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This work aims to researching the potential of anti-inflammatory
therapy as an adjuvant in the antiblastic treatment for ovarian can-
cers. Drugs commonly used for dyslipidemia and diabetes melli-
tus and anti-inflammatory drugs have tumor-suppressing effects via
anti-angiogenic and apoptosis-inducing actions. Proinflammatory
prostaglandins (PGs) promote angiogenesis and suppress apopto-
sis. A therapeutic agent for dyslipidemia, Clofibric acid increases car-
bonyl reductase 1 (CBR1), which inactivates PGs in the tumor, and ex-
erts a tumor shrinkage effect. Oral hypoglycemic agents, ciglitazone
and pioglitazone reduce PG synthase and cyclooxygenase (COX) 2
in tumors and shrink them. A selective COX-2 inhibitor, Meloxicam
directly inhibits PG production and shrinks tumors. These facts re-
mind us of the importance of drug repositioning. Considering that
the safety has been established including side effects, these drugs
have the potential to be used not only to treat ovarian cancer but also
human solid cancers in general as a combination adjuvant drug with
other anticancer agents or to be applied to tumor dormancy therapy
with different properties from anticancer agents.
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1. Introduction
The first-line treatments for advanced ovarian cancer are

surgical cytoreduction and anticancer chemotherapy. How-
ever, ovarian cancer is often resistant to anticancer agents,
and we often face difficulties in treatment. Angiogenesis is
indispensable for tumor growth and regrowth of a metastatic
lesion, and the role of various angiogenic factors has been at-
tracting attention. Many researchers have reported the eluci-
dated regulatory mechanisms of tumor angiogenesis and the
strategies to suppress angiogenesis. It has been demonstrated
that there are many angiogenic factors, among which vascu-
lar endothelial growth factor (VEGF) was first identified in
1989. Since VEGF has been shown to play an important role
in the regulation of angiogenesis by many studies, a special
focus has been placed on VEGF in the suppression of angio-
genesis. A VEGF inhibitor, bevacizumab has shown to be ef-
fective not only for ovarian cancer but also various other can-
cers. We have confirmed the possibilities that the paracrine
mechanism of VEGF and its receptors may have an action

on the stroma and vascular endothelium near the tumors in
ovarian cancer and uterine cancer [1] and that expressions of
VEGF-C and VEGF-D may play an important role in lymph
node metastasis and intraperitoneal dissemination and is also
a poor prognostic factor [2].

We have demonstrated that the reduced expression of
carbonyl reductase 1 (CBR1), which converts prostaglandin
(PG) E2 to PGF2α, is closely associated with cancer progres-
sion and retroperitoneal lymph node metastasis in human
ovarian cancer [3]. PGE2 is known to be involved in tumor
metastasis and invasion capacity by inducing angiogenesis. In
addition, we found that high levels of cyclooxygenase (COX)-
2 expression and low levels of proliferator-activated receptor
(PPAR) γ expression were involved in cancer initiation [4].
We also demonstrated that the expression regulatory mecha-
nism of PPARγ and COX-2 mediated by PPARγ ligands and
PG works in the ovarian cancer cells at the same time [4].

Based on these research results, we generated experi-
mental models of ovarian cancer using subcutaneous cancer-
bearing mice and carcinomatous peritonitis mice derived
from multiple human ovarian cancer cells. Using these
mouse models, we investigated the antitumor effects of
clofibric acid, which is a PPARα ligand targeting the enzymes
involved in PGE2 synthesis, ciglitazone and pioglitazone,
which are PPARγ ligands, and a selective COX-2 inhibitor,
meloxicam. Our results showed that all of these drugs exerted
the same level of antitumor effect as cisplatin, which is one of
the standard treatment drugs for ovarian cancer, when used
as a single agent [5–7]. In the tumor to which any of these
drugs was administered, angiogenesis was significantly sup-
pressed, and apoptosis was significantly induced. Also, the
PGE2 levels in the serum and ascites were decreased in mice
upon administration of each of these drugs. The mechanism
of action of each drug is summarized in Fig. 1. Drugs com-
monly used for dyslipidemia and diabetes mellitus and anti-
inflammatory drugs have tumor-suppressing effects via anti-
angiogenic and apoptosis-inducing actions [8, 9]. This work
aims to researching the potential of anti-inflammatory ther-
apy as an adjuvant in the antiblastic treatment for ovarian
cancers. We also discuss on the potential of the gene ther-
apy for ovarian cancer by using CBR1 DNA.
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Fig. 1. The mechanism of action of PPARα ligand, PPARγ ligand and COX-2 inhibitor.

