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Abstract. Stromal cell-derived factor la (SDF-1a) and its
receptor CXCR4 have been implicated in the tumorigenesis,
proliferation, and lymph node metastasis of cancer. Here, we
report that highly invasive squamous cell carcinoma (SCC)
cells with a spindle cell morphology show a strong expression
of both SDF-1a and CXCR4. CXCR4 expression and cell
migratory activity were further up-regulated by treatment
with SDF-1a or TGF-B1 in these cells. When epithelial-
mesenchymal transition (EMT) was induced by Snail over-
expression in SCC cells with an epithelial phenotype, an
increased expression of SDF-1a was observed. Furthermore,
SDF-1a and TGF-B1 up-regulated the expression of CXCR4
and cell migratory activity in these cells. These results indicate
that SDF-10 and CXCR4 expressions are possible markers of
highly-invasive SCC and regulated by EMT.

Introduction

Chemokines organize a superfamily of chemotactic cytokines
that possesses a wide range of biological activities, including
the regulation of leukocyte trafficking, homing of T- and
B-lymphocytes, cytoskeletal rearrangement, and adhesion to
extracellular matrix molecules (1-3). They are locally produced
in the tissues and act on various cells through selective
membrane-bound G-protein-coupled receptors. The CC
chemokines, RANTES, and macrophage inflammatory
protein-lo (MIP-1a) are ligands for CCRS, and the CXC
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chemokine, stromal cell-derived factor-1 (SDF-1), is known
to be a ligand for CXCR4 and regulate T-cell activation.
Expression of SDF-1 is enhanced by stimulation with tumor
necrosis factor-a (TNF-a), interferon-y (IFN-y), and trans-
forming growth factor-8 (TGF-8) in fibroblasts (4).
Furthermore, there is accumulating evidence that the
chemokines and their receptors regulate the motility and
metastasis of cancer cells. Especially, SDF-1a. and CXCR4
have been reported to be important mediators of cancer
progression (5-8). CXCR4 inhibition can affect tumor cell
dissemination in non-Hodgkin's lymphoma and melanoma
(9.10) and cancer cells expressing CXCR4 invade the
extracellular matrix and metastasize to organs expressing
SDF-1la (11).

On the other hand, the increased motility and invasiveness
of cancer cells have been implicated in epithelial-mesenchymal
transition (EMT), a phenomenon occurring during embryonic
development including gastrulation and neuro-epithelium
formation (12-15). During the process of EMT, the loss of
E-cadherin expression, an adhesion molecule of epithelial
cells, is one of the key steps towards the invasive phenotype
(16,17). Several transcriptional factors including zinc-finger
proteins of the Snail/Slug family (18,19), SEF1/ZEB1 (20),
SIP-1/ZEB2 (21), and E12/E47 (22), that contain the basic
helix-loop-helix motif, have been reported to be involved in
this repression through binding to the E-box localized in the
promoter of E-cadherin. Furthermore, TGF-81 has also been
reported to regulate EMT in several cell types (23-25).

In the present study, we analyzed SDF-1a and CXCR4
expressions in SCC cells with both epithelial and mesen-
chymal phenotypes and in EMT-induced cells by Snail-over-
expression. We found that SDF-1a and CXCR4 expressions
in SCC cells were up-regulated in conjunction with increased
activities of migration by EMT.

