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Abstract: Lycorine hydrochloride (LH) is an active ingredient sourced from the medicinal herb Lycoris radiata.
Previous studies have suggested that LH exerts tumor suppression activity in several human cancers. However,
the anti-cancer effect of LH in melanoma and the potential molecular mechanisms still need to be further studied.
p21CPYWARL ynlike its traditional cyclin-dependent kinase (CDK) inhibitor role, is believed to act as an oncogene
under certain cellular conditions. In this research, an increased expression of p21°P¥/WAf was found in human mela-
noma tissues and positively related to the tumor invasion depth. High level of p21°r%WAF was found to correlate
with bad outcomes of melanoma patients by Kaplan-Meier survival analysis. Functional experiments demonstrated
that the proliferation, migration and invasion ability of A375 and MV3 melanoma cells was powerfully inhibited by
LH through inducing S phase cell cycle arrest and regulating epithelial-mesenchymal transition (EMT). In NOD/SCID
mice model, LH effectively inhibited the xenograft tumor growth and lung metastasis of A375 cells. Further research
revealed that LH reduced p21°PYWAFL protein by accelerating its ubiquitination. Importantly, the LH-induced suppres-
sion of cell proliferation and metastasis was rescued by p21°PYWAFL gyerexpression, both in vitro an in vivo. Taken
together, LH, which suppresses the proliferation and metastasis of melanoma cells via down-regulating p21 ¢/ WArL
is expected to be developed as an effective medicine for melanoma therapy.
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Introduction strategy for early-stage melanoma, which can
significantly prolong the survival of patients [4].
However, advanced melanoma still has a poor
prognosis and remains a challenge for treating
physicians [5]. Among melanoma patients with
three or more metastatic areas, the one-year

survival rate is less than 5% [6]. Although sig-

Melanoma has always been the most malig-
nant form of cutaneous tumor, which makes up
the largest proportion of mortality related to
skin cancer [1]. What's worse, the morbidity of
melanoma is increasing worldwide, especially
in fair-skinned populations. For the American

male and female population respectively, the
incidence of melanoma ranked fifth and sixth
among all kinds of tumors [1]. By 2030, the
annual treatment costs for newly diagnosed
melanoma in American are estimated to be
three times that of 2011 [2]. In China, the age-
standardized prevalence of melanoma was
more than doubled from 1990 to 2017 [3].
Surgical excision is the preferred therapeutic

nificant progress has been made on immuno-
therapies and targeted therapies for advanced
melanoma in recent years, a considerable pro-
portion of patients still have no remarkable
therapeutic response or experience various
side effects [7, 8]. Thus, developing new drugs
with excellent effectiveness and high bio-safety
for melanoma therapy is still an urgent
mission.


http://www.ajcr.us

Anti-melanoma effect of lycorine hydrochloride

LH is a natural alkaloid derived from the medici-
nal plant Lycoris radiata. Accumulated evidenc-
es demonstrated that lycorine possesses
diverse bio-activities, including anti-inflamma-
tion [9], anti-viral [10], anti-fungal [11], espe-
cially anti-tumor [12-17]. Previous studies have
shown that lycorine suppresses cell prolifera-
tion of ovarian carcinoma and osteosarcoma by
mediating cell cycle arrest [12, 13]. Lycorine
promotes autophagy and apoptosis of hepato-
cellular carcinoma cells by inactivating TCRP1/
Akt/mTOR axis [14]. In breast cancer mice
model, lycorine could potently inhibit tumor
growth and pulmonary metastasis without
apparent toxicity [15]. Additionally, lycorine dra-
matically enhanced the tumor-suppressive
effect of vemurafenib on colorectal carcinoma
in mice [17]. Meanwhile, what should be
emphasized that lycorine exhibits ideal biosafe-
ty [12, 14, 15, 17].

