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1  | INTRODUCTION

Carbonyl reductase 1 (CBR1) is a nicotinamide adenine dinucleotide 
phosphate-dependent, mostly monomeric, cytosolic enzyme with a 
broad substrate specifically for carbonyl compounds.1,2 Therefore, 

it has been studied extensively in relation to its ability to reduce a 
variety of carbonyl compounds: antitumor anthracycline antibiotics, 
daunorubicin and doxorubicin, and prostaglandins.3,4 Carbonyl re-
ductase 1 is also present in a variety of organs, including the liver, 
kidney, breast, ovary, and vascular endothelial cells, and its primary 
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Abstract
Purpose: Carbonyl reductase 1 (CBR1) is involved in cancer progression. Recently, the 
authors reported that the loss of CBR1 expression is associated with a poor prognosis 
in uterine cervical cancer. Here, we investigated whether the decreased CBR1 expres-
sion promotes cancer progression by inducing the epithelial mesenchymal transition 
(EMT).
Methods: Antisense constructs of CBR1 complementary DNA (antisense clones) and 
the empty vectors (control clones) were transfected into human uterine cervical squa-
mous cell carcinoma cell lines (SKG II and SiHa) and the proliferation and EMT marker 
expression of these clones were analyzed in vitro. In an in vivo study, 107 cells of the 
antisense and control clones were subcutaneously injected into nude mice and the 
tumorigenesis was observed for 8 weeks.
Results: With the decreased CBR1 expression, the proliferation of the antisense 
clones increased, accompanied by a decrease in epithelial markers (E-cadherin and 
cytokeratin) and an increase in mesenchymal markers (fibronectin, alpha-smooth mus-
cle actin, and N-cadherin), which suggests EMT induction. In the in vivo study, the 
tumor volume in the antisense group was significantly larger than that in the control 
group.
Conclusion: Decreased CBR1 expression promotes tumor growth by inducing EMT in 
uterine cervical squamous cell carcinomas.
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function is considered to be to control fatty acid metabolism.5 
Interestingly, CBR1 has been shown to regulate the malignant be-
haviors of cancer cells. For example, the decreased expression of 
CBR1 has promoted cell proliferation activities and tumorigenesis 
in vivo, with the loss of E-cadherin expression and the activation 
of matrix metalloproteinases in ovarian, uterine cervical, or uterine 
endometrial cancers.6-10 Thus, the decreased expression of CBR1 
promotes tumor growth and metastatic activities and is closely asso-
ciated with lymph node metastasis and a poor prognosis in ovarian, 
uterine cervical, and uterine endometrial cancers.7,8,10 In contrast, 
the increased expression of CBR1 has suppressed cell proliferation 
activities and tumor growth in various in vitro and in vivo experi-
ments in ovarian cancers.9-11

The epithelial mesenchymal transition (EMT) is involved in the 
progression of some malignant tumors.12-15 With regards to EMT, 
cancer cells are transformed into fibroblast-like cells with decreased 
E-cadherin expression. The authors reported that the suppression 
of CBR1 expression stimulated the invasion of cancer cells, with the 
reduction of E-cadherin expression, in uterine cervical cancer.7,8 In 
addition, the authors recently found that decreased CBR1 expres-
sion promotes the invasive activity of cancer cells in endometrial 
adenocarcinomas by inducing EMT.8 Therefore, CBR1 seems to play 
an important role in cancer progression by regulating EMT in cervi-
cal cancer.

The authors previously reported that, in vitro, CBR1 suppres-
sion increased cancer cell invasion, accompanied by a decrease in 
E-cadherin expression.7 However, it is unclear whether the CBR1 sup-
pression actually promotes tumor growth in vivo, and if it does, by 
what mechanism. In order to answer these questions, here it has been 
investigated whether the decreased expression of CBR1 promotes 
tumor growth in uterine cervical squamous cell carcinomas and, if this 
is the case, whether the decrease in CBR1 expression is associated 
with EMT.