Materials and methods

Cells and cell culture. The human oral SCC cell lines, OM-1,
HOC719-PE, HOC719-NE, HOC313, their stable Snail over-
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Figure 1. Expressions of SDF-1a and CXCR4 in SCC cells. (A) E-cadherin, vimentin, SDF-1a, and CXCR4 expressions in SCC cells with epithelial (OM-1,
HOC719-PE) and mesenchymal (HOC719-NE, HOC313) phenotypes. Total-RNAs were isolated from SCC cells and analyzed by RT-PCR. (B) Expression of
mRNAs for E-cadherin, vimentin, SDF-1a and CXCR4 in Snail over-expressing (OM-1SNA1, OM-1SNA?2) and control (OM-1pcD1, OM-1pcD2) clones.
(C) OM-1pcDl1 (a), OM-1SNALI (b), and HOC313 (c) cells were stained with mouse anti-human CXCR4 antibody and visualized by FITC-conjugated anti-
mouse IgG secondary antibody. (D) The migratory behavior of OM-1pcDl1 (a, d), OM-1SNA1 (b, e), and HOC313 (c, f) cells was analyzed in an in vitro
wound model. Photographs of culture cells were taken under a phase-contrast microscope in a wound healing assay performed at a magnification of x100.

Photographs were taken just after incision (a-c) and 24 h post-incision (d-f).

expressing clones of OM-1SNA1 and OM-1SNA2, and control
pcDNA3-transfected clones OM-1pcD1 and OM-1pcD2,
have been described previously (19,26,27). HOC719-PE
and HOC719-NE cells were isolated from HOC719 cells
expressing E-cadherin heterogeneously (19). All cells were
cultured at 37°C in a humidified atmosphere of 5% CO, in air
and maintained with DMEM (Sigma, St. Louis, MO, USA)
supplemented with 10% fetal bovine serum (Sigma).

Immunofluorescent staining. Cells cultured on Lab-Tek II
Chamber Slides (Nalge Nunc, Tokyo, Japan) were fixed with
4% paraformaldehyde and treated with 0.1% Triton X-100
for 5 min, PBS containing 1% bovine serum albumin (BSA)
for 30 min, and a 1:200 dilution of anti-human CXCR4 mono-
clonal antibody (R&D Systems, Minneapolis, MN, USA) in
PBS containing 1% BSA at 4°C overnight. Detection of
CXCR4 protein was performed using 1:1000 dilutions of

FITC-labeled anti-mouse 1gG (Dako, Kyoto, Japan).
Vectashield (Vector Laboratories, Burlingame, CA, USA)
was used as a mounting medium. Images were captured using
an Optiphot-2 (Nikon, Tokyo, Japan) configured with fluore-
scent excitation filters at 800 nm.

Reverse transcriptase-polymerase chain reaction (RT-PCR).
Total-RNA was isolated from the cells using TRIzol
(Invitrogen, Carlsbad, CA, USA). RT-PCR analysis was
performed as described previously (19). The RNA samples
were first treated with deoxyribonuclease I (Invitrogen) and
converted into cDNA using random hexamer primers and
reverse transcriptase (Invitrogen). PCR consisting of 30 cycles
of denaturing at 94°C for 30 sec, annealing for 30 sec, and
extension at 72°C for 1 min was carried out using PCR
MASTER (Boehringer Mannheim GmbH, Germany).
Amplified products were analyzed on 1.8% agarose gels. The
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Figure 2. Effects of SDF-1a on CXCR4 expression in SCC cells. (A) CXCR4 expression in OM-1pcD1, OM-1SNA1 and HOC313 cells treated with 50 ng/ml
SDF-1a for the indicated times. Total-RNAs were isolated from SCC cells and analyzed by RT-PCR. (B) The migratory behavior of OM-1pcD1 (a, d),
OM-1SNAL (b, e), and HOC313 (c, f) cells cultured with 50 ng/ml SDF-1a was analyzed in an in vitro wound model. Photographs of culture cells were taken
under a phase-contrast microscope in a wound healing assay performed at a magnification of x100. Photographs were taken just after incision (a-c) and 24 h

post-incision (d-f).

product size, annealing temperature, and primer sequences
for SDF-1a and CXCR4 were: SDF-1a, 239 bp, 58°C, 5'-tgaa
cgccaaggtegtggtegtg-3' (forward), 5'-ctccaggtactcetgaatccac-3'
(reverse); CXCR4, 343 bp, 58°C, 5'-ctggtattgtcatcctgtcctge-3'
(forward), 5'-tggaccctctgetcacagaggtg-3' (reverse). The
primers for E-cadherin, vimentin, and glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) were previously described
(22,26,27). All primers were obtained from Hokkaido System
Science Co., Ltd. (Sapporo, Japan).

