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Abstract

Purpose Okadaic acid class of tumor promoters are transformed into endogenous protein inhibitors of PP2A, SET, and
CIP2A in human cancers. This indicates that inhibition of PP2A activity is a common mechanism of cancer progression in
humans. It is important to study the roles of SET and CIP2A vis-a-vis their clinical significance on the basis of new informa-
tion gathered from a search of PubMed.

Results and discussion The first part of this review introduces the carcinogenic roles of TNF-a and IL-1, which are induced
by the okadaic acid class of compounds. The second part describes unique features of SET and CIP2A in cancer progression
for several types of human cancer: (1) SET-expressing circulating tumor cells (SET-CTCs) in breast cancer, (2) knockdown of
CIP2A and increased PP2A activity in chronic myeloid leukemia, (3) CIP2A and epidermal growth factor receptor (EGFR)
activity in erlotinib sensitive- and resistant-non-small cell lung cancer, (4) SET antagonist EMQA plus radiation therapy
against hepatocellular carcinoma, (5) PP2A inactivation as a common event in colorectal cancer, (6) prostate cancer sus-
ceptibility variants, homeobox transcription factor (HOXB13 T) and CIP2A T, and (7) SET inhibitor OP449 for pre-clinical
investigation of pancreatic cancer. In the Discussion, the binding complex of SET is briefly introduced, and overexpression
of SET and CIP2A proteins is discussed in relation to age-associated chronic inflammation (inflammaging).

Conclusion This review establishes the concept that inhibition of PP2A activity is a common mechanism of human cancer

progression and activation of PP2A activity leads to effective anticancer therapy.
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Introduction

Okadaic acid is a polyether compound of a Cjq fatty acid,
which is isolated from the black sponge, Halichondria oka-
dai (Tachibana et al. 1981). Okadaic acid acts as a tumor
promoter in mouse skin initiated with 7,12-dimethylbenz(a)
anthracene (DMBA) and is as potent as 12-O-tetradecanoyl-
phorbol-13-acetate (TPA) (Table 1, Fig. 1) (Suganuma
et al. 1988; Hecker et al. 1967). Because okadaic acid is a
chemical inhibitor of serine /threonine protein phosphatase
1 and 2A (PP1 and PP2A) (Bialojan and Takai 1988), the
mechanism of okadaic acid is different from activation of
protein kinase C by TPA (Castagna et al. 1982). Utilizing
an assay based upon inhibition of [*H]okadaic acid bind-
ing to the particulate fraction of mouse skin, we identified
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other compounds of the okadaic acid class as follows (Fujiki
and Suganuma 1993): dinophysistoxin-1 (35-methylokadaic
acid), isolated from the mussel Mytidus edulis (Murata et al.
1982); calyculin A, isolated from a marine sponge Disco-
dermia calyx (Kato et al. 1986); and microcystin-LR and
nodularin, isolated from toxic blue-green algae Cyano-
bacteria (Harada et al. 1988) (Fig. 1). Moreover, okadaic
acid is a more effective inhibitor of PP2A (50% inhibitory
concentration, IC5,=0.07 nM) than PP1 (IC5,=3.4 nM),
and other compounds of the okadaic acid class are equally
effective against the purified catalytic subunits of PP1 and
PP2A (IC55,=0.1 to 0.7 nM) (Suganuma et al. 1992a).
Later, the compounds were additionally found to inhibit
PP4 (IC5,=0.1 to 0.4 nM) and PP5 (IC5,=1.0 to 10 nM),
which also belong to the class of serine/threonine protein
phosphatases (Honkanen and Golden 2002).

Tumor promoter induces clonal growth of initiated cells.
As Table 1 shows, okadaic acid, dinophysistoxin-1, and
calyculin A are potent tumor promoters in mouse skin. In
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Table 1 Tumor-promoting activity of TPA and the okadaic acid class of compounds

Tumor promoter Initiator Target organ Tumor References

TPA DMBA Mouse skin Papilloma Hecker et al. (1967)

Okadaic acid DMBA Mouse skin Papilloma Suganuma et al. (1988)

Dinophysistoxin-1 DMBA Mouse skin Papilloma Fujiki et al. (1988)

Calyculin A DMBA Mouse skin Papilloma Suganuma et al. (1990)

Okadaic acid MNNG Rat glandular stomach Neoplastic changes with Suganuma et al. (1992b)
adenocarcinoma

Microcystin-LR DEN Rat liver GST-P positive foci Nishiwaki-Matsushima et al. (1992)

Nodularin DEN Rat liver GST-P positive foci Ohta et al. (1994)

TPA 12-O-tetradecanoylphorbol-13-acetate, DMBA 7,12-dimethylbenz(a)anthracene, MNNG N-methyl-N’-nitro-N-nitrosoguanidine, DEN dieth-

ylnitrosamine, GST-P glutathione S-transferase placental form
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Fig. 1 Structures of TPA, okadaic acid, dinophysistoxin-1, calyculin A, microcystin-LR, and nodularin

addition, okadaic acid in drinking water induced tumor-
promoting activity in rat glandular stomach initiated with
N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) (Table 1),
and repeated intraperitoneal (i.p.) injections of microcystin-
LR or nodularin induced potent tumor-promoting activity in
rat liver initiated with diethylnitrosamine (DEN) (Table 1).
Thus, inhibition of PP1 and PP2A activities by the okadaic
acid class of compounds induces tumor-promoting activity
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in mouse skin, rat glandular stomach, and rat liver, each
treated with a different initiator (Table 1). These results
demonstrate that inhibition of PP1 and PP2A activities is a
general mechanism of tumor promotion in various organs of
rodents (Fujiki and Suganuma 1993).

Fearon and Vogelstein presented a multi-stage model
of carcinogenesis in human colorectal tumorigenesis; their
model consists of putative initiation (mutation), tumor
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promotion, and progression, the latter of which produces
conversion from adenoma to carcinoma with numerous
genetic changes (Fearon and Vogelstein 1990). In our previ-
ous article in Adv Cancer Res (Fujiki and Suganuma 1993),
we considered how the okadaic acid pathway is related to
human cancer, and pointed out two key points: effects of
the okadaic acid class of compounds can be mimicked by
those of cytokines such as tumor necrosis factor-o (TNF-o)
and interleukin-1 (IL-1) (Guy et al. 1992), and the inhibi-
tory effect of small-t antigen on dephosphorylation by PP2A
could explain its role in transformation (Scheidtmann et al.
1991). Thus, the inhibition of protein phosphatase activity
commonly induces not only cell autonomy but also a non-
autonomous effect, the latter of which is related to endoge-
nous inflammation produced by proinflammatory cytokines;
both of these induce tumor development (Fujiki 1992).

