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Abstract The chemokine receptor CXCR4 is involved in
the metastasis of many cancers. Recent evidence suggests
that CXCR4 may be also involved in the metastasis of renal
cell carcinoma. We analyzed the expression of CXCR4 in
primary carcinomas, metastatic tissues and normal tissues
using immunohistochemistry. We further investigated the
migration of renal carcinoma cells in response to stimulation
by CXCL12 in vitro. We also studied the subcellular local-
ization of CXCR4 in renal cell carcinoma cells in response to
CXCL12 by confocal microscopy. We observed the highest
percentage of CXCR4 expression in renal cell carcinoma
metastases compared with that in renal cell carcinomas and
normal renal tissues. We further found that CXCR4 was
localized predominantly in the membrane in primary renal
cell carcinomas and predominantly in the cytoplasm in renal
cell carcinoma metastases. Moreover, we found that CXCR4
was translocated from the cytoplasmic membrane to the
cytoplasm upon stimulation by its ligand CXCL12. Renal
cell carcinoma metastasis was associated with higher
expression of CXCR4 and interaction of CXCR4 and its
ligand CXCL12 resulted in the internalization of CXCR4
from the cytoplasmic membrane. These findings implicate
the CXCR4-CXCL12 axis in the metastasis of renal cell
carcinoma.

Linhui Wang and Liang Wang contributed equally to this work.

L. Wang - L. Wang - B. Yang - Q. Yang - Y. Sun (X))
Department of Urology, Changhai Hospital, Second Military
Medical University, 174 Changhai Road, 200433 Shanghai,
China

e-mail: sunyh@medmail.com.cn

S. Qiao - Y. Wang
Institute of Genetics, Fudan University, Shanghai, China

Keywords CXCR4 - CXCL12 - Metastasis -
Primary renal cell carcinoma

Introduction

Renal cell carcinoma accounts for 3% of all adult malig-
nancies and is the most aggressive urologic cancer. More
than, 40% of patients with renal cell carcinoma will die
from the disease. Approximately, one-third of patients with
renal cell carcinoma have tumor metastasis at the time of
initial presentation, and as many as 40% of them eventually
develop distant metastases [1, 2]. Metastasis is a highly
organized, nonrandom and organ-selective process [3].
Mechanisms involved in the homing of leukocytes and
hematopoietic progenitors may be appropriated for the
dissemination of tumors via the bloodstream and lymph-
atics [4]. Although a number of molecules have been
implicated in the metastasis of renal cell carcinoma, the
precise mechanisms of the directional migration and
invasion of renal cell carcinoma cells into specific organs
remain undefined [5].

Chemokines are 8-10 kDa chemo-attractive cytokines
that possess a wide range of biological activities, including
induction of cell differentiation, proliferation and direc-
tional migration of several cell types [4, 6-8]. The che-
mokine receptor CXCR4 and its corresponding ligand
CXCL12 (SDF-1, stromal derived factor-I) are involved in
the metastasis of many cancers, such as breast cancer [9],
epithelial ovarian cancer [10], and colorectal cancer [11].
Recent evidence also suggests that the CXCR4 and
CXCLI12 axis is involved in the metastasis of renal cell
carcinoma [12].

In the current study, we examined the expression of
CXCR4 in renal cell carcinoma samples, their metastases

@ Springer



1050

Clin Exp Metastasis (2009) 26:1049-1054

and normal renal tissues. We also investigated the migra-
tion of renal cell carcinoma cells and the subcellular
localization of CXCR4 in response to stimulation by
CXCL12 in vitro. Our findings indicate that expression of
CXCR4 in renal cell carcinoma is associated with renal cell
carcinoma metastasis.

