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Abstract
Gastric cancer (GC) is the most common cancer worldwide and the third leading cause of cancer death, with the fifth high-
est incidence. The development of effective chemotherapeutic agents is needed to decrease GC mortality. Policosanol (PC) 
extracted from Cuban sugar cane wax is a healthy functional food ingredient that helps improve blood cholesterol levels 
and blood pressure. Its various physiological activities, such as antioxidant, anti-inflammatory, and anticancer activities, 
have been reported recently. Nevertheless, the therapeutic efficacy of PC in gastric xenograft models is unclear. We aimed 
to investigate the anticancer effect of PC on human GC SNU-16 cells and a xenograft mouse model. PC significantly inhib-
ited GC cell viability and delayed tumor growth without toxicity in the SNU-16–derived xenograft model. Therefore, we 
investigated protein expression levels in tumor tissues; the expression levels of Ki-67, a proliferation marker, and cdc2 were 
decreased. In addition, we performed proteomic analysis and found thirteen differentially expressed proteins. Our results 
suggested that PC inhibited GC progression via cdc2 suppression and extracellular matrix protein regulation. Notably, our 
findings might contribute to the development of novel and effective therapeutic strategies for GC.
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Introduction

Gastric cancer (GC) incidence has been steadily declining; 
however, GC remains the most common and lethal neoplasm 
worldwide. According to global cancer statistics 2020, GC 
has the fifth highest incidence and is the fourth leading cause 
of cancer death [1]. GC treatments include endoscopic resec-
tion and chemotherapy [2]. Particularly, FOLFOX (oxalipl-
atin, 5-fluorouracil, and leucovorin calcium) and XELOX 
(oxaliplatin and capecitabine) are commonly used chemo-
therapy regimens [3], and other chemotherapeutic agents 
include paclitaxel, cisplatin, epirubicin, and etoposide [4]. 

Recently, personalized therapy, such as immunotherapy and 
targeted therapy, has been used to treat biomarker-defined 
GC subtypes [5]. Nevertheless, drug resistance and toxicity 
are obstacles to improving mortality. Therefore, the devel-
opment of a novel anticancer agent is urgently needed for 
GC therapy.

Policosanol (PC) is a general term for active ingredients 
extracted from sugar cane wax. PC is a mixture of 1-tetracos-
anol, 1-hexacosanol, 1-heptacosanol, 1-octacosanol, 1-nona-
cosanol, 1-tricosanol, 1-dotriakosanol, and 1-tetratricosanol 
[6]. Particularly, PC extracted from Cuban sugar cane wax 
is a healthy functional food ingredient which helps improve 
blood cholesterol levels and regulate blood pressure. Addi-
tionally, PC exerts physiological effects, such as antioxidant, 
anti-inflammatory, and anticancer effects, prevents aging-
related and cardiovascular diseases, and improves hyperten-
sion and hyperglycemia [7]. Moreover, 1-octacosanol, the 
main component of PC, exerts antinociceptive, anti-inflam-
matory, and anticancer effects [8–10]. However, because 
PC is a mixture of 1-octacosanol and other molecules, its 
mechanism is complex and remains to be elucidated. Thus, 
we aimed to investigate the mechanism and anticancer effect 
of PC in GC. To establish a GC xenograft model, we used 
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human gastric carcinoma SNU-16 cells, which were isolated 
from an Asian patient with GC before chemotherapy and 
which are commonly used in cancer research [11].

Materials and methods

PC

PC tablet (20 mg, Raydel®, Rainbow and Nature Pty. Ltd, 
Australia) was ground and added to 4 mL of 50% ethanol 
(Sigma-Aldrich; Merck KGaA, MA, USA). This suspen-
sion was ultrasonicated twice (Q700A-220, QSONICA, CT, 
USA) for 5 min at an amplitude of 50 (on/off, 10 s) [12–14].

