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Abstract
This study was carried out on 41 newly diagnosed chronic lymphocytic leukemia (CLL) patients for investigation 

of the diagnostic value of CD49d and its correlation with disease outcome in CLL patients. CD49d expression on CLL 
cells in peripheral blood samples was estimated by flow cytometry analysis. Patients with ≥ 31.5% of neoplastic cells 
expressing CD49d were considered high CD49d cases. The cases with high CD49d expression were significantly 
associated with progression to a more advanced stage while lymphocytic doubling (LD) and mortality were not 
significantly associated with high CD49d expression. Lymphocytic doubling time (LDT) was significantly shorter in high 



Citation: Abdel-Aziz AF, Yahya RS, Abdel-Messih HM, Ata AM (2019) Diagnostic Value of CD49d Expression in Patients with Chronic Lymphocytic 
Leukemia. Biochem Physiol 8: 249. doi: 10.4172/2168-9652.1000249



Citation: Abdel-Aziz AF, Yahya RS, Abdel-Messih HM, Ata AM (2019) Diagnostic Value of CD49d Expression in Patients with Chronic Lymphocytic 
Leukemia. Biochem Physiol 8: 249. doi: 10.4172/2168-9652.1000249

Page 3 of 11

Volume 8 • Issue 1 • 1000249
Biochem Physiol, an open access journal
ISSN: 2168-9652

immunophenotyping analysis, using a panel of antibodies designed 
to characterize CD5+ B lymphoid neoplasms during the routine 
clinical evaluation for diagnosis, staging, or follow-up by using a FACS 
calibur �ow cytometer (Becton Dickinson: BD FACS CantoTM II 
�ow cytometer, company BD Biosciences, San Jose, CA95131, USA). 
Additionally, the CD38 and ZAP-70 expression was analyzed by �ow 
cytometric analysis by using a three-color staining combining method 
[22].

Statistical Analysis
All of the statistical calculations were done by using excel program 

(Microso� O�ce 2010) and Statistical Package for Social Science 
program (SPSS ) (SPSS, Inc, Chicago, IL) version 20 [28].

Results and Discussion
Chronic lymphocytic leukemia (CLL) is an indolent disease 

characterized by a low rate of proliferation, with a unique phenotype, 
and a high mortality rate [29,23]. Behavior of CLL patients belonging 
to the same clinical risk category is not uniformly predictable due to 
the variability in time to progression and survival of early stage CLL 
[30,31]. Majority of patients with CLL are a symptomatic and have early 
stage disease at the time of diagnosis but, some experience an aggressive 
disease course that leads to the premature death within a few months 
while others live for decades untill 20 years or more and never require 
therapy [11,32].

From this study, the CLL patients at diagnosis showed a signi�cant 
decrease in hemoglobin concentration when compared to control group, 
but a highly signi�cant decrease in platelets count when compared to 
control group. Also, a highly signi�cant increase in total leucocytes 
count, peripheral blood absolute and relative lymphocytic count in CLL 
patients when compared to control group. Median prolymphocytes 
in peripheral �lms was 1% (Table 2). �ey showed the presence of 
lymphocytosis at the time of diagnosis [33]. Kamel et al. [1] reported 
that CLL Rai staging showed a positive correlation with absolute 
leucocyte count (ALC) and a negative correlation with hemoglobin 
(Hb) level. On the other hand, CLL patients showed signi�cantly higher 
lactate dehydrogenase (LDH) concentration when compared to control 
subjects (P <0.001), as well as no signi�cant di�erences were observed 
for alanine aminotransferse (ALT), aspartate aminotransferase (AST), 
total bilirubin, albumin, creatinine and uric acid in CLL patients when 
compared to control subjects (P>0.05) (Table 3). We investigated the 
diagnostic value of CD49d expression in CLL patients, its correlation 
with disease outcome and also, its role as an independent prognostic 

marker in CLL patients. �e expression of CD49d determined by 
�ow cytometry analysis and identi�ed by several independent groups 
as a novel predictor of disease progression and overall survival in 
CLL patients [2,13,15,22,24,31-39]. �e performance characteristics 
of CD49d by using a receiver operating curve (ROC) analysis which 
conducted to identify the optimal CD49d level for potential prediction 
of development of CLL was shown in Table 4 and Figure 3. From this 
curve, the best cut o� value for CD49d expression that discriminated 
CLL patients from controls and yielding the separating of CLL patients 
into two subgroups with di�erent prognosis was �xed at 31.5%. �e 
values above cut o� were considered high CD49d expression while 
values below cut o� were considered low CD49d expression (Figure 4). 
�is is closely similar to previous studies [18,13,19,22,]. �ey found that 
30% cut o� value is the best to code CD49d expression status to predict 
overall survival in CLL patients and patients with ≥ 30% of neoplastic 
cells expressing CD49d were considered CD49d+ or high CD49d. 

