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Abstract. Nitric oxide (NO) is related to angiogenesis and 
tumor progression and chemokine receptor-4 (CXCR4) plays 
a central role in cell migration in metastasis and dissemination 
of cancer. The present study evaluated the effectiveness of a 
NOS inhibitor and a CXCR4 antagonist, given as single agents 
or in combination, in a xenotransplanted mouse model of 
adenoid cystic carcinoma (ACC) of the oral floor. A metastatic 
tumor (ACCIM) derived from a cervical metastatic lesion of 
human ACC that was transplantable in nude mice was used. 
ACCIM showed a high frequency of spontaneous metastasis 
to the lung when transplanted subcutaneously in nude mice. 
Mice with subcutaneous transplants of ACCIM were subdi-
vided into six groups and intraperitoneally received one of 
the following treatments daily for 5 weeks: a) PBS (control), 
b)  AMD3100 (CXCR4 antagonist), c) L-NAME (NOS 
inhibitor), d) 1400W (iNOS inhibitor), e) both AMD3100 and 
L-NAME (AMD3100+L-NAME) and f) both AMD3100 and 
1400W (AMD3100+1400W). Tumor growth was evaluated 
during treatment and metastasis was assessed at 28 weeks. 
Single-agent treatment with AMD3100, L-NAME or 1400W 
inhibited tumor growth by 20.8, 26.5 and 54.5%, respec-
tively. Combined treatment with AMD3100+L-NAME and 
AMD3100+1400W inhibited tumor growth remarkably by 
48.0 and 50.2%, respectively. Immunohistochemical analysis 

revealed lower expression of CXCR4, iNOS and eNOS in tumor 
cells treated with AMD3100+L-NAME or AMD3100+1400W 
compared to control tumor cells and increased numbers of 
apoptotic tumor cells were demonstrated using the TUNEL 
method. CXCR4 expression decreased in 1400W-treated 
tumors using western blot analysis. When the effect of each 
agent on tumor-induced angiogenesis in tumor stroma was 
examined histologically, microvessel density was significantly 
lower in the groups treated with 1400W, AMD3100+L-NAME 
or AMD3100+1400W compared to the control, AMD3100 
and L-NAME groups. Moreover, treatment with AMD3100 or 
1400W markedly inhibited lung metastasis. Our results indi-
cated that single-agent treatment with 1400W and combined 
treatment with AMD3100+L-NAME or AMD3100+1400W 
induced apoptosis and significantly inhibited tumor-induced 
angiogenesis and proliferation of ACCIM in vivo. Blockade 
of CXCR4 and iNOS was suggested to inhibit lung metastases 
from ACCIM. CXCR4 and iNOS may, thus, be important 
prognostic factors for long-term survival in ACC.

Introduction

Adenoid cystic carcinoma (ACC) is a generally slow-growing, 
but highly malignant salivary gland neoplasm with remarkable 
capacity for invasion and metastasis. Patients with ACC of the 
salivary glands have a fair 5-year survival rate, but long-term 
overall survival (10-20 years) remains poor (1,2) owing to 
the development of late recurrence or metastases, even with 
low-grade tumors (1,2). Distant metastases (to lung, bone and 
soft tissues) develop in 40-60% of patients, despite good local 
tumor control. Better control of lung metastases in particular is 
expected to improve outcomes in patients with ACC.

Nitric oxide (NO) is a multifunctional gaseous molecule 
synthesized from L-arginine by NO synthase (NOS). There 
are three isoforms of NOS: neuronal NOS (nNOS), endothelial 
NOS (eNOS) and inducible isoform of NOS (iNOS). nNOS 
and eNOS are constitutively expressed and are thus referred 
to as constitutive NOS. In contrast, iNOS is transcriptionally 
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regulated and induced by inflammatory cytokines, endo-
toxins, hypoxia and oxidative stress (3,4). iNOS produces 
high, sustained concentrations of NO, whereas the other two 
isoforms produce low, transient concentrations of NO (5). 
Recent studies have shown positive correlations between iNOS 
and poor outcomes in patients with breast cancer and mela-
noma (6,7). These observations suggest that NO generated by 
iNOS has multiple physiologic and pathologic effects. Other 
recent studies report that eNOS can modulate cancer-related 
events, such as angiogenesis, apoptosis, cell cycle dynamics, 
tumor invasion and metastasis (8). We previously confirmed 
the antitumor effects of NOS inhibitor and iNOS inhibitor 
against a human KB carcinoma cell line in which malignancy 
was increased by gene transfer of COX-2 cDNA (9).

