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Morusin exerts anti-cancer activity in renal cell carcinoma by 
disturbing MAPK signaling pathways
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Background: Renal cell carcinoma (RCC) has gradually become a severe type of kidney malignant tumor, 
which warrants an urgent need for highly efficacious therapeutic agents. Morusin, a typical prenylated 
flavonoid, has been revealed to possess anticarcinogenic effects against several cancers by inhibiting cell 
proliferation and tumorigenesis. 
Methods: Cells proliferation was examined by CCK-8. Migration assays were performed using a 24-well 
transwell chamber. Apoptotic cells were detected using the Annexin V PE/7-AAD apoptosis detection kit. 
Cell cycle analysis was carried out by flow cytometry. Western blotting and quantitative real time (qRT) PCR 
were used to exam the change of target gene in mRNA and protein level. Nude mouse xenograft experiments 
were performed to identify vivo function of morusin. 
Results: Here, we evaluated the effect of morusin against RCC. We treated three RCC cell lines, 769-P, 
786-O, and OSRC-2, with morusin to study its effects on cell growth, migration, apoptosis, cell cycle and 
cancer-related pathways. Additionally, we assessed the effects of morusin on tumor growth using a nude 
mouse model. Morusin could inhibit cell growth and migration, induce cell apoptosis and downregulate 
apoptosis-related proteins, and disturb the cell cycle arrest in the G1 phase. Additionally, morusin could 
suppress RCC tumorigenesis in vivo. Moreover, mitogen-activated protein kinase (MAPK) signal pathways 
were found to be involved in morusin-induced anti-cancer activity. P-p38 and P-JNK levels were up-
regulated by morusin, while the ERK phosphorylation level was down-regulated. 
Conclusions: Our results show that morusin could inhibit the growth of RCC cells in vitro and in vivo 
through MAPK signal pathways. Thus, morusin could be a potential anti-cancer agent for RCC. 
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Introduction

Renal cell carcinoma (RCC) is a primary and typical 
malignant kidney tumor, mainly derived from renal tubular 
epithelial cells and distributed in each part of the uriniferous 
tubule (1). RCC incidence has gradually increased over 
the past few decades globally, and its morbidity rate stands 

the third among cancers of the urinary system, accounting 
for about 5% of all new cancer diagnoses, just below 
prostatic cancer and bladder cancer (2). Almost half of the 
patients with RCC have experienced cancer metastasis 
to other tissues. Strangely, there were huge variations in 
the morbidity rates due to RCC among different regions, 
North America and Europe showed higher incidence than 
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Africa and Asia maybe due to heredity or environment (3).  
Enormous progress has been made towards treating RCC, 
in terms of surgery, radiotherapy, and chemotherapy. 
Unfortunately, the overall clinical outcome remains 
unoptimistic, with a five-year survival rate of patients 
with RCC being under 10%. In the past decades, with 
remarkable advances in the knowledge regarding molecular 
biology and cytogenetics of RCC, multiple targeting drugs 
have been developed to improve the patient survival time 
and therapeutic effect, including that of sorafenib, sunitinib, 
axitinib, and apatinib. Nonetheless, high-cost, stiff-price, 
and drug resistance limited their usage. Overall, research 
efforts need to be directed towards seeking for efficient 
natural small molecule drugs in order to achieve an optimal 
patient benefit and a sustainable system for treating RCC.

