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Abstract: The mechanisms underlying the growth inhibitory effect of Benzyl isothiocyanate (BITC) against breast 
cancer are still not fully understood. Therefore, we further investigated the mechanism in BITC triggering breast 
cancer. In the present study, we found that the overexpression of FOXH1 in breast cancers tissues and cells, and 
FOXH1 significantly promoted cell proliferation, invasion and tumorigenesis in vitro. FOXH1 significantly increased 
the expression levels of β-catenin, cyclinD1, and c-myc proteins in breast cancer cells. Furthermore, siβ-catenin 
reduced FOXH1 promotion of cell proliferation and invasion in breast cancer cells. Taken together, these results 
suggest that FOXH1 promoted breast cancer cell growth and invasion by potentiating the Wnt/β-catenin pathway, 
suggesting that FOXH1 may be a potential molecular target for breast cancer prevention and therapy. Furthermore, 
BITC treatment has remarkable effect on the expression level of FOXH1 and β-catenin mRNA and protein in MCF-7 
cells, MDA-MB-231 cells and SUM 159 cells. BITC treatment has an obvious significance on transcriptional activity 
of FOXH1. Cell growth and invasion inhibition resulting from BITC exposure were significantly augmented by FoxH1 
knockdown. In conclusion, the present study provides novel insights into the molecular circuitry of BITC-induced cell 
death involving FoxH1-mediated tumorigenesis. Thus, the present study provides a novel insight into the underlying 
mechanism of tumorigenesis in BITC triggering breast cancer, indicating the therapeutic potential of FOXH1 in the 
treatment of breast cancer.
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Introduction

Breast cancer is a significant prevalent cause 
of cancer-related death in women worldwide, 
which usually results from morbidity and mor-
tality [1]. Estrogen play an major role in promot-
ing breast cancer development and progres-
sion Brown, agents that block the ER, such as 
tamoxifen and aromatase inhibitors, could 
markedly increase ER positive patient survival 
[2, 3]. But for estrogen receptor-negative breast 
cancer, these approaches tend to be ineffec-
tive, so chemoprevention agents of breast can-
cer such as Benzyl isothiocyanate (BITC) are 
clinically attractive [4]. BITC is a naturally occur-
ring constituent of edible cruciferous vegeta-
bles with in vivo breast cancer preventive effi-

cacy [5, 6], BITC is a not only a potent inhibitor 
of EMT [7], but also has a suppression function 
in various oncogenic pathways such as nuclear 
factor-jB [8], leptin-induced Stat3 phosphoryla-
tion and cyclin D1 transactivation [9], and Akt 
[10]. 

FoxH1 (also named FAST-1), is a member of the 
Forkhead-box (FOX) family of transcription fac-
tors, more and more evidence implies the criti-
cal role for FOX protein involved in the carcino-
genesis [11, 12], such as FOXA1, FOXQ1 [13, 
14], but the function of FOXH1 implicated in 
cancer progression was still poorly understood 
[15]. And whether the involvement of FOXH1 
was in the development of breast cancer 
remains unclear [16].
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Wnt/β-catenin signaling transduction pathway, 
which functions by regulating cell proliferation, 
polarity, and cell fate not only in the embryonic 
stem cells development but also the tissue 
homeostasis [17, 18]. Aberrant activation of 
the Wnt/β-catenin pathway by amounts of tran-
scription factors (TFs) is linked to various 
human cancers [19-21]. We are interested in 
the whether there are more TFs included in the 
activation β-catenin and its downstream target 
gene, such as c-Myc, cyclinD1 in breast cancer 
cells, thus promote cell proliferation and 
invasion.

In the present study, the biological function and 
associated molecular mechanisms of FOXH1 in 
breast cancer were analyzed, and the role of 
FOXH1 involved in Wnt/β-catenin signaling to 
BITC anticancer responses was investigated. 

