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Abst rac t

Introduction: Melanoma is a malignant tumour and is the leading cause of death in patients with skin tumours. 
Aim

-
mains unclear. 
Material and methods in vitro and  
in vivo

Results: The in vitro results revealed that kaempferol obviously inhibited cell viability of melanoma B16 cells, in-
duced cell cycle arrest and cell apoptosis. The in vivo

of mice xenografts. More importantly, kaempferol down-regulated the number of MDSC cells and up-regulated the 
number of NKT cells and CD8 T cells in the spleen. 
Conclusions
melanoma by enhancing anti-tumour immunity of organisms.
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Introduction

Malignant melanoma is a lethal and highly invasive 

form of skin cancer, with a 5-year survival rate of less 

than 10%. Its prognosis remains very poor and the mor-

bidity and mortality rates are higher than in any other 

types of cancer [1]. Metastases to blood and lymphatic 

vessels occur early during tumour formation. Therefore, 

melanoma is a malignant tumour that poses a serious 

threat to human health [2]. However, the pathogenesis of 

melanoma has not been fully elucidated. But the current 

main opinion is that the incidence of melanin is mainly 

related to overexposure to ultraviolet radiation, solar ra-

diation, and ionizing radiation and genetic mutations. 

Among them, ultraviolet radiation is considered as the 

main cause of melanoma [3], and this is because intense 

ultraviolet light damages the proteins in skin cells [4]. 

Previous studies have shown that race also is an impor-

tant factor in the development of malignant melanoma. 

For example, Caucasians are more likely to develop ma-

lignant melanoma than Asians and Africans [5, 6]. In 

recent years, there have been several advancements in 
anti-cancer treatment, including targeted therapy and 
immunotherapy [7]. Although patients receiving targeted 
therapy and immunotherapy have higher response rates, 
their long-term survival rate remained low, and it might 
cause drug resistance in the later stages of treatment [8]. 

melanoma remains a great challenge today [9]. Tradition-
al medicinal plants have been used to treat a variety of 
cancers. Many Asian countries such as China, Thailand, 
Japan and other countries have been using traditional 
medicinal plants to treat cancers for many thousands of 
years [10]. Plants are the main source of new antican-
cer drugs, and these are associated with fewer side ef-
fects than chemical drugs [11]. Clinical anti-cancer drugs 
such as paclitaxel and vinblastine are derived from plant 
extracts. Therefore, more and more researchers are cur-
rently focusing on discovering natural compounds from 
medicinal plants to develop new anti-cancer drugs, which 
thereby increase the treatment response and long-term 
survival of cancer patients. Flavonoids are polyphenolic 
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compounds that are abundant in a variety of plants [12], 
-

properties. Many studies have shown that flavonoids 
inhibit proliferation and angiogenesis at various stages 

that can prevent or reduce the risk of many types of tu-
mours, such as lung cancer [14], pancreatic cancer [15], 
gastric cancer [16], and epithelial ovarian cancer [17]. 
Tea, apples, strawberries, beans and citrus fruits are rich 
sources of kaempferol [18]. Kaempferol regulates apopto-

cells. In addition, kaempferol can inhibit the migration 
and invasion of medulloblastoma and breast cancer cells 

cells are still unclear.

Material and methods

Graphical experiment steps were presented in Figure 1.

Cell cultures and kaempferol preparation

37°C in 5% CO
2
. B16 cells were purchased from the cell 

bank of the Chinese Academy of Sciences (Shanghai, Chi-
na). B16 cells were cultured in 1640 medium (Gibco BRL, 
Grand Island, NY) supplemented with 10% foetal bovine 
serum (FBS; Hyclone, Logan, UT) and 1% antibiotics (pen-
icillin and streptomycin). Kaempferol was dissolved using 
DMSO to prepare a 100 mM stock solution, which then 

-
tions (6.25 µM, 12.5 µM, 25 µM, 50 µM, and 100 µM).

