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UNC119 promotes the malignant progression of nasopharyn-
geal carcinoma cells by regulating Wnt/β-catenin pathway
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ABSTRACT: UNC119, also known as human retinal gene 4 (HRG4), has been found to contribute to the tumorigenesis
of hepatocellular carcinoma. However, the role and mechanism of UNC119 in nasopharyngeal carcinoma has not
been systematically investigated yet. Data from western blot and RT-qPCR assays showed that UNC119 was elevated
in nasopharyngeal carcinoma cells and tissues. Functional assays demonstrated that transfection with siRNA targeting
UNC119 reduced cell viability and suppressed proliferation, invasion, and migration of nasopharyngeal carcinoma cells.
Moreover, silence of UNC119 decreased the protein expressions of N-cadherin and vimentin while, on the other hand,
increased the protein expressions of E-cadherin and zonula occludes-1 (ZO-1) to suppress epithelial-mesenchymal
transition in nasopharyngeal carcinoma. The protein expressions of Axin2 and adenomatous polyposis coli (APC) were
up-regulated, while β-catenin and matrix metalloproteinase-7 (MMP-7) were down-regulated by silence of UNC119
in nasopharyngeal carcinoma cells. In conclusion, knockdown of UNC119 suppressed cell growth and metastasis,
and repressed epithelial-mesenchymal transition in nasopharyngeal carcinoma through inactivation of Wnt/β-catenin
pathway.
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INTRODUCTION

Nasopharyngeal carcinoma [1] and laryngeal or hy-
popharyngeal cancer [2] are throat cancers with highly
prevalence in Southeast Asia and Southern China.
Although nasopharyngeal carcinoma cells are sensitive
to radiation, chemotherapy and radiotherapy are the
preferred strategy for its treatment, and the 5-year
survival rate of patients with this cancer at early
stage is up to 80% [3]. However, radiotherapy often
leads to serious adverse effects, and patients with
distant metastasis and local recurrence are resistant
to chemotherapy and radiotherapy [4]. Therefore,
the strategies to suppress nasopharyngeal carcinoma
metastasis are essential for the individualized clinical
treatment of patients with metastatic nasopharyngeal
carcinoma and the improvement of poor prognosis.

UNC119, also known as human retinal gene 4
(HRG4), was firstly identified as a photoreceptor
synaptic protein [5]. UNC119 was implicated in the
pathogenesis of retinal degeneration [6]. Recently,
UNC119 was found to be up-regulated in hepatocellu-
lar carcinoma tissues, and the knockdown of UNC119
suppressed cell proliferation and induced cell cycle
arrest at G0/G1 stage in hepatocellular carcinoma [7].
Over-expression of UNC119 enhanced cell prolifer-
ation and metastasis in hepatocellular carcinoma
through the Wnt/β-catenin and TGF-β/EMT signaling
pathways [8]. Interestingly, low UNC119 expres-
sion was associated with poor prognosis of patients,

and UNC119 interacted with Ras-association domain
family 6 to promote cell apoptosis [9]. UNC119
functioned as a tumor suppressor through antago-
nism of Ras-association domain family 6/MDM2/p53-
mediated malignant transformation [10]. Nonethe-
less, the role of UNC119 in nasopharyngeal carcinoma
progression remains unknown.

The Wnt/β-catenin pathway was activated in na-
sopharyngeal carcinoma to promote cell prolifera-
tion and metastasis [11]. Suppression of Wnt/β-
catenin pathway could ameliorate tumorigenesis in
nasopharyngeal carcinoma [12]. Considering that
UNC119 promoted the activation of Wnt/β-catenin
during the progression of hepatocellular carcinoma
[7, 8], UNC119 was hypothesized to be an oncogene
in nasopharyngeal carcinoma through activation of
Wnt/β-catenin.

In this study, the expression levels of UNC119
in nasopharyngeal carcinoma tissues and cell lines
were firstly determined, and loss-of functional assays
were then performed to clarify its functional role in
nasopharyngeal carcinoma.

