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Ovarian cancer is one of the most common gynecological malignancies in women
worldwide with a poor survival rate. We have previously reported that compound fuling
granule (CFG), a traditional Chinese medicinal preparation used to treat ovarian cancer in
China for over 20 years, significantly promotes cell cycle arrest, apoptosis, senescence,
TGFb-induced invasion and migration, tumor growth, and distant metastasis in ovarian
cancer cells. However, the underlying mechanisms are not clear. In the present study, we
found that PHF19 expression in ovarian cancer cells positively correlated with their
resistance ability to CFG. In addition, PHF19 overexpression increased the resistance
of HEY-T30 and SKOV3 cells to CFG, while knockdown of PHF19 enhanced their
sensitivity to CFG. Moreover, CFG significantly inhibited the expression of PHF19 both
in mRNA and protein levels in these cells. Gain of function and loss of function experiments
further proved that PHF19 is a crucial mediator involved in the ovarian cancer progression,
including cell proliferation, invasion, migration, and stemness. Importantly, rescue the
expression of PHF19 reverted CFG-induced suppression in ovarian cancer cell growth,
EMT and stemness, while PHF19 knockdown accelerated CFG’s anti-tumor effect.
Overall, our results provide a series of evidence to reveal that PHF19 is critical
suppressor for CFG’s anti-tumor effect in ovarian cancer.
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INTRODUCTION

Ovarian cancer is considered to be one of the most common
gynecological tumors in women worldwide with the highest
mortality rate (Kim et al., 2012). Although there are many new
advances in strategies for ovarian cancer treatment, the 5-year
survival rate is below 45% (Webb and Jordan, 2017). Up to now,
the clinical strategy for ovarian cancer is still reduction surgery
supplemented by platinum-therapy, while 15%–25% of ovarian
cancer patients appeared primary resistant to platinum, and over
80% of patients eventually develop secondary resistance to this
drug (Bartels et al., 2019; Pokhriyal et al., 2019; Tsibulak et al.,
2019). Therefore, new strategies were urgently needed for
improving survival rate and life quality of ovarian
cancer patients.

Compound fuling granule (CFG) is a traditional Chinese
medicinal preparation widely used in clinical practice for
ovarian cancer in China. In clinical experience, CFG can
promote blood circulation, enhance chemotherapy efficacy,
suppress distant metastasis and improve life quality (Tao et al.,
2016). In vitro experiments demonstrate that CFG can suppress
ovarian cancer cell proliferation and epithelial-to-mesenchymal
transition (EMT) (Tao et al., 2016). Meanwhile, in vivo animal
experiments also reveal that administration of CFG inhibits
tumor growth and metastasis to lung (Tao et al., 2016).
Moreover, CFG disrupts the mitochondrion-related energy
metabolisms in ovarian cancer cells (Ruan et al., 2018).
However, the molecular mechanisms underlying CFG’s
function remains poorly understood.

PHD finger protein 19 (PHF19), also called PCL3, is an
essential component of polycomb repressive complex 2 (PRC2)
that functions as a transcriptional repressor in regulating
developmental regulatory genes. Human PHF19 gene was first
identified in 2004 and its products are markedly overexpressed in
many types of cancers, including colon, skin, lung, rectal cervical,
uterus, and liver cancers (Wang et al., 2004). Moreover, this
increase in expression correlated with cancer progression (Wang
et al., 2004). After that, accumulating evidence uncover the
oncogenic role of PHF19 in a wide range of tumors (Ghislin
et al., 2012; Xu et al., 2015; Lu et al., 2018; Tao et al., 2018b; Ren
et al., 2019). For instance, PHF19 knockdown reduces the cell
proliferation rate and increases the migration capacities of
melanoma cells (Ghislin et al., 2012). In myeloma, PHF19
promotes its tumorigenesis through activating PRC2 complex
(Ren et al., 2019). In our previous study, we have also
preliminarily proved that PHF19 may act as an oncogene in
ovarian cancer SKOV3 cells by using RNAi technology (Tao
et al., 2018b), however, its exact role in the biological behaviors of
ovarian cancer, especially its role in drug-resistance, needs to be
further investigated. Moreover, the findings that CFG exerts an
anti-tumor effect and PHF19 functions as an oncogenic role in
ovarian cancer promote us to examine the relationship between
CFG and PHF19 in ovarian cancer.

In the present study, we found that the resistance ability of
ovarian cancer cells to CFG positively correlated with PHF19
expression, which promoted us to determine the response of
ovarian cancer cells with PFH19 overexpression or knockdown
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to CFG. The results demonstrated that overexpression of PHF19
increased cell resistance to CFG and knockdown of PHF19
reduced their resistance to CFG. Additionally, CFG obviously
suppressed both the mRNA and protein levels of PHF19 in HEY-
T30 and SKOV3 cells. Functional experiments further confirmed
that PHF19 was involved in ovarian cell proliferation, invasion,
migration and stemness. Moreover, rescue the expression of
PHF19 reverted CFG-induced suppression in the cell growth,
EMT and stemness of ovarian cancer cells, while knockdown of
PHF19 accelerated the anti-tumor effect of CFG. Taken together,
our findings provide systematic evidence that PHF19 serves as an
important suppressor for the anti-tumor effect of CFG in
ovarian cancer.
MATERIALS AND METHODS

Cell Culture
Human HEY-T30 and SKOV3 cells were obtained from the
American Type Culture Collection (ATCC; Manassas, VA,
USA). HEY-T30 cells and SKOV3 cells were grown in RPMI
1640 medium (Gibco, Grand Island, NY, USA) and McCoy’s 5A
medium (Gibco), respectively, supplemented with 10% fetal
bovine serum (FBS; Gibco), 100 µg/ml streptomycin (Sigma,
St. Louis, MO, USA), and 100 U/ml penicillin (Sigma). All cells
were incubated at 37°C in 5% CO2.

CFG Preparation
The CFG was prepared as previously described (Tao et al., 2016).
Briefly, four constituent herbs, Radix aconite Lateralis
praeparata, Patrinia heterophylla, Poria cocos and Radix
paeoniae rubra were combined in the ratio of 1:1:1:1, and
extracted with 75% ethanol for (1:10, w/w) twice, 1 h each
time (Tao et al., 2016).

Quantitative RT-PCR (RT-qPCR)
Total RNA was extracted from cells using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) following the manufacturer’s
procedure and then reversely transcribed to cDNA product using
the PrimeScript™ 1st Strand cDNA Synthesis Kit (Takara, Dalian,
China). Then, RT-qPCR was performed on ABI 7500 Real-Time
PCR System using the TB Green® Fast qPCR Mix (Takara). The
GAPDH was used as an internal control. The following primers
were used: PHF19 forward: ACTCGGGACTCCTATGGTGC,
PHF19 reverse: CCTCCGTCAGTTTGGACATCA; GAPDH
forward: GGTGGTCTCCTCTGACTTCAACA, GAPDH
reverse: GTTGCTGTAGCCAAATTCGTTGT. RT-qPCR for
miR-211 detection was performed as previously described (Tao
et al., 2018b).

