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signaling pathway in ovarian cancer cells
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Abstract We aimed to investigate the effect of

propofol on the growth of human ovarian cancer cells

ES2 and OVCAR-3 in vitro by regulating long non-

coding RNA HOST2 (human ovarian cancer-specific

transcript 2) and the inhibition of JAK2/STAT3

signaling pathway. In the present study, ES-2 and

OVCAR-3 cells were firstly treated with different

concentrations of propofol (0, 1, 5 and 10 lg/ml). The

expression of HOST2 in ES-2 and OVCAR-3 cells

were detected by quantitative reverse transcription-

PCR (qRT-PCR). Then, the expression of HOST2 was

changed by transfection of HOST2 overexpression

plasmid into ES-2 and OVCAR-3 cells. Cell prolifer-

ation, migration, invasion and apoptosis were per-

formed using CCK-8, wound-healing, Transwell

assays and Flow Cytometry. Western blot analysis

was performed to detect the expressions of apoptosis-

associated proteins and JAK2/STAT3 pathway-re-

lated proteins. Results showed that cell viability and

intracellular HOST2 expression in ES-2 and OVCAR-

3 cells were decreased gradually with the increase of

propofol concentration in a dose-dependent manner.

Compared with the propofol group, overexpression of

HOST2 significantly promoted the cell proliferation,

migration, invasion and inhibited apoptosis, and

ameliorated the inhibitory effect of propofol on the

growth of tumor cells. Western blot analysis showed

that compared with propofol group, the expression of

Bcl-2 was significantly increased whereas Bax and the

ratio of Cleaved caspase3/caspase3 were significantly

decreased in pcDNA-HOST2 group. In addition,

overexpression of HOST2 significantly enhanced the

phosphorylation level of JAK2 and STAT3, and

reduced the suppressive effect of propofol on JAK2/

STAT3 signaling. Our results illustrated that propofol

could significantly inhibit the proliferation, migration,

invasion and induce apoptosis of ES-2 and OVCAR-3

cells by downregulating HOST2. The regulation

mechanism may be achieved by inhibiting the activa-

tion of JAK2/STAT3 signaling pathway.
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Introduction

Ovarian cancer (OC) is the third most common

malignant tumor in the female reproductive system,

and its mortality ranks first in the malignant tumors of

the female genital system, with a 5-year survival rate
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were only 30% and 40% (Kammar et al. 2019).

According to statistics in 2018, there are more than

295,000 new cases and more than 184,000 deaths

worldwide (Bray et al. 2018). At present, surgery is

still the most effective method for the treatment of OC

(Pujade-Lauraine (2017)). The safety of surgery

depends on the rational use of anesthetics during the

perioperative period. More and more basic and clinical

studies have shown that anesthetics may affect the

prognosis of patients with breast cancer (D’Agostino

et al. 2018), colon cancer (Baptista-Hon et al. 2014),

lung cancer (Cata et al. 2018) and ovarian cancer (Lin

et al. 2011). However there are still few studies on the

effect of anesthetics on various tumors in vitro.

Therefore, an in-depth study of the effects of anes-

thetics on the biological characteristics of OC will be

of great significance to the formulation of treatment

plans for OC patients and to reduce the intervention of

anesthetics on the treatment of OC.

Propofol is a kind of intravenous anesthetic, which

has the characteristics of rapid onset, short action time,

rapid awakening and less adverse reactions. So,

propofol has been widely used in clinical induction

and maintenance of anesthesia (Chidambaran et al.

(2015); Oren-Ziv et al. 2015). With the deepening of

research, more and more evidences indicated that

propofol has a wide range of anticancer effects in

addition to anesthetic effects. It plays an important

role in inhibiting the proliferation and metastasis of

tumors such as esophageal squamous cell carcinoma

(Zhou et al. 2017), lung cancer (Liu and Liu 2018) and

colorectal cancer (Xu et al. 2018). In OC, some studies

have shown that propofol could promote apoptosis of

OC cells by enhancing the expression of microRNA

let-7i (Su et al. 2014). In addition, propofol signifi-

cantly inhibited the proliferation of OC cells by

suppressing miR-9/NF-jB signaling pathway (Huang

et al. 2016). Although the inhibitory effect of propofol

on the growth of OC cells has been confirmed, the

research on propofol in OC are still rare and the

molecular mechanism of its antitumor effect has not

been clearly specified.

