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Background: Gastric cancer (GC) is one of the most common malignant tumors and
the second most frequent cause of cancer death worldwide. Crocin is a kind of bioactive
constituent found in the stigmas of saffron, which has shown various pharmacological
activities.

Methods: In this study, we investigated the inhibitory effect of crocin on gastric cancer
AGS cells proliferation and explored the underlying mechanism. A series of methods were
used including cell counting kit assay, gene microarray analysis, qRT-PCR, Celigo image
cytometry, cell clone formation assay, Western blot, and cell xenograft growth in vivo.
Results: The results indicated that crocin inhibited AGS cells proliferation and promoted
cell apoptosis. Further studies suggested that crocin decreased a series of genes expression,
among which TPM4 gene downregulation inhibited the tumor cells proliferation and tumor
growth in mice, and overexpression of 7PM4 gene abolishes the inhibitory effect of crocin.
Further study using microarray analysis suggested that knocking down of TPM4 altered
genes related to the proliferation and apoptosis of cells.

Discussion: Crocin could inhibit the gastric cancer cells AGS cells proliferation by regulat-
ing TPM4 gene expression, and TPM4 may be a promising therapeutic target for GC
treatment.
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Introduction

Gastric cancer (GC) is one of the most common malignant tumors and the second
most frequent cause of cancer death worldwide, with one million new cases
every year.'” Gastric cancer becomes symptomatic in the advanced stage, making
S-year survival rates poor in most areas in the world because of the late
diagnosis.*>* Although the most common and recommended treatment for GC,
chemotherapy, could improve the overall survival for patients after surgery, the
overall survival is still unoptimistic.” The only targeted drug, trastuzumab, which
was approved by FDA in 2010 for the treatment of locally advanced and metastatic
HER2-positive GC, cannot meet the need of HER-2 negative patients. So, it is of
vital importance to find a new agent for GC treatment.

A growing number of herbal medicine monomers have been extracted and
identified, which exhibit the effects on the inhibition of tumor cell proliferation,
angiogenesis, invasion, and metastasis, and improve multidrug resistance.® '’
Crocin is a kind of bioactive constituent found in the stigmas of saffron,'' which
has shown various pharmacological activities.'>'* It was reported that crocin
inhibited many types of cancer cells growth, and protected against breast cancer
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in rats.">'® Our previous study showed that crocin could
downregulate various gene expressions related to cell
proliferation.'® Here we reported crocin’s inhibitory effect
of tumor cell proliferation, and tumor growth in mice, and

explained the underlying mechanism.

Materials and Methods

Tissue Collection

Fifty cases of gastric cancer patients in QingHai University
affiliated hospital from July 2018 to August 2019 were
collected (the information shown in Table 1). All the speci-
mens of this project were from the biological sample bank
of QingHai University affiliated hospital. All patients signed
an informed consent form before the specimens were put
into storage. The study was approved by the institutional
ethics committee of QingHai University affiliated hospital
(approval no. P-SL-2,017,065) and was performed in accor-
dance with the Declaration of Helsinki. The inclusion cri-
teria of patients were: 1) diagnosed with gastric cancer
based on surgical pathology, 2) with relatively complete
clinicopathological data, and 3) can be followed continu-
ously. Patients with gastric adenocarcinoma or incomplete
surgical and postoperative pathological data were excluded.
After the specimens were isolated from the body, the sam-
ples were taken within 10 minutes and put into the RNA
tube containing RNA later preservation solution, which was
stored in a refrigerator at —80°C until the experimental
study.

Table | The Information of Clinicopathologic Patients

Cell Culture

AGS gastric adenocarcinoma cells (American Type
Culture Collection, Manassas, VA) were grown in F-12K
medium supplemented with 10% FBS, 1% penicillin, and
streptomycin, and were maintained in a humidified incu-
bator with 5% CO,. HGC-27 cells (Type Culture
Collection of the Chinese Academy of Sciences,
Shanghai, China) were grown in RPMI-1640 medium
supplemented with 10% FBS, 1% penicillin and strepto-
mycin, and were maintained in a humidified incubator
with 5% CO,. Cell culture experiments were conducted
in 6-, 12-, or 96-well polypropylene tissue culture plates
(Corning Costar, Cambridge, MA).

