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A b s t r a c t

We evaluated the lineage specificity of CD79a in
acute leukemias using 3-color flow cytometry in 58
consecutive cases. A panel of cell-surface antigens,
including myeloid-associated markers, B-
cell–associated markers, and T-cell–associated
markers, was used. All cases of acute myeloid leukemia
were CD79a–, whereas all cases of B-lineage acute
lymphoblastic leukemia (ALL) were CD79a+. Three of
8 cases of T-cell ALL showed variable CD79a
expression, indicating the presence of a blast subset
expressing a relatively high level of CD79a. We
investigated the clinical and pathologic characteristics
of these 3 cases. All 3 cases had L1 or L2 morphology
and expressed surface CD3. None of the other B-
cell–associated markers were positive, although 1 case
expressed CD13 and CD33. Uncommon random
karyotypic abnormalities were identified in all 3 cases.
Molecular studies demonstrated monoclonal gene
rearrangement of T-cell receptor gamma in 2 of 3 cases.
All 3 patients were 18 years old or younger; 1 patient
did not enter remission, and 1 had disease relapse in 8
months. Our findings provide further support for the
existence of a subset of T-cell ALL coexpressing CD3
and CD79a. Further study of the clinical and biologic
significance of this subset may be warranted.

Flow cytometry immunophenotyping has a well-estab-
lished role in the diagnosis of acute leukemia. The distinc-
tion of acute lymphoblastic leukemia (ALL) between mature
T-cell or mature B-cell immunophenotype and precursor B-
cell immunophenotype is of substantial clinical and thera-
peutic importance.1 One of the B-cell markers commonly
used in immunophenotyping of lymphoid malignant
neoplasms, CD79a, is a cell-surface molecule of which the
cytoplasmic domain is associated physically with membrane
immunoglobulins.2 Through this interaction, CD79a and its
heterodimer partner, B29 (CD79b), mediate intracellular
signal transduction after antigen binding, analogous to CD3
in T cells.3,4 CD79a is considered a useful marker for identi-
fying B-cell lineage in malignant neoplasms for the
following reasons: (1) In view of its structural and functional
relationship with the B-cell antigen receptor, the expression
of CD79a is a highly specific for B cells.5 (2) CD79a is also
a highly sensitive marker for B cells, because it is expressed
in the earliest stage of B-cell development, preceding the
expression of CD19, and is expressed in the late stage of B-
cell differentiation (ie, plasma cells).6-8 (3) CD79a generally
is resistant to routine paraffin-embedded tissue fixation and
processing, and, therefore, it is useful in immunopheno-
typing acute leukemia when only paraffin-embedded bone
marrow tissues are available.8,9

However, by immunohistochemistry, a report has indi-
cated that CD79a is coexpressed with CD3 in approxi-
mately 40% of cases of T-cell ALL.10 The expression of the
CD79a antigen in some of these cases was further
confirmed by the Western blot technique. In addition,
CD79a messenger RNA expression has been reported in a
T-cell ALL cell line and in fetal thymic T cells.11 These
findings suggest that CD79a may not be as B-cell specific
as originally believed.
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We report our experience with flow cytometric
analysis of CD79a expression in 58 consecutive cases of
acute leukemia diagnosed in a 13-month period. We first
assessed the B-cell lineage specificity of CD79a in acute
leukemias. Second, we confirmed the existence of CD79a
expression in T-cell ALL by flow cytometry. Last, the clin-
ical, pathologic, and cytogenetic features of T-cell ALL
cases with significant CD79a expression were studied.

Materials and Methods

Case Selection

The study included 58 consecutive new cases of acute
leukemia diagnosed and immunophenotyped at the Univer-
sity of Alberta Hospital, Edmonton, from March 1, 1998, to
April 1, 1999. The diagnosis and classification of these
acute leukemias were achieved by using morphologic, cyto-
chemical (myeloperoxidase and nonspecific esterase), and
flow cytometric analysis. Twenty-nine of the 58 cases were
diagnosed as acute myeloid leukemia (AML); 29 were
diagnosed as ALL. Of the 29 ALL cases, 21 were B-cell
lineage and 8 were T-cell lineage. All pediatric patients (ie,
18 years or younger) received standard combination
chemotherapy treatment according to their risk cate-
gories.12 The adult patients with T-cell ALL were treated
with a combination chemotherapy regimen including
cyclophosphamide and asparaginase.