Materials and methods 

Patients and ethics statement

All breast cancer tissues and their adjacent 
normal tissues examined from breast cancer 
patients who underwent surgical resection at 
the Department of Breast Surgery, West China 
Second University Hospital, Sichuan University 
(Chengdu, China) from 2007 to 2012. The 
patients included 35 females, aged 33-62 
years old, the median age was 53 years. 
Informed consent letter for research was 
obtained from all the samples. The tumors 
were classified according to the criteria stan-
dard of the WHO. Samples were collected and 
maintained in ice-cold buffer [10 mM Tris (pH 
7.2) and 0.9% NaCl] after surgical resection for 
future analysis.

Cell lines

Human breast adenocarcinoma cell lines (MCF-
7 cells, MDA- MB-231 cells and SUM159 cells) 
and a normal human mammary epithelial cell 
line (MCF-10A) were purchased from the 
American Type Culture Collection (Manassas, 
VA, USA), and were cultured in DMEM or 1640 
medium supplemented with 10% fetal bovine 
serum added with antibiotics (100 U/ml penicil-
lin and 100 mg/ml streptomycin; Sigma-Aldrich, 
USA). 

Reagents

Antibodies against Forkhead Box H1 transcrip-
tion factor (FOXH1), β-catenin, cyclinD1 and 
GAPDH were from Santa Cruz Biotechnology 

(Santa Cruz, CA, USA). Secondly antibody was 
purchased from Abgent (San Diego, CA, USA). 

RNA isolation and reverse transcription-PCR 

Total RNA was isolated using the RNeasy kit 
(Invitrogen Life Technologies), according to the 
manufacture’s introduction. First-strand cDNA 
was transcribed using reverse transcriptase 
(Invitrogen Life Technologies) with oligo 
(deoxythymidine) 20 primer.

Real-time PCR 

Quantitative real-time PCR was done using 2× 
SYBR Green master mix (Applied Biosystems 
Life Technologies) on the condition as 95°C (30 
s) and 60°C (60 s) for 40 cycles. Relative gene 
expression was calculated using the method 
described earlier and normalized against to  
the House-keeping gene GAPDH. Amplification 
conditions for FOXH1 were 95°C for 5 min, 30 
cycles 95°C for 30 s, 58°C for 30 s, 72°C for 1 
min and 72°C for 10 min. 

RNA interference 

The FOXH1 stable transfected cells were trans-
fected with a control nonspecific siRNA or 
β-catenin targeted siRNA (100 nM), using 
RNAimax (Invitrogen Life technology). Forty-
eight hours after transfection, subsequently, 
the cells were collected and used for western 
blotting, cell proliferation or cell migration 
assays. 

Stable FOXH1 over expression cell lines 

MCF-7 or MDA-MB-231 cells were transfected 
with pcDNA4/TO/myc-his-FOXH1 (ABGENT, CA, 
USA) to create tet-inducible FOXH1 over expres-
sion cell lines, respectively. Cell selection was 
achieved using zeocin (Invitrogen Life Tech- 
nologies) for stable over expression cells. After 
the selection period, stability of the cell lines 
was confirmed by immunoblotting analysis. The 
expression of FOXH1 was maintained in the 
presence of doxycycline constitutively. 

Western blot analysis

Total protein was extracted from relative breast 
cancer cells using radioimmunoprecipitation 
lysis buffer (TransGen, Beijing, China) accord-
ing to the manufacturer’s instruction. 30 μg 
lysate was resolved on 10% SDS denaturing 
gels (Sigma-Aldrich). After SDS gel electropho-
resis, the proteins were transferred to NC mem-
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branes (Millipore, Boston, MA, USA), 5% skim 
milk was used to block the NC membranes, and 
immunoblotted with primary antibodies, mouse 
anti-FOXH1 (1:1000) or mouse anti-β-catenin 
(1:1500), or rabbit anti-cyclinD1 (1:1000), or 
mouse anti-β-actin (1:2000) overnight at 4°C. 
After washing with PBS with Tween-20 buffer, 
the membranes were incubated with Goat anti-
Rabbit secondary antibodies (1:3000) or Goat 
anti-Mouse secondary antibodies (1:3000) for 
1 hour, chemiluminescence reagent was used 
and the fluorescence was scanned to visualize 
the protein bands using a Typhoon scanner 
(9400, GE Healthcare Life Sciences, USA). 

