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ABSTRACT
Chemokine regulation of cell trafficking has been identified as a critical pathway in metastatic progression. This
review focuses on the role of the CXCR4-CXCL12-CXCR7 axis in regulating lung cancer invasion and metastasis.
All of these factors have been identified as overexpressed in lung cancer specimens and in most cases are
associated with poorer outcome. Preclinical studies have demonstrated an important role for CXCR4 in the
steps of invasion, cell migration, and stromal cell adhesion and have suggested that CXCR4 is associated with
“stem-like” cells that may be critical for initiating metastases. These data, together with emerging preclinical
data on the efficacy of CXCR4 inhibitors suggests that CXCR4 should be explored as a clinical target for blocking
metastatic progression in lung cancer.

INTRODUCTION
Tumor cells usurp a variety of normal
signalling pathways in the body for their own
malevolent growth, including those regulating cell
trafficking
in
development,
angiogenesis,
inflammation, and injury. A growing body of data
has demonstrated chemokine regulation of cell
trafficking as an important feature of solid tumor
metastasis.

Metastatic progression remains the single
most important cause of death in most tumor
types. Lung cancer is the most common cause of
cancer death among both men and women with 5
year survival rates of less than 20% overall. This
dismal outcome is primarily a result of metastatic
disease progression, which is common in both nonsmall cell and small cell lung cancer.
Non-small cell lung cancer (NSCLC)
represents about 85% of all lung cancer. Even
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among early stage patients, relapse rates are
significant. The relapse rate even among stage I
patients is 35-54% [1], and nearly all patients who
relapse go on to die of their lung cancer. The rates
of metastatic progression are even higher in small
cell lung cancer (SCLC), which still comprises 1215% of all lung cancer. Among limited-stage
patients with localized disease, the relapse rate is
at least 80% and among extensive-stage patients,
the relapse rate is 95-98% [2]. Among patients
who relapse, median survival is frequently less than
six months [3].
As the primary reason for
shortened survival is widespread progression of
metastatic disease, understanding the factors that
promote this process and identifying targets for
intervention could favorably impact survival rates.
Chemokines, or chemotactic cytokines, are
differentially expressed in a tissue-specific manner
to direct the “homing” of cells during development,
inflammation, or injury. Leukocyte trafficking, for
example, is a process that involves interaction with
the endothelium during circulation, activation of
integrins by chemokine receptor interaction with
particular chemokines, and trans-endothelial
migration of the cells out of the circulation into
tissues that retain these cells via chemokine
gradients. This process is strikingly similar to the
process of tumor cell extravasion into the
bloodstream from a primary tumor, migration of
cancer cells to distant metastatic sites, invasion
into
tissues,
and
the
outgrowth
of
macrometastases.
There are approximately 50 identified
chemokines and close to 20 known chemokine
receptors [4]. Chemokines are grouped into four
families based on the positions of 4 conserved
cysteine residues (C, CC, CXC, and CX3C where X
denotes a non-conserved amino acid) and
chemokine receptors are named correspondingly
based on their preferred ligands [5]. These
receptors are primarily seven-transembranedomain proteins that belong to the G-proteincoupled receptor family.
Chemokines are expressed in a tissue-specific
manner and, concomitant with the most frequent
areas of metastasis in lung cancer, CXCL12 is most
highly expressed in bone marrow, liver, lung, and
brain [6]. The axis of CXCL12 and its known
receptors CXCR4 and CXCR7 is thought to play a
primary role in metastatic progression of both

NSCLC and SCLC.

