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Abstract: Nasopharyngeal carcinoma (NPC) is character-
ized by high morbidity and morality, especially in Southern
China. Transcription factors intensively participate in the
initiation and development of NPC. This study aimed to
investigate the roles of Src-1in NPC. mRNA level was deter-
mined by qRT-PCR. Western blot was carried out for the
protein level. CCK-8 assay was performed to determine
cell viability, colony formation for NPC cell proliferation,
and transwell for cell migration and invasion ability. The
results showed Steroid receptor coactivator 1 (Src-1) was
overexpressed in SNE-2 and 6-10B. The expression of Src-1
and SP2 was in positive correlation. Overexpression of Src-1
promoted the cell viability, colony formation, and epithelial—
mesenchymal transition (EMT), manifested by the increase
of migration and invasion ability, while knockdown of Src-1
exerted opposite effects. Additionally, knockdown or over-
expression of SP2 reversed the effects of overexpressed or
downregulated Src-1, which was reversed by the depletion
of SP2. Moreover, Src-1 interacted with SP2 to regulate EMT-
related genes such as E-cad, N-cad, Vimentin, and ZEBI1,
and proliferation- and apoptosis-related genes, such as bax,
cytochrome ¢, and cleaved caspase3 and bcl-2. Thus, blocking
the interaction between Src-1 and SP2 may be a therapeutic
target for inhibiting the metastasis of NPC.
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1 Introduction

Nasopharyngeal carcinoma (NPC) is originated from the
epithelium of nasopharynx [1]. Nowadays, the incidence
of NPC is highest in Southern China and Southeast Asia
[2]. Almost four-fifths of all NPC cases are in Asia and
most of the cases are diagnosed at advanced stage [3].
Various factors induce the initiation and progression of
NPC [4]. Although great breakthroughs have been made
in the therapy of NPC in the past decades, the morbidity
of NPC remains high and the clinical results in many
cases are still unsatisfactory due to the progressive recur-
rence of NPC and distant metastasis [5,6]. Distant metas-
tasis is the main cause for NPC-related death [7]. To
explore the potential mechanisms underlying the pro-
gression of NPC may provide an effective therapy for NPC.

Tumor metastasis is a complicated process, including
local invasion, intravasation, dissemination, extravasa-
tion, and colonization [8,9]. epithelial-mesenchymal
transition (EMT) is a crucial factor for the acquired meta-
static ability of tumor cells [10,11]. EMT is accompanied
with the degradation of epithelial features and the acqui-
sition of invasive mesenchymal phenotype [12]. There-
fore, EMT is paralleled with the degradation of epithelial
cell adhesion molecules and the increase of mesench-
ymal markers [13]. Interestingly, EMT is modulated by
transcription factors (TFs), such as ZEB, Snail, and Twist.
The activation of TFs binds to its targets to modulate
epithelial or mesenchymal traits, contributing to the pro-
gression of cancer. Steroid receptor coactivator 1 (Src-1 or
NCOA1) is a promoter of progesterone receptor [14]. Addi-
tionally, Src-1 works with other transcriptional factors
such as TTF-1 and PEA3 [15,16]. Src-1 interacts with other
TF or regulates specific pathways to modulate cell prolif-
eration, apoptosis and EMT, etc. [17-19]. Increasing evi-
dences demonstrate Src-1 functions as an oncogene in
cancer, such as breast cancer, thyroid cancer, as well as
NPC [19-21]. However, the potential roles of Src-1 in NPC
have not been fully elucidated.
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SP families (SP1-9) participate in various biological
processes via regulating its downstream [22]. Dysregu-
lated SPs are associated with various disease, including
NPC. SP1 and SP3 promote the development of NPC via
binding to centromere protein H [23]. However, the poten-
tial roles of SP2 in cell and organismal physiology have
not been fully elucidated. SP2 is widely expressed and
performed weakly only if promoters are with consensus
SP2-binding sites or well-characterized by SP1 and SP3.
SP2 regulate the promoter of gene associated with cell
cycle, proliferation, inflammatory response, invasion,
metastasis, and EMT. The abnormal levels of SP2 induce
the aggressive phenotype of hepatocellular carcinoma,
gastric cancer, and pancreatic cancer [24-26]. However,
the potential roles of SP2 in NPC is still unclear.

