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Abstract

Background: Being expressed in all stages of B-cell development and having a significant value on the European
Group for the Immunological Characterization of Acute Leukemias scoring system, CD79a is considered as an excel-
lent pan-marker for lineage assignment of B cells by flow cytometry. Therefore, any lack or decrease in CD79a expres-
sion makes the diagnosis of B acute lymphoblastic leukemia cases very challenging, especially in developing country
laboratories where flow cytometry analyses are not always available and, when they are, they are limited in the num-
ber of markers used for lineage assignment. Since this case is potentially interesting, we report a B acute lymphoblas-
tic leukemia case with a lack of expression CD79a associated with intrachromosomal amplification of chromosome 21
genetic abnormality. We further discuss the practical challenges in the diagnosis of this case.

Case presentation: We present the case of an 8-year-old Caucasian boy from eastern Morocco who was initially
hospitalized for a hemorrhagic syndrome. Peripheral blood smear examination showed a significant number of
blasts suggesting acute leukemia. Bone marrow was studied for morphology, cytochemistry, immunophenotyping,
and cytogenetics. Flow cytometry analyses showed expression of CD19, CD22, CD10, CD34, and HLA-DR markers by
leukemic blasts. The expression of CD79a, which was checked with two different monoclonal antibodies, confirms
that this marker was severely decreased in this case. Cytogenetic study performed by fluorescence in situ hybridiza-
tion revealed the presence of intrachromosomal amplification of chromosome 21, a cytogenetic abnormality that is
specific for B acute lymphoblastic leukemia.

Conclusion: CD79a is one of the critical markers in the assignment of B acute lymphoblastic leukemia. In our case,
we were lucky enough to be assisted by a few other markers of the B lineage that were positive in this case. Also, we
mention the importance of proceeding to cytogenetic study, which in our case helped us to confirm the diagnosis
made by flow cytometry by highlighting a cytogenetic abnormality that is specific to B acute lymphoblastic leukemia.
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constitutes the CD79 molecule. In association with sur-
face immunoglobulin (sIg), CD79 constitutes the B-cell
antigen receptor complex and plays a critical role in
B-cell maturation and activation [1]. The CD79a (mb-1)
gene products are B-cell-specific essential components
of the B-cell receptor (BCR) and are expressed at prac-
tically all stages of B-cell differentiation [2, 3]. This anti-
genic marker constitutes a very valuable pan marker in
the diagnosis of B acute lymphoblastic leukemia.

Because of its high degree of specificity for B-cell lin-
eage differentiation, CD79a was considered as the B
marker cell equivalent of CD3 by many authors [4, 5].
The European Group for the Immunological Characteri-
zation of Acute Leukemias (EGIL) selected CD79a as one
of the most potent markers for B-lineage assessment in
its proposed immunological classification table of acute
leukemias. This marker was given the highest score
(2 points) compared with the CD19 marker considered as
the key marker for the B-lineage assessment (1 point) [6].
Awareness of the importance of the CD79a marker for
the development of B lymphocytes and its significance
in EGIL classification makes assessment of B-ALL very
challenging in cases of complete or partial lack of expres-
sion of this marker. In this report, we described a case of
B-ALL showing complete loss of expression of CD79a
associated with intrachromosomal amplification of chro-
mosome 21 (IAMP21). To the best of our knowledge, this
is a rare report of a B-ALL case with a genetic abnormal-
ity in which there is a complete loss of CD79a expression.
We further discussed the practical challenges in the diag-
nosis and monitoring of this case.

Case presentation

An 8-year-old Caucasian boy from eastern Morocco was
hospitalized at the Mohammed VI University Hospital.
He was initially admitted for a hemorrhagic syndrome
with multiple ecchymoses stretching on all four limbs
and face, with petechiae in his ear without infection or
anemic syndromes or notion of motivating trauma. Phys-
ical examination was otherwise unremarkable. Complete
blood cell count was done using automated hematologic
analyzer (Sysmex, XN1000, Kobe, Japan). Smear exami-
nation of peripheral blood (PB) showed significant num-
ber of blasts suggestive of acute leukemia. Bone marrow
smears were stained with May—Griinwald Giemsa and
analyzed according to routine clinical laboratory pro-
cedures. The cytochemical staining was performed for
myeloperoxidase (MPO) activity of blasts using Myelop-
eroxydase Kit M (RAL Diagnostics, France).

Flow cytometric immunophenotyping of bone marrow
aspirate (BMA) was processed using no-wash procedures
and via the use of a comprehensive six-color antibody
panel for acute leukemia on a Navios flow cytometer
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(Beckman Coulter, FL, USA). This panel included mono-
clonal antibodies against CD3, CD10, CD13, CD7, CD19,
CD22, CD33, CD34, CD45, CD117, HLA-DR, cytoplas-
mic CD79a (monoclonal CD79a; pc5, clone HM47),
cytoplasmic CD3, cytoplasmic immunoglobulin (Ig)M,
and cytoplasmic MPO. For intracellular antigen evalu-
ation, we used PerFix-nc, no centrifuge assay kit (Beck-
man Coulter, FL, USA). For surface antigen evaluation,
we used Versalyse lysing solution (Beckman Coulter,
FL, USA), as per manufacturer’s guidelines. Data collec-
tion and analysis was done on the software that manages
the Navios flow cytometer version 1.3 using a CD45-
side scatter-based gating strategy (Fig. 1). Erythrocytes,
platelets, dead cells, and debris were excluded on the
basis of CD45 staining and side scatter characteristics.
The discriminating boundaries between the positive
and negative fluorescent regions was established using
autofluorescence and isotypic controls. The results were
expressed as percentage of cells in the positive region.

