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Abstract

This study aimed to investigate the role of fatty acid synthase (FASN) in the epithelial-mesenchymal
transition (EMT) of breast cancer cells. MCF-7 cells and MCF-7 cells overexpressing mito-
gen-activated protein kinase 5 (MCF-7-MEKS5) were used in this study. MCF-7-MEKS5 cells showed
stable EMT characterized by increased vimentin and decreased E-cadherin expression. An In vivo
animal model was established using the orthotopic injection of MCF-7 or MCF-7-MEK5 cells.
Real-time quantitative PCR and western blotting were used to detect the expression levels of
FASN and its downstream proteins liver fatty acid-binding protein (L-FABP) and VEGF/VEGFR-2 in
both in vitro and in vivo models (nude mouse tumor tissues). In MCF-7-MEKS5 cells, significantly
increased expression of FASN was associated with increased levels of L-FABP and VEGF/VEGFR-2.
Cerulenin inhibited MCF-7-MEKS5 cell migration and EMT, and reduced FASN expression and
down-stream proteins L-FABP, VEGF, and VEGFR-2. MCF-7-MEKS5 cells showed higher sensitivity
to Cerulenin than MCF-7 cells. Immunofluorescence revealed an increase of co-localization of
FASN with VEGF on the cell membrane and with L-FABP within MCF-7-MEKS5 cells. Immuno-
histochemistry further showed that increased percentage of FASN-positive cells in the tumor
tissue was associated with increased percentages of L-FABP- and VEGF-positive cells and the
Cerulenin treatment could reverse the effect. Altogether, our results suggest that FASN is es-
sential to EMT possibly through regulating L-FABP, VEGF and VEGFR-2. This study provides a
theoretical basis and potential strategy for effective suppression of malignant cells with EMT.
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Introduction

Breast cancer accounts for 7%-10% of all malig-
nant tumors in women. However, its pathogenesis
remains elusive. Metastasis and drug resistance, two
key obstacles to cure breast cancer, are related to the
epithelial-mesenchymal transition (EMT). In tumors,
epidermal cells gain characteristics of mesenchymal
cells via EMT, such as metastasis, self-renewal capac-
ity, and increased resistance to conventional therapies
(1. Hence, searching for factors that effectively impact
EMT could be a strategy not only to combat cancer
metastasis but also to conquer drug resistance.

Fatty acid synthase (FASN) is a key enzyme

required for the anabolic conversion of dietary car-
bohydrates to fatty acids and functions normally in
cells with high lipid metabolism. Cells with EMT
show faster proliferation, and fatty acid metabolism in
these cells changes correspondingly [2l. Hung et al. Bl
found that FASN inhibitor osthole could abrogate
hepatocyte growth factor (HGF)-induced EMT, in-
cluding cell scattering, migration, and invasion in
MCEF-7 breast cancer cells.

Vascular endothelial growth factor (VEGF)
stimulates the formation of new blood vessels [l.
Gonzalez-Moreno et al. 15 have found that increased
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expression of VEGF in malignant cells during the
transition from prostate intraepithelial neoplasia
(PIN) to invasive carcinoma leads to EMT. VEGF
stimulates multiple cellular responses by interacting
with classic, tyrosine kinase VEGF receptors,
VEGFR-1 (flt-1) and VEGFR-2 (KDR, flk-1). Surpris-
ingly, the relative expression of these tyrosine kinase
receptors, especially VEGFR-2 (KDR), on breast car-
cinoma cells and their putative functions have not
been resolved adequately [°l.

The mammalian fatty acid-binding proteins
(FABPs) bind to long chain fatty acids (FA). Multiple
studies have shown that individual FABPs possess
both unique and overlapping functions "l. Liver fatty
acid binding protein (L-FABP) is the only FA-binding
member of the mammalian FABP family that transfers
FA to membranes by aqueous diffusion. L-FABP
binds to long chain saturated FA, the main products
of FASN, with higher affinity than other FAs [8]. Pre-
vious study has shown that L-FABP is significantly
up-regulated in clear cell renal cell carcinoma
(CCRCC) through EMT Pl

MEKS5/Erk5 has been shown a pivotal role in the
MAPK signaling pathway. Zhou et al. reported that
overexpression of MEK5 in MCF-7 breast cancer cells
could induce EMT and TNF-a resistance [, In our
previous experiment we observed that MCF-7-MEK5
cells showed increased expressions of FASN, L-FABP
and VEGF/VEGFR compared to MCF-7 cells. FASN
over-expression in breast cancer cells might result in
excessive synthesis of long-chain FAs that are trans-
ferred to the cell membrane by L-FABP and regulate
the expression of membrane proteins such as VEGFR2
by affecting their localization through lipid rafts 1. In
this way, the expressions of its ligand VEGF and
downstream MEK5 could be promoted and EMT
could be induced in the cells.

