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Abstract Hepatocellular carcinoma (HCC) is a major health
concern with a high morbidity and mortality rate worldwide.
However, the mechanism underlying hepatocarcinogenesis re-
mains unclear. Forkhead box P2 (FOXP2) has been implicated
in various human cancer types. However, the role of FOXP2
in HCC remains unknown. Western blot and immunohisto-
chemistry were used to measure the expression of FOXP2
protein in HCC and adjacent normal tissues in 50 patients.
Wound healing and transwell assays were used to determine
the cell invasion ability. We showed that the level of FOXP2
was significantly reduced in HCC compared with the adjacent
non-tumorous tissue. There was statistical significance be-
tween the expression of FOXP2 and vein invasion (P=
0.017), number of tumor nodes (P=0.028), and AFP (P=
0.033). Low expression of FOXP2 correlated with poor sur-
vival. Moreover, wound healing and transwell assays showed
that FOXP2 could decrease cell invasion and affect the ex-
pression of vimentin and E-cadherin. Our results suggested
that FOXP2 expression was downregulated in HCC tumor
tissues, and reduced FOXP2 expression was associated with
poor overall survival. In addition, downregulation of FOXP2
significantly enhanced cell invasiveness. These findings

uncover that FOXP2 might be a new prognostic factor and
be closely correlated with HCC cell invasion.
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Introduction

Hepatocellular carcinoma (HCC) is a major health concern
with a high morbidity and mortality rate worldwide [1], with
nearly 600,000 deaths occurring worldwide each year [2].
Liver transplantation and surgical resection are effective treat-
ment of early-stage HCC. However, the overall survival for
patients with HCCs remains poor [3]. In order to improve the
overall survival of HCC patients, there is an urgent need to
find novel valuable prognostic biomarkers and therapeutic
targets for early diagnosis and effective treatment of HCC [4].

Transcription factors of the forkhead box P (FOXP1–4)
family have been implicated in several types of human
tumors [5]. Forkhead box P1 (FOXP1) has a range of
functions and has been documented to play a role in the
development of various solid tumor types [6–11]. FOXP1
can act as either a tumor suppressor or an oncogene [12].
FOXP1 protein was lost in breast cancer [13, 14], renal
cell carcinoma [15], prostate cancer [16, 17], and early
endometrial cancer [18]. In contrast, FOXP1 protein was
overexpressed and as an oncogene in hepatocellular car-
cinoma [19]. FOXP3 was reportedly expressed in human
melanoma cells and pancreatic cancer cells, whereas it
was not observed in normal melanocytes and pancreatic
duct cells [20, 21]. FOXP4 expression was reported to be
inactivated by translocation in several breast cancer cell
lines [22] and downregulated in kidney cancer [23].
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Forkhead box P2 (FOXP2) is a member of forkhead box P
family, which shares a common DNA-binding consensus se-
quence with other FOXP members [24–26]. Some studies
reported that FOXP2 was highly expressed in the colon, ova-
ry, liver intestine, and brain [27], as well as developing heart,
lung, and gut tissues [28]. FOXP2 has mainly been reported to
regulate speech and language development and neuronal de-
velopment [29]. Apart from this, a number of evidence have
indicated that FOXP2 has also been implicated in cancer de-
velopment. Studies showed that FOXP2 overexpression
served as a strong discriminator between normal lymphocytes
and multiple myeloma [27]. In a recent study, FOXP2 has
been suggested to play a role in prostate cancer development.
Notably, FOXP2 expression is significantly correlated with
tumor aggressiveness, especially in nonfusion type prostate
cancer [30]. FOXP2 was reported to play an important role
in breast cancer carcinogenesis, depletion of FOXP2 was ad-
equate in promoting tumor initiation, and metastasis in BCCs
and repressed FOXP2 expression are closely correlated with
poor survival in breast cancer [31]. However, the role of
FOXP2 expression in HCC remains to be evaluated.

In the present study, we investigated the biological and
clinical significance of FOXP2 expression in human HCC.
We found that FOXP2 expression was significantly reduced
in human HCC specimens, and the downregulation of FOXP2
significantly enhanced cell invasiveness and regulated the ex-
pression of vimentin and E-cadherin. Our results imply that
the repression of FOXP2 was associated with augmented can-
cer cell invasiveness and poor patient survival in human HCC.

