
Am J Cancer Res 2025;15(9):4082-4091
www.ajcr.us /ISSN:2156-6976/ajcr0163686

https://doi.org/10.62347/MHKV6383

Original Article
Hydrogen peroxide and cisplatin regulate the  
ROS/PKM2 pathway to affect the growth of cancer

Li-Yuan Bai1,2, Chang-Fang Chiu1,3, Chia-Yung Wu1, Jing-Ru Weng4,5,6

1Division of Hematology and Oncology, Department of Internal Medicine, China Medical University Hospital, 
Taichung 404, Taiwan; 2College of Medicine, China Medical University, Taichung 404, Taiwan; 3Cancer Center, 
China Medical University Hospital, Taichung 404, Taiwan; 4Department of Marine Biotechnology and Resources, 
National Sun Yat-sen University, Kaohsiung 804, Taiwan; 5Department of Biotechnology, Kaohsiung Medical 
University, Kaohsiung 807, Taiwan; 6Graduate Institute of Pharmacognosy, College of Pharmacy, Taipei Medical 
University, Taipei 110, Taiwan

Received February 3, 2025; Accepted September 10, 2025; Epub September 25, 2025; Published September 30, 
2025

Abstract: Aberrant production of reactive oxygen species (ROS) cause DNA damage which led to the chronic dis-
eases and cancer. During glycolysis, the enzyme pyruvate kinase M2 (PKM2) is responsible for energy metabolism 
and its overexpression can be found in various malignancies. To investigate the impact of PKM2 and ROS, hydrogen 
peroxide (H2O2) and cisplatin were used. This study showed that H2O2 and cisplatin induced ROS production and 
apoptosis in these four tumor cells: pancreatic cancer, oral cancer, gastric cancer, and hepatocellular carcinoma. 
In addition, H2O2- and cisplatin-increased apoptosis was partially reduced by pre-treatment with an antioxidant 
N-acetylcysteine (NAC) in SC-M1 gastric cancer and HSC-3 oral cancer cells. Interestingly, the levels of p-PKM2 in 
the nucleus were downregulated after treatment with H2O2 and cisplatin. This phenomenon was reversed with the 
combination of NAC. These findings provide PKM2 may be a potential target for anticancer therapy.
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Introduction

According to the statistically estimation from 
the American Cancer Society, the cancer-relat-
ed deaths are more than 0.6 million in America 
in 2024 [1]. Current cancer treatments inclu- 
de surgery, chemotherapy, molecular-targeted 
therapy, and radiotherapy. However, there are 
some limitations that compromise the effi- 
cacy of conventional antitumor therapy [2]. In 
advanced gastric cancer, for example, combi-
nation chemotherapy (cisplatin, bevacizumab, 
fluorouracil, and capecitabine) applied for the 
efficacy results in the median overall survival is 
12.1-13.1 months [3]. Cao et al. reported that 
the high re-occurrence of oral squamous cell 
carcinoma was related to non-specific cell 
death after chemotherapy treatment [4]. In 
addition, chemoresistance is another critical 
obstacle that may affect the treatment of so- 
lid tumors. New strategies or approaches are 
urgently needed for the therapy of cancer.

