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Abstract 
Chronic lymphocytic leukaemia (CLL) is a common type of leukaemia characterised by an 

abnormal increase in T-cell count. T-helper cytokines were reported to stimulate the survival 

and proliferation of CLL cells and could be correlated with disease progression. This study 

aims to study the possible inter-regulation and correlation between IL-22 and CD38 in CLL 

patients. It was carried out on newly diagnosed B-CLL patients and healthy controls. Routine 

laboratory investigations were carried out for all subjects. Haematological laboratory 

investigations were performed for all subjects, these included CD19, CD38 and interleukin-22 

(IL-22) absolute and percentage counts. CLL patients showed a significant (P<0.05) increase 

in CD19, CD38 and IL- 22 absolute and percentage counts by comparison to the healthy control 

subjects. 25% of CLL patients showed positive CD38 expression. Interestingly, IL-22 

percentages showed an association with CD38 expression. IL-22 percentage showed an 

increase in patients with high CD38 expression and a decrease in patients with low CD38 

expression. Moreover, there was a significant (P<0.05) positive correlation between CD38 and 

IL-22 with Pearson’s correlation coefficient (r=0.621). Thus, CD38 and IL-22 could act in 

synergy to maintain CLL cell survival and proliferation and could be used as diagnostic and 

prognostic markers. 
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Introduction 

Chronic lymphocytic leukaemia (CLL) is 

one of the most common types of 

leukaemia in adults and is characterized by 

genetic and clinical heterogeneity[1]. CLL is 

B-cell neoplasia associated with the 

immune system and microenvironment 

disorders[3]. Pathogenesis of CLL multifac-

torial including genetic susceptibility, 

tumor cell modulation, epigenomic tumor 

cell reprogramming, and microenviron-

ment interactions[2]. Transformation and 

progression of CLL cells are controlled by 

many factors as the interactions with 

tumour microenvironment favours malig-

nant B cell clones’ survival and delays their 

apoptosis. Indeed, this would contribute to 

the pathogenesis and progression of the 

disease[4].  

 

There are several prognostic markers for 

CLL, currently used in clinical practices 

including CD38 level, ZAP-70 expression, 

abnormalities of interphase fluorescence in 

situ hybridization (iFISH) and the heavy-

chain variable region (IgVH)[5]. 

The percentage of CD38 positive cells was 

reported to be a prognostic factor in CLL, 

The higher the level of CD38 in CLL, the 

poorer the prognosis and the response to 

therapy becomes[6]. One of the character-

ristic features of CLL is the presence of 

complex immune disorders that have an 

important role in disease pathogenesis[4]. 

Elevated number of CD4 positive T-helper 

cell subset has been reported in CLL 

patients[3]. 

 

T-helper (Th) cell subsets secrete distinct 

cytokines which exert specific immune-

logical functions and have a strong corre-

lation with the progression of CLL [Matrai, 

2005 #14]. They induce the antiapoptotic 

proteins which maintain CLL cell survival 
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and proliferation [7][8]. Cytokines produced 

by Th-17 and Th-22 cell subsets were 

found to have an impact on the patho-

genesis of different auto-immune diseases 

and solid tumours[9]. 

 

Dysregulation of IL-22 expression and 

signalling was found in patients with skin, 

liver, and lung cancers[10]. Moreover, IL-22 

is implicated in the pathogenesis of some 

leukemic disorders such as acute myeloid 

leukaemia (AML)[11], acute lymphocytic 

leukaemia ALL[12] and myelodysplastic 

syndrome (MDS)[13]. This study aims to 

assess the possible co-regulation and 

correlation between IL-22 levels and CD38 

expression in CLL. 

 

Subjects and Methods 
The present cross-sectional study was 

carried out at Minia University, Faculty of 

Medicine, Department of Clinical 

Pathology.  

 

The study included two cohorts:  

Cohort I (healthy cohort): Included 35 

healthy individuals, 65% males and 

35%females, with age 45-68.   

Cohort II (CLL patients' cohort): It 

included 35 patients, recently diagnosed 

with B-CLL. All samples were collected 

before the onset of any anti-cancer 

therapies such as chemotherapy or anti-

inflammatory drugs. 63 % males and 37 % 

females.  