Cell Proliferation Inhibition Test

For the experiment of crocin on the proliferation of AGS
cells, AGS cells were plated in a 96-well microplate at
a density of 5x10° cells/well. Twenty-four hours after
being cultured, cells were treated with different concentra-
tions of Crocin (0, 2, 4, 6, 8, and 12 mg/mL) for 48 hours.
Cell counting assay was then performed with Cell
Counting Kit-8 (Dojindo Laboratories, Kumamoto,
Japan). OD450 was read with a 96-well plate reader
(DG5032, Hua dong, Nanjing, China).

For TPM4-RNAi stable cells screening, AGS cells
were cultured in a 6-well plate at a density of 2x10°
cells/well. After the cells reached the confluence of 30%,
the cells were treated with TPM4 knockdown lentivirus
shTPM4 (6x10® TU/mL, 1.67 uL) and the negative control
lentivirus shCtrl (1x10° TU/mL, 1 pL) for 72 hours, then
4 pg/mL puromycin was used to screen the stable trans-
fected cells.

RNA Extraction and Reverse
Transcription-Quantitative Polymerase
Chain Reaction (RT-gPCR)

Total RNA was extracted from AGS cells treated with
crocin (2.4 mgemL™") or not by using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientifc, Inc.) according to
the manufacturer’s protocol. The quantity and purity of
total RNA were measured with a NanoDrop spectrophot-
ometer (Thermo Fisher, Wilmington, DE, USA). To detect
the expression level of indicated genes, 1 pg of total RNA
was reverse transcribed into cDNA using AMV reverse
transcriptase (Takara, Japan) and a RT primer according to
the manufacturer’s recommendation. The reaction condi-
tions were: 16°C for 30 minutes, 42°C for 30 minutes, and

Sample Category Case
Information Number
Age <35 5
35~74 45
Gender Male 31
Female 19
Pathological type | Moderately differentiated 18
adenocarcinoma
Poorly differentiated 32
adenocarcinoma
Pathological stage | | 2
Il 17
n 31
ECOG grade 0~1 27
2 23
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85°C for 5 minutes. Real-time PCR (RT-PCR) was carried
out by using an Applied Biosystems 7300 sequence detec-
tion system (Applied Biosystems, USA), with GAPDH as
the internal control. The reactions were performed in a 96-
well plate at 95°C for 10 minutes, followed by 40 cycles of
95°C for 10 seconds, 56°C for 30 seconds, and 72°C for
30 seconds.

Celigo Image Cytometry

Celigo image cytometry was used to detect the cell pro-
liferation after gene knockdown as previously described.?
Cells were cultured in a 6-well plate at a density of 2x10°
cells/well. After the cells reached the confluence of 30%,
the cells were treated with TPM4 knockdown lentivirus
shTPM4 (6x10® TU/mL, 1.67 uL) and the negative control
lentivirus shCtrl (1x10° TU/mL, 1 pL) for 72 hours, then
4 pg/mL puromycin was used to screen the stable trans-
fected cells. The sh7PM4 AGS cells and shCtrl AGS cells
were plated in a 96-well plate at a density of 2x10° cells/
well. After 24 hours, the plate was scanned on the Celigo
image cytometry (Nexcelom, USA), and the scan was
performed at the same time in the following 5 days.

Cell Clone Formation Assay

The shTPM4 AGS cells and shCtrl AGS cells were plated
in a 6-well plate at a density of 600 cells/well. The cells
were cultured in a humidified incubator with 5% CO, for
14 days, then the cells were fixed with 4% formalin for
1 hour. After being washed with 1xPBS three times, the
cells were stained with crystal violet (0.5%) for 5 minutes.
The cells were photographed by a digital camera (SONY,
DSC-HX300) and the number of clones was counted.

Western Blot Analysis

Total protein was extracted from sh7PM4 AGS cells and
shCtrl AGS cells by using RIPA lysis buffer (Beyotime,
China) according to the manufacturer’s protocol. The con-
centration of the extracted total protein was measured with
a BCA Protein Assay Kit (Beyotime) according to the man-
ufacturer’s protocol. Then 40 pg total protein was electro-
phoresed, and transferred onto PVDF membranes, blocked
with 5% milk, and incubated with primary antibodies against
PCNA (1:1,000, CST, MA, China), T7PM4 (1:1000, CST,
MA), and GAPDH (1:2000, Santa Cruz Biotechnology,
CA, USA). Following primary antibody incubation, mem-
branes were incubated with HRP-conjugated secondary anti-
bodies (1:2,000, Santa Cruz Biotechnology). Protein bands

were visualized using a HiSignal™ ECL WB Detection Kit
(Tanon, China) according to the manufacturer’s protocol.

