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Abstract: The Forkhead Box L1 (Foxl1) transcription factor regulates epithelial proliferation and development of 
gastrointestinal tract, and has been implicated in gastrointestinal and pancreatic tumorigenesis. However, the role 
of Foxl1 in renal cancer development and progression remains to be elucidated. The study was conducted to inves-
tigate the expression of Foxl1 and its prognostic significance in clear cell renal cell carcinoma (ccRCC). Meanwhile, 
the function of Foxl1 in human ccRCC was further investigated in cell culture models. Methods: Real-time quantita-
tive PCR, western-blot, immunohistochemistry were used to explore Foxl1 expression in primary ccRCC clinical spec-
imens and ccRCC cell lines. Foxl1 expression was up-regulated by over-expression vector in 786-O and ACHN cells, 
proliferation, cell cycle, migration and invasion were assayed. Results: Foxl1 expression was down-regulated in the 
majority of the ccRCC clinical tissue specimens at both mRNA and protein levels. Clinic pathological analysis showed 
that Foxl1 expression was significantly correlated with tumor stage, lymph node metastasis, distant metastasis, 
clinical TNM stage (cTNM) and histological grade of renal cancer. The Kaplan-Meier survival curves revealed that 
low Foxl1 expression was associated with poor prognosis in ccRCC patients. Foxl1 expression was an independent 
prognostic marker of overall ccRCC patient survival in a multivariate analysis. Mechanistic analyses demonstrated 
that over-expression of Foxl1 inhibits tumor cell growth, migration and invasion in renal cancer cells. Conclusions: 
These results suggest that Foxl1 expression is a candidate predictor of clinical outcome in patients with resected 
ccRCC and it plays an inhibitory role in renal tumor progression. 
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Introduction

Renal cell carcinoma (RCC) is the most lethal 
urologic tumor and the sixth leading cause of 
cancer deaths in Western countries. Each year, 
around 200,000 patients are diagnosed with 
this malignancy resulting in approximately 
100,000 deaths, and its incidence is increas-
ing steadily in recent years [1, 2]. RCC is repre-
sented by 80% by clear cell RCC (ccRCC), origi-
nating from the renal proximal tubule [3]. Nearly 
25-30% of patients with RCC have evidence of 
metastases at initial presentation [4, 5]. 
Although radical nephrectomy is effective to 
cure early and local RCCs, 30% of patients 
develop metastatic disease after surgery [6]. 
Patients with metastatic RCC face a dismal 
prognosis and have limited therapeutic options. 

Median survival in a recent cohort was only 1.5 
years with fewer than 10% of patients surviving 
for 5 years [7]. Therefore, it is of paramount 
importance to better understand the pathogen-
esis of aggressive RCC in order to develop 
effective strategies for the prevention and 
treatment of RCC.

Foxl1 proteins belong to the forehead box (Fox) 
family of transcription factors. Fox family shares 
a highly conserved 100-aa DNA binding domain 
(the forkhead box) and comprises more than 
100 members in humans, classified as FoxA to 
FoxR on the basis of sequence similarity [8]. Fox 
proteins are at the junction of multiple signaling 
pathways and play critical roles in a variety of 
physiological and pathological processes inc-
luding cancer. For example, FoxO transcription 
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factor, can lead to cell cycle arrest and apopto-
sis in pancreatic cancer [9]. In addition, FoxOs 
deficiency in genetic mice led to the develop-
ment of thymic lymphomas and hemangiomas, 
indicating that the FoxOs are tumor suppres-
sors [10, 11]. In contrast to FoxOs, FoxM1 has 
been shown to have pro-proliferative function 
and increased expression of FoxM1 gene was 
often found in various human cancers [12]. In 
hepatocellular carcinoma, over-expression of 
FoxM1 is associated with aggressive tumor fea-
tures and poor prognosis [13]. Siomycin A as an 
inhibitor of FoxM1 can specifically target FoxM1 
to induce apoptosis in cancer cells and down 
regulation of FoxM1 transcription factor leads 
to the inhibition of invasion and angiogenesis of 
pancreatic cancer cells [14, 15].