2  | MATERIALS AND METHODS

2.1 | Cell line and culture

SiHa and SKG II, which are human uterine cervical squamous cell car-
cinoma cell lines, were used. The SiHa cells were purchased from Cell 
Resource Center for Biomedical Research (Tohoku University, Sendai, 
Japan) and the SKG II cells were purchased from Health Science 
Research Resources Bank (Osaka, Japan). The SiHa cells were cultured 
in Eagle’s minimal essential medium (Sigma-Aldrich, Tokyo, Japan) that 
was supplemented with 10% heat-inactivated fetal calf serum (FCS). 
The SKG II cells were cultured in Ham’s F12 medium (Sigma-Aldrich) 
that was supplemented with 10% FCS. The cells were seeded at a den-
sity of 5 × 104 cells/well in a six-well microtiter plate in the medium 
that was supplemented with 10% FCS. Then, they were incubated 
at 37°C in a humidified 5% CO2 incubator for 7 days. The cells were 
trypsinized and counted with a cell counter (Vi-CELL XR; Beckman 
Coulter, Tokyo, Japan) at each point, as reported previously.16

2.2 | Gene transfection procedures

Stable clones were established in which the CBR1 expression was 
suppressed. The antisense construct was transfected into SiHa and 
SKG II cells, as reported previously.7,8,17,18 The suppression of CBR1 
was verified by Western blot analyses. A clone transfected with the 
empty vector was used as a control. In the preliminary experiments, 
the reagent that was used for transfection did not influence cell mobil-
ity or CBR1 expression.

2.3 | Western blot analyses

The cells were resuspended in radioimmunoprecipitation assay buffer 
(WAKO, Tokyo, Japan) and sonicated. The insoluble materials were 
removed by centrifugation at 20 000 g for 10 minutes at 4°C and the 
samples were boiled for five minutes after SDS sample buffer (New 
England BioLabs, Tokyo, Japan) was applied. The proteins (10 μg) 
were electrophoresed on 10% of SDS–polyacrylamide gel (PAGE). 
After SDS–PAGE, the proteins were transferred to a polyvinylidene 
difluoride membrane (New England BioLabs) with a semidry-type 
blotting system. After blocking the membrane with blocking solution, 
the blotted membrane was incubated with goat antihuman CBR1 pol-
yclonal antibody (Abcam, Tokyo, Japan), rabbit antihuman E-cadherin 
monoclonal antibody (Abcam), mouse antihuman cytokeratin mono-
clonal antibody (Abcam), rabbit antihuman alpha-smooth muscle actin 
(αSMA) monoclonal antibody (Abcam), rabbit antihuman fibronectin 
polyclonal antibody (Abcam), and rabbit antihuman N-cadherin poly-
clonal antibody (Abcam) as the first antibodies (diluted at 1:1000 in 
the blocking solution). The membrane then was incubated with the 
peroxidase-conjugated secondary antibody. Last, the membrane 
was incubated in ECL–Western blotting detection reagents (GE 
Healthcare, Little Chalfont, UK) for five minutes and used to expose 
the Hyperfilm–ECL (GE Healthcare).

2.4 | Real-time polymerase chain reaction

The expression of a transcription factor of E-cadherin, SNAIL, was 
examined by semiquantitative real-time polymerase chain reac-
tion (RT-PCR). The total RNA was isolated by using a RNeasy mini 
kit (QIAGEN, Tokyo, Japan). The complementary (c)DNA was syn-
thesized from 1 μg of total RNA by using a QuantiTect Reverse 
Transcription Kit (Qiagen, Valencia, CA, USA). The RT-PCR was 
performed by using BIOTaq HS DNA Polymerase (BIOLINE, Tokyo, 
Japan), according to the manufacturer’s protocol, with an amplifying 
primer pair for SNAIL (5′-ctccctgtcagatgaggacagt-3′ and 5′- tccttgtt-
gcagtatttgcagt-3′) and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) (5′-tgcaccaccaactgcttagc-3′ and 5′- ggcatggactgtggtcatgag 
-3′) serving as an internal control. The thermal cycling conditions 
were 25 cycles (GAPDH) or 32 cycles (SNAIL) of 95°C for 30 seconds, 
60°C for 30 seconds, and 72°C for 15 seconds, with an initial step of 
95°C for 10 minutes. The PCR products were electrophoresed on a 
2% agarose gel.
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2.5 | In vivo experiments