p21CP/WARL (hereafter referred as p21), encod-
ed by CDKN1A, is an important member of CDK
inhibitors. It can block the cell cycle transition
by specifically interacting with a series of CDK-
cyclin complexes and inhibiting their activity
[18, 19]. In addition, p21 promotes apoptosis
and senescence [18, 19]. Based on the above
mechanisms, p21 has been widely known as a
tumor suppressor. However, mounting proofs
demonstrate that p21 also acts as an on-
cogenic factor by promoting cell cycle progres-
sion [20], inhibiting apoptosis [21], and favor-
ing migration [22]. A growing number of
researches have proved that the p21 expres-
sion is elevated in various human cancers
which promotes tumor progression and sug-
gests an unfavorable prognosis [23-27].
Regarding the dual role of p21 as either a sup-
pressor or a promoter in cancers, further
research is needed to identify its utility as an
indicator of prognosis and a molecular target of
therapeutic in individual carcinoma entities.
Our current study proves that LH exerts anti-
tumor activity in melanoma cells through a p21
dependent way. Therefore, p21 may serve as a
tumor promoter in melanoma, and LH is consid-
ered as a potential anti-melanoma agent.

Materials and methods
Cell culture and LH treatment
A375, MV3 human melanoma cell lines and

293FT human embryonic kidney cell line were
acquired from the American Type Culture
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Collection (ATCC, USA). MV3 cells were cultured
with RPMI-1640 (Gibco, USA) and A375 cells
were cultured with DMEM (Gibco). The medi-
ums were all added FBS (Gibco) to its final con-
centration of 10% and penicillin-streptomycin
(P/S, Gibco) to its final concentration of 1%.
Culturing of 293FT cells was according to a
previous description [28]. A 37°C incubator
with 5% CO, was used for cells maintaining. LH
(molecular formula: C16H17NO4«HCI, purity >
99%) was bought from Must Bio-technology
(Chengdu, China) and prepared into an initial
solution of 100 mM with dimethyl sulfoxide
(DMSO, Sigma-Aldrich, USA). For cell treatment,
LH was diluted with culture medium to speci-
fied concentrations and incubated for different
time. The cell morphology changes induced by
LH were observed by an optics microscope
(Nikon, Japan).

Cell viability assay

Cells in amount of 1x103%/well were placed into
96-well plates and cultured for 8 h. Sub-
sequently, 200 yL medium containing different
concentrations of LH replace the original for
further culturing, DMSO was used as control.
After 1, 3, 5 and 7 days of culturing, the wells
were dripped with MTT (Beyotime, China) solu-
tion to meet a working concentration of 0.5 ug/
mL. The supernatant was aspirated away 2 h
later, add 200 pL of DMSO to each well. Optical
density of the dissolved formazan at 560 nm
was quantified by a microplate reader (Thermo
Fisher, USA).

Edu staining assay

2x10%/well cells were added into a 24-well
plate followed by an 8 h culture, then treated
with 20 uM LH or DMSO for 48 h. Edu staining
was performed with BeyoClick EdU Cell
Proliferation Kit (Beyotime) following manufac-
turer’s instructions. Cells stained with EdU were
photographed under fluorescence microscope
(Olympus, Japan).

Flow cytometry assay (FCA)

The influence of LH on cell cycle progression
was evaluated via FCA. After 20 uM LH or DMSO
treatment for 48 h, cells were collected up.
Following the fixation with 75% ethanol and
washed thrice, use propidium iodide solution
(PI, Sigma-Aldrich) to stain the cells at room-
temperature for half an hour. Afterwards, the
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FCA was performed by virtue of BD Accuri C6
flow cytometer (BD, USA), and data was ana-
lyzed with FlowJo 7.6.1 (FlowJo LLC, USA).

Soft agar assay

In order to analyze whether the colony forma-
tion capacities of melanoma cells were influ-
enced by LH treatment. The 2x medium con-
taining 20% serum, 2% P/S was first mixed
with an equal volume of 1.2% agarose (Sigma-
Aldrich), then 1.5 mL/well was loaded into six-
well plates to generate base agar. Afterwards, 1
mL complete medium containing 1x10° cells
and 0.3% agarose was added as top agar. Both
the base and top agar were containing 20 uM
LH, DMSO was used as control. The colonies
were photographed after 3 weeks culture, and
colony numbers were recorded after MTT
staining.

Wound-healing assay

Linear wounds were carved with a 200 pL
pipette tip on the full confluent cell layer. After
washing three times, the cells were cultured
with FBS-free medium containing 20 uM LH or
isometric DMSO. The wounds were imaged at
0, 24, 48 and 72 h and the closure indexes
were calculated according to a previous report
[29].

