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Abstract

Background: CXCR4 chemokine receptor is constitutively expressed on normal and malignant B lymphocytes derived from
patients with B-cell lymphoproliferative disorders and has a significant role in cell migration to lymph nodes and bone
marrow. Non-Hodgkin’s lymphomas (NHL) constitute a heterogeneous group of lymphoproliferative diseases, which can
localize not only to lymph nodes, but also can migrate to peripheral blood and metastase to other organs, including bone
marrow.

Aim: The purpose of this study was to determine CXCR4 gene expression in peripheral blood and bone marrow of NHL
patients before and after treatment.

Methods: Samples of lymphoma lymph nodes, peripheral blood and bone marrow aspirates of patients with B-cell NHL
were taken at diagnosis and after chemotherapy. Gene expression was determined by the reverse transcription (RT)-
polymerase chain reaction method. Expression was estimated from 0 AU (no amplificate signal) to 3 AU (maximal
amplificate signal).

Results: No significant difference in the level of CXCR4 expression was found in reactive lymph nodes compared to
lymphoma samples We observed high level of CXCR4 expression in most patients before treatment: in bone marrow: 3 AU-
10 pts, 2 AU-8 pts, 1 AU-2 pts. In peripheral blood: 3 AU-14 pts, 2 AU-4 pts, T AU-1 pts, 0 AU-1 pts. After chemotherapy,
significant decrease in CXCR4 expression was observed. Bone marrow: 3 AU-5 pts, 2 AU-7 pts, 1 AU-5 pts, 0 AU-3 pts
(p=0.03). Peripheral blood: 3 AU-2 pts, 2 AU-6 pts, 1 AU-10 pts, 0 AU-2 pts (p =0.0002). There was a good response to
treatment in patients with significant decrease of CXCR4 expression in the bone marrow after treatment with 10-fold lower
risk of death (p=0.03).

Conclusions: Decrease in CXCR4 expression in the bone marrow of NHL patients after chemotherapy may be a good
prognostic factor.
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Introduction

Chemokines and their receptors have shown to be involved in
cancer progression. CXCR4 chemokine receptor is widely
expressed in normal tissues and plays an important role in
development, mobilisation of haematopoietic stem cells, and
trafficking of lymphocytes [1]. CXCR4 is constitutively expressed
on normal and malignant B lymphocytes derived from patients
with B-cell lymphoproliferative disorders and has significant role in
cell migration to lymph nodes and bone marrow [2]. CXCR4 and
its ligand CXCL12 play an important role in promotion of tumor

PLOS ONE | www.plosone.org

growth in Ewing sarcoma [3] and mediate metastasis in ovarian,
prostate and breast cancer [4-6]. Miiller et al. showed lack of
CXCR4 expression in normal breast tissue, whereas the same
tumor-changed tissue was characterized by high expression of this
receptor [7]. Kato et al. in his study observed a correlation
between the expression of CXCR#4 and the extent of metastasis of
breast cancer to lymph nodes [6]. The role of CXCR4/CXCL12
axis has been proved also in hematopoietic neoplasms, such as
acute lymphoblastic leukemia (ALL) [8,9], acute myeloid leukemia
(AML) [10], chronic lymphocytic leukemia (CLL), multiple
myeloma (MM) and Waldenstréom Macroglobulinemia (WM) [11].
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Non-Hodgkin’s lymphomas (NHL) constitute a heterogeneous
group of lymphoproliferative diseases, with different presenting
features, clinical course and response to treatment. In Western
countries majority of NHL’s are B-cell origin. Lymphoma cells can
localize not only to lymph nodes, but also can migrate to
peripheral blood and metastase to other organs, including bone
marrow.

The purpose of this study was to determine CXCR4 gene
expression in lymphoma infiltrated lymph nodes in comparison to
reactive lymph nodes. Also expression of CXCR4 was measured in
peripheral blood and bone marrow of non-Hodgkin’s lymphoma
patients before and after treatment.

Materials and Methods

Ethics statement

The study was approved by the institutional review board of
Wroclaw Medical University. Written informed consent was
obtained from the patients before obtaining samples for this study.