In 1992, the set-can fusion gene was first found in acute
undifferentiated leukemia, and the SET protein is estimated
to have mass 32 kDa with 277 amino acids (von Lindern
etal. 1992). I,PP?A isolated from extract of bovine kidney was
homologous to SET, an inhibitor of PP2A (IC5,=2.0 nM)
(Li et al. 1995). CIP2A, an inhibitor of PP2A in cancer,
was first identified as a 90 kDa protein in human hepatocel-
lular carcinoma, (Soo Hoo et al. 2002). Before going into
the mechanisms of SET and CIP2A, it is important to note
that PP2A accounts for dephosphorylation of ~55—70% of
all serine/threonine-protein phosphatase and dysregulation
of protein kinase signaling is hallmark of many diseases in
which an increase in oxidative stress is also noted (Elgenaidi
and Spiers 2019). Numerous scientists have reported an
overexpression of SET and CIP2A proteins in various types
of human cancers, and the knockdown of SET or CIP2A pro-
teins in cancer cells after transfection with SET- or CIP2A-
targeted siRNA and shRNA resulted in a reduction of SET
or CIP2A levels and inhibited tumor growth. Moreover, SET
antagonists, such as OP449 and FTY720 inhibited prolifera-
tion of cancer cells. This suggests that overexpression of
SET and CIP2A induces strong inhibition of PP2A activity
in human cancer cells, as okadaic acid does (Fujiki et al.
2018a). This review describes first the mechanisms of can-
cer progression by the okadaic acid class of compounds and
second those by the SET and CIP2A proteins.

Carcinogenic role of proinflammatory
cytokines induced by the okadaic acid class
of compounds

After topical application of okadaic acid or TPA to the skin
on the backs of mice, TNF-a gene expression was commonly
induced dose-dependently 4 h later (Fujiki et al. 2000). In
two-stage carcinogenesis experiments with mouse skin,
TNF-a~'~ mice treated with DMBA plus okadaic acid

showed no tumors for up to 19 weeks, whereas in similarly
treated TNF-o*/* mice the percentage of tumor-bearing mice
was 100%. Moreover, residual tumor-promoting activity
in the skin of TNF-a~'~ mice was associated with induc-
tion of IL-Ia and IL-1f gene expressions (Suganuma et al.
1999). Furthermore, single administration of a liver tumor
promoter, microcystin-LR or nodularin, induced expression
of TNF-a and early-response genes in primary cultured rat
hepatocytes (Sueoka et al. 1997), whereas administration
of TPA, a non-liver tumor promoter, induced neither TNF-a
gene expression in primary cultured rat hepatocytes nor
c-jun gene expression in rat liver (Sueoka et al. 1996). Thus,
proinflammatory cytokines, such as TNF-a and IL-1, are
induced in target organs of rodents by treatment with chemi-
cal tumor promoters. Since human TNF-a is inflammatory
and has possible tumor-promoting activity, we studied the
initiating activity of human TNF-a as well. Treatment of
BALB/3T3 cells with human TNF-a at a concentration of
10 ng/ml (0.6 nM) alone induced an average of 0.33 foci/
dish, whereas 3-methylcholanthrene (MCA) at a concentra-
tion of 0.1 pg/ml (5.9 nM) alone induced 0.08 foci/dish.
These experiments demonstrate that human TNF-a is a
carcinogen because it possesses both initiating and tumor
promoting activities. The carcinogenic potential of human
TNF-a was also studied by using v-Ha-ras transfected
BALB/3T3 (Bhas 42) cells. Human TNF-a strongly induced
growth of Bhas 42 cells, whereas it did not induce growth of
non-transfected BALB/3T3 cells due to the absence of the
v-Ha-ras gene. Furthermore, clones from the human TNF-
a-transformed foci of Bhas 42 cells induced tumorigenicity
with IL-6, TGF-p, and IL-1a gene expressions at sites of
injection of mice, suggesting that human TNF-a and other
proinflammatory cytokines serve as essential carcinogenic
factors in endogenous inflammation (Komori et al. 1993).
Recently, an orally active, small-molecule TNF inhibitor
(TNF-inhibitory molecule 1, TIM1) was found to be effec-
tive for treatment of rheumatoid arthritis and other TNF-
dependent systemic disorders of inflammation (Javaid et al.
2022), and TIM1 seems to be useful in cancer treatment.
Next, we discuss cancer progression induced in various
organs by SET and CIP2A.

Mechanisms of cancer progression related
to SET and CIP2A in several types of human
cancer

Breast cancer
SET is a nuclear protein, hence strong overexpression of
SET was detected in the nuclei of invasive breast carcinoma

tissue. Immunohistochemical staining of breast tissue arrays
revealed that SET protein was significantly overexpressed
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in invasive carcinoma tissues when compared to normal
and adjacent normal tissues (Fig. 2). Recently the presence
of SET-expressing circulating tumor cells (SET-CTCs) in
24 breast cancer patients were analyzed using an anti-SET
antibody, along with 4',6- diamidino-2-phenylindole (DAPI)
staining. SET-CTCs were detected in 6/6 (100%) patients
with recurrent breast cancer with a median value of 12 (12
cells/3 ml blood) and in 13/18 (72.2%) patients with stage
I-1II breast cancer with a median value of 2.5, while the
median value of healthy controls was 0 (Fig. 3). The rela-
tionship between the number of SET-CTCs and lymph node
metastasis among patients with stage I-III disease revealed
that a large number of SET-CTCs is correlated with lymph
node metastasis in breast cancer patients (Tozuka et al.
2021). Since overexpression of SET and CIP2A induces can-
cer progression, and knockdown of SET and CIP2A inhibits
tumor growth, the effects of anticancer drugs might be differ-
ent in between cancer cells with SET and CIP2A and those
with their knockdown. Tamoxifen is the first cancer preven-
tive agent, with 50% prevention of primary breast cancer
development in senior women and a high-risk group (Fisher
et al. 1998). Now tamoxifen is used as an adjuvant to reduce
recurrence of estrogen receptor-positive breast cancer. The
overexpression of SET suppressed tamoxifen-induced anti-
cancer effects and upregulated estrogen receptor element
(ERE)-dependent ER signaling transactivation, indicating
that SET may be associated with the failure of tamoxifen
treatment in ER-positive breast cancer MCF-7 cells (Huang
et al. 2018b). Doxorubicin is the most effective anthracy-
cline antibiotic, but nearly 50% of breast cancer patients had
treatment failure due to growing resistance to doxorubicin.
The PP2A activity in MCF-7/ADR cells after doxorubicin
treatment and silencing CIP2A was studied. PP2A activity
was induced by doxorubicin alone, while CIP2A knockdown
further enhanced PP2A activity to a greater level, even in
the presence of doxorubicin. In addition, downregula-
tion of CIP2A induced the autophagy markers, LC3B and
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Fig. 3 Immunocytochemical analysis of SET-CTCs in blood of breast
cancer patients. Staining of the nucleus with the anti-SET antibody
(green), along with 4',6-diamidino-2-phenylindole (DAPI) stain-
ing, but not with anti-CD45 antibody (absence of red). The num-
ber of SET-CTCs differed significantly between healthy controls
and patients with stage I-III disease, between healthy controls and
patients with recurrent disease, and between patients with stage I-
IIT disease and patients with recurrent disease (Tozuka et al. 2021)
*P<0.05

