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A B S T R A C T

We have previously demonstrated that a stromal cell-derived factor-1 (SDF-1; CXCL12)/

CXCR4 system is involved in the establishment of lymph node metastasis in oral squamous

cell carcinoma (OSCC). In this study, we investigated whether the blockade of CXCR4 inhib-

its lymph node metastasis in B88 OSCC cells. These cells harbour a functional CXCR4 and

have the potential to metastasise to the lymph node in vivo. Following introduction of a vec-

tor that expresses short hairpin small interfering RNA (shRNA) against CXCR4, we isolated

three clones (shCXCR4-16, -17 and -21) that showed decreased expression of CXCR4 mRNA.

These clones also had reduced CXCR4 protein levels and showed impairments in calcium

flux and cell migration in response to SDF-1. These cells were orthotopically inoculated into

the masseter muscle of nude mice. Lymph node metastases, loss in body weight and

tumour volumes were significantly inhibited in mice inoculated with shCXCR4-17 cells

compared to mice inoculated with control cells. SDF-1-induced migration of B88 cells

was significantly inhibited in vitro by the treatment with 1,1 0-[1,4-phenylenebis(methy-

lene)]bis-1,4,8,11-tetraazacyclotetradecane octahydrochloride (AMD3100), a CXCR4 antago-

nist. Subcutaneous administration of AMD3100 significantly inhibited the lymph node

metastases of B88 cells when they were orthotopically inoculated into the masseter muscle

of nude mice. Moreover, the enhanced production of interleukin (IL)-6 and IL-8 in response

to SDF-1 was inhibited by shRNA against CXCR4 or by treatment with AMD3100. These

results suggest that blockade of CXCR4 may be a potent anti-metastatic therapy against

lymph node metastases in cases of CXCR4-related OSCC.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Oral cancer, excluding pharyngeal cancer, represents 2.1% of

all human malignancies worldwide.1 Most oral cancer is hist-

opathologically diagnosed as squamous cell carcinoma (SCC).

Oral SCCs (OSCCs) are characterised by a high degree of local

invasion and a high rate of metastases to cervical lymph

nodes. In particular, lymph node metastasis has been shown
er Ltd. All rights reserved

; fax: +81 88 633 7462.
-u.ac.jp (D. Uchida).
to directly affect the prognosis of patients with OSCC.2,3 This

effect is a result of the extracapsular spread of cancer cells or

secondary distant metastasis. Thus, novel therapies that tar-

get lymph node metastases in OSCC are desired.

Chemokines are a large family of small (7–15 kDa), struc-

turally related heparin-binding proteins that are attractants

of different types of blood leucocytes to sites of infection

and inflammation.4 They are produced locally in the tissues
.
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and act on leucocytes through selective membrane-bound G

protein-coupled receptors whose two major subfamilies are

designated CCR and CXCR. Among these chemokines and

their receptors, the stromal cell-derived factor-1 (SDF-1; also

known as CXCL12)/CXCR4 system is involved in lymph node

or distant metastasis in several types of cancer.5–11 We have

also reported that lymph node metastatic OSCC cells specifi-

cally express functional CXCR4, and the SDF-1/CXCR4 system

is involved in the metastatic process of OSCC to the lymph

node.12–16

In view of the importance of CXCR4 in a variety of cancers,

including OSCC, blockade of CXCR4 has been investigated as a

potential therapeutic target. For example, Müller and col-

leagues have shown that administration of a CXCR4-neutral-

ising antibody into tumour-bearing mice inhibits lymph node

and lung metastases in their breast cancer model.5 However,

administration of a neutralising antibody to patients would

incur a huge expense due to the large volume that would be

needed. Therefore, synthetic compound(s) that could be eas-

ily produced are desirable for cancer treatment. Recently,

small interfering RNA (siRNA) against CXCR4 or synthetic

CXCR4 antagonists such as bicyclam 1,1 0-[1,4-phenylene-

bis(methylene)]bis-1,4,8,11-tetraazacyclotetradecane octahy-

drochloride (AMD3100),17 horseshoe crab-derived peptide

T2218 and the non-peptide TAK-77919 have been developed.