Lymph nodes

Chemokine gene expression was evaluated in 26 lymphoma
lymph nodes taken from newly diagnosed patients (12 women, 14
men, aged 26-81 years; median age 57) before treatment. As a
control group, 25 samples of reactive lymph nodes (taken from 15
women and 10 men, aged 18-59; median age 32) were also
evaluated for chemokine gene expression Table 1. Clinical staging
of lymphomas was performed according to Ann-Arbour classifi-
cation: there were 5 patients in II stage of disease, 10 patients in III
stage, and 11 patients in IV stage of the disease. There were ten
patients with lymphomatous bone marrow infiltration. The risk
groups according to international prognostic index (IPI) were as
follows: low risk (IPI 1) - seven patients, low-intermediate (IPI-2) in
fifteen patients and high-intermediate risk (IPI-3) in four lympho-
ma patients.

All patients after diagnosis have been treated with immunoche-
motherapy: indolent lymphomas with R-CVP and aggressive
lymphomas with R-CHOP regimen.

Samples of the studied lymphomas (26) and reactive lymph
node tissues (25) were divided into two parts. One was fixed in
10% buffered formalin and then embedded in paraffin. Sections
were stained with hematoxylin and eosin and evaluated histo-
pathologically. The second parts of the lymph nodes, used for gene

Table 1. Patient characteristics.
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expression analysis, were snap frozen in liquid nitrogen and stored

at —70°C.

Isolation of mononuclear cells from peripheral blood and
bone marrow

Peripheral blood and bone marrow were diluted twice using
RPMI 1640 culture fluid or Hanks liquid and then overlaid on a
single density gradient (density: 1.077 g/ml, Lymphoprep, Ny-
comed, Oslo, Norway). Cells were centrifuged at 400 g for 30 min
at 20°C. Mononuclear cells, located in the intermediate layer
between Lymphoprep and plasma, were collected with a pipette.
The cell suspension was centrifuged twice (200 g, 10 min, 4°C) for
the first time in RPMI 1640 culture liquid, the second time in PBS
without calcium and magnesium ion-PBS (Ca”* Mg?". The
density of the resulting suspension of mononuclear cells in the fluid
were determined in a Turk liquid, in Burker chamber.

Chemokine gene expression analysis

Total RNA was extracted from the frozen tissue samples using
Trizol reagent (Invitrogen Corp., Carlsbad, CA, USA). The
amount of isolated total RNA was estimated quantitatively by
spectrophotometric measurement and qualitatively by electro-
phoretical view. First-strand cDNA was synthesized using First-
Strand Synthesis System (Stratagene, La Jolla, CA, USA)
according to the manufacturer’s specifications. cDNA used for
PCR was standardized toward to b-actin mRNA. Briefly, b-actin
was initially amplified and quantified with serial dilutions of cDNA
from each sample. CXCR4 was then amplified in each sample
containing identical amounts of b-actin mRNA. Gene expression
was estimated in arbitrary units (AU) using a 0 to 3 point AU scale.
High expression was defined as an AU of 2 or 3. PCR was
conducted using primer pairs for CXCR4 (sense GAC CGC TAC
CTG GCC ATC, antisense GGC AGC CAA CAG GCG AAG A,
345 bp).

Amplification was performed in a MJ Research PTC-200
Peltier thermal cycler DNA engine (M] Research Inc, Watertown,
MA, USA). The PCR conditions were 35 cycles at 95°C for 30
seconds, and 72°C for 30 seconds, followed by final extension at
72°C for ten minutes. The size of PCR products was determined
by agarose gel electrophoresis.

Lymphoma type No. of patients Sex (F/M) Median age (range) years
B-cell lymphomas 26 12/14 57 (26-81)

FL 7

MCL 4

SLL 4

DLBCL 4

MZL 3

BL 2

MM 1

HCL 1

doi:10.1371/journal.pone.0098194.t001
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FL — follicular lymphoma; MCL — mantle cell lymphoma;SLL — small lymphocytic lymphoma; DLBCL — diffuse large B-cell ymphoma; MZL — marginal zone
lymphoma; BL — Burkitt lymphoma;MM — multiple myeloma; HCL — hairy cell leukemia;
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Semi-quantitative analysis of agarose gel electrophoresis

Comparative semi-quantitative analysis of the degree of bands
saturation was performed using densitometric method with a gel
documentation system Gel-Doc (Bio-Rad) and computer program
Quantity One (Bio-Rad) for 1-D analyzing. Assuming conven-
tional units [AU - arbitrary units], depending on the band
saturation, patients were divided into four groups with the
expression of CXCR4 expressed in value from 0 to 3.