In the present study, we used an inhibitor of
FASN, Cerulenin, to investigate the role of FASN and
Cerulenin’s  interaction  with  L-FABP and
VEGF/VEGER in MCF-7-MEK5 cells with EMT and
also in nude mouse tumor tissues.

Materials and Methods

Cell lines and cultures

The human breast cancer cell lines (MCF-7 and
MCF-7-MEK) were gifts from the Immunology La-
boratory of West China Medical Center, Sichuan
University, and cultured in a RPMI-1640 medium
containing 10% fetal bovine serum under 5%
CO2/95% in a CO, incubator. Cell culture medium
was obtained from Invitrogen (Burlington, ON, Can-
ada).

Establishment of breast cancer orthotopic
injection model

Eighteen specific-pathogen-free BALB/c nude
mice (5 weeks, female, weighed 18-20 g) were pur-
chased from the Experimental Animal Center of Si-
chuan University. The animals were housed and
handled in accordance with approved guidelines by
the animal welfare committee of Sichuan province
(Protocol number: SYXK [Sichuan] 2009-045). All mice
were randomly divided into the MCF-7 group and
MCE-7-MEKS5 group with 9 mice each. For each group
6 mice (experimental subgroup) received cell injec-
tions and 3 mice received solvent as a control. MCF-7
and MCF-7-MEKS5 cells (1x107/ml) were orthotopi-
cally injected under the breast pads (0.1 ml/mouse).
When the tumor grew to the size of 100 mm3, Ceru-
lenin (BML-G237-0025, Biomol) was administered by
intraperitoneal injection at 160 mg/d/kg for 10 con-
secutive days. Five days later, mice were killed and
the tumor models were collected.

Cell viability assay

Cells (5%10%/ml) were cultured in 96-well plates.
Twenty-four hours later, cells were treated with a
serial concentrations of Cerulenin (0 to 80 pg/ml) for
24 h. Cells were then incubated with MTT (5 mg/ml,
10 pl/well) for 4 h and centrifuged. After removal of
supernatants, DMSO was added (100 pl/well) and the
plates were shaken in dark for 10 min. Absorption
value was determined by automatic microplate reader
(Bio-Rad, Hercules, CA, USA) at Asz. Cell viability =
(Aso  Drug Treated Group/ Asno Control
Group)*100%.

Wound healing assay

Cells (4.5%105/mL) were plated in 24-well dishes
and incubated overnight to yield confluent monolay-
ers for wound healing assay. Wounds were made in
cells with or without Cerulenin using a pipette tip.
Photographs were taken immediately (time zero) and
24 h after wounding. The distance of cell monolayer
migration toward the wounded area was measured.
The result was expressed as a migration index= the
distance of the Cerulenin-treated group /the distance
of the control group cells.

Western blotting (WB) assay

Protein was extracted by Lysis buffer (KGP2100,
KeyGEN BioTECH) and the concentration of protein
was measured by bicinchoninic acid protein assay kit
(KGSK3051, KeyGEN BioTECH). Fifty micrograms of
protein was resuspended in sample loading buffer,
boiled for 5 min, and electrophoresed on polyacryla-
mide gel. The proteins were transferred electropho-
retically to a nitrocellu-lose membrane, blocked with
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PBS-Tween (0.05%) in 5% low-fat dry milk solution at
room temperature for 2 h, and incubated with specific
antibodies FASN (1:5000, 273kDa, ab22759, abcam),
L-FABP (1:1000, 15kDa; ab7807, abcam), VEGF ( 1:500,
45kDa; bs-0279R, Bioss), VEGFR-2 (1:500, 151kDa;
bs-0565R, Bioss), MEK5 (1:500, 49kDa; bs-4124R, Bi-
oss), E-cadherin (1:500, 80kDa; bs-1016R, Bioss), or
vimentin (1:500, 51 kDa; bs-0756R, Bioss) overnight at
4°C. The horseradish peroxidase-labeled
goat-anti-rabbit (ZB 2301) or goat-anti-mouse
(ZSGB-BIO) secondary antibodies were incubated at
room temperature for 2 h. ECL (KGP1121, KeyGEN
BioTECH) was used for chemiluminescence color re-
action.