MTT assay

Cell viability was assessed using 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 
(Beijing Baiao Lebo Technology co. LTD, China) according 
to the instructions of the manufacturer. B16 cells were 
plated in 96-well plates, and then were treated with dif-
ferent concentrations of kaempferol (6.25 µM, 12.5 µM, 

25 µM, 50 µM, and 100 µM) when the cell density was 
60%. 24 h later, the cells were incubated with MTT at 
a concentration of 0.5 mg/ml at 37°C for 4 h, followed 
by the addition of DMSO to dissolve the precipitates. 
Colorimetric analysis using a 96-well microplate reader 
(ELx800NB, Biotek, Winooski, VT, USA) was performed at 
a wavelength of 490 nm.

Cell cycle detection

-
ferol (50 µM, 100 µM) when the cell density was 60%.  

70% ethanol solution at 4°C overnight, then were centri-
fuged at 800×g at 4°C for 5 min. After removing the etha-
nol solution, the cells were washed twice with phosphate 

0.02 mg/ml propidium iodide (PI) and 500 µl phosphate 
-

tion at 37°C in the dark for 30 min, the cells were anal-

-
ferol (50 µM, 100 µM) when the cell density was 60%. 
24 h later, the cells were collected and stained using An-
nexin V and PI using Annexin V-FITC Apoptosis Detection 
Kit according to the instructions. Beckman CytoFLEX was 
used to analyse the apoptotic rate of B16 cells.

Animal studies

C57BL/6 mice were purchased from the Experimental 
Animal Centre of Military Medical Sciences (Beijing, Chi-
na). All animal experiments were approved by the Animal 
Ethics Committee of Integrated Traditional Chinese and 
Western Medicine, Tianjin Nankai Hospital. A single-cell 
suspension (1 × 106 cells/ml) of B16 cells was prepared 
and 50 µl suspension was subcutaneously injected into 
the back of the C57BL/6 mice. The mice were then ran-
domly divided into two groups. The mice in the experi-
mental group were intragastrically administered with 

Figure 1. 
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kaempferol (20 mg/kg), and those in the control group 
were intragastrically administered with PBS. All mice 

-
tric administration. The xenografts from the two groups 
were harvested, and then the volume and weight of the 
xenografts were measured. 

Flow cytometric analysis of immune cells

The spleen was isolated from mice for detecting the 

was finely ground into a single cell suspension, direct 
immunofluorescence was performed with CD3 Percp, 
CD8PE, CD4 FITC (labelling CD4 and CD8 T cells); CD11b 
FITC, GR1 PE (labelling MDSCs cells); and CD3 Percp, 
NK1.1PE (labelling NK and NKT cells) (BioLegend, Germa-

antibodies as above for 20 min at 4°C in the dark. Final-
ly, the cells were washed twice with PBS and detected by 

Statistical analysis

The data were presented as means ± standard de-
viation (SD). Statistical analysis was performed using 

t-test and ANOVA. P-values of < 0.05 

Prism 7 was used for data analysis.

Results

Kaempferol inhibits cell proliferation in melanoma 
B16 cells

Kaempferol was used for the treatment of melano-
ma B16 cells, and then the cell viability was analysed by 
conducting MTT tests. As shown in Figure 2, kaempferol 
at doses of 50 µM and 100 µM, significantly inhibited 
the cell viability of B16 cells, suggesting that kaempferol 

proliferation.

Kaempferol induces cell cycle arrest in melanoma
B16 cells

After treatment of B16 cells with kaempferol for  
-

etry. As shown in Figure 3 A, after treatment with 50, and 
100 µM kaempferol, more cells were arrested in the G2-M 
phase (14.55% and 27.36%) when compared to the con-
trol group, indicating that kaempferol induces cell cycle 
arrest of melanoma B16 cells.

Kaempferol induces apoptosis of melanoma 
B16 cells

-

of 50, and 100 µM for 24 h, the results showed that the 
apoptotic rates of both treatment groups were higher than 
the control group (Figure 3 B). These results indicated that 
kaempferol could induce apoptosis of melanoma B16 cells. 

Kaempferol inhibits growth of melanoma B16 cell 
in vivo

orthotopic melanoma tumour model was established us-
ing C57BL/6 mice. Xenograft formation assays showed 
that the volumes and weights of the xenografts in the 
treatment group were lower than those in the con-
trol group, indicating that kaempferol could inhibit the 
growth of B16 cells in vivo (Figure 4).

a single cell suspension from the spleen was measured 
-

ter kaempferol treatment, the number of myeloid-derived 

decreased, while the number of CD8 T cells and NKT cells 
was obviously increased (Figure 5). These results suggest 
that kaempferol inhibits tumour growth by regulating im-
mune cells in the spleen.

