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Abstract 

Purpose: To investigate the effect of pyrimidine-thioindole on gastric cancer proliferation and the 
underlying mechanism of action. 
Methods: Cell viability and apoptosis were determined using MTT assay and Annexin V/PI assay, 
respectively. Reverse transcription-polymerase chain reaction (RT-PCR) was used for the determination 
of expression levels of miR-145, while protein expression levels were assayed by western blotting. 
Results: Pyrimidine-thioindole treatment significantly inhibited the proliferation of AGS and SNU-5 cells 
(p < 0.05), but had no effect on the viability of GES-1 cells. Exposure to pyrimidine-thioindole at doses 
of 8 and 10 µM significantly enhanced the apoptosis of AGS and SNU-5 cells (p < 0.05). Pyrimidine-
thioindole exposure markedly increased the proportions of AGS and SNU-5 cells in G1 phase (p < 
0.05). In AGS and SNU-5 cell lines, pyrimidine-thioindole exposure at doses of 8 and 10 µM significantly 
upregulated the expression of miR-145, with higher enhancement of miR-145 expression in AGS cells 
than in SNU-5 cells. Moreover, pyrimidine-thioindole downregulated the expressions of MMP-2, MMP-9, 
c-Myc, p-PI3K and p-AKT in AGS and SNU-5 cells. Pyrimidine-thioindole treatment enhanced the 
expression of p21 in AGS and SNU-5 cells, relative to untreated cells (p < 0.05). 
Conclusion: These results suggest that pyrimidine-thioindole activates apoptotic signaling pathway, 
leading to reduction in cell proliferation and arrest of cell cycle. Moreover, it de-activates PI3K/AKT 
pathway and promotes miR-145 expression in AGS and SNU-5 cells. Thus, pyrimidine-thioindole has 
therapeutic significance for the management of gastric cancer. 
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INTRODUCTION 
 
The generation of lead compounds in drug 
discovery begins with identification of molecular 
entities using literature survey programs [1]. 
Scrutiny based on Hit-to-Clinical Pairs led to the 

identification of about 45 % of clinically 
important candidates from recognized starting 
materials between 2016 - 2017 [2]. 
Approximately 30 % of compounds discovered 
using Hit-to-Clinical Pairs concept are useful in 
the field of oncology [2]. This indicates the 
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importance of novel anticancer agents in 
multidrug resistance therapy [2]. The pyrimidine 
ring, an essential component of the genetic 
material, has medicinal significance, and is of 
great interest for clinicians involved in drug 
discovery [3]. The pyrimidine moiety serves as 
pharmacophore in small inhibitor molecules with 
therapeutic potential for several 
diseases/disorders [4]. Moreover, compounds 
containing pyrimidine ring also act as 
antimicrobial, anti-inflammatory and analgesic 
agents [5]. 
 
Molecular frameworks consisting of pyrimidine 
ring kill tumor cells via several mechanisms 
such as tyrosine kinase inhibition, deacetylation 
of histones, and regulation of autotaxins and 
heat shock proteins [6]. Pazopanib B, a small 
molecule derived from pyrimidine, was approved 
by FDA in 2009 as an anti-angiogenetic 
compound which acts via inhibition of tyrosine 
kinase receptor [7]. Another molecule containing 
pyrimidine, CEP-11981 C has been reported as 
cytotoxic agent with good anti-angiogenetic 
properties [8]. Indole is a major pharmacophore 
present in compounds with anti-cancer, anti-HIV 
anti-inflammatory and oxidant-quenching 
properties [9]. Gastric cancer is third highest 
cause of tumor-related deaths worldwide [10].  
 
The poor prognosis of gastric cancer requires 
effective treatment especially for patients 
diagnosed with advanced stage of the disease 
[11]. Clinicians consider the rapid metastasis of 
tumor cells in gastric carcinoma patients as a 
major limitation to available treatments [12]. 
MicroRNAs (MiRNAs) are generally comprised 
of 19 - 25 nucleotides, and they influence 
genetic translation via regulation of mRNA 
expression [13]. The miRNAs are involved in 
proliferation as well as death of cells [14]. A 
study has shown that pre-cancerous lesions 
extracted from colorectal tissues express lower 
levels of miRNAs [14]. The pathogenesis of 
gastric cancer has been linked to down-
regulation of the expressions of miRNAs [15]. 
Elevation of miR-145 expression in tumor cells 
leads to suppression of Myc proto-oncogene 
protein (c-Myc) [16]. Moreover, miR-145 
expression targets gastric cancer growth 
through down-regulation of MYO6 expression 
[16].  
 