Aberrant reactive oxygen species (ROS) is part 
of the oxidative stress, which promotes the  
progression of inflammatory diseases and the 
pathogenesis of cancer, aging, and diabetes 
mellitus [5]. Free radicals, including hydroxyl 
radicals, superoxide anions, peroxyl radicals, 
and non-radical molecules like hydrogen perox-
ide (H2O2), are secondary messengers involved 
in the initiation of free radical chains causing 
extreme damage to the cells [6]. Several stud-
ies showed that ROS were oncogenic, promoted 
tumorigenesis, angiogenesis, and metastasis 
[6, 7]. Increased levels of angiotensin-convert-
ing enzyme 1 by H2O2 causes trophoblast cell 
damage in vitro [8]. A previous study revealed 
that H2O2 is released from metal peroxides, alle-
viates tumor hypoxia in the tumor microenviron-
ment [9]. However, it is worth nothing that ROS 
represents a double-edged way in tumor cells. 
Imbalance production of ROS could initiate oxi-
dative stress-induced tumor cell death [10]. 
Certain anti-tumor agents, including molecular-
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targeted drugs and chemotherapeutic agents, 
inhibit tumor growth by increasing ROS produc-
tion [11]. For example, the gemcitabine prodrug 
was activated in the presence of H2O2, leading 
to apoptosis in pancreatic cancer cells [12]. 
The combination therapy of cisplatin and 
pitavastatin, a HMG-CoA inhibiter suppressed 
the growth of cervical cancer through increas-
ing ROS production and DNA damage [13]. In 
addition to DNA damage, ROS alters several 
signaling pathways, including NF-κB [14], MAPK 
kinase [15], PI3K/Akt, NRF2 [16], and mito-
chondrial oxidative metabolism [17].

Pyruvate kinase M2 (PKM2) is an enzyme 
involved in the final step of glycolysis, catalyz-
ing the conversion of phosphoenolpyruvate to 
pyruvate with the concomitant production of 
ATP, and it plays a central role in the Warburg 
effect [18]. PKM2 may either be an dimer or an 
tetramer, depending on its physiological condi-
tions [18]. Numerous studies have reported 
that PKM2 contributes to tumor growth and cell 
proliferation by supplying the anabolic condi-
tions required [19, 20]. Over-expression of 
PKM2 is involved in the progression of numer-
ous cancers, including pancreatic cancer, oral 
cancer, and hepatocellular carcinoma (HCC) 
[19, 20]. In addition, PKM2 activation was 
responsible for the resistance of the chemo-
therapeutic drugs [21]. A previous report sh- 
owed that the transcription factors including 
p53, HIF-1α, and c-Myc modulated the activity/
expression of PKM2 through Warburg effect 
which are critical for the metabolism of tumor 
cells [22]. Therefore, multiple evidences re- 
vealed that PKM2 can serve as a potential tar-
get for cancer therapy [23-25]. For example, 
the combination of PKM2 knockdown and 
estrogen enhanced apoptosis in colon cancer 
cells [26]. Polyphyllin II, a saponin, induces 
apoptosis by decreasing nuclear PKM2 and its 
downstream genes such Glut1 and MYC in 
fibrosarcoma [27]. Wang et al. reported that 
shikonin, a PKM2 inhibitor used in treatment of 
bladder cancer, enhanced the sensitivity to cis-
platin by inducing necroptosis [24]. Notably, 
PKM2 knockdown decreased the intracellular 
ROS generation, inhibited cell migration and 
invasion of tongue tumor in vitro and in vivo 
[28]. A recent study reported that lambertianic 
acid, a diterpene derivative, suppresses pros-
tate cancer cell growth through modulation of 
ROS/PKM2/STAT3 signaling [29], highlighting 

the contribution of ROS signaling to PKM2 regu-
lation in tumor progression [28, 29]. Cisplatin, 
a well-known chemotherapeutic agent, has 
been found the anti-tumor effects though the 
interaction between PKM2 and mTOR in cervi-
cal cancer [30]. However, the role of PKM2 or 
the correlation with Warburg effect in H2O2- and 
cisplatin- treated cancers, including gastric 
cancer, oral cancer, and HCC, remains ambigu-
ous. This study, we evaluated the effects of 
H2O2 and cisplatin against tumor cells and 
showed that the apoptotic mechanism of H2O2 
and cisplatin were associated with ROS/PKM2/
STAT3 signaling related to the Warburg effect.

