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Abstract: Background/Aims: Background/Aims: The expression of chemokines is altered in chronic lymphocytic
leukemia (CLL) due to inactivation of the tumor suppressor genes or constitutive activation of the oncogenes.The
aim of this study was to measure plasma levels of chemokines CXCL9,10, 11 and 12 in CLL and relate that, if any,
with abnormal immunophenotype considered with bad prognosis. Methods: Plasma from 40 CLL patients and 20
healthy age and gender-matched controls were analyzed for CXCL 9, 10, 11 and 12 by enzyme-linked
immunosorbent assay. Results: CXCL11 and 12 plasma concentrations were significantly higher in CLL patients
compared to controls (P=0.013 and 0.0015) respectively. CLL patients with higher CXCL11 or 12 levels (median
>128.4, 1006.65 pg/mL respectively) before treatment had worse prognosis for overall survival (OS) (P = 0.0342,
0.0229). Conclusion: High plasma levels of CXCL11 and 12, is associated with high grade CLL leukemia and may
be useful as a predictive indicator for OS.
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to the CLL cells(11,12). Now, novel strategies being
undertaken to disrupt stroma-mediated survival
signals as part of a new therapeutic approach in
CLL(13).
In the current study, we measured plasma levels
of CXCL9, 10, 11 and 12 in CLL patients and healthy
controls and monitored their OS to determine their
potential role as a predictive indicator for CLL
patients.

1. Introduction
Although improvement in survival of CLL
patients after administering combination of chemoimmunotherapy regimens, the disease remains
incurable with residual malignant cells remaining in
the bone marrow and lymph nodes(1,2). Chemokines
play an important role in the evolution of cancers as
they are involved in tumor growth, angiogenesis,
metastasis and immune evasion(3). Also, the
expression of chemokines and their receptors is
altered in many malignancies and subsequently leads
to aberrant chemokine receptor signaling. This
alteration occurs due to inactivation of the tumor
suppressor genes or constitutive activation of the
oncogenes that play a role in the regulation of the
chemokines. Deregulated expression of the
transcription factors affect the levels of chemokines
and promote tumor genesis(4,5).
In CLL patients stromal cells in the bone marrow
and lymph nodes secrete chemokines such as CXCL
9, CXCL 10, CXCL 11, CXCL12, CXCL13, which
bind to a variety of corresponding receptors on the
CLL cell surface(6-8). These interactions lead to CLL
cell chemotaxis into the tissue microenvironments,
where the malignant cells are then subject to survival
and proliferation signals through the cell receptor and
other pathways(9,10). Once in the tissues, CLL cells are
surrounded by a supportive microenvironment that
includes cells expressing CD40L, fibronectin, and
vascular adhesion molecule 1 (VCAM-1), all of which
provide additional survival and anti-apoptotic signals