According to this cut o� value 31.5%, 23 (56.1%) CLL cases were 
de�ned as high CD49d expression while 18 (43.9%) CLL cases as low 
CD49d expression. CD49d in control ranged from 2-26% with median 
of 10.5%. Total CLL CD49d ranged from 1-99% with median of 44%. 
CLL low CD49d ranged from 1-26% with median of 5% while CLL high 
CD49d ranged from 37-99% with median of 73% (Table 5 and Figure 
5). Moreover, our data showed that CD49d expression was increased 
in CLL patients at diagnosis when compared to control group and 
there was statistically signi�cant increase of CD49d expression in CLL 
patients when compared to normal control subjects (P=0.032) (Table 
4) [40]. 

Hematological data
Control (N=25) CLL (N=41)

P
Median Range Median Range

Absolute lymphocytic 
count (×109/L) 1.43 1-4 51.4 3 -230 <0.001

Relative lymphocytic 
count (%) 32.5 20-50 81.1 43.6-93.7 <0.001

Prolymphocytes (%) - - 1 1-3 -
Total leucocytic count 

(TLC) (×109/L) 5.19 4-7 71 8-336 <0.001

Hemoglobin 
concentration (Hb) (g/dL) 14 12-16 11 9.7-12.2 0.002

Platelet count (×109/L) 365.5 307-438 111 8-416 <0.001

Significance probability when P <0.05. 
Abbreviation: TLC: Total Leucocytic Count; Hb: Hemoglobin concentration. 
Table 2: Comparison between hematological data at diagnosis of studied CLL 
patients and matched control group.

Clinical chemistry 
data

Control (N=25) CLL (N=41)
P

Median Range Median Range
ALT (U/mL) 18.5 10-27 18 6-142 0.849
AST (U/mL) 28.5 25-35 25.3 6-225 0.146

Total bilirubin (mg/dL) 1 0.9-1.1 2.7 0.2-5.2 0.615
Albumin (g/dL) 5 4-5 5 3.4-6.4 0.594

Creatinin (mg/dL) 1 0.7-1.1 1 0.4-2 0.129
Uric acid (mg/dL) 5 3-6 5 2-10 0.209

LDH (U/mL) 140 120-170 460 227-1370 <0.001

Significance probability when P <0.05. 
Abbreviation:
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variably expressed on B-CLL cells and showed bimodal distribution 
with most patients, either very high or very low levels of expression 
and this makes CD49d most interesting for a good new reproducible 
marker as reported in previous studies [13,24,32]. Concerning to age 
and gender distributions, there were no signi�cant di�erences of age 
and gender distributions according to CD49d positivity in studied 
groups of CLL patients (P>0.05) (Table 6). �ey reported that there 
were not signi�cant di�erences in age or gender between CLL patients 

Figure 3: A receiver operating curve (ROC) analysis of CD49d levels.

Figure 5: CD49d expression in control and CLL patients.
Figure 4(A): Patient with High CD49d expression on B-CLL cells 
(96.79%).

Figure (4B): Patient with low CD49d expression on B-CLL cells (8.24%).

 
CD49dlow CD49dhigh

P
N=18 N=23

Age (Years)
Median 57.5 59

0.285
 Range 45-69 48-84

Gender
Males, N (%) 17 (94.4%) 17 (73.9%)

0.112
Females, N (%) 1 (5.6%) 6 (26.1%)

Age is presented by median and range. Gender is presented by number and percentage. Significance probability when P <0.05.
Table 6: Age and gender distributions according to CD49d positivity in studied groups of CLL patients

From these results, we observed a wide interpatient variation of 
CLL B-cell CD49d protein expression ranged between 0 and 100% 
CD19+ cells and the great majority of CLL patients in our series either 
expressed CD49d at low levels or expressed CD49d at very high levels. 
�is is in agreement with the results [22,41]. �ey showed that most 
cases either expressed CD49d at a high level or showed negligible 
expression, con�rming that CD49d is easier to interpret as positive 
or negative. Additionally, they reported that CD49d expression was 
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with CD49d expression ≥ 30% and <30% [41-46]. Hendy et al. [42] 
reported that there was no correlation was detected between CD49d 
and age or sex. As well as, there were no signi�cant di�erences found 
between low CD49d and high CD49d CLL groups regarding to clinical 
characteristics data (P >0.05) (Table 7).

According to stages, CD49d expression lacks of a signi�cant 
association at stage Binet A in our cohort, but those patients with high 
CD49d expression had a distinct poor disease outcome in contrast to 
those with low CD49d expression and the lack of association could be 
explained with the lower patient number in Binet A stage (11 patients 
with Binet A: 3 patients with low CD49d and 8 patients with high 
CD49d). �ey reported that CD49d protein expression did not provide 
prognostic information in both patients with early stage (Binet A) and 
with more advanced stage disease (Binet B/C) [24]. Baumann et al. [18] 
reported that a high expression of CD49d (>30%) was associated with 
progressive disease such as advanced clinical stage and so, patients with 
higher expression of CD49d had more advanced Rai and Binet clinical 
stages as well as more constitutional symptoms. Zucchetto et al. [38] 
observed signi�cant associations between CD49d expression and Rai 
staging. Hendy et al. [42] reported that there was a positive correlation 
between the CD49d expression and prognostic parameters in CLL 
patients such as CLL staging. 