Statistical analyses

Univariate analyses were performed using Fisher’s exact test or
chi-square test. To determine significant differences in the receptor
expression intensity with different dependent variables logistic
regression with backward elimination method and the maximum
likelihood criterion were used. In order to determine the
significance of differences in the level of receptor expression
before and after treatment a non-parametric Wilcoxon test of two
dependent samples was applied. The survival analysis was
performed using Cox proportional hazards model and cumulative
survival was analyzed via Kaplan—-Meier plots. Probability values
<<0.05 were considered statistically significant and those between
0.05 and 0.1 as indicative of a trend. Statistical analysis was
performed using Statistica for Windows (version 7.0) software (Sta-

Soft Inc., Tulsa, OK, USA).

Results

CXCR4 gene expression in lymph nodes before treatment

Lymph nodes. In 46 out of 51 analyzed node homogenates
(lymphoma and reactive lymph nodes) high CXCR#4 expression
was observed (Figure 1). No significant differences in the level of
expression of this gene was found in reactive lymph nodes
comparing to the lymphoma samples. Low CXCR4 gene
expression was demonstrated only in 3 cases of lymphomatous
lymph nodes. This frequency was comparable to that observed in
the reactive nodes. Lymph nodes of patients with B-cell NHL with
reduced (0 or 1 AU) expression of CXCR#4 gene derived from
patients with hairy cell leukemia, multiple myeloma and one
patient with mantle cell lymphoma.

CXCR4 gene expression in peripheral blood and bone
marrow before and after treatment

Samples of peripheral blood and bone marrow aspirates of 20
patients (9 females, 11 males; aged 26-73, median age 57 years)
with B-cell NHL (7 follicular lymphoma, 4 mantle cell lymphoma,
3 small lymphocytic lymphoma, 3 marginal zone lymphoma, 2
diffuse large B-cell lymphoma, 1 Burkitt lymphoma) were taken at
diagnosis and after completed chemotherapy.

Most untreated patients presented with high CXCR4 expres-
sion levels in peripheral blood and bone marrow. It was
comparable to the expression level observed in lymph nodes
(Figure 2). The presence of lymphomatous bone marrow
involvement was correlated with higher CXCR4 expression in
the bone marrow before chemotherapy (p = 0.04).

It was observed that after effective treatment the strength of
gene expression in both the bone marrow (p=0.03) and
peripheral blood (p=0.0002) of patients with non-Hodgkin B-
cell lymphomas was significantly reduced. Before treatment,
CXCR4 gene expression at the level of 3 AU was observed in 9 of
the bone marrow samples tested, and at 2 AU and less in 11
samples.

After treatment decreased expression of the gene was observed
in 15 analyzed samples, which represent 75% of the cases. The
largest decrease was observed in lymphomas of germinal centers.
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In patients with decreased CXCR4 expression after treatment in
the bone marrow there was high rate of complete remissions, in
contrast to those without decreased expression (Table 2).

The most important finding was the influence of decreased
CXCR4 gene expression in bone marrow after treatment on
patients’ response to therapy and survival. Before treatment, the
level of CXCR4 gene expression in the bone marrow was high.
Pre-treatment CXCR4 expression level was not correlated with
patients’ outcome. In some patients after treatment the expression
of this receptor in the bone marrow was significantly lower. The
group of these patients responded very well to therapy and had
significantly better prognosis of survival. Reduced expression of
CXCR4 in the bone marrow after treatment resulted in about a
10-fold decrease in the risk of death (p =0.03). Figure 3.

Discussion

CXCR4 receptor belongs to the family of G protein and it is
constitutively expressed on normal and pathological B cells derived
from patients with various B-cell neoplasms [4,12,13]. In the
present study, we observed characteristic constellation of CXCR4
expression, which was increased in B cell lymphomas, as well as in
reactive lymph nodes. Higher expression in reactive lymph nodes
appears to be linked with an increase population of B-cells in
inflammatory tissue.

