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Previous reports have indicated that walnut green husk extract has an inhibitory effect on human cancer 
development. This project aimed to explore the influence of walnut green husk extract on ovarian cancer. 
SKOV3 cells were exposed to various doses of walnut green husk extract or transfected with microRNA-
control or microRNA-144-3p. Meanwhile, anti-microRNA-144-3p or anti-microRNA-control-transfected 
SKOV3 cells were treated with high-dose walnut green husk extract. Cell counting kit-8, flow cytometry 
and Transwell monitored cell activity, cycle progression, migration and invasion. Cyclin D1, matrix 
metallopeptidase 2, matrix metallopeptidase 9, microRNA-144-3p contents were appraised via Western blot 
or real-time quantitative polymerase chine reaction. After treatment with different concentrations of walnut 
green husk extract, cell activity, cycle progression, migration, invasion and cyclin D1, matrix metallopeptidase 
2 and matrix metallopeptidase 9 protein expression were decreased and microRNA-144-3p level increased 
in a dose-dependent manner. MicroRNA-144-3p upregulation might hinder cell activity, cycle progression, 
migration and invasion. Additionally, miR-144-3p knockdown might abolish the repression of high-dose 
walnut green husk extract on Janus kinase 2 and signal transducer, and activator of transcription 3 expression. 
Walnut green husk extract might block ovarian cancer development via modulating the microRNA-144-3p/
Janus kinase 2/signal transducer and activator of transcription 3 pathway.
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As a prevalent gynecological malignancy in females, 
ovarian cancer continues to be mainly treated 
with surgery and chemotherapy[1]. During recent 
years, many medicines within Traditional Chinese 
Medicine (TCM) have been presented to function as 
effective anti-cancer drugs or adjuvants to alleviate 
the progression of human tumors[2], including 
ovarian cancer[3]. Some pharmacological research 
suggested that Walnut Green Husk (WGH), also 
known as Qing Long Yi might clear away restrain 
bacterium, anti-oxidant, anti-tumor and other 
actions[4,5]. Previous research suggested that Walnut 
Green Husk Extract (WGHE) might hinder gastric 
cancer cell proliferation and migration through 
regulating multiple signal pathways[6]. Moreover, 
WGHE might kill human prostate carcinoma cells 
by inducing apoptosis[7]. Apart from that, WGHE 
might dampen inflammation and apoptosis via the 
Janus Kinase 2/Signal Transducer and Activator of 

Transcription 3 (JAK2/STAT3) signaling pathways 
in rats[8]. However, the impact and mechanism of 
WGHE on ovarian cancer cells are far from being 
addressed. Furthermore, a related study verified 
microRNA (miR)-144-3p was closely related to 
ovarian cancer progression and implied a new target 
for clinical treatment[9]. Meanwhile, miR-144-3p 
impeded ovarian cancer cell growth via regulating 
Pre-Leukemia Transcription Factor 3 (PBX-3)
[10]. Hence, the purpose of this research is to verify 
whether the influence of WGHE on ovarian cancer 
development was correlative with miR-144-3p. 
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MATERIAL AND METHODS

Reagents:

SKOV3 (American Type Culture Collection (ATCC), 
Manassas, Virginia, United States of America (USA)) 
was cultivated in Roswell Park Memorial Institute 
(RPMI)-1640 medium (Crkbio, Wuhan, China). 
WGHE was provided by Siyecao (Xian, China). 
Balb (Beijing, China) supplied Cell Counting Kit-
8 (CCK-8) reagent, cell apoptosis detection kit and 
Radioimmunoprecipitation Assay (RIPA) protein 
lysates. Primary antibodies like cyclin D1, Matrix 
Metallopeptidase (MMP)-2, MMP9, JAK2, and 
STAT3 and secondary antibody (Immunoglobulin 
G (IgG)-Horseradish Peroxidase (HRP)) were 
respectively obtained from Fine bio (Wuhan, China) 
and Amyjet (Wuhan, China). Fswbio (Shanghai, 
China) provided Transwell chamber and matrix glue. 
SYBR Premix Ex TaqTM kit was purchased from 
Khayal (Wuhan, China).

