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Flotillin 1 is differentially expressed in human epithelial ovarian tumors
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Although Flotillin 1 (FLOT1) is highly expressed in various human cancers, its relationship with ovarian cancer (OC)
remains unknown. This study determines FLOT1 expression in human ovarian tumors and examines its effect on OC
cell proliferation. FLOT1 protein expression was assessed in a tissue microarray by immunohistochemical staining. We
found that 81.48% malignant and 50% borderline tumors were FLOT1 protein-positive, whereas benign tumors and normal
ovarian tissues were negative. The staining was strongest in serous malignant tumor and transitional cell carcinoma and
weakest in mucinous tumor. Differentially expressed FLOT1 in freshly isolated serous tumors was confirmed by Western
blot and we then evaluated FLOT1 expression association with OC patients’ clinical characteristics. Histological typing
established that FLOT1 protein expression was significantly associated with serous tumor (P<0.001), and that silencing
FLOT1 by FLOT1-siRNA inhibited OVCAR-3 and SK-OV-3 cell proliferation and arrested the cell cycle at the S phase.
FLOT1 inhibition increased cyclin E1 protein expression and over-expression partly rescued the FLOT1-shRNA-suppresed
cell proliferation. Thus, we demonstrated that FLOT1 is highly expressed in ovarian cancer and its suppression decreases
OC cell proliferation. This clearly suggests FLOT1’s important role in ovarian tumor growth and provides a novel target for

OC treatment.

Key words: cell proliferation, epithelial ovarian cancer, FLOT1, miRNA, therapeutic target, tumorigenesis

Ovarian cancer (OC) is the second most common
gynecological malignancy and the eighth leading cause of
global cancer death [1]. Further, 22,280 cases of OC with
the highest mortality in all gynecological malignancies
are diagnosed annually in America [2]. Over 70% of these
patients are diagnosed with advanced-stage disease, and
their standard treatment is primary cyto-reductive surgery
followed by platinum-based chemotherapy. Despite advances
in surgery and chemotherapy, the 5-year OC survival has
improved only slightly over the past 40 years and remains at
46% [3]. Therefore, early diagnosis and novel therapies are
urgently required for OC effective treatment.

The flotillin proteins, including flotillin-1 (FLOT1) and
flotillin-2 (FLOT?2), are major protein components of lipid
rafts [4] located not only in the plasma membrane but also
in endosomes and in nuclear, Golgi and lysosomal compart-
ments [5, 6]. These molecules are involved in endocytosis,
cell proliferation and adhesion and receptor mediated signal
transduction [7-9]. FLOT1 mRNA and protein are over-
expressed in various malignancies, including the following

carcinomas with esophageal squamous cell [11], bladder
transitional cell [12], hepatocellular [14] and renal cell
carcinoma [16], and also in laryngeal [15], breast [13] and
non-small lung cell cancers [10]. Over-expression of FLOT1
can promote cancer cell proliferation and tumorigenicity.
Moreover, its down-regulation inhibits in vitro and in vivo
cancer cell proliferation, invasion and metastasis while
up-regulation promotes them [12, 17-19]. Further, high levels
of FLOTI expression positively correlate with the patholog-
ical stage and patient prognosis in several types of cancer
[10, 14, 20] but although FLOT1 appears involved in devel-
opment and progression of a variety of cancers there have
been no reports on the relationship between FLOT1 and OC.

BRCAL is a susceptibility gene for ovarian and breast
cancer [21], and people with inherited BRACI mutation have
approximately 40-50% increased risk of developing OC [22].
Our previous proteomics study compared the immortal-
ized BRCAI-mutated with immortalized wild-type ovarian
surface epithelial cells and determined a series of differ-
entially expressed proteins; including FLOTI, cystatin B
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(CSTB), B-2-microglobulin (B2M) and cytidine monophos-
phate kinase (CMPK). These proteins were higher in BRCAI-
mutated cells. Over-expression of CSTB, B2M and CMPK
was further demonstrated in human epithelial ovarian
cancer (EOC) and was mediated there by the TGF-P trans-
forming growth factor- signaling pathway [23-25]. Herein,
we verified the differential expression of FLOT1 in normal
ovarian tissue and benign, borderline and malignant tumors,
and then elucidated FLOT1 knockdown effect on OC cell
proliferation.

