
Summary
Purpose: To investigate the expressions of FOXP1, hy-
poxia inducible factor (HIF)-1a and vascular endothelial 
growth factor (VEGF) in renal cell carcinoma of the clear 
type (CCRCC) and their relationship with the patient clin-
icopathological features. 

Methods: The expressions of forkhead box-P1 (FOXP1), 
HIF-1a and VEGF in 55 cases of CCRCC tissues were de-
termined using immunohistochemistry. Then, their correla-
tions with clinical stage, histological grade and lymph node 
metastasis were analyzed using chi-square test. 

Results: Thirty-seven of the 55 cases (67.3%) of CCRCC 
expressed FOXP1 with an abnormal expression rate of 
38.2% (21/55), in which there were 10 cases with positive 
FOXP1 both in the nucleus and the cytoplasm and 11 cases 

with positive FOXP1 in cell membrane. The abnormal ex-
pression rate of FOXP1 inhigh grade CCRCC (G3/G4) was 
significantly higher than that in low grade CCRCC (G1/G2, 
p<0.05). FOXP1 expression was significantly correlated 
with the expression of HIF1 and VEGF (r=0.54, p<0.01 and 
r=0.37, p<0.05, respectively), but was not obviously corre-
lated with clinical stage, lymph node metastasis and 5-year 
overall patient survival (p>0.05). 

Conclusion: Abnormal expression of FOXP1 and its defi-
ciency are common events in CCRCC. Abnormal expression 
of FOXP1 may create progression of tumor from low grade 
to high grade by regulating the HIF-1-VEGF pathway.

Key words: clear cell renal cell carcinoma,forkhead tran-
scription factor-1, hypoxia-inducible factor-1, vascular en-
dothelial growth factor
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Introduction 

Renal cell carcinoma (RCC) is the most com-
mon malignant kidney tumor in adults, and about 
1/3 of the patients have metastasis on first pres-
entation. Although surgical resection can cure 60-
70% of localized RCC, there are still about 50% 
of patients with postoperative recurrence [1,2]. On 
histology, RCC is classified as clear cell, papillary, 
chromophobe, collecting duct and other unclassi-
fied types, among which CCRCC is the most com-
mon. Cytogenetic analysis shows that there are 
different gene expressions in different subtypes of 
RCC, even in the same types of RCC. For example, 
the VHL gene at 3p25-p26 is not only expressed 

in sporadic CCRCC (the rate of loss-of-heterozy-
gosity/LOH is up to 80-90%), but also in chro-
mophobe RCC or other types of RCC [3,4]. The 
mutation diversity of the putative RCC gene may 
determine the diversity of its biological behavior. 
Therefore, understanding the genetic variation of 
RCC and improving the prognostic evaluation lev-
el have great significance for the treatment of this 
disease.

LOH of chromosome 3 (3pLOH) is the most 
common chromosomal variation for RCC. It was 
found that in this region there are many tumor 
suppressor genes, such as VHL (3p25), DUTTI/
ROBO1 (3p12-13), FHIT (3p14.1) and FOXP1 
(3p14.1). VHL variation is a characteristic genetic 
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change of CCRCC, and the function of most genes 
depends on the inactivation of this gene. There-
fore, VHL gene is considered as the housekeeping 
gene. It can degrade HIF and regulate VEGF via its 
protein product (pVHL), playing a role of tumor 
suppressor [3,4]. FOXP1 gene at 3p14.1 is a new-
ly discovered tumor suppressor gene. It is widely 
expressed in human tonsils, lymph nodes, gastro-
intestinal tract, brain and kidney and other organs 
and tissues, regulating the cell proliferation and 
differentiation, tumor formation, immune re-
sponse and signal transduction [5]. At present, the 
biological role of FOXP1 in tumors is still being 
investigated. It is reported that its overexpression 
in the nucleus of diffuse large B-cell lymphoma 
indicates poor prognosis [6], and its high expres-
sion in the nucleus of MALT-type lymphoma in-
dicates malignant transformation [7]. In breast 
cancer, the nuclear expression of FOXP1 is closely 
related with the estrogen receptor, and indicates 
longer tumor-free survival of patients [8]. The var-
ious biological functions of FOXP1 protein mean 
that there are different regulation mechanisms in 
different tumors.

