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Abstract

Breast cancer is the most common cancer in women worldwide; despite the develop-
ments in diagnosis and therapy, recurrence and metastasis remain the main causes of
death among patients with breast cancer. This study aimed to identify a promising
biomarker for this disease. The study clarified (1) the association between Friend
leukemia virus integration 1 (FLI-1) and various molecular subtypes and (2) the
prognostic value of FLI-1 in breast cancer. To the best of our knowledge, this study
is the first to report that FLI-1 is a predictor of poor prognosis in patients with breast
cancer and overexpressed in the triple negative breast cancer (TNBC) subtype. To
further verify the effect of FLI-1 in promoting the metastasis of TNBC, we per-
formed a series of functional experiments in vitro and orthotopic xenograft experi-
ments in the mammary fat pad of nude mice. FLI-1, as a transcription factor, bound
to the promoters of key EMT-related genes (CDHI and VIM), and regulated their
expressions at the transcriptional level, thus induced epithelial-mesenchymal transi-
tion (EMT). The overexpression of FLI-1 significantly upregulated the expression of
mesenchymal markers. After the modulation of FLI-1, the changes in mammary
stem cell markers (ALDH1A1 and CD133) and the capacity to form mammospheres
were consistent with those of the EMT-related markers. The orthotopic xenograft
models further confirmed that the attenuation of stem cell traits after silencing FLI-1
decreased the ability of tumorigenesis. These results indicate that FLI-1 is a useful
predictor of poor prognosis in patients with breast cancer. Furthermore, the prelimi-
nary exploration of metastatic mechanism in the patients with TNBC will provide a

potential target to treat breast cancer in the near future.
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1 | INTRODUCTION
Breast cancer is the most common cancer among women
worldwide, accounting for approximately 20% of all cancer
cases.! Breast cancer represents a highly heterogeneous dis-
case.” Although certain progress has been made in diagnosis
and therapy, drug resistance, recurrence, and metastasis are
still the main causes of death among patients with breast can-
cer, which is the second leading cause of cancer-related mor-
tality in women.' Triple-negative breast cancer (TNBC) is
the most aggressive subtype of breast cancer associated with
a high risk of early recurrence, distant metastasis, and worst
prognosis. Due to lack of estrogen, progesterone, and human
epidermal growth factor 2 (HER?2) receptors, the use of cyto-
toxic agents remains the mainstream measure. However, the
responses are not long-lasting and drug resistance frequently
occurs. Therefore, there is a need for early detection and more
effective targeted therapies.3 4

Friend leukemia virus integration 1 (FLI-1), a member of
E26 transformation-specific (Ets) transcription factor family,
was first identified in the F-MuLV-induced mouse erythroleu-
kemia cells by Ben-David.’ FLI-1 is preferentially expressed
in the hematopoietic and vascular endothelial cells and plays
an important role in normal cell function and malignant
transformation.®” It has been widely accepted as an oncogene
contributing to various malignancies, such as malignant he-
matological diseases and some solid tumors, including breast
cancer.>'* In our previous study, we showed that the expres-
sion of FLI-1 upregulated in breast cancer tissues compared
with that in the nontumor adjacent tissues. Furthermore, the
preliminary results indicated that it might be related to apop-
tosis and metastasis. "> Herein, we used tissue microarrays and
widened the number of breast cancer samples to (1) further
clarify the association between FLI-1 and various molecular
subtypes and (2) evaluate the prognostic value of FLI-1 in
the patients with breast cancer. Based on the immunostaining
analysis results, we further performed a series of experiments
in vitro, including the wound-healing assay, transwell assays,
colony-forming assay, and mammosphere-formation assay.
Furthermore, we orthotopically injected the breast cancer
cells into the mammary gland of nude mice to explore the
molecular mechanism of recurrence and metastasis in the
TNBC cells. We expected to identify a promising molecular
driving factor, which can be used as a novel potential target to
improve prognosis in patients with breast cancer.

2 | MATERIALS AND METHODS

2.1 |

The tissue microarray contained 140 breast cancer samples,
with clinical characteristics and prognosis information (fol-
low-up time from 3.3 to 11 years), purchased from the Outdo