Materials and methods

Tissue microarray and immunohistochemical staining.
A commercial tissue microarray (Xi'an Alena Biotechnology
Co. Ltd., Xi’an, China) was used for the immunohistochem-
ical analysis of 54 malignant tumors, 6 borderline tumors,
11 benign tumors and 18 normal ovaries. Clinical charac-
teristics including age, histological tumor type, stage and
differentiation grade were recorded, and tissue micro-array
sections were then dewaxed and rehydrated before antigen
retrieval. Tissues were incubated with a rabbit monoclonal
anti-FLOT1 antibody at 4°C overnight (1:100 dilution, Cat#
ab133497, Abcam, Cambridge, UK) after blocking with
normal goat serum for a minimum 10 minutes at room
temperature (Fuzhou Maixin Biotech Co., Fuzhou, Fujian,
China). After washing, tissues were incubated with biotinyl-
ated goat anti-rabbit secondary antibody at room tempera-
ture for 1 hour. (Fuzhou Maixin Biotech Co.). Signaling was
detected by diaminobenzidine kit (DAB - Fuzhou Maixin
Biotech Co.), and a micro-array of similar tissue without
primary antibody formed the negative control.

Immunohistochemical staining analysis was performed
by two independent pathologists without prior review of
patient clinical data. The proportion of positive cells was
scored as previously described [23]: 0 = no positive cells;
1, £25% positive cells; 2, 26-50% positive cells; 3, 51-75%
positive cells and 4 = >75% positive cells. Staining intensity
was scored 0 for no staining; 1 = weak staining; 2, moderate
staining and 3 for strong staining. A final immunoreactivity
score, or staining index (SI), was made by the sum of the
positive proportion and staining intensity scores, with 0 as
<2 points; 1 as 3-4 points; 2 as 5-6 points; and 3 as 7 points.
SI scores of 0 and 1 were FLOT1 negative; scores of 2 and 3
were FLOT1 positive.

Patients and tissue samples. Ovarian tissues used for
Western blot analysis were collected from 12 patients with
ovariectomy at Jinshan Hospital, Fudan University between
December 2014 and June 2015. The Ethics Committee of
Jinshan Hospital, Fudan University approved the study. Histo-
logical evaluation of tumors followed the current American
Joint Committee on Cancer and the World Health Organiza-
tion criteria of the tumor, node and metastasis (TNM) classi-
fication system The specimens included three malignant
serous tumors, three benign tumors, three borderline tumors

and three normal ovarian tissues. All patients with malignant
tumors had been treated by cyto-reductive surgery without
pre-operative therapy, and the remainder had ovariectomy or
tumor resection.

Cell culture and small interfering RNA (siRNA) trans-
fection. OVCAR-3 and SK-OV-3 human serous ovarian
cancer cell lines were purchased from the American Type
Culture Collection (Manassas, VA, USA). The OVCAR-3
cells were cultured in RPMI-1640 medium (Hyclone, Thermo
Fisher Scientific Inc., Beijing, China) and SK-OV-3 cells in
Dulbecco’s Modified Eagle’s Medium (DMEM, Hyclone), and
both media were supplemented with 10% fetal bovine serum
(Invitrogen, Carlsbad, CA, USA). The predesigned FLOT1-
siRNA sequences were sense 5-GCCAAGGCACAGAGA-
GAUUTT-3" and antisense 5-AAUCUCUCUGUGCCUUG-
GCTT-3’ The negative control-siRNA (NC-siRNA) sequences
were sense 5-UUCUCCGAACGUGUCACGUTT-3" and
antisense 5-ACGUGACACGUUCGGAGAATT-3’

A 6-carboxyfluorescein-aminohexyphosphoramidite (FAM)-
labeled negative control siRNA (FAM-NC-siRNA) tested
efficiency and optimized transfection conditions. The siRNA
oligonucleotides were synthesized and purified by Shanghai
Gene Pharma Co., Ltd (Shanghai, China). Cells were trans-
fected by X-treme-GENE transfection reagent (X-TG, Roche,
Penzberg, Germany) following manufacturer protocol.
OVCAR-3 (3x10°/well) and SK-OV-3 (2x10°/well) cells were
plated in six-well culture plates and transfected with 60nM
siRNA. Wells with FAM-NC-siRNA were photographed by
fluorescence microscopy (BX43, OLYMPUS, Tokyo, Japan)
6 hours after transfection in order to monitor transfection
efficiency. Cells were then harvested 48 hours later for assay
of transfection efficiency and further experimentation