Western Blot Analysis
Western blot analysis was performed as previously described
(Zhu et al., 2019). Primary antibodies were used at a dilution of
1:1000. Horseradish peroxidase (HRP) conjugated goat anti-
mouse and anti-rabbit secondary antibodies were used at a
dilution of 1:5000. PHF19 antibody (Cat. No. #77271), BCL-2
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antibody (Cat. No. #15071), BAD antibody (Cat. No. #9292), E-
CADHERIN antibody (Cat. No. #14472), N-CADHERIN
antibody (Cat. No. #13116), VIMENTIN antibody (Cat. No.
#5741), and b-ACTIN antibody (Cat. No. #3700) were purchased
from Cell Signaling Technology (CST; Danvers, MA, USA).
OCT4 (Cat. No. ab18976), NANOG (Cat. No. ab109250),
SOX2 (Cat. No. ab137385), KLF4 (Cat. No. ab215036), HRP-
conjugated goat anti-mouse IgG H&L (Cat. No. ab205719), and
anti-rabbit IgG H&L (Cat. No. ab205718) were purchased from
Abcam (Cambridge, UK).

Immunofluorescence Assay
Twenty-four hours or 48 h post treatment of HEY-T30 and
SKOV3 with CFG (3 mg/ml or 12 mg/ml), cells were fixed with
4% paraformaldehyde (PFA; Sangon, Shanghai, China) for
15 min and permeabilized by 0.2% Triton X-100 (Sigma) for
5 min at room temperature (RT). Fixed cells were washed twice
in TBS and blocked for 1 h with 5% BSA in TBS and then
incubated with an anti-PHF19 antibody (CST, Cat. No. #77271)
at 4 °C overnight, washed three times in PBS and incubated with
goat anti-rabbit IgG H&L (Alexa Fluor® 488; Abcam, Cat. No.
#150077) for 1 h at room temperature. Finally, cells were
incubated with 10 mg/ml DAPI (Solarbio, Beijing, China) for
10 min at room temperature. Images were captured under a
fluorescence microscope (OlymPus BX53; Tokyo, Japan).

Lentivirus Production
Lentivirus overexpressing PHF19 CDS (Ubi-MCS-3FLAG-
SV40-puromycin) and PHF19 shRNAs (hU6-MCS-CMV-
Puromycin) were produced by GeneChem (Shanghai, China)
as previously described (Tao et al., 2018b). The oligonucleotides
synthesized for construction of PHF19 shRNA plasmids were as
follows: PHF19 shRNA -1: CCGGCCTCGTGACTTTCGAAG
ATAACTCGAGTTATCTTCGAAAGTCACGAGGTTTTTG;
PHF19 shRNA -2: CCGGCCCACCTCAAGTCATCTATC
ACTCGAGTGATAGATGACTTGAGGTGGGTTTTTG.

Cell Proliferation and Colony Formation
Assays
For cell proliferation assay, HEY-T30 and SKOV3 were infected
with PHF19 CDS or PHF19 shRNA lentivirus for 72 h and a total
of 5×103 infected cells were plated into 96-well plates for 24 h.
Then, the proliferation was monitored for 8 days. In every 2 days,
MTT reagent (Solarbio) was added to each well and incubated
for 4 h. Then, culture medium was removed and 100 µl of DMSO
was added and the absorbance was measured at 570 nm. Soft
agar colony formation assay was performed as previously
described (Tao et al., 2018a).

Apoptosis Detection
Apoptosis assay was performed by an Annexin V-FITC/PI
Apoptosis Detection Kit (Solarbio) according to the
manufacturer’s manual. Briefly, after harvesting the treated
cells, they were washed with PBS three times and resuspended
with 100 ml of 1× Annexin V binding buffer. Then, 5 ml of FITC-
Annexin V and PI were added to each sample with incubation for
15 min at RT in the dark. Stained cells were washed with 1 ml of
Frontiers in Pharmacology | www.frontiersin.org 3
1× Annexin V binding buffer once and resuspended with 400 ml
of PBS. Flow cytometry (BD LSRFortessa™; BD Biosciences,
Franklin Lakes, NJ, USA) was applied to analyze the population
of early and late apoptotic cells.

Cell Viability Determination
A total of 2×104 wildtype HEY-T30, SKOV3, OVCAR3, and
A2780 cells, as well as HEY-T30 or SKOV3 cells infected with
PHF19 CDS or PHF19 shRNA lentivirus for 72 h were seeded as
triplicate in 96-well plates and then were treated with 0, 0.75, 1.5,
3, 6, 9, 12, 18, and 24 mg/ml of CFG, or treated with 0, 2, 4, 8, 16,
32, 64, 128, 256, and 512 mM of cisplatin (MCE, Shanghai,
China), respectively. Twenty-four hours later, 10 ml of 5 mg/ml
MTT (Solarbio) was added to the cells for 4 h. Then, the
supernatant was discarded and the formazan crystals were
dissolved in DMSO (100 ml) for 10 min. At last, the plates
were placed on a microplate autoreader (BioTek, Winooski, VT,
USA) and the absorbance was detected at 570 nm.

Transwell Invasion and Migration Assays
For migration assay, HEY-T30 and SKOV3 were infected with
PHF19 or shPHF19 lentivirus for 72 h and treated with 3 mg/ml
of CFG for 24 h. Then, 5×104 (for Figures 4A, C) or 1×105

(Figures 7A, C and Figure S2D) cells were resuspended with 100
ml of fresh basic culture medium and seeded into the top chamber
of a Transwell insert (pore size: 8 mm, Corning, NY, USA). The
lower chamber was incubated with culture medium with 10%
FBS. Twenty-four hours later, the insert was fixed with 4% PFA
for 30 min. Non-migrated cells on the top surface of the insert
were removed by a cotton swab and migrated cells on the lower
surface of the insert were air-dried and stained with 0.05% crystal
violet (Sigma) for 30 min. Images of cells on the Transwell
membrane were taken with a microscope (Olympus) at 200×
magnification and cell numbers of six random fields were
counted. For invasion assay, 20 ml of growth factor-reduced
Marigel (Corning) were even plated onto the upper chamber of
the insert.

