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Abstract

Purpose
To explore whether melatonin affect the progression of cell cycle and exert anticancer activities via the
modulation of CDK4 in NSCLC .

Methods
Cells treated with melatonin were used for assessing the anticancer effect of melatonin. Cells transfected
with lentivirus for CDK4 upregulation or downregulation was constructed to evaluate the role of CDK4 in
melatonin-induced anticancer effect. The protein and mRNA level of CDK4, PCNA and Bax were detected
by western blotting and qRT-PCR. The application of �ow cytometry was used for analyzing the
distribution of cell cycle and apoptosis. Animal model of subcutaneous tumor was constructed and used
for further study in vivo.

Results
We found that melatonin inhibited cell viability, colony formation, downregulated the expression of CDK4
and PCNA while upregulated the level of Bax. Besides, melatonin decreased the phosphorylation of ERK.
Importantly, inhibition of ERK activation by PD98059 particapated in melatonin-induced downregulation
of CDK4. Furthermore, melatonin led to G1 arrest and cell apoptosis. CDK4 knockdown enhanced
melatonin-induced cell cycle arrest while CDK4 overexpression reversed the effect. Additionally, the
animal experiment showed that melatonin decreased the level of CDK4 and inhibited tumor growth.
However, the anti-tumor effect of melatonin was reversed by CDK4 overexpression.

Conclusion
Taken together, CDK4 involved in anti-cancer activities of melatonin. Melatonin led to G1 arrest, blocked
G1-to-S transition, as a result, inhibited cell proliferation and accelerates apoptosis via suppressing CDK4
signaling. Targeting CDK4 inhibition and combining it with melatonin has protential to be a novel strategy
for NSCLC.

Introduction
According to the statistics published by world Health Organization in 2020, there were more than 2 million
new cases (11.4%) and 1.8 million death cases of lung cancer, which has remained highest death rate of
cancer (Sung et al., 2020). Non-small cell lung cancer (NSCLC) occupies around 85%, and has been
recognized highly aggressive and prevalent (Lee et al., 2019). Although there are many advanced
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methods, patients with NSCLC are suffering from poor prognosis, for it’s �ve-year overall survival rate is
no more than 16% (Chen et al., 2014).

Melatonin is mainly secreted by pineal gland of mammals and humans. Melatonin production is
activated in the darkness while inhibited in the light. It is well-known that melatonin is vital in
participating in biological rhythms, especially in regulating circadian rhythm (Ma et al., 2019; Pourhanifeh
et al., 2019; Hardeland et al., 2011). Lack of melatonin may result in physiological disorders, such as
heart disease, hypertension, depression, sleep disorders (Tan et al., 2015). Moreover, night shift work and
disruption of melatonin secretion may increase the risk of cancers (Papantonious et al., 2016;
Sigurdardottir et al., 2015). Women lack of melatonin secretion were found to possess higher risk of
breast cancer (Devore et al., 2017; Basler et al., 2014). Emerging researches provided that melatonin has
oncostatic properties in several cancers (Jablonska et al., 2013; Hevia et al., 2015; Plaimee et al., 2015).
However, the underlying mechanisms of melatonin on NSCLC hasn’t been fully elucidated yet.

Carcinogenesis is closely related to cell cycle dysregulation. CDKs, a variety of cyclin-dependent kinases,
activate alternately along the cell cycle process. Among them, CDK4 mainly participated in the transition
from G1-to-S phase (Kong et al., 2019). It is reported that tumorigenesis associated with mutation,
deletion and silence of P16, an inner CDK4 inhibitor (Thangavel et al., 2018). Thus, CDK4 dysfunction
may led to higher risk of tumorigenesis. CDK4 was veri�ed to expressed more in human lung cancer
tissues than in normal tissue (Feng et al., 2019). CDK4 inhibition speci�cally blocks G1-to-S transition,
decelerates cell division and accelerates cell apoptosis (Hydbring et al., 2016; Sobhani et al., 2019).

Herein, we found CDK4 downregulation involved in anticancer activities of melatonin. Melatonin function
as a CDK4 suppressor, induced G1 phase arrest, blocked G1-to-S transition, as a result, inhibited cell
proliferation and accelerated apoptosis. Hence, CDK4 inhibition in combination with melatonin may be a
novel strategy for NSCLC.