These agents are being clinically tested for their ability to in-

hibit HIV infection or to mobilise haematopoietic stem cells.

However, it is unknown whether the inhibition of CXCR4 by

siRNA or synthetic compounds has any effect on lymph node

metastasis in OSCC. In this study, we investigated whether

the blockade of CXCR4 by siRNA and the AMD3100 synthetic

compound inhibits lymph node metastasis in B8812 OSCC

cells, which contain functional CXCR4 and have the potential

to metastasise to lymph nodes.

2. Materials and methods

2.1. Mice and in vivo study

BALB/c nude mice were purchased from CLEA Japan (Osaka, Ja-

pan). The mice were maintained under pathogen-free condi-

tions and were handled in accordance with the Guidelines

for Animal Experimentation of Tokushima University. The

experiments were initiated when the mice were 8 weeks of

age and were performed as described previously.13 Briefly,

B88 cells (2 · 106) containing shRNA against CXCR4

(shCXCR4-17), or containing constitutively expressed firefly

luciferase (B88-luc), were orthotopically inoculated into the

masseter muscle of nude mice. In the experimental chemo-

therapy regimen, every mouse was subcutaneously treated

with AMD3100 (2.5 mg/kg; Sigma), or the same volume of sal-

ine, 24 h after cell inoculation, as described previously with a

slight modification.16,20 The tumour volume was estimated

by measuring the tumour size and using the following formula:

tumour volume = 1/2 · L · W2, where L and W represent the

largest diameter and the smallest diameter, respectively. The

presence or absence of lymph node metastases was confirmed

by the haematoxylin–eosin staining in shCXCR4-17 cells or by

luciferase assay in B88-luc cells.
2.2. Cells and cell culture

B88 cells were originally established from a patient with ton-

gue cancer12 and deemed free of mycoplasma and bacterial

contaminants. The cells were maintained in Dulbecco’s mod-

ified Eagle medium (DMEM) supplemented with 10% (V/V) fae-

tal calf serum (FCS), 100 lg/ml streptomycin, and 100 U/ml

penicillin in a humidified atmosphere of 95% air (V/V) and

5% CO2 (V/V) at 37 �C.
2.3. Transfection

A CXCR4 shRNA expression vector and a control vector were

generous gifts from Drs. Jianhua Wang and Russell S. Taich-

man (University of Michigan School of Dentistry, Ann Arbor,

MI).21 Cells (5 · 105 cells/dish) were seeded in 100 mm culture

dishes (Falcon; Becton Dickinson Labware) in DMEM supple-

mented with 10% FCS. Twenty-four hours later, the cells were

transfected with 5 lg of the CXCR4 shRNA expression vector

or the control vector, using superfect transfection reagent

(Qiagen). The cells were incubated for 24 h in DMEM contain-

ing 10% FCS (V/V) and were subsequently trypsinised and

seeded (1:5 ratio) in 100 mm culture dishes in DMEM medium

containing 10% FCS (V/V). Forty-eight hours later, the cells

were placed in a selective medium containing Geneticin

(700 lg/ml G418; Invitrogen Corp.). After 14 days of culture in

the selective medium, 24 representative mock or shCXCR4

G418-resistant clones were isolated and expanded in a 24-

well cluster dish (Falcon).
2.4. Quantitative RT-PCR

After the isolation of stable transfectants, the preparation of

total RNA and reverse transcription was performed as de-

scribed previously.14 In quantitative PCR, CXCR4 and glyceral-

dehyde 3-phosphate dehydrogenase (GAPDH) mRNA were

detected using QuantiTect� Gene Expression Assays (Hs-

CXCR4; Qiagen) or the Taqman� Gene Expression Assay (Ap-

plied Biosystems), respectively. Gene-specific products were

measured continuously by an ABI PRISM 7000 Sequence

Detection System (Applied Biosystems) during 40 cycles.

Experiments were repeated at least three times.

2.5. Flow cytometric analysis

Logarithmically growing cells were trypsinised and fixed in

4% paraformaldehyde (V/V) on ice for 10 min. The cells were

washed and incubated with anti-CXCR4 mAb (dilution 1:100;

12G5; BioSource International, Inc.) for 30 min at room tem-

perature. After being washed twice with D-PBS ()), the cells

were incubated with PE-labelled goat anti-mouse IgG (Serotec)

for 30 min at room temperature and analysed with an EPICS

flow cytometer (Coulter).