 

Patients were diagnosed in accordance with 

the guidelines outlined by the International 

Workshop on CLL Diagnosis (Hallek et 

al.,[14]). They were subjected to full 

assessment of the following:  

• History taking, considering age, sex, 

fever, bleeding tendency, easy 

fatigability and history of haemolytic 

attacks.  

• Clinical examination, including pallor, 

purpura, hepatomegaly, splenomegaly 

and lymph nodes enlargement.  

• Routine laboratory tests, including 

complete blood count, erythrocyte 

sedimentation rate, renal and liver 

functions tests, lactate dehydrogenase 

enzyme, C-reactive protein, bone 

marrow (BM) aspirations.  

• Specialised haematological tests by 

flowcytometry (BD-FACS FLOW, 

Argon laser, USA). These testes 

included counting CD19, IL22 and 

CD38 expressing cells in peripheral 

blood and working out the percentages 

and the absolute counts. Data were 

processed by XL software.    

Statistical analysis 
SPSS program (Statistical Package for 

Social Sciences) software version 25 was 

used for data analysis. The parametric 

quantitative data were analysed using 

descriptive statistics by mean ± SD, and an 

independent-sample T test was utilized to 

analyse the minimum & maximum of the 

range. As for the non-parametric 

quantitative data, they were analysed by 

median using the Mann-Whitney test. 

Pearson’s correlation coefficient was used 

for the correlation between markers and 

laboratory data. Data were expressed as 

mean ± SD. The significance level was 

taken at (P value < 0.05). 

 

Results 
1. Increase CD19 positive cell counts in CLL: 

CD19 percentage and absolute count 

showed a significant (P<0.001) upregu-

lation in the CLL (34.3± 13.4) and 

(16.4±17.8) respectively by comparison 

to the healthy control cohort (9.3± 3.2) 

and (0.23±0.11) respectively as summa-

rised in (table 1). 

2. Increase in CD38 positive cell counts in CLL: 

CD38 percentage and absolute counts 

showed a significant (P<0.019 and 

P<0.001 respectively) upregulation in 

CLL (12.6±13.9) and (6.03±10.14) 

respectively by comparison to the healthy 

control (5.1±2.7) and (0.1±0.06) 

respectively as summarised in (table 1). 

3. Increase in IL-22 expressing cells in CLL: 

IL-22 showed a significant (P<0.001) 

increase in both the percentage and 

absolute counts in CLL (4.6±2.7 and 

2.43±3.3 respectively) by comparison to 

the healthy control cohort (1.0±0.6 and 

0.022 ±0.015 respectively) as summarised 

in (table 1). 
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4. Interrelation between IL-22 and 

CD38 percentages in CLL patients: 

CLL patients with high CD38 expression 

(≥20%) showed increase in IL-22 

percentage (4.1 -11.4%). Whereas CLL 

with low CD38 expression (<20%) 

showed decrease in IL-22 percentage (0.5 

-8.3%). Thus, was a statistically significant 

increase in the percentage of IL-22 in 

patients with high CD38 expression when 

compared with patients with low CD38 

expression (7.5±2.4 versus 3.8±2.3) 

respectively (P=0.003) Data summarised 

in (table 2). Pearson’s correlation 

coefficient statistical analysis was 

performed in order to find out the signifi-

cancy of this data and if there are any 

correlations.   

5. Correlation between CD38 and IL-22 

percentage in CLL: 

There was a significant (P<0.001) positive 

correlation (r=0.621) between CD38 

percentage and IL-22 percentage in CLL 

patients. However, there were no corre-

lations between IL-22 percentage and other 

assessed haematological parameters. Data 

are summarised in (table 2). 

6. correlation between absolute CD38 

and absolute IL22 expressing cell count 

There was a significant (P< 0.001) positive 

correlation between absolute CD38 count 

and absolute IL 22 count (r= 0.717). Data 

summarised in (table 4). 

 

Table (1): CD19, CD38 and IL-22 (percentage and absolute positive cell count) in both groups. 