Cell culture

SNU-16 cells (human GC cell line) were purchased from the 
Korean Cell Line Bank (no. 00016). The cells were incu-
bated with Roswell Park Memorial Institute 1640 medium 
(GenDEPOT, TX, USA) containing 10% fetal bovine serum 
(GW Vitek, Seoul, Korea) and 1% penicillin/streptomycin 
(GenDEPOT) in a 5%  CO2 incubator at 37 °C.

Cell viability assay

SNU-16 cells (0.5–1.0 ×  104 cells/well) were seeded onto 
96-well plates and incubated for 24 h. Serially diluted PC 
(finally diluted in 1% ethanol) was added to each well and 
then incubated for 24 and 48 h. Cell viability was measured 
using a cell counting kit (CCK)-8 assay (Dojindo Molecular 
Technologies, Inc., MD, USA). Briefly, 10 µL of CCK-8 
reagent was added to each well and incubated at 37 °C for 
3 h. Absorbance was measured at 450 nm using a micro-
plate reader (Infinite M200 PRO, TECAN, Männedorf, 
Switzerland).

Animals

Balb/c-nude mice (BklNbt:BALB/c/nu/nu, female, 5 weeks 
old) were purchased from JA BIO (Gyeonggi, Korea). Ani-
mal experiments were performed according to a protocol 
approved by the Institutional Animal Care and Use Com-
mittee of Duksung Women’s University (No. 2021-001-002) 
in compliance with the Guidelines for the Care and Use of 
Laboratory Animals. The mice were acclimatized for 1 week 
before the experiments and were maintained under optimal 
conditions at 22 ± 4 °C, 12 h light-dark cycle, and a relative 
humidity of 50–60%. Laboratory diet and drinking water 
were provided ad libitum.

Measurement of tumor growth and organ weight

SNU-16 cells (5 ×  106 cells/100 µL) were injected subcu-
taneously into the right leg of 6-week-old female Balb/c-
nude mice. Then, the mice were divided randomly into two 
groups: the PC-treated and control groups. From the day 
of transplantation, PC (100 mg/kg in 2% Tween 20) was 
administered orally 5 days a week. The control group was 
administered with the same amount of 2% Tween 20. Mouse 
body weight was measured thrice a week. Tumor length and 
width were measured using a caliper thrice a week. Thereaf-
ter, tumor volume was calculated from the Eq. 1 [15]:

After the experiments, all experimental mice were sac-
rificed. The tumor, liver, kidney, and spleen were isolated 
and weighed.

Immunohistochemistry

Each tumor tissue was embedded in optimal cutting tem-
perature compound (Leica Biosystems, Wetzlar, Germany) 
and frozen slowly at -20 °C. The frozen tissues were cut 
into 5 μm-thick slices using a cryostat (Leica Biosystems), 
and the sections were placed on a glass slide (MUTO Pure 
Chemicals Co., Ltd., Tokyo, Japan). The tumor tissue sec-
tions were treated with 3%  H2O2 in methanol for 10 min and 
tap water for 10 min and then washed with phosphate-buff-
ered saline (PBS). The sections were incubated with anti-
Ki67 antibody (dilution, 1:200; Abcam, Cambridge, UK) at 
4 °C overnight. After washing with PBS, the sections were 
treated with secondary goat anti-rabbit immunoglobulin (Ig)
G (H + L)-horseradish peroxidase (HRP)–conjugated anti-
body (dilution, 1:100; BioRad Laboratories, Inc., CA, USA) 
at room temperature for 2 h. Antigen-antibody reactions 
were visualized using the VECTASTAIN Elite® ABC sys-
tem (Vector Laboratories, CA, USA) and 3,3′-diaminoben-
zidine (Vector Laboratories), counterstained with hematoxy-
lin, and mounted with limonene mounting medium (Abcam). 
The tissue sections were observed using microscopy (Leica).

