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Abstract: A series of recent studies suggested that miR-143 might involve in the tumorigenesis and metastasis
of various cancer types. However, the biological function and underlying mechanisms of miR-143 in human epitheli-
al ovarian carcinoma (EOC) remain unknown. Therefore, this study aimed to investigate the miR-143 expression and
its clinical diagnosis significance in patients suffering EOC and to analyze its role and underlying molecular mecha-
nism in EOC. Our result showed that the expression levels of miR-143 were downregulated in EOC tissues and cell
lines, was associated with International Federation of Gynaecology and Obstetrics (FIGO) stage, pathological grade
and lymph node metastasis (all P < 0.01) . Overexpression of miR-143 significantly inhibited EOC cell proliferation,
migration, and invasion. Furthermore, computational algorithm combined with luciferase reporter assays identified
connective tissue growth factor (CTGF) as the direct target of miR-143 in EOC cells. The expression level of CTGF
was significantly increased in EOC tissues, was inversely correlated with miR-143 expression in clinical EOC tissues.
Knockdown of CTGF mimicked the suppression effect induced by miR-143 overexpression. Restoration of CTGF ex-
pression partially reversed the suppression effect induced by miR-143 overexpression. These results suggested that
miR-143 inhibited EOC cell proliferation, migration, and invasion, at least in part, via suppressing CTGF expression.
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Introduction

Epithelial ovarian cancer (EOC) is the most
lethal of the gynecologic malignancies in wo-
men with highly aggressive clinical course,
causing 125,000 deaths all over the world
annually [1, 2]. The main reason for the high
mortality is the incomplete understanding of its
pathology, the lack of diagnostic methods for
early stage detection, the resistance to chemo-
therapy drugs, and lack of effective strategies
for treatment [3-5]. Therefore, further investi-
gations into the molecular mechanisms that
involve in ovarian cancer procession and devel-
opment, the discovery of robust predictive bio-
markers and the development of new molecu-
larly targeted drugs are essential for effective
treatment EOC.

MicroRNAs (miRNAs), a class of endogenous
small (18-24 nt) noncoding single-stranded
RNAs, have recently emerged as novel regula-

tors of various fundamental biological process-
es, including those relevant to tumorigenesis
[6, 7]. They were found to regulate gene expres-
sion in a posttranscriptional manner via binding
to the 3’-untranslated regions (3-UTR) of tar-
get expression (miRNA), thereby resulting in
MRNA degradation or translational inhibition
[8]. Accumulating evidence has implicated that
miRNAs play crucial roles in the development of
many cancer types, as either oncogenes or
tumor suppressors [9, 10]. Recently many miR-
NAs have been proven to be predictive of EOC
prognosis and metastasis and may serve as
molecular biomarkers for EOC detection, and as
therapy agent for EOC treatment [11, 12].

MicroRNA-143 (miR-143), located in a cluster
within the 59q32-33 chromosomal region, has
also been reported to be downregulated in sev-
eral types of human cancer, such as colorectal
cancer [13], osteosarcoma [14], esophageal
squamous cell carcinoma [15], breast carcino-
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Table 1. Correlation between clinicopathological features
and miR-143 expression in EOC tissues
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Cell culture and transfection

Four human ovarian cancer cell lines

Variables No.of _miR143 expression  , e SW626, A2780, SKOV3, OVCARS and
cases Low (n %) High (n %) ) o
a human ovarian surface epithelial
Age (vears) p>0.05 cell line (HOSEpiC) were brought from
<55 24 14(58.3) 10(41.7) the Type Culture Collection of the
255 16 9(56.2) 7(43.8) Chinese Academy of Sciences (Shang-
Tumor size P>0.05 hai, China), and were cultured in
>5 23  15(65.2) 8(34.8) Dulbecco’s modified eagle’s medium
<5 17 8(471) 9(52.9) (DMEM, Gibco-BRL, Gaithersburg,
FIGO stage P<0.01 MD, USA) supplemented with 10%
Ll 31  15(48.4) 16 (51.6) fetal bovine serum (F.B.St HyClone,
AV 9 8(88.9) 2(11.1) USA), 100 IU/mL of per.1|C|II|n anod 100
Histological grading P<0.01 me/mL Of. s.t!’eptomycm at 37°C u.n-
der a humidified atmosphere contain-
1/2 29 14 (48.3) 15 (51.7) ing 5% C02.
3 11 9(81.8) 2(19.2)
Lymph node metastasis P<0.01 The miR-143 mimic, negative control
No 28 14 (50.0) 14 (50.0) mimics (miR-NC), small inhibitory
Yes 12 9(75.0) 2(25.0) RNA (siRNA) for CTGF (si-CTGF), and