Immunohistochemistry
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Biotech Company (HBreD140Su04, Shanghai, China). All of
the samples chosen to make the tissue microarray chip were
reviewed retrospectively and diagnosed according to the 2012
World Health Organization (WHO) Classification of Tumors
of the Breast. Staging was according to the 7th edition of
American Joint Committee on Cancer (AJCC 7th) staging
manual. The microarray included only the AJCC stage from I
to III, as surgery is not recommended for patients with breast
cancer in the late stage per the most recent version of NCCN
Clinical Practice Guidelines in Oncology (NCCN®), available
on the NCCN Web site at NCCN.org. The collection of these
samples was approved by the ethics committee of the Taizhou
Hospital, Zhejiang Province, and all enrolled patients had
signed an informed consent. The immunohistochemical anal-
ysis was carried out in the Pathological Diagnostic Center,
The First Hospital of Jilin University. The mouse monoclo-
nal antibody to FLI-1 (no dilution, ZM0108; ZSGB-BIO,
Beijing, China) and rabbit polyclonal antibody to aldehyde
dehydrogenase 1 family member A1 (ALDHIAIL; 1:500)
(Cat. no. PA5-32127; Thermo Fisher Scientific, NY, USA)
were used in this study for immunohistochemical staining ac-
cording to the protocol recommended by the manufacturers.
The tissue microarray and the mice tumors sections were de-
paraffinized, rehydrated, and baked for 1 hour at 65°C. After
the retrieval of antigen with ethylenediaminetetraacetic acid
(EDTA; pH 9.0, 1:50) (MVS-0098/0099; Maxim, Fuzhou,
China) for 2.5 minutes at 120°C, the endogenous peroxidase
was blocked with 3% hydrogen peroxide for 10 minutes at
25°C. After being blocked with 5% bovine serum albumin
(BSA) for 2 hours at 25°C, the sections were incubated with
FLI-1 or ALDHI1AT1 at 37°C for 2 hours, followed by incuba-
tion with the MaxVision' HRP Mouse/Rabbit Kit (KIT5020;
Maxim, Fuzhou, China) for 15 minutes at 25°C. The incuba-
tion time of the DAB Plus Kit (DAB2031; Maxim, Fuzhou,
China) depended on the staining intensity. Before the evalu-
ation, the cell nuclei were counterstained with hematoxylin.
The immunostaining results were semi-quantified and scored
by two experienced pathologists independently without clini-
cal information. The immunostaining evaluation was per-
formed as previously described.'® The median value 4 was
identified as an optimal cutoff value for the FLI-1 expression
score: high expression group (final score >4) and low expres-
sion group (final score <4).

22 |

The human breast cancer cell lines MDA-MB-231 and
MCEF-7, and human embryonic kidney cell line HEK293
were obtained from the American Type Culture Collection
(ATCC). The cells, except for the mammosphere-formation
assay, were cultured in Dulbecco’s modified Eagle’s me-
dium (DMEM) (Thermo Scientific HyClone, Beijing, China)
supplemented with 10% fetal bovine serum (FBS) (Gibco,

Cell cultures
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Gaithersburg, MD, USA), and 1% penicillin and streptomy-
cin (Thermo Scientific HyClone) at 37°C with 5% carbon di-
oxide (CO,) in a humidified atmosphere.

2.3 | Plasmids construction and lenti-
virus packing

Two short hairpin RNA (shRNA) oligonucleotides (shFLI-
1 1# 5-CGTCATGTTCTGGTTTGAGAT-3"; shFLI-1
2#:  5'-GCACAAACGATCAGTAAGAAT-3") targeting
FLI-1 were designed and corresponding pWSLV-shFLI-1-
puro-nanolucGFP plasmids were synthesized by Viewsolid
Biotech, Beijing, China. The vector plasmid was provided
by Viewsolid Biotech. The full length of FLI-1 cDNA was
amplified and subcloned into the pWPXLd expression vec-
tor. Lentiviral supernatant was collected after transfection
with shFLI-1 or expression plasmids along with the lentivirus
packaging plasmids psPAX2 and pMD2.G at 48 and 72 hours
after transfection. By centrifugation, filtration, purification
with polyethylene glycol 8000 (PEG-8000), and recentrifu-
gation, the lentivirus containing target gene was obtained and
used to construct stable cell lines. The stable cell lines were
cultured in the presence of 1 pg/mL puromycin (Invitrogen,
Carlsbad, CA, USA) for another week. Green fluorescent
protein (GFP) was used to assess the transfection efficiency.
All the plasmids used in this study were confirmed through
sequencing by Comate Biosciences Co., Ltd., Changchun,
China.

24 | Small interference RNA transfection

To evaluate the role of FLI-1 in maintaining the malignant
phenotypes in breast cancer, we designed and synthesized
two small interference RNA (siRNA) sequences (siFLI-1 1#
and 2#), with siLuc (siRNA-targeting luciferase gene, which
is not present in humans) as a negative control (detailed in-
formation pertaining to the siRNA sequences could been
found in'>).

The cells were seeded and cultured in a 6-well plate
at 70%-80% confluency for transfection 24 hours, such as
RNA extraction, and 30%-40% confluency for transfection
48 hours, such as Western blot analysis. The Opti-MEM
medium containing the appropriate amount of transfection
agents and siRNA was added into the culture medium. Four
to six hours after transfection, the medium was replaced
with fresh medium, and the cells were cultured until the
endpoint.

