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Abstract Four and a half LIM domains 2 (FHL2) is a

protein of 279 amino acids in length containing four full

LIM-domains and a half LIM-domain at the amino termi-

nus. FHL2 is one transcriptional cofactor that can interact

with many different proteins, such as AP-1, BRCA1,

IGFBP, and integrin, and involved in organ differentiation,

development, cell apoptosis, and carcinogenesis. Recent

studies showed that FHL2 could play different roles acting

as co-activator or corepressor in different cancer types,

depending on the cell types involved. However, no report

about FHL2 function in tongue squamous cell carcinoma

(TSCC) is available to date. This study aims to determine

the FHL2 expression and its biological functions in TSCC

via in vitro and in vivo studies. Results show that FHL2

expression was associated with the pathological differen-

tiation of TSCC samples through immunohistochemistry.

FHL2 overexpression could stimulate cell proliferation,

invasiveness, and metastases investigated by MTT, flow

cytometry, Transwell and cell scratch methods. FHL2

could also elevate tumor-related molecule nuclear tran-

scription factor-B (NF-rB) and b-catenin expression levels

both at transcriptional and translational levels through real-

time PCR and Western blot analyses. The in vivo nude

mice experiment showed that the tumorigenicity of FHL2

overexpression group was significantly increased compared

with control groups. These results suggest that FHL2

overexpression could contribute to the growth, prolifera-

tion, invasiveness, and metastasis of human tongue squa-

mous cell carcinoma; furthermore, its function in TSCC

might be related with the upregulation of NF-rB and b-
catenin expressions.

Keywords Four and a half LIM domains 2 � Tongue
squamous cell carcinoma � Transcriptional cofactor

Introduction

Head and neck cancer is a malignant tumor with high

incidence and known as the 6th frequent carcinoma in the

whole body, in which tongue is the easily affected intraoral

site (Mignogna et al. 2004; Wu et al. 2013a, b). Tongue

squamous cell carcinoma (TSCC) is the most common

pathological type of tongue cancer, which is known for its

poor prognosis and high mortality rates because of features,

such as high invasiveness and metastasis. However, in

cases with successful surgery, TSCC frequently leads to

severe defects in speech, chewing, and cancer-related

death. The common strategies to treat tongue cancer are

head and neck surgery combined with adjuvant therapy, but

the treatment results are still not ideal until now. Recently,

researchers are exploring more cancer-related molecules

and pursuing new biological methods to treat TSCC to

obtain better results (Duan et al. 2006; Jia et al. 2013; Lim

et al. 2014;Yao et al. 2007). Target gene therapy method

has become a prospective strategy in cancer field. Many

molecules in various signaling pathways, such as micro-

RNAs, nuclear transcription factor-B (NF-rB), and b-
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catenin (Duan et al. 2006; Jia et al. 2013; Lim et al. 2014;

Yao et al. 2007), are involved in the development and

prognosis of tongue squamous cell carcinoma. However,

the precise mechanism of TSCC is still unknown.

Four and a half LIM domains 2 (FHL2) is a LIM-only

protein that belongs to the four and a half LIM-only protein

family; it is strongly expressed in cardiac and skeletal

muscle cells, but a much lower level was observed in other

tissues and cell types (Martin et al. 2002; Lai et al. 2006).

FHL2 can function as an adapter or modifier in protein

interactions mediated by LIM domains, which allow FHL2

to have diverse functions in the regulation of many cellular

processes, such as cell survival, proliferation, differentia-

tion, adhesion, motility, gene expression regulation, and

signal transduction (Kleiber et al. 2007; Kurakula et al.

2011; Lai et al. 2006; Tian et al. 2015; Wei et al. 2003; Xia

et al. 2013; Zhang et al. 2011). The role of FHL2 in cancer

is particularly intriguing because FHL2 binds to different

proteins and can function in a cell-type dependent manner

because it acts as a transcriptional coactivator of several

transcription factors, including androgen receptor, AP-1,

CREB, BRCA1, and NF-kB in various transformed cell

types, or as transcriptional corepressors of ERK2, PLZF,

SRF, and FOXO1 (Cao et al. 2015; Kleiber et al. 2007;

Kurakula et al. 2011; Wei et al. 2003; Xia et al. 2013;

Zhang et al. 2011; Zienert et al. 2015).