Western blot analysis

Expression levels of antiproliferative proteins were deter-
mined using western blot analysis. Tumor tissues were lysed 
in radioimmunoprecipitation assay (RIPA) buffer (GenDE-
POT) containing protease (P3100, GenDEPOT) and phos-
phatase (Roche, Basel, Switzerland) inhibitors. Protein con-
centration was measured using the Pierce™ bicinchoninic 
acid protein assay kit (Thermo Fisher Scientific, Inc., MA, 

(1)
Tumor volume (mm3)

= (the longest length) × (the shortest length)2∕2
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USA). Samples (25 µg of protein) were separated using 
10–15% sodium dodecyl sulfate (SDS)-polyacrylamide gel 
electrophoresis using Mini-Protean Tetra cells and Power-
PacTM Basic Power Supply (BioRad Laboratories, Inc.). 
Thereafter, the samples were transferred to polyvinylidene 
difluoride membranes at 0.15 A for 90 min using a Novex® 
semi-dry blotter (Invitrogen Co., CA, USA). The membranes 
were blocked with 5% blotting-grade blocker (BioRad Labo-
ratories, Inc.) in Tris-buffered saline with 0.1% Tween 20 for 
1 h at room temperature and then incubated with primary 
anti-extracellular signal-regulated kinase (ERK; Thermo 
Fisher Scientific, 1:1,000), anti-phosphorylated (p)ERK 
(Thermo Fisher Scientific, 1:1,000), anti-p-p53 (Santa Cruz 
Biotechnology, TX, USA, 1:500), anti-p53 (Merck Milli-
pore, MA, USA, 1:1,000), anti-p21WAF1/Cip1 (Merck Mil-
lipore, 1:2,000), anti-cdc2 (Cell Signaling Technology, Inc., 
MA, USA, 1:1,000), and anti-glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH; Enzo Life Sciences, Inc., NY, 
USA, 1:5,000) antibodies overnight at 4˚C. The next day, 
the membranes were incubated with the following second-
ary antibodies for 3 h at room temperature: goat anti-mouse 
IgG (H + L)-HRP–conjugated (BioRad Laboratories, Inc., 
1:3,000) and goat anti-rabbit IgG (H + L)-HRP–conjugated 
(BioRad Laboratories, Inc., 1:3,000) antibodies. The pro-
teins were detected using ChemiDoc (FluorChem E system, 
ProteinSimple, CA, USA) and an enhanced chemilumines-
cent solution and analyzed using AlphaView software for 
the FluorChem E system (version 3.4.0, Proteinsimple Inc.).

Protein extraction

Tumor tissues were homogenized in RIPA buffer (GenDE-
POT) containing protease (GenDEPOT) and phosphatase 
(Roche) inhibitors on ice. After adding 10% SDS (finally 
diluted in 2% SDS) to the homogenized tissues, DNA and 
RNA were fragmented using ultrasonication (QSONICA) for 
30 s at an amplitude of 50 (on/off, 3 s). Thereafter, homog-
enized tissues were heated at 95 °C for 10 min, and centri-
fuged at 25 °C and 13,000 × g for 10 min. The supernatants 
were used for proteomic analysis.

Digestion and isobaric labeling

Lysed proteins were digested using S-trap mini (ProtiFi, 
part no. C02-mini-80) following the manufacturer’s protocol 
version 4.7 which includes the use of tris (2-carboxyethyl) 
phosphine and methyl methanethiosulfonate for reduction 
and alkylation. Thereafter, 10 µg of trypsin/Lys-C (Pierce, 
part no. A40009) was added to each sample and incubated 
for 1 h at 47℃. Eluted samples were dried using SpeedVac. 
Peptides were labeled with TMT 10-plex (Thermo Fisher 
Scientific, part no. 90,111) following the manufacturer’s pro-
tocol. After 1 h of reaction, labeled peptides were mixed and 

desalted with Oasis HLB (Waters, part no. WAT186000383, 
1 mL, 10 mg).

