Int J Physiol Pathophysiol Pharmacol 2020;12(1):32-39
www.ijppp.org /ISSN:1944-8171/IJPPP0108218

Original Article
Association of CD49d expression
with clinicopathological features of chronic
lymphocytic leukemia patients in the Iranian population
Pardis Nematollahi1,3, Mina Shakery2, Amirhosein Kefayat2, Parvin Goli2
Assistant Professor of Pathology, Department of Pathology, Cancer Prevention Research Center, Isfahan University of Medical Science, Isfahan, Iran; 2Department of Pathology, Isfahan University of Medical Science, Isfahan,
Iran; 3Fellowship of Hematopathology, Department of Pathology, Faculty of Medicine, Shiraz University of Medical
Sciences, Shiraz, Iran
1

Received October 27, 2019; Accepted January 27, 2020; Epub February 25, 2020; Published February 28, 2020
Abstract: Background: Identification of factors affecting prognosis in chronic lymphocytic leukemia (CLL) is important for risk stratification of patients. Methods: In the present study, CD49d expression was analyzed by multicolor flow cytometry in 98 newly diagnosed and untreated CLL patients at the hematopathology ward. The patients
were divided into two subgroups according to CD49d expression (30% cut off) and the association of this marker
with the patients’ clinicopathological properties were evaluated. Results: In this study, CD49d expression exhibited
significant association with the Rai stage of the disease (P<0.0001), CD38 status (P<0.0001), hemoglobin level
(P=0.0006), and platelet count (P=0.0016). The CD49d-positive patients presented in higher stages in comparison
with CD49d-negative patients. Although only 1% of the CD49d-negative patients were CD38-positive, this proportion for CD49d-positive group was 69%. However, no significant correlation was observed between CD49d expression and patients’ age (P=0.2031), gender (P=0.8119), and absolute lymphocytes count (P=0.1073). Conclusion:
Therefore, CD49d is a grateful biomarker with high association with clinicopathological parameters in CLL patients.
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Introduction
Chronic lymphocytic leukemia (CLL) is a markedly heterogeneous disease and prediction of
the patients’ disease behavior and prognosis is
extremely hard, even at the same clinical risk
category [1-3]. Although, many different genetic
and phenotypic biomarkers have been identified to have association with the CLL patients’
prognosis, the biological basis and accuracy of
them remains unclear. Therefore, identification
of prognostic biomarkers with high efficacy are
necessary and can significantly improve the
treatment planning, therapeutic efficacy and
outcome.
Progressive CLL is defined by expansion of the
neoplastic clone. The CLL cells will proliferate
and accumulate at the lymphoid tissues, the
bone marrow and other organs. This phenomenon causes immune dysfunction, lymphadenopathy, splenomegaly and hematopoietic fail-