Foxl1 has been implicated in the regulation of 
epithelial cell proliferation in gastrointestinal 
tracts. Loss of Foxl1 led to a marked increase in 

cellular proliferation of intestinal epithelia in 
mice, leading to the distortion in the tissue 
architecture of the stomach and small intestine 
[16]. The altered proliferation rate in Foxl1-null 
mutant mice is correlated with an activated 
Wnt/β-catenin pathway as demonstrated by 
increased nuclear translocation of β-catenin 
[17]. Foxl1 deficiency accelerates the initiation 
of gastro-intestinal tumor and increases tumor 
load in ApcMin mice, Foxl1 is the first mesenchy-
mal Modifier of Min and plays a key role in gas-
trointestinal tumorigenesis [18]. Foxl1 is spe-
cifically expressed in low-grade fibromyxoid 
sarcoma as compared to other morphologically 
similar tumor types [19]. Thus far, the biological 
function of Foxl1 in human cancer remains to 
be elucidated. In the present study, we investi-
gated the role of Foxl1 in human renal cancer. 
Our data demonstrated that Foxl1 expression is 
associated with clinical TNM (cTNM) and histo-
logical grade of ccRCC. Further mechanistic 
studies showed that Foxl1 inhibits cell growth, 
migration and invasion in renal cancer cells. 
Our data highlight an important role for Foxl1 in 
controlling ccRCC progression.

Methods

Patients and surgical specimens

A total of 88 primary ccRCC tissues and 
matched adjacent non-tumor renal tissues 
were obtained from patients who underwent 
radical nephrectomy in the Department of 
Urology, Shanghai Tenth People’s Hospital of 
Tongji University between 2006 to 2008. None 
of the patients had received chemotherapy or 
radiotherapy before surgery. After surgical 
resection, tumor specimens and corresponding 
adjacent non-tumor tissues were collected and 
stored in liquid nitrogen until use. Parts of each 
sample were fixed in formalin, embedded in 
paraffin and stored in the Department of 
Pathology, Shanghai Tenth People’s Hospital of 
Tongji University. 63 of these 88 patients were 
men and 25 were women. The median age of 
the patients was 61 years (range, 32-79 years). 
Clinicopathological characteristics in our study 
are presented in Table 1. Paraffin-embedded 
tumor specimens and paired adjacent non-
tumor specimens were carefully collected 
immediately after nephrectomy operation. All 
patients were followed up until September 
2011 with a median observation time of 35 
months. For the use of these clinical materials 
for research purposes, prior patient’s consent 

Table 1. Clinical-pathological characteristics 
of renal cell carcinoma patients
Characteristics N=88 %
Gender
    Male 63 71.6
    Female 25 28.4
Age (yrs) 
    <65 45 51.1
    >65 43 48.9
Tumor Size (cm)
    <4 41 46.6
    ≥4 47 53.4
Histological grade
    I-II 28 31.8
    III-IV 60 68.2
cTNM
    I-II 32 36.4
    III-IV 56 63.6
T stage
    T1-T2 42 47.7
    T3-T4 46 52.3
Lymph nodes metastasis
    Absence 61 69.3
    Presence 27 30.7
Distant Metastasis
    Absence 81 92.1
    Presence 7 7.9
Follow-ups
    Dead 42 47.7
    Survival or lost 46 52.3
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and approval from the Institute Research Ethics 
Committee were obtained.

Immunohistochemistry staining

All samples were fixed in 10% formaldehyde 
solution, embedded in paraffin blocks, cut in 4 
μm thick sections, and mounted on glass 
slides. Each slide was dewaxed in xylene and 
rehydrated in grade alcohol, followed by boiling 
in 10 mmol/L of citrate buffer (PH 6.0) for anti-
gen retrieval. After inhibition of endogenous 
peroxidase activities for 30 minutes with meth-
anol containing 0.3% H2O2, the sections were 
blocked with 2% bovine serum albumin for 30 
minutes and incubated overnight at 4°C with 
primary mouse monoclonal anti-Foxl1 antibody 
(Abnova, Walnut, CA). After washing thrice with 
PBS, the slides were incubated with horserad-
ish peroxidase-conjugated rabbit-anti-mouse 
IgG for 30 minutes, followed by reaction with 
diaminobenzidine and counterstaining with 
Mayer/hematoxylin. Negative control was done 
by omission of the primary antibody and substi-
tuting it with nonspecific mouse IgG.