The data of this review article have been obtained by
searching in PubMed andWeb of Science until the end of De-
cember 2020. The search termswere “PPARγ ligand”, “hypo-
glycemic agent”, “prostaglandin”, “anti-inflammatory effect”
and “ovarian cancer” and we found 4 matched articles. The
other search terms were “PPARα ligand”, “prostaglandin”,
“anti-inflammatory effect” and “ovarian cancer” andwe found
4 matched articles and we found only 1 matched article.

2. Fibrate drug clofibric acid (PPARα ligand)
Clofibric acid, the main component of fibrate drugs used

as a treatment drug of dyslipidemia, is known as a PPARα lig-
and. We reported for the first time that activation of PPARα
suppresses solid tumor growth in vivo [5]. We generated a
cancer-bearingmousemodel and a carcinomatous peritonitis
mouse model using two types of human ovarian cancer cells.
Whenwe administered the PPARα ligand clofibric acid alone
to thesemice, the higher or equivalent levels of tumor shrink-
ing effect and survival time prolongation as those of cisplatin,
a key drug of ovarian cancer treatment, were observed [5].
CBR1 that was increased in the tumor due to clofibric acid
administration played the central role (Fig. 1). CBR1 is an
enzyme present in the ovary and is known to metabolize car-
bonyl compounds in the presence of NADPH; however, in
fact, it also has an important function to convert PGE2 to
PGF2α. We introduced CBR1DNA into ovarian cancer cells,
which reduced the PGE2 activity to 20% [5]. PGE2 is known
to induce inflammation, and at the same time, to be involved
in tumor progression by promoting angiogenesis and sup-

pressing apoptosis. Our gene transfection experiment also
showed a significant reduction in VEGF expression as well
as the PGE2 activity. Furthermore, our result demonstrated
that clofibric acid has an effect of directly reducing mPGES
(Fig. 1) [5]. We concluded that the antitumor effect of a
PPARα ligand, clofibric acid in ovarian cancer is due to the
decrease in the PGE2 activity caused by the increase in CBR1
and decreased PG synthetase, which leads to suppression of
angiogenesis and induction of apoptosis (Fig. 1).

Pozzi et al. [10] reported that administration of a PPARα
Wy14,643 showed a tumor-shrinking effect in human lung
cancer. They stated that the tumor shrinkage was caused be-
cause angiogenesis did not occur due to the reduced expres-
sion of the gene encoding Cyp2c epoxygenase, which cat-
alyzes arachidonic acidmetabolism and has a stabilizing effect
on vascular endothelium. These phenomena did not occur in
PPARα knockoutmice, which proved that PPARα activation
by a ligand plays a major role in the antitumor effect. More-
over, Panigrahy et al. [11] reported that administration of a
PPARα ligand, fenofibrate suppressed tumor growth in all
types of cancers tested. The mechanism of the antitumor ef-
fect was that fenofibrate suppressed angiogenesis by increas-
ing thrombospondin-1, which has an anti-inflammatory ef-
fect. It has been confirmed that these antitumor effects were
absent in PPARα knockout mice. These results show that
theoretically, activation of PPARα by its specific ligands is
effective in any solid tumors. The results of these three stud-
ies conducted at different research institutions unexpectedly
demonstrated that PPARα ligands exert the antitumor effect
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by the same mechanism. In other words, it was suggested
that inflammation, which is a commonplace event in tumor
microenvironment, plays a central role in tumor growth. In-
flammation leads to angiogenesis. Inflammatory cells around
the tumor release not only angiogenic factors but also cy-
tokines that nourish tumor cells, thereby playing an impor-
tant role in promoting tumor growth. All these results re-
vealed that the activation of PPARα by its specific ligands
has a function of removing “inflammation” around the tumor
cells. We have found that the potential treatment for ovarian
cancer with clofibric acid targeting PGE2, and we are now
headed to the next step.

3. Aiming for gene therapy using CBR1 DNA
3.1 What is CBR1?

CBR1, a protein present in the cytoplasm with a subunit
with a molecular weight of 30,000, is an enzyme that re-
duces aldehydes and ketone bodies produced in the body to
alcohol using NADPH as a coenzyme, and during the reac-
tion, NADPH is converted to NADP+. It also has an ac-
tivity of reducing quinone to hydroquinone. The reduction
of substances with carbonyl group is catalyzed not only by
CBR1 but also by various enzymes, including short-chain
dehydrogenase/reductase (SDR), aldo-keto reductase (AKR),
medium-chain dehydrogenase/reductase (MDR, alcohol de-
hydrogenase), and quinone reductase. In other words, CBR1
is not a generic name for various enzymes that catalyze the
reduction of carbonyl groups, but a name of one enzymatic
protein. SDR, AKR, MDR, and ALDH each consists a super-
family of many molecular species, and CBR1 is a member of
the SDR superfamily.

