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Summary
Purpose of Investigation: When carbonyl reductase 1 (CR1) is highly expressed in human ovarian cancer cells in vivo, tumor growth

is reported to be inhibited. Conversely, when expression of CR1 decreases, tumor growth, invasion, and metastasis are reported to
increase. Thus, the aim of the current study was to examine dynamic changes in ovarian cancer cells under different CR1 expression
levels in artificial human peritoneal tissue (AHPT). Materials and Methods: Serous ovarian cancer cells with different levels of CR1
expression were produced by transfection of HRA human ovarian carcinoma cells with CR1 DNA or CR1 siRNA. The transfected
cells were seeded in AHPT and observed over time until peritoneal development of carcinomatosis. Apoptotic cells in the AHPT were
compared using TUNEL staining and fluorescence-based flow cytometry. Results: Cells transfected with CR1 DNA or CR1 siRNA did
not differ from control cells in terms of their adherence to the mesothelium. After 24 hours, when cells had invaded the tissue below
the mesothelium, proliferation of CR1-overexpressing cells was inhibited while proliferation of CR1-suppressing cells increased. At 72
hours, CR1-suppressing cells had invaded the stroma. CR1-overexpressing cells had a markedly higher rate of apoptosis than control
or CR1-suppressing cells. Moreover, electron microscopy revealed apoptotic bodies in cells overexpressing CR1. Differences in tumor
growth depending on the extent of CR1 expression have been noted in vivo, and similar results were obtained in the present in vitro
model of AHPT. High and low levels of CR1 expression did not affect cell adherence to the mesothelium, but low levels did result in
cells invading and proliferating below the mesothelium. Conclusion: The present results have also demonstrated that tumor inhibition
by CR1 involves an increase in apoptosis.
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Introduction

Epithelial ovarian cancer is the most common gyneco-
logical cancer and was the 7th leading form of cancer in
women in 2008 according to the World Health Organiza-
tion Global Database [1]. The prognosis for ovarian can-
cer is closely related to the cancer clinical stage at diagno-
sis, with Stage III or IV having a poor prognosis. Unfortu-
nately, the disease is often not detected until the advanced
stages due to a lack of symptoms during the early stages [2,
3]. Thus, many drugs have been developed to treat ovar-
ian cancer. Although combination chemotherapy includ-
ing molecularly targeting drugs, such as bevacizumab is
thought to be relatively effective against this disease, the
five-year survival rate of advanced ovarian cancer patients
remains at 20% [2, 4]; hence there is an urgent need for new
treatment strategies.

Carbonyl reductase 1 (CR1) is an NADPH-dependent
oxidoreductase with broad specificity for carbonyl com-
pounds, which reduces aldehydes and ketones [5]. CR1
is present in a variety of organs, such as the liver, kid-
ney, breast, ovary, and vascular endothelial cells, and its
primary function is considered to be controlling fatty acid
metabolism [6]. Furthermore, CR1 has been reported to be

involved in malignant tumor growth. Suppression of CR1
expression was associated with poor prognosis in uterine
endometrial cancer and uterine cervical squamous cell car-
cinoma [7, 8]. Further, decreased CR1 expression in uterine
cervical squamous cell carcinomas promotes tumor growth
via epithelial mesenchymal transition [9].

