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Abstract
Purpose  Ovarian cancer (OC) is a common malignancy, and IFN-γ, a multifunctional cytokine, is unveiled to impede the 
multiplication and enhance apoptosis in diverse tumor cells in previous research. Nonetheless, its function and mechanism 
in OC are blurred.
Methods  OC cell lines SKOV3 and OVCAR3 were dealt with different concentrations (0–40 ng/ml) of IFN-γ. CCK-8 experi-
ment was utilized to examine cell multiplication; Flow cytometry was executed to detect apoptosis and cell cycle; Wound 
healing assay was utilized to detect cell migration; and Transwell experiment was implemented to examine cell invasion. 
qRT-PCR analysis was applied to detect STAT5, STAT3, JAK2 and JAK3 mRNA expression in OC cell lines. Western blot 
experiment was applied to detect the protein and phosphorylation levels of SOCS1, STAT5 and STAT3.
Results  IFN-γ suppressed OC cell multiplication in a concentration-dependent manner. Relative to the control group, IFN-γ 
restrained OC cell migration, invasion, enhanced apoptosis and prevented cell transformation from G0/G1 to S phase. Fur-
ther analysis revealed that IFN-γ up-modulated SOCS1 expression and impeded STAT5 and STAT3 protein phosphoryla-
tion levels, and knockdown of SOCS1 partially counteracted the inhibitory effect of IFN-γ on STAT5 and STAT3 protein 
phosphorylation levels.
Conclusion  IFN-γ represses OC progression by facilitating SOCS1 to suppress STAT3 and STAT5 protein phosphorylation.
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Introduction

Ovarian cancer (OC) is a prevalent malignancy. OC patients 
are usually asymptomatic in the early stages and there is a 
lack of effective screening and diagnostic methods. As a 
result, approximately 70% of OC patients have progressed 
to advanced disease stage by the time of diagnosis [1]. 
Recently, despite significant advances in surgery and chemo-
therapy, the 5-year survival rate of patients is still less than 

50% [2]. Given the limited options for targeted therapies for 
OC, there is a need to find novel targets for OC treatment [3].

The immune system helps to destroy cancer cells and 
exogenous infections. Interferon gamma (IFN-γ) is a mul-
tifunctional cytokine produced mainly by T-helper cells, 
cytotoxic T cells, natural killer cells, and macrophages that 
enhances apoptosis and lysis of tumor cells [4]. INF-γ has 
immunomodulatory, antiviral and antitumor effects [5], and 
can restrain cell multiplication and induce apoptosis in dif-
ferent tumors, such as non-small cell lung cancer (NSCLC) 
and melanoma [6]. In OC, IFN-γ is unearthed to impede OC 
cell multiplication and enhances apoptosis through in vivo 
and in vitro experiments [7]. In addition, IFN-γ receptor 
overexpression is linked to a better prognosis in OC patients 
[8]. Nonetheless, the role and modulatory mechanisms of 
INF-γ in OC are undefined.

IFN-γ functions by binding to the cell surface recep-
tor IFN-γ receptor (IFNGR), thereby activating The Janus 
kinase (JAK)–signal transducer of activators of transcrip-
tion (STAT) signaling pathway. The JAK–STAT signaling 
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pathway consists of three main components, namely tyros-
ine kinase-associated receptor, tyrosine kinase JAK, and 
transcription factor STAT, which is implicated in diverse 
biological processes such as cell multiplication, differentia-
tion, apoptosis, and immune regulation [9]. Reportedly, the 
JAK–STAT signaling pathway participates in the develop-
ment of multiple tumors, such as gastric, breast, and colo-
rectal cancers [10]. In OC, the activation of the JAK–STAT 
signaling pathway is demonstrated to be linked to OC pro-
gression [11]. Therefore, inhibition of the JAK–STAT sign-
aling pathway may be one of the strategies for OC treatment. 
Nonetheless, it is blurred whether IFN-γ can be implicated 
in OC progression by modulating the JAK–STAT signaling 
pathway.