ma [16], non-small cell lung cancer [17], and
glioma [18], suggesting that miR-143 might
have potential roles as a tumor-suppressor
miRNA in these types cancer. However, the
detail biological function and underlying mo-
lecular mechanism of miR-143 in EOC remains
unknown. Therefore, the aims of the present
study were to investigate the miR-143 expres-
sion and its clinical diagnosis significance in
patients suffering EOC and to analyze its role
and underlying molecular mechanism in EOC.

Materials and methods
Patients and tissue samples

Tissue samples were obtained from the
patients who underwent surgery at the First
Hospital of Jilin University (Changchun, China)
from June 2010 to July 2015, including 40 EOC
tissues and 16 normal epithelial ovarian tissue
sections. All tissue samples were immediately
snapped frozen in liquid nitrogen, and stored at
-80°C until use. None of the patients were
treated with chemotherapy, radiotherapy or
other treatment prior to surgery. The clinical
characteristics of all of EOC patients were
recorded and listed in Table 1. Informed con-
sent was obtained from all patient or family
before surgery. This study was approved by the
ethics committee of Jilin University (Changchun,
China).
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scramble siRNA (si-Scramble) were

all brought from GenePharma (Shang-
hai, China). The coding sequences CTGF were
amplified by PCR and inserted into pcDNA3.1
vector (Invitrogen, Life Technologies, Carlsbad,
USA) to generate CTGF expression vectors
ppCDNA3.1-CTGF, named as pCTGF. Trans-
fection was carried out using Lipofectamine
2000 (Invitrogen) according to the manufactur-
er’'s instructions.

RNA extraction and real-time PCR analysis

To quantify miR-143, total RNA was extracted
from tissues sample and cultured cells (HOS-
EpiC, SW626, A2780, SKOV3, OVCAR3) using
the mir-Vana miRNA Isolation Kit (Ambion, USA)
according to the manufacturer’s instructions.
The purity and concentration of RNA were
determined using a dual-beam ultraviolet spec-
trophotometer (Eppendorf, Hamburg, Germany).
The All-in-One™ miRNA gRT-PCR Detection Kit
(GeneCopoeia, USA) was used to detect miR-
143 expression level using specific miR-143
prime (GeneCopoeia, USA) under ABI 7900
Fast system (Applied Biosystems, Foster City,
CA, USA). U6 small RNA was used as the inter-
nal control. For the detection of CTGF mRNA,
total RNA was extracted from tissues or cul-
tured cells using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions.
The RNA was reversely transcribed into cDNA
using PrimeScript RT reagent Kit (Takara,
Dalian, China). The expression levels of CTGF
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were quantified by Real-time PCR Mixture
Reagent (Takara). B-actin was used as the inter-
nal control. The primers of CTGF and B-actin
were used in this study as described previously
[19]. The comparative 24°t method was used
for the relative quantification assay.

Cell proliferation

To determine the cell proliferation capacity,
MTT assay were performed. Briefly, transfected
cells (5 x 103 cells/well) were seeded into
96-well plates with 100 yl of DMEM medium
and cultured for 1 to 3 days. At the indicated
time (24 h, 48 h, and 72 h), the cells were incu-
bated with 20 pl MTT reagent (5 mg/ml, Sigma-
Aldrich, St Louis, MO, USA), and were further
cultivated for additional for 4 h at 37°C.
Thereafter, the supernatant was removed, and
150 pul dimethyl sulfoxide (DMSO, Sigma-
Aldrich) was added to dissolve the crystals for
10 min at 37°C. The absorbance in each well
was measured at a wavelength of 570 nm by
an enzyme-linked immunosorbent assay read-
er (Thermo Labsystems, Finland).