This in vivo study was approved by the Committee for Ethics on Animal 
Experiments of Yamaguchi University Graduate School of Medicine, 
Ube, Japan (Certification No. 47-021). The SiHa cells (1 × 107 cells) 
were subcutaneously injected into female BALB/c nude mice (fours 
week old). The tumor size was measured with calipers every week for 
8 weeks after injection. The tumor volume was calculated according 
to the formula: V = 0.52 × A2 × B (A, the smallest superficial diameter; 
B, the largest superficial diameter).19

2.6 | Immunohistochemistry

After eight weeks of injection, the mice were sacrificed and then 
the tumors were removed. Immunohistochemistry was performed 
by the streptavidin–biotin–peroxidase complex technique, as 
reported previously.7 The tumor specimens were fixed in 10% 
buffered formalin and embedded in paraffin. The tissue sections 
(3 μm thick) were deparaffinized and washed with cold phosphate-
buffered saline (PBS). Endogenous peroxidase was blocked by 
incubating with H2O2 (0.5% in methanol) for 50 minutes at room 
temperature (RT). Then, the sections were washed three times 
in cold PBS, incubated with normal goat serum (10%) to block 
non-specific binding, and sequentially incubated with anti-CBR1 
(Abcam), anti-E-cadherin (Abcam), and anti-αSMA antibodies 
(Abcam) at 4°C overnight. Thereafter, the sections were washed 
and incubated for 30 minutes at RT with biotinylated antirabbit 
immunoglobulin (Ig)G + IgA + IgM by using the HISTFINE SAB-PO 
kit (Nichirei, Tokyo, Japan). The sections were reacted with di-
aminobenzidine tetrahydrochloride chromogen mixture (Sigma-
Aldrich). After counterstaining with hematoxylin, the slides were 
permanently mounted.

The immunohistochemical expression was quantified according to 
the authors’ previous method:20 a score was established correspond-
ing to the sum of: (i) the percentage of positive cells (0, 0% immu-
nopositive cells; 1, <50% positive cells; 2, >50% positive cells); and (ii) 
the staining intensity (0, absent; 1, weak; 2, moderate; 3, strong). The 
scoring was done on 10 randomly chosen areas at ×200 in the tissue 
sections from three tumor samples that had been obtained from each 
group. The scoring was performed by three independent observers. 
An observer-related mean was calculated for each tumor sample and 
the mean of the three observer-related means was used as a single 
observation.

2.7 | Microarray analysis and pathway analysis

The antisense cDNA to CBR1 was transfected into SKG II (antisense) 
cells. A clone transfected with the empty vector was used as a nega-
tive control. The transcriptome of each clone was analyzed, as re-
ported previously.21 The total RNAs were isolated from cells by using 
a RNeasy mini kit (QIAGEN). The gene expression was analyzed by 
using a GeneChip Human Genome 2.0 ST Array (Affymetrix, Santa 
Clara, CA, USA), supporting 40 716 genes. The target cDNA was pre-
pared from 250 ng of total RNA with the Ambion WT Expression kit 
(Ambion, Austin, TX, USA) and the GeneChip WT PLUS reagent kit 
(Affymetrix). Hybridization to the microarrays, washing, staining, and 
scanning were performed by using the GeneChip system (Affymetrix) 
that was composed of the Scanner 30007 G Workstation Fluidics 450 
and the Hybridization Oven 645. The scanned image data were pro-
cessed by using a gene expression analysis with the Patrek Genomics 
Suite 6.5 software program (Partech, Munster, Germany). Those 
genes were extracted in which the expression in the antisense group 
was greater than 1.5-fold or less than two-thirds of that in the control 
group. Then, a pathway analysis was performed by using Ingenuity 