Migration and invasion transwell assay

Transwell assay was performed by virtue of
transwell chambers having 8-um sized pores
(Corning, China). For cell migration and invasion
assay respectively, the upper chambers were
without or with Matrigel (BD) pre-coated. Cells
were suspended in FBS-free medium contain-
ing 20 uM LH or isometric DMSO at a concen-
tration of 5x10%/mL. Then, the mixture was
loaded into each upper chamber with volume of
200 pL. The bottom chambers were loaded
with 500 uL complete medium. After incuba-
tion for 16 to 24 h, cells remaining in the upper
chambers were carefully erased followed by
crystal violet solution (Beyotime) staining. The
stained cells were observed under microscope
(Nikon) and photos were taken.

Vector construction and infection

For the over-expression of p21 in melanoma
cells, full-length human p21 cDNA (NCBI acces-
sion number: NM_000389.5) was cloned into
pCDH-CMV-MCS-EF1-GFP+Puro lentiviral vec-
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tor (Unibio, China). Lentiviral particles harbor-
ing p21 were packaged by Lipofectamine 2000
(Thermo Fisher, USA) and transfected into
293FT cells to generate viruses, empty vector
was used as control. Afterwards, A375 and
MV3 cells were infected with lentivirus with the
assistance of 6 ug/mL polybrene (Invitrogen).
After 48 h, the cells that failed to infect were
eliminated using 4 pyg/mL puromycin (Sigma-
Aldrich). Finally, stable transfected cell lines
were obtained.

Quantitative real-time PCR (qRT-PCR)

RNA was isolated from cells by Trizol reagent
(Invitrogen). GoScript™ Reverse Transcriptase
(Promega, USA) was used to synthesis first-
strand cDNA. Mixed samples and SYBR™
Green PCR Master Mix (Takara, Japan) were
reacted on LightCycler 96 real-time PCR instru-
ment (Roche, USA). The primer sequences of
p21 and house-keeping gene GAPDH were
used as below: p21 (forward: 5-CGATGGAAC-
TTCGACTTTGTCA-3’, reverse: 5-GCACAAGGG-
TACAAGACAGTG-3’); GAPDH (forward: 5-AC-
AACTTTGGTATCGTGGAAGG-3’, reverse: 5-GC-
CATCACGCCACAGTTTC-3’). 224t method was
used to analyze relative gene expression.
Detailed steps were according to a previous
description [30].

Western blotting

In order to extract total proteins, the cells were
lysed using ice-cold RIPA buffer (Beyotime) con-
taining protease inhibitor. Nuclear protein and
Cytoplasmic Protein Extraction Kit (Beyotime)
to extract proteins from the nucleus or cyto-
plasm. The detailed steps of western blotting
were referred to a previous study [31]. The
immunoblots were visualized by Super ECL
prime (US Everbright, China) and scanned using
a ChemiScope system (Clinx Science, China).
Antibodies used are listed as follows: «o-Tu-
bulin (1:1,000, Cell Signaling Technology, CST),
CDK1 (1:1000, Proteintech, China), CDK2
(1:2000, Proteintech), Cyclin E1 (1:1000, CST),
E-cadherin (1:1,000, CST), Histone H3 (1:2,000,
CST), N-cadherin (1:1,000, CST), p21 (1:1000,
Proteintech), Vimentin (1:1,000, CST), HRP-
conjugated goat anti-rabbit IgG (1:1000,
Beyotime).

Protein turnover assay

A375 cells were pretreated with 20 uM LH or
DMSO for 16 h and further exposed to 10 uM
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protein synthesis inhibitor cycloheximide (CHX,
Sigma-Aldrich). After CHX incubation for O, 1, 2
and 4 h, the cells were lysed and the p21 pro-
tein in each sample was detected by western
blotting.

Protein ubiquitylation assay

293FT cells transiently transfected with HA-UB
were pretreated with 20 uM LH or DMSO for 16
h, then further exposed to 20 uM MG132 for
another 8 h. Total proteins from the cell lysates
were quantified and equal amount of each
sample was overnight incubated with p21 anti-
body (1:50, Proteintech) at 4°C. Then the
immuno-complexes were captured by protein A
+ G agarose (Beyotime), followed by centrifuga-
tion to collect the beads. After washed 5x5 min
in ice-cold PBS, the beads were re-suspended
in 1x loading buffer thus heating at 100°C for
15 min. Then, immunoblotting was performed
and HA antibody (1:1,000, CST) was used to
detect the ubiquitinated p21.

