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Expressions of immunoglobulin M 
and immunoglobulin D heavy chain in 
B‑chronic lymphocytic leukemia and 
their correlation with CD38 expression
Ghid Nahd Abdul Muhssen, Hind Shaker AL‑Mamoori, Majid Hameed Ahmed1

Abstract:
BACKGROUND: B‑chronic lymphocytic leukemia (CLL) is a monoclonal malignancy characterized 
by an accumulation of small mature‑looking B lymphocytes in the blood, bone marrow, and other 
tissues. It is typically characterized by CD5+, CD23+, CD22−, and CD79b−, with weak expression 
of surface immunoglobulin (Ig).
OBJECTIVES: The aim of the study was to assess the expression of IgM and IgD heavy chain by 
flow cytometry in untreated newly diagnosed B‑cell CLL and correlate the heavy chain isotopes 
expression with CD38 expression.
MATERIALS AND METHODS: A prospective cross‑sectional study was conducted on thirty patients 
with new diagnosis of B‑CLL. The study was conducted at nursing home teaching laboratory in 
medical city hospital in Baghdad for the period from November 2016 to March 2017. Five milliliter of 
venous blood in ethylenediaminetetraacetic acid was collected from thirty patients for detection of 
expression of IgM, IgD, and CD38 by flow cytometry. The patients were randomly selected regarding 
the age, sex, and stage of the disease.
RESULTS: The mean age of all included patients was (61.73 ± 6.92) with more disease predominant 
in male than female. The most common presenting feature of the patients was lymphadenopathy 
found in 16 patients (43%). Regarding staging system, six (20%) patients were in with Binet Stage C 
and five patients (17%) were in modified Rai Stage 4. CD38 and IgM expression showed a significant 
relation to hemoglobin and platelets (P < 0.05). There was a significant positive correlation between 
IgM and CD38 while it was negative between IgD and CD38.
CONCLUSIONS: The current study showed that the expression of CD38 had a significant correlation 
with IgM expression as well as there was positive correlation with the stage of the disease which 
may point out to inferior prognosis for those patients with CLL.
Keywords:
CD38, chronic lymphocytic leukemia, immunoglobulin heavy chains

Introduction

Chronic lymphocytic leukemia (CLL) is 
the most common lymphoid malignancy 

in the Western world, but its incidence 
is low in the Far East and characterized 
by the accumulation of mature clonal of 
CD5+  B‑cells.[1] The disease characterized 
by its clinical heterogeneity, in which some 

patients progressing rapidly with early 
death and others exhibit a more stable, 
slow‑growing disease with minimal changes 
in blood cell count lasting many years. 
Hence, it is important to develop sensitive 
stratification parameters to identify patients 
with poor prognosis. The incidence of CLL 
ranges from 1 to 5.5/100,000 people in 
worldwide with median age of 72 years and 
more common in more common in western 
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countries than others and in males than in females.[2] Two 
major clinical staging systems (Rai and Binet staging), 
mainly based on tumor load, were developed to estimate 
prognosis in CLL.[3] Many studies concentrated on 
the identification of surrogate markers with similar 
prognostic value, and whose expression could be easily 
verifying by flow cytometry; for example, expression of 
CD38, expression of immunoglobulin M (IgM), and IgD 
heavy chain in CLL have been shown to correlate with 
unfavorable prognosis.[4]

CD38 appears to be a global molecular bridge to the 
environment, promoting survival/proliferation over 
apoptosis. Furthermore, this evidence contributes to 
the current view of CLL as a chronic disease, in which 
the host’s microenvironment promotes leukemic cell 
growth and also controls the sequential acquisition and 
accumulation of genetic alterations.[5]

In CLL, the relationship between CD38 expression 
and Ig heavy chain expression is indirectly reflecting 
normal maturation. Thus, it has a pivotal role in 
initiating and modulating a series of input signals from 
the microenvironment.[6] In the mantle zone of normal 
human lymphoid follicles, the naive IgM/IgD‑bearing 
B‑cells without CD38 in the germinal center may become 
IgM+  memory cells and/or isotype  (class‑switching), 
which could become IgG‑ or IgA‑bearing cell. While the 
postgerminal center memory B‑cells are heterogeneous 
with respect to heavy chain expression that including 
IgM+/IgD+, IgM‑only, and class‑switched cells that lack 
expression of CD38. A  subset of germinal center and 
peripheral blood B‑cells expressing IgD without IgM has 
been identified. These memory B‑cells are remarkable 
for a relatively high load of Ig heavy chain variable 
region (IGHV) gene mutation.[7]

