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Abstract

Background
Compound C-2 is a derivative of natural product Jaspine B and possesses anti-cancer activity against
bladder cancer cells. However, little is known about its anti-cancer activity against gastric cancer. In this
research, mechanism underlying anti-cancer effect of C-2 in gastric cancer cells was well investigated.

Methods
Anti-cancer activities of C-2 were determined by MTT, western blotting and �ow cytometry. A serial of
speci�c inhibitors, immunoprecipitation, siRNA and immuno�uorescence were utilized to explore
signaling pathways affected by C-2.

Results
C-2 induces apoptosis in gastric cancer cells through the internal mitochondrial pathway, and triggers
autophagy in gastric cancer cells through JNK/ERK pathway. Phosphorylated JNK/ERK further activates
Beclin1 via disturbing Beclin-1/Bcl-xL or Beclin-1/Bcl-2 complexes, leading to autophagy and up-regulated
p62. Next, p62 competitively binds keap1 to release Nrf2, thus promoting translocation of Nrf2 from
cytoplasm to nucleus and triggering expression of Nrf2 target genes. Pharmacological inhibition or
knockdown of key proteins in autophagy attenuates C-2 induced cell apoptosis, indicating that
autophagy antagonizes cell apoptosis induced by C-2.

Conclusion
C-2 possesses anti-tumor activity against gastric cancer cells, while C-2 triggered-autophagy antagonizes
cell arrest and apoptosis induced by C-2 by upregulating Nrf2 in nucleus.

Background
Gastric cancer (GC) originating from the epithelium of gastric mucosa is one of the most common types
of malignancy worldwide. Diagnosed at advanced stage because of lacking early signs or symptoms
makes GC the third cause of cancer-associated mortality worldwide [1]. Surgery and chemotherapy
remain the major treatment for gastric cancer. However, more than 50% patient will relapse and
metastasis [2]. Therefore, gastric cancer is an urgent health problem to be resolved.

Natural product Jaspine B is isolated from marine biological sponges and exhibits anti-tumor effect
against human and mouse cancer cell lines [3, 4]. Our group have reported that derivative of Jaspine B, C-
2, could induce cell death in bladder cancer cells via apoptosis pathway [5]. Previous work showed that C-
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2 inhibited gastric cancer cells at micromolar level. Thus, mechanism and involved intracellular signal
pathways underlying anti-gastric cancer cells of C-2 are investigated in this study.

Apoptosis is a highly conservative programmed cell death, and resistance to apoptosis is one of the
hallmarks of cancer [6]. Caspases are the most important proteins to execute apoptosis and can be
divided into two categories: promoters and executioners. The former type consists of Caspase 2, 8, 9 and
10, playing the role of initiating caspase cascade. The executioner caspases include Caspase 3, 6, and 7
[7]. According to the stimuli, apoptosis is cataloged into two pathways: extrinsic pathway and intrinsic
pathway. The extrinsic pathway is triggered by death receptors on the cell surface, and mitochondria
stress initiates internal pathway. Many anti-tumor agents exhibit anti-neoplastic activity through inducing
apoptosis [8].

It has been reported that Jaspine B and its derivative C-2 could induce autophagy [5]. Autophagy is a
double-edged sword to cancer according to the stage and microenvironment of tumor [8]. Autophagy
plays an important role in regulating cell homeostasis, mediating the removal of dysfunctional or
damaged organelles, which are digested for the needs of cell metabolism [9, 10]. According to
physiological function of autophagy and the process of “cargo” to be degraded, autophagy are divided
into three different types: microautophagy, molecular chaperone-mediated autophagy and
macroautophagy [11, 12]. In this article, the term "autophagy" refers to macroautophagy. Autophagy is
rigorously regulated in cells, and emerging evidences suggest that MAPK signaling pathway can induce
autophagy [13]. Two key members of MAPK family, JNK (c-Jun N-terminal kinase) and ERK (extracellular
signal-regulated kinase), can dissociate Bcl-2/Beclin-1 or Bcl-xL/Beclin-1 complexes to release Beclin-1,
resulting in autophagy. Bcl-2 and Bcl-xL belong to anti-apoptotic Bcl-2 protein family, levels of which will
be decreased during apoptosis [14].

