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Abstract: Metastatic melanoma accounts for the majority of skin cancer deaths due to its aggressiveness and high
resistance to current therapies. M-phase phosphoprotein 8 (MPP8) has been shown to bind to methylated H3K9
and promote tumor cell motility and invasion. The current study aimed to investigate the role of MPP8 in melanoma
growth and metastasis. Our results showed that MMP8 was up-regulated in the metastatic melanoma specimens.
Knockdown of MPP8 inhibited melanoma cell growth both in vitro and in vivo. Furthermore, down-regulation of
MPP8 induced S-phase cell cycle arrest as well as altered expression of cell cycle-related proteins in melanoma
cells. In addition, repression of MPP8 inhibited the migration and invasion of melanoma cells both in vitro and in
vivo. Taken together, these data suggest that MPP8 knockdown could inhibit the growth and metastasis of mela-
noma cells and provide novel therapeutic target for melanoma treatment.
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Introduction

Melanoma is one of the most malignant types
of skin cancers with rapid progression and poor
prognosis. It has been estimated that the
incidence of melanoma has been increasing
steadily worldwide in the past 20 years [1, 2]. In
the early stages, malignant melanoma can
be successfully cured by surgical resection.
However, it is extremely difficult to treat the
metastatic melanoma which is resistance to
currently available therapies. Therefore, revela-
tion of the molecular mechanism underlying
the melanoma metastasis is critical for devel-
oping novel therapeutic means of skin cancers
[31.

Metastasis is a complex series of steps in
which cancer cells leave the original site and
migrate to other sites to form new tumors [4].
Epithelial-mesenchymal transition (EMT) refers
to the transition from an epithelial to a me-
senchymal cell phenotype characterized by
altered gene expression and cell morphology.
Accumulating evidence has suggested that
EMT is closely associated with the infiltration

transfer of tumor cells in breast cancer, lung
cancer, hepatocellular carcinoma and melano-
ma [5, 6].

The M-phase phosphoprotein 8 (MPP8), firstly
identified as a methyl-H3K9-binding protein,
displays increased expression levels in various
human tumor cells [7]. Functional analysis
reveals that MPP8 plays an important role in
the tumor cell invasion and migration [7].
Mechanically, MPP8 targets the E-cadherin
gene promoter and mediates the expression of
this critical regulator of EMT via its methyl-
H3K9 binding ability [8, 9]. In the current study,
we for the first time investigated the role of
MPP8 in the melanoma metastasis using in
vitro and in vivo models.

Materials and methods

Human tissue specimens

Human melanoma tissues were obtained from
the Department of Dermatology at Affiliated

Hospital of Ningbo University School of Me-
dicine And Ningbo Clinical Pathology Diagnosis
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Figure 1. Up-regulation of MPP8 in the melanoma
specimens. qRT-PCR was performed to measure the
mRNA expression of MPP8 in metastatic melanoma
and melanoma in situ. **P<0.01.

Center. All human materials were used in accor-
dance with the policies of the institutional
review board at Affiliated Hospital of Ningbo
University School of Medicine.

Cell culture

A375 melanoma cells were purchased from the
Chinese academy of sciences (Shanghai, China)
and cultured in DMEM with 10% FBS. All main-
tenance media contained 100,000 U/L penicil-
lin and 100 mg/L streptomycin.

MTT assay

Cells were adjusted into a density of 5 x 10*
per ml. Cells were seeded 100 ul/well into
96-well plates for MTT detection. The plates
were then incubated at 37°C for 48 hours. 20
ml of MTT stock solution (5 mg/ml) was added
to each well and incubated for 4 hours.
Absorbance of the reaction was measured with
a spectrophotometer at 490 nm.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted with TRIzol reagent
(Invitrogen, America) according to the manufac-
turer’s instructions. cDNA was synthesized with
2 pg of total RNA. The PCR reaction was per-
formed in a volume of 20 ul and done for tripli-
cates. MPP8 primers are: 5’AAAGCAAGGTCT-
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CCCCACAAG’3, and 5’'GGTCTGTGCT AGATCAA-
AAGGCAS3'. Relative gene expression was evalu-
ated using the AACT method.

Colony formation

Cells were seeded in 6-wells plates and cul-
tured in DMEM for different time points. After
that, cells were washed, fixed with methanol,
and stained with a 5% Giemsa solution. Co-
lonies were photographed (100 x magnifica-
tion) on 5 different fields and the relative colony
number was calculated.

Flow cytometry

Cells were seeded in 60 mm plates and cul-
tured in DMEM media. Then, cells were collect-
ed, washed in PBS, and fixed in ice-cold
70% ethanol for 24 h. At last, cells were incu-
bated with Pl and subject to flow cytometry. At
least three independent experiments were
repeated.