ure [4]. Therefore, CLL cells infiltration can
determine the clinical picture and survival of
the patients [5]. Recent studies have reported
that this highly variable clinical course in CLL
can be predicted by new biomarkers, including
the mutational status of immunoglobulin heavy
chain variable (IGHV) gene [6, 7], expression of
the surface marker CD38 [8, 9], the intracytoplasmic protein ZAP-70 [10] and CD49d [11].
CD49d is a 150 kDa protein that belongs to the
integrin family, specifically the 4-integrin chain
[12]. It is directly involved in mononuclear leukocyte trafficking by acting as an adhesion molecule for cell-to-cell and cell-to-extracellularmatrix interactions. CD49d has been found on
the surface of CLL cells. Recent studies have
shown that low levels of CD49d expression are
associated with a favorable outcome for CLL
patients [13]. Also, this biomarker has emerged
as a negative prognosticator in CLL patients
which is positive in approximately 40% of the
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CLL patients with a more aggressive clinical
course [14].
According to the best of our knowledge, CD49d
has exhibited significant association with CLL
patients’ clinicopathological findings and overall survival, however, our knowledge about its
prognostic efficacy for the Iranian CLL patients
is extremely limited. Therefore, we planned to
investigate the association of this biomarker
with clinicopathological properties of the CLL
patients in Iranian population.
Materials and methods
Patients
This study was reviewed and approved by
Institutional Review and Ethical Committee. In
this cross-sectional study, 98 CLL patients
were included. All the patients were diagnosed
at the Hematopathology ward in Seyed Alshohada hospital affiliated to Isfahan University
of Medical Science, Iran, during 2016 to 2018.
Informed consent was obtained in accordance
with the Declaration of Helsinki. The patients
involved in the study according to the defined
inclusion criteria including: (1) Characteristic
immunophenotyping of CLL by multicolor flow
cytometry, (2) Diagnosis made during last 12
months, (3) Untreated disease, according to
the current criteria [13]. 4 mL peripheral blood
[15] sample was obtained for immunophenotypic analysis.
Immunophenotyping analysis
In this study, FACSCalibur flow cytometer (Partec space, Germany) was employed for immunophenotyping analysis of the PB samples.
Whole blood was used to FACS scan. The
patients’ blood samples were collected in the
EDTA tubes. The samples were adjusted to
approximately 500,000 cells/100 µL with PBS.
We used three-color flow cytometry analyses
in three tubes 1-anti-CD19 (PerCP)/anti-CD5
(FITC)/anti-CD49d (PE) 2-anti-CD20 (PE)/anti-CD38 (FITC)/anti-CD5 (PerCP) 3-anti-FMC7
(FITC)/anti-CD23 (PE)/anti-CD19 (PreCP). All
antibodies and other solutions were purchased
from Exbio, CZ/SK company, Germany. Recommended amount of samples and antibodies were incubated for 10 min at room temperature and darkness. Then, red blood cells lysis
buffer was added to the tubes and incubated
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for 10 min at the room temperature and darkness. The samples were analyzed by flow cytometry after 2 times centrifuging and PBS
washing. At least 30,000 events were acquired
and analyzed. Small and large lymphoid cells
was gated based on forward and side scatter
grams which were shown in the first dot plots of
each figures and expression of markers were
evaluated. CD20/CD5+ populations were selected for analysis of CD38 (Figure 1) and
CD19/CD5+ populations also were selected for
analysis of CD49d (Figure 2), CLL phenotype
was confirmed as B cells with expression of
CD23 and negative for FMC7 (Figure 3). First of
all again remind that patients with lymphocytosis as CLL phenotype (B cells with weak expression of CD19 and CD20 and aberrant expression of CD5, which are positive for CD23 and
negative for FMC7 include this study). The 30%
was purposed as the cut off for discrimination of CD49d-positive and CD49d-negative
patients.
Statistical analysis
All statistical analyses were performed using
JMP software version 11.0. Fisher’s exact test
was used to analyze the association between
CD49d expression and other variables. A p-value <0.05 was considered significant.
Results
The clinicopathological properties of the studied patients
98 CLL patients were involved in the present
study. Median age of the patients was 68 years
old at the time of diagnosis, between 41 to 90
years. Most of the patients were male (75 males, 23 females). The distribution of clinical stages according to the Rai staging system was as
follows: 33 patients stage 0, 16 patients stage
I, 7 patients stage II, 17 patients stage III, 25
patients stage IV. Also, 63% of the patients
were CD38-negative. All the clinicopathological
properties of the CLL patients are illustrated in
Table 1.
Association of CD49d expression with clinicopathological parameters in CLL patients
The patients with CLL phenotype CD20/CD5+
CD19/CD5+ which confirmed by expression of
CD23 and negative for FMC7 were selected
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Figure 1. Dot plot and histogram charts of multicolor flow cytometry, anti-CD20 (PE)/anti-CD5 (FITC)/anti-CD38
(PerCP). On the CD20/CD5+ CLL population, note that CD38+ population above the gating threshol.

Figure 2. Dot plot and histogram charts of multicolor flow cytometry, anti-CD19 (PerCP)/anti-CD5 (FITC)/anti-CD49d
(PE). On the CD19/CD5+ CLL population, note that CD49d+ population above the gating threshold.

and analyzed for expression of CD38 and
CD49d (Figures 1-3). The patients were divided
34

into two groups according to CD49d expression
(Table 2). 51 patients (52%) were positive for
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Figure 3. Dot plot and histogram charts of multicolor flow cytometry, anti-FMC7 (FITC)/anti-CD23 (PE)/anti-CD19
(PreCP). Lymphoid cells with CLL phenotype express CD23 and negative for FMC7.