Evaluation of immunohistochemical staining

The evaluation of the immunohistochemical 
staining was performed independently by two 
authors without knowledge of the clinicopatho-
logical information. The immunoreactive scores 

the Cell Bank of Type Culture Collection of 
Chinese Academy of Sciences (CCCAS, China). 
HK-2 cells were cultured in KSFM medium 
(Gibco), and other cells were cultured in RPMI-
1640 medium (HyClone) with 10% fetal bovine 
serum (Gibco), 50 U/ml of penicillin and 50 μg/
ml of streptomycin. All cells were cultured in a 
sterile incubator maintained at 37°C with 5% 
CO2.

Gene over-expression

Plasmid pCMV-Foxl1 was used for Foxl1 over-
expression, Plasmid pCMV-Control was used 
for transfection as the negative control. Cells 
were transfected using Lipofectamine 2000 
according to the manufacturer’s instructions 
(Invitrogen). Following transfection, the mRNA 
and protein levels were assessed 48 hours 
later.

Real-time quantitative PCR

Total RNA was isolated from tissues and trans-
fected cells using TRIzol according to the manu-
facturer’s protocol (Invitrogen). The concentra-
tion and quality of the extracted total RNA were 
determined by measuring OD260 and the OD260: 
OD280 ratio. The first strand cDNA was synthe-
sized using SuperScript II RNase H Reverse 
Transcriptase and Oligo (DT) primer from 2 μg 

Table 2. Primer sequences for real-time quantitative 
PCR

Gene primer Product 
size (bp)

Foxl1 sense: TTATTTGGCGGACAGTGACA 
anti: ACACGGCATCAATCTTTTCC

153

Cyclin B1 sense: GGTTGGGTCGGCCTCTACC 
anti: AGCCAGGTGCTGCATAACTGGAA

188

Cyclin D1 sense: TCTACACCGACAACTCCATCC 
anti: GTGTTTGCGGATGATCTGTTT

167

CDK2 sense: TGCCTGATTACAAGCCAAGTT 
anti: GAGTCGAAGATGGGGTACTGG

197

P21 sense: AGGGGACAGCAGAGGAAGAC 
anti: GGCGTTTGGAGTGGTAGAAA

159

P27 sense: CGCTCGCCAGTCCATT 
anti: ACAAAACCGAACAAAACAAAG

124

MMP2 sense: TGATCTTGACCAGAATACCATCGA
anti: GGCTTGCGAGGGAAGAAGTT

142

MMP9 sense: CATCCATTCATTCATTCATTGG
anti: AGACATTCAAAAACCAACTGCA

125

GAPDH sense: GGCATTGCTCTCAATGACAA
anti: ATGTAGGCCATGAGGTCCAC

142

besides Foxl1 were determined by the sum 
of extension and intensity as literature 
reported previously [20]. The intensity of 
staining was scored using the following 
scale: 0, no staining of the tumor cells; +, 
mild staining; ++, moderate staining and 
+++, marked staining. The area of staining 
was evaluated and recorded as a percent-
age: 0, less than 5%; +, 5%-25%; ++, 26%-
50%; 3+, 51%-75% and 4+, more than 75%. 
The combined scores were recorded and 
graded as follows: -, 0; +, 1-2; ++, 3-5; +++, 
6-7. Additionally, for statistical analysis, the 
- and 1+ cases were pooled into the low-
expression group, and the 2+ and 3+ cases 
were pooled into the high-expression group.

Cell lines

Immortalized normal human proximal 
tubule epithelial cell line HK-2 was pur-
chased from the American Type Culture 
Collection (ATCC, USA). Human RCC cell 
lines 786-O and ACHN were obtained from 
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of total RNA, according to the manufacturer’s 
instructions (Invitrogen). The PCR amplification 
were performed for 40 cycles of 94°C for 30 s, 
60°C for 30 s, and 72°C for 30 s, on a Applied 
Biosystems 7900 HT (Applied Biosystems) with 
1.0 μl of cDNA and SYBR Green Real-time PCR 
Master Mix (TaKaRa). At the completion of 
cycling, the melting curve analysis was per-
formed to establish the specificity of the PCR 
products. Data was collected and analyzed by 
SDS 2.3 Software (Applied Biosystems). The 
expression level of each candidate gene was 
internally normalized against that of the GAPDH. 
The relative quantitative value was expressed 
by the 2-ΔΔCt method, representing the amount 
of the candidate gene expression with the 
same calibrators. Each experiment was per-
formed in triplicates and repeated three times. 
The primers used in real-time quantitative PCR 
are shown in Table 2.

