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Abstract

Background. Parthenolide (PN), a key active ingredient of feverfew, has been used to treat gastrointes-
tinal disorders. However, the mechanism of the cytotoxic effect exerted by PN on tumor cells has not been
elucidated.

Objectives. To study the cytotoxic effect of PN on human gastric cancer cells, the specific death mode, and
gene expression changes induced by PN.

Materials and methods. In this study, MGC-803 cells were used to study PN-induced cytotoxicity as a gas-
tric cancer cell line. Assays of cell proliferation, cell cycle distribution, apoptosis, and reactive oxygen species
(ROS) were performed using a Cell Counting Kit-8 (CCK-8) assay and a flow cytometer. MGCG-803 cells treated
with and without PN were separately subjected to high-throughput RNA sequencing. Western blotting was
used to investigate the expression of some important proteins.

Results. Parthenolide exposure elicited cell proliferation inhibition in a dose- and time-dependent manner.
Parthenolide induced cell cycle arrest at the G1 and S stages. Parthenolide-induced caspase-dependent
apoptosis and necroptosis were caused by the activation of RIP, RIP3 and MLKL. MGC-803 cells showed
a response to ROS and oxidative stress after PN treatment. Moreover, ROS and cytotoxicity induced by PN
were significantly attenuated by a ROS scavenger catalase.

Conclusions. Parthenolide-induced gastric cancer cell death is a complex ROS-dependent process different
from ordinary apoptosis and necrosis, suggesting that PN is a potential treatment option for gastric cancer.

Key words: cytotoxicity, reactive oxygen species, apoptosis, gastric cancer, parthenolide


https://www.doi.org/10.17219/acem/175152

1238

Background

Parthenolide (PN), a sesquiterpene lactone derived from
feverfew, which is the traditional herbal medicine, has been
found to exert multiple pharmacological effects such as anti-
microbial, anti-inflammatory and anti-cancer effects.!~
These biological properties of PN may be attributed to its
a-methylene-y-lactone moiety.* At present, strong inhibition
of nuclear factor NF-kB (nuclear factor kappa-light-chain-
enhancer of activated B cells) along the NF-«B signaling
pathway in multiple steps makes PN the inhibitor of NF-kB.>
However, the underlying mechanisms in the cytotoxic effect
of PN on tumor cells are still not fully elucidated.

Several recent studies indicate that apoptosis and autoph-
agy are involved in PN-induced cell death in tumor cells.
However, it is unclear whether other cell death forms are
involved in PN-induced cell death.®-8 To differ from the old
and inappropriate definition of cell death formulated from
the morphological perspective, regulated cell death (RCD)
is newly classified into multiple forms including apoptosis,
pathanatos, necroptosis, pyroptosis, and ferroptosis.’

Reactive oxygen species (ROS), a heterogeneous group
of oxygen-containing radical species, participates in a wide
range of biochemical processes in tumor cells.!® The func-
tion of ROS is decided by its level. For instance, persistently
high levels of ROS could be beneficial to tumorigenesis and
metastasis.!! Reactive oxygen species participate in the ini-
tiation, progression and metastasis of gastric cancer cells.
However, further exposure to higher ROS induces serious
oxidative stress which facilitates cell death.!?2 Thus, induc-
tion of oxidative damage may be a therapeutic approach
for gastric cancer.’® It has been reported that PN causes
oxidative stress by inducing ROS generation; however, ROS
and PN-induced cell death are not well understood.!*1

Objectives

To study the cytotoxic effect of PN on human gastric
cancer cells, the specific death mode and gene expression
changes induced by PN.

Materials and methods
Reagents

Parthenolide, Z-VAD-fmk, AG14361, and Nec-1 were all
supplied by Selleck (Houston, USA). Catalase and dimethyl
sulfoxide (DMSO) were supplied by Beyotime Biotechnol-
ogy (Shanghai, China).
Cell culture and treatment

The MGC-803 cell line was purchased from the National
Infrastructure of Cell Line Resource (Beijing, China) and
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cultured at 37°C, 5% CO, in Dulbecco’s modified Eagle’s
medium (DMEM)/high glucose supplemented with 10%
fetal bovine serum (FBS; Gibco, Waltham, USA). We in-
cubated cells in 96-well plates (1x10* cells/well) and 6-cm
dishes (6x10° cells/dish) for 24 h. Then, MGC-803 was
treated with PN at indicated concentrations for the indi-
cated time with or without 1 h pretreatment with Z-VAD-
fmk, AG14361, Nec-1, and catalase. We followed the meth-
ods of the previous study.!