2.6. Calcium flux assay

Calcium flux was performed using an EPICS flow cytometer as

described previously.12
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Fig. 1 – Downregulation of CXCR4 expression by the intro-

duction of shRNA against CXCR4. B88 cells were transfected

with a CXCR4 shRNA expression vector or a control vector.

After selection with G418, stable transfectants were iso-

lated. The results of quantitative RT-PCR (A) and flow

cytometric analysis (B) in the independent clones are

shown.
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2.7. MTT assay

Cells were seeded on a 96-well plate (Falcon; Becton Dickinson

Labware) at 5 · 103 cells per well in DMEM containing 10%

FCS. Twenty-four hours later, the cells were treated with or

without 1 lg/ml of AMD3100 for 48 h. The number of cells

was quantified by an assay using MTT assay [3-(4,5-dimethyl-

thiazol-2-yl)-2,5-diphenyltetrazolium bromide; Sigma].

2.8. In vitro cell migration assay

The in vitro migration of B88 cells was evaluated using the

Transwell (Corning) as described previously.12 The plugged

cells in the pore or the cells attached to the lower surface of

the membrane were counted in 10 fields at high power view

(·400) by a third person blinded to treatment conditions. In

some experiments, 1 lg/ml of AMD3100 was co-incubated

with the cells seeded on the upper chamber.

2.9. Enzyme-linked immunosorbent assay (ELISA)

ELISA for interleukin (IL)-6, IL-8, vascular endothelial growth

factor (VEGF), tumour necrosis factor (TNF)-a or leukaemia

inhibitory factor (LIF) was performed by an ELISA kit (Bio-

source) according to the manufacturer’s instructions. Condi-

tioned media from the cells were collected and prepared as

described previously.16

2.10. Statistical analysis

Statistical differences between the means for the different

groups were evaluated with StatView 4.5 (Abacus Concepts)

using one-way ANOVA significance set at p < 0.05.

3. Results

3.1. Expression of CXCR4 in the transfectants containing
shRNA against CXCR4

In order to investigate whether the blockade of CXCR4 inhibits

lymph node metastases, an shRNA expression vector against

CXCR4 was transfected into B88 cells. Twenty-four transfec-

tants were isolated and the expression of CXCR4 mRNA was

examined by a quantitative RT-PCR. We isolated three clones

(shCXCR4-16, -17 and -21) that showed effective downregula-

tion of CXCR4 mRNA (Fig. 1A). Flow cytometric analysis was

used to examine the CXCR4 protein expression. Similar to

the quantitative RT-PCR results, the levels of CXCR4 protein

were downregulated in shCXCR4-16 (39.4% positive) and

shCXCR4-17 (32.6% positive) compared to mock cells (77.6%

positive; Fig. 1B).

3.2. Functional downregulation of CXCR4 in the
transfectants with shRNA against CXCR4

To confirm that CXCR4 expression in these transfectants was

functionally suppressed, mock and shCXCR4-17 cells were

treated with the CXCR4 ligand, SDF-1a, and calcium fluxes

were monitored by flow cytometry. As shown in Fig. 2A, re-

combinant human SDF-1a treatment rapidly induced charac-
teristic calcium fluxes in mock cells, an effect that was only

faintly observed in shCXCR4-17 cells. Next, migration assays

were performed to examine the effects of SDF-1a on the

motility of the transfectants. Mock cells migrated significantly

towards recombinant SDF-1a. In contrast, shCXCR4-16 and -

17 cells did not migrate towards SDF-1a (Fig. 2B). We also eval-

uated the effect of shRNA against CXCR4 on the growth of B88

cells. The shRNA against CXCR4 did not inhibit the growth of

these transfectants regardless of the absence or presence of

SDF-1a (data not shown).