Flavonoid, a group of naturally occurring polyphenols 
that is widespread in the vegetable kingdom, has drawn 
increasing attention owing to its physiological, antioxidant, 
pharmaceutical, antiviral, and especially anticancer 
activity (4-6). It is composed of several subclasses, such 
as flavonols, flavanones, flavones, anthocyanins, and 
isoflavones, which have been studied for their anti-cancer 
activities. For example, most flavanone derivatives have 
been verified to regulate the expression of cell cycle 
regulatory proteins, block G1 cell cycle progression, and 
repress the clonogenicity of HCT116 cells (7). Wogonin, 
derived from natural flavones, is an inhibitor of cyclin-
dependent kinase and blocks RNA synthesis by suppressing 
the phosphorylation of carboxy-terminal domain of 
RNA polymerase II, inducing cancer cell apoptosis (8). 
Formononetin, an isoflavone from Astragalus membranaceus, 
increased the expression of caspase 3/9 proteins and the 
ratio of Bax/Bcl-2, and decreased the expression of MMP-
2/9 proteins and the phosphorylation level of ERK so as to 
inhibits the proliferation and metastasis of ovarian cancer 
cells (9). Morusin, a typical prenylated flavonoid that was 
isolated from the branch bark of cultivated mulberry, has 
been studied for its anti-cancer activity against several 
tumor cell lines, such as, glioblastoma cell, prostate cancer 
cell, gastric cancer cell, and breast cancer cell, via the 
inhibition of cell proliferation, induction of autophagy 
and apoptosis, which suggested several potential pathways 
induced by morusin (10-14). And it’s worth noting that 
autophagy and apoptosis might play an antagonistic role 
induced by morusin (14). These findings present morusin as 
a significant plant secondary product that could be explored 
as a therapeutic option against cancer.

Therefore, here, we evaluated the effect of morusin 

against RCC by treating three RCC cell lines, 769-P, 786-
O, and OSRC-2, with morusin to study the effects of 
morusin on cell growth, migration, apoptosis, cell cycle, and 
cancer-related pathways. Additionally, we assessed the effect 
of morusin on tumor growth using a nude mouse model.

Methods

Cell culture and morusin preparation

Three RCC cell lines, 769-P, 786-O, and OSRC-2, obtained 
from the American Type Culture Collection (ATCC, 
Rockville, MD, USA), were kept in our laboratory. They 
were cultured in 1640 medium (Gibco, USA), supplemented 
with 10% fetal bovine serum (FBS) (Gibco) and 1% 
penicillin/streptomycin (Gibco). Cell lines were maintained 
at 37 ℃ within 5% CO2. Morusin was commercially 
purchased from MedChemExpress (MCE, USA), and it was 
dissolved in DMSO (Sigma, USA) to obtain a 20 mg/mL 
stock-solution. In this study, DMSO was used as a negative 
control.

Cell viability assays

Cytotoxicity of morusin against RCC cells was tested 
using CCK-8 kit (Beyotime, China), according to the 
manufacturer’s instructions. Briefly, 769-P, 786-O, and 
OSRC-2 cells were seeded in a 96-well plate (2×103 cells/
well) with 100 μL medium. After cells adherence, different 
concentrations (0, 2, 4, 6 μg/mL) of morusin was added into 
each well for 1, 2, 3, 4, 5, and 6 days. Subsequently, 10 μL  
WST-8 was added in each well and incubated for 2 h. Cell 
viability was directly proportional to the production of 
formazan, and the absorbance was measured at 450 nm 
using a microplate reader. Finally, cell viability of different 
groups was presented as the percentage compared to the 
control. All data were obtained from triplicate experiments.

Cell migration assays

Migration assays were performed using a 24-well transwell 
chamber (Corning Costar, USA) with an 8 μM pores. 
Around 2×105 cells, suspended in 200 μL medium with 2% 
FBS were placed in the upper chamber, and normal culture 
medium was placed in the lower chamber. After incubation 
for about 24–48 h at 37 ℃, the chamber was taken out and 
washed with PBS (three washed at 5 minutes interval each), 
cells were, then, fixed with 4% paraformaldehyde. Lastly, 
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the cells passed through the pore were stained by crystal 
violet.

Cell apoptosis assays

Apoptotic cells were detected using the Annexin V 
PE/7-AAD apoptosis detection kit (Solarbio Science 
& Technology, China) according to the manufacturer’s 
instructions. Cells were collected after 48 h treatment with 
different concentrations of morusin (0, 2, 4 μg/mL). After 
three PBS washed, 100 μL of the cell suspension was stained 
with 5 μL Annexin V/PE and 10 μL 7-AAD at 25 ℃ for 
about 15 minutes in dark. Thereafter, apoptotic cells were 
detected by flow cytometry.