Transwell migration and wound healing migra-
tion assays

Cell motility was measured by transwell migra-
tion and wound healing migration assays. In
brief, cells were harvested, resuspended in
serum-free medium, and then transferred to
the transwell chambers (BD Biosciences, San
Jose, CA). The chambers were then incubated
for 3 h in culture medium with 10% FBS in the
bottom chambers before analysis. The cells
were stained with 0.05% crystal violet and
counted under a microscope and the cell num-
ber was calculated. For wound healing assay,
the monolayer culture was scrape-wounded
with a sterile micropipette tip in order to cre-
ate a gap. Then, cell migration was photo-
graphed into the wounded region following the
scraping.

Western blot

Cells were harvested, washed with cold PBS,
and lysed in the lysis buffer. Proteins were sub-
ject to SDS-PAGE and then transferred to PVDF
membrane. The membrane was blocked with
5% BSA in TBST buffer and incubated with the
primary antibodies followed by appropriate
horse radish peroxidase-conjugated secondary
antibodies. At last, the protein expression was
measured using ECL detection with beta-actin
served as controls.

Int J Clin Exp Pathol 2017;10(12):12003-12009



Repression of M-phase phosphoprotein 8 inhibits melanoma growth and metastasis

A A375 B C
Lv-shCon Lv-shMPP8 @ A375
2 " 12 -#- Lv-shCon
5 =) 101 Lvshmers
3 53 Eos
S 0. 67 L0.6
3 * a
= 0. 14 o 0.4
Z 0.2 i 0.2
(1]
E 0.0 0 T T T T 1
Lv-shCon Lv-shMPP8 0 1 ﬁme(dai) 4 5

D Lv-shCon Lv-shMPP8

. 4
.f.
3 -

-

Figure 2. Knockdown of MPP8 sup-

presses melanoma cell growth and

colony formation. Observation of mela-

noma cells transfected with MPP8-shR-

NA and scramble shRNA (A). Expression

of MPP8 in A375 cells was determined
i by gqRT-PCR (B). Determination of cell
growth (C) and colony formation (D)
of A375 cells after transfection with
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Figure 3. MPP8 knockdown induces cell cycle arrest in melanoma cells. Cell cycle distribution of A375 cells was
measured by flow cytometry (A). Western blot was performed to detect the expression of cell cycle-related proteins
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Figure 4. Down-regulation of MPP8 inhibits mela-
noma cell growth in vivo. Nude mice were given sub-
cutaneous inoculation in the flank with 5 x 10° cells
with or without shMPP8 to establish a melanoma
xenograft model (A). The volume (B) and tumorigenic
ability (C) of A375 cells transfected with or without
MPP8-shRNA were determined.

Xenograft model

The animal experiment was approved by the
institutional animal ethics committee. Female
nude Balb/c mice, aged between six-eight
weeks, were bred in the animal house, kept in
pathogen specific free facility with free-accessi-
ble food and water. For tumor formation assay,
5 x 10° cells were injected subcutaneously in
the flanks of mice (five mice in each group). The
tumor volume was measured using the formu-
la: volume = 1/2 x length x (width)?.

Statistical analysis

Each experiment was repeated at least three
times, and the data were presented as mean +
SD followed by analysis using SPSS 17.0. For
comparison of the two groups, the Student’s
t-test was used. For comparisons among gro-
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ups, one-way ANOVA was applied. P<0.05 was
considered as statistically significant.

Results

MPPS8 is up-regulated in the melanoma speci-
mens

Firstly, we examined the expression of MPP8 in
tumor samples derived from twenty patients
with melanoma. As shown in Figure 1, the
MmRNA level of MMP8 exhibited an obvious
increase in metastatic tumors compared with
the melanoma in situ (P<0.01). These data indi-
cate that MPP8 may function as an oncogene in
melanoma.

Knockdown of MPP8 suppresses melanoma
cell growth and colony formation

In order to validate the oncogenic role of MPPS,
we silenced its expression in a melanoma cell
line A375 using lentivirus-mediated transfec-
tion of MPP8-shRNA. Then, the stable cell line
with  MPP8 knockdown was selected using
puromycin and observed under fluorescence
microscope (Figure 2A). Then, gRT-PCR re-
vealed that MPP8 was down-regulated by more
than 70% in shMPP8-transfected A375 cells
(Figure 2B). Consequently, down-regulation of
MPP8 significantly inhibited the proliferation
(Figure 2C) and colony formation (Figure 2D) of
A375 cells.