Beclinl, at protein level in MCF-7/ADR cells. Thus, the
results support the potential benefits of CIP2A inhibition
for breast cancer treatment via activity of PP2A (Zhu and
Wei 2021). SET, CIP2A, and pS62-MYC proteins are com-
monly overexpressed in human breast cancers. Treatment of
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Fig.2 Immunohistochemical analysis of a breast cancer tissue array. a normal tissue, b adjacent normal tissue, and ¢ invasive carcinoma. SET
protein was overexpressed in invasive carcinoma tissues compared to normal and adjacent normal tissues (Tozuka et al. 2021)
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MDA-MB-231 cells with one of SET antagonists, OP449,
and SET or CIP2A knockdown caused a decrease in pS62-
MYC protein and MYC binding to the promoters of its target
genes, nucleolin, E2F2, and 5s rRNA. These results suggest
that inhibiting either SET or CIP2A could be a successful
strategy to target MYC post-translationally and inhibit tumor
growth in breast cancer (Janghorban et al. 2014). Another,
more direct piece of evidence was recently reported: novel
Myc-binding compound MYCMI-7 showed efficacy toward
MDA-MB-231 cells, which are derived from triple-negative
breast cancer (Castell et al. 2022).

Chronic leukemia

CIP2A levels are significantly higher in chronic myeloid leu-
kemia (CML) patients who later progress to blast crisis than
in patients who do not. High CIP2A levels in primary CML
cells were correlated with high levels of pS62-Myc, and ser-
ine/threonine-protein kinase pim-1 (PIM1) can phosphoryl-
ate and stabilizes c-Myc. CIP2A expression regulated by
BCR-ABLI1 activity has a role in suppression of PP2A activ-
ity and in downstream activation of PIM1 and c-Myc. Acti-
vation of PP2A, either by addition of a PP2A activator or
inhibition of CIP2A by imatinib, also decreased PIM1 levels.
The role of PP2A in regulating PIM1 protein levels sug-
gests that PP2A activity is suppressed in the CD34* cells of
patients at high risk of developing blast crisis. Knockdown
of CIP2A resulted in increased PP2A activity, decreased
c-Myc levels, and a decrease in BCR-ABLI1 tyrosine kinase
activity. The BCR-ABLI1 tyrosine kinase in CML is respon-
sible for growth and survival of the malignant cells through
activation of signaling pathways such as mitogen-activated
protein kinase cascade and the phosphatidylinositol-3 kinase
(PI3K) pathway (Lucas et al. 2011). Using the UK SPIRIT
2 (STI1571 Prospective International RandomlIsed Trial 2)
clinical trial, CIP2A was validated as a diagnostic biomarker
to identify patients at risk of disease progression and treat-
ment failure (Clark et al. 2021).

Lung cancer

Non-small cell lung cancer (NSCLC) harboring activating
mutations in the epidermal growth factor receptor (EGFR)
tyrosine kinase domain are typically treated with the EGFR
tyrosine kinase inhibitor, erlotinib. Recently, the effects of
SET and CIP2A proteins on the mutations and drug resist-
ance of cancer cells have provided new insights into cancer
therapy. For example, the effects of CIP2A protein level
on EGFR activity was studied in cells of the NSCLC cell
line HCC4006 and in HCC4006"Erlo’ cells. In HCC4006
cells, EGF stimulation did not affect CIP2A levels, but
EGEFR inhibition by erlotinib markedly reduced the amount
of cellular CIP2A, which resulted in PP2A activation

followed by complete loss of Akt phosphorylation. CIP2A
has been shown to activate Akt signaling via inhibition of
Akt dephosphorylation in different types of cancer, includ-
ing lung cancer. In HCC4006'Erlo® cells with resistance to
erlotinib, neither EGF nor erlotinib affected CIP2A protein
levels or PP2A activity. Similarly, EGFR inhibition resulted
in a slight decrease of p53 and a robust increase in the cell
cycle regulator p27 in HCC4006 cells, whereas these pro-
teins were completely unaffected in HCC4006'Erlo®” cells.
The proteasome inhibitor bortezomib reduced CIP2A
protein level with accompanying reduction of the PP2A
inactivity marker pY307 and a reduction of pAkt in both
HCC4006 cells and HCC4006'Erlo°? cells. Similarly, bort-
ezomib markedly induced the cell cycle inhibitors p21 and
p27 and cell cycle arrest in G,/M. In addition, the magnitude
of effect by bortezomib increased in HCC4006'Erlo®? cells,
compared to the erlotinib-sensitive HCC4006 cells (Saafan
et al. 2021).

Hepatocellular carcinoma

The proteasome inhibitor bortezomib down-regulated
CIP2A in a dose- and time-dependent manner in all sensi-
tive hepatocellular carcinoma (HCC) cell lines, whereas no
alterations in CIP2A were found in resistant PLCS5 cells. For
example, bortezomib down-regulated CIP2A and increased
PP2A activity in Huh-7 tumors, but not in resistant PLC5
tumors (Chen et al. 2010). Co-expression of SET and Akt
predicted shorter post-operative recurrence-free survival in
patients with HCC, and the combination of a novel SET
antagonist, N*-(3-ethynylphenyl)-6,7-dimethoxy-N>-(4-
phenoxyphenyl) quinazoline-2,4-diamine (EMQA devel-
oped by Hung et al. 2016), and sorafenib acted synergisti-
cally in terms of enhancing survival from HCC (Hung et al.
2016). The mechanism of EMQA action in HCC cells was
revealed that EMQA interfered with the interaction of SET
and PP2Ac and increased the PP2A activity in the cells. The
results are supported by the evidence that downregulation of
pAkt and the proapoptotic effects induced by EMQA treat-
ment were diminished by knockdown of PP2Ac. Investiga-
tion of the impact of SET on radiation therapy (RT)-medi-
ated anticancer effects, by using colony and hepatosphere
formation assays, revealed that RT-induced proliferative
inhibition was more prominent in PLC5 cells with SET-
knockdown, whereas overexpression of SET had a minimal
effect on the radiation-induced DNA damage and repair pro-
cess, suggesting that expression of SET determines the radi-
osensitivity of HCC cells. Moreover, EMQA promoted RT-
induced apoptosis in various HCC cell lines. Mice bearing
PLCS5 xenografted tumors were treated with RT plus EMQA,
which led to the most significant inhibition of the average
tumor growth without affecting tolerability, and to down-
regulation of pAkt and PP2A reactivation in the xenografted
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tumors. The effects of RT plus EMQA against HCC provides
a clinical benefit for treatment of HCC (Huang et al. 2018a).