The present authors showed that clofibric acid, a peroxi-
some proliferator-activated receptor α ligand, increased the
expression of CR1 in ovarian cancer tissues [10]. Over-
expression of CR1 resulted in reduced microvessel density
and induced apoptosis, ultimately inhibiting tumor growth
[10]. Decreased CR1 expression is associated with lymph
node metastasis and poor prognosis in ovarian cancer [11],
and induction of CR1 expression in ovarian tumors leads
to a spontaneous decrease in tumor size [12]. Conversely,
reducing the level of CR1 expression in a human ovarian
cancer cell line promoted tumor growth and increased the
frequency of metastasis to the lungs [13]. Moreover, it has
been reported that CR1 had anti-tumor potential by acti-
vating caspase-8 and caspase-3 via tumor necrosis factor
receptor 1, and that this induced apoptosis by inhibiting
the inflammation and anti-apoptotic action associated with
NF-κB and c-Jun [14]. However, the above results linking
CR1 to cell proliferation and invasion were obtained from
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Figure 1. — Effect of CR1 expression levels on ovarian cancer cell proliferation. (A) Fluorescent images (overlay with the phase
difference) of HRA cells transfected with the CR1 overexpression construct pCMV6-AC-GFP taken 48 hours post-transfection. (B)
CR1 expression levels determined by western blot analysis. β-actin was used as an internal control. (C) Comparison of cell density (as
assessed by microscopy) of HRA cells (control), CR1-DNA-transfected HRA cells and CR1-siRNA-transfected HRA cells. * p < 0.05
versus the control.

in vivo studies. As a novel approach, the current study ap-
plies a three-dimensional artificial human peritoneal tissue
(AHPT) containing the lymphatic vascular network that the
present authors have recently developed. The AHPT has
been developed using a tissue engineering method known
as cell-accumulation technique. The engineered tissue dis-
plays a structure highly similar to human peritoneal tissue,
and can be used to demonstrate themorphological dynamics
of cancer peritoneal metastasis [15]. In addition, the present
continued studies using AHPT have clearly demonstrated
the processes of adhesion, proliferation, and invasion of
ovarian cancer cells are characteristic of peritoneal carcino-
matosis. Additionally, the present AHPT-peritoneal carci-
nomatosis model successively showed pathogenesis similar
to the disease in vivo but in a short period of time, demon-
strating its usefulness as an alternative to an animal experi-
ment [16].

In this study, the authors investigated the effect of CR1
expression levels on the proliferation and invasion of ovar-
ian cancer cells using the AHPT ex vivo model.

Materials and methods

Primary cultured neonatal human dermal fibroblasts
(NHDFs) and neonatal human dermal lymphatic endothe-
lial cells (HDLECs) were purchased. Primary cultured
adult human omentum-derived mesothelial cells (AMCs)
were also purchased. HRA cells derived from human ep-
ithelial ovarian adenocarcinoma (serous carcinoma) were
generously provided by Dr. Y. Kikuchi (National De-
fense Medical College, Japan) in December 2014. These
HRA cells, when subcutaneously or intraperitoneally in-
jected into nude mice have been shown to develop the same
histological features as the original tumor [17]. This cell
line has been tested for mycoplasma infection and was most
recently authenticated by short tandem repeat-polymerase
chain reaction at the Department of Bioscience and Labo-
ratory Medicine of Graduate School of Health Science, Hi-
rosaki University in March 2016. NHDFs were cultured

in Dulbecco’s modified Eagle’s medium (DMEM), supple-
mented with 10% fetal bovine serum (FBS) in 5% CO2 at
37 ◦C. HDLECs were cultured in endothelial cell growth
medium-2 (EGM-2). AMCs were cultured in collagen type
I-coated dishes with mesothelial cell growth medium. HRA
cells were cultured in RPMI-1640 supplemented with 10%
FBS. Bovine plasma-derived fibronectin (FN) and porcine
skin gelatin (G) were purchased. Transwell inserts with a
porous polyester bottom (pore size: 0.4 µm) for 24-well
culture plates were utilized.

