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Original Article

Expression of CD45, CD34, CD10, and
human leukocyte antigen-DR in acute
lymphoblastic leukemia

Faris H. Jaafar, Areej Emad Kadhom'

Abstract:

BACKGROUND: Immunophenotypic analysis of leukemic cells by multicolor flow cytometry using
different monoclonal antibodies labeled to various flourochromes, is an important, precise and rapid
investigation for diagnosis, classification, prognosis prediction, and minimal residual disease detection
in acute lymphoblastic leukemia (ALL).

OBJECTIVES: The aims of study were to study the expression of CD45, CD34, CD10, human
leukocyte antigen-DR (HLA-DR) in B and T-ALL among 114 Iragi patients and compare findings
with other reports worldwide.

PATIENTS, MATERIALS AND METHODS: A retrospective cross-sectional study was conducted
on 114 ALL patients of various age groups from different hematology centers in Baghdad who were
referred to Flowcytometry Department at the Bone Marrow Transplantation Center/Private Nursing
Home Hospital/Medical City for immunophenotypic classification using multi-color flow cytometry
from the January 1, 2016, to the August 31, 2016.

RESULTS: Out of 114 patients, 71 patients were pediatric patients and 43 were adults. Eighty-three
patients were classified as B-cell ALL and 31 patients as T-cell ALL. There was significant association
between male gender, high white blood cells count and T-cell ALL subtype. Negative-dim-moderate
CD45, positive CD34, and positive HLA-DR expressions were significantly associated with B-cell
ALL. Common ALL antigen was seen in 86.7% of the B-cell ALL patients and was accompanied
cTdT expression. Aberrant myeloid antigens were observed in 22.9% of B-cell ALL patients and in
35.5% of T-cell ALL. About 4.8% of the patients with B-cell ALL had aberrant T-linage antigens while
6.5% of the patients with T-cell ALL expressed aberrant B-cell lineage antigens.

CONCLUSION: Immunophenotypic expression of ALL cells among Iraqi patients is to somewhat in
accordance with various researches worldwide making immunophenotyping flow cytometry a crucial
appliance in diagnosis, classification, risk stratification, and minimal residual disease detection in ALL.
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morphological, immunophenotypic and
genetic features, some of which have

Introduction

Acute lymphoblastic leukemia (ALL) is
a malignant disease characterized by
a clonal proliferation and tissue infiltration
by leukemic lymphoblasts that have
exaggerated and uncontrolled growth,
fail to mount a normal immune response
and compete with normal hematopoietic
cells.1 ALL is characterized by distinctive
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important clinical implications for diagnosis
and/or response to a particular treatment.!
Understanding pathogenesis, ALL results
from progressive genetic events in a single
lymphoid progenitor cell at one of several
different developmental stages where
T-cell or B-cell precursors may give rise to
T-cell ALL or B-cell ALL, respectively.*?!
Previously, leukemia used to be diagnosed
on the basis of morphology of the blasts.
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Although helpful, a significant number of patients were
misdiagnosed and subjected to inadequate treatment,
due to considerable overlap of morphological characters
in myeloid and lymphoid cells.”! Remembering the
limitation of morphology, immunophenotyping, by the
means of multi-channel flow cytometry, has emerged as
a standard procedure in confirming diagnosis of ALL
with further subclassification and was also developed as
a useful tool for the detection and monitoring of minimal
residual disease.l’!

Patients, Materials, and Methods

An ethical clearance from the bone marrow
transplantation center at Medical City Center and
approval from the patients were obtained for a
retrospective cross-sectional study that was conducted
over a 2-month period to study the immunophenotypic
profile of 114 newly diagnosed, pretreated ALL
patients who were referred from different hematology
centers in Iraq to the Flowcytometry Department in
the bone marrow transplantation center at the Private
Nursing Home Hospital /Medical City Center from the
January 1,2016, to the August 31, 2016, all the patients
who were referred to the department in that period
and have valid flow cytometric immunophenotyping
results were included in the study except those with
deficient clinical or laboratory data were excluded
from the study.

