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Chemokine Receptor CXCR4 Expression in Patients With
Melanoma and Colorectal Cancer Liver Metastases and the

Association With Disease Outcome
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Objective: To determine the role of chemokine receptor (CR)
expression in patients with melanoma and colorectal cancer (CRC)
liver metastases.
Summary Background Data: Murine and in vitro models have
identified CR as potential factors in organ-specific metastasis of
multiple cancers. Chemokines via their respective receptors have
been shown to promote cell migration to distant organs.
Methods: Patients who underwent hepatic surgery for melanoma or
CRC liver metastases were assessed. Screening cDNA microarrays
of melanoma/CRC cell lines and tumor specimens were analyzed to
identify CR. Microarray data were validated by quantitative real-
time RT-PCR (qRT) in paraffin-embedded liver metastases. Migra-
tion assays and immunohistochemistry were performed to verify CR
function and confirm CR expression, respectively.
Results: Microarray analysis identified CXCR4 as the most com-
mon CR expressed by both cancers. qRT demonstrated CXCR4
expression in 24 of 27 (89%) melanoma and 28 of 29 (97%) CRC
liver metastases. In vitro treatment of melanoma or CRC cells with
CXCL12, the ligand for CXCR4, significantly increased cell migra-
tion (P � 0.001). Low versus high CXCR4 expression in CRC liver
metastases correlated with a significant difference in overall survival
(median 27 months vs. 10 months, respectively; P � 0.036). In
melanoma, low versus high CXCR4 expression in liver metastases
demonstrated no difference in overall survival (median 11 months
vs. 8 months, respectively; P � not significant).
Conclusions: CXCR4 is expressed and functional on melanoma and
CRC cells. The ligand for CXCR4 is highly expressed in liver and

may specifically attract melanoma and CRC CXCR4 (�) cells.
Quantitative analysis of CXCR4 gene expression in patients with
liver metastases has prognostic significance for disease outcome.

(Ann Surg 2006;244: 113–120)

The mechanisms of cancer metastasis are still debated more
than 100 years after the “seed and soil” theory was hypoth-

esized by Paget.1 Through his experience with breast cancer
patients, Paget theorized that cancers metastasize preferentially
to organs or sites that support and/or nurture the growth of
cancer cells. Ewing later countered that patterns of blood flow
from the primary tumor could entirely account for the patterns of
metastasis.2 His “mechanical” hypothesis predicted that the
circulation would deliver the greatest metastatic tumor burden to
the first organ encountered.3 Neither model is absolute, as
clinical examples of exceptions to both exist.4

In light of these deficiencies, new mechanisms have
been sought and a recent addition to these theories is the
signaling or “homing” hypothesis. This mechanism is based
upon the complex signaling patterns that occur in organogen-
esis, development, hematopoeisis, and immune responses. As
such, it incorporates principles from both seed-and-soil and
mechanical hypotheses. In the signaling or homing mecha-
nism for cancer metastasis, cancer cells are drawn to specific
metastatic sites as a result of a complex interchange of
signals.5 Key mediators in this mechanism are chemokines,
which are chemoattractive signaling molecules that function
in a myriad of cell trafficking events.

Chemokines attained, perhaps, their greatest notoriety
when the chemokine receptor CXCR4 was identified as a
coreceptor for T-tropic HIV-1 and HIV-2.6–8 Since then,
intense research with chemokines has led to the discovery
that these chemoattractive molecules may play a significant
role in cancer metastasis. Currently, chemokines and their
respective receptors have been identified as contributing met-
astatic factors in numerous cancers.9–20 Müller et al9 and
Zeelenberg et al10 have provided compelling in vivo data in
murine models to implicate chemokine receptors in the met-
astatic progression of cancers to the liver. Such chemokines
and receptors are typically quiescent in many normal tissues,
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with the notable exception of immune cells, and appear to be
activated or up-regulated in cancer. Activation of chemokine
receptors promotes the growth, adhesion, and most impor-
tantly directional migration of immune cells during antigen-
specific inflammatory responses.21–23 Evidence now indicates
that cancer cells exploit these innate signaling mechanisms to
yield specific targeted metastasis.

