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Background: Neogambogic acid, as one of the main
components of gamboge, has obvious antitumor effects.
Objective: To explore the mechanism by which neogam-
bogic acid induces melanoma B16 cell apoptosis. Meth-
ods: Melanoma B16 cells were treated with different
concentrations of neogambogic acid (0, 1.5, 3.0, 6.0 puM).
The proliferation inhibition rate was measured by MTT
assay. Cell morphology was assessed by inverted micro-
scope. Cell migration and invasion were tested by Tran-
swell assay. The apoptosis rate and cell cycle were de-
tected by flow cytometry. The level of proteins related to
the PI3K/Akt/mTOR signaling pathway was measured by
Western blot. Results: The proliferation inhibition rate of
B16 cells significantly increased with rising neogambogic
acid concentration (P<0.05). The invasive and migration
capacities of B16 cells decreased significantly after treat-
ment with neogambogic acid (P<0.05). The apoptosis
rate also increased with the rising concentration of ne-
ogambogic acid. After 24 h of treatment, the percentage
of cells in the GO/G1 phase increased with the neogam-
bogic acid concentration, whereas those of cells in S
and G2/M phases decreased. With increasing concentra-
tion of neogambogic acid, the level of p-PI3K, p-Akt and
p-mTOR proteins was reduced in a time-dependent man-
ner, but for PI3K and Akt proteins it remained basically
unchanged. Conclusion: Neogambogic acid can inhibit
the proliferation, invasion and migration of melanoma
B16 cells and induce their apoptosis, which may be regu-
lated via the PI3K/Akt/mTOR signaling pathway.
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INTRODUCTION

Melanoma occurs mostly in the skin, accompanied by
the mucosae of the digestive system, reproductive sys-
tem, eyes, pia mater and choroid (Hayward e# al, 2017).
Its incidence rates vary among races, regions and ethnici-
ties (Shen et al, 2017). At present, the Chinese popula-
tion is also endangered by malignant melanoma (Zhu ef
al., 2016).

Malignant melanoma is formed by the malignant
transformation of melanocytes and capable of producing
melanin, as a serious threat to life . It can invade tissues,

continuously proliferate and escape immune surveillance
(Slominski ez al, 2004). Until now, there is still no effec-
tive prevention or treatment method. Surgery is usually
performed at the early stage, as soon as possible after
diagnosis. However, patients are prone to relapse after
surgery, requiring chemotherapy based on dacarbazine,
temozolomide, carboplatin and paclitaxel. Although the
effects of multi-agent chemotherapy are slightly superi-
or to those of single-agent chemotherapy, the cure rate
remains low. Radiotherapy works well for patients who
had incomplete surgical resection and refuse to or can-
not receive surgery. The other therapies include cellular
immunotherapy, cytokine therapy, monoclonal antibody
therapy, etc. For the treatment of advanced malignant
melanoma, palliative surgery and chemotherapy are still
mainly employed in clinical practice, accompanied by the
use of interferon-alb, CIK and DC-CIK. Nevertheless,
treatment outcomes remain unsatisfactory. Therefore, it
is urgent to find a new treatment method for malignant
melanoma (Slominski & Catlson, 2014).

Traditional Chinese medicine drugs have unique ad-
vantages in antitumor treatment, and among them,
eligible drugs for malignant melanoma therapy may be
found. Researchers have endeavored to screen antitumor
agents from plants. The dry resin (gamboge) secreted by
plants of the Clusiaceae family is well-documented to be
sour and toxic, being capable of destroying gangrenous
skin ulcers, eliminating thrombi and dispersing nodules.
It has mainly been used to treat ulcers, swelling, chronic
dermatitis, sore, bruises, traumatic bleeding and burns
(Wang et al., 2018). Neogambogic acid (Fig. 1), as one
of the main components of gamboge, has evident an-
titumor effects (Sun e al, 2018). Therefore, we herein
intended to study the possible mechanism by which
neogambogic acid induces the apoptosis of mouse skin
melanoma B16 cells.
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Figure 1. Chemical structure of neogambogic acid.
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MATERIALS AND METHODS