Generation of FLOT1-shRNA-expressing cells and
FLOT1-plasmid transfection. Human FLOT1 short hairpin
RNA (shFLOT1) was constructed with double-strand
oligonucleotides corresponding to the target sequence of
5-GCCAAGGCACAGAGAGATT-3’ and inserted into a
pHY-LV-KD5.1 RNAi lentivirus vector containing green
fluorescent protein  (GFP) (hU6-MCS-CMV-ZsGreen
1-PGK-Puro, Hanyin Biotechnology Co., Ltd., Shanghai,
China).

We then generated the FLOT1-shRNA-expressing cells
and respective control cells. Cells were seeded in six-well
plates overnight and infected with FLOT1-shRNA at concen-
tration of 20 multiplicity of infection (MOI) with polybrene
to a final concentration of 8ug/ml. Infection medium was
replaced after 24 hours with fresh medium supplemented
with 2 pg/ml puromycin to kill non-infected cells. The
efficiency of FLOTI1-shRNA lentiviral transduction was
measured by fluorescence microscopy.

Human FLOTI (NM_005803) plasmid (pFLOT1)
(Cat# EX-10232-M51) and empty vector (EV) (Cat#
EX-10232-M51) were purchased from GeneCopoeia Inc.
(Rockville, MD, USA). FLOT1-shRNA-expressing cells were
transfected with 2pg plasmid DNA by X-treme-GENE trans-
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fection reagent (Roche). FLOT1-shRNA-expressing cells
at the fifth passage were used for the functional and rescue
assays and FLOT1 protein over-expression was detected by
Western blot.

Western blot analysis. Protein samples were collected
from cells and tissues following standard protocols using
sodium dodecyl sulfate (SDS) lysis bufter (Beyotime, Haimen,
China) with 1% Phenylmethanesulfonyl fluoride (PMSF)
plus phosphatase inhibitor (Jiangsu Keygen Biotech Corp.,
Ltd., Nanjing, Jiangsu, China). The protein samples were
separated by 10% SDS-polyacrylamide gel electrophoresis
(PAGE) and were transferred into a polyvinylidene fluoride
membrane (PVDF - Millipore, Billerica, MA, USA). After
blocking with 5% nonfat milk in Tris-buffered saline with
Tween-20 (TBST) for 1 hour, the membranes were incubated
at 4°C overnight with either rabbit monoclonal anti-FLOT1
antibody (1:5000 dilution, Cat# ab133497, Abcam) or mouse
monoclonal anti-cyclin E1 antibody (1:1000 dilution, Cat#
4128, Cell Signaling Technology, Inc., Danvers, MA, USA).
The secondary antibodies were HRP-conjugated goat
anti-rabbit IgG (1:5000 dilution, Cat# KGAA35, KeyGEN
BioTECH, Nanjing, Jiangsu, China) and goat anti-mouse IgG
(1:5000 dilution, Cat# KGAA37, KeyGEN BioTECH) kept at
room temperature for 1 hour. Rabbit anti-GAPDH antibody
(1:5000, Cat# ab128915, Abcam) was used as loading control.

Cell proliferation assay. OVCAR-3 cells (1x10%/well)
and SK-OV-3 cells (5x10°/well) in 100pl culture medium
were added to 96-well culture plates. Cell proliferation
was determined by adding 10 pl/well WST-1 cell prolifera-
tion reagent following incubation for 24, 48 and 72 hours
(Roche, Penzberg, Germany). The same volumes of culture
medium and WST-1 were added to four blank wells to
form the background control. Cells were then incubated in
a humidified atmosphere at 37°C for 1 hour. After shaking
thoroughly for 1 minute, the absorbance of the samples and
the background controls were measured at 450nm by micro-
plate reader. This assay was repeated four times.