2. Methods
This prospective study was conducted in Tanta
University Hospital from March 2011 to December
2014. Following approval of Local Research and
Ethics Committee and obtaining written informed
consent, forty CLL patients and twenty healthy
controls were prospectively enrolled in the study.
CLL was diagnosed according the diagnostic
criteria for CLL defined by the National Cancer
Institute (NCI) and International Workshop on CLL
(IWCLL) & Scoring System for Diagnosis of CLL(1416)
.Patients were staged according to Rai’s staging
system(17). National Cancer Institute-Working Group
(NCI-WG) revised criteria were used to define the
response to chemotherapy (18).Patient' samples used for
this study were collected after diagnosis but prior to
treatment initiation. Full history talking, complete
physical
examination,
routine
laboratory
investigations were done for all patients
Peripheral blood sample was collected into
ethylene diamine tetra-acetic acid (EDTA) tube by
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venipuncture, and plasma was separated after
centrifuge and subsequently stored at -80°C. Plasma
levels of CXCL9, CXCL10, CXCL11 and CXCL12
were determined using commercially available ELISA
kits provided by Abcam (USA) according to
manufacture instructions (catalog numbers ab119588,
ab83700, ab100580 and ab100637 respectively). The
kits are sandwich enzyme linked immunosorbant
assay. The sample were done in duplicate and
compared to standard curve. Complete blood count
(CBC) was done using Sysmex XT- 1800i (Sysmex,
Japan).Another portion of blood was centrifuged and
serum stored at -80 °C until it was needed for routine
testing of renal and liver function tests, lactate
dehydrogenase (LDH) and β2-microglobulin.
Routine immunophenotyping was done for CLL
cases using FACS Calibur flow cytometry and Cell
Qust Pro software (BD, USA). Panel of labeled
monoclonal antibodies were used. FITC- conjugated
CD20, CD38, CD5, FMC7, CD3, and kappa light
chain and PE-conjugated CD23, ZAP-70, CD79b,
CD10, CD19 and Lambda light chain. The ZAP-70
tube was permeabilised before adding the monoclonal
antibodies. All reagents (monoclonal antibodies,
lysing solution and permeabilising solution) were
provided by BD. Patients with <30% of the clone
expressing CD38 were considered CD38 negative, and
those with ≥30% of the clone expressing CD38 as
CD38 positive, but as regards to ZAP-70, patients
were considered ZAP-70 positive when 20% or more
of their CD19+ cells expressed ZAP-70(19) as shown in
(Figure 1).
The standard protocol chemotherapy for CLL
which used in this study was FCR (cyclophosphamide,
fludarabine, rituximab)(20)but in frail patients with
significant comorbidities not able to tolerate purine
analogs, we used chlorambucil(21).
The collected data were analyzed using SPSS
version 17 software (SPSS Inc, Chicago, ILL
Company). Comparison of continuous data between
two groups was made by using Mann-Whitney test for
non-parametric data. Survival analysis was done using
Kaplan-Meier method and comparison between two
survival curves was done using log-rank test. The
accepted level of significance in this work was stated
at 0.05 (P ≤ 0.05 was considered significant).
3. Results
Forty CLL patients were recruited in this study.
There were 24 men (60%) and 16 women (40%). At
the time of diagnosis, patient ages ranged from 38 to
73 years (mean 54±10.66 years) (median 53.5 years).
The mean ± SD for hemoglobin, total leucocyctic
count, platelets and β-2 microglobulin for CLL
patients were (9.08±1.91 gm/dl), (91.6±86.99 x109/L),
(249.73±129.82 x109/L) and (3.79±2.47 mg/L)
respectively. The demographic, clinical and laboratory

data of CLL patients are shown in (Table 1).
All patients received treatment either due to high
grade disease (III and IV) or grade II with indications
to start therapy (two patients with autoimmune
thrombocytopenia and autoimmune hemolytic anemia
not respond to corticosteroids, five patients with B
symptoms and the remaining seven patients had high
total lucocyctic count with lymphocyte doubling time
less than 6 months).
Plasma levels for all 4 chemokines (CXCL9-12)
were greater in CLL patients when compared with the
age and sex-matched healthy subjects. However only
plasma levels of CXCL11, CXCL12 were
significantly higher (P =0.013, 0.0015 respectively)
(Table 2).
Our study showed that CD38 or ZAP-70 positive
patients were (13/40) (32.5%), while the percent was
30% (12/40) for patients who were both CD38 and
ZAP-70 positive. Analysis of CD38, ZAP-70 and the
line of treatment as independent variables for disease
outcome (OS) showed that OS significantly decreased
only in truly positive ZAP-70 (Table 3, Figure 2).
Also, CLL patient's chemokine levels were analyzed
as independent variables for disease outcome (OS).
CLL patients were divided into 2 categories for each
plasma cytokine: those with levels above and below
the median. CXCL11 and CXCL12 levels were
independently associated with shorter survival (Table
4, Figure 3). Comparison between chemokines
(CXCL11 and CXCL12) in patients with CD38 or
ZAP-70 positive patients (14 patients) and others with
CD38 and ZAP-70 negative (26 patients) showed
significantly higher levels in patients with CD38 or
ZAP-70 positive (Table 5).
4. Discussion
Our study demonstrated elevated plasma levels
of CXCL9-12 in CLL patients compared to age and
gender matched control group however, only CXCL11,
CXCL12 levels were significant.. Although elevated
plasma levels of CXCL 9 and 11 in CLL patients were
shown previously(22), nevertheless, this is the first
demonstration, for our knowledge, that CXCL12
exists at higher levels in CLL plasma, suggesting new
molecules that can predict disease progress.
Chemokines and their receptors organize the
recruitment and positioning of cells at each stage of
the immune response, a system critically dependent
upon coordination to get the right cells to the right
place at the right time. Chemokine receptors expressed
on CLL cells are thought to function in a similar
fashion, regulating the trafficking of the leukemia
cells between blood, lymphoid organs, and the bone
marrow, and within sub compartments within these
tissues, in concert with adhesion molecules and other
guidance cues(7).
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Table 1: Demographic, clinical and laboratory characteristics of CLL patients.
variable
Female
Sex
Male
Negative
B symptoms
Positive
Negative
Lymphadenopathy
Positive
Negative
Splenomegaly
Positive
1
Performance status
2
Stage II
Rai Stage
Stage III
Stage IV
Normal
Lactate dehydrogenase (LDH)
High
Negative
ZAP-70
Positive
Negative
CD38
Positive
FCR(Fludarabin+ Cyclophosphamide + Rituximab)
Line of treatment
Chlorambucil
Complete remission (CR)
Treatment response
Partial remission (PR)
Progressive disease (PD)
Survival
Fate of the patients
Non survival