Sequestosome1 (SQSTM1, also known as p62) is a stress-inducible cellular protein, multiple domains of
which make it a signaling hub [15]. On one hand, p62 can bind LC3 and serve as an adaptor for
degradation of ubiquitinated substances during autophagy. On the other hand, p62 can bind Keap1 (the
Kelch-like ECH associated protein 1) to release Nrf2 (Nuclear factor erythroid 2- related factor 2), which is
an important transcriptional factor and induces expression of anti-oxidative proteins and enzymes.

In this study, we found that C-2 selectively showed cytotoxicity to gastric cancer cells and can induce
mitochondria dependent apoptosis and autophagy. And C-2 triggered JNK/ERK activation led to
autophagy via blocking interaction of Beclin-1/Bcl-xL or Beclin/Bcl-2 complexes. Autophagy at early
stage antagonized C-2 induced cell arrest through activation of antioxidant molecule Nrf2. Our study is
expected to provide some theoretical basis of cellular molecular biology and candidate compound C-2 for
the development of new anti-gastric cancer agents.

Materials And Methods
Reagents
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RPMI-1640 was purchased from Gibco (Grand island, NY, USA). Fetal bovine serum (FBS) was purchased
from BI (Israel). 3-(4, 5-dimethyl-thiazol-2-yl)-2, 5-diphenyltetra-zolium bromide (MTT) was purchased
from Sigma-Aldrich (St Louis, MO, USA), LY294002 was purchased from selleck (Texas, Houston, USA).
SP600125 and SCH772984 were purchased from MCE (New Jersey, USA). Annexin-V/FITC Apoptosis
Detection Kit was purchased from KeyGEN BioTech (Jiangsu, China). The lysis buffer, Nuclear and
Cytoplasmic Protein Extraction Kit were purchased from Beyotime (Shanghai, China). The ECL Western
blotting substrate kit was purchased from absin (Shanghai, China). Antibodies against LC3 (14600-1-AP),
Beclin1 (66665-1-Ig), β-actin (sc-1615) were purchased form Cell Signaling Technology (Danvers, MA,
USA). Antibodies against Cleaved caspase-3 (ab2302), Cleaved caspase-9 (ab2324) were purchased from
Abcam (Cambridge, MA, USA). Lipofectamine 2000 was purchased from ThermoFisher (Waltham, MA,
USA). JC-1 �uorescent dye was purchased from Yeasen (Shanghai, China).

Cell cultures and MTT assay

293T, MGC803, HGC27, SGC7901 and GES1 (human gastric epithelial cells) were obtained from Chinese
Academy of Science Cell Bank (Shanghai, China). Cells were treated with agents for indicated time, then
add 5 mg/ml MTT to the culture medium, and incubate cells at 37 °C for 24 h. Next remove the culture
medium containing MTT and add 0.4 mL DMSO to solubilize the formazan crystals. Optical density for
MTT assay was detected at 490 nm with microplate reader.

Immuno�uorescence and Immunoprecipitation analysis

Cells were treated with agents for indicated time, then immuno�uorescence and immunoprecipitation
analysis were performed as reported previously [5].

Western blot

Gastric cancer cells were treated with agents for indicated time, total proteins were then collected and
quanti�ed by micro-BCA protein assay kit (P0012, Beyotime, Shanghai, China). Then the proteins were
subjected to immunoblotting as previously described [16].

Apoptosis analysis

Cells were treated with indicated concentration of compounds for speci�c time, then cells were collected
and stained with Annexin V and PI for 20 min. Next, cells were measured by �ow cytometer. The data was
quanti�ed by FlowJo software.

Measurement of mitochondria membrane potential (MMP, ΔΨ)

Cells were treated with indicated concentration of compounds for speci�c time, then cells were collected
and stained with JC-1 for 10 min. Next, cells were measured by �ow cytometer. The data was quanti�ed
by FlowJo software.

siRNA
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Cells seeded in 24-well plate were transfected with siRNA at a �nal concentration of 50 nM. siRNA
(#6394) against p62 were synthesized and purchased from Cell Signaling Technology (Danvers, MA,
USA).

Generation of knockdown cells lines

The short hairpin RNA (shRNA) against Beclin1 was synthesized by TSINGKE (Shanghai, China) and
incorporated into vector CD513B-U6. The shRNA sequence targeting Beclin1 was 5’-
GGACAACAAGTTTGACCATGC-3’. Lentivirus particles were generated by transfecting plasmids CD513B-
U6 and three auxiliary plasmids pGag-Pol, pRev and pVSV-G to 293T cells. Stable knockdown cell lines
were transfected with lentivirus particles and selected with 4 μg/mL puromycin (P8833, Sigma-Aldrich, St
Louis, USA).