Materials and methods

Patients and tissue samples

Fifty HCC sections and 8 HCC tissue samples from patients
who underwent surgery without postoperative systemic che-
motherapy were obtained from the Surgery Department at the
Affiliated Hospital of Nantong University, between 2004 and
2005. Formalin-fixed and paraffin-embedded tissue speci-
mens and clinicopathological data from these patients were
collected. The main clinical and pathologic variables are
shown in Table 1. Forty patients were men while 10 were
women, and their average age was 43 years (range, 21–65).
Tumors were classified as well (grade I; n=11), moderately
(grade II; n=35), or poorly (grade III; n=4) differentiated. The
follow-up time was 5 years, with a range of 1–80 months.

Immunohistochemistry

In brief, sections were first deparaffinized in xylene and
rehydrated through graded ethanol. For antigen retrieval, the
sections were boiled in citrate buffer (0.01 M, pH 6.0) for

10 min at 105 °C. After endogenous peroxidase activity was
blocked with 3 % H2O2 in PBS, 10 % goat serum was used to
block any non-specific reactions for 1 h at room temperature
and followed by incubation with a rabbit polyclonal anti-
FOXP2 (1:50; Santa Cruz Biotechnology) for 2 h at room
temperature. Then, the sections were washed with PBS twice
and incubated with secondary antibodies (biotin-labeled;
Santa Cruz) and third antibodies (peroxidase-labeled; Santa
Cruz) and stained with DAB. Finally, the sections were

Table 1 FOXP2 expression and clinicopathological parameters in 50
HCC

Parameters Total FOXP2 P

Low score <5 High score ≥5

Age (years)

<45 19 7 12 0.923
≥45 31 11 20

Gender

Male 40 15 25 0.730
Female 10 3 7

Histological grade

Well 11 4 7 0.280
Mod 35 24 35

Poor 4 3 1

Metastasis

Negative 43 15 28 0.692
Positive 7 3 4

Vein invasion

Absence 38 10 28 0.017*
Presence 12 8 4

Tumor size (cm)

≤5 29 11 18 0.738
>5 21 7 14

Number of tumor nodes

Single 29 9 20 0.028*
Multiple ≥2 21 9 12

Capsular formation

Presence 14 3 11 0.181
Absence 36 15 21

HBsAg

(+) 12 6 6 0.309
(−) 38 12 26

Cirrhosis

Positive 12 5 7 0.735
Negative 38 13 25

AFP (ng/mL)

≤50 17 4 13 0.033*
>50 33 14 19

Statistical analyses were performed by Pearson’s x2 test

HCC human hepatocellular carcinoma, HBsAg hepatitis B surface anti-
gen, AFP alphafetoprotein

*P<0.05 was considered significant
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counterstained with hematoxylin, dehydrated, and mounted in
resin mount. Negative control sections were incubated with
using a non-specific immunoglobulin IgG (diluted 1:50; Santa
Cruz Biotechnology) instead of the primary antibody.

Immunohistochemical evaluation

For the assessment of FOXP2 expression, five high-power
fields were randomly chosen and cell staining was examined
under high-power magnification. More than 500 cells were
counted to determine the labeling index (LI) [32]. The FOXP2
immunostaining score was calculated as both the staining in-
tensity and the percentage of positively stained tumor cells.
The intensity of FOXP2 staining was scored as no staining(0),
weakly (1), moderately (2), or strongly (3). The percent pos-
itivity of FOXP2 was scored as follows:<10 %(0), 10–30 %
(1), 31–50 % (2), 51–70 % (3), ≥71 % (4). The immunostain-
ing score was calculated as the staining intensity score×the
percentage positive score. Scores 0–4 were counted as low
expression, while 5–12 were counted as overexpression [33].

Western blot analysis

Before immunoblotting, cells were washed three times with
ice-cold PBS, resuspended in lysis buffer (0.5 % Nonidet
P-40, 100 mMNaF, 200 μMNa3VO4, protease inhibitor mix-
ture, 120 mM NaCl, 50 mM Tris–HCl), and then incubated at
4 °C for 20 min while rocking. Lysates were cleared by cen-
trifugation (10 min, 12,000 rpm, 4 °C) collected the superna-
tant and examined protein concentrations with a Bio-Rad pro-
tein assay (Bio-Rad, Hercules, CA, USA). The supernatant
was diluted in 2× SDS loading buffer and boiled, and 50 μg
of total protein was resolved by SDS–PAGE and transferred
onto a polyvinylidene fluoride membrane (Immobilon;
Millipore). The membranes were firstly blocked with 5 %
dried skim milk in TBST (150 mM NaCl, 20 mM Tris,
0.05 % Tween-20) and then incubated with polyclonal anti-
body against using the primary antibodies described at room
temperature for 2 h. Antibodies used were as follows: anti-
FOXP2 (1:1000; Santa Cruz Biotechnology); anti-E-cadherin
(1:1000; Santa Cruz Biotechnology); anti-vimentin (1:1000;
Santa Cruz Biotechnology); anti-GAPDH (1:1,000; Sigma).
After three times of washes, filters were incubated with horse-
radish peroxidase-linked IgG secondary human anti-mouse or
anti-rabbit antibodies (1:1,000; Pierce). Detection of
immunocomplexes was performed with an enhanced chemi-
luminescence system (NEN Life Science Products, Boston,
MA, USA) [34].