Materials And Methods

2.1 Cell culture
A549 cell lines and H1299 cell lines were purchased from Type Culture Collection of the Chinese
Academy of Sciences. Cell were cultured in high glucose DMEM containing 10% FBS (sigma) and
penicillin-streptomycin (100 units/ml, sigma) at 37℃with 5% CO2. Melatonin and PD98059, a MEK
inhibitor, were purchased from Cell Signaling Technology. Lentivirus for CDK4 overexpression or
knockdown, and empty vector were purchased from Hanbio Biotechnology Co., Ltd. The infection of
lentivirus was performed according to the protocol.

2.2 Cell viability and colony formation
Cell viability was performed by cell counting kit-8 (C0027, Beyotime Biotechnology). Cells were seeded
into 96-well plate and cultured at 37℃ for 24h. Different concentration of melatonin (0-4mM) were
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treated when cells reached a certain density (60-70%). Each well was washed by PBS 24h later and then
10µl CCK-8 reagent was added. After incubation for 4h, optical density (OD) values at 450nm was
detected by automatic microplate reader (Thermo Fisher Scienti�c, US). For colony formation detection,
cells were planted into 6-well plate at the density of 1000/well. After being treated with 0, 0.5, 1, 2 mmol/L
melatonin for 48 hours, cells were incubated in fresh medium without melatonin for another 12 days. The
clones containing more than 50 cells were observed after �xation and crystal violet staining.

2.3 Cell morphology observation
Cell proliferative ability, cell size and morphology were observed through full-automatic imaging system
(Celldiscover 7.0, Carl Zeiss, German) under different magni�cation after pretreated with 0, 0.5, 1, 2
mmol/L melatonin for 24.

2.4 Western blotting
Proteins were extracted by cell lysis buffer (P0013B, Beyotime Biotechnology) supplemented with
Phenylmethanesulfonyl �uoride (ST506, P0013B). Proteins of different molecular weight were separated
through process of electrophoresis on 10% or 15% SDS-PAGE, and transferred to PVDF membrane
through process of transmembrane. Before incubating with primary antibodies against CDK4, PCNA, Bax,
β-actin, ERK, p-ERK and GAPDH (Cell Signaling Technology) at 4℃ overnight, membranes were blocked
with 5% skimmed milk in TBST for 2 hours to avoid non-speci�c binding. After incubating with secondary
antibody (HRP-linked anti-IgG) for 2 hours at room temperature, ECL detection reagent (Thermo Fisher
Scienti�c, US) was added on the band

2.5 Quantitative real-time PCR
RNA was extracted by Trizol reagent (Thermo Fisher Scienti�c, US). The primer sequences were listed:
PCNA forward GAAGGTGTTGGAGGCACTCAAGG, reverse GCAGCGGTAGGTGTCGAAGC; CDK4 forward
AGTTCGTGAGGTGGCTTTA, reverse GGGTGCCTTGTCCAGATA; Bax forward
GATGCGTCCACCAAGAAGCTGAG, reverse GATGCGTCCACCAAGAAGCTGAG; β-actin forward
CCTGGCACCCAGCACAAT, reverse GATGCGTCCACCAAGAAGCTGAG. The reagent of reverse transcription
and PCR was conducted according with instructions (Takara Biotechnology, Dalian, China).

2.6 Flow cytometry
To detect cell cycle distribution, cells were harvested for 24 hours to be synchronized. After melatonin
treatment for 24 hours, cells were resuspended in 75% ethanol for �xation at 4°C overnight. 500µl binding
buffer mixed with 25µl of PI and 10µl of RNaseA (C1052, Beyotime Biotechnology) at 37℃ in darkness
for 30 minutes was applied before detection. To detect apoptosis rate, cells were resuspended and
stained by 500µL binding buffer mixed with 10ul of PI and 5ul of Annexin V-FITC (C1062M, Beyotime
Biotechnology) at 20-25℃for 20 minutes. Detection were conducted on CytoFLEX Flow Cytometer
(Beckman Coulter, US).

2.7 TUNEL assay
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The apoptosis cells were observed by TUNEL technique (C1090, Beyotime Biotechnology). Representative
images were taken by laser scanning confocal microscope (LSM880, Carl Zeiss, German).