Spheroid Formation Assay
A total of 2×103 cells were seeded into 24-well Corning™
Costar™ Ultra-Low Attachment Microplates and were
cultured in serum-free DMEM-F12 (Gibco) supplemented with
1× B27 (Gibco), 20 ng/ml recombinant human EGF (Gibco) and
10 ng/ml recombinant human FGF (Gibco) for 14 days. Images
of spheres were taken with a microscope (Olympus). Spheroid
numbers and average diameters of six random fields
were counted.

Determination of Cancer Stem
Cell Population
ALDH enzymatic activity was assessed using the ALDEFLUOR
kit (Stem Cell Technologies, Vancouver, BC, Canada) following
the manufacturer’s protocol. Cells treated with ALDH inhibitor
DEAB were used as a negative control. The surface markers of
ovarian cancer stem cells CD44 (FITC anti-human CD44; Cat.
No. 338804; Biolegend, San Diego, CA, USA) and CD117 (APC
anti-human CD117; Cat. No. 313206; Biolegend) were also
February 2020 | Volume 11 | Article 150
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stained for determination of cancer stem cells. Flow cytometry
(BD LSRFortessa™) was applied to analyze the ALDH+ and
CD44+CD117+ cells.

Statistical Analysis
All analysis was performed by SPSS version 17.0. Statistical
significance was determined using student’s t-test or one-way
ANOVA analysis. Data were presented as mean ± SD. P-value <
0.05 was considered as statistically significant.
RESULTS

PHF19 Protects the Resistance of
HEY-T30 and SKOV3 Cells to CFG
Initially, to determine whether PHF19 is involved in the
regulation of drug-resistance of ovarian cancer cells to CFG,
we detected the protein expression of PHF19 in four ovarian
Frontiers in Pharmacology | www.frontiersin.org 4
cancer cell lines HEY-T30, SKOV3, A2780, and OVCAR3 and
determined the viability of these cell lines with different doses of
CFG treatment. The results showed that the resistance ability of
these cells to CFG positively correlated with PHF19 expression
(Figures 1A, B). Then, the viability of HEY-T30 and SKOV3
ovarian cancer cells with/without PHF19 overexpression or
knockdown was evaluated in the presence of different
concentrations of CFG (HEY-T30: 0, 0.75, 1.5, 3, 6, 9, 12, 18,
and 24 mg/ml; SKOV3: 0, 0.75, 1.5, 3, 6, 9, 12, 15, and 18 mg/ml)
for 24 h. As shown in Figures 1C, E, the viability of HEY-T30
and SKOV3 cells showed a gradual decrease with increasing
concentrations of CFG. PHF19 overexpression increased the
resistance of these cells to CFG (Figures 1C, E). On the
contrary, knockdown of PHF19 in HEY-T30 or SKOV3 cells
further decreased their viability after CFG treatment (Figures
1D, F). On the other hand, we also examined the effect of PHF19
on ovarian cancer cells with cisplatin treatment. We found that
overexpression or knockdown of PHF19 could not influence the
FIGURE 1 | PHF19 enhances the resistance of ovarian cancer HEY-T30 and SKOV3 cells to CFG. (A) The protein level of PHF19 in ovarian cancer HEY-T30,
SKOV3, A2780 and OVCAR3 cells were determined by Western blot analysis. (B) HEY-T30, SKOV3, A2780, and OVCAR3 cells were treated with 0, 0.75, 1.5, 3, 6,
9, 12, 18, and 24 mg/ml of CFG for 24 h and cell viability was detected by MTT assay. (C, E) Cell viability was determined in HEY-T30 (C) and SKOV3 (E) cancer
cells treated with different concentrations of CFG in the presence or absence of PHF19 overexpression. The data are shown as average ± SD from three different
experiments. *, P < 0.05; **, P < 0.01. (D, F) Different concentrations of CFG were administered to the HEY-T30 (D) and SKOV3 (F) cancer cells in the presence or
absence of PHF19 knockdown and cell viability was assayed. The data are shown as average ± SD from three different experiments. * and #, P < 0.05; ** and ##,
P < 0.01; ###, P < 0.001; * and **: sh-Control v.s. sh-PHF19-1; #, ## and ###: sh-Control v.s. sh-PHF19-2.
February 2020 | Volume 11 | Article 150
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chemoresistance of HEY-T30 and SKOV3 to cisplatin
(Figure S1), suggesting that the drug-resistance of ovarian
cancer cells induced by PHF19 may be specific for CFG.

CFG Suppresses the mRNA and Protein
Levels of PHF19 in Dose- and Time-
Dependent Manners
Next, to gain insight into whether CFG influences the expression
of PHF19, HEY-T30, and SKOV3 cells were treated with
different concentrations of CFG (0, 3 and 12 mg/ml) for 24 h.
RT-qPCR results showed that CFG inhibited the mRNA level of
PHF19 in HEY-T30 and SKOV3 cells in a concentration-
dependent manner (Figure 2A). Next, we performed time-
course experiments in the presence of 3 mg/ml of CFG and
quantitated the mRNA expression of PHF19 at time points 0, 12,
24, and 48 h. The results also indicated that gradually decreased
PHF19 expression occurred from 12 to 48 hours after CFG
treatment (Figure 2B). Western blot analysis (Figures 2C, D)
and immunofluorescence assay (Figures 2E, F) also proved that
CFG suppressed the protein level of PHF19 in dose- and time-
dependent manners.

PHF19 Promotes Cell Proliferation and
Inhibits Apoptosis in Ovarian Cancer
HEY-T30 and SKOV3 Cells
We have previously found that silence of PHF19 suppresses
cellular proliferation, migration, and xenograft growth and
promotes programmed cell death in SKOV3 cells. In this
study, before elucidating the mechanisms of PHF19 underlying
the resistance of ovarian cancer cells to CFG, we systematically
determine the function of PHF19 in the pathogenesis of ovarian
cancer by conducting gain-of-function and lose-of-function
experiments. We constructed an overexpression lentivirus
(Ubi-MCS-3FLAG-SV40-puromycin-PHF19, also named pLV-
PHF19) to upregulate the expression of PHF19 and two shRNA
lentivirus (hU6-MCS-CMV-Puromycin-PHF19-shRNA 1 & 2
also named sh-PHF19-1 and sh-PHF19-2) to knockdown the
expression of PHF19 in HEY-T30 and SKOV3 cells. After
infection with the PHF19 overexpression or shRNA lentivirus
for 72 h, we ensured the overexpression and silencing efficiencies
using Western blot analysis and all the lentivirus were well
functioned (Figure 3A). Next, we evaluated the effects of
PHF19 overexpression or knockdown on cell proliferation in
HEY-T30 and SKOV3 cells using MTT and colony formation
assays. As shown in Figures 3B–D, upregulation of PHF19
significantly promoted the proliferation rate and colony
formation ability of HEY-T30 and SKOV3 cells, whereas
downregulation of PHF19 inhibited cell proliferation and
colony formation. To evaluate the effect of PHF19 on HEY-
T30 and SKOV3 cell apoptosis, apoptotic population was
detected by flow cytometry. Compared with the control group,
both the early and late apoptotic populations in PHF19-silenced
HEY-T30 and SKOV3 cells were significantly increased (Figures
3E, F). We also detected the expression of apoptosis-associated
proteins BAD and BCL-2 in HEY-T30 and SKOV3 cells infected
with PHF19 shRNA or control shRNA lentivirus. We found the
Frontiers in Pharmacology | www.frontiersin.org 5
expression of pro-apoptotic gene BAD was increased, while the
expression of anti-apoptotic gene BCL-2 was decreased in
PHF19-silenced cells compared with that of control cells
(Figure 3G). These results confirmed that PHF19 can function
as a pro-proliferation regulator in ovarian cancer.

