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Abstract
Background: The Warburg effect is closely associated malignant phenotypes and poor prognosis in
cancer patients. PP2A is a highly conserved eukaryotic serine/threonine protein phosphatase that
functions as a tumor suppressor in a variety of human cancers. However, the relationship between PP2A
and the Warburg effect has yet to be fully understood.

Methods: The expression pro�le of two endogenous inhibitors of PP2A, SET and CIP2A, are detected by
real-time qPCR. Loss-of-function and gain-of-function are performed to demonstrate the roles of PP2A in
gastric cancer cell proliferation and glycolysis. Cell biological, molecular, and biochemical approaches are
used to uncover the underlying mechanism.

Results: In this study, we �nd that SET and CIP2A are overexpressed in gastric cancer and associates a
decreased PP2A activity. Pharmacological activation of PP2A with FTY-720 and DT-061 signi�cantly
reduces gastric cancer cell proliferation and glycolytic ability. Importantly, inhibition of PP2A activity by
genetic silencing of PPP2R5A induces a growth advantage, which can be largely compromised by
addition of the glycolysis inhibitor 2-Deoxy-D-glucose, suggesting a glycolysis-dependent effect of PP2A
in gastric cancer. Mechanistically, the well known transcription factor and glycolysis regulator c-Myc is
discovered as the functional mediator of PP2A in regulating cell glycolysis. Ectopic expression of a
phosphorylation-mutant c-Myc resistant to PP2A (MycT58A) restores the inhibitory effect of FTY-720 and
DT-061 on the lactate production and glucose uptake. Furthermore, there is a close association between
SET and CIP2A expression and c-Myc gene signatures in gastric cancer samples.

Conclusions: This study provides strong evidence of the involvement of PP2A in the Warburg effect and
indicates that it could be a novel antitumor strategy to target tumor metabolism in gastric cancer.

1. Introduction
Gastric cancer is one of the most common malignant tumors in the world. The incidence and mortality of
gastric cancer in East Asia and China remain high [1, 2]. Due to the low frequency of regular gastroscopy,
insidious early symptoms, poor results of radiotherapy and chemotherapy, the mortality rate of gastric
cancer has remained high, the clinical outcome of patients with advanced and metastatic gastric cancer
is still not optimistic [3]. Therefore, in-depth studying of the molecular mechanism involved in gastric
cancer occurrence and development and developing effective diagnosis and treatment methods are
urgently needed.

Due to the hypoxia and low pH microenvironment, the glucose metabolism of tumor cells is different
from that of normal cells, which is manifested by high glycolysis but not oxidative phosphorylation and
known as the Warburg effect [4, 5]. Abnormal energy metabolism especially the Warburg effect is an
emerged as a key feature of most tumor cells [6]. Increased Warburg effect is associated many oncogenic
phenotypes in cancers, such as rapid cell proliferation, drug resistance, and stemness [7]. Therapies
targeting the Warburg effect have a profound inhibitory effect on tumor progression. In gastric cancer,
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glycolytic pro�ciency negatively affects survival outcomes of metastatic gastric cancer patients treated
with paclitaxel-ramucirumab systemic therapy [8]. Notably, several reports have documented the
regulators of the Warburg effect in gastric cancer, such as MACC1 [9], FBP1 [10], WTAP [11], and MUC16
[12]. However, the molecular mechanisms underlying the Warburg effect in gastric cancer remain unclear.

Protein Phosphatase 2A (PP2A) is a highly conserved eukaryotic serine/threonine protein phosphatase
with functions that counter-balance kinase-mediated phosphorylation [13]. PP2A is a heterotrimeric
enzyme comprised of a scaffolding subunit (A), regulatory subunit (B) and a catalytic subunit (C) [14].
PP2A is frequently inactivated in human cancers and is considered as a tumor suppressor. Therefore,
strategies of improving PP2A activity have been regarded as a promising therapeutic intervention. PP2A
activity is tightly regulated by several endogenous inhibitors especially SET and cancerous inhibitor of
PP2A (CIP2A), which have been shown to be overexpressed in a variety of human cancers [15]. SET is
�rst identi�ed as inhibitor of PP2A through isolation from bovine kidney and is upregulated in many
cancers such as leukemia and breast cancer [16]. CIP2A is an oncoprotein that prevents PP2A-mediated
dephosphorylation of c-Myc at Ser 62 and contributes to the stabilization of c-Myc [15]. PP2A has been
shown to regulate many cellular processes in gastric cancer including, but not limited to, growth,
stemness, and apoptosis [17, 18, 19, 20]. However, the link between PP2A and the Warburg effect remains
largely unknown.