Luciferase reporter assays 

Luciferase reporter assay was performed to 
determine the effect of BITC treatment on 

FOXH1 transcription. A total of 1×105 cells were 
seeded in 12-well plates and incubated at 37°C 
overnight. For β-catenin luciferase assay, cells 
were co-transfected with 6 μg of pGL-3 Basic-β-
catenin-Luc plasmid (Addgene, Cambridge, 
USA) and 0.6 μg of pGL-3 basic plasmid using 
Fugene6 (Roche Applied Science, Indianapolis, 
IN). 24 hours after transfection, cells were 
treated with DMSO or BITC for the same speci-
fied time periods. Luciferase activity was deter-
mined and normalized to protein concentration 
and expressed as a ratio of renilla luciferase 
units. 

Cell proliferation assay

To determine the relative transfected cell 
growth, 2000 cells of each group were plated in 
triplicate in 96-well plates and assessed by 

Figure 1. The expression of FOXH1 is upregulated in breast cancer cell lines and tissues. Representative mRNA ex-
pression of FOXH1 in the breast cancer cell lines, compared with the normal cell MCF-10A, determined by RT-qPCR. 
Data were represented as mean ± standard of three independent experiments. *P<0.05. A. Representative protein 
expression of FOXH1 in the breast cancer cell lines, measured by Western blot. B. Representative results of FOXH1 
mRNA expression in breast cancer tissues, compared with the corresponding normal breast tissues as detected by 
RT-qPCR. C. Representative of FOXH1 protein expression in breast cancer tissues.
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Figure 2. FOXH1 promotes breast cancer cell proliferation and invasion. A. Expression of FOXH1 mRNA in trans-
fected breast cancer cell lines MCF-7 and MDA-MB-231, when compared with the vector group. analyzed using RT-
qPCR. Data were represented as mean ± standard of three independent experiments. *P<0.05. B. Western blotting 
analysis was used to measure the FOXH1 protein expression in the above cell lines. C. FOXH1 markedly promoted 
the proliferation of MCF-7 cells and MDA-MB-231 cells, using cell proliferation assay, when compared with the rela-
tive vector group (vector). D. FOXH1 promotes cell invasion. Cell invasion was detected using transwell assay. The 
number of invaded cells in FOXH1-transfected MCF-7 and MDA-MB-231 cells was counted and analyzed. Represen-
tative photos were shown. Data were presented as mean ± standard, repeated three times. *P<0.05.
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MTT assay. At 24, 48, 72 or 96 h, MTT reagent 
[diluted from a 4-mg/ml solution with PBS to a 
final concentration of 0.8 mg/ml] (Sigma-
Aldrich)was added to the wells, the treated cells 
were further incubated for 4 h at 37°C 200 μL/
well dimethyl sulfoxide (Sigma-Aldrich) was 
used to terminate the reaction. The absorbance 
was read at 570 nm on an ELISA plate reader 
(Nanjing Perlove Medical Equipment Company, 
China). 

Migration and invasion assays

To detect the role of FOXH1 and BITC treatment 
on migration and invasion of breast cancer 
cellsin vitro, Transwell Boyden chamber 
(Corning, NY, USA) with a pore size of 8 μm 
polycarbonate filter was used. For invasion 
assay, the chamber was covered with 30 μL of 
Matrigel (BD Biosciences). Briefly, a total of 
1×105 cells in 0.5 ml of serum-free media were 
mixed and added in the upper compartment of 
the chamber, and complete medium were 
added to the lower compartment of the 
chambers.

