
Abstract. Adenoid cystic carcinoma (ACC) may acquire a
chemokine-mediated mechanism during the process of
metastasis. To investigate the involvement of chemokines in
metastasis from ACC, expression of CXCR4 in surgical
specimens of ACC and two tumor lines transplantable to
nude mice was examined immunohistochemically. In
addition, the expression levels of CXCR4 protein and mRNA
were examined by Western blotting and reverse-transcription
polymerase chain reaction. Our results showed that patients
whose tumors expressed high levels of CXCR4 had
metastases to the regional lymph nodes and the lung, resulting
in poor outcomes. ACCs showing a solid or cribriform
pattern with distant metastasis were strongly positive for
CXCR4, while those showing a tubular or cribriform pattern
without metastasis were weakly positive for CXCR4. In the
in vivo model, ACCY tumor showed increasing expression
levels of CXCR4 with tumor growth, and the histological
pattern changed from cribriform to solid. The histological
pattern of ACCI, associated with spontaneous metastasis to
the neck, changed from cribriform to undifferentiated
carcinoma and was highly metastatic to the lung. This tumor
showed high levels of CXCR4 protein and mRNA. These
results suggest that CXCR4 expression, histological patterns,
and metastatic potential are closely related in ACC.

Introduction

Salivary gland tumors rarely arise in the head and neck
region. Among these tumors, adenoid cystic carcinoma

(ACC) accounts for ~1% of all head and neck tumors (1).
ACC is a generally slow-growing, but highly malignant
salivary gland neoplasm with high risks of invasion and
metastasis. Histologically, ACC is classified into three
subtypes: tubular, cribriform, and solid (2). The clinical
behavior of ACC is considered to be related to these
histological patterns (3). Tubular or cribriform patterns are
associated with better outcomes and survival rates, than the
solid pattern (4,5). The majority of ACC, regardless of
histological pattern, give rise to metastasis after excision of
the primary tumor, negatively affecting outcomes. The lung
has a predilection for distant metastasis from ACC (4-6); the
mechanism involved is not fully understood.

Tumor metastasis is the most common cause of death in
patients with cancer. The migration of cancer cells from the
primary tumor to a secondary site is a complex process
involving invasion, trafficking, localization, growth, and
angiogenesis. CXCR4 is a receptor for stromal cell-derived
factor-1α (SDF-1α; termed CXCL12), a chemokine expressed
in several tissues and organs, including the skin, lymph
nodes, lung, liver, and bone marrow (7-10). SDF-1α stimulates
cell adhesion, migration, and activation (10-15). CXCR4 has
been reported to be expressed on different tumor cell lines
(7,16). Melanoma cells expressing CXCR4 have a higher
potential for pulmonary metastasis than their CXCR4-
negative counterparts in a B16 murine melanoma model
(17,18). Furthermore, CXCR4 has been documented to play
key roles in metastases from breast cancer and melanoma
(7,19). Given the complexity of metastasis, it is essential to use
experimental models to examine the relationship between the
histological characteristics of ACC and the expression of
CXCR4.

Recently, we have successfully established two human
tumor lines from ACC of the oral floor. These tumor lines
show a cribriform pattern histologically and are serially
transplantable in nude mice (20,21). In this study, we
examined the immunohistochemical expression of CXCR4 in
clinical specimens of ACC and in the transplantable tumor
lines. We also discussed the relationships among the CXCR4
expression, histological patterns, and metastatic potential of
ACC.
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Materials and methods

Patients and tissue specimens. We studied the clinical and
histological characteristics (age, gender, primary site, TNM
classification, stage, histological pattern, metastasis, outcome,
observation period, CXCR4 grade) of 16 patients with ACC
who presented at the Hyogo College of Medicine Hospital
(Table I). Nine of the patients were men, and 7 were women.
At the time of diagnosis, their ages ranged from 41 to 72
years (mean, 56 years). Surgically excised tissue specimens
were obtained from all 16 primary ACCs before treatment.
Normal submandibular glands were used as a control. The
study was approved by the Ethics Committees of our college,
and informed consent was obtained from all patients before
sample acquisition. Tumor size and extent of metastasis were
assessed according to the TNM classification of malignant
tumors, proposed by the International Union against Cancer
in 2002 (22).

