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Roles of Chemokine Receptor 4 (CXCR4) and Chemokine Ligand 
12 (CXCL12) in Metastasis of Hepatocellular Carcinoma Cells 
 
 
Hui Liu1, Zeya Pan1, Aijun Li1, Siyuan Fu1, Yin Lei1, Hangyong Sun1, Mengchao Wu1 and 
Weiping Zhou1, 2 
 
Chemokines are involved in human hepatocellular carcinoma (HCC) carcinogenesis. However, the exact mechanism of 
chemokines in HCC carcinogenesis remains unknown. Here we investigated the roles of chemokine receptor 4 (CXCR4) 
and chemokine ligand 12 (CXCL12) in the metastasis of HCC. We found that the expression levels of CXCR4 mRNA in 
HCC tissues, MHCC97 cells, and HUVEC cells were 2.52 ± 1.13, 2.34 ± 1.16 and 1.63 ± 1.26, respectively and that the 
CXCR4 protein levels were 1.38 ± 0.13, 1.96 ± 0.32 and 1.86 ± 0.21, respectively. In contrast, CXCR4 was not detected in 
normal hepatic tissues. In 78 HCC patients, we also found that the concentration of CXCL12 in cancerous ascitic fluid 
was 783-8,364 pg/ml and that CXCL12 mRNA level in HCC metastasis portal lymph nodes was 1.21 ± 0.87 but 
undetectable in normal hepatic tissues. Finally we discovered that recombinant human CXCL12 could induce MHCC97 
cells and HUVEC cells to migrate with chemotactic indexes (CI) of 3.9 ± 1.1 and 4.1 ± 1.6, respectively. Cancerous ascitic 
fluid could also induce the migration of MHCC97 cells with a CI of 1.9 ± 0.8. Thus, our data suggest that CXCR4 and 
CXCL12 may play an important role in the metastasis of HCC by promoting the migration of tumor cells. Cellular & 
Molecular Immunology. 2008;5(5):373-378. 
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Introduction 
 
Chemokines are a superfamily of small secreted molecules. 
There are as many as 40 chemokine ligands and at least 20 
corresponding receptors (1, 2). Recent studies have found 
that the chemokines and their receptors play important roles 
in inflammatory responses, angiogenesis, tumor growth and 
metastasis (3-5). Chemokines attract and activate specific 
subsets of leucocytes and thus mediate chemotactic 
responses. Some chemokines and their receptors regulate the 
migration of certain cells in the lymphoid system and also 
control the migration of tumor cells such as breast cancer 
cells (6, 7) and melanoma (8). Several chemokine/receptor 
pairs have been identified to control tumor cell migration (9).  
The chemokine ligands can be separated into four categories 
depending on the amino acid motif in their N termini, which 
include C, CC, CXC, CX3C. CXCL12 (stromal cell-derived 

factor-1, SDF-1) is a member of the CXC chemokine 
subfamily and binds to CXC chemokine receptor 4 
(CXCR4). The expressions of CXCL12 and CXCR4 have 
been detected in several cancer cells indicating that they may 
be important in metastasis of tumor cells (10-14).  

Hepatocellular carcinoma (HCC) is an aggressive and 
rapidly fatal malignancy representing the fifth most common 
cancer worldwide (7) and the second leading cause of death 
in China (8). Although surgical techniques and perioperative 
care have improved in recent years, the long-term prognosis 
of HCC remains unsatisfactory because of its high capacity 
of invasiveness and metastasis. Chemokine receptors have 
been indicated to be involved in HCC carcinogenesis 
(15-19). However, the exact mechanism of CXCL12-CXCR4 
in HCC carcinogenesis remains unknown.  

In this study, we investigated the expression patterns of 
CXCR4 and CXCL12 in human HCC specimens, metastatic 
lymph nodes and HCC cell line MHCC97 by RT-PCR and 
Western blot. Furthermore, we studied their effects on the 
migration of tumor cells.  
 