EXPRESSION PATTERNS AND OUTCOME
CXCR4 is a chemokine receptor first
identified as a coreceptor for HIV entry into
dendritic cells [7, 8]. Expression has been seen in
multiple tumor types, including both subtypes of
lung cancer. Where it has been examined, CXCR4
expression is ubiquitous in SCLC cell lines and
tumors [9, 10]. In NSCLC, expression appears more
variable as are associations with outcome. Both
nuclear and cytoplasmic expressions of CXCR4 have
been observed in tumor tissue, but not in normal
bronchial epithelium. Some studies suggest a
negative association of CXCR4 expression and
outcome [11-13] while others suggest a positive
association with outcome [14, 15].
One
retrospective study of stage I NSCLC (61 patient
samples) suggested a lower rate of metastases and
a significantly longer duration of survival with
strong nuclear staining [15]. Another study of 154
patient samples suggested that while nuclear
staining was associated with improved disease-free
survival in adenocarcinoma, cytomembranous
staining was associated with distant metastasis and
poorer disease-free survival [12], suggesting that
cell surface expression of CXCR4 drives interactions
with CXCL12 leading to increased metastatic
progression, while receptor internalization and
nuclear staining leads to improved outcomes by
virtue of less chemokine interaction. Notably, this
study showed a significantly higher level of CXCR4
staining in adenocarcinoma compared with
squamous cell carcinoma (43% vs. 15% overall).
Finally, evaluation of a population of circulating
cells positive for pan-cytokeratin and CXCR4 in a
small group of NSCLC patients demonstrated
significantly improved survival among those with
lower levels of double-positive cells [16].
Previous studies of NSCLC cells grown in
severe-combined immunodeficiency (SCID) mice
have demonstrated increased expression of CXCR4
in metastases as compared with the primary tumor
site [17]. Elevated CXCR4 expression has also been
associated with higher microvascular density and
CXCR7 expression.
CXCR7, a more recently
identified receptor for CXC12 [18], is also
frequently expressed in NSCLC tumor samples and
has been associated with poor prognosis [19].
CXCR7 is also expressed on tumor-associated
endothelium but not on normal vasculature [20].
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CXCL12 (also known as SDF-1), the sole
ligand for CXCR4 and one of two ligands for CXCR7,
is also frequently seen at high levels in both NSCLC
and SCLC cell lines [21]. CXCL12 expression in
tumors has been associated with increased nodal
metastases [12] and higher disease stage [22].
Methylation of CXCL12 is associated with
expression and aberrant methylation of CXCL12
was associated with poor prognosis in NSCLC tumor
samples [23].

invasion and migration of tumor cells as part of
metastatic progression. Stromal cell adhesion is
thought to be a factor in chemotherapy resistance
in SCLC and in vitro, this resistance can be
abrogated by CXCR4 inhibition [27, 28]. Some
studies have also shown increased increased Akt
and P70 S6 kinase phosphorylation and increased
tumor cell proliferation resulting from CXCL12
interaction with CXCR4 [29], consistent with direct
effects on tumor growth.

Notably, in NSCLC tumor samples, CXCL12
was also significantly higher in females,
adenocarcinoma patients, and non-smokers [21].
Other studies have suggested a particular link
between high CXCR4 expression in females and
outcome [24]. EGFR mutations were found to be
significantly more frequent in patients with high
CXCR7 expression [19] and EGF activation of EGFR
also was shown to increase CXCR4 expression in
NSCLC cell lines [25]. Together, these findings
suggest that the CXCR4-CXCL12-CXCR7 axis may be
particularly important to further explore in patients
with activating EGFR mutations (more commonly
found in females, non-smokers, and in
adenocarcinoma).

Hypoxia has been demonstrated to
upregulate CXCR4 expression [25, 30] with HIF
genes and the PI3K/AKT/mTOR signaling pathway
mediating this upregulation. A seminal study in
2003 demonstrated that CXCR4 is downregulated
by the pVHL by targeting HIF for degradation under
normoxic conditions; hypoxia allows for HIFmediated activation of CXCR4 [31]. HIF genes were
also shown to be essential in regulating CXCL12mediated adhesion, migration, and invasion of
NSCLC lines [32]. Global gene expression profiling
of a mouse model of NSCLC generated by
conditional activation of HIF2α and Kras mutation
also demonstrated an increase in CXCL12
expression in response to HIF2α activation [33].
Matrix metalloprotease 9 (MMP-9), which serves as
an effector of tumor cell invasion and is
upregulated by HIF1a in other settings, is
upregulated in lung NSCLC cell lines by CXCL12 [34].

CXCL12 expression has not only been
observed intra-tumorally, but also in carcinomaassociated fibroblasts (CAFs) [22]. Interestingly, in
a study of primary NSCLC, high-CXCL12 CAFs were
found in association with CXCL12-negative tumor
cells; CXCL12-positive tumor cells had no CXCL12 in
the surrounding stroma. Other studies that have
demonstrated significant CXCR4 expression in
primary NSCLC tumors have also failed to
demonstrate CXCL12 expression within the tumor
[16, 26] suggesting that they may have mutually
exclusive roles within tumors. Although multiple
studies have demonstrated that tumor expression
of CXCR4 allows homing to distant sites of future
metastases where CXCL12 is expressed, the role of
intratumoral or tumoral-associated CXCL12 is less
clear.