Details on artificial human peritoneal tissue (AHPT)
were described in a previous study [15]. AHPT was fab-
ricated on Transwell inserts that were placed in a 24-well
cell culture plate containing DMEM supplemented with
10% FBS. Briefly, AHPT is composed of multi-layered
3D tissue consisting of four basal layers of NHDFs, a sin-
gle layer of HDLECs, four upper layers of NHDFs, and
a single top layer of AMCs. NHDFs or HDLECs were
coated with fibronectin-gelatin nanofilms as described pre-
viously [15]. The pCMV6-AC-GFP vector, which en-
codes the human CR1, green fluorescent protein (GFP), and
ampicillin-resistant gene, was used to optimize and obtain
highly efficient transfection. For amplification, pCMV6-
AC-GFP was transformed into Escherichia coliDH5α com-
petent cells by heat shock transformation according to stan-
dard laboratory protocols. The transformed bacteria were
amplified in LB medium containing ampicillin. The plas-
mids were purified from cultured transformed bacteria us-
ing a PureLinkHiPure Plasmid FilterMiniprepDNApurifi-
cation kit according to the manufacturer’s protocol. Plas-
mid DNA (pDNA) was diluted in sterile water at a concen-
tration of 3 µg/µL.

The sequences of small interfering RNA (siRNA)
duplexes specific to CR1 were synthesized commer-
cially. CR1 siRNA sense, 5′-AUACGUUCACCACU-
CUCCCTT-3′ and antisense, 5′-GGGAGAGUGGU-
GAACGUAUTT-3′ were designed to target different
coding regions of the human CR1 mRNA sequence.
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Figure 2. — In vitro peritoneal metastasis model comparing overexpression and suppression of CR1. (A) Cross-sections of AHPT seeded
with HRA cells (red), CR1-DNA-transfected HRA cells (yellow), and CR1-siRNA-transfected HRA cells (green) stained with toluidine
blue. Cell invasion in the stroma-like structure was observed in CR1-siRNA-transfected HRA cells at 72 hours (red arrow). Scale bars;
20 µm. (B) Quantification of HRA cell number. * p < 0.05, control HRA versus CR1-DNAtransfected HRA, § p < 0.05, control HRA
versus CR1-siRNA-transfected HRA, # p < 0.05, CR1-DNA-transfected HRA versus CR1-siRNA-transfected HRA.

HRA cells were plated and cultured in 10 mL of RPMI-
1640 supplemented with 10% FBS without antibiotics in
10 cm culture dishes and grown until 70–80% confluent
for transfection [14]. Lipofectamine 3000 was used for
DNA transfection according to themanufacturer’s protocol.

Briefly, 15 µg of CR1-DNA and 22.5 µL of lipofectamine
were each diluted separately in 500 µL of RPMI-1640 and
incubated for five minutes at room temperature. Follow-
ing incubation, the DNA and lipofectamine solutions were
combined and incubated for 15 minutes at room tempera-
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Figure 3. — Effect of CR1 expression levels on apoptosis of ovarian cancer cells in an AHPT model. (A) TUNEL staining of AHPT
and fluorescent detection of apoptotic cells 48 hours after seeding either control HRA cells. (B) CR1-DNA-transfected HRA cells. (C)
CR1-siRNA-transfected HRA cells. In the microscopy images, yellow arrows show the TUNEL-positive cells (scale bar; 50 µm). On
the fluorescence graphs, red boxes and arrows indicate apoptotic cells. (D) Caspase-3 expression in HRA cells, CR1-DNA-transfected
HRA cells, and CR1-siRNA-transfected HRA cells. β-actin was used as an internal control.

ture. Finally, 1000 µL of transfection complex was added
to a 10-cm culture dish and incubated for 48 hours. The
vector without CR1-DNAwas used as the control. The con-
trol cells were transfected with a mixture of the control vec-
tor and lipofectamine by the same method as that described

above. The present authors confirmed the expression of the
CR1 construct using fluorescence microscopy and western
blot analysis.