FHL2 is overexpressed in breast cancer, ovarian cancer,

osteosarcoma, gastrointestinal cancer, and prostate cancer,

but downregulated in malignant rhabdomyosarcoma and

liver cancer (Genini et al. 1997). Furthermore, FHL2

increases the expression of E-cadherin but reduces activity

of the transcription factor NF-rB in colon HT-29 cells,

which make the role of FHL2 in cancer development more

elusive (Amann et al. 2010; Brun et al. 2013; Kleiber et al.

2007; Ng et al. 2011; Qiao et al. 2009; Wang et al. 2007).

The intriguing aspects of FHL2 acting as oncoprotein or

tumor suppressor may be related with its interaction with

different partner proteins in different cell types.

In the present study, we aim to investigate the FHL2

expression in TSCC and explore its effects on cell prolif-

eration, invasiveness, metastases, and tumorigenicity; we

preliminarily explore its role and possibly related signaling

molecules in tongue squamous cell carcinoma development

via in vivo and in vitro studies.

Materials and methods

Clinical samples

The study was approved by the ethics committee of School

and Hospital of Stomatology, Shandong University.

Tumorous tongue tissues and adjacent nontumor tissues (at

least 1 cm distance away from the tumor edge) were col-

lected with written consent from patients who underwent

surgical resection at the School and Hospital of Stomatol-

ogy, Shandong University between 2009 and 2012. Tissue

samples with definitive demographic and clinicopatholog-

ical records were used for our analyses. Figure 1 provides

the summary of the clinicopathological characteristics of

47 patients. In this study, samples from each patient

were stained with hematoxylin and eosin, and classified

histologically.

Immunohistochemistry

Immunohistochemistry staining was performed according

to the instructions of the Power Vision Histostain Strep-

tavidin-Peroxidase kit (Zhongshan, Beijing, China). First,

the activity of endogenous peroxidase of tissues was

blocked with 3 % H2O2 for 15 min. Antigen retrieval was

performed with 0.05 % (w/v) trypsin (Sigma-Aldrich, St.

Louis, MO) dissolved in Tris–HCl buffer containing 0.1 %

(w/v) CaCl2 at 37 �C for 10 min. After treatment with

normal serum for 20 min to block non-specific binding, the

sections were incubated with anti-FHL2 monoclonal anti-

body (1:100 dilution; Santa Cruz, CA) at 4 �C overnight.

Negative controls were prepared by replacing the primary

antibody with PBS.

For immunohistochemistry, biotinylated goat anti-mouse

immunoglobulin G (IgG) (Zhongshan) was applied as sec-

ondary antibody for 15 min at 37 �C. Sections were exposed
to streptavidin–peroxidase conjugate (Zhongshan) for 10 min

at 37 �C and visualized by the application of diaminoben-

zidine solution (Zhongshan) for 2 min. Finally, sections were

lightly counterstained with hematoxylin. To determine the

integrated optical density of FHL2 staining quantitatively,

Image-Pro Plus 6.0 (IPP 6.0) software was used, and FHL2

expression was determined by randomly selecting five tumor

cell areas of each specimen under the same conditions. Sub-

sequently, the function of irregular automated optical

inspection was used by IPP 6.0 software to score.

Cell culture and transfection

The human tongue squamous cell carcinoma cell line

Tca8113 (China Center for Type Culture Collection,

Hubei, China) was cultured in RPMI 1640 medium sup-

plemented with 10 % fetal bovine serum, 2 mM L-glu-

tamine, 50 U/ml of penicillin, and 50 lg of streptomycin.

Cells were incubated in an atmosphere of 5 % CO2 and

37 �C temperature.

Transfection assays were made by using Lipofectamine

2000 (Invitrogen, Carlsbad, CA) according to the manu-

facturer’s instructions. Briefly, Tca8113 cells were seeded

the day before transfection at 1 9 105/well in 24-well
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Fig. 1 Correlation between four and a half LIM domains 2 (FHL2)

expression and clinicopathological parameters in patients with TSCC.

a Immunohistochemical staining for FHL2 expression in cancer-

proximal tissues and well, moderately, and poorly differentiated

tongue squamous cell carcinoma (TSCC). b The associations between

FHL2 expression and clinicopathological factors in patients with

TSCC. *Significantly different compared with controls (P\ 0.05)
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plates with 2 ml of RPMI1640 medium without antibiotics.