2.5 | Western blot analysis

The expression of FLI-1 (ab133485, Abcam), E-
cadherin (ab40772, Abcam), p-catenin (#8480, CST),
N-cadherin (610920, BD bioscience), vimentin (550513,

BD bioscience), ALDH1A1 (PA5-32127, Thermo), and
CD133 (MBO0160, Bioworld) was determined by Western
blotting. Briefly, the cells after transfection were lysed
using the radioimmunoprecipitation assay (RIPA) buffer
(Lot #71728155; MultiSciences, Hangzhou City, China)
and 10 mmol/L phenylmethylsulfonyl fluoride. The ho-
mogenate was centrifuged at 12 000 g at 4°C for 10 min-
utes to obtain the supernatant. The content of protein in
the supernatant was measured using the BCA Kit (P0010;
Beyotime, Nanjing, China). The protein samples (20-
50 pg/lane) were subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) with
10%-12% acrylamide gels and then transferred onto poly-
vinylidene fluoride (PVDF) membranes. The expression of
protein was detected using the indicated antibodies, and
then visualized by enhanced chemiluminescence (ECL)
(Cat. no. 10200; NCM Biotech, Suzhou, China).

2.6 | RNA extraction and quantitative real-
time PCR assay

The total RNA from the breast cancer cells was isolated
using the TRIzol reagent (Invitrogen) and reverse tran-
scribed into cDNA using the Transcriptor First Strand
cDNA Synthesis Kit (Cat. no. 04896866001; Roche,
Basel, Switzerland) according to the protocol of the
manufacturer.

The quantitative real-time PCR analysis was performed
in an Applied Biosystems 7300 (Bio-Rad) using the SYBR
Green qPCR SuperMix. p-Actin was used as the internal
control. Primers used were listed in Table S1. The relative
expression of genes was calculated by the 2724 CT method,
and each cDNA sample was analyzed thrice.

27 |

The pGL4-CDHI-promoter (—1499 to +135) and pGL4-
VIM-promoter (—1499 to +100) luciferase reporter plas-
mids were presented by Dr. Jingxin Feng (Northeast
Normal University, Changchun, China).17 The HEK?293
cells were seeded in a 12-well plate (1 X 10° cells/
well). After incubation for 24 hours, the cells were co-
transfected with FLI-1 overexpression plasmid (pW-
FLI-1, 1 pg) or empty plasmid (pWPLXd, 1 pg), with
pGL4-CDH I-promoter or pGL4-VIM-promoter luciferase
reporter plasmid (CDHI-promoter or VIM-promoter,
500 ng) and Renilla luciferase normalization control plas-
mid 100 ng using the transfection reagent Lipofectamine'
2000 (Invitrogen, Carlsbad, CA, USA). After 48 hours of
transfection, the cell lysate was used to measure the activ-
ity of luciferase using the Dual-Luciferase Reporter Assay
System (Promega, Wisconsin, USA) according to the in-
struction of the manufacturer.

Luciferase reporter assay
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The cells were seeded in a 6-well plate, and before transfec-
tion, the plates were wounded with a sterile pipette tip and
photographed. Twenty-four hours after transfection, the me-
dium was replenished, the plates were photographed again,
and the distance of cell migration was measured under an
inverted microscope. The cell culture medium contained only
2% FBS to avoid the overproliferation of tumor cells.

Wound-healing assay

2.9 | Transwell invasion and
migration assays

For the transwell invasion assay, the MDA-MB-231 cells of
siFLI-1 1# and siLuc at a density of 1 X 10* cells/well were
seeded into the top chamber of a transwell insert (#3422,
8.0 um pore size; Corning Inc., NY, USA) and 15% FBS-
containing medium was added into the bottom chamber. After
incubation at 37°C in 5% CO, for 36-48 hours, the cells that
remained on the upper surface of the membrane were gently
removed. The cells that migrated through the pores were fixed
with 4% paraformaldehyde, stained with 0.1% crystal vio-
let, and photographed with an Olympus BX51 and Olympus
DP20. Five fields were randomly selected, counted, and ana-
lyzed using the GraphPad Prism 7.0 software.

For the transwell migration assay, the conditions were sim-
ilar to that of the migration assay, except for the differences of
cell density, incubation time, and lack of matrigel in the inserts.

2.10 |

The stable shFLI-1 NC and shFLI-1 1# MDA-MB-231 cells
were seeded in a 6-well plate at a density of 200 cells/well
and cultured for 10-14 days. The medium was replenished
every 3 days. The plates were fixed with 4% paraformalde-
hyde and stained with 0.1% crystal violet. The number of
colonies was counted and recorded. The experiments were
performed in triplicate and repeated thrice.

Colony formation assay

2.11 | Mammosphere-formation assay

The mammosphere-formation assay has been adapted to
quantify stem cell activity and self-renewal. According the
detailed protocol recommended by Shaw et al,"® the stable
transfection cell lines (shFLI-1 NC and 1# of MDA-MB-231
cells) were seeded into a 6-well plate with ultralow attach-
ment surface (#3471, Corning Inc., Corning, NY, USA)
and cultured in DMEM/F12 (Thermo Scientific HyClone,
Beijing, China) supplemented with 10 ng/mL recombinant
human epidermal growth factor (EGF) (Cat. no. AF-100-15;
Peprotech, Rochy Hill, NJ, USA), 10 ng/mL recombinant
human basic fibroblast growth factor (bFGF) (Cat. no.
100-18B; Peprotech), 2% B27" supplement 50 x (LOT.
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1860141; Gibco, Gaithersburg, MD, USA). Seven days
after incubation, the plates were gently moved and observed
to count the number of mammospheres formed. The mam-
mospheres (magnification, 400 X ) of diameter >50 pm were
judged as an effective mammosphere.