In this study, we show that highly expressed SET and CIP2A lead to reduced PP2A activity in gastric
cancer. Pharmacological activation of PP2A with FTY-720 or DT-061 decreases the colony formation
ability and glycolytic capacity of gastric cancer cells. PP2A activation decreases phosphorylated c-Myc
levels and c-Myc transcriptional activity. Taken together, our study suggests that PP2A plays an important
role in the Warburg effect by modulating c-Myc signaling.

2. Materials And Methods

2.1. Gene expression analysis
For analysis of SET and CIP2A expression in gastric cancer samples, data from The Cancer Genome
Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) were used and analyzed by the GEPIA
database [21]. TCGA RNA-seq data of gastric cancer samples (n = 408) was used for correlation analysis
and the correlation coe�cient was determined by Spearman method.

2.2. Cell culture and reagents
The eight human gastric cancer cell lines: AGS, BGC-823, HGC-27, MGC-803, MKN-28, MKN-45, N87 and
SGC-7901 were acquired from ATCC or the Institute of Biochemistry and Cell Biology, Chinese Academy
of Science (Shanghai, China). These cancer cells were routinely cultured in RPMI-1640 medium or DMEM,
supplemented with 10% (v/v) of fetal bovine serum (FBS, Gibco, Grand Island, NY, USA) and 1% (v/v)
streptomycin-penicillin (Sigma-Aldrich, Shanghai, China). All cells were maintained at 37°C in a 5% CO2
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incubator. FTY-720 (SET inhibitor, S5002), DT-061 (PP2A activator, S8774), and 2-Deoxy-D-glucose (2-DG,
S4701) was obtained from Selleck (Shanghai, China).

2.3. Cell transfection
Two speci�c siRNAs against PPP2R5A were used to knockdown PPP2R5A in gastric cancer cells.
MycT58A was cloned into pcDNA3.1 for ectopic expression. For siRNA experiment, the siRNAs of
PPP2R5A were obtained from Genepharma Biotechnology (Shanghai, China); the antisense sequences
were: PPP2R5A-#1: TTAGTTGAAACATACTCAACCA; PPP2R5A-#2: TTTAATTATATTATACTGATGA.
Scramble non-target siRNAs were used as negative controls. Cell transfection was performed with 15
µmol siRNAs by Lipofectamine RNAiMAX reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Western blotting was used to determine knockdown e�ciency.

2.4. Detection of PP2A activity
The PP2A activity in response to FTY-720, DT061, and PPP2R5A knockdown was detected by PP2A
Immunoprecipitation Phosphatase Assay Kit (Millipore, USA) in according to the manufacturer’s protocol.
Brie�y, gastric cancer cells with indicated treatment were lysated by NP-40 lysis buffer supplemented with
protease inhibitor cocktail. Then, cell lysates was mixed with PP2A antibody and protein A slurry. After
washing with TBS and assay buffer for three times, phosphopeptide was added and allowed to
incubation for 10 min at room temperature. Finally, Malachite green solution was added, followed by
absorbance detection at 650 nm.

2.5. Real-time quantitative PCR
Total RNA was extracted from gastric cancer cell lines with RNAiso Plus reagent (Takara, Japan)
according to the manufacturers’ instruction and then reverse transcribed with a PrimeScript RT-PCR kit
(Takara, Japan). cDNA was ampli�ed by PCR with 10 µl reaction system using SYBR-Green PCR Master
Mix in a Fast Real-time PCR 7500 System (Applied Biosystems, USA). All real-time qPCR reactions were
completed in triplicate. The primer sequences used in this study were shown as follows: HK2 forward, 5′-
TTGACCAGGAGATTGACATGGG-3′, HK2 reverse, 5′-CAACCGCATCAGGACCTCA-3′; PFKL forward, 5′-
GCTGGGCGGCACTATCATT-3′, PFKL reverse, 5′-TCAGGTGCGAGTAGGTCCG-3′; LDHA forward, 5′-
ATGGCAACTCTAAAGGATCAGC-3′, LDHA reverse, 5′-CCAACCCCAACAACTGTAATCT-3′. GAPDH forward, 5′-
CTGGGCTACACTGAGCACC-3′, GAPDH reverse, 5′- AAGTGGTCGTTGAGGGCAATG-3′. GAPDH was served
as an internal control.