Recently, our group identified the significance of che-
mokine receptor CXCR4 expression in patients with colorec-
tal cancer (CRC).24 We demonstrated a significant associa-
tion between high CXCR4 gene expression of primary CRC
tumors and poor clinical outcomes. This finding was concor-
dant with reports in other cancers identifying a correlation of
CXCR4 expression with disease outcome.19,20,25–27 Our re-
port also noted an up-regulation of CXCR4 gene expression
in liver metastases compared with primary tumors and iden-
tified a potential chemoattractive relation between CRC
CXCR4 receptors and the liver, which is a rich source of
CXCL12, the specific ligand for CXCR4.9

In the present study, we hypothesized that cancers that
have metastasized to the liver may express the same or
similar chemokine receptors (CR). We selected CRC based
on our previous report24; we selected melanoma because of
its propensity for hepatic metastasis demonstrated by post-
mortem examination.28,29 Our objective was to determine the
role of CR in patients with liver metastases of these 2
different cancers and to evaluate the clinical relevance of CR
expression in both groups of patients.

MATERIALS AND METHODS

Patients, Tissues, and Cell Lines
Patients who underwent surgical resection for mela-

noma or CRC liver metastases were selected from institu-
tional melanoma and GI databases. Matched benign colon
and liver specimens were also identified from the databases
and evaluated for this study. These specimens were procured
from patients with primary CRC or isolated liver metastasis,
respectively. All patients were treated at John Wayne Cancer
Institute (JWCI)/Saint John’s Health Center (SJHC), Santa
Monica, CA, between 1996 and 2003, and underwent oper-
ative exploration with curative intent. All melanoma patients
were followed up at JWCI for their treatment course. CRC
patients were evaluated at JWCI within the early postopera-
tive period, and then were returned to the care of their
primary physician when appropriate. Standard clinicopatho-
logic factors were obtained from database and chart review.
Patients provided informed consent for tissue procurement,
and Institutional Review Board (IRB) approval was obtained
prior to study initiation.

Operative specimens were collected immediately fol-
lowing resection, snap frozen, and stored at �80°C for later
use. Paraffin-embedded archival tissue (PEAT) blocks were
stored at and retrieved from the Department of Surgical
Pathology of SJHC. Established CRC cell lines (DLD1,
LoVo, HT-29, SW480, SW620, and WiDr) were obtained
from the American Type Culture Collection (ATCC, Manas-
sas, VA) and maintained in ATCC-recommended media. The
CRC cell line, CX-1, was provided by Dr. Peter Thomas

(Boston University School of Medicine, Boston, MA). Mel-
anoma cell lines (MA, MB, MC, MD, ME, MF, MG, MH,
and MI) were developed from melanoma metastases at JWCI.
These cell lines, including CX-1, were maintained in RPMI
1640 medium (Gibco, Carlsbad, CA) with 10% (vol/vol)
heat-inactivated fetal calf serum and 1% penicillin/strepto-
mycin at 37°C with 5% CO2.

RNA Isolation and Microarray Analysis
RNA from frozen tissues and cell lines was extracted,

isolated, and purified using Tri-Reagent (Molecular Research
Center, Cincinnati, OH) as previously described.30,31 PEAT
total RNA was extracted using modifications of the RNAWiz
Isolation Kit (Ambion, Austin, TX).32 RNA was quantified
and assessed for purity by ultraviolet spectrophotometry and
RIBOGreen detection assay (Molecular Probes, Eugene, OR)
as previously described.30

Total RNA (5 �g) from CRC specimens (cell line,
primary CRC, and liver metastasis) and from melanoma speci-
mens (cell line, primary melanoma, and liver metastasis) was
screened for CR expression by microarray analysis (Human
Chemokine & Receptor Q Series GEArray kit, SuperArray
Bioscience Corp., Bethesda, MD). cDNA probes were con-
structed according to the manufacturer’s instructions and hybrid-
ized onto GEArray nylon membranes. After incubation with a
chemifluorescent substrate (ECF, Amersham Biosciences, San
Francisco, CA), signal intensities were measured on a Storm 840
PhosphorImager (Molecular Dynamics, Sunnyvale, CA) and
image analysis was performed as previously described.24