and placed in the CD49d-negative group.
The relation between CD49d expression
Patient number Proportion
Clinicopathological parameters
and clinicopathological parameters was
(n=98)
(%)
investigated. The median age of positive
Age
CD49d group was 63 and negative
Median
68
CD49d group was 67 which shows no
Mean
65
significant association of age and CD49d
*
ALC (× 109/L)
27.22 [5.5-168]
expression (p-value: 0.2031). The ALC of
Hemoglobin (g/L)
120 [32-187]
negative and positive CD49d groups
Platelet count (× 109/L)
145.5 [20-293]
were 42.2/Microliter and 59.1/Microliter
respectively with no significant statistiGender
cal difference (p-value: 0.1073). The
Male
75
77%
mean Hb level of negative CD49d group
Female
23
23%
was 129 g/L while in positive CD49d
Rai stage
group was 107 g/L which difference is
0
33
34%
significant (p-value: 0.0006). The plateI
16
16%
lets (plt) count of negative and positive
II
7
7%
CD49d groups were 167,000/MicroliIII
17
17%
ter and 126,000/Microliter respectively
IV
25
26%
which difference statistically is significant (p-value: 0.0016). Expression of
CD38 status
CD49d shows significant correlation with
CD38-positive
36
37%
CD38 status (only 1% of the CD49dCD38-negative
62
63%
negative patients were CD38-positive,
CLL: Chronic lymphoid leukemia, *Absolute lymphocyte count: ALC.
this proportion for CD49d-positive group
was 69%) and the Rai stage of the
CD49d (≥30% expression by multicolor flow
patients (The CD49d-positive patients had
cytometry), 47 patients express CD49d <30%
higher stages in comparison with CD49d-neTable 1. Clinicopathological features of the CLL patients
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induces a resistance phenotype. Given the known
association between CDCD49d-negative CD49d-positive
Clinicopathological parameters
P-value
49d and trans-endothelial
(n=47)
(n=51)
migration [22], they examAge
67
63
0.2031
ined the relationship beALC* (× 109/L)
42.2
59.1
0.1073
tween CD49d and the cheHemoglobin (g/L)
129
107
0.0006
mokine receptor CXCR4.
9
Platelet count (× 10 /L)
167
126
0.0016
They demonstrated a strGender
ong association between
Male
35 (74%)
40 (78%)
0.8119
CD49d and CXCR4, sugFemale
12 (26%)
11 (22%)
gesting that CD49d and
Rai stage
CXCR4 may be functionally
0
27 (57%)
6 (12%)
<0.0001
linked or up regulated in a
coordinated fashion. The
I-II
14 (30%)
10 (20%)
CXCR4 chemokine recepIII-IV
6 (13%)
35 (68%)
tor is expressed in several
CD38 status
human cancers, including
CD38-negative
46 (98%)
16 (31%)
<0.0001
hematological malignanciCD38-positive
1 (2%)
35 (69%)
es as well as breast and
CLL: Chronic lymphoid leukemia, *Absolute lymphocyte count: ALC.
lung cancer [23, 24]. CLL
cells express high levels of
gative patients), there is no correlation betweCXCR4, which may have a role in the migratory
potential of neoplastic B-cells between the
en CD49d expression and gender (p-value:
blood and lymph node or other supportive
0.8119).
microenvironments, thus enhance survival of
Discussion
these cells [11, 25].
Table 2. Association of CD49d expression and prognostic parameters
of the CLL patients

