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Introduction: 
Role of immunophenotyping in CLL 

The most reliable methodology for the diagnosis of 

chronic lymphocytic leukemia (CLL) is 

immunophenotyping by flow cytometry. Flow 

cytometry is usually performed in all patients with 

lymphocytosis, in order to confirm the  

Diagnosis of CLL suspected by morphology and 

clinical data.  

Application of immunological markers primary     

determines B cells by showing surface 

immunoglobulin (sIg) light chain restriction (1). CLL  

 

      

          

       

     

        

   

       

cells  express  B-cell markers, like CD19 along with 
low levels of CD20, positive for CD5 and CD23 and 
Weak to negative expression of CD10, CD11c, 
CD79b, CD25, and FMC7 (2).

In addition to the diagnostic value, by flow cytometry 
a  large  number  of  cellular  biomarkers  have  been 
found to correlate with the prognosis in CLL patients. 
Some of These biomarkers, the expression of CD38 
on  the  surface  of  CLL  cells,  the  intracellular 
expression  of  zeta-associated protein 70 (3),  and  a 
surface markers like CD49d that not only correlate 
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with prognosis, but also with genetic aberrations like 
trisomy 12 and are possibly involved in mobilization 
and homing of CLL cells (4).

1- CD38:

Is a surface protein with a wide pattern of expression 
in  cells  of  hematological and  non-hematological 
origin (5).  A  number  of  hematological  malignancies 
expresses CD38, including CLL. CD38 is a useful 
and reliable factor because it typically remains stable 
over  time,  even  in  the  face  of  chemotherapy.  It 
behaves simultaneously as a cell surface enzyme and 
as a receptor. As an ectoenzyme, CD38 presents 
multiple  enzymatic  activities  that  involved  in  signal

transduction  through  the  regulation  of  cytoplasmic
+2

Ca levels. As a receptor, CD38 binds CD31 that is 
expressed  by  a  variety  of  immune  cells  including  B 
and T cells subsets, and by vascular endothelial cells

(6).

CD38 expression identifies two subgroups of CLL 
patients  with  different  clinical  outcomes;  this 
distinction is based on the percentage of CD38 
positive  leukemic cells  within  a  CLL  clone.  In  the 
majority  of  studies,  the  threshold  is  considered  as  > 
30% CD38 positive clonal members (7). CD38 
positive patients (the threshold >30% of CD38 
positive  CLL  cells)  were  reported  to  have 
significantly  worse  prognosis  regarding  progression 
free  survival  (PFS)  and  overall  survival  (OS)  than 
those who were CD38 negative. CD38 expression is 
an  important  prognostic  indicator  when  combined 
with ZAP70 and IgVH mutation analysis and CD49d

(8).

2- ZAP70:

Is  a  member  of  the  syk  family  Protein  Tyrosine 
Kinases  (PTKs)  which  plays  a  critical  role  in  T-cell 
antigen  receptor  (TCR)  signaling  and  T-cell 
development. It was found also to be associated with 
the B-cell receptor (BCR) in CLL (9).

Intracellular expression of the ZAP-70 protein above 
a  certain  threshold  of  cells  by  flow  cytometry  (≥ 
20%) has proven to be an important indicator of time- 
to  treatment  and  survival  in  CLL.  The  cutoff  to 
classify  patients  as  ZAP-70 positive (negative 
prognostic  factor,  correlating  with  unmutated  IGHV 
status)  or  ZAP-70 negative. Positive patients have 
poor prognosis with shorter progression free survival, 
decreased  overall  survival  and  aggressive  disease 
course.  Whereas  patients  with  ZAP-negativity  have 
shown  good  prognosis,  prolonged  treatment  free 
survival (10).

Some studies  suggest  that  ZAP-70 retards 
internalization of surface membrane immunoglobulin 
M (smIgM) and CD79b from the cell membrane, 
leading  to  prolonged  BCR  pathway  signaling.  In
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addition, ZAP-70 positive CLL cells are more likely 
to express adhesion molecules such as CD49d and 
chemokine receptors, in particular CCR7, which 
promote migration toward a series of chemokines and 
inhibit apoptosis (11).
3- CD49d:
A molecule belonging to the integrin superfamily, 
highly expressed in normal peripheral blood and bone 
marrow B lymphocytes. It is a surface molecule, 
which binds to the β-integrin CD29 to form very late 
antigen-4 (VLA-4), the expression of which promotes 
microenvironment, mediated proliferation of CLL 
leukemic cells and identifies subgroup of about

40%

of CLL patients characterized by progressive course 
and short survival (12).