Tumor xenograft assay

Animal experiments were authorized and super-
vised by the Institutional Animal Care and Use
Committees of the Southwest University. To
find out whether LH inhibits tumor growth in
vivo, 12 NOD/SCID mice (HFK Bioscience,
China) were subcutaneously injected with
1x108 A375 cells on the left groin to generate
xenograft mice model. From the 10th day on,
the mice with xenografts were randomized into
two groups (6 in each group), followed by intra-
peritoneal injection of LH (30 mg/kg/day) or
equal volume DMSO for 25 times. In order to
figure out the status of p21 in tumor growth
inhibition induced by LH, we randomly divided
18 mice into 3 groups (6 in each group). The
vector-overexpressing A375 cells (1x10%/
locus) were subcutaneously injected on the
left groin of mice in group | and Il. Equal amount
of p21-overexpressing A375 cells were injected
in group Ill. For group I, DMSO was intraperito-
neally injected every day as control, and the
other two groups were injected with LH (30 mg/
kg/day) for 25 times. The mice were weighed
per 5 days and recorded. A digital electronic
vernier caliper was used to measure the width
and length of the tumors per 5 days, and the
formula “Volume = length x width? x /6" was
utilized to calculate the tumor volumes. Finally,
the developed tumors were excised and
weighed after euthanized the mice.
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Immunohistochemistry (IHC) staining

Paraffin-embedded tissue sections from 14
cutaneous melanoma patients and 10 benign
nevi patients were collected from the Third
Hospital of Hebei Medical University. Usage of
samples of human origin was strictly followed
the Declaration of Helsinki and obtained
informed consent. Xenograft tumors excised
from the mice were fixed, dehydrated, paraffin
imbedded and sliced into sections of 4 um
thick. The IHC staining assay was conducted
according to the method reported previously
[32]. p21 antibody (1:400, Proteintech) was
used for staining of clinical sections, the p21
positivity was scored as follows: O (less than
25% positive), 1 (25% to 50% positive), 2 (50%
to 75% positive) and 3 (more than 75% posi-
tive). p21 (1:400, Proteintech) and Ki67 (1:400,
CST) antibodies were used for staining of xeno-
graft tumor sections. Invasion depth of the 14
cutaneous melanomas were measured by
Image J software, and Pearson’s correlation
analysis of GraphPad Prism 6 was utilized to
analyze the relationship between tumor inva-
sion depth and p21 positive index.

In vivo metastasis assay

Animal model of melanoma metastasis in vivo
was generated using NOD/SCID mice. Briefly, 8
mice were injected with 5x10° A375 cells into
the tail veins once a day for 3 days. The mice
were randomized into two groups (4 in each
group) on the fourth day, followed by intraperi-
toneal injection of LH (30 mg/kg/day) or equal
volume DMSO for 40 times. In order to figure
out the status of p21 in metastasis inhibition
induced by LH, 12 mice were randomly divided
into 3 groups (4 in each group). The mice in
group | and Il were injected with 5x10° vector-
overexpressing A375 cells once a day for 3
days. Equal amount of p21-overexpressing
A375 cells were injected in group lll. For group
I, DMSO was intraperitoneally injected every
day as control, and the other two groups were
injected with LH (30 mg/kg/day) for 40 times.
At last, the mice were euthanized and lung met-
astatic tumors were observed after H&E
staining.

Oncomine database and Kaplan-Meier survival
analysis

The differential expression of CDKN1A gene in
melanoma and benign nevi was analyzed on
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Oncomine database (https://www.oncomine.
org/resource/login.html), data was considered
as statistically different if P-value<0.05. The
association of CDKN1A gene with clinical out-
comes of melanoma patients was analyzed
with online tool Gene Expression Profiling
Interactive Analysis (GEPIA; http://gepia. can-
cer-pku.cn). Overall survival (OS) and disease-
free survival (DFS) were plotted by Kaplan-
Meier survival analysis. Group cutoff was set as
Cutoff-High (%) = 33% and Cutoff-Low (%) =
67%, the confidence interval was 95%, data
was considered as statistically different if log-
rank P-value<0.05.