PHF19 Facilitates Ovarian Cancer
HEY-T30 and SKOV3 Cell Invasion
and Migration
In order to further confirm the role of PHF19 in ovarian cancer
cell progression, the cell invasion and migration capacities were
determined in HEY-T30 and SKOV3 cells with/without PHF19
overexpression or knockdown by Transwell assays. The invaded
and migrated cell numbers of HEY-T30 and SKOV3 cells with
PHF19 overexpression were significantly increased compared
with that of the control groups (Figures 4A–D). By contrast,
PHF19-silenced HEY-T30 and SKOV3 cells showed significantly
lower invasion and migration abilities than that of control
shRNA-infected cells (Figures 4A–D). Progression of cancer
cell invasion and migration was usually companied with changes
of epithelial-mesenchymal transition (EMT) markers. In this
part, we also detected the protein expression of epithelial marker
E-CADHERIN and mesenchymal markers N-CADHERIN and
VIMENTIN in different groups by Western blot analysis. The
results demonstrated that overexpression of PHF19 decreased E-
CADHERIN and increased N-CADHERIN and VIMENTIN
expression (Figures 4E, F), while silence of PHF19 enhanced
the protein expression of E-CADHERIN and reduced the protein
levels of N-CADHERIN and VIMENTIN (Figures 4E, F). These
data indicates that PHF19 promotes aggressive cancer
phenotypes of ovarian cancer cells in vitro.

PHF19 Increases the Stemness of Ovarian
Cancer HEY-T30 and SKOV3 Cells
It is hypothesized that cancer stem cells (CSC) might be the
origin of cancers and responsible for the proliferation, EMT,
metastasis, recurrence, and chemoresistance of tumor cells
(Carnero et al., 2016; Matsui, 2016; Toledo-Guzman et al.,
2018). Herein, we sought to determine whether PHF19 plays a
role in ovarian cancer stemness. Well-studied ovarian cancer
stem cell biomarkers include aldehyde dehydrogenase (ALDH)
and CD44/CD117. Firstly, to detect the ALDH positive (ALDH+)
cells in different groups, HEY-T30 and SKOV3 cells infected
PHF19 overexpression lentivirus or control lentivirus underwent
ALDEFLUOR assays using flow cytometry. The inhibitor of
ALDH enzyme DEAB was used as a negative control. The
results demonstrated that PHF19 overexpression significantly
increased the population of ALDH+ cells both in HEY-T30 and
SKOV3 cells (Figures 5A, B). We also determined the stem cell
population with CD44 and CD117 double staining. The data also
showed that ectopic expression of PHF19 sharply elevated the
CD44+CD117+ cell population (Figures 5C, D). In addition to
the marker analyses, we also examined the effect of PHF19
expression changes on the self-renewal ability of cancer stem
cells using sphere formation assay. HEY-T30 and SKOV3 cells
with PHF19 overexpression formed larger and more spheres
February 2020 | Volume 11 | Article 150
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FIGURE 2 | CFG suppresses the mRNA and protein levels of PHF19 in time- and dose- dependent manners. (A) HEY-T30 and SKOV3 cells were treated with 0, 3
or 12 mg/ml of CFG for 24 h, and subjected to RT-qPCR to detect the mRNA expression of PHF19. (B) RT-qPCR were performed to determine the mRNA
expression of PHF19 in HEY-T30 and SKOV3 cells treated with 3 mg/ml of CFG for 0, 12, 24, or 48 h, respectively. (C) Western blot analysis to examine the protein
expression of PHF19 in HEY-T30 and SKOV3 cells treated with 0, 0.75, 1.5, 3, 6, or 12 mg/ml of CFG for 24 h. (D) HEY-T30 and SKOV3 cells were treated with 3
mg/ml of CFG for 0, 12, 24, or 48 h, respectively. Then, Western blot analysis to examine the protein expression of PHF19. (E, F) Immunofluorescence examination
of PHF19 expression in HEY-T30 and SKOV3 cells treated with CFG at a concentration of 0, 3 or 12 mg/ml for 24 h (E) or at a dose of 3mg/ml for 0, 24, or 48 h.
(green, PHF19; blue, DAPI; scale bars = 100 mm). Data are the mean ± SD of three independent experiments. *, P < 0.05; **, P < 0.01.
Frontiers in Pharmacology | www.frontiersin.org February 2020 | Volume 11 | Article 1506
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compared to control cells, while silence of PHF19 suppressed the
size and number of spheres (Figures 5E–G). Western blot
analysis also revealed that PHF19 induced the protein
expression of stem cell markers KLF4, NANOG, SOX2, and
OCT4 and PHF19 knockdown suppressed their expression
(Figures 5H, I).

Rescue the Expression of PHF19
Attenuates CFG-Induced Ovarian Cancer
Cell Apoptosis
To further understand the reason why PHF19 enhances the
resistance of ovarian cancer cells to CFG, we attempted to
performed the following rescue experiments. Apoptosis assay
by Annexin V/PI double staining showed that CFG significantly
promoted the apoptotic rate of HEY-T30 and SKOV3 cells.
Overexpression of PHF19 resulted in decreased apoptotic
population of HEY-T30 and SKOV3 cells induced by CFG
Frontiers in Pharmacology | www.frontiersin.org 7
(Figures 6A–C). In addition, CFG treatment suppressed the
protein expression of anti-apoptotic gene BCL2 and induced the
protein level of pro-apoptotic gene BAD (Figures 6D, E). Rescue
expression of PHF19 reverted the expression of BCL2 and BAD
(Figures 6D, E).