HRA cells were plated and cultured in 10 mL of RPMI-
1640 supplemented with 10% FBS without antibiotics in
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Figure 4. — Transmission electron microscopy (TEM) images showing the effect of CR1 expression in an AHPT model. TEM images
are shown of AHPT 48 hours after seeding with either control HRA cells (A), CR1-siRNA-transfected HRA cells (B), or CR1-DNA-
transfected HRA cells (C, D). (C) Note the cancer cells have changed to a ’stone wall’ shape and display a decrease in cytoplasm (pink
color shows cancer cells, scale bar; 5 µm). (D) A higher magnification of AHPT seeded with CR1-DNA-transfected HRA cells. Note the
karyorrhexis in cancer cells and presence of apoptotic bodies (red arrows). Scale bar; 2.5 µm. M: mesothelium, LV: lymphatic vessel.

10 cm culture dishes and grown until 30-50% confluent for
transfection. Lipofectamine 3000 was used for the siRNA
transfection. Briefly, 600 pmol of CR1 siRNA and 30 µL
of lipofectamine were each diluted separately in 500 µL of
RPMI-1640 and incubated for five minutes at room temper-
ature. Following incubation, the siRNA and lipofectamine
solutions were combined and incubated for 20 minutes at

room temperature. Finally, 1000 µL of transfection com-
plex was added to each 10 cm culture dish and cultured for
48 hours. The present authors confirmed the effect of the
CR1 siRNA using western blot analysis.

HRA cells were cultured in 10 cm dishes as described
in the ’cell line and culture’ paragraph above. Cell counts
were performed during a logarithmic growth phase for 48
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hours after transfection of HRA cells with CR1-DNA or
CR1-siRNA. To measure viability, cells were stained with
0.3% trypan blue solution. The cell count was performed
in triplicate using a hemocytometer and the total cell counts
are presented as averages.

Cell lysates were prepared from HRA cells 48 hours
after transfection with CR1-DNA or CR1-siRNA. The
protein concentration was measured using the Bradford
method. The protein samples (10 µg) were electrophoresed
through a 12.5% sodium dodecyl sulfate–polyacrylamide
gel and subsequently transferred to a nitrocellulose mem-
brane. Non-specific binding was blocked by incubation
with 5% skim milk in 20 mM Tris-HCl (pH=7.5, using 0.5
M HCl), or tris-buffered saline (TBS), for one hour at room
temperature. After being washed three times with TBS con-
taining 0.05% Tween 20 (TTBS), the blots were probed
with the following diluted antibodies for two hours: CR1
at 1:100, caspase-3 at 1:200, and β-actin at 1:1000. β-actin
was used as a loading control. Following incubation with
primary antibody, the membranes were washed three times
with TTBS and incubated for one hour at room tempera-
ture with an anti-rabbit IgG horseradish peroxidase (HRP)-
linked antibody for CR1 or an anti-mouse IgG HRP-linked
antibody for caspase-3 and β-actin. After three washes in
TTBS, the membrane was incubated in enhanced chemilu-
minescence (ECL) western blotting detection reagents for
60 seconds at room temperature. The protein bands on
the membrane were visualized using ECL, according to the
manufacturer’s instructions. The band intensity was ana-
lyzed with Molecular Imager, Image Lab v. 3.0.1.

An in vitro model of peritoneal metastasis was created
using the methods described by Asano et al. [15]. Control
HRA cells, CR1-DNA-transfected HRA cells, and CR1-
siRNA-transfected HRA cells were seeded on AHPT (700
cells/mm2 in 300 µL of DMEM supplemented with 10%
FBS). The tissue was collected after 6, 24, 48, and 72 hours
and fixed with 4% paraformaldehyde in 0.1 M phosphate
buffer (pH 7.4) for light microscopy, or 2.5% glutaralde-
hyde and 2% paraformaldehyde in 0.1 M phosphate buffer
(pH 7.4) for electron microscopy.