Cell migration and invasion assays

To determine the cell migration, Wound healing
assay were performed. Briefly, transfected cells
were seeded in 3.5-cm plates and grown to a
density of 70 to 80%. Thereafter, an artificial
homogenous wound was were created by a
sterile plastic micropipette tip. After wounding,
the debris was removed by washing the cells
with PBS, and cell were cultured under stan-
dard conditions for 24 h. Migration of cells into
the wound was observed at O and 24 h using
an inverted light microscope (Olympus, Tokyo,
Japan).

Cell invasion potential was evaluated using
transwell chambers (8 um pore; BD Bio-
sciences). Briefly, 2 x 10* transfected cells in
serum-free DMEM medium were placed into
the upper side of the polycarbonate transwell
filter with Matrigel (BD Biosciences, San Jose,
CA, USA). Medium containing 10% FBS were
added to the lower chamber to serve as che-
moattractant. After incubation for 48 h in a
humidified atmosphere of 5% CO, at 37°C,
noninvading cells were removed from the top
well with a cotton swab, while invaded cells
were fixed with 70% ethanol for 30 min and
stained with 0.2% crystal violet for 10 min.
Photographs of five randomly selected fields of
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the fixed cells were taken and counted under
an inverted light microscope (Olympus, Tokyo,
Japan).

Luciferase assay

3’-untranslated region (3'-UTR) regions of CTGF
and the mutant 3'UTR of CTGF was chemically
synthesized and inserted into the downstream
of the firefly luciferase gene in a pGL3-promoter
vector (Ambion, Austin, TX, USA). For luciferase
assays, the SKOV3 cells were plated in 24-well
plates for 24 h, and then were co-transfected
with wide-type or mutant-type CTGF vector, and
miR-143 mimic or miR-NC, using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s protocol. The activities
of both firefly and Renilla luciferases in cell
lysates were determined using the Dual Luci-
ferase Reporter Assay System (Promega, Madi-
son, WI, USA) at 48 h after transfection. Renilla-
luciferase was used for normalization.

Western blotting

Total protein were extracted from cultured cells
or tissues using RIPA buffer with 0.5% sodium
dodecyl sulfate (SDS) containing proteinase
inhibitor cocktail (Complete Mini; Roche Diag-
nostics, Basel, Switzerland).Total protein con-
centrations were measured by using a bicincho-
ninic acid protein assay kit (BCA) assay kit
(Beyotime, Shanghai, China). Equal amounts of
protein lysates (30 ug each lane) was separat-
ed 10% SDS-PAGE gel and then electrotrans-
ferred to polyvinylidene difluoride membranes
(PVDF, Bio-Rad, Hercules, CA, USA). The mem-
branes were probed with antibody against
CTGF (1:500, Cell Signaling Technology, Boston,
MA, USA) and B-actin (1:2000, Cell Signaling
Technology) overnight at -4°C. The membranes
were washed with PBS, and incubated with
incubated with horseradish peroxidase (HRP)-
conjugated secondary antibodies (1:5,000;
Santa Cruz Biotechnology, CA, USA) for 2 h at
room temperature. Proteins bland were obser-
ved with chemiluminescent detection system
(Beyotime, Shanghai, China) and exposure with
an autoradiography film (Kodak, Shanghai,
China). B-actin protein was used as internal
control.

Statistical analysis

The data were expressed as the mean + SD
(standard deviation) of at least three separate
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Figure 1. MiR-143 is downregulated in EOC tissues and cell lines. A. Relative miR-143 expression level was deter-
mined by quantitative RT- PCR (qRT-PCR) in 40 EOC tissues and in 16 normal epithelial tissues. B. Relative miR-143
expression level was determined by qRT-PCR in 4 EOC cell lines (SW626, A2780, SKOV3, OVCAR3) and human
ovarian surface epithelial (HOSE cells). U6 snRNA was used as the internal control. **P < 0.01 compared to normal

tissue samples or HOSE cell lines.

experiments. Comparisons between the gro-
ups were analyzed with two-tailed Student’s
T-test or one-way ANOVA. Correlation between
two groups was analyzed by Spearman’s rank
test. All statistical analyses were performed
using SPSS 11.0 software (SPSS Inc., Chicago,
IL, USA). P values < 0.05 was considered statis-
tically significant.