MATERIALS AND METHODS

Tissue specimens

This study was in accordance with the standards up-
held by the Ethics Committee of Hangzhou Hospital
of Zhejiang Medical and Health Group (Approval no.
20210009) and with those of the 1964 Helsinki Dec-
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laration and its later amendments for ethical research
involving human subjects. Tumor and paracancerous
tissues were collected from nasopharyngeal carcinoma
patients (N = 40), with written informed consents, re-
cruited at the Hangzhou Hospital of Zhejiang Medical
and Health Group, whose.

Cell culture and transfection

Three common and widely studied nasopharyngeal
carcinoma cell lines (C666-1, SUNE-1, and 5-8F) and
nasopharyngeal epithelial cell line (NP69) were pur-
chased from Chinese Academy of Sciences (Shanghai,
China), and identified via PCR analysis of HPV18 and
STR analysis. Following the test of mycoplasma con-
tamination, cells were cultured in RPMI-1640 medium
with 100 U/ml streptomycin-penicillin and 10% fetal
bovine serum (Gibco, Carlsbad, CA, USA). siRNA tar-
geting UNC119 (si-UNC119) and the negative control
(si-NC) were synthesized by GenePharma (Suzhou,
China). C666-1 cell line was transfected with siRNAs
by Lipofectamine 2000 (Gibco) for 48 hours before
functional assays. Cells treated with Lipofectamine
2000 were regarded as control group.

Cell viability and colony formation assays

After transfection, C666-1 cell line was seeded in 96-
well plates and incubated for 24, 48, 72, or 96 h. Cells
were incubated with CCK 8 solution (Dojindo, Tokyo,
Japan) for 2 h. Absorbance at 450 nm was measured
by Microplate Autoreader (Thermo Fisher, Waltham,
MA, USA). For cell colony formation assay, C666-1
cell line was seeded in 6-well plates and cultured in
the medium for 10 days. Cells were fixed and then
stained with crystal violet before measurement under
light microscope (Olympus, Tokyo, Japan).

Wound healing and transwell assays

After transfection, C666-1 cell line was seeded in 96-
well plates and, then, scratched by a pipette tip for
wound healing assay. 24 h later, the wound gaps were
photographed under the microscope. For cell invasion
assay, C666-1 cells in serum-free medium were added
into the upper chamber of Matrigel-coated well (Corn-
ing, Tewksbury, MA, USA). Medium containing 10%
fetal bovine serum was added to the lower chamber.
24 h later, the methanol-fixed and crystal violet-stained
cells were photographed under the microscope.

RT-qPCR

RNAs isolated from nasopharyngeal carcinoma tis-
sues and cells were reverse-transcribed into cD-
NAs, and then performed with SYBR Green Mas-
ter (Roche, Mannheim, Germany) to determine
the mRNA levels of UNC119. Primers: UNC119
(forward: 5′-GAGGACGTGCTGGGGCT-3′ and reverse:
5′-CTGAGTCCATGTCCCGAATC-3′) and GAPDH (en-
dogenous control; forward: 5′-ACCACAGTCCATGCCA

TCAC-3′ and reverse: 5′-TCCACCACCCTGTTGCTGTA-
3′), were used in this study.

Western blot

Protein extracted from nasopharyngeal carcinoma tis-
sues and cells were segregated by SDS-PAGE and,
then, transferred onto nitrocellulose membranes. The
membranes were blocked by 5% bovine serum al-
bumin, and then incubated with primary antibod-
ies: anti-UNC119 and anti-GAPDH (1:2000); anti-N-
cadherin and anti-E-cadherin (1:2500); anti-Vimentin
and anti-ZO-1 (1:3000); anti-β-catenin and anti-Axin2
(1:3500); and anti-AP and anti-MMP-7 (1:4000); then,
incubated with the corresponding secondary antibod-
ies (1:5000). Chemiluminescence reagent kit (Be-
yotime Biotechnology, Beijing, China) was used to
visualize the protein strips. All the antibodies were
purchased from Abcam (Cambridge, MA, USA).