CXCR4 is a receptor for stromal cell-derived factor-1α 
(SDF-1α; the so called CXCL12), a chemokine expressed in 
several tissues and organs, including skin, lymph nodes, lung, 
liver and bone marrow (10-13). SDF-1α stimulates cell adhe-
sion, migration and activation (13-18). CXCR4 is expressed in 
different tumor cell lines (10,19) and the pulmonary metastatic 
potential of cells expressing CXCR4 was higher than that of 
their CXCR4-negative counterparts in a B16 murine mela-
noma model (20,21). Furthermore, CXCR4 has been shown to 
play a key role in metastases from breast cancer and melanoma 
(10,22). We previously suggested that CXCR4 expression is 
closely related to metastatic potential in surgical specimens 
of ACC (23).

We established a new human tumor cell line (ACCI) 
derived from ACC of the oral floor. ACCI shows a cribriform 
pattern histologically and is serially transplantable into nude 
mice. This tumor is associated with spontaneous metastasis 
to the neck at the second passage level and the histological 
features change from ACC to undifferentiated carcinoma. 
The metastatic tumor, designated as ACCIM, shows a high 
frequency of spontaneous metastasis to the lung when trans-
planted subcutaneously in nude mice (24).

As mentioned above, NO is related to apoptosis, angio-
genesis and metastasis and CXCR4 plays a central role in 
cell migration in metastases from cancer. The present study 
evaluated the effectiveness of a NOS inhibitor and a CXCR4 
antagonist, given as single agents or in combination, in a xeno-
transplanted mouse model of ACCIM.

Materials and methods

Animals. Five-week-old female nude mice (BALB/c nu/nu; 
Oriental Yeast Ltd., Tokyo, Japan) were used as experimental 
animals. Food was supplied ad libitum and the animals were 
housed under sterile conditions. All animal experiments were 
performed in compliance with the Guidelines for Experimental 
Animals of Hyogo College of Medicine.

Agents. NG-nitro-L-arginine-methyl ester (L-NAME), a NOS 
inhibitor and 1,1'-{1,4-phenylenebis(methylene)}bis-1,4,8,11-
tetraazacyclotetradecane octahydrochloride (AMD3100), a 
CXCR4 antagonist, were purchased from Sigma-Aldrich Co. 
(St. Louis, MO, USA). Dihydrochloride (1400W), a selective 
iNOS inhibitor, was purchased from Cayman Chemical Co. 
(Ann Arbor, MI, USA). These agents were dissolved in Mg2+ 

and Ca2+-free phosphate-buffered saline (PBS[-]) before use.

Tumor tissue and heterotransplantation into nude mice. The 
original tumor tissue was obtained from the surgical specimens 
of a 72-year-old man with ACC of the oral floor. Histologically, 
the tumor showed a cribriform pattern. Metastatic tumor tissue 
was obtained from a lesion of spontaneous neck metastasis 
from the above ACC transplanted into a second passage of 
nude mice. The tumor was rinsed 3 times in PBS, cut into 
~2x2-mm pieces and transplanted into the flanks of the mice. 
At the second passage level, ~1 year after ACC transplantation, 
another tumor mass appeared in the neck, apart from the trans-
planted site of the tissue fragment. Although this tumor was an 
undifferentiated carcinoma histologically, it was considered a 
metastatic lesion and designated as ACCIM. ACCIM produced 
multiple metastases to lymph nodes and lungs 5 months after 
transplantation (24).

Treatment of agents on the subcutaneously xenotrans-
planted tumor of ACCIM in nude mice. ACCIM was cut 
into ~2x2-mm pieces and implanted subcutaneously in nude 
mice. Approximately 19 days after ACCIM xenotransplanta-
tion, when the tumor reached 10 mm in diameter, mice were 
subdivided into six groups and were assigned to receive one 
of the following treatments by intraperitoneal injection every 
day for 5 weeks: a) vehicle (PBS[-]), b) AMD3100 (2 mg/
kg), c) L-NAME (20 mg/kg), d) 1400W (5 mg/kg), e) both 
AMD3100 and L-NAME (AMD3100+L-NAME), or f) both 
AMD3100 and 1400W (AMD3100+1400W). Five weeks and 
28 weeks after the start of treatment, 5 and 4 mice from each 
group were randomly selected and sacrificed, respectively 
(Fig. 1). The tumor volume was calculated by the following 
formula: volume (mm3) = a2xb/2, where a is the tumor width 
in mm and b is the tumor length in mm (25). Necropsies were 
performed to identify macro-metastases to the lung 28 weeks 
after treatment began. The primary tumors and lungs were 
harvested, fixed in 10% formalin, embedded in paraffin, cut 
into 4-µm-thick sections and stained with hematoxylin and 
eosin (H&E) according to conventional procedures.

