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The ubiquitous plant metabolite p-coumaric acid (p-CA) has antioxidant and anti-inflammatory proper-
ties, but its anti-cancer activity has not been established in gastric cancer cell lines. In this study, we 
investigated the effects of p-CA on the proliferation and transcriptome profile of SNU16 gastric cancer 
cells. Treatment with p-CA induced apoptosis of the SNU-16 cells by regulating the expression of 
pro-apoptotic and anti-apoptotic proteins, such as Bcl-2, poly (ADP-ribose) polymerase (PARP), Bax, 
procaspase-3, and cleaved-caspase-3. The genes differentially expressed  in response to p-CA treatment 
of the SNU-16 cells were identified by RNA sequencing analysis. Genes regulated by p-CA were in-
volved mainly in the inflammatory response, apoptotic processes, cell cycle, and immune response. 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis indicated that the phosphatidy-
linositol-3-kinase-Akt and cancer signaling pathways were altered by p-CA. Protein-protein interaction 
(PPI) network analysis also revealed that p-CA treatment was correlated with differential expression 
of genes associated with the inflammatory response and cancer. Collectively, these results suggest that 
p-CA has potential utility in gastric cancer prevention. 
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Introduction

Gastric cancer is one of the most common types of cancer, 

and is the leading cause of cancer-related deaths in East Asia 

and Eastern Europe [12, 15]. Currently, surgery and chemo-

therapy are the main treatments for patients with gastric 

cancer [17, 28-30]. However, the effectiveness of chemo-

therapy in the treatment of the cancer is hampered by its 

toxicity and drug resistance [1, 16]. The most commonly 

used chemotherapy drugs for gastric cancer treatment are 

5-fluorouracil (5-FU) and cisplatin, but most gastric cancers 

are resistant to chemotherapeutics, including cisplatin [8, 19]. 

Thus, there is a need to identify drugs with lower toxicity, 

such as plant-derived bioactive compounds, that may play 

an important role in the treatment or prevention of gastric 

cancer [3, 25].

p-Coumaric acid (p-CA) is a phenolic acid of hydroxycin-

namic acid, which is ubiquitously found in various edible 

plants [4]. p-CA displays marked biological properties, in-

cluding antioxidant, antimicrobial, antiviral, anti-inflamma-

tory, and immunomodulatory activities [13, 20, 21, 23, 26, 

31]. It was recently reported that p-CA induced the apoptosis 

of various cancer cell lines [9, 10, 11, 22, 24]. However, the 

effects of p-CA on cell growth and transcriptome profiles 

in SNU-16 gastric cancer cells have not yet been examined. 

In this study, we investigated the effects of p-CA on cell 

proliferation and transcriptome profiles in SNU-16 cells. 

Materials and Methods

Reagents 

RPMI 1640 medium, fetal bovine serum (FBS), and pen-

icillin–streptomycin (PS) were purchased from Gibco BRL 

(Grand Island, NY, USA). Antibodies against B-cell/lympho-

ma 2 (BCL2), BCL2-associated X protein (BAX), procaspase- 

3, and poly (ADP-ribose) polymerase (PARP) were pur-

chased from Santa Cruz Biotechnology (Santa Cruz, CA, 

USA). Antibodies against cleaved caspase-3 were purchased 

from Cell Signaling Technology (Beverly, MA, USA). Phos-

phate-buffered saline (PBS), 3-(4,5-dimethyl thiazol-2yl)-2,5- 

diphenyltetrazolium bromide (MTT), and p-CA were pur-

chased from Sigma-Aldrich (St. Louis, MO, USA). p-CA was 

- Note -
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dissolved in dimethyl sulfoxide (DMSO) to prepare a 200 

mM solution. All other reagents were purchased from 

Sigma-Aldrich, unless otherwise stated.

Cell culture and cell viability assays

SNU-16 human gastric cancer cells were obtained from 

the Korean Cell Line Bank (Seoul, Korea). The cells were 

cultured in RPMI-1640 medium (Gibco BRL) supplemented 

with 10% FBS and 1% PS (100 units penicillin/ml and 100 

pg streptomycin/ml). Cells cultures were maintained at 37℃ 

in a humidified atmosphere of 5% CO2. Cells in the exponen-

tial growth phase were used throughout the experiments. 