Results

Downregulation of miR-143 is associated with
clinicopathological features of EOC patients

To determine the clinical relevance of miR-143
in human EOC, the expression levels of miR-
143 in samples from primary EOC tumor tis-
sues (n = 40) and normal ovarian epithelial tis-
sues (n = 16) was examined. Results of by real
time quantitative RT-PCR (qRT-PCR) showed
that expression of miR-143 in EOC tissues was
significantly downregulated compared to nor-
mal ovarian epithelial tissues (P < 0.01) (Figure
1A). In addition, the levels of miR-143 expres-
sion in four human EOC cell lines (SW626,
A2780, SKOV3, OVCAR3) and a human ovarian
surface epithelial cell line (HOSEpiC) were
examined by qRT-PCR (Figure 1B). In all four
EOC cell lines, the miR-143 expression level
was lower than that of human ovarian surface
epithelial cell line (HOSEpiC) (Figure 1B). The
SKOV3 cell line, which possessed the lowest
levels of miR-143 expression among four cell
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lines (Figure 1B), was selected for below study.
The association between miR-143 expression
and the clinicopathological parameters of the
patients was assessed (Table 1). The 40
patients were divided into two group according
to the median (0.351): low-miR-143 expression
group (< 0.351, 23 cases) group and high-
miR-143 expression group (> 0.351, 17 cases).
Reduced expression of miR-141 was signifi-
cantly associated with FIGO stage, histological
grading and lymph node metastasis (all P <
0.01) (Table 1). However, there was no signifi-
cant association between miR-143 expression
and patient’s age and tumor size (Table 1).
These data suggested that miR-143 might
involve in EOC development.

MiR-143 inhibits EOC cell proliferation, migra-
tion and invasion

To determine whether the miR-143 expression
could affect proliferation of EOC cells, we trans-
fected miR-143 mimic or miR-NC into SKOV3
cells, and confirmed that miR-143 expression
level was significantly upregulated in SKOV3
cells transfected with miR-143 mimic com-
pared to cells transfected with miR-NC (Figure
2A). MTT assay showed that the cells transfect-
ed with miR-143 mimic showed significantly
reduced cell proliferation compared to those
transfected with miR-NC (Figure 2B). To test
whether miR-143 expression affect EOC cell
migration and invasion, the migration and inva-
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Figure 2. MiR-143 inhibits EOC cell proliferation, migration and invasion. A. Relative miR-143 expression level was
determined by gRT-PCR in SKOV3 cells transfected with miR-143 mimic or miR-NC. B. Cell proliferation was deter-
mined by MTT assay in SKOV3 cells transfected with miR-143 mimic or miR-NC. C. Cell migration was determined
by wound healing assay in SKOV3 cells transfected with miR-143 mimic or miR-NC. D. Cell invasion was determined
by transwell invasion assay in SKOV3 cells transfected with miR-143 mimic or miR-NC. *P < 0.05, **P < 0.01 com-

pared with miR-NC transfected cells.

sion were measured in SKOV3 cells after trans-
fected with miR-143 mimic or miR-NC by wound
healing assay and transwell invasion assay,
respectively. It was found that overexpression
of miR-143 in SKOV3 cells could significantly
suppress migration (Figure 2C) and invasion
(Figure 2D).
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CTGF is a direct target of miR-143

We next determined the potential targets of
miR-143 by bioinformatic databases (Target-
Scan, PicTar, and miRanda), and found that
there was a miR-143 binding site in CTGF
3-UTR at position 53-59 (Figure 3A). In order
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Figure 3. CTGF is a direct target of miR-143. A. The putative binding sites of miR-143 on the CTGF 3’-UTR region
(positions 53-59). B. Luciferase activities were determined in SKOV3 48 h after co-transfected with wide-type or
mutant-type CTGF 3’-UTR luciferase plasmid and miR-143 or miR-NC. *P < 0.05 compared to miR-NC transfected
cells. C. Levels of CTGF mRNA were determined by qRT-PCR in SKOV3 cells transfected with miR-143 mimic or miR-
NC. **P < 0.01 compared to miR-NC transfected cells. D. Levels of CTGF protein was determined by Western blot
in cells transfected with miR-143 mimic or miR-NC. E. Levels of CTGF mRNA was determined by gRT-PCR in 40 EOC
tissues and in 20 normal epithelial tissues. **P < 0.01 compared to normal epithelial tissues. F. The correlation of
the expression levels of CTGF and miR-143 in 40 EOC tissue samples.
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Figure 4. Inhibition of CTGF has similar effect with miR-143 overexpression in EOC cells. A. Levels of CTGF protein
was determined by Western blot in SKOV3 cells transfected with si-CTGF or si-Scramble. B-D. Cell proliferation, mi-
gration and invasion were determined in SKOV3 cells transfected with si-CTGF or si-Scramble. **P < 0.01 compared

to si-Scramble transfected cells.