Cell cycle assays 

Cell cycle analysis was carried out by flow cytometry. First, 
2–5×106 cells (from different cell lines) were collected after 
treatment with 0, 2, or 4 μg/mL morusin for 48 h, and 
then fixed in 70% precooled ethanol for 90 minutes after 
washing thrice with PBS. Subsequently, cells were incubated 
with RNase A and propidium iodide (PI) at 37 ℃ for  
30 minutes. Lastly, cells were passed through 70-μm Falcon 
Filters for single cell suspension, and cell cycle was analyzed 
by utilizing flow cytometry.

Western blotting assays

Cells treated with morusin were lysated by RIPA (Beyotime) 
lysis buffer supplemented with a protease inhibitor PMSF 
(Beyotime) for 30 minutes on ice. Then, the mixtures were 
centrifuged (12,000 ×g) for 10 minutes at 4 ℃ for separating 
the cell debris. Protein concentration was measured by BCA 
assay (Beyotime). Equal protein contents were boiled for 
about 5 minutes with loading buffer and separated by SDS-

polyacrylamide gels electrophoresis (10% gel), followed by 
transfer to PVDF membranes (Roche, USA). The PVDF 
membrane was soaked in blocking buffer for 20 minutes 
and incubated with the primary antibody at 25 ℃ for 1–2 h. 
After three washes with PBS, the membrane was incubated 
with horseradish peroxidase (HRP)-labeled goat anti-rabbit/
mouse IgG secondary antibody (Beyotime). Lastly, the 
membrane was visualized by enhanced chemiluminescence 
chromogenic substrate. Mouse monoclonal antibody 
(anti-caspase3, anti-phospho-p38, anti-p38) and rabbit 
monoclonal antibody (anti-phospho-ERK, anti-ERK, 
anti-phosphor-JNK, anti-JNK, anti-Bax, anti-Bcl-2, anti-
tubulin, anti-cyclin D1, anti-CDK4, anti-CDK6) were 
purchased from Beyotime.

Quantitative real time (qRT) PCR assays

Total RNA of cells and tissues was extracted using the 
TRIzol reagent (Takara, Japan). One microgram of total 
RNA was used for first strand cDNA synthesis using 
the PrimeScriptTM RT reagent Kit (Takara, Japan), 
according to the manufacturer’s instructions. qRT-PCR 
was performed on the Stepone Plus real-time PCR system 
(Applied Biosystems, USA). The mRNA expression was 
finally determined by comparing it to GAPDH expression. 
Every sample was tested in triplicate and three independent 
experiments were performed. All primers used in the 
experiment were presented in Table 1. 

Tumor formation assays in vivo

All animal experiments were carried out following the 
guidelines by the Xinqiao Hospital and the Animal Care 
and Use Committee of the Third Military Medical 
University. Around 1×106 OSRC-2 cells mixed in matrix 
gel (1:1 volume) were resuspended in 200 μL PBS and 

Table 1 Nucleotide sequences of primers used for RT-PCR reactions

Gene Forward (5'-3') Reverse (5'-3')

BCL2 TTGGGGACAAGGGCTCTAAA AGAATGTTGGCGTCTTGTTTGA

BAX CACAGCCAGGGATATGGAGT GGCAGGCCTGAATAATGAAA

Caspase3 TGGAATTGATGCGTGATGTT GGCAGGCCTGAATAATGAAA

Cyclin D1 GCTGTGCATCTACACCGACA TTGAGCTTGTTCACCAGGAG

CDK4 GTGCAGTCGGTGGTACCTG AGGCAGAGATTCGCTTGTGT

CDK6 TGATCAACTAGGAAAAATCTTGGAC GGCAACATCTCTAGGCCAGT
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subcutaneously inoculated into the dorsal side of 4-week-old 
female nude mice (6 in each group). Thirty μL 20 mg/Kg  
morusin was injected by intraperitoneal injection every  
3 days for one mouse. We measured the tumor size every 
3 days with a caliper, and the volume was calculated as V = 
length × (width2)/2. The nude mice were sacrificed 3 weeks 
after implanted OSRC-2 cells, and the tumor weight was 
measured.