Primers and Probes and Quantitative RT-PCR
Primer and probe sequences were designed and verified

as previously described.24 Specific primers were designed to
sequence at least one exon-exon region and to optimally
amplify cDNA with amplicons less than 150 bp to account for
fragmented RNA in PEAT samples. The primers and FRET
probe sequences used were: CXCR4 (145 bp): 5�-GGAGGG-
GATCAGTATATACA-3� (forward); 5�-GAAGATGATGG-
AGTAGATGG-3� (reverse); and 5�-FAM-CGAGGAAATGG-
GCTCAGGGG-BHQ-1-3� (FRET probe). CXCL12 (112 bp):
5�-CCCGAAGCTAAAGTGGATTC-3� (forward); 5�-TTCAGA-
GCTGGGCTCCTACT-3� (reverse); and 5�-FAM-TGAGAG-
GGTCAGACGCCTGAGG-BHQ-1-3� (FRET probe). Glyc-
eraldehyde-3-phoshate dehydrogenase (GAPDH; 136 bp):
5�-GGGTGTGAACCATGAGAAGT-3� (forward); 5�-GACTGT-
GGTCATGAGTCCT-3� (reverse); and 5�-FAM-CAGCAATGC-
CTCCTGCACCACCAA-BHQ-1-3� (FRET probe).

Reverse transcription of total RNA was performed
using Moloney Murine Leukemia Virus RT (Promega, Mad-
ison, WI). Oligo dT (Gene Link, Hawthorne, NY) and ran-
dom hexamers (Roche, Indianapolis, IN) were added to the
PEAT reaction mixtures for more robust cDNA production as
previously described.32 The quantitative real-time RT-PCR
(qRT) assay was performed with the iCycler iQ RealTime
PCR Detection System (Bio-Rad Laboratories, Hercules, CA)
using 250 ng of total RNA for each reaction. Each PCR
reaction was subjected to 45 cycles at 95°C for 60 seconds,
60°C for 60 seconds, and 72°C for 60 seconds for CXCR4
and CXCL12; and 45 cycles at 95°C for 60 seconds, 55°C for
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60 seconds, and 72°C for 60 seconds for GAPDH. Each
sample was assayed in triplicate with appropriate positive and
negative tissue controls and reagent controls as previously
described.24 The expression of the housekeeping gene
GAPDH was assessed in each sample to verify mRNA
integrity.

Immunohistochemistry
Immunohistochemistry (IHC) was performed to con-

firm the translation of CXCR4 mRNA to protein in PEAT
melanoma and CRC liver metastases. Paraffin-embedded tu-
mor blocks were sectioned (5 �m), dried overnight at 37°C,
and then deparaffinized with xylene. The sections were
treated with an antigen retrieval solution (Target Retrieval,
DakoCytomation, Carpinteria, CA) at 95°C for 15 minutes,
cooled to room temperature, and then treated with dilute
hydrogen peroxide to block endogenous peroxidase. Nonspe-
cific antibody binding was diminished with 1% albumin. The
sections were incubated overnight at 4°C with a monoclonal
mouse antihuman CXCR4 (12G5) antibody (Santa Cruz Bio-
technology; Santa Cruz, CA) at a dilution of 1:200. Isotype
control slides were incubated with an antimouse IgG2a anti-
body (Santa Cruz Biotechnology). The next day, sections
were labeled with a secondary Link-Streptavidin HRP solu-
tion (Dako Corp.), developed with diaminobenzidine (DAB),
counterstained with hematoxylin and examined at 400� mag-
nification.

Chemotaxis Assay
Cell lines were assessed for migration utilizing a mod-

ified Boyden chamber chemotaxis assay to assess response to
CXCL12, the specific ligand of CXCR4.33 For this assay,
6.5-mm-diameter chambers with 8-�m pore filters (HTS
Transwell-24 System; Corning, Acton, MA) were used. Laminin
(20 �g/mL) was coated on the lower surfaces of the filter
inserts.34 CXCL12 (Peprotech, Rocky Hill, NJ), the specific
ligand to CXCR4, was added to the lower wells of the
Boyden chamber with serum-free medium and 0.1% albumin.
Selective cells were treated with an anti-CXCR4 neutralizing
antibody (10 ng/mL) (R&D Systems, Minneapolis, MN) 2
hours prior to assay performance. Melanoma or CRC cells
(104) were placed into the insert and incubated overnight at
37°C. The next day, the cells within the inserts were removed
using cotton-tipped applicators, fixed in 100% ethanol,
washed with phosphate buffer solution, and then stained with
crystal violet. Cells were assessed and evaluated as previ-
ously described.32

Statistical Analysis
Disease-free and overall survival curves for patients

with high or low CXCR4 expression levels were constructed
using Kaplan-Meier’s method. The log-rank test was used to
compare the equality of the 2 curves. Univariate analysis of
prognostic factors was assessed by the log-rank test. The
prognostic significance of high versus low CXCR4 expres-
sion was assessed by multivariate analysis of established
clinical prognostic factors using the Cox proportional hazard
regression model. A stepwise method was chosen for covari-
ate selection. Analyses were performed using SAS (SAS

/STAT User’s Guide, version 8; SAS Institute Inc, Cary, NC).
All tests were 2-sided, and P values were considered signif-
icant when �0.05.