F IGURE  1 Establishment of clones with 
suppressed carbonyl reductase 1 (CBR1) 
expression. Antisense complementary 
DNA to CBR1 was transfected into the 
uterine cervical cancer cell lines, SKG II 
and SiHa (antisense) cells. The control 
clone transfected with the empty 
vector was used as a negative control. 
A, The expression levels of CBR1 in the 
transfected cells were analyzed by Western 
blotting. β-tubulin was used as an internal 
control. B, The effects of CBR1 suppression 
on cancer cell proliferation. The number of 
cells was counted at each point. The values 
are shown as the mean ± SE. *P < .05 and 
**P < .01, compared to the control. (‾‾‾), 
Antisense (—), control
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Pathway Analysis (IPA) software (Ingenuity Systems, Redwood City, 
CA, USA).

2.8 | Statistical analyses

The significance of the difference between the two groups was ana-
lyzed by Tukey’s test. A probability value of P < .05 was considered to 
be significant. All the statistical analyses were performed by using the 
SPSS 5.0 J for Windows software package (SAS Institute, Inc., Cary, 
NC, USA).

3  | RESULTS

3.1 | Clones with suppressed carbonyl reductase 1 
expression

In order to investigate the role of CBR1 on the malignant potential 
of squamous cell carcinoma cells, clones with suppressed CBR1 ex-
pression were established by transfecting antisense cDNA to CBR1 
into SKG II and SiHa cells. The cells that had been transfected with 
the empty vector were used as negative controls (control clones). As 
expected, SKG II and SiHa clones were obtained with decreased CBR1 
expression (Figure 1A).

3.2 | Effect of carbonyl reductase 1 suppression on 
cell proliferation

The cell proliferation was significantly higher in the decreased CBR1 
(antisense) group than in the control group on day 7 in the SKG II cells 
and on days 5 and 7 in the SiHa cells (Figure 1B).

3.3 | Effect of carbonyl reductase 1 suppression 
on the epithelial mesenchymal transition markers

The expression levels of the epithelial markers, E-cadherin and cy-
tokeratin, as measured by Western blotting, were lower in the de-
creased CBR1 (antisense) group, compared with the control group, in 
the SKG II and SiHa cells (Figure 2A). On the contrary, the expres-
sion level of the mesenchymal markers, αSMA, fibronectin, and N-
cadherin, were higher in the decreased CBR1 (antisense) group in the 
SKG II or SiHa cells (Figrue 2A).

SNAIL is a transcriptional factor that suppresses E-cadherin and reg-
ulates EMT and is reported to be a useful predictor of the prognosis of 
several cancers.22-26 The expression of SNAIL mRNA that was examined 
by the RT-PCR was higher in the decreased CBR1 (antisense) group, 
compared with the control group, in the SKGII and SiHa cells (Figure 2B).

There seems to be some differences in the expression of the EMT 
markers between the SiHa and SKGII cells. In fact, in the authors’ pre-
vious report,12 the apoptotic effect of the knock-down of heat shock 
protein 70 was more apparent in the SiHa cells than in the SKGII cells. 
Thus, the different expression of the EMT markers could be related to 
the different characteristics of the cells.

3.4 | In vivo effects of carbonyl reductase 1 
suppression on tumor growth

Tumors in the decreased CBR1 (antisense) group grew rapidly, com-
pared with the tumors in the control group (Figure 3A). In the nude 
mice 8 weeks after cancer cell injection, the tumor size was signifi-
cantly larger in the decreased CBR1 (antisense) group than in the con-
trol group (Figure 3B).

