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Purpose: Previous studies have shown the antitumor activity of melatonin against a wide range 
of human cancers; however, the impact of melatonin on gastric cancer growth remains to be 
illustrated. This study aimed to investigate the activity of melatonin against gastric cancer growth 
in a chick embryo tumor xenograft model and explore the possible mechanisms.
Materials and Methods: The growth of gastric cancer SGC-7901 cells was measured using 
MTT assay, and a chick embryo tumor xenograft model was generated to observe the effect of 
melatonin on gastric cancer growth in vivo. In addition, the VEGF and angiogenin secretion was 
measured in the supernatant of chick embryo tumor xenograft models with ELISA.
Results: MLT treatment inhibited the growth of SGC-7901 cells at a concentration-dependent 
manner, and treatment with MLT at 1 mM was found to markedly reduce the volume and weight 
of tumors bearing the allantois of chicken embryos. ELISA showed that MLT at concentrations 
of 0.0041, 0.012, 0.037 and 0.11 had no remarkable impact on VEGF and angiopoietin secretion, 
while MLT at 1 mM significantly suppressed VEGF and angiopoietin production in chick 
embryo tumor xenograft models with SGC-7901 cells (P = 0.023).
Conclusion: Our data demonstrate that MLT inhibits gastric cancer growth in vitro at 
a concentration-dependent manner, and suppresses angiogenesis of the chick embryo tumor 
xenograft model with SGC-7901 cells through inhibiting VEGF and angiogenin secretion. 
Further studies are needed to investigate the therapeutic potential of MLT for gastric cancer 
as compared to drugs clinically approved.
Keywords: gastric cancer, melatonin, growth, angiogenesis, vascular endothelial growth 
factor, angiogenin, chick embryo tumor xenograft model

Introduction
Gastric cancer, also known as stomach cancer, is the sixth most frequent malig-
nancy and the fourth leading cause of death in the world.1 Globally, there were 
1.09 million new cases diagnosed with gastric cancer, and 769,000 deaths occurred 
due to gastric cancer.2 Gastric cancer was estimated to cause 19.1 million (95% 
uncertainty interval, 18.7–19.6 million) disability-adjusted life-years (DALYs) in 
2017, with 98% from years of life lost (YLLs) and 2% from years lived with 
disability (YLDs), and there were 1 in 33 men and 1 in 78 women that developed 
gastric cancer over a lifetime.3 The clinical prognosis of gastric cancer predomi-
nantly depends on stage.4 The 5-year survival rate of early-stage gastric cancer is 
approximately 90%;5 however, this malignancy is frequently diagnosed at a late 
stage because of lack of specific clinical symptoms at early stage, leading to 
unfavorable prognosis and low survival rate.6 Improving the survival remains 
a major clinical challenge in gastric cancer.7–11
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Angiogenesis, a biological process that is critical to 
both physiological and pathological processes such as 
wound healing and tumor growth, is the formation of 
new blood vessels from pre-existing microvasculature, 
and is regulated by an opposing balance of angiogenic 
and angiostatic factors.12 Angiogenesis not only provides 
energy and oxygen supplies for cancer cells, but also 
directs cancer cells into blood circulation and their migra-
tion into distant locations.13 Angiogenesis has shown 
a critical role in tumor growth, metastasis and prognosis, 
which is strongly associated with survival in cancer 
patients,14 and inhibition of tumor cell growth and metas-
tasis may prevent tumor angiogenesis.15 Blockade of 
angiogenesis is therefore accepted as a novel treatment 
for human cancers.16

Melatonin (MLT), a methoxyindole that is primarily 
synthesized and secreted by the pineal gland,17 has been 
found to exhibit a wide range of pharmacological actions 
including detoxification of free radicals and antioxidant 
actions, bone formation and protection, reproduction, 
and cardiovascular, immune or body mass regulation, 
and brain or gastrointestinal protection,18–20 as well as 
suppression of cancer development, progression and 
metastasis.21 Our previous studies found that MLT inhib-
ited gastric cancer growth in vivo and in vitro and 
exhibited an anti-angiogenic and antitumor activity 
against gastric cancer by targeting HIF-1α, which stabi-
lizes the tumor microenvironment and stimulates tumor 
angiogenesis.22–25 The present study aimed to examine 
the impact of MLT on angiogenesis of gastric cancer in 
a chick embryo tumor xenograft model.

Methods
Ethical Statement
This study was approved by the Animal Experimental 
Ethical Inspection Committee of Fujian Medical University 
(approval number: FJMU IACUC 2018–003). All animal 
experiments were performed strictly according to the inter-
national and national laws, regulations and guidelines for the 
management and care of laboratory animals.