Materials and Methods 
 
Samples and cells 
Following informed consent, 25 cancerous ascitic fluid and 
43 metastasis portal lymph nodes obtained from individuals 
with histologically confirmed HCC were collected from the 
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Surgery Hospital, Second Military Medical University. 
Seventy-eight HCCs was biopsy-proven in all poorly 
differentiated adenocarcinoma type, including 61 males and 
17 females, with ages ranging from 25 to 76 years old 
(median 49 ± 6.4 years). HUVECs, which expressed the 
CXCR4, as the positive control, were cultured as described 
previously (20). 
 
RT-PCR 
Total RNA from HCC cell line MHCC97 and HUVECs was 
extracted using a Trizol reagent (Life Technologies, Grand 
Island, NY) according to the manufacturer’s instructions. The 
RNA was treated with DNase, and 2.5 μg of total RNA was 
used for cDNA synthesis using random hexamers. Full-length 
open reading frames of CXCR4 and CXCL12 were amplified 
by PCR from cDNA samples of MHCC97 or HUVECs. For 
human CXCR4, the sense primer, 5’-ATG CAA GGC AGT 
CCA TGT CAT-3’ and the reverse primer 5’-ATG AAT GTC 
CAC CTC GCT TT-3’ yield a 692 bp product. For human 
CXCL12, the sense primer 5’-GAG CCA ACG TCA AGC 
ATC TG-3’ and the reverse primer 5’-CGG GTC AAT GCA 
CAC TTG TC-3’ yield a 227 bp product. The primers used 
for glyceraldehyde-3-phosphate dehydrogenase (internal 
control) were 5’-AAT CCC ATC ACC ATC TTC CA-3’ and 
5’-CCT GCT TCA CCA CCT TCT TG-3’. The PCR products 
were analyzed by agarose gel electrophoresis and confirmed 
by appropriate size and/or sequencing. 
 
Western blot 
Supplemented with 1 mM phenylmethylsulfonylfluoride 
(PMSF), 1 mM sodium orthovanadate, 5 μg/ml leupeptin, 2 
μg/ml aprotonin, and one Complete Protease Inhibitor 
Cocktail tablet (Roche Diagnostics Corporation, Indianapolis, 
IN) per 50 ml buffer, crude protein extracts were used 
directly for Western blot analysis. Protein concentration was 
determined using Bio-Rad protein assay kit (BioRad). 
Twenty micrograms of total protein from each sample was 
separated on a 10% Tris-glycine polyacrylamide gel and 
transferred onto a polyvinylidene difluoride membrane 
(Invitrogen, San Diego, CA). Membranes were blocked for 2 
h at room temperature in PBS containing 5% non-fat dry 
milk and 0.1% Tween-20. The membranes were then 
incubated overnight at 4°C in primary antibody (anti-CXCR4 
or anti-CXCL12, Santa Cruz, CA) diluted 1:1,000 in PBS 
containing 5% non-fat dry milk and 0.1% Tween-20. The 
membranes were washed in PBST (PBS containing 0.1% 
Tween-20) three times and then incubated for 1 h with 
secondary antibody (goat anti-mouse-HRP, Santa Cruz, CA). 
The blots were washed in PBST three times and the proteins 
were detected using the ECL Plus Western Blotting Kit 
(Amersham Biosciences UK Limited, Buckinghamshire, UK) 
and X-MAT AR Film (Eastman Kodak, Rochester, NY). 
 
Enzyme-linked immunosorbent assay (ELISA) 
Cancerous ascitic fluid samples were collected from patients 
with hepatocellular carcinoma. After centrifugation, sera 
were divided into aliquots and stored at -80°C. The amounts 
of CXCL12 in these cancerous ascitic fluids were determined 

using ELISA (Ferment, United States). 
 