Provisional diagnosis as acute leukemia was made
by senior hematopathologist and based on bone
marrow aspirate and/or peripheral blood examination
findings. Either peripheral blood or bone marrow
aspirate (according to the abundance of blast cells)
was collected within EDTA tubes and processed
within first 24 h of collection after a complete blood
count (Swelab Alfa coulter, Sweden) and blood film
examination (stained by Leishman stain) were done to
determine the monoclonal antibodies panel to be used.
Immunophenotyping was carried out using 4 colored
BD-FACS-Canto II System (Becton Dickenson, USA)
where a leukemia panel of fluorochrome-conjugated
monoclonal antibodies (Becton Dickenson, USA) were
used.”! Fluorescein isothiocyanate, phycoerythrin,
or peridinin chlorophyll protein (PerCP) and
Allophycocyanin were used to detect CD1a, CD2,
cCD3, CD4, CD5, CD7, CD8, CD10, CD19, CD20,
cCD79a, CD13, CD33, CD117, CD11b, cytoplasmic
myeloperoxidase, CD14, CD15, CD64 CD34, CD38,
human leukocyte antigen-DR (HLA-DR), CD56, and
cTdT antigens. Data analysis was performed through
BD FACS-Cantoll system, using FACS CANTO Diva
software (Becton-Dickinson). Blasts gating used dot
plots of CD45 expression versus intracellular complexity
(side scatter angle, SSC). A threshold of 20% was used
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to define a positive reaction of blast cells to a given
monoclonal antibody, except for MPO, cCD3, CD79a,
and TdT, where the threshold was 10%.7" All results were
analyzed and calculated using the Statistical Package for
the Social Sciences 20.0 software (IBM corp., NY) and the
Microsoft Office Excel software 2007. Pearson Chi-square
test, Fisher’s exact test, and Student’s t-test were used
in calculating statistical significance. Only P < 0.05 was
considered statistically significant.

Results

In the current study, 71 (62%) patients were in pediatric
age group (aged <16 years old) whereas 43 (38%)
patients were adults (aged >16 years old). In pediatric
group, presenting age ranged from 1 to 16 years with a
median age of 6 years and a mean age of 7 years while
in the adult group, the presenting age ranged between
17 and 86 years with a median age of 29 years and a
mean age of 33 years. From the 71 pediatric patients,
35 (49.3%) patients were males and 36 (51.7%) patients
were females with a male to female ratio (M:F) of
0.98:1. In the adult group, 28 (65.1%) were males and
15 (34.9%) were females with an M: F ratio of 1.9:1.
There was no statistically significant association
between age and gender (P = 0.08). Regarding type
of the processed sample, 80 (70%) samples were
peripheral whole blood while 34 (30%) samples were
bone marrow aspirates.

Initial clinical presentation varied among patients;
however, fever and pallor were seen often in about
three quarters of the patients while organomegaly and
lymphadenopathy were observed in almost half of the
patients [Figure 1]. There was no statistically significant
association between clinical presentation and specific
ALL subtype (P > 0.05).

Out of 71 pediatric patients, 53 (74.6%) were classified
immunophenotypically with B-cell ALL and 18 (25.4%)
were classified with T-cell ALL whereas 30 (69.8%) adult
patients were classified with B-cell ALL and 13 (30.2%)
adult patients were assigned with T-cell ALL. There was
no statistically significant association between age and
ALL subtype (P = 0.763). In B-cell ALL, pediatric age
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Figure 1: Clinical presentation in ALL patients.*Patients may present with more
than one clinical feature at the same time
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ranged from 1 to 16 years old with a mean of 5.7 years
and a median of 5 years while in adult patients, the age
ranged from 17 to 86 years, the mean age was 35.8 years,
and the median age was 32.5 years. Regarding T-cell
ALL, in pediatric patients the age ranged from 2.4 to
16 years with a mean age of 10.4 years and a median
age of 11 years whereas, in adult patients, age ranged
from 17 to 37, the mean was 26.5 years, and the median
was 26 years. Concerning gender, 38 (46%) patients
with B-cell ALL were males and 45 (54%) were females,
compared to T-cell ALL, 25 (80.6%) were males and
6 (19.4%) were females. There was a statistically
significant association between male gender and T-cell
ALL subtype (P = 0.02).

White blood cells (WBCs) count was significantly
different between genders being higher in males with
a mean of 48.480 x 10°/L than in females with a mean
of 23.073 x 10°/L (P = 0.036). In addition, WBCs count
was significantly higher in T-cell ALL (mean WBCs was
65.600 x 10°/L) when compared to B-cell ALL (mean
WBCs was 24.992 x 10°/L) (P < 0.01). Flow cytometric
immunophenotypic analysis revealed various CD45
expression among ALL subtypes ranging from negative-,
dim-, moderate-to-bright expression. B-cell ALL usually
express negative-dim-moderate CD45 compared with
T-cell ALL which express dim-to-moderate and less often
bright but never negative CD45 [Table 1].