Long non-coding RNA (lncRNAs) are non-coding

RNA molecules with the length of more than 200

nucleotides, which were found in organisms in recent

years. LncRNAs could regulate the occurrence and

development of many types of tumors including OC

by transcriptional activation or interference (Zhou

et al. 2016; Tripathi et al. 2018). HOST2 (human

ovarian cancer-specific transcript 2) is one kind of

RNA, overexpressed in OC cells, which is involved in

the development of many kinds of malignant tumors

(Kim et al. 2013). A previous study showed that

HOST2 promoted the proliferation, migration and

invasion of epithelial ovarian tumor cells (Gao et al.

2015a). However, no researchs have specifically

addressed whether propofol could inhibit the prolifer-

ation, migration, invasion and apoptosis of OC cells by

regulating HOST2.

In general, the purpose of this study was to study the

effects of propofol on the proliferation, migration,

invasion and apoptosis of ES-2 and OVCAR-3 cells by

regulating the expression of HOST2 in vitro and to

explore its possible signal transduction pathway.

These results will provide a new reference point for

propofol to be an ideal anesthetic in OC surgery.

Methods

Cell culture and treatment

Human ovarian cancer cell lines (ES-2 and OVCAR-

3) were purchased from ATCC (Manassas, VA, USA).

Cells were cultured in RPMI-1640 medium containing

10% fetal bovine serum (FBS), 1000U/ml penicillin

and 100 mg/ml streptomycin. Then the cell culture

bottle was cultured in a constant temperature incubator

of 5% CO2 at 37 �C. After the cells were passaged, the
logarithmic phase cells were taken for later

experiment.

Propofol was obtained from Astra Zeneca Inc.

Untreated ES-2 and OVCAR-3 cells were labeled as

0 lg/ml group. ES-2 and OVCAR-3 cells were treated

with different concentrations of propofol (1, 5 and

10 lg/ml) for 24 h. These cells were then labeled as 1,

5 and 10 lg/ml groups according to the concentration

of propofol.

Cell transfection

The overexpressed HOST2 vector plasmid (pcDNA-

HOST2) and the corresponding pcDNA3.1 empty

vector plasmid (pcDNA-NC) were purchased from

GenePharma (GenePharma Co., Ltd., Shanghai,

China). OC cells were inoculated into 6-well plates

(1 9 105 cells/well), and the pcDNA3.1 empty plas-

mid and HOST2 overexpression plasmid were
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transfected into ES-2 and OVCAR-3 cells using

Lipofectamine 3000 transfection reagent (Invitrogen)

according to the manufacturer’s instructions. The

transfection efficiency was detected by qRT-PCR after

48 h.

CCK-8 assay

The transfected ES-2 and OVCAR-3 cells were

inoculated in 96-well plates with the density of

2.5 9 104 cells/ml, 100 ll per well, and cultured in

5%CO2 and 97% humidity incubator 37 �C. After

48 h, 10 ll CCK-8 solution was added into each well

and cultured for 2 h. The 96-well plate was placed on

the automatic enzyme labeling instrument (BIO-RAD)

and the absorbance value was measured at the 450 nm

wavelength.

Cell migration assay

The transfected ES-2 and OVCAR-3 cells were

inoculated in 6-well plates with the density of

5 9 105 cells/ml. Use the tip of the aseptic pipette to

scratch in each hole. The cells were washed with

sterile PBS to remove the cell fragments, and then

cultured in the medium without FBS. At the time point

of 24 h, the migration status was recorded at the same

position of each hole.

Cell invasion assay

The serum-free ES-2 and OVCAR-3 cell suspensions

were inoculated in 24-well plates with the density of

5 9 105 cells/ml. The Matrigel Invasion Chamber

(Corning, NY) was performed to analyze the cell

invasion. 750 ll medium containing 10% FBS was

added in the lower chamber, and 500 ll serum-free

cell suspension was added in the upper chamber, and

continued to be cultured in the incubator for 24 h. At

the end of culture, the cells were fixed with methanol

and stained with DAPI. The invaded cells were

observed and counted with microscope.

