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Although the incidence of nasopharyngeal carcinoma (NPC) is relatively low, the mortality is very high and the patients
have a poor prognosis. Thus, it is urgent to find a novel biomarker and a new therapeutic strategy. Suppressor of cytokine
signaling-2 (SOCS2) was reported to be associated with various malignancies. However, the exact role of SOCS2 in NPC still
remains largely unsure. In the present study, we showed that the expression of SOCS2 was significantly upregulated in NPC
patients and cells. And the high expression of SOCS2 predicted a worse outcome in NPC patients. Moreover, the in vivo
experiments indicated that knockout of SOCS2 inhibits the proliferation, migration, and invasion of NPC cells. Besides,
we found a positive relationship between SOCS2 and EphA1 in NPC tissues. The rescue experiments indicated that SOCS2
affected the malignancy of NPC cells by regulating the expression of EphA1l. Altogether, our data uncovered the ontogenetic
role of SOCS2 dysregulation during the tumorigenesis of NPC. SOCS2 might serve as a biomarker during the diagnosis and
treatment of NPC. And targeting SOCS2 might provide a novel treatment strategy for NPC patients.
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Nasopharyngeal carcinoma (NPC) is an unfrequented
tumor with a high ratio of death [1-3]. The incidence of NPC
is relatively low and presents a distinct racial and geographic
distribution [4, 5]. Despite the progress achieved in many
therapeutic strategies, the underlying mechanism of NPC
still remains largely unknown and the prognosis of cancer
patients is also relatively poor [6, 7]. Thus, it is urgent to find
a novel biomarker and explore the relevant mechanism.

The suppressor of cytokine signaling 2 (SOCS2) belongs to
the SOCS family composed of SOCS1-7 and cytokine-induc-
ible SH2-containing proteins [8, 9]. They exert their function
by suppressing the cytokine signal transduction and inhib-
iting cytokine-activated JAK/STAT [10, 11]. The SOCS family
plays pivotal roles in the regulation of immune responses and
tumorigenesis [12]. Emerging studies demonstrated that the
aberrant regulation of SOCS proteins was associated with
the development of various cancers, including lung cancer
[13]. A recent study reported that SOCS2 was significantly
dysregulated in higher-grade samples of breast cancer [14].
Another study suggested that the expression of SOCS2 was
upregulated by P53 dysfunction in colon cancer and associ-
ated with the potential tumorigenic ability [15]. However,

the exact role of SOCS2 in lung cancer, especially in NP, still
remains largely unsure.

The ephrin receptor of the protein-tyrosine kinase family
plays a significant role in various physiological processes,
including cell migration, angiogenesis, and vascular devel-
opment [16]. Emerging studies demonstrated that abnormal
expression of Eph receptor tyrosine kinases was associated
with malignancies [17]. EphAl belongs to the Eph family,
and Ishikawa et al. suggested that higher expression of
EphA1l was related to favorable clinicopathological features
in lung cancer [18], indicating the pivotal role of EphAl in
tumorigenesis.

In the present study, we aimed to explore the potential
functions of the SOCS2 during the NP malignancy and the
underlying mechanism. By using the clinical sample of NP
samples, it allowed us to verify the possibility of SOCS2 to be
a biomarker during the diagnosis and treatment of NP.

Patients and methods

Ethics statement. The study was approved by the Ethics
Committee for clinical research and complies with the
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tenets of the Declaration of Helsinki and the Institutional
Review Board of the participating centers. Written informed
consent for molecular genetic studies was obtained from all
participants.

Patients. In this study, thirty NP specimens acquired from
an equal number of patients who underwent surgical resec-
tion due to lung cancer were included. Institutional review
board approval was obtained to use archived material for
research purposes. None of the patients had received radia-
tion or chemotherapy before surgery (Table 1).

Cell culture. The human NP cell lines NP69 (ATCC-
5859), CNE2 (ATCC-1434), CNE1 (ATCC-0364), HONE1
(ATCC-0369), HNE1 (ATCC-0366), and 6-10B (ATCC-
6605) were purchased from the Chinese Academy of
Sciences Cell Bank. The cell lines except NP69 were cultured
in RPMI 1640 medium (Flow Laboratories Irvine, Scotland)
containing 10% sterile FBS, 1% penicillin and streptomycin.
The cell line NP69 was cultured in keratinocyte/serum-free
medium + EGF (epidermal growth factor). All the cell lines
were incubated at 37°C in a humidified atmosphere under
5% CO, conditions.