2.8 Immuno�uorescence staining
After normal �xation, permeabilization and blocking, coverlips were incubated with primary antibody
against CDK4 at 4℃ overnight. Afterwards, �uorescein isothiocyanate-conjugated secondary antibody
incubation at 37℃ for 30 minutes and DAPI staining for 5 minutes were performed. Images were
captured by laser scanning confocal microscope (LSM880, Carl Zeiss, German).

2.9 Immunohistochemistry
After be depara�nezed, rehydrated and antigen recovered, cutting slices were blocked by 1% albumin
before incubated with primary antibody against CDK4 at 4 ℃ overnight. Then, slices were stabilized at
room temperature for 30 minutes, and received secondary antibody incubation at 37℃ for 30 minutes.
Finally, the slides received DAB staining for 10 minutes and hematoxylin counterstaining for 5 minutes
before taking pictures.

2.10 Animal models
BALB/c nude mice of 3-week-old were purchased from Shanghai Southern Model Biotechnology Co., Ltd.
6 x 106 A549 cells with or without CDK4 overexpression were subcutaneously injected into the right
abdomen of mice. All mice developed subcutaneous tumor 7 days later and assigned to four groups:
control, CDK4 overepxression (LV), 40 mg/kg melatonin, and LV+40 mg/ kg melatonin group. Mice
underwent intraperitoneal injection of melatonin solution every 2 days. The length and width of tumors as
well as the mice weight were recorded every 3 days. All mice were executed with integrally removal of
subcutaneous tumors for further experiment 42 days later. Tumor volume was culculated as follow:
volume=0.52 × length × width2.

2.11 Statistical analysis
Data were presented as mean ± standard deviation (SD) of three independent experiments. The
comparison between groups was analyzed by t-test or one-way ANOVA with GraphPad Prism 9.0.
Statistically signi�cant was proved as *p < 0.05, **p < 0.01 vs control group; #P < 0.05 vs LV group or Sh
group; &P < 0.05 vs melatonin group.

Results
3.1 Melatonin inhibited colony formation, cell viability, and accelerated cell apoptosis.

The results showed that 24 hours of melatonin pretreatment reduced the ability of cell cloning dose-
dependently (Figure 1A). The results of CCK-8 showed melatonin decreased cell viability dose
dependently, and 2mmol/L of melatonin is the optimal concentration for further experiment (Figure 1B).
Photographs of cell morphology showed that 2mmol/L of melatonin caused obvious cell shrinkage and
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loss of cellular attachment, as well as inhibited cell proliferative rate (Figure 1C). Photographs of
immuno�uorescence staining showed that 2mmol/L melatonin decreased the expression of CDK4 and
showed cell shrinkage and lack of cellular adhesion(Figure 1D). Photographs of TUNEL assay showed
higher proportion of cellular apoptosis in melatonin group rather than control group (Figure 1E).
Therefore, it is suggested that melatonin inhibited NSCLC cell colony formation, cell viability, and
accelerated apoptosis.

3.2 Inhibition of MEK activation particapated in melatonin-induced downregulation of CDK4.

Western blotting showed melatonin downregulated the level of proliferative proteins, CDK4 and PCNA,
while upregulated the expression of apoptosis related protein, Bax (Figure 2A-D). qRT-PCR analysis
showed the same trend as in western blotting (Figure 2E-G). Besides, melatonin decreased the
phophorylation of ERK without altering the expression of total ERK (Figure 2H-K). We further found that a
MEK inhibitor, PD98059, decreased the expression of CDK4 compared with control group. What’s more,
combination of PD98059 and melatonin sini�cantly downregulated the expression of CDK4 compared
with PD98059 and melatonin alone group (Figure 2J). Therefore, it is suggested that inhibition of MEK
activation particapated in melatonin-induced downregulation of CDK4.

3.3 Melatonin contributed to cell cycle arrest and apoptosis.

More cell accumulated in G1 phase after melatonin treatment while less cell accumulated in S phase,
suggesting that melatonin blocked G1-to-S transition (Figure 3A, C-E). The proportion of apoptotic cells
was signi�cantly higher after melatonin treatment, especially in the early stage of apoptosis (Figure 3B,
F). Therefore, it is suggested that melatonin contributed to cell cycle arrest and apoptosis.