Statistical analysis

Data are shown as mean + SD. Statistical anal-
ysis and graphic charts generation were per-
formed by software GraphPad Prism 6. The dif-
ference between two sample means were eval-
uated using two-tailed unpaired Student’s
t-test. Comparison among multiple groups was
done with One-way ANOVA. A significant statis-
tical difference was determined when P-value<
0.05.

Results

LH treatment inhibits the proliferation of mela-
noma cells

A375 and MV3 melanoma cells were treated
with O, 10, 20 and 40 uM LH for 48 h. We
observed that the cell proliferation rate
decreased with the increasing LH dose (Figure
1A). MTT assays were further carried out on
the cells treated with O, 10, 20, and 40 uM LH
respectively. As expected, the viability curves
of A375 and MV3 cells exhibited a significant
decline with a dose-dependent pattern (Figure
1B). In addition, significant decreases in the
EdU positive rates of both A375 and MV3 cells
after LH treatment were observed (Figure 1C).
To uncover the mechanisms underlying the
anti-proliferation ability of LH, cell cycle was
further analyzed, which indicated that the per-
centage of cells in S-phase was markedly
elevated after 20 yM LH treatment for 48 h
(Figure 1D). In addition, the expression of
CDK1, CDK2 and Cyclin E1 in LH treated cells
was dose- and time-dependently down regulat-
ed (Figure 1E, 1F). Thus, the anti-proliferative
effect of LH against melanoma cells could be
achieved mainly through inducing S-phase cell
cycle arrest.
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The migration and invasion of melanoma cells
were inhibited by LH treatment

Considering that the malignant behavior of mel-
anoma is mainly attributed to its high metastat-
ic capacity, the migration and invasion of
LH-treated cells were evaluated. It is shown
that the wound healing in LH treated cells was
significantly delayed (Figure 2A). Transwell
assays showed that the cellular migration and
invasion was hindered by LH (Figure 2B, 2C).
Hence, we further explored the changes in
EMT-related proteins. Epithelial marker E-
cadherin protein level was elevated by LH treat-
ment in A375 and MV3 cells, while mesenchy-
mal markers N-cadherin and Vimentin were
decreased (Figure 2D, 2E). In brief, LH regu-
lates the expression of EMT-related proteins
and thereby inhibits the mobility of melanoma
cells.

LH possesses anti-tumorigenic and anti-
metastatic activity against melanoma in mice
model

The effect of LH on tumorigenicity of mela-
noma cells in vitro was firstly investigated by
soft agar assay. The findings revealed that the
cells treated with LH generated smaller and
fewer colonies in comparation with the control
group (Figure 3A). An A375 xenograft mice
model was subsequently established to verify
whether LH can inhibit tumor growth in vivo. It
was found that tumor size and weight of the
mice administered with LH were smaller than
those from the DMSO treated mice (Figure 3B,
3C). It is worth mentioning that the weight of
the mice was not significantly affected by LH
treatment (Figure 3D). The expression of Ki67,
an indicator of cell proliferation activity, was
significantly reduced in LH-treated tumors
according to IHC staining assay (Figure 3E).
Moreover, fewer metastases were found in the
lungs of A375 metastasized mice under LH
treatment (Figure 3F). In conclusion, LH can
effectively suppress the melanoma growth and
metastasis in vivo.

p21 overexpression indicates poor prognosis
of melanoma and LH promotes ubiquitination
degradation of p21