Suppressor of cytokine signaling (SOCS) family pro-
teins are inhibitors of the JAK–STAT signaling pathway 
[12]. SOCS molecules are unearthed to negatively modu-
late this signaling pathway by modulating STAT protein 
tyrosine phosphorylation levels. Many cytokines, such as 
the T-helper (Th) 1cytokines IFN-γ and IL-2, and the Th2 
cytokine TNF-α can rapidly induce SOCS [13]. SOCS1 
overexpression in OC patients is studied to be associated 
with better patient prognosis [14]. Nevertheless, it is blurred 
whether INF-γ can modulate SOCS1 in OC.

This work probed the role of IFN-γ in the multiplica-
tion, migration, invasion, apoptosis and cell cycle regulation 
of OC cell lines and identified its mechanism. IFN-γ was 
unveiled to restrain JAK–STAT signaling pathway through 
up-modulation of SOCS1 protein to suppress OC cell mul-
tiplication, migration and invasion, and to enhance apopto-
sis and prevent cell transformation from G0/G1 phase to S 
phase.

Methods

Cell culture

Two OC cell lines (SKOV3 and OVCAR3) were procured 
from Shanghai Cell Bank, Chinese Academy of Sciences 
(Shanghai, China). All cells were cultured in DMEM 
medium containing 10% FBS, 100 U/mL penicillin, and 
100 U/mL streptomycin and incubated at 37 °C in 5% CO2.

Cell transfection

SOCS1 short hairpin RNA and negative control shRNA (sh-
NC) were designed and synthesized by JRDUN Biotechnol-
ogy co. (Shanghai). The above vectors were transfected into 
cells using a lentiviral vector (Addgene).

qRT‑PCR analysis

Total RNA was isolated from the cell lines using TRIzol rea-
gent (Invitrogen, Shanghai, China). RNA was reverse tran-
scribed to cDNA using AMV reverse transcriptase (Fermen-
tas, USA), and finally SYBRmix Ex Taq II (Takara, Dalian, 
China) and StepOnePlus real-time PCR system (Thermo 
Fisher Scientific, Inc., Waltham, MA. USA) for qRT-PCR 
analysis. The relative expression of RNA genes was calcu-
lated using the 2−ΔΔCt method, with GAPDH as an internal 
reference. The primer sequences were as follows:

SOCS1, 5ʹ-CGA​CAC​GCA​CTT​CCG​CAC​ATT-3’ (for-
ward) and 5ʹ-TGG​GTC​CCG​AGG​CCA​TCT​TCAC-3ʹ 
(reverse); STAT5, 5ʹ-TCC​CTA​TAA​CAT​GTA​CCC​ACA-3ʹ 
(forward), and 5ʹ-ATG​GTC​TCA​TCC​AGG​TCG​AA-3ʹ 
(reverse); JAK2, 5ʹ-ATC​CAC​CCA​ACC​ATG​TCT​TCC-3ʹ 
(forward), and 5ʹ-ATT​CCA​TGC​CGA​TAG​GCT​CTG-3ʹ 
(reverse); JAK3, 5ʹ-CCT​GAT​CGT​GGT​CCA​GAG​AG-3ʹ 
(forward), and 5ʹ-GCA​GGG​ATC​TTG​TGA​AAT​GTCAT-3ʹ 
(reverse); STAT3, 5ʹ-ATC​ACG​CCT​TCT​ACA​GAC​TGC-3ʹ 
(forward), and 5’-CAT​CCT​GGA​GAT​TCT​CTA​CCACT-3ʹ 
(reverse); GAPDH, 5′-CTT​TGG​TAT​CGT​GGA​AGG​ACTC-
3′ (forward) and 5′-GTA​GAG​GCA​GGG​ATG​ATG​TTCT-3ʹ 
(reverse).