In the study, Src-1 and SP2 were upregulated in NPC
cells. Meanwhile, Src-1 interacted with SP2 to promote
the proliferation and EMT of NPC. Thus, Src-1 may be a
potential biomarker for NPC.

2 Materials and methods

2.1 Cell culture

Human NPC cell lines (CNE1, SNE-2, 5-8F, and 6-10B)
and nasopharyngeal epithelial cell line NP69 cells were
obtained from American type culture collection (ATCC),
USA. Cell were incubated in RPMI-1640 containing 10%
FBS at 37°C under 5% CO,.

2.2 Transfection

Src-1 overexpression plasmids (Src-1), Src-1 knockdown
plasmids (si-Src-1), SP2 overexpression plasmids (SP2),
SP2 knockdown plasmids (si-SP2), and the empty vector
(Vector), SP2 were purchased from GenePharm, Shanghai.
SNE-2 and 6-10B were treated with Src-1, si-SP2, or Vector
with Lipofectamine 2000 (Invitrogen, USA). After 48 h, the
cells were used in the following experiment.

2.3 qRT-PCR

Total RNA was separated from cells. RNA was synthe-
sized into cDNA using a cDNA reverse transcription kit
(Takara, Japan). PCR was conducted with SYBR® Green
PCR Master mix (Applied Biosystems, USA) on ABI 7500
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Real-Time PCR System under the following thermocy-
cling conditions: 50°C for 2min, and denaturation at
95°C for 10 min, followed by 40 cycles of 95°C for 15s
and 60°C for 1 min. GAPDH served as loading control.
Each experiment was performed thrice. The sequences
of the primer used were as followed: Src-1: Forward: 3’-
TCACTTCAGTCCGCCACT-5'; Reverse: 3-TCGCCTGTTCCTG
GTTGT-5’; SP2: Forward: 5’-CCAGCCTACCCCAAGGAAAC-
3’; Reverse: 5-GGGAGCCCTGAATCTGAAGTAT-3; GAPDH:
Forward, 5-CGGAGTCAACGGATTTGGTCGTAT-3’; Reverse,
5’-AGCCTTCTCCATGGTGGTGAAGAC-3.

2.4 Western blot

Total protein was collected from cells. The protein concen-
tration was determined by BCA Kit (Beyotime, Shanghai).
20 pg of protein was isolated by 12% SDS-PAGE. Then the
separated protein was transferred onto PVDF membranes.
Afterwards, the membrane was first incubated with anti-
E-cad, anti-N-cad, anti-Vimentin, anti-ZEBI, anti-bax, anti-
bcl-2, and anti-cytochrome c, and anti-cleaved-caspase3 at
4°C overnight in shade. Next day, the membranes were
incubated with goat-anti-rabbit at room temperature for
2h. Finally, the protein bands were captured with a ECL
kit on image-pro plus software 6.0.

2.4.1 CCK-8

The cell viability was determined with a CCK-8 Kit (Beyotime,
Shanghai). SNE-2 and 6-10B were planted in 96-well plate.
Then each plate was added with 20 pL CCK-8 solution. The
absorbance of the cells for 0, 24, 48, and 72 h at the wave-
length of 450 nm with a microplate reader.

2.5 Colony formation assay

Cells were cultured with a 96-well plate. After 12-day cul-
tivation, each plate was fixed with 4% paraformaldehyde
and then stained with a 0.4% crystal violet. Subsequently,
the colonies were captured using a dissection microscope
and calculated.

2.6 Transwell

Cells were planted into a 24-well plate and incubated in
the upper chamber with or without Matrigel. The bottom
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chamber was treated with 10% FBS. At 24 h, the non-
migrated or invaded cells were removed. The migrated or
invaded cells were added with 4% methanol and crystal
violet. Finally, the cells were captured and counted.

2.7 Statistical analysis

All data were represented as mean + SD and analyzed with
SPSS 19.0. The difference was analyzed with one-way
ANOVA. P < 0.05 was deemed as statistical significance.