  CLL patients   Control P-value 

Parameters  Descriptive data N=35 N=35  

CD19% 

Range 

Mean ± SD 

Median 

(23-71) 

34.3±13.4 

30 

(2-15) 

9.3±3.2 

10 

<0.001** 

Absolute CD19 

x103/µl 

Range 

Mean ± SD 

Median 

(2.02-100.8) 

16.4±17.8 

12.8 

(0.07-0.49) 

0.23±0.11 

0.2 

<0.001** 

CD38% 

Range 

Mean ± SD 

Median 

(1.6-64) 

12.6±13.9 

6.2 

(1.1-11) 

5.1±2.7 

4.7 

0.019* 

Absolute CD38 

x103/µl 

Range 

Mean ± SD 

Median 

(0.21-53.9) 

6.03±10.14 

1.91 

(0.02-0.24) 

0.1±0.06 

0.1 

<0.001** 

IL-22% 

Range 

Mean ± SD 

Median 

(0.5-11.4) 

4.6±2.7 

4.1 

(0.3-2.2) 

1±0.6 

0.9 

<0.001** 

Absolute IL-22 

x103/µl 

Range 

Mean ± SD 

Median 

(0.06-14.5) 

2.43±3.3 

1.2 

(0.004-0.06) 

0.022 ±0.015 

0.02 

<0.001** 

*: Significant difference at P- value < 0.05  

**: Significant difference at P- value < 0.001  

 

Table (2): Coregulation between IL-22 and CD38 percentages in CLL patients. 

 CD38 

P-value <20% ≥20% 

26 9 

IL-22 

Range 

Mean ± SD 

Median 

 

(0.5-8.3) 

3.8±2.3 

3.5 

 

(4.1-11.4) 

7.5±2.4 

7.8 

0.003* 

** Significant difference at P- value < 0.005 
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Table (3): correlations between IL-22% and haematological parameters (HB, Platelets, 

Lymphocyte%, absolute lymphocytic count, LDH, CD19% and CD38%) in CLL patients 

 

CLL patients  
IL-22% 

Pearson’s correlation coefficient  (R) P value 

HB -0.275 0.110 

Platelets -0.041 0.817 

Lymphocyte % 0.058 0.740 

Absolute lymphocytic count 0.088 0.617 

LDH 0.167 0.339 

CD19% 0.168 0.336 

CD38% 0.621 <0.001* 

**: Significant difference at P- value < 0.005 

 

 

Table (4): correlation between absolute CD38 and absolute IL22  expressing cell count in 

CLL group. 

 

 

Absolute IL22 (x103) 

r P value 

Absolute CD38 (x103) 0.717 P<0.001* 

 

 

 
Figure 1: A) percentage of CD38 and CD19 in CLL patients (CD 38 =29.8% and CD 19=63.2%). 

B)  Percentage of IL-22 in CLL patients (IL-22=7.2%) 

 

Discussion 
In the present work, we have investigated 

the potential role of IL-22 in patients newly 

diagnosed with B-cell CLL and the 

correlation between IL-22% and CD38% in 

malignant cells in those patients.  

 

IL-22 is a glycoprotein, and it is a member 

of the IL-10 family that was named as IL-

10-related T cell-derived inducible 

factor[15]  IL-22 is released by several types 

of CD4 positive  cells including Th-22 cells 

A B 
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and CD8 positive T lymphocytes, natural 

killer T cells, type 3 ILCs and γδ T 

lymphocytes[16]. 

 

IL-22 binds to the IL-10 receptor 2 and the 

IL-22 receptor-1 to induce differentiation. 

It initially binds to the IL-22 receptor-1 

subunit that undergoes a conformational 

change which allows binding of IL-10 

receptor 2. This initiates the downstream 

signalling cascade which promotes pro-

survival and anti-apoptotic genes and 

consequently enhances carcinogenesis[17]. 

 

IL-22 is reported to have a role in the 

initiation and progression of cancers. 

Additionally, cancer stem cells can survive 

and proliferate through the IL-22/ IL-22 

receptor-1 signalling cascade[18]. Moreover, 

increased level of IL-22 is evident in 

several malignancies[9]. 

