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Abstract

Baicalein (BAIl) is an acknowledged flavonoids compound, which is regarded
numerous cancers. However, its involvement in melanoma is largely unkn
function of BAI and unraveled the regulatory mechanism involved. A375 a
CCK-8 assay, flow cytometry, and transwell assay were carried out to investi
was applied to detect the expression of colon cancer associated transcript
functions of CCAT1 in melanoma cells were also evaluated. Wesigig
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as breast carcinoma (7), non-small-cell lung carcinoma
(8), cervical carcinoma (9), and carcinoma of urinary
bladder (10). Moreover, previous research indicated that
BAI impeded cell proliferation and melanogenesis of
B16F10 mouse melanoma cells (11,12). What is not yet
clear is the functional mechanism of BAI on human
malignant melanoma.

Long noncoding RNAs (IncRNAs) are RNA segments
with no fewer than 200 nucleotides in length that do not
encode proteins (13). IncRNAs are closely linked to
miscellaneous regulations, functioning as regulators of
gene transcription, RNA splicing, and miRNA regulatory
systems (14,15). A number of investigators reported that
IncRNAs SLNCR1 and HEIH interfered with the mela-
noma cell proliferative potential, migratory status, and
invasive ability via regulating corresponding downstream
targets (16,17). Colon cancer associated transcript-1
(CCAT1), an innovative tumor-related IncRNA, plays an
essential role in tumor progression, being up-regulated
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in malignancies (18). However, the extent to which
CCAT1 is related to malignant melanoma remains poorly
understood.

Here, we demonstrated a crucial role of BAIl in
inhibiting cell growth and motility by mediating CCAT1
as well as the underlying mechanism of BAl-induced
signaling pathways in human melanoma cells. Our findings
might provide new insights into the application of traditional
Chinese medicine and feasible therapies for malignant
melanoma.

Material and Methods

Clinical tissues

Twenty-two pairs of human melanoma tissues and
corresponding paracancerous skin specimens were col-
lected from patients at Qingdao Central Hospital (Qing-
dao, Shandong) from January 2017 to July 2018. Thirteen
cases were from males and 9 were from females, who did
not receive any radiation or chemotherapy before surgery.
Participants signed an authorization and the Ethics
Committee of Qingdao Central Hospital approved the
procedures and the study.

Cell culture and treatment

The malignant melanoma cell lines A375
SK-MEL-28, which were cultured in DMEM (Gibc;
enriched with 10% fetal bovine serum (FBS, Gi

BAI was diffused in DMSO as a stora
diluted using DMEM to work concen
and 10 uM). The cells were treated

Cell transfection

The entire length of CCA
the pcDNA3.1 vector
bination plasmid wa

catenated into
, China). The recom-
AT1. The lipofecta-
gy, USA) was used for
stably transfected cells were
cultured in
(Solarbio,

g Kit-8 (CCK-8, Dojindo, USA) solutions were
to the cultures. Then, cultures were incubated for
37°C. Microplate Reader (Bio-Rad, USA) was
employed to evaluate the cell viability at 450 nm.

Bromodeoxyuridine (BrdU) assay

Cell proliferation was determined using BrdU (Sigma-
Aldrich, USA). After treatment of BAI, BrdU (1 mg/mL)

Braz J Med Biol Res | doi: 10.1590/1414-431X20198934

2/9

was added to the cells for 3 h. Then, immunofluorescence
assay was carried out to estimate the BrdU-tag
providing the cell proliferation rate.

Cell migration and invasion assays
Cell migratory capacity and invasj

membrane. Firstly, 200 uL of 1
cultured in DMEM without FBS,
chamber, which had been

asion assay or kept

sequently, 800 pL
er chamber. After 24 h, the
ethyl alcohol and dyed

medium was injecte
migratory cells wg

V staining kit (Invitrogen, USA). In brief,
x 10%well) were cultured into 6-well plates and
in FBS-free medium for 12 h. Next, Pl and

FIOW cytometry was performed with FACScan (Becton
ckinson). The apoptosis ratio was calculated using
lowJo software (Becton Dickinson).

Reverse transcription and quantitative real-time PCR
(RT-qPCR)

Trizol reagent (Life Technologies Corporation, USA)
was utilized to isolate total RNA of tissue samples and cell
cultures. Reverse transcription of RNA was implemented
utilizing SuperRT cDNA Synthesis Kit (Cwbio, China).
SYBR™ Green PCR Kit (Qiagen, Germany) was employed
for gPCR analysis to detect CCAT1 expression. gPCR was
executed on iQ5 real-time PCR Detection system (Bio-
Rad). The mRNA expression of CCAT1 was normalized
with B-actin. The relative quantification of CCAT1 in tumor
tissues and cells was calculated using the equation:
amount of target = 2724t (19).