In the present study, a decreased p21 expres-
sion was observed in melanoma cells after LH
treatment (Figure 4A, 4B), which was inconsis-
tent with its general function of blocking cell
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Figure 1. Anti-proliferative effect of LH on melanoma cells. A. A375 and MV3 cells were treated with LH (0, 10, 20 and 40 uM) for 48 h and proliferation of the cells
was observed. Cell percentage in O uM group is regarded as 100%. Scale bar, 100 ym. B. Under LH (0, 10, 20, and 40 uM) treatment, cell viability was measured by
MTT assay on days 1, 3, 5 and 7. C. Percentage of Edu positive cells after LH (20 uM) treatment for 48 h. Scale bar, 50 um. D. Cell cycle distribution of the cells after
LH (20 uM) treatment for 48 h. E, F. The protein levels of CDK1, CDK2 and Cyclin E1 in LH treated cells were measured by western blotting. Mean + SD; *P<0.05,
**P<0.01, ***P<0.001.
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um. B, C. Migration and invasion of the cells under LH (20 uM) or DMSO treatment. Scale bar, 100 um. D, E. The
protein levels of E-cadherin, N-cadherin and Vimentin in LH treated cells were detected by western blotting. Mean
+ SD; **P<0.01, ***P<0.001.

cycle progression. In addition, lower expression
of p21 in LH treated A375 xenograft tumors
was observed compared with DMSO group
(Figure 4C). Based on the fact that p21 pro-
motes tumor development in certain cancers
[23-27], we speculated that p21 might play
similar roles in melanoma. Hence, the expres-
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sion of p21 in 14 cutaneous melanoma sam-
ples was analyzed by IHC, with 10 benign nevi
(benign lesion of melanocytes) as control. It
was found that the positive index of p21 in
cutaneous melanoma was dramatically higher
than in benign nevi (Figure 4D), and positively
related to the tumor invasion depth (R = 0.407,
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the treatment of LH (30 mg/kg/day) or DMSO, volume of A375 xenograft tumors was calculated every 5 days. C.
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analyze. D. Weight monitoring curve of the mice. E. Expression of Ki-67 in the xenograft tumors from LH or DMSO
treated mice model. IHC; Scale bar, 100 um. F. Tumors in the lung of mice that metastasized with A375 cells were
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P = 0.014) (Figure S1). The clinical significance cytoplasm was further studied. The results
of p21 in melanoma was further studied with showed that p21 was decreased both in nucle-
the help of online database. Compared with us and cytoplasm of the cells treated by LH
benign nevi, data from Oncomine database (Figure S2). In order to clarify the mechanism of
showed that CDKNZ1A is highly expressed in LH down-regulates p21 in melanoma cells,
melanoma (Figure 4E), which was consistent gRT-PCR was performed to investigate whether
with our IHC results. Kaplan-Meier survival LH affected the transcription of p21. However,
plots indicated that the CDKN1A levels were the p21 mRNA level in melanoma cells was
significantly related with unfavorable OS and barely changed after LH treatment (Figure 4G).
DFS of melanoma patients (log-rank P = 0.029 Therefore, we speculated that LH affected the
and 0.024 respectively) (Figure 4F). post-transcriptional modification of p21. As

expected, the degradation rate of p21 was
Considering the previous studies suggested accelerated by LH (Figure 4H), while the degra-
that the oncogenic role of p21 could depend dation was blocked by 20 uM proteasomal
largely on its cytoplasmic localization [20-22], inhibitor MG132 (Figure 4l). These findings sug-
the expression of p21 in A375 nucleus and gested that p21 may undergo ubiquitin-mediat-
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ed degradation. Ubiquitination experiment was
further carried out and found that the ubiquiti-
nation level of p21 was increased significantly
after LH treatment (Figure 4J). These results
indicated that LH promotes p21 protein degra-
dation via ubiquitin-proteasome pathway.

Overexpressing p21 partially attenuates the
anti-proliferative effect of LH on melanoma
cells

We established stable A375 and MV3 cell lines
overexpressing p21 to clarify the status of p21
in the LH-induced cell proliferation inhibition.
The results of MTT and EdU assays showed
that the LH-induced proliferation inhibition was
partially reversed after p21 was up-regulated
(Figure 5A, 5B). Moreover, overexpression of
p21 reduced the cell cycle arrest in S-phase
which caused by LH (Figure 5C). Meanwhile,
western blotting assays demonstrated that the
LH-induced decrease of CDK1, CDK2, and
Cyclin E1 were partially rescued after p21 was
up-regulated (Figure 5D, 5E). Based on these
data, p21 may be a target for LH to inhibit cell
proliferation.