3.4 CDK4 overexpression reversed anticancer actions of melatonin.

To further explore whether CDK4 is involved anticancer activities of melatonin, cells were transfected by
recombinant lentivirus for upregulation of CDK4. CDK4 overexpression promoted the ability of colony
formation. Interestingly, CDK4 overexpression reversed melatonin-induced inhibition of colony formation
(Figure 4A). CDK4 and PCNA expressed higher CDK4 overexpression group. Besides, melatonin-induced
suppression of CDK4 and PCNA were reversed by CDK4 overexpression. In contrary, the expression of Bax
expressed lower in CDK4 overexpression group. Melatonin-induced increase of Bax was reversed by CDK4
overexpression (Figure 4B-E). qRT-PCR results showed the same trend as western blotting (Figure 4F-H).
Therefore, it is suggested that CDK4 overexpression reversed anticancer actions of melatonin.

3.5 CDK4 knockdown enhanced the anticaner actions of melatonin.

Cells were transfected by lentivirus for downregulation of CDK4. CDK4 knockdown inhibited the ability of
colony formation. What’ more, CDK4 knockdown enhanced melatonin-induced inhibition of colony
formation (Figure 5A). CDK4 and PCNA expressed lower in CDK4 knockdown group. Besides, CDK4 and
PCNA expressed the lowest in CDK4 knockdown and melatonin co-treatment group. On the contrary, Bax
expressed higher in CDK4 knockdown group and expressed highest in CDK4 knockdown and melatonin
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co-treatment group (Figure 5B-E). qRT-PCR results showed the same trend as western blot (Figure 5F-H).
Therefore, it is suggested that CDK4 knockdown enhanced anti-cancer actions of melatonin.

3.6 CDK4 overexpression weakened melatonin-induced cell cycle arrest and apoptosis.

Less cell accumulated in G1 phase while more cell accumulated in S phase in CDK4 overexpression
group. Interestingly, CDK4 overexpression reversed melatonin-induced increase of cell proportion in G1
phase (Figure 6A, C-E). Besides, the proportion of apoptosis cells, especially in early stage, was much
lower in CDK4 overexpression group. Moreover, CDK4 overexpression signi�cantly weakened melatonin-
induced cell apoptosis (Figure 6B, F). Therefore, it is suggested that CDK4 overexpression reversed
melatonin-induced cell cycle arrest and apoptosis.

3.7 CDK4 knockdown enhanced melatonin-induced cell cycle arrest and apoptosis.

More cell accumulated in G1 phase while less cell accumulated in S phase in CDK4 knockdown group.
What’s more, the maximum of cells distributed in G1 phase after CDK4 knockdown and melatonin co-
treatment (Figure 7A, C-E). Cell apoptosis results showed that more cell distributed in apoptosis area in
CDK4 knockdown group. Besides, the proportion of apoptotic cells is the highest after CDK4 knockdown
and melatonin co-treatment (Figure 7B, F). Therefore, it is suggested that CDK4 knockdown enhanced
melatonin-induced cell cycle arrest and apoptosis.

3.8 CDK4 overexpression reversed tumor growth inhibition of melatonin in vivo.

To further verify outcomes in vitro experiment, we established tumor model in BALB/C nude mice by
subcutaneously injection of A549 cell suspension. All mice successfully formed subcutaneous tumors
one week later. Tumor volume in CDK4 overexpression group was the largest while that in 40 mg/kg
melatonin group was the smallest. Besides, CDK4 overexpression and melatonin co-treatment reversed
the melatonin-induced inhibition of tumor growth (Figure 8A-C). However, the body weight of all nude
mice in four groups had no signi�cant difference (Figure 8D). Similarily, the result of western blotting
showed that intraperitoneal injection of melatonin reduced CDK4 and PCNA level while raised Bax
expression. Moreover, CDK4 overexpression weankened melatonin-induced decrease of CDK4 and PCNA
as well as the increase of Bax (Figure 8E-H). Immunohistochemical assay also proved that introperitoneal
of melatonin decreased the expression of CDK4 in tumor tissue (Figure 8I-J).Therefore, it is suggested
that melatonin slowed down tumor growth, and CDK4 overexpression reversed melatonin induced
inhibition of tumor growth in vivo.

