported that the Cyclin
D1 and P21 genes were amplified or overexpressed in breast
cancers, mammary hyperplasia and carcinoma™ ", According
to the report, the family of Bcl-2 and Caspase proteins plays
a vital role in the process of tumor apoptosis””. The members
of Bcl-2 proteins family include, for example, Bax, Bcl-2,
Bcl-XL. Bax is a protein that promotes apoptosis, while Bcl-
2 and Bcl-XL are proteins that suppress apoptosis”". The
members of Caspase proteins family include, for example,
Caspase-3, Caspase-8 and Caspase-9, which are divided into
initiators (Caspase-8, Caspase-9) and executors (Caspase-3),
and the initiator can activate the executor®. Herein, we
studied the effect of PTL on the proliferation of human UM
(C918 and SP6.5 cells) and normal cells [human normal
uveal melanocytes, retinal pigment epithelial (RPE)], and
fibroblasts). Furthermore, whether PTL affected the apoptosis
of C918 cells was also determined. We further explored the
effect of PTL on the proliferation and apoptosis of C918
cells by arresting the corresponding stage of cell cycle and
regulating corresponding pathway.
MATERIALS AND METHODS
Cell Lines and Cell Culture Human UM (C918 and SP6.5),
human normal uveal melanocyte, RPE and fibroblast cell lines
were all purchased from American Type Culture Collection
(ATCC, USA). C918 and SP6.5 cells were originated
from a UM patient with liver metastasis”” and a primary
UM patient™, respectively. C918 cells were epithelioid in
morphology, which have highly an invasive and metastatic
ability™”!. C918 and SP6.5 cells were cultured in Ham’s
F12 nutrient mixture (F12; Gibco, USA) containing 10%
fetal bovine serum (FBS; Invitrogen, USA) and 50 pg/mL
gentamicin (Solarbio, Beijin, China). Human normal uveal
melanocytes, RPE, and fibroblasts were cultured in Dulbecco’s
modified Eagle medium (DMEM; Gibco, USA) containing
10% FBS and 50 pg/mL gentamicin. The cells were cultured in
a 5% CO, humidified incubator with at 37°C.
Drug Treatment PTL was obtained from Desite Biotechnology
Co., LTD. (Chengdu, China) and dissolved in absolute alcohol
to form a concentration of 50, 100, and 200 pmol/L, respectively.
In subsequent experiments, these different concentrations of
PTL were used to treat cells respectively to explore the effect
of PTL on C918 and SP6.5 cells.
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CCK-8 Assay (€918, SP6.5, RPE, fibroblast and human
normal uveal melanocyte cells were seeded in plates (96-
well) at a density of 3x10° cell/well and incubated in 5% CO,
humidified incubator at 37°C for 24h. Different concentrations
of PTL were added into the RPE, fibroblast, human normal
uveal melanocyte cells, C918 and SP6.5 cells for 48h,
respectively. Then, CCK-8 reagent (Solarbio, Beijing, China)
was dropped into each well. The plates were again incubated
in 5% CO, humidified incubator at 37°C for 2h. Finally,
absorbance of each group was measured at 450 nm using a
microplate reader (Thermo, BD, USA, VLOLAOD?2).

CFSE Assay C918 and SP6.5 cells (2x10°* cell/well) were
seeded in plates (24-well) and cultured in 5% CO, humidified
incubator at 37°C for 24h. To explore the effect of PTL on the
cell viability, the cells were divided into control group (0.1%
PBS) and PTL treatment group (cells were treated with PTL
50, 100 and 200 pmol/L, respectively). Cells were treated
with drugs for 24h. 0.25% EDTA-trypsin (Solarbio, Beijing,
China) was used to digest the cells of each group, and then the
cells were centrifuged (1000 rpm/min) for Smin and collected,
and then resuspended by F12 medium. Next, CFSE solution
(Thermo, Shanghai, China) was added into the cells, which
were then incubated at 37°C for 15min. After incubation has
been completed, FBS was added for terminating the reaction.
The cells were centrifuged and resuspended by F12 medium
again. Finally, cell viability was detected by a flow cytometer
(Beckman Coulter, Gallios, USA).

Cell Cycle Assay C918 cells (1x10°cell/well) were seeded in
plates (6-well), and incubated in 5% CO, humidified incubator
at 37°C for 24h. The experiment was grouped in the same way
as before. The cells were treated with drugs for 24h. Then,
40xRnaseA (Solarbio, Beijing, China) was dropped into each
well at 37°C for 20min. The cells were stained in propidium
iodide (PI) cell cycle solution (Solarbio, Beijing, China).
Subsequently, the cells were incubated at 4°C for 15min.
Finally, cell cycle was detected by a flow cytometer.