2.6. Western blotting
Gastric cancer cells with indicated treatment were rinsed with cold PBS before treated with RIPA lysis
buffer (50 mM Tris, 0.15 M NaCl, 1 mM EGTA, 1% NP40, 0.25% SDS, pH 7.4) containing protease and
phosphatase inhibitors. Cell pellets were incubated for 30 min on ice to homogenize fully and then total
proteins in the supernatant of cell lysates were collected by centrifuging at 4°C at 12,000 rpm for 10 min.
Total protein concentrations were measured by the BCA protein assay kit (Pierce, USA) before experiment.
Then, standard western blotting assays (SDS-PAGE) were used to analyze protein expression. The
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antibodies used for western blotting analysis in this study included: anti-PPP2R5A (Abcam, ab89621,
1:2,000 dilution), anti-c-Myc antibodies (Cell Signaling Technology, #5605, 1:1,000 dilution), anti-p-c-Myc
(S62) antibodies (Cell Signaling Technology, #13748,1:1,000 dilution), anti-β-actin antibody (Sigma,
A2228, 1:5,000 dilution). After incubation with corresponding species-speci�c secondary HRP-conjugated
antibodies, the target protein bands were visualized by an ECL imaging system.

2.7. Glucose uptake and lactate production
Glucose and lactate levels in the culture medium were detected using Glucose Assay kit (Biovision,
Milpitas, CA, USA) and Lactate Assay kit (Biovision, Milpitas, CA, USA), respectively. In brief, gastric
cancer cells were seeded at 5 x 105 cells in 6-cm cell culture dishes and allowed to grow for 24 h with
indicated treatment. After 24 h, the culture medium collected and centrifuged at 2,000 rpm for 5 min to
obtain the supernatant without cell debris. Finally, glucose and lactate assays were performed according
to the manufacturer’s instructions, and colorimetric density was assessed using a Multifunctional
microplate reader.

2.8. Plate colony formation assay
Gastric cancer cells with were resuspended and plated in 6-well plates at a density of 500 cells per well
and allowed to grow for 10–14 days with indicated treatment. Then the cells were �xed with 4%
paraformaldehyde for 15 min at room temperature and stained with 0.5% crystal violet for 15 min. The
experiment was performed in triplicate.

2.9. Measurement of c-Myc transcriptional activity
The c-Myc transcription factor assay Kit (Abcam, ab207200) was used to quantify c-Myc activation in
nuclear extracts from gastric cancer cells. In brief, HGC-27 and MGC-803 cells were subjected to
treatment with 5 µM FTY-720 or 10 µM DT-061 for 24h, followed by detection of c-Myc transcriptional
activity in according to the manufacturer’s instructions.

2.10. Statistical analysis
All data were represented as mean ± standard deviation (SD). GraphPad 6.0 (GraphPad Software Inc., San
Diego, CA) was used for statistical analysis. The correlation of gene expression was evaluated by
Spearman’s correlation. P-values were calculated by two-tailed unpaired Student’s t-test or one-way
ANOVA. A value of P < 0.05 was considered to be statistically signi�cant.

3. Results

3.1. Increased SET and CIP2A expression are associated
with reduced PP2A activity in gastric cancer
To begin investigating the role of PP2A in gastric cancer, we �rst determined the expression of SET and
CIP2A, two known oncogenic inhibitors of PP2A. Consistent with previous reports, data obtained from
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TCGA and GTEx cohorts showed that SET and CIP2A expression levels were high in gastric cancer
tissues compared with normal samples (Fig. 1A). By real-time qPCR analysis, we found that SET and
CIP2A mRNA expression were signi�cantly increased in 87.5% (7/8) and 75% (6/8) of the gastric cancer
cell lines, respectively (Fig. 1B). By measuring the PP2A activity, we found that 75% (6/8) of the gastric
cancer cell lines had an increased PP2A activity compared with the nonmalignant GES1 cells (Fig. 1C). Of
note, SET or CIP2A expression was closely associated with a reduced PP2A activity in gastric cancer cell
lines (Fig. 1D). Therefore, decreased PP2A activity in gastric cancer appears to be induced by aberrant
SET and CIP2A expression.