Ectopic Expression of PHF19 Rescues
Invasion and Migration Abilities of CFG-
Treated Ovarian Cancer Cells
To further clarify how PHF19 influences CFG’s anti-tumor effect
in ovarian cancer. We rescued the expression of PHF19 in CFG-
treated HEY-T30 and SKOV3 cells and determined the invasion
and migration abilities using Transwell assays. As expected, CFG
obviously suppressed ovarian cancer cell invasion and migration
compared with the control group (Figures 7A–D). Importantly,
ectopic expression of PHF19 in CFG-treated HEY-T30 and
SKOV3 cells partially attenuated the anti-invasion and anti-
FIGURE 3 | PHF19 promotes proliferation and suppresses apoptosis in ovarian cancer HEY-T30 and SKOV3 cells. (A) After overexpression of PHF19 or
knockdown of PHF19 by infecting with corresponding lentivirus in HEY-T30 and SKOV3 cells, PHF19 protein expression was determined by Western blot analysis.
(B) Cell proliferation was evaluated by MTT assay. After infection of PHF19 overexpression lentivirus or PHF19 shRNA lentivirus, OD570 values were detected.
ANOVA was analyzed to compare cell proliferation curves. (C, D) Colony formation assay to examine the clonogenic ability of HEY-T30 and SKOV3 cells infected
with PHF19 overexpression lentivirus or PHF19 shRNA lentivirus. Representative pictures are shown in (C) and quantitative analysis of colony numbers is shown in
(D). (E, F) Cell apoptosis rates were detected in HEY-T30 and SKOV3 cells with PHF19 knockdown using flow cytometry. Representative images are shown in (E)
and early and late apoptotic cells were analyzed in (F). (G) BAD and BCL-2 protein expression in HEY-T30 and SKOV3 cells with PHF19 knockdown were
determined by Western blot analysis. The data are shown as average ± SD from three different experiments. **, P < 0.01; ***, P < 0.001.
February 2020 | Volume 11 | Article 150

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Ruan et al. PHF19 Participates in CFG’s Anti-Tumor Effect
migration effects of CFG (Figures 7A–D). Moreover,
overexpression of PHF19 reversed the induction of epithelial
marker E-CADHERIN and attenuated the suppression of
mesenchymal markers N-CADHERIN and VIMENTIN caused
by CFG (Figures 7E, F).

Rescue of PHF19 Expression Attenuates
the Inhibitory Effect of CFG on Ovarian
Cancer Cell Stemness
To investigate whether dysregulation of PHF19 expression
contributes to the suppression of ovarian cancer cell stemness
caused by CFG, sphere formation assay was performed. The
results showed that CFG treatment led to the decrease of both
size and number of spheres in HEY-T30 and SKOV3 cells
(Figures 8A–C), while ectopic expression of PHF19 re-elevated
the sphere formation capacity (Figures 8A–C). In addition, the
Frontiers in Pharmacology | www.frontiersin.org 8
protein expression levels of stem cell markers OCT4, SOX2,
NANOG, and KLF4 were downregulated by CFG, whereas
rescue expression of PHF19 reelevated their expression
(Figures 8D, E). Moreover, CD44 and CD117 double staining
also demonstrated that CFG treatment reduced the population of
CD44+CD117+ cells, which could be reverted by overexpression
of PHF19 (Figures 8F, G).

Knockdown of PHF19 Accelerates
the Anti-Tumor Effect of CFG
in Ovarian Cancer
Next, we further evaluated the effect of CFG on ovarian cancer
SKOV3 cells with PHF19 knockdown, including cell apoptosis,
invasion, migration and stemness. As expected, PHF19
knockdown could accelerate CFG-induced cell apoptosis in
ovarian cancer (Figures S2A–C). Meanwhile, silence of PHF19
FIGURE 4 | PHF19 promotes invasion and migration in ovarian cancer HEY-T30 and SKOV3 cells. (A–D) After overexpression of PHF19 or knockdown of PHF19
by infecting with corresponding lentivirus, invasion and migration abilities in HEY-T30 and SKOV3 cells were detected by Transwell assays. (A, C) Representative
image of cell migration and invasion. Scale bar: 100 mm. (B, D) Quantitative results of migration and invasion assays. The data are shown as average ± SD from
three different experiments. **, P < 0.01; ***, P < 0.001. (E, F) Expression of EMT markers, E-CADHERIN, N-CADHERIN, and VIMENTIN was determined by Western
blot analysis.
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FIGURE 5 | PHF19 enhances tumor stemness in ovarian cancer HEY-T30 and SKOV3 cells. (A, B) ALDEFLUOR staining of ALDH+ cells in HEY-T30 and SKOV3
infected with PHF19 overexpression lentivirus. (A) representative FACS analysis. (B) percentage of ALDH+ cells. (C, D) Flow cytometric analysis of surface markers of
CD44 and CD117 in PHF19-overexpressed HEY-T30 and SKOV3 cells. (C) representative FACS analysis. (D) percentage of CD44+CD117+ cells. (E–G) HEY-T30
and SKOV3 cells with PHF19 overexpression or knockdown were subjected to a sphere formation assay. Scale bar: 200 mm. The number and size of tumor spheres
were shown in (F, G) respectively. (H, I) Western blotting analyses were used to determine the expression levels of stem cell markers, KLF4, NANOG, SOX2, and
OCT4. The data are shown as average ± SD from three different experiments. **, P < 0.01; ***, P < 0.001.
Frontiers in Pharmacology | www.frontiersin.org February 2020 | Volume 11 | Article 1509

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Ruan et al. PHF19 Participates in CFG’s Anti-Tumor Effect
FIGURE 6 | Ectopic expression of PHF19 reverses the promoting effect of CFG on ovarian cancer cell apoptosis. (A–C) Apoptosis assay for control and 3 mg/ml of
CFG treated cells with/without PHF19 overexpression. The analyses of early and late apoptotic cells were shown in (B, C), respectively. The data are shown as
average ± SD from three different experiments. **, P < 0.01; ***, P < 0.001. (D, E) Western blot analysis of PHF19, BCL-2, and BAD protein expression in control
and 3 mg/ml of CFG treated cells with or without PHF19 overexpression.
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also enhanced the suppression of cell migration (Figures S2D–F)
and stemness (Figures S2G–I) induced by CFG.