Western blot assay

Cells and tissues were lysed in lysis buffer con-
taining protease inhibitor. Protein concentra-
tion was determined using a Bio-Rad protein 
assay system (Bio-Rad). Equivalent amounts of 
proteins were separated by SDS-PAGE, and 
then transferred to polyvinylidene difluoride 
membranes (Bio-Rad). After being blocked in 
Tris buffered saline (TBS) containing 5% non-fat 
milk, the membranes were incubated with spe-
cific primary antibodies (Abnova, Walnut, CA) at 
4°C for 12 hours and then with horseradish 
peroxidase-conjugated anti-mouse antibody for 
2 hours at room temperature. ECL detection 
reagent (Amersham LifeScience, Piscataway, 
NJ) was used to demonstrate the results. 

MTT assay

Cells were plated in 96-well culture plates at 
about 5 × 103 cells per well and incubated for 1 
to 5 days. Then, 20 μl of 5 mg/ml MTT solution 
was added to each well and incubated for 4 
hours at 37°C, the media was removed from 
each well, and the resultant MTT formazan was 
solubilized in 150 μl of DMSO. The absorbance 
values at 570 nm were measured using a 
micro-plate reader (Bio-Rad). The experiment 
was repeated three times and each experiment 
had six replicate wells.

Cell cycle analysis

Cells were harvested 48 hours after transfec-
tion with pCMV-Control or pCMV-Foxl1 vectors 

and fixed in 70% ice-cold ethanol overnight. 
The cells were then washed with PBS, and 
stained with propidium iodide (50 mg/ml) in 
PBS supplemented with RNase (50 mg/ml) in 
the dark at room temperature for 30 minutes. 
Tests were performed in triplicate for each 
sample, and analyses of cell cycle distribution 
were performed by flow cytometer in accor-
dance with the manufacturer’s guidelines 
(FACS, BD Bioscience, USA).

Scratch migration assay

Cells were transfected with pCMV-Control or 
pCMV-Foxl1 vectors were seeded into 12-well 
plates and allowed to grow to 90-95% conflu-
ence. Before scratching, cells were starved for 
24 hours in the medium with 1% FBS. Similar 
sized wounds were introduced to monolayer 
cells using a sterile white pipette tip. Wounded 
monolayer cells were washed three times with 
PBS to remove cell debris and then cultured. 
The speed of wound closure was monitored 
and photographed at 48 hours. Each experi-
ment was performed in triplicates.

Matrigel invasion assay

Cell invasion assay was performed using a 
24-well transwell chamber with a pore size of 8 
μm (Costar, NY, USA). The inserts were coated 
with 50 μl Matrigel (dilution at 1:2, BD 
Bioscience, USA). Cells were trypsinized after 
transfection with pCMV-Control or pCMV-Foxl1 
vectors for 48 hours and transferred to the 
upper Matrigel chamber in 100 μl of serum free 
medium containing 1 × 105 cells and incubated 
for 24 hours. The lower chamber was filled with 
medium that contained 10% fetal bovine serum 
as chemoattractants. After incubation, the 
non-invaded cells on the upper membrane sur-
face were removed with a cotton tip, and the 
cells that passed through the filter were fixed 
and stained using 0.1% crystal violet. The num-
bers of invaded cells were counted in five ran-
domly selected high power fields under a micro-
scope. This experiment was performed in 
triplicates.