Cell cycle analysis. OVCAR-3 and SK-OV-3 cells
were harvested 48 hours after transfection, washed with
1xphosphate buffered saline (PBS), fixed in cold 70% ethanol
at =20 °C overnight and stained with 500 ul propidium iodide
(PI) solution for 30 minutes at room temperature in the dark.
The number of cells at G1/GO0, S, and G2/M phase of the cell
cycle was determined by flow cytometry (Becton Dickinson
Beckman Coulter, Inc., Brea, CA, USA) and data was
analyzed in Multicycle for Windows 7 (San Diego, CA, USA).

Statistical analysis. Statistical analysis was performed
by SPSS Statistics 17.0 for Windows (SPSS, Chicago, IL,
USA). Fisher’s exact test compared FLOT1 positivity differ-
ences in multiple groups and association between FLOT1
expression and clinical-pathological characteristics. The
Wilcoxon rank-sum test compared immunostaining scores
and the student’s t-test compared two independent group
mean values. One-way ANOVA (analysis of variance) with
post-hoc test compared multiple group comparison, and

results were reported as means + the standard error of mean
from at least three independent experiments at p<0.05 statis-
tical significance.

Results

FLOT1 is differentially expressed in ovarian tumors.
Positive staining of FLOT1 protein by immunohistochemistry
was identified by brown coloring. FLOT1 protein expression
was negative in serous benign tumor, moderate in borderline
tumor and strong in malignant tumor (Figure 1A); with very
low or no FLOT1 protein expression detected in mucinous
tumor (Figure 1B). The highest staining intensity in malig-
nant tumor was determined in serous and transitional cell
malignant tumors (Figure 1A and 1C), moderate intensity
was observed in endometrioid malignant tumor (Figure 1D),
normal ovary tissues had no detectable FLOT1 protein level
(Figure 1E) and serous malignant tumor without primary
antibody was the negative control (Figure 1F). FLOT1
positivity was seen in 81.48% (44/54) of malignant tumor,
50% (3/6) of borderline tumor, 9.09% (1/11) of benign tumor
and in 0% of (0/18) of normal ovarian tissue. The percentage
of FLOT1-positive cells was significantly higher in malig-
nant tumor than in benign tumor and normal tissue (both
p<0.001) and higher positivity rate was noted in borderline
tumor than in normal tissue (p=0.01). No difference was
established in positivity rates between normal tissue and
benign tumor (p=0.379), benign and borderline tumors
(p=0.099) or borderline and malignant tumors (p=0.109).
Analysis of the FLOT1 protein expression immunoreactivity
score in the various types of ovarian tissue yielded similar
results (Table 1).

FLOT1 protein expression was further confirmed in
12 ovarian tissues by Western blot analysis. This included
normal ovarian tissues, serous benign, borderline and malig-
nant tumors (n=3 per group); where FLOT1 protein expres-
sion was high in malignant and borderline tumors and low
in benign tumors and normal ovarian tissues (Figure 2A).
FLOT1 expression difference between malignant and benign
tumors was significant at p<0.05 and non-significant between

Table 1. Immunoreactivity score of FLOT1 protein expression in ovarian
tissue.

Comparison Z score p-value
Normal vs. Benign -3.429 0.001
Normal vs. Borderline -4.226 <0.001
Normal vs. Malignant -6189 <0.001
Benign vs. Borderline -1.708 0.094
Benign vs. Malignant -3.928 <0.001
Borderline vs. Malignant -1.428 0.167

FLOT1 immunoreactivity scores between two types of ovarian tissues were
compared by the Wilcoxon rank-sum test. Normal, normal ovarian tissue;
Benign, ovarian benign tumor; Borderline, ovarian borderline tumor;
Malignant, ovarian malignant tumor.
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Figure 1. Immunohistochemical staining of FLOT1 protein in human ovarian tissues. Representative images of FLOT1 expression in A) serous benign,
borderline, and malignant tumors, B) mucinous benign, borderline, and malignant tumors, C) transitional cell tumors, D) endometrioid, E) normal
ovarian tissue, and F) negative control tissues. Positive staining is shown as brown coloring in epithelial cells. Original magnification x400. Scale bar,

50 um.