Our result is in disagreement with [43,22,33]. �ey showed that 
patients with high CD49d expression (≥ 30%) had a signi�cantly higher 
median Rai stage and signi�cantly associated with a more advanced 
Binet and Rai stage disease stages at the time of diagnosis. Seiler et al. 
[40] reported that the di�erences of CD49d expression were related to 
clinical stage and showed that CLL patients in early disease stage had 
signi�cantly lower CD49d expression compared with patients in the 
advanced disease stage. �e mean CD49d expression of the advanced 
stage group was di�erent from that of the normal control group and 
also, CD49d expression was signi�cantly di�erent in early and advanced 
stages independently from treatment status. 

Concerning to lymphadenopathy, Strati et al. [19] reported that 
CD49d positivity expression was strongly associated with the presence 
of nodal presentation and subsequent development of lymphadenopathy 
in CLL patients at the time of diagnosis as well as during the course of 
disease, con�rming that patients with high CD49d positive expression 
would experience a clinical course dominated by lymphadenopathy. 
�ere were a signi�cantly higher percentage of leukemic cells expressing 
CD49d observed among patients presenting with lymphadenopathy 
at the time of diagnosis. Additionally, they reported that among CLL 
Rai 0 patients, CD49d positivity was associated with shorter time to 
subsequent development of lymphadenopathy and this association was 

maintained on multivariate analysis a�er adjusting for either FISH or 
IGHV status. Baseline lymphadenopathy was more frequent among 
CD49d-positive patients than CD49d-negative patients. Till et al. [44] 
reported that there was an association between high CD49d expression 
and the presence of lymphadenopathy and disease stage.

Moreover, the authors reported that the level of CD49d expression 
was linked to the presence of bulky lymphadenopathy and/or adverse 
outcome in CLL [22,33,43]. Pasikowska et al. [45] demonstrated that 
CLL cells collected from lymph nodes have higher CD49d expression 
than those in the peripheral blood, Baumann et al. [18] reported 
that increased CD49d expression was associated a higher number of 
involved lymph node regions and a tendency towards more frequently 
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Survival times such as progression free survival and overall survival 
were studied according to CD49d positivity (Table 13, Figures 7 and 8) 
by using Kaplan-Meier survival curves to investigate the e�ect of CD49d 
expression level on disease course in patients with high and low CD49d 
expression in terms of progression free survival and overall survival 
[33]. Concerning to progression free survival, high CD49d group 
showed signi�cantly shorter progression free survival when compared 
to low CD49d group of CLL patients (Mean: 11.005 vs. 13.783 months) 
(p=0.046). In addition cumulative proportion of CLL patients having 
progression-free survival (survived without progression) at 12 months 
was lower in high CD49d when compared to low CD49d (Cumulative 
proportion: 45.5% vs. 73.3%) (P=0.046) [13,22,31,32,34]. �ey reported 
that patients with high CD49d expression had signi�cantly shorter 
progression free survival and signi�cantly lower cumulative proportion 
at 24 months survived without progression versus those with low 
CD49d expression. Furthermore, CLL cases with high CD49d protein 
expression are characterized by unfavorable clinical course [24].

However, overall survival did not signi�cantly di�er between both 
high CD49d and low CD49d of CLL patients (P= 0.370) and so, there 
were not signi�cantly di�erences in overall survival between high-risk 
patients with high and low CD49d expression [22]. �ey reported that 
overall survival showed no signi�cant di�erences between high and 
low CD49d expression and so, high CD49d expression not identi�ed 
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doubling time as dependent parameter and to predict the value of CD49d 
expression as an independent prognostic factors for lymphocyte doubling 
time. Multivariate analysis revealed that high CD49d expression is an 
independent signi�cantly prognostic factors for developing and predicting 
shorter lymphocyte doubling time and so, lymphocytic doubling time as 
dependent parameter on CD49d expression (P=0.013, HR=1.568, 95% 
CI=2.199-9.386) (Table 14). �ey reported that the prognostic value of 
CD49d is independent of other prognostic parameters [32,34]. 

�e relevance of CD49d expression as prognosticator for progressive 
disease was evaluated as progression free survival compared with 
other prognostic factors namely age, absolute lymphocytic count, Rai 
staging, lactate dehydrogenase, cluster of di�erentiation CD38, zeta 
chain associated protein kinase and CD49d positivity as covariates 
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