CCK‑8 experiment

The transfected cells were treated with trypsin, inoculated 
with 1 × 103 cells/well in a 96-well plate and incubated in 
the water-saturated carbon dioxide incubator (5%). 10 μL of 
CCK-8 reagent (Dojindo Laboratories, Kumamoto, Japan) 
was supplemented to each well at 12, 24 and 48 h of inocu-
lation and incubated for 2 h at 37 °C. The absorbance at 
450 nm/well was subsequently measured using a microplate 
reader (Bio-Rad, Hercules, CA, USA). The inhibiting rate 
of cell proliferation (%) = (OD of control group − OD of 
experimental group)/(OD of control group − OD of blank 
group) × 100%. 

Apoptosis and cell cycle analysis

Cells were trypsinized with trypsin and inoculated on 
24-well plates and collected by centrifugation after 48 h. 
Cells were resuspended using PBS solution and counted 
using the Annexin V-Propidium Iodine (PI) staining kit 
(Becton Dickinson, for apoptosis) or PI staining kit (for 
cycle, Beyotime) in a FACSCalibur cytometer (FACSCali-
bur, BD Biosciences) to detect apoptosis rate and cell cycle.
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Wound healing experiment

For the wound healing experiment, the OC cells were trans-
fected and planted in 12-well plates till confluence, and then 
scratched with a micropipette tip. Cell migration images 
were captured at 0 h and 48 h after scratching.

Transwell experiment

Cell invasion experiments were executed using 24-well 
Transwell chambers (Corning Incorporated, Corning, MA, 
USA) pre-coated with Matrigel (BD Bioscience, Franklin 
Lakes, NJ, USA) on the bottom of the upper compartment. 
1 × 105 cells were planted in 150 µL of serum-free medium 
in the upper chamber of Transwell chamber. The lower com-
partment was supplemented with 600 μL complete medium 
and incubated at 37 °C for 24 h. The cells in the upper com-
partment were wiped off, and the cells on the lower surface 
of the upper compartment were fixed using 95% ethanol and 
stained with 0.1% crystal violet for 25 min. Counting was 
implemented using a microscope (Olympus, Japan).

Western blot

The total protein was isolated from the cells using RIPA 
lysis buffer (Beyotime, Shanghai, China) and the protein 
was quantified using the BCA detecting kit (Beyotime, 
Shanghai, China). 30 μg of protein specimens was spiked 
in 10% SDS-PAGE (Sigma Aldrich, St. Louis, MO, USA) 
after electrophoresis and transferred to PVDF membranes 
(Millipore, Billerica, MA, USA). Subsequently, the PVDF 
membrane was blocked with 5% skimmed milk and anti-
SOCS1 (1:1000, ab9870, Abcam Inc., Cambridge, UK), 
anti-STAT5 (1:1000, ab230670, Abcam Inc., Cambridge, 
UK), anti-p-STAT5(1:1000, ab32364, Abcam Inc., Cam-
bridge, UK), anti-STAT3(1:1000, ab68153, Abcam Inc., 
Cambridge, UK), anti-p-STAT3(1:1000, ab76315, Abcam 
Inc., Cambridge, UK), anti-GAPDH (1:1000, ab9485, 
Abcam Inc., Cambridge, UK) were supplemented to incu-
bate overnight at 4 °C. Thereafter, the membrane was incu-
bated with the horseradish peroxidase-conjugated secondary 
antibody (1:2000, ab150077, Abcam Inc., Cambridge, UK) 
for 1 h, and the ECL luminescence reagent (Thermo Fisher 
Scientific, Waltham, MA, USA) was utilized to detect pro-
tein bands.

Statistical analysis

Data were collected after all assays were carried out 3 times, 
and the results were expressed as mean ± standard deviation. 
Statistical analysis and plotting were executed using Graph-
Pad Prism V5.0 (GraphPad Software, Inc., La Jolla, CA, 
USA). Student’s t-test was utilized for analysis of differences 

between two groups, and one-way ANOVA was applied for 
analysis of differences between three or more groups. * 
P < 0.05, ** P < 0.01 and *** P < 0.001 signified statistical 
significance.