Knockdown of MPPS8 induces cell cycle arrest
in melanoma cells

Next we determined the role of MPP8 knock-
down on cell cycle distribution in melanoma
cells. A375 cells transfected with MPP8-shRNA
or scramble shRNA were subjected to flow
cytometry analysis. We found that down-regula-
tion of MPP8 significantly increased cell num-
ber in S-phase without an increase of that in
GO/G1-phase and decreased cell number in
G2/M-phase (Figure 3A). On the molecular
level, down-regulation of MPP8 reduced the
expression levels of several cell cycle-related
proteins including Cylin A, Cyclin B1 and CDK2
(Figure 3B). These data suggest that MPP8
knockdown induces cell cycle arrest in S-phase
in melanoma cells.
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Figure 5. Knockdown of MPP8 suppresses melanoma cell migration and inva-
sion in vitro. Melanoma cells transfected with or without MPP8-shRNA were
subjected to wound healing and transwell invasion assay for measurement of
migration (A) and invasion (B) abilities, respectively. *P<0.05.
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Figure 6. Down-regulation of MPP8 inhibits the lung metastasis of melanoma
cells. Nude mice were injected with melanoma cells with or without stably si-
lenced MPP8 and the lung metastatic potential of A375 cells was determined.

graft model. Nude mice were
given subcutaneous inocula-
tion in the flank with 5 x 108
cells with stable down-regu-
lation of MPP8 (Figure 4A).
When the tumors reached a
palpable size, their volumes
were measured every three
days for four weeks. We
found that down-regulation
of MPP8 obviously decreased
the tumorigenic ability of
melanoma cells (Figure 4B)
and tumor volume (Figure
4C). Taken together, these
results demonstrate that
knockdown of MPP8 could
suppress melanoma cell
growth in vivo.

Knockdown of MPPS8 inhibits
the migration and invasion
of melanoma cells both in
vitro and in vivo

To verify that the knockdown
of MPP8 was capable of
affecting cell motility and
invasion, we did wound heal-
ing assay and transwell inva-
sion assay with melanoma
cells. We found that down-
regulation of MPP8 greatly
inhibited A357 melanoma
cell migration (Figure 5A).
Additionally, transwell assay
showed that the number of
migrating cells per high-pow-
er field significantly decre-
ased in melanoma cells sta-
bly transfected with MPP8-
shRNA (151.4+25.6) com-
pared with the control group
(332.0+£22.1) (Figure 5B).

Furthermore, we validated
the inhibitive role of MPP8
knockdown on cell mobility
in an in a xenograft model.
Consistently, in vivo test also
demonstrated that down-
regulation of MPP8 dramati-

Knockdown of MPPS8 inhibits melanoma cell cally decreased the lung metastasis rate (10%
growth in vivo vs. 50%) and count (3 vs. 11) (Figure 6). Taken

together, these data suggest that MPP8 knock-
Furthermore, we tested the inhibitive effects of down is capable of inhibiting melanoma cell
MPPS8 silencing on melanoma growth in a xeno- mobility in vitro and in vivo.
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Discussions

Metastatic melanoma accounts for the majority
of skin cancer-related deaths due to its highly
aggressiveness and acquired drug resistance
[10, 11]. Therefore, it is urgent to develop new
therapeutic approaches for successful treat-
ment of this devastating disease. In the current
study, we evaluated the role of MPP8 in the
melanoma and found that inhibition of MPP8
could serve as a novel therapeutic modality for
melanoma.

MPP8 was originally identified as a novel M
phase phosphoprotein by expression cloning
[12]. It is composed of two functional domains,
a carboxy-terminal ankyrin domain and an ami-
no-terminal chromodomain with an affinity for
trimethylated histone H3 lysine 9 (H3K9me3)
residues [7, 13]. Thus, MPP8 plays a critical
role in heterochromatin organization through
regulating the interplay between DNA methyla-
tion and histone H3 methylation [14]. Given
that carcinogenesis results from not only the
genetic alterations but also the epigenetic mod-
ifications, we consider that MPP8 might be
involved in the pathogenesis of melanoma. In
our study, we examined the transcriptional
expression of MPP8 and found that MPP8 was
up-regulated in the tumor specimen from mela-
noma patients, implicating MPP8 as a potential
oncogene in melanoma.

The pathophysiolgical function of MPP8 in can-
cers is poorly understood, although current evi-
dences support its role in tumor cells invasion
and motility through epigenetic regulation of
E-cadherin [7, 15]. We further investigated its
role in cell growth, colony formation and cell
cycle using stably MPP8 knockdown melanoma
cells. We found that down-regulation of MPP8
could inhibit melanoma cell growth in vitro and
in vivo, and induce S-phase cell cycle arrest.

Metastasis is a complex series of events in
which cancer cells leave the original tumor site
and migrate to other parts of the body through
the bloodstream, the lymphatic system, or by
direct extension [16-18]. Consequently, tumor
cells are able to populate and flourish in new
tissue habitats and cause organ dysfunction
and even death [19-21]. In our study, wound
healing and transwell invasion assay showed
that MPP8 knockdown slowed the metastatic
potential of melanoma cells. In addition, shR-
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NA-mediated knockdown of MPP8 reduced the
lung metastasis in a xenograft model. Taken
together, these data suggest that MPP8 down-
regulation suppresses melanoma metastasis
both in vitro and in vivo.

In conclusion, our study for the first time dem-
onstrates that down-regulation of MPP8 could
inhibit melanoma growth, invasion and metas-
tasis both in vitro and in vivo. These evidences
suggest that MPP8 may be a novel therapeutic
target for treatment of malignant melanoma.
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