Cells, reagents and apparatus. Mouse melanoma
B16 cells were obtained from ATCC (USA). Neogam-
bogic acid was purchased from Shanghai Hewu Bio-
technology Co., Ltd. (China). RPMI 1640 medium was
bought from Gibco (USA). Fetal bovine serum (FBS)
and electrochemiluminescence reagent were provided by
Thermo Fisher Scientific (USA). Trypsin was obtained
from Ameresco (USA). Akt, GAPDH, PI3K and p-
PI3K antibodies were purchased from Santa Cruz Bio-
technology (USA). P-Akt (Ser473), PTEN and p-mTOR
antibodies were bought from Cell Signaling Technology
(USA).

Cell culture. B16 cells were seeded into culture flasks
with RPMI 1640 medium containing 10% FBS, 100 U/
mL penicillin and 100 U/mL streptomycin, and incubat-
ed at 37°C with 5% CO, and 100% humidity. After cell
adherence, the culture medium was refreshed every oth-
er day. At the confluence of about 90%, the cells were
digested with trypsin and subcultured every three days.
Cells in the logarithmic growth phase were used for sub-
sequent experiments.

Cell grouping and treatment. B16 cells were treated
with neogambogic acid at 0, 1.5, 3.0 and 6.0 uM. Time
points were set at 24, 48 and 72 h.

Detection of B16 cell proliferation by MTT assay.
B16 cells were detached, collected and inoculated into
a sterile 96-well plate at a density of 6X10*/ml, 100 pL
per well. Four replicate wells and a blank control group
were set. The cells were cultured overnight until adher-
ence. The cells were treated with different concentra-
tions of neogambogic acid solutions (0, 1.5, 3.0, 6.0 pM)
in an incubator for 24, 48 and 72 h. Four hours before
each timepoint the medium was carefully removed, and
20 pL of MTT solution was added to each well to con-
tinue culture for 4 h at 37°C. Then, 150 pL of DMSO
was added to each well and shaken for 20 min. The ab-
sorbance (A) of each well was measured by a microplate
reader at 570 nm, and the experiment was repeated three
times. Inhibition rate = (A - A

negative control % 100%.

Assessment of B16 cell morphology by inverted
microscope. B16 cells were trypsinized, collected and
inoculated into culture flasks at a density of 2x105/mlL,,
4 mL per flask. The cells were cultured with 5% CO, at
37°C for 24 h. At the confluence of about 70%, the cul-
ture medium was discarded, and the cells were thereafter
treated with fresh media containing different concentra-
tions of neogambogic acid for 24 h and finally observed
under an inverted microscope.

Detection of B16 cell migration and invasion by
Transwell assay. Migration experiment. Cells were di-
luted with serum-free RPMI 1640 medium and adjusted
to the concentration of 1X10°/mL. Subsequently, 200
uL of the cell suspension was added to the Transwell
upper chamber coated with Matrigel, and different con-
centrations of neogambogic acid solutions (0, 1.5, 3.0,
6.0 pM) were added. Then, 500 ul. RPMI 1640 medium
containing 20% FBS was added to the Transwell lower
chamber for 24 h of incubation. The upper chamber
was removed and washed twice with pre-cooled PBS,
and the cells on the upper surface were gently wiped off.
The cells on the membrane were fixed by 4% paraform-
aldehyde solution for 15 min and stained with crystal
violet for 2 h at room temperature. The cells penetrat-
ing the membrane were counted by microscopy at high
magnification, and those in five randomly selected visual
fields were photographed using Image-Pro Plus 6.0 soft-

experimental group>/

negative control

ware. The protocol of the invasion experiment was basi-
cally the same as that of migration experiment, except
Matrigel was not used.