Following incubation at 37°C for 24 h, non-
motile cells in the upper membrane were 
removed gently by a cotton swab, the motile 
cells on the bottom face were stained with 
hematoxylin and eosin, then counted under a 
microscope. Triplicate measurements in each 
experiment were carried out. 

Statistical analyses 

All statistical tests were confirmed by at least 
three independent experiments and performed 
using SPSS 17.0 software. Statistical signifi-
cance differences expression of FOXH1 
between control and treated groups was 
detected using paired t-test by comparing 
mean values (± SD) or one-way ANOVA compari-
son tests. P<0.05 were considered as signifi-
cantly differences. 

Results

Theexpression of FOXH1 is upregulated in 
breast cancer cell lines and tissues

In order to investigate the role of FOXH1 in 
breast cancer, RT-qPCR analysis (Figure 1A) 
and Western blot analysis (Figure 1B) were 
firstly performed to detect the FOXH1 expres-

sion in MCF-7 cells, MDA-MB-231 cells, 
SUM159 cells and MCF-10A cells. As compared 
with the normal breast cell line MCF-10A, the 
FOXH1 expression was shown to be significant-
ly upregulated in MCF-7 cells, MDA-MB-231 
cells and SUM159 cells. Further, using the 
patients samples collected, FOXH1 expression 
was then examined, we found in primary breast 
cancer tissues and in their corresponding adja-
cent healthy tissues, FOXH1 expression was 
increased in breast cancer tissues (Figure 1C 
and 1D). These results indicated that the over-
expression of FOXH1 in breast cancer. 

FOXH1 promotes breast cancer cell prolifera-
tion and invasion

To further understand the impact of FOXH1 in 
breast cancer progression, we firstly estab-
lished an FOXH1 expression construct and 
transfected it in the breast cancer cell lines 
MCF-7 cells and MDA-MB-231 cells and detect 
whether FOXH1 could participate in cell prolif-
eration. The transfection efficiency was mea-
sured by RT-qPCR and western blot analysis. As 
shown, FOXH1 mRNA expression was signifi-
cantly increased compared with those trans-
fected with the vector in MCF-7 cells and MDA-
MB-231 cells (P<0.05) (Figure 2A). Consistent 
with the RT-qPCR, protein expression of FOXH1 
was markedly increased in the breast cancer 
cells (Figure 2B). Furthermore, cell proliferation 
assay indicated that ectopic expression of 
FOXH1 significantly promotes the MCF-7 cells 
(Figure 2C left panel) and MDA-MB-231 cells 
proliferation (Figure 2C right panel), when com-
pared with the vector groups. The function of 
FOXH1 on cell invasion was also investigated. 
As shown in Figure 2D, enforced expression of 
FOXH1 resulted in a obviously increase effect in 
the number of MCF7 cells or MDA-MB-231 cells 
migrating across the filter. These results indi-
cated that FOXH1 promotes breast cancer cell 
proliferation and invasion. Knockdown β-ca- 
tenin reduced the promotion of FOXH1 in cell 
proliferation and invasion Since the aberrant 
activation of different signaling pathway was 
significantly included in the breast cancer 
pathogenesis, such as Wnt/β-catenin, HIF1a. 
To investigate the effects of FOXH1 on the 
potential signaling pathway, the expression of 
the relative signaling molecules was examined 
by RT-qPCR and western blot analysis. As mea-
sured, the mRNA and protein levels of β-catenin 
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and cyclinD1 were significantly increased in 
FOXH1 transfected MCF-7 cells (Figure 3A) or 
MDA-MB-231 cells (Figure 3B), compared with 
the vector group (P<0.05). To further investi-
gate the role of β-catenin in FOXH1 triggering 
breast cancer, upon treatment with siRNA tar-
geting β-catenin in the FOXH1-transfected 
MCF-7 cells, the promotion effect of FOXH1 on 
breast cancer cell proliferation and invasion 
was identified. The data indicated the knock-
down of β-catenin could significantly reduced 
the effect of FOXH1 in MCF-7 cells (Figure 3C). 
We created a MDA-MB-231 cell line with stable 
expression of FOXH1 to further test its role, the 
similar tendency was also observed in MDA-
MB-231 cells (Figure 3D) (P<0.05). These 
results revealed that FOXH1 promoted breast 
cancer cell proliferation and invasion through 
the activation of the Wnt/β-catenin pathway. 