Statistical analysis

All data were expressed as mean±SEM, and analyzed
by student’s t-test or one-way analysis of variance.
A p-value of < 0.05 was considered as statistically
significant.

RESULTS

UNC119 was up-regulated in nasopharyngeal
carcinoma tissues and cell lines

The mRNA (Fig. 1A) and protein (Fig. 1B) expression
levels of UNC119 were firstly found to be elevated
in the nasopharyngeal carcinoma tissues compared
with the normal tissues. Moreover, nasopharyngeal
carcinoma cell lines, C666-1, SUNE-1, and 5-8F also
expressed higher levels of UNC119 than nasopharyn-
geal epithelial cell line NP69 (Fig. 1C,D). C666-1 cell
line with the highest expression of UNC119 was used
for the functional assays. These results demonstrated
that UNC119 might be involved in the progression of
nasopharyngeal carcinoma.

Silence of UNC119 repressed proliferation of
nasopharyngeal carcinoma cells

C666-1 cell line was transfected with si-UNC119, and
the protein expression of UNC119 was significantly
reduced compared with the control or the negative
control (si-NC) (Fig. 2A). The viability and colonies
numbers of C666-1 cells were decreased by si-UNC119
transfection as compared with the si-NC (Fig. 2B,C),
suggesting the proliferative effects of UNC119 on na-
sopharyngeal carcinoma cells.

Silence of UNC119 repressed invasion and
migration of nasopharyngeal carcinoma cells

In addition to its anti-proliferative effect, silence of
UNC119 also repressed the migratory number of C666-
1 cells as compared with the si-NC (Fig. 3A). More-
over, the invasive number of C666-1 cells was also
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Fig. 1 UNC119 was up-regulated in the nasopharyngeal carcinoma tissues compared with the normal tissues: (A) UNC119
mRNA and (B) UNC119 protein; and in the nasopharyngeal carcinoma cell lines (C666-1, SUNE-1, 5-8F) compared with the
nasopharyngeal epithelial cell line (NP69): (C) UNC119 mRNA and (D) UNC119 protein. * p < 0.05, ** p < 0.01.

Fig. 2 Silence of UNC119 repressed cell proliferation of nasopharyngeal carcinoma. Transfection with si-UNC119:
(A) decreased protein expression of UNC119; (B) reduced C666-1 cell viability; and (C) suppressed C666-1 cell proliferation.
** p < 0.01.

suppressed by knockdown of UNC119 as compared
with the si-NC (Fig. 3B), indicating the metastatic role
of UNC119 in nasopharyngeal carcinoma.

Silence of UNC119 repressed epithelial-mesenchy-
mal transition of nasopharyngeal carcinoma

Knockdown of UNC119 decreased the protein expres-
sions of N-cadherin and Vimentin but enhanced the
protein expressions of E-cadherin and ZO-1 in C666-1
cell line (Fig. 4). These results suggested that UNC119

contributed to epithelial-mesenchymal transition of
nasopharyngeal carcinoma.

Silence of UNC119 suppressed the activation of
Wnt/β-catenin pathway

The protein expressions of β-catenin and MMP-7 were
reduced by the knockdown of UNC119 in C666-1
cell line (Fig. 5). However, Axin2 and APC were
up-regulated by the knockdown (Fig. 5), revealing
that UNC119 contributed to the activation of Wnt/β-
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Fig. 3 Silence of UNC119 repressed invasion and migration of nasopharyngeal carcinoma cells. Transfection with si-UNC119
suppressed C666-1cell: (A) migration and (B) invasion. ** p < 0.01.