Flow Cytometry

Immunophenotyping was performed by flow cyto-
metric analysis of bone marrow aspirates or peripheral
blood samples collected in EDTA, using a flow cytometer
(FACSCalibur, Becton Dickinson, San Jose, CA). Samples
were processed by using standard techniques.13 Blasts
initially were gated for analysis by using CD45 (PerCP-
labeled) vs side scatter, according to the gating strategy
described by Borowitz et al.14 Each case was evaluated by
using a panel of monoclonal antibodies (all from Becton
Dickinson, unless otherwise specified), which included T-
cell markers, surface CD3 (Leu-4), CD4 (Leu 3), CD5
(Leu-1), CD7 (Leu 9), CD8 (Leu-2a); the B-cell markers,
CD19 (Leu12), CD20 (Leu 16), cytoplasmic CD22 (Leu-
14), CD79a (Pharmingen, Mississauga, Ontario); and
myeloid markers, CD13 (Leu-M7), CD14 (Leu M3), CD33
(Meu M9), and cytoplasmic myeloperoxidase (Caltag
Laboratories, Burlingame, CA). Additional markers
included cytoplasmic terminal deoxynucleotidyl transferase
(Immunotech, Burlington, Ontario), CD10, and CD34
(HPCA-1).

Conventional Cytogenetic Analysis
Cytogenetic analysis was performed on peripheral blood

or bone marrow specimens in more than 90% of cases of
acute leukemia and all 8 cases of T-cell ALL using standard
techniques. Only the T-cell ALL cases were reviewed for the
present study. GTG banding was used to identify the indi-
vidual chromosomes. At least 15 metaphases were examined
for each case. Cytogenetic nomenclature followed the stan-
dard 1995 criteria of the International System for Human
Cytogenetic Nomenclature.15

Molecular Studies

To further support the T-cell lineage of the 3 cases of T-
cell ALL (cases 2-4) with variable CD79a expression, we
performed polymerase chain reaction to assess gene
rearrangement of the T-cell receptor (TCR) gamma gene.
Archival Giemsa-stained bone marrow aspirate smears were
used. Briefly, smears were scraped off the glass slides with a
sterile scalpel blade, and the resulting powdered material was
transferred to 1.5-mL microcentrifuge tubes. DNA extraction
was performed using the Puregene DNA isolation kit
(Gentra, Minneapolis, MN) according to the manufacturer’s
protocol. The method for detecting gene rearrangement of
the TCR gamma gene has been described previously,16 and
the primer sequences for TCR gamma used in the present
study were as follows: 5´-TCT-GG(AG)-GTC-TAT-TAC-
TGT-GC-3´ (V-gamma) and 5´-CAA-GTG-TTG-TTC-CAC-
TGC-C-3´ (J-gamma). Amplified gene products of the cystic
fibrosis gene 20i were used for the internal control, and the
primer sequences were as follows: 5´-GGT-CAG-GAT-TGA-
AAG-TGT-GCA-3´ and 5´-CTA-TGA-GAA-AAC-TGC-
ACT-GGA-3´. Amplified gene products were separated by
electrophoresis using 6% polyacrylamide gel and visualized
by ethidium bromide staining.

Results

CD79a Expression in AML and B-ALL

All 21 ALL cases of precursor B-cell type were strongly
positive for CD79a ❚Figure 1A❚. All 29 cases of AML were
negative for CD79a ❚Figure 1B❚.

CD79a Expression in T-Cell ALL

There were 8 cases of T-cell ALL in this cohort, and
flow cytometric analysis was performed in each case.
Compared with the isotype control, 5 cases (cases 1 and 5-
8) showed a minimal shift to the right in the peak but no
change in the shape of the curve ❚Figure 2A❚. In contrast, the
other 3 cases (cases 2-4) showed a more significant shift to
the right in the peak compared with the peak of the isotype
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control. In addition, the curves of these 3 cases were rela-
tively broader ❚Figure 2B❚, reflecting the heterogeneity of
the CD79a expression level and the presence of a subset of
blasts with relatively high CD79a expression. Nevertheless,
the CD79a expression level in these 3 cases remained signif-
icantly lower than that seen in ALL of the precursor B-cell
type (Figure 1A).

