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Clinical significance of chemokine receptor (CCR1,
CCR2 and CXCR4) expression in human myeloma cells:
the association with disease activity and survival

Multiple myeloma (MM) is a mono-
clonal B cell malignancy, arising from
a late stage differentiated B cell, shar-

ing many characteristics with immunoglobu-
lin (Ig)-secreting plasma cells. A striking fea-
ture of this disease is the accumulation of plas-
ma cells, with a low proliferative index and an
extended life span, in the bone marrow, in
close contact with stromal cells.1 The bone
marrow microenvironment plays a crucial role
in the pathogenesis of MM by influencing
tumor growth, survival, and drug resistance.2-4

Although MM cells are mainly localized in the
bone marrow during the early stages of the
disease, extramedullary growth can be
observed in more advanced stages. Several
reports also describe the presence of small
amounts of MM cells in the peripheral blood
of many patients, suggesting that these circu-
lating MM cells are responsible for tumor

spreading.5,6 

The capacity of MM cells to home to and
reside in the bone marrow implies that these
cells must be equipped with appropriate adhe-
sion molecules and chemokine receptors that
allow their migration across the vascular
endothelium and the subsequent interaction
with different stromal elements of the bone
marrow. Trafficking and homing of leukocytes
occurs by a multistep cascade, involving the
sequential and coordinated activation of
numerous adhesion and signal molecules.7,8

The expression of chemokines and the pres-
ence of specific chemokine receptors on differ-
ent leukocyte subsets control selective recruit-
ment of immune effector cells from the
peripheral circulation and homing of lympho-
cytes to the secondary lymphoid organs.9,10 The
homing process is initiated by a tethering and
rolling phase, during which lymphocytes in
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Background and Objectives. The capacity of multiple myeloma (MM) cells to home to
and reside in the bone marrow implies that they must be equipped with appropriate
adhesion molecules and chemokine receptors to allow transendothelial migration. We
and others have previously shown that human MM cells express at least three differ-
ent chemokine receptors that are functionally involved in MM cell migration, i.e. CCR1,
CCR2 and CXCR4. In this study, we analyzed the surface expression of these
chemokine receptors on primary MM cells from bone marrow samples. 

Design and Methods. Chemokine receptor expression was analyzed on bone marrow
samples from a large population of patients (n=80) by flow cytometric analysis. The
chemokine receptor expression profile was compared with clinical characteristics.
Statistical significance was evaluated by Fisher’s exact test. Survival curves were con-
structed using the Kaplan-Meier method. Cox regression analysis was used to deter-
mine the effect of chemokine receptor expression on survival. 

Results. A heterogeneous expression pattern was observed for the three receptors
tested. The chemokine receptor status (CRS) (i.e. no expression versus expression of
at least one chemokine receptor), as well as expression of individual chemokine recep-
tors was analyzed in relation to clinical and laboratory features and evaluated for prog-
nostic significance. Chemokine receptor expression was significantly inversely correlat-
ed with disease activity: patients with active disease showed a significantly lower
expression of CCR1, CCR2, as well as CXCR4 as compared to patients with non-active
disease. Furthermore, the chemokine receptor expression profile correlated with
serum b2-microglobulin, C-reactive protein and hemoglobin. CRS, and the  individual
expressions of CCR1, CCR2 and CXCR4 in diagnostic bone marrow samples (n=70)
correlated with survival. Multivariate analysis, using the Cox proportional hazard
regression model, identified CRS, along with serum b2 microglobulin, as an independ-
ent prognostic factor. 

Interpretation and Conclusions. This study indicates that the chemokine receptor
expression profile of MM cells correlates with disease status and survival of MM
patients. This observation might reflect impaired chemoattraction and retention of MM
cells within the bone marrow microenvironment, resulting in disease progression. 

Key words: multiple myeloma, homing, chemokine receptor expression, survival.

Haematologica 2006; 91:200-206

©2006 Ferrata Storti Foundation

Multiple Myeloma • Research Paper



Chemokine receptor expression in MM

haematologica/the hematology journal | 2006; 91(2) | 201 |

the blood transiently and reversibly interact with vascular
adhesion receptors (including selectins and integrins) and
sample the endothelium for activating factors (often
chemokines). On activation, a combination of additional
adhesion molecules, chemokines, and other signals will
lead to an arrest of the lymphocyte, followed by transmi-
gration across the endothelium and further migration
directed by tissue-associated chemokine gradients.11

Chemokines are a subgroup of cytokines with selective
chemoattractant properties and are classified into four
subfamilies, depending on the position of their NH2-termi-
nal cysteine residues (CXC, CC, CX, CX3C). They bind to
G-protein-coupled receptors, whose two major subfami-
lies are designated CCR and CXCR. Although many stud-
ies have been performed to elucidate the pathophysiology
of MM, the homing mechanisms of MM cells are not fully
understood. In accordance with the mechanisms used by
normal lymphocytes for trafficking and homing between
the blood and the lymphoid tissues, one can hypothesize
that MM cells also use a chemokine-mediated mechanism
for homing to the bone marrow and for remaining within
the marrow stroma.