3.2. FTY-720 and DT-061 suppress gastric cancer
proliferation in a dose-dependent manner
To better understand the role of PP2A in gastric cancer, we used a known SET inhibitor FTY-720 that
activates PP2A and a small-molecule activator of PP2A DT-061 to treat HGC-27 and MGC-803 cells [22].
As shown in Fig. 2A-B, FTY-720 and DT-061 treatment led to a signi�cant increase in PP2A activity in
gastric cancer cells. Plate colony formation assay showed that FTY-720 and DT-061 suppressed the
colony formation ability of HGC-27 and MGC-803 cells in a dose-dependent manner (Fig. 2C-D),
suggesting the tumor-suppressive role of PP2A in gastric cancer.

3.3. PP2A activation inhibits the Warburg effect in gastric
cancer
Occasionally, we found that cell culture medium was acidi�ed much slower after FTY-720 and DT-061
treatment for 24 h. Therefore, we speculated a potential role of PP2A in regulating lactate production, a
classical character of the Warburg effect. To test this hypothesis, we measured the lactate levels in the
culture medium of HGC-27 and MGC-803 cells after treatment with different concentrations of FTY-720
and DT-061. After normalization with total cell protein, we observed that the lactate level was signi�cantly
reduced by FTY-720 in HGC-27 and MGC-803 cells in a dose-dependent manner (Fig. 3A). Likewise,
similar effects were also induced by DT-061 (Fig. 3B). To further con�rm the impact of PP2A on the
Warburg effect, we tested the glucose uptake upon FTY-720 and DT-061 treatment in gastric cancer cells.
As a result, both FTY-720 and DT-061 resulted in a marked reduction of glucose uptake in HGC-27 and
MGC-803 cells (Fig. 3C-D). Moreover, using real-time qPCR, we found that glycolytic genes including HK2,
PFKL and LDHA were also signi�cantly downregulated by FTY-720 or DT-061 treatment (Fig. 3E).
Consistently, correlation analysis revealed that there was a high correlation between SET and CIP2A
expression and glycolytic genes (HK2, PFKL and LDHA) in gastric cancer samples (Fig. 3F).

3.4. Growth advantage induced by PP2A inhibition is
glycolysis-dependent in gastric cancer
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Because that PP2A can inhibit gastric cancer proliferation and reduce the glycolytic ability, we next tested
whether PP2A affect tumor growth via modulation tumor glycolysis. To address this hypothesis, we �rst
genetically silenced PPP2R5A, a regulatory B subunit of the major PP2A protein complex [23], in two
gastric cancer cell lines, MKN28 and SGC-7901. The knockdown e�ciency was shown in Fig. 4A.
PPP2R5A knockdown led to signi�cant decrease in PP2A activity (Fig. 4B). Interestingly, lactate
production (Fig. 4C) and glucose uptake (Fig. 4D) of MKN28 and SGC-7901 were remarkably upregulated
by PPP2R5A knockdown. Moreover, plate colony formation assay showed that PPP2R5A knockdown
boosted cell proliferation of MKN28 and SGC-7901 cells, which can be largely abrogated by addition of
the known glycolysis inhibitor 2-DG (Fig. 4E). Collectively, these data above suggest that PP2A couples
cell glycolysis to tumor cell proliferation in gastric cancer.

3.5. PP2A modulates c-Myc expression to suppress gastric
cancer glycolysis
PP2A complex dephosphorylates serine 62 (S62) of c-Myc, rendering c-Myc as a substrate for FBXW7-
mediated ubiquitination and subsequent degradation by the 26S proteasome. Importantly, c-Myc is a
known transcriptional factor of the Warburg effect [24]. Therefore, we reasoned that PP2A targets c-Myc
to modulate gastric cancer cell glycolysis. By western blotting, we found that PP2A activation by FTY-720
or DT-061 decreased the S62-phosphorylated c-Myc and total c-Myc levels in HGC-27 and MGC-803 cells
(Fig. 5A). As the second line of evidence, c-Myc transcriptional activity was also suppressed by FTY-720
and DT-061 treatment (Fig. 5B). To determine whether aberrant expression of c-Myc can restore the
suppressive effect induced by PP2A activation, we ectopic introduced MycT58A, a phosphorylation-
mutant resistant to PP2A in HGC-27 and MGC-803 cells. As shown in Fig. 5C, the inhibitory effect of FTY-
720 and DT-061 treatment on the lactate production and glucose uptake was largely restored by
MycT58A. Furthermore, correlation analysis showed that SET or CIP2A expression was positively
associated with c-Myc gene signature in gastric cancer samples (Fig. 5D). Collectively, c-Myc is a critical
mediator for PP2A-induced suppressive effects on cell proliferation and glycolysis in gastric cancer
(Fig. 5E).