CBR1 was the first that was purified from the cytoplasm
of the human brain cells, and its properties, such as its pres-
ence as a monomer, have been clarified. After that, an en-
zyme, which is present as tetramer and reduces carbonyl
compounds, was purified from mitochondria of the lung
and adipose tissue. The gene encoding cytoplasmic CBR1
is located on chromosome 21 (21q22.12). The superox-
ide dismutase (SOD) 1 gene and the gene related to Down
syndrome are located in the proximity of the chromosome
(21q22.12). CBR1 is the same enzyme as PG 9-ketoreductase.
15-hydroxyprostaglandin dehydrogenase inactivates PG, and
in knockout mice of this gene, PGE2 inactivation does not
occur, thereby the ductus arteriosus does not close after birth
and remains open.

In humans, CBR1 is expressed in many organs, of which
the highest level of expression is seen in the brain, liver, and
kidneys. The immunohistochemistry results have shown that
CBR1 is expressed in nerve cells and glial cells in the brain,
hepatocytes, and proximal tubules of the kidney at high levels,
as well as in vascular endothelial cells, myocardium, anterior
lobe of the pituitary gland, and gastric epithelial cells.

CBR1 reduces and detoxifies various low-molecular-
weight compounds with a carbonyl group ketone group
and aldehyde group. Since many drugs have a carbonyl

group, CBR1 may be considered as a drug-metabolizing
enzyme. The substrate of CBR1 is quinones derived
from benzo(a)anthracene and benzo(a)pyrene that are car-
cinogenic; however, since other enzymes are also in-
volved in these detoxications, the significance of CBR1
in the detoxication of carcinogens is not clear. The
lung carcinogen NNK contained in cigarette smoke is
reduced and detoxified by microsomal and cytoplasmic
CBR1 into 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.
These two enzymes show different selectivity to the op-
tical isomers of NNK. These enzymes have CBR1 and
prostaglandin 9-ketoreductase activities and reduce PGE2
to PGF2α. CBR1 was reported to possibly catalyze a de-
hydrogenation reaction that produces 15-keto-PGE2 from
PGE2. However, this reaction was revealed to be me-
diated by 15-hydroxyprostaglandin dehydrogenase. 15-
ketoprostaglandins, including 15-keto-PGF2α and 15-keto-
PGD2, have no activity as a PG.

3.2 Gene therapy with CBR1 DNA
Systemic administration of clofibric acid increases CBR1

in the tumor and exhibits an antitumor effect. However, it
may also cause adverse effects such as rhabdomyolysis and
weight loss. Therefore, we decided to figure out the way to
have CBR1 taken up only into the tumor. The method of
using a viral vector is not practical due to issues related to in-
fection and the requirement of special equipment. We then
focused on nanoparticles called dendrimers as a delivery tool
for CBR1 DNA.

Prior to that, we performed an in vivo verification exper-
iment to determine whether an increase in CBR1 in the tu-
mor is directly linked to the suppression of tumor cell pro-
liferation. CBR1 DNA was delivered to two types of ovar-
ian cancer cells (serous adenocarcinoma cells, clear cell ade-
nocarcinoma cells). The subcutaneously transplanted CBR1
DNA-introduced cells formed a small tumor, which showed
no growth, while in the control group, tumors grew over
time [12]. Tumors in the CBR1 DNA-introduced group ex-
hibited extensive necrotic tissue and an increase in apoptotic
cells due to the strong expression of caspase-8 and caspase-
3 [12]. Conversely, injections of CBR1 siRNA into subcu-
taneous tumors of ovarian cancer significantly increased the
growth rate compared to that of the control tumors [13].
Characteristically, the subcutaneous tumors grew penetrat-
ing into the intraperitoneal cavity, and the number of lung
metastases significantly increased [13]. It was clearly shown
that the infiltration and metastatic capacity of the tumor cells
increased with the decrease in the CBR1 expression in the tu-
mor cells [13].