Chemotaxis assay 
Chemotaxis assays were done using 48-well chemotaxis 
chambers (Neuro Probe, Cabin John, MD) as described 
previously (21). Aliquots of 27 to 29-μl assay medium 
(RPMI 1640 containing 1% bovine serum albumin, 30 
mmol/L HEPES) containing different concentrations of 
CXCL12 were placed in the lower wells of the chamber. Cell 
suspension (50 μl, 1 × 106 cells/ml) was placed in the upper 
wells. The upper and lower wells were separated by a 
polycarbonate filter (Osmonics, Livermore, CA; 10-μm pore 
size) which was precoated with 50 μg/ml collagen type I 
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Figure 1. Expressions of CXCR4 and CXCL12 genes in HCC 
cells or tissues. (A) Electrophoretic analysis of RT-PCR products 
with primers specific to CXCR4 in MHCC97 and HUVECs. (B)
Quantification of the expression levels of CXCR4 in cells by Grey 
Scanning. (C) Electrophoretic analysis of RT-PCR products with 
primers specific to CXCR4 and CXCL12 in different tissues. (D)
Comparison of expression levels of CXCR4 and CXCL12 across 
different tissues. HCC, hepatocellular carcinoma tissues; N, normal 
hepatic tissues; PC, tissues surrounding HCC; Lymph, HCC 
metastasis portal lymph nodes. Data presented the representative of 
three independent experiments. 
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(Collaborative Biomedical Products, Bedford, MA). After 
incubation at 37°C for 5 h, the filter was removed, stained, 
and the cells migrating across the filter were counted under 
light microscope. The results were presented as chemotaxis 
index (CI), which represents the fold increase in the number 
of migrating cells in response to chemoattractants over that in 
response to control medium. 
 
Statistical analysis 
Data were reported as mean values ± SD (standard deviation) 
and analyzed by Student’s t test. The p values < 0.05 were 
considered statistically significant. 
 
Results 
 
CXCR4 and CXCL12 gene expression  
Firstly the CXCR4 gene expression in MHCC97 and 
HUVECs cells was examined (Figure 1A). The expression 
levels of CXCR4 mRNA in MHCC97 and HUVEC cells 
were 2.34 ± 1.16 and 1.63 ± 1.26, respectively (Figure 1B). 
In 61 out of 78 HCC tissues CXCR4 expression was detected 
by RT-PCR with an expression level of 2.52 ± 1.13 (Figure 
1C). Meanwhile, no CXCR4 expression was detected in HCC 
metastasis portal lymph nodes or normal hepatic tissues. On 
the other hand, CXCL12 expression was detected in 32 out of 
43 portal lymph nodes and in 73 out of 78 tissues 
surrounding HCC. The expression levels of CXCL12 were 

1.21 ± 0.87 and 0.58 ± 0.11 (Figure 1D). In addition, 
CXCL12 mRNA expression was not detectable in HCC and 
normal hepatic tissues (Figure 1C). 
 
CXCR4 protein expression 
CXCR4 protein expression levels in MHCC97 and HUVECs 
were analyzed by Western blot. As shown in Figure 2, the 
levels of CXCR4 protein in MHCC97 and HUVEC cells 
were 1.96 ± 0.32 and 1.86 ± 0.21, respectively. CXCR4 
protein was detected in all HCC tissues examined and the 
expression level was 1.38 ± 0.13. Consistent with the 
RT-PCR results, CXCR4 protein was undetectable in normal 
hepatic tissues. 
 
Concentration of CXCL12 in cancerous ascitic fluid 
We examined the concentration of CXCL12 in 25 peritoneal 
fluids of HCC patients by ELISA. The results showed that all 
samples contained CXCL12 with a concentration of 783- 
8,364 pg/ml (the median was 6,871 pg/ml) (Table 1). 
 