Cell Apoptosis Assay

shTPM4 AGS cells and shCtrl AGS cells were plated in
a 6-well plate at a density of 2x10° cells/well. After the
cells reached 70% confluence, the cells were collected and
resuspended in cold PBS. After centrifugation, the super-
natant was discarded and 100 pL 1xbinding buffer was
added into each sample. The cells were then stained with
Annexin V-FITC/PI with an Apoptosis Detection Kit (BD,
Shanghai, China) according to the manufacturer’s proto-
col. The samples were then detected using a CytoFLEX
flowcytometry (Beckman Coulter, CA, USA).

Tumor Growth in Nude Mice

All procedures were conducted in accordance with the NIH
Guide for the Care and Use of Laboratory Animals and were
approved by the Qinghai University. Balb/c nude mice
(GemPharmatech, China) were maintained on a 12-hour
light, 12-hour dark schedule with ad libitum access to
laboratory chow and water. shTPM4 AGS cells and shCtrl
AGS cells were harvested and 4x10° cells were injected
subcutaneously into the right side of axillary of the mice.
The tumor sizes were measured with digital calipers twice
a week, and tumor volumes were estimated according to the
formula for an ellipse (short dimension)QX(long dimen-
sion)/2. For the treatment of the crocin, crocin was intraper-
itoneally injected at the dose of 6.25 mg/kg/day. The mice
were anesthetized by using pentobarbital sodium (10 pL/g)
and the image of tumor was detected by using the whole-
body fluorescent imaging system (Perkin Elmer Lumina
LT) to measure the radiant efficiency. The mice were sacri-
ficed on the 16th day after the injection and the tumors were
isolated, sized and weighed, and were photographed by
digital camera (SONY, DSC-HX300).

Gene Microarray Analysis

Microarray analysis was conducted to evaluate the gene
expression in 7PM4-RNAi AGS cells. The cells were col-
lected and total RNA was isolated using TRIzol®™ reagent
(Invitrogen; Thermo Fisher Scientifc, Inc.) and purified by
the RNeasy MinElute Cleanup kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s protocol. The
quantity of RNA was
a NanoDrop™ ND-2000 spectrophotometer (Thermo Fisher

subsequently measured using

Scientifc, Inc.). The quantified samples were performed
human GeneChip® PrimeView™ Human Gene Expression
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Array (Affymetrix, USA). The gene expression was analyzed
by using the ingenuity software (Www.ingenuity.com).

Hierarchical clustering was used to determine the differences
in the gene expression profiles using MultiExperiment Viewer
software (version 4.6; The Institute for Genomic Research,
Rockville, MA, USA).

Statistical Analysis

All statistical analyses were performed using SPSS software
(version 18.0; SPSS, Inc., Chicago, IL, USA) or GraphPad
Prism (version 6.0; GraphPad Software, Inc., La Jolla, CA,
USA). Experiments were conducted three times and data are
presented as the mean+SD. Differences among multiple
groups were analyzed by one-way ANOVA analysis with
Fisher’s LSD post-hoc test, and differences between two

groups were analyzed by Student’s #-test. P<0.05 was used
to indicate a statistically significant difference.

Results

Crocin Inhibited the Proliferation of
Gastric Cancer Cells and
Down-Regulated Various Gene