High‑pH fraction

Peptide mixture were dried and dissolved with 5% acetoni-
trile (ACN)/10 mM ammonium bicarbonate. An Acquity 
UPLC Waters (Waters, Milford, MA) equipped with BEH 
C18 column (1.7 μm, 2.1 × 100 mm, part no. 186,002,352) 
and fraction collector (Gilson, FC203B) was used for frac-
tionation. Buffers A and B contained 10 mM ammonium 
bicarbonate in distilled water and 90% ACN. The gradient 
was set from 5% B to 40% B in 79 min and from 40% B to 
60% B in 16 min at a flow rate of 0.2 mL/min. Eluted solu-
tion was collected every 0.8 min. Every twenty-four elutions 
were combined to yield twenty-four sub-samples, such as e1, 
e25, e49, e73, e97-frac1, e2, e26, e50, e74, e98-frac2, etc. 
The samples were dried using SpeedVac.

Liquid chromatography with tandem mass 
spectrometry (LC/MS/MS) analysis

Ultimate 3000 RSLCnano coupled to an Orbitrap Exploris 
240 mass spectrometer (MS, Thermo Fisher Scientific) was 
used for LC/MS/MS analysis. Each sample was dissolved 
in 0.1% formic acid/5% ACN, and peptides from 1 µg of 
protein were loaded onto the trap column (Acclaim PepMap 
100, 75 μm × 2 cm, C18, 3 μm, PN 164,946). Peptides were 
separated using an analytical column (BEH300 C18, 75 μm 
× 25 cm, 1.7 μm, PN 186,003,815). The column temperature 
was set to 50℃. The mobile phases were 0.1% formic acid 
in water (buffer A) and 0.1% formic acid in ACN (buffer 
B). The following gradient was used at a flow rate of 300 
nL/min: from 5% B to 7% B in 3 min, 7% B to 20% B in 
73 min, 20% B to 28% B in 36 min, and 28% B to 60% B in 
8 min. The survey scan settings were as follows: resolution, 
120,000; max IT, auto; automatic gain control, 300%; mass 
range, 400–1600 Th. Selected precursor was fragmented 
by higher-energy collision dissociation and analyzed using 
Orbitrap MS. Other parameters for MS/MS scan were as 
follows: Top15 double play; resolution, 45,000; max IT, 80 
ms; threshold 2E4; normalized collision energy, 36%; isola-
tion width, 0.7; dynamic exclusion parameter exclude after n 
times, 1; exclusion duration time, 45 s; mass tolerance low/
high, 10 ppm.

Data analysis

Raw data from LC/MS/MS were analyzed using Maxquant 
(version 2.0.3.0). Maxquant parameters were as follows: 
database UniProt Homo sapiens; enzyme, trypsin/P; vari-
able modification, oxidation (M) and acetylation (protein 
N-term); fixed modification, methylthio (C); type, reporter 
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ion MS2 TMT10plex. Of various result files, proteinGroups.
txt was used for further statistical analysis using Perseus 
(version 1.5.8.0). After reading the file, contaminant and 
reverse protein groups were filtered out. Protein groups were 
selected with a constraint that every experimental group 
contained at least two valid values. Missing values were 
replaced from a normal distribution. Thereafter, p-value 
was calculated for two of the three experimental groups. 
Significant proteins were selected based on fold change and 
p-value.

Statistical analysis

All data were analyzed using Student’s t-test and analysis 
of variance (ANOVA) using GraphPad Prism 7 (GraphPad 
Software Inc., CA, USA). All data are expressed as the 
mean ± standard deviation (SD). P < 0.05 was considered 
statistically significant.