2.12 | Orthotopic xenograft experiments
with nude mice

In compliance with the animal management rules of the Chinese
Ministry of Health, the animal experiment was approved by the
Institutional Animal Care and Use Committee of the Northeast
Normal University. Twenty-four-wk-old female BALB/c nude
mice were purchased from Hua Fu Kang Bioscience Co., Ltd.,
Beijing, China and maintained under specific pathogen-free
conditions. Following a 1-wk recovery period, the mice were
randomly divided into two groups (n = 10 per group). The sta-
ble cell lines (MDA-MB231 shFLI-1 NC and shFLI-1 1#) were
harvested and suspended in DMEM. A 100-pL mixture, con-
taining 3 X 10° cells, DMEM and matrigel (6:1), was injected
into the fat pad of the fourth mammary gland in the lower right
abdomen of each mouse.'*?* The mice were monitored for
tumor development, and 30 days after the injection of cancer
cells, the mice were euthanized. The orthotopic tumors, lungs,
and brains were removed, measured, weighed, and fixed in 4%
neutral paraformaldehyde for further histopathological analysis.

2.13

All statistical analyses of tissue microarray were performed
using the SPSS version 23.0 software (SPSS Inc., Chicago, IL,
USA). The association between FLI-1 and clinicopathologi-
cal characteristics was analyzed by the chi-squared test. The
differences of FLI-1 expression in different subtypes were
analyzed by Mann-Whitney U test (A threshold of P < .005
was defined as statistically significant after the correction
by Bonferroni’s method.). The survival data were evaluated
by the univariate and multivariate Cox regression analyses.
The OS and DFS curves were plotted by the Kaplan-Meier
method and analyzed with the log-rank test. The data of
other experiments were analyzed using the GraphPad Prism
software version 7.0 (GraphPad Software, San Diego, CA,
USA). The one-way analysis of variance (ANOVA) was used
to identify the differences between various groups. A thresh-
old of P < .05 was defined as statistically significant.

Statistical analysis

3 | RESULTS

3.1 | High FLI-1 expression correlates with
poor prognosis of patients with breast cancer

In our previous study, we revealed that the expression of
FLI-1 is significantly upregulated in the breast cancer
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tissues compared with that in the corresponding adjacent
nontumor tissues (paired tumor and adjacent tissues of 53
cases).15 To further evaluate the relevance of clinical mo-
lecular subtypes and clarify the prognostic value of FLI-1 in
breast cancer, patient-derived tissue microarray was carried
out using 140 breast cancer samples. The clinicopathologi-
cal characteristics of patients with breast cancer are sum-
marized in Table 1. The tissue microarray slide was stained
with FLI-1 antibody and scored (summarized in Table 2). In
the angiosarcoma tissue, FLI-1 was strongly positive for the
specificity and sensitivity of antibody tests (representative
image is presented in Supporting Information). By the anal-
yses of Mann-Whitney U test after correction, among the
four subtypes, FLI-1 were upregulated in the HER2 positive
and triple-negative subtypes compared with Luminal A/B
subtypes (HER2 positive vs Luminal A/B subtype, P < .001
and TNBC vs Luminal A/B subtype, P < .001, respectively]
(Figure 1A). Figure 1B is the most representative image of
different molecular subtypes for FLI-1 staining (magnifi-
cation, 400 X ). Through the correlation analysis between
FLI-1 and the clinicopathological features of breast cancer
(as shown in Table 2), we found that the expression of FLI-1
was higher in patients with breast cancer with lymph node
metastasis compared with that in patients without metastasis

TABLE 1 Clinicopathological characteristics of the breast cancer
tissue microarray and the expression of FLI-1
Number of

Characteristic cases (%)
Age (y)

<60 93 (66.4)

>60 47 (33.6)
Lymph node metastasis

No 79 (56.4)

Yes 61 (43.6)
HER?2 (Fluorescence in situ Hybridization, FISH)

Negative 115 (82.1)

Positive 25(17.9)
AJCC stage

I 33 (23.6)

1T 61 (43.6)

11 46 (32.9)
Molecular subtype

Luminal A 85 (60.7)

Luminal B 17 (12.1)

HER?2 positive 9(6.4)

TNBC 29 (20.7)
Expression of FLI-1

Low expression group 95 (67.9)

High expression group 45 (32.1)

(P =.02). Moreover, the expression of FLI-1 was lower
during the early stage and higher during the advanced stage
of breast cancer (P = .007). No significant association was
observed between FLI-1 expression and age (P = .268)
and HER?2 status (P = .625) in the single factor statistical
analysis. Overall, these results showed that FLI-1 positively
correlated with lymph node metastasis and clinical stage.
Furthermore, it had relevance with molecular subtypes, in-
dicating that FLI-1 might be related to poor outcomes in pa-
tients with breast cancer.