Immunohistochemical staining

Tumors from the nude mice were excised, fixed in 4% 
paraformaldehyde, embedded in paraffin, and cut into 4 
μM sections. After incubation with hydrogen peroxide and 
an enzyme reagent, further incubation was then carried 
out overnight at 4 ℃ with primary antibody against Ki-67 
or P27. This was followed by treatment with a secondary 
antibody for 30 minutes followed by development with a 
developer for 10 minutes. Five fields of view were randomly 

selected under high power (40×) for quantitative analysis.

Statistical analysis

All statistical analyses were performed using the SPSS 
19.0 software. All data were expressed as mean ± standard 
deviation. Repeated measured analysis of variance was used 
for subcutaneous transplantation growth curves and CCK-
8 experimental statistics. Two-tailed unpaired t-test was 
used to compare between the two groups, while One-way 
analysis of variance (ANOVA) was used to compare between 
three or more groups. 

Results

Morusin inhibits RCC cell proliferation and migration

The structure of morusin is shown in Figure 1A. At first, 
to detect the impact of morusin on RCC cell proliferation 
inhibition, we treated 769-P, 786-O, and OSRC-2, three 
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Figure 1 Cytotoxicity of morusin on RCC cell lines. (A) The chemical structures of morusin. (B) 769-P, 786-O, and OSRC-2 cells were 
treated with morusin (0, 2, 4, 6, 8 μg/mL) for 24 h for morphologic observation. (C) Morusin treated RCC cells with increasing incubation 
time from day 1 to day 6, and the cell viability was analyzed by the CCK-8 assay. Bars show the value as the mean ± SD from three 
independent experiments. *, P<0.05, **, P<0.01, and ***, P<0.001 compared to negative control. RCC, renal cell carcinoma; CCK-8, cell 
counting kit-8; mean ± SD, mean ± standard deviation.
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typical RCC cell lines, with different doses of morusin 
for 48 h. Direct observation showed that morusin could 
dramatically inhibit cell proliferation in a dose-dependent 
manner in all three RCC cell lines (Figure 1B). The CCK-8 
assay statistically proved the cytotoxicity of morusin in dose- 
and time-dependent manner. In the 24 h treatment groups, 
low concentration (2 μg/mL) of morusin did not induce 
significant cell proliferation inhibition. In the 48-h treatment 
group, all concentrations of morusin resulted in obvious 
inhibition of cell proliferation. Morusin treatment for 72 h 
or more, at 4 and 6 μg/mL, could inhibit cell viability below 
30% compared to negative control (Figure 1C).

Migration capability was a significant index in cancer 
cells (15). In order to verify whether morusin could 
influence RCC cell motility, a transwell assay was 
executed (Figure 2A). After incubation for 48 h, RCC cells 

penetrating the transwell membrane were prominently 
reduced compared to the negative control, by crystal violet 
staining, which exhibited that morusin was able to repress 
migration cell counts, especially in OSRC-2 (Figure 2B). 
These results demonstrated that morusin inhibits cell 
proliferation and migration in RCC cells.

Morusin induces RCC cell apoptosis 

As a significant mode of programmed cell death, apoptosis 
regulates the response of cancer cells to treatment with 
cytostatic drugs (16,17). To identify whether morusin can 
induce RCC cell apoptosis, flow cytometry analyses by 
Annexin-V-FITC and PI double staining assay were performed 
(Figure 3A). Compared to the untreated cells, apoptosis cell 
rates of 769-P, 786-O, and OSRC-2 were 7.73%, 12.25%, 
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Figure 2 Morusin inhibits cell migration of RCC cell lines. (A) 769-P, 786-O, and OSRC-2 cells were incubated with morusin (0, 2, 4,  
8 μg/mL). Migration ability was detected by transwell assay, and cells were stained with crystal violet. (B) The cells that passed through the 
transwell membrane were calculated. Data indicating migration ability are shown as a histogram. *, P<0.05, **, P<0.01, and ***, P<0.001 
compared to negative control. 
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Figure 3 Morusin activates cell apoptosis and perturbs apoptosis-related protein expression. (A) Annexin V PE/7-AAD stained apoptotic 
cells induced by morusin in RCC cells. (B) Apoptosis ratios were shown in the diagram. (C,D) Apoptosis-related protein expression was 
detected by western blotting and qPCR in a time and concentration gradient. (#, *, a) P<0.05, (##, **, b) P<0.01, and (###, ***, c) P<0.001 
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and 20.42% with 2 μg/mL morusin, and 12.18%, 29.16%, 
and 24.41% with 4 μg/mL morusin, respectively (Figure 3B). 
OSRC-2 and 786-O were more sensitive than 769-P.