Discussion
It has been reported that the suppression of melatonin production and secretion might increases the risk
of mutiple cancers (Dauchy et al., 2014; Hansen et al., 2017; Touitou et al., 2017).Therefore, it is indicated
that melatonin has potential to exert protective activities in cancers (Ma et al., 2016). Melatonin
reportedly inhibits tumor cell growth and promotes tumor cell apoptosis (Borin et al., 2016; Yun et al.,
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2014). Consistently, we found that melatonin dose-dependently weaken cell viability and the ability of
colony formation. Melatonin led to cell shrinkage and loss of cell adhesion, indicating signs of cell
apoptosis in the early stage. Besides, melatonin dose-dependently affected the expression of proliferative
and apoptotic proteins. The activation of ERK is known to involve in the pathological process of
malignant transformation of cells (Lin et al., 2020). We veri�ed whether melatonin regulated ERK
expression in NSCLC. We found that melatonin decreased the phosphorylation of phosporylation of ERK
without altering total ERK expression. To further examine the role of ERK in ERK inhibitor downregulated
the expression of CDK4 and participated in melatonin-induced downregulation of CDK4. Additionally,
melatonin blocked G1-to-S transition and induced G1 phase arrest. Moreover, melatonin increased the
proportion of apoptosis cells. These results put forward that melatonin exerts anticancer actions by
downregulating CDK4 via MEK/ERK signaling pathway in NSCLC cells.

Our study found CDK4 expressed lower by melatonin treatment in NSCLC cells. CDK4 was found to be
disrupted and elevated in tumor cells, and the suppression of CDK4 reversed tumorigenesis (Patnaik et
al., 2016; Choi et al., 2012). The inhibition of tumor growth was observed in several cancers by orally
taking an CDK4/6 inhibitor (Gelbert et al., 2014; Yadav et al., 2014). Consistently, the results veri�ed that
CDK4 knockdown reduced cell growth. The result of western blotting showed that CDK4 knockdown
decreased the level of PCNA in vitro. Interestingly, melatonin and CDK4 knockdown co-treatment further
inhibited the expression of PCNA compared with melatonin alone treatment. However, CDK4
overexpression reversed the anti-proliferative effect of melatonin. Bollard et al (Bollard et al., 2017)
reported that CDK4 inhibition suppressed cell growth rate by blocking cell cycle transition. We also found
that CDK4 knockdown led to the G1 phase arrest and blocked G1-to-S transition. Interestingly, more cells
were accumulated in G1 phase in melatonin and CDK4 knockdown co-treatment group than melatonin
alone group. However, CDK4 overexpression reversed the melatonin-induced cell accumulation. These
results indicated CDK4 knockdown enhanced G1 phase arrest and blockage of G1-to-S transition of
melatonin in NSCLC cells. Consistently, Lee (Lee et al., 2018) found that melatonin disturbed the
progression of cell cycle through decreasing the level of cyclinD, cyclinE, CDK4 and CDK6.

Previous studies reported that CDK4 not only involves in cell proliferation, but also in abnormal apoptosis
(Wang et al., 2017; Naz et al., 2018; Jansen et al., 2017). CDK4 inhibition contributed to an increase of
apoptosis related proteins (Feng et al., 2019). Herein, CDK knockdown increased the expression of Bax in
NSCLC cells. Melatonin and CDK knockdown co-treatment further increased Bax expression than
melatonin alone treatment. Nevertheless, CDK4 overexpression reversed melatonin-induced upregulation
of Bax. Thangavel et al (Thangavel et al., 2018) reported that CDK4 inhibition triggered wrinkled
membranes and nucleus, and induced apoptotic response in NSCLC cells. In our study, CDK4 knockdown
increased the proportion of apoptosis cells, especially in the early stage. Additionally, CDK4 knockdown
and melatonin co-treatment group synergistically increased the proportion of apoptosis cell compared
with melatonin alone group. Whereas, CDK4 overexpression reversed melatonin-induced cell apoptosis.
These results indicated that CDK4 knockdown enhanced the promotion of cell apoptostis of melatonin in
NSCLC cells.
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Recent researches found that mouse model with CDK4 de�ciency showed more resistance to
tumorigenesis of NSCLC (Puyol et al., 2010). Melatonin inhibited the expression of tumor proliferative
proteins, as well as lowered the incidence of tumorigenesis (Sanchez et al., 2017). Our study also proved
that downregulation of CDK4 and melatonin were protective factors for tumor growth in vivo.
Intraperitoneal injection of melatonin slowed down subcutaneous tumor growth without in�uencing the
physical condition of mice, such as body weight. However, CDK4 overexpression elevated tumor growth
rate and expression of proliferative proteins, indicating that CDK4 paticipated in melatonin-induced
inhibition of tumor growth in vivo. Consistently, Kozar et al (Kozar et al., 2004) put forward that CDKs
were critically required for expansion of cancer cells, and inhibition of CDK4 obviously affected cell
proliferation and tumor growth.