Statistical analysis

The statistical analyses were performed using 
the Statistical Package for the Social Sciences 
(SPSS), version 18.0. Clinical and histopatho-
logical information and the results from the 
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Figure 1. The expression of Foxl1 mRNA and protein in the human ccRCC surgical specimens and RCC cell lines. A: 
The relative mRNA expression of Foxl1 was lower in 88 ccRCC tumor tissues than in matched adjacent non-tumor-
ous tissues and lower in the 786-O, ACHN cells compared with HK-2 cells (P<0.05). B: The Foxl1 protein expression 
was reduced in the 786-O, ACHN cells compared to HK-2 cells. C: The Foxl1 protein expression was lower in the tu-
mor tissues than in matched adjacent non-tumorous tissues. N, non-tumorous tissues; T, ccRCC tissues. *P<0.05.

immunohistochemical studies were entered 
into a data-base. The variances of Foxl1 expres-
sion among different tissues was analyzed 
using Mann-Whitney U-test and the clinicopath-
ological data was analyzed with Spearman’s 
correlation test. 2-tailed Student’s t-tests were 
used to analyze comparisons between the 2 
groups. P-value of <0.05 was regarded as sta-
tistically significant.

Results

Foxl1 mRNA and protein expression in primary 
ccRCC tissue samples

We examined Foxl1 mRNA expression in 88 
paired clinical samples from ccRCC patients 
(tumor tissues and matched adjacent non-
tumor tissues) by real-time quantitative PCR. 
The results revealed statistically significant 
lower expression of Foxl1 mRNA in tumor tis-
sues, as compared to the matched adjacent 
non-tumor tissues (P<0.05, Figure 1A). Foxl1 
was also low expression at the protein level in 
tumor tissues, and the Foxl1 protein expression 

in five representative pairs of samples is shown 
in Figure 1C. 

Foxl1 mRNA and protein expression in RCC cell 
lines

We used real-time quantitative PCR and west-
ern blot to detect the expression of Foxl1 mRNA 
and protein in RCC cell lines as well as in an 
immortalized normal human proximal tubule 
epithelial cell line (HK-2). As shown in Figure 
1A, the 786-O and ACHN showed lower Foxl1 
transcript levels relative to the HK-2 cell line. 
Likewise, Foxl1 protein expression was low 
expression in the two RCC cell lines compared 
to the HK-2 cell line (Figure 1B).

Immunohistochemical analysis of Foxl1 
expression in ccRCC clinical samples and its 
relationship to clinicopathological parameters

We analyzed Foxl1 protein level in 88 ccRCC tis-
sues and adjacent non-tumor tissues using an 
immunohistochemical approach. Foxl1 protein 
expression in tumors was decreased compared 
with that in adjacent non-tumor tissues. Foxl1 
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stained mainly in the nuclear of the cells (Figure 
2A). 32 (36.4%) cases showed low Foxl1 expres-
sion (Foxl1 - or Foxl1 +), and 56 (63.6%) cases 
exhibited high Foxl1 expression (Foxl1 ++ or 
Foxl1 +++). 

A significant correlation was observed between 
the lower expression of Foxl1 proteins with 
tumor stage, lymph node metastasis, distant 
metastasis, cTNM stage and histological grade. 
IHC was employed to investigate the associa-
tion between Foxl1 expression and clinicopath-
ological features in the 88 renal cancer speci-
mens. The expression level of Foxl1 in nuclear 
was significantly associated with tumor stage 
(p=0.012), lymph node metastasis (p=0.015), 
distant metastasis (p=0.019), cTNM stage 
(p=0.032) and histological grade (p=0.017). 
There was no significant association between 
Foxl1 expression and patients’ gender, age and 
tumor size. Detailed data is shown in Table 3.

tumor with lower expression (p<0.05), the 
5-years survival rate of patients with higher 
expression was significantly higher than that of 
patients with lower expression (60.7% vs. 
37.5% Table 4). The survival curve was demon-
strated in Figure 2B.

Multivariate cox regression analysis

To avoid the influence caused by univariate 
analysis, the expression of Foxl1 as well as 
other parameters was examined in multivariate 
Cox analysis. The Foxl1 was found to be a sig-
nificant independent prognostic factor for poor 
overall survival in our study (B=-0.668; 
p=0.031; Exp (B) =0.513), which indicated that 
the Foxl1 protein could act as a potential bio-
marker for prognosis evaluation of renal can-
cer. Of other parameters, tumor size, histologi-
cal grade and cTNM were also found to be 
independent prognostic factors for patient sur-
vival (Table 5).