Banham et al. [5] reported that each subtype 
of RCC can express FOXP1, and the nuclear ex-
pression is common in hereditary RCC with VHL 
gene mutation. This suggests that FOXP1 may be 
involved in the genesis of RCC and has potential 
impact on tumor progression, and may be related 
to VHL mutation. The expression of FOXP1 in both 
prostate cancer and breast cancer are negatively 
correlated with HIF [8,9], suggesting that FOXP1 
may be involved in the PI3K/AKT/HIF pathway 
and exert its antitumor function. Whether FOXP1 
plays a role in RCCvia HIF-VEGF pathway has not 
been reported so far.

The purpose of this study was to investigate 
the correlation of FOXP1 expression with clinico-
pathological features including histological type, 
tumor grade and size, lymph node metastasis and 
histology, as well as with VEGF and HIF, and dis-
cuss the possible mechanism of its effect on the 
prognosis, to provide more information for gene 
therapy of RCC.

Methods

General data

Fifty-five cases of CCRCC definitely diagnosed in 
this hospital from 2005 to 2006, including 35 males 
and 20 females, aged from 13 to 88 years (median 58), 
were enrolled in this study which was conducted in 
accordance with the declaration of Helsinki and after 

approval from the Ethics Committee of Wenzhou Med-
ical University. Written informed consent was obtained 
from all participants.

All patients were followed-up by telephone from 
25 to 84 months postoperatively. Another 48 cases of 
fresh CCRCC tissues and their corresponding adjacent 
tissues were collected from 2009 to 2011 to detect the 
mRNA expression of FOXP1.

Histology

All specimens were fixed in 4% neutral formalin 
and embedded in paraffin blocks. Then, tissues were cut 
into 4μm-thickness sections and stained with hematox-
ylin and eosin. Then the slides were observed under 
light microscope by an experienced pathologist. Tum-
ors were graded according to the Fuhrman histological 
grading method [10].

Immunohistochemistry

Immunohistochemistry was performed to deter-
mine the expression of FOXP1, HIF-1a and VEGF in the 
CCRCC tissues using the Envision method [5,10]. The 
primary monoclonal antibodies for FOXP1 (JC12, a gift 
from Banham AH, the University of Oxford, diluted in 
1:80), HIF-1a and VEGF (both diluted in 1:50, Beijing 
ZSGB Bio-tech, Beijing, China) were used according to 
the manufacturer’s instruction. Tonsil tissue with re-
active hyperplasia was used as a positive control for 
FOXP1 and PBS served as negative control. 

Evaluation of immunohistochemical staining 

Punctate brown cellular granules observed in the 
cytoplasm, nucleus or cell membrane could be defined 
as positive for FOXP1, HIF-1a and VEGF. The number 
of positive cells in the strongest expression regions of 
each case was calculated (1-10%: 0, 11-30%: 1, 31-70%: 
2, >70%: 3) [11,12]. FOXP1 expressed in both the cyto-
plasm and nucleus or in cell membrane was defined as 
abnormal expression [11].

RNA extraction and quantitative real-time PCR (qRT-PCR)

Total RNA in the fresh CCRCC tissues was extract-
ed using Trizol reagents (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruction and 
was then determined using a spectrophotometer (Nan-
oDrop 1000, USA). Two μg of the total RNA was used as 
template to synthesize cDNA using the Quantscript RT 
kit (TaKaRa, Shiga, Japan) following the manufactur-
er’s instruction. qPCR was performed using SYBR Pre-
mix Ex Taq polymerase (TaKaRa). Specific primers for 
FOXP1 and GAPDH genes (Table 1) were designed us-
ing the Primer Express 5.0 software and synthesized by 
Shanghai GeneCore Bio Technologies Co., Ltd. Fluores-
cence signals were measured after 40 PCR cycles. All 
experiments were performed in triplicate and normal-
ized to GAPDH. The amplification efficiency of GAPDH 
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was close to 100%.

Statistics

All statistical calculations were carried out using 
SPSS v12.0 statistical software (SPSS Inc., Chicago, 
ILL, USA). Correlation comparison between the ex-
pression of FOXP-1, pVHL, HIF-1a and VEGF and the 
clinicopathological parameters was performed using 
chi-square test. Pairwise correlation was carried out 
using Spearman’s rank correlation analysis. The mRNA 
expression of FOXP1 was analyzed using ANOVA. For 
all tests, two-sided p<0.05 was considered statistically 
significant.