Detection of B16 cell apoptosis by flow cytom-
etry. The cell culture medium was transferred to a 15
ml centrifuge tube, and the adherent cells were washed
twice with PBS and digested with 1 ml of trypsin con-
taining EDTA at room temperature for 2 min, which
was terminated by adding 2-4 ml of complete medium.
The cell culture medium was centrifuged at 1000Xg for
5 min, and the supernatant was discarded. Afterwards,
the cells were collected, resuspended in PBS and count-
ed. The resuspended cells were centrifuged at 1000Xg
for 5 min, and the supernatant was discarded. Then,
the cells were resuspended by adding 195 pl of annexin
V-FITC buffer. Subsequently, the cells were mixed with
5 pl of annexin V-FITC and 10 pl of propidium iodide
(PI) staining solution. Then, the cells were incubated for
15 min at room temperature in dark, during which they
were resuspended twice. Finally, cell apoptosis was de-
tected by flow cytometry three times independently.

Detection of B16 cells’ cell cycle by flow cytom-
etry. After cells were digested in a 15 ml centrifuge
tube, the cell culture medium was centrifuged at 1000Xg
for 5 min, and the supernatant was discarded. After-
wards, the cells were collected, resuspended in 1 ml of
pre-cooled PBS and transferred to another 1.5 ml cen-
trifuge tube. The resuspended cells were centrifuged at
1000Xg for 5 min, and the supernatant was discarded.
Subsequently, 1 ml of pre-cooled 70% ethanol solution
was added in a way to fully resuspend the cells which
were fixed at 4°C for 24 h and centrifuged at 1000Xg
for 5 min, and the supernatant was discarded. The cells
were resuspended in 1 ml of pre-cooled PBS and mixed
with 600 pl of PI staining solution (20X) and 240 pl of
RNase A (50X). The cell precipitate was resuspended by
adding 0.5 ml of PI staining solution and incubated at
37°C for 30 min. Flow cytometry was catried out within
24 h after staining. The percentages of cells in G1, S and
G2 phases were calculated by FlowJo software (USA).
The experiments were carried out three times, and the
averages were reported.

Detection of the level of proteins related to the
PI3K/Akt/mTOR signaling pathway by Westetn
blot. Cells were trypsinized, centrifuged, inoculated into
a 6-well plate at a density of 1x105/well and cultured
at 37°C with 5% CO,. After adherence, the cells were
treated with different concentrations of neogambogic
acid solutions (0, 1.5, 3.0, 6.0 pM) for 30 min, and the
supernatant  was discarded. After being washed twice
with pre-cooled PBS, the cells were lysed in RIPA lysis
buffer for 30 min and centrifuged at 11000Xg, 4°C for
10 min to collect the supernatant. After 5% SDS-PAGE,
the proteins were electronically transferred onto a poly-
vinylidene fluoride membrane at 4°C for 1.5 h. Then,
the membrane was blocked with 5% skimmed milk for
2 h, incubated with ptimary antibodies overnight at 4°C,
washed in TBST, incubated with horseradish peroxidase-
labeled goat anti-rabbit IgG antibody at 37°C for 2 h
and color-developed with electrochemiluminescence rea-
gent. Images were acquired by an automatic gel imaging
system. Protein levels were measured by using GAPDH
as the internal reference.

Statistical analysis. All the data were statistically
analyzed in SPS516.0 software. The normally distributed
quantitative data were expressed as mean * standard de-
viation. Intergroup comparisons were conducted by the
independent #test. P<0.05 was considered statistically
significant.
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Figure 2. Effects of neogambogic acid on B16 cell proliferation
evaluated by MTT assay.

*Compared to 0 uM group at the same time point, P<0.05; #com-
pared to 1.5 uM group at the same time point, P<0.05; Acom-
pared to 3.0 uM group at the same time point, P<0.05.

RESULTS

Effects of neogambogic acid on B16 cell proliferation
evaluated by MTT assay

The proliferation inhibition rate of B16 cells signifi-
cantly increased with rising neogambogic acid concentra-
tion (P<0.05). With increasing concentration from 0 to
6.0 pmol"L, B16 cell proliferation was suppressed dose-
and time-dependently (Fig. 2).
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Figure 3. Morphological changes of B16 cells after treatment
with different concentrations of neogambogic acid.