Materials and methods

Cell lines and chemical reagents

SC-M1 gastric adenocarcinoma cell line was 
obtained from ATCC. Hep3B hepatocellular car-
cinoma cells and PANC-1 pancreatic ductal ad- 
enocarcinoma cells were gifts from Professor 
Po-Chen Chu. The above cells were maintained 
in DMEM (Invitrogen) medium. The HSC-3 oral 
cancer cells were purchased from JCRB cell 
Bank and cultured in DMEM/F12 medium. All 
of the cell lines were cultured in the environ-
ment containing 10% fetal bovine serum at 
37°C. Antibodies used were as follows: p-PKM2 
(Tyr105), PKM2, fibrillarin, LC3B, p-STAT3 
(Tyr705), STAT3, and GADPH (Cell Signaling 
Technology).

Determination of cell viability

SC-M1, HSC-3, PANC-1, and Hep3B cells were 
plated in 96-well plates at a density of 5 × 103 
per well for 24 h. Then, these cell lines were 
treated with DMSO or H2O2 (10, 25, 50, 75, and 
100 µM) or cisplatin (5, 10, 20, 50, 75, and 
100 µM). After 24-h treatment, 100 µL MTT 
reagent was added and maintained for 4 h, fol-
lowed by detection of the optical density at 450 
nm using a microplate reader. The percentage 
of cell survival was assessed using MTT colori-
metric assay.

Flow cytometry analysis for apoptosis and ROS 
determination

SC-M1, HSC-3, PANC-1, and Hep3B cells were 
seeded in 6-well plates at 2 × 105/well. For 
apoptosis determination, after treatment with 
DMSO or drug for 24 h, the reagent of annexin 
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V-FITC/PI (5 µl) were added for 20 min at room 
temperature. Then, the percentage of the apop-
totic cells were measured by a flow cytometer 
(BD FACSAria, Franklin Lakes, NJ). To detect 
ROS generation, DMSO- or cisplatin- or H2O2-
treated cells were collected and washed with 
PBS. Then, these cells were stained with the 
probe (DCFH-DA, 5 µM) in the dark condition. 
The fluorescence intensity of cells was detect-
ed by a flow cytometer.

these four strains of tumor cells including gas-
tric cancer (SC-M1), oral cancer (HSC-3), pan-
creatic cancer (PANC-1), and HCC (Hep3B) 
using the MTT assays. After the treatment of 
H2O2 (10, 25, 50, 75, and 100 µM) for 24 h, the 
results reveal that SC-M1 cells exhibited the 
highest sensitivity to H2O2 (Figure 1A). The IC50 
values of H2O2 are between 30.2 µM and 60.3 
µM for the four cancer cell lines evaluated 
(Table 1). Similar to the findings of H2O2 in 

Figure 1. Anti-proliferative effects of hydrogen peroxide (H2O2) (A) and cis-
platin (B) in four cell lines: SC-M1 gastric cancer, HSC-3 oral cancer, PANC-1 
pancreatic cancer, and Hep3B hepatocellular carcinoma. Cells were treated 
with H2O2 or cisplatin for 24 h. Cell viability was determined using MTT as-
says. Points, means; bars, S.D. (n = 3). *P < 0.05, **P < 0.01.

Preparation of nuclear and 
cytosolic extract

SC-M1 and HSC-3 cell lines  
(1 × 106) were treated with 
DMSO or H2O2 or cisplatin. 
After 24 h, nuclear and cyto-
solic extracts were collected 
using Nuclear Protein Extrac- 
tion Kit (Thermo Fisher Scien- 
tific, Maltham, MA).

Western blotting

The protein samples (5 µg) 
were separated by SDS-PAGE 
gel and transferred to nitrocel-
lulose membranes. Nonspeci- 
fic binding of the antibody was 
blocked with milk containing 
PBST for 40 min, and the mem-
branes were maintained with 
primary antibodies overnight. 
Then, the appropriate second-
ary antibodies were added into 
the containers of these mem-
branes for at least 1 h with 
shaking. The signals detected 
using an ECL kit (Amersham).