Fig. 4 Silence of UNC119 repressed epithelial-mesenchymal transition of nasopharyngeal carcinoma. Transfection with si-
UNC119 enhanced the protein expressions of E-cadherin and ZO-1, and reduced the protein expressions of N-cadherin and
Vimentin in C666-1 cell line. ** p < 0.01.
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Fig. 5 Silence of UNC119 suppressed the activation of Wnt/β-catenin pathway. Transfection with si-UNC119 enhanced the
protein expressions of Axin2 and APC, and reduced the protein expressions of β-catenin and MMP-7 in C666-1 cell line.
** p < 0.01.

catenin pathway in nasopharyngeal carcinoma cells.

DISCUSSION

Nasopharyngeal carcinoma tends to metastasize at the
advanced stage, and the distant metastasis increases
the mortality rate of patients [13]. Targeted thera-
pies, such as EGFR1 and C-kit, have been clinically
investigated to prevent metastatic nasopharyngeal car-
cinoma [14]. UNC119 was found to act as either an
oncogene [7, 8] or tumor suppressor in various tumors
[9, 10]. The exact role of UNC119 in the metastasis
of nasopharyngeal carcinoma was, therefore, investi-
gated in this study.

Here, UNC119 was elevated in nasopharyngeal
carcinoma tissues and cell lines. Although high
UNC119 expression was not significantly associated
with TNM stage, tumor size, and liver cirrhosis in
patients with hepatocellular carcinoma; it predicted
poor prognosis in patients with hepatocellular carci-
noma [7]. Correlation between UNC119 expression
and clinicopathological parameters of patients with na-
sopharyngeal carcinoma should be further investigated
to verify whether UNC119 was a metastasis-associated
biomarker or prognostic biomarker of nasopharyngeal
carcinoma.

Loss-of functional assays showed that silence of
UNC119 reduced the cell viability and suppressed
the proliferation, the migration, and the invasion
of nasopharyngeal carcinoma cells, suggesting that

UNC119 might be a therapeutic target for its treat-
ment. Epithelial-mesenchymal transition is considered
to be a key process of metastasis in nasopharyngeal
carcinoma [15], of which the epithelial markers (in-
cluding E-cadherin and ZO-1) were down-regulated
and the mesenchymal markers (including N-cadherin
and Vimentin) were up-regulated [16]. As a re-
sult, the epithelial-to-mesenchymal transition-induced
metastasis in nasopharyngeal carcinoma was atten-
uated [17]. UNC119 has been shown to induce
epithelial-to-mesenchymal transition and promote the
migration of hepatocellular carcinoma [8]. Knock-
down of UNC119 in this study reduced the protein
expressions of N-cadherin and Vimentin, and enhanced
the protein expressions of E-cadherin and ZO-1 to
suppress epithelial-to-mesenchymal transition in na-
sopharyngeal carcinoma.

Upon binding with Wnt ligands, the Wnt/β-
catenin pathway was initiated, and the downstream
targets were then activated by T-cell factor/lymphoid
enhancer factor, thus involving in tumor metasta-
sis [18]. β-catenin pathway also interacts with TGF-
β, epithelial-mesenchymal transition, and other path-
ways to promote self-renewal networks and inhibit tu-
mor suppressive pathways during the development of
nasopharyngeal carcinoma [19]. Inhibition of Wnt/β-
catenin pathway in nasopharyngeal carcinoma also
suppressed tumor cell growth and arrested tumor cell
stemness [20]. In particular, Wnt/β-catenin pathway
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was activated by UNC119 in hepatocellular carcinoma
[7, 8]. Here, results showed that β-catenin was de-
creased by the knockdown of UNC119 in nasopha-
ryngeal carcinoma cells. Moreover, MMP-7, a tran-
scriptional target of Wnt/β-catenin pathway, was also
reduced by the knockdown. However, the knockdown
of UNC119 increased the expression of Wnt suppressor,
Axin2 and promoted the destruction of β-catenin APC
complex components in nasopharyngeal carcinoma
cells, thereby inhibiting tumor metastasis. However,
since MDM2/p53-mediated tumor cell apoptosis was
promoted by interaction between UNC119 and tumor
suppressor Ras-association domain family 6 [9, 10],
the UNC119 effect on Ras-association domain family
6/MDM2/p53 axis during nasopharyngeal carcinoma
progression should be further investigated.