Results

IFN‑γ impedes OC cell multiplication, migration 
and invasion

Analysis of the GEPIA database revealed that IFN-γ over-
expression was linked to a better prognosis in OC patients 
(P = 0.013, Fig. 1A). To probe the function of IFN-γ in OC, 
SKOV3 and OVCAR3 cell lines were dealt with different 
concentrations of IFN-γ (0, 5, 10, 20, 40 ng/ml). CCK-8 
results revealed that 20, 40 ng/ml IFN-γ remarkably impeded 
the multiplication of SKOV3 and OVCAR3 cells relative 
to 0 ng/ml IFN-γ, and IFN-γ restrained cell multiplication 
in a dose-dependent manner (Fig. 1B, C). A concentration 
of 40 ng/ml of IFN-γ was selected for follow-up experi-
ments. Wound healing experiment demonstrated that IFN-γ 
remarkably impeded OC cell migration relative to the con-
trol group (Fig. 1D, E); Transwell experiment validated that 
the cell invasion was markedly lower in the IFN-γ-treated 
group relative to the control group (Fig. 1F). The above 
data unearthed that IFN-γ impeded OC cell multiplication, 
migration and invasion.

IFN‑γ restrains apoptosis and modulates cell cycle 
in OC cells

The role of IFN-γ on apoptosis and cell cycle in SKOV3 
and OVCAR3 cells was studied using flow cytometry. The 
data unveiled that IFN-γ remarkably repressed apoptosis of 
SKOV3 and OVCAR3 cells (Fig. 2A, B). Similarly, the G0/
G1 phase of the cell cycle was remarkably long and the S 
phase was remarkably shorter in the IFN-γ-treated group 
relative to the untreated group (Fig. 3C, D). Thus, IFN-γ 
impeded OC cell apoptosis and prevented cell transforma-
tion from G0/G1 phase to the S phase.

IFN‑γ suppresses the malignant phenotype of OC 
by enhancing SOCS1 expression

Analysis of the correlation between IFN-γ and SOCS1 using 
the GEPIA database revealed that SOCS1 mRNA and IFN-γ 
were positively correlated in OC tissues (Fig. 3A). Treat-
ment of ovarian cancer cell lines SKOV3 and OVCAR3 with 
IFN-γ revealed that IFN-γ remarkably augmented SOCS1 
mRNA expression and protein (Fig. 3B, C). Subsequently, 
it was verified whether IFN-γ could exert a tumor-suppres-
sive effect in OC through SOCS1. SOCS1 shRNA or control 
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shRNA was transfected into SKOV3 and OVCAR3 cells, 
respectively, and a SOCS1 under-expression model was suc-
cessfully constructed (Fig. 3D, E). Functional experiment 
demonstrated that knockdown of SOCS1 partially counter-
acted the inhibitory effects of IFN-γ on the multiplication 

Fig. 1   IFN-γ restrains the multiplication, migration and invasion of 
ovarian cancer cells. A GEPIA database analyzed the relationship 
between IFN-γ expression and prognosis in OC; B, C CCK-8 experi-
ment verified the multiplication of OC cells SKOV3 and OVCAR3 
after treatment with different concentrations of IFN-γ (0–40  ng/

ml); D, E Wound healing assay was employed to analyze the effect 
of IFN-γ on the migration of SKOV3 and OVCAR3 cells; F Tran-
swell assay was utilized to analyze the effect of IFN-γ on SKOV3 and 
OVCAR3 cell invasion. * P < 0.05; ** P < 0.01; *** P < 0.001

Fig. 2   IFN-γ impedes apoptosis and modulates cell cycle in OC cells. 
A, B Effect of IFN-γ on apoptosis rate of SKOV3 and OVCAR3 cells 
was detected by flow cytometry; C, D Effect of IFN-γ on SKOV3 and 
OVCAR3 cell cycle was examined by flow cytometry; * P < 0.05; *** 
P < 0.001

◂
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migration and invasion of SKOV3 and OVCAR3 cells, and 
the promotion of apoptosis (Fig. 3F, M). Thus, the above 
data confirmed that IFN-γ impeded the malignant phenotype 
of OC by augmenting SOCS1 expression.