Effects of neogambogic acid on B16 cell morphology
assessed by inverted microscopy

As assessed under the inverted microscope, untreated
B16 cells expanded well and had a uniform cytoplasm.
After treatment with 1.5 pM neogambogic acid for
24 h, some cells underwent pyknosis, became round and
shrank. Meanwhile, a small number of cells were semi-
adherent. After treatment with 3.0 pM neogambogic
acid for 24 h, most cells shrank, detached and floated in
the culture medium. A small number of cells enlarged,
swelled and ruptured. After treatment with 6.0 pM ne-
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Figure 4. Effects of neogambogic acid on B16 cells migration and invasion.

*Compared to Control, P<0.05.
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Figure 5. Effects of neogambogic acid on B16 cells apoptosis.
*Compared to Control, P<0.05.

ogambogic acid, most cells were round and non-adher-
ent, floating in the culture medium (Fig. 3).

Effects of neogambogic acid on B16 cells migration and
invasion

Transwell assay showed that the invasive and migra-
tion capacities of B16 cells decreased significantly after
treatment with neogambogic acid (P<0.05) (Fig. 4).

Effects of neogambogic acid on B16 cells apoptosis

Flow cytometry revealed that the apoptosis rate of
B16 cells markedly increased with rising concentrations
of neogambogic acid (Fig. 5).

Effects of neogambogic acid on B16 cells’ cell cycle

After 24 h of treatment, the percentage of cells in the
GO0/G1 phase increased as the neogambogic acid con-
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Figure 6. Effects of neogambogic acid on B16 cells’ cell cycle.
*Compared to Control, P<0.05.

Early apoptosis rate (%)

centration rose, whereas those of cells in S and G2/M
phases decreased (Fig. 0).

Effects of neogambogic acid on proteins related to the
PI3K/Akt/mTOR signaling pathway

With increasing concentration of neogambogic acid,
the level of p-PI3K, p-Akt and p-mTOR proteins de-
creased in a time-dependent manner, but for PI3K and
Akt proteins it remained basically unchanged (Fig. 7).

DISCUSSION

Melanoma is 2 common lethal skin cancer, and its in-
cidence rate wotldwide has increased each year (McGet-
tigan, 2014; Lens & Dawes, 2015). A multistep and highly
regulated pathway of melanin synthesis is the main func-
tion discriminating the malignant and normal melanocytes.
Although melanin primarily protects against UV-induced
damage, this pigment also modulates epidermal homeo-
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Figure 7. Effects of neogambogic acid on proteins related to the PI3K/Akt/mTOR signaling pathway.

*Compared to Control, P<0.05.

stasis and thus influences melanoma behaviors (Slominski
et al., 2014). As a result of complex interactions between
constitutional, genetic and environmental factors, skin
melanoma originates from genetically altered or activated
epidermal melanocytes (Slominski ez a/, 2015). Melano-
ma is one of the most common malignancies among the
white population, with a mortality rate exceeded only by
that of lung cancer (Slominski ez @/, 2009). The high mor-
tality rate of melanoma cases is associated with the pro-
gression to resistance at stages 11T and IV. Moreover, the
tumor can only be clinically cured by surgery in the radial
growth phase (Linette e# al, 2005). Nevertheless, once me-
tastasis starts, melanoma becomes resistant to all currently
available therapies (Brozyna ez al., 2010).

The traditional therapeutic drugs for melanoma in-
clude dacarbazine, temozolomide and interleukin 2, as
well as FDA-approved targeted drugs such as ipilimum-
ab. However, their use is limited due to short response
time, tumor resistance and adverse reactions (Rigel 7 al,
2010; Menaa, 2013). Therefore, it is urgent to develop
new therapeutic strategies and targets for melanoma.

Gamboge has well-established inhibitory effects on the
proliferation of various tumor cells (Li e al, 2010; Mei ez
al., 2014). In 1984, Lu e al. (1984) first isolated neogam-
bogic acid from gamboge. Compared to gambogic acid,
neogambogic acid has a stronger antitumor effect, lower
toxicity, higher stability and broader anticancer spectrum.
In this study, the proliferation inhibition rate of B16
cells significantly increased with rising neogambogic acid
concentration (P<0.05). In addition, the invasive and mi-
gration capacities of B16 cells decreased significantly af-
ter treatment with neogambogic acid (P<0.05).