Real-time PCR

Total RNA was extracted from cells/tissues by
Tripure (1667165001, Roche). The reverse transcrip-
tion was carried out with a SuperScript first-strand
synthesis system (Invitrogen) using Oligo (dT) 12-18
primers (#K1621, Fermentas). Specific primer used to
amplify the genes FASN, L-FABP, VEGF, VEGFR2,
MEKS5, E-cadherin, vimentin (Table 1, primer pairs
used for RT-PCR) was designed using online software
Primer 3 (V. 0.4.0, Whitehead Institute, USA), and the
endogenous GAPDH was employed as an internal
standard. Primer specificity was confirmed by Basic
Local Alignment Search Tool (BLAST), and the pri-
mers were synthesized by Shanghai Bioengineering
Co. Standard PCR was performed using a PCR kit
with Taq (D7232, Beyotime). The PCR products were
isolated by 1.5% agarose gel electrophoresis, and the
bands were visualized by Goldview (G8142, Solarbio)
staining. Real-time PCR was performed according to
the standard procedures using Maxima SYBR
Green/ROX qPCR Master Mix (2X) kit (#k0221, Fer-
mentas). Primer annealing temperatures were all
60°C. Data were analyzed with a normalized gene
expression method (AA Ct) using the iQ5 Optical
System Software (BioRad).

Immunofluorescence cytochemistry assay

Slides with monolayer cells were fixed with 4%
paraformaldehyde for 30 min. After air dried, they
were permeabilitied with 0.25% Triton X-100 for 30
min, incubated with specific primary antibodies
(FASN, 1:100; L-FABP, 1:50; VEGF, 1:30) at 4°C. Then
secondary antibodies were added (anti-mouse IgG,
anti-rabbit IgG CY3 conjugate antibody developed in
sheep: Sigma) for another incubation at 37°C for 30
min. The nucleus was stained using DAPI. Digital
images were captured using a Nikon Eclipse 80i mi-
croscope along with the accompanying program
NIS-Element F. Semi-quantitative analysis of fluores-
cent image was performed using Image ] (National

Institute of Health, USA). Co-localization signal was
determined by setting a threshold in the gray images
using Image J.

Table 1. Primer pairs used in RT-PCR.

Gene Primer Sequence (5" — 3) Product

Name Length (bp)

GAPDH F CTGCCCCCTCTGCTGATG 150
R TCCACGATACCAAAGTTGTCAT

FASN F CTTCCGAGATTCCATCCTACGC 131
R TGGCAGTCAGGCTCACAAACG

L-FABP F ACTGCAGAGCCAGGAAAACT 162
R TCGTTTTGGATCACTTTGGA

VEGFA F GAAAGGGGCAAAAACGAAAG 128
R TTTGCAGGAACATTTACACGTC

VEGFR2 F AGTGATCGGAAATGACACTGG 135
R TACACGACTCCATGTTGGTCA

E-cadherin F AACGCATTGCCACATACACTC 185
R GACCTCCATCACAGAGGTTCC

Vimentin F TCAATGTTAAGATGGCCCTTG 155
R TGAGTGGGTATCAACCAGAGG

MEKS5 F CCAGAACATGTCCTTGGAAGA 162
R CACCAGCTGAGTGCTAACTCC

Immunohistochemistry assay

Tumor tissues obtained from nude mice were
fixed immediately with 4% paraformaldehyde for 2
days followed by embedded with paraffin and sec-
tioned (4 pm) onto the slides. The sections were baked
at 60°C for 2 h, deparaffinized by two changes of xy-
lene, and rehydrated in graded alcohol solutions. For
antigen retrieval, the sections were heated in 25
mmol/L sodium citrate (pH 9) at 95°C for 15 minutes.
The slides were treated with 3% H>O; to block en-
dogenous peroxidase activity, and then incubated
overnight at 4°C with primary antibodies (FASN,
1:100; L-FABP, 1:50; VEGF, 1:30). After that, the sec-
tions were incubated with HRP-conjugated an-
ti-rabbit/ mouse IgG for 30 min at room temperature,
and DAB mix (ZLI-9032, ZSGB-BIO) was applied for
staining. The percentage of staining-positive tumor
cells was quantified under the microscope and the
mean value of 5 randomly- selected fields were used
for comparison.