Each cluster designation [16] antigen can play
a role in the CLL cells behavior. As the tissue
infiltration is the main determinative factor for
CLL progression, many of the proteins which
are involved in the vascular endothelium and
cancer cells interaction, extravasation, and
migration of CLL cells can be potential prognostic biomarkers [17]. CD38 is one of the most
well-known prognostic markers which shows
high association with CLL cells migratory potential [18]. Several other molecules which are
involved in migration through endothelium and
tissue invasion have also been correlated with
disease progression in CLL including C-C chemokine receptor type 7 (CCR7), matrix metalloproteinase 9 (MMP-9) [19], and CD49d. In addition, the membrane of CLL cells has been
shown to contain a supramolecular complex
involved in tissue migration and metastasis.
These structures which do not present in normal B cells contain CD49d, CD44, and MMP-9
[20]. In addition to their role in tissue invasion,
these structures have also been shown to promote the viability of CLL cells [21]. The previous
studies have demonstrated role of CD49d in
the adherence of CLL cells to fibronectin and
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Based on previous studies, CD49d is an independent predictor of overall survival, along with
age, IGHV mutation status, del 17p, sex, and
ALC. Moreover, as demonstrated by bivariate
analyses, CD49d expression reliably identified
subsets of patients with poorer outcome independent of CD38 or ZAP-70 status [26-28].
According to these facts, CD49d can be a good
potential prognostic biomarker for CLL patients.
Although this fact has been demonstrated by
different studies, based on our knowledge no
study has reported the correlation of this biomarker with Iranian CLL patients’ clinicopathological properties. Therefore, we tried to evaluate expression of CD49d on 98 newly diagnosed
and untreated CLL patients and correlate it
with demographic data, laboratory findings and
stage of disease at presentation. 51 patients
were CD49d-positive and exhibited high level
of CD49d expression. Also, 47 patients had
CD49d expression lower than 30% and placed
in the CD49d-negative group. CD49d expression shows significant correlation with the Rai
stage of the patients as CD49d-positive patients had higher stages in comparison with
CD49d-negative patients. In addition, the CD38
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expression was significantly higher in CD49dpositive groups in comparison with CD49dnegative patients (P<0.0001). No significant
correlation was observed between CD49d
expression and patients’ age, ALC, and gender.
However, CD49d-positive patients exhibited
significantly lower levels of hemoglobin and
platelet count in comparison with CD49dnegative patients which both can identify the
negative prognostic features of the CD49d
expression. Therefore, CD49d is a grateful biomarker with high association with clinicopathological parameters of CLL patients in Iranian
population.
Conclusion
Nowadays some molecular and genetic analysis are available in developed countries such as
mutation analysis of IGHV genes which have
prognostic significance in CLL patients. Molecular tests are expensive and are not available in most centers of developing countries so
another tests such as evaluation of cytoplasmic or surface cellular markers are cost benefit
and may be prognostic importance. However,
there is limited information about the association of CD49d expression and CLL patients’
clinicopathological features, especially in the
Iranian population. Previous studies described
CD49d to play a permissive role in the cancerous cells’ development and growth. Therefore,
this surface marker has gained many attentions as a potential prognostic biomarker for
CLL. In this study, analysis of CD49d expression exhibited its significant correlation with
Rai stage of the patients, CD38 status, hemoglobin, and platelet count. Therefore, CD49d is
a grateful biomarker with high association with
clinicopathological parameters of CLL patients.

Abbreviations
CLL, Chronic lymphocytic leukemia; PB, Peripheral blood; ALC, Absolute lymphocytes count;
CD, Cluster designation; Plt, platelet; Hb, Hemoglobin; PBS, Phosphate buffered saline;
IGHV, Immunoglobulin heavy chain V.
Address correspondence to: Mina Shakery, Department of Pathology, Isfahan University of Medical
Science, Isfahan, Iran. Tel: +98 913 284 8810;
E-mail: Mina.shakery89@gmail.com

References
[1]

[2]

[3]
[4]

[5]

Acknowledgements
This study was supported by Isfahan University
of Medical Sciences (Grant number: 396492).
Also, we should gratefully appreciate the supports by Pathology Department of Isfahan
University of Medical Sciences and Department
of Hematology and Oncology of the Seyed
Al-Shohada hospital.
Disclosure of conflict of interest
None.

37

[6]

[7]