Cell culture

The human HCC cell lines, SK-Hep1, Huh7, and SMCC-
7721, and the L02 normal liver cell line were obtained from

our laboratory and maintained in DMEM supplemented with
10% fetal bovine serum (FBS), streptomycin 100 μg/mL, and
penicillin 100 U/mL at 37 °C in 5 % CO2.

Plasmid constructs ShRNA and transfection

The RNAi species for the FOXP2 knockdown were synthe-
sized by Enechem (Shanghai, China). The RNA interference
(RNAi) FOXP2 sequence targeted were as follows: ShRNA1:
5′-TAAGTAATCCTGGACTGAT-3′; ShRNA2: 5′-AACTTG
GAAGAATGCAGTA-3′; ShRNA3: 5′-TTAACAATGAAC
ACGCATT-3′; ShRNA4: 5′-AGCAAACAAGTGGATT
GAA-3′; and control: 5′-UUCUCCGAACGUGUCACGU-
3′. Cell transfection was performed using Lipofectamine
2000 according to the manufacturer’s instructions.

Wound healing assays

The cells were seeded in 6-well plates and grown to conflu-
ence overnight. Forty-eight hours after transfection, cells were
serum starved for 12 h and then scratched within the confluent
cell layer using the fine end of a 10-μl pipette tip. They were
also photographed under 20× objective lens every 24 h by
inverted Leica phase-contrast microscope (Leica DFC 300
FX).

Transwell invasion assays

Cell invasion assay was performed in transwell chamber
(Corning, 8 μm pore size). BDMatrigel Basement Membrane
Matrix was assessed according to the manufacturer’s recom-
mended protocol. Then, 0.5 ml of serum-free medium was
placed in the upper chamber, and DMEM with 10 % FBS
was added to the bottom chambers. Equal numbers (1×105)
of cells were plated in the upper chamber of quadruplicate
wells and incubated at 37 °C for 72 (SMCC-7721 cell) and
96 h (Huh7 cell). Cells were then fixed with paraformalde-
hyde, stained with crystal violet, to visualize the nuclei. Ex-
periments were repeated four times.

Statistical analysis

All experiments were repeated at least three times. Data
were presented as (mean±SD). Statistical analysis was
performed by using the SPSS 16.0 (standard version
16.0; SPSS, Chicago, IL, USA). P<0.05 was considered
significant. Expression of FOXP2 in HCC samples was
analyzed by using x2 test. Survival analysis was undertak-
en using the Kaplan–Meier method.
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Results

FOXP2 expression in HCC

We first determined the expression of FOXP2 in 8 paired
adjacent normal tissues and HCC biopsy samples. The

expression of FOXP2 was dramatically reduced in tumor tis-
sues compared with the adjacent normal tissues. GAPDH was
used as a control for protein loading and integrity (Fig. 1a).
We next examined the expression of FOXP2 in a panel of 3
HCC cell lines and a L02 normal liver cell line. It was found
that FOXP2 was significantly highly expressed in SMCC-

Fig. 1 FOXP2 is lowly
expressed in HCC tissues. a
Western blot analysis showed that
the expression of FOXP2 was
decreased in HCC tissues. The
bar chart demonstrates the ratio
of FOXP2 protein to GAPDH by
densitometry. (*P<0.05). b
FOXP2 protein had a low
expression in the human
hepatocellular carcinoma cell
lines Huh7 and SMCC-7721
cells, compared with the normal
liver cell line L02

Fig. 2 Immunohistochemical analysis of FOXP2 expression. a, b Cancer tissues with no vein invasion showed high FOXP2 expression. c, d Cancer
tissues with vein invasion showed low level of FOXP2. (SP×200)
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7721 and Huh7 HCC cell lines (Fig. 1b). These findings sug-
gested that FOXP2 was downregulated in HCC specimens.