For each plate, about 10 lg of pcDNA3 plasmids encoding

the C-terminal flag-tagged FHL2 were mixed with Opti-

MEM, and cells transfected with pcDNA3 empty vector

were used as control. These above two plasmids were

generously endowed by Professor Cheng (Lai et al. 2006).

The mixture was then combined with Lipofectamine 2000

(Invitrogen) in Opti-MEM, incubated for 20 min at room

temperature, and added into the cells. The cells were

incubated with RPMI1640 supplemented with 5 % FBS

and 0.4 mg/ml G418 (geneticin) for selection on the

growth and survival of successfully transfected cells

expressing the neomycin-resistant gene (neo). Cells sur-

viving G418 treatment were pooled and used for subse-

quent analyses.

In this study, FHL2-overexpressed TSCC cell line

(Tca8113/FHL2 cells) was obtained via stable transfection

of pcDNA3.0-FHL2-flag plasmid; cell lines transfected by

pcDNA3.0 plasmid (Tca8113/pcDNA3 cells) and parental

Tca8113 cells (Tca8113/wt cells) were used as controls.

Analysis of cell growth in vitro

The in vitro growth rate of cells was measured using the

MTT method. Briefly, cells (1 9 103/well) were seeded in

96-well plates. On the day of harvest, approximately

100 ll of spent medium was replaced with an equal vol-

ume of fresh medium containing 10 % MTT 5 mg/ml

stock. Plates were incubated at 37 �C for 4 h, and about

100 ll of DMSO was added to each well; afterward, plates

were shaken at room temperature for 10 min. The absor-

bance was measured at 570 nm.

Flow cytometry analysis for cell cycle

The distribution of cells in the cell cycle phases was

determined by FACS analysis of the DNA content. Cells

were fixed in ice-cold 70 % ethanol and stored at -20 �C.
Prior to analysis, cells were washed and resuspended at

1 9 106 cells/ml in PBS buffer, and incubated with

0.1 mg/ml RNase A and 40 lg/ml propidium iodide at

37 �C for 30 min. Samples were analyzed by a FACS

scanner (Becton–Dickinson, San Joes, CA, USA) (Duan

et al. 2006).

Cell invasion assay

Cell invasion assays were performed using Transwell

method, following previous publication (Yu et al. 2014).

Briefly, cells in 0.5 ml of serum-free medium were plated

into the inserts (Matrigel-coated inserts for invasion assay).

Inserts were placed in wells with 0.75 ml of complete

medium containing 10 % FBS as a chemoattractant. After

culturing for 20–24 h at 37 �C, cells were fixed with

methanol for 8 min and stained with Giemsa reagent

(Sigma-Aldrich). Cells on the upper sides of the inserts

were removed with a cotton swab, and the insert mem-

branes were cut and mounted on glass slides. The numbers

of invaded cells on the membranes were determined by

counting the cell numbers in the field at 4009 magnifica-

tion under light-field microscope. The relative migration/

invasion activity was measured by normalizing the mean of

total migrated/invaded cells per insert in overexpressing

cells to that in the corresponding controls. The data

shown represent the average of at least three repeated

experiments.

Cell migration assay

Cell migration ability was monitored using a wound-heal-

ing assay according to previous instructions (Zhu et al.

2010). Cells were seeded at a high density on 6-well cell

culture plate. After serum-free incubation for 18 h, wounds

were made by scraping through the cell monolayer with a

sterile micropipette tip. Cells were further incubated in cell

culture medium for up to 72 h with or without plasmid

transfection. Images were taken under the microscope to

measure cell migration using the widths of the wound in

cell monolayer.