Therefore, we used the Cox regression analysis of
overall survival (OS) and disease-free survival (DFS)
to evaluate whether FLI-1 can serve as a prognostic fac-
tor. The univariate Cox analysis demonstrated that the OS
of patients with high expression of FLI-1 was relatively
shorter (P < .001) (Table 3), which was similar to lymph
node metastasis (P = .005) and advanced stage (P = .008).
However, in the multivariate Cox regression analysis,
only FLI-1 showed a definite correlation with the OS of
patients with breast cancer. Similar results were obtained
from the univariate and multivariate Cox regression anal-
yses of DFS (Table 4). Further, FLI-1 was closely related
to the recurrence and death among patients with breast
cancer (P < .001). The Kaplan-Meier log-rank survival
curves demonstrated that the OS and DFS of all patients

TABLE 2 Correlation between FLI-1 expression and the
clinicopathological characteristics in breast cancer

FLI-1
Low High
expression expression
Characteristics group group P value
Age (y)
<60 66 27 268
>60 29 18
Lymph node metastasis
No 60 19 .020
Yes 35 26
HER?2 (FISH)
Negative 77 38 .625
Positive 18 7
AJCC stage
1 25 8 .007
11 47 14
11T 23 23
Molecular subtype
Luminal A 62 23 112
Luminal B 13
HER?2 positive 5
TNBC 16 13
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and low expression of FLI-1

with breast cancer with high expression of FLI-1 were sig-
nificantly shorter than those in patients with low expres-
sion Median survival time (Figure 1C,D). Median OS of
all patients with high expression of FLI-1 was 92 months
(95% CI. 72.024-111.976 months) and 76 months (95%
CI: 56.682-95.318 months), respectively. Median OS and
DEFS of all patients with low expression of FLI-1 was not
reached for patients by the data cutoff date. Moreover, we
extracted TNBC subtype, which is the most aggressive
subtype without effective target therapy, from all patients
with breast cancer and generated the Kaplan-Meier sur-
vival curves. The curves demonstrated that the patients with
TNBC with high expression of FLI-1 had a poor prognosis
(Figure 1E,F). These results indicated that the overexpres-
sion of FLI-1 in the patients with breast cancer correlated
with poor survival. Furthermore, FLI-1 can be an indepen-
dent prognostic factor for breast cancer.

3.2 | Modulation of FLI-1 expression
influences the expression of EMT-related
proteins in the breast cancer cells

We previously reported that FLI-1 was distinctly overex-
pressed in the MDA-MB231 cell line, whereas its expression
decreased in the MCE-7 cell line.'® The latter is a luminal A
type breast cancer cell line, and the former has been the most
widely accepted TNBC subtype with mesenchymal prop-
erties.”** Studies have demonstrated that tumor cells can
eventually enter the invasion-metastasis cascade, a prerequi-
site is the acquisition of mesenchymal properties—epithelial-
mesenchymal transition (EMT).4’23 Combined with the tissue
analysis results and the previous finding that FLI-1 activated
the Rho GTPase pathway,15 a pathway closely related to the
EMT process,” elucidated the potential association between
FLI-1 and the EMT program. To verify the hypothesis, we
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TABLE 3 Univariate and multivariate Cox regression analyses of various prognostic parameters in the OS of patients with breast cancer

Univariate analysis Multivariate analysis
95.0 CI 95.0 CI

Prognostic parameter HR P Lower limit Upper limit HR P Lower limit Upper limit
FLI-1 (high vs low) 35.181 .000  10.548 117.347 30.486 .000 8.679 107.086
Age (60 y vs <60 y) 221 .034 1.063 4.574 2.714 .075 1.135 6.491
Lymph node metastasis 3.112 .005 1.417 6.838 1.170 799 0.349 3.920

(yes vs no)
AJCC stage .008 728
II stage vs I stage 1.735 409 0.470 6.409 1.861 426 0.404 8.584
III stage vs I stage 4.719 .013 1.382 16.114 1.680 547 0.311 9.074
Molecular subtype vs .011 167

luminal A type
Luminal B type 1.303 .685 0.363 4.669 1.151 .841 0.292 4.531
HER?2 positive type 4.843 .003 1.680 13.960 2.823 .075 0.900 8.857
TNBC type 2911 .014 1.236 6.854 2.599 .061 0.959 7.047

TABLE 4 Univariate and multivariate Cox regression analyses of various prognostic parameters in the DFS of patients with breast cancer