3.3. Effect of decreased-CXCR4 expression on lymph node
metastasis in B88 cells

Mock and shCXCR4-17 cells were orthotopically inoculated

into the masseter muscle of nude mice. The number and
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Fig. 2 – Functional downregulation of CXCR4 in the shRNA

transfectants against CXCR4. (A) Ca2+ flux on logarithmically

growing mock (left panel) and shCXCR4-17 (right panel) cells

in response to SDF-1a (100 ng/ml) were determined with

flow cytometry at 525 nm. Arrow indicates the addition of

SDF-1a. (B) Mock (white box) and shCXCR4 (black box) cells

were seeded on the upper membrane in the presence or

absence of the indicated concentrations of SDF-1a in the

lower compartment. After 24 h, cells attached under the

surface of the membrane were stained by haematoxylin–

eosin and counted. The bars show the SD of triplicate

samples. Data are representative of three separate experi-

ments with similar results. **p < 0.01 when compared to the

control by one-way ANOVA and NS; not significant.
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the weight of metastatic lymph nodes significantly increased

in the mice inoculated with mock cells compared to those

harbouring shCXCR4-17 cells (Table 1, Fig. 3). Although both

mock cells and shCXCR4-17 cells formed tumours in the mas-

seter muscles of nude mice, there were significant differences

in the primary tumour size between the two groups (Table 1).

Furthermore, shCXCR4-17 tumour-bearing nude mice were

significantly heavier than the mock tumour-bearing nude

mice at 28 days following cell inoculation (Table 1). These

results indicated that suppressing CXCR4 expression contrib-

utes to inhibition of lymph node metastases, primary tumour

growth and tumour-induced cachexia.
3.4. Effect of AMD3100, a CXCR4 specific antagonist,
on the metastasis of B88 cells to the lymph node

We examined the effect of AMD3100, a specific antagonist

against CXCR4, in vitro and in vivo to confirm that inhibition

of lymph node metastasis by shRNA against CXCR4 was not

the result of clonal heterogeneity of the cells or off-target ef-

fects of shRNA. Although AMD3100 (1 lg/ml) did not alter the

growth of B88 cells (data not shown), the same concentration

of AMD3100 significantly inhibited the enhanced-motility of

B88 cells that occurred in response to SDF-1 (Fig. 4A). Thus,

we examined the effect of AMD3100 on lymph node metasta-

sis of B88 cells that constitutively express firefly luciferase.

AMD3100 significantly inhibited the weight of cervical lymph

nodes (Fig. 4B). Furthermore, luciferase activities in the lymph

nodes were significantly impaired by AMD3100 treatment

(Fig. 4C).

3.5. Involvement of cytokines in the inhibition of tumour
growth and tumour-induced cachexia by CXCR4 blockade in
the tumour-bearing nude mice

In order to investigate the mechanism of inhibition of tumour

growth and tumour-induced cachexia by CXCR4 shRNA, we

examined the production of angiogenic factors, including

VEGF, IL-6 and IL-8, in addition to cachexia-related factors,

including TNF-a, IL-6 and LIF. IL-6 (Fig. 5A) and IL-8 (Fig. 5B)