Colorectal cancer

Colorectal cancer arises through an adenoma-dysplasia-
carcinoma sequence, in which APC and KRAS gene muta-
tions occur early and 7p53 mutation occurs at a late stage.
Overexpression of SET in specimens of colorectal cancer
obtained from patients indicated that PP2A inactivation is
a common event and deregulation of SET would be a key
contributing mechanism to PP2A inactivation. A SET antag-
onist, FTY720, induced PP2A activity in two human colo-
rectal cancer cell lines, RKO and LoVo, and was inhibited by
okadaic acid. FTY720 treatment decreased phosphorylation
of the PP2A targets Akt and ERK1/2 without affecting their
expression levels. Moreover, okadaic acid treatment rescued
Akt and ERK1/2 phosphorylation in FTY720-treated RKO
cells (Cristobal et al. 2014). Since SET and CIP2A are com-
monly overexpressed in human cancers, we think that cancer
preventive agents can act by reducing the overexpression
of SET and CIP2A. Cancer preventive activities of green
tea and its main constituent, (-)-epigallocatechin gallate
(EGCGQG), have been studied extensively by scientists all over
the world (Fujiki et al. 2018b). A double-blind randomized
clinical phase II prevention trial showed that drinking 10
Japanese-size cups of green tea (120 ml/cup), supplemented
with green tea extract, reduced recurrence of colorectal ade-
noma by 51.6% (Shimizu et al. 2008). A similar clinical trial
showed that drinking green tea extract prevented 44.2% of
colorectal adenoma recurrence in Korean patients at Seoul
National University (Shin et al. 2018). Although interac-
tion of green tea catechin with SET or CIP2A remains to be
investigated, numerous scientists reported that human cancer
stem cells are a target for cancer prevention using EGCG
(Fujiki et al. 2017).

Prostate cancer

Treatment with the PP2A activators forskolin and FTY720
reduced prostasphere formation capability of two prostate
cancer cell lines, PC-3 and LNCaP; however, pretreatment
with the PP2A inhibitor, okadaic acid, partially quenched
the forskolin- and FTY720-induced antitumor effects.
Immunohistochemical staining revealed that CIP2A, SET,
and pPP2A were found in a high-risk subgroup of prostate
cancer patients and were associated with metastatic poten-
tial. These results show that PP2A inhibition status is a
critical alteration facilitating progression of prostate can-
cer (Cristobal et al. 2015). A homeobox transcription fac-
tor (HOXB13) is important in prostate development. Dual
carriers of HOXBI13 rs138213197 T and CIP2A rs2278911
T, both of which are prostate cancer susceptibility variants,
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show the risk of prostate cancer with threefold higher odds
than the HOXB13 T allele alone. This suggests that the pos-
sible interaction of HOXBI3 and CIP2A is related to prostate
cancer susceptibility (Sipeky et al. 2018). Prostate cancer
development in patients with high-grade prostate intraepi-
thelial neoplasia (PIN) was prevented by green tea catechins
in a study in Italy (Bettuzzi et al. 2006). In addition to pre-
vention of colorectal adenoma by green tea catechins, it is
worthwhile to study whether green tea catechins inhibit
overexpression of SET and CIP2A along with PP2A activ-
ity in cancer cells, as suitable targets for cancer prevention.

Pancreatic cancer

Pancreatic cancer is a deadly disease that is usually diag-
nosed in the advanced stage and pancreatic cancer progres-
sion is negatively regulated by PP2A. Knockdown of SET
or CIP2A increased PP2A activity and c-Myc degradation,
and decreased the tumorigenic potential of pancreatic can-
cer cell lines both in vitro and in vivo. Treatment with a
SET inhibitor, OP449, significantly reduces xenografted
tumor cell proliferation. Therefore, OP449 warrants further
pre-clinical investigation as a potential pancreatic cancer
therapeutic (Farrell et al. 2014). Splicing factor 3b subunit
1 (SF3BI) K700E mutation favored in vitro cell prolifera-
tion and in vivo tumor growth in pancreatic cancer cells.
Further mechanistic studies identified that the SF3B1 K700E
mutation resulted in aberrant splicing of phosphoprotein
phosphatase (PPP) 2R5A and led to an increase in c-Myc
expression, which ultimately promoted the Warburg effect
and tumor growth in pancreatic ductal adenocarcinoma
(Yang et al. 2021).

Discussion

There was a long-standing debate as to whether tumor
promotion in mouse skin is mechanistically different from
cancer progression in humans, because tumor promotion by
TPA mainly produces benign tumors in mouse skin. It is
now well accepted that tumor promotion in rodents by the
okadaic acid class of compounds is linked to cancer pro-
gression in humans by the overexpression of PP2A inhibi-
tors, via the same mechanism involving inhibition of PP2A
activity (Fujiki et al. 2018a). Although the interactions of
SET and CIP2A with various cellular factors is an attractive
subject, we present some results only briefly. For example,
SET forms a complex with the tumor suppressors, NM23-
HI and pp32 in the endoplasmic reticulum (Fan et al. 2003).
Phosphorylation of Tau is regulated by PP2A, which in
turn is modulated by SET. In Alzheimer’s disease, SET in
the brain is translocated from the neuronal nucleus to the
cytoplasm, where it inhibits PP2A activity and promotes
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abnormal phosphorylation of Tau (Arif et al. 2014). SET
interacts with the Kriippel-associated box (KRAB)-associ-
ated co-repressor KAP1, and its overexpression results in
sustained retention of KAP1 and Heterochromatin protein
1 on chromatin (Kalousi et al. 2015). The binding complex
of SET and CIP2A with PP2A remains to be further inves-
tigated in cancer research. The inhibitory activity of PP2A
by overexpression of SET and CIP2A increases hyper-phos-
phorylated proteins, including pS62-MYC and pAkt, and
induces proinflammatory cytokines TNF-a and IL-1, which
are presented as essential molecules in tumor promotion.
How overexpression of SET and CIP2A proteins is induced
in cancer cells remains to be investigated. However, based
on evidence that activated fibroblasts obtained from old mice
secrete inflammatory cytokines and TNF (Mahmoudi et al.
2019), it is necessary to consider the induction of proin-
flammatory cytokines caused by inhibition of PP2A activity
due to chronic inflammation that is characteristic of aging
(“inflammaging”) (Desdin-Micé et al. 2020) in the cancer
microenvironment. Moreover, pyroptotic and necroptotic
cells rupture and release many proinflammatory molecules
associated with inflammation, including IL-1a, IL-33, and
high mobility group box 1 (Newton et al. 2021). Although
there is no direct evidence that SET and CIP2A are induced
during inflammaging, overexpression of SET or CIP2A pro-
teins in primary pre-cancerous tissues should be investigated
in relation to the aging process. This will lead to cancer
prevention and control within the framework of precision
medicine.