Univariate analysis

Multivariate analysis

95.0 CI

Prognostic parameter HR P Lower limit
FLI-1 (high vs low 7.984 .000 4.008
Age (260 y vs <60 y) 1.151 .681 0.588
Lymph node metastasis 3.362 .001 1.694

(yes vs no)
AJCC stage .000
II stage vs I stage 909 .867 0.297
I1II stage vs I stage 4.724 .002 1.805
Molecular subtype vs .009

luminal A type
Luminal B type 1.513 419 0.554
HER? positive type 4.699 .001 1.831
TNBC type 2.271 .036 1.054

compared the difference in the expression of EMT-related
proteins in the MDA-MB231 and MCF-7 cell lines. As ex-
pected, in the MDA-MB231 cells, FLI-1 and mesenchymal
markers (N-cadherin and vimentin) were overexpressed,
but the expression of epithelial markers (E-cadherin and oc-
cludin) decreased. We obtained the converse results in the
MCEF-7 cells (Figure 2A).

To further clarify the association between FLI-1 and the
EMT process, we evaluated changes in the EMT-related
markers by modulating the expression of FLI-1. The knock-
down of FLI-1 expression in MDA-MB231 downregulated
the expression of N-cadherin and vimentin, whereas it

95.0 CI
Upper limit HR P Lower limit Upper limit
15.905 5.339 .000 2.569 11.096
2.251 1.370 .397 0.662 2.834
6.670 1.150 .790 0.410 3.223
144
2.779 0.934 912 0.279 3.132
1.805 2.531 176 0.660 9.075
.189
4.131 1.383 534 0.497 3.848
12.062 2.921 .033 1.088 7.838
4.895 1.681 205 0.752 3.757

upregulated the expression of epithelial markers. After the
forced expression of FLI-1 in the MCF-7 cells, the expression
of mesenchymal markers was upregulated, whereas the ex-
pression of E-cadherin and occludin decreased (Figure 2B).
Similar results were obtained at the mRNA level measured by
real-time PCR (Figure 2C). The above results elucidated the
correlation between FLI-1 and EMT.

During the EMT process, some transcription factors, such
as epithelial-mesenchymal transition-transcription factors
(EMT-TFs), are essential® ; FLI-1 is a transcription factor. To
elucidate the role of FLI-1 as an EMT-TF in the EMT process,
the dual-luciferase reporter gene assay was carried out. The
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FIGURE 2 Modulation of FLI-1 expression influences the expression of EMT-related proteins in the breast cancer cells. A, The difference
in the expression of EMT-related proteins in the MDA-MB231 and MCF-7 cell lines. B, The changes in the expression of EMT-related proteins
(N-cadherin, vimentin, E-cadherin, and Occludin) after the knockdown of FLI-1 expression in MDA-MB231 and forced expression of FLI-1

in the MCF-7 cells. C, The changes in the expression of EMT-related genes (N-cadherin, Vimentin, and E-cadherin) after the modulation of
FLI-1 expression in the MDA-MB231 and MCF-7 cells. Each bar represents mean =+ standard deviation (SD). *P < .05. **P < .005. D, The
overexpression of FLI-1 increased the activity VIM (Vimentin) promoter luciferase activity, but distinctly decreased the activity of CDHI (E-

cadherin) promoter luciferase. Each bar represents mean + SD. *P < .05

results revealed that the overexpression of FLI-1 increased the
activity of VIM (Vimentin) promoter luciferase, but distinctly
decreased the activity of CDHI (E-cadherin) promoter lucifer-
ase (Figure 2D). These data indicated that FLI-1 modulated key
EMT-related markers by influencing the activities of their pro-
moters at the transcriptional level, thus upregulating the mesen-
chymal markers and downregulating epithelial markers.

Overall, FLI-1 can induce the EMT program by regulating
the promoters of EMT-related key genes at the mRNA level
in breast cancer cells.

3.3 | Knockdown of FLI-1 expression
inhibits the invasion and metastasis abilities of
breast cancer cells

During tumor progression, the EMT has been generally
accepted, which empowers the migratory and invasive
abilities of tumor cells.>* To further verify whether FLI-1
can affect the invasiveness and metastasis of breast cancer
cells, we performed wound-healing and transwell assays
after the knockdown of FLI-1. The wound-healing assay
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demonstrated that the silencing of FLI-1 distinctly de-
creased cell motility compared with that of control group
in the MDA-MB231 cells (Figure 3A). Similarly, the tran-
swell migration and invasion assays also demonstrated that
the knockdown of FLI-1 inhibited the cell invasive and
metastatic abilities (Figure 3B).