Expressions

In this study, we first investigated the effect of crocin on AGS
cells proliferation (Figure 1A). We detected the cell viability
of AGS under different concentrations of crocin treatment
using a Cell Counting Kit-8 (CCK8) assay. As shown in
Figure 1, cells incubated with crocin had significantly
reduced in cell amount compared with DMSO-treated con-
trol cells, which was in a dose-dependent manner.
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Figure | Crocin inhibited the proliferation and gene expression in gastric adenocarcinoma AGS cells. (A) Inhibition of AGS cells proliferation by treatment of different does
of crocin (2.0 mg/mL, 4.0 mg/mL, 6.0 mg/mL) for 48 hours. (B) mRNA level of the 23 significantly downregulated genes was confirmed by qRT-PCR after the AGS cells
treated with crocin (2.4 mg/mL, the ICsy concentration of crocin) for 48 hours. Relative mRNA level was calibrated by the mRNA level in the control group. (C) TPM4
expression was detected in the HGC-27 cells treated with crocin (2.0 mg/mL, 4.0 mg/mL, 6.0 mg/mL) by Western blot. (D) Inhibition of HGC-27 cells proliferation by
treatment of different does of crocin (2.0 mg/mL, 4.0 mg/mL, 6.0 mg/mL) for 48 hours. Data were presented as the mean+SD. n=3. ***P<0.001 vs Control group.
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To examine the potential involvement of gene expres-
sion in the pharmacological effect of crocin, we had per-
formed microarray analysis previously to determine the
gene expression in the cells treated with crocin.'”
A large number of gene expressions had been demon-
strated to alter after being treated with crocin.'” Among
the down-regulated genes, we chose 23 genes which were
significantly down-regulated with the expression fold
change over 1.3-fold compared to the control group to
confirm their expression by using qRT-PCR. As shown in
Figure 1B, all 23 genes were downregulated with an
expression fold change less than 1. We also used
Western blot to detect the TPM4 expression after treating
gastric cancer cells with crocin. We found that crocin
decreased the expression of 7PM4 (Figure 1C). We also
examined the effect of crocin in HGC-27 gastric cancer
cells lines. As shown in Figure 1D, crocin inhibited the
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cell proliferation of HGC-27 cells in a dose-dependent
manner.

TPM4 Was Involved in the Inhibitory
Effect of Crocin on Gastric Cancer Cells

Proliferation
As TPM4 was found to be overexpressed in cancers, and

21723 we first investigated the

associated with clinical stage,
expression of TPM4 in gastric cancer. Tissues from 50 clinical
patients (the statistics information is displayed in Table 1)
diagnosed with gastric cancer were applied to detect the
expression of 7PM4. qRT-PCR and Western blot showed
that TPM4 was highly expressed in cancer tissues at mRNA
and protein level compared with para-carcinoma tissues
(Figure 2A—C). We then investigated the role of TPM4 on
the effect of crocin. As shown in Figure 2D, overexpression of

TPM4 totally abolished the inhibitory effect of crocin on
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Figure 2 The expression of TPM4 in gastric carcinoma tissues (Tumor) or para-carcinoma tissues (Normal) was verified by qPCR or Western blot. (A) The expression of
TPM4 was assessed in gastric carcinoma and para-carcinoma tissues (n=50). (B) Western blot was applied to detect the expression level of TPM4 in cancer tissues and para-
carcinoma. (C) Histogram of the TPM4 protein quantification in E normalized to GAPDH. (D) AGS cells were treated with crocin (2.4 mg/mL) for 48 hours after transfecting
with TPM4 for 24 hours, the cell viability was measured by CCK-8 assay (n=6). Data are presented as the meanSD.

OncoTargets and Therapy 2021:14

submit your manuscript

115

Dove


http://www.dovepress.com
http://www.dovepress.com

Luo et al

Dove

cancer cell proliferation. These results suggested that crocin’s
inhibitory effect on cancer cells proliferation relied on down-
regulation of TPM4.

Knockdown of TPM4 Inhibited AGC Cell

Proliferation

Since overexpression of TPM4 could abolish the effect of
crocin, we further investigated the effect of 7PM4 on
gastric cancer cell proliferation. Sh-RNA lentivirus was

constructed to inhibit the expression of 7PM4, and puro-
mycin was used to obtain the 7PM4 knockdown stable cell
lines. The down-regulated 7PM4 gene expression was
confirmed by qRT-PCR and Western blot (Figure 3A-C).
Cell proliferation was then measured by Celigo image
cytometry which was determined by the green fluores-
We found that the cells showed

a significant reduction of cells proliferation after knock-

cence of the cells.

down of TPM4 for 5 days, compared to the control group

A 14 " B C 14 "
s 12 - 3 12
3T shctrl shTPM4 3T,
<o 10 i § <0
Z% — 2% 0s
£<os ggo
eQ £Q
oI 06 oS 06
> = > E
& 04 FE 04
2™ 02 € 02
0.0 0.0
shetrl ShTPM4 shCtrl shTPM4
D day1 day2 day3 day4 day5 E
Ny 1.0 9
shCtrl shTPM4
0.8 1
shCtr 2z
506
i}
204
8
024 .
shTPM4
0.0 T T r T 3
. 2_ 3 4 5
: Time(day)
F G H I T 15
3 -
e -
shCtrl shTPM4 % 1.0
shCtrl a8
p PCNA D —— g
< 60 g & 05
g2 o
ShTPM4 20 200
o shCtrl shTPM4
shctrl shTPM4
group
shCtrl He 2 ——
g g =5
& & Q
s
10° 10' 10 10 10° 10° ’ 3 0* 10 10" 10° 10° 10° =
e i @ 10
3
o
G703, 39 G POTAL G RGO 1
g 35
% <
shTPM4 i shCtrl  shTPM4
0° 10* 1 0f 10° o 1 10* 1 10° 10 10 1