FUNCTIONAL INTERACTIONS OF CXCR4,
CXCL12, AND CXCR7
CXCL12 interaction with CXCR4 in SCLC cell
lines has been demonstrated to induce actin
polymerization, enhance migration and stromal cell
adhesion, and increase α4β1integrin expression on
tumor cells [9] consistent with promotion of

Hypoxic environments within the bone
marrow are also thought to be responsible for the
upregulation of CXCL12 expression there and the
creation of a CXLC12 gradient. This gradient
normally serves to signal homing of CXCR4
expressing hematopoietic progenitor cells [35] but
may also signal CXCR4-expressing tumor cells to
“home” to bone marrow. Using heterotopic or
orthotopic models of human lung cancer made by
injecting SCID mice with the A549 human NSCLC
cell line, Phillips and colleagues demonstrated high
levels of CXCL12 expression in adrenal glands, lung,
liver, and bone marrow [17]. Depletion of CXCL12
with a neutralizing antibody inhibited metastasis
formation in this model.
The role of CXCR7 in this homing process is
less clear. CXCR7, CXCR7, which binds to CXCL11
and CXCL12, does not appear to activate G-protein
mediated signaling.
However, it does forms
heterodimers with CXCR4 and the complex recruits
β-arrestin to activate alternate signaling pathways,
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including ERK 1/2, MAPK, and SAPK [36]. In other
contexts (using lymphoma cell lines), CXCR7 was
shown to interact with β-arrestin 2 to mediate
transendothelial migration of CXCR4+ CXCR7+ cells
[37]. β-arrestin 2 was also independently shown to
be an important factor for CXCR4-CXCL12 mediated
chemotaxis [38].
CXCR7 and CXCL12 both
colocalize with high frequency to tumor cells and
tumor-associated endothelium in brain metastases
from patients with NSCLC (with concomitant
expression of CXCR4 seen in the nucleus of tumor
cells) suggesting an important role for CXCR7 in the
exravasation of tumor cells homed by CXCL12
gradients to a new site for metastatic outgrowth of
disease.

CXCR4 EXPRESSION AND “STEM-LIKE”
CELLS IN LUNG CANCER
Cancer stem cells are defined variably but
frequently as progenitor cells of tumors which, like
traditional stem cells, are capable of continuous
self-renewal and propagation. Cancer stem cells
are thought to be relatively insensitive to the
effects of chemotherapy and radiation and may be
able repopulate or propagate tumors following
treatment. They may also be the cells most
important for metastatic progression as some
groups have demonstrated that only selected cells
within tumors have tumor-propagating potential
[39, 40].
Bertolini and colleagues used CD133, a
known marker of hematopoietic progenitor cells, to
identify epithelial cells within primary lung cancer
specimens that may be “stem-like” cells [40]. Using
xenograft models, they demonstrated that isolated
CD133+ cells had higher tumorigenic potential in
serial transplantation assays in SCID mice. Double
staining with CD133 and CXCR4 identified a
subpopulation that increased post-cisplatin
resistance and demonstrated higher invasive and
mobility features.
Reckamp and colleagues
demonstrated that only a subset of pan-keratin
expressing circulating cells in NSCLC also expressed
CXCR4, but these were the cells that were
associated with survival outcome suggesting that
these are the cells associated with metastatic
progression [16]. Phillips and colleagues used an
orthotopic model to show that 99% of NSCLC cells
identified in metastatic sites were CXCR4+,
whereas only 35% of tumors in the primary tumor
were CXCR4+ [17]. Together these studies suggest

that CXCR4 is found on a subpopulation of “stemlike” cells in NSCLC and these cells are associated
with metastatic progression and poorer survival.
While the existence and role of cancer stem
cells in lung cancer (and other solid tumors) is not
clearly defined, it is an especially important idea for
SCLC. SCLC is clinically defined by high response
rates to chemotherapy and radiotherapy which
“debulk” the tumor, but also by high rates of
chemotherapy
resistance
and
metastatic
progression. Given the functional involvement of
CXCR4 and CXCL12 in mediating stromal cell
interactions, invasivenesss, and mobility of SCLC
cell lines as well as their potential role in
establishing distant metastases, blockade of the
CXCR4-CXLC12 axis may be especially important in
this subset of lung cancer.