Chemokine receptor expression in MM cells has already
been analyzed in some previous reports. MM cell lines
show a heterogeneous expression of transcripts and sur-
face protein for CCR1, CCR2, CCR3, CCR5, CCR6,
CCR10, CXCR3, CXCR4 and CXCR6.12-14 So far, surface
expression on primary MM cells from patients’ bone mar-
row samples has been confirmed for CCR1, CCR2, and
CXCR4.12, 13, 14 These last three receptors were also found to
be functional since they mediate the in vitro migration of
human MM cells to their specific ligands, ie. MCP-1 (for
CCR2), MIP-1α (for CCR1) and SDF-1 (for CXCR4).12,13

In the present study, we studied the expression of the
chemokine receptors CCR1, CCR2 and CXCR4 on pri-
mary MM cells of a large panel of MM patients and ana-
lyzed the clinical significance of this expression.

Design and Methods

Patients’ samples and clinical details
Eighty patients with MM were included in this study.

Patients were staged according to the criteria of Salmon
and Durie.15 These patients’ characteristics are shown in
Table 1. Bone marrow aspirates were obtained for routine
diagnostic or evaluation purposes after informed consent.
Parameters recorded at diagnosis were age, sex, Durie-
Salmon stage, percentage of plasma cells in the bone mar-
row, immunoglobulin (Ig) class, blood hemoglobin, serum
albumin, serum β2-microglobulin, serum C-reactive pro-
tein and deletion of chromosome 13 (del 13). The patients
were classified as having symptomatic (n=51) or non-
symptomatic (n=29) disease at the time that the bone mar-
row samples were taken, based on the criteria recently
defined by the International Myeloma Working Group.16

Flow cytometric immunophenotype studies of
chemokine receptor expression

Flow cytometry was used to analyze surface
chemokine receptor expression on primary MM cells.
The following monoclonal antibodies were used:  mouse

anti-human CCR2 (clone LS132.1D6) (IgG2a), a kind gift
from Dr. C. Clement (Millenium Pharmaceuticals,
Cambridge, MA, USA); phycoerythrin-conjugated
mouse anti-human CCR1 MoAb (clone 53504.111)
(IgG2b) and anti-human CXCR4 (clone 12G5) (IgG2a),
obtained from R&D systems (Abingdon, UK); Cy-5 con-
jugated mouse anti-human CD38 (clone HIT2) (IgG1),
from Pharmingen (Becton Dickinson, Erembodegem,
Belgium). Chemokine receptor expression on the surface
of primary MM cells was evaluated by a double-staining
procedure as described previously.12 Briefly, mononuclear
cells isolated from bone marrow samples by Ficoll gradi-
ent centrifugation, were incubated for 30 min. at 4°C
with the Cy-5 conjugated CD38 specific antibody in
combination with mouse anti-human CCR2, CXCR4,
CCR1, control mouse IgG2a or control mouse IgG2b mon-
oclonal antibody (all at 10 µg/mL). In the second step,
cells were incubated with phycoerythrin-conjugated goat
anti-mouse IgG2a/IgG2b antiserum (Southern
Biotechnology ImTec, Antwerpen, Belgium) for 30 min at
4°C. After washing, cells were resuspended in phos-
phate-buffered saline and analyzed on an EPICS XL flow
cytometer (Coulter Electronics, Analis, Namur, Belgium).
The presence of monoclonal plasma cells among the
CD38+ gated cells was checked by intracytoplasmic κ/λ
immunofluorescence using a three-color staining proce-
dure (human Igκ-fluorescein isothiocyanate and Igλ-phy-
coerythrin (Fab)2 fragments (both from Dako diagnostics,
Heverlee, Belgium). Data were analyzed using WinMDI
2.8 FACS software. To compare the fluorescence-staining
intensities of MM cells from different patients, we calcu-
lated the fluorescence intensity ratio (FIR). The FIR for a
given antigen is defined as the fluorescence intensity of
cells stained with the antigen-specific antibody, divided
by the fluorescence intensity of cells stained with the iso-
type control antibody. The fluorescence intensity was
calculated from the fluorescence histogram. As described
in a previously published study, in which phenotypic fea-
tures of MM cells were also examined in relation to dif-
ferent clinical parameters, we considered a FIR value of
more than 1.4 as positive.17

Statistics 
Statistical tests were performed using Medcalc® statisti-

Table 1. Patients’ characteristics.