Cell viability was determined using the MTT assay. Briefly, 

cells were plated in 96-well plates at 2.0×105-3.0×105 

cells/ml, incubated overnight, treated with various concen-

trations of p-CA, and then incubated for an additional 72 

hr. Each well was supplemented with 50 µl of MTT and in-

cubated for 4 hr at 37℃. The formazan crystals that formed 

were subsequently dissolved in 150 µl DMSO, and the opti-

cal density of the resultant reaction solution was read at 540 

nm using a microplate reader (Bio-Tek, Winooski, VT, USA).

Western blot analysis

Cells were lysed in ice-cold RIPA lysis buffer (Merck 

KGaA, Darmstadt, Germany) according to the manufac-

turer’s protocol. Whole cell lysates were quantified using the 

Bio-Rad Protein Assay (Bio-Rad Laboratories, Hercules, CA, 

USA). Protein samples were loaded and then transferred for 

immunoblotting. The membranes were incubated with the 

following primary antibodies overnight at 4°C: BCL2, BAX, 

procaspase-3, PARP antibody (Santa Cruz, CA, USA) and 

cleaved caspase-3 antibody (Cell Signaling Technology, 

Beverly, MA, USA). After washing, membranes were in-

cubated with secondary antibody (Jackson ImmunoResearch, 

West Grove, PA, USA) for 1 hr at room temperature. 

Immunodetection was carried out using enhanced chem-

iluminescence (ECL) Western blotting detection reagent 

(Cyanagen, Bologna, Italy).

RNA isolation

Total RNA was isolated using Trizol reagent (Invitrogen, 

Carlsbad, CA, USA). RNA quality was assessed using the 

Agilent 2100 Bioanalyzer and the RNA 6000 Nano Chip 

(Agilent Technologies, Amstelveen, Netherlands), and RNA 

quantification was performed using the ND-2000 Spec-

trophotometer (Thermo Fisher Scientific, Waltham, MA, 

USA). For gene expression profiling, RNA sequencing (RNA- 

seq) was performed at Ebiogen Inc. (Seoul, Korea). 

Library preparation and sequencing

For control and test RNAs, library construction was per-

formed using SMARTer Stranded RNA-Seq Kit (Clontech 

Laboratories Inc., Mountain View, CA, USA) according to 

the manufacturer’s instructions. Briefly, 2 μg total RNA from 

each sample was prepared and incubated with magnetic 

beads coated with oligo-dT, and non-mRNA RNAs were re-

moved using washing solution. Library production was ini-

tiated by the random hybridization of starter/stopper heter-

odimers to the poly(A) RNA bound to the magnetic beads. 

These starter/stopper heterodimers contained Illumina-com-

patible linker sequences. A single-tube reverse transcription 

and ligation reaction extended the starter to the next hybri-

dized heterodimer, where the newly synthesized cDNA in-

sert was ligated to the stopper. Second strand synthesis was 

performed to release the library from the beads, and the li-

brary was then amplified. Barcodes were introduced during 

amplification. High-throughput sequencing was performed 

as paired-end 100 sequencing using HiSeq 2500 (Illumina, 

Inc., Foster City, CA, USA).

Data analysis

RNA-seq reads were mapped using the TopHat software 

[27] tool to obtain the alignment file. Differentially expressed 

genes (DEGs) were determined based on counts from unique 

and multiple alignments using coverage in Bedtools [23]. 

The RT (Read Count) data were processed based on the 

quantile normalization method using EdgeR within R (R de-

velopment Core Team, 2016) using Bioconductor [6]. The 

alignment files were used to assemble transcripts, estimate 

their abundances, and detect differential expression of genes 

or isoforms using cufflinks. Fragments per kilobase of exon 

per million fragments (FPKM) was used as the method of 

determining the expression levels of the gene regions. Gene 

classification was based on searches conducted using DAVID 

(http://david.abcc.ncifcrf.gov/).