Statistical analysis

All experiments were repeated at least three times, the data were presented as mean ± SD. Differences
between the experimental groups were determined by paired or unpaired Student’s t test. The smaller the
P value, the more signi�cant the difference between the experimental groups, without signi�cant
difference P > 0.05, signi�cant difference * P < 0.05, * * P < 0.01 and * * P < 0.001.

Results
C-2 signi�cantly inhibits cell growth and induces apoptosis in gastric cancer cells.

To test the anti-tumor e�cacy of C-2, we examined the anti-proliferative activity of C-2 against three
gastric cancer cells MGC803, HGC27 and SGC7901 and human gastric epithelial cell line GES-1. As
shown in Fig. 1b, C-2 signi�cantly inhibits cell viability of gastric cancer cell lines in dose- and time-
dependent manner compared with GES-1. It should be noted that the cell viability of human normal
gastric epithelial cells GES-1 treated with 8 µM of C-2 after 24 h was 95.01%, indicating that C-2 showed
minor toxic to GES1. Taken together, these results suggested that C-2 selectively exerted cytotoxicity
against gastric cancer cells compared with normal gastric epithelial cell lines.

Given that cell density of MGC803 and HGC27 cells were gradually decreased after incubating with C-2
for 24 h (Fig. 2a), and apoptosis is one of the most common cell death processes, we performed �ow
cytometry analysis to examine whether apoptosis occurred. As shown in Fig. <link rid="�g2">2</link>b, C-
2 dose-dependently elevated the population of gastric cancer cells staining with PI and Annexin V-FITC,
indicating that C-2 signi�cantly induced gastric cancer cells apoptosis. Proteins at the downstream of
apoptosis pathway were further detected. Data showed that C-2 increased expression levels of Cleaved-
Casepase3 and Cleaved-PARP in both MGC803 and HGC27 cells (Fig. 2c). We next used the mitochondria
�uorescent probe JC-1 to test the role of mitochondria in C-2-induced apoptosis. As shown in Fig. 2d,
there was an obviously right shift of peak staining with JC-1 monomers compared with the untreated
cells, indicating the loss of mitochondria membrane potential. Western blot results showed that C-2
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gradually increased levels of pro-apoptosis proteins Bax and Cleaved-caspase 9 and decreased levels of
anti-apoptosis proteins Bcl-2 and Bcl-xL in MGC803 cells (Fig. 2e). We wonder whether apoptosis play a
vital role in the anti-tumor e�cacy of C-2, inhibitors of apoptosis were used to detect their effects on anti-
proliferative activity of C-2 against gastric cancer cells. As shown in Fig. 2f, cell viability of cells co-
treated with C-2 and Z-VAD-FMK were similar with that treated with C-2 alone, indicating that C-2 induced
cell arrest were resistant to apoptosis inhibition. Collectively, these results suggested that C-2 induced
mitochondria-dependent apoptosis in gastric cancer cells, but inhibition of apoptosis can’t rescue cell
growth inhibited by C-2.

C-2 induced protective autophagy in gastric cancer cells.

Based on the fact that preventing apoptosis could not reverse cell arrest induced by C-2 and previous
works reported that Jaspine B and C-2 could induce autophagy [5], we attempt to investigate the function
of autophagy in C-2 induced cell arrest. We �rst found the presence of autolysosome vacuoles in
MGC803 cells treated with C-2, indicating the occurrence of autophagy (Fig. 3a). Proteins participating
autophagy were further tested. As shown in Fig. 3b and Additional �le 1: Fig. S1, expression levels of
Beclin-1, LC3, ATG3 and ATG12 were markedly increased by C-2 in dose- and time-dependent way. To
further verify C-2-induced autophagy, we examine the LC3 expression with immuno�uorescence assay.
Data showed that C-2 could trigger the accumulation of LC3 (Fig. 3c). Next, we use an inhibitor of
autophagy, LY294002, to test the biology function of autophagy in anti-tumor activity of C-2. We found
that LY294002 markedly enhanced the anti-proliferative activity of C-2 in both MGC803 and HGC27 cells,
indicating that autophagy prevented C-2 induced cell arrest (Fig. 3d). The further western blot results
showed that LY294002 could partially reverse the accumulation of LC3-II, and dramatically elevated the
protein level of Cleaved-caspase 3 and Cleaved-PARP induced by C-2 (Fig. 3e). In summary, these results
suggested that C-2 could induce autophagy in gastric cancer cells and autophagy played the protective
role against C-2 induced cell arrest.