Cell treatments:

SKOV3 cells were routinely cultured in RPMI-
1640 medium with WGHE at various doses (10, 
30 and 90 μg/ml), recorded as the low dose group 
(WGHE-L), the medium dose group (WGHE-M), 
and the high dose group (WGHE-H). Meanwhile, 
the normal cultured SKOV3 cells were used as the 
control group. miR-144-3p mimic and miR-con were 
transfected into SKOV3 cells, which were termed as 
miR-144-3p or miR-con group. Research conducted 
transfection of miR-144-3p inhibitor or anti-miR-
con into SKOV3 cells, followed by exposure to 90 
μg/ml WGHE, namely anti-miR-144-3p+WGHE-H 
and anti-miR-con+WGHE-H group.

Cell viability assay:

After cells were cultured for 48 h, 10 μl CCK-8 was 
added for 2 h. At last, samples were monitored under 
microplate reader.

Flow cytometry: 

After being fixed with precooled 70 % ethanol, 
collected cells in each group were washed and mixed 
with Ribonucleases (RNase) A for 30 min. Then, cells 
were reacted with Propidium Iodide (PI) at 4° for 30 
min. Finally, the apoptosis cells were analyzed using 
flow cytometry at 488 nm and Deoxyribonucleic 
Acid (DNA) cell cycle analysis software.

Transwell assay:

For migration assay, after being starved with serum-

free medium for 12 h, 100 μl was inoculated in 
Transwell upper chamber for 24 h. After discarding, 
cells were washed, fixed, stained and the upper 
non-migrating cells were erased. Five fields were 
observed and counted under microscope. For 
invasion, Transwell was coated with matrix glue and 
then subjected to a migration test.

Western blotting analysis:

Total SKOV3 cell proteins were extracted using 
RIPA buffer and subjected to Sodium Dodecyl-
Sulfate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluoride 
membrane. After blocking, primary antibodies 
(1:1000) cyclin D1, MMP2, MMP9, JAK2, STAT3, 
β-actin (internal reference) were respectively added 
into the membranes, which then were incubated with 
the secondary antibodies for 2 h. At last, protein bands 
were detected using Enhanced Chemiluminescence 
(ECL) and the gray value was analyzed using Image 
J software.

Real Time-qualitative Polymerase Chain Reaction 
(RT-qPCR) assay: 

Extracted RNA was reverse-transcribed into 
complementary DNA (cDNA). PCR amplification 
was implemented using U6 as an internal control. 
Expression was analyzed via 2-ΔΔCt. miR-144-
3p: GCGCGCTACAGTATAGATGATG (sense) 
and GCTGTCAACGATACGCTACG (antisense). 
U6: CTCGCTTCGGCAGCACA (sense) and 
AACGCTTCACGAATTTGCGT (antisense). 

Statistical analysis:

Statistical analysis was carried out according to 
Statistical Package for the Social Sciences (SPSS) 
20.0. Difference were considered significant when 
p<0.05. Measurement data were expressed as 
mean±standard deviation (x̄±s), and compared with 
t-test and one-way Analysis of Variance (ANOVA).

RESULTS AND DISCUSSION
According to the data exhibited in fig. 1 and Table 1, 
cell viability, cell proportion in S phase, cyclin D1 
protein level in WGHE-L, WGHE-M and WGHE-H 
groups were reduced after WGHE exposure in 
concentration-dependent ways (p<0.05), whereas 
the cell proportion was improved in Resting/Growth 
(G0/G1) phase.

Data displayed migration and invasion number, 
MMP2 and MMP9 protein expression in WGHE-L, 
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WGHE-M and WGHE-H groups were reduced 
after WGHE exposure in dose-dependent manners 
(p<0.05) as shown in fig. 2 and Table 2. 

As presented in Table 3, miR-144-3p level was 
obviously enhanced in WGHE-L, WGHE-M and 
WGHE-H groups vs. control group (p<0.05).

As illustrated in fig. 3 and Table 4, relative to the miR-
con group, SKOV3 cell viability, cell proportion in S 
phase, SKOV3 cell migration and invasion number, 
cyclin D1, MMP2 and MMP9 protein levels were 
apparently declined in miR-144-3p group (p<0.05), 
but cell proportion was elevated in G0/G1 phase.

According to the results displayed in fig. 4 and Table 
5, in comparison with the anti-miR-con+WGHE-H 
group, SKOV3 cell viability, cell proportion in S 
phase, SKOV3 cell migration and invasion and 
cyclin D1, MMP2 and MMP9 protein content 
were reduced in the miR-144-3p+WGHE-H group 
(p<0.05), but cell proportion was improved in G0/
G1 phase (p<0.05).