Results

General data

The clinical manifestations of the patients in-

cluded anorexia and weight loss (N=2), painless 
hematuria (N=20), low back pain or discomfort 
(N=3) and the remaining were found on physical 
examination. There were 32 cases with left and 
23 cases with right RCC. The tumor size ranged 
from a diameter of 1.5cm to 14×12×9 cm. All the 
tissues included 32 cases of pT1, 12 cases of pT2 
and 11 cases of pT3/pT4 (4 cases of pT3 and 7 cas-
es of pT4). As graded pathologically, the tissues 
included 18 cases of G1, 25 cases of G2 and 12 
cases of G3/G4 (9 cases of G3 and 3 cases of G4). 
Ten cases were found with lymph node metastasis 
and underwent radical nephrectomy.

Follow-up

Fifty-two patients had follow-up data and 3 
were lost to follow-up. Twelve patients died in 5 
years and 40 were still alive until the end of fol-

Table 1. Gene-specific primer pairs for FOXP1 and GAPDH

Gene Forward Reverse Product size 
(bp)

OXP1 (Gen Bank 
AF146696.1) 5’- TGGAAGAATGCAGTGCGTCA–3’ 5’- GAAGGGTTACCACTGATCTTTTGT -3’ 137

GAPDH (Gen Bank 
NM_002046.3) 5’- GTCAACGGATTTGGTCGTATTG -3’ 5’-CTGGAAGATGGTGATGGGATT-3’ 213

Figure 1. FOXP1 expression in normal kidney tissues and CCRCC tissues (200×). A: FOXP1-positive in normal 
kidney tissue; B-D: FOXP1-positive in CCRCC tissues (B: FOXP1 expressed in the nucleus, cytoplasm and mem-
brane simultaneously; C: simultaneous expression of FOXP1 in the nucleus and membrane; and D: simultane-
ous expression of FOXP1 in the membrane and cytoplasm).
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low-up.

Expression of FOXP1 

In the normal renal tissues, FOXP1 was ex-
pressed in the cytoplasm of the proximal tubules 
and the nucleus of the distal convoluted tubule 

Table 2. Correlation between the clinicopathological features and the expression of FOXP1, HIF-1a and VEGF in 
CCRCC (N=55)

Clinicopathological
features

FOXP1 expression A* HIF-1a expression VEGF  expression

0 1 2 and 3 0 1 2 and 3 0 1 3

T stage 

pT1 (N=32) 12 5 15 13 20 4 8 21 5 6

pT2 (N=12) 3 4 5 4 3 4 5 5 4 3

pT3/pT4 (N=11) 3 3 5 4 1 3 7▲ 2 3 6▲

Fuhrman grade 15 12 16 13 21 10 12 25 8 10

G1/G2 (N=43) 3 0 9▲ 8 2 1 9▲ 3 4 5▲

G3/G4 (N=12)

Lymph node metastasis

Yes (N=10) 2 1  7 5 1 4 5 2 2 6

No (N=45) 16 11   18 16 22 7 6▲ 26 10 9▲

Survival (5 years)

Dead (N=12) 2 5 5 7 2 4 6 2 3 7

Alive (N=40) 16 7 17 14 20 8 12▲ 23 8 9▲

▲ p<0.05 vs the other group. A*: abnormal expression

Figure 2. HIF-1a expression in renal tissues (200×). The upper right inlet shows HIF-1a expression in normal 
renal tissue. A: Cytoplasmic expression of HIF-1a in CCRCC tissues; B: Simultaneous expression of HIF-1a in 
cytoplasm and membrane.