Figure 3 Knockdown of TPM4 inhibited AGC cell proliferation. (A) The stable shTPM4 AGS cells and shCtrl AGS cells were used to detect the mRNA level by qRT-PCR. (B and
C) TPM4 protein expression in the stable shTPM4 AGS cells and shCtrl AGS cells were detected by Western blot. The cell proliferation was measured by Celigo image cytometry
(D) and CCK-8 assay (E). (F and G) Cell clone formation assay was performed by using crystal violet staining. (H and I) Proliferating cell nuclear antigen (PCNA) protein
expression in the stable shTPM4 AGS cells and shCtrl AGS cells was detected by Western blot. (J and K) Apoptosis of the stable shTPM4 AGS cells and shCtrl AGS cells was
detected by flow cytometry. (G, |, and K) were histograms of (F, H, and J), respectively. Mean levels (£SD) were calculated from three replications. **P<0.01.
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(Figure 3D). The result of CCK-8 assay was consistent
with Celigo image cytometry (Figure 3E). Moreover,
TPM4 knockdown cells showed a reduction in cloning
efficiency and proliferating cell nuclear antigen (PCNA)
protein expression (Figure 3F-I). Using flow cytometry
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analysis, we found the cell apoptosis of the TPM4 knock-

down group increased compared to the control group

(Figure 3J and K). These results indicated that the expres-

sion of TPM4 was positively correlated with cell prolifera-

tion and negatively correlated with cell apoptosis.
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Figure 4 Knockdown of TPM4 inhibited the xenograft growth in nude mice. (A) Whole-body fluorescent imaging system showed the size of tumor in nude mice of the
control group. (B) Whole-body fluorescent imaging system showed the size of tumor in nude mice of the TPM4 knockdown group. (C) The fluorescence degree of the
tumor. (D) The tumor volume of shCtrl and shTPM4 mice. (E) The mice were sacrificed and the tumors were isolated. (F) The weight of the isolated tumor of the two

groups (n=10). Data were presented as the meanSD.
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Knockdown of TPM4 Inhibited the
Xenograft Growth in Nude Mice

To further investigate the role of 7PM4 in tumor growth,
we constructed a xenotransplanted tumor model and trans-
planted the nude mice with the tumor cells with or without
TPM4 RNAi. As shown in Figure 4, the whole-body
fluorescent tumors imaging of the control group showed
a larger and more obvious image of tumor than the TPM4
knockdown group (Figure 4A—C). The TPM4 knockdown
group exhibit a smaller size and lower weight of the tumor
than the control mice (Figure 4D—F). All these data sug-
gested that knockdown of TPM4 inhibited the tumor
growth in the xenotransplanted tumor model.

The Down-Regulated TPM4 Inhibited the
Expression of Genes Associated with the
Proliferation of Gastric Cancer Cells and
Promotes the Expression of Genes

Related to Apoptosis

To further explore how TPM4 affected the proliferation
and apoptosis of gastric cancer cells, we conducted a high-
content microarray to test the differential genes expression
between control and 7PM4-RNAi AGS cells. Pearson’s
correlation coefficient between the control and TPM4-
RNAi RNA samples was >0.99, which meant gene