Because normal CD5+ B‑cells are present in the mantle 
zone of lymphoid follicles, B‑cell CLL is most likely a 
malignancy of a mantle zone. Although B‑CLL had been 
regarded as a malignant neoplasm of pregerminal center 
B‑cells, some significant proportion have undergone 
somatic mutation of IGHV genes implying that these 
cells have transited the germinal center.[8] This study 
was undertaken to find the importance of such markers 
to detect the possible correlation of these markers with 
the disease prognosis of CLL patients.

Materials and Methods

A prospective cross‑sectional study was conducted on 
thirty patients with new diagnosis of B‑CLL. The study 
was conducted at nursing home teaching laboratory in 
medical city hospital in Baghdad for the period from 
November 2016 to March 2017. Five milliliter of venous 
blood in ethylenediaminetetraacetic acid was collected 

from thirty patients for detection of expression of IgM, 
IgD, and CD38 by flow cytometry. The patients were 
randomly selected regarding the age, sex, and stage of 
the disease.

The panel that was used for diagnosis of CLL was 
SmIg, CD5, CD23, FMC‑7, and CD79b that typically 
show score (4–5) according the FCM scoring system for 
diagnosis CLL.[9] A written informed consent obtained 
from all patients before study. The study was approved 
by the review ethical committee at Al‑Nahrain University 
College of Medicine.

Flow cytometric immunophenotyping
Four‑color immunophenotyping data were attained using 
a FACSCalibur flow cytometer  (Partec Cyflow® Cube 
6, Germany). Fluorochrome‑conjugated monoclonal 
antibodies that usually used as follows: CD3; CD5; 
CD10; CD19; CD20; CD23; CD45 and FMC‑7; CD38, 
and IgM, and IgD. List mode files were analyzed 
using Cell Quest software  (BD Biosciences). Atypical 
immunophenotypic characteristics in B‑CLL were 
bright CD20 fluorescence, bright surface Ig light chain 
fluorescence, or positivity for FMC‑7, and the positivity 
for CD38 was determined by comparison with the 
isotype control, and the CD38 + percentage cells among 
gated CD19+/CD5 + cells were calculated. The antigen 
expression (CD38) was considered to be positive when 
the percentage of positive cells was equal or >7%.[9] The 
statistical analysis of this cross‑sectional study performed 
with the IBM SPSS Statistics for Windows, Version 21.0. 
Armonk, NY: IBM Corp. and Microsoft Excel program 
Ver. 3. 2013, Chicago. Numerical data were described as 
mean and standard error. Analysis of variance was used 
for comparison among three groups. While, categorical 
data described as count, percentages, and Chi‑square test 
used to estimate the association between variables. For 
the tables with frequencies, range, mean, and standard 
deviation values were considered statistically significant 
difference when P < 0.05.

Results

Thirty adult newly diagnosed CLL patients were enrolled 
in this study; the mean age was 61.73  ±  6.92  years 
(mean ± standard deviation [SD]); the highest incidence 
was reported at the age group >50 years 96%. CLL was 
observed more in males than in females with Male: female 
ratio of 3:2, and the most common presenting feature 
of CLL patients was lymphadenopathy (16 cases) 53%. 
Six (20%) of patients were within Binet Stage C and 5 (17%) 
of patients were within Rai Stage 4 as shown in Table 1.

Markers expression
The percentage of positive expression IgM was detected 
in 9/30 patients (30%) while IgD expression that detected 
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to Binet Stage A which showed only one case‑positive 
expression for IgM from 20  cases and nil for CD38 
expression. Regarding expression of IgD, also there was 
a significant difference in Binet stages (P = 0.029) as the 
expression was 100% in Binet Stage B, 60% in Binet Stage 
A, and only 16.7% in Binet Stage C as demonstrated in 
Table 3.