3.4 | Knockdown of FLI-1 suppresses
cancer stem cell properties in vitro and inhibits
tumorigenesis in vivo

The EMT is a critical regulator of the CSC phenotype, and
studies have reported that the EMT can generate tumor cells,
and even normal cells, with CSC-like properties.3’27’28 We
had proved that FLI-1 correlates positively with the EMT,

siFLI-1 2#

Quantitation

Bon
EA 24n

siFLI-1 1#

siLuc

EFLL2 FIGURE 3 Knockdown of FLI-

1 expression inhibits the invasive and
metastatic abilities of the MDA-MB231
cells. A, The wound-healing assay
demonstrated that silencing FLI-1 distinctly
decreased cell motility. B, The transwell
migration and invasion assays demonstrated
that the knockdown of FLI-1 inhibited the
invasiveness and metastatic abilities of the
cells. Each bar represents mean + standard
deviation. *P < .05

and silencing FLI-1 inhibited the expression of mesenchy-
mal markers. Therefore, we further investigated the correla-
tion between FLI-1 and the CSC phenotype of breast cancer
cells. The colony-forming assay indicated that the colony-
forming number significantly decreased in the shFLI-1 1#
group compared with that in the shNC group (Figure 4A).
The levels of mammary stem cell markers, aldehyde dehy-
drogenase 1 (ALDH1) 2-31 and CD133,%>*? were determined
by Western blotting. The expression of ALDHI1 and CD133
visibly downregulated in the shFLI-1 group compared with
that in the negative control group of the MDA-MB231 cells.
Conversely, in the MCF-7 cells, the forced expression of
FLI-1 increased the expression of mammary stem cell mark-
ers (Figure 4B). In the mammosphere-formation assay, we
found that in the shFLI-1 group of the MDA-MB231 cells,
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FIGURE 4 Knockdown of FLI-1 inhibits clonogenicity and cancer stem cell properties in vitro and suppresses tumorigenesis in vivo. A, The

colony-forming assay demonstrated that the knockdown of FLI-1 reduced the cell colony-forming number. B, The knockdown of FLI-1 decreased

the expression of mammary stem cell markers (ALDH1 and CD133) compared with those of the control group. The overexpression of FLI-1 in

the MCF-7 cells upregulated the expression of stem cell markers. C, In the shFLI-1 group of the MDA-MB231 cells, the sphere-forming ability

was attenuated. The overexpression of FLI-1 in the MCF-7 cells upregulated the sphere-forming capacity. Each bar represents mean + standard

deviation (SD). *P < .05. D, The images of excised tumors 30 days after the orthotopic injection of tumor cells into the mammary gland fat

pad. The statistical analyses of tumor weight and tumor diameter between the two groups. Each bar represents mean + SD. *P < .05. E, The

representative images of tumor sections stained with hematoxylin and eosin, anti-FLI-1, and anti-ALDH1. The statistical analysis of the expression

of ALDHI1 between the two groups. Each bar represents mean + SD. *P < .05

the sphere-forming ability was attenuated. The overexpres-
sion of FLI-1 in the MCF-7 cells resulted in the upregulation
of sphere-forming capacity (Figure 4C).

In vivo transplantation is the gold standard assay of CSC-
like properties.'® By the orthotopic injection of breast can-
cer cells into the mouse mammary gland, we found that the
formation of orthotopic tumors in the shFLI-1 group mice
was significantly delayed than that in the shNC group mice
(Figure 4D). Although we failed to observe distant metasta-
sis till the end of the experiment, we found that the expres-
sion of ALDHI1 positively correlated with that of FLI-1. The
most representative images of HE, FLI-1, and ALDH1 are
presented in Figure 4E. Furthermore, the statistical analysis
results of ALDHI level between the shNC and siFLI-1 1#
groups demonstrated that silencing FLI-1 distinctly reduced
the expression of ALDHI1 (Figure 4E).

In brief, FLI-1 correlated positively with the tumor-
initiating capacity by influencing the CSC-like properties.

4 | DISCUSSION

Some ETS factors have already been proved to be dysregu-
lated in breast cancer, but the role of FLI-1 in breast cancer
is still controversial. The mainstream studies, including our
previous study, suggest that FLI-1 inhibits cell apoptosis or
promotes tumor progression in breast cancer."*"* However,
Scheiber et al** presented a contradictory conclusion that
reduced expression of FLI-1 promotes tumor progression.
Currently, to the best of our knowledge, no study has elu-
cidated the association between FLI-1 and the prognosis of
breast cancer. In the present study, we focused on the prog-
nostic value of FLI-1 in patients with breast cancer and its
preliminary mechanisms in the TNBC cells.

Based on our previous finding that FLI-1 is upregulated
in the breast cancer tissues, in present study, we carried out
tissue microarray on a large number of samples, with thor-
ough clinical characteristics and prognosis (survival, recur-
rence, and metastasis), to further clarify the prognostic value
of FLI-1 in patients with breast cancer. The immunohisto-
chemical analysis showed that FLI-1 was significantly re-
lated to the clinical late stage, lymph node metastasis, and
reduced survival time (OS and DFS). Furthermore, even in

the multivariate Cox regression analysis, only FLI-1 expres-
sion exhibited a definite correlation with survival time, in-
stead of, the universally accepted, clinical stage, and lymph
node metastasis. Therefore, the expression of FLI-1 will be a
novel independent and an extremely useful factor indicating
poor prognosis in patients with breast cancer.