N.
16
24
25
15
15
25
14
26
23
17
14
17
9
24
16
27
13
27
13
29
11
18
14
8
33
7

%
40.00
60.00
62.50
37.50
37.50
62.50
35.00
65.00
57.50
42.50
35.00
42.50
22.50
60.00
40.00
67.50
32.50
67.50
32.50
72.5
27.5
45
35
20
82.50
17.50

Table 2:Plasma chemokines level in CLL patients versus healthy control (pg/mL).
Variables
CXCL 9
CXCL 10
CXCL 11
CXCL 12

Groups
Patients
Controls
Patients
Controls
Patients
Controls
Patients
Controls

54
66.9
12.7
19.3
17.5
9.1
547.9
152.7

Range
- 9120.7
- 1021.9
562.4
387.2
1621
245.1
- 3211.8
2019

Median
524.15
377.9
100.8
62.1
128.4
67.2
1006.65
829.25

95% confidence interval
1277.5 - 3284.9
307.39 - 643.08
125.18 – 230.04
66.523 – 168.85
253.59 – 574.62
54.532 – 128.05
1126.9 – 1597.7
571.08 – 954.58

Mann-Whitney Test (P-value)
0.3119
0.2273
0.013*
0.0015*

Table 3: Overall survival in CLL patients in relation to CD 38, ZAP-70 and line of treatment.

Patients with negative ZAP-70
Patients with positive ZAP-70
Patients with negative CD38
Patients with positive CD38
Patients received
Chlorambucil
Patients received
FCR(Fludarabin+
Cyclophosphamide +
Rituximab)

Number of
patients

Events
(N)

Censored
(N) (%)

Survival
(Mean ± SE)
(Months)

27
13
27
13

2
5
3
4

25(92.59%)
8 (61.54%)
24 (88.89%)
9 (69.23%)

33.96 ± 1.38
17.53 ± 1.92
32.9 ± 1.67
24.57± 3.38

11

2

9 (81.82%)

31.34 ± 2.95

29

5

24 (82.76%)

30.74 ± 2.11

26

Statistic test for equality of
survival distributions (Log Rank)

Statistic

P-value
(Significance)

8.68

0.0032*

3.5

0.0615

0.02

0.8868
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Table 4: Overall survival in CLL patients in relation to CXCL 9-12.

Patients with CXCL
9 < 524.15
Patients with CXCL
9 ≥ 524.15
Patients with CXCL
10 < 100.8
Patients with CXCL
10 ≥ 100.8
Patients with CXCL
11 < 128.4
Patients with CXCL
11 ≥ 128.4
Patients with CXCL
12< 1006.65
Patients with CXCL
12 ≥1006.65

Number of
patients

Events
(N)

Censored (N)
(%)

Survival(Mean ±
SE)(Months)

20

3

17 (85%)

27.48 ± 2.34

20

4

16 (80%)

30.21 ± 2.56

19

3

16 (84.21%)

31.3 ± 2.44

21

4

17 (80.95%)

30.56 ± 2.43

20

1

19 (95%)

34.61 ± 1.35

20

6

14 (70%)

27.1 ± 2.92

20

1

19 (95%)

34.61 ± 1.35

20

6

14 (70%)

26.8 ± 3.01

Statistic test for equality of survival
distributions (Log Rank)
Statistic
P-value (Significance)
0.00