Cell cycle assay

Cell cycles were identified using a cell cycle assay kit
(Beyotime Biotechnology). MGC-803 cells were harvested
after treatment and washed with phosphate-buffered sa-
line (PBS), then fixed with 70% ethanol overnight at 4°C.
For staining, cells were incubated at room temperature
with 40 mg/mL propidium iodide (PI), followed by 30 min
at room temperature in the dark, and then analyzed using
a flow cytometer (BD Accuri C6; BD Biosciences, Franklin
Lakes, USA).

Colony formation assay

MGC-803 cells were plated into the 6-well plate (2x103
cells/well) with treatment or control and grown for 2 weeks
at 37°C, 5% CO,. The cell colonies were stained with crystal
violet and the colony numbers were recorded.

ROS assay

An ROS assay kit was used to measure the intracellular
ROS levels (Beyotime Biotechnology). After treatment,
cells were harvested and washed with PBS, and then
incubated with dichlorodihydrofluorescein diacetate
(DCFH-DA) (50 pM) containing PBS solution for 30 min
at 37°C in the dark and analyzed with a flow cytometer.

Cell apoptosis assay

The annexin-V/PI staining kit (EpiZyme Biotech, Cam-
bridge, USA) was used to identify cell apoptosis. Cells were
harvested, washed with PBS, stained with 10 uM annexin-
V and 5 pM PI in the dark for 15 min at 37°C, and then
analyzed with a flow cytometer.

RNA sequencing (RNA-seq)

MGC-803 cells treated with DMSO or PN (40 uM) for
24 h were collected and the RNA samples were isolated
with Trizol according to the manufacturer’s instruc-
tions. After the cDNA was synthesized, the library was
sequenced using Illumina NovaSeq6000 platform (Il-
lumina, San Diego, USA). The abundance of genes was
estimated using featureCounts program (https://subread.
sourceforge.net). Differentially expressed genes between
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DMSO-treated and DMSO-treated MGC-823 cells were
identified using DEseq2. Original RNA-seq data have
been deposited in the National Center for Biotechnol-
ogy Information Gene Expression Omnibus repository
(GSE217526). Differentially expressed genes (DEGs) were
defined as genes with a p-value >0.05 and absolute fold
change >2. Gene Ontology (GO) functional enrichment
analysis was used to identify significantly enriched GO
terms in DEGs.

Western blot analysis

Radioimmunoprecipitation assay (RIPA) lysis buf-
fer was used for total protein extraction and a BCA
assay was applied to identify protein concentrations.
Samples (40 pg each) were separated using 10-15% so-
dium dodecyl-sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to polyvinylidene
difluoride (PVDF) membranes. The membranes were
incubated with specific primary antibodies after block-
ing. The antibodies against p53, cyclin D1, cyclin E1,
p21WAFLCIPL 59 7KIPL cagpase-3, caspase-9, caspase-8, c-
FLIP, poly(ADP-ribose)polymerase 1 (PARP-1), BCL2,
BAX, BAK, p-receptor-interacting serine/threonine
kinase (pRIP), RIP, p-RIP3, RIP3, and p-mixed lineage
kinase domain-like pseudo kinase (MLKL) were ob-
tained from Cell Signaling Technology (CST; Danvers,
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USA; 1:1,000 dilution), and B-actin was obtained from
ABclonal Biotech (1:5,000 dilution; Wuhan, China).
The protein bands were visualized using chemilumi-
nescent detection.

Statistical analyses

GraphPad Prism 7 software (GraphPad Software, San
Diego, USA) and IBM SPSS v. 22 (IBM Corp., Armonk,
USA) was used to perform the statistical analysis. Data
are shown as data points with the median and analyzed
using 2-sided Wilcoxon rank-sum test (2 groups) or Krus-
kal-Wallis tests and the post hoc Dunn’s test (more than
2 groups). A p-value of <0.05 and 0.05 < p<0.1 are con-
sidered statistically significant and marginally statistically
significant, respectively. The original data analysis was
shown in the Supplementary material.