Conclusion

Inhibition of PP2A activity is a common mechanism of
human cancer progression, so activation of PP2A activity
leads to effective anticancer therapy.

Acknowledgements All five authors investigated tumor promotion and
cancer prevention together at the National Cancer Center Research
Institute, Tokyo, and at the Saitama Cancer Center Research Institute,
Saitama, Japan.

Author contributions HF and MS: Conceptional design of the manu-
script, project development, and manuscript writing. and contributing
equally as the first authors. TW: Experimental design of the manu-
script, data collection and manuscript writing. ES and AK: Clinical
design of the manuscript, data management and manuscript writing.
All authors read and approved the final manuscript.

Funding This work was supported by grants from the Shinnihon Foun-
dation of Advanced Medical Treatment Research and JSPS KAKENHI
Grant Number JP 20K07700, 20H03724.

Data availability For original data, see references which we cited.

Declarations
Conflict of interest We declare no potential conflicts of interest.

Research involving human participants and/or animals This review
includes results of human and animal studies cited from previous pub-
lications. No new data or materials were used for this article.

Informed consent Informed consent was obtained from all participants
in the studies cited in this review.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Arif M, Wei J, Zhang Q, Liu F Basurto-Islas G et al (2014) Cyto-
plasmic retention of protein phosphatase 2A inhibitor (I2PP2A)
induces Alzheimer-like abnormal hyperphosphorylation of Tau. J
Biol Chem 289: 27677-27691. https://doi.org/10.1074/jbc.M114.
565358

Bettuzzi S, Brausi M, Rizzi F, Castagnetti G, Peracchia G et al (2006)
Chemoprevention of human prostate cancer by oral administra-
tion of green tea catechins in volunteers with high-grade prostate
intraepithelial neoplasia: a preliminary report from a one-year
proof-of-principle study. Cancer Res 66:1234—1240. https://doi.
org/10.1158/0008-5472.CAN-05-1145

Bialojan C, Takai A (1988) Inhibitory effect of a marine-sponge toxin,
okadaic acid, on protein phosphatases, specificity and kinetics.
Biochem J 256:283-290. https://doi.org/10.1042/bj2560283

Castagna M, Takai Y, Kaibuchi K, Sano K, Kikkawa U (1982) Direct
activation of calcium-activated, phospholipid-dependent pro-
tein kinase by tumor-promoting phorbol esters. J Biol Chem
257:7847-7851

Castell A, Yan Q, Fawkner K, Bazzar W, Zhang F et al (2022)
MYCM1-7: A small MYC-binding compound that inhibits MYC:
MAX interaction and tumor growth in a MYC-dependent manner.
Cancer Res Commun 2:182-201. https://doi.org/10.1158/27679
764.CRC-21-0019

Chen KF, Liu CY, Lin YC, Yu HC, Liu TH et al (2010) CIP2A medi-
ates effects of bortezomib on phospho-Akt and apoptosis in hepa-
tocellular carcinoma cells. Oncogene 29:6257-6266. https://doi.
org/10.1038/0nc.2010.357

Clark RE, Basabrain AA, Austin GM, Holcroft AK, Loaiza S et al
(2021) Validation of CIP2A as a biomarker of subsequent disease
progression and treatment failure in chronic myeloid leukemia.
Cancers 13:2155. https://doi.org/10.3390/cancers13092155

Cristobal I, Manso R, Rincén R, Caramés C, Senin C et al (2014)
PP2A inhibition is a common event in colorectal cancer and its
restoration using FTY720 shows promising therapeutic potential.
Mol Cancer Ther 13:938-947. https://doi.org/10.1158/1535-7163.
MCT-13-0150

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1074/jbc.M114.565358
https://doi.org/10.1074/jbc.M114.565358
https://doi.org/10.1158/0008-5472.CAN-05-1145
https://doi.org/10.1158/0008-5472.CAN-05-1145
https://doi.org/10.1042/bj2560283
https://doi.org/10.1158/27679764.CRC-21-0019
https://doi.org/10.1158/27679764.CRC-21-0019
https://doi.org/10.1038/onc.2010.357
https://doi.org/10.1038/onc.2010.357
https://doi.org/10.3390/cancers13092155
https://doi.org/10.1158/1535-7163.MCT-13-0150
https://doi.org/10.1158/1535-7163.MCT-13-0150

9432

Journal of Cancer Research and Clinical Oncology (2023) 149:9425-9433

Cristobal I, Gonzalez-Alonso P, Daoud L, Solano E, Torrejon B et al
(2015) Activation of the tumor suppressor PP2A emerges as a
potential therapeutic strategy for treating prostate cancer. Mar
Drugs 13:3276-3286. https://doi.org/10.3390/md13063276

Desdin-Mic6 G, Solo-Heredero G, Aranda JF, Oller J, Carrasco E et al
(2020) T cells with dysfunctional mitochondria induce multimor-
bidity and premature senescence. Science 368:1371-1376. https://
doi.org/10.1126/science.aax0860

Elgenaidi IS, Spiers JP (2019) Regulation of the phosphoprotein phos-
phatase 2A system and its modulation during oxidative stress: a
potential therapeutic target? Pharmacol Ther 198:68-89. https://
doi.org/10.1016/j.pharmthera.2019.02.011

Fan Z, Beresford PJ, Oh DY, Zhang D, Lieberman J (2003) Tumor
suppressor NM23-H1 is a granzyme A-activated DNase during
CTL-mediated apoptosis, and the nucleosome assembly protein
SET is its inhibitor. Cell 112: 659-672. https://doi.org/10.1016/
50092-8674(03)00150-8