BITC treatment has remarkable effect on tran-
scriptional activity of FOXH1

As mentioned early, BITC treatment are shown 
to inhibit breast cancer cell growth and EMT, 
and the suppression of FOXQ1 was an impor-
tant mechanism by which BITC triggering 
metastasis. So we focus our interest on wheth-
er BITC has an effect on the FOXH1. First, we 
measure BITC treatment on the expression 
level of FOXH1 and β-catenin in MCF-7 cells, 
levels of relative mRNA and protein were 
decreased markedly upon 12 and 24 h treat-
ment with BITC in MCF-7 cells (estrogen-respon-
sive with wild-type p53) (Figure 4A). The BITC-
mediated suppression of FOXH1 and β-catenin 
was also observed in the MDA-MB-231 cell line 
(estrogen-independent cell line with mutant 
p53), and the MDA-MB-231 was relatively more 
sensitive compared with MCF-7 (Figure 4B). 
The BITC treatment also leading to a remark-
able change on levels of FOXH1 and β-catenin 
in SUM159 (Figure 4C), which is a triple-nega-
tive human breast cancer cell line. Further, the 
transcriptional activity of FOXH1 was also 
detected in MCF-7 cells, MDA-MB-231 cells, 

and SUM159 cells. We declare the overexpres-
sion of FOXH1 could remarkably increase the 
β-catenin luciferase reporter activity. However, 
after exposure to BITC for 6 h-24 h, the BITC 
treatment resulted in a significant decrease in 
β-catenin luciferase reporter activity especially 
upon 24 hours treatment at the 5 μM concen-
tration in each cell line (Figure 4D). 

Knockdown of FOXH1 augments BITC-
mediated inhibition of cell proliferation and 
invasion

mRNA and protein levels of FOXH1 were 
decreased by nearly 90% in the MDA-MB-231 
cells and SUM159 cells transfected with the 
FOXH1-targeted siRNA compared with the con-
trol siRNA transfection cells (Figure 5A). Similar 
to siRNA transfection experiments, inhibition of 
cell proliferation resulting from BITC exposure 
was affected by FOXH1 knockdown in either 
MDA-MB-231 cells or SUM159 cells, as detect-
ed by the MTT assay (Figure 5B). In other word, 
knockdown of FOXH1 had obviously meaningful 
impact on BITC’s ability to inhibit cell prolifera-
tion. Furthermore, we also detect the BITC-
mediated inhibition of MDA-MB-231 cell and 
SUM159 cell migration by knockdown of 
FOXH1, upon treatment with BITC, the invasion 
was markedly augmented by RNA interference 
of FOXH1, compared with the control siRNA-
transfected cells, as detected by transwell 
assay (Figure 5C). Collectively, these results 
indicated that FOXH1 repression by BITC 
impeded its inhibitory effect on cell prolifera-
tion and invasion.

Discussion

Recently, more and more evidence indicated 
that epigenetic activation and genetic am- 
plification of potential oncogenes contribute to 
the development of the breast cancer progres-
sion. In the present study, we observed the 
expression of FOXH1 was upregulated in breast 
cancer cell lines and tissues, and the ectopic 

Figure 3. Knockdown β-catenin reduced the promotion of FOXH1 in cell proliferation and invasion. A. RT-qRCR for 
β-catenin and cyclinD1 mRNA and Immunoblotting for the relative protein using lysate from MCF-7 cells stably 
transfected with a vector or FOXH1-transfected cells. B. The above experiments were performed in MDA-MB-231 
cells stably transfected with a vector or FOXH1-transfected cells. C. Cell proliferation assay and transwell assay 
were performed in FOXH1 stable transfected MCF-7 cells, follow by transiently transfected with a control siRNA or 
a β-catenin targeted siRNA and treated for 24 hours. D. The similar experiments were performed in FOXH1 stable 
transfected MDA-MB-231 cells, follow by transiently transfected with a control siRNA or a β-catenin targeted siRNA 
and treated for 24 hours.
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expression of FOXH1 appeared to promote can-
cer cell proliferation and invasion. 