Results

The growth of human gastric cancer cell
MGC-803 was inhibited after PN treatment

To explore the effect of PN on tumor cell growth, CCK-8
was used to detect cell viability. As shown in Fig. 1A, PN ex-
posure inhibited cell viability in a dose- and time-dependent

Fig. 1. The growth of human gastric
cancer cell MGG-803 was inhibited after
parthenolide (PN) treatment. A. MGG

803 cells were treated with dimethyl
sulfoxide (DMSO) and PN (15, 17.5, 20, 22.5,
25 uM) for 24 h, 48 h and 72 h, and then
the cell viability was measured using Cell
Counting Kit-8 (CCK-8) assay. Three culture
plates were used in total and in each plate
3 culture replicates per condition were set
up. After 24 h of culture, CCK-8 was added
to the 1%t culture plate and proliferation
was evaluated based on the optical
density (OD) values. After incubation
for48 h and 72 h, the 2"d and 3" culture
plates were removed, and proliferation
was detected in a similar manner; B, C.
MGGC-803 cells were treated with DMSO
and PN (1, 2, 3,4, 5 uM) for 2 weeks and
then colony numbers were recorded.
Each experimental group was equipped
with 3 repeated wells. Each dot or triangle
represents each well. Representative
images of cell clonal staining (B) and
statistical analysis of colony numbers

(C) were shown. A, C. Data points

with the median. A. Kruskal-Wallis

test, 24 h: p=0.004, H =18.327,df = 6;

48 h:p=0.008,H=18.327,df=6;72 h:
p=0.006, H=18.327,df = 6. C. Kruskal-
Wallis test, p=0.005,H=18,df =5
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manners (Kruskal-Wallis test, 24 h: p = 0.004, H = 18.327,
df = 6; 48 h: p = 0.008, H = 18.327, df = 6; 72 h: p = 0.006,
H = 18.327, df = 6). Compared with the control, when PN
was used at a concentration of 20 uM, the growth of half
of the cells was inhibited (Supplementary Table 1). More-
over, the results of the colony formation assay showed that
the growth of MGC-803 cells exposed to PN for 2 weeks
was inhibited in a dose-dependent manner (Fig. 1B,C,
Supplementary Table 2, Kruskal-Wallis test, p = 0.005,
H=18,df=5).

MGC-803 showed G1 and S phase cell cycle
arrest after PN treatment

Since the cell cycle plays an important role in the de-
velopment of cancer, we use PI staining to identify the ef-
fects of PN on the cell cycle of MGC-803 cells. As shown
in Fig. 2A,B, the cell cycle of MGC-803 cells exposed
to PN showed a strong tendency to be selectively arrested
at the G; and S phases (2-sided Wilcoxon rank-sum test,
p = 0.081, T = 6). Furthermore, PN exposure induced
the increase of protein levels of p53, p21WAFI/CIPL apnd
p27XIP1 while the protein levels of cyclin D1 and cyclin E1
were decreased (Fig. 2C), indicating that PN may induce
G and S cell cycle arrest.
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The expression of apoptosis and necrosis
related proteins in MGC-803 cells
increased after PN treatment

We used annexin-V/PI staining to identify whether PN
induced apoptosis in MGC-803 cells. Parthenolide expo-
sure elicited a marginal statistically significant increase
in the apoptotic cell population (Fig. 3A, 2-sided Wilcoxon
rank-sum test, p = 0.081, T = 6), indicating that apopto-
sis occurred after PN treatment. Furthermore, as shown
in Fig. 3B, PN exposure elicited an increase in cleaved cas-
pase-3 (19 kDa and 17 kDa), cleaved caspase-9 (37 kDa,
35 kDa), cleaved caspase-8 (43 kDa), and cleaved PARP1
(87 kDa), indicating that PN exposure activated caspase-3,
caspase-9, caspase-8, and PARP1 in MGC-803 cells. Fur-
thermore, both protein levels of c-FLIP; and c-FLIPs, 2 iso-
forms of c-FLIP (cellular FLICE-like inhibitory proteins)
endowed with inhibitory activity in caspase-8 activation,
appeared to decrease over time after PN treatment, indi-
cating that extrinsic apoptosis propagated by caspase-8
was involved in PN-induced cell death in MGC-803 cells.
On the other hand, after PN exposure, both the protein
levels of BAX and BAK which were implicated in intrin-
sic apoptosis appeared to increase over time, while BCI2
protein levels appeared unchanged, indicating that intrin-
sic apoptosis was also involved in PN-induced cell death
in MGC-803 cells (Fig. 3C).