Western blot

Total proteins were extracted from cells utilizing RIPA
lysis buffer (Cwbio), which contains phenylmethylsulfonyl
fluoride (PMSF, Solarbio). Proteins were quantified by the
Super-Bardford Pritein Assay Kit (Cwbio). The extractions
were loaded into 12% polyacrylamide gel on the Bis-Tris
Gel system (Bio-Rad). The products were transferred onto
polyvinylidene fluoride (PVDF) membranes, which were
then cultivated at 4°C overnight with primary antibodies.
The primary antibodies included anti-cleaved-caspase-3
(#ab2303, Abcam, USA), anti-cleaved-PARP (#ab3246,
Abcam), anti-MMP-2 (#ab37150, Abcam), anti-vimentin
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(#ab92547, Abcam), anti-Wnt3a (#ab219412, Abcam),
anti-p-catenin (#ab32572, Abcam), anti-t-MEK (#9126,
Cell Signaling Technology, USA), anti-p-MEK (#9154, Cell
Signaling Technology), anti-t-ERK (#9102, Cell Signaling
Technology), anti-p-ERK (#4370, Cell Signaling Technol-
ogy), and anti-B-actin (#ab179467, Abcam). Then, the
PVDF membranes were rinsed and incubated with
horseradish peroxidase-conjugated goat anti-rabbit 1gG
(#ab6721, Abcam) and goat anti-mouse 1gG (#ab205719,
Abcam) for 1 h at 20°C. After washing, the PVDF
membranes were treated with ChemiDoc™ XRS system
(Bio-Rad), and the intensity of bands was finally
evaluated with Imaged software (NIH, USA).

Statistical analysis

Each experiment was repeated three times. Graphpad
6.0 software (USA) was utilized for statistical analysis.
Data are reported as means £ SD. Analysis of variance
(ANOVA) and Student’s t-test were applied to calculate
P values. A P value <0.05 was regarded as significant.
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Figure 1. Baicalein (BAI) attenuated cell proliferation and strengthened cell apoptotic capacity of malignant melanoma cells. A, Cell
viability of A375 and SK-MEL-28 cells followed by 24-h treatment with BAI (0, 10, 20, 50, and 100 pM) was assessed by CCK-8. B, Cell
proliferation of melanoma cells was examined by bromodeoxyuridine (BrdU) assay. C, Flow cytometry was utilized to assess the
apoptotic rate of melanoma cells. D, Expression of cleaved-caspase-3 and cleaved-PARP was tested by western blot assay. The relative
expression of protein was normalized by B-actin. Data are reported as mean + SD. **P <0.01, ***P <0.001 (ANOVA). ns: not significant;

CTRL: control.
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BAI treatment accelerated cleaved-caspase-3 and cleaved-
PARP expression compared with the untreated cells
(P<0.001, Figure 1D). The experiments detected some
evidence for the inhibitory effect of BAl on the growth of
malignant melanoma cells.

BAl inhibited cell migratory capacity and invasive
potential of melanoma cells

As indicated in Figure 2A, BAI significantly suppressed
cell migration compared to control group (P<0.001).
Figure 2B shows the results obtained from the preliminary
analysis of Matrigel invasion assay. When melanoma cells
were stimulated with BAI, there was an obvious decline
in the relative invasive rate compared to the control
group (P<0.001). It is well known that the activation of
angiogenesis depends on MMP-2 and vimentin, which are
known to participate in the epithelial-mesenchymal transi-
tion (21,22). As shown in Figure 2C, MMP-2 and vimentin
expression was inhibited due to the treatment of BAI
compared with the control (P<0.001). Overall, these
results indicated that BAI apparently impaired the motility
of malignant melanoma cells.

CCAT1 was up-regulated in melanoma tissues and
down-regulated by BAI in melanoma cells

As can be seen in Figure 3A, CCAT1 expressio
increased in melanoma specimens compared
non-tumor tissues (P <0.001). Furthermore, B
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Figure 2. Baicalein (BAI) inhibited the cell migratory capacity and invasive potential of melanoma cells. A, Migration of A375 and
SK-MEL-28 cells, treated or not with BAI, was examined by transwell assay. B, Invasion of A375 and SK-MEL-28 cells was detected by
transwell assay with Matrigel matrix. C, Protein expression of MMP-2 and vimentin was tested by western blot assay. The relative
expression of protein was normalized by B-actin. Data are reported as mean + SD. ***P <0.001 (t-test). CTRL: control.
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Figure 3. CCAT1 was up-regulated in melanoma tissues and down-regulated by baicalein ( lanoma cells. A, Expression of
CCAT-1 in malignant melanoma tissues (n=22) and non-tumor skin specimens (n=22) w; RT-qPCR. B, Expression of
CCAT-1 in malignant melanoma cells after treating with BAI or not was determined b . are reported as mean+ SD.
***P <0.001 (t-test). CTRL: control.
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2d whether BAI could negatively regulate MMP-2
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As shown in Figure 5C, the protein expression of MMP-
2 and vimentin were remarkably increased in CCAT1
overexpressed cells, which were not treated with BAI.
Together, these results demonstrated that BAI exerted its
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negative function of cell metastasis via regulating CCAT1
expression in malignant melanoma cells.