 

In our flowcytometric study, the percentage 

of IL-22 is found to be significantly higher 

in patients with B-CLL than healthy 

individuals. This agrees with[7] and[19]  have 

reported increase in  IL-22 plasma levels 

and mRNA in CLL patients by comparison 

to the healthy individuals.   

 

Several studies have reported crucial role 

for IL-22 in the pathogenesis of different 

haematological malignancies including 

MDS, ALL, and AML[11], [12] and [13]. There 

are several prognostic markers for CLL 

including lymphocyte count doubling time, 

Rai and Binet staging, cytogenetics, 

mutations, expression of zeta-chain-

associated protein kinase 70 and the Ig 

heavy chain V-III region VH26 gene 

mutation and CD38 expression[20].  

 

CD38 is a type II transmembrane 

glycoprotein that not only acts as an 

ectoenzyme or a receptor molecule but also 

as a signalling factor in lymphocytic cells. 

It participates in many cellular activities 

that include cell adhesion, calcium 

regulation and signal transduction[21]. There 

are increasing evidence that CD38 is 

involved in CLL cell trafficking. Higher 

CD38 levels is correlated with the  

 

 

increased chemotaxis of CLL cells toward 

chemokines like CXCL12 and CCL21, that 

locate in lymph nodes and regulate CLL 

cell accumulation within the lymphoid 

niches.  Furthermore, CD38 expression is 

associated with poor prognosis in CLL[22]. 

Moreover, high levels of CD38 in CLL 

cells are generally associated with advan-

ced disease stages, shorter time to the first 

treatment and poor response to therapy[6]. 

 

Herein, we have shown a significant 

positive correlation between IL-22 percen-

tage and CD38 percentage on malignant B 

cells. Interestingly, the percentage of IL-22 

in patients with high CD38 expression was 

higher than in CLL patients with low CD38 

expression  

 

This finding follows[23] who reported that 

patients with high expression of CD38 had 

significantly higher IL-22 levels than those 

with low level of CD38. Thus, our study 

suggests that high expression of IL-22 and 

high expression of CD38 might have a 

synergistic effect in the activation of 

proliferative responses and inhibition of 

apoptosis. This agrees with [8] and [9] who 

reported that IL-22 overexpression was 

coupled with high CD38 percentage and 

associated with poor prognosis in B-CLL 

patients. Furthermore, there are no 

significant association between IL-22 

expression and other clinical parameters 

including age, sex, HB levels, platelet 

count, absolute lymphocytic count or LDH 

levels. This finding agrees with [8] who 

found that these features do not influence 

the level of IL-22. 

 

Conclusions 
CD38 expression stands as a good 

prognostic indicator in patients with CLL. 

High expression of IL-22 is associated 

with high expression of CD38. Thus, both 

parameters could act in synergy to activate 

proliferative responses and inhibiti of 

apoptosis. 

Recommendations: Further studies with 

larger cohort are needed to assess the use 

of IL-22 level as prognostic marker in 

patients with B-CLL. 



MJMR, Vol. 30, No. 4, 2019, pages (365-371).                                                      Abd El-Hamed et al., 

 

370                                                                                      Significance of Interleukin-22 and CD38 in  

   Chronic Lymphocytic Leukemia 

 

References  
1. Walker JS, Hing ZA, Sher S, Cronin J, 

Williams K, Harrington B, et al., 

Abstract 2260: Evaluating a rare 

t(X;14) (q28;q32) translocation reveals 

MTCP1 as a driving factor in chronic 

lymphocytic leukemia. Cancer 

Research [Internet]. 2021 Jul 1;81(13 

Supplement):2260. Available from: 

2. Delgado, J., et al., Chronic lympho-

cytic leukemia: from molecular patho-

genesis to novel therapeutic strategies. 

haematologica, 2020. 105(9): p. 2205.  

3. Kipps TJ, Stevenson FK, Wu CJ, Croce 

CM, Packham G, Wierda WG, et al., 

Correction: Chronic lymphocytic 

leukaemia. Nature Reviews Disease 

Primers [Internet]. 2017;3(1):17008. 

Available from: https://doi.org/10. 