Figure 2. Foxl1 protein expression in renal cancer and patient survival. A: Immunohistochemical analysis of Foxl1 
protein expression in 88 patients of ccRCC tissues. a: Immunohistochemistry expression of Foxl1 in adjacent non-tu-
mor tissue (× 200). b: Immunohistochemistry expression of Foxl1 in adjacent non-tumor tissue (× 400). c: Immuno-
histochemistry expression of Foxl1 in tumor tissue (× 200). d: Immunohistochemistry expression of Foxl1 in tumor 
tissue (× 400). B: The survival analysis of Foxl1. Patients with lower Foxl1 expression in tumor tissue were closely 
correlated with poorer overall survival than patients with tumor with higher Foxl1 expression (p<0.05, respectively).

Table 3. Relationship between the expression of Foxl1 proteins and clinicopathological parameters

Markers
Correlation coefficient (r)

Gender Age Tumor size cTNM T stage LN metastasis Distant metastasis Histological grade
Foxl1 0.094 0.056 0.084 -0.427a -0.217a -0.324a -0.141a -0.236a

ap<0.05; LN: lymph node.

Table 4. The 5-year survival rate of the Foxl1 expression 
and other clinicopathological features
5-year survival rate

Survival rate Standard error p value
Foxl1 Low

High
0.375
0.607

0.084
0.054

0.019

Gender Male
Female

0.447
0.395

0.061
0.052

0.573

Age <65
≥65

0.537
0.343

0.067
0.072

0.017

Tumor size <4 cm
≥4 cm

0.568
0.313

0.078
0.053

0.003

Histological grade I-II
≥III

0.576
0.339

0.084
0.061

0.015

cTNM TNM1
TNM2

0.779
0.474

0.097
0.053

0.008

Foxl1 expression and survival analy-
sis: univariate survival analysis

Follow-up information was available 
for 88 patients until September 
2011, within the observation period, 
there were 42 renal cancer related 
deaths with a median follow-up time 
of 23 months (0~56 months). And 
the remaining 46 patients were still 
alive or lost to follow-up with a medi-
an follow-up time of 53 months rang-
ing (39~60 months). Survival analy-
sis by Kaplan-Meier survival curve 
and log-rank test demonstrated that 
patients with higher expression of 
Foxl1 in tumor tissue had a better 
overall survival than patients with 
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Figure 3. Foxl1 inhibits renal cancer 786-O and ACHN cells growth. A: Increased expression of Foxl1 in transfected 
renal cancer cells were demonstrated by Real-time quantitative PCR and western blot analysis. B: There were signifi-
cant decreases in cell growth of Foxl1 over-expressing cells as compared with control cells. The experiments were 
repeated thrice. *P<0.05.

Table 5. Multivariate Cox’s proportional hazards regression analysis of prognostic factors for renal 
cancer
Variables

95.0% CI for Exp (B)
B SE Wald df Sig. Exp (B) Lower Upper

Foxl1 -0.668 0.310 4.640 1 0.031 0.513 0.279 0.942
Tumor size 0.059 0.031 4.237 1 0.038 1.042 1.023 1.121
Histological grade 0.527 0.216 3.316 1 0.027 1.529 1.217 2.648
Age 0.034 0.023 4.376 1 0.041 1.087 1.019 1.137
cTNM 0.621 0.196 6.832 1 0.012 1.671 1.172 2.642

Effects of Foxl1 over-expression on cell growth

In order to determine whether Foxl1 could be 
an effective therapeutic target for ccRCC, we 
employed an over-expression vectors approach 
to increase Foxl1 endogenous expression in 
786-O and ACHN cells. An elevated expression 
of Foxl1 was demonstrated using real-time 
quantitative PCR and western blot in cells 
transfected with pCMV-Foxl1 (Figure 3A). Over-
expression of Foxl1 significantly inhibited cell 

proliferation in both 786-O and ACHN cells 
(P<0.05, Figure 3B). 