Immunohistochemical analysis of FOXP2 expression
in HCC clinical samples and its relationship
to clinicopathological parameters

To determine whether the level of FOXP2 protein was
associated with the clinicopathological parameters of
HCC, immunohistochemical analysis of FOXP2 expres-
sion was carried out on tissue microarrays that contained
50 samples from HCC patients. FOXP2 expression in
HCC was scored <5 as low expression, while FOXP2

expression in HCC was scored ≥5 as high expression.
As shown in Fig. 2, representative examples of FOXP2
reactivity were observed in HCC specimens with the vein
invasion. The relationship between FOXP2 expression
and clinicopathologic parameters was further analyzed.
There was statistical significance between the expression
of FOXP2 and vein invasion (P=0.017) and number of
tumor nodes (P=0.028) and AFP (P=0.033) (Table 1).
There were no statistical correlations between FOXP2 ex-
pression and the remaining clinicopathologic parameters,
such as age, histological grade, cirrhosis, tumor size, cap-
sular formation, HBsAg, cirrhosis, metastasis, and gender
(P>0.05).

FOXP2 expression and patient survival

We carried out Kaplan–Meier survival analysis to study
the correlation between FOXP2 expression and patients’
survival. According to the Kaplan–Meier survival analy-
sis, patients with low FOXP2 expression were likely to
have a significantly shorter overall survival (Fig. 3,
P<0.05).

Univariate and multivariate analyses of prognostic
variables in HCC patients

We carried out Cox proportional hazards model to examine
the impact of FOXP2 expression and other clinicopathological
parameters on the survival of HCC patients. FOXP2

Fig. 3 Kaplan–Meier survival curves for high FOXP2 expression versus
low FOXP2 expression in 50 patients of HCC showed a highly significant
separation (P<0.05, log rank test)

Table 2 Univariate and
multivariate analysis of overall
survival in 50 HCC specimens

Variables HR Univariate analysis HR Multivariate analysis

95 % CI P 95 % CI P

Age (years) 1.043 0.480–2.277 0.915

Gender 1.486 0.514–4.295 0.464

Histological grade 1.426 0.722–2.818 0.307

Metastasis 2.148 0.802–5.752 0.128

Vein invasion 1.990 0.873–4.536 0.102

Tumor size 1.082 0.511–2.291 0.837

Number of tumor nodes 2.155 1.010–4.598 0.047* 1.788 0.813–3.930 0.148

Capsular formation 1.367 0.580–3.219 0.475

HBsAg 0.871 0.370–2.051 0.752

Cirrhosis 2.354 0.812–6.827 0.115

Serum AFP level 1.449 0.654–3.209 0.360

FOXP2 0.382 0.179–0.815 0.013* 0.446 0.203–0.978 0.044*

Statistical analyses were performed by the Cox test analysis

HCC human hepatocellular carcinoma, HR hazard ratio, CI confidence interval, HBsAg hepatitis B surface
antigen, AFP alphafetoprotein

*P<0.05 was considered significant

Tumor Biol. (2015) 36:9611–9619 9615



expression was a significant prognostic factor in the univariate
analysis (Table 2). The prognostic merit of FOXP2 expression
was further examined using multivariate analysis. Results
showed that FOXP2 could serve as independent predictor of
patients’ survival. Thus, FOXP2 expression would be closely
correlated with the overall survival of patients with HCC
(P<0.05, Table 2).

FOXP2 regulated the invasion in HCC cells

Based on the finding that FOXP2 was associated with
vein invasion in HCC, we further studied the potential
influence of FOXP2 on HCC cell invasion ability. We
used shRNA to knockdown FOXP2 expression in the
SMCC-7721 cells. SMCC-7721 cells were transiently

transfected with FOXP2-ShRNA1–4 or control ShRNA.
Forty-eight hours after transfection, FOXP2-ShRNA1
showed effective FOXP2 interference in the SMCC-7721
cells (>50 %) compared with control ShRNA (Fig. 4a).
Wound healing assay showed that depletion of FOXP2
could promote cell invasion ability compared to control
group in SMCC-7721 and Huh7 cells (Fig. 4b, c). Con-
sistently, invasion assay demonstrated that silencing
FOXP2 expression in SMCC-7721 cells and Huh7 cells
could increase the number of invaded cells compared with
control groups (Fig. 5a). We detected protein levels of
EMT-associated genes in SMCC-7721 and Huh7 cells.
Knocking down FOXP2 expression reduced the expres-
sion of E-cadherin but enhanced vimentin protein expres-
sion in SMCC-7721 and Huh7 cells (Fig. 5b). Thus, our