4. Discussion
PP2A plays diverse roles in human cancers [22, 25, 26]. In this study, we investigated (i) the expression
pattern of two cellular inhibitors of PP2A, SET and CIP2A, in gastric cancer, (ii) the effect of PP2A
activation on tumorigenic potential and the Warburg effect, (iii) whether increased growth advantage
induced by PP2A inhibition is glycolysis-dependent, (iv) the underlying molecular mechanism by which
PP2A regulates the Warburg effect. Our results suggest that PP2A is profoundly implicated in the
Warburg effect and be exploited as potential targets for gastric cancer therapy.

It is well documented that increased expression of PP2A-inhibitory proteins such as SET and CIP2A
contributes to decreased PP2A activity in cancers [27]. SET protein levels are highly expressed in various
human tumors, including chronic myeloid leukemia, pancreatic cancer, and colorectal cancer; in gastric
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cancer, SET is reported to maintain cancer cell stemness by suppressing PP2A activity and stabilizing
E2F1 protein [28]. Moreover, CIP2A is overexpressed in gastric cancer and predicts a poor prognosis;
CIP2A knockdown is shown to negatively affect clonogenicity and senescence of tumor cells [29, 30, 31].
In this report, we con�rmed that SET and CIP2A expression was highly expressed in gastric cancer
samples and their dysregulation led to reduced PP2A activity.

SET can be targeted by FTY-720 (Fingolimod), a sphingosine analogue, is an FDA approved
immunosuppressant used for the treatment of multiple sclerosis [13]. FTY720 is able to disrupt the
interaction between SET and PP2A, thus resulting in elevated PP2A activity. FTY720 has been reported to
increase the expression of Cip1/p21, p27, and BH3-only proteins to induce gastric cancer cell apoptosis
and has an additive effect in killing cancer cells when in combination with Cisplatin [32]. Consistently, we
revealed that FTY720 suppressed gastric cancer cell proliferation in a dose-dependent manner. Moreover,
activation of PP2A with DT-061, a phenothiazine derivative, induced similar tumor-suppressive effects in
gastric cancer cells. Apart from previous reports regarding the roles of PP2A in gastric cancer, we for the
�rst time identi�ed a novel link between PP2A and the Warburg effect. FTY720 and DT-061 treatment
signi�cantly boosted the Warburg effect of gastric cancer cells as evidenced by increased lactate release,
glucose uptake, and expression of glycolytic genes. Moreover, PP2A inactivation by knockdown of
PPP2R5A facilitated cell growth and blocking glycolysis with 2-DG largely abrogated this effect.
Therefore, our �ndings further broaden the roles of PP2A in gastric cancer and suggest a glycolysis-
dependent effect of PP2A.

Prior works have highlighted c-Myc as critical substrate of PP2A complex in cancers [25, 33, 34, 35]. For
instance, PP2A activation by a novel SET antagonist OP449 decreases S62 phosphorylation of c-Myc
and reduces c-Myc activity and expression of downstream target genes in breast cancer [36]. In MYC-
driven cancer, DT-061 treatment inhibited c-Myc expression via proteasome-mediated degradation,
resulting in tumor growth inhibition [37]. Given the important role of c-Myc in regulating the Warburg
effect, we also tested c-Myc changes in the presence of PP2A activation. Expectedly, S62 phosphorylation
of c-Myc was reduced by FTY720 or DT-061 treatment in gastric cancer cells and ectopic expression of c-
MycT58A was competent to restore the inhibitory effect of PP2A on the Warburg effect. However, future
work comprehensively illustrating the full spectrum of substrates of PP2A and whether these substrates
are involved in the regulation of the Warburg effect may be very important.

Conclusion
In conclusion, our results reveal that dysregulation of PP2A-inhibitory proteins leads to reduced PP2A
activity. We propose that PP2A regulates c-Myc activity to transcriptionally repress the expression of
glycolytic genes and the Warburg effect. Given the important role of the Warburg effect in facilitating
tumor growth, our data further supports the pursuit of PP2A as a target for cancer therapy in gastric
cancer.