production was significantly increased by treatment with

SDF-1. There was a slight, but significant, induction of VEGF

in response to SDF-1 (Fig. 5C). TNF-a and LIF could not be de-

tected in the absence or presence of SDF-1a treatment (data

not shown). IL-6 and IL-8 production were impaired by shRNA

against CXCR4 and by the AMD3100 CXCR4 antagonist. Next,

we examined the involvement of the MAP/ERK kinase (MEK)-

extracellular-regulated kinase (ERK)1/2 and the PI3K (phos-

phatidylinositol 3 kinase)-Akt pathways on the induction of

these cytokines. We previously found that these pathways

play a role in the SDF-1/CXCR4 system.12 Induction of IL-6

and IL-8 was inhibited by treatment with the U0126 MEK

inhibitor, but not with the PI3K inhibitor (wortmannin), indi-

cating that induction of these cytokines is mainly regulated

by a MEK-ERK1/2 pathway (Fig. 5A and B). The serum concen-

trations of IL-6 and IL-8 in the mice inoculated with shCXCR4-

17 cells were significantly reduced compared to mice inocu-

lated with mock cells (Fig. 5D). These results indicate that tu-

mour growth and tumour-induced cachexia mediated by the

SDF-1/CXCR4 system are primarily involved in the production

of IL-6 and IL-8 via a MEK-ERK1/2 pathway.
4. Discussion

RNA interference (RNAi) can be induced by a synthetic-siRNA

method or an expression vector method.22 When synthetic-

siRNA is directly introduced into the cell, the suppression pro-

duces a transient response that is not suitable for in vivo

experiments. When siRNA is expressed from a vector, a con-

tinuous RNAi effect can be expected once the vector is intro-

duced into the cells. Thus, in the present study, we isolated

three stable cell lines that contained stable knockdown of



Table 1 – Effect of inhibition of lymph node metastasis by shRNA against CXCR4 following orthotopic inoculation of nude
mice.

No. mLNs no. mLNs weight Tumour vol. Body weight

shCXCR4
1 1 13.8 406.3 20
2 0 0 405.0 20
3 0 0 392.9 19
4 1 9.5 208.3 22
Mean ± SD 0.50 ± 0.58* 5.83 ± 6.95* 353 ± 96.8* 20.3 ± 1.26*

Mock
1 1 12.4 515.0 19
2 2 18.8 814.1 18
3 2 23.1 595.4 15
4 3 18.0 550.0 18
5 2 19.1 526.5 15
Mean ± SD 2.00 ± 0.71 18.3 ± 3.84 600 ± 124 17.0 ± 1.87

mLNs, metastatic cervical lymph nodes.

* p < 0.05 when compared to mock cells.

Fig. 3 – Inhibition of lymph node metastasis in the CXCR4-targeted shRNA transfectants. Mock and shCXCR4-17 cells (2 · 106)

were orthotopically inoculated into the masseter muscle of nude mice. Mice were sacrificed at day 30. Lymph nodes were

fixed, embedded, and stained by haematoxylin–eosin. Scale bar, 50 lm.
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CXCR4, using an expression vector method. These cells were

used to study lymph node metastasis in vivo following down-

regulation of CXCR4. CXCR4 expression in these cells was

only suppressed by approximately 50%; however, the meta-

static function of CXCR4 was significantly regressed. This

weak suppression is considered to be due to the target se-

quence of CXCR4 shRNA. Actually, Wang and colleagues dem-

onstrated similar data in prostate cancer cell lines, which

express similar level of CXCR4, by use of a same vector that

we used in this study.21 Moreover, we recently demonstrated

that vesnarinone, a quinolinone derivative, significantly

inhibits lymph node metastasis of oral cancer cells via down-

regulation of CXCR4 expression; however, CXCR4 was only

inhibited 50-60% following vesnarinone treatment compared

to vehicle control.23 These results indicate that lymph node

metastasis that involves the SDF-1/CXCR4 system requires a

high level of CXCR4 expression in OSCC cells.
In the present study, the size of tumours formed by CXCR4

knockdown cells was significantly smaller than tumours from

control cells even though no differences in in vitro growth be-

tween knockdown cells and control cells were observed.

Numerous reports have described the production of angio-

genic cytokines, such as IL-6, IL-8 and VEGF, by the SDF-1/

CXCR4 system in cancer cells.21,24–26 Thus, we examined the

production of angiogenic cytokines in our cancer cells. The

production of IL-6 and IL-8 following treatment with SDF-1

was significantly inhibited in the CXCR4 knockdown cells

in vitro and in vivo. Although we did not examine blood vessel

density in the cell-derived tumours, a reduction in serum con-

centrations of IL-6 and IL-8 revealed that inhibition of IL-6 and

IL-8 production may cause an inhibition of tumour growth in

the mice inoculated with CXCR4 knockdown cells. Several

investigations have demonstrated VEGF induction by the acti-

vation of Akt.21,27 Only a faint induction of VEGF by the SDF-1/
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Fig. 4 – Inhibition of SDF-1-induced migration and lymph
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CXCR4. (A) The motility of B88-SDF-1 cells in the presence or

absence of AMD3100 was examined by transwell assay.
**p < 0.01. (B, C) B88 cells constitutively expressing firefly