1038/nrdp.2017.8 

4. Hus I, Bojarska-Junak A, Chocholska 

S, Tomczak W, Woś J, Dmoszyńska A, 

et al., Th17/IL-17A might play a 

protective role in chronic lymphocytic 

leukemia immunity. PloS one 

[Internet]. 2013 Nov 1;8(11):e78091–

e78091. Available from: https:// 

pubmed.ncbi.nlm.nih.gov/24223764 

5. Kardum-Skelin I, Planinc-Peraica A, 

Ostojić Kolonić S, Radić-Kristo D, 

Milas M, Vrhovac R, et al., [Clinical 

and laboratory prognostic parameters 

for leukemic types of chronic lympho-

proliferative diseases]. Acta medica 

Croatica: casopis Hravatske akademije 

medicinskih znanosti [Internet]. 2008 

Oct;62(4):351—364. Available from: 

http://europepmc.org/ 

abstract/MED/19205412 

6. Chillemi A, Zaccarello G, Quarona V, 

Lazzaretti M, Martella E, Giuliani N, et 

al., CD38 and bone marrow microen-

vironment. Frontiers in bioscience 

(Landmark edition). 2014 Jan 6;19: 

152–62. 

7. Elston L, Fegan C, Hills R, Hashi-

mdeen SS, Walsby E, Henley P, et al., 

Increased frequency of CD4+ PD-

1+HLA-DR+ T cells is associated with 

disease progression in CLL. British 

Journal of Haematology [Internet]. 

2020 Mar 1;188(6):872–80. Available 

from: https://doi.org/10.1111/bjh. 

16260 

8. Kouzegaran S, Siroosbakht S, Farsad 

BF, Rezakhaniha B, Dormanesh B, 

Behnod V, et al., Elevated IL-17A and 

IL-22 regulate expression of inducible 

CD38 and Zap-70 in chronic 

lymphocytic leukemia. Cytometry Part 

B: Clinical Cytometry [Internet]. 2018 

Jan 1;94(1):143–7. Available from: 

https://doi.org/10.1002/cyto.b.21487 

9. Qin S, Yang X, Luo W, Chen M, Liu Z, 

Su S, et al., Association of interleukin 

22 polymorphisms with gastric cancer 

risk. Tumor Biology [Internet]. 

2015;36(3):2033–9. Available from: 

https://doi.org/10.1007/s13277-014-

2810-310.  Azizi G, Rastegar Pouyani 

M, Navabi SS, Yazdani R, Kiaee F, 

Mirshafiey A. The Newly Identified T 

Helper 22 Cells Lodge in Leukemia. 

International journal of hematology-

oncology and stem cell research 

[Internet]. 2015 Jul 1;9(3):143–54. 

Available from: Error! Hyperlink 

reference not valid. 
10. Lim, C. and R. Savan, The role of the 

IL-22/IL-22R1 axis in cancer. 

Cytokine & growth factor reviews, 

2014. 25(3): p. 257-271.  

11. Yu S, Liu C, Zhang L, Shan B, Tian T, 

Hu Y, et al., Elevated Th22 cells 

correlated with Th17 cells in peripheral 

blood of patients with acute myeloid 

leukemia. International journal of 

molecular sciences [Internet]. 2014 Jan 

27;15(2):1927–45. Available from: 

https://pubmed.ncbi.nlm.nih.gov/2447

3142 

12. Tian T, Sun Y, Li M, He N, Yuan C, 

Yu S, et al., Increased Th22 cells as 

well as Th17 cells in patients with adult 

T-cell acute lymphoblastic leukemia. 

Clinica Chimica Acta [Internet]. 

2013;426:108–13. Available from: 

https://www.sciencedirect.com/scienc

e/article/pii/S0009898113003525 

13. Shao L, Zhang L, Hou Y, Yu S, Liu X, 

Huang X, et al., Th22 Cells as Well as 

Th17 Cells Expand Differentially in 

Patients with Early-Stage and Late-

Stage Myelodysplastic Syndrome. 