Results

PC inhibited GC cell viability

To investigate the anticancer effect of PC in GC SNU-16 
cells, PC-induced cytotoxicity was assessed using CCK-8 
assay (Fig. 1). PC inhibited SNU-16 cell viability in a dose-
dependent manner. Notably, > 60 µg/mL PC significantly 
inhibited GC cell viability. Based on these results, we evalu-
ated the therapeutic efficacy of PC in a xenograft mouse 
model.

PC suppressed tumor progression in an SNU‑16–
derived xenograft mouse model without toxicity

On the day of SNU-16 cell transplantation, PC (100 mg/
kg) was orally administered. As shown in Fig. 2 A, the mice 
were treated 5 days a week for 5 weeks. In the control group, 

two mice were excluded for ethical reasons due to poor 
conditions. Therefore, the number of mice in each group 
was different. Nevertheless, PC treatment significantly sup-
pressed tumor growth; the tumor weights of PC-treated mice 
decreased, although not significantly, compared to those of 
control mice (Fig. 2B). To determine whether PC had any 
adverse effects, we measured and compared the body, liver, 
spleen, and kidney weights of the control and PC-treated 
groups. During the experimental period, we observed no sig-
nificant differences in body weight gain between the control 
and PC-treated groups (Fig. 2C). In addition, no significant 
changes in liver, spleen, and kidney weights were observed 
between the control and PC-treated groups (Fig. 2D–F). 
These results indicated that PC delayed tumor growth with-
out toxicity.

PC inhibited tumor proliferation by inhibiting cdc2

To elucidate the anticancer mechanism of PC, we used 
immunohistochemistry and western blotting to analyze 
tumor tissues. Particularly, we determined the expression 
levels of Ki-67, a proliferation marker. The PC-treated 
group showed a significant decrease in Ki-67 expression 
levels (Fig. 3A, B). Thus, PC inhibited tumor proliferation 
and suppressed tumor progression (Figs. 2A and 3A, B). 
Moreover, in the PC-treated group, the p-ERK1/2/ERK1/2 
ratio decreased, which led to increased p53, p-p53, and p21 
levels (not significant) and significantly decreased cdc2 lev-
els (Fig. 3C, D). These results suggested that PC decreased 
the p-ERK1/2/ERK1/2 ratio and then induced p53 and p21, 
tumor suppressors. Furthermore, cdc2 levels decreased as 
p21 levels increased.

PC induced changes in the extracellular 
matrix (ECM) of SNU‑16–derived tumor 
tissues

As shown in Fig. 3, PC inhibited GC cell proliferation. 
In addition, we performed proteomic analysis to inves-
tigate the role of PC in tumor progression. The differ-
ences in protein expression levels between the control 
and PC-treated groups were considered significant at 
fold change > 1.5 and p < 0.05 and are shown in Fig. 4; 
red dots indicate the proteins whose expression levels 
showed significant differences. As shown in Table  1, 
thirteen proteins were differentially expressed. The only 
upregulated proteins in the PC-treated group were elastin 
microfibril interfacer 1 (EMILIN-1), cytochrome c oxi-
dase assembly factor COX19 (COX19), NEDD1 gamma-
tubulin ring complex targeting factor (NEDD1), tenascin 
C (TNC), biglycan (BGN), arginase-1 (ARG1), dermato-
pontin (DPT), collagen type I alpha 1 chain (COL1A1), 

Fig. 1   PC inhibited SNU-16 cell viability.   SNU-16 cells were 
treated with 25, 50, 60, 80, or 100 µg/mL PC for 24 and 48 h. The 
cell viability was evaluated using CCK-8 assay. All data are expressed 
as the mean ± SD of three independent experiments. *p < 0.05 and 
**p < 0.001 (one-way ANOVA with Dunnett’s post hoc test)
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collagen type II alpha 2 chain (COL1A2), collagen type 
V alpha 1 chain (COL5A1), brain abundant membrane 
attached signal protein 1 (BASP1), collagen type IV 
alpha 2 chain (COL4A2), and microfibrillar-associated 

protein 5 (MFAP5). These results suggested that most 
differentially expressed proteins were ECM proteins and 
that PC treatment suppressed tumor growth in the SNU-
16–derived xenograft mouse model.