CD49d is known to operate as one of the master 
molecules mediating both cell-cell and cell-matrix 
interactions by binding respectively to vascular cell 
adhesion molecule-1 (VCAM-1), non-RGD 
sequences (Arg– Gly–Asp) of fibronectin (FN), and 
C1q-like domain of elastin microfibril interfacer-1

(EMILIN-1). These features are reflected in the 
independent prognostic impact of CD49d

expression

in CLL (13). Recent multicenter study identified 
CD49d as the strongest factor within flow cytometry- 
detected markers and also predictive of OS and 
treatment-free survival in patients with CLL (14).

CD49d can also serve as a signaling receptor that 
influences B-cell survival via up regulation of Bcl-2 
family members which was suggested to be related to 
the chemo resistant phenotype of CLL. In CLL, 
ligation of CD49d by FN was demonstrated to 
prevent apoptosis due to an increase in the BCL- 
2/BCL-2-associated X protein (BAX) ratio and to 
protect CLL cells from fludarabine-induced 
apoptosis, this effect correlated with an increased 
expression of BCLXL (15).

The relevance of CD49d as prognosticator for 
progressive disease evaluation was compared with 
CD38, ZAP-70, IGHV mutational status, β2M, 
Soluble CD23, modified-Rai and the presence of 
specific genomic aberrations (16). It should be noted 
that the expression of CD49d correlates with

some

other prognostic factors. Specifically, higher 
expression of CD49d is associated with unmutated 
IGHV, CD38 and ZAP70 (17).

It was reported that, positive CD49d CLL when 
associated with high serum levels for β2M or sCD23 
or with a modified Rai high /intermediate-risk group, 
identified the subsets of patients with the shortest 
survival. Conversely, a CD49d negative CLL, if 
paralleled with low serum levels for β2M or

sCD23,

or in the context of a modified Rai low-risk group, 
always identified the subgroups with the longest 
survival (16).

 



                                                                                                                                                                     

 

Cytogenetic abnormalities in CLL 

Acquired genetic aberrations, as in other types of 

cancer, have an important role in CLL pathogenesis. 

Since the late 1970s, numerous genetic studies using 

a wide range of laboratory techniques (conventional 

G-banding cytogenetics, fluorescence in situ 

hybridization, microsatellite analysis to detect loss of 

heterozygosis, Sanger sequencing, genomic arrays 

and more recently next generation sequencing 

methodologies, among others) have identified a broad 

spectrum of genomic aberrations (18). Recurrent 

cytogenetic abnormalities in CLL cells are the most 

reliable such markers currently available. Fluorescent 

in situ hybridization (FISH) is the standard method 

used to detect genomic aberrations in CLL (19). 

Cytogenetic abnormalities can be detected in 80% of 

cases. Some patients have more than one cytogenetic 

defect, displaying the heterogenic nature of the 

disease. Five major prognostic categories have been 

defined; trisomy 12 was reported in 10–20% of cases, 

deletion of 13q was reported in approximately 55% 

of cases, deletion of 11q was reported in 10–25% of 

cases, and deletion of 17p was reported in 5–10% of 

cases, also Del (6q) in 6% (20). 

These cytogenetic abnormalities are conventionally 

used to sub-classify patients into three prognostic ally 

relevant subgroups:  

1-The favorable risk group, includes those with 

deletion 13q14 as the sole abnormality, 

2-The intermediate group, includes a normal 

karyotype, trisomy 12, or a 6q deletion. 

3- The unfavorable group includes an 11q22/ATM 

deletion, deletion of17p13/ TP53, or complex 

karyotypes. 

 

1- 13q14 Deletion 

          Deletion of 13q14 region is the most frequent genetic 

change in CLL, as it was reported in 55% of the 

disease. As the sole aberration, it is associated with 

good prognosis (21). In the last few years, it has been 

reported that patients with CLL and 13q deletion may 

differ in their outcomes depending on the percentage 

of cells displaying this aberration (22), being 

monoallelic in 70% of cases and biallelic in 30% (23). 

Several studies have found that biallelic 13q deletion 

is associated with a shorter OS than mono-allelic 

deletion (24), while recent work has suggested no 

significant difference between patients with biallelic or 

monoallelic 13q deletion with respect to OS (19). 