Materials and methods
Patients and tissue samples

Twenty patients, 13 males and 7 females with age ranging
from 28 to 73, with conventional or clear-cell renal cell
carcinoma were admitted into Department of Urology,
Changhai Hospital, Shanghai, China, from October 01 to
December 31, 2006. Fresh tissue specimens and adjacent
normal tissues were collected immediately following rad-
ical nephrectomy and were formalin-fixed and paraffin-
embedded. The tumors were staged according to the TNM
staging system and the Fuhrman grading system. The
marginal normal part tissue of surgically removed kidney
specimen (approved by pathologists) was used as normal
control. In addition, we also studied archived formalin-
fixed and paraffin-embedded tumor specimens from 23
patients with renal cell carcinoma, 15 males and 8 females
with age ranging from 21 to 72 years, who were admitted
into our hospital from January 1, 2000 to December 31,
2005. Written informed consent was obtained from all
patients who participated in the study. The study protocol
was approved by the Institution Review Board, Changhai
Hospital, Second Military Medical University, Shanghai,
China.

Immunohistochemical staining

Immunohistochemical staining of fresh and archived tumor
specimens and normal renal tissues was performed using
anti-human CXCR4 antibody (Chemicon International,
Temecula, CA) as previously described. The expression of
CXCR4 was evaluated independently by two pathologists
who were blind to the patients’ clinicopathological data.
The intensity of staining was scored semi-quantitatively as
follows: 4+, weak; 4+, moderate; +-++, strong; +-++-+,
very strong. Samples with a score of ++ and above were
considered CXCR4-positive. Membrane and cytoplasmic
staining were also recorded.

Cell migration assays
The clear-cell renal cell carcinoma-derived cell line A-498

(Cell Center, Beijing Institute of Basic Medical Sciences,
Beijing, China) was used for cell migration assays. Atni-
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CXCR4 antibody and/or 200 ng/ml CXCL12f (SDF-1§; R
& D Systems, Canandaigua, NY) were added to the lower
chamber of 24-well transwell inserts (BD Biosciences,
Bedford, MA) and 1 x 10° A-498 cells were loaded into
the upper chamber and allowed to migrate for 22 h at 37°C.
Cell migration was quantified by determining the number
of A-498 cells that had migrated into the filters.

Confocal microscopy

For measurement of CXCR4 internalization, A-498 cells
were seeded at a density of 1 x 10* cells per coverslip in a
six-well slide chamber 24 h prior to serum-starvation.
Following overnight serum starvation with 0.5% FBS, the
cells were treated with CXCL12f at a concentration of 100
and 200 ng/ml at 37°C for 24 h. After removal of
CXCL12p, the cells were fixed and immunostained with
rabbit anti-CXCR4 antibody followed by incubation with
FITC-conjugated anti-rabbit IgG (Beyotime Institute of
Biotechnology, Haimen, Jiangsu, China). The cells were
then counterstained with iodized pyridine to visualize the
nuclei. The immunofluorescence images were acquired
using Leica TCS SP2 confocal software and a Leica con-
focal laser fluorescence scanning microscope.

Cancer cell isolation

Surgical removed renal cancer tissue was cut into small
pieces and treated with predigestion solution (I x HBSS
containing 5 mM EDTA and 1 mM DTT) at 37°C for
30 min under slow rotation. The tissue was collected by
centrifugation (x1,000 rpm, 10 min) and incubated in
digestion solution (Dissolve 0.05 g of collagenase D,
0.05 g of DNase I and 0.3 g of dispase II in 100 ml of 1
times PBS) at 37°C for 60 min under slow rotation. Cells
were filtered with a cell strainer using for further study.
(Reagents were purchased from Sigma).

Flow cytometry

Cells were collected and incubated with fluorescently
labeled primary antibodies on ice for 30 min (For the
intracellular staining, cells were fixed with 1% parafor-
maldehyde on ice for 30 min and incubated with perme-
alization reagents for 30 min on ice). The stained cells
were analyzed using a FACSarray (BD Bioscience, San
Jose, CA). Data were analyzed with software FlowJo.

Western blotting
Total proteins were extracted from surgical removed renal

cancer tissue. Equal amounts protein extracts of each
sample were separated on a precast NUPAGE gel system
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and blotted onto nitrocellulose membrane. The membranes
were then blotted with primary antibodies against target
proteins. The proteins were detected using horseradish
peroxidase conjugated second antibodies. Horseradish
peroxidase enzymatic reaction was detected with enhanced
chemiluminescent reagents and recorded with X-ray films.