malignant and borderline tumors (Figure 2B). Western blot
and immunohistochemical staining results were consistent.
FLOT1 protein expression is associated with clinical-
pathological features of patients with ovarian serous
tumor. After immunochemistry staining in a tissue micro-
array, 89 samples remained on a glass slide and 11 samples
were lost. Statistical analysis showed no correlation of FLOT1
protein expression with age, differentiation, clinical stage or
lymph node metastasis (Table 2). Analysis of histological type
detected that FLOT1 protein expression was significantly
associated with serous tumor (p<0.001) and the positivity
rate was higher in serous malignant tumor than in benign
and borderline tumors. Further, positivity rates differed
between the multiple malignant tumor types (p<0.001):
91.89% (34/47) in serous, 0% (0/3) in mucinous, 60% (6/10)
in endometrioid and 100% (4/4) in transitional tumors.

FLOT1-siRNA inhibits OVCAR-3 and SK-OV-3 cell
proliferation. Transfection efficiency was estimated by
FAM-NC-siRNA transfection of OVCAR-3 and SK-OV-3
cells. Over 80% of OVCAR-3 cells were positive after 6 hours
transfection, with green coloring observed under fluores-
cence microscopy (Figure 3A). Results in SKOV3 cells were
similar to OVCRA-3 cells (data not shown) and Western
blotting indicated that FLOT1 protein expression signifi-
cantly decreased after 48-hour transfection in FLOT1-siRNA
transfected cells; thus confirming satisfactory transfec-
tion efficiency (Figures 3B-3E). FLOT1 silencing effect on
OVCAR-3 and SK-OV-3 cell proliferation was determined
by the WST-1 assay 48 hours after transfection. Figures 3F
and G reveal that cell proliferation was inhibited in FLOT1-
siRNA transfected cells compared to the Blank, Reagent and
NC-siRNA controls (p<0.05).
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Figure 2. FLOT1 protein expression in serous tumors and normal ovarian
tissue. A) Western blot analysis in normal ovarian tissue (case #1-3) and
ovarian serous benign (case #4-6), borderline (case #7-9), and malignant
(case #10-12) tumors using specific antibody against FLOT1. GAPDH
was used as a loading control. B) Semi-quantitative analysis after densi-
tometry on the gels of (A). *, p<0.05.

Overexpression of FLOT1 rescues the FLOT1-shRNA-
suppresed cell proliferation. FLOT1-shRNA confirmed
that FLOT1 knockdown (shFLOT1) inhibition of OVCAR-3
(Figure 4A) and SK-OV-3 cell proliferation began at 24 hours
post-infection compared to the negative control (shNC
- Figure 4B). FLOT1 over-expression by FLOT1 plasmid
DAN (pFLOT1) significantly increased OVCAR-3 and
SK-OV-3 (Figures 4C, D) cell proliferation (p<0.05). We then
performed rescue assay.

The FLOT1-shRNA-expressing cells (shFLOT1) derived
from OVCAR-3 and SK-OV-3 (Figures 4E, F) were trans-
fected with pFLOT1 for 72 hours and we again observed cell
proliferation inhibition in shFLOTI-expressing cells. This
was partly rescued after FLOT1 over-expression (p<0.05).

Inhibition of FLOT1 increased cyclin E1 protein expres-
sion. Stable shFLOT1- and shNC-expressing cell lines were
generated in SK-OV-3 cells after infecting cells with FLOT1-
shRNA and NC-shRNA, respectively, and we confirmed
that FLOT1 protein expression was significantly lower
in shFLOT1-expresssing cells than in shNC control cells
(p<0.01; Figure 5A). FLOT1 protein expression in SK-OV-3
and shFLOT1-expressing cells was significantly increased
after FLOT1-plasmid (pFLOT1) transfection compared
to the empty vector control (EV) (p<0.05; Figures 5B,C).
Tests for FLOT1 effect on cyclin El proliferation marker
expression determined that it was significantly increased in
shFLOT1-expressing cells (p<0.05; Figure 5D). Over-expres-
sion of FLOT1 decreased this expression (p<0.05; Figure 5E)

Table 2. Association between FLOT1 protein expression and clinicopath-
ological characteristics of patients with ovarian epithelial tumor.