The result showed that there were highly significant 
differences in percentage of expression of IgM in Rai 
stages with (P < 0.001) as all cases in high stage (100%) 
showed positive expression IgM in comparison to 0.0% 
and 28.7% in low and intermediate stages, respectively. 
The expression of CD38 was  (100%) in high stage in 
comparison to 0.0% and 21.4% in low and intermediate 
stages, respectively. The positive expression of IgD was 
significantly different in Rai stages (P value = 0.049) as it 
was positively expressed in 11 of 14 cases of intermediate 
stage in comparison to 5 of 11 in low stage and 1 of 5 in 
high stage as seen in Table 4.

In this study, only five CLL cases showed positive 
expression for CD38 and IgM isotopes expression, two 
cases had positive expression for CD38 and IgD isotopes 
expression, yet one case only showed positive expression 
for all studies, three markers as demonstrated in Table 5.

in 17/30 patients was  (57%), and CD38 expression in 
8/30 patients was detected (27%) as shown in Table 2.

The result showed that there were highly significant 
differences in expression of CD38 and IgM in Binet 
stages (P < 0.001) as all six cases of Binet Stage C showed 
positive expression of CD38 and IgM in comparison 

Table 1: Demographic, clinical, and laboratory 
parameters of chronic lymphocytic leukemia patients
Parameter Frequency (%)
Age (years)

>50 29 (96.67)
<50 1 (3.33)

Mean±SD (range), years 61.73±6.92 (45-73)
Gender

Female 12 (40)
Male 18 (60)
Male:female ratio 3:2

Clinical features number of patients (%)
Lymphadenopathy 16 (53.3)
Fever 15 (50)
Splenomegaly 12 (40)
Pallor 9 (30)
Hepatomegaly 9 (30)
Fatigue 1 (3.3)

Hematological parameters mean±SD 
(range)

WBC (×109/L) 51.08±44.73 (10.7-206)
Lymphocyte (×109/L) 43.38±42.25 (6-185)
Hemoglobin (g/dl) 11.49±2.52 (6.1-15.5)
Platelets (×109/L) 177.64±75.12 (50-391)

Staging system number of patient (%)
Binet staging system

A 20 (67)
B 4 (13)
C 6 (20)

Modified Rai staging system
Low 11 (36)
Intermediate 1 8 (27)
Intermediate 2 6 (20)
High 5 (17)

SD=Standard deviation, WBC=White blood cell

Table 2: Surface markers immunoglobulin M, 
immunoglobulin D, and CD38 expression in chronic 
lymphocytic leukemia cases
Marker Frequency (%)
IgM

Positive 9 (30)
Negative 21 (70)

IgD
Positive 17 (57)
Negative 13 (43)

CD38
Positive 8 (27)
Negative 22 (73)

IgM=Immunoglobulin M, IgD=Immunoglobulin D

Table 3: Markers expression percent in relation to 
Binet staging
Parameter Binet P

A, n (%) B, n (%) C, n (%)
IgM

Positive 1 (5.0) 2 (50.0) 6 (100) <0.001
Negative 19 (95.0) 2 (50.0) 0

IgD
Positive 12 (60.0) 4 (100) 1 (83.3) <0.029
Negative 8 (40.0) 0 5 (16.7)

CD38
Positive 0 2 (50.0) 6 (100) <0.001
Negative 20 (100) 2 (50.0) 0

IgM=Immunoglobulin M, IgD=Immunoglobulin D

Table 4: Immunoglobulin M, immunoglobulin D, and 
CD38 in relation to Rai staging
Parameter Modified Rai stages P

Low, 
n (%)

Intermediate, 
n (%)

High, 
n (%)

IgM
Positive 0 4 (28.6) 5 (100) <0.001
Negative 11 (100) 10 (71.4) 0

IgD
Positive 5 (45.5) 11 (78.6) 1 (20.0) 0.049
Negative 6 (54.5) 3 (21.4) 4 (80.0)

CD38
Positive 0 3 (21.4) 5 (100) <0.001
Negative 11 (100) 11 (78.6) 0

IgM=Immunoglobulin M, IgD=Immunoglobulin D
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Discussion

Mature B‑CLL is a B‑lineage lymphoid malignancy, 
characterized by absolute lymphocytosis in the 
peripheral blood and bone marrow.[1]

In this study, the mean age of all patients included was 
61.73 ± 6.92 SD, with a median of 61.73 years old and 
a range of (45–73) years old. The result was similar to 
other national and international studies.[10,11] Regarding 
the clinical and laboratory characteristic, the results of 
this study were comparable to that published by Jasim 
Mohammed et al., Jasim et al., and Karen et al.[10,12,13]

This study showed that 67% of patients were in Binet 
Stage A and 63% in modified Rai including low and 
intermediate 1, which reflect that most patients 
were in early stage, this result was similar to study 
by Cantu et al.[14] which revealed  higher percentage 
of patients within Stage A reaching up yo 60%; In 
contrast Jaafar et al.[15] had found that  most CLL 
patients  were within Binet Stage C (63.3%), this 
can be attributed to an early diagnosis of cases and 
routine checkup of our patients.