Figure 3. VEGF expression in renal tissues (200×). A: VEGF expression in normal renal tissue; B: VEGF expres-
sion in CCRCC tissue.
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and collecting duct. In the glomerular and thin 
sections of the loop, FOXP1 was negative or weak-
ly expressed. In the 55 cases of CCRCC, 18 (32.7%) 
cases were FOXP1-negative, 12  (21.8%) cases were 
weakly positive, 5 (16.4%) cases were moderately 
positive and 20 (36.4%) cases were strongly pos-
itive. The positive rate of FOXP1 expression was 
not correlated with the clinical stage, histological 
grade, lymph node metastasis and 5-year over-
all survival of patients with CCRCC. Twenty-one 
(38.2%) cases of CCRCC tissues expressed FOXP1 
abnormally, including 10 cases in both nucleus 
and cytoplasm and 11 cases in the cell membrane 
(Figure 1). In the 12 cases of G3/G4 CCRCC, there 
were 8 (66.7%) cases with abnormal expression of 
FOXP1, while in the 43 cases of CCRCC with G1/
G2, there were only 13 (30.23%) cases with abnor-
mal expression of FOXP1, showing significant dif-
ference between the two groups (x2=5.28, p=0.02). 
The 5-year mortality rate of patients with abnor-
mal expression of FOXP1 was 33.3% (7/21), show-

ing no significant difference from that of the pa-
tients with normal expression of FOXP1 (16.13%, 
5/31, x2=2.64, p=0.1). The abnormal expression of 
FOXP1 was not correlated with the clinical stage, 
lymph node metastasis and 5-year overall surviv-
al rate (Table 2).

HIF-1a expression 

HIF-1a was weakly expressed in the cyto-
plasm of normal renal tubular cells, but not in 
the glomeruli. In the CCRCC tissues, HIF-1a 
was mostly expressed in the cytoplasm, but to 
a little degree in both cytoplasm and nucleus 
or cell membrane (Figure 2). The positive rate 
of HIF-1a in CCRCC tissues with pT3/pT4 was 
significantly higher than that in CCRCC tissues 
with pT1/pT2 (x2=6.67, p=0.01). It was also sig-
nificantly higher in the G3/G4 group than in the 
G1/G2 group (x2=3.99, p=0.046). In cases with 
positive HIF-1a, the lymph node metastasis rate 
and the 5-year mortality rate increased signif-

Table 3. Renal cell carcinoma FOXP1 mRNA expression

Groups Mean Ct of FOXP1 Mean Ct of GAPDH ΔCt 
FOXP1-GAPDH

ΔΔCt 
ΔCt-ΔCt nor

Relative expression 
of FOXP1

Normal 25.02 ± 3.67 18.87 ± 2.74 6.15 ± 2.39 0 1

CCRCC 26.23 ± 3.05 17.60 ± 2.50 8.63 ± 2.98* 2.48 0.18

*p<0.01 vs normal group 
Ct: circulation time, Δct: the difference between the circulation times of two genes (e.g. the difference in the Table was the difference 
between the circulation times of FOXP1 and internal reference GAPDH), ΔΔCt: referred to the difference between the differences of 
circulation times of FOXP1 and internal reference GAPDH in the experimental and the control group respectively, nor: normal

Figure 4. The mRNA expression of FOXP-1 in CCRCC tissues was significantly lower than that in the normal 
renal tissues. 
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icantly (x2=5.09, p=0.024 and x2=7.47, p=0.006, 
respectively) (Table 2).

VEGF expression

Normally, VEGF was moderately expressed 
in the cytoplasm of renal tubular and glomerular 
cells. In contrast, in CCRCC VEGF was expressed 
not only in the cytoplasm, but in both cytoplasm 
and nucleus or cytoplasm and cell membrane 
sometimes (Figure 3). The expression intensity 
of VEGF was closely correlated with the clinical 
stage, histological grade, lymph node metastasis 
and 5-year overall survival rate (x2=5.89, p=0.015; 
x2=4.12, p=0.042; x2=4.67, p=0.031; and x2=6.17, 
p=0.013, respectively) (Table 2).

Relationship between FOXP1 and HIF-1a and VEGF

The expression of FOXP1 was positively cor-
related with the expressions of HIF-1a and VEGF 
(r=0.54, p<0.01 and r=0.37, p<0.05, respectively). 
The expression of HIF-1a was also positively cor-
related with VEGF expression (r=0.47, p<0.01). 
The positive rate of HIF-1a of the group with ab-
normal expression of FOXP1 was 90.5% (19/21), 
significantly higher than that of the group with 
non-abnormal expression of FOXP1 (58.8%; 20/34, 
x2=6.31, p=0.012). 

Expression of FOXP1 mRNA 

The mRNA expression of FOXP1 in the CCRCC 
group was significantly lower than that in the nor-
mal renal tissues (p=0.00) (Figure 4, Table 3).