Precursor markers CD34 and HLA-DR expressions were
associated with B-cell ALL subtype more than with T-cell
ALL (P < 0.01) unlike the expression of ¢cTdT and CD38
precursor markers which had no statistically significant
association with certain ALL subtype (P > 0.05)
[Table 2 and Figure 2].

In B-cell ALL, B-cell precursor marker CD19 was
expressed in all of the 83 (100%) patients, CD10 or
common ALL antigen (CALLA) was expressed in
72 (86.7%) of the patients, CD20 expression was found
in 32 (38.6%) patients. From the 72 CALLA-positive
cases, 47 (88.7%) patients were pediatric and 25 (83.3%)
were adults. Positive CALLA expression was statistically
associated with positive cTdT expression seen in
64 patients with B-cell ALL (P = 0.04). Eleven (15.3%)

100.00% 74

50.00%

0.00% “*

Precursor B-cell ALL Precursor T-cell ALL

ECD34 HEHLA-DR @EcTdT @ECD38

patients showed concurrent positive CD10 and CD20
markers [Figure 3].

In T-cell ALL, CD7 marker was the most frequent T-cell
marker observed in 30 (97%) patients followed by cCD3
marker which was positive in 25 (80%) patients. Surface
CD3, CD4, CD5, CD2, CDS, and CD1la were seen in
21 (68%), 21 (68%), 21 (68%), 18 (58%), 12 (39%), and
6 (9%) patients, respectively. From the 114 cases included
in this study, aberrant expression of myeloid markers,
CD13,CD33, CD16, and CD 11b, was seen in 19 (22.9%)
patients with B-cell ALL and 11 (35.5%) patients with
T-cell ALL. Double expression of CD13 and CD33 was
seen in 2 patients with B-cell ALL and none in T-cell
ALL. Four patients with B-cell ALL had aberrancy for
T lineagemarkers (CD2, CD4, CD5, and CD?7) whereas
two patients with T-cell ALL showed positivity for CD19,
one for CD79a and 13 for CD10 [Table 3]. However,
no significant statistical association between aberrant
expression with specific ALL subtype except for aberrant
CD10 expression in T-cell ALL which was significantly
associated with the absence of CD34 and HLA-DR
expression (P < 0.01).

Table 1: CD45 expression in acute lymphoblastic
leukemia subtypes

CD45 expression B-cell ALL T-cell ALL
Negative-dim 15 0
Negative-moderate 8 0
Dim 4 0
Dim-moderate 31 11
Moderate 25 17
Moderate-bright 0 3
Total 83 31

ALL=Acute lymphoblastic leukemia

Table 2: Precursor markers expression in acute
lymphoblastic leukemia subtypes

ALL subtype CD34 (%) HLA-DR (%) cTdT (%) CD38 (%) Total
B-cell ALL 62 (74.70) 83 (100) 70 (75.30) 42 (45.20) 83
T-cell ALL 9 (29) 2(7) 23 (74.2) 18(58.1) 31
ALL=Acute lymphoblastic leukemia, HLA-DR=Human leukocyte antigen-DR

Positive
CD20
15%

Negative
CD20
85%

Figure 2: Precursor markers expression in ALL subtypes
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Figure 3: CD20 positivity in CALLA positive B-cell ALL cases
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Table 3: Frequencies of aberrant markers in acute
lymphoblastic leukemia sub-types

Aberrant Frequency (%) Aberrant Frequency (%)
marker in marker in
B-cell ALL T-cell ALL
CDh2 1(1.2) CD19 2 (6.5)
CD4 1(1.2) CD79a 1(3.2)
CD5 1(1.2) CcD10 13 (41.9)
CcD7 1(1.2) CD117 2(6.5)
CD13 9(10.8) CD13 5(16.1)
CD33 6(7.2) CD33 1(3.2)
CD16 4 (4.8) CD11b 1(3.2)
Total 83 Total 31
ALL=Acute lymphoblastic leukemia