Statistical analysis

All experiments in the present 
study were conducted for three 
times (n = 3). The statistically 
analysis for these data were 
processed using Student’s t 
tests. P values < 0.05 means 
significant.

Results

H2O2 and cisplatin inhibit 
growth of tumor cells

We first explored the viability of 
H2O2 and cisplatin against 
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SC-M1 cells, cisplatin not only showed the 
extremely susceptibility with an IC50 value of 

phenomenon was observed with cisplatin treat-
ment (Figure 3B).

Table 1. Cytotoxicity of H2O2 and cisplatin in four tumor cell lines

Compound
IC50 (µM)

SC-M1b HSC-3b PANC-1b Hep3Bb

H2O2
a 30.2 ± 1.0 31.6 ± 3.7 60.3 ± 6.1 48.5 ± 1.0

Cisplatin 9.7 ± 1.6 27.0 ± 5.4 94.7 ± 15.8 49.3 ± 19.5
aData are presented as mean ± S.E.M. (n = 3). bKey to all cell lines: SC-M1, human 
stomach adenocarcinoma; HSC-3, human oral squamous cell carcinoma; PANC-1, 
human pancreatic adenocarcinoma; Hep3B, human hepatocellular carcinoma.

Figure 2. Analysis of reactive oxygen species in hydrogen peroxide (H2O2) (A) 
and cisplatin (B) in SC-M1 gastric cancer, HSC-3 oral cancer, PANC-1 pan-
creatic cancer, and Hep3B hepatocellular carcinoma cell lines. Cells were 
treated with H2O2 or cisplatin, either alone or in combination with N-acetyl-
cysteine (NAC) and stained with carboxy-DCFDA. Data is presented as the 
mean ± S.D. (n = 3). *P < 0.05, **P < 0.01, as compared with the control 
group. #P < 0.05, ##P < 0.01, compared with H2O2- and cisplatin-treated 
group at the same concentration. NS, statistically not significant.

9.7 µM, but also inhibited the 
cell proliferation of the other 
cancer cell lines (Figure 1B; 
Table 1).

H2O2 and cisplatin increase 
ROS production

Multiple evidences have been 
shown that the imbalance of 
ROS production is related with 
tumor progression and carci-
nogenesis [10, 11]. In this 
study, the ROS generation 
after the treatment of H2O2 or 
cisplatin were also examined. 
The results revealed that the 
ROS production were incre- 
ased in H2O2-treated cells 
(Figure 2A). N-acetylcysteine 
(NAC), a ROS scavenger, was 
used for the further investiga-
tion of the role of ROS. The 
combination of NAC dimin-
ished the production of ROS 
induced by H2O2 (Figure 2A). 
Meanwhile, cisplatin also in- 
creased the ROS generation 
(Figure 2B). Compared to that 
of cisplatin alone, the combi-
nation of NAC partly reversed 
the cisplatin-induced increase 
in ROS production in SC-M1 
and HSC-3 cells (Figure 2B).

The ROS scavenger rescues 
H2O2- and cisplatin-mediated 
cytotoxicity

The SC-M1, HSC-3, PANC-1, 
and Hep3B cell lines were pre-
treated with 5 mM NAC in the 
presence of either H2O2 or cis-
platin, to determine if ROS pro-
duction contributed to H2O2-  
or cisplatin-mediated cytotox-
icity. As shown in Figure 3A, 
the percentage viability incre- 
ased with the combination of 
NAC and H2O2 compared with 
that of H2O2 alone. A similar 
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ROS production is involved in H2O2- and cispla-
tin-increased apoptosis

To determine the impact of ROS on apoptosis, 
these drug-treated cancer cell lines were used 
and analyzed using flow cytometry. The results 
showed that H2O2 induce apoptosis in three 
cancer cell lines including SC-M1, HSC-3, and 
PANC-1, except for Hep3B cells (Figure 4A). In 
Hep3B cells (Figure 4A), there is no apoptotic 

showed that cisplatin induces autophagy in 
Hep3B cells.