INHIBITION OF THE CXCR4-CXCL12CXCR7 AXIS AS A THERAPEUTIC TARGET
IN LUNG CANCER
Since its identification as a co-receptor for
HIV entry, several inhibitors of CXCR4 have been
developed and tested. To date, in cancer, these
inhibitors have been primarily studied in stem cell
mobilization for autologous transplantation in
hematologic malignancies, where the effect of
CXCR4 inhibition results in release of CXCR4expressing hematopoietic progenitors from the
bone marrow into the circulation.
Plerixafor (Mozobil, AMD3100) (Genzyme,
Cambridge, MA) was approved by the FDA in
December 2008 for this indication. Perixafor is a
bicyclam derivative first investigated as an anti-HIV
drug [41] which acts as a partial agonist to CXCR4.
Unexpected leukocytosis was noted in initial trials
and later studies demonstrated that the drug
reduced AKT phosphorylation by CXCR4 resulting in
a disruption of the interaction of multiple myeloma
cells with bone marrow stromal cells (as reflecting
by an increase in circulating cells) and
enhancement of their sensitivity to anti-myeloma
therapy [42]. Randomized, placebo-controlled
trials in non-Hodgkin’s lymphoma and multiple
myeloma showed decreased time to adequate cell
count for stem cell collection prior to autologous
transplantation [43, 44].
Studies of this drug or other CXCR4
antagonists in solid tumors are more limited but
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preclinical studies of AMD3100 have shown
reduction in dissemination of tumor or metastatic
spread in mouse models of ovarian cancer,
melanoma, and oral squamous cell cancer among
others, and in vitro inhibition of migration or
invasion has been demonstrated in several
contexts as well [45-47]. However, there are no
ongoing clinical trials of AMD3100 in solid tumors.
BMS-936564 (MDX-1338) is a novel CXCR4
antibody also under clinical evaluation in multiple
myeloma and acute myeloid leukemia. Other
CXCR4 inhibitors that are not yet in clinical
evaluation in any tumor type include the peptide
antagonists T22 and TN10043 [48]. Nox-A12 is a
CXCL12 antagonist also under clinical evaluation for
stem cell mobilization.
CTCE-9908 (British Canadian Biosciences
Corp) is a peptide CXCR4 antagonist which has
undergone early clinical development for use in
solid tumors. This compound is derived from the
N-terminal sequence of CXCL12 and demonstrates
anti-metastatic as well as direct anti-tumor effects
in many in vitro and in vivo models, including in
orthotopic xenografts of hepatocellular carcinoma,
prostate cancer, and breast cancer [48-52]. This
compound has recently completed a phase I trial in
solid tumors with no dose-limiting toxicities
observed [53] and some disease stabilization seen
with reduction in tumor burden in an ovarian
cancer patient.

Notably, even in pre-clinical studies, the
effects of both AMD3100 and CTCE-9908 as single
agents were small compared to combinations with
chemotherapy [45, 54]. The short-lived duration of
stable disease in the CTCE-9908 study also suggests
that single agent activity in the metastatic setting
may be limited. Inhibition of CXCR4-CXCL12
interaction alone may not be enough given the
potential contribution of CXCR7 to CXCL12mediated tumor metastasis [55]. The bulk of
preclinical data suggest that the real utility of
inhibiting the CXCR4-CXCL12-CXCR7 axis may also
be much earlier in the process of metastatic
progression—i.e. before it occurs [56]. This makes
trial design in lung cancer more challenging given
the propensity for early metastatic progression of
both SCLC and NSCLC. With the right trial design,
however, the potential impact of blocking or
delaying metastatic progression is enormous. As
single agent safety data has already been gathered
from healthy volunteer studies and stem cell
mobilization studies, some of the compounds
already in clinical development in hematologic
malignancies are ripe for study in lung cancer using
chemotherapy combinations in the neoadjuvant or
adjuvant setting in NSCLC and in combination
studies in 1st-line treatment of SCLC.

CONFLICT OF INTEREST
The authors have no conflict of interest.

REFERENCES
[1]

[2]
[3]

[4]

[5]

van Rens MT, de la Rivière AB, Elbers HR, van
Den Bosch JM. Prognostic assessment of 2,361
patients who underwent pulmonary resection for
non-small cell lung cancer, stage I, II, and IIIA.
Chest. 2000; 117: 374-9.
Jackman DM, Johnson BE. Small-cell lung cancer.
Lancet. 2005; 366: 1385-96.
von Pawel J, Schiller JH, Shepherd FA, Fields SZ,
Kleisbauer JP, Chrysson NG, Stewart DJ, Clark PI,
Palmer MC, Depierre A, Carmichael J, Krebs JB,
Ross G, Lane SR, Gralla R. Topotecan versus
cyclophosphamide, doxorubicin, and vincristine
for the treatment of recurrent small-cell lung
cancer. J Clin Oncol. 1999; 17: 658-67.
Charo IF, Ransohoff RM. The many roles of
chemokines and chemokine receptors in
inflammation. N Engl J Med. 2006; 354: 610-21.
Balkwill F. Cancer and the chemokine network.
Nat Rev Cancer. 2004; 4: 540-50.