Clinicopathological FLOT1 expression 1
features Positive (%) Negative (%) p-value
Age at diagnosis 0.660°
<45 32 16(50.00) 16 (50.00)

> 45 57 32(56.14) 25 (43.86)

Histological type

Serous tumour <0.001°
Benign 3 0 (00.00) 3 (100.00)

Borderline 4 3 (75.00) 1(25.00)

Malignant 37 34(91.89) 3(8.11)

Mucinous tumour 1.000°
Benign 8 1(12.50) 7 (87.50)

Borderline 0 (00.00) 2 (100.00)

Malignant 3 0 (00.00) 3 (100.00)

Malignant tumor <0.001°
Serous 37 34 (91.89) 3(8.11)

Mucinous 3 0 (00.00) 3 (100.00)

Transitional cell 4 4 (100.00) 0 (00.00)
Endometrioid 10 6 (60.00) 4 (40.00)
Differentiation 0.160°
Well 29 26 (89.66) 3(10.34)

Moderate 15 10 (66.67) 5(33.33)

Poor 10 8 (80.00) 2 (20.00)

FIGO stage 0.609"
I 24 18(75.00) 6 (25.00)

I 11 10 (90.91) 1(9.09)

111 9 7 (77.78) 2(22.22)

LN metastasis 1.000*
Yes 9 7 (77.78) 2(22.22)

No 35 28 (80.00) 7 (20.00)

The expression of FLOT1 protein was detected by immunohistochemistry
using tissue microarray. The x” test (a). compared FLOT protein expression
associated with age and metastasis.Fisher’s exact test (b). determined mul-
tiple comparisons of FLOT1 protein expression associated with histological
types, clinical stages and pathological differentiation.

(n = number of cases; Positive, positive expression; Negative, negative
expression; LN, lymph node and FIGO = International Federation of
Gynaecological Oncologists. Normal ovarian tissue (n=18) with negated
FLOT1 staining served as control.

and it was also decreased in shFLLOT1-expressing cells after
pFLOT1 transfection (p<0.05; Figure 5F).

FLOT1-siRNA arrests SK-OV-3 and OVCAR-3 cell
cycles. The OVCAR-3 and SK-OV-3 cell cycles were assayed
by flow cytometry to investigate suppression mecha-
nisms in cell proliferation associated with FLOT1 knock-
down. The GO/G1-phase population in FLOTI silencing
cells decreased and the S-phase population increased
compared to control group cell cycles (p<0.05; Figure 6);
FLOT1 knockdown arrested the cell cycle in the S phase
but did not effect G2/M. The overall results suggest that
FLOT1 suppression inhibited ovarian cancer cell growth by
blocking cell cycle progression.



566

J. LI, X. ZUO, J. SHI, J. ZHANG, X. DUAN, G. XU

Phase

FAM-NC-siRNA

B OVCAR-3 v c
v £
X 2 ~
< & ,\Q-e <N w =
$ ©) 2 0 c
Oo° Q_e? \;O’ Q\,o 03
g2
5 ®
s
FLOT1 e
0«
s
D SK-OV-3 v E
\a &
X D 2 1.2 1
\‘o\ qo(\ 6@' &N N
& i <4 o 22 1.0
¢ <& < <~ S
g ;0.8 9
Figure 3. Efficiency of FLOTI-siRNA FLOT | S s am— X @ 0.6 1
transfection and cell proliferation. A) 0™ *
OVCAR-3 cells were transfected with NC- E 2 0.4 1
FAM siRNA with the final siRNA concen- o<
— S— ~ 0.2 1
tration of 60nM. Cells in the same visual SEFOH i
field were observed and photographed 6 0.0 -
hours later by light microscopy (left pic- @\ & v v
ture) and fluorescence microscopy (middle & qo .Q-e .QS\
- h . ° 14 % 2
picture). The right picture shows a merged @) Q_@ o N
image of phase and FAM fluorescence. B) < o&
Western blot analysis of FLOT1 protein 2
expression in OYCAR—3 ce!ls after FLOT1- F OVCAR-3 G SK-OV-3
siRNA transfection. C) Histogram shows 35 - 3.0 -
the semi-quantitative analysis after densi- ’ )
tometry on the gels of (B) (n=4). D) West- 3.0 2.5 4
ern blot analysis of FLOT1 protein expres- 254 204 .
sion in SK-OV-3 cells after FLOT1-siRNA 3 20 * =
transfection. E) Histogram shows the semi- N 154 o 151
quantitative analysis after densitometry on o 104 ST
the gels of (D) (n=4). Cell proliferation was :
decreased after FLOT1-siRNA transfection 0.5 1 05 1
in OVCAR-3 (F) and SK-OV-3 (G) cells. 0.0 - . v - 0.0 4 T T T
n=3; *, p<0.05. Control Reagent NC-siR FLOT1-siR Control  Reagent NC-siR FLOT1-siR
Discussion of the different subtypes of ovarian cancer [28-30], and