RESULTS

Patients
All patients had undergone operative resection for mel-

anoma or CRC liver metastases at JWCI. Twenty-seven
melanoma patients with available PEAT operative hepatic
specimens were identified and accrued for analysis. None of
the patients had received a melanoma cancer vaccine as part
of their initial treatment regimen for primary melanoma. All
eligible patients received adjuvant therapy following hepatic
resection. Adjuvant therapy was not administered to one
patient that died in the perioperative period (within 30 post-
operative days).

A comparison group of 29 consecutive CRC patients
was selected from a JWCI GI database. Patients who had
stage IV disease at time of initial diagnosis of the colorectal
tumor underwent operative resection prior to initiation of
chemotherapy. All eligible patients received adjuvant chemo-
therapy after hepatic resection. Chemotherapy was not ad-
ministered by hepatic arterial infusion pump for any patient
with CRC liver metastasis. One patient died in the immediate
perioperative period secondary to fulminant hepatic failure.
Additionally, histologically benign liver (n � 15) and colon
(n � 8) specimens were accrued to compare CXCL12 gene
expression levels. The demographic data of both CRC and
melanoma patients with liver metastasis are presented in
Table 1.

Microarray Analysis
Melanoma and CRC RNA derived from heterogeneous

sources (cell line, primary tumor, and hepatic metastasis) was
analyzed using the Human Chemokine & Receptor Q Series
GEArray Kit (SuperArray). Of the 96 spots on the GEArray
microarray membrane, 16 were assessed for CR. The 2 sets of
samples demonstrated expression of 6 different CR. Only
CXCR4 was detected in greater than half the samples (n � 4
of 6). Therefore, it was selected for further investigation in
this study.

CXCR4 Expression and Clinical Outcomes
CXCR4 gene expression was initially assessed by qRT

in melanoma and CRC cell lines. Six of the 7 CRC lines and
all 9 of the melanoma cell lines were positive for CXCR4
gene expression (Fig. 1). PEAT melanoma and CRC meta-
static liver specimens were then assessed by qRT. Eighty-
nine percent (n � 24 of 27) and 97% (n � 28 of 29) of
melanoma and CRC liver metastases, respectively, had
CXCR4 gene expression (Fig. 2).

Since a standard range of CXCR4 gene expression
values has not yet been established, we used the median
CXCR4 gene expression value for each cancer to dichoto-
mize liver metastases into high and low CXCR4-expressing
tumors. Clinical outcomes were assessed according to this
dichotomization. In patients with CRC, comparison by the
Kaplan-Meier method for low versus high CXCR4 expres-
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sion showed a significant difference in overall survival (me-
dian survival 27 months vs. 10 months, respectively; P �
0.036) (Fig. 3); the hazard ratio was also significant (HR 2.2;
95% CI, 1.0–4.9, P � 0.046). Univariate and multivariate
analyses identified CXCR4 expression as an independent
factor for overall survival of patients with CRC liver metas-
tases. No other factor examined was statistically significant
based on univariate testing (Table 2).

In melanoma, significant differences in overall survival
(median 11 months vs. 8 months, P � 0.19) and increased
survival at 3 years and 5 years (23% vs. 0% and 8% versus
0%, respectively; P � 0.19) with low versus high CXCR4
expression were not identified (Fig. 4). Because the overall
survival differences were not statistically significant, addi-
tional univariate and multivariate analyses were not per-
formed.