Histopathological diagnosis was made by two pathologists
unexposed to all information on the patients. The histological
pattern of each tumor was classified as tubular, cribriform, or
solid type according to the World Health Organization
Classification of Tumours: Pathology and Genetics of the Head
and Neck Tumours (23). Where different histological types
coexisted in the same tumor, the predominant type was
evaluated.

Detection of pulmonary metastasis. Pulmonary metastasis
was assessed on chest radiography and computed tomography
(CT) of the lung every 6 months. In addition, 67Ga scintigraphy
or positron emission tomography (PET) was performed once
a year. Lymph node metastasis was determined on the basis
of physical examination and CT findings. All patients were
followed up until deceased or for >5 years.

ACC tumor lines. Three ACC tumor lines, ACCY (case 5),
ACCI (case 6) and ACCIM; the latter of which was derived
from cervical metastatic lesion of ACCI in a nude mouse as
previously described (20,21), were studied. All animal
experiments were performed in compliance with the Guide
lines for Animal Experiments of the Hyogo College of
Medicine. Briefly, the ACCY tumor line grew rapidly during
serial passages. Histologically, ~30% of the cribriform pattern
at passage 1 became a solid pattern at passage 15, and the
PCNA labeling index increased 4-fold. In nude mice with
ACCI tumors, spontaneous metastasis to the neck developed
at passage 2, and the histological pattern changed from a
cribriform pattern to undifferentiated carcinoma. The metastatic
tumor designated as ACCIM was associated with a high
frequency of spontaneous metastasis to the lung when
transplanted subcutaneously to nude mice.

Histological and immunohistochemical examinations. Tumor
tissues were fixed in 10% formalin, embedded in paraffin,
cut into 4-μm sections, and stained with hematoxylin and
eosin (H&E) for histological examination. Immunohisto-
chemical examinations were performed using the avidin-
biotin-peroxidase complex (ABC) staining method (24).
Briefly, the specimens were treated with 3% H2O2 in
methanol for 5 min to block endogenous peroxidase activity.
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The specimens were then washed and treated with 1%
normal horse serum in PBS for 15 min. After washing with
PBS, the specimens were incubated with monoclonal
antibodies against hCXCR4 (R&D Systems Inc., Minneapolis,
MN, USA). After washing again with PBS, the specimens
were incubated with ABC complex solution (Vectastain,
Vector Lab., Burlingame, CA, USA) at room temperature for
15 min. The specimens were washed with PBS, biotinylated
goat anti-mouse IgG (Vector) was applied, and incubated for
30 min at room temperature. Then, the specimens were
treated with a substrate solution containing 3,3'-diamino-
benzidine tetrahydrochloride (Wako Pure Chemical
Industries, Ltd., Osaka, Japan) and H2O2 for ~5 min. Finally,
the specimens were counterstained with hematoxylin,
dehydrated, and mounted with glycerol gelatin.

Immunohistochemical evaluation. The sections were scored
for reaction intensity. The proportions of cells with positive
membranous and cytoplasmic staining for CXCR4 were
graded as follows: grade 0 intensity (undetectable or negligible
expression), no tumor cells positive for immunoreactivity;
grade 1 intensity (low expression), 1-25% positive; grade 2
intensity (intermediate expression), 26-50% positive; grade 3
intensity (high expression), 51-75% positive; or grade 4
intensity (high expression), ≥76% positive.