Ovarian cancer is a heterogeneous group of neoplasms
which includes serous, mucinous, endometrioid, clear cell,
transitional and other cell sub-types. These differ in patho-
genesis and molecular initiating events and therefore have
different biological behavior and prognosis [26, 27]. Recent
studies have focused on the molecular biology and genetics

although the standard therapy for ovarian cancers is surgery
followed by chemotherapy some sub-types such as mucinous
and clear cell tumors have proved resistant to widely used
chemotherapeutic agents [31, 32].

FLOT1 expression is increased in various carcinomas
and has been associated with tumorigenesis and progres-
sion by promoting tumor proliferation, invasiveness and
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Figure 4. FLOT1 gain- and loss-of-function effect on cell proliferation in ovarian cancer cells. OVCAR-3 (A) and SK-OV-3 (B) cells were stably infected
with FLOT1-shRNA or NC-shRNA lentivirus to generate the FLOT1-shRNA-expressing cells (shFLOT) and NC-shRNA-expressing cells (shNC). Cell
proliferation was measured after culture for 24, 48 and 72 hours. OVCAR-3 (C) and SK-OV-3 (D) cells were transfected with FLOT1 plasmid DAN
(pFLOT1) or empty vector (pEV). Cell proliferation was measured after transfection for 24, 48 and 72 hours. The cell proliferation of OVCAR-3 (E)
and SK-OV-3 (F) and their derived cells was measured after 72 hours culture. Blank, non-transfected cells; shNC, negative control-shRNA-expressing
cells; shFLOT1, FLOT1-shRNA expressing cells; EV, empty vector transfecting cells; pFLOT1, FLOT1-plasmid transfecting cells; shFLOT1-EV, FLOT1-
shRNA-expressing cells transfected with EV; shFLOT1-pFLOT1, FLOT1-shRNA-expressing cells transfected with FLOT1 plasmid (pFLOT1). n=3; *,

P<0.05; **, p<0.01. Data with different superscripts differed significantly.

metastasis via several signal pathways [33, 34]. We estab-
lished that FLOT1 expression is higher in most malignant
ovarian tumors than in benign tumor and normal ovarian
tissue, and that it differed in ovarian tumor sub-types.
Positive FLOT1 protein immunohistochemical staining was
observed in different ovarian malignant tumors and these
differences have not been reported in other cancers; perhaps
because of ovarian cancer diversity. The differences in FLOT1
expression suggest that it could be a novel tissue marker for
diagnosis and distinction between ovarian cancer sub-types,
and it could also be a new therapeutic target for some OC’s.

Previous studies found that FLOT1 expression is positively
correlated with clinical variables, including tumor size,
clinical stage, lymph node metastasis and pathologic grade
[10, 12, 14] that are not in line with our study findings. There
was disparity with our finding that FLOT1 protein expres-
sion only correlated with pathological type and not with
clinicopathological characteristics such as age, clinical stage,
histological grade and lymph node metastasis. Because of the
FLOT1 expression differences in OC sub-types, we excluded
those with the smallest incidences and included only serous
ovarian tumors in our analysis because this had significant
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Figure 5. Expression of FLOT1 and cy-
clin E1 protein in SK-OV-3 cells de-
tected by Western blot. A) Expression of
FLOT1 in FLOT1-shRNA-expressing cells
(shFLOT1) and negative control (NC)-
shRNA-expressing cells (shNC) (n=4). B)
Expression of FLOT1 in cells transfected
with FLOT1-plasmid (pFLOT1) and
empty vector control plasmid (EV) (n=3).
C) Expression of FLOT1 in shFLOT1-ex-
pressing cells after pFLOT1 or EV trans-
fection (n=4). D) Expression of cyclin E1
in shFLOT1 and shNC cells (n=6). E) Ex-
pression of cyclin El in cells transfected
with pFLOT1 and EV (n=5). F) Expression
of cyclin E1 in shFLOT1-expressing cells
after pFLOT1 or EV transfection (n=3).
*, p<0.05; **, p<0.01.