Statistical analysis

Statistical analysis was determined by one-way ANOVA
and Chi-Square test, with the P value less than 0.05
regarded as statistically significant. Data are expressed as
mean + SD.

Results

We analyzed the expression of CXCR4 in 43 primary renal
cell carcinomas and 21 metastases to the lymph nodes (14
cases), the adrenal glands (four cases), the bone (two cases)
and the brain (one case; Table 1). Nineteen patients had
synchronous metastases and two had metachronous
metastases. Histological typing identified conventional
renal cell carcinoma in 20 cases and papillary renal cell
carcinoma in one case. Fuhrman grading further revealed
grade 1 tumor in two cases, grade 2 tumor in seven cases,
grade 3 tumor in nine cases, and grade 4 in three cases.

Renal cell carcinoma metastases were associated with
higher levels of CXCR4 expression and exhibited
predominantly cytoplasmic CXCR4 staining

Immunohistochemical staining of tumor specimens and
normal renal tissues with anti-CXCR4 antibody revealed
that the primary renal cell carcinoma samples and their
metastases at the lymph node, the adrenal gland or the bone
showed noticeably higher intensity of CXCR4 staining than
normal renal tissues (Fig. 1). Tissue sections in which
CXCR4 expression was >2 + and >50% of the cells were

stained by the anti-CXCR4 antibody were defined as
positive. We found that 81.40% of the primary renal cell
carcinoma tissue samples were stained positive for CXCR4
while only 50% of normal renal tissues were CXCR4
positive (Table 2). However, the highest percentage of
positive CXR4 staining was seen in the renal cell carci-
noma metastases, which were 95.24% positive for CXCR4.
These findings suggested that renal cell carcinoma metas-
tases were associated with higher levels of CXCR4
expression. We further examined the expression patterns of
CXCR4 in the renal cell carcinoma tissues and their
metastases and found that CXCR4 was predominantly
expressed in the cytoplasmic membranes of the primary
renal cell carcinoma cells and predominantly expressed in
the cytoplasm in the metastatic cells (Fig. 1). Altogether,
67% of the primary renal cell carcinoma samples displayed
predominantly membranous staining while 81% of the
metastatic carcinoma samples showed predominantly
cytoplasmic staining (Table 3). Since the hematopoietic
stem cells also express CXCR4, we further detected the
phenotypes of CXCR4™ cells from surgical removed renal
cancer cells. The results showed very few dendritic cells, T
cells or eosinophils were labeled by anti-CXCR4 antibody
(Fig. 1b).

Considering if metastasis of cancer still kept the
expression of CXCL12, we analyzed the CXCL12 protein
in surgically removed renal cancer tissue. The results
showed that although less CXCL12 protein was detected in
metastasis cancer tissue, the difference did not reach sig-
nificance (Fig. 1c).

CXCR4 mediated the migration of renal cell carcinoma
cells A-498

We also tested the hypothesis that expression of CXCR4 was
associated with renal cell carcinoma metastasis by measur-
ing the migration of renal cell carcinoma cells A-498 in vitro
using cell migration assays. We treated A-498 cells with
CXCL12p, the only known physiological ligand for CXCR4.

Table 1 Source and

Total

characteristics of tissue
specimens
Primary carcinoma 43
Metastatic carcinoma
Lymph node metastases 14

Adrenal gland metastases 4
Back bone metastases 2
Brain metastases
Normal renal tissues 22
Total 86

Source Sex Age
Fresh tissues  Archived tissues Male Female <50 >50
20 23 29 14 9 34