Nuclear PKM2 is important for H2O2 and cis-
platin in gastric and oral cancer cells

Several reports have shown that PKM2 is a key 
molecule in regulating cancer metabolism, pro-
viding a correlation with tumorigenesis and 
poor prognosis [19, 31]. Modulation of PKM2 

Figure 3. Hydrogen peroxide (H2O2)- (A) and cisplatin-mediated (B) cytotoxic-
ity on reactive oxygen species generation in SC-M1 gastric cancer, HSC-3 
oral cancer, PANC-1 pancreatic cancer, and Hep3B hepatocellular carci-
noma cell lines. Cells were pre-treated with 5 mM NAC for 15 min, then 
incubated with H2O2 or cisplatin for 24 h. Cell viability was determined using 
the MTT assay. Points, means; bars, S.D. (n = 3). *P < 0.05, **P < 0.01.

cells were significantly chang- 
ed after treatment of H2O2 at 
100 µM (the highest concen-
trations). We further investi-
gate whether the other cell 
death pathway is involved after 
treatment of H2O2 in Hep3B 
cells. As shown in Figure S1A, 
H2O2 increased the levels of 
LC3B-II, an autophagy biomar- 
ker, in a concentration-depen-
dent manner in Hep3B cells. In 
the presence of an autophagic 
inhibitor chloroquine (CQ) par-
tially reversed H2O2-induced 
cytotoxicity which suggested 
that H2O2 induces autophagy 
(Figure S1B). In the combina-
tion of NAC, the percentage of 
apoptosis were decreased in 
H2O2-treated cells (Figure 4A). 
Unlike H2O2, the treatment of 
cisplatin induced apoptosis in 
these four cancer cell lines 
(Figure 4B). For SC-M1, HSC-3, 
and PANC-1 cells, the occur-
rence of NAC cause the de- 
creased on cisplatin-induced 
apoptosis (Figure 4B). We fo- 
und that the percentage of 
apoptosis of cisplatin-treated 
Hep3B cells was not signifi-
cantly affected by treatment 
with NAC, indicating that ROS 
might not play an essential 
role for cisplatin. Western blot-
ting demonstrated that cis- 
platin increased the levels of 
LC3B-II in Hep3B cells (Figure 
S2A). In addition, the combina-
tion of cisplatin and CQ group 
showed the less anti-prolifera-
tive effect than cisplatin alone 
(Figure S2B). The above results 
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has been successful in controlling cancer; th- 
us, PKM2 could be a valuable antitumor bio-
marker [24, 32]. We tested the effects of H2O2 
and cisplatin on the phosphorylation of PKM2 
in both gastric and oral cancer cells. Our data 
showed that both compounds decreased the 
levels of p-PKM2 in the nucleus (Figure 5A, 
5B). To assess whether the ROS production is 
correlate with the nuclear translocation of 
PKM2. As shown in Figure 5A and 5B, the treat-
ment of NAC partially reversed the levels of 
p-PKM2 in H2O2- and cisplatin-treated nuclear 
extracts, suggesting that PKM2 is involved in 
the ROS production by these two compounds. 

genetic mutations such as KRAS and boosts 
tumor formation [6, 34]. However, in some re- 
search reports, ROS plays an opposite role in 
inhibiting cell growth and preventing the tumor 
invasion [12, 35]. Pilco-Ferreto et al. reported 
that doxorubicin inhibited the growth of breast 
cancer through decreasing NF-κB and increas-
ing H2O2 [36]. It has been reported that the free 
radical H2O2 induce apoptosis through the acti-
vation of the death receptor Fas and p53 in 
HCC cells [37]. Itoh et al. also reported both 
H2O2 and cisplatin cause the increased of intra-
cellular ROS through increasing the activity of 
NADPH oxidase [38]. Our study showed that 

Figure 4. Hydrogen peroxide (H2O2)- (A) and cisplatin-induced (B) apoptosis 
was reversed by pre-treatment with NAC. Flow cytometric analysis was per-
formed on apoptotic cells pre-treated for 15 min with 5 mM NAC, incubated 
for 24 h with H2O2 or cisplatin, and then stained with annexin V/PI. Points, 
means; bars, S.D. (n = 3). *P < 0.05, **P < 0.01.