To complete this study with cytogenetic analysis and
aiming to review this case with a larger B-ALL panel with
another CD79a clone, this BMA was sent to an inde-
pendent specialized laboratory. The immunophenotyp-
ing of BMA in this laboratory was performed using a
panel of acute leukemia-containing monoclonal antibod-
ies against CD1a, CD3, CD7, CD5, CD10, CD13, CD38,
CDl1l1c, CD19, CD20, CD22, kappa and lambda light
chains, CD33, CD34, CD14, CD45, CD36, CD117, HLA-
DR, cytoplasmic CD79a, cytoplasmic CD3, and cyto-
plasmic MPO. Analyses was performed on FC 500 flow
cytometer (Beckman Coulter, FL, USA).

Conventional cytogenetics was done on 25 cells using
Reverse banding using Heat and Giemsa (RHG) mark-
ing technique (300—400 bands). Molecular cytogenetic
analysis (FISH) was performed on 200 cells using B-ALL
probes including Vysis LSI ETV6(TEL)/RUNX1(AMLI)
ES dual-color translocation probe (Abbott, Chicago.
USA).

Results
Clinical presentation and laboratory work-up are sum-
marized in Table 1.

Discussion

Acute leukemias are a diverse group of malignancies with
a diverse range of clinical presentations, prognosis, and
treatment protocols. Among them is acute lymphoblas-
tic leukemia (ALL), which is a malignant tumor of the
immature lymphoid cells. ALL is known to be the most
common childhood cancer, and is responsible for about
80% of pediatric acute leukemia. Moreover, ALL is con-
sidered as the most frequent causes of death from cancer
before 20 years of age [7, 8].
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Fig. 1 Flow cytometric immunophenotyping graphs. BL, blasts; LY, lymphocytes. A SSC and CD45 characteristics of leukemic cells analyzed; B
expression of CD19 and CD34; C expression of HLA-DR and lack of expression of CD13; D strong expression of CD10 and lack of expression of
sCD3; E lack of expression of CD13 and CD7; F expression of CD22 and lack of expression of cCD3; G lack of expression of CD3 and CD79a; H lack of
expression of MPO and IgMc

Accurate diagnosis in a short time is crucial for the
successful clinical management of ALL. The use of mor-
phological characterization of lymphoblast cells is not
always easy. In some situations, these lymphoblasts cells
are hardly distinguishable from myeloblast in many acute
myeloid leukemia (AML) cases (undifferentiated acute
myeloid leukemia, for example).

The development of monoclonal antibodies and the
rapid evolution of lasers and analysis software have
allowed flow cytometry (FC) to become a powerful tool
for multiparametric cellular analysis over the last few
decades. In 2001, the World Health Organization (WHO)
integrated immunophenotyping of acute leukemia results
into their proposed classification of malignancies of
hematopoietic and lymphoid tissues. Since then, the use
of FC in the diagnosis of hematological malignancies has
considerably evolved the clinical management of acute
leukemia. This integration made flow cytometry a critical
step in the advancement of diagnosis of acute leukemia
and an unavoidable stage to perform further subclassifi-
cation. Moreover, immunophenotyping of AL by FC has
become a key tool for detecting aberrant antigenic pro-
files that may prove useful for disease monitoring [9].
The WHO 2016 updated classification of hematological
malignancies of myeloid neoplasms and acute leukemia
has defined the criteria for assignment of the B-ALL line-
age by FC on the basis of the intensity of expression of
four key markers: CD19, CD79a, cytoplasmic CD22, and

CD10 [10, 11]. According to the EGIL scoring system,
CD79a and CD22 are the most critical markers in B-lin-
eage assessment. They have a high-scoring value, with
2 points for each of them, while the other two markers,
CD19 and CD10, came in second place with 1 point for
each of them [6].

CD79a is expressed in nearly all B-cell development
stages from pro-B to mature B cells, and decreases in
secretory B cells [12]. As a result, CD79a can be used as
an excellent pan cell marker for B-lineage assignment.
According to the EuroFlow Consortium’s work, the use of
CD79a is preferred over CD22 when it comes to B-line-
age assessment because CD22 is not lineage-specific as it
is also expressed at high levels in normal basophils, mast
cells, and some dendritic cells [13]. For these reasons, any
case of decrease in or lack of CD79a expression makes
the diagnosis of B-ALL very challenging, especially in
laboratories in developing countries, where flow cytom-
etry analyses are not always available to help in diagnosis
of AL and, when they are, they are limited in the number
of markers used for lineage assignment. This limitation
can easily lead to an incorrect diagnosis.