Parameter n=80

Age, mean (range) 64 (35-94)
Male/female ratio 1.3/1
Immunoglobulin type

IgG 46
IgA 26
Bence Jones 7
Non-secretory 1

Bone marrow plasmacytosis (%), mean (range) 19 (2-95)
Durie and Salmon stage

Stage I 20
Stage II 23
Stage III 31
Plasma cell leukemia 6
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cal analysis software (version 7.5.0.0) for Windows. The
association between clinical and biochemical variables and
the expression of the chemokine receptors CCR1, CCR2
and CXCR4 was studied by the use of contingency tables.
Statistical significance was evaluated by the Fisher’s exact
test. Survival curves were plotted using the Kaplan-Meier
method. The statistical significance of differences in over-
all survival between groups of patients was estimated by
the log-rank test. Overall survival was defined as the time
from diagnosis until death from any cause, with those still
alive censored at the time of the last follow-up. Univariate
analyses were performed to screen for prognostic parame-
ters, by using Cox proportional hazards regression. The
Cox model was also used for multivariate analysis to
assess the independent prognostic significance of the
chemokine receptor expression profile. A p value of <0.05
was considered significant in all statistical analyses.

Results

Chemokine receptor expression by primary MM cells
Primary MM cells from the bone marrow of 80 different

patients were analyzed for the expression of the
chemokine receptors CCR1, CCR2 and CXCR4 using
flow cytometry. For all three receptors, the expression was
found to be heterogeneous. CCR1 was present in 56% of
MM patients (n=45); CCR2, and CXCR4 were present in
59% (n=47). The mean FIR for positive samples was 8.6
for CCR1, 6.6 for CCR2 and 7.1 for CXCR4. The expres-
sion level for the three chemokine receptors was unimodal
in all patients tested.

Association of chemokine receptor expression on
primary MM cells with disease activity

The expression of the chemokine receptors CCR1,
CCR2, and CXCR4 correlated with disease activity. The
percentage of MM patients expressing at least one
chemokine receptor was higher in the population with
non-active disease than among patients with active dis-
ease (p=0.0001). The chemokine receptors CCR1, CCR2
and CXCR4 were expressed in 82%, 79% and 79% of
patients with non-active disease, respectively, and in only
41%, 47% and 47% of patients with active disease
(p=0.005; p=0.03 and p=0.005 for CCR1, CCR2 and
CXCR4, respectively; Fisher’s exact test).

Association of chemokine receptor expression with clin-
ical features

Several clinical features and biological parameters were
compared in patients with and without expression of
CCR1, CCR2 and CXCR4 (Table 2). Patients were also
stratified into two groups according to their chemokine
receptor expression profile (chemokine receptor status or
CRS): one group had no chemokine receptor expression
(CRS 0) whereas the other group expressed at least one
chemokine receptor (CRS 1). For all three receptors sepa-
rately, as well as the global CRS, a significant correlation
was observed for the two groups between expression and
markers of disease activity with prognostic significance,
ie. serum β2 microglobulin (p=0.0002; p=0.0001, p=0.003

and p=0.000007 for CCR1, CCR2, CXCR4 and CRS,
respectively) and C-reactive protein levels (p=0.01; p=0.01,
p=0.0005 and p=0.01 for CCR1, CCR2, CXCR4 and CRS,
respectively). Higher levels of β2 microglobulin and C-reac-
tive protein were observed in patients without expression
of CCR1, CCR2 or CXCR4. CCR1, CCR2, and CRS, but
not CXCR4 expression correlated with hemoglobin level
(p=0.04, p=0.04 and p=0.02 for CCR1, CCR2 and CRS,
respectively). The chemokine receptor expression profile
also correlated with the presence of del 13, although this
was not statistically significant, due to a limited number of
patients in which information about del 13 was available
(n=27). The chemokine receptor expression profile did not
correlate with age, gender, stage, percentage of bone mar-
row plasmacytosis or albumin. The majority (66%) of
patients with primary plasma cell leukemia (n=6) showed
no chemokine receptor expression.