STRING analysis

The STRING (Search Tool for the Retrieval of Interacting 

Genes/Proteins) database provides a comprehensive protein 

interactome that includes known and predicted protein-pro-

tein interactions scored according to their confidence. Inter-

actions in STRING are provided with a confidence score, 
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Table 1. The primer sequences of the genes used in Real-time PCR analysis

Gene Primer sequence

MAP3K5
Forward

Reverse

5’- GAA ATC TCC CTG GTG ACA GA -3’

5’- AGC AAC TTG TCC TTC GCT TT -3’

TGFB1
Forward

Reverse

5’- CTG CCA CAG ATC CCC TAT TC -3’

5’- TCC CAC GGA AAT AAC CTA GA -3’

IL10
Forward

Reverse

5’- CTC ATT CCC CAA CCA CTT CA -3’

5’- CCC GGC CTA GAA CCA AAT TT -3’

MYC
Forward

Reverse

5’- AGA TCA GCA ACA ACC GAA AA -3’,

5’- TTG TGT GTT CGC CTC TTG AC -3’

FADD
Forward

Reverse

5’- AGG TGG AGA ACT GGG ATT TG -3’

5’- AGA ACG CCA CAG TGG TTG AG -3’

GAPDH
Forward

Reverse

5’- CGA GAT CCC TCC AAA ATC AA -3’

5’- CCT TCT CCA TGG TGG TGA A -3’

A B

C

Fig. 1. Effects of p-CA on cell proliferation and apoptotic protein expression in SNU-16 cells. Cells were incubated with different 

concentrations of p-CA for 72 hr in SNU-16 cells (A) and Hs-68 cells (B). Cell viability was determined using the MTT 

assay. Data are means ± standard deviation (SD) of three independent experiments. *p<0.05, ** p<0.01, and ***p<0.001 compared 

to the untreated group. (C) Cells were treated with different concentrations of p-CA for 48 hr. The expression of Bcl-2, 

Bax, procaspase-3, cleaved capase-3, and PARP were analyzed by Western blotting. 

and accessory information (e.g., protein domains and 3D 

structures) is made available, all within a stable and con-

sistent identifier space. All of the networks were visualized 

and analyzed using the Cytoscape 3.3.0 visualization soft-

ware (http://www.cytoscape.org/). 

mRNA quantification by real-time PCR

Total RNA was extracted from cells using TRIzol reagent 



812 생명과학회지 2019, Vol. 29. No. 7

Table 2. The pathway analysis of genes differentially regulated 

by p-CA in SNU-16 gastric cancer cells (p<0.05)

KEGG pathway Count P-value

PI3K-Akt signaling pathway

Pathways in cancer

Rap1 signaling pathway

Ras signaling pathway

Cytokine-cytokine receptor interaction

cAMP signaling pathway

Calcium signaling pathway

Proteoglycans in cancer

Cell cycle

TNF signaling pathway

63

61

49

46

38

38

37

37

33

32

0.004

0.023

0.005

0.016

0.045

0.003

0.011

0.048

0.003

0.001

A

B

C

Fig. 2. Gene ontology (GO) analysis of differentially expressed genes (DEGs) regulated by p-CA in SNU-16 cells. DEGs were classified 

as biological process (BP), cellular component (CC), and molecular function (MF). 

(Invitrogen, Carlsbad, CA, USA). Reverse transcription for 

total RNA was performed using SuperScript II RTase 

(Invitrogen) according to the manufacturer’s instructions. 

Real-time PCR was performed on the StepOnePlus Real 

Time PCR System with the SYBR Green PCR Kit (Applied 

Biosystems Inc., Foster City, CA, USA) using the primers 

listed in Table 1. Thermal cycling conditions were 95℃ for 

10 min followed by 40 cycles of 95℃ for 15 s and 30 s at 

optimal Tm (59℃). The data were analyzed using StepOne 

software v2.2.2 (Applied Biosystems Inc.). The expression 

level of each gene was normalized to an endogenous control 

(GAPDH) and was calculated using the 2−ΔΔCt method.
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Fig. 3. Protein–protein interaction networks among DEGs regulated by p-CA in SNU-16 cells. The protein-protein interaction network 

was constructed using the STRING online tool with a confidence score >0.4. The nodes represent proteins, edges represent 

interactions between proteins, and the colors of the nodes represent the log2 fold change in expression level. 