Aberrant activation of Wnt signaling pathway 
has been implicated by a large body of data in 

Figure 4. BITC treatment has remarkable effect on transcriptional activity of FOXH1. A. qRT-PCR and western blot 
analysis for FOXH1, β-catenin and GAPDH mRNA levels and protein levels in MCF-7 cells treated with DMSO (control) 
or the indicated concentrations of BITC for 16-24 h. Results shown are mean ± SD (n = 3). *Significantly different 
(P<0.05). B. qRT-PCR and western blot analysis for FOXH1, β-catenin and GAPDH mRNA levels in MDA-MB-231 
cells. C. qRT-PCR and western blot analysis for FOXH1, β-catenin and GAPDH mRNA levels and protein levels in 
SUM159 cells. D. β-catenin luciferase reporter activity (as measurement of FOXH1 transcriptional activity) in MCF-
7, MDA-MB-231, and SUM159 cells after treated with DMSO or the indicated concentrations of BITC for 24 h Each 
experiment was repeated at least three times. Results were shown as mean ± SD. *Significantly different (P<0.05). 

Figure 5. Knockdown of FOXH1 augments BITC-mediated inhibition of cell proliferation and invasion. A. qRT-PCR 
and Western blot analysis was performed inMDA-MB-231 cells or SUM159 cells transfected with FOXH1-specific 
siRNA for 48 hours. FOXH1 expression was observed to be downregulated both at the protein and mRNA levels. 
qRT-PCR results are presented as the mean ± S.D. of three independent experiments in triplicates. B. MTT assay 
was performed in the siFOXH1-transfected MDA-MB-231 cells or SUM159 cells, followed by treat with BITCor DMSO 
(control) for 24 hours. C. Transwell assay was performed in the siFOXH1-transfected MDA-MB-231 cells or SUM159 
cells, followed by treat with BITC or DMSO (control) for 24 hours.
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many cancer types, such as breast ,colorectal, 
and prostate cancer, Wnt pathway was usually 
considered as key regulator in the cancer cell 
growth and differentiation [22]. Via translocate 
to the nucleus, β-catenin was stabilized and 
modulated the target genes expression, such 
as c-Myc and cyclin D1 [23], the role of which is 
promoting tumor cell proliferation and migra-
tion [24].

We found increased FOXH1 expression level 
induced the β-catenin expression, and siβ-
catenin significantly reduced the FOXH1-
induced promotion of breast cancer cells prolif-
eration and invasion. These results demon-
strated that FOXH1 in triggering breast cancer 
cell proliferation and invasion via activation of 
the Wnt/β-catenin signaling pathway. 

Furthermore, we declared BITC treatment has 
remarkable effect on the FOXH1 and β-catenin 
expression as well as on the transcriptional 
activity of FOXH1, since FOXH1 could activate 
the β-catenin luciferase reporter activity, while 
the BITC treatment in the FOXH1 transfected 
MCF-7 cells, MDA-MB-231 cells, and SUM159 
cells, resulted in a significant decrease in 
β-catenin luciferase reporter activity. Knock- 
down of FOXH1 augments BITC-mediated inhi-
bition of cell proliferation and invasion in MDA-
MB-231 cells and SUM159 further support our 
argument. 

The functions of FOXH1 may not be limited to 
the regulation of â-catenin transcriptional activ-
ity, in the further, additional signaling pathways 
required for FOXH1 tumor transformed function 
need further investigations. In summary, our 
findings are of importance in understanding the 
breast cancer aetiology, with potential implica-
tions for breast cancer diagnosis and therapy.
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