luciferase (2 · 106) were orthotopically inoculated into the

masseter muscle of nude mice. The mice were treated daily

with AMD3100 (2.5 mg/kg) or with the same volume of
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*p < 0.05 (statistically significant by one-way ANOVA).
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CXCR4 system was observed but it was not impaired by shRNA

against CXCR4 or treatment with AMD3100. One possible

explanation for this effect is due to CXCR7, a recently identi-
fied chemokine receptor that binds the CXCL11 and SDF-1 che-

mokines.28 SDF-1 stimulation dramatically increases VEGF

levels in prostate cancer cells that overexpress CXCR7 and

the levels of secreted VEGF are decreased when CXCR7 is re-

duced.29 Because B88 cells express CXCR7 mRNA,23 the induc-

tion of VEGF by SDF-1 stimulation may be involved.

Mice inoculated with CXCR4 knockdown cells were signif-

icantly heavier than mice inoculated with control cells. Addi-

tionally, the production of the cachexia-induced cytokine IL-6

was impaired in the CXCR4 knockdown cells in vitro and

in vivo. Several investigators have reported the importance

of IL-6 in cancer cachexia and anorexia in many types of can-

cer.30 In patients with head and neck SCC, it has been sug-

gested that the most important cytokine in cancer cachexia

is IL-6.31 Our data indicate that the suppression of CXCR4

may also inhibit cancer cachexia via the suppression of IL-6

production in CXCR4-related oral cancer.

A variety of growth factors stimulate the expression of

these angiogenic cytokines via several signal transduction

pathways, including ERK1/2, p38 MAPK, JNK, NF-jB and Akt,

among others.32 We have previously shown that the SDF-1/

CXCR4 system in B88 cells dominantly activates both ERK1/2

and Akt pathways.12 In the present study, the SDF-1-directed

IL-6 and IL-8 production was effectively inhibited by the treat-

ment with the U0126 MEK inhibitor, but not with the PI3K

inhibitor (wortmannin), indicating that induction of these

cytokines was regulated by the MEK-ERK1/2 pathway. Tang

and colleagues demonstrated that the dominant-negative

mutant of ERK, but not the dominant-negative mutants of

p38, JNK or Akt, inhibited the SDF-1-induced production of

IL-6 in oral cancer cells.24 However, Wang and colleagues ob-

served differential activation of MEK-ERK and PI3K-Akt path-

ways in different cell lines, and this activation resulted in

altered secretion of proangiogenic signals, such as IL-6, IL-8,

TIMP-2 and VEGF by two different pathways.21 While it is pos-

sible that the PI3K-Akt pathway is involved in SDF-1/CXCR4

mediated-angiogenesis in other OSCC cells, the MEK-ERK

pathway plays an important role in the SDF-1/CXCR4-induced

expression of IL-6 and IL-8 in OSCC cells.

AMD3100, a specific antagonist of CXCR4, was used in vitro

and in vivo to confirm that the inhibition of lymph node

metastasis by shRNA against CXCR4 was not the result of clo-

nal heterogeneity of the cells or off-target effects of shRNA.

AMD3100 significantly inhibited lymph node metastasis of

B88 cells, indicating that the blockade of CXCR4 inhibits

lymph node metastasis in these cells. The mechanism of

inhibition of lymph node metastasis by CXCR4 blockade is

considered to be primarily due to the impaired migration of

OSCC cells by the suppression of the SDF-1/CXCR4 gradient.

However, a recent investigation suggests an association be-

tween the SDF-1/CXCR4 system and VEGF-C, which is a mar-

ker for lymphangiogenesis.33 Furthermore, the SDF-1/CXCR4

system also contributes to cellular adhesion and growth po-

tential in the ectopic sites of cancer cells.10 Thus, blockade

of CXCR4 may also inhibit lymphangiogenesis or adhesion

and growth of OSCC cells in the lymph node. Blockade of

CXCR4, using agents such as AMD3100, may be effective at

preventing metastasis in patients with CXCR4-related OSCC

and may also be a useful palliative drug for patients with ad-

vanced OSCC.
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U0126 (20 lM) or wortmannin (10 lM) for 45 min before addition of SDF-1 (100 ng/ml). The conditioned media were collected

and subjected to an ELISA assay for IL-6 (A), IL-8 (B) and VEGF (C). *p < 0.05 when compared to mock cells without SDF-1. �§–p <

0.05 when compared to mock cells with SDF-1. (D) The mice inoculated with mock or shCXCR4-17 cells were sacrificed at day

30 and the sera were subjected to ELISA. *p < 0.05 when compared to the sera inoculated with mock cells. The results show

the means ± SD.