C-2 induces autophagy by JNK/ERK pathway in gastric cancer cells

Given that it is previously reported that the MAPK pathway could induce autophagy [17], key proteins of
MAPK pathway are examined by western blot. As shown in Fig. 4a, C-2 signi�cantly increased
phosphorylation of JNK, ERK and c-Jun. We next utilized the JNK inhibitor SP600125 and ERK inhibitor
SCH772984 to test the contribution of MAPK pathway to the anti-viability activity of C-2. As shown in
Fig. 4b, combination of C-2 with SP600125 or SCH772984 further reduced cell viability compared with C-
2 alone in MGC803 cells, indicating that inhibition of JNK or ERK enhanced the anti-tumor activity of C-2.
Data from apoptosis assay showed that combination of SP600125 and C-2 induced the apoptotic
population of MGC803 cells with 44.5%, which is higher than that of C-2 alone with 20.7%. And
combining SCH772984 and C-2 caused MGC803 cells apoptosis with 45.2%, which is about 2-fold of that
of C-2 alone, suggesting that prevention of JNK or ERK enhanced C-2 induced apoptosis (Fig. 4c).
Western blot analysis con�rmed that SP600125 decreased phosphorylation of JNK and reduced C-2
induced LC3-II, while SCH772984 down-regulated phosphorylated ERK and LC3-II in MGC803 cells (Fig. 4d
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and e). Both SP600125 and SCH772984 further up-regulated the level of Cleaved-caspase 3, Cleaved-
PARP and LC3-II induced by C-2, indicating that SP600125 and SCH772984 strengthened C-2 induced
apoptosis via inhibition of autophagy. The similar results were observed in HGC27 cells (Additional �le 1:
Fig. S2a and b). In summary, C-2 induced autophagy via JNK/ERK pathway, inhibition of which enhanced
C-2 induced cell arrest and apoptosis.

C-2 triggered activation of JNK/ERK leads to autophagy through disturbing Beclin-1/Bcl-xL or Beclin-
1/Bcl-2 complexes

Given that C-2 triggered autophagy attenuated C-2 induced arrest, we try to investigate the interaction
between autophagy and apoptosis. Beclin-1 mediates crosstalk between autophagy and apoptosis,
Beclin-1/Bcl-2 and Beclin-1/Bcl-xL complexes can resist Beclin-1 activity and prevent Beclin-1 dependent
autophagy, phosphorylated of Bcl-2 or Bcl-xL can release free Beclin-1, which will induce autophagy [18,
19]. Therefore, we �rst performed co-immunoprecipitation assay to determine the interaction of Beclin-
1/Bcl-2 and Beclin-1/Bcl-xL. As shown in Fig. 5a, compound C-2 inhibited the binding of Bcl-2 and Bcl-xL
proteins with Beclin-1. Studies have reported that JNK and ERK can promote the phosphorylation of Bcl-
2/Bcl-xL and lead to the dissociation of Beclin-1 form Bcl-2/Bcl-xL, leaving Beclin-1 in an activated state
and triggering autophagy [7]. To determine whether JNK/ERK participates in C-2 induced autophagy via
Beclin-1, JNK inhibitor SP600125 and ERK inhibitor SCH772984 were used. As shown in Fig. 5b and c,
SP600125 or SCH772984 markedly reversed the dissociation of Bcl-2/Beclin-1 and Bcl-xL/Beclin-1
complexes induced by C-2, indicating that phosphorylated JNK triggered by C-2 can further activate
Beclin-1. We next downregulated Beclin-1 with shRNA to test whether Beclin-1 affected anti-tumor e�cacy
of C-2. As shown in Fig. 5d, the cell survival rates of normal and Beclin-1 knockdown MGC803 cells
affected by C-2 at 2 µM were 95.40% and 53.27%, respectively, suggesting that Beclin-1 antagonized C-2
induced cell arrest. The Western blot results further showed that accumulation of LC3-II was markedly
decreased and apoptosis-related proteins Cleaved-Caspase 3 and Cleaved-PARP were signi�cantly
upregulated in Beclin-1 knockdown MGC803 cells compared with that in normal MGC803 cells,
suggesting that knockdown of Beclin-1 enhanced C-2 induced apoptosis via inhibiting autophagy
(Fig. 5e). Taken together, C-2 phosphorylated and activated JNK and ERK protein, which further activated
Beclin-1 via disturbing Beclin-1/Bcl-xL or Beclin-1/Bcl-2 complexes, thus attenuating C-2 induced cell
arrest.