3 Results

3.1 The expression of Src-1 is increased in
NPC cells

gRT-PCR was conducted to detect the level of Src-1 in
NPC. As showed in Figure 1a, Src-1 was significantly
upregulated in NPC cells in comparison with normal
cells. Moreover, the expression of Src-1 in SNE-2 and
6-10B was more remarkable. Therefore, Src-1 in SNE-2
and 6-10B was applied in the following experiment. After
transfected with Src-1 overexpression plasmids, the level
of Src-1 was significantly increased (Figure 1b). Addition-
ally, the expression of Src-1 was downregulated in cells
transfected with si-Src-1, which was more potent in si-
Src-1 2# group (Figure 1c). Hence, si-Src-1 2# was used in
the following experiment. Overexpression of Src-1 remark-
ably promoted the cell viability of SNE-2 and 6-10B com-
pared with empty group (Figure 1d and e). Knockdown of
Src-1 significantly suppressed the cell viability of NPC cells
(Figure 1f and g). Moreover, to investigate the underlying
molecular mechanisms, we examined the downstream of
Src-1. As showed in Figure 1h, the online database GEPIA
showed that the expression of Src-1 was in positive corre-
lation with SP2. Then we determined the expression level
of SP2 in NPC cells. As showed in Figure 1i, SP2 was sig-
nificantly upregulated in NPC cells.

3.2 Overexpression of Src-1 facilitates the
cell viability and proliferation of NPC
cells via regulating SP2

To verify the potential roles of Src-1 in NPC, we investi-
gated the roles of Src-1 in the proliferation of NPC. As
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showed in Figure 2a and c, the expression level of SP2
was upregulated by SP2 overexpression plasmids and
decreased by silenced SP2 (Figure 2a and b). Moreover,
the upregulation of SP2 induced by Src-1 was reversed by
the transfection of SP2 knockdown, while overexpression
of SP2 antagonized the downregulation of SP2 induced by
si-Src-1 (Figure 2c and d). Moreover, As showed in Figure
2e-h, SP2 knockdown reversed the increase of NPC cell
viability induced by overexpressed Src-1, while decrease
of NPC induced by si-Src-1 cell viability was reversed by
SP2. This was paralleled with the results from the colony
formation assay (Figure 2i-1).

3.3 Src-1 promotes the migration and
invasion ability of NPC cells via
regulating SP2

To further explore the roles of Src-1in NPC, we evaluated
the effects of Src-1 on the migration and invasion ability
of NPC cells. Transwell assay was conducted to determine
the migration and invasion ability of SNE-2 and 6-10B
cells. As showed in Figure 3a, the number of migrated
cells in Src-1-treated group was significantly increased
in comparison with empty vector group, which was abated
by SP2 knockdown. Downregulation of Src-1 significantly
inhibited the migration of NPC cells, while overexpressed
SP2 reversed this (Figure 3b). Moreover, the overexpres-
sion of Src-1 significantly augmented the number of
invaded cells; however, downregulation of SP2 antago-
nized increase of invasion ability of SNE-2 and 6-10B cells
induced by upregulation of Src-1 (Figure 3c). Further-
more, overexpressed SP2 abated the inhibitory effects of
Src-1 knockdown on the invasion ability of NPC cells
(Figure 3d). These results suggested overexpressed Src-1
may enhance the migration and invasion ability of NPC
cells.

3.4 Src-1regulates the expression of EMT-
and proliferation-related genes in SP2-
dependent manner

Western blot was conducted to determine the protein
level. E-cadherin, N-cadherin, and Vimentin are crucial
regulators of EMT. Cytochrome c, caspase3, the ratio of
bax/bcl-2 is closely associated with cell proliferation and
apoptosis. Thus, the effects of overexpressed or knockout
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Figure 1: (a) The mRNA level was significantly increased in NPC cells, especially in SNE-2 and 6-10B. (b,c) The transfection efficiency was
determined by qRT-PCR. (d,e) Overexpression of Src-1 increased the cell viability of 6-10B. (e) Knockdown of Src-1 suppressed the cell
viability of SNE-2. (f,g) Knockdown of Src-1 suppressed the cell viability of SNE-2. (h) EPIA analysis showed the expression of Src-1and SP2
was in positive correlation. (i) SP2 was upregulation in NPC cells. **P < 0.01, ***P < 0.001 vs. NP69 or vector group.