Taken together, UNC119 functioned as an onco-
gene in nasopharyngeal carcinoma, and knockdown
of UNC119 suppressed viability, colony formation, in-
vasion, and migration of nasopharyngeal carcinoma
cells through inactivation of Wnt/β-catenin pathway.
These results implied that UNC119 might be a crucial
therapeutic target for the treatment of nasopharyngeal
carcinoma.

Acknowledgements: This work was supported by
Hangzhou Health Science and Technology Plan Project in
2020 (Grant No. ZD20200107).

REFERENCES

1. Wong KC, Hui EP, Lo K-W, Lam WKJ, Johnson D, Li L, Tao
Q, Chan KCA, et al (2021) Nasopharyngeal carcinoma:
an evolving paradigm. Nat Rev Clin Oncol 18, 679–695.

2. Jiaa Y-J, Youa H-H, Zhoub S-H (2021) The value of
exosomes in patients with laryngeal or hypopharyngeal
cancer. ScienceAsia 47, 57–63.

3. Chen Y-P, Chan ATC, Le Q-T, Blanchard P, Sun Y, Ma J
(2019) Nasopharyngeal carcinoma. Lancet 394, 64–80.

4. Chen YP, Wang ZX, Chen L, Liu X, Tang LL, Mao YP, Li WF,
Lin AH, et al (2015) A Bayesian network meta-analysis
comparing concurrent chemoradiotherapy followed by
adjuvant chemotherapy, concurrent chemoradiotherapy
alone and radiotherapy alone in patients with locore-
gionally advanced nasopharyngeal carcinoma. Ann On-
col 26, 205–211.

5. Higashide T, Inana G (1999) Characterization of the
gene for HRG4 (UNC119): a novel photoreceptor
synaptic protein homologous to Unc-119. Genomics 57,
446–450.

6. Mori N, Ishiba Y, Kubota S, Kobayashi A, Higashide
T, McLaren MJ, Inana G (2006) Truncation mutation
in HRG4 (UNC119) leads to mitochondrial ANT-1-
mediated photoreceptor synaptic and retinal degenera-
tion by apoptosis. Invest Ophth Vis Sci 47, 1281–1292.

7. Lei B, Chai W, Wang Z, Liu R (2015) Highly expressed
UNC119 promotes hepatocellular carcinoma cell prolif-
eration through Wnt/β-catenin signaling and predicts a
poor prognosis. Am J Cancer Res 5, 3123–3134.

8. Liu Z, Zhang Y, Xu Z (2018) UNC119 promotes the
growth and migration of hepatocellular carcinoma via
Wnt/2/catenin and TGF/2-EMT signaling pathways. J
Buon 23, 188–192.

9. Iwasa H, Sarkar A, Shimizu T, Sawada T, Hossain S,
Xu X, Maruyama J, Arimoto-Matsuzaki K, et al (2018)
UNC119 is a binding partner of tumor suppressor Ras-
association domain family 6 and induces apoptosis and
cell cycle arrest by MDM2 and p53. Cancer Sci 109,
2767–2780.

10. Shimizu T, Nakamura T, Inaba H, Iwasa H, Maruyama
J, Arimoto-Matsuzaki K, Nakata T, Nishina H, et al
(2020) The RAS-interacting chaperone UNC119 drives
the RASSF6-MDM2-p53 axis and antagonizes RAS-
mediated malignant transformation. J Biol Chem 295,
11214–11230.

11. Sinnung S, Janvilisri T, Kiatwuthinon P (2021) Reversal
of cisplatin sensitization and abrogation of cisplatin-
enriched cancer stem cells in 5-8F nasopharyngeal carci-
noma cell line through a suppression of Wnt/β-catenin-
signaling pathway. Mol Cell Biochem 476, 1663–1672.