Statistical analysis

Real-time PCR, MTT and wound healing assay
were carried out in triplicate. The average of three
experiments were used for statistical analysis and
presented as mean * Standard Deviation. Data were
analyzed by GraphPad Prism version 5.0 for Win-
dows (GraphPad Software, San Diego, CA, USA). A
Student’s t-test was used to detect the difference be-
tween groups and a p value less than 0.05 was con-
sidered to be statistically significant.
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Results

Confirmation of MCF-7-MEKS cell stability

The MCEF-7 cells exhibited a typical morphology
of epithelial cells with intact cell-to-cell contact. In
contrast, MCF-7-MEKS5 cells exhibited mesenchyme
cell morphology with a more dispersed colony ap-
pearance and incompletely defined colony borders,
suggesting an EMT phenotype (Figure 1A). Result of
wound healing assay showed that MCF-7-MEKS5 cells
exhibited higher migration ability compared to
MCE-7 cells at 24 hours after wounding (Figure 1B).
The migration index of MCF-7-MEKS5 cells was sig-
nificantly higher than that of MCF-7 cells (Figure 1C).
As MEKS is a stimulator of EMT, overexpression of
MEKS in MCEF-7 cells resulted in a stable EMT char-
acterized by increased expression of vimentin and
decreased E-cadherin. RT-PCR results showed that
MCF-7-MEK-5 cells had an increased level of MEK5
(Figure 1D). Expression of vimentin, a marker of
mesenchyme cells, was enhanced in MCF-7-MEKb5
cells. In contrast, mRNA and protein levels of
E-cadherin, a typical epithelial cell marker, was re-
duced (Figure 1D). Quantitative results showed that
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MEKS5 increased by 132.5+22.4 folds (p<0.05) and vi-
mentin by 246.8+37.6 folds (p<0.05, Figure 1E), while
the E-cadherin mRNA decreased by 0.0123+0.002
folds (p<0.05) in MCF-7-MEKS5 cells. WB result further
confirmed increased levels of MEK5 and vimentin
proteins and decreased E-cadherin protein (Figure
1F). These results suggested that overexpression of
MEK-5 in MCF-7 cells resulted in a stable EMT and
increased migration ability of MCF-7-MEKS5 cells.

Overexpression of FASN increased levels of
L-FABP, VEGF, and VEGFR-2 in MCF-7-MEK5
cells

The RT-PCR result showed an increase of FASN
mRNA in MCF-7-MEKS5 cells (in vitro) and in the an-
imal model (in vivo) injected with MCF-7-MEKS5 cells
(Figure 2A). The quantitative real-time PCR result
revealed that the FSAN level increased by 53.24+5.74
folds (p<0.05) in in vitro experiment and by 65.75+8.23
folds (p<0.05) in in vivo experiment (Figure 2B). WB
result further confirmed the increased expression of
FASN protein in both models associated with
MCE-7-MEKS5 cells (Figure 2C).
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vimentin
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= &
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E-cadherin vimentin
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Figure |. Stability of MCF-7-MEKS5 cells. A. Comparison of morphologic difference of MCF-7 and MCF-7-MEK5 cells. Compared to MCF-7 cells,
MCF-7-MEKS5 cells exhibited a more dispersed colony appearance and incompletely defined colony borders. B. Wound healing assay. MCF-7 (I, Il) and
MCEF-7-MEKS (lll, IV) cells were cultured to form a confluent monolayer. Scratch wounds were made and photographs were taken immediately (I, lll) or 24
h (Il IV) after wounding. C. Compared to MCF-7 cells, MCF-7-MEKS5 cells showed stronger migration ability. D. RT-PCR assay was used to detect mMRNA
levels of MEKS, E-cadherin, and vimentin in both cells. E. Quantitative real-time PCR assay showed a decrease of E-cadherin and an increase of vimentin in
MCF-7-MEKS5 cells compared to MCF-7 cells. F. WB assay was used to detect protein levels of MEKS5, E-cadherin, and vimentin in both cells. *p<0.05,