Tissues were embedded in paraffin, and 5-µm thick se-
rial tissue sections were prepared on glass slides. For im-
munohistochemistry, antigen retrieval was performed by
boiling the deparaffinized sections in 1 mM EDTA/10 mM
Tris-HCl (pH 9.0) using a microwave oven at 500 W for
5 min each. The sections were then treated with 3% nor-
mal goat serum-in 0.1 M phosphate buffer (pH 7.4) con-
taining 0.05% Triton X-100 for one hour at room tempera-
ture and subsequently incubated overnight with the primary
antibodies at 4 ◦C. The primary antibodies were mouse
anti-human podoplanin monoclonal antibody and rabbit
anti-pancytokeratin polyclonal antibody. Immunoreactions
were visualized by incubating tissues with fluorescence-
labeled secondary antibodies, goat anti-mouse IgG conju-
gated with Alexa-Fluor 594, or goat anti-rabbit IgG conju-
gated with Alexa-Fluor 488. The specimens were observed

using a light microscope or a fluorescence microscope.
For transmission electron microscopy (TEM), tissues

were cut into pieces (1 mm2) and post-fixed in 1% osmium
tetroxide in a 0.1 M phosphate buffer. Tissues were then
dehydrated and embedded in Epon 812, followed by sec-
tion preparation using an ultramicrotome. Sections with a
thickness of 70 nm were then stained with a 4% uranyl ac-
etate and lead staining solution using conventional methods
and observed using a transmission electron microscope.

The area of HRA cells was established based on the mor-
phological characteristics as assessed by light microscopy.
Using the light microscope, images (n = 3) were randomly
chosen and unified at a size of 150 µm and then cells were
counted.

Cell cycle analysis was performed using Cell Meter
Apoptotic and Necrotic ’Tricolor Fluorescence’ Detection
Kit. The HRA cells (control), CR1-DNA-transfected HRA
cells, and CR1-siRNA-transfected HRA cells were col-
lected 48 hours after transfection and 5×105 cells/tubewere
centrifuged. Cell were resuspended in 200 µL of Assay
Buffer, then 2 µL of Apopxin Green was added, followed
by incubation at room temperature for 60 minutes (pro-
tected from light). Cells were then diluted by addition of
300 µLAssay Buffer before analysis. A flow cytometer
was used to monitor the fluorescence intensity at Ex/Em
= 490/525 nm for apoptosis, 550/650 nm for necrosis, and
405/450 nm for healthy cells. A fluorescence microscope
was used to quantify Apopxin Green binding (Ex/Em =
490/525 nm), and cell viability was assessed following ad-
dition of 7-AAD (Ex/Em = 490/650 nm) or CytoCalcein
Violet 450 (Ex/Em = 405/450 nm).

Apoptosis analysis was performed using the In situ
Apoptosis Detection Kit. AHPT seeded control HRA
cells, CR1-DNA-transfected HRA cells, and CR1-siRNA-
transfected HRA cells were collected 48 hours after the
first seeding and fixed with 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.4). The tissues were washed three
times with PBS for five minutes and analyzed according to
the manufacturer’s instructions.

All the statistical analyses were performed using the Stu-
dent’s t test or Welch’s t-test, and all results with p-values
< 0.05 were considered to be statistically significant.

Results

CR1-GFP protein was clearly detected in CR1-DNA
transfected cells (Figure 1A). Western blot analysis showed
that CR1 expression level was much higher in CR1-DNA-
transfected cells and lower in CR1-siRNA-transfected cells
than in the control cells (Figure 1B). The ratio of cell
number compared to the control was 0.78±0.10 in CR1-
DNA-transfected cells and 2.17 ± 0.12 in CR1-siRNA-
transfected cells (Figure 1C, p < 0.05 in both cases).