Src-1 on the expression of EMT- and apoptosis-related
pathways may verify the roles of Src-1 in the proliferation
and EMT of NPC. As showed in Figure 4a, Src-1 down-
regulated E-cad and upregulated N-cad, Vimentin, and
ZEB1; the regulatory role of Src-1 was alleviated by down-
regulation of SP2. Moreover, the overexpression of Src-1
induced the overexpression of bax, cytochrome c, and
cleaved caspase3 and the downregulation of bcl-2, which
was reversed by SP2 knockdown. However, knockdown
of Src-1 had the opposite effects, which was reversed
by overexpressed SP2 (Figure 4c and d). These results

suggested that the overexpression of Src-1/SP2 inter-
action promotes the proliferation and EMT of NPC.

4 Discussion

NPC ranks as the eighth most common malignancy and is
one of the main reasons for cancer-related death [1]. Src-1
has been associated with many types of cancer [15,19-21].
However, the potential roles of Src-1 in NPC are still
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Figure 2: Src-1 facilitates the cell viability and proliferation of NPC cells via regulating SP2. (a) The expression of SP2 determined by qRT-
PCR. (b) The mRNA level of SP2 detected by gRT-PCR. (c) The expression of SP2 determined by qRT-PCR. (d) The mRNA level of SP2 detected
by qRT-PCR. (e—h) Cell viability of NPC cells detected by CCK-8. (i-1) The proliferation of NPCs determined by colony formation assay.
**P < 0.01vs Vector group. #P < 0.01. vs Src-1 + si-NC group or si-Src-1 + SP2 NC group.

unclear. In this study, Src-1 was upregulated in NPC cells.
Moreover, overexpression of Src-1 promoted prolifera-
tion, EMT of NPC cells, which was reversed by knock-
down of its downstream gene, SP2. Therefore, these
results suggested that activation of Src-1/SP2 axis may
promote the progression of NPC via enhancing the pro-
liferation and EMT of NPC cells.

Steroid receptor coactivator is “master regulators” of
TFs modulating the biological processes in cancer [27].
The potential roles of SRCs in cancer have attracted
increasing attention. The activation of SRC in cancer pre-
dicts poor clinical results [28—-30]. As a crucial member of
SRCs family, Src-1 promotes the progression of endocrine-
resistant breast cancer and resistance to chemotherapeu-
tics [14]. Src-1 binding to NF-kB modulates the level
of VEGF to promote the progression of human thyroid
cancer [15]. In NPC, Src-1 is overexpressed in NPC tissues
in ex vivo assay and predicts the unsatisfactory prognosis
[19]. Moreover, in this study, Src-1 was upregulated in
NPC cells. Moreover, overexpression of Src-1 promoted

the viability of NPC cells; however, knockdown of Src-1
suppressed the proliferation of NPC cells. These results
suggested that Src-1 may act as an oncogene in NPC,
which is consistent with Zhou et al.’s study [19]. How-
ever, the underlying molecular mechanisms are still not
clear.

The key roles of Srcs in AR transcriptional activity,
cell proliferation, migration, and resistance to androgen
deprivation therapy in cancer indicate that Srcs may be
important therapeutic targets [17-19]. A previous study
reveals that natural compounds, gossypol and bufalin,
possessing Src-inhibitory properties can be novel chemo-
therapeutics for acquired cancer cell resistance [31].
Additionally, an increasing body of reports focuses on
blocking the interaction between Srcs and its down-
stream. For instance, blocking the interaction between
integrin a 5 (ITGA5) and Src-1 antagonized Src-1-induced
metastasis of breast cancer [32]. Knockdown of Hepato-
cyte nuclear factor 4alpha (HNF4alpha) activators, such
as PGClalpha, Src-1, and Src-2, promotes the dedifferentiation



1066 —

(@) Vector

Jingjing Zhang et al.