0.9962

0.09

0.7609

4.48

0.0342*

5.18

0.0229*

Table 5: Plasma chemokines (CXCL 11 and CXCL 12) levels in CLL patients in relation to CD38 and ZAP70
Variables

Groups
+

CXCL 11
CXCL 12

Range
+

CD38 or ZAP-70 Patients
CD38- and ZAP-70-Patients
CD38+ or ZAP-70+ Patients
CD38- and ZAP-70-Patients

132.9
17.5
894.2
547.9

-

Median
1621
321.1
3211.8
2091

994.05
76.5
2001.9
876.3

95% confidence
interval
774.09 - 1239.4
64.231 – 125.77
1677.2 – 2505.8
830.51 – 1108.8

Mann-Whitney Test (P-value)
< 0.0001*
< 0.0001*

(a)
(b)
Legend for flow1: Flow cytometry dot plots show a) CD38 negative CLL case b) CD38 positive CLL case.
Gates were done on lymphocytes populations.

(a)
(b)
Legend for flow2: Flow cytometry dot plots show a) ZAP70 negative CLL case b) ZAP-70 positive CLL case.
Gates were done on lymphocytes populations.
Figure 1: Flow cytometry images
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Figure 2: Overall survival in CLL patients in relation to CD38, ZAP-70 and line of treatment.
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Figure 3: Overall survival in CLL patients in relation to CXCL 9-12.
patients, They found that CXCR3 proportion within
the CLL pool was lower in the occurrence of LN/
organ involvement. Grigore et al.(26) found that only
patients with early stage CLL showed over-expression
of CXCR3 while low CXCR3 expression was
associated with advanced stage and poorer prognosis
in CLL patients(26).
CXCL12 (formerly called stroma-derived factor1 (SDF-1), originally characterized as a pre-B cell
growth factor(27).CXCL12 has at least two major
effects on CLL cells. It causes migration towards
stromal cells and it independently and directly
provides survival signals Burger et al., 2000(28). Both
of these effects are mediated through the CXCR4
receptor on the surface of the CLL cell(29). Thus,
CXCR4 cell surface expression can be used as a

CLL cells have also been shown to express
certain receptors like CXCR3, CXCR4 and CXCR5
on cell surface. Both CXCL9 and CXCL11 are ligands
for CXCR3, a receptor highly expressed on CLL cells.
These chemokines may regulate B-CLL cell homing
to tissues where they receive growth and survival
signals(23). Ocaña et al. (24) investigated the prognostic
role of CXCR3 expression by chronic lymphocytic
leukemia cells. Their analysis revealed that low
CXCR3 expression by CLL cells was independently a
strong predictor of a poor clinical progression. In
addition, low CXCR3 expression goes with Rai stages
III-IV and a diffuse pattern of bone marrow
infiltration. Similar results were found by Vaisiti et
al.(25) who investigated any specific associations
between clinical signs and immune cells in CLL
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marker of CXCL12 exposure, with circulating CLL
cells in the peripheral blood typically expressing high
levels of surface CXCR4, and CLL cells resident in
the bone marrow or lymph nodes having lower levels
of surface CXCR4(30). Upon stimulation by CXCL12,
signaling through the CXCR4 receptor has pleotropic
effects on CLL cells, including activation of through
different pathways as serine phosphorylation of signal
transducer and activator of transcription 3 (STAT3) (31).
The CXCL12/CXCR4 axis is involved in some
aspects of tumor progression that include angiogenesis,
metastasis, and survival(32,33). The microenvironment
in bone marrow enables the survival, differentiation,
and proliferation of normal and malignant
hematopoietic cells, and epithelial tumor cell bone
metastasis. Bone marrow produces factors such as
CXCL12, that mediate homing, survival, and
proliferation of tumor cells, and integrin-mediated
adhesion sequesters tumor cells to this place. The
CXCL12/CXCR4 pathway is guilty for withholding of
acute lymphoid leukemia and acute myeloid leukemia
cells in the bone marrow(34,35).
Our study showed that CD38 or ZAP-70 positive
patients were (13/40) (32.5%), while the percent was
30% (12/40) for patients who were both CD38 and
Zap-70 positive. This is comparable with Schroers et
al.(36) who done combined analysis of ZAP-70 and
CD38 yielded discordant results in 29.0% of patients,
whereas 47.6% of patients were concordantly negative
and (23.4% of patients) were concordantly positive for
ZAP-70 and CD38 expression.
In our study, analysis of CD38, ZAP-70 and the
line of treatment as independent variables for disease
outcome (OS) showed that OS significantly decreased
only in truly positive ZAP-70. Also, CLL patients
with higher CXCL11 and CXCL12 levels were
independently associated with shorter overall survival.
Comparison between chemokines (CXCL11 and
CXCL12) in patients with CD38 or ZAP-70 positive
patients and others with CD38 and ZAP-70 negative,
showed significantly higher levels in patients with
CD38 or Zap-70 positive.
Grigore et al.(26) studied the effect of the
combination of CXCR3 and CD38 parameters and
showed that the low CXCR3, high CD38 group had a
shorter survival than other groups: high CXCR3 low
CD38, low CXCR3 low CD38 group or high CXCR3
high CD38.
An interesting study performed by Burger et al(31)
demonstrated that migration of CLL cells in response
to CXCL12/CXCR4 depend on CD38 expression on
cell surface these results indicate that CD38
synergizes with the CXCL12/CXCR4 pathway.
Moreover Deaglio et al.(37) showed that patients with
CD38 (+)/ZAP-70(+) are characterized by enhanced
migration toward Stromal derived factor-1alpha (SDF-