Effect of Foxl1 over-expression on cell cycle 
and MMP-2, MMP-9

Cell cycle analysis revealed that Foxl1 over-
expression in 786-O and ACHN cells caused an 
accumulation of cells in the G0-G1 phase and a 
decrease in the S phase compared with control 
cells (P<0.05, Figure 4A). To investigate the 
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mechanism underlying the cell cycle arrest, we 
examined the levels of a few cell cycle regula-
tory factors and studied the effects of up-regu-
lation of Foxl1. The expression of cycling B1, 
cycling D1, and cyclin-dependent kinase 2 
(Cdk2) at the mRNA levels was found to be 
decreased in cells transfected with Foxl1 over-
expression vector compared with those trans-
fected with control vector (P<0.05, Figure 4B). 
In contrast, up-regulation of Foxl1 was found to 
result in an increase in the expression of cyclin-
dependent kinase inhibitors such as p21 and 
p27 (P<0.05, Figure 4B). Taken together, these 
results indicated that up-regulation of Foxl1 
expression suppressed cell cycle progression 
in ccRCC cells. As shown in Figure 4C, real-time 
quantitative PCR analysis demonstrated that 
Foxl1 over-expression significantly decreased 
MMP-2, MMP-9 mRNA expression compared 
with control cells (P<0.05). Similar results were 
observed by western blot analysis (Figure 4D). 
These results clearly show that tumor progres-
sion could be attenuated by the up-regulation 
of Foxl1.

Effect of Foxl1 over-expression on migration 
and invasion

We tested the effect of Foxl1 over-expression 
on renal cancer cell migration and invasion. In 
the scratch migration assay, up-regulation of 
Foxl1 significantly suppressed the migration of 
both 786-O and ACHN cells (P<0.05, Figure 5A, 
5C). Matrigel invasion assay showed the aver-
age cell counts crossing matrigel-coated mem-
brane in the control group was more than that 
in Foxl1 over-expression group both 786-O and 
ACHN cells, which indicated up-regulation of 
Foxl1 significantly suppressed the invasion of 
renal cancer. (P<0.05, Figure 5B, 5D). These 
results show a critical role of Foxl1 in the inhibi-
tion on renal cancer migration and invasion.

Discussion

Foxl1 was previously described as a critical 
transcriptional factor that regulates cell prolif-
eration and development of epithelium in gas-
trointestinal tracts in mice. We performed 
Oncomine database analyses on publicly avail-
able microarray datasets and found that Foxl1 
expression is consistently decreased in multi-
ple myeloma as compared to normal tissues 
[21, 22]. One myeloma dataset also showed 
that Foxl1 is significantly higher in long survival 

(live over a year) as compared with short sur-
vival group (death within a year) [23]. And a 
recent study reported Foxl1 was down-regulat-
ed and be associated with worse prognosis and 
to serve as a prognostic marker in human pan-
creatic cancers [24]. However, Foxl1 expression 
pattern and biological significance in ccRCC is 
unknown. In this study, we showed that Foxl1 
expression determined by real-time quantita-
tive PCR and Western blot was significantly 
lower in ccRCC tissues than that in adjacent 
non-tumor renal tissues. Immunohistochemical 
analysis also confirmed that tumor tissues 
exhibited absence or lower Foxl1 expression, in 
contrast to adjacent non-tumor tissues which 
displayed abundant Foxl1 expression. To inves-
tigate whether Foxl1 expression be associated 
with the progression of ccRCC, the Foxl1 
expression levels and the clinic pathologic 
characteristics of 88 patients with ccRCC were 
compared by immunohistochemistry. We found 
that low Foxl1 expression is significantly corre-
lated with primary tumor stage, lymph node 
metastasis, distant metastasis, clinical TNM 
stage (cTNM) and histological grade, suggest-
ing that its expression might be important for 
the tumorigenesis in ccRCC. Furthermore, 
reduced Foxl1 expression was identified as an 
independent worse prognostic factor in ccRCC 
patients. 

We have clearly showed that Foxl1 is lowly 
expressed in ccRCC cells from patient samples. 
This prompted us to examine the biological 
function of Foxl1 in greater detail through in 
vitro analysis of ccRCC cell lines. Therefore, we 
first checked its expression level in 786-O, 
ACHN and HK-2 cell lines and picked up 786-O 
and ACHN for the further study. We over-
expressed the active form of human Foxl1 in 
the two renal cancer cell lines. We found that 
over-expression of Foxl1 suppressed cellular 
growth, and inhibited cell migration and inva-
sion in renal cancer. Thus, our study suggested 
that Foxl1 plays an inhibitory role in ccRCC.