A
Volcano Plot

-log10( FDR )

log2( Fold Change )

expression patterns were similar in the same group with
large differences between groups, suggesting this result
was reliable. The volcano plot showed the overall features
of the gene set in TPM4-RNAi AGS cells. After standar-
dization, 896 significantly up-regulated genes and 605
significantly down-regulated genes were identified (|fold
change[>1.3 and P<0.05) between control and TPM4-
RNAi AGS cells (Figure 5A). A heat map was created
upon comparison of the differential gene expression
(Figure 5B). Further, we constructed molecular regulatory
networks using genes which were abnormally expressed in
TPM4-RNAi AGS cells and had been shown to be asso-
ciated with cell proliferation and apoptosis (Figure 6A).
The results show that most genes that promote prolifera-
tion or inhibit apoptosis of tumor cells were down-
regulated, including EGFR, HMGBI1, CXCL8, CXCLI,
CXCLI, RBI, etc.; while those genes promoting apoptosis
or antiproliferation of tumor cells were up-regulated, such
as AR, JUN, TGFBI, TNFRSF21, PHLDAI, etc. The
expressions of down-regulated genes, such as EGFR,
PTSG2, CXCLS, and RBI1, were further assessed by
Western blot which was consistent with the microarray
result (Figure 6B). These results suggested that the
reduced expression of TPM4 affected the progression of
tumor cells by affecting the expression of many prolifera-
tion or apoptosis-related genes.
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Figure 5 Differentially expressed genes between TPM4-RNAi AGS cells and control AGS cells were assessed by microarray detection. (A) Volcano Plot demonstrated the
distribution of the differentially expressed genes between TPM4-RNAi AGS cells and control AGS cells. Horizontal coordinates represented the difference multiple with the
logarithm conversion based on two and the ordinate represented the significant FDR of the difference with the logarithm conversion based on 10. The red color
represents all the probes with fold difference >1.3 and FDR<0.05. Gray dots are genes with no significant differences. (B) Gene-wise hierarchical clustering heat map
exhibiting the expression of genes with fold difference >1.3 and FDR <0.05. Each column represents one sample, and each row represents a differentgene. The upper tree
structure was the aggregation or classification of all samples according to the expression profile of differentgenes. The tree structure on the left indicates the aggregation of
expression patterns of differentially expressed genes. The red color demonstrates the up-regulated genes; the green color indicates the down-regulated genes. The black
color displays the genes with no significant change, and the gray shows non-detected. E8921-1, E8921-2, and E8921-3 were the control group, while E8922-1, E8922-2, and
E8922-3 were the TPM4-RNAi group.
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The Knockdown of TPM4 Weakened the
Inhibitory Effect of Crocin on Gastric
Cancer Cells and the Xenotransplanted
Tumor Model

We further verified the role of TPM4 in the effect of
crocin by detecting the cell viability and cell clone
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less

less
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formation. We found that overexpression of TPM4 abro-
gated the inhibitory effect of crocin on cell viability and
cell clone formation (Figure 7A and B). Knockdown of
TPM4 inhibited the tumor cells proliferation and cell
clone formation, and co-treatment with crocin enhanced
the inhibitory effect (Figure 7A and B). We further
investigate the role of TPM4 after treating gastric cancer

o

Y

M I~ b
. . P At A .\i‘ W2
i 0325 2 AN
Predicted Relationships / E5El SUUA) B N\ N
e LeAdS tO activation / ,' \ N
e Leadis to inhibition / 74 \ é![cm
Findings inconsistent \ ) / .
with state of downstream / \ ]
molecule w \
- Effect not predicted TNERSF21 Y% _ s
B shCtrl shTPM4
EGFR
PTGS2
CXCL8
RB1
GAPDH

Figure 6 The molecular network of inhibition of proliferation and promotion of apoptosis caused by down-regulated TPM4. (A) The network displayed interactions genes related to
cell proliferation and apoptosis that were differentially expressed in TPM4-RNAi AGS cells compared to the control group. Genes up-regulated in TPM4-RNAi AGS cells were colored
in shades of red; genes in green were down-regulated. Solid and dashed lines indicate direct and indirect interactions, respectively. The regulators are colored by their predicted
activation state: activated (orange) or inhibited (blue). Pointed arrowheads represent that the downstream node was expected to be activated if the upstream node connected to it was
activated, while blunt arrowheads demonstrate that the downstream node is expected to be inhibited if the upstream node that connects to it is activated; and the grey lines indicate no
predicted effects. (B) The expression of down-regulated genes was confirmed by Western blot, including EGFR, PTGS2, CXCL8, and RBI. GAPDH served as an internal control.
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Figure 7 The knockdown of TPM4 weakened the inhibitory effect of crocin on gastric cancer cells and a xenotransplanted tumor model. AGS cells overexpressed or
knocked down TPM4 treated with crocin (6 mg/mL) or not. (A) The cell viability was measured by using CCK-8. (B) Cell clone formation was assayed by using crystal violet
staining. We used TPM4 knockdown AGS cells or TPM4 overexpression AGS cells to construct a xenotransplanted tumor model with intraperitoneal injection of crocin

(6.25 mg/kg/day). (C) The photo of the isolated tumor was shown in the indicated group.