RNA isolation and quantitative real-time PCR

For gene expression analysis, total RNA was isolated and

purified from cells using Trizol reagent according to

manufacturer’s instructions (Takara, Otsu, Japan). Reverse

transcription was performed using prime script RT reagent

kit with gDNA eraser (Takara). Real-time PCR was carried

out by using SYBR Green I Master (ROCHE Light Cycle

480, Germany). Table 1 provides a list of the human

sequence-specific primers used in this experiment. The

DDCt method was used for quantifying gene expression

relative to GAPDH.

Western blot analysis

Cellular protein was isolated by cellular protein extraction

solution kit (Sigma-Aldrich). Protein concentrations were

measured using the BCA Protein Assay Kit (Sigma-

Aldrich). Different concentrations of cellular protein were

adjusted to the similar concentration for 1 lg/ll, mixed

with 49 gel loading buffer, separated on 10 or 12 %

sodium dodecyl sulfate–polyacrylamide gels, and trans-

ferred onto PVDF membrane (Millipore, Billerica, MA).

Nonspecific antibody bindings were blocked by pre-incu-

bation of the membranes in 19 Tris-buffered saline con-

taining 0.1 % Tween-20 and 5 % milk for 2 h at room
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temperature. Membranes were incubated for 2 h at 37 �C
or overnight at 4 �C with antibodies against respective

proteins at different dilutions (FHL2, 1:1000; NF-rB and

b-catenin, 1:1000; b-actin, 1:2500) (Santa Cruz). After

washing, these membranes were incubated with 1:2000

diluted anti-rabbit or anti-mouse IgG antibody (Santa Cruz)

for 1 h at 37 �C. Protein bands were visualized by an

electrochemoluminescent kit (Santa Cruz).

Tumor formation in nude mice

Fifteen BALB/C nudemice (Shandong Provincial Center for

Disease Control and Prevention, Shandong, China) were

randomly separated into three groups, and each group had

five mice. The mice were 6–8 weeks old, and the average

weight was 20 g. One group of mice was injected subcuta-

neously with 1 9 106/ml Tca8113/FHL2 cell, and the two

control groups were injected with Tca8113/pcDNA3 or

Tca8113/wt cells. Mice were checked every 3 days to

monitor for tumor formation. The volumes were calculated

according to the formula: volume = length 9 (width2)/2.

Statistical analysis

Each experiment was performed at least thrice using

independent cell or tissue samples. Data were displayed as

the mean ± standard deviation. Data were analyzed by

one-way ANOVA or t test by using the SPSS software

(SPSS 17.0). Statistical significance was set at P\ 0.05.

Results

Expression of FHL2 in TSCC tumor tissues

and correlation between FHL2 protein level

and clinicopathological parameters in patients

with TSCC

The expression status of FHL2 in TSCC tumorous tissues

was evaluated and determined by immunohistochemistry.

The results showed that the FHL2 protein was positively

stained in the TSCC samples, whereas only weakly stained

FHL2 expression was found in adjacent nontumor tissues

(Fig. 1). Furthermore, its staining in poorly differentiated

tumors was higher than that of moderately and well-dif-

ferentiated tumors.

The clinicopathological analyses showed that FHL2

expression was positively associated with the pathological

differentiation of TSCC tissues (Fig. 1, P = 0.00), disease

site, and lymph node metastasis; however, no significant

associations were determined between FHL2 expression,

gender, and age (Fig. 1, P = 0.473, P = 0.345). FHL2

expression levels in cancer tissues were much higher than

those in cancer-proximal site. The lower pathological dif-

ferentiation of TSCC also resulted in the higher FHL2

expression levels. In addition, those patients with high

lymph node metastasis also have higher FHL2 expression

levels.

FHL2 was stably transfected into Tca8113 cells

Stable cell populations of Tca8113/FHL2 cells were gen-

erated after G418 selection. Overexpression of FHL2

mRNA and protein levels was detected by RT-PCR and

Western blot analysis; these Tca8113/wt and Tca8113/

pcDNA3 cell levels were higher in Tca8113/FHL2 than in

the control groups. The flag expression in Tca8113/FHL2

cells also verified the successful transfection outcome,

whereas no expression of flag was detected in the Tca8113/

wt and Tca8113/pcDNA3 cells (FHL2 overexpression and

flag expression by Western blot in Fig. 5). These results

showed that FHL2 was stably overexpressed in Tca8113/

FHL2 cells.