Discussion

Kaempferol is associated with a variety of anti-tu-
mour properties [13]. However, the anti-tumour activity 
of kaempferol against melanoma and its mechanism 
have not yet been elucidated. So, in this study, we found 

of B16 cells in a dose-dependent manner. Cancer is as-
sociated with uncontrolled cell proliferation, and most 

cycle arrest of tumour cells, inhibiting the uncontrolled 
cell proliferation [26]. The cell cycle has four regulatory 
points, G1, S, G2, and M phases for regulating cell cycle 
progression [27]. Previous studies have revealed that 
kaempferol inhibited tumour cell proliferation by block-
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ing the cell cycle. Similarly, in this study, we also found 
that kaempferol can block cell cycle progression in B16 
cells, leading to the inhibition of cell proliferation. Tu-
mour development is not only associated with uncon-
trolled proliferation of cells, but also relates to abnormal 
apoptosis [28]. Therefore, enhanced apoptosis is consid-
ered as a potential method of cancer treatment. Accord-
ing to a previous study, kaempferol induced apoptosis 
of human bladder cancer cells [29]. In the present study, 

role against B16 cells by inducing cell apoptosis. Taken 

of kaempferol on B16 cells was achieved by inhibition of 
cell proliferation and induction of apoptosis.

As we know, spleen is the main lymphoid organ in 
the body that manages the organic immune function by 
hosting major immune cells, including lymphocytes, mac-
rophages, dendritic cells (DCs), and monocytes [30]. Fur-
thermore, multiple investigations have demonstrated that 
the immune system plays a vital role in preventing the oc-
currence and controlling the growth of tumours [31, 32]. In 
addition, kaempferol has been described to possess potent 

-

erties [33, 34]. In the present study, the alterations of im-
mune cells in the spleen after kaempferol treatment were 
measured to identify whether the cellular mechanisms of 
kaempferol against B16 cells occurs via immune system 
regulation. The results revealed that the amount of MDSCs 

cells and NKT cells in the spleen was obviously increased.

Figure 3. A
of melanoma B16 cells were investigated using flow cytometry (FACS). The experiment was repeated three times.  
B
labelled with Q1-UR. The experiment was repeated three times
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Figure 5. Effects of kaempferol on immune cells. A – Kaempferol reduces 
the number of MDSCs. B – Kaempferol increases the number of CD8 T cells.  
C D – Kaempferol increases the num-
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MDSCs are a group of heterogeneous cells derived 

from bone marrow. These cells are considered to be the 

precursors of DCs, macrophages, and/or granulocytes, 

and have the ability to significantly suppress immune 

marrow to the periphery and are activated. MDSCs can 

-

immune surveillance and attack, and promoting tumour 

development [35]. The present study showed that the 

amount of MDSCs was decreased in mice after kaemp-

ferol treatment, enhancing the anti-tumour immunity 

of mice and inhibiting the development of melanoma  

in vivo

mediator of antitumor immunity. Several recent studies 

have shown that induction of CD8 T cells showed favour-

of the immune community, and despite their small num-

ber, they have a profound impact on immune system and 

-

ance of T cell receptor (TCR) and natural killer receptor 

(NKR) yield large amounts of IL-4 and INF- , which have 

a killing effect on tumour cells. Previous studies have 

shown that sequential activation of NKT cells provided 

-

study, the increased number of NKT cells and CD8 T cells 

in mice after kaempferol treatment showed enhance-

ment in the anti-tumour immunity of mice.

Conclusions

Our study demonstrated that kaempferol could inhib-

it proliferation, and promote apoptosis of melanoma B16 

cell, suggesting that kaempferol might play an important 

role in growth inhibition and melanoma development, 

and so is considered as a potential anti-tumour drug. 

-

ment could down-regulate the number of MDSCs, and 

up-regulate the number of CD8 T cells and NKT cells, indi-

cating that kaempferol inhibited melanoma by enhancing 

the anti-tumour immunity of organisms. A combination 

therapy of kaempferol treatment and MDSCs, and CD8 T 

and NKT cell-targeted adoptive immunotherapy against 

further research is warranted.
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