(D) The weight of the tumors was measured. (E) The change of the body weight of

mice. (F) The volume of the tumor was recorded every 3 days. Mean levels (+SD) were calculated from three replications. **P<0.01.

with crocin in vivo. We use TPM4 knockdown AGS
cells or TPM4 overexpression AGS cells to construct
a xenotransplanted tumor model with treatment of cro-
cin. As shown in Figure 7C, D, and F, we found that
crocin inhibited the tumor growth in the mice, while
overexpression of TPM4 abolished the effect of crocin.
Knockdown of TPM4 inhibited the tumor growth and
enhanced the inhibitory effect of crocin (Figure 7C, D,
and F). Treatment with crocin or tumor cells did not
change the weight of mice (Figure 7E). All these data
suggested that knockdown of TPM4 weakened the inhi-
bitory effect of crocin on gastric cancer cells and
a xenotransplanted tumor model.

Discussion

Crocin is a kind of bioactive constituent found in the
stigmas of saffron, a herb containing various components
including fat, moisture, minerals, proteins, crude fibers,
and sugars,”* and shows considerable pharmaceutical
effects on treatment of central nerve system disease,
cardiovascular disease, and cancer.”>?’ Here in the pre-
sent studies, we found crocin inhibited the gastric adeno-
carcinoma cells AGS proliferation in a dose-dependent
manner. It was reported that crocin induced apoptosis of
chemo-resistant cervical cancer cells.”® Consistently, our
previous study found cisplatin enhanced the inhibitory
effect on tumor cell proliferation while co-treated with
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crocin, indicating crocin could increase the cell sensitiv-
ity to chemotherapeutics (unpublished data).

Certain studies had clarified the change of gene expres-
sion in the tumor cell proliferation.”* To investigate the
mechanism of crocin’s effect on tumor cell proliferation
and apoptosis, we previously performed gene microarray
analysis, and identified 301 down-regulated genes in the
crocin-treated cells, among which 23 genes were signifi-
cantly down-regulated and barely reported in the studies of
GC." TPM4, reported to express a high molecular weight
protein in human ovary tumor tissues, was isoform of pro-
teins and tropomyosins (TPM) family members, and
regulated muscle contraction in conjunction with other sar-
comeric proteins like actin, troponins, and tropomodulin.**'
It was reported that TPM4 gene products showed postsynap-
tic localization and might relate to postsynaptic functions.*>
The role of the TPM4 gene in tumor pathogenesis is misty.
Lawrence et al*> reported that TPM protein could regulate
inflammatory myofibroblastic tumors (IMTs) by regulating
the ALK receptor. Lomnytska et al** reported that the TPM4
expression level was lower in invasive squamous cervical
cancer (SCC) than in the normal epithelium. In the present
studies, we first clarified that crocin down-regulated the
TPM4 gene expression, and overexpression of TPM4
abolishes the effect of crocin, indicating crocin’s effect relied
on the down-regulation of 7PM4. We found that 7TPM4 gene
expression played important roles in the pathogenesis of
gastric cancer which affected the expression of many prolif-
eration or apoptosis-related genes. Knockdown of TPM4
inhibited the AGS cells proliferation and clone formation,
and TPM4 knockdown cells showed increased cell apoptosis.
Tumor transplanted with 7PM4 knockdown cells exhibited
lower growth ability than the tumor transplanted with normal
AGS cells, indicating that TPM4 was a proliferation-related
gene. Furthermore, using microarray analysis, we found that
knocking down TPM4 inhibited the expression of genes
associated with the proliferation of gastric cancer cells and
promotes the expression of genes related to apoptosis, which
indicated that TPM4 might be a key regulator gene related to
cancer progression.

In conclusion, we found that crocin could inhibit the
gastric adenocarcinoma cells AGS cells proliferation by sup-
pressing a key regulator concerned with cell proliferation —
TPM4. These results provided new understanding of the mole-
cular mechanism of the progression of gastric cancer, a new
target for the treatment of gastric cancer, and also reveal the

inhibitory molecular mechanism of gastric cancer by crocin.
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