*p<0.01.
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Figure 2. Expression levels of FASN increased in MCF-7-MEKS cells and animal model injected with MCF-7-MEK5 cells. A. RT-PCR result showed
increases of FASN mRNA level in both in vitro and in vivo models. B. Quantitative real-time PCR result revealed a significant increase of FASN mRNA in both
models. C. WB showed an increase of FASN protein level. ¥p<0.05.
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Figure 3. Expression levels L-FABP, VEGF, and VEGFR-2 increased in both in vivo and in vitro models with MCF-7-MEKS5 cells. A. A representative RT-PCR
result. B. Quantitative real-time PCR showed significant increases of L-FABP, VEGF and VEGFR-2 mRNA levels in both MCF-7-MEKS5 cells and in nude
mouse tumor tissues. C. WB assay showed increases of L-FABP, VEGF, and VEGFR-2 proteins. *p<0.05.

Coincidently, mRNA levels of L-FABP, VEGF,
and VEGFR-2 were also increased in both models
associated with MCF-7-MEKS5 cells (Figure 3A). Re-
sult of quantitative real-time PCR assay showed sig-
nificant increases in three genes (Figure 3B). In
MCE-7-MEKS5 cells L-FABP increased by 45.58+3.97
folds (p<0.05), VEGF by 35.33+4.95 folds (p<0.05), and
VEGEFR-2 by 30.2842.53 folds (p<0.05). In nude mouse
tumor tissues, L-FABP increased by 36.59+6.36 folds

(p<0.05), VEGF by 21.54%5.34 folds (p<0.05), and
VEGEFR-2 by 18.46+5.75 folds (p<0.05). WB result fur-
ther revealed upregulations of L-FABP, VEGF, and
VEGFR-2 proteins in both models with MCF-7-MEKS5
cells (Figure 3C). These results suggested that upreg-
ulation of FASN was associated with increased ex-
pressions of FA binding protein L-FABP and VEGF
and its receptor VEGFR-2.
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Cerulenin inhibited MCF-7-MEKS5 cells viability
and migration

We further used MTT assay to investigate the
effect of FASN inhibitor, Cerulenin on the
MCEF-7-MEK5 cell viability. Cell morphology was
observed at 0, 12, 20, and 24 hours after 20pg/ml Ce-
rulenin treatment (Figure 4A). When MEKS5 was in-
troduced into MCEF-7 cells, MCEF-7-MEKS5 cells exhib-
ited a decrease in cell-to-cell contact and an increase in
cell migration ability that are features of EMT. After
Cerulenin treatment, MCF-7-MEK5 cells exhibited
classic epithelial cell morphology with increased
cell-to-cell contact. This change was usually associat-
ed with mesenchymal-epithelial transition (MET),
suggesting that inhibition of FASN could reverse EMT
to MET. This result supported an important role of
FASN in the EMT. Cell viability assay for MCF-7 and
MCE-7-MEK5 cells were performed after 24-hour
treatment with 0, 5, 10, 20, 40, or 80 pg/ml Cerulenin
(Figure 4B). Our result showed that MCF-7-MEK5
cells were more sensitive to Cerulenin than MCEF-7
cells and exhibited a dramatic decrease in cell viability
in response to 20 pg/ml Cerulenin.

To further study the effect of Cerulenin on
MCF-7-MEKS5 cell migration, we conducted wound
healing assay in the presence of 15 pyg/ml Cerulenin.
Images were obtained from cells immediately after
wounding (Figure 5A, I). Then cells were incubated
with serum-free medium (II), medium with DMSO
(ITT) or with Cerulenin (15 pg/ml, IV) for 24 hours.
Compared to the control and DMSO group, Cerulen-
in-treated group showed significantly decreased mi-
gration index (Figure 5B), suggesting that Cerulenin
inhibited MCF-7-MEKS5 cell migration effectively.

Moreover, quantitative real-time PCR assay
showed that mRNA level of E-cadherin was increased
significantly after Cerulenin treatment by 85.70+14.77
folds (Figure 5 C and D), whereas Cerulenin treat-
ment decreased the expression of vimentin dramati-
cally (0.016£0.004, p<0.05). WB assay showed corre-
sponding changes of E-cadherin and vimentin pro-
teins (Figure 5E). This result suggested that inhibition
of FASN by Cerulenin might decrease the migration
and inhibit EMT in MCF-7-MEKS cells.