Effects of FHL2 overexpression on cell proliferation

and cell cycle

To further characterize the effects of FHL2 overexpression

on TSCC cells, we performed in vitro functional assays,

including cell proliferation and cell cycle. MTT assay was

used to detect the ability of cell proliferation. Our result

showed that the general growth rate of Tca8113/FHL2 cells

Table 1 Primer sequences of

FHL2 and its possible

associated genes

Gene Prime sequence (50–30) PCR products

(bp)

FHL2 F-TCACACAGAATCAGGCAA 101

R-TGCATTTGAAGTTCTCGG

NF-jB F-TCCTATAGAAGAGCAGCGTGGGG 279

b-Catenin R-TTGCGAAAAGGAGCCTCGGGC 187

F-CAAGCCACAAGATTACAAGAAACGG

R-CCATCAACTGGATAGTCAGCACC

GAPDH F-GCACCGTCAAGGCTGAGAAC 138

R-TGGTGAAGACGCCAGTGGA
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was increased compared with those of the two control cells

(Fig. 2a, P\ 0.05). Nevertheless, the effect of FHL2 on

cell proliferation was relatively mild. The most significant

difference could be observed at day 4 but eventually dis-

appeared at day 7. We also explored whether FHL2 over-

expression could affect the cell cycle by FACS to obtain

further insights into the mechanism by which FHL2 con-

tributed to TSCC cell proliferation. As shown in Fig. 2b,

G0–G1 cells were downregulated in Tca8113/FHL2 cells

compared with those in the two control groups. Significant

increase in the percentage of cells in the S phase was also

found in the Tca8113-FHL2 cells. The results indicated

that FHL2 overexpression could result in the stimulation of

cell cycle progression from G1 to S phase.

Effect of FHL2 overexpression on cell invasion

and migration

The effect of FHL2 overexpression on TSCC cell invasion

was examined using a Transwell chamber system. More

cells have invaded the lower surface of the membrane in

FHL2-expressing cells compared with that in control cells

(Fig. 3). Similarly, in the migration cell–scratch experi-

ment, we found that Tca8113/FHL2 cells could migrate at

a higher rate than the control cells (Fig. 4).

FHL2 upregulated NF-rB and b-catenin in Tca8113

cells at transcriptional and translational levels

In this study, we performed RT-PCR and Western blot

(Fig. 5) techniques to assess the expression levels of NF-

rB and b-catenin. FHL2 overexpression could lead to the

upregulation of NF-rB and b-catenin expression both at

mRNA and protein levels compared with that of control

cells.

bFig. 2 Effects of FHL2 overexpression on cell proliferation via MTT

assay and cell cycle distribution by FACS analyses. a The growth rate
of Tca8113-FHL2 cells was increased compared with the control

cells. b Cell cycle analyses by FACS showed that G0–G1 cells were

downregulated in Tca8113/FHL2 cells compared with those in two

control groups. *Significantly different compared with controls

(P\ 0.05)

Fig. 3 Effects of FHL2 overexpression on cell invasion via Tran-

swell method. a Microscopy image of invading cells in Transwell

invasion assay. b More cells have invaded the lower surface of the

membrane in FHL2-expressing cells compared with those in control

cells. *Significantly different compared with controls (P\ 0.05)
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Fig. 4 Effects of FHL2

overexpression on cell

migration via cell scratch

experiment. Microscopy image

of the cell migration of

Tca8113/FHL2, Tca8113/

pcDNA3, and Tca8113/wt from

one representative experiment.

Bar graph represents the

percentage of reduced wound

width (%). Tca8113/FHL2 cells

could migrate at a higher rate

than the control cells.

*Significantly different

compared with controls

(P\ 0.05)
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Fig. 5 Effects of FHL2 overexpression on NF-kB and b-catenin
mRNA and protein levels by real-time PCR and Western blot analysis

(including FHL2 overexpression and Flag expression indicating the

successful transfection of FHL2). FHL2 overexpression could lead to

NF-rB and b-catenin expression upregulation both at mRNA and

protein levels compared with that of control cells. *Significantly

different compared with controls (P\ 0.05)
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FHL2 overexpression accelerated tumor formation

in nude mice

To observe the effect of FHL2 overexpression on tumor

growth, we performed in vivo nude mice experiments. Our

results showed that tumor volume gradually increased

during the 30 day observation. FHL2 overexpression could

significantly induce tumor growth compared with the

control groups (Fig. 6).