12. Zeng W (2020) Bisphenol A triggers the malignancy of
nasopharyngeal carcinoma cells via activation of Wnt/β-
catenin pathway. Toxicol In Vitro 66, ID 104881.

13. Ke L, Xiang Y, Xia W, Yang J, Yu Y, Ye Y, Liang H, Guo
X, et al (2016) A prognostic model predicts the risk of
distant metastasis and death for patients with nasopha-
ryngeal carcinoma based on pre-treatment interleukin 6
and clinical stage. Clin Immunol 164, 45–51.

14. Bensouda Y, Kaikani W, Ahbeddou N, Rahhali R, Jabri M,
Mrabti H, Boussen H, Errihani H (2011) Treatment for
metastatic nasopharyngeal carcinoma. Eur Ann Otorhi-
nolary 128, 79–85.

15. Zhang T, Yin P, Zhang Z, Xu B, Che D, Dai Z, Dong C,
Jiang P, et al (2017) Deficiency of pigment epithelium-
derived factor in nasopharyngeal carcinoma cells trig-
gers the epithelial-mesenchymal transition and metas-
tasis. Cell Death Dis 8, e2838.

16. Yan Q, Zeng Z, Gong Z, Zhang W, Li X, He B, Song Y, Li Q,
et al (2015) EBV-miR-BART10-3p facilitates epithelial-
mesenchymal transition and promotes metastasis of na-
sopharyngeal carcinoma by targeting BTRC. Oncotarget
6, 41766–41782.

17. Yang P, Chen S, Zhong G, Wang Y, Kong W, Wang Y
(2019) ResolvinD1 attenuates high-mobility group box
1-induced epithelial-to-mesenchymal transition in na-
sopharyngeal carcinoma cells. Exp Biol Med (Maywood)
244, 1608–1618.

18. Chou J, Lin Y-C, Kim J, You L, Xu Z, He B, Jablons
DM (2008) Nasopharyngeal carcinoma-review of the
molecular mechanisms of tumorigenesis. Head Neck 30,
946–963.

19. Cheng Y, Cheung AKL, Ko JMY, Phoon YP, Chiu PM,
Lo PHY, Waterman ML, Lung ML (2013) Physiological
β-catenin signaling controls self-renewal networks and
generation of stem-like cells from nasopharyngeal carci-
noma. BMC Cell Biol 14, ID 44.

20. Cheng Y, Phoon YP, Jin X, Chong SYS, Ip JCY, Wong
BWY, Lung ML (2015) Wnt-C59 arrests stemness and
suppresses growth of nasopharyngeal carcinoma in mice
by inhibiting the Wnt pathway in the tumor microenvi-
ronment. Oncotarget 6, 14428–14439.