Western blotting. For western blotting assay, cells were
lysed using the RIPA buffer and protease inhibitor on ice
for 25 minutes. Total proteins were collected by centrifuga-
tion at 14,000 xg at 4°C for 15min and measured by BCA
protein assay kit (Bio-Rad Laboratories, Hercules, CA, USA),
then subjected to 12% SDS-PAGE and transferred to polyvi-
nylidene difluoride (PVDF) membrane. The membrane was
blocked with 5% BSA for 1 h and incubated with primary
SOCS2 (CST, #2779), EphAl (CST, #90673), and GAPDH
(CST, #2118) antibodies overnight at 4°C. Specific primary
antibodies were captured using secondary antibodies and
were detected using the FluorChem M system (Protein-
Simple, San Jose, CA, USA).

Quantitative real-time PCR (qRT-PCR). Total RNA
was extracted with Trizol reagent (Takara, Japan) and
RNA was purified with chloroform and isopropanol. SYBR
Green Realtime PCR Master Mix (Toyobo, Osaka, Japan)
and StepOnePlus Real-Time PCR Systems (Applied Biosys-
tems) were used for polymerase chain reaction (PCR)
referring to the manufacturer’s instructions. GADPH was
used as an internal standard. Relative expression was calcu-
lated according to 272*°T method. Pairs of forward and
reverse primer sets were used as follows: SOCS2 (forward:
5-CAGATGTGCAAGGATAAGCGG-3’ and reverse:
5-GCGGTTTGGTCAGATAAAGGTG-3’), GAPDH
(forward: 5-GGAGCGAGATCCCTCCAAAAT-3" and
reverse: 5-GGCTGTTGTCATACTTCTCATGG-3’), SOCS2
sgRNA1 (HGLibB_46069-forward: 5-CACCAAAGGT-
GAACAGTGCCGTTC-3’ and HGLibB_46069-reverse:
5-AAACGAACGGCACTGTTCACCTTT-3’), SOCS2
sgRNA2 (HGLibB_46070-forward: 5-CACCTGCCTT-
GAGCCCTCCGGGAA-3’ and HGLibB_46070-reverse:
5-AAACTTCCCGGAGGGCTCAAGGCA-3’), SOCS2
Control (HGLibB_58021-forward: 5-CACCGAGAAGT-
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Table 1. Clinicopathological features of 30 patients with NPC.
. SOCS2expression®
Characteristics - p-value
Low?® High®
Sex 0.713
Male 7 6
Female 8
Age, years 0.464
<55 7 9
=55 8 6
T-stage 0.025
T1-2 9 3
T3-4 6 12
N stage 0.001
NoO 10 3
N1/2 5 12
Lymphatic metastasis 0.001
Negative 12 3
Positive 3 12

*Cut-off = median SOCS2 expression. *Classified in 30 patients with expres-
sion values <50* percentile. “Classified in 30 patients with expression values
>50'™ percentile.

GGGGAGCCATTGG-3" and HGLibB_58021-reverse:
5-AAACCCAATGGCTCCCCACTTCTC-3’), EphAl
(forward: 5-AGATGGGTGGAGTGAACAGC-3’ and
reverse: 5-CCTTGCATTGGGCAGTCCT-3’).

CRISPR/Cas9 genome-editing system gene deletion.
Lentiviral vectors expressing Cas9 and single guide RNAs
(sgRNAs) targeting SOCS2 were constructed by Hanyin
Co. (Shanghai, China). The guide sequences used were
5-GACATCTACAGGTGCAATCG-3" for sgRNAl and
5-AGAGGGAGTTCCATTGACC-3" for sgRNA2. Cells
were then infected with the lentivirus. After infection for
72h, puromycin (2ug/ml) was added for 3days. After
recovering for 4-6days, individual colonies were picked.
Contaminating gDNA was eliminated from isolated RNA
using the Turbo DNA-free kit (Thermo Fisher Scientific).
Western blot analysis was performed to confirm the lack of
SOCS2 protein.

Overexpressed plasmid construction and siRNA. The
SOCS2 and EphAl overexpression vector versions were
amplified by PCR from plasmid pGEX-4T-3-EpCAM.
The primers used were primer-K (5-GATTCGTTTT-
GGGGTTCTC-3’) and primer-L (5-TCAGCGTTCT-
TAGCGTT-3’). The siRNA of EphAl was purchased from
Thermo Scientific (#146623, Massachusetts, USA).