We created ovarian cancer-related peritoneal carcino-
matosis in nude mice and injected the CBR1 DNA dendrimer
complex in the peritoneal cavity every 48 hours [14]. Allmice
in the dendrimer-alone control group died within 25 days,
whereas all of the mice in the CBR1 DNA dendrimer com-
plex injected group survived during the same 25-day period
after the injection [14]. All thesemice died about 25 days after
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the CBR1 DNA dendrimer complex injection was discontin-
ued [14]. The intraperitoneal observation revealed that the
peritoneal foci were increasing in size in the dendrimer alone
group, whereas the foci were smaller and fewer in the CBR1
DNA dendrimer complex group [14]. Neither weight loss
or changes in feces were seen during CBR1 DNA dendrimer
treatment, suggesting there was no toxicity. The results of
the experiments suggest the potential of the future gene ther-
apy with CBR1 DNA for treatment of ovarian cancer-related
peritoneal carcinomatosis.

4. Oral hypoglycemic agents
ciglitazone/pioglitazone (PPARγ ligand) and
selective COX-2 inhibitor meloxicam

PPARγ expression was induced in the tumors in the mice
to which ciglitazone was administered, but the COX-2 ex-
pression level did not change [6]. It was considered that cigli-
tazone decreases the mPGES level independently of COX-2
and lowers the PGE2 level, which leads to suppressing angio-
genesis and inducing apoptosis and thereby exerts antitumor
effects [6].

Although administration of pioglitazone alone exerts an
antitumor effect, the combination use with the PPARα lig-
and clofibric acid markedly decreases the COX-2 expression
regulator AP-1 expression in the tumor, resulting in lower-
ing the COX-2 expression [7].

COX-2 expression was absent in the meloxicam-treated
tumors inmice. Therefore, it was considered that meloxicam
blocks the synthetic pathway of PGG2→ PGH2→ PGE2, re-
sulting in lowering the PGE2 level, and thereby antitumor
effect was achieved [6].

5. Conclusions
Although there are differences in the mechanisms, clofib-

rin acid, ciglitazone, pioglitazone, and meloxicam are all
thought to exert the antitumor effects by inducing apopto-
sis, mainly by the suppression of angiogenesis through low-
ering the PGE2 level. All these drugs are widely used in daily
clinical practice; Clofibric acid is the main component of fi-
brate drugs used for dyslipidemia treatment, ciglitazone and
pioglitazone are oral hypoglycemic agents, and meloxicam is
an oxicam non-steroidal anti-inflammatory drug. This is the
first report that proves these four drugs have antitumor ef-
fects against ovarian cancer. Especially, it shows the possi-
bility of an application of the gene therapy with CBR1 DNA
for its action of increasing the CBR1 expression in the tumor,
which is the main mechanism of the PPARα ligand clofibric
acid.

The above are the research results using animal models
of cancer-bearing and carcinomatous peritonitis related to
ovarian cancer, which correspond to the late stage of can-
cer. Although new anticancer agents and molecular tar-
geted drugs have been developed and new combination of
anticancer agents have been tried out for advanced ovarian
cancer, satisfactory treatment outcomes are yet to be ob-

tained. In this report, we demonstrate that drugs that are
commonly used for dyslipidemia and diabetes and as anti-
inflammatory drugs have tumor-suppressing effects via anti-
angiogenic and apoptosis-inducing actions. Considering that
the safety has been established including side effects, these
drugs have the potential to be used not only to treat ovarian
cancer but also human solid cancers in general as a combi-
nation adjuvant drug with other anticancer agents or to be
applied to tumor dormancy therapy with different properties
from anticancer agents.

Author contributions
TS wrote the manuscript. TS and YY analyzed the data.

YY contributed in concept and design and supervised this
work. Both authors contributed to editorial changes in
the manuscript. Both authors read and approved the final
manuscript.

Ethics approval and consent to participate
Not applicable.

Acknowledgment
We would like to express our gratitude to all those who

helped us during the writing of this manuscript and thanks
to all the peer reviewers for their opinions and suggestions.

Funding
This work was supported by a Grant-in Aid for Cancer

Research from the Ministry of Education, Science and Cul-
ture of Japan (Grant No.: 20K09589).

Conflict of interest
The authors declare no conflict of interest.

References
[1] Yokoyama Y, Charnock-Jones DS, Licence D, Yanaihara A, Hast-

ings JM, Holland CM, et al. Expression of vascular endothelial
growth factor (VEGF)-D and its receptor, VEGFR-3 as a prog-
nostic factor in endometrial carcinoma. Clinical Cancer Research.
2003; 9: 1361–1369.