Protein preparation and Western blot analysis. The tumor
tissues were lysed in a lysis buffer composed of Mg2+- and
Ca2+- free phosphate-buffered saline PBS- supplemented with
20 mM Tris-HCl, pH 8.0, 1% NP40, 150 mM NaCl, 1 mM
EDTA, 10% glycerol, 0.1% ß-mercaptoethanol, 0.5 mM
dithiothreitol, and a mixture of proteinase inhibitors
consisting of 1 mM phenylmethylsulfonyl fluoride, 10 μg/ml
aprotinin, 5 μg/ml leupeptin, 5 mM benzamidine, 1 μg/ml
pepstatin, 2 μg/ml antipain hydrochloride (Boehringer
Mannheim, Mannheim, Germany), 50 μM 4-(2-aminoethyl)-
benzenesulfonyl fluoride hydrochloride (Wako), 2 mM
sodium orthovanadate (Sigma-Aldrich Co., St. Louis, MO,
USA), and 20 U/ml ulinastatin (Mochida Pharmaceutical,
Tokyo, Japan). The lysate containing 30 μg protein was
electrophoresed on a 10-20% gradient SDS-PAGE mini gel
(Dai-ichi Kagaku, Tokyo, Japan) and blotted onto a PVDF
membrane using Multiphor II (Amersham Pharmacia
Biotech, Buckinghamshire, UK) for 30 min. The blotted
membrane was blocked with 5% skim milk in 10 mM Tris-
HCl, pH 7.2, containing 150 mM NaCl and 0.5% Tween-20
and incubated with the primary antibodies (0.1-1 μg/ml)
described below at 4˚C for 16 h. The membrane was then
incubated with the alkaline phosphatase-conjugated
secondary antibodies (0.02 μg/ml) described below, for 4 h at
room temperature. The membrane was rinsed and treated
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Figure 1. Representative immunohistochemistry of CXCR4 (original magnification, x200). (A) Normal submandibular gland showing grade 0, (B) tubular
pattern showing grade 1 (case 9), (C) cribriform pattern showing grade 2 (case 10), (D) cribriform pattern showing grade 3 (case 5), (E) solid pattern showing
grade 4 (case 3).
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with nitroblue tetrazolium (Sigma-Aldrich) and 5-bromo-4-
chloro-3-indolyl phosphate (Sigma-Aldrich) to visualize protein
bands. The primary antibodies used were mouse anti-hCXCR4
(R&D Systems Inc.) and mouse polyclonal antibodies against
human actin (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). The secondary antibodies used were anti-mouse IgG
conjugated with alkaline phosphatase (Santa Cruz). The
intensity of each band was measured with a densitometer and
normalized to that of the actin band.

RNA preparation and reverse-transcription polymerase
chain reaction (RT-PCR). Total RNA was isolated from fresh
tumor tissues with the use of Isogen (Nippon Gene Co.,
Tokyo, Japan), treated with RNase-free DNase (Promega
Co., Tokyo, Japan) at 37˚C for 10 min, and then extracted
with phenol-chloroform. To examine differences in the
mRNA expression of CXCR4, RT-PCR was performed as
follows. PCR of GAPDH cDNA was conducted using a
GAPDH-sense primer, 5'-GGTGAAGGTCGGAGTCA
ACGG-3', and an antisense primer, 5'-GGTCATGAGTCC
TTCCACGAT-3', at 94˚C for 5 min, followed by 30 cycles
at 95˚C for 30 sec, at 63˚C for 30 sec, at 72˚C for 1 min, and

finally at 72˚C for 7 min. The primers for human CXCR4
were sense, 5'-GGCCCTCAAGACCACAGTCA-3', and
antisense, 5'-TTAGCTGGAGTGAAAACTTGAAG-3'. PCR
was performed at 94˚C for 5 min, followed by 35 cycles at
94˚C for 30 sec, at 60˚C for 30 sec, at 72˚C for 1 min, and
finally at 72˚C for 7 min. PCR products were electro-
phoresed on agarose gels, stained with ethidium bromide,
and visualized under ultraviolet illumination.