to validate that GTGF was a direct target gene
of miR-143, luciferase assay were performed.
Results showed the transfection of miR-143
significantly reduced wide-type CTGF luciferase
activity, while had no inhibition effect on the
mutant-type CTGF luciferase activity in SKOV3
cells (Figure 3B). In addition, we detected the
CTGF levels in SKOV3 cells transfected with
miR-143 mimic. Consistently, miR-143 signifi-
cantly reduced both the mRNA levels (Figure
3C) and the protein levels (Figure 3D) of CTGF
in SKOV3 cells. Furthermore, we examined
CTGF expression in 40 EOC tissues and 16 nor-
mal ovarian epithelial tissues using qRT-PCR. It
was found that GTGF expression level was
increased in EOC tissues compared to normal
ovarian epithelial tissues (Figure 3E). With the
Spearman correlation analysis, we found that
there was an obvious inverse correlation bet-
ween the expression levels of miR-143 and
CTGF (r=-0.585, P < 0.001) (Figure 3F). These
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results suggested that CTGF is a direct target of
miR-143.

Inhibition of CTGF has similar effect with miR-
143 overexpression in EOC cells

To investigate the biological role of CTGF in
EOC, we first knocked down CTGF expression in
SKOV3 cells using small interfering RNA (siRNA)
targeting CTGF (si-CTGF), and confirmed the
efficiency of knockdown by Western blot analy-
sis (Figure 4A). Significantly, the knockdown of
CTGF expression significantly suppressed cell
proliferation (Figure 4B), migration (Figure 4C),
and invasion (Figure 4D) in SKOV3 cells, which
was consistent with the effect of miR-143
overexpression.

Restoration of CTGF rescues the effects of
miR-143 in EOC cells

To investigate a possible biological function for
CTGF in miR-143-mediated suppression of EOC

Am J Transl Res 2016;8(6):2716-2726
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Figure 5. Restoration of CTGF rescues the effects of miR-143 in EOC cells. A. Levels of CTGF mRNA and protein were
determined in SKOV3 cells transfected with miR-143 mimic or miR-NC, together with either blank vector (0CDNA3.1)
or plasmids encoding CTGF (pCTGF). B-D. Cell proliferation, migration and invasion were determined in SKOV3 cells
transfected with miR-143 mimic or miR-NC, together with either blank vector or plasmids encoding CTGF. *P < 0.05
compared with cells transfected with miR-NC together with vector control; “P < 0.05 compared with cells transfected

with miR-143 together with vector control.

proliferation, migration and invasion, SKOV3
cells were simultaneously co-transfected miR-
143 mimic or miR-NC and overexpression of
CTGF plasmids (pCTGF). We found that overex-
pression of miR-143 reduced the CTGF protein
expression, while co-transfection of CTGF-over-
expressing plasmids could restore the CTGF
protein expression (Figure 5A). Of note, trans-
fection of CTGF-overexpressing plasmid signifi-
cantly reversed the inhibition of EOC cell prolif-
eration (Figure 5B), migration (Figure 5C), and
invasion (Figure 5D) induced by the miR-143
overexpression. These results indicated that
miR-143 inhibits EOC cell proliferation, migra-
tion, and invasion partially by downregulating
CTGF.

Discussion

Accumulating studies have identified a number
of miRNAs with aberrant expression in EOC tis-
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sues or cells, and indicated that they might
be involved in a variety of tumorigenic process-
es, including cell proliferation, apoptosis,
migration and invasion [11, 12]. In the current
study, we investigated the miR-143 expression
and its clinical diagnosis significance in pati-
ents suffering EOC and function of miR-143 in
the regulation of EOC cell proliferation, migra-
tion, and invasion. Our results first showed
that miR-143 expression was significantly
decreased in EOC tissues and cell lines. And
that miR-143 level in EOC tissue was associat-
ed with FIGO stage, pathological grade and
lymph node metastasis. In addition, our results
also demonstrated that restoration of miR-143
in EOC cells inhibited cell proliferation, migra-
tion and invasion by repressing CTGF. These
results suggested that miR-143 might play
important roles in EOC initiation and progre-
ssion.