Figure 1. Scheme of experiment. ACCIM was cut into ~2x2-mm pieces and 
implanted subcutaneously in nude mice. When the tumor reached 10 mm in 
diameter, mice were subdivided into six groups and were assigned to receive 
one of the following treatments by intraperitoneal injection every day for 
5 weeks: (a) vehicle (PBS[-]), (b) AMD3100 (2 mg/kg), (c) L-NAME (20 mg/
kg), (d) 1400W (5 mg/kg), (e) both AMD3100 and L-NAME (AMD3100+L-
NAME), or (f) both AMD3100 and 1400W (AMD3100+1400W). Five and 
28 weeks after the start of treatment, 5 and 4 mice from each group were 
randomly selected and sacrificed, respectively.
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Immunohistochemical study of xenotransplanted tumors. 
Immunohistochemical examination was performed with the 
use of the avidin-biotin-peroxidase complex (ABC) staining 
method (26). Briefly, endogenous peroxidase activity was 
blocked in tissue specimens by treatment with 0.3% H2O2 in 
methanol for 5 min. The specimens were washed and treated 
with 1% normal horse serum in PBS for 15 min. After washing 
with PBS, rabbit polyclonal antibody for human CXCR4 
(Abcam, Cambridge, UK), rabbit polyclonal antibody for 
human NOS3 (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), or rabbit polyclonal antibody for human NOS2 (Santa 
Cruz), was applied as primary antibody at 4˚C overnight. After 
further washing with PBS, the specimens were incubated with 
ABC complex solution (Vectastain, Vector Lab., Burlingame, 
CA, USA) at room temperature for 15 min. After washing with 
PBS, biotinylated goat anti-mouse IgG (Vector) was applied to 

the sections, which were then incubated for 30 min at room 
temperature. The specimens were treated for ~5 min with a 
substrate solution containing 3,3'-diaminobenzidine tetrahy-
drochloride (Wako Pure Chemical Industries, Ltd., Osaka, 
Japan) and H2O2. Finally, the specimens were counterstained 
with hematoxylin, dehydrated and mounted with glycerol 
gelatin.

The CXCR4, iNOS and eNOS labeling indexes (LI) were 
obtained by calculating the ratio of positive cells to the total 
number of tumor cells counted in well-labeled areas, as deter-
mined by scanning twenty areas at x200 magnification.

Western blot analysis. Tumor samples were lysed in a lysis 
buffer consisting of PBS[-], supplemented with 20  mM 
Tris-HCl, pH 8.0, 1% NP40, 150 mM NaCl, 1 mM EDTA, 
10% glycerol, 0.1% β-mercaptoethanol, 0.5 mM dithiothreitol 

Figure 2. Effect of agents on subcutaneously xenotransplanted tumor volume. Tumors developing at the inoculated sites were measured with calipers once a 
week. The relative tumor weight was determined according to the method of Battelle Columbus Laboratories (25). (A) ◼, control; ◆, AMD3100; ●, L-NAME; 
▲, 1400W; ○, both AMD3100 and L-NAME; x, both AMD3100 and 1400W. *p<0.05. (B) Final tumor volumes 5 weeks after the start of treatment. *p<0.05. 
(C) Macroscopic and micrographic features of tumor specimens obtained at the end of the observation period (H&E stain; original magnification, x100).
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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, Germany), 
50  µM 4-(2-aminoethyl)-benzenesulfonyl fluoride hydro-
chloride (Wako Pure Chemical Industries), 2 mM sodium 
orthovanadate (Sigma-Aldrich) and 20  U/ml ulinastatin 
(Mochida Pharmaceutical, Tokyo, Japan). Lysates containing 
15 µg protein were subjected to electrophoresis in a 10-20% 
gradient SDS-PAGE mini gel (Bio-Rad, Chicago, IL, USA) 
and blotted onto a PVDF membrane using Multiphor  II 
(Amersham Pharmacia Biotech, Buchinghamshire, 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 was incubated with primary anti-
bodies (0.1-1 µg/ml) at 4˚C for 16 h as described below. The 
membrane was then incubated with alkaline phosphatase-
conjugated secondary antibodies (0.02 µg/ml) for 4 h at room 
temperature as described below. The membrane was rinsed 
and then treated with nitroblue tetrazolium (Sigma-Aldrich) 
and 5-bromo-4-chloro-3-indolyl phosphate (Sigma-Aldrich) 
to visualize the protein bands. The primary antibodies used 
were rabbit polyclonal antibody for human CXCR4 (Abcam) 
and rabbit polyclonal antibody against iNOS and eNOS (Santa 
Cruz). The secondary antibodies used were anti-rabbit IgGs 
conjugated with alkaline phosphatase (Santa Cruz). Actin was 
used as an internal control.