Cell apoptosis assay

The cells of each group were collected and washed

with PBS for 3 times. According to the operation

instructions of AnnexinV-fluorescein isothiocyanate

(AnnexinV-FITC)/propidium iodide (PI) Apoptosis

Detection kit (Invitrogen), the cells were first resus-

pended with 400 ll binding buffer, and then 10 ll
Annexin V-FITC and 5 ll PI were added in turn to

incubate 15 min in the dark. The level of apoptosis

was detected by flow cytometry.

qRT-PCR analysis

Cells in logarithmic phase were collected and total

RNA was extracted by Trizol reagent (Takara, Dalian,

China). Afterwards, Reverse Transcription Kit

(Takara, Japan) was conducted to reverse transcription

of the RNA into cDNA. Real-time fluorescence

quantitative PCR was conducted to using the ABI

7500 PCR instrument. Reaction conductions were as

follows: 95 �C for 2 min, 95 �C for 15 s, 60 �C for

20 s, 72 �C for 20 s, for a total of 40 cycles. The

expression level of HOST2 was calculated by 2-DDCt

(Livak and Schmittgen 2001) method. GAPDH was

used as the internal reference gene of HOST2. The

experiment was repeated 3 times and the average value

was taken.

Western blot analysis

Total protein was extracted by RIPA lysate (Thermo

Fisher Scientific) and the protein concentration was

determined by BCA protein assay (Bio-Rad). After-

wards, protein lysates were separated by SDS-PAGE

and transferred to PVDF membrane (BioRad). These

membranes were sealed with 5% skimmed milk

powder at room temperature for 1 h and incubated

with primary antibodies against Bcl-2 (cat. no.

Ab32124; 1:1000 dilution; Abcam), Bax (cat. no.

Ab32503; 1:1000 dilution; Abcam), Cleaved caspase-

3 (cat. no. Ab32042; 1:500 dilution; Abcam), caspase-

3 (cat. no. Ab13847; 1:500 dilution; Abcam), JAK2

(cat. no. Ab108596; 1:5000 dilution; Abcam), p-JAK2

(cat. no. Ab32101; 1:1000 dilution; Abcam), STAT3

(cat. no. Ab68153; 1:1000 dilution; Abcam),

p-STAT3 (cat. no. Ab76315; 1:2000 dilution; Abcam)

and GAPDH (cat. no. Ab8245; 1:1000 dilution;

Abcam) at 4 �C overnight. These membranes were

washed with TBST for three times. Then, the

secondary antibodies conjugated to horseradish per-

oxidase (1:5000; Santa Cruz Biotechnology, Inc.) was

incubated at room temperature for 1 h. Immunoreac-

tive bands were detected using the ECL detection

reagent (GE Healthcare). The bands in the gel were
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determined using a LAS4010 Biomolecular Imager.

GAPDH was used as internal reference to analyze the

gray value of target band.

Statistical analysis

SPSS 20.0 software was used to analyze the experi-

mental data. The measurement data were expressed by

the mean ± standard deviation (SD). One-wsay

ANOVA followed by Tukey�s post hoc test was used
for comparison between groups, and the difference

was statistically significant (P\ 0.05).

Results

Propofol inhibits the activity and HOST2

expression of ES-2 and OVCAR-3 cells

Firstly, we treated ES-2 and OVCAR-3 cells with

different concentrations of propofol (0, 1, 5 and 10 lg/
ml). CCK-8 results showed that the activity of ES-2

and OVCAR-3 cells decreased gradually with the

increase of propofol concentration, showing a dose-

dependent relationship (Fig. 1a and c). In addition, the

results of PCR showed that compared with 0 lg/ml

group, the expression level of HOST2 decreased

gradually with the increase of propofol concentration,

and reached the minimum value at 10 lg/ml (Fig. 1b

and d). These results indicated that propofol sup-

pressed the viability and HOST2 expression of ES-2

and OVCAR-3 cells in a dose-dependent manner.