Farrell AS, Allen-Petersen B, Daniel CJ, Wang X, Wang Z et al (2014)
Targeting inhibitors of the tumor suppressor PP2A for the treat-
ment of pancreatic cancer. Mol Cancer Res 12:924-939. https://
doi.org/10.1158/1541-7786.MCR-13-0542

Fearon E, Vogelstein B (1990) A genetic model for colorectal tumorigene-
sis. Cell 61:759-767. https://doi.org/10.1016/0092-8674(90)90186-1

Fisher B, Costantino JP, Wickerham DL, Redmond CK, Kavanah M
et al (1998) Tamoxifen for prevention of breast cancer: Report
of the national surgical adjuvant breast and bowel project P-1
study. J Natl Cancer Inst 90:1371-1388. https://doi.org/10.1093/
jnci/90.18.1371

Fujiki H (1992) Is the inhibition of protein phosphatase 1 and 2A activi-
ties a general mechanism of tumor promotion in human cancer
development? Mol Carcinog 5:91-94. https://doi.org/10.1002/mc.
2940050202

Fujiki H, Suganuma M (1993) Tumor promotion by inhibitors of
protein phosphatases 1 and 2A: The okadaic acid class of com-
pounds. Adv Cancer Res 61:143—-194. https://doi.org/10.1016/
$0065-230x(08)60958-6

Fujiki H, Suganuma M, Suguri H, Yoshizawa S, Takagi K et al (1988)
Diarrhetic shellfish toxin, dinophysistoxin-1, is a potent tumor
promoter on mouse skin. Jpn J Cancer Res 79:1089-1093. https://
doi.org/10.1111/j.1349-7006.1988.tb01531.x

Fujiki H, Suganuma M, Okabe S, Sueoka E, Suga K et al (2000) A new
concept of tumor promotion by tumor necrosis factor-a and cancer
preventive agents (-)- epigallocatechin gallate and green tea—A
review. Cancer Detect Prev 24:91-99

Fujiki H, Sueoka E, Rawangkan A, Suganuma M (2017) Human cancer
stem cells are a target for cancer prevention using (-)-epigallocat-
echin gallate. J Cancer Res Clin Oncol 143:2401-2412. https://
doi.org/10.1007/s00432-017-2515-2

Fujiki H, Sueoka E, Watanabe T, Suganuma M (2018a) The concept
of the okadaic acid class of tumor promoters is revived in endog-
enous protein inhibitors of protein phosphatase 2A, SET and
CP2A, in human cancers. J Cancer Res Clin Oncol 144:2339—
2349. https://doi.org/10.1007/s00432-018-2765-7

Fujiki H, Watanabe T, Sueoka E, Rawangkan A, Suganuma M et al
(2018b) Cancer prevention with green tea and its principal constit-
uent, EGCG: from early investigations to current focus on human
cancer stem cells. Mol Cells 41:73-82. https://doi.org/10.14348/
molcells.2018.2227

Guy GR, Cao X, Chua SP, Tan YH (1992) Okadaic acid mimics multi-
ple changes in early protein phosphorylation and gene expression
induced by tumor necrosis factor or interleukin-1. J Biol Chem
267:1846-1852

Harada KI, Matsuura K, Suzuki M, Oka H, Watanabe MF et al (1988)
Chemical analysis of toxic peptides from cyanobacteria by
reversed phase high performance liquid chromatography. J Chro-
matogr 448:275-283

@ Springer

Hecker E, Bartsch H, Bresch H, Gschwendt M, Hirle E et al (1967)
Structure and stereochemistry of the tetracyclic diterpene phorbol
from Croton tiglium L. Tetrahedron Lett 8:3165-3170. https://doi.
org/10.1016/S0040-4039(01)89890-7

Honkanen RR, Golden T (2002) Regulators of serine/threonine pro-
tein phosphatases at the dawn of a clinical era? Curr Med Chem
9:2055-2075. https://doi.org/10.2174/0929867023368836

Huang CY, Hung MH, Shih CT, Hsieh FS, Kuo CW et al (2018a)
Antagonizing SET augments the effects of radiation therapy in
hepatocellular carcinoma through reactivation of PP2A-mediated
Akt downregulation. J Pharmacol Exp Ther 366:410-421. https://
doi.org/10.1124/jpet.118.249102

Huang YH, Chu PY, Chen JL, Huang CT. Lee CH et al (2018b) SET
overexpression is associated with worse recurrence-free survival
in patients with primary breast cancer receiving adjuvant tamox-
ifen treatment. J Clin Med 7:245.https://doi.org/10.3390/jcm70
90245

Hung MH, Chen YL, Chu PY, Shih CT, Yu HC et al (2016) Upregula-
tion of the oncoprotein SET determines poor clinical outcomes in
hepatocellular carcinoma and shows therapeutic potential. Onco-
gene 35:4891-4902. https://doi.org/10.1038/onc.2016.21

Janghorban M, Farrell AS, Allen-Petersen BL, Pelz C, Daniel CJ et al
(2014) Targeting c-Myc by antagonizing PP2A inhibitors in breast
cancer. Proc Natl Acad Sci USA 111:9157-9162. https://doi.org/
10.1073/pnas.1317630111

Javaid N, Patra MC, Cho DE, Batool M, Kim Y et al (2022) An orally
active, small-molecule TNF inhibitor that disrupts the homotri-
merization interface improves inflammatory arthritis in mice. Sci
Signal 15:eabi8713 https://doi.org/10.1126/scisignal.abi8713

Kalousi A, Hoffbeck AS, Selemenakis PN, Pinder J, Savage KI et al
(2015) The nuclear oncogene SET controls DNA repair by KAP1
and HP1 retention to chromatin. Cell Rep 11:149-163. https://doi.
org/10.1016/j.celrep.2015.03.005

Kato Y, Fusetani N, Matsunaga S, Hashimoto K, Fujita S et al (1986)
Calyculin A, a novel antitumor metabolite from the marine sponge
Discodermia calyx. ] Am Chem Soc 108:2780-2781. https://doi.
org/10.1021/ja00270a061

Komori A, Yatsunami J, Suganuma M, Okabe S, Abe S et al (1993)
Tumor necrosis factor acts as a tumor promoter in BALB/3T3 cell
transformation. Cancer Res 53:1982-1985

Li M, Guo H, Damuni Z (1995) Purification and characterization of
two potent heat-stable protein inhibitors of protein phosphatase
2A from bovine kidney. Biochemistry 34:1988-1996. https://doi.
org/10.1021/bi00006a020