The current study investigated the effect of 
pyrimidine-thioindole (Figure 1) on gastric 
cancer cell proliferation, and the mechanism 
involved. 
 

 
  
Figure 1: Chemical structure of pyrimidine-thioindole 
 
EXPERIMENTAL 
 
Cell culture 
 
Two gastric carcinoma cell lines i.e. AGS and 
SNU-5, and normal cell line (GES-1) were 
supplied by Chinese Academy of Sciences 
(Shanghai, China). The cell lines were cultured 
in DME medium mixed with 10 % FBS, 1 % 
penicillin and 1 % streptomycin in a 5 % CO2 
incubator at 37˚C for 24 h. 
 
MTT assay 
 
The AGS, GES-1 and SNU-5 cells were seeded 
in 96-well plates, each at a density of 2 x 105 
cells/well, and exposed to pyrimidine-thioindole 
at doses of 2, 4, 6, 8, 10, 12 and 14 µM for 24 h. 
Thereafter, a solution of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT; 5 
mg/mL) was added to each well, followed by 
incubation for 4 h. The medium was decanted 
from each well, and the resultant formazan 
crystals were solubilized in DMSO (120 µL), and 
the absorbance of each well was read at 560 nm 
in a multi-well spectrophotometer, after shaking 
the plate for 10 min. 
 
Determination of apoptosis 
 
The AGS and SNU-5 cells were cultured in 6-
well plates for 24 h, each at a density of 1.5 x 
105 cells per well, with pyrimidine-thioindole at 
doses of 8 and 10 µM for 48 h. Then, the cells 
were rinsed twice with cold PBS, followed by 
resuspending in 300 µL of binding buffer. The 
cells were then stained with Annexin 
V-fluorescein isothiocyanate (FITC) and 
propidium iodide (PI) for 20 min in the dark at 
room temperature. Fluorescence measurement 
was done using a flow cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA) linked 
with argon laser (488 nm). Cell apoptosis was 
analyzed using FACScan software (version 6.0; 
BD Biosciences). 
 
Cell cycle analysis 
 
Treatment of AGS and SNU-5 cells in 6-well 
plates (2 x 106 cells/per well) with pyrimidine-
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thioindole at doses of 8 and 10 µM for 24 h was 
followed by washing in PBS. Then, the cells 
were fixed overnight in 70 % methyl alcohol at 
-30 ˚C. Then, Tris-HCl buffer, pH 7.4 containing 
1 % RNase A was added to the cells. This was 
followed by staining with PI (5 mg/mL) prior to 
determination of DNA content distribution with 
flow cytometry. 
 
Western blot analysis 
 
The AGS and SNU-5 cells were treated with 
pyrimidine-thioindole at doses of 8 and 10 µM, 
followed by incubation for 24 h. Thereafter, the 
cells were lysed by treatment with 40 mM Tris-
HCl buffer, pH 7.4 containing 150 mM sodium 
chloride, 1 % Triton X-100, and protease 
inhibitor. The resultant lysates were centrifuged 
at 12000 g for 30 min at 4 oC. The protein 
contents of the supernatants were determined 
using BCA method. Then, equal amounts of 
proteins were subjected to 10 – 12 % SDS-
PAGE, followed by transfer to PVD membranes 
previously blocked by incubation with 5 % 
skimmed milk in TBS and Tween-20 (0.1%). The 
membranes were probed overnight at 4 oC with 
antibodies against cMyc, p-AKT, PI3K, P21, 
MMP-2, MMP-9 and GAPDH (Cell Signaling 
Technology, Inc.). Thereafter, the blots were 
incubated at room temperature for 2 h with 
horseradish peroxidase-conjugated secondary 
antibody, followed by washing with 1X PBST. 
The resultant protein bands were visualized 
using SignalFire™ Plus ECL system, and 
quantified with Image J (version 2.0) software. 
 
RT-qPCR 
 
Total RNA was extracted from AGS and SNU-5 
cells exposed to pyrimidine-thioindole at doses 
of 8 and 10 µM d for 24 h, using RNAiso Plus 
(Dalian, China) reagent. Then, 30 µg of RNA 
was used for synthesis of first-strand cDNA 
using the ProSTARt First Strand RT-PCR kit. 
Quantitative-PCR was carried out with SYBR® 
Premix Ex Taq™ II kit in accordance with the 
manual protocol. The primer sequences 
employed were: 
 
miR-145: forward: 5'-GTC CAG TTT TCC CAG 
GAA TCC CT-3', reverse: 5'-GCT GTC AAC 
GAT ACG CTA CCT A-3'. 
 