Src- 1+sn NC Src- 1+SI-SP2

4

| vector
o 3507 mm Src-1+si-nc
— _14si-
S 3004 Em Src-1+si-sp2
2 250- e~
o
S 2004
€
« 1504
)
o 1004
2 T
€ 50-
=
Z 0
SNE-2
C
(c) Vector
e
w
Z
7))

6-10B

6-10B

Src-1+si- NC Src 1+sn-SP2

mm vector
- 3507 W Src-1+si-nc
§ 300 ™= Src-1+si-sp2 "
® 250- o
o #
2 200 »
w5 1504
g 1009 T
E 501
P4
0
SNE-2 6-10B

i1 cl: >

6-10B

Number of migrated cells

-
[=]
o

N H 2] =]
o o o ?

o

—_—
Q.
~—

Number of invaded cells

DE GRUYTER
vector S|-Src 1+SP2 NC si-Src-1+SP2
) = < - *:/l

In . i A
> AN 5
o IREY M F = 4= Y
- v - s /
O\ \ é
- -y
- I Sy 7
s \ -
Y AL ~ I
. L & O VRSN
- v
p ¢ \
\\ & 2 ~ ‘
2 % §
. 2 -
" L » b
A oy G X4

@ vector
9 si-Src-1+SP2 NC
@ si-Src-1+SP2

I If

SNE 2 6-10B

vector  si-Src-1+SP2 NC si-Src-1+SP2

X AT Y 50, Nde B 0 £ T

:: (o Y~ - : 0L W7y ‘f: 37 «F

& LLT)e 2N NS =

i ~¥aw ) \ o NAM ) S
{

\)J‘ N i\‘.\' (% i ';. ‘e ‘.‘- .|
. o \ * "A “’; o - 3
KN -y o 2Y ~ . 4] (AR, A b
MANZ v L - A'a \ L "W ’
'-;:.‘ -"” :'}' - /.' NJ
AR LN Py ""A. ’ IS Iy
X 3 M TR \ S %
Com AEVAAY o . A\ > S A
) - FIA LY ody P Ak

N B S A N g &

\,,. 4 ] 8 . Y,
/'.\ /‘ '/‘(\.0 x .'.‘ ; s ';-'l\"

@8 vector
) si-Src-1+SP2 NC

150+ @9 si-Src-1+SP2
100+

50+

0.

SNE-2

6-10B

Figure 3: (a,b) The migration ability of NPC cells determined by transwell assay. (c,d) The invasion ability of NPC cells detected by transwell
assay. **P < 0.01 vs. Vector group. #*P < 0.05, P < 0.01. vs. Src-1 + si-nc group or si-Src-1 + SP2 NC group.
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Figure 4: Src-1 regulates the expression of EMT-and proliferation-related genes in SP2-dependent manner. (a—d) The protein level deter-
mined by Western blot. Downregulation of SP2 alleviated Src-1-induced decrease of E-cad, bax, cytochrome c, and cleaved caspase3, and
increase of N-cad, Vimentin, ZEB1, and bcl-2. Overexpression of SP2 abated the effects of Src-1 knockdown on the expression of E-cad, bax,
cytochrome c, and cleaved caspase3, and increase of N-cad, Vimentin, ZEB1, and bcl-2.

of human hepatomas [33]. The interaction between Src-1
and Twistl promotes the progression of NPC [19]. Thus,
Src-1 may be a promising therapeutic target for NPC. In
this study, SP2 was upregulated in NPC cells. Moreover,
Src-1 was in positive correlation with SP2. Specific pro-
teins (SPs) are the members of SP/Kruppel-like factor
(KLF) transcription factor family [26]. SPs regulate a
pool of gene expression via modulating the activity of
gene promoters [34]. Increasing literatures reveal that
SPs function as an oncogene in cancer [26,35]. SP1-
induced upregulation of MyD88 contributes to the chemo-
resistance of breast cancer [26]. SP2 targets TRIB3 to
facilitate the migration and invasion ability of hepato-
cellular carcinoma [36]. Interestingly, SP1 interacts with
c-Myc to modulate BMI1 transcription and promotes the
progression of NPC [37]. However, the roles of SP2 in NPC

have not been elucidated. Thus, we speculated that the
interaction between Src-1 and SP2 in NPC may be asso-
ciated with the progression of NPC. In this study, the
expression of Src-1 was positively correlated with SP2.
Moreover, Src-1 modulated the proliferation of NPC cells
via regulating SP2. Thence, Src-1 may promote the devel-
opment of NPC in SP2-dependent manner.