Overexpressing p21 partially counteracts the
anti-migration/invasion effect of LH on mela-
noma cells

Transwell assays were conducted using p21/
vector-overexpressing A375 and MV3 cells to
explore the mechanisms in LH-induced migra-
tion and invasion inhibition. We noticed p21
overexpression could attenuate the inhibitory
effect of LH on cell migration and invasion
(Figure 6A, 6B). Additionally, the increased E-
cadherin, as well as the decreased N-cadherin
and Vimentin, in the cells after LH treatment
were partially reversed by p21 overexpression
(Figure 6C, 6D). The above findings suggested
that LH may suppress melanoma cell migration
and invasion through down-regulating p21.

Overexpressing p21 partially offsets the inhibi-
tory effects of LH on tumor growth and metas-
tasis of melanoma cells

We herein investigated the tumorigenesis of
p21-overexpressing cells after LH treatment.
The results of soft agar assay showed that
under the treatment of LH, the colonies gener-
ated by A375 and MV3 cells overexpressing
p21 were larger than the control group, both in
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volume and quantity (Figure 7A). In addition,
subcutaneous xenograft tumors were generat-
ed with p21/vector-overexpressing A375 cells
on NOD/SCID mice. After treatment with LH at
30 mg/kg/day for 25 days, the mice xenograft-
ed with p21-overexpressing A375 cells devel-
oped tumors larger in volume and weight
compared with vector-overexpressing group
(Figure 7B-D). At the same time, the decreased
expression of Ki67 in LH treated tumors was
partly rescued by p21 overexpression (Figure
7E). Moreover, p21-overexpressing A375 cells
formed more metastases in lungs of the mice
under LH treatment, compared with the vector-
overexpressing cells (Figure 7F). Taken togeth-
er, LH may inhibit tumorigenicity and metasta-
sis of melanoma cells via down-regulating p21.

Discussion

Organic compounds from natural sources have
a long history of being applied to treat diseas-
es, including cancer. In the past few decades,
many kinds of plant-derived ingredients with
anti-tumor activity have been discovered, and
some of them have been approved by the
USFDA [33, 34]. Lycorine is an active alkaloid
obtained from the medical herb Lycoris radiata,
which possesses prominent anti-cancer activi-
ty for several cancers [12-17]. In a previous
research, LH can inhibit the vasculogenic mim-
icry (VM) of melanoma cells [16]. VM is a pro-
cess where invasive tumor cells undergoing
trans-differentiation under ischemia and hypox-
ia to obtain endothelial cell behavior, forming
capillary-like tubes with blood supply function
[35]. Tumor progression and aggressive growth
can be promoted by this structure. In the pres-
ent study, we found that the cell proliferation,
migration and invasion of A375 and MV3 mela-
noma cells were inhibited by LH through regu-
lating cell cycle progression and EMT. In NOD/
SCID mice model, tumorigenesis and lung
metastasis of melanoma cells was significantly
inhibited by LH. Therefore, LH may inhibit mela-
noma by diverse mechanisms. What's more, we
surprisingly found that p21, a classical CDK
inhibitor which generally inhibits cellular pro-
cesses, was down-regulated after LH treat-
ment. This seemingly paradoxical phenomenon
aroused our interest and led us to further
research.

As a CDK inhibitor and a representative Cip/Kip
family member, p21 plays an important role in

Am J Cancer Res 2021;11(4):1391-1409
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cell cycle regulation [36]. The p21 protein spe-
cifically binds to and inactivates the Cyclin A/E-
CDK2 complexes at G1/S cell cycle check-
point, which leads to G1 phase cell cycle arrest
[37, 38]. Additionally, p21 attenuates the tran-
scription activity of E2F complex through inter-
acting directly with it, causing cell growth sup-
pression [39, 40]. Furthermore, p21 binds to
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PCNA in competition with PCNA-reliant DNA
polymerase, thereby hindering its catalytic
function, leading to inhibition of DNA duplica-
tion and enabling DNA repair [41]. Primarily
owing to these properties, p21 has long been
considered as a tumor-suppressor protein.
However, there are accumulating evidences
suggesting p21 can act as an oncogene, which
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promotes cellular proliferation [20], inhibits breast cancer [26] and squamous cell carci-
apoptosis [21] and facilitates migration [22]. noma of the esophagus [27].