F IGURE  2 Effects of carbonyl reductase 1 (CBR1) suppression on epithelial mesenchymal transition (EMT) markers. Antisense 
complementary DNA to CBR1 was transfected into the SKG II and SiHa (antisense) cells. The control clone transfected with the empty vector 
was used as a negative control. A, The expression levels of E-cadherin and cytokeratin as epithelial markers and of alpha-smooth muscle actin 
(αSMA), fibronectin, and N-cadherin as mesenchymal markers were analyzed by Western blotting. β-tubulin was used as an internal control. The 
expression levels of αSMA in the SKG II cells and N-cadherin in the SiHa cells were too low to be detected. B, As a transcription factor of EMT, 
SNAIL was examined by real-time polymerase chain reaction. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal 
control
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F IGURE  3  In vivo effects of carbonyl 
reductase 1 (CBR1) suppression on tumor 
growth. Cells (1 × 107 cells) transfected 
with antisense complementary DNA 
to CBR1 (antisense group; n = 9) or the 
empty vector (control group; n = 8) were 
subcutaneously injected into female 
BALB/c nude mice (4 weeks old). A, The 
tumor size was measured every week 
for eight weeks after injection. *P < .01, 
compared to the control. B, Representative 
photographs of tumor growth 8 weeks 
after injection are shown

F IGURE  4  Immunohistochemical analysis of carbonyl reductase 1 (CBR1) and epithelial mesenchymal transition-related markers in the 
tumors that can be seen in Figure 3. A, E-cadherin is an epithelial marker and alpha-smooth muscle actin (αSMA) is a mesenchymal marker. The 
inserts indicate the high-power field. Scale bars: 100 μm and 50 μm in the low- and high-power fields, respectively. B, A quantitative analysis of 
the immunohistochemical expression of CBR1, E-cadherin, and αSMA shows the mean ± SE of three tumor samples. *P < .05, compared to the 
control



178  |     NISHIMOTO et al.

3.5 | Immunohistochemistry

The immunohistochemical studies revealed that the tumors in the 
decreased CBR1 (antisense) group stained more weakly for CBR1 
and E-cadherin than did the control group, while they stained more 
strongly for αSMA than did the control group (Figure 4A). By quan-
titative analysis for the immunohistochemical expression, there were 

significant differences in the expression of CBR1, E-cadherin, and 
αSMA between the control group and the antisense group (Figure 4B). 
These findings suggest that the growth of the tumors in the decreased 
CBR1 (antisense) group involved EMT.

3.6 | Microarray analysis and pathway analysis

In order to investigate how CBR1 regulates EMT, a microarray analy-
sis and IPA analysis were performed. The suppression of the CBR1 
upregulated 457 genes and downregulated 269 genes. The top 20 
upregulated and downregulated genes are shown in Tables 1 and 2, 
respectively. The downregulated genes included E-cadherin, while the 

TABLE  1 Top 20 genes that were upregulated in the carbonyl 
reductase 1 (CBR1)-suppressed cells

Gene symbol Gene description Fold change

PLXDC2 Plexin domain containing 2 13.61

IFIT1 Interferon-induced protein 
with tetratricopeptide 
repeats 1

10.24

OAS2 2′-5′-Oligoadenylate 
synthetase 2, 69/71 kDa

10.01

OAS1 2′-5′-Oligoadenylate 
synthetase 1, 40/46 kDa

9.32

IFIH1 Interferon-induced with 
helicase C domain 1

8.67

PCDHB9/PCDHB10 Protocadherin beta 9/
protocadherin beta 10

8.55

RN5S402 RNA, 5S ribosomal 402 8.18

IFI6 Interferon, alpha-inducible 
protein 6

7.73

IFITM1 Interferon-induced 
transmembrane protein 1

7.59

IFI44L Interferon-induced protein 
44-like

7.34

CCL2 Chemokine (C-C motif) 
ligand 2

6.83

LIPH Lipase, member H 6.79

MX1 Myxovirus (influenza virus) 
resistance 1, interferon-
inducible protein p78 
(mouse)

6.70

CDH11 Cadherin 11, type 2, 
osteoblast cadherin

6.45

ANKRD1 Ankyrin repeat domain 1 
(cardiac muscle)

6.21

FNDC1 Fibronectin type III domain 
containing 1

6.05

PSG5 Pregnancy-specific 
beta-1-glycoprotein 5

6.01

PRSS21 Protease, serine, 21 
(testisin)

5.89

IFIT3 Interferon-induced protein 
with tetratricopeptide 
repeats 3

5.62

SNORA46 Small nucleolar RNA, H/
ACA box 46

5.40

The top 20 genes among the 457 genes that were upregulated in the 
CBR1-suppressed cells, as compared to the control (empty vector) cells, 
are shown.