The amplification conditions used for qPCR 
consisted of 95 ˚C for 3 min, 39 cycles at 94 ˚C 
for 25 sec, 52 ˚C for 25 sec, 72 ˚C for 26 sec, 
and 72 ˚C for 5 min. The relative levels of gene 
expressions were determined using 2-ΔΔCq 
method. 
 

Statistical analysis 
 
Data presented are mean ± standard deviation 
of triplicate measurements. Statistical analysis 
of data was done with SPSS software (version 
17.0; Inc., Chicago, IL, USA). Differences 
amongst groups were determined using 
One-Way Analysis of Variance (ANOVA) and 
Tukey's post-hoc test. Values of p < 0.05 were 
taken as statistically significant. 
 
RESULTS 
 
Cytotoxic effect of pyrimidine-thioindole on 
AGS and SNU-5 cell lines 
 
The cytotoxicity of pyrimidine-thioindole on AGS 
and SNU-5 cells was evident in significant 
suppression of the viabilities of these cells 
(Figure 2). However, pyrimidine-thioindole 
treatment had no effect on the viability of GES-1 
cells. Exposure to pyrimidine-thioindole at doses 
of 2, 4, 6, 8, 10, 12 and 14 µM reduced the 
viability of AGS cells to 91, 78, 61, 47, 38, 28 
and 22 %, respectively. For SNU-5 cells, 
pyrimidine-thioindole treatment at doses of 2, 4, 
6, 8, 10, 12 and 14 µM suppressed viability to 
93, 80, 65, 51, 42, 30 and 24 %, respectively. 
 

 
 
Figure 2: Effect of pyrimidine-thioindole on the 
viabilities of GES-1, AGS and SNU-5 cells. Treatment 
of GES-1, AGS and SNU-5 cells with pyrimidine-
thioindole at doses of 2, 4, 6, 8, 10, 12 and 14 µM 
was followed by MTT assay. *P < 0.05; ***p < 0.01, 
vs. control cells 
 
Pyrimidine-thioindole induced apoptosis in 
AGS and SNU-5 cells 
 
Exposure to pyrimidine-thioindole at doses of 8 
and 10 µM significantly (p < 0.05) enhanced 
apoptosis of AGS and SNU-5 cell (Figure 3). 
Pyrimidine-thioindole treatment at doses of 8 
and 10 µM raised apoptosis to 43.68 and 57.38 
%, respectively in AGS cells at 24 h. In SNU-5 
cells, apoptosis reached 38.41 and 51.63 %, 
respectively on exposure to 8 and 10 µM 
pyrimidine-thioindole. 
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Figure 3: Effect of pyrimidine-thioindole on apoptosis 
of AGS and SNU-5 cells. (A) Apoptosis of AGS and 
SNU-5 cells at 24 h of exposure to 8 and 10 µM 
pyrimidine-thioindole, as analyzed using flow 
cytometry. (B) Percentage apoptosis in AGS and 
SNU-5 cells. *P < 0.05; **p < 0.02, vs. control cells 
 
Pyrimidine-thioindole caused cell cycle 
arrest in AGS and SNU-5 cells 
 
As shown in Figure 4, pyrimidine-thioindole 
exposure significantly elevated the proportions of 
AGS and SNU-5 cells in G1 phase, and 
suppressed the proportions of AGS and SNU-5 
cells in S and G2/M phases (p < 0.05). On 
exposure to pyrimidine-thioindole at doses of 8 
and 10 µM, the G1 phase fraction of AGS cells 
increased to 68.87 and 76.54 %, respectively, 
while in SNU-5 cells, the G1 phase cells 
increased to 66.78 and 72.32 %, respectively. 
 

 
 
Figure 4: Effect of pyrimidine-thioindole on the cell 
cycle. (A) Exposure of AGS and SNU-5 cells to 
pyrimidine-thioindole at doses of 8 and 10 µM for 24 h 
was followed by DNA content analysis using flow 
cytometry. (B) DNA content distribution. *P < 0.05; **p 
< 0.02, vs. control cells 
 
Pyrimidine-thioindole elevated miR-145 
expression in AGS and SNU-5 cells 
 
Exposure of AGS and SNU-5 cells to pyrimidine-
thioindole at doses of 8 and 10 µM led to marked 
and dose-dependent elevations in the expression 
of miR-145 (Figure 5). Pyrimidine-thioindole 

treatment caused more enhancement in miR-145 
expression in AGS cells than in SNU-5 cells. 
 