The chemokine receptor expression profile at
diagnosis correlates with survival 

We next investigated whether the expression of CCR1,
CCR2 and CXCR4 in 70 patients from whom bone mar-
row samples were taken at diagnosis was predictive of
MM outcome using the Kaplan-Meier method. These
patients represent a subset of the study population; their
characteristics are shown in Table 3. Survival probabilities
of subgroups with or without chemokine receptor expres-
sion were estimated, and then compared by the log-rank
test. When patients were stratified into two groups
according to their chemokine receptor expression profile
(CRS 0 versus CRS 1), the survival difference between the
two groups was highly significant (p<0.0001) (Figure 1).
Expression of CCR1, CCR2 or CXCR4 individually also
predicted a more favorable disease outcome (p=0.008,
p=0.0006 and p=0.004, respectively) (data not shown). We
then examined the prognostic value of serum β2

microglobulin and albumin levels at diagnosis. β2

microglobulin and albumin are factors recently used in the

Figure 1. Survival probability of MM patients according to the
chemokine receptor status. Kaplan-Meier survival curves for MM
patients with CRS 1 (corresponding to the expression of at least
one chemokine receptor) (bold line) compared with CRS 0 (corre-
sponding to the expression of no chemokine receptor). The log-
rank test revealed that MM patients with CRS 1 (bold line) had a
significantly better prognosis than those with CRS 0 (p< 0,0001).
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South West Oncology Group (SWOG)18 staging model,
which currently represents an accepted standard prognos-
tication method in MM. Using univariate Cox regression
survival analysis, serum β2 microglobulin, albumin, CRS,
as well as the expression of the chemokine receptors indi-
vidually, were identified as variables associated with dis-
ease outcome in the MM patients whose diagnostic bone
marrow samples were analyzed for chemokine receptor
expression (Table 4). Subsequently, CRS and the expres-
sion of CCR1, CCR2 and CXCR4 were included in a mul-
tivariate Cox stepwise regression model with albumin and
β2 microglobulin as covariates. Multivariable analysis

demonstrated that CRS and β2 microglobulin were inde-
pendent predictors of survival (Table 5).

The chemokine receptor status in combination with
β2 microglobulin level predicts MM disease outcome 

We generated dichotomized combination variables
based on β2 microglobulin level and CRS. MM patients
were divided into three groups and the Kaplan-Meier
method was used to construct survival curves. One group
consisted of MM patients with high β2 microglobulin/CRS
0 (n=13), the second group consisted of MM patients with
high β2 microglobulin /CRS 1 (n=23) and a third group

Table 3. Characteristics of the patients whose chemokine receptor
expression was assessed in bone marrow samples taken at diag-
nosis.

Parameter n=70

Age, 60 years or older 46/70
Male/female 1/1.1
Immunoglobulin type

IgG 43
IgA 21
Bence Jones 5
Non-secretory 1

Bone marrow plasmacytosis (%), mean (range) 24 (2-95)
β2 microglobulin, 3 mg/L or higher 34/70
Albumin below 3 g/dL 27/70

Table 4. Univariate analysis of the correlation of clinical factors
and chemokine receptor expression with survival.

Variable RR 95% CI p*

Albumin 3.22 1.28-8.08 0.01
β2 microglobulin 5.91 1.93-18 0.002
CCR1 2.95 1.12-7.76 0.03
CCR2 4.32 1.69-7.41 0.003
CRS 7.10 2.61-19 0.0001
CXCR4 3.59 1.41-9.15 0.008

CI, confidence interval; RR, risk ratio; *by the chi-squared test.

Table 2. Relationships between chemokine receptor expression and clinical parameters.

CCR1 CCR2 CXCR4 CRS 

CCR1+ CCR1- p CCR2+ CCR2- p CXCR4+ CXCR4- p CRS 0 CRS 1 p

Age
< 60 17 12 0.8 17 12 1 16 13 0.65 7 22 0.57
≥ 60 28 23 30 21 31 20 9 42

Gender
Male 24 18 1 25 17 1 22 20 0.26 6 35 0.27
Female 21 17 22 16 25 13 10 29

Stage
I-II 27 15 0.18 27 14 0.26 28 14 0.17 6 36 0.38
III-plasma cell leukemia 18 20 20 19 19 19 9 28

Hb (g/dL)
≥ 10 31 16 0.04 32 14 0.04 28 19 1 5 42 0.02
< 10 14 19 15 19 19 14 11 22