Therefore, it can be concluded that PHF19 antagonizes CFG’s
anti-tumor effect in ovarian cancer by protecting cell
proliferation, invasion, migration, and stemness.
DISCUSSION

As a cellularly and molecularly heterogeneous disease, ovarian
cancer is one of the deadliest gynecological malignancies in
women owing to enduring challenges for diagnosis, increasing
rate of recurrence, high incidence of metastasis, and developing
resistance to chemotherapy (Islam and Aboussekhra, 2019). This
study is the first to report the role of PHF19 in the anti-ovarian
tumor effect of CFG. CFG is a traditional Chinese medicine
(TCM), which has been widely used in the treatment of ovarian
cancer for over 20 years in China. CFG consists of four
ingredients, Aconitum napellus, Poria cocos F.A. Wolf,
Frontiers in Pharmacology | www.frontiersin.org 11
Patrinia heterophylla DC, and Radix paeoniae Rubra.
Surprisingly, not like the compound, none of these ingredients
could reduce the expression of PHF19 alone, suggesting that the
interaction among these ingredients and the integrity of this
compound are vital for the anti-tumor function of CFG.
However, the molecular mechanism by which CFG modulates
the expression of PHF19 remains unclear. We have previously
found that miR-211 can suppress the expression of PHF19 in
ovarian cancer cells by targeting to its 3’ untranslated region (3’
UTR) (Tao et al., 2018b). Here, we also determined the
expression of miR-211 in ovarian cancer cells with 0, 3 and 12
mg/ml of CFG treatment for 24 h and found that CFG could not
influence the expression of miR-211, suggesting that CFG-
induced PHF19 downregulation is not mediated by miR-211
(Figure S3). Moreover, interestingly, the protective role of
PHF19 in drug-resistance could not be found in cells treated
with cisplatin. Nevertheless, more drug should be detected to
determine whether the function of PHF19 in CFG’s anti-tumor
effect is specific.
FIGURE 7 | Overexpression of PHF19 attenuates the suppressive effect of CFG on ovarian cancer cell invasion and migration. (A–D) Transwell assays to determine
the invasion and migration capacities of HEY-T30 (A) and SKOV3 (C) cancer cells treated with 3 mg/ml of CFG in the presence and absence of PHF19
overexpression. (A, C) Representative images of cell migration and invasion. Scale bar: 100 mm. (B, D) Quantitative results of migration and invasion assays. The
data are shown as average ± SD from three different experiments. ***, P < 0.001. (E, F) Western blot analysis of EMT markers, E-CADHERIN, N-CADHERIN, and
VIMENTIN protein expression in control and 3 mg/ml of CFG treated cells with/without PHF19 overexpression.
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During the past several decades, little has been known about
the molecular events involved in ovarian cancer. In the present
study, we systematically elucidated the role of PHF19 in ovarian
cancer proliferation, apoptosis, invasion, migration and
stemness, which may help us to find a potential molecular
target for the prevention and treatment of ovarian cancer.
Frontiers in Pharmacology | www.frontiersin.org 12
PHD finger protein 19 (PHF19) contains a Tudor domain,
two PHD finger domains (Lu and Wang, 2013). As a member of
polycomblike proteins, it can modulate the recruitment and
catalytic activity of polycomb repressive complex 2 (PRC2)
(van Mierlo et al., 2019). PRC2 is a unique protein complex
with multiple subunits and involved in epigenetic regulation
FIGURE 8 | Rescue expression of PHF19 reverts the suppression of tumor stemness ability of HEY-T30 and SKOV3 cells by CFG. (A–C) Comparison of sphere
formation in HEY-T30 and SKOV3 cells treated with 3 mg/ml of CFG in the presence and absence of PHF19 overexpression. (A) Representative images. Scale bar:
200 mm. (B, C) Quantitative analyses of sphere size (B) and number (C). (D, E) The expression of the stemness associated genes, OCT4, SOX2, NANOG, and
KLF4, were determined in control and 3 mg/ml of CFG treated cells with/without PHF19 overexpression by Western blot analysis. (F, G) Flow cytometric analysis of
surface markers of CD44 and CD117 in control and 3 mg/ml of CFG treated cells with/without PHF19 overexpression. The data are shown as average ± SD from
three different experiments. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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during the development of multicellular organisms. Generally,
recruitment of PRC2 to DNA regions of target genes to catalyze
the methylation of lysine 27 on histone 3 (H3K27me3), are
essential for controlling the developmental gene expression and
maintaining cell specification (Kouznetsova et al., 2019).
Aberrant expression of PHF19 has been implicated in
regulating the pathogenesis and progression of a wide range of
cancers, including melanoma (Ghislin et al. , 2012),
hepatocellular carcinoma (Xu et al., 2015; Cai et al., 2018),
glioma (Lu et al., 2018), glioblastoma (Deng et al., 2018),
multiple myeloma (Ren et al., 2019). In our previous
publication, we have found that patients with higher
expression of PHF19 are associated with shorter progression-
free survival (PFS) than that with lower PHF19 expression.
Functionally, PHF19 knockdown suppresses proliferation,
migration, and xenograft growth in SKOV3 cells (Tao et al.,
2018b). Moreover, PHF19 is found to be a direct target of miR-
211 in ovarian cancer (Tao et al., 2018b). In this study, we further
elucidate the exact role of PHF19 in ovarian cancer proliferation,
apoptosis, invasion, and migration by a series of gain-of-function
and loss-of-function experiments both in HEY-T30 and SKOV3
cells. More importantly, the present study is the first to report
that PHF19 enhances tumor stemness in ovarian cancers.
Actually, in embryonic stem cells, PHF19 can recruit PRC2 to
stem cell genes marked by H3K36me3 and promote silencing of
differentiation-associated genes during development via the
Tudor domain of PHF19 (Ballare et al., 2012; Cai et al., 2013).
Here, we also demonstrate that PHF19 can activate the
expression of stem cell markers OCT4, NANOG, SOX2, and
KLF4, nevertheless, the underlying mechanisms need to be
further investigated.

On the other hand, PHF19 encodes two distinct isoforms: a
full-length isoform (580 amino acids; also named hPCL3l) with
one Tudor domain, two PHD finger domains and a conserved C-
terminal chromo-like domain and a shorter isoform (207 amino
acids; also called hPCL3s) with only a TUDOR domain and the
first PHD domain. In this research, we cloned the longer isoform
for PHF19 overexpression. The expression profiles and function
of the shorter isoform of PHF19 in ovarian cancer are
still unknown.

In conclusion, results of the current study demonstrate that
CFG exerts its anti-tumor function in ovarian cancer, at least
partially, depending on the downregulation of PHF19.
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FIGURE S1 | Changes of PHF19 expression cannot influence the anti-tumor
effect of cisplatin in ovarian cancer HEY-T30 and SKOV3 cells. (A and C) HEY-T30
(A) and SKOV3 (C) cells with/without PHF19 overexpression were treated with
different concentrations of cisplatin (0, 2, 4, 8, 16, 32, 64, 128 or 256 mM) and cell
viability was detected by MTT assays. (B andD) Different concentrations of cisplatin
(0, 2, 4, 8, 16, 32, 64, 128 or 256 mM) were added into the HEY-T30 (B) and SKOV3
(D) cancer cells with/without PHF19 knockdown and cell viability was assayed. The
data are shown as average ± SD from three different experiments.

