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Abstract 

B cell chronic lymphocytic leukemia (CLL) is characterized by accumulation of monoclonal CD5+ mature B cells. The 
expression of CD5 plays a role in the malignant behavior of CLL cells via controlling the expression of some genes that 
enhance the expression of; apoptosis inhibitors BCL-2, NF-κB, Wnt, and cytokine. By being naturally phosphorylated on 
tyrosines, CD5 is chronically activated in CLL cells. Moreover, B CLL cell also characterized by the expression of ROR1. 
In this study we wanted to know if CD5 has an effect on the surface expression of ROR1 in CLL cells via comparing the 
mean fluorescence intensity (MFI) between CD5 and ROR1.Therefore,  A cross-sectional study of immune-phenotype 
results for 50 randomly selected patients diagnosed with CLL in the period from June 2014 till Jan.2016 was performed. 
28 cases were excluded because ROR1 test was not performed for them. The study was carried out on 22 patients. The 
correlation between CD5 MFI and ROR1 MFI was assessed using Spearman’s correlation. We found that in 21 out of 22 
cases the correlation was significant with P < 0.001 and correlation coefficient (rs) of 0.788. This study gives us a hint 
that CD5 might have an effect on the expression of ROR1 in CLL lymphocytes. This finding needs to be supported by 
experimental study looking at the mechanism by which CD5 has such an effect.  
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1. Introduction

B cell chronic lymphocytic leukemia (CLL) is characterized by accumulation of monoclonal CD5+ mature B cells [1]. CD5 
is known to be a T lymphocytes marker, but it is weakly expressed on a small subgroup of B lymphocytes [2]. The 
expression of CD5 plays a role in the malignant behavior of CLL cells via regulating the expression of some genes that 
enhance the expression of apoptosis inhibitors BCL-2, NF-κB, Wnt, and some cytokines [3]. By being naturally 
phosphorylated on tyrosines, CD5 is chronically activated in CLL cells [4], which might be the cause for constitutive 
phosphorylation of the transcriptional factor STAT-3.  

 B CLL cell also characterized by the expression of Receptor tyrosine kinase-like orphan receptor 1 (ROR1) [5]. 
Expression of ROR1 ordinarily is confined to early embryogenesis, where it contributes to organogenesis [6-8]. 
However, ROR1 is not detected on postpartum tissues, including hematopoietic stem cells, except on a small subset of 
B-cell precursors, called hematogones [9]. The expression of ROR1 in CLL raise the question of whether it has a role in 
the pathogenesis of the disease or not. Knowing that the number of ROR1 receptors on the surface of CLL cells was 
estimated to be in the range of 10,000/cells [10] and its expression is increased with the progression of the disease [11] 
support its role in the pathogenesis of CLL. Also, it has been shown that STAT3 may be involved as a promoting factor 
in the expression of ROR1 [12]. 

In this study we tested the hypothesis that CD5, by being constitutive phosphorylated, affects the expression of ROR1 
via activation of STAT-3 (figure-1). To do so, a cross- sectional study was conducted to compare MFI between CD5 and 
ROR1 in CLL samples. 
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2. Material and methods 

2.1. Patient samples 

The diagnostic immune-phenotype results for 50 randomly selected patients diagnosed with CLL in the period from 
June 2014 till Jan. 2016 were reviewed, after getting the approval of the ethics committee at the university. 28 cases 
were excluded because ROR1 test was not performed for them. The study was carried out on 22 patients. 

2.2. Flow cytometry  

The immunophenotyping was carried out using BD FACSCanto II (Becton Dickinson) and CLL panel which composed of 
CD45, CD19, CD5, CD20, CD23, CD79b, CD38, Kappa, Lambda antibodies (Becton Dickinson) in addition to affinity-
purified polyclonal goat anti-human ROR1 (R&D Systems). The data was analyzed using FACSDiva software (Becton 
Dickinson). The expression of ROR1 was assessed for CD19, CD5 positive cells. 

2.3. Statistical analysis 

Statistical analysis was performed with SPSS (IBM SPSS Statistics Version 26) using Spearman’s correlation.  