Propofol inhibits the proliferation, migration

and invasion of ES-2 and OVCAR-3 cells

by downregualting HOST2 expression

Then, CCK-8, scratch wound healing and Transwell

assays were used to detect the effect of propofol on the

proliferation, migration and invasion abilities of ES-2

and OVCAR-3 cells by regulating HOST2. We

successfully constructed the HOST2 overexpression

vector plasmid. PCR results showed that the expres-

sion level of HOST2 in pcDNA-HOST2 group was

significantly higher than that in control group (Fig. 2a

and b). Subsequently, CCK-8 results showed that

compared with the control group, 5 lg/ml propofol

significantly reduced cell viability, but this change

could be alleviated by HOST2 overexpression (Fig. 2c

and d). The results of migration and invasion assays

showed that compared with the control group, 5 lg/ml

propofol significantly reduced cell migration and

invasion, but this inhibitory effect could be alleviated

by HOST2 overexpression (Fig. 2e and f). These

results suggested that HOST2 was involved in the

effects of propofol on the proliferation, migration and

invasion of ES-2 and OVCAR-3 cells.

Propofol promotes apoptosis of ES-2

and OVCAR-3 cells by inhibiting HOST2

In addition, flow cytometry and western blot assay

were performed to detected the effect of propofol on

apoptosis of ES-2 and OVCAR-3 cells by regulating

HOST2. The results of flow cytometry assay showed

that compared with 5 lg/ml ? pcDNA-NC group,

HOST2 overexpression could significantly reduce the

apoptosis rate (Fig. 3a–d). Western blot results

showed that compared with 5 lg/ml ? pcDNA-NC

group, HOST2 overexpression could significantly

reduce the expression level of Bax and Cleaved-

caspase3 whereas increase the expression level of Bcl-

2 (Fig. 3e and f). These results suggested that HOST2

was involved in the effects of propofol on apoptosis of

ES-2 and OVCAR-3 cells.

Propofol regulates the phosphorylation levels

of JAK2 and STAT3 by inhibiting HOST2

To further study the molecular mechanism of the

effects of propofol on the proliferation, migration and

invasion in ES-2 and OVCAR-3 cells, western blot

assay were used to determine the activation of JAK2/

STAT3 signal pathway. Results showed that com-

pared with the control group, 5 lg/ml propofol could

significantly inhibit the phosphorylation levels of

JAK2 and STAT3 and HOST2 overexpression could

reverse the inhibitory effect of propofol on the

phosphorylation of JAK2 and STAT3 (Fig. 4a and

b). To sum up, propofol inhibited the cell proliferation,

migration and invasion via downregulating the expres-

sion of HOST2 by inhibiting the activation of JAK2/

STAT3 in ES-2 and OVCAR-3 cells.
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Discussion

Ovarian cancer (OC) is one of the most common

malignant tumors in the female reproductive system,

and the mortality rate ranks first among the gyneco-

logical malignant tumors (Kammar et al. 2019).

Surgery-based comprehensive treatment mode is still

the main treatment of OC, but whether anesthetics

have anti-cancer effect during operation and how to

play its role are gradually attracting people’s attention.

In the present study, human OC cell lines (ES-2 and

OVCAR-3) were treated with different concentrations

of propofol (0, 1, 5 and 10 lg/ml). It was found that

propofol could inhibit cell activity and HOST2

expression in a dose-dependent manner. In addition,

in vitro studies, 5 lg/ml propofol significantly inhib-

ited the proliferation, migration and invasion of ES-2

and OVCAR-3 cells while promoted apoptosis and

inhibition of JAK2/STAT3 signaling pathway.

HOST2 overexpression could partially reverse these

above changes.

Propofol is a commonly used intravenous anes-

thetic in clinic, which has been proved to have a

variety of non-anesthetic effects in addition to seda-

tion and anesthetic effects (Vasileiou et al. 2009). In

recent years, propofol has been reported to have many

potential anti-cancer properties, such as inhibition of

cancer cell proliferation, adhesion, metastasis and

induction of apoptosis (Wang et al. 2015). Therefore,

propofol has gradually become an ideal anesthetic in

cancer surgery. In the field of OC, there are few studies

on the regulatory mechanism of propofol on OC cells.