Bone marrow plasma cells (%)
< 25 30 21 0.64 30 19 0.65 31 20 0.65 7 40 0.26
≥ 25 15 14 17 14 16 13 9 24

Albumin (g/dL)
≥ 3.5 31 19 0.25 33 17 0.1 30 20 0.82 7 43 0.15
< 3.5 14 16 14 16 17 13 9 21

Deletion 13
Normal 11 8 0.47 13 6 0.26 11 6 0.72 5 7 0.18
Deletion 13 5 7 5 7 8 4 2 13

β2 microglobulin (mg/L)
< 3 31 7 0.00002 31 7 0.0001 29 9 0.003 0 38 0.00007
≥ 3 14 28 16 26 18 24 16 26

C-reactive protein (mg/dL)
< 6 33 15 0.01 34 14 0.01 36 12 0.0005 5 43 0,01
≥ 6

12 20 13 19 11 21 11 21

*By Fisher's exact test. Significant correlations (p<0.05) are in bold.
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included MM patients with low β2 microglobulin /CRS 1
(n=34). There were no MM patients with low β2

microglobulin and CRS 0. This approach allowed us to
further explore the prognostic significance of CRS in MM.
As shown in Figure 2, the dichotomized combination vari-
ables were highly predictive of MM outcome (p<0.0001;
log-rank test). In addition, based on the dichotomized
combination variables, we could separate the MM
patients further into favorable and unfavorable groups
when compared with the separation made by each vari-
able alone (CRS and β2 microglobulin).

Discussion

Chemokines and their corresponding receptors are key
mediators of lymphocyte trafficking and homing. They
are not only involved in cellular migration but mediate
retention of migrated cells in extravascular tissue-com-
partments as well. Previous reports indicated that human
MM cells express at least three different chemokine recep-
tors, i.e. CCR1, CCR2 and CXCR4.12-14 It has also been
shown that the expression of these chemokine receptors
is functional, since MM cells migrate in vitro to the follow-
ing specific ligands: RANTES and MIP-1α (for CCR1),
MCP-1, -2 and –3 (for CCR2) and SDF-1α (for CXCR4).
Moreover, the chemokines MCP-1, MCP-2, MCP-3, as
well as SDF-1 are abundantly produced by bone marrow
stromal cells, suggesting that these chemokine receptors
and their ligands are involved in the bone marrow homing
and localization of MM cells.12,13 All phenotypic and func-
tional studies of chemokine receptor expression in human
MM cells that have been reported so far were based on
human myeloma cell lines or a limited number of patients’
samples.13,14 

In this study we determined the expression of these
three chemokine receptors on MM cells in a large cohort
of patients (n=80) and analyzed this expression in relation
to disease activity and survival. Our study demonstrated
that expression of the three receptors by primary MM
cells is heterogeneous, although a majority of MM
patients were found to be positive. In addition we found
that chemokine receptor expression inversely correlates
with disease activity. Patients with active disease less fre-
quently expressed CCR1, CCR2 and CXCR4, suggesting
that chemokine receptor expression can be altered when
disease progresses. However, based on our findings it is
not possible to conclude that chemokine receptor expres-
sion changes for each patient individually when disease
becomes more active. Follow-up studies in different indi-
vidual patients during disease progression are necessary to
test this last possibility. Chemokine receptor expression
also inversely correlated with laboratory parameters (β2

microglobulin, hemoglobin and C-reactive protein). MM
patients with plasma cells negative for CCR1, CCR2 or
CXCR4 displayed higher levels of serum β2 microglobulin
and C-reactive protein. Survival analysis demonstrated
that chemokine receptor expression was also significantly
associated with better overall survival. Expression of at
least one of the three chemokine receptors (CRS 1) pre-
dicted a more favorable clinical outcome among the MM

patients whose chemokine receptor expression was
assessed in bone marrow samples taken at diagnosis. 

Because of its biological complexity, the clinical course
of MM disease is quite variable. A subset of MM patients
has a less favorable outcome. Various factors may help to
identify these patients with poor prognosis including dele-
tion of chromosome 13 and the serum parameters β2

microglobulin and albumin.19 The univariate Cox regres-
sion survival analysis demonstrated that serum β2

microglobulin and albumin, CRS and the individual
expressions of the CCR1, CCR2 and CXCR4 predicted
disease outcome in our study group. These findings allow
us to conclude that our study population is representative
for evaluating the clinical significance of chemokine
expression in MM. We also demonstrated that CRS and β2

microglobulin are statistically significant independent
prognostic factors. CRS may therefore add independent
information to standard prognostic factors.