Inhibition of FASN with Cerulenin decreased
expressions of L-FABP, VEGF, and VEGFR-2 in
both in vitro and in vivo models with
MCF-7-MEKS5 cells

To further study the inhibitory effect of Ceru-
lenin, we examined both mRNA and protein levels of
L-FABP, VEGF, and VEGFR-2 in the presence of Ce-
rulenin. The PCR results showed that compared to the
control group, the Cerulenin-treated group showed a
decrease in FASN mRNA expression in both models
(Figure 6A). Additionally, Cerulenin treatment also
decreased mRNA levels of L-FABP, VEGF, and
VEGFR-2 in both models. Quantitative RT-PCR re-
sults showed that the Cerulenin group had signifi-
cantly lower level of FASN (0.023+0.005, p<0.05),
L-FABP (0.024£0.003, p<0.05), VEGF (0.038+0.004,
p<0.05), and VEGFR-2 (0.027+0.004, p<0.05) com-
pared to the control group in in vitro experiment
(Figure 6B). Similar results were also observed in the
in vivo experiment. WB results further confirmed
down-regulations of protein level of these genes
(Figure 6C). This result suggested that the inhibitory
effect of Cerulenin might be exerted through regulat-
ing expressions of FASN and its downstream pro-

teins.

Figure 4. Cerulenin effec-
tively inhibited MCF-7-MEKS5
cell viability. A. Morphological
changes of MCF-7-MEKS5 cells

- MCF-7-MEKS

were photographed at 0 (l), 12
(I1), 20 (1ll) and 24 h (V) after
Cerulenin (20 pg/ml) treat-
ment. B. Cell viability assay.
MCF-7 and MCF-7-MEKS5 cells
were pretreated with Ceru-
lenin (0, 5, 10, 20, 40, and 80
ug/ml) for 24 hours followed
by cell viability assay. This
result showed that
MCF-7-MEKS5 cells were more
sensitive to Cerulenin than
MCF-7 cells.
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Figure 5. Cerulenin-treatment inhibited migration and EMT of MCF-7-MEKS5 cells. A. Wound healing assay. MCF-7-MEKS5 confluent monolayers were
scratched and an image was taken immediately (I). Serum-free medium only (ll, control), medium with DMSO (lll), or with Cerulenin (15 pg/ml, IV) were
then added and incubated for 24 h. B. The migration index of the Cerulenin group was significantly lower than the DMSO and control group (p<0.01),
suggesting that Cerulenin inhibited MCF-7-MEKS5 cell migration. C. Cerulenin treatment increased E-cadherin mRNA and decreased vimentin mRNA in
MCF-7-MEKS cells. D. Quantitative real-time PCR assay showed that MCF-7-MEKS5 cells had increased E-cadherin by 85.69+14.76 folds and decreased level
of vimentin (0.016+0.004). E. WB assay showed an increase in E-cadherin and a decrease in vimentin proteins after Cerulenin treatment. ¥p<0.05, **p<0.01.
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Figure 6. Inhibition of FASN decreased expressions of L-FABP, VEGF, and VEGFR-2 in both in vitro and in vivo models. A. RT-PCR result assay showed
decreases of FASN, L-FABP, VEGF, and VEGFR-2 mRNAs in MCF-7-MEKS cells. B. Quantitative real-time PCR assay showed that Cerulenin treatment
significantly decreased levels of FASN, L-FABP, VEGF, and VEGFR-2 in MCF-7-MEK5 cells. In nude mouse tumor tissues (in vivo model), Cerulenin
treatment also decreased levels of FASN, L-FABP, VEGF, and VEGFR-2. C. WB result showed that proteins of FASN, L-FABP, VEGF, and VEGFR-2 were
downregulated in MCF-7-MEKS5 cells after Cerulenin treatment.
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Colocalization of FASN with L-FABP or VEGF
in MCF-7 and MCF-7-MEKS5 cells