This study aimed to ascertain whether CR1 expres-
sion levels can alter cancer cell proliferation and inva-
sion on AHPT. Figure 2A shows chronological prolifera-
tive changes of control, CR1-DNA-transfected, and CR1-
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siRNA-transfected HRA cells. At six hours, there was no
significant difference in cell number adhering to the surface
of the mesothelium between the three groups (Figure 2B).
At 24 hours, CR1-DNA-transfected HRA cells displayed
significantly reduced proliferation under the mesothelium
compared to both the CR1-siRNA-transfected HRA cells
and the control cells (Figure 2B, p < 0.05). At 48 hours,
the number of proliferating cells was again significantly
lower for CR1-DNA-transfected HRA cells compared to
the other cell groups (Figure 2B, p < 0.05), and addition-
ally the CR1-siRNA-transfected HRA cells displayed sig-
nificantly higher proliferation than the control cells (Figure
2B, p < 0.05). At 72 hours, the number of proliferating
cells was once again significantly lower in the CR1-DNA-
transfected HRA cells than the other two cell groups (Fig-
ure 2B, p < 0.05). Although there was no difference in the
cell number proliferating between CR1-siRNA-transfected
HRA cells and the control cells at 72 hours, some of the
CR1-siRNA-transfected HRA cells could be observed in-
vading the stroma structure (Figure 2A).

TUNEL-positive cells were found only in the CR1-
DNA-transfected HRA cells (Figure 3A). In the fluores-
cence detection panels, G4 and G2 show early and late
apoptotic cells, respectively, whereas G3 shows live cells.
In the control cells, the frequency of apoptosis was 5.1%
(early apoptosis: 0.6%, late apoptosis: 4.5%, Figure 3A).
In the CR1-DNA-transfected cells, the proportion of cells
which were apoptotic was 39.1% (early apoptosis: 29.3%,
late apoptosis: 9.9%, Figure 3B), while in the CR1-siRNA-
transfected cells, the apoptotic frequency was 4.2% (early
apoptosis: 1.2%, late apoptosis: 3.0%, Figure 3C). These
results showed that apoptosis occurred more notably in the
CR1-DNA-transfected cells than in control or CR1-siRNA-
transfected cells. Furthermore, western blot analysis re-
vealed an increased expression of caspase-3 in CR1-DNA-
transfectedHRA cells compared to the other two cell groups
(Figure 3B).

A TEM image 48 hours after seeding cells on AHPT
showed similar pathological changes in HRA cells (con-
trol) and CR1-siRNA-transfected cells (Figure 4A and B).
However, the CR1-DNA-transfected cells developed into a
’stone wall’ shape and displayed a decrease in cytoplasm
(Figure 4C). Evidence of karyorrhexis, such as chromatin
condensation and nuclear fragmentation, were found in the
CR1-DNA-transfected cells, and the distribution of apop-
totic bodies was also evident (Figure 4D).

Discussion

The results of this study showed the difference in peri-
toneal dissemination of ovarian cancer due to changes in
CR1 expression levels using the ex vivo AHPT system.
CR1-overexpressing HRA cells suppressed cell prolifera-
tion, while CR1-suppressing HRA cells promoted prolifer-
ation and invasive activity.

It is well established that CR1 expression levels are
related to the prognosis of ovarian cancer. Decreased

CR1 expression in epithelial ovarian cancer was associated
with retroperitoneal lymph node metastasis and poor sur-
vival [11]. Similarly, Murakami et al. reported a signif-
icant relationship between decreased CR1 expression and
progression-free survival as well as overall survival in uter-
ine cervical or endometrial cancer [7, 8]. Nishimoto et al.
reported that decreased CR1 expression in uterine cervical
squamous cell carcinomas promotes tumor growth via ep-
ithelial mesenchymal transition [9].

In terms of animal models, Ismail et al. reported for
the first time that mouse cancer cells in which CR1 was
knocked down by an antisense CR1 cDNA acquired a po-
tent metastatic potential [18]. Osawa et al. also reported
that ovarian cancer cells in which CR1 was knocked down
by siRNA showed significantly higher proliferative ability
and invasive activity [13].