Apoptosis plays an important role in the onset and
progression of tumors and may provide a target for the
treatment of tumors (Wang e a/., 2014). Herein, the ap-
optosis rate also increased with the rising concentration
of neogambogic acid. Thus, inducing apoptosis by ne-

ogambogic acid may be one of the mechanisms for inhi-
bition of the tumor cell growth and proliferation.

The cell cycle refers to the cyclic process in which
eukaryotic cells continue to divide from the end of one
mitosis to the end of the next division (Abreu Velez &
Howard, 2015). In this study, after 24 h of treatment,
the percentage of cells in the GO/G1 phase increased as
the neogambogic acid concentration rose, whereas those
of cells in S and G2/M phases decreased. Changes in
the cell cycle phases distribution after the administration
of the compound may be attributed to the variations of
cell properties,  but further research is needed to ex-
plore the underlying mechanisms.

The PI3K/Akt/mTOR signaling pathway is com-
posed of PI3K, Akt and mTOR proteases. Activation of
this pathway can inhibit apoptosis induced by a variety
of stimuli and promote cell cycle progression, thereby
facilitating tumor cell survival and proliferation. It also
participates in angiogenesis, as well as the occurrence,
development, drug resistance, invasion and metastasis of
malignant tumors (Hahne e a/, 2017; Yang et al, 2017,
Adimonye e al., 2018). With increasing concentration of
neogambogic acid, the level of p-PI3K, p-Akt and p-
mTOR proteins was reduced in a time-dependent man-
ner, but for PI3K and Akt proteins it remained basically
unchanged.

Regardless, this study still had some limitations. Only
in vitro experiments using mouse melanoma B16 cells
were conducted. Further in-depth studies concerning the
in vivo antitumor effects of neogambogic acid on mela-
noma and those employing human melanoma cells are
ongoing in our group.

CONCLUSION

In summary, neogambogic acid can suppress the pro-
liferation, invasion and migration of melanoma B16 cells
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and induce their apoptosis, which may be regulated via
the PI3K/Akt/mTOR signaling pathway.

Acknowledgments

This study was not financially supported.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

Abreu Velez AM, Howard MS (2015) Tumor-suppressor genes, cell
cycle regulatory checkpoints, and the skin. N Aw | Med Sci 7: 176—
188. https://doi.org/10.4103/1947-2714.157476

Adimonye A, Stankiewicz E, Kudahetti S, Trevisan G, Tinwell B,
Corbishley C, Lu Y], Watkin N, Berney D (2018) Analysis of the
PIBK-AKT-mTOR pathway in penile cancer: evaluation of a thera-
peutically targetable pathway. Oncotarget 9: 16074-16086. https://doi.
org/10.18632/oncotarget.24688

Brozyna AA, Jézwicki W, Roszkowski K, Filipiak J, Slominski AT
(2016) Melanin content in melanoma metastases affects the out-
come of radiotherapy. Oncotarget 7: 17844-17853. https://doi.
org/10.18632/oncotarget.7528

Hahne JC, Engel JB, Honig A, Meyer SR, Lampis A, Valeri N (2017)
The PI3K/AKT/mTOR-signal transduction pathway as drug target
in triple-negative breast cancer. Clin Cancer Drugs 4: 47-58. https://
doi.org/10.2174/2212697X04666170321112629