Abnormal cell proliferation and growth are 
characteristics of cancer, including ccRCC. 
Most of the proliferative factors influence cell 
growth by affecting cell cycle progression. The 
importance of Foxl1 with respect to the cell 
cycle is well recognized. In this study, cell cycle 
analyses revealed that Foxl1 over-expression 
cells showed higher levels of G1 phase and 
lower S phase than the control cells. So Foxl1 
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over-expression inhibited G1 to S transition in 
cell cycle progression, which might explain the 
mechanism of Foxl1 on ccRCC cell proliferation. 
Furthermore, we found that up-regulation of 
Foxl1 caused a marked reduction in cyclin B1, 
cyclin D1, and Cdk2 expression, which play 
important roles in cell cycle progression. We 

also observed an increased expression of 
cyclin-dependent kinase inhibitors such as p21 
and p27 in Foxl1 over-expression transfected 
cells, which are known to negatively regulate 
cell cycle progression. These results suggest 
that Foxl1 influences the cell cycle progression 
by negatively regulating the factors that favor 

Figure 4. Effect of Foxl1 over-expression on 786-O and ACHN cells cycle and MMPs expression. A: The cell cycle 
distribution was analyzed using propidium iodide staining and flowcytometry. B: The expression level of cell cycle 
regulatory factors were detected by real-time quantitative PCR. C: The expression level of MMP-2 and MMP-9 were 
detected by real-time quantitative PCR. D: The expression level of MMP-2, MMP-9 were detected by Western blot 
analysis. The experiments were repeated thrice. *P<0.05.

Figure 5. Foxl1 inhibits cell migration and invasion of 786-O and ACHN cells. (A, C) Cell migration was assessed 
using scratch-healing assays. Confluent monolayer of 786-O and ACHN cells were scratched and healing was moni-
tored by taking photographs at the indicated time points. (B, D) Cell invasion was determined in 786-O and ACHN 
cells using matrigel invasion assay. The invaded cells were counted under a microscope. The experiments were 
repeated thrice. *P<0.05.
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cell cycle progression and also by positively 
influencing the inhibitors of cell cycle in ccRCC 
cells.

Metastasis is an important aspect of ccRCC. It 
is known that Matrix metalloproteinases 
(MMPs) are involved crucially in the processes 
of tumor cell invasion and metastasis [25, 26]. 
Among these MMPs, MMP-2 and MMP-9 are 
directly linked with angiogenesis and degrada-
tion of the basement membrane collagen, and 
their expression and activity are correlated with 
metastatic abilities and prognosis of cancer 
[27, 28]. Here, we showed that up-regulation of 
Foxl1 by over-expression vector in 786-O and 
ACHN cells led to reduced expression of MMP-2 
and MMP-9. The results suggest that the 
increase of Foxl1 expression has potential for 
anti-metastatic therapy.

In order to fully understand the consequences 
of such up-regulation in the expression and the 
activity of MMP-2 and MMP-9, we performed 
scratch migration assay and matrigel invasion 
assay of ccRCC cells. We found that up-regula-
tion of Foxl1 led to a significant reduction in the 
migration and invasive potential of 786-O and 
ACHN cells. These results are consistent with 
the inactivation of MMP-2, MMP-9 by the up-
regulation of Foxl1, which inhibits cancer cell 
migration and invasion. 

Conclusions

In summary, the present study firstly showed 
that Foxl1 expression was down-regulated in 
the majority of the ccRCC clinical tissue speci-
mens at both mRNA and protein levels. Lower 
expression of Foxl1 positively correlates with 
the aggressive phenotype of ccRCC, and pre-
dicts poor survival outcome of patients. We 
have also presented experimental evidence 
that up-regulation of Foxl1 in ccRCC cell lines 
using over-expression vector inhibited cell pro-
liferation and induced cell cycle arrest with 
reduced expression of cyclin B1, cyclin D1, and 
Cdk2, and increased expression of p21 and 
p27. Furthermore, up-regulation of Foxl1 
reduced expression and activity of MMP-2 and 
MMP-9, resulting in the inhibition of migration 
and invasion. Based on these findings, we con-
clude that Foxl1 may function as a potential 
tumor suppressor and serve as a candidate 
predictor of outcomes in renal cancer.
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