Subsequently, to identify the underlying pro-apoptotic 
mechanisms, we detected the expression levels of apoptosis-
related proteins in RCC cells. As shown in Figure 3C,D, 
morusin treatment resulted in up-regulation of Bax and 
cleaved-caspase3, down-regulation of Bcl-2 by western 
blotting and qPCR, in a time- and dose-dependent manner. 
These findings suggested that Morusin was able to induce 
cell apoptosis in RCC cells.

Morusin perturbs cell cycle arrest at G1 phase

A stable cell cycle is important for cell growth and 
proliferation (18,19). The above-mentioned study indicated 
that morusin could induce RCC cell death. For gaining 
further gaining insight into the anti-cancer mechanisms of 
morusin, we performed cell cycle analysis by flow cytometry 
(Figure 4A). In all RCC cell lines tested, morusin treatment 
altered cell ratio in different cycle phases, and the increased 
cell ratios in G1 phase were 6.94%, 1.62%, and 2.33% 
in 769-P, 786-O, and OSRC-2 with 2 μg/mL morusin, 
respectively, while they were 12.38% 5.22%, and 6.29% 
with 4 μg/mL morusin, respectively. Accordingly, decreased 
cells ratios in S phase were 5.59%, 1.66%, and 2.48% with 
2 μg/mL morusin, while they were 11.08%, 5.20%, and 
7.22% with 4 μg/mL morusin, respectively, in 769-P, 786-
O, and OSRC-2 (Figure 4B). Cell ratios in the G2 phase 
showed little fluctuation.

Next, the expression level of proteins related to the 
cell cycle was detected by western blotting and qPCR  
(Figure 4C,D). Cyclins and CDKs, the two central cell cycle-
related protein families (20), were assessed to identify if 
they could be disturbed by morusin. When the morusin 
concentration was more than 2 μg/mL, CDK4, CDK6, and 
cyclin D1 were acutely inhibited, and their levels decreased in 
a time-dependent manner, especially that of cyclin D1, which 
was almost vanished after 24 h treatment. These results 
demonstrate that morusin treatment perturbs cell cycle arrest 
at the G1 phase in a time- and dose-dependent manner and 
inhibits expression of cell cycle-related proteins.

Morusin activated MAPK signaling pathways with 
implications in RCC

Mitogen-activated protein kinase (MAPK) signal pathway 
plays crucial roles in delivering extracellular stimulus into 

the cell to induce cellular response, which could influence 
cell proliferation, differentiation, apoptosis, inflammation, 
and autophagy (21,22). MAPK is a signaling pathway, 
that is conversed evolutionarily almost in all eukaryotes 
and contains three main groups, extracellular signal-
regulated protein kinase (ERK), c-Jun amino (N)-terminal 
kinases 1/2/3 (JNK1/2/3), and p38 MAPK (p38) (23). It 
is noteworthy that perturbations in MAPK signaling are 
typical in 20% of all human cancers (24). To elucidate 
MAPK signal function in morusin anti-cancer mechanisms, 
western blotting assays were performed to demonstrate 
whether MAPK signals could be induced by morusin 
or not. For observing the change of phosphorylation 
level of ERK, JNK, and p38, we harvested the cells and 
extracted proteins from them at 0, 0.1, 0.5, 1, 2, 4, and 
6 h after 4 μg/mL morusin treatment in the three cell 
lines. Phosphorylation level of the three kinases were 
fluctuated. In 769-P cells, the phosphorylated-ERK level 
was sharply decreased upon treatment for 4 and 6 h, the 
P-JNK level was detectably augmented from 0.1 to 2 h 
and subsequently returned to normal. The P-p38 level 
was similar to that of P-JNK. In 786-O cells, the P-ERK 
signal continued declining and was not detected to recover 
within 6 h, while the levels of P-JNK was similar to that in 
796-P cells, and P-p38 continued to increase. In OSRC-2 
cells, P-ERK was sharply decreased upon treatment for 0.5 
and 1 h, while it gradually recovered after 2 h, and P-p38 
levels were similar to that in 786-O cells, while P-JNK 
level was remarkably decreased after 0.5 h (Figure 5A).  
These  resu l t s  demonstra ted  that  morus in  could 
significantly induce MAPK signaling in a time-dependent 
manner. 