[2] Yokoyama Y, Charnock-Jones DS, Licence D, Yanaihara A, Hast-
ings JM, Holland CM, et al. Vascular endothelial growth factor-
D is an independent prognostic factor in epithelial ovarian carci-
noma. British Journal of Cancer. 2003; 88: 237–244.

[3] Umemoto M, Yokoyama Y, Sato S, Al-Mulla F, Tsuchida S, Saito
Y. Carbonyl reductase as a significant predictor of survival and
metastasis in epithelial ovarian cancer. British Journal of Cancer.
2001; 85: 1032–1036.

[4] Sakamoto A, Yokoyama Y, Umemoto M, Futagami M,
Sakamoto T, Bing X, et al. Clinical implication of expression of
cyclooxygenase-2 and peroxisome proliferator activated-receptor
γ in epithelial ovarian tumours. British Journal of Cancer. 2004;
91: 633–638.

[5] Yokoyama Y, Xin B, Shigeto T, Umemoto M, Kasai-Sakamoto
A, Futagami M, et al. Clofibric acid, a peroxisome proliferator-
activated receptor α ligand, inhibits growth of human ovarian
cancer. Molecular Cancer Therapeutics. 2007; 6: 1379–1386.

[6] Xin B, Yokoyama Y, Shigeto T, Futagami M, Mizunuma H. In-
hibitory effect of meloxicam, a selective cyclooxygenase-2 in-
hibitor, and ciglitazone, a peroxisome proliferator-activated re-

Volume 42, Number 5, 2021 999



ceptor gamma ligand, on the growth of human ovarian cancers.
Cancer. 2007; 110: 791–800.

[7] Shigeto T, Yokoyama Y, Xin B, Mizunuma H. Peroxisome
proliferator-activated receptor alpha and gamma inhibit growth
of human ovarian cancer. Oncology Reports. 2007; 18: 833–840.

[8] Bräutigam K, Biernath-Wüpping J, Bauerschlag DO, von Kaisen-
berg CS, Jonat W, Maass N, et al. Combined treatment with
TRAIL andPPARγ ligands overcomes chemoresistance of ovarian
cancer cell lines. Journal of Cancer Research and Clinical Oncol-
ogy. 2011; 137: 875–886.

[9] Kobayashi Y, Kashima H, Rahmanto YS, Banno K, Yu Y, Matoba
Y, et al. Drug repositioning of mevalonate pathway inhibitors as
antitumor agents for ovarian cancer. Oncotarget. 2017; 8: 72147–
72156.

[10] Pozzi A, IbanezMR,Gatica AE, Yang S,Wei S,Mei S, et al. Peroxi-
somal proliferator-activated receptor-alpha-dependent inhibition
of endothelial cell proliferation and tumorigenesis. The Journal of
Biological Chemistry. 2007; 282: 17685–17695.

[11] Panigrahy D, Kaipainen A, Huang S, Butterfield CE, Barnés CM,
FannonM, et al. PPARalpha agonist fenofibrate suppresses tumor
growth through direct and indirect angiogenesis inhibition. Pro-
ceedings of the National Academy of Sciences of the United States
of America. 2008; 105: 985–990.

[12] Miura R, Yokoyama Y, Shigeto T, Futagami M, Mizunuma H. In-
hibitory effect of carbonyl reductase 1 on ovarian cancer growth
via tumor necrosis factor signaling. International Journal of On-
cology. 2015; 47: 2173–2180.

[13] OsawaY, YokoyamaY, Shigeto T, FutagamiM,MizunumaH.De-
creased expression of carbonyl reductase 1 promotes ovarian can-
cer growth and proliferation. International Journal of Oncology.
2015; 46: 1252–1258.

[14] Kobayashi A, Yokoyama Y, Osawa Y, Miura R, Mizunuma H.
Gene therapy for ovarian cancer using carbonyl reductase 1 DNA
with a polyamidoamine dendrimer inmousemodels. Cancer Gene
Therapy. 2016; 23: 24–28.

1000 Volume 42, Number 5, 2021


	1. Introduction
	2. Fibrate drug clofibric acid (PPAR ligand)
	3. Aiming for gene therapy using CBR1 DNA 
	3.1 What is CBR1? 
	3.2 Gene therapy with CBR1 DNA 

	4. Oral hypoglycemic agents ciglitazone/pioglitazone (PPAR ligand) and selective COX-2 inhibitor meloxicam 
	5. Conclusions
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	References