0 14 5 9 4 10

0 4 3 1 1 3

0 2 1 1 0 2

0 1 1 0 0
20 2 15 7 4 18
40 46 54 32 18 68

@ Springer



1052

Clin Exp Metastasis (2009) 26:1049-1054

Normal renal tissues

-

Primary Tumor tissues
“;:e.a":.;Qr& e \-; »--' v -

co1e CD3

Fig. 1 Expression of CXCR4 and CXCL12 in renal cell carcinoma,
metastases and normal renal tissues. a Sections of normal renal
tissues, primary renal cell carcinoma tissues, and metastatic tissues
including the lymph node, the adrenal gland and the bone were
examined by immunohistochemical staining with anti-CXCR4 anti-
body. The images in the lower panel (x400) were from inserts in the
images in the upper panel (x100). b Single cells were prepared from
surgically removed renal cancer tissue and examined for CXCR4

Table 2 Renal cancer cells CXCR4-staining (case number)

-+ ++ +++ ++++4+  Total
Primary 0 8 (18.6)* 29 (67.4) 4 (9.3) 247 43
Metastases 0 1 (4.8) 4 (19) 5(23.8) 11 (52.4) 21
Normal 11 11 (50) - - - 22

* Percentage P = 0.001 (y* test). Primary: primary tumor, metasta-
ses: paired metastases, normal: normal renal tissues

Table 3 CXCR4 was localized predominantly in the cytoplasm in
RCC metastases

M > C* C>M P value
Primary carcinoma samples 29(67%) 14 (33%) <0.0005
Metastases samples 4 (19%) 17 (81%)

% M membranous CXCR4 staining; C cytoplasmic CXCR4 staining

We found that only 23.6 £ 5.6 cells migrated in the absence
of CXCL12p (Fig. 2a). The addition of CXCL12f, however,
led to an approximately fivefold increase in the chemotaxis
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expression by flow cytometry. Representative flow cytometry data
show CXCR4 positive cells (the gated cell population) in panel a. The
gated cells in panel were further analyzed for positive cells of
dendritic cells (b), T cells (c) and eosinophils (d). ¢ Renal cancer
tissue protein extracts were analyzed for CXCL12 with Western
blotting. The immune blots show CXCL12 in renal cancer tissue.
Bars indicate the data densitometry analysis of the bands. Data were
presented as mean £ SD, from 3 separate experiments

of A-498 cells (P < 0.001). Moreover, this increased che-
motaxis by CXCL12f was abolished by anti-CXCR4-anti-
body, indicating that CXCR4 mediated the enhanced
chemotaxis of A-498 cells. Examination of the subcellular
localization of CXCR4 revealed that, in the absence of its
physiological ligand CXCL12f, CXCR4 remained localized
on the cell membrane (Fig. 2b). However, with the addition
of CXCL12f, CXCR4 translocated from the cell membrane
to the cytoplasm.

Discussion

Renal cell carcinoma is among the most resistant of tumors
to therapy. Renal cell carcinoma metastasis poses even
greater challenges for treatment. Chemokines and their
receptors are known to play an important role in leukocyte
trafficking and homing, especially at sites of inflammation,
infection, tissue injury and malignant tumor growth [10].
These proteins also regulate non-leukocyte cell functions
such as angiogenesis, cell migration, activation of apoptotic
cell death, and proliferation [10]. Chemokine receptor
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Fig. 2 a CXCLI12p stimulated the migration of renal cell carcinoma
cells A-498 in vitro. The migration of A-498 in response to medium,
CXCL12p, anti-CXCR4 antibody, anti-CXCR4 antibody (2CXCR4)
or isotype IgG was studied using a transwell system. The data was
expressed as mean £ SD from six independent experiments.
* P < 0.05 versus blank. b CXCL12p triggered the internalization
of CXCR4 in renal cell carcinoma cells A-498 in vitro. A-498 cells

CXCRA4 is constitutively expressed in bone marrow stromal
cells as well as in various organs, including the brain, heart,
lung, thymus, spleen, and liver. Moreover, CXCR4 and its
physiological ligand CXCL12 have been implicated in
stimulating the metastasis of many different neoplasms [13].