Distant metastasis is the key reason for clinical failure.
In tumor scenarios, epithelial-mesenchymal transfor-
mation (EMT) is an essential step during tumor cell
metastasis and differentiation [15]. Numerous evidences
demonstrate that transcriptional factors modulate the
initiation and development of cancer via regulating var-
ious biological processes [27-30]. Furthermore, it may
also work with other transcription factors. YY1 inhibits
c-Myc transcriptional activity to inhibit the cell proliferation
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and cell cycle in NPC [38]. In this study, Src-1 and SP2
may function as oncogenes in NPC. Src-1 interacted with
SP2 to modulate the proliferation and EMT of NPC cells.
However, blocking the interaction with Src-1 and SP2
exerted inhibitory effects on the progression of NPC.
Thence, SP2/Src-1 axis may be a potential target for NPC.

To our knowledge, this is the first study to investigate
the roles of Src-1/SP2 axis in NPC. However, there are
several limitations in this study. First, the present study
was concerned with in vitro assay; in vivo assay is needed
in further study. Second, clinical practice may make the
study more convincing.

In conclusion, Src-1 and SP2 were upregulated in
NPC. Blocking the interaction between Src-1 and SP2
inhibited the proliferation and EMT of NPC cells. The
Src-1/SP2 axis may be a potential therapeutic target
for NPC.

Funding information: This study was supported by Scientific
Research Program of Health and Family Planning System
in Shenzhen (SZXJ2018079) and Three Medical and Health
Projects in Shenzhen (SZSM201612076).

Author contributions: J. Z. analyzed and interpreted the
patient data and was a major contributor in writing
the manuscript. Y. Y. and H. L. confirm the authenticity
of all the raw data. H. H. provided the idea and designed
the work.

Conflict of interest: The authors declare that there is no
conflict of interest in this study.

Data availability statement: The datasets used and/or
analyzed during the current study are available from
the corresponding author on reasonable request.

References

[1] Kutok JL, Wang F. Spectrum of Epstein-Barr virus-associated
diseases. Annu Rev Pathol. 2006;1:375-404.

[2] Yang HJ, Huang TJ, Yang CF, Peng LX, Liu RY, Yang GD, et al.
Comprehensive profiling of Epstein-Barr virus-encoded miRNA
species associated with specific latency types in tumor cells.
Virol J. 2013;10:314.

[3] Wei WI, Sham JS. Nasopharyngeal carcinoma. Lancet.
2005;365:2041-54.

[4] Chang ET, Adami HO. The enigmatic epidemiology of naso-
pharyngeal carcinoma. Cancer Epidemiol Biomarkers Prev.
2006;15:1765-77.

[5] Langendijk JA, Leemans CR, Buter ], Berkhof ], Slotman BJ. The
additional value of chemotherapy to radiotherapy in locally

(6]

(10]

(11]

(12]

(14]

(15]

(16]

(17]

(18]

(19]

DE GRUYTER

advanced nasopharyngeal carcinoma: a meta-analysis of the
published literature. J Clin Oncol. 2004;22:4604-12.

Baujat B, Audry H, Bourhis ], Chan AT, Onat H, Chua DT, et al.
Chemotherapy in locally advanced nasopharyngeal carcinoma:
an individual patient data meta-analysis of eight randomized
trials and 1753 patients. Int ] Radiat Oncol Biol Phys.
2006;64:47-56.

Lu J, Liu QH, Wang F, Tan ], Deng YQ, Peng XH, et al. Exosomal
miR-9 inhibits angiogenesis by targeting MDK and regulating
PDK/AKT pathway in nasopharyngeal carcinoma. ] Exp Clin
Cancer Res. 2018;37(1):147.

Li ZL, Ye SB, OuYang LY, Zhang H, Chen YS, He J, et al. COX-2
promotes metastasis in nasopharyngeal carcinoma by med-
iating interactions between cancer cells and myeloid-derived
suppressor cells. Oncoimmunology. 2015;4:€1044712.
Demircioglu F, Hodivala-Dilke K. alphavbeta3 integrin and
tumour blood vessels-learning from the past to shape the
future. Curr Opin Cell Biol. 2016;42:121-7.

Qi XK, Han HQ, Zhang HJ, Xu M, Li L, Chen L, et al. OVOL2 links
stemness and metastasis via fine-tuning epithelial-
mesenchymal transition in nasopharyngeal carcinoma.
Theranostics. 2018;8(8):2202-16.