In 1 of the 3 cases of T-cell ALL with variable CD79a
expression (case 2), specimens from the initial presentation
and disease relapse were available for flow cytometric
analysis. Compared with ❚Figure 3A❚, which illustrates the
CD79a expression during the initial presentation, the blasts
present during relapse showed a higher number with rela-
tively high CD79a expression ❚Figure 3B❚.

Clinical Features of T-Cell ALL Cases

We further characterized these 8 cases of T-cell ALL by
reviewing their clinical data ❚Table 1❚. There were 6 males
and 2 females. Four patients (cases 1-4) were 18 years old or
younger (mean, 11.0 years; range, 2-18 years). The other 4
patients (cases 5-8) were older than 18 years (mean, 40.2
years; range, 34-47 years). The average WBC count at
presentation was 22,100/µL (22.1 × 109/L), with 5 cases
higher than 5,000/µL (5 × 109/L).

All 3 cases of T-cell ALL with a variable CD79a expres-
sion pattern (cases 2-4) were patients 18 years old or
younger (2 males and 1 female). Two of the 3 had an
elevated WBC count at initial presentation. One had a
relapse 8 months after the initiation treatment (case 2), and 1
did not enter remission (case 4).

Of the remaining 5 cases, 4 were older than 18 years. Two
of these patients (cases 7 and 6) experienced relapse at 5 and
26 months, respectively. The other 2 patients remained in
remission (cases 5 and 8) with disease-free intervals of 3 and 5
months. The only patient in this group (case 1) who was
younger than 18 years of age was in remission at 6 months.

Pathologic and Immunophenotypic Features of T-Cell
ALL Cases

All T-cell ALL cases were L1 or L2 according to the
French-American-British classification criteria. Their
immunophenotypic features are summarized in ❚Table 2❚.
Overall, all showed positivity for terminal deoxynu-
cleotidyl transferase, and 4 of 8 were CD10+. Five of 8
were CD4– and CD8–, 2 were CD4+ and CD8+, and 1 was
CD4+ only.

In the 3 cases with a variable CD79a expression pattern
(cases 2-4), most of the blasts (ie, >80%) expressed cell-
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❚Figure 1❚ A, A case of acute lymphoblastic leukemia, precursor B-cell type, that showed strong positivity for CD79a. B, In
contrast, a case of acute myeloid leukemia in this cohort was negative for CD79a. PE, phycoerythrin.
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surface CD3, as well as a number of other T-cell–associated
antigens, including CD5 and CD7. One of these 3 cases (case
3) also expressed 2 myeloid-associated markers, CD13 and
CD33. None of the other B-cell–associated markers were
detected. Two cases were CD4– and CD8–, and the other case
was CD4+ but CD8–.

For the remaining 5 cases, none was positive for any of
the B-cell–associated markers studied. Interestingly, all of
these cases expressed cytoplasmic CD3 but not cell-surface
CD3. Two were CD4+ and CD8+, and 3 were CD4– and
CD8–.

Cytogenetic Studies in T-Cell ALL cases

Results from the conventional cytogenetic studies were
available for all 8 cases of T-cell ALL and are summarized in
❚Table 3❚. Complex, nonrandom, chromosomal abnormalities
were present in all 3 cases of T-cell ALL with a variable
CD79a expression pattern: case 2 was hyperdiploid with
51XYY; case 3 was hypodiploid with 45XX; case 4 was
pseudodiploid with 46XY and various complex nonrandom
chromosomal aberrations. Chromosomal deletion of 5q was
detected in 2 of these 3 cases. In contrast, the only pediatric

case without a variable CD79a expression pattern (case 1)
had a balanced translocation, t(11;14). Three of the 4 adult
patients also had chromosomal abnormalities.

Molecular Studies

Polymerase chain reaction to assess gene rearrange-
ment of the TCR gamma gene was performed, and the
results are given in ❚Image 1❚. Sufficient DNA (as assessed
by the presence of the amplified gene products of cystic
fibrosis 20i) was extracted from all 3 cases of T-cell ALL
with a variable CD79a expression pattern (cases 2-4). Two
of 3 cases (case 2 and 4) demonstrated monoclonal gene
rearrangement of the TCR gamma gene.