Contrastingly, malignant tumors derived from mouse
ovarian cancer cells with increased CR1 expression by
transfection of CR1 cDNA resulted in spontaneous regres-
sion [12]. Growth of subcutaneous tumors made by trans-
plantation of human ovarian cancer cells transfected with
human CR1 cDNA was significantly inhibited [14]. Fur-
thermore, Kobayashi et al. recently reported that admin-
istration of a CR1 DNA-dendrimer complex inhibited de-
velopment of peritoneal dissemination of ovarian cancerin
a mouse model and significantly prolonged the survival of
mice [19].

Because the aforementioned results were obtained from
human patients or animal models, the detailed mechanism
of how cancer cells proliferate or invade the peritoneum
remains unclear. The authors’ previous study using the
ex vivo model AHPT demonstrated the adhesion of can-
cer cells to the mesothelium. Perforation into the mesothe-
lium via cluster formation of proliferating cancer cells, and
fragmentation of mesothelial sheets occur as a series of
events in our AHPT-peritoneal carcinomatosis model us-
ing ovarian cancer cells. In addition, the AHPT-peritoneal
carcinomatosis model successively showed pathogenesis
similar to the disease in vivo, but in a short period of
time, suggesting its usefulness as an alternative model to
an animal experiment [16]. As shown in Figure 2, CR1-
overexpressing HRA cells suppressed cell proliferation and
CR1-suppressing HRA cells promoted cell proliferation
compared to control cells. In addition, CR1-suppressing
HRA cells invaded the stroma structure of AHPT (Figure
2). Osawa et al. reported that ovarian cells transfected with
CR1 siRNA had a high potential for cell invasion in an in
vitro experiment [13], supporting the present current result.

The current study showed that TUNEL-positive cells
were found only in CR1-overexpressing HRA cells and the
distribution of apoptotic cells was much higher in CR1-
overexpressing HRA cells than in CR1-suppressing and
control cells using flowcytometry. In addition, morpho-
logical observation using a TEM showed karyorrhexis in
CR1-overexpressing HRA cells, confirming the occurrence
of apoptosis. Miura et al. reported that development of
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ovarian cancer was inhibited by CR1 overexpression in an
animal experiment [14], and suggested that this might be
related to the induction of apoptosis [14]. Therefore, in the
current study the authors were able to reproduce the mech-
anism of action of CR1 in promoting apoptosis in cancer
cells using the AHPT model.

It remains unexplained why cancer cells with reduced or
lacking CR1 expression have strong potential for cell pro-
liferation and invasion. The authors previously showed that
CR1 could suppress angiogenesis and induce apoptosis via
inactivation of prostaglandin E2 [10]. As shown in Fig-
ure 3B, western blot analysis showed high expression of
caspase-3 in CR1-overexpressing HRA cells and very weak
expression in CR1-suppressing HRA cells, suggesting that
low CR1 expression correlates with suppression of apopto-
sis. In addition, the number of Ki-67 positive cells was sig-
nificantly higher in CR1-suppressed HRA cells than control
(data not shown). Therefore, CR1 suppression is associated
with increased proliferation as well as inhibition of apopto-
sis.

In this study, the authors were unable to identify differ-
ences in tight junction integrity, or structural changes such
as altered mitochondria or cytoplasmic autophagy using
TEM imaging. Because tumor cells could be morphologi-
cally identified, more accurate results might be obtained by
advances in cell labeling and improvements in DNA trans-
fection efficiency.

In conclusion, an in vitro model of peritoneal metastasis
using AHPT revealed that CR1 inhibited peritoneal metas-
tasis by reducing the proliferation of ovarian cancer cells via
increased apoptosis. Conversely, decreased CR1 expres-
sion promotes cell proliferation and invasion in the present
in vitro model, mirroring the results of previous in vivo ex-
periments. These results emphasize the importance of the
AHPT-peritoneal carcinomatosis model for future mecha-
nistic insights, as well as confirm CR1 as a potential new
gene therapy for ovarian cancer.
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