Compared with control group, JAK2 and STAT3 
protein content was reduced in WGHE-H group 

(p<0.05), and JAK2 and STAT3 levels were increased 
in anti-miR-144-3p+WGHE-H group vs. anti-miR-
con+WGHE-H group (p<0.05) as shown in fig. 5 and 
Table 6.

As a common gynecological malignancy with a high 
mortality rate, ovarian cancer still lacks effective 
treatment methods and often has a poor prognosis[11]. 
Notably, owing to the unique advantages of anti-
tumor treatment, TCM may provide a new idea for 
the maintenance treatment of ovarian cancer[12]. 
Relevant literature has displayed that WGHE might 
suppress the invasiveness of prostate cancer cells[13]. 
Beyond that, WGHE might decrease esophageal 
cancer cell viability and cell cycle progression 
through different pathways[14]. Besides, WGHE was 
previously demonstrated to trigger cell apoptosis and 
curb breast cancer growth in the mouse xenograft 
model in vivo[15]. Herein, after treatment with different 
concentrations of WGHE, the SKOV3 cell activity, 
cycle progression, migration, invasion and cyclin 
D1, MMP2 and MMP9 contents were decreased. 
The above findings indicated WGHE could repress 
SKOV3 cell malignant behaviors.

Fig. 1: WGHE-mediated impact on SKOV3 cell cycle progression, (A): Flow cytometry evaluated cycle changes and (B): Western 
blot to detect cyclin D1 protein expression

Group A value G0/G1 (%) S (%) G2 (%) Cyclin D1

Control 1.053±0.10 45.13±3.86 30.85±2.43 24.02±2.18 0.83±0.08

WGHE-L 0.903±0.08* 51.43±4.25* 24.24±2.05* 24.33±2.27 0.70±0.06*

WGHE-M 0.705±0.07* 59.06±5.17* 16.83±1.25* 24.11±2.03 0.57±0.05*

WGHE-H 0.442±0.05* 62.05±5.43* 14.07±1.03* 23.88±1.93 0.42±0.03*

F 105.607 23.548 162.074 0.072 82.925

p 0.000 0.000 0.000 0.974 0.000

Note: *p<0.05, relative to control group

TABLE 1: THE EFFECT OF DIFFERENT CONCENTRATIONS OF WGHE ON SKOV3 CELL CYCLE (x̄±s, 
n=9)
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Fig. 2: Western blot detects the expression of MMP2 and MMP9 protein

Group MMP2 MMP9 Number of cell migration Number of cell 
invasion

Control 0.83±0.07 0.73±0.07 236±18.13 176±14.02

WGHE-L 0.68±0.06* 0.61±0.05* 183±14.02* 151±11.17*

WGHE-M 0.51±0.05* 0.47±0.02* 147±11.17* 117±8.25*

WGHE-H 0.38±0.03* 0.32±0.03* 103±8.16* 73±5.17*

F 82.925 82.925 82.925 172.241

p 0.000 0.000 0.000 0.000

Note: *p<0.05, relative to control group

TABLE 2: EFFECTS OF DIFFERENT CONCENTRATIONS OF WGHE ON SKOV3 CELL MIGRATION AND 
INVASION (x̄±s, n=9)

Group miR-144-3p

Control 1.00±0.10

WGHE-L 1.39±0.11*

WGHE-M 1.81±0.14*

WGHE-H 2.17±0.19*

F 119.21

p 0.000

Note: *p<0.05, relative to control group

TABLE 3: WGHE INDUCED INFLUENCE ON miR-144-3P CONTENT (x̄±s, n=9)

Fig. 3: miR-144-3p-triggered effects on SKOV3 cell cycle progression, (A): Flow cytometry determined cell cycle and (B): Western 
blot analyzed cyclin D1, MMP2 and MMP9 content
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GROUP miR-144-
3p A value G0/G1 (%) S (%) G2 (%) Cyclin D1 MMP2 MMP9

Number 
of cell 

migration

Number 
of cell 

invasion

miR-CON 1.00±0.10 1.058±0.10 45.02±3.91 29.88±2.35 25.10±2.15 0.79±0.07 0.81±0.08 0.74±0.07 231±17.03 172±11.68

miR-144-
3P 2.13±0.16* 0.543±0.05* 61.53±4.52* 13.44±1.09* 25.03±2.27 0.36±0.03* 0.42±0.04* 0.32±0.03* 124±10.03* 83±7.15*