p62/Keap1/Nrf2 pathway controls C-2 induced cell arrest by switching from autophagy to apoptosis

Since p62 protein plays an important role in the process of autophagy [20], we try to investigate the effect
of p62 on C-2 induced cell arrest. As shown in Fig. 6a, cell viability was markedly decreased by C-2 in
MGC803 cells with p62 knockdown compared with that of normal MGC803 cells, suggesting that p62
attenuated C-2 induced cell arrest. We next performed western blot to examine protein alterations and
found that expressing level of p62 and HO-1 were increased in a time-dependent manner, proteins Nrf2
and NQO1 were upregulated at �rst 6 h and then gradually decreased, while Keap1 has no observed
change (Fig. 6b). It is reported that p62 competitively bind Keap1 to release Nrf2, resulting in nuclear
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translocation of Nrf2, thus we test the interaction of p62 and Keap1 by immunoprecipitation assay [21].
As shown in Fig. 6c, binding of p62 with Keap1 gradually increased at �rst 6 h treatment and then
decreased. In accordance with that, accumulation of Nrf2 in nuclear elevated in a time-dependent way
and reached the peak at �rst 6 h treatment, and decreased after 6 h treatment (Fig. 6d). Results from
Immuno�uorescence assay showed that Nrf2 accumulated in nuclear after C-2 treatment for 6 h, further
proved upregulation of Nrf2 induced by C-2 (Fig. 6e). Preventing autophagy by LY294002, SP600125 and
SCH772984, or knockdown of Beclin-1 also decreased expression of p62 and HO-1, suggesting that C-2
upregulated p62 via JNK/ERK/Beclin-1 pathway (Fig. 7a-c). In addition, SP600125 and SCH772984 can
reverse elevated interaction between p62 and Keap1 induced by C-2 (Fig. 7d-e).

Given that Nrf2 and its target NQO1 reach the peak after C-2 treatment for 6 h, we designed different
compound treatment strategy to test effects of autophagy inhibitor on C-2 induced cell arrest. As shown
in Fig. 6f, inhibition of autophagy by BafA1 with 24 h or �rst 6 h strengthened C-2 induced cell arrest,
while combination of C-2 and BafA1 at later 18 h have no effects on C-2 induced cell arrest, suggesting
that C-2 triggered autophagy antagonized C-2 induced cell arrest via upregulation of Nrf2 and NQO1.
Because antioxidant system Nrf2/NQO1 is always triggered by oxidative stress, we examined the effect
of ROS scavenger N-acetyl cysteine (NAC) on C-2 induced cell arrest. Unexpectedly, data showed that NAC
have no effect on anti-proliferative activity of C-2 (Additional �le 1: Fig. S3). In summary, C-2 triggered-
autophagy antagonized C-2 induced cell arrest via p62/Nrf2 signaling pathway.

Discussion
It has long been reported that Jaspine B and its derivative C-2 have potent cytotoxicity against tumor cell
lines [4, 5, 22]. But anti-tumor effect and underlying mechanism of C-2 in gastric cancer are still unknown.
In this study, we have con�rmed that C-2 can induce apoptosis via mitochondria pathway in gastric
cancer cells. At the same time, C-2 triggered elevation of phosphorylated JNK/ERK kinases, which can
further disrupt complexes of Beclin-1/Bcl-xL or Beclin-1/Bcl-2, resulting in occurrence of autophagy. In the
following autophagy process, increased binding of p62 with keap1 caused more Nrf2 in nucleus and
upregulation of Nrf2 target genes NQO1 and HO1 [23], which attenuated C-2 induced cell arrest and
apoptosis (Fig. 7f).

We found that C-2 induced mitochondria dependent apoptosis in gastric cancer cells, while apoptosis
inhibitors had no effect on C-2 induced cell arrest. Cell necrosis inhibitor Nec-1 and ROS eliminator NAC
were used to exclude the participation of necrosis and ROS stress in C-2 induced cell arrest (Additional �le
1: Fig. S4). Serial inhibitors of autophagy markedly augmented anti-proliferative activity of C-2, which
was in accordance with previous work [5]. Further studies need to be conducted to explore how C-2
induces cell apoptosis.