Demaria et al. reported that 
nucleus PKM2 regulates in 
vivo growth by directly activat-
ing STAT3 [33]. Western blot-
ting revealed that the levels  
of p-STAT3 were decreased  
in H2O2- and cisplatin-treated 
Hep3B cells (Figure S3A). Flu- 
orescence analysis showed 
that the intensity of p-STAT3 
was reduced following treat-
ment with H2O2 as well as cis-
platin (Figure S3B).

Discussion

It is well known that ROS are 
one of the by-products of oxy-
gen consumption during the 
cellular metabolism and have 
been associated with cancer 
for centuries [10]. Numerous 
studies have shown that PKM2 
is regard as an oncogene and 
the deletion of PKM2 leads to 
the growth advantage to tumor 
progression [18, 19]. In this 
study, H2O2 and cisplatin were 
shown to mediate cytotoxicity 
through the production of ROS 
in gastric cancer, pancreatic 
cancer, oral cancer, and HCC 
cells. The inhibition of ROS 
generation prevented the can-
cer cells from apoptosis and 
PKM2 nuclear localization whi- 
ch induced by these two com- 
pounds. 

Some evidences have revealed 
that excess ROS can trigger 
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both H2O2 and cisplatin increased ROS gene- 
ration in all these four cancer cell lines (gas- 
tric cancer, oral cancer, PANC-1, and HCC). 
Compared with the H2O2 alone, the combina-
tion of the anti-oxidant NAC led to the inhibition 
of apoptosis in H2O2-treated tumor cell lines 
including SC-M1, HSC-3, and PANC-1 (Figure  
4). The similar phenomenon was observed 
between cisplatin group and the combined 
group (NAC + cisplatin). Yazihan et al. reported 
that H2O2 induces apoptosis after 48 h treat-
ment through caspase-3 activation in the 
Hep3B cell line [39]. However, our results 
showed that H2O2 did not induce apoptosis in 
Hep3B cells. Autophagy, one of cellular death, 
serves a tumor-suppressor function in hepa- 
tocellular carcinoma [40]. A previous study 
reported that H2O2 causes hepatocyte injury 
and suppress liver cancer cell growth through 
activation of autophagy [41]. Instead of induc-

in SC-M1 gastric cancer and HSC-3 oral  
cancer cells, implying their apoptotic effect 
may be mediated through regulation of p-PKM2 
(Tyr105). Notably, the decreased p-PKM2 lev-
els induced by H2O2 and cisplatin were reversed 
by pre-treatment with NAC, suggesting that 
PKM2 as a critical biomarker in ROS genera-
tion. Also, the data indicated that ROS de- 
creased the p-PKM2 (Tyr105) as a downstream 
target of ROS in H2O2- and cisplatin-treated 
cells. PKM2 is an antitumor target that im- 
proves the prognosis of cancer. Zhou et al. 
reported that silencing PKM2 activates DNA 
damage proteins p-ATM and γH2AX and in- 
creases the susceptibility for the PARP inhibitor 
olaprarib-treated ovarian cancer cells [45]. For 
image therapy, [18F]DASA-23, a new tracer for 
monitoring PKM2-inducing glycolytic glioblas-
toma has been used clinically [46]. Regulation 
of p-PKM2 has been shown to promote ERK 

Figure 5. Effects of hydrogen peroxide (H2O2) (A) and cisplatin (B) on p-PKM2 
and PKM2. Two cancer cell lines (SC-M1 gastric cancer and HSC-3 oral can-
cer) were pre-treated with 5 mM NAC for 15 min and incubated for 24 h 
with H2O2 or cisplatin. GAPDH or fibrillarin was used as a loading control. 
Cytosolic and nuclear extracts were isolated as described in the Materials 
and Methods section. Values are expressed as a percentage of the control.

ing apoptosis, both H2O2 and 
cisplatin induce autophagy in 
Hep3B cells.