We further used immunofluorescence cyto-
chemistry to investigate the localization of FASN (red
in Figure 7 A1-D1) and its co-labeling with down-
stream molecules VEGF (green in Figure 7 A2 and B2)
and L-FABP (green in Figure 7 C2 and D2) within
MCE-7 (Figure 7 A1-5 and C1-5) and MCF-7-MEK5
cells (Figure 7 B1-5 and D1-5). In MCF-7-MEKS cells,
FASN-positive signaling located in the majority of the
cell but nucleus (red in Figure 7 B1 and D1). VEGF
staining (green in Figure 7B2) showed similar distri-
bution pattern as FASN and co-localization of FASN
and VEGEF (yellow in Figure 7 B4 and B5) mainly lo-
cated in most cell area except nucleus. L-FABP stain-
ing located in both cytoplasm and nucleus (green in
Figure 7D2). Co-localization of FASN and L-FABP
appeared on most cell area except nucleus (Figure 7
D4 and D5). Immunofluorescence staining results
further showed that MCE-7-MEKS cells had increased
expression of FASN compared to MCF-7 cells (red in
Figure 7 A1-D1). Additionally, VEGF (green in Figure
7B2) and L-FABP (green in Figure 7D2) in
MCE-7-MEKS5 cells were also higher than those in
MCF-7 cells, suggesting that upregulation of FASN
were associated with increased expression of its
downstream proteins VEGF and L-FABP. Quantita-

L-40N

GYAN-L-dON

L-FABP

L-d4ON

CNAR-L-4ON

tive analysis was further used to compare colocalized
signal between MCF-7-MEKS and MCEF-7 cells. FASN
and VEGEF colabeling intensity in MCF-7-MEKS5 cells
was significantly higher than that in MCF-7 cells
(78.73+4.64 vs. 39.63+4.64, p<0.001). FASN and
L-FABP colocalization in MCF-7-MEKS5 was also sig-
nificantly higher than that in the MCEF-7 cells
(69.66£3.69 vs. 31.67+3.79, p<0.001).

Expressions of FASN, L-FABP and VEGEF in
nude mouse tumor tissues

To evaluate the expressions of FASN, L-FABP
and VEGF in tumor tissues, we performed immuno-
histochemistry assay and used the percentage of
FASN-, L-FABP- or VEGEF- positive cells as an index
for the level of expression (Table 2). Quantitative re-
sults showed that the MFC-7-MEK5 group had sig-
nificantly increased FASN-positive cells compared to
the MCEF-7 group (p<0.001). Increased percentage of
FASN-positive cells was accompanied by increased
percentages of L-FABP- and VEGF-positive cells in
the MCF-7-MEKS5 group. Cerulenin treatment signif-
icantly decreased the percentage of FASN- L-FABP-
and VEGEF-positive cells (P<0.001), suggesting that
inhibition of FASN could reduce expression L-FABP
and VEGF in tumor tissues.

Merge

Merge

DAPI

Figure 7. Immunofluorescence cytochemistry for localization of FASN with L-FABP or VEGF in MCF-7 and MCF-7-MEKS5 cells. Localization of FASN (red)
with VEGF (green) in MCF-7 cells (A) and MCF-7-MEKS5 cells (B) were presented. DAPI staining was used to identify cell nuclei. Compared to the MCF-7
cells, MCF-7-MEKS5 cells showed increased expression of FASN and VEGF and more co-labeling of two proteins (yellow) within cells except for nucleus.
Localization of FASN (red) with L-FABP (green) in MCF-7 (C) and MCF-7-MEKS cells (D) were presented. MCF-7-MEKS cells showed higher level of
L-FABP expression distributed in both cytoplasma and nucleus. Compared to the MCF-7 cells, MCF-7-MEKS5 cells showed significant co-labeling of FASN
and L-FABP (yellow) in most cell area except nucleus. Scale bar = 20 ym.
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Table 2. Comparisons of FASN-, L-FABP- and VEGF-positive cells
in nude mouse tumor tissues (xs).

Antibodies MCE-7 group MCE-7-MEK5 MCE-7-MEK5/
(positive cells, %)  group (positive  Cerulenin (positive
cells, %) cells, %)
FASN 12.93+2.41 88.27+6.43*** 27.42+2.08***
L-FABP  22.62+5.39 87.17+6.02%** 16.68+3.12%**
VEGF 29.07+1.84 85.2247.93%** 33.75+3.10%**
Discussion

Our results showed that FASN, L-FABP, VEGF,
and VEGFR-2 were elevated in MCF-7-MEKS5 cells
compared to those in MCF-7 cells. Cerulenin, the po-
tent FASN inhibitor, inhibits MCF-7-MEKS5 cells pro-
liferation and migration associated with EMT, and
blocks the expressions of FASN, L-FABP, VEGF, and
VEGFR-2. In addition, L-FABP and VEGF exhibited
co-localization with FASN. All results suggest that
FASN is essential to EMT and affects L-FABP, VEGF,
and VEGFR-2 during EMT.