Statistical analysis 

Statistical analysis was performed using SPSS ver. 12.0 

for windows (SPSS Inc., Chicago, IL, USA). All data are ex-

pressed as means ± standard deviation. Statistical differences 

between groups were examined using one-way ANOVA. 

Differences with p-values <0.05 were considered statistically 

significant.

Results and Discussion

Effects of p-CA on cell proliferation and apoptosis

We examined the effects of p-CA on the viability of SNU- 

16 cell lines using the MTT method. p-CA (0-2,000 μM) in-

hibited the growth of SNU-16 cells in a concentration-de-

pendent manner (Fig. 1A). However, these concentrations 

of p-CA did not have cytotoxic effects for the normal cell 

line (Fig. 1B). To evaluate whether the anti-proliferative po-

tential of p-CA in SNU-16 cells was caused by its apoptosis 

inducing effects, the effects of p-CA on the expression of 

apoptotic proteins were investigated by Western blot analysis. 

As shown in Fig. 1C, p-CA downregulated anti-apoptotic 

protein BCL2 and upregulated pro-apoptotic protein BAX. 

Thereby, procaspase-3 was decreased and cleaved caspase-3 

was increased by p-CA treatment. p-CA also downregulated 

PARP expression, while increasing its cleavage. The BCL2 

family plays a critical role in the regulation of apoptosis, 

and includes the anti-apoptotic proteins BCL2 and BCL-xL, 

as well as the pro-apoptotic proteins BAX, BCL2 antago-

nist/killer (BAK), BCL2-associated agonist of cell death 

(BAD), BH3 interacting domain death agonist (BID), and 

BAX inhibitor motif (BIM) [2, 5, 7, 14]. Our results showed 

that p-CA-activated executioner caspase-3 and the cleavage 

of PARP resulted in mitochondria-mediated apoptosis, even 

though the mechanism of apoptosis induction by p-CA in 

gastric cancer SNU-16 cells remains to be determined. 

Effects of p-CA on transcriptome profiles 

To explore the underlying molecular mechanism for the 



814 생명과학회지 2019, Vol. 29. No. 7

Fig. 4. Quantitative determination of differentially expressed 

genes by real-time PCR. Data are means ± standard de-

viation (SD) of three independent experiments. *p<0.05, 

**p<0.01, and ***p<0.001 compared to the untreated group.

anti-cancer effects of p-CA, we investigated changes in the 

transcriptome profile induced by p-CA using RNA-seq. MTT 

assay showed that p-CA inhibited the growth of SNU-16 gas-

tric cells from concentration of 500 μM, but the expressions 

of apoptotic proteins were strongly affected at 2,000 μM. 

Thus, the subsequent experiment was conducted using a 

concentration of 1,500 μM (IC50 value of cell growth in-

hibition). A total of 2,877 DEGs, comprising 2,216 upregu-

lated and 661 downregulated genes, were identified in 1,500 

μM p-CA-treated cells compared with untreated control cells. 

The DEGs were categorized as biological process (BP), cel-

lular component (CC), and molecular function (MF) based 

on Gene Ontology (GO) terms (Fig. 2). In the BP category, 

cell adhesion (GO: 0007155), apoptosis (GO: 0043066, GO: 

0043065), inflammatory response (GO: 0006954) and immune 

response (GO:0006955) were the main enriched terms (Fig. 

2A). Plasma membrane (GO: 0005886) and extracellular re-

gion (GO: 0005576) were the most prevalent terms in the 

CC category (Fig. 2B), and metal ion binding (GO:0046872) 

and DNA binding (GO:0003677) were the most prevalent 

terms in the MF category (Fig. 2C).