FIGURE S2 | PHF19 knockdown facilitates the anti-tumor effect of CFG on HEY-
T30 and SKOV3 cells. (A, B) Comparison of apoptotic cells in CFG-treated SKOV3
cells with/without PHF19 knockdown. A: Representative images. Scale bar: 200
mm. B: Quantitative analyses of early and late apoptotic cells. (C) Western blot to
detect the expression of apoptosis-associated proteins BAD and BCL2 in CFG-
treated SKOV3 cells with/without PHF19 knockdown. (D, E) Invasion and migration
abilities were determined in CFG-treated SKOV3 cells with/without PHF19
knockdown. D: Representative image of cell migration and invasion. Scale bar: 100
mm. E: Quantitative results of migration and invasion assays. (F) The expression of
the EMT markers, E-CADHERIN, N-CADHERIN and VIMENTIN, were determined in
CFG-treated SKOV3 cells with/without PHF19 knockdown by Western blot
analysis. (G-I) HEY-T30 and CFG-treated SKOV3 cells with PHF19 knockdown
were subjected to a sphere formation assay. Scale bar: 200 mm. The number and
size of tumor spheres were shown in H and I, respectively. The data are shown as

average ± SD from three different experiments. *, P < 0.05; **, P < 0.01; ***, P <
0.001.

FIGURE S3 | CFG does not affect the expression of miR-211 in ovarian cancer
cells. (A and B) HEY-T30 (A) and SKOV3 (B)were treated with 0, 3 and 12mg/ml of
CFG for 24 h and the expression of miR-211 was determined by RT-qPCR.
REFERENCES

Ballare, C., Lange, M., Lapinaite, A., Martin, G. M., Morey, L., Pascual, G., et al.
(2012). Phf19 links methylated Lys36 of histone H3 to regulation of Polycomb
activity. Nat. Struct. Mol. Biol. 19 (12), 1257–1265. doi: 10.1038/nsmb.2434

Bartels, H. C., Rogers, A. C., Postle, J., Shields, C., Mulsow, J., Conneely, J., et al.
(2019). Morbidity and mortality in women with advanced ovarian cancer who
underwent primary cytoreductive surgery compared to cytoreductive surgery
for recurrent disease: a meta-analysis. Pleura Peritoneum 4 (2), 20190014.
doi: 10.1515/pp-2019-0014

Cai, L., Rothbart, S. B., Lu, R., Xu, B., Chen, W. Y., Tripathy, A., et al. (2013). An
H3K36 methylation-engaging Tudor motif of polycomb-like proteins mediates
PRC2 complex targeting. Mol. Cell 49 (3), 571–582. doi: 10.1016/
j.molcel.2012.11.026

Cai, Z., Qian, Z. Y., Jiang, H., Ma, N., Li, Z., Liu, L. Y., et al. (2018). hPCL3s
promotes hepatocellular carcinoma metastasis by activating beta-Catenin
February 2020 | Volume 11 | Article 150

https://www.frontiersin.org/articles/10.3389/fphar.2020.00150/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2020.00150/full#supplementary-material
https://doi.org/10.1038/nsmb.2434
https://doi.org/10.1515/pp-2019-0014
https://doi.org/10.1016/j.molcel.2012.11.026
https://doi.org/10.1016/j.molcel.2012.11.026
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Ruan et al. PHF19 Participates in CFG’s Anti-Tumor Effect
signaling. Cancer Res. 78 (10), 2536–2549. doi: 10.1158/0008-5472.CAN-17-
0028

Carnero, A., Garcia-Mayea, Y., Mir, C., Lorente, J., Rubio, I. T., and ME, L. L.
(2016). The cancer stem-cell signaling network and resistance to therapy.
Cancer Treat Rev. 49, 25–36. doi: 10.1016/j.ctrv.2016.07.001

Deng, Q., Hou, J., Feng, L., Lv, A., Ke, X., Liang, H., et al. (2018). PHF19 promotes
the proliferation, migration, and chemosensitivity of glioblastoma to
doxorubicin through modulation of the SIAH1/beta-catenin axis. Cell Death
Dis. 9 (11), 1–13. doi: 10.1038/s41419-018-1082-z

Ghislin, S., Deshayes, F., Middendorp, S., Boggetto, N., and Alcaide-Loridan, C.
(2012). PHF19 and Akt control the switch between proliferative and invasive
states in melanoma. Cell Cycle 11 (8), 1634–1645. doi: 10.4161/cc.20095

Islam, S. S., and Aboussekhra, A. (2019). Sequential combination of cisplatin with
eugenol targets ovarian cancer stem cells through the Notch-Hes1 signalling
pathway. J. Exp. Clin. Cancer Res. 38 (1), 1–14. doi: 10.1186/s13046-019-1360-3

Kim, A., Ueda, Y., Naka, T., and Enomoto, T. (2012). Therapeutic strategies in
epithelial ovarian cancer. J. Exp. Clin. Cancer Res. 31(1), 1–8. doi: 10.1186/
1756-9966-31-14

Kouznetsova, V. L., Tchekanov, A., Li, X., Yan, X., and Tsigelny, I. F. (2019).
Polycomb repressive 2 complex-Molecular mechanisms of function. Protein
Sci. 28 (8), 1387–1399. doi: 10.1002/pro.3647

Lu, R., and Wang, G. G. (2013). Tudor: a versatile family of histone methylation
‘readers’. Trends Biochem. Sci. 38 (11), 546–555. doi: 10.1016/j.tibs.2013.08.002

Lu, J., Ji, H., Tang, H., and Xu, Z. (2018). microRNA-124a suppresses PHF19 over-
expression, EZH2 hyper-activation, and aberrant cell proliferation in human
glioma. Biochem. Biophys. Res. Commun. 503 (3), 1610–1617. doi: 10.1016/
j.bbrc.2018.07.089

Matsui, W. H. (2016). Cancer stem cell signaling pathways. Med. (Balt.) 95 (1
Suppl 1), S8–S19. doi: 10.1097/MD.0000000000004765

Pokhriyal, R., Hariprasad, R., Kumar, L., and Hariprasad, G. (2019).
Chemotherapy resistance in advanced ovarian cancer patients. Biomark
Cancer 11, 1–19. doi: 10.1177/1179299X19860815

Ren, Z., Ahn, J. H., Liu, H., Tsai, Y. H., Bhanu, N. V., Koss, B., et al. (2019). PHF19
promotes multiple myeloma tumorigenicity through PRC2 activation. Blood.
134(14), 1176–1189. doi: 10.1182/blood.2019000578

Ruan, S., Zhang, Z., Tian, X., Huang, D., Liu, W., Yang, B., et al. (2018).
Compound fuling granule suppresses ovarian cancer development and
progression by disrupting mitochondrial function, galactose and fatty acid
metabolism. J. Cancer 9 (18), 3382–3393. doi: 10.7150/jca.25136