From the results of immunohistochemistry, we found that
FLI-1 was overexpressed in the HER2 positive and TNBC
subtypes when compared to that in the luminal subtypes of
breast cancer. The patients with TNBC constituted approxi-
mately 20% of all breast cancers in the present study, which
was consistent with the epidemiological studies. However,
the number of HER2-positive patients with breast cancer
contained in this microarray was only nine (6.4% of 140
cases), which was significantly lower than that in the epide-
miological study.>> Therefore, it was essential for us to fur-
ther verify the overexpression of FLI-1 in the HER2-positive
subtype. Due to lack of molecular targets and high hetero-
geneity, different from those of the HER2-amplified breast
cancers, TNBC could not benefit from the progression of re-
cent targeted therapy. Furthermore, cytotoxic chemotherapy,
only partially, reduced the recurrence and death risk, making
TNBC a challenge requiring more effective targeted thera-
pies.36’37 Owing to these reasons, we focused our study on
TNBC. Through the statistical analysis of TNBC extracted,
we found that even in patients with TNBC, FLI-1 exhibited a
negative correlation with survival. These data strongly indi-
cate that FLI-1 is a valuable prognostic predictor in patients
with breast cancer.

One of the major characteristics of malignant carcinomas
is metastasis, which is the main cause of breast cancer-related
deaths. As a prerequisite of metastasis, tumor cells lose the ep-
ithelial phenotype and acquire mesenchymal properties. The
activation of Rho GTPase, that is, RhoA, Racl, and Cdc42,
is often involved in the migratory and metastatic biological
behaviors of tumor cells.”* FLI-1 can activate RhoA and
Racl, which correlates with breast cancer metastasis.”> The
MDA-MB231 cell line with a high expression of FLI-1 has
already been proved to possess mesenchymal properties and
exhibit high expression of EMT-associated genes.”"** These
findings indicate that FLI-1 might be related to the EMT pro-
gram in the MDA-MB231 cells. After comparing the differ-
ences in the EMT-related markers between the MDA-MB231
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and MCF-7 cell lines, we initially deduced that FLI-1 might
have a positive relationship with the EMT process. Through
the knockdown of FLI-1 in the MDA-MB231 cell line and
forced expression of FLI-1 in the MCF-7 cell line, we further
confirmed the association between FLI-1 and the EMT pro-
gram. As a transcription factor, FLI-1 can play its biological
functions by recognizing and directly binding to sequence-
specific DNA of many promoters and enhancers at the tran-
scriptional level, resulting in the activation or suppression of
the corresponding genes. In the present study, similar to that
of an EMT-TFs, FLI-1 induced the EMT, at least partially,
via the transcriptional inhibition of CDHI and transcriptional
activation of VIM.

The EMT and CSC-like properties are the malignant phe-
notypes of cancers,%’38 the former contributes to invasion,
migration, and metastasis; and the latter endows tumor cells
with the capacity of tumorigenesis, recurrence, and therapy
resistance.>?>*4 All these factors are responsible for the
poor prognosis of breast cancer. Studies have elucidated that
there is a close association between the CSC-like traits and
EMT program.3’27’40 EMT endows the mammary epithelial
cells and cancer cells with the stem cell properties, including
the upregulation of CSC specific cell-surface markers (ie, ele-
vated expression of ALDHIAI and CD133 ?"*%), which is es-
sential for the initiation and progression of breast cancer.”’*!
Through in vitro experiments, we demonstrated that FLI-1 is
pivotal for the acquisition and sustenance of CSC-like prop-
erties. To further investigate the role of FLI-1 in breast cancer
tumorigenesis in vivo, orthotopic xenografting of tumors was
carried out instead of the conventional subcutaneous or tail
intravenous injection.'®?® This method is thought to, at least
partially, simulate a biologically relevant microenvironment
for tumor cells and is a gold standard to evaluate CSC-like
properties.lg’19 From the histopathological analysis of the
harvested orthotopic tumors, we proved that the knockdown
of FLI-1 can decrease the expression of ALDHI1 and inhibit
tumor growth, which further confirmed the results of the ex-
periments in vitro. We failed to obtain optimal outcomes in
terms of metastasis till the end of the experiment. In the fu-
ture, by reducing the number of tumor cells and extending
the feeding time, we hope to obtain the expected result, that
is, FLI-1 can promote the metastasis of breast cancer in vivo.

The results of the present study revealed that FLI-1
is a novel and an extremely useful predictor for the poor
prognosis in patients with breast cancer. The modulation
of FLI-1 affected the mesenchymal characteristics, which
was consistent with the changes in CSC-like phenotype.
FLI-1 can induce EMT by binding to the promoters of
EMT-related key genes (CDHI and VIM), sustain CSC-like
properties, and influence tumorigenesis in vivo. Targeting
FLI-1 might eliminate the mesenchymal and stem cell traits
and would be a novel approach to improve the prognosis of
breast cancer.
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