Lucas CM, Harris RJ, Giannoudis A, Copland M, Slupsky JR et al
(2011) Cancerous inhibitor of PP2A (CIP2A) at diagnosis of
chronic myeloid leukemia is a critical determinant of disease
progression. Blood 117:6660-6668. https://doi.org/10.1182/
blood-2010-08-304477

Mahmoudi S, Mancini E, Xu L, Moore A, Jahanbani F et al (2019)
Heterogeneity in old fibroblasts is linked to variability in repro-
gramming and wound healing. Nature 574:553-558. https://doi.
org/10.1038/s41586-019-1658-5

Murata M, Shimatani M, Sugitani H, Oshima Y, Yasumoto T (1982)
Isolation and structural elucidation of the causative toxin of the
diarrhetic shellfish poisoning. Bull Jpn Soc Fish 48:549-552.
https://doi.org/10.2331/suisan.48.549

Newton K, Dixit VM, Kayagaki N (2021) Dying cells fan the flames
of inflammation. Science 374:1076—1080. https://doi.org/10.1126/
science.abi5934

Nishiwaki-Matsushima R, Ohta T, Nishiwaki S, Suganuma M, Kohy-
ama K et al (1992) Liver tumor promotion by the cyanobacterial
cyclic peptide toxin microcystin-LR. J Cancer Res Clin Oncol
118:420-424. https://doi.org/10.1007/BF01629424

Ohta T, Sueoka E, Iida N, Komori A, Suganuma M et al (1994) Nodu-
larin, a potent inhibitor of protein phosphatases 1 and 2A, is a


https://doi.org/10.3390/md13063276
https://doi.org/10.1126/science.aax0860
https://doi.org/10.1126/science.aax0860
https://doi.org/10.1016/j.pharmthera.2019.02.011
https://doi.org/10.1016/j.pharmthera.2019.02.011
https://doi.org/10.1016/s0092-8674(03)00150-8
https://doi.org/10.1016/s0092-8674(03)00150-8
https://doi.org/10.1158/1541-7786.MCR-13-0542
https://doi.org/10.1158/1541-7786.MCR-13-0542
https://doi.org/10.1016/0092-8674(90)90186-i
https://doi.org/10.1093/jnci/90.18.1371
https://doi.org/10.1093/jnci/90.18.1371
https://doi.org/10.1002/mc.2940050202
https://doi.org/10.1002/mc.2940050202
https://doi.org/10.1016/s0065-230x(08)60958-6
https://doi.org/10.1016/s0065-230x(08)60958-6
https://doi.org/10.1111/j.1349-7006.1988.tb01531.x
https://doi.org/10.1111/j.1349-7006.1988.tb01531.x
https://doi.org/10.1007/s00432-017-2515-2
https://doi.org/10.1007/s00432-017-2515-2
https://doi.org/10.1007/s00432-018-2765-7
https://doi.org/10.14348/molcells.2018.2227
https://doi.org/10.14348/molcells.2018.2227
https://doi.org/10.1016/S0040-4039(01)89890-7
https://doi.org/10.1016/S0040-4039(01)89890-7
https://doi.org/10.2174/0929867023368836
https://doi.org/10.1124/jpet.118.249102
https://doi.org/10.1124/jpet.118.249102
https://doi.org/10.3390/jcm7090245
https://doi.org/10.3390/jcm7090245
https://doi.org/10.1038/onc.2016.21
https://doi.org/10.1073/pnas.1317630111
https://doi.org/10.1073/pnas.1317630111
https://doi.org/10.1126/scisignal.abi8713
https://doi.org/10.1016/j.celrep.2015.03.005
https://doi.org/10.1016/j.celrep.2015.03.005
https://doi.org/10.1021/ja00270a061
https://doi.org/10.1021/ja00270a061
https://doi.org/10.1021/bi00006a020
https://doi.org/10.1021/bi00006a020
https://doi.org/10.1182/blood-2010-08-304477
https://doi.org/10.1182/blood-2010-08-304477
https://doi.org/10.1038/s41586-019-1658-5
https://doi.org/10.1038/s41586-019-1658-5
https://doi.org/10.2331/suisan.48.549
https://doi.org/10.1126/science.abi5934
https://doi.org/10.1126/science.abi5934
https://doi.org/10.1007/BF01629424

Journal of Cancer Research and Clinical Oncology (2023) 149:9425-9433

9433

new environmental carcinogen in male F344 rat liver. Cancer Res
54:6402-6406

Saafan H, Alahdab A, Michelet R, Gohlke L, Ziemann J et al (2021)
Constitutive cell proliferation regulating inhibitor of protein phos-
phatase 2A (CIP2A) mediates drug resistance to erlotinib in an
EGFR activating mutated NSCLC cell line. Cells 10:716. https://
doi.org/10.3390/cells10040716

Scheidtmann KH, Mumby MC, Rundell K, Walter G (1991) Dephos-
phorylation of simian virus 40 large-T antigen and p53 protein by
protein phosphatase 2A: inhibition by small-t antigen. Mol Cell
Biol 11:1996-2003. https://doi.org/10.1128/mcb.11.4.1996-2003.
1991

Shimizu M, Fukutomi Y, Ninomiya M, Nagura K, Kato T et al (2008)
Green tea extracts for the prevention of metachronous colorec-
tal adenomas: a pilot study. Cancer Epidemiol Biomarkers Prev
17:3020-3025. https://doi.org/10.1158/1055-9965.EPI-08-0528

Shin CM, Lee DH, Seo AY, Lee HJ, Kim SB et al (2018) Green tea
extracts for the prevention of metachronous colorectal polyps
among patients who underwent endoscopic removal of colorec-
tal adenomas: a randomized clinical trial. Clin Nutr 37:452-458.
https://doi.org/10.1016/J.CLNU.2017.01.014

Sipeky C, Gao P, Zhang Q, Wang L, Ettala O et al (2018) Synergis-
tic interaction of HOXB13 and CIP2A predisposes to aggressive
prostate cancer. Clin Cancer Res 24:6265-6276. doi.https://doi.
org/10.1158/1078-0432.CCR-18-0444

Soo Hoo L, Zhang JY, Chan EK (2002) Cloning and characterization of
anovel 90 kDa ‘companion’ auto-antigen of p62 overexpressed in
cancer. Oncogene 21:5006-5015. https://doi.org/10.1038/sj.onc.
1205625

Sueoka E, Sueoka N, Okabe S, Kozu T, Komori A et al (1997) Expres-
sion of the tumor necrosis factor-o gene and early response genes
by nodularin, a liver tumor promoter, in primary cultured rat
hepatocytes. J Cancer Res Clin Oncol 123:413-419. https://doi.
org/10.1007/BF01372544

Sueoka E, Sueoka N, Komori A, Okabe S, Kozu T et al (1996) Expres-
sion of early response genes by nodularin, a new liver carcino-
gen, through inhibition of protein phosphatases 1 and 2A. In:
Yasumoto T, Oshima, Y and Fukuyo Y (eds) Harmful and Toxic
Algal Blooms, Intergovernmental Oceanographic Commission of
UNESCO 1996, 483-486.