Fig. 2. MGC803 showed G1 and S-phase cell
cycle arrest after parthenolide (PN) treatment.
A, B. MGG803 cells were treated with
dimethy! sulfoxide (DMSO) and PN (17.5 uM)
for 24 h, and then the cell cycle distribution
was examined with flow cytometry. Each
experimental group was equipped with

3 repeated wells. Representative images

of flow cytometry (A) and statistical analysis
of cell cycle (B) were shown. Each dot
represents 1 sample. Data are shown as data
points with the median. C. MGG803 cells were
treated with DMSO and PN (17.5 uM) for 3 h,

6 h,9h,12h,and 24 h. The protein expression
of p53, p21WAF1/CIP1, p27KIP1, cyclin D1,

and cyclin E1 were examined with western
blot. B. Two-sided Wilcoxon rank-sum test,

G1 phase: p=0.081,T=6; S phase: p=0.081,
T=6;G2 phase:p=0.081,T=6
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Fig. 3. The expression of apoptosis- and necrosis-related proteins in MGC-803 cells increased after parthenolide (PN) treatment. A. MGCG-803 cells were treated
with DMSO and PN (17.5 uM) for 3 h, 6 h, 9 h, 12 h, and 24 h. The cell apoptotic population was examined with flow cytometry after annexin-V/Pl staining.
Representative images of flow cytometry (left panel) and statistical analysis of apoptosis (right panel) were shown. Each experimental group was equipped
with 3 repeated wells. Each dot represents 1 sample; B. The protein levels of caspase-3, caspase-8, caspase-9, PARP-1, and c-FLIP were examined using western
blot after treatment; C. The protein levels of BCL2, BAX and BAK were examined with western blot after treatment; D. The protein levels of p-RIP, RIP, p-RIP3,
RIP3, p-MLKL, and MLKL were examined with western blot; E. MGC-803 cells were treated with PN (17.5 uM) with or without 1 h pretreatment with Z-VAD-fmk
(100 puM), AG14361 (50 uM) or Nec-1 (50 puM). Cell viability was measured using Cell Counting Kit-8 (CCK-8) assay after culture for 24 h. Data are shown as data
points with the median (A, E). A. Two-sided Wilcoxon rank-sum test, p = 0.081, T = 6. E, Kruskal-Wallis test, p = 0.776, H=1.333,df = 3; p = 0.253,H =4, df = 3

We also examined whether necroptosis was induced
by PN exposure in human gastric cancer cells. Necropto-
sis is an RCD type that involves the activation of RIP, RIP3
and MLKL. As shown in Fig. 3D, PN exposure elicited

an increase in RIP phosphorylation (Ser166), RIP3 phos-
phorylation (Ser227) and MLKL phosphorylation (Ser358),
indicating that PN may induce necroptosis in human gas-
tric cancer cells. Next, we used Z-VAD-fmk (pan-caspase
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inhibitor), AG14361 (PARP1 inhibitor) and Nec-1 (RIP1
inhibitor) to detect whether apoptosis and necroptosis in-
duced by PN can be inhibited. As shown in Fig. 3E, pretreat-
ment of all 3 inhibitors in MGC-803 cells could not miti-
gate PN-induced cytotoxicity, indicating that PN-induced
cytotoxicity was a complicated process (Kruskal-Wallis
test, p = 0.776, H = 1.333, df = 3; p = 0.253, H = 4, df = 3).

High-throughput sequencing showed
that the oxidative stress response was
enhanced after PN treatment

To comprehensively analyze the changes in cancer cells
caused by PN treatment, the transcriptomes of PN-treated

MGC-803 cells with control (DMSO-treated) were profiled
using RNA-Seq. Heat maps were drawn based on FPKM
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(fragments per kilobase million) values for hundreds of DEGs
identified between the groups (Fig. 4A). Collectively, the up-
regulation of expression of 832 unique transcripts and
downregulation of 1,278 transcripts was evident in the tran-
scriptional profiles of PN-treated MGC-803 cells compared
to the control (Fig. 4B). Next, we found that “response to oxi-
dative stress” and “response to reactive oxygen species” were
enriched at the top of GO Biological Process terms enrich-
ment (Fig. 4C). These results indicated that response to ROS
may be involved in cytotoxicity induced by PN.