Fig. 2   PC delayed tumor growth in an SNU-16–derived xenograft 
mouse model without toxicity. a PC treatment schedule. Tumor vol-
umes were calculated from the Eq. 1. b Comparison of tumor weights 
between the control and PC-treated groups. Isolated tumor tissues 

after the last measurement of tumor volume are shown. c Mouse body 
weight. Liver d, spleen e, and kidney f weights. Data are expressed 
as the mean ± SD (control group, n = 6; PC-treated group, n = 8). 
*p < 0.05 (two-way ANOVA with Sidak’s post hoc test)
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Fig. 3   PC activated the antiproliferative signaling pathway. a Ki-67 
expression levels in tumor tissues. Brown dots indicate Ki-67-ex-
pressing cells. Scale bar, 50 μm (magnification, × 40). b Comparison 
of Ki-67 levels between the control and PC-treated groups. Data are 
expressed as the mean ± SD (n = 3/group). *p < 0.01 (Student’s t-test). 

c The expression levels of pERK1/2, ERK1/2, p-p53, p53, p21, and 
cdc2 in tumor tissues. d Relative protein expression levels based on 
the values in c. The values indicate the ratio of protein to GAPDH 
levels. Data are expressed as the mean ± SD (n = 3/group). *p < 0.05 
(Student’s t-test)

Fig. 4   Volcano plot of proteins. Visualization of differentially 
expressed proteins with volcano plot. Data show the relationship 
between large magnitude fold-changes  (log2(fold change), X-axis) 
and high statistical significance (−  log10(p − value), Y-axis). Red dots 
indicate significantly upregulated proteins

Table 1  List of the differentially expressed proteins

a Ratio of the mean expression value. (Control group vs. PC-treated 
group)

Protein name Fold-changea p value

EMILIN-1 1.5192 0.0078
COX19 1.5042 0.0193
NEDD1 1.6473 0.0204
TNC 2.0310 0.0231
BGN 1.6823 0.0263
ARG1 1.5033 0.0277
DPT 2.7839 0.0282
COL1A1 2.1623 0.0323
COL1A2 1.7972 0.0327
COL5A1 1.7774 0.0364
BASP1 1.5540 0.0418
COL4A2 1.5464 0.0427
MFAP5 1.9621 0.0456
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Discussion

PC is a healthy functional food ingredient that helps 
improve cholesterol levels and blood pressure. Moreover, 
PC has various physiological activities in different cell 
lines [16]. In this study, PC showed therapeutic efficacy in 
a GC xenograft mouse model by inhibiting cell prolifera-
tion. In addition, we found several ECM proteins that were 
differentially expressed following PC treatment. Nota-
bly, tumor growth in PC-treated mice was significantly 
delayed compared with that in control mice (Fig. 2A). 
Aleman et al. reported that PC showed no carcinogenicity 
in 18-month-long chronic toxicity tests [17]. Our results 
also indicated that PC treatment did not affect the body 
and organ weights of xenograft mice (Fig. 2C–F). Several 
previous studies have demonstrated that PC conditionally 
modulates the AMPK, MAPK, and PI3K/Akt signaling 
pathways [18–20]. To elucidate the therapeutic efficacy 
of PC in the SNU-16–derived xenograft mouse model, 
we investigated the PC-regulated signaling pathway in 
tumor tissues. Moreover, we investigated the mechanism 
of PC, which is complex and remains unclear because PC 
contains numerous molecules. Particularly, only the octa-
cosanol mechanism is well known. Wang et al. reported 
that octacosanol, a component of PC, significantly 
inhibits the mitochondrial permeability transition pore-
induced phosphorylation of c-Jun N-terminal kinase and 
p38MAPK but not of ERK1/2 in mice [21]. Furthermore, 
Guo et al. reported that octacosanol attenuates intestinal 
inflammation in mice via MAPK signaling [10]. Notably, 
our results indicated that PC decreased the p-ERK1/2/
ERK1/2 ratio and activated p53 and p21, thus downregu-
lating cdc2 expression (Fig. 3C, D). Moreover, the PC-
regulated signaling pathway induced anti-proliferation of 
SNU-16 gastric tumor cells. A similar signaling pathway 
was reported in GC AGS cells treated with tanshinone 
IIA, which induces G2/M phase arrest [22]. Intriguingly, 
cdc2 knockdown inhibits the proliferation and enhances 
the apoptosis of glioblastoma cells [23]. The decrease in 
Ki-67–expressing cells in the PC-treated group indicated 
cell anti-proliferation (Fig. 3A, B). These results suggested 
that PC showed therapeutic efficacy in GC by inhibiting 
cdc2.