Both recombinant human CXCL12 and cancerous ascitic 
fluid induced metastatic migration 
To test the function of CXCL12 in HCC metastasis, we found 
that both recombination human CXCL12 and cancerous 
ascitic fluid from HCC patients could induce MHCC97 cell 
migration (Figure 3). Cancerous ascitic fluid could induce the 
migration of MHCC97 cells with a CI of 1.9 ± 0.8 (Figure 3). 
CXCL12 could also induce MHCC97 or HUVEC cells to 
migration (Figures 4). The chemotaxis activity of MHCC97 
or HUVEC cells depended on the concentrations of recom- 
bination human CXCL12 used for the induction. And the 
chemotaxis activity was the highest when the recombinant 
human CXCL12 was at 100 ng/ml (Figure 5). Under this 
optimal condition, the CI values for MHCC97 and HUVECs 
were 3.9 ± 1.1 and 4.1 ± 1.6, respectively, which were 
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Figure 3. CXCL12 and cancerous ascitic fluid induced
metastatic migration. The migration of MHCC97 cells in response 
to CXCL12 (100 ng/ml) and cancerous ascitic fluid (AF) (contained 
CXCL12 with a concentration of 8,364 pg/ml) was measured using 
chemotaxis chambers. Chemotactic index was calculated as the ratio 
of the number of MHCC97 cells migrating toward CXCL12 or 
ascitic fluid to the number of MHCC97 cells migrating toward 
negative control. Columns indicate the mean value of 3 independent 
experiments and error bars indicate standard deviations. 
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Figure 2. Expression pattern of CXCR4 protein in MHCC97, 
HUVECs, HCC tissues and normal hepatocellular tissues. The 
expression levels of CXCR4 protein in MHCC97 cells, HUVEC 
cells and HCC tissues were 1.96 ± 0.32, 1.86 ± 0.21 and 1.38 ± 
0.13, respectively. But CXCR4 was not detectable in normal 
hepatocellular tissues. 
 
 
 

 
 
 
Table 1. The concentration of CXCL12 in 25 peritoneal 
fluids of HCC patients 
 
Patient Concentration of CXCL12 (pg/ml) 

5965 7562 6957 5296 4686 
6763 5642 6634 5932 783 
6871 7246 6934 7425 5964 
8364 4452 7241 5553 7574 

HCC 

7124 6132 8143 7746 7853 
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significantly higher than those of the controls (1.0 ± 0.4 and 
1.1 ± 0.7) (p < 0.05, Figure 4B). 
 
Discussion 
 
Many studies suggest that tumor cell migration and organ- 
specific metastasis are critically regulated by chemokines and 
their receptors (21-29). The axis of CXCR4/CXCL12 plays 
an important role in metastasis of many tumors (9-14, 22-25). 
Abnormal expression of CXCR4 or CXCL12 has been 
observed in solid tumors such as ovarian cancer (30), 
rhabdomysarcoma (26), nasopharyngeal carcinoma (21), 
melanoma (27), colorectal cancer (28), pancreatic cancer 
(24), and breast cancer (7). Muller et al. showed that CXCR4 
was highly expressed in some malignant breast cancer cells 
but not in normal mammary tissues and that CXCL12 was 
expressed in organs where breast cancer metastases were 
frequently found (BM, lymph nodes, lung, and liver) (29). 

Interestingly, Ottaiano et al. found that anti-CXCR4 antibody 
treatment could efficiently reduce the tumor load of a human 
colon cancer cell line in the lungs and lymph nodes of SCID 
mice (31). 

HCC metastasis was originally characterized by Paget 
(32), who demonstrated that this cancer had a distinct 
metastatic pattern preferentially involving the regional lymph 
nodes, bone marrow, and lung. Müller and colleagues have 
provided evidence that organ-specific metastases of breast 
cancer cells directly related to a CXC chemokine (29). They 
found that CXCR4 was the most highly expressed chemokine 
receptor in human breast cancer cells and that CXCL12, the 
ligand of CXCR4, was abundant in organs that were 
preferential destinations of breast cancer metastasis. 
Moreover, in vivo CXCR4 inhibition significantly reduced 
metastases of breast cancer in an organ-specific manner.  