In conclusion, CDK4 activation is involved in NSCLC cell proliferation and tumor growth. Melatonin
functioned as a potential CDK4 inhibitor, induced G1 cell cycle arrest, blocked G1-to-S transition, as a
result, inhibited cell proliferation and accelerated cell apoptosis (Figure 9). This study indicated that
targeting CDK4 inhibition and combining it with melatonin has protential to be strategic for NSCLC.
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Figure 1

Melatonin inhibited colony formation, cell viability, and accelerated cell apoptosis. (A) The images of
colony formation assay after melatonin treatment for 48h. (B) Cell viability tested by CCK-8 assay after
melatonin treatment for 24 hours. (C) Images of cell morphology taken by automatic cell imaging system
(magni�cation, 100× and 400×). (D) The expression of CDK4 and representative images of cell
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morphology performed by immuno�uorescence and taken by laser scanning confocal microscope
(magni�cation, 200× and 400×). (E) Images of apoptotic cell detected by TUNEL method. 

Figure 2

Inhibition of MEK activation particapated in melatonin-induced downregulation of CDK4.(A-D) Western
blotting results of PCNA, CDK4 and Bax were detected after melatonin treatment. (E-G) The mRNA levels
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of PCNA, CDK4 and Bax measured by qRT-PCR after melatonin treatment. (H-I) Western blotting results of
p-ERK, ERK were detected after melatonin treatment. (J) Western blotting results of CDK4 were detected
after PD98059 or melatonin treatment. 

Figure 3



Page 17/23

Melatonin contributed to cell cycle arrest and apoptosis. (A, C-E) Cells with/without melatonin treatment
were stained with PI. The proportion of cells in different cell cycle phase were calculated by �ow
cytometry assay. (B, F) Cells with/without melatonin treatment were stained with Annexin V-FITC and PI.
The proportion of cells in early and late apoptotic stage were calculated by �ow cytometry assay. 

Figure 4
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CDK4 overexpression reversed anticancer actions of melatonin. (A) Cells were transfected with lentivirus
for CDK4 overexpression. Images of colony formation assay were shown. (B-E) Western blotting results
of PCNA, CDK4 and Bax were detected after different pretreatment. (F-H) The mRNA levels of PCNA,
CDK4 and Bax detected by qRT-PCR after different pretreatment.

Figure 5
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CDK4 knockdown enhanced the anticaner actions of melatonin. (A) Cells were transfected with lentivirus
for CDK4 knockdown. Images of colony formation assay were shown. (B-E) Western blotting results of
PCNA, CDK4 and Bax were detected after different pretreatment. (F-H) The mRNA levels of PCNA, CDK4
and Bax detected by qRT-PCR after different pretreatment. 

Figure 6



Page 20/23

CDK4 overexpression weakened melatonin-induced cell cycle arrest and apoptosis. (A, C-E) Cells were
transfected with lentivirus for CDK4 overexpression. The distribution of cells in G1, S and G2 cycle phase
were calculated by �ow cytometry. (B, F) The proportion of apoptotic cells were calculated by �ow
cytometry. 

Figure 7
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CDK4 knockdown enhanced melatonin-induced cell cycle arrest and apoptosis. (A, C-E) Cells were
transfected with lentivirus for CDK4 knockdown. The distribution of cells in G1, S and G2 cell cycle phase
were calculated by �ow cytometry. (B, F) The proportion of apoptotic cells were calculated by �ow
cytometry. 

Figure 8
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CDK4 overexpression reversed tumor growth inhibition of melatonin in vivo. (A-B) Photographs of tumor
morphology and volume in each group after different treatment. (C) The curve graphs of tumor volume in
each group were drawn. (D) The curve graphs of body weight in each group were drawn. (E-H) The
proteins extracted from tumor tissue were measured by western blotting. (I-J) The expression and
location of CDK4 in tumor tissue were detected by immunohistochemistry (magni�cation, 10×, 20× and
40×). 
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Figure 9

Schematic diagram about downregulation of CDK4 by melatonin via MEK/ERK pathway induced G1 cell
cycle arrest, and then inhibited cell proliferation and accelerated apoptosis.