[6]

[7]

[8]

[9]

Zlotnik A, Burkhardt AM, Homey B. Homeostatic
chemokine
receptors
and
organ-specific
metastasis. Nat Rev Immunol. 2011; 11: 597-606.
Bleul CC, Farzan M, Choe H, Parolin C, ClarkLewis I, Sodroski J, Springer TA. The lymphocyte
chemoattractant SDF-1 is a ligand for LESTR/fusin
and blocks HIV-1 entry. Nature. 1996; 382: 82933.
Oberlin E, Amara A, Bachelerie F, Bessia C,
Virelizier JL, Arenzana-Seisdedos F, Schwartz O,
Heard JM, Clark-Lewis I, Legler DF, Loetscher M,
Baggiolini M, Moser B. The CXC chemokine SDF-1
is the ligand for LESTR/fusin and prevents
infection by T-cell-line-adapted HIV-1. Nature.
1996; 382: 833-5.
Burger M, Glodek A, Hartmann T, Schmitt-Gräff
A, Silberstein LE, Fujii N, Kipps TJ, Burger JA.
Functional expression of CXCR4 (CD184) on
small-cell lung cancer cells mediates migration,
Page 5 of 8
(Page number not for citation purposes)

Open Journal of Hematology, 2012, 3(S1)-5

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

integrin activation, and adhesion to stromal cells.
Oncogene. 2003; 22: 8093-101.
Kijima T, Maulik G, Ma PC, Tibaldi EV, Turner RE,
Rollins B, Sattler M, Johnson BE, Salgia R.
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.
Na IK, Scheibenbogen C, Adam C, Stroux A,
Ghadjar P, Thiel E, Keilholz U, Coupland SE.
Nuclear expression of CXCR4 in tumor cells of
non-small cell lung cancer is correlated with
lymph node metastasis. Hum Pathol. 2008; 39:
1751-5.
Wagner PL, Hyjek E, Vazquez MF, Meherally D,
Liu YF, Chadwick PA, Rengifo T, Sica GL, Port JL,
Lee PC, Paul S, Altorki NK, Saqi A. CXCL12 and
CXCR4 in adenocarcinoma of the lung:
association with metastasis and survival. J Thorac
Cardiovasc Surg. 2009; 137: 615-21.
Schaffer BE, Park KS, Yiu G, Conklin JF, Lin C,
Burkhart DL, Karnezis AN, Sweet-Cordero EA,
Sage J. Loss of p130 accelerates tumor
development in a mouse model for human smallcell lung carcinoma. Cancer Res. 2010; 70: 387783.
Minamiya Y, Saito H, Takahashi N, Ito M, Imai K,
Ono T, Motoyama S, Ogawa J. Expression of the
chemokine receptor CXCR4 correlates with a
favorable
prognosis
in
patients
with
adenocarcinoma of the lung. Lung Cancer. 2010;
68: 466-71.
Spano JP, Andre F, Morat L, Sabatier L, Besse B,
Combadiere C, Deterre P, Martin A, Azorin J,
Valeyre D, Khayat D, Le Chevalier T, Soria JC.
Chemokine receptor CXCR4 and early-stage nonsmall cell lung cancer: pattern of expression and
correlation with outcome. Ann Oncol. 2004; 15:
613-7.
Reckamp KL, Figlin RA, Burdick MD, Dubinett SM,
Elashoff RM, Strieter RM. CXCR4 expression on
circulating pan-cytokeratin positive cells is
associated with survival in patients with
advanced non-small cell lung cancer. BMC
Cancer. 2009; 9: 213.
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: 1676-86.
Hotte S, et al. Phase I/II study of CTCE-9908, a
novel anticancer agent that inhibits CXCR4, in
patients with advanced solid cancers. AACR
Meeting
Abstracts,
2007.
2007;
(3_Molecular_Targets_Meeting): A153.