Discussion

The results of this study showed that the pos-
itive expression rate of FOXP1 in high grade (G3/
G4) CCRCC was significantly lower compared to 
low grade (G1/G2) CCRCC, and the expression lev-
el of FOXP1 mRNA in cancer tissue was signifi-
cantly lower than in normal renal tissue. The ab-
normal expression rate of FOXP1 in G3/G4 CCRCC 
was significantly higher than in G1/G2 CCRCC. 
The abnormal expression of FOXP1 did not show 
any relation with the clinical stage, lymph node 
metastasis or 5-year overall survival. In CCRCC, 
the expression intensity of HIF-1a and VEGF 
showed obvious correlation with pathological 
grade, clinical stage, lymph node metastasis and 
5-year overall survival rate. Positive correlations 
among FOXP1, HIF-1a and VEGF, and the positive 
expression rate of HIF-1a in patients with abnor-
mal FOXP1 expression were significantly higher 

than those in patients with normal FOXP1 expres-
sion.

In normal tissues, FOXP1 is mainly expressed 
in the nucleus or cytoplasm, while in tumor cells 
there is abnormal FOXP1 expression, in cell mem-
brane, or karyolemma [5,7-9]. The results of this 
study showed that the positive expression rate 
of FOXP1 protein in CCRCC was 67.3%, and the 
abnormal expression rate and loss of expression 
rate were 38.2% and 32.7%, respectively. Toma et 
al. [12] have analyzed the single nucleotide poly-
morphism (SNP) in 22 cases of CCRCC and found 
that the loss of expression rate of FOXP1 gene in 
3pLOH 3 was 85%, and the abnormal expression 
rate of FOXP1 protein was 90%. Loss of FOXP1 
expression is common, but it is not correlated 
with clinical stage, pathological grade or other 
pathologic parameters. The reported experimen-
tal results in this study indicate that the abnor-
mal expression and loss of FOXP1 expression 
are common events in CCRCC. The abnormal ex-
pression rate of FOXP1 in this study was slightly 
lower than in the reported results, but the loss of 
expression rate contrasted them. This may be re-
lated to the different experimental methods used. 
The results of this study also showed that, with 
the increase of pathological grade, the abnormal 
expression rate of FOXP1 also increased. This in-
dicates that the abnormal expression of FOXP1 
is related with the grade of malignancy, and may 
be involved in the developmental process of the 
tumor. It has no association with clinical stage, 
lymph node metastasis or 5-year overall survival 
rate. This may be related with stage I and II in 
most cases. Therefore, long-term follow-up is also 
required, and the significance of FOXP1 in CCRCC 
needs to be further studied.

Banham et al. [5,9] found that FOXP1 gene is 
expressed in a variety of normal human and tu-
mor tissues in varying degrees, and its mRNA and 
protein expression are significantly lower in colon 
cancer and many other tumor tissues than in their 
corresponding normal tissues. Therefore, FOXP1 
is supposed to be a tumor suppressor gene. In this 
study, the mRNA expression of FOXP1 in CCRCC 
tissue was significantly decreased as compared 
with that in normal kidney tissues, suggesting 
the reduced expression of FOXP1 mRNA may be 
associated with the occurrence of CCRCC, which 
is consistent with the Banham et al. research re-
sults. Both the immunohistochemistry result and 
mRNA determination support that FOXP1 acts as 
a tumor suppressor gene to inhibit the occurrence 
of tumors.
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HIF-1a is affected by the oxygen concentra-
tion, VHL gene mutation status and activated 
state of related molecular pathways [3,11,13]. 
The α chain of pVHL combines with ElonginB to 
form the ubiquitin ligase complex, and the β chain 
binds the HIF-1a and degrades it with normal oxy-
gen concentration. Hypoxia and VHL inactivation 
or mutation can lead to reduction of HIF degrada-
tion, stability increase and concentration of HIF 
increase in cells, combining the HIF sites in down-
stream target genes including VEGF, PDGF and 
CXCR. It functions as transcription factor, forming 
the transcription initiation complex, thus initiat-
ing the transcription of the target gene VEGF and 
increasing the corresponding protein. VEGF can 
induce neovascularization, promote proliferation 
of tumor cells and contribute to tumor progres-
sion [3,4,13]. The results of this study showed the 
HIF-1a expression from low grade to high grade 
CCRCC significantly increased. The expression of 
HIF-1a in advanced-stage tumors and cases with 
lymph node metastasis was significantly higher 
compared with low stage tumors and cases with-
out lymph node metastasis. The expression rate of 
VEGF increased with the increase of tumor stage 
and grade, and was related to lymph node metas-
tasis and mortality. The results also showed that 
HIF-1a is positively related to VEGF, which fur-
ther confirms the function of HIF-1a in regulating 
the downstream target gene VEGF. 