Hayward NK, Wilmott JS, Waddell N, Johansson PA, Field MA,
Nones K, Patch AM, Kakavand H, Alexandrov LB, Burke H, Jak-
rot V, Kazakoff S, Holmes O, Leonard C, Sabarinathan R, Mu-
laroni L, Wood S, Xu Q, Waddell N, Tembe V, Pupo GM, De
Paoli-Iseppi R, Vilain RE, Shang P, Lau LMS, Dagg RA, Schramm
SJ, Pritchard A, Dutton-Regester K, Newell F, Fitzgerald A, Shang
CA, Grimmond SM, Pickett HA, Yang JY, Stretch JR, Behren A,
Kefford RF, Hersev P, Long GV Cebon J, Shackleton M, Sp1ll—
ane AJ, Saw RPM, Iopez Bigas N, Pearson JV, Thompson JE,
Scolyer RA, Mann G] (2017) Whole- -genome landscapes of major
melanoma subtvpes Nature 545: 175-180. https://doi.org/10.1038/
nature22071

Lens MB, Dawes M (2015) Global perspectives of contemporary epi-
demiological trends of cutaneous malignant melanoma. Br ] Dermatol
150: 179-185. https://doi.org/10.1111/§.1365-2133.2004.05708 x

Li Q, Cheng H, Zhu G, Yang L, Zhou A, Wang X, Fang N, Xia L,
Su J, Wang M, Peng D, Xu Q (2010) Gambogenic acid inhibits
proliferation of A549 cells through apoptosis-inducing and cell cy-
cle arresting. Bio/ Pharm Bull 33: 415-420. https://doi.org/10.1248/
bpb.33.415

Linette GP, Carlson JA, Slominski A, Mihm MC, Ross JS (2005) Bio-
markers in melanoma: stage III and IV disease. ]:'xpm‘ Rev Mol Di-
agn 5: 65-74. https://doi.org/10.1586/14737159.5.1.65

Lu GB, Yang XX, Huang QS (1984) [Isolation and structure of ne-
ogarnboglc acid from gamboge (Garcinia hanburryi)]. Yao Xue Xue
Bao 19: 636-639

McGettigan S (2014) Dabrafenib: A new therapy for use in BRAF-mu-
tated metastatic melanoma. | Ady Pract Oncol 5: 211-215. https://
doi.org/10.6004/jadpro.2014.5.3.6

Mei W, Dong C, Hui C, Bin L, Fenggen Y, Jingjing S, Cheng P, Meil-
ing S Yawen H, Xiaoshan W, Guznghul W, Zhiwu C, nghn L
(2014) Gambogenlc acid kills lung cancer cells through aberrant
autophagy. PLoS One 9: ¢83604. https://doi.org/10.1371/journal.
pone.0083604

Menaa F (2013) Latest approved therapies for metastatic melano-
ma: what comes next? | Skin Cancer 2013: 735282. https://doi.
org/10.1155/2013/735282

Rigel DS, Russak J, Friedman R (2010) The evolution of melanoma
diagnosis: 25 years beyond the ABCDs. Ca A Cancer | Clin 60: 301—
306. https://doi.org/10.3322/caac.20074

Shen S, Yang J, Carvajal RD (2017) Mucosal melanoma: epidemiology,
biology, management and the role of immunotherapy. Exp Opin Or-
phan Drugs 5: 945-952. https://doi.org/10.1080/21678707.2017.139
9122

Slominski A, Kim TK, Brozyna AA, Janjetovic Z, Brooks DL, Schwab
LP, Skobowiat C, Jézwicki W, Seagroves TN (2014) The role of
melanogenesis in regulation of melanoma behavior: Melanogenesis
leads to stimulation of HIF-la expression and HIF-dependent at-
tendant pathways. Arch Biochem Biophys 563: 79-93. https://doi.
org/10.1016/j.abb.2014.06.030

Slominski A, Tobin D], Shibahara S, Wortsman ] (2004) Melanin Pig-
mentation in Mammalian Skin and Its Hormonal Regulation. Physi-
ol Rev 84: 1155-1228. https://doi.org/10.1152/physrev.00044.2003.