In our laboratory, for B-ALL lineage assignment, we
used a comprehensive panel that included, in addi-
tion to CD79a, CD19, CD10, and CD22 recommended
by the WHO, a cytoplasmatic and surface IgM. In this
reported case, even though CD79a expression was
severely low (CD79a, 8%), we were able to make the
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Table 1 Clinical and laboratory features of the B-ALL case
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Features

Case

Age (years)/gender
Symptoms/lymphadenopathy and organomegaly

Complete blood cell count (CBC) data

Hemoglobin

WBC

Platelets

Peripheral blood smears examination
Bone marrow examination data

% of blasts

Cytochemical MPO
Immunophenotypic data

% of blasts
Expression of antigens

CD34

HLA-DR

CcD13

D33

MPO

CD19

Ccb10

CD22

CD79a

IgMc

cCD3

sCb3

Ccb7
Conventional cytogenetics
Cytogenetic study: fluorescence in situ hybridization (FISH)

8/male

Hemorrhagic syndrome with multiple ecchymoses stretching
on all four limbs and the face with petechiae/absent

10 g/dl

203 x 10%/L

18 x 10%/L

Showed significant number of blasts: 25%

72%
Negative

70%

90%

79%

0%

2%

1%

97%

97%

67%

8%

0%

0%

0%

0%

Did not reveal any clonal chromosomal abnormalities
Intrachromosomal amplification of chromosome 21 (IAMP21)

WBC: White Blood Cell; L: liter; g: gram; dL: deciliter; MPO: Myeloperoxidase; CD: cluster of differentiation; IgMc: cytoplasmic immunoglobulin M; c: cytoplasmic; s:

surface

diagnosis of B-ALL on the basis of the expression of
the other B markers included in the panel (CD19, 97%;
CD10, 97%; and CD22, 67%) and, luckily, none of the
other myeloid or T-cell markers were positive in this
case. It has already been reported that the expression of
CD79a in hematological cells is affected by the specifi-
cities of the clone CD79a used. As a result, many cases
of aberrant expression of CD79a in other myeloid and
lymphoid tumors have been reported [14—16]. However,
this is not the situation in our case because we are not
dealing with aberrant expression or nonspecific binding
of CD79a markers that may vary by changing the clone
used to detect CD79a expression in cells; instead, we are
discussing the unusual lack of expression of this marker
in B-lineage cells associated with this genetic abnormal-
ity, and no other similar cases in the literature have been
reported before.

To meet the WHO’s requirements, we sent this bone
marrow to another independent laboratory (French spe-
cialized laboratory) to perform the cytogenetic study.
We also requested for an immunophenotyping of acute
leukemia retest with a larger B-ALL panel. The goal is to
get a wider antigenic profile for this case and to exclude
the eventuality of a lack of expression of CD79a in B cells
due to the specificity of the clone CD79a that we use in
our laboratory. The obtained results from this laboratory
show that we are dealing with a B-ALL case (B-II/B-III)
with a lack of expression of CD79a.

The obtained results of the conventional cytogenetic
study did not reveal any clonal chromosomal abnor-
malities. Therefore, we proceeded to the fluorescence
in situ hybridization (FISH) study using commercially
available LSI ETV6/RUNX1 ES dual-color transloca-
tion probe on 200 cells. The obtained results reveal the
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existence of intrachromosomal amplification of chro-
mosome 21 (iAMP21). iAMP21 is a rare genetic abnor-
mality that occurs in about 2-5% of pediatric patients
with B acute lymphoblastic leukemia [17]. It leads to an
increase in the number of copies (amplification) of the
RUNXI1 gene, at least three more copies, on chromo-
some 21. These types of genetic abnormalities are more
often found in older children (>5 years old) who suffer
from B-ALL. In a previous study, Harrison et al. found
that the median age of patients who have this abnor-
mality is 9 years [18], which is close to the age of our
patient (8 years), and the general data regarding the
iAMP21 genetic abnormality are quite similar to our
patient’s data, with a lower WBC count (<50.10°/L)
[19], blasts presented in most cases with a common/pre
B phenotype , dim or dim partial expression of CD45,
and generally no expression of myeloid lineage mark-
ers [20]. Studies have recognized iAMP21 as one of the
most important anomalies recently discovered in ALL,
in which genotype has a direct impact on treatment
[17]. Consequently, the World Health Organization
(WHO) has included this genetic abnormality in their
revised 2016 classification of malignancies of hemat-
opoietic and lymphoid tissues under new provisional
heading called leukemia/B lymphoblastic lymphoma
with iAMP21 [10].

Conclusion

CD?79a is one of the critical markers in B-ALL assign-
ment. In our case, we have the chance to be assisted by
many other markers of the B lineage that were positive
in this case, and none of the other T or myeloid mark-
ers were positive. Also, it is necessary to mention the
importance of proceeding to cytogenetic study, which
in our case helped us to confirm the diagnosis made by
flow cytometry by highlighting a cytogenetic abnormal-
ity that is specific to the B-ALL lineage.
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