Previous studies showed that 
PKM2 can dimerize prior to 
entering the nucleus, thereby 
regulating gene expression in 
the tumor cell energy supply 
pathway [20, 31]. Zhang et al. 
reported that the phosphory- 
lation of PKM2 increases its 
nuclear localization, protecting 
the mitochondria from oxida-
tive stress which leads to cell 
growth [42]. For example, the 
phosphorylation at Try105 of 
PKM2 has been demonstrated 
to promote the nuclear translo-
cation and lead to the tumor 
growth [43]. Furthermore, p- 
PKM2 (Tyr105) is particularly 
observed in several human 
cancer cell lines such as De- 
troit-562 oral cancer, SK-Hep1 
liver cancer, and PC3 prostate 
cancer [29, 43]. After expo-
sure to H2O2, the intracellu- 
lar concentration of ROS was 
increased and PKM2 activity 
was decreased in lung cancer 
cells [44]. In our study, H2O2 
and cisplatin were shown to 
reduce nuclear p-PKM2 levels 
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activation and Myc transcription, resulting in  
an enhanced Warburg effect [42]. Bi et al. 
reported that STAT3 promotes the Warburg 
effect by enhancing p-PKM2 in transformed 
hepatic progenitor cells in vivo [47]. A pre- 
vious study demonstrated that PKM2 can local-
ized to the nucleus, where it directly activates 
STAT3 [33]. Consistent with this, our data 
showed decreased p-STAT3 protein expression 
in H2O2- and cisplatin-treated cells (Figure S3A). 
Furthermore, fluorescence analysis revealed 
that an interaction between p-PKM2 and STAT3 
(Figure S3B), suggesting that nuclear PKM2 
may regulate tumor growth through its interac-
tion with STAT3. Taken together, these findings 
suggested that H2O2- and cisplatin inhibited cell 
growth, at least in part, by increasing ROS pro-
duction and suppressing the PKM2/STAT3 sig-
naling pathway.

Conclusions

Our results showed that H2O2 and cisplatin  
suppressed the growth of various cancer cell 
lines including SC-M1, HSC-3, PANC-1, and 
Hep3B. We demonstrated that the anti-tumor 
effects of these compounds were partially re- 
lated to ROS generation and the inhibition of 
PKM2/STAT3 signaling. Therefore, the inhibi-
tion of nuclear PKM2 might be an important 
biomarker for cancer therapy.
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Figure S1. Effects of hydrogen peroxide (H2O2) on autophagy. A. Hep3B cells were treated with H2O2 for 24 h and 
western blot was performed. B. Cells were treated with H2O2 or in combination with chloroquine (CQ), and cell vi-
ability was determined using MTT assays. Points, mean; bars, S.D. (n = 3) *P < 0.05.

Figure S2. Effects of cisplatin on autophagy. A. Hep3B cells were treated with cisplatin for 24 h and western blot 
was performed. B. Cells were treated with cisplatin or in combination with chloroquine (CQ), and cell viability was 
determined using MTT assays. Points, mean; bars, S.D. (n = 3) **P < 0.01.

Figure S3. Expression/phosphorylation of STAT3 in hydrogen peroxide (H2O2)- and cisplatin-treated Hep3B cells. A. 
Western blotting of p-STAT3 and STAT3 protein levels after treatment of H2O2 or cisplatin for 24 h. B. Fluorescence 
analysis of STAT3 in Hep3B cells in response to H2O2 or cisplatin.