CXCR4 expression has been shown to be heterogeneous
in malignant cells of different origin. It was reported to be
markedly decreased in hepatocellular carcinomas [14] and
increased in glioblastoma multiforme, breast and uterine
cancer as well as Burkitt’s lymphoma [15, 16]. The
expression of CXCR4 was found to be significantly
upregulated in malignant renal tissue while the expression
of its ligand CXCL12« was markedly reduced compared to
normal tissue [17]. Additionally, the CXCR4/CXCL12
biological axis could induce renal cell carcinoma metas-
tasis [12]. Our results are in line with previous study [12]
that renal cancer tissue had high expression of CXCR4 and
CXCLI12. It was also found that CXCL12 could induce the
internalization of CXCR4 [18-21]. However, the distribu-
tion pattern of CXCR4 in primary renal cell carcinomas,
metastases and normal renal tissues has not been previ-
ously elucidated.

The roles of CXCR4 in normal renal tissues have not yet
been fully understood, but it appears that it mediates a large
variety of functions including leukocyte development and
trafficking, correct foetal vascularisation, cell division,
tumourigenesis and growth. In the current study, we have

were incubated with 0, 100 or 200 ng/ml CXCLI12f for 24 h and
subsequently immunostained with anti-CXCR4 antibody and FITC-
conjugated antibody. Fluorescent images were obtained by a Leica
confocal microscope. The nucleus (red) was visualized using iodized
pyridine and CXCR4 was shown in green. Original magnification was
63 x 10 (Color figure online)

found that both primary renal cell carcinomas and their
metastases express higher levels of CXCR4 than normal
renal tissues, suggesting a possible role of CXCR4 in
mediating metastasis of renal cell carcinoma. Additionally,
CXCR4 was found to be localized both in the cytoplasm
and the nucleus in non-small-cell lung cancer [22]. We
have also found that CXCR4 is localized in different parts
of the renal cell carcinoma cells, including the membrane,
the cytoplasm and the nucleus. We have further found that
CXCR4 is predominantly localized in the cytoplasmic
membrane in the primary renal cell carcinoma cells, but
mainly in the cytoplasm and the nucleus in the renal cell
carcinoma metastases. We have also demonstrated that
CXCRA4 is translocated from the cytoplasmic membrane in
response to CXCL12 in renal cell carcinoma cells A-498.
This is similar to the epidermal growth factor receptor,
which, upon binding to the epidermal growth factor,
translocates from the cytoplasmic membrane to the nucleus
[23].

CXCR4 has been implicated in the metastasis of many
cancers and the CXCR4/CXCL12 axis was also shown to
be involved in renal cell carcinoma metastasis. The up-
regulation of CXCR4 especially in metastatic renal cells
may involve many different mechanisms; one of those has
been reported is the CXCR4 promoter, which has been
identified as a candidate for renal cell carcinoma targeting
[24]. We have shown that renal cell carcinoma cells A-498
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exhibit higher chemotaxis in response to CXCL12, which,
however, can be abolished by anti-CXCR4 antibody.
Together with our findings that renal cell carcinoma
metastases exhibit a more extensive expression of CXCR4
and show predominantly cytoplasmic and nuclear expres-
sion of CXCR4, this result indicates that CXCR4 is inti-
mately involved in the metastasis of renal cell carcinoma.
Our results lend further support to the proposition that
targeting CXCR4 could inhibit the metastatic progression
of renal cell carcinomas [12], in which the CXCLI12-
CXCR4 pathway might be an interesting therapeutic target,
CXCLI12 as a promising molecule may be useful for the
presensibilisation of tumor cells in a combination-therapy
of renal cell carcinomas [25].

In conclusion, we show here that strong expression of
CXCR4 in renal cell carcinomas correlates with metastasis,
which exhibits predominantly cytoplasmic and nuclear
expression of CXCR4. We further show that CXCL12
triggers the migration of renal carcinoma cells in vitro and
the internalization of CXCR4. Our study suggests that
analysis of the subcellular localization and expression of
CXCR4 staining in primary tumors and metastases may
enhance our ability to predict the biologic behavior of renal
cancer cells and to develop novel strategies to prevent
metastases.
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