Am J Transl Res 2016;8(6):2716-2726
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Accumulating evidence indicated that miR-143
expression was downregulated in multiple
tumors, and functioned as tumor suppressor
miRNAs by regulating cell proliferation, apopto-
sis, migration and invasion in various cancer
types [13-18]. For example, Mao et al reported
that miR-143 exerted a tumor-suppressing
effect by inhibiting the proliferation, migration,
and invasion and inducing G1/GO phase arrest
of esophageal squamous cell carcinoma cells
via the negative regulation of family with
sequence similarity 83 (FAM83) members
expression [20]. Wang et al found that miR-143
overexpression suppressed glioma cell migra-
tion, invasion, and slowed tumor growth by
inactivating N-RAS and inhibiting the phospha-
tidylinositol 3-kinase (PI3K)/AKT, and mitogen-
activated protein kinase (MAPK)/extracellular
signal regulated kinase (ERK) signaling [21].
Zhou et al showed that miR-143 exerted an
inhibitory effect on cell proliferation as evi-
denced by decreased cell viability, increased
cell apoptosis and cell cycle arrest at the G1/S
transition by targeting hexokinase 2 (HK2) in
prostate cancer [22]. Zhai et al demonstrated
that miR-143 suppressed epithelial-mesenchy-
mal transition(EMT) and inhibited tumor growth
of breast cancer through repression of extracel-
lular signal regulated kinase 5 (ERKD5) [23].
However, the biological role and underlying mo-
lecular mechanism of miR-143 in EOC remains
unclear. Here, our results demonstrated that
overexpression of miR-143 impaired prolifera-
tion, colony formation, invasion and migration
by repressing CTGF, suggesting that miR-143
might function as tumor suppressor in EOC.

It was well known that identification of their
target gene contribute to elucidate molecular
miRNAs in tumorigenesis [6]. To explore the
mechanisms underlying the suppression of
EOC cell proliferation and invasion mediated by
miR-143, we identified CTGF as a direct func-
tional target of miR-143 in ovarian by bioinfor-
matic prediction. The prediction was further
confirmed by luciferase assay. miR-143 overex-
pression reduced the expression of endoge-
nous CTGF on mRNA level and protein level in
EOC cells. These results suggested that CTGF is
a target for miR-143. CTGF (also known as
CCN2), a member of the CCN family of secreted
proteins [24], had been suggested to acts as a
multifunctional signal conductor in diverse cel-
lular events, including fibrosis, extracellular
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matrix production, cell proliferation, metasta-
sis, and angiogenesis [25, 26]. CTGF expres-
sion was elevated in various tumors including
glioma [27], breast cancer [28], hepatocellular
carcinoma [29], esophageal squamous cell
carcinomas [30], pancreatic cancers [31] and
prostate cancer [32]. For EOC, previous study
had been demonstrated that CTGF expression
was increased in EOC tissues, and its expres-
sion correlates with stage of this disease [33],
and that CTGF could promote migration and
peritoneal adhesion of ovarian cancer cells
[34], suggesting that CTGF serve as an onco-
gene in ovarian cancer. In the present study,
our results showed that the expression level
of CTGF was significantly increased in EOC tis-
sues and its expression was inversely correlat-
ed with miR-143 expression in EOC tissues.
Knockdown of CTGF almost perfectly mimicked
the phenotype on cell proliferation, cell migra-
tion, and cell invasion induced by the overex-
pression of miR-143. Overexpression of CTGF
partially abrogated the suppression effect
induced by miR-143. These results suggested
that miR-143 exerts suppression effect of in
EOC, at least in part, by targeting CTGF.

Taken together, the results presented here first
demonstrate that miR-143 expression level
was decreased in EOC tissue and cell lines, and
its expression level was significantly associat-
ed with FIGO stage, pathological grade and
lymph node metastasis. And that miR-143
inhibited EOC cell proliferation, migration, and
invasion by targeting CTGF. These results sug-
gested that miR-143 might be a promising tar-
get for the treatment of EOC in the future.
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