[19] Iwakiri S, Mino N, Takahashi T, Sonobe M, Nagai
S, Okubo K, Wada H, Date H, Miyahara R. Higher
expression of chemokine receptor CXCR7 is
linked to early and metastatic recurrence in
pathological stage I nonsmall cell lung cancer.
Cancer. 2009; 115: 2580-93.
[20] Burns JM, Summers BC, Wang Y, Melikian A,
Berahovich R, Miao Z, Penfold ME, Sunshine MJ,
Littman DR, Kuo CJ, Wei K, McMaster BE, Wright
K, Howard MC, Schall TJ. 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.
[21] Imai H, Sunaga N, Shimizu Y, Kakegawa S,
Shimizu K, Sano T, Ishizuka T, Oyama T, Saito R,
Minna JD, Mori M. Clinicopathological and
therapeutic significance of CXCL12 expression in
lung cancer. Int J Immunopathol Pharmacol.
2010; 23: 153-64.
[22] Wald O, Izhar U, Amir G, Kirshberg S, Shlomai Z,
Zamir G, Peled A, Shapira OM. Interaction
between neoplastic cells and cancer-associated
fibroblasts through the CXCL12/CXCR4 axis: role
in non-small cell lung cancer tumor proliferation.
J Thorac Cardiovasc Surg. 2011; 141: 1503-12.
[23] Suzuki M, Mohamed S, Nakajima T, Kubo R, Tian
L, Fujiwara T, Suzuki H, Nagato K, Chiyo M,
Motohashi S, Yasufuku K, Iyoda A, Yoshida S,
Sekine Y, Shibuya K, Hiroshima K, Nakatani Y,
Yoshino I, Fujisawa T. Aberrant methylation of
CXCL12 in non-small cell lung cancer is associated
with an unfavorable prognosis. Int J Oncol. 2008;
33: 113-9.
[24] Otsuka S, Klimowicz AC, Kopciuk K, Petrillo SK,
Konno M, Hao D, Muzik H, Stolte E, Boland W,
Morris D, Magliocco AM, Bebb DG. CXCR4
overexpression is associated with poor outcome
in females diagnosed with stage IV non-small cell
lung cancer. J Thorac Oncol. 2011; 6: 1169-78.
[25] Phillips RJ, Mestas J, Gharaee-Kermani M,
Burdick MD, Sica A, Belperio JA, Keane MP,
Strieter RM. Epidermal growth factor and
hypoxia-induced expression of CXC chemokine
receptor 4 on non-small cell lung cancer cells is
regulated by the phosphatidylinositol 3kinase/PTEN/AKT/mammalian
target
of
rapamycin signaling pathway and activation of
hypoxia inducible factor-1alpha. J Biol Chem.
2005; 280: 22473-81.
[26] 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: 1676-86.
[27] Hartmann TN, Burger JA, Glodek A, Fujii N,
Burger M. CXCR4 chemokine receptor and
Page 6 of 8
(Page number not for citation purposes)