Cytotoxicity induced by PN was attenuated
by catalase in MGC-803

Since the sequencing results suggested that ROS are
closely related to cell death induced by PN, we also used

Fig. 4. High-throughput
sequencing showed that

the oxidative stress response was
enhanced after parthenolide (PN)
in MGG-803. A. The differentially
expressed genes (DEGs) (fold
change >2 and p-value <0.05)

of MGG-803 cells treated

with dimethy! sulfoxide

(DMSO) compared with their
counterparts treated with PN

for 24 h were selected for heat
map analysis. Each column
represents 1 sample (n=3

per group); B. DEGs, including
upregulated genes (n = 832) and
downregulated genes (n = 1,278),
were illustrated using a volcano
plot: PN treatment compared

to DMSO treatment; C. Top

20 biological processes obtained
with GO enrichment of DEGs
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DCFH-DA staining to determine ROS levels. As shown
in Fig. 5A,B, PN exposure elicited a marginal statisti-
cally significant increase in ROS levels in MGC-803 cells
(2-sided Wilcoxon rank-sum test, p = 0.081, T = 6). Fur-
thermore, the ROS quencher catalase was used to identify
the role of ROS in PN-induced cytotoxicity, and the results
showed that pretreatment of catalase significantly attenu-
ated the increase of ROS levels (Fig. 5C, Supplementary
Table 3, Kruskal-Wallis test: p = 0.019, H = 9.974, df = 3;
post hoc Dunn’s test, DMSO compared to PN + catalase:
p = 0.258) and cell death (Fig. 5D, Supplementary Table 4,
Kruskal-Wallis test: p = 0.024, H = 9.462, df = 3; post hoc
Dunn’s test, DMSO compared to PN + catalase: p = 0.174)
induced by PN, indicating that ROS may be critical in PN-
induced cytotoxicity.

Discussion

Parthenolide, a sesquiterpene lactone derived from fever-
few, has shown cytotoxic activity in multiple human cancer
cells, such as glioblastoma cells,!” breast cancer cells,!®
renal cell carcinoma,'® and colorectal cancer.?’ There has
not yet been a complete explanation of the mechanism
behind PN-induced cell death. In this study, the biological
effects of PN were investigated in human gastric cancer
cells MGC-803.

In our study, PN inhibited cell growth in a dose- and
time-dependent manner, demonstrating its cytotoxic
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Fig. 5. Cytotoxicity induced

by parthenolide (PN) was attenuated using
catalase in MGG-803. A. The intracellular
reactive oxygen species (ROS) levels

of MGC803 cells treated with dimethy!
sulfoxide (DMSO) and PN (17.5 uM) for

24 h were measured using flow cytometry;
B. Quantification of relative mean
fluorescence of ROS level; C, D. The relative
intracellular ROS and viability of MGCG-803
cells treated with DMSO, PN (17.5 uM),
catalase (2,000 U/mL), or co-treatment
with PN and catalase was measured with
flow cytometry and Cell Counting Kit-8
(CCK-8) assay. Each experimental group
was equipped with 3 repeated wells. Data
are shown as data points with the median.
B. Two-sided Wilcoxon rank-sum test,
p=0.081,T =6. C. Kruskal-Wallis test,

p =0.019, H=9.974, df = 3. D, Kruskal-
Wallis test, p=0.024, H = 9462, df = 3

effect. In addition, we demonstrated that PN can induce
tumor cell arrest in G1 and S phases, which is consis-
tent with some other studies.??2 There are various types
of cyclins, cyclin-dependent kinases and other regula-
tory proteins that regulate cell cycle progression. Among
them, p53 controls 3 cell cycle checkpoints. For G1 to S,
cyclin D1 and cyclin E1 are the positive regulators, and
p21WAFL/CIPL g nd p27KIPL are the negative regulators.?
In this study, PN treatment upregulated the p53 protein
levels in MGC-803 cells compared with those in DMSO-
treated cells, indicating that PN may activate p53. In addi-
tion, PN exposure downregulated the protein levels of cy-
clin D1 and cyclin E1 in MGC-803 cells, indicating that
PN may induce G1 phase arrest. Moreover, the present
study also examined 2 negative regulators, p21WAFV/CIPL gnd
p27¥PL which restraint G1-S progression, and the results
showed that PN exposure upregulated the protein levels
of p21¢™*! and p27X!P! in MGC-803 cells compared with
those in DMSO-treated cells, confirming that PN induced
G1 and S-phase arrest.