T 17.967 13.819 8.287 19.039 0.067 16.939 13.081 16.545 16.242 19.497

P 0.000 0.000 0.000 0.000 0.947 0.000 0.000 0.000 0.000 0.000

Note: *P<0.05, relative to miR-control group

TABLE 4: miR-144-3P-MEDIATED INFLUENCE ON SKOV3 CELL MALIGNANT BEHAVIORS (x̄±s, n=9)

Fig. 4: miR-144-3p downregulation can reduce WGHE-caused influence on SKOV3 cell malignant behaviors, (A): Flow cytometry 
examined cell cycle and (B): Western blot assessed cyclin D1, MMP2 and MMP9

Group miR-144-
3p A value G0/G1 (%) S (%) G2 (%) Cyclin D1 MMP2 MMP9

Number 
of cell 

migration

Number 
of cell 

invasion

Anti-miR-
con+WGHE-H 1.00±0.10 0.448±0.04 62.13±5.14 14.06±1.15 23.81±2.14 0.42±0.03 0.38±0.03 0.32±0.03 103±8.16 73±5.17

Anti-
miR-144-
3p+WGHE-H

0.45±0.04 1.102±0.10* 43.06±3.76* 33.21±2.76* 23.73±1.89 0.81±0.07* 0.89±0.07* 0.73±0.06* 254±18.10* 171±11.52*

t 15.32 18.217 8.983 19.214 0.084 15.363 20.09 18.336 22.816 23.284

p 0.000 0.000 0.000 0.000 0.934 0.000 0.000 0.000 0.000 0.000

Note: *p<0.05, relative to anti-miR-con+WGHE-H group

TABLE 5: LOW EXPRESSION OF miR-144-3P CAN REDUCE THE INFLUENCE OF WGHE ON SKOV3 
CELL CYCLE, MIGRATION AND INVASION (x̄±s, n=9)
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Fig. 5: Western blot detection of JAK2/STAT3 protein expression

JAK/STAT pathway and its continuous activation 
in tumors has a cancer-promoting effect, which is 
expected to become a new anticancer drug target[17,18]. 
LncRNA Taurine-Upregulated Gene 1 (TUG1) 
interacts with miR-144 to promote hepatocellular 
carcinoma cell proliferation and migration via 
activating JAK2/STAT3 pathway[19]. Tilianin can 
promote the apoptosis of ovarian cancer cells and 
inhibit proliferation via the activity of JAK2/STAT3 
signaling[20]. Here, JAK2 and STAT3 protein levels 
decreased after treatment with high-dose WGHE, 
indicating that WGHE restrained the activation of 
JAK2/STAT3 pathway. miR-144-3p inhibition could 
reverse WGHE-mediated influence on JAK2 and 
STAT3 protein expression, indicating that low miR-
144-3p expression abrogated WGHE-triggered effect 
on JAK2/STAT3 pathway. 

Taken together, WGHE inhibited the proliferation, 
migration and invasion of ovarian cancer cells by 
regulating the miR-144-3p/JAK2/STAT3 pathway.

Studies have delineated that miR-144-3p is down-
regulated in cervical cancer cells and tissues, and 
overexpression of miR-144-3p can inhibit the 
growth and metastasis of cervical cancer cells[16]. 
Furthermore, miR-144-3p is lowly expressed in 
ovarian cancer tissues and cells, and reduced lncRNA 
HCG11 inhibits tumor development via regulating 
miR-144-3p[10]. After overexpression of miR-144-3p 
in this experiment, the activity of SKOV3 cells was 
decreased, cycle progression, migration and invasion 
were blocked, and cyclin D1, MMP2 and MMP9 
contents were reduced. Increased miR-144-3p could 
inhibit SKOV3 cell proliferation, migration, invasion 
and cell cycle progression. This study found that 
WGHE treatment could increase miR-144-3p, which 
could be reversed via miR-144-3p inhibition in 
SKOV3 cells, indicating that WGHE may affect the 
progression of SKOV3 by regulating miR-144-3p.

JAK2/STAT3 is an important component of the 

Group JAK2 STAT3

Control 0.86±0.07 0.76±0.07

WGHE-H 0.42±0.04* 0.38±0.03*

Anti-miR-con+WGHE-H 0.40±0.03 0.36±0.04

Anti-miR-144-3p+WGHE-H 0.91±0.09# 0.82±0.08#

F 175.8 155.13

p 0.000 0.000

Note: *p<0.05 and #p<0.0, relative to control group and anti-miR-con+WGHE-H

TABLE 6: WESTERN BLOT DETECTION OF JAK2/STAT3 PROTEIN EXPRESSION (x̄±s, n=9)
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