Results

Analysis of clinical cases. Immunohistochemically, CXCR4
expression was found in all 16 cases of ACC. CXCR4
positive cells were observed in all 3 patterns of ACC, whereas
normal submandibular glands (NSG) showed negative or
weak staining (Fig. 1A). CXCR4 was expressed weakly in
nearly all cells of tubular pattern (Fig. 1B), whereas some
cells in peripheral areas around pseudocysts of cribriform
pattern were moderately positive for CXCR4 (Fig. 1C).
Many tumor cells in cribriform pattern (Fig. 1D) and in solid
pattern (Fig. 1E) were strongly positive for CXCR4. Nine
(56.2%) of the 16 patients with ACC showed grade 3 or 4
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Figure 2. Immunohistochemistry and Western blotting for CXCR4 in case 7 (original magnification, x200). (A) Multiple lung metastasis on X-ray film, (B)
normal submandibular gland, grade 0, (C) primary tumor with solid pattern, grade 4, (D) metastatic lymph node, and (E) Western blot of specimens from
normal submandibular glands (NSG), primary tumor, and lymph node metastatic tumor (LN meta).
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expression of CXCR4 and had lung metastasis. Three
(33.3%) of these 9 patients had regional lymph node
metastasis, and 5 (55.6%) of the 9 patients succumbed to the
disease. Seven (43.8%) of the 16 patients with grade 1 or 2
expression of CXCR4 had no metastasis and were alive
bearing tumors during follow-up. Three patients with a solid
pattern had metastases to the lung and lymph nodes, resulting
in mortality. Metastases to bone marrow were observed in
only one patient with grade 4 expression (case 7) (Table I).

In case 7 with metastases to the lung and regional lymph
nodes (Fig. 2A), the expression level of CXCR4 in lymph
node metastases was high as well as that in the primary
lesion on immunohistochemical analysis (Fig. 2C and D).
Concerning Western blotting, expression of CXCR4 in the
lymph node metastases was ~1.4-fold higher than that in the
primary lesion (Fig. 2E).

Expression of CXCR4 in ACC tumor cell lines transplanted
to nude mice. CXCR4 expression was examined immuno-
histochemically for ACCY (case 5), ACCI (case 6), and its
metastatic tumor line, ACCIM. CXCR4-positive cells were
observed in all ACC tumor lines in nude mice. In ACCY,
immunohistochemical expression of CXCR4 was higher at
passage 15 than at passage 1 (Fig. 3A and B). Similar results
were obtained using Western blotting, and the CXCR4
protein level at passage 15 was ~3-fold higher than that at
passage 1 (Fig. 3C). As for ACCI and ACCIM, CXCR4 ex-
pression was higher in ACCIM than in ACCI (Fig. 4A and B)
and was strongly positive in pulmonary metastatic lesions

immunohistochemically. Nests of tumor cells at the lesion
border showed particularly strong CXCR4 expression (Fig. 4C,
arrows). On RT-PCR analysis, ACCI and ACCIM showed
similar, high levels of human CXCR4 mRNA (Fig. 4D).
Concerning Western blot analysis, the CXCR4 protein level
was ~1.8-fold higher in ACCIM than in ACCI (Fig. 4E).

Discussion

Metastasis arises following the spread of cancer cells from a
primary site and leads to the formation of new tumors in other
organs. Once metastatic lesions are established, treatments
are often ineffective. The metastatic process consists of many
sequential steps and is not a random event. Different cancer
cell types have their own preferential sites for metastasis (7).
Although a number of molecules have been shown to have
roles in metastasis, the precise mechanism governing the
migration and invasion of tumor cells into specific organs is
not fully understood.

The chemokine receptor CXCR4 and its cognate ligand
CXCL12 have recently received considerable attention
because this receptor-ligand system reportedly determines
the destination of breast cancer and other types of tumor cells
(7). CXCL12 is expressed constitutively in a wide variety of
tissues (25) and is also expressed in submandibular lymph
nodes (26).

Some studies have suggested a role of the CXCL12/
CXCR4 system in lymph node metastasis (27). Other studies
have suggested that the CXCL12/CXCR4 system does not

INTERNATIONAL JOURNAL OF ONCOLOGY  33:  1133-1139,  2008 1137

Figure 3. CXCR4 expression by the ACCY tumor line in nude mice. Immunohistochemistry of the ACCY tumor at passage 1 (A) and passage 15 (B) (original
magnification, x200). (C) Western blot analysis of CXCR4 protein in the ACCY tumor at passages 1 and 15.
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play a major part in lymphatic tumor spread from metastasis
in oral squamous cell carcinoma (28). The role of the
CXCL12/CXCR4 system in ACC has been reported only by
Müller et al (29). They found that CXCR4 was the only
chemokine receptor highly expressed by ACC cell lines, and
its signaling led to the induction of directional tumor cell
migration, supporting a role of CXCR4 in tumor invasion
and survival.