Binet JL, Caligaris-Cappio F, Catovsky D, Cheson B, Davis T, Dighiero G, Döhner H, Hallek M,
Hillmen P, Keating M, Montserrat E, Kipps TJ
and Rai K; 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: 859-861.
Effects of chlorambucil and therapeutic decision in initial forms of chronic lymphocytic leukemia (stage A): results of a randomized
clinical trial on 612 patients. the French cooperative group on chronic lymphocytic leukemia. Blood 1990; 75: 1414-1421.
Dighiero G and Binet JL. When and how to treat
chronic lymphocytic leukemia. N Engl J Med
2000; 343: 1799-801.
Naeim F, Rao PN and Grody WW. Hematopathology: morphology, immunophenotype, cytogenetics, and molecular approaches. Academic Press; 2009.
Hallek M, Cheson BD, Catovsky D, CaligarisCappio F, Dighiero G, Döhner H, Hillmen P, Keating MJ, Montserrat E, Rai KR and Kipps TJ;
International Workshop on Chronic Lymphocytic Leukemia. Guidelines for the diagnosis
and treatment of chronic lymphocytic leukemia: a report from the International Workshop
on Chronic Lymphocytic Leukemia updating
the National Cancer Institute-Working Group
1996 guidelines. Blood 2008; 111: 54465456.
Oscier DG, Gardiner AC, Mould SJ, Glide S, Davis ZA, Ibbotson RE, Corcoran MM, Chapman
RM, Thomas PW, Copplestone JA, Orchard JA
and Hamblin TJ. Multivariate analysis of prognostic factors in CLL: clinical stage, IGVH gene
mutational status, and loss or mutation of the
p53 gene are independent prognostic factors.
Blood 2002; 100: 1177-1184.
Montserrat E, Viñolas N, Reverter JC and Rozman C. Natural history of chronic lymphocytic
leukemia: on the progression and progression

Int J Physiol Pathophysiol Pharmacol 2020;12(1):32-39

Chronic lymphocytic leukemia

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

38

and prognosis of early clinical stages. Nouv
Rev Fr Hematol 1988; 30: 359-361.
Döhner H, Fischer K, Bentz M, Hansen K, Benner A, Cabot G, Diehl D, Schlenk R, Coy J, Stilgenbauer S, et al. p53 gene deletion predicts
for poor survival and non-response to therapy
with purine analogs in chronic B-cell leukemias. Blood 1995; 85: 1580-1589.
Juliusson G, Oscier DG, Fitchett M, Ross FM,
Stockdill G, Mackie MJ, Parker AC, Castoldi GL,
Guneo A, Knuutila S, Elonen E and Gahrton G.
Prognostic subgroups in B-cell chronic lymphocytic leukemia defined by specific chromosomal abnormalities. N Engl J Med 1990; 323:
720-724.
Dürig J, Nückel H, Cremer M, Führer A, Halfmeyer K, Fandrey J, Möröy T, Klein-Hitpass L
and Dührsen U. ZAP-70 expression is a prognostic factor in chronic lymphocytic leukemia.
Leukemia 2003; 17: 2426-34.
Majid A, Lin TT, Best G, Fishlock K, Hewamana
S, Pratt G, Yallop D, Buggins AG, Wagner S,
Kennedy BJ, Miall F, Hills R, Devereux S, Oscier
DG, Dyer MJ, Fegan C and Pepper C. CD49d is
an independent prognostic marker that is associated with CXCR4 expression in CLL. Leuk
Res 2011; 35: 750-756.
Malavasi F, Deaglio S, Funaro A, Ferrero E, Horenstein AL, Ortolan E, Vaisitti T and Aydin S.
Evolution and function of the ADP ribosyl cyclase/CD38 gene family in physiology and pathology. Physiol Rev 2008; 88: 841-886.
Gattei V, Bulian P, Del Principe MI, Zucchetto A,
Maurillo L, Buccisano F, Bomben R, Dal-Bo M,
Luciano F, Rossi FM, Degan M, Amadori S and
Del Poeta G. Relevance of CD49d protein expression as overall survival and progressive
disease prognosticator in chronic lymphocytic
leukemia. Blood 2008; 111: 865-73.
Zucchetto A, Caldana C, Benedetti D, Tissino E,
Rossi FM, Hutterer E, Pozzo F, Bomben R, Dal
Bo M, D’Arena G, Zaja F, Pozzato G, Di Raimondo F, Hartmann TN, Rossi D, Gaidano G, Del
Poeta G and Gattei V. CD49d is overexpressed
by trisomy 12 chronic lymphocytic leukemia
cells: evidence for a methylation-dependent
regulation mechanism. Blood 2013; 122:
3317-3321.
Shehabi Y, Grant P, Wolfenden H, Hammond N,
Bass F, Campbell M and Chen J. Prevalence of
delirium with dexmedetomidine compared
with morphine based therapy after cardiac surgerya randomized controlled trial (DEXmedetomidine COmpared to Morphine-DEXCOM
Study). Anesthesiology 2009; 111: 1075-84.
Pratt RJ, Pellowe CM, Wilson JA, Loveday HP,
Harper PJ, Jones SR, McDougall C and Wilcox
MH. epic2: National evidence-based guide-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