CXCR# and its ligand CXCL12 are important in the migration
of cells to the lymph nodes in acute lymphoblastic leukemia and
chronic lymphocytic leukemia [8,9,14,15], they are also an
important factor for migration of myeloma cells to the bone
marrow [16-17]. In follicular lymphoma, CXCLI2 enhances
lymphoma cell movement [18-19]. Expression of CXCR4 and
CXCL12 occurs commonly in normal tissues and plays a
fundamental role in fetal development and the mobilization of
hematopoietic cells and circulating naive lymphocytes [20].
Romboutus et al. demonstrated that CXCL12/CXCR4 may play
an important role in the regulation of leukemic cells in acute
myeloid leukemia and its increased expression is generally
associated with a worse prognosis [21]. Other studies demonstrat-
ed, that downregulation of CXCR4 after CXCLI2 binding
resulted in strong inhibition of ALL cell line homing to the bone
marrow [8].

In the present study, we showed expression of CXCR4 in
almost all lymphoid tissues. Corcione et al demonstrated for the
first time i vitro migration of malignant B cells in patients with
follicular lymphoma in response to CXCL12 [12]. Other studies
have shown that binding of CXCLI12 to CXCR4 in mantle cell
lymphoma promotes the migration of the cells and is associated
with an invasive disease [4]. In our study there was no difference in
the expression of CXCR4 between the group of aggressive and
indolent B-cell lymphomas, which confirms wide dissemination of
the CXCR4 receptor on B lineage cells.

Wong et al analyzed the expression of chemokine receptors in
various lymphoproliferative disorders. They demonstrated a
significantly lower level of CXCR4 expression in follicular
lymphoma, in contrast to B-CLL, which was characterized by
the high expression of that receptor [22]. The results obtained
from studies of other groups illustrated higher expression of
CXCR4 in B cell tumors with metastatic nodal involvement (CLL,
MCL) than in tumors with limited location [5]. This observation
would suggest that the CXCR4 receptor is responsible for nodal
invasion. Another group found that CXCR4 expression was
positive in all the analyzed cases of lymphomas, however,
considerably higher in e MCL, B-CLL and HCL [14].
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Figure 1. Expression of CXCR4 receptor gene in homogenates of lymphoma and reactive lymph nodes. Specific colors highlight

histological types of lymphoma, (AU -arbitrary units)
doi:10.1371/journal.pone.0098194.g001

We showed that the average expression of CXCR4 in reactive
lymph nodes is similar to that of the B-cell lymphoma nodes [23].
Helbig et al observed, that the nuclear factor NF-kB acts as an
inducer of the expression of CXCR#4 on the cell surface [24]. On
the other hand it is known, that inflammatory cytokines (such as
interleukin-1, interleukin-8, tumor necrosis factor) are potent
inducers of NF-xB. This relationship may explain the relatively
high expression of CXCR4 in reactive lymphoid tissue in our
study.

We noticed that pretreatment bone marrow CXCR# expression
was correlated with bone marrow involvement. The same results
had Deutsch et al, who also found this relationship [25]. But the
most important results of our study showed, that lower expression
of CXCR#4 in the bone marrow after chemotherapy significantly
influenced good response to therapy and longer survival. There
are not many reports regarding expression of this receptor in bone
marrow and peripheral blood of lymphoma patients. In the study
of Mancuso et al. CXCR4 expression was analyzed in the bone
marrow and peripheral blood of different non-Hodgkin lymphoma
subtypes [26]. They noticed significant lower expression of
CXCR#4 in Waldenstrom Macroglobulinemia (WM) in compar-
ison to other lymphomas. They did not show differences in
CXCR4 i the bone marrow and peripheral blood between
lymphoma types. Authors suggested the role of CXCR4 in
hematogenous lymphoma dissemination. They observed lower
CXCR#4 expression in patients with diseases where circulating
lymphoma B-cells are found less frequently (diffuse large B-cell
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lymphoma or WM) [11]. Higher expression was found in
lymphomas with tendency to circulate in peripheral blood (chronic
lymphocytic leukemia or follicular lymphoma) [24]. Deutsch et al.
found CXCR4 expression in nodal marginal B-cell lymphomas
and nodal diffuse large B-cell lymphomas, but not at extranodal
manifestation sites [25]. Also in the present study we observed
higher CXCR4 expression in follicular lymphomas, small B-cell
lymphomas and mantle cell lymphomas, which have predisposi-
tion to spread into the blood.