Assessment of apoptosis in xenotransplanted tumors by 
agents. To detect DNA breaks, in situ terminal doxynucleo-
tidyl transferase (TdT)-mediated dUTP-digoxigenin nick-end 
labeling (TUNEL) was performed as described by Gavroieli 
et al (27). Briefly, after deparaffinization and blocking of 
endogenous peroxidase with 0.3% H2O2 in methanol for 30 min 
at room temperature, the sections were treated with 20 µg/ml 
proteinase K (Dako Cytomention, Glostrup, Denmark) for 
15 min at room temperature. The sections were submitted 
to TdT reaction in the presence of terminal transferase and 
biotin-16-dUTP for 60 min at 37˚C. The sections were then 
incubated with diluted peroxidase conjugated streptavidin for 
30 min at room temperature to detect biotin-16-dUTP labeling, 
followed by color development with a solution containing 
3,3'-diaminobenzidine and H2O2. Methyl green was used for 
counterstaining. TUNEL-positive cancer cells were counted 
in twenty areas at high magnification (x400) that show the 
well-labeled areas.

Assay for microvessel density (MVD). Microvessels were 
detected by immunohistochemical staining for CD31, a 
marker for vascular endothelial cells. After pretreatment with 
0.25%  trypsin for 10 min, tissue sections were immunos-
tained with an anti-human CD31 mouse monoclonal antibody 
(Novocastra, Newcastle Upon Tyne, UK) using the SABC 
method. MVD was determined by counting the number of 
vessels at magnification (x200) of the tumor stroma that 
contained the highest number of capillaries.

Statistical analysis. Statistical analysis was done with Student's 
t-test. Differences were considered statistically significant 
when the p-value was <0.05.

Results

Effect of agents on the growth of subcutaneously xenotrans-
planted tumors of ACCIM in nude mice. All agents were well 
tolerated by the mice, without weight loss or signs of toxicity. 
These agents inhibited the proliferation of the subcutaneously 
xenotransplanted tumors. Treatment with 1400W for 4 and 
5 weeks significantly inhibited tumor growth as compared 
with treatment with vehicle (p<0.05) (Fig. 2A). Combined 
treatment (AMD3100+L-NAME and AMD3100+1400W) 
also significantly inhibited tumor growth as compared with 
vehicle at the end of the observation period (p<0.05). The 
reduction rate in tumor growth did not differ significantly 
among these treatments (1400W, AMD3100+L-NAME and 
AMD3100+1400W). The final mean tumor volume per mouse 
was 2234±556  mm3 (54.5% decrease) in 1400W-treated 
mice, 2554±612  mm3 (48.0% decrease) in AMD3100+L-
NAME-treated mice and 2443±602 mm3 (50.2% decrease) in 
AMD3100+1400W-treated mice, as compared with 4910 mm3 
in vehicle-treated mice (Fig. 2B and C). These tumors were 
undifferentiated carcinoma histologically (Fig. 2C).