Transwell migration and invasion assay. To evaluate the
migration and invasion of CNE1 and 6-10B cells, Transwell
chambers (24-well Transwell chambers, 8 um pore size;
Corning, Steuben County, NY, USA) were pre-coated with
fibronectin for migration assay or with Matrigel (BD Biosci-
ences, Franklin Lakes, NJ, USA) for invasion assay. We
seeded 5.0x10* cells in the upper chambers and the medium
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containing 10% FBS was placed into the lower chamber.
After incubation for 24 h at 37°C, cells on the upper surface
were washed away, whereas the cells on the bottom surface
were fixed with 4% paraformaldehyde for 10 min and stained
with 0.2% crystal violet. The cells were imaged using a digital
light microscope (Leica, Germany).

CCK-8 assay. Cell Counting Kit-8 (CCK-8, Yeasen,
Shanghai, China) was used for examining cell viability
according to the manufacturer’s instruction. 6x10° cells/
well were seeded in a 96-well plate and incubated at 37°C
with 5% CO, for 48 h. During detection, 100pl of fresh
medium containing 10 pl of CCK-8 was added to each well
and incubated for 1h. After incubation, the absorbance was
measured at 450nm by a microplate reader from Thermo
Scientific (Massachusetts, USA).

Statistical analysis. Three independent experiments were
performed in triplicate. All data are reported as the mean
+ SD or median (interquartile range). A p-value <0.05 was
considered the limit of statistical significance. SPSS 19.0 for
Windows Software was used for all analyses.

Results

SOCS2 is an important gene in the carcinogenesis of NP.
Previously research has revealed that SOCS2 plays a key role
in the carcinogenesis of various kinds of tumors [10, 11]. In
order to determine the function of SOCS2 in NP, we assessed
the expression level of SOCS?2 in the 30 pair-matched normal
tissues and NP tissues by qRT-PCR. Compared to the normal
tissues, SOCS2 was highly expressed in NP tissues at the
transcript level (Figure 1A). In addition, we analyzed the
Kaplan-Meier survival curve of 30 NP patients, the results
indicated that higher expression of SOCS2 resulted in short
overall survival time (Figure 1B). Next, we determined the
level of SOCS2 in the human nasopharyngeal epithelial cells
(NP-69) and NP cell lines. As illustrated in Figure 1C and
Figure 1D, SOCS2 was strongly elevated in NP cells at both
mRNA and protein levels. These results imply that SOCS2
may be a critical regulator in the development of NP.

Knock out of SOCS2 inhibits the proliferation, migra-
tion, and invasion of NP cells. As SOCS2 was upregulated
in NP, to determine the detailed role of SOCS2, we depleted
the level of SOCS2 in two NP cell lines (CNE1 and 6-10B)
by using the Crispr/cas9 system. The depletion efficiency
of SOCS2 was confirmed by western blot (Figure 2A).
Functionally, proliferation assay demonstrated that knock
out of SOCS2 resulted in a dramatic reduction in the growth
rate of CNE1 and 6-10B cells. (Figures 2B, 2C). Moreover,
transwell migration and invasion assay were applied to assess
the metastatic ability of NP cells. The number of cells passed
through the transwell filters coated without (migration) or
with (invasion) matrigel was lower in SOCS2 depleted cells
when compared to the control cells (Figure 2D-2I).

The upregulation of SOCS2 promotes the proliferation,
migration, and invasion of NP cells. To further investigate

the functional significance of SOCS2 in NP, we constructed
the overexpression plasmid of SOCS2 and transfected CNE1
and 6-10B cells, which led to a significant upregulation of
SOCS2 expression (Figure 3A). Overexpression of SOCS2 in
CNEI and 6-10B cell lines resulted in a markedly increased
cell growth rate, as measured by CCK-8 assay (Figures 3B,
3C). To reveal the impact of SOCS2 on the metastasis,
transwell assays were performed in NP cell lines. In line with
the results of proliferation, cells overexpressed with SOCS2
presented a higher transfer capability, a significant in cell
migration and invasion was observed in SOCS2 up-regulated
group (Figures 3D-3I).

SOCS2 regulates the expression of EphAl in NP. It
has been reported that the upregulation of SOCS2 could
regulate the level of EphA2 by direct and indirect mecha-
nisms [10, 11], so we hypothesize that EphAl in NP cells
may also be regulated by SOCS2. We detected the expres-
sion of EphA1 in SOCS2 knock out group, SOCS2 overex-
pression group and negative control group, the expression
level of EphA1l was suppressed in SOCS2 knock out group,
on the contrary, the expression of EphA1l was remarkably
upregulated in the SOCS2 overexpression group at both
protein and mRNA levels (Figures 4A, 4B). In addition,
the relationship between SOCS2 and EphAl was deter-
mined in NP tissues via qQRT-PCR with previously used 30
pair-matched samples. The data suggested that the level
of SOCS2 was positively correlated with the expression of
EphAl in NP tissues (Figure 4C).