Discussion

To identify the differences in the genetics of cancer and

normal cells and explore the cancer-associated genes is

important for the development of targeted therapies in

cancer treatment. Although active investigations related

with oral squamous cell carcinomas have been performed,

the pathogenesis and molecular basis for oral tumor cell

emergence, survival, and proliferation remain unclear

(Duan et al. 2006; Fujii et al. 2011; He et al. 2014; Hu et al.

2015; Huang et al. 2014; Wu et al. 2013a, b; Xia et al.

2011; Yao et al. 2007; Yu et al. 2014; Zhang et al. 2015).

FHL2 is a transcriptional cofactor that performs tumor-

promoting or -suppressing activities depending on the types

of tumor cells (Chen et al. 2012; Kleiber et al. 2007; Ng

et al. 2011). Expression of FHL2 is altered in many cancer

cases, and the expression pattern is different among dif-

ferent cancer types. However, whether or how FHL2 is

involved in tongue tumorigenesis remains unclear. In this

study, we used in vitro and in vivo experiments to inves-

tigate the biological function of FHL2 in human tongue

squamous cell carcinoma. From the immunohistochemical

protein expression analyses, we found that FHL2 was

upregulated in most of the clinical tumor samples. The

expression status of FHL2 in clinical tissue samples and

clinicopathological analyses indicated that FHL2 might

participate in the development of TSCC, and FHL2

expression may be used in the diagnosis process of TSCC.

Biological behaviors, including cell proliferation, cell

invasion, metastases, and tumor growth, are important

factors that affect tumor development, progression, and

Fig. 6 Effect of FHL2 overexpression on the growth of Tca8113

cells in vivo. Tumor volume gradually increased via observing and

measuring every 3 days during the 30 day observation (3, 6, 9, 12, 15,

18, 21, 24, 27, and 30 days). FHL2 overexpression could significantly

induce tumor growth compared with the control groups. *Signifi-

cantly different compared with controls (P\ 0.05)
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prognosis. We subsequently evaluated the function of

FHL2 by constructing the stable transfectants expressing

FHL2 proteins. FHL2 overexpression could stimulate the

Tca8113 cell proliferation, cell invasion, metastases, and

tumor growth significantly. Our results and information

indicated that FHL2 could play important roles in the

development of TSCC and act as a cancer-promoting fac-

tor. We postulate that target therapies against FHL2 gene

or protein might be an optional strategy that can contribute

to the treatment of TSCC and improve the patients’ life

qualities.

b-Catenin is a central control factor in Wnt signaling,

and aberrant activation of the Wnt/b-catenin signaling is

associated with basal cell carcinoma of head and neck

(Duan et al. 2006; Lee et al. 2014; Yao et al. 2007; Yu et al.

2014). Furthermore, the NF-rB expression was increased

in cancers and during tumor angiogenesis. Once activated,

NF-rB will translocate into nuclear and upregulate a

number of genes necessary for the angiogenesis of tumors,

which have rB binding sites in their promoter regions

(Duan et al. 2006; Yao et al. 2007). Our real-time PCR and

Western blot results showed that FHL2 overexpression

could upregulate b-catenin and NF-rB expression levels

significantly in Tca8113/FHL2 cells. These results indi-

cated that b-catenin and NF-rB might be the potentially

important players in FHL2-mediated growth control in

tongue squamous cells and possibly in FHL2-mediated

oncogenesis. However, this study is only a preliminary

research about FHL2 expression and function in the

development of TSCC; the precise role and mechanism of

FHL2 and its signaling pathway in TSCC need further

investigation.

In summary, our study has shown that FHL2 expression

is associated with the pathological differentiation of TSCC

and could be considered a potential predictor of clinical

outcome in patients with TSCC. The results suggest that

FHL2 may be a candidate tumor activator and act as a

potential and novel biomarker of TSCC.
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