TABLE  2 Top 20 genes that were downregulated in the carbonyl 
reductase 1 (CBR1)-suppressed cells

Gene symbol Gene description Fold change

ABI3BP ABI family, member 3 (NESH) 
binding protein

0.12

FAM163A Family with sequence similarity 
163, member A

0.14

INHBA Inhibin, beta A 0.19

LINC00052 Long intergenic non-protein 
coding RNA 52

0.23

ERP27 Endoplasmic reticulum protein 
27

0.24

NPR2 Natriuretic peptide receptor B/
guanylate cyclase B (atrion-
atriuretic peptide receptor B)

0.27

CDH1 Cadherin 1, type 1, E-cadherin 
(epithelial)

0.27

TNIK TRAF2 and NCK interacting 
kinase

0.27

ANPEP Alanyl (membrane) 
aminopeptidase

0.28

AK5 Adenylate kinase 5 0.29

VGLL1 Vestigial like 1 (Drosophila) 0.29

MAGED1 Melanoma antigen family D, 1 0.29

SPOCK1 Sparc/osteonectin, cwcv- and 
kazal-like domains proteogly-
can (testican) 1

0.29

NEGR1 Neuronal growth regulator 1 0.30

GRHL2 Grainyhead-like 2 (Drosophila) 0.31

FAM27E3 Family with sequence similarity 
27, member E3

0.31

RAI2 Retinoic acid-induced 2 0.33

FBXO32 F-box protein 32 0.34

NTRK2 Neurotrophic tyrosine kinase, 
receptor type 2

0.35

TMLHE Trimethyllysine hydroxylase, 
epsilon

0.35

The top 20 genes among the 269 genes that were downregulated in the 
CBR1-suppressed cells, as compared to the control (empty vector) cells, 
are shown.
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upregulated genes included fibronectin. An IPA analysis of the 726 
upregulated and downregulated genes identified many potential path-
ways, the top 15 of which are shown in Table 3. Two of the pathways 
involve Wnt/β-catenin signaling and transforming growth factor-β 
(TGF-β) signaling, which are involved in EMT.

4  | DISCUSSION

The authors previously reported that CBR1 suppression changed the 
morphology of cervical cancer cells, enhanced their invasive activity, 
and decreased their expression of E-cadherin in vitro.7,8 In the pre-
sent study, CBR1 suppression increased the proliferation activity of 
cancer cells, with both a decrease in epithelial markers (E-cadherin 
and cytokeratin) and an increase in mesenchymal markers (fibronectin, 
αSMA, and N-cadherin), as well as an increase in a transcription factor 
of E-cadherin (SNAIL), which are characteristic features of EMT.27-31 
Furthermore, cancer cells with suppressed CBR1 expression showed a 
high level of activity of tumorigenesis in vivo (Figure 3). These results 
suggest that CBR1 suppression promotes tumor growth by inducing 
EMT in squamous cell carcinoma cells.

The present results are in agreement with previous reports on 
ovarian cancer and uterine endometrial cancer: a close relationship 
between the decreased CBR1 expression and lymph node metastasis 
or a poor prognosis has been found in ovarian cancer.19 Cancer cells 
with the decreased CBR1 expression have a high level of metastatic 
activity.6 The authors’ previous reports also showed that suppression 
of the CBR1 expression promoted malignant behaviors by inducing 
EMT and that the loss of CBR1 expression was associated with a poor 
prognosis in uterine endometrial cancers.8

It is unclear how CBR1 regulates EMT. In this study, it was found 
that CBR1 suppression stimulated the intracellular signaling pathways 
of TGF-β and Wnt/β-catenin (Table 3), both of which have been re-
ported to play roles in regulating EMT.32-40 The authors speculate that 
CBR1 regulates EMT by interacting with the TGF-β and Wnt/β-catenin 
pathways. It would be interesting to investigate in follow-up studies 
whether TGF-β actually induces EMT through a Wnt/β-catenin path-
way in uterine cervical cancer cells.