Kyoto Encyclopedia of Genes and Genomes pathway 

analysis showed that the DEGs were closely associated with 

pathways related to cancer, such as PI3-Akt, Rap1, Ras, 

cAMP, calcium, and tumor necrosis factor (TNF) signaling 

pathways (Table 2). This result suggests that p-CA may exert 

anti-cancer effects by modulating these genes in the apopto-

sis pathway. Thus, we integrated the expression levels of 

DEGs into the protein-protein interaction (PPI) network us-

ing Cytoscape 3.3.0. Based on the STRING database, inter-

action scores >0.4 were chosen for analysis. This analysis 

revealed that p-CA treatment was correlated with genes as-

sociated with inflammatory response and cancer. TGFB1, 

IL-10 and TNF genes were found to occupy central positions 

in the PPI network (Fig. 3). 

To validate the RNA-seq data, we performed qRT-PCR 

analysis, using the primers of following genes: transforming 

growth factor beta 1 (TGFβ1), interleukin 10 (IL-10), mi-

togen-activated protein kinase kinase kinase 5 (MAP3K5), 

BCL2-like 14 (BCL2L14), v-myc avian myelocytomatosis vi-

ral oncogene homolog (MYC), and Fas-associated via death 

domain (FADD). Glyceraldehyde-3-phosphate dehydrogen-

ase (GAPDH) was used as a reference gene. The mRNA ex-

pression patterns by qRT-PCR analysis were totally con-

sistent with those obtained by RNA-seq analysis, though the 

expressions of few genes were not statistically significant 

(Fig. 4). The PPI network analysis showed that TGFβ1, IL-10, 

TNF and CD40 were key genes regulated by p-CA. These 

genes were positioned in the main nodules, and found to 

affect the apoptotic process, suggesting that p-CA exert 

apoptosis inducing effects by modulating these pathway. 

p-CA inhibited gastric cancer SNU-16 cell growth at rela-

tively higher concentrations (IC50 = 1,500 μM) compared to 

other putative anticancer phytochemicals. It has been pre-

viously reported that p-CA inhibited the proliferation of hu-

man colorectal carcinoma (HCT-15) cells, colon carcinoma 

(HT 29) cells, and human colonic Caco-2 cells at IC50 with 

concentrations of 1,400-1,600 μM [10, 20, 24]. It is believed 

that humans consume large quantities (around 3.8 mg/day) 

of free phenolic p-CA, as p-CA is a naturally occurring phe-

nolic acid in edible plants such as peanuts, tomatoes, and 

carrots [24]. Orally consumed p-CA has reasonable bioavail-

ability in both animals and humans [18]. Thus, it is sug-

gested that IC50 values against SNU-16 cell growth may be 

achievable internally, and may exert chemopreventive pro-

perties. However, further research is needed to elucidate the 

underlying mechanisms of p-CA’s effects in greater detail. 
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록：SNU-16 암 세포주에서 p-coumaric acid의 세포성장 억제 효과 

장미경1․고희철2․김세재1.2* 

(1제주대학교 생물학과, 2제주대학교 생명과학기술혁신센터)

p-Coumaric acid (p-CA)는 항산화 및 항염 활성을 가진 식물계에서 가장 풍부한 식물화학물질이다. 그러나 위

암세주포에서 p-CA의 항암 활성과 전사체 발현에 대한 연구는 아직까지 수행된 바 없다. 본 연구에서는 SNU-16 

위암세포에서 p-CA에 의한 세포 증식 억제 및 전사체 프로파일에 미치는 영향을 조사하였다. p-CA는 세포사멸 

단백질 발현을 조절하여 SNU-16 세포에서의 세포사멸을 유도하였다. RNA-seq 분석을 사용하여 p-CA처리에 의

해 SNU-16 세포에서 차별적으로 발현된 유전자(DEGs)를 동정하였다. DEGs들의 gene ontology (GO) 술어로 유

전자 산물을 검색한 결과, 주로 염증반응, 세포사멸 과정, 세포주기 및 면역 반응에 관여하는 생물학적 과정에 

관여하는 것으로 나타났다. 또한, KEGG 경로분석 결과, p-CA는 주로 PI3K-Akt 와 암 신호전달 경로에 변화를 

유발하였다. 본 연구결과는 p-CA가 세포증식과 암 신호 전달 경로에 관여하는 유전자 발현을 조절함으로써 위암 

예방 효과를 나타낼 수 있음을 시사한다.