IFN‑γ impedes JAK/STAT signaling pathway 
via SOCS1

SOCS1 is an inhibitor of the JAK/STAT signaling path-
way. To verify whether IFN-γ could affect the JAK/STAT 
signaling pathway through the modulation of SOCS1, OC 
cell lines were treated with IFN-γ. qRT-PCR experiments 
confirmed that STAT5 and STAT3 mRNA were substan-
tially reduced, while other protein expression of the JAK/
STAT pathway such as JAK2, JAK3 was barely affected by 
IFN-γ. Western blot experiments unearthed that p-STAT5 
and p-STAT3 expression was remarkably reduced, while 
STAT5 and STAT3 expression was not remarkably altered. 
Compensation experiments validated that knockdown of 
SOCS1 partially counteracted the inhibitory effect of IFN-γ 
on p-STAT5 and p-STAT3 expression. Thus, the above data 

Fig. 3   IFN-γ suppresses the malignant phenotype of OC by aug-
menting SOCS1 expression. A Correlation of IFN-γ and SOCS1 
expression in OC was analyzed by GEPIA database; B, C qRT-PCR 
and Western blot experiments were applied to detect the effects 
of IFN-γ on SOCS1 mRNA and protein in SKOV3 and OVCAR3 
cells; D, E qRT-PCR and Western blot assays were utilized to detect 
SOCS1 mRNA and protein expression after transfection of SKOV3 
and OVCAR3 cells with SOCS1 shRNA; F, G CCK-8 was adopted 
to detect cell multiplication after SKOV3 and OVCAR3 cells were 
transfected with SOCS1 shRNA and treated with IFN-γ in SKOV3 
and OVCAR3 cells; K Wound healing assay was implemented to 
detect cell migration after transfection of SKOV3 and OVCAR3 cells 
with SOCS1 shRNA and treatment of SKOV3 and OVCAR3 cells 
with IFN-γ; L Transwell experiment was executed to detect cell inva-
sion after transfection of SKOV3 and OVCAR3 cells with SOCS1 
shRNA and treatment of SKOV3 and OVCAR3 cells with IFN-γ; M 
Flow cytometry was utilized to detect the apoptosis rate of SKOV3 
and OVCAR3 cells after transfection of SOCS1 shRNA and IFN-γ 
treatment of SKOV3 and OVCAR3 cells; * P < 0.05; ** P < 0.01; *** 
P < 0.001.

◂

Fig. 4   IFN-γ restrains JAK/STAT signaling pathway via SOCS1. 
A Effect of IFN-γ treatment on STAT5, JAK2, JAK3 and STAT3 
mRNA expression in OVCAR3 cells was examined by qRT-PCR; B 
Western blot assay was utilized to detect STAT5, p-STAT5, STAT3 

and p-STAT3 protein expression after IFN-γ treatment of OVCAR3 
cells; C Western blot was conducted to detect p-STAT5 and p-STAT3 
protein expression in OVCAR3 cells transfected with SOCS1 shRNA 
and treated with IFN-γ. ** P < 0.01; *** P < 0.001
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validated that in OC, IFN-γ impeded p-STAT3 and p-STAT5 
expression by enhancing SOCS1 (Fig. 4).