The inhibitory effect of CBR1 on ovarian cancer growth is also re-
ported to be mediated by the activation of the tumor necrosis factor 
receptor (TNFR) pathway.11 However, this study’s microarray and IPA 
analyses did not detect TNFR signaling. It is hard to explain why CBR1 
does not interact with TNFR signaling in uterine cervical cancer cells, 
while it does in ovarian cancer cells. The difference could be related 
to that the intracellular signaling pathways that are involved in cancer 
progression differ among cancers.

It is unclear whether the CBR1 action is mediated by its enzyme 
activity. The authors found in preliminary experiments that E-cadherin 
expression was decreased by a CBR1 inhibitor that inhibits CBR1 en-
zyme activities in cervical cancer cells, suggesting that CBR1 at least 
partially works as an enzyme.

The present study suggests that CBR1 can be a new target mol-
ecule controlling uterine cervical cancer. Increasing CBR1 expression 
could be a new strategy for the treatment of uterine cervical cancer. 
Although the effect of the overexpression of CBR1 on the malignant 
behaviors of uterine cervical cancer cells was not investigated in this 
study, the authors previously reported that the overexpression of 
CBR1 (induced by transfection of sense cDNAs into the SiHa cells) 
increased E-cadherin expression and decreased the secretion of ma-
trix metalloproteinases.7 Thus, it is expected that increasing CBR1 

Ingenuity canonical pathway P-value

Interferon signaling 7.24 x 10−6

Hepatic fibrosis/hepatic stellate cell activation 2.75 x 10−4

Role of pattern recognition receptors in recognition of bacteria and viruses 3.39 x 10−4

Wingless-related integration site/β-catenin signaling 4.57 x 10−4

Activation of IRF by cytosolic pattern recognition receptors 5.13 x 10−4

Extracellular signal-regulated kinase 5 signaling 2.51 x 10−3

Oncostatin M signaling 2.82 x 10−3

Integrin-linked kinase signaling 3.47 x 10−3

Aryl hydrocarbon receptor signaling 3.63 x 10−3

Transforming growth factor β signaling 3.80 x 10−3

P2Y Purigenic receptor signaling pathway 4.47 x 10−3

Unfolded protein response 4.68 x 10−3

Neurotrophin/transfer RNA-Lys signaling 4.90 x 10−3

Antiproliferative role of TOB in T cell signaling 6.31 x 10−3

Thyroid cancer signaling 6.46 x 10−3

The 726 aberrantly expressed genes (457 upregulated and 269 downregulated genes) by CBR1 sup-
pression were analyzed by an ingenuity pathway analysis (IPA). Among the 59 canonical pathways that 
were obtained from the IPA, the top 15 pathways are shown. IRF, interferon regulatory factor; TOB, 
transducer of ErbB.

TABLE  3 Top 15 canonical pathways 
for the aberrantly expressed genes, by 
carbonyl reductase 1 (CBR1) suppression
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expression would inhibit tumorigenesis in squamous cell carcinoma 
cells. Interestingly, clofibric acid, which is a peroxisome proliferator-
activated receptor α ligand and is used for the treatment of hyper-
lipidemia, increased CBR1 expression and inhibited tumor growth in 
human ovarian cancer.41 Thus, clofibric acid appears to be a promising 
agent for the treatment of uterine cervical cancer.

At present, uterine cervical cancers are the most common cause 
of death among young women. Although there are effective vac-
cines for human papillomavirus, it is still hard to treat patients with 
advanced cancers and recurrent diseases. This study might provide 
a novel therapeutic strategy that targets CBR1 for uterine cervical 
cancer.
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