Clinically, overexpression of p21 has been

found in amount of cancers and related to In this study, data from the Oncomine database
tumor progression as well as negative progno- showed that CDKN1A gene is highly expressed
sis, including prostate cancer [24], glioma [25], in melanoma compared with benign nevi.
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Survival analysis from the GEPIA database
showed that high CDKN1A expression is posi-
tively correlated with poor outcomes of mela-
noma patients. Immunohistochemical patholo-
gy analysis between 14 cases of melanoma
and 10 cases of benign nevi indicated a signifi-
cantly higher p21 protein expression in mela-
noma. It is noteworthy that the invasion thick-
ness among primary melanomas is positively
correlated with the expression index of p21,
which is consistent with a previous research
[42]. In addition, a follow-up survival study
based on 60 patients with primary malignant
melanoma revealed that the elevated p21 pro-
tein expression predicted a poor prognosis
[43]. The above evidences illustrate that p21 is
highly expressed both at mRNA and protein
level in melanoma, which is not conducive to
the prognosis of patients. This reminds us that
p21 may have an oncogenic role in melanoma.
Therefore, interfering with p21 transcriptionally
or post-transcriptionally could be an alternative
strategy for melanoma treatment. According to
our data, protein level of p21 in melanoma cells
was significantly decreased after LH treatment
while the p21 mRNA was barely changed. The
following ubiquitination experiment further con-
firmed that LH promoted the ubiquitination
degradation of p21 protein. We subsequently
overexpressed p21 in melanoma cells, as a
consequence, the inhibitory effect of LH on cell
proliferation, migration and invasion was par-
tially attenuated. Similarly, p21 overexpressing
also hindered the inhibitory effect of LH on
tumor growth and lung metastasis of melano-
ma cells in mice. Taken together, LH promotes
the degradation of p21 in melanoma cells
through the ubiquitin-proteasome pathway,
thereby exerting an anti-cancer effect.

Referring to previous studies, the mechanisms
by which p21 promotes tumor development has
been partially revealed. In cytoplasm, p21
could work as an adaptor for the assembly of
cyclins and CDKs, promoting the formation of
active complexes without inhibiting their kinase
activity, thus enhancing cell proliferation via
inducing cell cycle progression [44-46]. Be-
sides, cytoplasmic p21 exert the functions of
anti-apoptosis and promoting survival through
inhibiting several caspases (pro-caspase-3,
caspase-8&10) and apoptotic effectors (apop-
tosis signal-regulating kinase 1 and stress-acti-
vated protein kinase) [41, 47]. Moreover, cyto-
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plasmic p21 acts as a Rho-kinase (ROCK) inhib-
itor to compromise the ROCK/LIMK/cofilin
pathway and promote cell motility, thereby pro-
moting metastasis and invasion [20, 22]. In this
study, p21 proteins were down-regulated in
both nucleus and cytoplasm of LH treated mel-
anoma cells. Although nuclear-localized p21 is
always regarded as a tumor suppressor, it
does not seem to be absolute. For instance,
p21 was found to interact with smad3 and
acetyltransferase p/CAF in the nucleus and
enhance the DNA binding and transcription
activity of smad3 on several pro-invasive genes,
such as MMP9, in breast cancer cells [48].
Whereas silencing p21 gene blocked the tumor
invasion in xenograft mouse model [48]. Con-
sidering that smad3 can also transcriptionally
regulate E-cadherin, N-cadherin and Vimentin
gene expression [49-51], we speculated that
p21 may modulate the expression of these fac-
tors in a similar way. For further confirmation,
more follow-up studies are indispensable.

In conclusion, this study proved that LH inhibits
the proliferation, migration and invasion of mel-
anoma cells in vitro and in vivo. More than that,
LH post-transcriptionally regulates the expres-
sion of p21 by promoting its ubiquitination-
mediated degradation, and the suppressive
effects of LH on melanoma cells could be
relieved by p21 overexpression. Therefore,
pharmacologically down-regulating p21 with LH
could be developed as a therapeutic strategy
against melanoma in the future.
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Figure S1. Correlation between p21 positive index and invasion depth of cutaneous melanoma. Scale bar, 100 pm.
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Figure S2. After treatment with 20 uM LH for 48 h, the expression of p21 in cytoplasm and nucleus of A375 cells
was detected by western blotting analysis.