On the basis of currently available evidence, we
hypothesized that ACC acquires a chemokine-mediated
mechanism during the process of metastasis. In this study, we
immunohistochemically analyzed the expression of CXCR4
in ACC. To our knowledge, no previous study has attempted
to evaluate the relationship between the expression of
CXCR4 and the metastatic potential of ACC, using clinical
specimens and serially transplantable ACC tumor lines in
nude mice. We immunohistochemically detected CXCR4
protein expression in 16 patients with ACC, as well as in two
in vivo models of ACC in nude mice. Among the three
histological patterns of ACC, the solid or cribriform pattern
with distant metastasis showed intense CXCR4 staining,
while the tubular or cribriform pattern without metastasis
was weakly positive for CXCR4. Three patients with a solid
pattern succumbed to metastases of the lung and lymph
nodes.

In the in vivo model, the ACCY tumor line showed an
increasing growth rate with an increase in the number of

passages. The growth rate of this tumor at passage 15 was
~5-fold higher than that at passage 1. Regarding the histo-
logical type, ~30% of the cribriform pattern present at
passage 1 had changed to a solid pattern at passage 15 (20).
Western blot analysis showed that CXCR4 expression was
~3-fold higher at passage 15 than at passage 1.

With the ACCI tumor line, spontaneous metastasis to the
cervical lymph nodes developed at passage 2, and the
histological pattern changed from cribriform to undifferent-
iated carcinoma. From the metastatic lesion, we successfully
established an ACCIM tumor line. This line was associated
with a high frequency of spontaneous metastasis to the lung
after subcutaneous transplantation in nude mice (21).
Expression of CXCR4 in ACCIM was higher than that in
ACCI, and the pulmonary metastatic lesions were strongly
positive for CXCR4 immunohistochemically. Although
CXCR4 mRNA and protein showed negligible or low
expression in normal submandibular glands, ACCIM showed
a higher level of CXCR4 protein than did ACCI, and ACCI
and ACCIM showed similar levels of human CXCR4
mRNA. We attributed these results to increased proteasome-
mediated degradation or altered gene expression at
posttranslational levels. Enzymes involved in ubiquitin
functioning may be rate-limiting in this process (30,31).
Further studies are needed to examine the direct participation
of enzymes in the overexpression of CXCR4 by ACCIM
tumors.

ZUSHI et al:  EXPRESSION OF CXCR4 IN ADENOID CYSTIC CARCINOMA AND METASTASIS1138

Figure 4. CXCR4 expression of the ACCI tumor line in nude mice. Immunohistochemical staining of CXCR4. (A) ACCI, (B) ACCIM, and (C) lung
metastasis from ACCIM (original magnification, x200). Nests of tumor cells at the lesion border showed strong CXCR4 expression (arrows). (D) RT-PCR
analysis of human CXCR4 in the ACCI and ACCIM tumors. (E) Western blot analysis of CXCR4 protein in the ACCI and ACCIM tumors.
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The size of our study group was small owing to the rarity
of ACC. Nonetheless, our results demonstrated close
relations among CXCR4 expression, histological patterns,
and metastasis in ACC. Many studies have shown that
histological patterns of ACC are directly related to outcomes;
the tubular pattern is associated with the best outcome and
the solid pattern with the poorest. These findings suggest that
the expression of CXCR4 protein may contribute to the
outcomes of ACC. Thus, a high expression level of CXCR4
might be a good predictor of the risk of metastasis and of poor
outcomes in patients with ACC. In addition, the inhibition of
CXCR4 overexpression may be a novel targeted therapy for
ACC. Currently, intense efforts are being focused on ways to
identify small-molecule antagonists of chemokine receptors
that may be used to treat disseminated cancer. Perhaps the
response to conventional chemotherapeutic treatment can be
enhanced by a combination with chemokine-receptor
neutralization strategies to repress prosurvival pathways.
Such strategies, developed on the basis of ongoing mechanistic
studies, may lead to new possibilities for the medical
management of metastatic disease.
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