Abbreviations
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PP2A: Protein phosphatase 2A; CIP2A: cancerous inhibitor of PP2A; TCGA: The Cancer Genome Atlas;
GTEx: Genotype-Tissue Expression; 2-DG: 2-deoxy-D-glucose.
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Figure 1

Increased SET and CIP2A expression are associated with reduced PP2A activity in gastric cancer. (A)
Data from TCGA and GTEx cohort showed the expression levels of SET and CIP2A in gastric cancer
tissues (n = 408) and normal tissues (n = 211). (B) Real-time qPCR analysis of SET and CIP2A expression
in gastric cancer cell lines; GES1 cell line was set as a normal control. (C) Measurement of PP2A activity
in 8 gastric cancer cell lines and GES1 cell line. (D) Correlation analysis of SET and CIP2A expression and
PP2A activity in gastric cancer cell lines. *p < 0.05; **p < 0.01; ***p < 0.001
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Figure 2

FTY-720 and DT-061 suppress gastric cancer proliferation in a dose-dependent manner. (A) Measurement
of PP2A activity upon treatment with different concentrations of FTY-720 (1 μM, 2 μM and 5 μM) in HGC-
27 and MGC-803 cells. (B) Measurement of PP2A activity upon treatment with different concentrations of
DT-061 (1 μM, 5 μM and 10 μM) in HGC-27 and MGC-803 cells. (C) The effect of FTY-720 (1 μM, 2 μM
and 5 μM) on the proliferation of HGC-27 and MGC-803 cells was analyzed by plate colony formation
assay. (D) The effect of DT-061 (1 μM, 5 μM and 10 μM) on the proliferation of HGC-27 and MGC-803
cells was analyzed by plate colony formation assay. *p < 0.05; **p < 0.01.
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Figure 3

PP2A activation inhibits the Warburg effect in gastric cancer. (A) The effect of FTY-720 (1 μM, 2 μM and
5 μM) on the lactate production of HGC-27 and MGC-803 cells. (B) The effect of DT-061 (1 μM, 5 μM and
10 μM) on the lactate production of HGC-27 and MGC-803 cells. (C) The effect of FTY-720 (1 μM, 2 μM
and 5 μM) on the glucose uptake of HGC-27 and MGC-803 cells. (D) The effect of DT-061 (1 μM, 5 μM
and 10 μM) on the glucose uptake of HGC-27 and MGC-803 cells. (E) Real-time qPCR analysis of
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glycolytic genes (HK2, PFKL and LDHA) in HGC-27 and MGC-803 cells in the presence or absence of
treatment with 5 μM FTY-720 or 10 μM DT-061. (F) Correlation analysis of SET and CIP2A expression and
glycolytic genes (HK2, PFKL and LDHA) in gastric cancer; data were acquired from TCGA cohort. *p <
0.05; **p < 0.01.

Figure 4
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Growth advantage induced by PP2A inhibition is glycolysis-dependent in gastric cancer. (A) The
knockdown e�ciency of PPP2R5A in MKN28 and SGC-7901 cells was veri�ed by western blotting. (B)
Measurement of PP2A activity in si-Control and si-PPP2R5A MKN28 and SGC-7901 cells. (C) The effect
of PPP2R5A knockdown on the glucose uptake of MKN28 and SGC-7901 cells. (D) The effect of
PPP2R5A knockdown on the lactate production of MKN28 and SGC-7901 cells. (E) The effect of
PPP2R5A knockdown on the proliferation of MKN28 and SGC-7901 cells in the presence or absence of 2-
DG was analyzed by plate colony formation assay. *p < 0.05; **p < 0.01.

Figure 5
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PP2A modulates c-Myc expression to suppress gastric cancer glycolysis. (A) Western blotting analysis of
c-Myc and p-c-Myc (S62) levels in HGC-27 and MGC-803 cells in the presence or absence of treatment
with 5 μM FTY-720 or 10 μM DT-061. (B) Measurement the effect of 5 μM FTY-720 or 10 μM DT-061
treatment on c-Myc transcriptional activity in HGC-27 and MGC-803 cells. (C) The effect of 5 μM FTY-720
or 10 μM DT-061 treatment on lactate production or glucose uptake in HGC-27 and MGC-803 cells
transfected with or without MycT58A. (D) Correlation analysis of SET and CIP2A expression and c-Myc
gene signatures in gastric cancer; data were acquired from TCGA cohort. (E) Model illustrating the
mechanism by which PP2A regulates c-Myc to inhibit the Warburg effect and cell proliferation in gastric
cancer. *p < 0.05; **p < 0.01.