There are inconsistent reports about the effect 
of HIF-1a on the prognosis of CCRCC. Lidgren et 
al. [11] used Western blot assay to detect 66 cases 
of CCRCC and found that the expression of HIF-1a 
in tumor was significantly higher than in normal 
kidney tissue. Although HIF-1a expression is not 
correlated with tumor size, pathological grade 
or stage or venous invasion, it is an independ-
ent prognostic factor concerning 5-year overall 
survival. CCRCC with high expression of HIF-1a 
can bear a better prognosis. However, the immu-
nohistochemistry results showed that survival in 
patients with high HIF-1a expression was not sig-
nificantly different from that of patients with low 
HIF-1a expression.

Most reports show that the high expression 
of HIF-1a mainly occurs in high grade and high 
stage CCRCC, with poor prognosis and short sur-
vival time [14]. It is believed that these differ-
ent results are due to the different experimental 
methods. The location of HIF-1a in tumor cell 
(cytoplasm or nucleus) affects the exertion of its 
function. HIF-1a is a nuclear transcription factor, 
and it is activated in the nucleus. Its high expres-

sion in the cytoplasm means that it has been tran-
scribed into the cytoplasm, with relatively good 
prognosis [3,11,14]. In the present study immuno-
histochemistry was used, and the results showed 
that among 55 cases of CCRCC, there were 10 cases 
of nuclear expression and 21 cases of cytoplasmic 
expression. The nuclear expression was relatively 
higher in high grade CCRCC. Whether the HIF-1a 
nuclear expression indicates poor prognosis still 
needs to be further explored.

In fact, it is proved that PI3K/AKT signaling 
can regulate the activity of HIF-1α, thereby pro-
moting tumor angiogenesis, erythropoiesis and 
glucose metabolism [15]. PI3K/AKT signal path-
way negatively regulates the FOXO transcription 
factor subfamily. FOXO regulates the HIF-1α pro-
tein level via the pVHL-independent protein deg-
radation mechanism, and inhibits the response of 
VEGF to HIF-1α [16]. The nuclear expression of 
FOXP1 protein (JC12) in endometrial carcinoma 
is decreased significantly with abnormal cyto-
plasmic expression. The cytoplasmic expression 
of FOXP1 is positively correlated with HIF-1α ex-
pression, and is also associated with the muscle 
layer infiltration depth of endometrial carcinoma 
[17]. The FOXP1 protein sequence contains PI3K 
activation site. Combined with the results of this 
study, it is found that, FOXP1 has obvious cor-
relation with HIF-1a and VEGF. The positive ex-
pression rate of HIF-1 is significantly higher than 
that in patients with normal FOXP1 expression 
(59.8%). It is speculated that FOXP-1 may have an 
action mechanism similar with FOXO, negatively 
regulating the HIF-1α activity. The abnormal ex-
pression of FOXP-1 causes loss of normal regula-
tion function, leading to increased HIF-1a protein 
content in tumor tissue, which up-regulates the 
expression of downstream target genes and pro-
motes tumor angiogenesis, thus accelerating the 
proliferation, invasion and metastasis of tumor 
cells.

In conclusion, FOXP1 exists in normal kidney 
tissue as a tumor suppressor gene. The reduction 
of its mRNA expression may be closely related to 
the occurrence and development of CCRCC. Ab-
normal expression of FOXP1 protein is a common 
event in CCRCC, which may promote the process 
where tumor progresses from low grade to high 
grade by regulating the HIF-1-VEGF pathway. The 
combined detection of FOXP1, HIF-1 and VEGF 
can be used as an effective biological molecular 
indicator for evaluating the prognosis of patients 
with CCRCC.
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