Fig. 4 FOXP2 modulated the
invasive ability of HCC cells. a
Forty-eight hours after transiently
transfected with FOXP2-
ShRNA1–4 or control ShRNA,
FOXP2 protein expression was
detected using Western blot
analysis in SMCC-7721 cells.
Western blotting showed that
FOXP2-ShRNA1 exhibited the
best knockout efficiency. The bar
chart below indicated the ratio of
FOXP2 protein to GAPDH by
densitometry. b, cWound healing
assay using SMCC-7721 and
Huh7 cells. Migration of the cells
to the wound was visualized at 0,
24, and 48 h with an inverted
Leica phase-contrast microscope
(200× magnification). The bar
chart shows that the distance of
cell migration (*P<0.05)
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data revealed that FOXP2 might regulate the invasion of
HCC cells.

Discussion

Forkhead box (Fox) family has becoming a promising
therapeutic option for cancer therapy. FOXC1 inhibited
the in vitro invasion and the in vivo pulmonary metastasis
of MDA-MB-231HM cells [35]. FOXC2 played a central
role in promoting invasion [36]. Downregulation of
FOXM1 could lead to the inhibition of invasion of pan-
creatic cancer cells and U2OS osteosarcoma cells [37,
38]. Overexpression of FOXP3 inhibited cell invasion in
epithelial ovarian cancer [39, 40]. FOXO3a promoted tu-
mor cell invasion through the induction of MMPs [41].
However, the role of FOXP2 in the regulation of tumor
metastasis and invasion remains virtually unknown.

In this study, we first detected FOXP2 protein expression in
HCC tissue specimens and HCC cell lines using Western blot
analysis. We found that FOXP2 was decreased in most prima-
ry HCC tumor tissues. We also found that patients with a low
FOXP2 expression were likely to have a significantly short-
ened overall survival. In addition, multivariate analysis sug-
gested that FOXP2 protein was an independent prognostic
factor for overall survival. These findings uncovered that

FOXP2 could be used as a new predictor of the prognosis of
patients with HCC.

Next, we determined the potential role of FOXP2 in
tumor cell invasion ability. We found that the downreg-
ulation of FOXP2 significantly enhanced cell invasive-
ness by wound healing assay and transwell assay. In-
creasing evidence indicates that epithelial to mesenchy-
mal transition (EMT) plays an important role in tumor
progression [42] and is postulated to be involved in tu-
mor cell invasion and metastasis including HCC [43–47].
We examined the levels of EMT-associated proteins in
SMCC-7721 and Huh7 cells. Depletion of FOXP2 ex-
pression reduced the expression of E-cadherin whereas
enhanced the expression of vimentin in SMCC-7721
and Huh7 cells.

FOXP2 has been suggested to play a role in breast
cancer. Studies have shown that MSC-deregulated
microRNAs constitute a network that depresses the ex-
pression of FOXP2. Depletion of FOXP2 can cause the
cancer cells to metastasize much more vigorously in
BCCs [31]. Our data show that the downregulation of
FOXP2 significantly enhanced cell invasiveness. Our
study showed that FOXP2 expression had similar function
in HCC.

In conclusion, our study suggests that FOXP2 plays an
important role in HCC carcinogenesis especially in tumor

Fig. 5 FOXP2 expression
inhibited cell invasion using
transwell assays. a Interference of
FOXP2 promoted the invasion of
SMCC-7721 cells and Huh7
cells. The bar chart showed that
the number of invasive cells was
significantly higher in SMCC-
7721 and Huh7 cells transfected
with ShRNA than that of cells
transfected with control cells.
(*P<0.05). b The effects of
FOXP2 depletion on the
expression of E-cadherin and
vimentin. Knocking down
FOXP2 expression reduced the
expression of E-cadherin whereas
enhanced vimentin protein
expression in SMCC-7721 and
Huh7 cells
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invasion. Therefore, FOXP2 may serve as a novel molec-
ular target for the detection and treatment of HCC.

Compliance with ethical standards We investigated 50 cases of liver
cancer provided by the Surgery Department at the Affiliated Hospital of
Nantong University. Ethics committee approval was obtained from the
Institutional Ethics Committee of Affiliated Hospital of Nantong Univer-
sity to the commencement of the study, and written informed consent was
obtained from every patient.
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