Wound healing assay. Cells were seeded in 6-well culture
dishes at 3x10° cells per well and incubated until confluent.
After confluence, SDF-1a and TGF-B1 were added to the
medium for 48 h. A wound was incised with a pipette tip in
the central area of the confluent culture on the dish. Detached
cells were removed carefully with PBS and migrated cells
in wound areas were observed utilizing a phase-contrast
microscope.

Results

Expression of SDF-1a and migratory activity in SCC cells
with a mesenchymal phenotype. Expressions of SDF-1a and
its receptor, CXCR4, were analyzed in cells with a cuboidal
morphology and E-cadherin expression (OM-1 and HOC719-
PE) and cells with a spindle morphology, loss of E-cadherin,
and strong expression of vimentin and Snail (HOC719-NE,
HOC313) (26,27). RT-PCR analysis indicated strong expres-
sions of SDF-1a and CXCR4 in HOC719-NE and HOC313
cells but not in OM-1 and HOC719-PE cells (Fig. 1A). Snail
over-expressing OM-1 cells, OM-1SNA1 and OM-1SNA2,
showed the down-regulation of E-cadherin and up-regulation

of vimentin expression, as previously described (26). Increased
expression of SDF-1a but not CXCR4, was observed in
OM-1SNA1 and OM-1SNA?2 cells (Fig. 1B). Immunofluore-
scent staining using a monoclonal antibody showed a strong
CXCR4 expression on the cell surface in HOC313 cells
(Fig. 1C-c), whereas no significant fluorescence staining was
detected in OM-1pcD1 cells (Fig. 1C-a) and OM-1SNA1
cells (Fig. 1C-b). In a wound healing assay, HOC313 (Fig.
1D-f), but not OM-1pcD1 (Fig. 1D-d) cells, were detected in
the wound area 24 h post-incision. Increased migratory
activity was detected in OM-1SNA1 (Fig. 1D-e) compared to
OM-1pcD1 (Fig. 1D-d) cells. OM-1SNA1 and HOC313 cells
moved to the wounded area without the formation of cell-to-
cell contact.

Increased CXCR4 expression and cell migration by SDF-1a
in SCC cells with a mesenchymal phenotype. Cells were
cultured with 50 ng/ml of SDF-1a for 72 h and CXCR4
expression was analyzed (Fig. 2A). SDF-1a induced CXCR4
expression in OM-1SNA1 and HOC313 cells but not in
OM-1pcD1 cells. Treatment with 50 ng/ml of SDF-1a for
24 h enhanced the migratory properties of OM-1SNA1
(Fig. 2B-e) and HOC313 (Fig. 2B-f) cells but not those of
OM-1pcD1 (Fig. 2B-d) cells.

Increased CXCR4 expression and cell migration by TGF-f31
in SCC cells with a mesenchymal phenotype. Cells were
cultured with 2 ng/ml of TGF-81 for 72 h and the expressions
of SDF-1a and CXCR4 were analyzed (Fig. 3A). TGF-61
induced CXCR4 expression in OM-1SNA1 and HOC313 cells,
but not in OM-1pcD1 cells. However, SDF-1a expression
was induced by TGF-81 in all OM1-SNA1, OM-1pcD1, and
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Figure 3. Effects of TGF-B81 on SDF-1a and CXCR4 expression in SCC cells. (A) Expression of mRNAs for SDF-1a and CXCR4 in OM-1pcD1, OM-
ISNAT, and HOC313 cells cultured with 2 ng/ml TGF-61 for the indicated times. (B) OM-1pcD1 (a), OM-1SNA1 (b), and HOC313 (c) cells were stained
with mouse anti-human CXCR4 antibody and visualized by FITC-conjugated anti-mouse IgG secondary antibody. Before staining, SCC cells were cultured
with TGF-61 for 72 h. (C) The migratory behavior of OM-1pcD1 (a, d), OM-1SNAI (b, e), and HOC313 (c, f) cells cultured with 2 ng/ml TGF-1 was
analyzed in an in vitro wound model. Photographs of culture cells were taken under a phase-contrast microscope in a wound healing assay performed at a
magnification of x100. Photographs were taken just after incision (a-c) and 24 h post-incision (d-f).