Cell Line and Culture
Human gastric cancer SGC-7901 cell line was purchased 
from Shanghai Institute for Biological Science of the 
Chinese Academy of Sciences (Shanghai, China). Cells 
were cultured in RPMI-1640 medium (Invitrogen; 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 

serum (FBS; Invitrogen; Carlsbad, CA, USA) and main-
tained at 37°C containing 5% CO2.

Cell Proliferation and Viability Assay
SGC-7901 cells were seeded onto 96-well plates (Corning, 
Inc.; Corning, NY, USA) at a density of 5000 cells per well. 
Cells were exposed to MLT at concentrations of 0.0014, 
0.0041, 0.012, 0.037, 0.11, 0.33, 1 and 3 mM for 24 hours, 
while cells treated with cisplatin and RPMI-1640 medium 
alone served as positive and negative controls. Cell prolif-
eration was measured using MTT assay (Invitrogen; 
Carlsbad, CA, USA) following the manufacturer’s guide-
lines. All measurements were repeated in triplicate.

Chick Embryo Chorioallantoic Membrane 
Assay
Pathogen-free fertilized white leghorn chicken (Gallus 
gallus domesticus) eggs were obtained from Henry 
Stewart Co., Ltd. (UK), and chicken embryos, which 
hatched for 5 days, were maintained at 37°C containing 
60% CO2. The air chambers were opened under sterile 
conditions, and the crust endomembrane was exposed and 
implanted on the chorioallantoic membrane at the embryo-
nic development day in the flank with 2×106 SGC-7901 
cells.

Chicken embryos with SGC-7901 cells were randomly 
assigned into two groups, of 10 chick embryos in each 
group. Slips containing normal PBS (control group) and 
the PBS containing 1 mM MLT (experimental group) were 
stuck to the chicken embryonic allantois. The holes were 
enclosed with paraffin and cover slides. The long (L) and 
short (W) axes of the tumors were measured with 
a caliper, and the tumor size (V) was calculated using 
the following formula: V = 4/3 π × L/2 × (W/2).2 Blood 
vessels were classified into three types: class 1 blood 
vessels were defined as bole vessels, class 2 blood vessels 
as branches on the bole vessels, and class 3 blood vessels 
as branches following class 2 blood vessels. The number 
of blood vessels at each class was blindly counted by three 
investigators. Tumors were collected at the end of the 
study and tumor weight was blindly measured by three 
investigators.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
Chick embryo tumor xenograft models with SGC-7901 cells 
were hatched for 10 days, and the VEGF and angiopoietin 
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levels were measured in the supernatants secreted by the 
cultured cancer cells using ELISA. Briefly, the cultured 
supernatants were collected and centrifuged at 12,000 rpm 
at 4°C for 15 min, and the secretion of VEGF and angio-
poietin was detected using VEGF-ELISA (R & D Systems, 
Inc.; Minneapolis, MN, USA) and ANG-ELISA kits (R & 
D Systems, Inc.; Minneapolis, MN, USA) following the 
manufacturer’s instructions. The values of optical density 
were measured at a wave length of 450 nm, and all measure-
ments were repeated in triplicate.

Statistical Analysis
All measurement data were presented as the mean ± stan-
dard deviation (SD), and all statistical analyses were per-
formed using the statistical software SPSS version 16.0 
(SPSS, Inc.; Chicago, IL, USA). Differences of means 
between groups were tested for statistical significance 
with Student’s t test, and one-way analysis of variance 
(ANOVA) was used to compare differences in repeated 
measures across experiments. A P value of <0.05 was 
considered statistically significant.

Results
MLT Suppresses Gastric Cancer Cell 
Growth
To examine the effects of MLT treatment on SGC-7901 
cells, the cell growth inhibition in response to MLT treat-
ment was examined. MLT treatment resulted in a significant 
reduction in the number of SGC-7901 cells, and MLT treat-
ment was found to suppress the growth of SGC-7901 cells at 
a concentration-dependent manner (Figure 1). As a positive 
control, the inhibition of cisplatin on the growth of SGC- 
7091 cells was also observed (Figure S1).

MLT Suppresses Gastric Cancer Growth 
in a Chick Embryo Tumor Xenograft 
Model
Since the antitumor activity of MLT has been extensively 
described previously [21], the present study sought to 
determine the effective concentration of MLT that was 
required to inhibit the growth of the chick embryo tumor 
xenograft model with SGC-7901 cells. Treatment with 
MLT at 1 mM was found to markedly reduce the volume 
and weight of tumors bearing the allantois of chicken 
embryos (Figure 2). Our data further confirmed the activ-
ity of MLT against gastric cancer.