Suganuma M, Fujiki H, Suguri H, Yoshizawa S, Hirota M (1988) Oka-
daic acid: an additional non-phorbol-12-tetradecanoate-13-ace-
tate-type tumor promoter. Proc Natl Acad Sci USA 85:1768-1771.
https://doi.org/10.1073/pnas.85.6.1768

Authors and Affiliations

Hirota Fujiki’

Eisaburo Sueoka
sueokae @cc.saga-u.ac.jp

Tatsuro Watanabe
sn6538 @cc.saga-u.ac.jp

Atsumasa Komori
komori.atsumasa.qr@mail.hosp.go.jp

Masami Suganuma
masami_suganuma@icloud.com

Department of Clinical Laboratory Medicine, Faculty
of Medicine, Saga University, Nabeshima, Saga 849-8501,
Japan

Suganuma M, Fujiki H, Furuya-Suguri H, Yoshizawa S, Yasumoto S
et al (1990) Calyculin A, an inhibitor of protein phosphatases,
a potent tumor promoter on CD-1 mouse skin. Cancer Res
50:3521-3525

Suganuma M, Fujiki H, Okabe S, Nishiwaki S, Brautigan D et al
(1992a) Structurally different members of the okadaic acid class
selectively inhibit protein serine/threonine but not tyrosine phos-
phatase activity. Toxicon 30:873-878. https://doi.org/10.1016/
0041-0101(92)90385-i

Suganuma M, Tatematsu M, Yatsunami J, Yoshizawa S, Okabe S et al
(1992b) An alternative theory of tissue specificity by tumor pro-
motion of okadaic acid in glandular stomach of SD rats. Car-
cinogen 13:1841-1845. https://doi.org/10.1093/carcin/13.10.1841

Suganuma M, Okabe S, Marino MW, Sakai A, Sueoka E et al (1999)
Essential role of tumor necrosis factor a (TNF-a) in tumor
promotion as revealed by TNF-a deficient mice. Cancer Res
59:4516-4518

Tachibana K, Scheuer PJ, Tsukitani Y, Kikuchi H, Van Engen D et al
(1981) Okadaic acid, a cytotoxic polyether from two marine
sponges of the genus Halichondria. ] Am Chem Soc 103:2469—
2471. https://doi.org/10.1021/ja00399a082

Tozuka K, Wongsirisin P, Nagai SE, Kobayashi Y, Kanno M et al
(2021) Deregulation of protein phosphatase 2A inhibitor SET is
associated with malignant progression in breast cancer. Sci Rep
11:14238. https://doi.org/10.1038/s41598-021-93620-y

von Lindern M, van Baal S, Wiegant J, Raap A, Hagemeijer A et al
(1992) Can, a putative oncogene associated with myeloid leuke-
mogenesis, may be activated by fusion of its 3’ half to different
genes: characterization of the set gene. Mol Cell Biol 12:3346-
3355. https://doi.org/10.1128/mcb.12.8.3346-3355.1992

Yang JY, Huo YM, Yang MW, Shen Y, Liu DJ et al (2021) SF3B1
mutation in pancreatic cancer contributes to aerobic glycolysis and
tumor growth through a PP2A-c-Myc axis. Molecular Oncology
15: 3076-3090. https://doi.org/10.1002/1878-0261.12970

Zhu Z, Wei Z (2021) CIP2A silencing alleviates doxorubicin resist-
ance in MCF7/ADR cells through activating PP2A and autophagy.
Clin Transl Oncol 23:1542-1548. https://doi.org/10.1007/
$12094-021-02616-7

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Eisaburo Sueoka' - Tatsuro Watanabe? - Atsumasa Komori® - Masami Suganuma*

2 Department of Drug Discovery and Biomedical Sciences,

Faculty of Medicine, Saga University, Nabeshima,
Saga 849-8501, Japan

Clinical Research Center, National Hospital Organization
Nagasaki Medical Center and Department of Hepatology,
Nagasaki University Graduate School of Biomedical
Sciences, Omura, Nagasaki 856-8562, Japan

Department of Strategic Research, Graduate School
of Science and Engineering, Saitama University,
Saitama 338-8570, Japan

@ Springer


https://doi.org/10.3390/cells10040716
https://doi.org/10.3390/cells10040716
https://doi.org/10.1128/mcb.11.4.1996-2003.1991
https://doi.org/10.1128/mcb.11.4.1996-2003.1991
https://doi.org/10.1158/1055-9965.EPI-08-0528
https://doi.org/10.1016/J.CLNU.2017.01.014
https://doi.org/10.1158/1078-0432.CCR-18-0444
https://doi.org/10.1158/1078-0432.CCR-18-0444
https://doi.org/10.1038/sj.onc.1205625
https://doi.org/10.1038/sj.onc.1205625
https://doi.org/10.1007/BF01372544
https://doi.org/10.1007/BF01372544
https://doi.org/10.1073/pnas.85.6.1768
https://doi.org/10.1016/0041-0101(92)90385-i
https://doi.org/10.1016/0041-0101(92)90385-i
https://doi.org/10.1093/carcin/13.10.1841
https://doi.org/10.1021/ja00399a082
https://doi.org/10.1038/s41598-021-93620-y
https://doi.org/10.1128/mcb.12.8.3346-3355.1992
https://doi.org/10.1002/1878-0261.12970
https://doi.org/10.1007/s12094-021-02616-7
https://doi.org/10.1007/s12094-021-02616-7
http://orcid.org/0000-0002-1512-3551

	Cancer progression by the okadaic acid class of tumor promoters and endogenous protein inhibitors of PP2A, SET and CIP2A
	Abstract
	Purpose 
	Results and discussion 
	Conclusion 

	Introduction
	Carcinogenic role of proinflammatory cytokines induced by the okadaic acid class of compounds
	Mechanisms of cancer progression related to SET and CIP2A in several types of human cancer
	Breast cancer
	Chronic leukemia
	Lung cancer
	Hepatocellular carcinoma
	Colorectal cancer
	Prostate cancer
	Pancreatic cancer

	Discussion
	Conclusion
	Acknowledgements 
	References