In this study, we simultaneously administered PC 
and injected SNU-16 cells into the mice. To investigate 
whether PC was also associated with tumor progression, 
we further performed proteomic analysis of tumor tissues. 
Noteworthy, thirteen proteins were upregulated in the PC-
treated group (Table 1), including eight ECM proteins, 
three cytosolic enzymes, a membrane-bound protein, and 
a mitosis-related protein. Various studies have demon-
strated the relationship between these proteins and cancer 

progression. However, their role has not been reported or 
elucidated yet. The ECM plays a role in cancer microenvi-
ronment regulation and influences cancer progression [24]. 
Various ECM molecules display opposing functions in a 
time-dependent or tissue-specific manner [25]. The prot-
eomic analysis also revealed that PC upregulated several 
ECM molecules, including EMILIN-1. EMILIN-1 is less 
expressed in breast cancer than in normal tissue [26], and 
EMILIN-1–negative microenvironment aggravates cancer 
progression [27]. Particularly, melanoma progression and 
metastasis are favored by EMILIN-1 inactivation by pro-
teolysis and its secretion via small extracellular vesicles 
[28]. Additionally, EMILIN-1 exerts an anticancer effect 
in GC by upregulating tetraspanin 9 expression [29]. Our 
results indicated that PC increased EMILIN-1 levels and 
inhibited GC tumor growth. Thus, EMILIN-1 could be 
a biomarker for targeted chemotherapy of GC. Unfortu-
nately, among the factors found in the proteomic analysis, 
several collagen alpha chain subtypes and TNC, BGN, and 
MFAP5 are aggressive factors in various cancers. Nota-
bly, high COL1A1 expression levels are observed in breast 
[30], colorectal [31], lung [32], and gastric cancers [33]. 
In the present study, COL4A2 and COL5A1, which induce 
cell proliferation, migration, invasion, and metastasis, 
were also upregulated. The COL1A2 level in PC-treated 
tumor tissues was also high. This COL1A2 is reported to 
inhibit colorectal cancer progression [34]. TNC [35], BGN 
[36], and MFAP5 [37] are overexpressed in various can-
cers and are associated with cancer aggressiveness. Also, 
several proteins related to inhibiting cancer progression 
are found in PC-treated tumor tissues. DPT expression 
levels are lower in endometrial cancer than in normal tis-
sue [38]. Furthermore, NEDD1 [39] and ARG1 [40] are 
promising targets for inhibiting cancer progression. High 
BASP1 expression levels are associated with high over-
all survival in patients with pancreatic cancer [41]. Our 
results demonstrated that these proteins were upregulated 
by PC treatment in the SNU-16–derived xenograft mouse 
model. These proteins warrant further investigation to elu-
cidate their role in GC progression.

Notably, we revealed that PC inhibited cancer prolifera-
tion via cdc2 and upregulated ECM molecules in the SNU-
16–derived xenograft mouse model, which suggested that 
PC could be used as an adjuvant therapy in GC.
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