Cell Apoptosis Assay C918 cells were seeded in plates (6-
well, 1x10° cell/well) and incubated in 5% CO, humidified
incubator at 37°C for 24h. The experiment was grouped in
the same way as before. The cells were treated with drugs for
24h. Then, the cells of each group were digested with 0.25%
EDTA-trypsin, resuspended and centrifuged (1000 rpm/min)
for Smin. Annexin V-FITC (Solarbio, Beijing, China) and PI
were dropped into each well. Subsequently, the cells were
incubated for 30min in the dark. Finally, a flow cytometer was
used to measure the cell apoptosis of each group.

Quantitative Real-time Polymerase Chain Reaction Assay
C918 cells (1x10° cell/well) were seeded in plates (6-well),
and cultured in 5% CO, humidified incubator at 37°C for 24h.
The experiment was grouped in the same way as before. The



Int J Ophthalmol,
Tel: 8629-82245172  8629-82210956

Vol. 12, No. 10, Oct.18, 2019

www.ijo.cn

Email: ijopress@163.com

Table 1 Sequences of the primers used for qRT-PCR

Primer name

Forward sequence (5°-3”)

Reverse sequence (5°-3”)

Cyclin D1 CCCTCGGTGTCCTACTTCAA CTTAGAGGCCACGAACATGC
P21 ACAAGAGGCCCAGTACTTCC AGAAATCTGTCAGGCTGGTCT
Caspase-3 TGCCCAAGTGACTGACATCA CATCCCCATTGACTGTGCAG
Caspase-8 TTTGGCTGGCATCATCTGTG CATCCACATGTGTCCCGTTC
Caspase-9 ATGCTCCGTGTCCATTGAGA AGTCACTGTCCAAGGTCCTG
Bcel-XL ATGCTCCGTGTCCATTGAGA AGTCACTGTCCAAGGTCCTG
Bax GACCCGGTGCCTCAGGATGC AGGTCAGCTCATCATGCTTG
Bcl-2 GTGGAGGAGCTCTTCAGGGA GTCTGTGTCCACGGCGGCAA
GAPDH CACCCACTCCTCCACCTTTG CCACCACCCTGTTGCTGTAG

gRT-PCR: Quantitative real-time polymerase chain reaction.

cells were treated with drugs for 24h. Then, total RNAs of
the samples were collected by using RNAiso Plus (Takara,
Beijing, China). RT Master Mix kit (Takara, Beijing, China)
was applied to synthesize RNA into cDNA, and the reaction
conditions were as follows: at 37°C for 60min, at 85°C for
5min and at 4°C for Smin. SYBR Premix Taq' " II kit (Takara,
Beijing, China) was performed for amplifying cDNA. PCR
reaction conditions were set at 95°C for 10min, (at 95°C for
15s, at 60°C for 45s) for 40 cycles, at 95°C for 15s, at 60°C
for 1min, at 95°C for 15s and at 60°C for 15s. The primer
sequence used in quantitative real-time polymerase chain
reaction (qQRT-PCR) experiment was presented in Table 1.
The formula 2**“" was used to calculate the gene expression.
GAPDH was considered as an internal reference.

Western Blot Assay C918 cells (1x10° cell/well) were
seeded in plates (6-well), and cultured in 5% CO, humidified
incubator at 37°C for 24h. The experiment was grouped in the
same way as before. The cells were first treated with drugs for
24h and then collected. Protein from the cells was extracted
by using RIPA buffer (high), and then a BCA protein assay kit
(Beyotime, Shanghai, China) was used to measure the contents
of protein extracts. Next, 30 micrograms of each protein
was separated by 10% SDS-PAGE, and transferred onto the
PVDF membrane (Reno, Hangzhou, China). Subsequently,
the membrane was hybridized to primary antibodies at 4°C
overnight after blocking in 5% non-fat milk for 2h. The next
day, the membrane were incubated in corresponding secondary
antibodies (HRP goat anti-rabbit IgG, Invitrogen, A-11034,
1:500; HRP rabbit anti-mouse IgG, Invitrogen, A-11059,
1:500) at room temperature for 1.5h. Finally, the protein was
exposed by ECL detection reagent (Weiao, Shanghai, China).
The primary antibodies were as follows: anti-P21 (Invitrogen,
33-7000; dilution: 1:800), anti-Cyclin D1 (Invitrogen, 710428;
dilution: 1:2000), anti-Bax (Invitrogen, MA5-14006; dilution:
1:1000), anti-Bcl-XL (Invitrogen, MA5-11950; dilution:
1:1500), anti-Bel-2 (Invitrogen, MA5-11757; dilution:
1:1000), anti-Caspase-3 (Invitrogen, 700182; dilution: 1:700),
anti-Caspase-8 (Invitrogen, 710535; dilution: 1:2000), anti-
Caspase-9 (Invitrogen, PA5-16358; dilution: 1:1000) and anti-