Tao, F., Ruan, S., Liu, W., Wang, L., Xiong, Y., and Shen, M. (2016). Fuling
granule, a traditional chinese medicine compound, suppresses cell proliferation
and TGFbeta-Induced EMT in Ovarian Cancer. PloS One 11 (12), 1–20.
e0168892. doi: 10.1371/journal.pone.0168892
Frontiers in Pharmacology | www.frontiersin.org 14
Tao, F., Tian, X., Lu, M., and Zhang, Z. (2018a). A novel lncRNA, Lnc-OC1,
promotes ovarian cancer cell proliferation and migration by sponging miR-34a
and miR-34c. J. Genet. Genomics 45 (3), 137–145. doi: 10.1016/
j.jgg.2018.03.001

Tao, F., Tian, X., Ruan, S., Shen, M., and Zhang, Z. (2018b). miR-211 sponges
lncRNA MALAT1 to suppress tumor growth and progression through
inhibiting PHF19 in ovarian carcinoma. FASEB J., 32(11), 6330–6343.
doi: 10.1096/fj.201800495RR

Toledo-Guzman, M. E., Bigoni-Ordonez, G. D., Ibanez Hernandez, M., and Ortiz-
Sanchez, E. (2018). Cancer stem cell impact on clinical oncology.World J. Stem
Cells 10 (12), 183–195. doi: 10.4252/wjsc.v10.i12.183

Tsibulak, I., Zeimet, A. G., and Marth, C. (2019). Hopes and failures in front-line
ovarian cancer therapy. Crit. Rev. Oncol. Hematol. 143, 14–19. doi: 10.1016/
j.critrevonc.2019.08.002

van Mierlo, G., Veenstra, G. J. C., Vermeulen, M., and Marks, H. (2019). The
Complexity of PRC2 Subcomplexes. Trends Cell Biol. 29 (8), 660–671.
doi: 10.1016/j.tcb.2019.05.004

Wang, S., Robertson, G. P., and Zhu, J. (2004). A novel human homologue of
Drosophila polycomblike gene is up-regulated in multiple cancers. Gene 343
(1), 69–78. doi: 10.1016/j.gene.2004.09.006

Webb, P. M., and Jordan, S. J. (2017). Epidemiology of epithelial ovarian cancer.
Best Pract. Res. Clin. Obstet. Gynaecol. 41, 3–14. doi: 10.1016/
j.bpobgyn.2016.08.006

Xu, H., Hu, Y. W., Zhao, J. Y., Hu, X. M., Li, S. F., Wang, Y. C., et al. (2015).
MicroRNA-195-5p acts as an anti-oncogene by targeting PHF19 in
hepatocellular carcinoma. Oncol. Rep. 34 (1), 175–182. doi: 10.3892/
or.2015.3957

Zhu, Q., Li, Y., Guo, Y., Hu, L., Xiao, Z., Liu, X., et al. (2019). Long non-coding
RNA SNHG16 promotes proliferation and inhibits apoptosis of diffuse large B-
cell lymphoma cells by targeting miR-497-5p/PIM1 axis. J. Cell Mol. Med. 23
(11), 7395–7405. doi: 10.1111/jcmm.14601

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Ruan, Zhang, Tian, Zhang, Huang, Shi, Liu, Jiang, Huang and
Tao. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
February 2020 | Volume 11 | Article 150

https://doi.org/10.1158/0008-5472.CAN-17-0028
https://doi.org/10.1158/0008-5472.CAN-17-0028
https://doi.org/10.1016/j.ctrv.2016.07.001
https://doi.org/10.1038/s41419-018-1082-z
https://doi.org/10.4161/cc.20095
https://doi.org/10.1186/s13046-019-1360-3
https://doi.org/10.1186/1756-9966-31-14
https://doi.org/10.1186/1756-9966-31-14
https://doi.org/10.1002/pro.3647
https://doi.org/10.1016/j.tibs.2013.08.002
https://doi.org/10.1016/j.bbrc.2018.07.089
https://doi.org/10.1016/j.bbrc.2018.07.089
https://doi.org/10.1097/MD.0000000000004765
https://doi.org/10.1177/1179299X19860815
https://doi.org/10.1182/blood.2019000578
https://doi.org/10.7150/jca.25136
https://doi.org/10.1371/journal.pone.0168892
https://doi.org/10.1016/j.jgg.2018.03.001
https://doi.org/10.1016/j.jgg.2018.03.001
https://doi.org/10.1096/fj.201800495RR
https://doi.org/10.4252/wjsc.v10.i12.183
https://doi.org/10.1016/j.critrevonc.2019.08.002
https://doi.org/10.1016/j.critrevonc.2019.08.002
https://doi.org/10.1016/j.tcb.2019.05.004
https://doi.org/10.1016/j.gene.2004.09.006
https://doi.org/10.1016/j.bpobgyn.2016.08.006
https://doi.org/10.1016/j.bpobgyn.2016.08.006
https://doi.org/10.3892/or.2015.3957
https://doi.org/10.3892/or.2015.3957
https://doi.org/10.1111/jcmm.14601
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	PHD Finger Protein 19 Enhances the Resistance of Ovarian Cancer Cells to Compound Fuling Granule by Protecting Cell Growth, Invasion, Migration, and Stemness
	Introduction
	Materials and Methods
	Cell Culture
	CFG Preparation
	Quantitative RT-PCR (RT-qPCR)
	Western Blot Analysis
	Immunofluorescence Assay
	Lentivirus Production
	Cell Proliferation and Colony Formation Assays
	Apoptosis Detection
	Cell Viability Determination
	Transwell Invasion and Migration Assays
	Spheroid Formation Assay
	Determination of Cancer Stem Cell Population
	Statistical Analysis

	Results
	PHF19 Protects the Resistance of HEY-T30 and SKOV3 Cells to CFG
	CFG Suppresses the mRNA and Protein Levels of PHF19 in Dose- and Time- Dependent Manners
	PHF19 Promotes Cell Proliferation and Inhibits Apoptosis in Ovarian Cancer HEY-T30 and SKOV3 Cells
	PHF19 Facilitates Ovarian Cancer HEY-T30 and SKOV3 Cell Invasion and Migration
	PHF19 Increases the Stemness of Ovarian Cancer HEY-T30 and SKOV3 Cells
	Rescue the Expression of PHF19 Attenuates CFG-Induced Ovarian Cancer Cell Apoptosis
	Ectopic Expression of PHF19 Rescues Invasion and Migration Abilities of CFG-Treated Ovarian Cancer Cells
	Rescue of PHF19 Expression Attenuates the Inhibitory Effect of CFG on Ovarian Cancer Cell Stemness
	Knockdown of PHF19 Accelerates the Anti-Tumor Effect of CFG in Ovarian Cancer

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