In the present study, we observed a clear correlation
between low chemokine receptor expression and clinical
parameters related to disease activity and survival, includ-
ing high C-reactive protein and especially low albumin
and high β2 microglobulin levels. Very recently, the inter-
national staging system for myeloma based on albumin

Table 5. Multivariate analysis: results of Cox stepwise regression
analysis.

Variable HR 95% CI p*

β2 microglobulin 3.86 1.11-13.45 0.03

CRS 3.73 1.29-10.83 0.02

CI: confidence interval; HR: hazard ratio. *By chi-squared test.

Figure 2. Dichotomized combination variables of CCR2 expression
and β2-microglobulin (β2-m) level strongly predict outcome of MM.
Dichotomized variables were generated based on CRS and β2m
level. One group included MM patients with high β2m level (≥3
mg/dL) and CRS 0 (n=13), another group included MM patients
with high β2 level and CRS 1 (n=23), whereas a third group con-
sisted of MM patients with low β2m and CRS 1 (n=34). Survival
probabilities of the different groups of MM patients defined by the
dichotomized combination variables, β2m/CRS, were estimated
by the method of Kaplan-Meier. The log-rank test was used to
compare survival probabilities of the groups.
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and β2 microglobulin levels has been extensively con-
firmed and validated.20 In addition, we found that the
chemokine receptor status was an independent and addi-
tive prognostic factor that was able to identify, within the
group of patients with high β2 microglobulin, a subgroup
with a different survival probability. 

The reason why the absence of chemokine receptor
expression is associated with a decreased probability of
survival is unclear. It can be assumed that these three
receptors not only mediate the migration of MM cells to
bone marrow but that they also contribute to retaining the
tumor cells in the bone marrow microenvironment. This
means that the absence of chemokine receptor expression
could favor dissemination of MM cells in the circulation,
possibly contributing to accelerated disease progression.
In MM, malignant plasma cells can be detected in the
peripheral blood circulation and their numbers increase
during disease progression.21,22 The downregulation or
absence of chemokine receptor expression could be
involved in the (re)circulation/movement of MM cells
from medullary to extramedullary sites, as a result of
decreased retention within the bone marrow microenvi-
ronment. In this context it is important to mention that no
chemokine receptor expression could be shown in the
majority of bone marrow samples from MM patients with
primary plasma cell leukemia. A recent study indicated
that downregulation of CXCR4 on MM cells during mobi-
lization of normal hematopoietic stem cells is associated
with increased mobilization of tumor cells in the circula-
tion.23 The expression of chemokine receptors in malignant
cells has been associated with prognosis and disease dis-
semination in different tumor types. Both positive as well
as negative correlations have been reported. For example,
CXCR4 expression in early-stage non-small cell lung can-
cer is associated with a better outcome,24 while upregula-
tion of CXCR4 in breast cancer cells is associated with
tumor metastasis and more aggressive disease.25 Also in
some hematologic malignancies, a high expression of the
chemokine receptor CXCR4 is associated with reduced
overall survival as observed in acute myeloid leukemia26 or
with extramedullary organ infiltration as observed in
childhood acute lymphoblastic leukemia.27 In B-cell chron-
ic lymphocytic leukemia, the expression of CXCR4 was
found to be significantly increased in patients with lym-
phadenopathy and in patients with advanced disease.28

Absence of chemokine receptor expression on neoplastic
T-cells in mycosis fungoides is associated with metastasis
into regional lymphatic tissue.29 All these observations
illustrate that the involvement of chemokine receptors in
tumor pathogenesis is very complex and might result in
opposite effects in different tumor types.

Which mechanisms are involved in the absence or

downregulation of the chemokine receptors on MM cells
is not known. Since the genetic background of MM is very
complex and heterogeneous, some patients might lack or
lose one or more chemokine receptors due to the intrinsic
genetic profile of the tumor cells. Interestingly, it was
demonstrated very recently that DNA methylation
decreases CXCR4 expression in pancreatic cancer.30

Aberrant gene promotor methylation is also a common
phenomenon in MM, involving genes related to tumor
suppression (p15, p16), apoptosis (death-associated pro-
tein kinase) or adhesion (E-cadherin).31 It has also been
suggested that methylation patterns might be useful prog-
nostic indicators at diagnosis of MM.32 0Possibly, our obser-
vations reflect at least in part an epigenetic regulation of
chemokine receptor expression in MM. Another explana-
tion might be that the chemokine receptor profile on MM
cells is influenced by stroma-associated factors. Changes
in the composition and function of the tumor microenvi-
ronment during the course of MM might lead to
chemokine receptor loss. Since chemoattraction to and
retention in the bone marrow are essential for the
paracrine growth regulation of MM cells in the initial
phase of the disease, chemokine receptor loss at this stage
would impair optimal stroma-mediated growth support.
Subsequently, this would lead to a decrease in disease
activity. Since we observed less chemokine receptor
expression in MM patients with active disease, it could be
concluded that this downregulation is associated with a
decreased stroma-dependency of the tumor cells. 