lines for preventing healthcare-associated infections in NHS hospitals in England. J Hosp
Infect 2007; 65 Suppl 1: S1-64.
Zucchetto A, Bomben R, Dal Bo M, Bulian P,
Benedetti D, Nanni P, Del Poeta G, Degan M
and Gattei V. CD49d in B-cell chronic lymphocytic leukemia: correlated expression with
CD38 and prognostic relevance. Leukemia
2006; 20: 523-5; author reply 528-9.
Redondo-Munoz J, Escobar-Díaz E, Samaniego
R, Terol MJ, García-Marco JA and García-Pardo
Á. MMP-9 in B-cell chronic lymphocytic leukemia is up-regulated by α4β1 integrin or CXCR4
engagement via distinct signaling pathways,
localizes to podosomes, and is involved in cell
invasion and migration. Blood 2006; 108:
3143-3151.
Koopman G, Keehnen RM, Lindhout E, Newman W, Shimizu Y, van Seventer GA, de Groot C
and Pals ST. Adhesion through the LFA-1
(CD11a/CD18)-ICAM-1 (CD54) and the VLA-4
(CD49d)-VCAM-1 (CD106) pathways prevents
apoptosis of germinal center B cells. J Immunol 1994; 152: 3760-3767.
Shanafelt TD, Geyer SM, Bone ND, Tschumper
RC, Witzig TE, Nowakowski GS, Zent CS, Call
TG, Laplant B, Dewald GW, Jelinek DF and Kay
NE. CD49d expression is an independent predictor of overall survival in patients with chronic lymphocytic leukaemia: a prognostic parameter with therapeutic potential. Br J Haematol
2008; 140: 537-46.
Hamblin TJ, Orchard JA, Ibbotson RE, Davis Z,
Thomas PW, Stevenson FK and Oscier DG.
CD38 expression and immunoglobulin variable region mutations are independent prognostic variables in chronic lymphocytic leukemia, but CD38 expression may vary during the
course of the disease. Blood 2002; 99: 10231029.
Zucchetto A, Vaisitti T, Benedetti D, Tissino E,
Bertagnolo V, Rossi D, Bomben R, Dal Bo M,
Del Principe MI, Gorgone A, Pozzato G, Gaidano G, Del Poeta G, Malavasi F, Deaglio S and
Gattei V. The CD49d/CD29 complex is physically and functionally associated with CD38 in
B-cell chronic lymphocytic leukemia cells. Leukemia 2012; 26: 1301-12.
Davi F, Merle-Béral H, Pritsch O, Magnac C,
Vuillier F, Dighiero G, Troussard X, Mauro FF
and Bénichou J. Expression of unmutated VH
genes is a detrimental prognostic factor in
chronic lymphocytic leukemia. Blood 2000;
96: 377-379.
el Rouby S, Thomas A, Costin D, Rosenberg CR,
Potmesil M, Silber R and Newcomb EW. p53
gene mutation in B-cell chronic lymphocytic
leukemia is associated with drug resistance

Int J Physiol Pathophysiol Pharmacol 2020;12(1):32-39

Chronic lymphocytic leukemia
and is independent of MDR1/MDR3 gene expression. Blood 1993; 82: 3452-3459.
[25] Burger JA, Burger M and 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.
[26] Crespo M, Bosch F, Villamor N, Bellosillo B, Colomer D, Rozman M, Marcé S, López-Guillermo
A, Campo E and Montserrat E. ZAP-70 expression as a surrogate for immunoglobulin-variable-region mutations in chronic lymphocytic
leukemia. N Engl J Med 2003; 348: 1764-75.

39

[27] Hamblin T, Orchard JA, Gardiner A, Oscier DG,
Davis Z and Stevenson FK. Immunoglobulin V
genes and CD38 expression in CLL. Blood
2000; 95: 2455-2457.
[28] Pittner B, Shanafelt T, Kay NE and Jelinek DF.
CD38 expression levels in chronic lymphocytic
leukemia B cells are associated with activation
marker expression and differential responses
to interferon stimulation. Leukemia 2005; 19:
2264-72.

Int J Physiol Pathophysiol Pharmacol 2020;12(1):32-39