SOCS2 affects the malignancy of NP cells through
the regulation of EphAl. To determine whether EphAl
mediated the oncogenic role of SOCS2 in NP cells, overex-
pression plasmid and siRNA of EphAl were chemically
synthesized and transfected into NP cell lines. The transfec-
tion efficiency was confirmed by western blot (Figures 4D,
4G). The results demonstrated that increasing the expression
of EphAl could promote the migration and invasion of NP
cells. Notably, knock out of SOCS2 mediated suppression of
the metastasis of NP cells could be reversed by co-expression
of EphAl overexpression plasmid (Figures 4E, 4F; Suppl.
Figures S1A, S1B). In addition, the downregulation of EphA1l
impairs the migration and invasion of NP cells. And the
oncogenic effect of SOCS2 on migration and invasion was
neutralized by knockdown of EphA1 (Figures 4H, 4I; Suppl.
Figures S1C, S1D). Notably, little effect of EphA1 was found
on the survival of NP cells (data not shown). Therefore, the
above data indicated that SOCS2 regulate the metastasis of
NP cells by affecting the expression of EphAl.

Discussion

SOCS family proteins are initially identified to be associ-
ated with multiple signaling pathways, such as JAK/STAT
signaling, insulin signaling, and NF-kappaB pathway
[19-21]. Among the SOCS family, the studies focused on
SOCS2 are relatively limited. The regulation of SOCS2
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involved in several factors, including growth hormone, inter-
leukins, and erythropoietin [22-24].

As for the functions of SOCS2 in cancers, Cui et al. previ-
ously reported that overexpression of SOCS2 could inhibit
tumor metastasis in hepatocellular carcinoma [25], and Zhao

et al. reported that the downregulation of SOCS2 predicted
poor prognosis of patients in human laryngeal squamous cell
carcinoma [26]. Generally, the downregulation of SOCS?2 is
suggested to be related to a poor clinical outcome in various
cancers.
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However, recent studies reported a conflicting role of
SOCS2 during carcinogenesis. Hoefer et al. reported that
SOCS2 expression was increased in prostate cancer and
also correlated with AR expression in the malignant tissue
of patients [27]. Besides, SOCS2 was also identified as an
oncogenic factor in chronic myeloid leukemia and anal
cancer [28, 29]. Here, we firstly present a concept of SOCS2
as a growth promoter during the carcinogenesis of NPC.

In the present study, we detected the expression of SOCS2
using IHC in 30 pairs of NPC patients. The results indicated
that SOCS2 was highly expressed in NPC and the upregu-
lated expression of SOCS2 predicted a worse outcome in NPC
patients. Furthermore, we also found that SOCS2 knockdown
led to a significant decrease in cell proliferation and invasion
in NPC cells. By contrast, overexpression of SOCS2 facili-
tated the proliferation and invasion of NPC cells. Finally, we
also proved a close correlation between SOCS2 and EphAl.
By rescue experiments, we found that SOCS2 promoted the
malignancy of NPC through regulating EphALl.

The controversial roles of SOCS2 during the tumorigen-
esis (promoter or inhibitor) were demonstrated by various

studies. However, the deep reason to explain this phenom-
enon still remains unsure. Hoefer et al. presented a theory
that the dual roles of SOCS2 depended on its concentration
[27]. The relatively lower expression of SOCS2 inhibits GH,
prolactin, and IL signaling while the higher expression of
SOCS2 enhances the responsiveness to the indicated factors
[30, 31]. In our research, we found that the expression of
SOCS2 in NPC was at high levels and SOCS2 functioned as a
positive regulator during tumor proliferation.

The Ephrin family consisted of two subfamilies, including
EphA and EphB. Emerging studies suggested that EphAl
was associated with malignancies and prognosis. EphAl has
already been identified as oncoproteins in various cancers.
Here, we suggested that SOCS2 promotes the malignancy of
NPC through regulating EphA1l.

In conclusion, our study proved that SOCS2 promoted
tumorigenesis of NPC by regulating EphAl and overex-
pressed SOCS?2 facilitated NPC cells proliferation in vivo and
in vitro. SOCS2 might serve as a novel biomarker during the
diagnosis and prognosis, and represents a new therapeutic
strategy for the treatment of NPC.
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Supplementary information is available in the online version
of the paper.
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