To further confirm that morusin inhibited RCC 
cells proliferation through the activation of MAPK 
signaling pathways, SB203580, a selective and ATP-
compet i t ive  p38 phosphoryla t ion inhib i tor,  and 
SP600125, a reversible JNK phosphorylation inhibitor, 
were used for pretreatment in 769-P cells for 0.1 h 
and 0.5 h before morusin incubation (25,26). Western 
blotting was performed to detect the P-p38 and P-JNK 
level after morusin incubation for 0.1 and 0.5 h. It was 
obviously revealed that treatment with morusin and 
SB203580 or SP600125 significantly downregulated p38 
and JNK phosphorylation compared to treatment with 
morusin alone (Figure 5B,C). And CCK-8 assays showed 
that SB203580 and SP600125 were able to rescue the 
inhibition effect of morusin on RCC cells proliferation in 
some degree.
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Figure 4 Morusin perturbs cell cycle arrest in the G1 phase. (A) Cell cycle analysis of 769-P, 786-O, and OSRC-2 cells treated with morusin 
(0, 2, 4 μg/mL) through flow cytometry. (B) The histogram cell proportions in different cell-cycle stages. (C,D) The expression of cell cycle-
related proteins was measured by western blotting and qPCR. (#, *, a) P<0.05, (##, **, b) P<0.01, and (###, ***, c) P<0.001 compared to negative 
control. qPCR, real-time quantitative PCR Detecting System.
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Figure 5 Morusin affects mitogen-activated protein kinase (MAPK) signaling pathways in RCC cell lines. (A) Cells treated with morusin 
for different incubation times were collected and detected by western blotting using p38, JNK, and ERK antibodies and phosphorylated 
antibodies. (B) SB203580 pretreatment inhibited the morusin-induced p38 phosphorylation detected by western blotting and cell 
proliferation by CCK-8 assays. (C) SP600125 pretreatment inhibited the morusin-induced p-JNK phosphorylation detected by western 
blotting and cell proliferation by CCK-8 assays. *, P<0.05, **, P<0.01 compared to negative control. RCC, renal cell carcinoma; JNK, Jun 
N-terminal kinase; ERK, extracellular signal-regulated protein kinase; CCK-8, cell counting kit-8.

Morusin inhibits RCC tumor growth in vivo

To identify the anti-cancer effects of morusin in vivo, we 
investigated whether morusin could inhibit RCC growth 
by conducting nude mouse xenograft experiments. Around 
1×106 OSRC-2 cells were injected subcutaneously in 
nude mice. Continuous photo collection diebus quaternis 
demonstrated that morusin could repress xenograft tumor 
volume (Figure 6A), the volume decreased to 56.66% 
until 21 days treatment (Figure 6B). Upon treatment for a 
longer duration, tumors were significantly diminished by 
about 63.92 % (Figure 6C,D). The results in the morusin 

group were significantly smaller than those in the NC 
group. Two biomarkers were chosen to be detected after 
morusin addition by tumor immunohistochemical analysis. 
The expression of Ki-67, a cell proliferation marker, was 
decreased after injection of morusin. Meanwhile, the 
expression of P27, postulated as a biomarker for RCC, was 
significantly increased (Figure 6E). And we also analyzed 
the MAPK signal pathways mice tumor treated by morusin. 
In treatment group, P-ERK, P-JNK, and P-p38 levels all 
expressed significant reduction compared to control group 
(Figure 6F). These results suggested that morusin can 
inhibit RCC growth in vivo.