In conclusion, we demonstrated that chemokine recep-
tor expression on malignant plasma cells is associated with
disease activity and could be of prognostic value in indi-
viduals with multiple myeloma.

IVB designed the study, interpreted all data, performed all the
statistical analyses and wrote the manuscript; XL and TF provid-
ed a major part of the patient samples and contributed substantial-
ly to the analysis of the data by providing all clinical parameters
related to disease status. Their contribution was essential for draw-
ing the general conclusions of this study; RS contributed intellectu-
ally to the statistical analysis of the data and critically revised this
manuscript; KV, BVC critically revised this manuscript and made
some conceptual suggestions; IVR is the promotor of this researh
work, contributed substantially to the conception of the manuscript
and critically revised the final version.

The authors wish to thank Nicole Arras for excellent technical
assistance and Prof. L. Kaufmann for his help with the statistical
analysis. This work was supported by grants from the Fund for
Scientific Research, Flanders (FWO-Vlaanderen), Belgium and
the International Myeloma Foundation (Brian Novis Research
Grant 1999, 2000 and 2001 to Ivan Van Riet). Karin
Vanderkerken is a post-doctoral fellow of the FWO-Vlaanderen.
The authors declare that they have no potential conflicts of interest. 

Manuscript received April 5, 2005. Accepted November 15,
2005.

References

1. Bataille R, Harousseau JL. Multiple
myeloma. N Engl J Med 1997;336:
1657-64.

2. Hallek, M, Bergsagel PL, Anderson KC.
Multiple myeloma: increasing evidence
for a multistep transformation process.
Blood 1998;91:3-21.

3. Tricot G. New insights into role of
microenvironment in multiple myelo-
ma. Lancet 2000;355:248-50.

4. Hideshima T, Chauhan D, Podar K,
Schlossman RL, Richardson P, Ander-
son KC. Novel therapies targeting the
myeloma cell and its bone marrow
microenvironment. Semin Oncol 2001;
28:607-12.

5. Witzig T, Dhodapkar M, Kyle R,

Greipp P. Quantification of circulating
peripheral blood plasma cells and their
relationship to disease activity in
patients with multiple myeloma.
Cancer 1993;72:108-13.

6. Witzig T, Gertz MA, Lust JA, Kyle RA,
O'Fallon W, Greipp P. Peripheral blood
monoclonal plasma cells as a predictor
of survival in patients with multiple
myeloma. Blood 1996;88:1780-7.



I. Van de Broek et al.

| 206 | haematologica/the hematology journal | 2006; 91(2)

7. Springer TA. Traffic signals for lym-
phocyte recirculation and leukocyte
emigration: the multistep paradigm.
Cell 1994;76:301-14.

8. Butcher EC, Picker LJ. Lymphocyte
homing and homeostasis. Science
1996;272:60-6.

9. Baggiolini M. Chemokines and leuko-
cyte traffic. Nature 1998;392:565-8.

10. Nelson PJ, Krensky AM. Chemokines,
lymphocytes and viruses: what goes
around, comes around. Curr Opin
Immunol 1998;10:265-70.

11. Butcher EC, Williams M, Youngman K,
Rott L, Briskin M. Lymphocyte traf-
ficking and regional immunity. Adv
Immunol 1999;72:209-53.

12. Van de Broek I, Asosingh K, Vander-
kerken K, Straetmans N, Van Camp B,
Van Riet I. Chemokine receptor CCR2
is expressed by human multiple
myeloma cells and mediates migration
to bone marrow stromal cell-produced
monocyte chemotactic proteins MCP-
1, -2 and -3. Br J Cancer 2003;88:855-
62.

13. Moller C, Stromberg T, Juremalm M,
Nilsson K, Nilsson G. Expression and
function of chemokine receptors in
human multiple myeloma. Leukemia
2003;17:203-10.