Immunohistochemical evaluation. The immunoreactivity 
of each specimen was evaluated by light and transmission 
microscopy to assess the intensities of CXCR4, iNOS and 
eNOS expression. The labeling index (LI) of CXCR4 was 
significantly lower in tumors treated with AMD3100 (59.8%) 
than in tumors treated with vehicle (89.3%). In contrast, there 
were no significantly differences in the LI of CXCR4 in tumors 
treated with L-NAME or 1400W as compared with tumors 
treated with vehicle (Fig. 3). The LI of iNOS was 83.1% in 
vehicle-treated tumors, 79.5% in L-NAME-treated tumors, 
58.0% in 1400W-treated tumors and 61.5% in AMD3100-
treated tumors. The LI of iNOS was significantly lower in 
tumors treated with 1400W or with AMD3100 than in those 
treated with vehicle (Fig. 4). The LI of eNOS was 80.1% in 
vehicle-treated tumors, 64.5% in L-NAME-treated tumors, 
54.7% in 1400W-treated tumors and 75.3% in AMD3100-
treated tumors. The LI of eNOS was significantly lower in 
L-NAME- or 1400W-treated tumors than in vehicle-treated 
tumors (Fig. 5). The decreases in the LI of iNOS and eNOS 
but not CXCR4 in tumors subjected to combined treatment 
(AMD3100+L-NAME, AMD3100+1400W) were significantly 
greater than those in L-NAME-, 1400W- or AMD3100-treated 
tumors (Figs. 3-5).

Effects of treatment with agents on CXCR4, iNOS and 
eNOS protein expression. The expression levels of CXCR4, 
iNOS and eNOS in vehicle-treated tumors on western blot 
analysis were compared with those in tumors treated with 
each antagonist and inhibitor. CXCR4 expression decreased 
in tumors treated with 1400W, AMD3100+L-NAME, or 
AMD3100+1400W. The decrease in iNOS expression was 
greatest in tumors treated with 1400W. However, the expres-
sion of eNOS did not differ significantly among the treatment 
groups (Fig. 6).

Increased apoptosis induction by treatment with agents. 
When apoptosis induction in tumor parenchyma was exam-
ined by the TUNEL method, apoptotic cancer cells identified 
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Figure 3. (A) Immunohistochemical study of CXCR4 in xenotransplanted tumors. (B) The LI of CXCR4 was obtained by calculating the ratio of positive cells 
to the total number of tumor cells counted in well-labeled areas, as determined by scanning twenty areas at x200 magnification. *p<0.05.

Figure 4. (A) Immunohistochemical study of iNOS in xenotransplanted tumors. (B) The LI of iNOS in xenotransplanted tumors. *p<0.05, **p<0.005.

Figure 5. (A) Immunohistochemical study of eNOS in xenotransplanted tumors. (B) The LI of eNOS in xenotransplanted tumors. *p<0.05, **p<0.005, ***p<0.001.
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by brown nuclear TUNEL signals were clearly observed 
in tumors treated with 1400W, AMD3100+L-NAME, or 
AMD3100+1400W. The mean apoptosis index was 0.9% 
in tumors treated with vehicle, but significantly increased 
in tumors treated with 1400W, AMD3100+L-NAME, or 
AMD3100+1400W (Fig. 7).

Inhibition of tumor angiogenesis by treatment with agents. 
When the effects of treatment with agents on tumor-induced 
angiogenesis in tumor stroma were examined histologically, 
the MVD was significantly lower in tumors treated with 
1400W, AMD3100+L-NAME, or AMD3100+1400W than in 
vehicle-treated tumors. There was no significant difference 
in the MVD between 1400W-treated tumors and tumors Figure 6. Expression levels of CXCR4, iNOS and eNOS in western blot 

analysis.

Figure 7. (A) TUNEL stain in xenotransplanted tumors. (B) TUNEL-positive cancer cells were counted in twenty areas at high magnification (x400) that shows 
well-labeled areas. *p<0.05.

Figure 8. (A) Microvessel formation in the stroma of xenotransplanted tumors. Immunohistochemical staining for CD31 was performed to detect microvessels 
(arrows) in the tumor stroma (original magnification, x200). (B) Microvessel density (MVD) of each group (n=20). MVD was determined by counting the 
number of vessels in high-magnification fields (x200) of the tumor stroma that contained the highest number of capillaries. *p<0.05.
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treated with AMD3100+L-NAME or AMD3100+1400W 
(Fig. 8).

Inhibition of lung metastasis by treatment with the agents. In 
vehicle- and L-NAME-treated mice, metastasis to the lung 
occurred in all 4 mice (100%). After treatment with AMD3100, 
1400W, AMD3100+L-NAME, or AMD3100+1400W, no lung 
metastasis was found (Fig. 9A). The mean number of lung 
metastatic lesions per mouse was 5 in vehicle-treated mice 
and two in L-NAME-treated mice. The diameters of all lung 
metastatic lesions (20  lesions) in vehicle-treated mice was 

≥1.0 mm. Only one in eight metastatic lesions was >1.0 mm in 
diameter in L-NAME-treated mice (Fig. 9B).