Figure 6. Cell cycle in ovarian cancer cells
detected by flow cytometry. A) Images of
flow cytometry on cell cycle after FLOT1-
siRNA and negative control siRNA (NC-
siR) transfection. B) Histogram shows the
percentage of cell population in each phase
of (A). n=4; *p<0.05.
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differences in malignant, borderline and benign tumors. Our
results may also differ from previously reported data because
of the obvious differences in OC and other cancer tumori-
genesis.

FLOT1 is reported to be important in cell behavior [13]
because its over-expression promotes, whereas down-regula-
tion inhibits, cell proliferation. FLOT1 knockdown results in
G1-S phase arrest of breast cancer cells with increased cell
percentage in the G1/GO phase and less in the S phase [13].
Silencing FLOT1 leads to increased p21 and p27 expres-
sion and decreased cyclin D and FOXO3a. Since FOXO3a
is a transcriptional regulator for p21, p27 and cyclin D
[35], FLOT1 may promote cell proliferation via the Akt/
FOXO3a pathway. Herein, FLOT1 expression knockdown
led to significantly decreased proliferation in both OVCAR-3
and SK-OV-3 cells compared to controls, and while this is
supported by previous studies, cell cycle assay results are
inconsistent. Flow cytometry showed that cell cycle was
arrested in the S phase of both OVCAR-3 and SK-OV-3
cells, with the percentage of cells in the S phase signifi-
cantly increased and those in the G1/GO phase significantly
decreased, thus indicating that FLOT1 suppression can arrest
the OV cell cycle in the S phase while increasing cyclin E1
expression.

Previous studies demonstrate that cyclin E1 is essential for
S phase arrest in OC cells [36, 37]. For example, Santamaria
et al studied FLOT linfluence on the cell cycle and cell prolif-
eration, and found that both FLOT1 and PTVOI enter the
nucleus shortly before S phase begins, remain in the nucleus
throughout the S phase and reach their peak 9 hours after
serum stimulation [18]. FLOT1 protein nuclear localiza-
tion is low during the G1/GO phase, reaches its peak at the
S phase and then gradually declines. Those findings support
the hypothesis that the reduced concentration of FLOT1 can
promote S phase entry when it is partly silenced, but it is
insufficient to terminate the S phase and enter the next phase.
Cells depleted in FLOT1 protein accumulate in the S phase,
resulting in a decreased percentage of cells in other phases.
Further, if FLOT1 is sufficiently reduced, the S phase cannot
be initiated and G1/GO phase arrest therefore occurs.

This hypothesis also explains the differences in our results
and Lin et al’s,, [13] but further study is needed to provide
concrete evidence. Gomez et al’s study of FLOT1 and the cell
cycle found that FLOT1 knockdown causes down-regula-
tion in Aurora B [38], a protein required for mitosis and a
regulator of the mitotic checkpoint [39]. FLOT1 knockdown
induced aberrant mitotic events and inhibited cell prolifera-
tion. Furthermore, the alteration in cell cycle regulators such
as cyclin-dependent kinases (CDKs) and their inhibitors
(p21 and p27) can also effect OC cell cycle arrest [40].

In conclusion, FLOT1 protein was over-expressed in
several types of malignant ovarian tumors and its expres-
sion differed in the tested sub-types. Silencing FLOTI
through siRNA led to significant inhibition of OVCAR-3
and SK-OV-3 cell proliferation with cell cycle arrest at the S

phase. While the effects of this over-expression are clear, the
mechanisms of FLOT1 involvement in tumorigenesis and
ovarian cancer progression require further study.
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