Although the predominant function of CXCL12-CXCR4 
in tumorigenesis is to induce metastases, studies have also 
indicated that this chemokine ligand-receptor pair is 
important in promoting angiogenesis (33, 34). CXCL12 may 
be involved in up-regulating expression levels of vascular 
endothelial growth factor and basic fibroblast growth factor 
in that subcutaneous injection of CXCL12 into mice induced 
formation of local small blood vessels (35, 36). Endogenous 
CXCL12 together with CXCR4 mediated a significant 
portion of primary tumor angiogenesis and angiogenesis- 
dependent tumor growth (37, 38).  

In this study we detected CXCR4 expression in 88.33% 
(65/78) HCC tissues but not in HCC metastasis portal lymph 
nodes. These results are not in line with the previous reports 
(18, 19) where CXCR4 receptor is frequently expressed in 
HCC metastases. Notably, the metastatic cell lines MHCC97 
migrated in response to CXCL12 in vitro, but the 
nonmetastatic cell lines did not migrate toward CXCL12 
despite the factor that CXCR4 were expressed in these cells. 
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Figure 4. Chemotactic activity of CXCL12 for MHCC97 and
HUVEC cells. The migration of MHCC97 and HUVEC cells in
response to CXCL12 was measured using chemotaxis chambers.
Cells migrating across polycarbonate filters were photographed. (A) 
MHCC97 or HUVEC cells migration in response to medium alone
or 100 ng/ml CXCL12, respectively (× 200). (B) Chemotactic index
was calculated as the ratio of the number of cells migrating toward 
CXCL12 to the number of cells migrating toward negative control.
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Figure 5. The migration of MHCC97 cells in response to 
CXCL12 was dosage-dependent. The migration of MHCC97 cells 
in response to CXCL12 was measured using chemotaxis chambers.
The number of migrating MHCC97 cells was represented by the 
mean value in 7 observation fields. Columns indicated the mean 
value of 3 experiments and error bars indicated standard deviations.
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Whether cells possess the machinery that controls 
chemotaxis to CXCL12 is currently under investigation. It 
should be mentioned that in HCC sections and cell lines, not 
all tumor cells were stained with anti-CXCR4 antibody (data 
not shown). In addition, 11 out of 43 HCC portal lymph node 
metastases examined in this study were CXCR4 negative. 
These observations suggest that tumor cell populations are 
heterogeneous and factors other than CXCR4 may also 
contribute to tumor cell metastasis. In this context, studies of 
more homogeneous single HCC cell clones may provide 
valuable information.  
   In conclusion, the chemokine receptor CXCR4 was 
associated with the migration of HCC cells both in vitro and 
in vivo. The interaction between the chemokine ligand 
CXCL12 and its receptor CXCR4 played an important role 
during HCC metastasis. These data indicated a potential 
therapeutic application of CXCR4 inhibitors to treat HCC. 
 
References 
 

1. Allen SJ, Crown SE, Handel TM. Chemokine: receptor 
structure, interactions, and antagonism. Annu Rev Immunol. 
2007;25:787-820. 

2. Zlotnik A, Yoshie O. Chemokines: a new classification system 
and their role in immunity. Immunity. 2000;12:121-127. 

3. Viola A, Luster AD. Chemokines and their receptors: drug 
targets in immunity and inflammation. Annu Rev Pharmacol 
Toxicol. 2008;48:171-197. 

4. Singh S, Sadanandam A, Singh RK. Chemokines in tumor 
angiogenesis and metastasis. Cancer Metastasis Rev. 2007;26: 
453-467. 