1alpha)/CXCL12 and combined CD38 and ZAP-70
expression in patients with CLL have more aggressive
disease.
CD38 is an ectoenzyme, an enzyme present on
the cell surface. It participates in cell adhesion, signal
transduction, and calcium regulation. CD38 is a useful
and reliable factor because it typically remains stable
over time, even in the face of chemotherapy, and it
can be measured easily in flow cytometry
laboratories(19,38). Damle et al.(39) showed that high
levels of CD38 (≥ 30%) identified those with
unmutated IgVH genes in 100% of cases and that OS
was significantly improved in truly negative CD38
cases. Also, Crespo et al(40) demonstrated that ZAP-70,
a tyrosine kinase associated with T-cell signaling, can
also be evaluated by flow cytometry and that, at a
cutoff of 20%, ZAP-70 positivity clearly separated
CLL patients into two groups; those with < 20% ZAP70 had increased survival time and decreased chance
of disease progression.
In conclusion; increased plasma levels of CXCL
11 and 12 is predictive of higher risk of disease
progression with decreased OS in CLL.
Source of Support: Nil.
Conflict of Interest: We declare no conflict of
interest.
References
1. Matthew S, Jan A. Cell Trafficking in Chronic
Lymphocytic Leukemia Open J Hematol. 2012 ;
3(S1).
2. Mozaheb Z. Treating the elderly patient with
chronic lymphocytic leukemia: Current and
emerging options. Blood and Lymphatic Cancer:
Targets and Therapy. 2014;4:9-14.
3. Kiefer F and Siekmann AF. The role of
chemokines and their receptors in angiogenesis.
Cellular and molecular life sciences. 2011;
68:2811-30.
4. Hanahan, Douglas, and Robert A. Weinberg.
Hallmarks of cancer: the next generation. cell
2011;144 (5):646-74.
5. Girieca L and Rüegg C. The tumor
microenvironment and its contribution to tumor
evolution toward metastasis. Histochemistry and
cell biology 2008;130 (6):1091-103.
6. Stevenson F K, Francesco F, Graham P. The
Meaning and Relevance of B-Cell Receptor
Structure and Function in Chronic Lymphocytic
Leukemia. In Seminars in hematology.
2014;51:58-167.
7. Burger J A. Chemokines and chemokine
receptors in chronic lymphocytic leukemia
(CLL): from understanding the basics towards

30

Life Science Journal 2015;12(4)