Open Journal of Hematology, 2012, 3(S1)-5

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

integrin signaling co-operate in mediating
adhesion and chemoresistance in small cell lung
cancer (SCLC) cells. Oncogene. 2005; 24: 446271.
Hartmann TN, Burger M, Burger JA. The role of
adhesion molecules and chemokine receptor
CXCR4 (CD184) in small cell lung cancer. J Biol
Regul Homeost Agents. 2004; 18: 126-30.
Kijima T, Maulik G, Ma PC, Tibaldi EV, Turner RE,
Rollins B, Sattler M, Johnson BE, Salgia R.
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.
Schioppa T, Uranchimeg B, Saccani A, Biswas SK,
Doni A, Rapisarda A, Bernasconi S, Saccani S,
Nebuloni M, Vago L, Mantovani A, Melillo G, Sica
A. Regulation of the chemokine receptor CXCR4
by hypoxia. J Exp Med. 2003; 198: 1391-402.
Staller P, Sulitkova J, Lisztwan J, Moch H, Oakeley
EJ, Krek W. Chemokine receptor CXCR4
downregulated by von Hippel-Lindau tumour
suppressor pVHL. Nature. 2003; 425: 307-11.
Liu YL, Yu JM, Song XR, Wang XW, Xing LG, Gao
BB. Regulation of the chemokine receptor CXCR4
and metastasis by hypoxia-inducible factor in
non small cell lung cancer cell lines. Cancer Biol
Ther. 2006; 5: 1320-6.
Kim WY, Perera S, Zhou B, Carretero J, Yeh JJ,
Heathcote SA, Jackson AL, Nikolinakos P, Ospina
B, Naumov G, Brandstetter KA, Weigman VJ,
Zaghlul S, Hayes DN, Padera RF, Heymach JV,
Kung AL, Sharpless NE, Kaelin WG Jr, Wong KK.
HIF2alpha cooperates with RAS to promote lung
tumorigenesis in mice. J Clin Invest. 2009; 19:
2160-70.
Tang CH, Tan TW, Fu WM, Yang RS. Involvement
of matrix metalloproteinase-9 in stromal cellderived factor-1/CXCR4 pathway of lung cancer
metastasis. Carcinogenesis. 2008; 29: 35-43.
Ceradini DJ, Kulkarni AR, Callaghan MJ, Tepper
OM, Bastidas N, Kleinman ME, Capla JM, Galiano
RD, Levine JP, Gurtner GC. Progenitor cell
trafficking is regulated by hypoxic gradients
through HIF-1 induction of SDF-1. Nat Med.
2004; 10: 858-64.
Zabel BA, Wang Y, Lewén S, Berahovich RD,
Penfold ME, Zhang P, Powers J, Summers BC,
Miao Z, Zhao B, Jalili A, Janowska-Wieczorek A,
Jaen JC, Schall TJ. Elucidation of CXCR7-mediated
signaling events and inhibition of CXCR4mediated tumor cell transendothelial migration
by CXCR7 ligands. J Immunol. 2009; 183: 320411.
Zabel BA, Lewén S, Berahovich RD, Jaén JC, Schall
TJ. The novel chemokine receptor CXCR7

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

regulates trans-endothelial migration of cancer
cells. Mol Cancer. 2011; 10: 73.
Sun Y, Cheng Z, Ma L, Pei G. Beta-arrestin2 is
critically
involved
in
CXCR4-mediated
chemotaxis, and this is mediated by its
enhancement of p38 MAPK activation. J Biol
Chem. 2002; 277: 49212-9.
Curtis SJ, Sinkevicius KW, Li D, Lau AN, Roach RR,
Zamponi R, Woolfenden AE, Kirsch DG, Wong KK,
Kim CF. Primary tumor genotype is an important
determinant in identification of lung cancer
propagating cells. Cell Stem Cell. 2010; 7: 127-33.
Bertolini G, Roz L, Perego P, Tortoreto M,
Fontanella E, Gatti L, Pratesi G, Fabbri A, Andriani
F, Tinelli S, Roz E, Caserini R, Lo Vullo S, Camerini
T, Mariani L, Delia D, Calabrò E, Pastorino U,
Sozzi G. Highly tumorigenic lung cancer CD133+
cells display stem-like features and are spared by
cisplatin treatment. Proc Natl Acad Sci U S A.
2009; 106: 16281-6.
De Clercq E, Yamamoto N, Pauwels R, Balzarini J,
Witvrouw M, De Vreese K, Debyser Z, Rosenwirth
B, Peichl P, Datema R, et al. Highly potent and
selective inhibition of human immunodeficiency
virus by the bicyclam derivative JM3100.
Antimicrob Agents Chemother. 1994; 38: 668-74.
Azab AK, Runnels JM, Pitsillides C, Moreau AS,
Azab F, Leleu X, Jia X, Wright R, Ospina B, Carlson
AL, Alt C, Burwick N, Roccaro AM, Ngo HT, Farag
M, Melhem MR, Sacco A, Munshi NC, Hideshima
T, Rollins BJ, Anderson KC, Kung AL, Lin CP,
Ghobrial IM. CXCR4 inhibitor AMD3100 disrupts
the interaction of multiple myeloma cells with
the bone marrow microenvironment and
enhances their sensitivity to therapy. Blood.
2009; 113: 4341-51.
DiPersio JF, Stadtmauer EA, Nademanee A,
Micallef IN, Stiff PJ, Kaufman JL, Maziarz RT,
Hosing C, Früehauf S, Horwitz M, Cooper D,
Bridger G, Calandra G; 3102 Investigators.
Plerixafor and G-CSF versus placebo and G-CSF to
mobilize hematopoietic stem cells for autologous
stem cell transplantation in patients with
multiple myeloma. Blood. 2009; 113: 5720-6.
DiPersio JF, Micallef IN, Stiff PJ, Bolwell BJ,
Maziarz RT, Jacobsen E, Nademanee A, McCarty
J, Bridger G, Calandra G; 3101 Investigators.
Phase III prospective randomized double-blind
placebo-controlled trial of plerixafor plus
granulocyte colony-stimulating factor compared
with placebo plus granulocyte colony-stimulating
factor for autologous stem-cell mobilization and
transplantation for patients with non-Hodgkin's
lymphoma. J Clin Oncol. 2009; 27: 4767-73.
Kim M, Koh YJ, Kim KE, Koh BI, Nam DH, Alitalo K,
Kim I, Koh GY. CXCR4 signaling regulates
metastasis of chemoresistant melanoma cells by
Page 7 of 8
(Page number not for citation purposes)