5. Raman D, Baugher PJ, Thu YM, Richmond A. Role of 
chemokines in tumor growth. Cancer Lett. 2007;256:137-165. 

6. Marchese A, Chen C, Kim YM, Benovic JL. The ins and outs of 
G protein-coupled receptor trafficking. Trends Biochem Sci. 
2003;28:369-376. 

7. Smith MC, Luker KE, Garbow JR, et al. CXCR4 regulates 
growth of both primary and metastatic breast cancer. Cancer 
Res. 2004;64:8604-8612. 

8. Payne AS, Cornelius LA. The role of chemokines in melanoma 
tumor growth and metastasis. J Invest Dermatol. 2002;118:915- 
922. 

9. Liotta LA. An attractive force in metastasis. Nature. 2001;410: 
24-25. 

10. Murakami T, Maki W, Cardones AR, et al. Expression of CXC 
chemokine receptor-4 enhances the pulmonary metastatic 
potential of murine B16 melanoma cells. Cancer Res. 2002;62: 
7328-7334. 

11. Epstein RJ. The CXCL12-CXCR4 chemotactic pathway as a 
target of adjuvant breast cancer therapies. Nat Rev Cancer. 
2004;4:901-909. 

12. Nakayama T, Hieshima K, Izawa D, Tatsumi Y, Kanamaru A, 
Yoshie O. Cutting edge: profile of chemokine receptor 
expression on human plasma cells accounts for their efficient 
recruitment to target tissues. J Immunol. 2003;170:1136-1140. 

13. Moller C, Stromberg T, Juremalm M, Nilsson K, Nilsson G. 
Expression and function of chemokine receptors in human 
multiple myeloma. Leukemia. 2003;17:203-210. 

14. Fukuda S, Broxmeyer HE, Pelus LM. Flt3 ligand and the Flt3 
receptor regulate hematopoietic cell migration by modulating 
the SDF-1α (CXCL12)/CXCR4 axis. Blood. 2005;105:3117- 

3126. 
15. Mitra P, Shibuta K, Mathai J, et al. CXCR4 mRNA expression 

in colon, esophageal and gastric cancers and hepatitis C infected 
liver. Int J Oncol. 1999;14:917-925. 

16. Begum NA, Shibuta K, Mori M, Barnard GF. Reduced 
expression of the CXCR4 receptor mRNA in hepatocellular 
carcinoma and lack of inducibility of its ligand α-chemokine 
hIRH/SDF1α/ PBSF in vitro. Int J Oncol. 1999;14:927-934. 

17. Mitra P, De A, Ethier MF, et al. Loss of chemokine SDF-1α- 
mediated CXCR4 signalling and receptor internalization in 
human hepatoma cell line HepG2. Cell Signal. 2001;13:311- 
319. 

18. Liu Y, Poon RT, Feng X, Yu WC, Luk JM, Fan ST. Reduced 
expression of chemokine receptors on peripheral blood 
lymphocytes in patients with hepatocellular carcinoma. Am J 
Gastroen-terol. 2004;99:1111-1121. 

19. Roberts LR. Chemokines as attractive targets in liver 
carcinogenesis. Am J Gastroenterol. 2005;100:499-501. 

20. Salcedo R, Wasserman K, Young HA, et al. Vascular endothelial 
growth factor and basic fibroblast growth factor induce 
expression of CXCR4 on human endothelial cells: In vivo 
neovascularization induced by stromalderived factor-1α. Am J 
Pathol. 1999;154:1125-1135. 

21. Hu J, Deng X, Bian X, et al. The expression of functional 
chemokine receptor CXCR4 is associated with the metastatic 
potential of human nasopharyngeal carcinoma. Clin Cancer Res. 
2005;11:4658-4665. 

22. Bertolini F, Dell'Agnola C, Mancuso P, et al. CXCR4 
neutralization, a novel therapeutic approach for non-Hodgkin's 
lymphoma. Cancer Res. 2002;62:3106-3112. 