Yang et al. Morusin exerts anti-cancer activity in RCC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(6):327 | http://dx.doi.org/10.21037/atm.2020.02.107

Page 10 of 13

Discussion

As a rising global threat for human health, RCC has caused 
severe fatalities, over 140,000 deaths worldwide each 
year, necessitating the identification of novel and efficient 
drugs for its treatment. Traditional RCC iatrotechnics 
were expensive and owned associated side effects (27). In 
recent years, anticancer drugs extracted from natural and 
organic herbs have attracted increasing attention. Morusin 
is a butenylated flavonoid isolated from the root bark 
of Moraceae (28,29). As an anticarcinogenic flavonoid, 
morusin has been reported in many studies to possess strong 
anticancer biological activity against some cancer cells. 

In this study, we assessed morusin cytotoxicity and anti-
cancer properties in RCC cells. We found that (I) morusin 
has a cytotoxic effect against RCC cells, which inhibited 
RCC cell proliferation and migration; (II) morusin induced 
cell apoptosis and perturbed cell cycle arrest on G1 phase; 
(III) MAPK signaling pathways were involved in morusin-
induced cell toxicity and the phosphorylation inhibitors 
of p38 and JNK obviously rescued the morusin-induced 
MAPK signals activation; (IV) Morusin disturbed the 
expression of cancer biomarkers and inhibited RCC tumor 
growth in vivo (Figure 7).

Treating RCC cells with morusin led to a time- and 
dose-dependent inhibition of their proliferation and 
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migration, similarly to morusin cytotoxicity in glioblastoma 
cell, prostate cancer cell, gastric cancer cell, and breast 
cancer cells (10-13). Further assays demonstrated that 
morusin could induce apoptosis and cell cycle arrest in the 
G1 phase by activating the expression of Bax, and cleaved-
caspase3 and inhibiting expression of Bcl-2 and several cell 
cycle-related proteins, such as CDK4, CDK6, and Cyclin 
D1. These results suggested the potential of morusin as an 
effective therapeutic agent for RCC.

Moreover, morusin exerted cytotoxicity by modulating 
MAPK signal pathways. It enhanced the P-p38 and P-JNK 
levels and decreased the P-ERK level in 769-P, 786-O, 
and OSRC-2 cell lines. A considerable number of studies 
have demonstrated that MAPK, as part of survival signal 
pathways, could promote cell proliferation, differentiation, 
and growth in various cancers (30-32). JNK and p38 have 
been proposed to function in apoptosis upon stimulation 
(31,33). Even in RCC cells, it has been shown that MAPK 
signal pathways are involved in growth and angiogenesis 
in vivo and that inhibition of MAPK can disrupt the 
vasculature (34), suggesting that MAPK signal pathways 
might become a potential therapeutic target for RCC. For 
further confirming the roles of MAPK signal pathways 
in morusin-induced RCC cells proliferation, SB203580 
and SP600125, the phosphorylation inhibitors of p38 and 
JNK were pretreated before morusin incubation. Western 
blotting and CCK-8 assays showed that inhibitors were able 

to rescue the morusin-induced MAPK signal activation and 
cell toxicity, which demonstrated the anti-cancer activity 
of morusin was induced by disturbing MAPK signaling 
pathways.

Moreover, nude mouse xenograft experiments further 
confirmed that morusin could inhibit RCC tumor growth 
in vivo. And coincidentally, during preparation of our 
manuscript, Hsieh et al. reported that fisetin, a naturally 
occurring flavonoid, could inhibit RCC cells proliferation 
and metastasis by downregulating CTSS and ADAM9 
through the ERK signaling pathway (35), which also proved 
that flavonoid has huge potency to treat RCC. In summary, 
our results highlight that morusin could be a potential 
alternative neoadjuvant chemotherapeutic agent for RCC. 
And for further application, the target and mechanism of 
morusin in RCC need to be explored in future.

Conclusions

To conclude, this study shows that morusin could inhibit 
the proliferation and migration of RCC cells, arrest cell 
cycle at G1 phase, and activate cell apoptosis. MAPK 
signal pathways are confirmed to be involved, in which the 
phosphorylation levels of p38, JNK and ERK change with 
morusin exposure. Furthermore, nude mouse xenograft 
experiments confirm that morusin could inhibit RCC tumor 
growth in vivo.
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