Open Journal of Hematology, 2012, 3(S1)-5

[46]

[47]

[48]

[49]

[50]

[51]

a lymphatic metastatic niche. Cancer Res. 2010;
70: 10411-21.
Kajiyama H, Shibata K, Terauchi M, Ino K, Nawa
A, Kikkawa F. Involvement of SDF-1alpha/CXCR4
axis in the enhanced peritoneal metastasis of
epithelial ovarian carcinoma. International
journal of cancer. Int J Cancer. 2008; 122: 91-9.
Uchida D, Onoue T, Kuribayashi N, Tomizuka Y,
Tamatani T, Nagai H, Miyamoto Y. Blockade of
CXCR4 in oral squamous cell carcinoma inhibits
lymph node metastases. Eur J Cancer. 2011; 47:
452-9.
Wong D, Korz W. Translating an Antagonist of
Chemokine Receptor CXCR4: from bench to
bedside. Clin Cancer Res. 2008; 14: 7975-80.
Richert MM, Vaidya KS, Mills CN, Wong D, Korz
W, Hurst DR, Welch DR. Inhibition of CXCR4 by
CTCE-9908 inhibits breast cancer metastasis to
lung and bone. Oncol Rep. 2009; 21: 761-7.
Singh B, Cook KR, Martin C, Huang EH,
Mosalpuria K, Krishnamurthy S, Cristofanilli M,
Lucci A. Evaluation of a CXCR4 antagonist in a
xenograft mouse model of inflammatory breast
cancer. Clin Exp Metastasis. 2010; 27: 233-40.
Huang EH, Singh B, Cristofanilli M, Gelovani J,
Wei C, Vincent L, Cook KR, Lucci A. A CXCR4
antagonist CTCE-9908 inhibits primary tumor
growth and metastasis of breast cancer. J Surg
Res. 2009; 155: 231-6.

[52] Porvasnik S, Sakamoto N, Kusmartsev S,
Eruslanov E, Kim WJ, Cao W, Urbanek C, Wong D,
Goodison S, Rosser CJ. Effects of CXCR4
antagonist CTCE-9908 on prostate tumor growth.
Prostate. 2009; 69: 1460-9.
[53] Hotte SJ, Hirte HW, Iacobucci A, et al. , Final
results of a Phase I/II study of CTCE-9908, a novel
anticancer agent that inhibits CXCR4, in patients
with
advanced
solid
cancers.,
in
EORTC/NCI/AACR Molecular Targets and Cancer
Therapeutics 2008 conference; October 2008.
Eur J Cancer. 2008; 6: 1272008.
[54] Hassan S, Salvucci O, Muller WJ, Basik M.
Targeting CXCR4 inhibits primary tumor growth
and distant metastasis in a transgenic breast
coancer mouse model. in AACR Annual Meeting
Proceedings. 2008.
[55] Grymula K, Tarnowski M, Wysoczynski M,
Drukala J, Barr FG, Ratajczak J, Kucia M, Ratajczak
MZ. Overlapping and distinct role of CXCR7-SDF1/ITAC and CXCR4-SDF-1 axes in regulating
metastatic
behavior
of
human
rhabdomyosarcomas. International journal of
cancer. Int J Cancer. 2010; 127: 2554-68.
[56] Duda DG, Kozin SV, Kirkpatrick ND, Xu L,
Fukumura D, Jain RK. CXCL12 (SDF1alpha)CXCR4/CXCR7 pathway inhibition: an emerging
sensitizer for anticancer therapies? Clin Cancer
Res. 2011; 17: 2074-80.

Publish with ROSS Science Publishers
and every scientist can easily read your
work for free!
Your research papers will be:





available for free to the entire scientific community
peer reviewed and published immediately after
acceptance
cited in renowned open repositories upon
indexation of the journal
owned by yourself — author keeps the copyright

Page 8 of 8
(Page number not for citation purposes)