Zou Y, Yang R, Huang ML, Kong YG, Sheng JF, Tao ZZ, et al.
NOTCH2 negatively regulates metastasis and epithelial-
mesenchymal transition via TRAF6/AKT in nasopharyngeal
carcinoma. J Exp Clin Cancer Res. 2019;38(1):456.

Shibue T, Weinberg RA. EMT, CSCs, and drug resistance: the
mechanistic link and clinical implications. Nat Rev Clin Oncol.
2017;14:611-29; Tam WL, Weinberg RA. The epigenetics of
epithelial-mesenchymal plasticity in cancer. Nat Med.
2013;19:1438-49.

Zeng Q, Liu YM, Liu J, Han J, Guo JX, Lu S, et al. Inhibition of
ZIP4 reverses epithelial-to-mesenchymal transition and
enhances the radiosensitivity in human nasopharyngeal
carcinoma cells. Cell Death Dis. 2019;10(8):588.

Browne AL, Charmsaz S, Vareslija D, Fagan A, Cosgrove N,
Cocchiglia S, et al. Network analysis of Src-1 reveals a novel
transcription factor hub which regulates endocrine resistant
breast cancer. Oncogene. 2018;37(15):2008-21.

Yi M, Tong GX, Murry B, Mendelson CR. Role of CBP/p300 and
Src-1in transcriptional regulation of the pulmonary surfactant
protein-A (SP-A) gene by thyroid transcription factor-1 (TTF-1).
J Biol Chem. 2002;277(4):2997-3005.

Fleming FJ, Myers E, Kelly G, Crotty TB, McDermott EW,
O’Higgins NJ, et al. Expression of Src-1, AIB1, and PEA3 in HER2
mediated endocrine resistant breast cancer; a predictive role
for Src-1. J Clin Pathol. 2004 Oct;57(10):1069-74.

Chen X, Qin L, Liu Z, Liao L, Martin JF, Xu J. Knockout of Src-1
and SRC-3 in mice decreases cardiomyocyte proliferation and
causes a noncompaction cardiomyopathy phenotype. Int | Biol
Sci. 2015;11(9):1056-72.

Quan XJ, Liang CL, Sun MZ, Zhang L, Li XL. Overexpression of
steroid receptor coactivators alleviates hyperglycemia-
induced endothelial cell injury in rats through activating the
PI3K/Akt pathway. Acta Pharmacol Sin. 2019;40(5):648-57.
Zhou J, Zhang J, Xu M, Ke Z, Zhang W, Mai ). High Src-1 and
Twistl expression predicts poor prognosis and promotes
migration and invasion by inducing epithelial-mesenchymal
transition in human nasopharyngeal carcinoma. PLoS One.
2019;14(4):€0215299.



DE GRUYTER

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

Wang S, Yuan Y, Liao L, Kuang SQ, Tien JC, O’Malley BW, et al.
Disruption of the Src-1 gene in mice suppresses breast cancer
metastasis without affecting primary tumor formation. Proc
Natl Acad Sci USA. 2009;106(1):151-6.

Kavanagh DO, Mcllroy M, Myers E, Bane F, Crotty TB,
McDermott E, et al. The role of oestrogen receptor {alpha} in
human thyroid cancer: contributions from coregulatory pro-
teins and the tyrosine kinase receptor HER2. Endocr Relat
Cancer. 2010;17(1):255-64.

Suske G, Bruford E, Philipsen S. Mammalian SP/KLF tran-
scription factors: bring in the family. Genomics.
2005;85:551-6.

Zhao WF, Wang HB, Xie B, Hu LJ, Xu LH, Kuang BH, et al. SP1
and SP3 are involved in the full transcriptional activity of
centromere protein H in human nasopharyngeal carcinoma
cells. FEBS ). 2012;279(15):2714-26.

Zhao LY, Yao Y, Han J, Yang ], Wang XF, Tong DD, et al. miR-638
suppresses cell proliferation in gastric cancer by targeting
SP2. Dig Dis Sci. 2014;59(8):1743-53.

Baumgart S, Chen NM, Zhang JS, Billadeau DD, Gaisina IN,
Kozikowski AP, et al. GSK-3beta governs inflammation-
induced NFATc2 signaling hubs to promote pancreatic cancer
progression. Mol Cancer Ther. 2016;15(3):491-502.