GAPDH (Invitrogen, 39-8600; dilution: 1:1000). GAPDH was
used as an internal reference.
Statistical Analysis All data were presented as mean+SD,
all analysis was conducted using GraphPad Prism 6.0. The
Student’s #-test was used to assess difference between the
experimental groups. The statistical difference was considered
significant if P<0.05. Each experiment was implemented in
triplicate.
RESULTS
Effect of PTL on the Viability of Human Uveal Melanoma
Cells We explored how PTL affected the viability of human
UM (C918 and SP6.5), human normal uveal melanocyte, RPE
and fibroblast cells by CCK-8 and CFSE analysis, respectively.
The viabilities of RPE, human normal uveal melanocytes and
fibroblasts did not changed when cells were treated with PTL
(Figure 1A). However, C918 and SP6.5 cells, which were
treated with different concentration of PTL, reduced the cell
viability in a dose-dependent manner (P<0.05; Figure 1B-1E).
Meanwhile, we found that PTL inhibited the proliferation
activity of C918 cells more strongly than that of SP6.5 cells,
suggesting that PTL did not affect normal cells, however, it
inhibited the proliferation of human UM (C918 and SP6.5)
cells. Meanwhile, C918 cells were selected for later research.
Inhibitory Effect of PTL on the Viability of C918 Cells by
Arresting G1 Phase To analyze which phase of cell cycle
was arrested after the viability of C918 cells was decreased
by MTE, cell cycle was examined by quantitating the content
cells” DNA using flow cytometry. The treatment of C918 cells
with different concentration of PTLs decreased the percentage
of cell number at S phase, and increased accumulation of the
cell percentage at G1 phase, however, the percentage of cell
number did not change at G2 phase (P<0.05; Figure 2A).
Cyclin D1 and P21 were measured by qRT-PCR and Western
blot assay, respectively. PTL significantly stimulated the
mRNA expression of Cyclin D1 in C918 cells in a dose-
independent manner, and inhibited P21 mRNA expression
(P<0.05; Figure 2B). The expression patterns of Cyclin D1 and
P21 proteins were the same as mRNA expression in C918 cells
treated with PTL (P<0.05; Figure 2C).
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Figure 1 PTL decreased the viability of human uveal melanoma cells (C918 and SP6.5) A: The cell viabilities of human normal uveal
melanocytes, fibroblasts and RPE treated with different concentration of PTL was detected by CCK-8 assay. B, C: CCK-8 assay was applied to
test the viabilities of C918 and SP6.5 cells treat with different concentration of PTL. D, E: The viabilities of C918 and SP6.5 cells were further
detected by CFSE assay. “P<0.05, "P<0.01, °P<0.001, compared with control.
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Figure 3 PTL promoted the apoptosis of C918 cells Annexin V-FITC apoptosis detection kit assay was used to detect the apoptosis rate of

C918 cells treated with different concentration of PTL. *P<0.05, "P<0.01, °P<0.001, compared with control.

Promotive Effect of PTL on the Apoptosis of C918 Cells
Annexin V-FITC apoptosis detection kit was applied to
study the effect of PTL on the apoptosis of C918 cells. Our
data showed that PTL increased apoptosis of C918 cells in a
dose-dependent manner. When C918 cells were treated with
different concentrations of PTL, the apoptosis rate increased
by 2.60-folds, 3.80-folds, 6.50-folds, respectively (P<0.05;
Figure 3).

Effect of PTL on the Expression of Bcl-2 Family Members
in C918 Cells qRT-PCR and Western blot assays were
performed to further explore whether PTL promoted apoptosis
in C918 cells. PTL obviously enhanced the expressions of Bax
in C918 cells in a dose-dependent manner (P<0.05; Figure 4).
By contrast, the expression levels of Bcl-XL and Bcl-2 were
decreased in C918 cells treat with PTL.

Effect of PTL on the Expression of Caspase Family
Members in C918 Cells qRT-PCR and Western blot analysis
were used to explore the pathways of PTL-mediated C918
cells apoptosis. The results demonstrated that the mRNA
expressions of Caspase-3 and Caspase-9 were obviously
increased in C918 cells treat with different concentrations of
PTL. PTL did not affect the mRNA expression level of Caspase-8
(P<0.05; Figure 5A). Similarly, the protein expressions of
Caspase-3, Caspase-8 and Caspase-9 were the same as mRNA
expressions (P<0.05; Figure 5B).