Analysis of CXCR4 Expression by IHC
When IHC was performed on PEAT sections of liver

metastases, membrane and cytoplasmic patterns of immuno-

TABLE 1. Demographics of Patients With Liver Metastases

Melanoma CRC

Patients (n) 27 29

Gender

Male (n) 17 18

Female (n) 10 11

Age (yr)

Mean 57 68

Median 57 66

Range 35–80 33–89

Surgical margin of metastases

Negative 27 27

Positive 0 1

N/A 0 1

No. of metastases

1–2 25 25

3–5 2 2

�5 0 2

Size of largest metastasis (cm)

0–5 15 20

5.1–10 9 4

�10 3 5

Stage of primary tumor (AJCC)

p1–3 27 15

p4 0 14

Location of primary tumor

Colon 22

Rectum 7

Skin 23

GI/GU tract 2

Ocular 2

Hepatic surgery

Wedge 8 13

Segment 4 7

Lobe 15 9

Perioperative death

Yes 1 1

No 26 28

CRC indicates colorectal cancer; AJCC, American Joint Committee on Cancer; GI,
gastrointestinal; GU, genitourinary.

FIGURE 1. A, CXCR4 screening of CRC cell lines. B, CXCR4
screening of melanoma cell lines. Cell lines A and B (MA and
MB), which were established from melanoma liver metasta-
ses, had the highest levels of CXCR4 gene expression.

FIGURE 2. A, CXCR4 gene expression in patients with CRC
metastasis to the liver. B, CXCR4 expression in patients with
melanoma metastasis to the liver.
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TABLE 2. Univariate and Multivariate Analyses for Patients With Colorectal Liver Metastases

Clinical Factors

Survival Death From All Causes

n
Median

Survival (mo)
Survival Log-Rank

Test (P)
Risk Ratio
(95% CI)

Multivariate Analysis
Wald Test (P)

Gender NS NS

Female 11 16

Male 18 23

Age NS NS

�65 (yr) 10 11

�65 (yr) 19 24

Stage of primary NS NS

p1–3 15 10

p4 14 25

Size of largest metastasis (cm) NS NS

0–5 20 19

5.1–10 4 17

�10 5 10

Hepatic margin NS NS

Clear 27 21

Positive 2 12

Hepatic surgery NS NS

Wedge 13 16

Segment 7 21

Lobe 9 14

Location of primary NS NS

Colon 22 15

Rectum 7 26

No. of metastases NS NS

1–2 25 24

3–5 2 12

�5 2 10

CXCR4 expression 0.036 0.046

Low 14 27

High 15 10 2.2 (1.0–4.9)

FIGURE 3. Kaplan-Meier survival curves demonstrate pro-
longed overall survival in colorectal cancer patients whose
liver metastases had lower CXCR4 expression (log-rank test,
P � 0.036).

FIGURE 4. Kaplan-Meier curves demonstrate a nonsignificant
increase in overall survival of melanoma patients whose liver
metastases had low CXCR4 expression (log-rank test, P �
0.19).
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staining for CXCR4 protein were observed in both CRC and
melanoma cells (Fig. 5a). IHC of PEAT sections of normal
liver demonstrated generally weak, and in some cases no
detectable staining in benign hepatocytes (Fig. 5b).

CXL12 Expression and Chemotaxis Assay
Müller et al9 found that CXCL12, the specific ligand to

CXCR4, is produced constitutively by many cells but has the
highest levels in the lung, liver, lymphoid tissue, and bone
marrow. We also found by qRT that CXCL12 expression is
10-fold higher in histologically benign liver tissues compared
with benign colonic tissues (P � 0.015).

To demonstrate the functional role of CXCR4 receptors
in relation to CXCL12, migrational assays were performed.
Studies demonstrated responses of melanoma and CRC cells
to CXCL12. The number of migrating melanoma or CRC
cells after stimulation with CXCL12 (50 ng/mL) was signif-
icantly greater than untreated controls (P � 0.001 and P �
0.001, respectively). The incubation of cells with a monoclo-
nal anti-CXCR4 antibody blocked both melanoma and CRC
cell migration by 38% (P � 0.001). These studies demon-
strated the functional status of the CXCR4 receptor on mel-
anoma and CRC and its responsiveness to CXCL12.