Discussion

IFN-γ is unveiled to have antitumor activity, and many stud-
ies and clinical trials have demonstrated that IFN-γ can be 
used as a target for tumor therapy [15]. In cervical cancer, 
IFN-γ is unveiled to facilitate autophagy in cervical cancer 
cells through induction of IDO1 expression [16]. In gastric 
cancer, IFN-γ is unearthed to remarkably up-modulate in 
tumor tissue relative to paracancerous tissue [17]. In hepa-
tocellular carcinoma, IFN-γ restrains tumor growth and 
enhances tumor cell apoptosis [18]. In OC, IFN-γ treatment 
is unveiled to cause depolarization of the mitochondrial 
membrane, release of cytochrome C into the cytoplasm and 
activation of caspase 9, which has antiproliferative effects 
[19]. GEPIA analysis unearths that IFN-γ overexpression 
is linked to better survival of OC patients. Further analysis 
reveals that IFN-γ represses OC cell multiplication, migra-
tion and invasion, and induces apoptosis and facilitates cell 
transformation from G0/G1 phase to S phase. Thus, IFN-γ 
exhibits antitumor activity in OC in vitro experiments.

Dysregulation of the JAK–STAT signaling pathway may 
result in diverse diseases such as skin diseases, cancer, and 
immune system disorders [20]. JAK/STAT signaling path-
way is aberrantly activated in OC, and it’s associated with 
development and progression of OC. Previous study con-
firmed that inhibition of JAK/STAT3 signaling pathways 
could significantly suppress OC tumor growth and decreased 
peritoneal dissemination in vivo [21]. Furthermore, activa-
tion of JAK/STAT signaling accelerates tumorigenesis in 
OC [22]. In addition, research has shown that IFN-γ could 
inhibit JAK/STAT signaling, thus leading to decreases of the 
glioma cells invasiveness and tumorigenesis [23]. STATs are 
a member of cytoplasmic transcription factors whose role is 
to transmit signals from the cell membrane to the nucleus 
[24]. STAT3 and STAT5 are crucial in tumor formation by 
enhancing cell multiplication, impeding apoptosis, inducing 
angiogenesis, facilitating invasion, and restraining antitu-
mor immunity [25]. In OC, inhibition of STAT3 and STAT5 
impedes the malignant behavior of the cells, indicating that 
STAT3 and STAT5 may be latent therapeutic targets in OC 
[26]. Additionally, the activation of the STAT3 pathway and 
pY-STAT3 overexpression is unveiled to be linked to higher 
clinical stage, lower differentiation, lymph node metastasis, 
and shorter patient survival in OC patients [27]. Besides, 
STAT5 is related to cisplatin resistance in OC [28]. In this 
work, IFN-γ was unearthed to suppress STAT3 and STAT5 
protein phosphorylation in OC.

SOCS interacts with cytokines such as IFN-γ and is the 
most potent inhibitor of the JAK/STAT pathway [29, 30]. 

Numerous studies have demonstrated SOCS1 play vital 
roles in various malignant processes and SOCS1 gene 
silencing was observed in human hepatic carcinoma, mul-
tiple melanoma, gastric cancer and pancreatic cancer [31]. 
In OC, previous study has demonstrated that low SOCS1 
mRNA expression level was significantly associated with 
unfavorable prognosis in OC patients and SOCS1 may serve 
as prognostic biomarkers for OC patients [14]. A signifi-
cant increase in SOCS1 protein expression was observed in 
human villous trophoblasts cells treated with IFN-γ [32]. In 
this work, SOCS1 was unveiled to be remarkably elevated 
in IFN-γ-treated OC cell lines. Further identification of the 
function of SOCS1 in the modulation of the malignant phe-
notype of OC by IFN-γ revealed that knockdown of SOCS1 
partially counteracted the inhibitory effects of IFN-γ on the 
multiplication, migration, and invasion of OC cells as well 
as the modulatory effects on apoptosis and cell cycle. Hence, 
IFN-γ exerts oncogenic effects in OC by augmenting SOCS1 
expression, and knockdown of SOCS1 partially counteracted 
the inhibitory effect of IFN-γ on STAT3 and STAT5 protein 
phosphorylation. Hence, the above data imply that IFN-γ 
restrains the JAK/STAT signaling pathway through SOCS1.

In conclusion, IFN-γ is revealed to be high in OC patient 
tissues and cell lines, and IFN-γ impeded OC progression 
by enhancing SOCS1 to repress STAT3 and STAT5 protein 
phosphorylation.
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