Discussion

Immunophenotyping has emerged as a necessary
diagnostic implement in disease categorization, outcome
prediction, and disease monitoring of leukemias.
Immunophenotypic specification of leukemic cells has
more than a few purposes; the most important are lineage
assigning and minimal disease assessment.®! From 71
pediatric patients, 49.3% patients were males and 51.7%
patients were females which is very parallel to findings
of other Iraqi studies,”'” however, in other studies males
dominate.¥ Among 43 adult patients, 65.1% were males
and 34.9% were females like as seen in other studies!"*¢!
but slightly different from that was reported in another
study where male gender was reported in 87.5% of adult
patients.['¥ Such disagreement could be explained by
the differences in sample sizes, population variations or
due to a factor of chance in collecting cases. In pediatric
patients, median and average ages at presentation
were to somewhat similar to what was reported in an
Iraqi study.”! Similarly, in adult patients, the median
and average ages at presentation were not so different
from what was documented in other researches.' Age
is related to various prognoses in ALL because it is
somewhat associated with miscellaneous distribution of
significant prognostic subgroups between age groups.!"”!
In current study and both age groups, more than 2/3
of the cases were classified immunophenotypically as
B-cell ALL and the rest as T-cell ALL and this is very
comparable to findings of many studies.>'*!¥/ In B-ALL,
heterogeneous expression of CD45 was observed starting
from negative dim to moderate expression. In B-cell ALL,
the low expression of CD45 are associated with more
favorable prognosis than in cases with high expression as
the intensity of expression may be correlated with specific
chromosome anomalies.”! There was a high statistical
association between B-cell ALL subtype with positive
expression of CD34 and HLA-DR as they were observed
in 74.7% and 100% of these patients, respectively, which
agrees with other studies in which the expression of CD34
has been reported in 67%—-80% of the cases.” In pediatric
cases, the presence of CD34 is related to the presence of
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peculiar chromosomal abnormalities and has a good
prognostic value.” Whereas in T-cell ALL patients,
CD34 was expressed in 29% of them, similarly to a group
of 300 patients affected by T lymphoblastic leukemia
where only third of them demonstrated positivity
for CD34. According to some authors, in neoplastic
diseases of T-cell precursors, the expression of CD34
has no prognostic value.? In the current study, a clear
statistical association between B-cell ALL and positive
CD10 expression (CALLA) was observed in 86.7% of the
patients similar to other Iraqi and Indonesian studies.!'**!
The expression of CD10 has been reported in the majority
of cases with B lymphoblastic leukemia (B-ALL) and
precisely on the cells of pre-B and common subtypes
suggesting correlation with specific chromosomal
abnormalities. The absence of CD10 expression is
correlated with a lower frequency of complete remissions
and a shorter global survival.?*%! According to some
authors, in T lymphoblastic leukemia (T-ALL) CD10
expression has no prognostic significance, but according
to others, its absence is independently associated with
an adverse prognosis.’*** CD20-positive expression was
found in 15% of CALLA + ve B-cell ALL, in return CD20
antigen presence and intensity of expression are both
correlated with a poor prognosis, but the introduction
of treatment with anti-CD20 may be able to modify
this association.'”*! All the cases with B-ALL subtype
expressed HLA-DR which is very similar to findings of
other researchers.!"*'®! B lymphoblastic leukemia (B-ALL)
blasts express HLA-DR at higher intensity compared
to AML blasts.B Although cytoplasmic TdT is not
a lineage-specific marker, it is associated with ALL
more than with AML and has been observed in both
B-cell ALL and T-cell ALL subtypes as has shown in
the current study and other studies.®" T-cell ALL cases
have association with male gender, older age, high WBC
count and with dim-moderate (rarely bright) CD45 very
comparable to many studies.['>'*1831%1 Typically, T-ALL
occurs at an older age and more in male than in B-ALL.
The WBC is high in T-ALL in comparison with B-ALL as
the BM function is often better preserved in T-ALL than
in B-ALL.B¥ The expression of aberrant antigens in ALL
is quite common and may be demonstrated as expression
of B lineage associated Ags in T-cell ALL, T lineage
associated Agsin B-cell ALL and myeloid-associated Ags
in both subtypes. In the current study, aberrant myeloid
Ag were the most commonly detected aberrant Ags
similarly to findings of other studies.'**! Not only the
incidence of myeloid Ag expression but also its impact
over prognosis, as it may point to some chromosomal or
molecular abnormalities, has been a subject of debate for
many researches.*!

Conclusion and Recommendations

Immunophenotypic expression of ALL cells among
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Iraqi patients is to somewhat in accordance with various
researches worldwide making immunophenotyping
flow cytometry a crucial appliance in diagnosis,
classification, risk stratification and minimal residual
disease detection in ALL. A larger sample size with
cytogenetic and molecular studies are recommended to
evaluate the value of immunophenotype profile among
Iraqi ALL patients.
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