Because microRNAs miR-15a and miR-16-1 are 

located within the commonly deleted region on 

chromosome13, their deletions contribute to the 

pathogenesis of this subtype of CLL. Both of these 

microRNAs have been shown to accelerate the 
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proliferation of human B cells by modulating the 
expression of genes controlling cell-cycle progression;

their deletion might partially explain the good 
prognosis associated with 13q deletion (23).
2- 11q23 Deletion
Deletions of the long arm of chromosome 11 (del11q)
can be found in about 25% of chemotherapy-naïve 
patients with advanced disease stages and 10% of 
patients with early stage disease (25). The prognostic 
significance of this deletion results mainly from 
mutations in the ATM (ataxia telangiectasia mutated)
gene, located on the long arm of chromosome 11. 
The deletion may be distinguished as the more 
common „classical or large deletion‟ or an „atypical 
or small deletion‟, which is uncommon and more 
frequently associated with ATM mutations (26).

ATM gene mutations have been largely studied in 
CLL patients with Del (11q); however, they have been 
found in only 8–30% of 11q- patients (27), indicating 
that other genes could play a role in the pathobiology 
of 11q deletions in CLL. One of these genes is 
baculoviral IAP repeat-containing 3( BIRC3), a 
negative regulator of the non-canonical nuclear factor 
κ-light-chain-enhancer of activated B cells (NF-ĸB)

protein, which is located near to ATM gene at 11q22. 
However, a recent study by Rose-Zerilli et al. has 
shown that ATM mutations rather than BIRC3 
deletion and/or mutation had impact on overall and 
progression-free survival in 11q-deleted CLL patients 
treated with first- line therapy (28).

From a clinical point of view, CLL patients with Del

(11q) are identified by large and multiple 
lymphadenopathies and have been associated with 
poor prognostic factors, such as unmutated IGHV 
genes. The presence of Del (11q) implies clinically 
progressive disease in almost all cases. In addition, 
cases with Del (11q) have been associated with shorter 
remission durations, and shorter OS following 
standard chemotherapy compared to non-deleted 11q 
cases (29).

3- Trisomy12

Trisomy 12 is the most common abnormality 
identified by chromosome banding analysis (CBA)

(30). It is the third most common abnormality 
identified by fluorescence in situ hybridization (FISH)

occurring in up to 10–20% It may also be associated 
with trisomy 18, deletion 14q, t (14; 19) (q32; q13), 
and/or trisomy 19 (31).

The prevalence of this cytogenetic abnormality is 
significantly higher in small lymphocytic lymphoma

(SLL) where it is present in 28% of cases, also may 
increase the risk of Richter syndrome (RS) and second 
cancers (32).

 



                                                                                                                                                                     

In some studies proposed by Döhner et al. found that, 

trisomy 12 CLL carry an intermediate prognostic risk, 

with median overall survival (33). These results found 

to be contra directory to results reported by González-

Gascón y Marín et al. who found that, overall survival 

was shorter in patients with high trisomy12 expression 

in comparison to those with low trisomy12 expression 

(31). 
CLL cells with trisomy 12 tend to have atypical 

morphology, defined as more than 15% of cells with 

cleaved nuclei and/or lymphoplasmacytoid features.  

This cytogenetic abnormality results in the “atypical” 

CLL; patients with the “atypical” CLL frequently have 

an atypical phenotype, with loss of CD5 or expression 

of FMC7, a marker usually absent in CLL (34). 

Regarding the pathogenesis of trisomy 12, it has been 

difficult to establish a set of candidate genes since the 

affected region is the whole chromosome instead of a 

smaller critical region. However, the effects of trisomy 

12 may be due to gene dosage effect, with increased 

expression of a number of genes, including: huntingtin 

interacting protein-1 related (HIP1R), myogenic factor 

6 (MYF6), Cyclin-dependent kinase 4 (CDK4), and 

murine double minute 2 (MDM2) protein located on 

chromosome 12 (35). 

CLL patients with trisomy12 rarely show TP53 

mutations and rarely acquire these over time, finding 

that may explain the benign course after treatment 

(36). However, recently the presence of NOTCH-1 

mutations can be identified in 30–40% of patients 

carrying trisomy12 particularly in cases with 

somatically unmutated immunoglobulin heavy chain 

variable region (IGHV) genes. NOTCH1 mutation 

may be associated with a shorter OS (37). However, 

the impact of NOTCH1 mutation on prognosis may be 

influenced by other chromosomal aberrations. For 

example, NOTCH1 mutation occurs more frequently 

in patient's carrying‏ trisomy12 as the sole abnormality, 

but a worse outcome is observed among patients with 

trisomy12 associated with additional chromosomal 

     

 

   

         

        

  

        

        

 

        

         

        

        

     

       

      

        

      

         

         

  

       

        

         

      

       

        

        

 

5- 6q deletion 

6q deletion seems to occur with relatively low 

frequency (3–6%) and it is detected by chromosome 

banding analysis (CBA) as well as FISH (45). The 

abnormalities on chromosome 6 typically involve 

Deletions at 6q23, but can also involve deletions at 

6q25–27 and/or 6q21 (46). 