PLOS ONE [Internet]. 2012 Dec 

7;7(12):e51339-. Available from: 

https://doi.org/10.1371/journal.pone.0

051339 

https://doi.org/10
http://europepmc.org/%20abstract/MED/19205412
http://europepmc.org/%20abstract/MED/19205412
https://doi.org/


MJMR, Vol. 30, No. 4, 2019, pages (365-371).                                                      Abd El-Hamed et al., 

 

371                                                                                      Significance of Interleukin-22 and CD38 in  

   Chronic Lymphocytic Leukemia 

 

14. Hallek M, Cheson BD, Catovsky D, 

Caligaris-Cappio F, Dighiero G, Döhner 

H, et al., iwCLL guidelines for 

diagnosis, indications for treatment, 

response assessment, and supportive 

management of CLL. Blood [Internet]. 

2018;131(25):2745–60. Available 

from:https://www.sciencedirect.com/ 

science/article/pii/S0006497120321340 

15. Hernandez P, Gronke K, Diefenbach 

A. A catch-22: Interleukin-22 and 

cancer. European Journal of 

Immunology [Internet]. 2018 Jan 

1;48(1):15–31. Available from: 

https://doi.org/10.1002/eji.201747183 

16. Eyerich K, Dimartino V, Cavani A. IL-

17 and IL-22 in immunity: Driving 

protection and pathology. European 

Journal of Immunology [Internet]. 

2017 Apr 1;47(4):607–14. Available 

from:https://doi.org/10.1002/eji. 

201646723 

17. Perusina Lanfranca M, Lin Y, Fang J, 

Zou W, Frankel T. Biological and 

pathological activities of interleukin-

22. Journal of Molecular Medicine 

[Internet].2016;94(5):523–34. 

Available from: https://doi.org/10. 

1007/s00109-016-1391-6 

18. Sun D, Lin Y, Hong J, Chen H, 

Nagarsheth N, Peng D, et al., Th22 

cells control colon tumorigenesis 

through STAT3 and Polycomb 

Repression complex 2 signaling. 

Oncoimmunology [Internet]. 2015 Sep 

2;5(8):e1082704–e1082704. Available 

from: https://pubmed.ncbi.nlm. 

nih.gov/27622053 

19. Nilal M. Heiba, Shereen A. ELshazly. 

Plasma interleukin-22 and its cellular  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

receptor (IL-22RA1) expression in 

chronic lymphocytic leukemia. 

Egyptian Journal of Haematology. 

2013; 38(4):123–9.  

20. Hilal T, Gea-Banacloche JC, Leis JF. 

Chronic lymphocytic leukemia and 

infection risk in the era of targeted 

therapies: Linking mechanisms with 

infections. Blood Reviews [Internet]. 

2018;32(5):387–99. Available from: 

https://www.sciencedirect.com/scienc

e/article/pii/S0268960X17301534 

21. Abdelgader EA, Eltayeb NH, Eltahir 

TA, Altayeb OA, Fadul EA, Abdel 

Rahman EM, et al., Evaluation of 

CD38 expression in Sudanese patients 

with chronic lymphocytic leukemia. 

BMC research notes [Internet]. 2018 

Nov 15;11(1):815. Available from: 

https://pubmed.ncbi.nlm.nih.gov/3044

2182 

22. Mele S, Devereux S, Pepper AG, 

Infante E, Ridley AJ. Calcium-

RasGRP2-Rap1 signaling mediates 

CD38-induced migration of chronic 

lymphocytic leukemia cells. Blood 

advances [Internet]. 2018 Jul 10;2(13): 

1551–61. Available from: https:// 

pubmed.ncbi.nlm.nih.gov/29970392 

23. Gangemi S, Allegra A, Alonci A, Pace 

E, Cannavò A, Ferraro M, et al., 

Interleukin 22 is increased and 

correlated with CD38 expression in 

patients with B-chronic lymphocytic 

leukemia. Blood Cells, Molecules, and 

Diseases [Internet]. 2013;50(1):39–40. 

Available from: https://www. 

sciencedirect.com/science/article/pii/S

1079979612001519 

  

 

https://www.sciencedirect/
https://doi.org/10.1002/eji.%20201646723
https://doi.org/10.1002/eji.%20201646723
https://doi.org/10
https://pubmed/
https://www/