It is well known that autophagy play double edge effect in tumor survival and development [24].
Autophagy promotes tumor growth through removing and recycling abnormal or dysfunctional cell
components [4]. While autophagy could also inhibit tumor growth through inducing cell death [25]. We
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observed that autophagy inhibitor LY29004 enhanced C-2 induced cell arrest, indicating that autophagy
played protective role in C-2 induced cell arrest. Numerous evidences suggest that MAPKs involve in cell
death and autophagy [13, 26, 27]. Increasing phosphorylation of JNK/ERK/p38 mediated by C-2 was
found in our study. Further data showed that JNK/ERK led to autophagy through elevating free from of
Beclin-1, which was consistent with previous reports [27, 28]. Results that knockdown of Beclin-1
prevented C-2 induced autophagy and elevated C-2 induced cell arrest further proved the involvement of
Beclin-1 in C-2 induced autophagy. Therefore, C-2 triggered autophagy through JNK/ERK/Beclin-1
cascade pathway and prevention of which increased C-2 induced cell arrest.

It is found that JNK/ERK had a complicated relationship with p62-Nrf2 pathway [29–31]. Inhibition of
autophagy through preventing JNK and ERK signaling pathways increases the mortality of cancer cells
and achieves better therapeutic effect via Nrf2 pathway [32, 33]. We observed that p62 was gradually
elevated by C-2 in gastric cancer cells for as long as 24 h, while Nrf2 and its target gene encoding protein
NQO1 increased at �rst 6 h and then progressively decreased. It is reported that p62 competitively binds
Keap1 with Nrf2, resulting in translocation of Nrf2 from cytoplasm into nucleus, thereby activating the
Nrf2 signaling pathway [21, 34]. Our results showed that C-2 elevated the binding of p62 with Keap1 and
Nrf2 accumulation in nucleus in a time-dependent manner at �rst 6 h treatment, which was in accordance
with the upon data. It has been reported that inhibition of Nrf2 signaling pathway can activate apoptosis
[33]. Autophagy inhibitor BafA1 prevented the binding of p62 and Keap1 induced by C-2 at the endpoint
of 6 h, and co-treatment of BafA1 with C-2 for �rst 6 hours or total 24 h enhanced C-2 induced cell arrest,
while co-incubation of BafA1 with C-2 for later 18 h have no effect on cell viability inhibited by C-2. These
results suggested that C-2 triggered autophagy antagonized C-2 induced cell arrest through activation of
Nrf2 pathway. Results that JNK/ERK inhibitors and knockdown of Beclin-1 prevented interaction of p62
and Keap1 and accumulation of p62 triggered by C-2 further proved that autophagy triggered Nrf2
pathway resisted cell arrest and apoptosis induced by C-2.

Conclusions
In this study, we found that Jaspine B derivative, C-2, selectively showed cytotoxicity to gastric cancer
cells and can induce mitochondria dependent apoptosis. C-2 triggered JNK/ERK activation led to
autophagy via blocking interaction of Beclin-1/Bcl-xL or Beclin/Bcl-2 complexes. Autophagy at early
stage antagonized C-2 induced cell arrest through activation of antioxidant molecule Nrf2.

Abbreviations
p62
SQSTM1 (sequestosome 1)/p62;
JNK
c-Jun N-terminal kinase;
ERK
extracellular signal-regulated kinase;
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Keap1
The Kelch-like ECH associated protein 1;
Nrf2
Nuclear factor erythroid 2- related factor 2;
MMP
Mitochondrial membrane potential;
LC3-II
Microtubule-associated protein 1A/1B-light chain 3II
NAC
N-Acetyl-L-cysteine;
Nec-1
Necrostatin-1.
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Figures

Figure 1

Compound C-2 selectively inhibits cell growth in gastric cancer cells. a Chemistry structural formulas of
Jaspine B and C-2. b Selected cell lines were treated with compound C-2 for 24 h (left) or at 4 μM for
indicated time (right), cell viabilities were then tested by MTT assay.
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Figure 2