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

http://www.lifesciencesite.com

therapeutic targeting. In Seminars in cancer
biology 2010;20:424-30.
Elisa T H, Burger J A. Molecular pathways:
targeting the microenvironment in chronic
lymphocytic leukemia—focus on the B-cell
receptor.
Clinical
Cancer
Research.
2014;20(3):548-56.
Burger J A, and John G G. "The
microenvironment in chronic lymphocytic
leukemia (CLL) and other B cell malignancies:
insight into disease biology and new targeted
therapies." Seminars in cancer biology.
2014;24:71-81.
Herishanu Y, Pérez-Galán P, Liu D, Biancotto A,
Pittaluga S, Vire B et al. The lymph node
microenvironment promotes B-cell receptor
signaling, NF-κB activation, and tumor
proliferation in chronic lymphocytic leukemia.
Blood, 2011; 117(2):563-574.
Ghia P, Strola G, Granziero L, Geuna M, Guida
G, Sallusto F, et al. Chronic lymphocytic
leukemia B cells are endowed with the capacity
to attract CD4+, CD40L+ T cells by producing
CCL22. Eur J Immunol. 2002; 32:1403–13.
Christiansen I, Sundström C, Tötterman TH.
Elevated plasma levels of soluble vascular cell
adhesion molecule-1 (sVCAM-1) closely reflect
tumour burden in chronic B-lymphocytic
leukaemia. Br J Haematol. 1998;103:1129–37.
Kawano Y, Moschetta M, Manier S, Glavey S,
Görgün G T, Roccaro A M, et al. Targeting the
bone marrow microenvironment in multiple
myeloma.
Immunological
reviews.
2015;263(1):160-172.
Oscier D, Fegan C, Hillmen P, Illidge T, Johnson
S, Maguire P, et al.; Guidelines Working Group
of the UK CLL Forum. British Committee for
Standards in Haematology. Guidelines on the
diagnosis and management of chronic
lymphocytic leukaemia. Br J Haematol
2004;125(3):294-317.
Cheson BD, Bennett JM, Grever M, Kay N,
Keating MJ, O'Brien S, Rai KR. National Cancer
Institute sponsored Working Group guidelines
for chronic lymphocytic leukemia: revised
guidelines for diagnosis and treatment. Blood
1996; 87(12):4990-7.
Binet JL, Caligaris-Cappio F, Catovsky D,
Cheson B, Davis T, Dighiero G, et al.;
International Workshop on Chronic Lymphocytic
Leukemia (IWCLL). Perspectives on the use of
new diagnostic tools in the treatment of chronic
lymphocytic leukemia. Blood 2006; 107(3):85961.
Rai KR, Sawitsky A, Cronkite EP, Chanana AD,
Levy RN, Pasternack BS. Clinical staging of

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

31

chronic lymphocytic leukemia. Blood1975;
46(2):219- 34.
International Workshop on Chronic Lymphocytic
Leukemia. Chronic lymphocytic leukemia:
recommendations for diagnosis, staging, and
response criteria. Ann Intern Med 1989;
110(3):236-8.
Montserrat E. Prognostic factors in chronic
lymphocytic leukemia: a conceptual approach.
International Journal of Hematologic Oncology
2014; 3(2):145-52.
Rai KR, Peterson BL, Appelbaum FR, Kolitz J,
Elias L, Shepherd L, et al. Fludarabine compared
with chlorambucil as primary therapy for chronic
lymphocytic leukemia. N Engl J Med 2000;
343:1750-7.
Keating MJ, O'Brien S, Albitar M, Lerner S,
Plunkett W, Giles F, et al. Early results of a
chemoimmunotherapy regimen of fludarabine,
cyclophosphamide, and rituximab as initial
therapy for chronic lymphocytic leukemia. J
ClinOncol 2005; 23(18):4079-88.
Yan X J, Dozmorov I, Li W, Yancopoulos S,
Sison C, Centola M, et al. Identification of
outcome-correlated cytokine clusters in chronic
lymphocytic leukemia. Blood. 2011;118:5201–
10.
Jones D, Benjamin RJ, Shahsafaei A, Dorfman
DM. The chemokine receptor CXCR3 is
expressed in a subset of B-cell lymphomas and is
a marker of B-cell chronic lymphocytic leukemia.
Blood. 2000;95:627-32.
Ocaña E, Delgado-Pérez L, Campos-Caro A,
Muñóz J, Paz A, Franco R, Brieva J A. The
prognostic role of CXCR3 expression by chronic
lymphocytic leukemia B cells Haematologica
2007:92(3):349-356.
Vaisitti T, Aydin S, Rossi D, Cottino F, Bergui L,
D'Arena G, et al. CD38 increases CXCL12mediated signals and homing of chronic
lymphocytic
leukemia
cells.
Leukemia.
2010;24:958-69.
Grigore G E, Ivanov I C, Zlei M, Dăscălescu A,
Popescu R, Petreu T, Carasevici E. Specific
Associations Between Clinical Signs, Immune
Cells, Disease Genetic Background and Burden
in a Group of Patients with B-Cell Chronic
Lymphocytic Leukemia. RevistaRomână de
Medicină de Laborator. 2014: 22(1):79-94
Nagasawa T, Kikutani H, Kishimoto T.
Molecular cloning and structure of a pre-B-cell
growth stimulating factor. ProcNatlAcadSci U S
A 1994; 91:2305–9.
Burger JA, Tsukada N, Burger M, Zvaifler NJ,
Dell'Aquila M, Kipps TJ. Blood-derived nurselike cells protect chronic lymphocytic leukemia