DISCUSSION
Numerous reports now demonstrate a role for chemo-

kines and their respective receptors in cancer metastasis.
Although these studies appear to support homing or signal-
ing, the strength of these reports is in the incorporation, rather
than disregard, of principles from both seed and soil and
mechanical theories. It is clear that the bloodstream or vas-
cular channels are requisite for transport of cancer cells to
their target; therefore, the specific routes may impart some
bias to a particular target organ. Here, we have examined
CRC, which has direct vascular drainage to the liver and may
appear to overwhelmingly favor a mechanical route for me-

tastasis. However, a recent report demonstrates that all 3
aforementioned theories likely have contributing roles.10

Zeelenberg et al conducted studies in a murine model and
discovered that CXCR4 was essential for preferential metas-
tasis of CRC to the liver and lung.10 However, they noted that
only cancer cells that had implanted in the liver were able to
flourish and grow. Specific homing or signaling in organ-
specific metastasis may have a more central role in melanoma
with its various metastatic targets. Our group has demon-
strated that expression of chemokine receptor CCR7 is spe-
cifically associated with metastasis to lymph nodes, where the
specific ligand CCL21 is abundant.32

The liver may be a specific target for CXCR4-express-
ing cells because of its relative abundance of CXCL12.
CXCL12, previously known as stromal derived factor-1
(SDF-1), was characterized shortly after CXCR4 was discov-
ered.35,36 Current studies demonstrate that ligand receptor
binding of CXCL12 to CXCR4 results in cell proliferation,
adhesion, and directional migration.21–23 The CXCR4/
CXCL12 axis has been implicated in the metastasis of over
20 different cancers.37 Thus, we were not surprised to iden-
tify frequent expression of CXCR4 in hepatic metastases of
both CRC and melanoma. However, chemokines and recep-
tors are typically quiescent and not expressed in many normal
tissues. In hepatic parenchymal tissues, CXCR4 gene expres-
sion levels were minimal; qRT assay of 18 benign liver
specimens demonstrated no CXCR4 expression in 15 speci-
mens and minor CXCR4 expression in 3 specimens.

Most, if not all, studies on chemokine receptors have
been conducted in murine models or as in vitro studies.
Studies that evaluate clinical specimens and provide correl-
ative outcome data are lacking. It was our aim to show the
potential translational relevance of CXCR4 expression after
the establishment of liver metastases in patients with 2 very
different cancers. Activation of CXCR4 can result in specific
interaction with other metastasis-related genes.13,38,39 Previ-
ously, we have demonstrated the significance of CXCR4 gene
expression in primary CRC.22 Here, we show that gene
expression of CXCR4 correlates with clinical outcomes in
patients with CRC or melanoma liver metastases. In CRC,
overall survival was significantly longer in patients that had
lower gene expression of CXCR4. Even when factors that
have been associated with outcomes were evaluated by mul-
tivariate analysis, CXCR4 expression remained the only sig-
nificant factor that correlated with overall survival.40–42 The
prognostic significance of CXCR4 may be explained by the
rich hepatic production of CXCL12, the specific ligand to
CXCR4. We hypothesize that activation of this receptor
continues in the liver. Therefore, cells that have higher levels
of CXCR4 may have greater potential for local growth and
invasion within the liver.

In melanoma, overall survival was prolonged in pa-
tients with lower values of CXCR4 gene expression, but the
results were not significant. We provide an explanation to
account for the lack of statistical significance in melanoma as
opposed to CRC. Melanoma metastasis to the liver has
among the worst outcomes in metastatic melanoma and
effective adjuvant treatment strategies are lacking beyond

FIGURE 5. A, Representative liver metastasis specimen dem-
onstrating strong immunoreactivity of the CXCR4 protein in
melanoma cells. B, Normal liver specimen demonstrating
minimal to absent cytoplasmic immunostaining of the
CXCR4 protein in hepatocytes (hematoxylin stain, original
magnification �400).
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surgery.26,43 Larger cohort studies may better account for
these shortcomings in melanoma treatment to delineate the
potential correlation of CXCR4 expression with disease out-
comes in metastatic melanoma. Nevertheless, our study high-
lights the need to therapeutically target this receptor to
prevent or treat liver metastases.

The data presented in this study build on the foundation
of published in vitro studies. As a translational study, it
emphasizes the significance of CR and identifies similar
expression and function of the same CR in 2 very different
types of liver metastases. These significant findings were
observed not only in vitro, but also in patients with metastatic
CRC or melanoma. Recently, specific inhibitors to CXCR4
have been effective in arresting the downstream actions of the
CXCR4 receptor.44–48 These CXCR4 antagonists have reached
phase II trials and represent a new dimension of developing
therapies to attack molecular targets of malignancies meta-
static to the liver.
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