DISCUSSION

Recently, the extraction of new anti-tumor drugs from plants
has drawn much research attention. Especially, studies have
been increasingly carried out on the extraction of anticancer

substances from Compositae Plants (Chrysanthemum

Parthenium). PTL is one of the most important active ingredients
in Chrysanthemum Parthenium, and it belongs to sesquiterpene
lactone compounds'”’. In addition to immunomodulatory
effects, PTL has been widely used to treat different kinds
of tumors. Studies have shown that PTL has the effect of
inhibiting proliferation and inducing apoptosis of tumor

27 However, as far as we know, the effect of PTL on

cellst
UM cells still remains unknown.

We explored the relationship between PTL and human UM
cells (C918 and SP6.5) and normal cells (human normal uveal
melanocytes, RPE, and fibroblasts). The results revealed that
PTL decreased the viabilities of C918 and SP6.5 cells in a
concentration-dependent manner. Therefore, the cytotoxic
effect of PTL in C918 cells was stronger than in SP6.5 cells.
However, the viability of human normal uveal melanocytes,
RPE, and fibroblasts were not affected by PTL. So, it was
suggested that PTL had a significant anti-tumor effect on
human UM cells.

PTL inhibits anti-tumor activity through various molecular
mechanisms™. It has been found that the cell cycle and
apoptosis change partly made of anti-tumor mechanisms,
and the cell cycle and apoptosis change may cause the

1836 Cell cycle is accomplished

corresponding protein change!
by the combination of Cyclin-dependent kinases (CDK) and
Cyclins. Cyclin D1 is a member of Cyclins family, which affects
G1 phase and has been recognized as a proto-oncogene.
Overexpression of Cyclin D1 is closely related to the development
of cancer, and it plays a key role in cell cycle regulation”””,
Besides, P21 is CDK inhibitor, and P21 and P53 are composed

[40]

of the check point of cell cycle G1 phase™". Many researches
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Figure 5 PTL regulated the members of Caspase family expression in C918 cells A: The mRNA expression levels of Caspase-3, Caspase-8,
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demonstrated that anti-tumor drugs induced cell cycle by  and down-regulate Cyclin D1 expression in C918 cells.
arresting G1 phase to up-regulate P21 expression in tumor  Apoptosis is a complex process in which multiple signaling

#91Similar to previous studies, our data showed that  proteins are transmitted via several pathways™". At present,

cells'
PTL arrested cell cycle G1 phase to up-regulate P21 expression it is clear that there are two characteristic pathways via
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which activated Caspase cascade regulate apoptosis, one is
a death receptor pathway (external pathway), another is the
mitochondrial pathway (internal pathway). Under certain
circumstances, the two apoptotic pathways may cross each
other in specific cases. External pathway activates death
receptor to combine with corresponding ligands. Subsequently,
it can further stimulate Caspase-8 to cause downstream events,
including Caspase cleavage and apoptosis. The internal
pathway is mediated by Bcl-2 family proteins (Bax, Bcl-2,
etc.). The number of pro-apoptotic protein (Bax) is positively
correlated with the mitochondrial membrane permeability.
Bax can promote the mitochondrial membrane permeability
by activating Caspase-3 and Caspase-9, eventually leading

13244 Tt has been reported that Bcl-2 was up-

to apoptosis
regulated in 70% UMs, however, the anti-tumor drugs down-
regulate Bcl-2 expression in tumor cells™®. It has been proved
that application of arsenic and other drugs can increase the
expressions of Caspase-3 and Caspase-9 to promote tumor
4471 Similar to previous studies, we found
that PTL induced the apoptosis of C918 cells, therefore, the

expressions of Bel-2 and Bel-XL were decreased and Bax,

cells apoptosis

Caspase-3, and Caspase-9 expression were increased in C918
cells in a dose-dependent manner. Therefore, it was explained
that PTL induced the apoptosis of C918 cells by regulating
mitochondrial pathway.

In conclusion, PTL reduced the proliferation of human UM
cells (C918 and SP6.5), and the reduction was more noticeable
in C918 cells than in SP6.5 cells, however, PTL did not
affect normal cells. PTL inhibited proliferation and induced
apoptosis of C918 cells by arresting G1 phase and regulating
mitochondrial pathway. Note that this conclusion still requires
further investigation in vivo.
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