The most significant finding of our study was the impact of
decreased CXCR4 expression in the bone marrow after treatment
on patients’ survival. Patients with decreased expression had
significantly longer survival compared to patients with higher
expression.

Role of CXCR4 in metastatic process has been analyzed in
many cancers [25,27-28]. On the other side we know, that its
expression occurs commonly in normal tissues and plays a
fundamental role in lymphocyte circulation [20,26,29]. But we
still do not know what is the role of microenvironment in
supporting cancer progression. It is known, that CXCR4
expression can be enhanced by additional factors, such as hipoxia,
wich up-regulates CXCR4 expression on cancer cells [30]. Basing
on our results it is difficult to decide, if highly expressed CXCR4
reflects lymphoma tumor burden or mirrors the role of host
immune cells. Once we showed, that in our lymphoma samples
before therapy CXCR4 expression was high and it was
comparable to CXCR#4 expression in reactive lymph nodes, it
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Figure 2. Expression of CXCR4 receptor gene in the bone marrow and blood of NHL patients. Expression before treatment and after

treatment (arbitrary units - AU).

doi:10.1371/journal.pone.0098194.9002

can be determined with a large probability that this chemokine
receptor is expressed by host microenvironment cells. No differ in
the CXCR4 expression between normal lymphocytes and cancer

cells shows, that the change in chemokine receptor expression

changes.

should not reflect what is the proportion between normal
lymphocytes and lymphoma cells, but rather be a reflection of
microenvironmental regulation.

Table 2. Response evaluation and re-staging of lymphoma patients after therapy in relation to bone marrow CXCR4 expression

Patients with decrease of CXCR4 expression in

the bone marrow (n=15)

Patients with increase or no changes in CXCR4
expression in the bone marrow (n=5)

Response evaluation after therapy

Complete remission 1 0
Partial response 4 1
Stable disease 2
Progressive disease 0 2
Re-staging after treatment according

to Ann-Arbour

No evidence of disease 1 0
| 4 0
Il 0 0
n 0 1
v 0 4

doi:10.1371/journal.pone.0098194.t002
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Patients with no decrease in bone marrow CXCRJ expression after chemotherapy

Patients with decrease in bone marrow CXCR4 expression after chemotherapy
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Figure 3. The cumulative proportion of patients’ survival.
Kaplan-Meier survival of B-NHL patients with the following levels of
CXCR4 expression in bone marrow after treatment: there was no
decrease — blue line, there was a decrease of CXCR4 expression — red
dashed.

doi:10.1371/journal.pone.0098194.g003

Protection from apoptosis and chemoresistance mediated by
microenvironment and CXCR4/CXCL12 axis is well known in
ALL or CLL, but not known yet in other NHL subtypes. In recent
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paper of Beider et al. again CXCR4 expression has been
confirmed on lymphoma cells deriving from bone marrow biopsies
[31]. Authors proved CXCR4 role in NHL progression and
demonstrated, that using CXCR4-antagonist (BKT140) has
potent anti-lymphoma activity, by induction of apoptosis. This
observation would be indirectly in line with our results - we
showed, that after successful treatment expression of CXCR4
decreased dramatically and it had potent impact on patients’
survival. Beider et al. also showed role of CXCR4/CXCL12 axis
in specific migration of lymphoma cells to the bone marrow and
lymphoma cell protection from immunotherapy with monoclonal
antibody against CD20 - rituximab [31]. These observations
support our finding that decreased CXCR4 expression in the bone
marrow after treatment increased survival compared to patients
with higher expression. Decreased CXCR4 resulted in disrupt
lymphoma and host bone marrow-derived stromal cells CXCR4/
CXCL12 axis, what resulted in stroma-induced protection from
immunotherapy infringement.

Taken together, a decrease in CXCR4 expression in the bone
marrow of B-NHL patients after chemotherapy may be a good
prognostic factor. These data require further evaluation on bigger
and more homogenous group of lymphoma samples.
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