Life Science Journal 2015;12(4)

29.

30.

31.

32.

33.

34.

http://www.lifesciencesite.com

B cells from spontaneous apoptosis through
stromal cell-derived factor-1. Blood. 2000; 96:
2655-63.
Burger JA, Burger M, Kipps TJ. Chronic
lymphocytic leukemia B cells express functional
CXCR4 chemokine receptors that mediate
spontaneous migration beneath bone marrow
stromal cells. Blood. 1999; 94:3658-67.
Ghobrial IM, Bone ND, Stenson MJ, Novak A,
Hedin KE, Kay NE, Ansell SM. Expression of
the chemokine receptors CXCR4 and CCR7 and
disease
progression
in
B-cell
chronic
lymphocytic leukemia/ small lymphocytic
lymphoma. Mayo ClinProc 2004; 79:318–25.
Burger M, Hartmann T, Krome M, Rawluk J,
Tamamura H, Fujii N, Kipps TJ, Burger JA.
Small peptide inhibitors of the CXCR4
chemokine receptor (CD184) antagonize the
activation,
migration,
and
antiapoptotic
responses of CXCL12 in chronic lymphocytic
leukemia B cells. Blood. 2005; 106:1824-30.
Darash-Yahana M, Pikarsky E, Abramovitch R,
Zeira E, Pal B, Karplus R, et al. Role of high
expression levels of CXCR4 in tumor growth,
vascularization, and metastasis. FASEB J.
2004;18(11):1240-42.
Agarwal A, Cooke L, Riley C, Qi W, Mount D,
Mahadevan D. Genetic and cytokine changes
associated with symptomatic stages of CLL.
Leukemia research. 2014; 38:1097-101.
Rabin RL, Alston MA, Sircus JC, KnollmannRitschel B, Moratz C, Ngo D, Farber JM.
CXCR3 is induced early on the pathway of
CD4+ T cell differentiation and bridges central

35.

36.

37.

38.

39.

40.

3/14/2015

32

and peripheral functions. J Immunol 2003;
171(6):2812-24.
Whiting D, Hsieh G, Yun JJ, Banerji A, Yao W,
Fishbein MC, et al. Chemokine monokine
induced by IFN-γ/CXC chemokine ligand 9
stimulates T lymphocyte proliferation and
effector cytokine production. J Immunol 2004;
172:7417–24.
Schroers R, Griesinger F, Trumper L, Haase D,
Kulle B, Klein-Hitpass L, et al. Combined
analysis of ZAP-70 and CD38 expression as a
predictor of disease progression in B-cell chronic
lymphocytic leukemia. Leukemia 2005; 19:750–
8.
Deaglio S, Vaisitti T, Aydin S, Bergui L,
D'Arena G, Bonello L, et al. CD38 and ZAP-70
are functionally linked and mark CLL cells with
high migratory potential. Blood. 2007;110:401221.
Malavasi F, Deaglio S, Damle R, Cutrona G,
Ferrarini M, Chiorazzi N. CD38 and chronic
lymphocytic leukemia: a decade later. Blood.
2011;118(13):3470-8.
Damle R N, Wasil T, Fais F, Ghiotto F, Valetto
A, Allen S L, et al. Ig V gene mutation status and
CD38 expression as novel prognostic indicators
in chronic lymphocytic leukemia. Blood.
1999;94:1840–47.
Crespo M, Bosch F, Villamor N, Bellosillo B,
Colomer D, Rozman M, et al. ZAP-70
expression as a surrogate for immunoglobulinvariable-region mutations in chronic lymphocytic
leukemia. New England Journal of Medicine.
2003;348:1764-75.