458 E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 4 5 2 – 4 5 9
Conflict of interest statement

None declared.
Acknowledgement

This work was supported in part by Grant-in-Aid for Young

Scientists (B) (21792003).
R E F E R E N C E S
1. Ferlay J, Shin HR, Bray F, et al. Estimates of worldwide burden
of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010 June 17
[Epub ahead of print].
2. Johnson JT, Barnes EL, Myers EN, et al. The extracapsular
spread of tumors in cervical node metastasis. Arch Otolaryngol
1981;107:725–9.

3. Decroix Y, Ghossein NA. Experience of the Curie Institute in
treatment of cancer of the mobile tongue: II. Management of
the neck nodes. Cancer (Philadelphia) 1981;47:503–8.

4. Rossi D, Zlotnik A. The biology of chemokines and their
receptors. Annu Rev Immunol 2000;18:217–42.

5. Muller A, Homey B, Soto H, et al. Involvement of chemokine
receptors in breast cancer metastasis. Nature (London)
2001;410:50–6.

6. Scotton CJ, Wilson JL, Milliken D, Stamp G, Balkwill FR.
Epithelial cancer cell migration: a role for chemokine
receptors? Cancer Res 2001;61:4961–5.

7. Taichman RS, Cooper C, Keller ET, et al. Use of the stromal
cell-derived factor-1/CXCR4 pathway in prostate cancer
metastasis to bone. Cancer Res 2002;62:1832–7.

8. Schrader AJ, Lechner O, Templin M, et al. CXCR4/CXCL12
expression and signalling in kidney cancer. Brit J Cancer
2002;86:1250–6.



E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 4 5 2 – 4 5 9 459
9. Zhou Y, Larsen PH, Hao C, Yong VW. CXCR4 is a major
chemokine receptor on glioma cells and mediates their
survival. J Biol Chem 2002;277:49481–7.

10. Kijima T, Maulik G, Ma PC, et al. Regulation of cellular
proliferation, cytoskeletal function, and signal transduction
through CXCR4 and c-kit in small cell lung cancer cells. Cancer
Res 2002;62:6304–11.

11. Hwang JH, Hwang JH, Chung HK, et al. CXC chemokine
receptor 4 expression and function in human anaplastic
thyroid cancer cells. J Clin Endocrinol Metab 2003;88:408–16.

12. Uchida D, Begum NM, Ammar A, et al. Possible role of
stromal cell-derived factor-1/CXCR4 signaling on lymph-node
metastasis of oral squamous cell carcinoma. Exp Cell Res
2003;290:289–302.

13. Uchida D, Begum NM, Tomizuka Y, et al. Acquisition of lymph
node, but not distant metastatic potentials, by the over-
expression of CXCR4 in human oral squamous cell carcinoma
cells. Lab Invest 2004;84:1538–46.

14. Ammar A, Uchida D, Begum NM, et al. The
clinicopathological significance of the expression of CXCR4
protein in oral squamous cell carcinoma. Int J Oncol
2004;25:65–71.

15. Onoue T, Uchida D, Begum NM, et al. Epithelial–
mesenchymal transition induced by the stromal cell-derived
factor-1/CXCR4 system in oral squamous cell carcinoma cells.
Int J Oncol 2006;29:1133–8.

16. Uchida D, Onoue T, Tomizuka Y, et al. Involvement of an
autocrine stromal cell-derived factor-1/CXCR4 system on the
distant metastasis of human oral squamous cell carcinoma.
Mol Cancer Res 2007;5:1–10.

17. De Clercq E. The bicyclam AMD3100 story. Nat Rev Drug Discov
2003;2:581–7.

18. Murakami T, Nakajima T, Koyanagi Y, et al. A small molecule
CXCR4 inhibitor that blocks T cell line-tropic HIV-1 infection. J
Exp Med 1997;186:1389–93.