3. Results  

Cells from 21 out of 22 cases (96%) showed typical CLL immunophenotype which was moderate to strong expression 
for CD19, CD5, and CD23 and dim for CD20 and CD79b. 12% of the cases were monoclonal for Kappa, while the rest 
were for lambda. Half of the cases in this study moderately expressed CLL prognostic marker CD38. All cases expressed 
ROR1 but the strength, (MFI), ranged from strong to dim.  

In those 21 cases there was some relation between the surface expression of CD5 and ROR1, whenever the expression 
of CD5 was dim the expression of ROR1 was also dim and vis versa. To assess the significance of this relation we run 
Spearman’s correlation test and found that (figure-2) only in one case this correlation did not exist, this case showed 
atypical CLL immunophenotype with weakly expression of CD23 and ROR1 and strongly expressed CD5 and CD20. 

4. Discussion 

CLL is a B lymphocyte malignancy that characterizes by CD5 expression. It is diagnosed when there is an accumulation 
of malignant lymphocytes in peripheral blood, bone marrow and lymph-nodes [13]. The search for the pathogenesis of 
this malignancy focused on the role of B-cell receptor (BCR), CD5 and other proteins [14]. In this study we tried in an 
observational way to look at the effect that CD5 might have on the expression of ROR1 and in turn the malignant nature 
of the disease.  

CD5 marker in B lymphocytes is located in a physical binding with BCR and acts as a negative regulator of down-stream 
signaling pathways [15]. In addition, via activation of STAT-3 and nuclear factor of activated T cells (NFAT), CD5 is 
directly played a role in the production of anti-apoptotic proteins such as IL-10 [3-4]. The production of IL-10 is 
significantly associated with CLL progression because it acts as a growth factor for CLL cells by increasing proliferation 
and protection against apoptosis [4, 16, 17]. 

STAT3 is a cytoplasmic transcription factor that upon phosphorylation moves to the nucleus, binds to DNA, and activates 
STAT3-regulated genes [4]. CLL cells are characterized by STAT3 being constitutively phosphorylated on serine 727 
residues which is in turn activates antiapoptotic genes [18]. This constitutive activation could be as a result of CD5 being 
constitutively active and due to that STAT3 has the ability to activates ROR1 gene which leads to the expression of ROR1 
in CLL cells [12]. During embryonic developmental stage, STAT3 is a very critical protein and its absence leads to 
embryonic lethality as well as ROR1 [19]. Also, in embryonic stage STAT3 does not need to be activated by other proteins 
to act [20] which means it might be constitutively active and it is responsible for the expression of ROR1 by embryonic 
tissue.  
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Figure 1 The effect of CD5 on the expression of ROR1 (Study hypothesis) 

Depending in the above-mentioned facts, we in this study tried to find an indirect evidence for the effect of CD5 via 
STAT3 on the expression of ROR1 by CLL cells by comparing MFI between anti-CD5 and Anti-ROR1. MFI is directly 
proportion to the amount of the antigen on the surface of CLL lymphocytes, which means the higher MFI for a given 
antigen the higher the numbers of that antigen on the cell surface. Therefore, when we compared MFI for CD5 in the 
study samples with that for ROR1 we observed that whenever MFI for CD5 is high The MFI for ROR1 is high too and vis 
versa. This correlation between the two markers proved to be significant. 

 

Figure-2 the correlation graph between CD5 MFI (independent variable) and ROR1 MFI (dependent variable) 
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5. Conclusion 

The result of this study raises some questions such as; Dose CD5 being constitutively active play a role in the 
pathogenesis of CLL? Is there any relation between CD5 and STAT3? Dose CD5 affect the expression of ROR1? Is this 
effect of CD5 on the expression of ROR1 explain why mantle cell lymphoma (MCL), a CD5 positive B-cell malignancy, 
also express ROR1?  To answer all of these questions another study should be carried out to investigate the cause for 
CD5 being constitutively active in CLL lymphocytes and its role in STAT3 being also constitutively active in that cells as 
well as the role of both on the expression of ROR1.  
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