14. 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 recruit-
ment to target tissues. J Immunol
2003;170:1136-40.

15. Durie BGM, Salmon SE. A clinical
staging system for multiple myeloma:
correlation of measured myeloma cell 

mass with presenting clinical features,
response to treatment and survival.
Cancer 1975;36:842-54.

16. International Myeloma Working
Group. Criteria for the classification of
monoclonal gammopathies, multiple
myeloma and related disorders: a

report of the International Myeloma
Working Group. Br J Haematol 2003;
121:749-57.

17. Pellat-Deceunynck C, Bataille R, Ro-
billard N, Harousseau JL, Rapp MJ,
Juge-Morineau N, et al. Expression of
CD28 and CD40 in human myeloma
cells: a comparative study with normal
plasma cells. Blood 1994;84:2597-603.

18. Jacobson JL, Hussein MA, Barlogie B,
Durie BG, Crowley JJ; Southwest
Oncology Group. A new staging sys-
tem for multiple myeloma patients
based on the Southwest Oncology
Group (SWOG) experience. Br J
Haematol 2003;122:441-50.

19. Durie BG, Kyle RA, Belch A, Bensinger
W, Blade J, Boccadoro M, et al.
Scientific Advisors of the International
Myeloma Foundation. Myeloma man-
agement guidelines: a consensus
report from the Scientific Advisors of
the International Myeloma Founda-
tion. Hematol J 2003;4:379-98.

20. Greipp PR, San Miguel J, Durie BG,
Crowley JJ, Barlogie B, Blade J, et al.
International staging system for multi-
ple myeloma. J Clin Oncol 2005; 23:
3412-20.

21. Rawstron AC, Owen RG, Davies FE,
Johnson RJ, Jones RA, Richards SJ, et
al. Circulating plasma cells in multiple
myeloma: characterization and corre-
lation with disease stage. Br J
Haematol 1997;97:46-55.

22. Kumar S, Rajkumar SV, Greipp PR,
Witzig TE. Cell proliferation of myelo-
ma plasma cells: comparison of the
blood and marrow compartments. Am
J Hematol 2004;77:7-11.

23. Gazitt Y, Akay C. Mobilization of
myeloma cells involves SDF-1/CXCR4
signaling and downregulation of VLA-
4. Stem Cells 2004;22:65-73.

24. Spano JP, Andre F, Morat L, Sabatier L,
Besse B, Combadiere C, et al. Chemo-
kine receptor CXCR4 and early-stage
non-small cell lung cancer: pattern of

expression and correlation with out-
come. Ann Oncol 2004; 15:613-7.

25. Benovic JL, Marchese A. A new key in
breast cancer metastasis. Cancer Cell
2004;6:429-30.

26. Rombouts EJ, Pavic B, Lowenberg B,
Ploemacher RE. Relation between
CXCR-4 expression, Flt3 mutations,
and unfavorable prognosis of adult
acute myeloid leukemia. Blood 2004;
104:550-7.

27 Crazzolara R, Kreczy A, Mann G,
Heitger A, Eibl G, Fink FM, et al. High
expression of the chemokine receptor
CXCR4 predicts extramedullary organ
infiltration in childhood acute lym-
phoblastic leukaemia. Br J Haematol
2001;115:545-53.

28. Ghobrial IM, Bone ND, Stenson MJ,
Novak A, Hedin KE, Kay NE, et al.
Expression of the chemokine receptors
CXCR4 and CCR7 and disease pro-
gression in B-cell chronic lymphocytic
leukemia/small lymphocytic lym-
phoma. Mayo Clin Proc 2004;79:318-
25.

29. Kallinich T, Muche JM, Qin S, Sterry
W, Audring H, Kroczek RA. Chemo-
kine receptor expression on neoplastic
and reactive T cells in the skin at dif-
ferent stages of mycosis fungoides. J
Invest Dermatol 2003;121: 1045-5.

30. Sato N, Matsubayashi H, Fukushima
N, Goggins M. The chemokine recep-
tor CXCR4 is regulated by DNA
methylation in pancreatic cancer.
Cancer Biol Ther 2005;4:70-6. 

31. Chim CS, Wong SY, Kwong YL.
Aberrant gene promoter methylation
in acute promyelocytic leukaemia:
profile and prognostic significance. Br J
Haematol 2003;122:571-8.

32. Galm O, Wilop S, Reichelt J, Jost E,
Gehbauer G, Herman JG, Osieka R.
DNA methylation changes in multiple
myeloma. Leukemia. 2004;18:1687-92.