19. Baba M, Nishimura O, Kanzaki N, et al. A small-molecule,
nonpeptide CCR5 antagonist with highly potent and selective
anti-HIV-1 activity. Proc Nat Acad Sci USA 1999;96:5698–703.

20. Rubin JB, Kung AL, Klein RS, et al. A small-molecule
antagonist of CXCR4 inhibits intracranial growth of primary
brain tumors. Proc Natl Acad Sci USA 2003;100:13513–8.
21. Wang J, Wang J, Sun Y, et al. Diverse signaling pathways
through the SDF-1/CXCR4 chemokine axis in prostate cancer
cell lines leads to altered patterns of cytokine secretion and
angiogenesis. Cell Signal 2005;17:1578–92.

22. Rao DD, Vorhies JS, Senzer N, Nemunaitis J. SiRNA vs. ShRNA:
similarities and differences. Adv Drug Deliv Rev
2009;61:746–59.

23. Uchida D, Onoue T, Begum NM, et al. Vesnarinone
downregulates CXCR4 expression via upregulation of
Kruppel-like factor 2 in oral cancer cells. Mol Cancer 2009;8:62.

24. Tang CH, Chuang JY, Fong YC, et al. Bone-derived SDF-1
stimulates IL-6 release via CXCR4, ERK and NF-kappaB
pathways and promotes osteoclastogenesis in human oral
cancer cells. Carcinogenesis 2008;29:1483–92.

25. Lin TJ, Issekutz TB, Marshall JS. SDF-1 induces IL-8 production
and transendothelial migration of human cord blood-derived
mast cells. Int Arch Allergy Immunol 2001;124:142–5.

26. Petit I, Jin D, Rafii S. The SDF-1–CXCR4 signaling pathway: a
molecular hub modulating neo-angiogenesis. Trends Immunol
2007;28:299–307.

27. Jiang BH, Liu LZ. PI3K/PTEN signaling in angiogenesis and
tumorigenesis. Adv Cancer Res 2009;102:19–65.

28. Burns JM, Summers BC, Wang Y, et al. A novel chemokine
receptor for SDF-1 and I-TAC involved in cell survival, cell
adhesion, and tumor development. J Exp Med
2006;203:2201–13.

29. Wang J, Shiozawa Y, Wang J, et al. The role of CXCR7/RDC1 as
a chemokine receptor for CXCL12/SDF-1 in prostate cancer. J
Biol Chem 2008;283:4283–94.

30. Tisdale MJ. Biology of cachexia. J Natl Cancer Inst
1997;89:1763–73.

31. Richey LM, George JR, Couch ME, et al. Defining cancer
cachexia in head and neck squamous cell carcinoma. Clin
Cancer Res 2007;13:6561–7.

32. Schweighofer B, Schultes J, Pomyje J, Hofer E. Signals and
genes induced by angiogenic growth factors in comparison to
inflammatory cytokines in endothelial cells. Clin Hemorheol
Microcirc 2007;37:57–62.

33. Fukunaga S, Maeda K, Noda E, et al. Chemokine receptor
CXCR4 and lymph node metastasis in colorectal cancer.
Oncology 2006;71:204–11.


	Blockade of CXCR4 in oral squamous cell carcinoma inhibits lymph node metastases
	Introduction
	Materials and methods
	Mice and in vivo study
	Cells and cell culture
	Transfection
	Quantitative RT-PCR
	Flow cytometric analysis
	Calcium flux assay
	MTT assay
	In vitro cell migration assay
	Enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Expression of CXCR4 in the transfectants containing shRNA against CXCR4
	Functional downregulation of CXCR4 in the transfectants with shRNA against CXCR4
	Effect of decreased-CXCR4 expression on lymph node metastasis in B88 cells
	Effect of AMD3100, a CXCR4 specific antagonist, on the metastasis of B88 cells to the lymph node
	Involvement of cytokines in the inhibition of tumour growth and tumour-induced cachexia by CXCR4 blockade in the tumour-bearing nude mice

	Discussion
	Conflict of interest statement
	Acknowledgement
	References