Only a few studies have shown that propofol could

inhibit the proliferation and induce apoptosis of OC

cells in a dose-dependent manner (Su et al. 2014;

Huang et al. 2016). Consistent with the above

conclusions, our results indicated that propofol sig-

nificantly reduced the proliferation, migration and

invasion of ES-2 and OVCAR-3 cells in a dose-

dependent manner. These results further confirmed

that propofol can exert its anti-cancer effect by

inhibiting the growth of OC cells.

Fig. 1 Propofol inhibits the activity and HOST2 expression of

ES-2 and OVCAR-3 cells. a Effects of different doses of

propofol (0, 1, 5 and 10 lg/ml) on viability of ES-2 cells were

detected by CCK-8. b Effects of different doses of propofol (0,

1, 5 and 10 lg/ml) on the expression levels of HOST2 in ES-2

cells were determined by real-time PCR. c Effects of different

doses of propofol (0, 1, 5 and 10 lg/ml) on viability of OVCAR-

3 cells were detected by CCK-8. (D) Effects of different doses of

propofol (0, 1, 5 and 10 lg/ml) on the expression levels of

HOST2 in OVCAR-3 cells were determined by real-time PCR.

*p\ 0.05 and ***p\ 0.001
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Although the effect of propofol on proliferation of

OC cells has been reported, it is not clear whether

propofol can inhibit OC by regulating the expression

of lncRNAs. LncRNAHOST2 is a member of the long

non-coding RNA family, about 2.9 kb in length,

which has no obvious open reading frame and has

been reported to be highly expressed in OC for the first

time (Wu et al. 2014). HOST2 has been confirmed to

be abnormally expressed in triple-negative breast

cancer (Zhang et al. 2019), liver cancer (Wu et al.

2018), and glioma (Wang et al. 2019), and is involved

in regulating a variety of tumor biological processes

including proliferation, migration, invasion and apop-

tosis. In epithelial ovarian cancer, downregulation of

HOST2 could significantly inhibit the proliferation,

migration and invasion of OC cells (D’Agostino et al.

2018). In addition, LncRNA-HOST2 can regulate cell

biological behaviors in epithelial ovarian cancer

Fig. 2 Propofol inhibits the proliferation, migration and

invasion of ES-2 and OVCAR-3 cells by downregualting

HOST2 expression. a mRNA levels of HOST2 overexpression

in ES-2 cells were detected by real-time PCR. bmRNA levels of

HOST2 overexpression in OVCAR-3 cells were detected by

real-time PCR. c Effects of HOST2 overexpression on the

inhibitory effect of 5 lg/ml propofol on the activity of ES-2

cells were detected by CCK-8. d Effects of HOST2 overex-

pression on the inhibitory effect of 5 lg/ml propofol on the

activity of OVCAR-3 cells were detected by CCK-8. e Effects of
HOST2 overexpression on the inhibitory effect of 5 lg/ml

propofol on the migration and invasiveness of ES-2 cells were

detected by Scratch wound-healing and Transwell assays.

f Effects of HOST2 overexpression on the inhibitory effect of

5 lg/ml propofol on the migration and invasiveness of OVCAR-

3 cells were detected by Scratch wound-healing and Transwell

assays. *p\ 0.05, **p\ 0.01 and ***p\ 0.001
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through a mechanism involving microRNA let-7b

(Gao et al. 2015b). However, whether propofol has a

regulatory effect on HOST2 and the specific mecha-

nism of its action in OC has not been reported.

Therefore, we boldly speculated in this paper that

propofol may influence the malignant process of OC

through regulating the expression of HOST2. In our

study, we further explored the function of HOST2 in

OC cells. We found that propofol significantly

decreased the expression of HOST2 in ES-2 and

OVCAR-3 cells. In addition, HOST2 overexpression

partially reversed the inhibitory effects of propofol on

proliferation, migration and invasion and the promo-

tion of apoptosis in ES-2 and OVCAR-3 cells. These

results indicated that propofol significantly inhibited

the growth of ES-2 and OVCAR-3 cells by downreg-

ulating the expression of HOST2.