Slominski A, Zbytek B, Slominski R (2009) Inhibitors of melanogenesis
increase toxicity of cyclophosphamide and lymphocytes against mel-
anoma cells. Int | Cancer 124: 1470-1477. https://doi.org/10.1002/
ijc.24005

Slominski AT, Catlson JA (2014) Melanoma resistance: a bright future
for academicians and a challenge for patient advocates. Mayo Clin
Proc 89: 429-433. https://doi.org/10.1016/j.mayocp.2014.02.009

Slominski RM, Zmijewski MA, Slominski AT (2015) The role of mela-
nin pigment in melanoma. Exp Demmatol 24: 258-259. https://doi.
org/10.1111/exd. 12618

Sun R, Zhang HM, Chen BA (2018) Anticancer activity and underly-
ing mechanism of neogambogic acid. Chin | Nat Med 16: 641-643.
https://doi.org/10.1016/S1875-5364(18)30103-1

Wang W, Li Y, Chen Y, Chen H, Zhu P, Xu M, Wang H, Wu M,
Yang Z, Hoffman RM, Gu Y (2018) Ethanolic extract of tradition-
al chinese medicine (TCM) gamboge inhibits colon cancer via the
wnt/beta-catenin signaling pathway in an orthotopic mouse model.
Anticancer Res 38: 1917-1925. https://doi.org/10.21873 /antican-
res. 12429

Wang Z, Shi X, Li Y, Zeng X, Fan ], Sun Y, Xian Z, Zhang G, Wang
S, Hu H, Ju D (2014) Involvement of autophagy in recombinant
human arginase-induced cell apoptosis and growth inhibition of
malignant melanoma cells. App/ Microbiol Biotechnol 98: 2485-2494.
https://doi.org/doi: 10.1007/500253-013-5118-0

Yang Y, Zhang N, Zhu J, Hong XT, Liu H, Ou YR, Su F, Wang R,
Li YM, Wu Q (2017) Downregulated connexin32 promotes EMT
through the Wnt/B-catenin pathway by targeting Snail expression
in hepatocellular carcinoma. [nz | Oncol 50: 1977-1988. https://doi.
org/10.3892/1j0.2017.3985

Zhu W, Zou B, Wang S (2016) Clinicopathological features and prog-
nosis of sinonasal mucosal malignant melanoma: a retrospective
study of 83 cases in a chinese population. ORL | Oforhinolaryngol
Relat Spec 18: 94-104. https://doi.org/10.1159/000444500


https://doi.org/10.4103/1947-2714.157476
https://doi.org/10.18632/oncotarget.24688
https://doi.org/10.18632/oncotarget.24688
https://doi.org/10.18632/oncotarget.7528
https://doi.org/10.18632/oncotarget.7528
https://doi.org/10.2174/2212697X04666170321112629
https://doi.org/10.2174/2212697X04666170321112629
https://doi.org/10.1038/nature22071
https://doi.org/10.1038/nature22071
https://doi.org/10.1111/j.1365-2133.2004.05708.x
https://doi.org/10.1248/bpb.33.415
https://doi.org/10.1248/bpb.33.415
https://doi.org/10.1586/14737159.5.1.65
https://doi.org/10.6004/jadpro.2014.5.3.6
https://doi.org/10.6004/jadpro.2014.5.3.6
https://doi.org/10.1371/journal.pone.0083604
https://doi.org/10.1371/journal.pone.0083604
https://doi.org/10.1155/2013/735282
https://doi.org/10.1155/2013/735282
https://doi.org/10.3322/caac.20074
https://doi.org/10.1080/21678707.2017.1399122
https://doi.org/10.1080/21678707.2017.1399122
https://doi.org/10.1016/j.abb.2014.06.030
https://doi.org/10.1016/j.abb.2014.06.030
https://doi.org/10.1152/physrev.00044.2003
https://doi.org/10.1002/ijc.24005
https://doi.org/10.1002/ijc.24005
https://doi.org/10.1016/j.mayocp.2014.02.009
https://doi.org/10.1111/exd.12618
https://doi.org/10.1111/exd.12618
https://doi.org/10.1016/S1875-5364(18)30103-1
https://doi.org/10.21873/anticanres.12429
https://doi.org/10.21873/anticanres.12429
https://doi.org/doi
https://doi.org/10.3892/ijo.2017.3985
https://doi.org/10.3892/ijo.2017.3985
https://doi.org/10.1159/000444500