ZhuY, Cui |, Liu ), Hua W, Wei W, Sun G. SP2 promotes invasion
and metastasis of hepatocellular carcinoma by targeting TRIB3
protein. Cancer Med. 2020;9(10):3592-603.

Geng C, He B, Xu L, Barbieri CE, Eedunuri VK, Chew SA,

et al. Prostate cancer-associated mutations in speckle-type
POZ protein (SPOP) regulate steroid receptor coactivator

3 protein turnover. Proc Natl Acad Sci USA.
2013;110(17):6997-7002.

Cai D, Shames DS, Raso MG, Xie Y, Kim YH, Pollack JR, et al.
Steroid receptor coactivator-3 expression in lung cancer and
its role in the regulation of cancer cell survival and prolifera-
tion. Cancer Res. 2010;70(16):6477-85.

[29]

(30]

(31

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Roles of Src-1in nasopharyngeal carcinoma —— 1069

Palmieri C, Gojis O, Rudraraju B, Stamp-Vincent C, Wilson D,
Langdon S, et al. Expression of steroid receptor coactivator 3 in
ovarian epithelial cancer is a poor prognostic factor and a marker
for platinum resistance. Br ] Cancer. 2013;108(10):2039-44.
Song X, Zhang C, Zhao M, Chen H, Liu X, Chen J, et al. Steroid
receptor coactivator-3 (SRC-3/AIB1) as a novel therapeutic
target in triple negative breast cancer and its inhibition with a
Phospho-Bufalin Prodrug. PLoS One. 2015;10(10):€0140011.
Wang Y, Lonard DM, Yu Y, Chow DC, Palzkill TG, O’Malley BW.
Small molecule inhibition of the steroid receptor coactivators,
SRC-3 and Src-1. Mol Endocrinol. 2011;25(12):2041-53.

Qin L, Chen X, Wu Y, Feng Z, He T, Wang L, et al. Steroid
receptor coactivator-1 upregulates integrin a; expression to
promote breast cancer cell adhesion and migration. Cancer
Res. 2011;71(5):1742-51.

Wang JC, Stafford JM, Granner DK. Src-1 and GRIP1 coactivate
transcription with hepatocyte nuclear factor 4. ] Biol Chem.
1998;273(47):30847-50.

Vizcaino C, Mansilla S, Portugal J. SP1 transcription factor: a
long-standing target in cancer chemotherapy. Pharmacol Ther.
2015;152:111-24.

Zhao LY, YaoY, Han J, Yang ], Wang XF, Tong DD, et al. miR-638
suppresses cell proliferation in gastric cancer by targeting
sp2. Dig Dis Sci. 2014;59(8):1743-53.

Dong H, Wang W, Mo S, Chen R, Zou K, Han J, et al. SP1-
induced IncRNA AGAP2-AS1 expression promotes chemo-
resistance of breast cancer by epigenetic regulation of MyD88.
J Exp Clin Cancer Res. 2018;37(1):202.

Wang HB, Liu GH, Zhang H, Xing S, Hu L), Zhao WF, et al. SP1
and c-Myc regulate transcription of BMI1 in nasopharyngeal
carcinoma. FEBS ). 2013;280(12):2929-44.

Li M, Liu'Y, Wei Y, Wu C, Meng H, Niu W, et al. Zinc-finger
protein YY1 suppresses tumor growth of human nasopharyn-
geal carcinoma by inactivating c-Myc-mediated microRNA-141
transcription. ) Biol Chem. 2019;294(15):6172-87.



	1 Introduction
	2 Materials and methods
	2.1 Cell culture
	2.2 Transfection
	2.3 qRT-PCR
	2.4 Western blot
	2.4.1 CCK-8

	2.5 Colony formation assay
	2.6 Transwell
	2.7 Statistical analysis

	3 Results
	3.1 The expression of Src-1 is increased in NPC cells
	3.2 Overexpression of Src-1 facilitates the cell viability and proliferation of NPC cells via regulating SP2
	3.3 Src-1 promotes the migration and invasion ability of NPC cells via regulating SP2
	3.4 Src-1 regulates the expression of EMT- and proliferation-related genes in SP2-dependent manner

	4 Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