Discussion

A link between iNOS and cancer development and progression 
has been proposed, based on both clinical and experimental 
evidence. However, results have varied considerably among 
studies, depending on the experimental model used (4,28,29). 
Continuous inhibition of iNOS by the selective inhibitor 
1400W has been shown to suppress the growth of human colon 
cancers as well as murine breast cancers that endogenously 
express iNOS (30). However, 1400W failed to inhibit murine 
colon cancers that did not express iNOS at appreciable levels 
(30). Thus, clinical as well as in vitro and in vivo evidence 
supports the hypothesis that targeted inhibition of iNOS and 
iNOS-derived NO may be an effective therapeutic approach 
for tumors that express iNOS. In the present study, treatment 
with 1400W much more effectively inhibited the growth of 
subcutaneously xenotransplanted tumors than did treatment 
with L-NAME, most likely because iNOS protein expres-
sion reached appreciable levels and iNOS expression was 
suppressed by treatment with 1400W.

There are several potential mechanisms by which iNOS 
inhibitors can inhibit tumor growth, either directly or by 
sensitizing cells to other forms of stress, such as hypoxia or 
ROS-mediated stress. Interference with PI3K/AKT-mediated 
overexpression of survivin is one mechanism by which iNOS 
inhibition may affect the resistance of cancer cells to apop-
tosis (31,32). Indeed, we observed that TUNEL-positive cells 
increased in 1400W-treated tumors, suggesting that iNOS 
inhibition might enhance the susceptibility of cancer cells to 
apoptosis. NO has well-established pro-angiogenic properties 
and stimulation of angiogenesis has been proposed as one 
mechanism by which iNOS expression may support tumor 
growth (33,34). We observed a nearly 3-fold decrease in tumor 
microvessel density after treatment with 1400W. Since both 
vascularization suppression and increased apoptosis can lead 

Figure 9. (A) Frequencies of macro-metastases to the lung (arrows) identified 
by necropsies 35 weeks after the start of treatment and a photomicrograph 
of metastatic lesion (original magnification, x40). (B) The number of lung 
metastatic lesions per mouse and the ratio of lung metastatic lesions >1.0 mm 
in diameter to all lesions, determined by measuring 20 metastatic lesions.
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to a diminished overall rate of tumor growth, these factors may 
have acted additively or synergistically to cause the observed 
significant decrease in tumor growth in vivo. Although treat-
ment with L-NAME or AMD3100 alone did not suppress tumor 
growth, combination treatment with AMD3100+L-NAME or 
AMD3100+1400W produced significant inhibition, compa-
rable to that obtained by treatment with 1400W alone. These 
results suggested that targeted inhibition of iNOS and iNOS-
derived NO by treatment with 1400W alone and combination 
treatment with AMD3100+L-NAME or AMD3100+1400W 
induce apoptosis and significantly inhibit tumor-induced 
angiogenesis and proliferation of ACCIM in vivo. L-NAME 
is a non-selective NOS inhibitor that inhibits not only iNOS, 
but also eNOS. Ying and Hofseth (8) reported that although 
iNOS remains a viable candidate for cancer prevention and 
treatment, targeting eNOS might also be a viable strategy or at 
least deserves attention. They also reported that eNOS inhibits 
apoptosis and promotes angiogenesis, tumor cell proliferation, 
mobility and invasiveness (8).

Metastasis occurs in an organ-specific and highly orga-
nized manner. Tumors metastasize to preferred sites by diverse 
determinants (35) and increasing evidence has shown that the 
microenvironment can modulate metastatic potential (36). 
In our previous study, we immunohistochemically examined 
expression of CXCR4 in surgical specimens of ACC and our 
results suggested that CXCR4 and metastatic potential are 
closely related in ACC (23). Yasuoka et al (37,38) reported that 
CXCR4 expression may be regulated by NO in breast cancer 
and papillary thyroid carcinoma cell lines. Our present study 
showed that CXCR4 expression decreased in tumors treated 
with 1400W on western blot analysis and that treatment with 
AMD3100 or 1400W significantly inhibited lung metastasis. 
Treatment with L-NAME reduced the size and number of 
lung metastases as compared with treatment with vehicle. 
Our results suggest that CXCR4 and iNOS blockade inhibits 
lung metastases from ACCIM. CXCR4 and iNOS may thus be 
important prognostic factors for long-term survival in ACC.
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