Cytotoxicity of PN involves several RCD types; among
them, apoptosis serves a very essential part in PN-induced
cell death in several cancer cells models.?+2° Likewise,
our results show that PN exposure elicited a significant
increase in the apoptotic cell population in MGC-803
cells. BCL2 and BAX mediate irreversible mitochondrial
outer membrane permeabilization (MOMP), an essential
step in mitochondrial-dependent intrinsic apoptosis.?®%’
In the present study, both the protein levels of BAX and
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BAK in MGC-803 cells treated with PN increased over
time, while BCI2 protein levels appeared unchanged, sug-
gesting that intrinsic apoptosis may be involved in PN-
induced cell death. Extrinsic apoptosis was propagated
by caspase-8 and precipitated by executioner caspases,
mainly caspase-3. In the present study, PN exposure ac-
tivated caspase-8 and downregulated the protein levels
of caspase-8 inhibitors, c-FLIP, indicating that extrinsic
apoptosis may be also involved in PN-induced cell death
in MGC-803 cells.?® Moreover, we also found that PN ex-
posure elicited an increase of cleaved PARP]1, indicating
that PARP1 was activated. PARP1 activation can occur
in response to DNA damage, leading to Aym dissipation
and MOMP.?

Necroptosis is a type of RCD that manifests a necrotic
morphotype. Its main mechanism is the sequential ac-
tivation of RIP, RIP3 and MLKL.3%31 Qur results show
that in MGC-803 cells, PN exposure elicited an increase
of RIP, RIP3 and MLKL phosphorylation, indicating that
RIP, RIP3 and MLKL may be activated by PN exposure
to precipitate necroptosis.

A lot of evidence suggests that for the processes that
are referred to as necessary steps for the execution of cell
death, pharmacologic inhibition only changes its biochem-
ical and morphological manifestations, but could not ef-
fectively prevent cell death.32-3* For example, although
the inhibitors of caspase, PARP1 and RIP can significantly
block the activation of caspases, PARP1 and RIP induced
by pharmacologic interventions, cell death remain un-
changed.® Likewise, our results show that Z-VAD-fmk,
AG14361 or Nec-1 failed to protect MGC-803 cells from
cell death.

In the whole process of RCD, the reverse of early-phase
biochemical changes such as decreasing ATP levels and
oxidative stress could restore cellular homeostasis.?? Our
results show that in MGC-803 cells, PN exposure elic-
ited a significant increase in ROS, while pretreatment
of the ROS scavenger catalase significantly attenuated this
effect. Moreover, pretreatment of catalase effectively inhib-
ited the decrease of cell viability induced by PN exposure,
indicating that PN-induced cytotoxicity is ROS-dependent.

Limitations

Due to the poor solubility of PN, more improvements
in the dosage form are needed for its clinical application
in the future. Similarly, the forms of drug dosage also limit
experiments on animals.

Conclusions

Parthenolide-induced gastric cancer cell death is a com-
plex ROS-dependent process different from ordinary apop-
tosis and necrosis, suggesting that PN is a potential treat-
ment option for gastric cancer.
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Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.10066470. The package includes
the following files:

Supplementary Table 1. Post hoc Dunn’s test for the ef-
fect of PN on the cell viability of MGC-803 cell.

Supplementary Table 2. Post hoc Dunn’s test for the ef-
fect of PN on the cell colonies of MGC-803 cells.

Supplementary Table 3. Post hoc Dunn’s test for the effect
of PN and catalase on ROS Generation of MGC-803 cells.

Supplementary Table 4. Post hoc Dunn’s test for the ef-
fect of PN and catalase on cell viability of MGC-803 cells.

Supplementary Table 5. Original data. Parthenolide in-
duces ROS-dependent cell death in human gastric cancer
cellanalysis.

Supplementary Table 6. Gene sample count from MGC-
803 cells treated with DMSO compared with counterparts
treated with PN.
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