HOC313 cells. In immunofluorescent staining, treatment with
TGF-B1 for 72 h resulted in increased CXCR4 expression
in OM-1SNA1 and HOC313 cells, but not OM-1pcD1 cells,
similarly to the results in Fig. 3A (Fig. 3B). In the wound
healing assay, treatment with TGF-1 for 24 h further enhanced
the migratory properties of OM-1SNA1 (Fig. 3C-e) and
HOC313 (Fig. 3C-f) cells.

Discussion

In previous studies, we showed that OM-1 and HOC719-PE
cells had a cuboidal cell morphology with E-cadherin
expression, and HOC719-NE and HOC313 cells showed a
spindle cell morphology with a loss of E-cadherin and strong
expression of vimentin, MMP-2, and Snail (19,26-28). We
also reported that Snail over-expression and TGF-61 treatment
in SCC cells with an epithelial phenotype resulted in a
change to the spindle cell morphology and down-regulation

of E-cadherin expression (28). In the present study, we showed
strong expressions of SDF-1a and CXCR4 and migratory
activity in HOC719-NE and HOC313 cells exhibiting the
spindle morphology, but not in OM-1 and HOC719-PE cells
with cuboidal shapes. Over-expression of Snail in OM-1 cells
resulted in a change to the spindle morphology and the up-
regulation of SDF-1a expression accompanied with enhanced
migratory activity. Treatment with SDF-1a induced CXCR4
expression in Snail over-expressing and HOC313 cells but
not in control cells. TGF-B1 also induced CXCR4 expression
in these cells. Furthermore, SDF-1a expression in all SCC
cells was induced by TGF-B1. Strong migratory activity was
detected in HOC313 and OM-1SNALI cells, and both SDF-1a
and TGF-B1 further promoted the migratory properties of
these cells.

SDF-1la has been reported to increase the migratory
activity of cells depending on their expression of CXCR4
(29,30). The migration induced by SDF-1a was mediated
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tto et al reported that a specific inhibitor of the
CXCR4 receptor completely inhibited lung metastasis in a
mouse transplantation model and suggested that CXCR4 was
involved in the metastatic process of osteosarcoma cells (32).
Muller et al reported high levels of CXCR4 expression in
invasive ductal carcinoma but not normal mammary gland
ductal cells using immunostaining (5). They also mentioned
a strong CXCR4 expression in tumor cells in lymph node
and distant metastases of the lung and liver. Furthermore,
Li et al reported that expression levels of CXCR4 were
correlated with the overall survival rate in breast cancer (33).
Chen et al observed that TGF-1 affected CXCR4 expression
through the stimulation of SDF-1a and ERK1/2 phosphory-
lation in human monocyte-derived macrophages (34). On the
contrary, secreted TGF-61 from cholangiocarcinoma cells
decreased the expression of SDF-1 in fibroblasts and then
inhibited the invasion of cholangiocarcinoma cells (35). We
previously reported that Snail expression was strongly
increased by TGF-1 in highly-invasive SCC cells with the
mesenchymal phenotype, but not epithelial phenotype. In
the present study, we suggested that the regulation of
CXCR4 expression was different with regard to the condition
of EMT in SCC cells. Further analysis concerning the
regulation of CXCR4 expression accompanying EMT might
be useful for the treatment of metastatic lymph nodes of
SCC.
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