BAI suppressed CCAT1 to block Wnt/p-catenin and
MEK/ERK signaling pathway-axis

The well-known tumor factor regulator, CCAT1, has
been shown to have an overwhelming association with
tumor proliferation and apoptosis by activating Wnt/p-
catenin and MEK/ERK signaling pathways (23,24). To
address whether the above signaling pathways were
involved in the function of BAI, protein expression was
detected by western blot. Compared with the untreated
group, the protein levels of Wnt3a and B-catenin were
decreased in BAl-treated cells and were reversed by
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exogenous CCAT1 (P<0.001, Figure 6A). Similarly, the
protein levels of p-MEK and p-ERK were also suppressed
by BAI (P<0.001, Figure 6B). The results indicated that
BAI blocked Wnt/B-catenin or MEK/ERK pathways by
negatively regulating CCAT1.
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Discussion

Numerous active components extracted from tradi-
tional Chinese medicinal plants exert multiple pharmaco-
logical effects (25). Among these, perhaps the most
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unexpected finding was that BAI induced growth of HelLa
cells via mitochondrial and death receptor pathways (9).
Although it has been reported that BAI could act as an
essential anti-tumor modulator, leading to ameliorated
biological processes, such as programmed cell death and
angiogenesis in the B16F10 cells (26), the underlying
molecular mechanisms remained to be fully demon-
strated. Our study found that there were intricate regulat-
ing effects between BAI and the progression of malignant
melanoma.

BAI is a vigorous herbal medicine that exerts indis-
pensable functions towards the cardiovascular system
and hepatoma (27,28). The function of BAI mainly displays
as two aspects: anti-oxidative and inhibitory action on
cell growth. Chou et al. (11) showed that BAI caused a
reduction in cellular viability of melanoma cells through
generating ROS scavengers. Existing research recog-
nized that BAI inhibited tumor growth via activation of
cleaved-caspase-3 (26). The results of our study were in
line with the above previous experiments. We found that
BAI alleviated cell growth, and migratory and invasive
ability in malignant melanoma. Our findings indicated that
BAI exerted indispensable functions as tumor suppressor.

It was reported that abnormal expression of INcRNAg
might be related to a wide spectrum of tumor biologjca
processes (29). Reports such as that conducted by
al. (30) show that overexpression of CCAT1 signi
elicit cell proliferation and invasion and inhibit ¢

paucity of literature concerning C
regulating the effects of BAI on

, Zhao Y, et al. Ginkgo
metastasis of B16-F10

Arova--kappaB/MMP-9 signaling
golement Alternat Med 2018; 2018:

zewska B, Schachter J, Rutkowski P,
Stroiakovski D, et al. Improved overall

anoma. Semin Cutan Med Surg 2010; 29: 196201, doi:
10.1016/j.sder.2010.06.005.

5. Luke JJ, Flaherty KT, Ribas A, Long GV. Targeted agents
and immunotherapies: optimizing outcomes in melanoma.
Nat Rev Clin Oncol 2017; 14: 463-482, doi: 10.1038/
nrclinonc.2017.43.
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processes. In this study, we measured CCAT1 expression

proliferation, migration, and invasion of mal
noma via regulating CCAT1.
Wnt3a is a key activator of Wnt

processes, such as cell growt
The MAPK/ERK signaling path
eration and differentiation i

)- Debates have
way involved in the

ered the
B-catenin,

-regulated protein expression of Wnt3a,
EK, and p-ERK in malignant melanoma
ith BAI. The restraint was reversed by
ous expressed CCAT1. Therefore, we speculated

Overall, our study indicated that BAI hindered Wnt/f3-
tenin and MEK/ERK signaling pathways by regulating
CCAT1, thereby inhibiting proliferation, migration, and
invasion of melanoma cells. The present study demon-
strated a pivotal role of BAI in tumor regulation, which
might provide new light on the development of therapeutic
strategies against malignant melanoma. Comprehensive
in vivo experiments are crucial for future research.
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