MLT Suppresses VEGF and Angiopoietin 
Secretion in a Chick Embryo Tumor 
Xenograft Model
To unravel the potential mechanism underlying the inhibition 
of MLT on gastric cancer growth, we investigated the impair-
ment of angiogenesis in chick embryo tumor xenograft mod-
els following exposure to MLT by measuring VEGF and 
angiopoietin levels. ELISA showed that low concentrations 
of MLT had no remarkable impact on VEGF and angiopoie-
tin secretion, while MLT at 1 mM significantly suppressed 
VEGF and angiopoietin production in chick embryo tumor 
xenograft models with SGC-7901 cells (P = 0.023), which is 
consistent with the growth-inhibitory effects (Figure 3).

Discussion
Previous studies have demonstrated that MLT is active to 
inhibit the proliferation of multiple human cancers, includ-
ing gastric cancer,17–21 and our previous studies have 
confirmed the inhibition of MLT on gastric cancer prolif-
eration in vivo and in vitro through suppressing HIF-1α 
accumulation and VEGF generation via the nuclear recep-
tor RZR/RORγ.22–25 The antitumor effect of melatonin is 
mainly attributed to its powerful immune-regulatory func-
tions, anti-proliferation effects, anti-oxidative and anti- 
angiogenetic actions, which is one of the most important 
biological bases for tumor growth and development.26–28

In this study, we tested the activity of MLT at con-
centrations of 0.0041, 0.012, 0.037, 0.11, 0.33, 1 and 3 

Figure 1 Effects of melatonin on the growth of human gastric cancer SGC-7901 
cells. Cells were exposed to MLT at concentrations of 0.0014, 0.0041, 0.012, 0.037, 
0.11, 0.33, 1 and 3 mM, while cells treated with RPMI-1640 medium alone served as 
the negative control. MTT was employed to determine cell proliferation. The 
inhibition (%) was calculated as: cell growth upon MLT treatment/cell growth 
upon negative control treatment. Data are expressed as the mean ± SD from 
three independent experiments.
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mM against human gastric cancer SGC-7901 cells. MTT 
assay showed that MLT at concentrations of 0.0041, 
0.012, 0.037, 0.11 and 0.33 mM had no remarkable 

inhibition on SGC-7901 cells, while MLT at 1 and 3 
mM significantly suppressed SGC-7901 cell growth. In 
addition, our data showed that MLT suppressed the 

Figure 2 Melatonin inhibits microvessel formation and tumor proliferation of the chick embryo tumor xenograft model. (A) Changes of chick embryo tumor xenografts 
during administration with melatonin; (B) Comparison of tumor weight; (C) Comparison of tumor volume; (D) Comparison of allantois of chick embryos. Data are 
presented as the mean ± standard SD. *P < 0.05 vs controls. 
Abbreviation: MLT, melatonin.
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in vitro proliferation of SGC-7901 cells at 
a concentration-dependent manner.

Angiogenesis has shown an important role in tumor 
development and metastasis, which is mediated by the bal-
ance between pro-angiogenic and anti-angiogenic factors.29 

Angiogenesis is a multifactorial multi-step process, and 
blockade of any process is effective to prevent tumor 
angiogenesis.30 Inhibition of angiogenesis is therefore 
accepted as a new target for antitumor therapy.16 Autocrine 
VEGF signaling is present in cancers, and autocrine VEGF/ 
VEGFR contributes to cancer proliferation, apoptosis and 
metastasis.31,32 VEGF has been identified as a key mediator 
of angiogenesis in cancers, and inhibition of VEGF signaling 
is effective to suppress the development of new blood vessels 
and tumor growth.32 Angiogenin, a member of the RNase 
superfamily, is a potent stimulator of angiogenesis,33 has 
been detected to be overexpressed and associated with poor 
clinical outcomes in multiple human cancers.34–36

In this study, the chicken embryos were inoculated 
with SGC-7901 cells from the 5th day after incubation, 
and MLT administered since the 7th day, with the day of 
grouping defined as Day 0. Treatment with MLT at 1 mM 

was found to markedly reduce the volume and weight of 
tumors bearing the allantois of chicken embryos, and 
ELISA showed that treatment with MLT at 1 mM signifi-
cantly suppressed VEGF and angiopoietin production in 
chick embryo tumor xenograft models with SGC-7901 
cells (P = 0.023), suggesting that MLT may suppress 
gastric cancer growth through inhibiting angiogenesis.

Conclusions
In summary, the results of the present study demonstrate 
that MLT inhibits gastric cancer growth in vitro at 
a concentration-dependent manner, and suppresses angio-
genesis of the chick embryo tumor xenograft model with 
SGC-7901 cells through inhibiting VEGF and angiogenin 
secretion. Further studies are needed to investigate the 
therapeutic potential of MLT for gastric cancer as com-
pared to drugs clinically approved.
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