23. Schwarting GA, Henion TR, Nugent JD, Caplan B, Tobet S. 
Stromal cell-derived factor-1 (chemokine C-X-C motif ligand 
12) and chemokine C-X-C motif receptor 4 are required for 
migration of gonadotropin-releasing hormone neurons to the 
forebrain. J Neurosci. 2006;26:6834-6840. 

24. Eisenhardt A, Frey U, Tack M, et al. Expression analysis and 
potential functional role of the CXCR4 chemokine receptor in 
bladder cancer. Eur Urol. 2005;47:111-117. 

25. Marchesi F, Monti P, Leone BE, et al. Increased survival, 
proliferation, and migration in metastatic human pancreatic 
tumor cells expressing functional CXCR4. Cancer Res. 2004; 
64:8420-8427. 

26. Libura J, Drukala J, Majka M, et al. CXCR4-SDF-1 signaling is 
active in rhabdomyosarcoma cells and regulates locomotion, 
chemotaxis, and adhesion. Blood. 2002;100:2597-2606. 

27. Murakami T, Cardones AR, Hwang ST. Chemokine receptors 
and melanoma metastasis. J Dermatol Sci. 2004;36:71-78. 

28. Ottaiano A, Franco R, Aiello Talamanca A, et al. Over- 
expression of both CXC chemokine receptor 4 and vascular 
endothelial growth factor proteins predicts early distant relapse 
in stage II-III colorectal cancer patients. Clin Cancer Res. 
2006;12:2795-2803. 

29. Muller A, Homey B, Soto H, et al. Involvement of chemokine 
receptors in breast cancer metastasis. Nature. 2001;410:50-56. 

30. Scotton CJ, Wilson JL, Scott K, et al. Multiple actions of the 
chemokine CXCL12 on epithelial tumor cells in human ovarian 
cancer. Cancer Res. 2002;62:5930-5938. 

31. Ottaiano A, di Palma A, Napolitano M, et al. Inhibitory effects 
of anti-CXCR4 antibodies on human colon cancer cells. Cancer 
Immunol Immunother. 2005;54:781-791. 

32. Paget S. The distribution of secondary growths in cancer of the 
breast. Cancer Metastasis Rev. 1989;8:98-101. 

33. Schrader AJ, Lechner O, Templin M, et al. CXCR4/CXCL12 
expression and signalling in kidney cancer. Br J Cancer. 2002; 



378                                                                  CXCR4 and CXCL12 in Metastasis of HCC 

Volume 5  Number 5  October 2008 

86:1250-1256. 
34. Taichman RS, Cooper C, Keller ET, Pienta KJ, Taichman NS, 

McCauley LK. Use of the stromal cell-derived factor-1/CXCR4 
pathway in prostate cancer metastasis to bone. Cancer Res. 
2002;62:1832-1837. 

35. Salcedo R, Zhang X, Young HA, et al. Angiogenic effects of 
prostaglandin E2 are mediated by up-regulation of CXCR4 on 
human microvascular endothelial cells. Blood. 2003;102:1966- 
1977. 

36. Kijowski J, Baj-Krzyworzeka M, Majka M, et al. The SDF-1- 
CXCR4 axis stimulates VEGF secretion and activates integrins 
but does not affect proliferation and survival in lympho- 

hematopoietic cells. Stem Cells. 2001;19:453-466. 
37. Phillips RJ, Burdick MD, Lutz M, Belperio JA, Keane MP, 

Strieter RM. The stromal derived factor-1/CXCL12-CXC 
chemokine receptor 4 biological axis in non-small cell lung 
cancer metastases. Am J Respir Crit Care Med. 2003;167:1676- 
1686. 

38. Shim H, Lau SK, Devi S, Yoon Y, Cho HT, Liang Z. Lower 
expression of CXCR4 in lymph node metastases than in primary 
breast cancers: potential regulation by ligand-dependent 
degradation and HIF-1α. Biochem Biophys Res Commun. 
2006;346:252-258.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