Compound C-2 induces mitochondria dependent apoptosis in gastric cancer cells. a Cells treated with C-2
for 24 h were observed under the inverted microscope. b Annexin V/PI staining apoptosis assay was
performed to MGC803 cells treated with C-2 for 24 h. c MGC803 and HGC27 cells were treated with C2 for
24 h or for indicated time at 4 μM, indicated proteins were detected by western blot. d Cells were treated
with C-2 at indicated concentrations for 24 h, the mitochondria membrane potential (ΔΨ) of cells was
then detected. e Indicated proteins in MGC803 cells treated with C-2 for 24 h were determined by western
blot. f Cells were treated with indicated compounds for 24 h, cell viability was measured by MTT assay.
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Figure 3

Compound C-2 induces protective autophagy in gastric cancer cells. a MGC803 cells were treated with
2μM of C-2 for 24 h, cells were then observed under the inverted microscope. MGC803 cells were treated
with C-2 for 24 h at indicated doses (b) or for different time at 4 μM (c), indicated proteins were detected
by western blot. d Immuno�uorescence assay was performed to MGC803 cells treated with C-2 (4 μM) for
indicated time. e cells were treated with indicated compounds for 12 h, cell viabilities were then tested by
MTT assay. f MGC803 cells were treated with compounds for 12 h, indicated proteins were then detected
by western blot.
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Figure 4

Inhibition of JNK/ERK increases C-2 induced apoptosis via reducing autophagy. a MGC803 and HGC27
cells were treated with C-2 for 24 h at indicated doses, indicated proteins were detected by western blot.
MGC803 cells were treated with indicated agents for 24 h, cell viability (b) and cell apoptosis (c) were
then measured. MGC803 cells were pretreated with with SP600125 (d) or SCH772984 (e) respectively for
1 h, then C-2 was added to co-incubation for 12 h, indicated proteins were detected by western blot.
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Figure 5

Upregulated p62 attenuates C-2 induced cell arrest via accumulation of Nrf2 in nucleus. a MGC803 cells
were downregulated p62 with siRNA alone or co-treated with C-2 for 12 h, cell viability was detected by
MTT assay. b MGC803 cells were treated with 4 μM C-2 for indicated time, speci�c proteins were
determined by western blot. c MGC803 cells were treated with 4 μM C-2 for indicated time. IP assay was
performed to detect indicated proteins. d MGC803 cells were treated with 4 μM C-2 for indicated time,
Nrf2 was measured in cytoplasm and nucleus respectively by western blot. e MGC803 cells were treated
with 4 μM C-2 for 6 h, Nrf2 was determined by Immuno�uorescence assay. f MGC803 cells were treated
with agents for indicated time, cell viability was measured by MTT assay. g MGC803 cells were treated
with agents for 6 h, IP assay was performed to detect indicated proteins.
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Figure 6

Inhibition of JNK/ERK antagonizes C-2 induced p62/keap1 interaction. a MGC803 cells were pretreated
with LY294002 for 1 h before co-treatment with C-2 for 6 h, indicated proteins were determined by western
blot. b MGC803 cells were pretreated with SP600125 or SCH77298 for 1 h before co-treatment with C-2
for 6 h, indicated proteins were determined by western blot. c Indicated proteins were determined by
western blot in control or Beclin-1 knockdown MGC803 cells treated with C-2 for 24 h. MGC803 cells were
pretreated with SP600125 (d) or SCH77298 (e) for 1 h before co-treatment with C-2 for 6 h, IP assay was
performed to detect indicated proteins.
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Figure 7

Inhibition of JNK/ERK antagonizes C-2 induced p62/keap1 interaction. a MGC803 cells were pretreated
with LY294002 for 1 h before co-treatment with C-2 for 6 h, indicated proteins were determined by western
blot. b MGC803 cells were pretreated with SP600125 or SCH77298 for 1 h before co-treatment with C-2
for 6 h, indicated proteins were determined by western blot. c Indicated proteins were determined by
western blot in control or Beclin-1 knockdown MGC803 cells treated with C-2 for 24 h. MGC803 cells were



Page 21/21

pretreated with SP600125 (d) or SCH77298 (e) for 1 h before co-treatment with C-2 for 6 h, IP assay was
performed to detect indicated proteins. f Schematic illustration of compound C2 inducing cell apoptosis
and autophagy. C-6 induced early autophagy antagonized cell apoptosis through Nrf2 (bold black line),
and C-2 induced late autophagy had minor effect on cell apoptosis (bold red line).

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Additional�le1.docx

https://assets.researchsquare.com/files/rs-147863/v1/2c0eb289a871d839b7101ba4.docx