MCE-7 cells exhibit typical epidermal character-
istics, round shape and cell-to-cell contact, and are
prone to forming cell colony. When MEKS5 was trans-
ferred into MCF-7 cells, MCF-7-MEK5 cells showed
reduced cell-to-cell contact and decreased number in
cell colonies, but increased migration capacity, sug-
gesting an occurrence of EMT. EMT is characterized
by decreased cell-cell contact, accompanied by de-
crease of E-cadherin and increase of vimentin. In
contrast, MET 1is characterized by increased cell-cell
contact, accompanied by increase of E-cadherin and
decrease of vimentin. In this study, Cerulenin-treated
MCE-7-MEKS5 cells resumed epidermal cells (MCE-7)
features, showing as increased cell contact and for-
mation of colony. Additionally, increased E-cadherin
and decreased vimentin were also observed in Ceru-
lenin-treated MCF-7-MEKS5, suggesting that inhibition
of FASN by Cerulenin reversed EMT and promoted
MET. Actually, specific knock-down of FASN in
metastatic cells has been reported before by Gonza-
lez-Guerrico et al. ['?. In this study shRNA-mediated
knock-down of FASN completely abrogated the an-
chorage-independent growth ability of the metastatic
cells that reverted from EMT to MET. Combined with
our finding, all these showed an essential role of
FASN in EMT.

FASN is related to EMT in many cancers, in-
cluding colorectal cancer 3] and skin cancer [4l. These
studies focused on the regulation of FASN on the ac-
tivation of receptor tyrosine kinases (RTKs) localized
on cell membrane, including Her2 13, EGFR [¢], and
insulin-like growth factor-I receptor 1. The ubiqui-
tous effects of FASN on several RTKs suggest that

FASN might act on the plasma membrane-associated
proteins by a more general mechanism.

VEGFR-2 is one of the receptors that interact
with VEGF, which is correlated with metastasis and
invasion in many tumors, including lung cancer [18],
pancreatic cancer %], and breast cancer [¢l. Gonzalez et
al. found that VEGF could induce EMT in prostate
intraepithelial neoplasia cells [l. Few studies have
explored the correlation between FASN and VEGEF,
yet the results are debatable. Selvendiran et al. re-
ported that FASN inhibitor HO-3867 could effectively
inhibit the metastasis and invasion of human ovarian
cancer cells A2780 and SKOV3 through the inhibition
of VEGF expressionl?l; however, Menendez et al. re-
ported that in breast cancer cells BT474, VEGF was
elevated via MAPK signaling pathway after FASN
was inhibited by C75 151,

Fatty acids synthesized by FASN can be trans-
ferred to the cell membrane or intracellular organelles
to form the plasma membrane or provide energy.
They play an important role in almost a whole cell 211,
L-FABP has been hypothesized to be involved in lipid
absorption by the enterocyte, and in hepatocyte lipid
transport and lipoprotein metabolism. L-FABP
transports many ligands, yet this transportation is
more predisposed to long chain saturated fatty acids,
the main products of FASN [2. In addition, L-FABP
deficiency can protect mice from the fatty liver in-
duced by long-term high fat diet, yet such protection
is only effective for saturated fatty acids, and be-
numbed with unsaturated fatty acids [#3. All these
suggest a correlation of L-FABP and FASN. Besides,
L-FABP involves in partitioning FA to specific lipid
metabolic pathways. Correspondingly, L-FABP im-
pacts orientation of cell membrane localized protein,
and hence influences functions of these proteins L.
Meanwhile, L-FABP is co-localized with VEGF in lung
cancer 4, and liver cancer cells [?°l. All these suggest
that FASN may regulate VEGF and VEGFR-2 via
L-FABP.

In summary, the mechanism of FASN inducing
the EMT in MCF-7-MEKS5 cells may be via the fol-
lowing pathway: FASN over-expression results in the
accumulation of long-chain saturated fatty acids,
which are transferred to the cell membrane by
L-FABP. VEGFR-2 localization is regulated by
L-FABP, and its ligand VEGF is activated corre-
spondingly to induce EMT.

Besides, MCF-7-MEK5 cells exhibit TNF-a re-
sistance. However, Cerulenin could effectively inhibit
MCEF-7-MEKS5 viability. This suggests that FASN in-
hibition could be conducted as individual therapies to
patients with TNF-a resistance.
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