www.scienceasia.org

http://www.scienceasia.org/
http://dx.doi.org/10.1038/s41571-021-00524-x
http://dx.doi.org/10.1038/s41571-021-00524-x
http://dx.doi.org/10.1038/s41571-021-00524-x
http://dx.doi.org/10.2306/scienceasia1513-1874.2021.013
http://dx.doi.org/10.2306/scienceasia1513-1874.2021.013
http://dx.doi.org/10.2306/scienceasia1513-1874.2021.013
http://dx.doi.org/10.1016/S0140-6736(19)30956-0
http://dx.doi.org/10.1016/S0140-6736(19)30956-0
http://dx.doi.org/10.1093/annonc/mdu507
http://dx.doi.org/10.1093/annonc/mdu507
http://dx.doi.org/10.1093/annonc/mdu507
http://dx.doi.org/10.1093/annonc/mdu507
http://dx.doi.org/10.1093/annonc/mdu507
http://dx.doi.org/10.1093/annonc/mdu507
http://dx.doi.org/10.1093/annonc/mdu507
http://dx.doi.org/10.1006/geno.1999.5791
http://dx.doi.org/10.1006/geno.1999.5791
http://dx.doi.org/10.1006/geno.1999.5791
http://dx.doi.org/10.1006/geno.1999.5791
http://dx.doi.org/10.1167/iovs.05-0493
http://dx.doi.org/10.1167/iovs.05-0493
http://dx.doi.org/10.1167/iovs.05-0493
http://dx.doi.org/10.1167/iovs.05-0493
http://dx.doi.org/10.1167/iovs.05-0493
http://dx.doi.org/10.1111/cas.13706
http://dx.doi.org/10.1111/cas.13706
http://dx.doi.org/10.1111/cas.13706
http://dx.doi.org/10.1111/cas.13706
http://dx.doi.org/10.1111/cas.13706
http://dx.doi.org/10.1111/cas.13706
http://dx.doi.org/10.1074/jbc.RA120.012649
http://dx.doi.org/10.1074/jbc.RA120.012649
http://dx.doi.org/10.1074/jbc.RA120.012649
http://dx.doi.org/10.1074/jbc.RA120.012649
http://dx.doi.org/10.1074/jbc.RA120.012649
http://dx.doi.org/10.1074/jbc.RA120.012649
http://dx.doi.org/10.1007/s11010-020-04045-6
http://dx.doi.org/10.1007/s11010-020-04045-6
http://dx.doi.org/10.1007/s11010-020-04045-6
http://dx.doi.org/10.1007/s11010-020-04045-6
http://dx.doi.org/10.1007/s11010-020-04045-6
http://dx.doi.org/10.1016/j.tiv.2020.104881
http://dx.doi.org/10.1016/j.tiv.2020.104881
http://dx.doi.org/10.1016/j.tiv.2020.104881
http://dx.doi.org/10.1016/j.clim.2016.01.004
http://dx.doi.org/10.1016/j.clim.2016.01.004
http://dx.doi.org/10.1016/j.clim.2016.01.004
http://dx.doi.org/10.1016/j.clim.2016.01.004
http://dx.doi.org/10.1016/j.clim.2016.01.004
http://dx.doi.org/10.1016/j.anorl.2010.10.003
http://dx.doi.org/10.1016/j.anorl.2010.10.003
http://dx.doi.org/10.1016/j.anorl.2010.10.003
http://dx.doi.org/10.1016/j.anorl.2010.10.003
http://dx.doi.org/10.1038/cddis.2017.114
http://dx.doi.org/10.1038/cddis.2017.114
http://dx.doi.org/10.1038/cddis.2017.114
http://dx.doi.org/10.1038/cddis.2017.114
http://dx.doi.org/10.1038/cddis.2017.114
http://dx.doi.org/10.18632/oncotarget.6155
http://dx.doi.org/10.18632/oncotarget.6155
http://dx.doi.org/10.18632/oncotarget.6155
http://dx.doi.org/10.18632/oncotarget.6155
http://dx.doi.org/10.18632/oncotarget.6155
http://dx.doi.org/10.1177/1535370219885320
http://dx.doi.org/10.1177/1535370219885320
http://dx.doi.org/10.1177/1535370219885320
http://dx.doi.org/10.1177/1535370219885320
http://dx.doi.org/10.1177/1535370219885320
http://dx.doi.org/10.1002/hed.20833
http://dx.doi.org/10.1002/hed.20833
http://dx.doi.org/10.1002/hed.20833
http://dx.doi.org/10.1002/hed.20833
http://dx.doi.org/10.1186/1471-2121-14-44
http://dx.doi.org/10.1186/1471-2121-14-44
http://dx.doi.org/10.1186/1471-2121-14-44
http://dx.doi.org/10.1186/1471-2121-14-44
http://dx.doi.org/10.1186/1471-2121-14-44
http://dx.doi.org/10.18632/oncotarget.3982
http://dx.doi.org/10.18632/oncotarget.3982
http://dx.doi.org/10.18632/oncotarget.3982
http://dx.doi.org/10.18632/oncotarget.3982
http://dx.doi.org/10.18632/oncotarget.3982
www.scienceasia.org