The current study showed that there was highly 
significant correlation between IgM isotope and CD38 
expression with Binet staging system of mature B-CLL; 
in which it was found that  only one case within Binet 
Stage A (5%), two cases within Binet Stage B (50%), 
and six cases within Binet Stage C (100%) that showed 
positive expression of IgM isotope (P < 0.001); while 
number of negative cases were 19 cases found within 
Binet Stage A (95%) and 2 cases within Binet Stage B 
(50%), similar highly significant correlation (P < 0.001) 
was found between CD38 expression and Binet stages. In 
the same line  IgD isotope expression also had significant 
correlation (P < 0.029), where 12 cases were in Binet Stage 
A (60%), 4 cases in Binet Stage B (100), and finally one 
case in Binet Stage C (16.7%). Moreover, the negative 
IgD isotope expression was found in five cases in the 
Binet Stage A (40%) and five cases in the Binet Stage C 
(83.3%). These results were in agreement with results 
of other researchers like Thunberg et al.,[16] Shen et al.,[17] 
who showed that CD38 expression associated with 
IgM isotope expression which highlights that CD38+ 
displaying a greater disease activity and  had been 
described to play a complex role in the lymphocyte 

proliferation. Hence, it could be helpful to detect disease 
progression in low-risk mature B-CLL patients that have 
high IgM isotope and CD38 expression at the time of 
diagnosis.[18]

Rai staging system of mature B-CLL, there was a highly 
significant correlation (P < 0.001) in which four cases 
were in intermediate-risk group (28.6%) and five cases 
within high-risk group (100%), whereas the negative 
IgM isotope expression found in 11 cases within low-risk 
group (100%),and  10 cases in intermediate-risk group 
(71.4%). similar high significance  was found between 
CD38 expression and modified Rai staging system 
(P < 0.001), in which  3 positive cases (21.4%) were in the 
intermediate-risk group and five cases in the high-risk 
group (100%). However, the negative CD38 expression 
was seen in 11 cases (100%) in low risk group and 11 
cases (78.6%) in intermediate-risk group.

On the other hand, IgD isotope expression had weak 
correlation with modified Rai staging system with 
just significant (P < 0.049), as there was no difference 
between positive and negative cases in Low risk group 
in comparison to intermediate and high risk group. 
These above results were in agreement with studies by 
Thunberg et al.,[10] Ker et al.,[19] and Matrai et al.[20] who 
showed that CD38 expression associated with IgM 
isotope expression which may refer to possibility of  
CD38+ positivity in disease progression.

Regarding the relationship between CD38 and  IgM, IgD 
isotopes expressions, among 30 newly diagnosed mature 
B-CLL cases that included in this study, only 5 cases 
showed positive expression for CD38 and IgM isotopes 
expression, 2 cases had positive expression for CD38 
and IgD isotopes expression, and only one case showed 
positive expression for all  3 marker which differ from 
that reported by Shen et al.[17] who stated that percent of 
CD38+ cells was lowest in IgD negative cases (2.7%) and 
highest in IgM+/IgD+ cases (75.4%) which may be due 
to small sample size.

Conclusions

The current study showed that the expression of CD38 
had a significant correlation with IgM expression as well 
as there was positive correlation with the stage of the 
disease which may point out to inferior prognosis for 
those patients with CLL.
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Table 5: Relation of positive CD38 expression with 
other markers immunoglobulin M, immunoglobulin D 
isotopes expression
CD38 IgM 

positive
IgD 

positive
IgM and IgD 

positive
IgM and IgD 

negative
Total

Positive 5 2 1 0 8
Negative 0 11 3 8 22
IgM=Immunoglobulin M, IgD=Immunoglobulin D
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