Patients with abnormalities between 6q21 and 6q24 

generally have higher proportions of blood 

prolymphocytes, higher than average expression of 

CD38, and more aggressive disease (47). Lately, it 

was observed that deletion in 6q16 appears to be the 

most frequent region in CLL and could be associated 

with a more widespread disease when present as the 

sole abnormality (45). 
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abnormalities, irrespective of NOTCH1 mutation 
status (38).

4- 17p13 deletion

Deletion of 17p is found in approximately 5–10% of 
CLL patients at diagnosis (de novo deletions), but can 
also be acquired during the evolution of the disease, 
particularly in patients who have received 
chemotherapy. Indeed, the incidence of 17p deletion in 
patients with relapsed or refractory CLL can be up to 
30% (39).

Patients with 17p deletion have always been included 
into the highest risk prognostic category, showing the 
shortest OS. This finding can be explained not only 
because of the cell-cycle deregulation caused by the 
loss of TP53 but also the usual requirement of 
chemotherapy, both independent predictors of a 
reduced OS (40).

Recent studies have shown clinical heterogeneity in 
17p deletion patients according to the appearance of 
this abnormality during follow-up: as an early event

(de novo) or, as a secondary alteration, which is more 
frequent. Patients with de novo 17p deletion have a 
longer median OS (4-5 years) whereas those who 
acquired 17p deletion during clonal evolution have a 
decreased survival (1–1.5 years) (41).

It has been shown that approximately 90% of patients 
with Del (17p) carry a TP53 mutation; conversely, 
only 60–70% of patients with TP53 mutation also 
harbor Del (17p), as detected by FISH. However, 
TP53 mutations also occur in the absence of Del (17p)

in about 5% of untreated patients and are associated 
With a poor outcome, (42). Patients harboring biallelic 
inactivation of TP53 have a significantly poorer 
outcome with shorter OS than those with TP53,

mutation or deletion of a single 17p allele (43).

Patients with del17p have unusual immunophenotype 
with strong CD20, CD79b, FMC7, surface Ig, 
expression, in addition, an increased expression of 
CD38, ZAP-70, and unmutated IGHV was reported in 
17p deletion cases, which agrees with the poor 
prognosis of this group of patients (44).

Association of trisomy 12 with CD49d
Although expression of the integrin CD49d was 
decreased on circulating CLL cells in general, 
uniquely among the main cytogenetic categories, its 
expression was relatively preserved on trisomy 12 
CLL cells (48), 90% of trisomy12 cases were found to 
express CD49d. Moreover, trisomy12 CLL cases 
were characterized by the higher mean fluorescence 
intensity levels of CD49d compared with cases 
belonging to the other cytogenetic categories (49).

These differences in surface integrin expression were 
associated with up regulation of molecules involved in 
intracellular integrin signaling. These changes were of



                                                                                                                                                                     

functional significance, as trisomy 12 CLL cells 

exhibited increased Intercellular Adhesion Molecule 

1(ICAM-1) and VCAM-1 binding on integrin 

activation, and showed enhancedVLA-4-mediated 

adhesion and motility. The effect of trisomy 12 was 

dominant, with up regulation of integrin signaling also 

present in trisomy 12 with other cytogenetic 

abnormalities including del-11q or del-17p (48).  

CD49d overexpression found in trisomy 12 CLL could 

explained by DNA hypo methylation, a well-known 

epigenetic mechanism regulating gene transcription in 

tumors including CLL. It was found that 

CD49d+/trisomy 12 CLL completely lacked CPG 

methylation, while a significant CPG methylation was 

detected in the negative cases. Among this hypo 

ethylating agents, deoxyazacytidine (DAC) that 

operates by inhibiting DNA methyltransferase activity, 

thus preventing methylation of newly replicated DNA, 

leading to DNA demethylation and subsequent gene 

activation (49). 

An interesting observation is the strong correlation 

between CD49d expression and trisomy 12 since it 

might anticipate a putative general feature of CLL 

cells (13). 

Conclusion: 
Combination of CD49d and trisomy12 may have very 

strong prognostic roles in prognosis of CLL and add a 

prognostic value to CLL patients. 
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