 
  
Figure 5: Effect of pyrimidine-thioindole on mRNA 
expression levels of miR-145 in AGS and SNU-5 cells. 
*P < 0.05; ***p < 0.02, vs. control cells 
 
Pyrimidine-thioindole influenced PI3K/AKT 
pathway 
 
Exposure of AGS and SNU-5 cells to pyrimidine-
thioindole caused marked downregulations in the 
protein expression levels of MMP-2, MMP-9, c-
Myc, p-PI3K and p-AKT (Figure 6). Reductions in 
expressions were higher in pyrimidine-thioindole-
treated AGS cells than in SNU-5 cells. 
 

 
 
Figure 6: Effect of pyrimidine-thioindole on activation 
of PI3K/AKT. Expression levels of PI3K, p-AKT, c-
Myc, p-PI3K, MMP2 and MMP9 in GES-1, AGS and 
SNU-5 cells treated with pyrimidine-thioindole at doses 
of 8 and 10 µM, as assayed using western blotting 
 
DISCUSSION 
 
Each year, clinicians report more than one million 
cases of gastric cancer which impacts adversely 
on peoples’ health globally [17]. Most oncologists 
believe that tumor growth can be efficiently 
arrested by drugs which stimulate apoptosis [18]. 
Resveratrol and L-securinine extracted from 
natural sources have been demonstrated to 
inhibit tumor growth by initiating apoptotic signals 
via diverse pathways [19]. This study 
investigated the anti-proliferative potential of 
pyrimidine-thioindole on gastric cancer cells. 
Treatment of AGS and SNU-5 cells with 
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pyrimidine-thioindole effectively suppressed their 
proliferation, when compared to control cells. 
However, pyrimidine-thioindole exposure had no 
effect on the proliferation of normal GES-1 cells 
at the two tested concentrations. In AGS and 
SNU-5 cells, pyrimidine-thioindole exposure 
significantly increased cellular apoptosis, and 
enhanced the population of cells in G1 phase, 
whereas the proportions of cells in S and G2/M 
phases were reduced. Thus, pyrimidine-
thioindole inhibited the proliferation of AGS and 
SNU-5 cells via generation of apoptotic signals 
and cell cycle arrest. 
 
The enhancement of expression of miR-145 may 
serve as therapeutic strategy for cancer because 
its level is much reduced in different types of 
cancers [20]. Previous studies have 
demonstrated that the gastric carcinoma cells i.e. 
AGS and SNU-5 express higher levels of 
miR-145 than normal epithelial GES1 cells [15]. 
The present study showed that in AGS and SNU-
5 cells, pyrimidine-thioindole exposure markedly 
elevated miR-145 expression, with higher 
elevation in AGS cells than in SNU-5 cells. 
Carcinogenic properties such as proliferation, 
progression in cell cycle and metastasis are 
influenced by the PI3K/AKT pathway [21]. The c-
Myc oncogene is involved in transformation of 
cells, generation of anti-apoptotic signals, and 
enhanced proliferative potential [22]. 
 
Downregulation of the expression of c-Myc 
induces apoptotic signals, leading to death of 
cells via damage to DNA [23]. Thus, inhibition of 
c-Myc expression leads to cell cycle arrest and 
suppression of cell proliferation. The present 
study showed that exposure of AGS and SNU-5 
cells to pyrimidine-thioindole caused significant 
downregulations in the expression levels of 
MMP-2, MMP-9 c-Myc, p-PI3K and p-AKT. The 
pyrimidine-thioindole-treated AGS and SNU-5 
cells expressed higher levels of p21 than 
untreated cells. 
 
CONCLUSION 
 
These results suggest that pyrimidine-thioindole 
induces apoptotic signaling, suppresses cell 
proliferation and arrests cell cycle in AGS and 
SNU-5 cells. Moreover, exposure to pyrimidine-
thioindole in AGS and SNU-5 cells elevates miR-
145 expression and targets MMP-2, MMP-9 and 
c-Myc levels. Therefore, pyrimidine-thioindole 
can potentially be used for the treatment of 
gastric cancer. 
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