Fig. 3 Propofol promotes apoptosis of ES-2 and OVCAR-3

cells by inhibiting HOST2. a, bDetection of ES-2 cell apoptosis

by flow cytometry. c, d Detection of OVCAR-3 cell apoptosis

by flow cytometry. e Western blot was used for exploring

apoptosis-related protein (Bcl-2, Bax and Caspase-3) expression

level in ES-2 cells. f Western blot was used for exploring

apoptosis-related protein (Bcl-2, Bax and Caspase-3) expression

level in OVCAR-3 cells. *p\ 0.05, **p\ 0.01 and

***p\ 0.001
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Recently, JAK/STAT signaling pathway has been

found to be involved in many biological behaviors

including cell proliferation and differentiation, which

plays an important role in affecting the efficacy and

prognosis of patients with malignant tumors (Reyes

et al. 2017). Compared with the normal ovarian

epithelial cells, OC cells in vitro showed a higher level

of phosphorylation of STAT3. Persistent abnormal

activation of JAK2/STAT3 signaling pathway can

eventually lead to the formation of malignant pheno-

type. So far, STAT3 has been defined as an oncogene

(Levy and Inghirami 2006). With the further study of

genes downstream of STAT3 pathway, more and more

evidence shows that JAK2/STAT3 signaling pathway

plays an important role in tumor cell proliferation,

apoptosis inhibition, vascular remodeling, tumor

metastasis and drug resistance. JAK2/STAT3 signal-

ing pathway could also promote tumor cell

proliferation and inhibit apoptosis (Pandey et al.

2009; Yang et al. 2010; Colomiere et al. 2009). Some

studies have shown that propofol enhanced the effect

in cisplatin chemotherapy by inhibiting the phospho-

rylation of JAK2/STAT3 pathway (Li et al. 2017), and

HOST2 promoted the proliferation, invasion and

migration of hepatocellular carcinoma cells by acti-

vating JAK2/STAT3 pathway (Wu 2018). It shows

that HOST2 can regulate the expression level of

JAK2/STAT3 to control the occurrence and develop-

ment of the disease. Therefore, we speculated whether

propofol can inhibit the malignant progression of OC

cells by regulating HOST2/JAK2/STAT3 signaling

pathway. So then we studied whether propofol could

regulate the phosphorylation levels of JAK2 and

STAT3, and then affect the progression of OC. Our

results revealed that propofol could significantly

suppress activation of JAK2/STAT3 pathway, and

Fig. 4 Propofol regulates the phosphorylation levels of JAK2

and STAT3 by inhibiting HOST2. a The levels of JAK2 and

STAT3 phosphorylation and their respective protein levels in

ES-2 cells were determined by western blot. b The levels of

JAK2 and STAT3 phosphorylation and their respective protein

levels in OVCAR-3 cells were determined by western blot.
***p\ 0.001
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HOST2 overexpression partially reversed the inhibi-

tory effect of propofol on JAK2/STAT3 pathway.

Overall, these results draw a preliminary conclusion

that propofol inhibited proliferation, migration, inva-

sion and promoted apoptosis by regulating HOST2/

JAK2/STAT3 signaling pathway in ES-2 and

OVCAR-3 cells. The limitation of our paper is that it

does not further demonstrate that the JAK2/STAT3

pathway is involved in the inhibitory effect of propofol

on OC. In the following experiments, our laboratory

will further prove that the JAK2/STAT3 pathway

participates in the inhibitory function of propofol by

adding JAK2/STAT3 pathway inhibitors or agonists.

In summary, HOST2 plays a negative role in the

inhibitory effect of propofol on the progression of ES-

2 and OVCAR-3 cells. Propofol can inhibit the JAK2/

STAT3 signal pathway by downregulating the expres-

sion of HOST2, and finally reduce the proliferation,

migration and invasion as well as induced apoptosis of

ES-2 and OVCAR-3 cells.
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