Discussion

A diagnosis of ALL of B-cell lineage requires the use
of a panel of B-cell markers, commonly including CD19,
CD20, and CD22. However, some of these markers are
known to be not entirely B-cell specific. In 1 study, CD19
and CD20 were expressed in 9.8% and 17.0% of cases of
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❚Figure 2❚ A (Case 5), A case of T-cell acute lymphoblastic leukemia (ALL; dotted line) showed a minimal shift to the right in the
peak and no change in the shape of the curve compared with the isotype control (solid line). B (Case 4), In contrast, in another
case of T-cell ALL (dotted line), the curve was broader, and it showed a greater shift to the right in the peak compared with the
peak for the isotype control, indicating the presence of a subset of blasts with relatively high CD79a expression. PE, phycoerythrin.
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AML, respectively.17 In addition, CD20 is expressed only
in a small subset of precursor B cells.18 As mentioned
previously, probably related to its structural and functional
relationship with the B-cell antigen receptor, CD79a has
been considered a specific and sensitive B-cell marker and
has been used extensively for immunophenotyping of
lymphoid malignant neoplasms. However, most of the
studies including CD79a in the panel were performed in
paraffin-embedded tissues, and CD79a has not been used
widely for flow cytometric analysis of acute leukemia.

Our findings in the present study are in keeping with
the concept that CD79a is a reliable marker for ALL of B-

cell lineage, since all cases of B-cell ALL in our cohort (n
= 21) were positive for CD79a. In addition, CD79a was not
expressed in all cases of AML (n = 29). Taken together,
CD79a positivity detected by flow cytometry is a useful
means to confirm B-cell lineage and to exclude AML.

An interesting finding of the present study is that a
subset (3/8) of T-cell ALL cases showed a variable CD79a
expression pattern. This finding reflects the presence of a
subset of blasts with a relatively high CD79a expression
level. Since most of the blasts (ie, >80%) in all 3 cases of
CD79a+ T-cell ALL were positive for cell-surface CD3,
our findings confirm the existence of acute leukemia with

Am J Clin Pathol 2000;113:823-830     827© American Society of Clinical Pathologists
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❚Figure 3❚ (Case 2) Specimens from the initial presentation and disease relapse were available for flow cytometric analysis.
Compared with presentation (A), the blasts present during relapse showed a higher proportion with relatively high CD79a
expression (B). PE, phycoerythrin.

❚Table 1❚
Clinical Data for Eight Cases of T-Cell Acute Lymphoblastic Leukemia

Case No./ WBC, /µL (×× 109/L) at Remission (Time After Induction Relapse (Time After
Sex/Age (y) Presentation  Chemotherapy, wk)  Remission)  

1/F/2 54,300 (54.3) 3 None, follow-up, 6 mo  
2/M/9 29,300 (29.3) 6 8 mo  
3/F/15 3,800 (3.8) 3 None, follow-up, 11 mo  
4/M/18 13,000 (13.0) Failure of induction Not applicable  
5/M/34 28,000 (28.0) 3 None, follow-up, 3 mo  
6/M/37 43,100 (43.1) 34 26 mo  
7/M/43 2,100 (2.1) 12 5 mo  
8/M/47 2,900 (2.9) 3 None, follow-up, 5 mo  

A

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/113/6/823/1757744 by guest on 16 M

ay 2023



Lai et al / FLOW CYTOMETRIC DETECTION OF CD79A

coexpression of CD3 and CD79a. Pilozzi and colleagues,10

by using immunohistochemistry applied to paraffin-
embedded tissues and by Western blotting studies, docu-
mented for the first time that CD79a is coexpressed with
CD3 in approximately 40% of cases of T-cell ALL.

The 3 cases of T-cell ALL with a variable CD79a
expression pattern (cases 2-4) seem to be biased toward
certain clinical and pathologic features. Clinically, all 3
patients were 18 years old or younger; none of the 4
patients older than 18 years had substantial expression of
CD79a. Two of these 3 patients (cases 2 and 4) are classi-
fied as high risk, and 1 (case 3) as intermediate risk
according to the criteria of the Children’s Cancer Group.12

With regard to responsiveness to treatment, 2 of 3 patients
had early relapse (8 months) or failure to enter postinduc-
tion remission. This rate of treatment failure is higher than
that described in the literature, which reported an event-free
survival of 3 years at 78.2% with the more recent intensive
chemotherapy regimens.19 Immunophenotypically, 3 of 3
were positive for cell-surface CD3, whereas the other 5
cases were positive for cytoplasmic CD3 only. Expression
of cell-surface CD3 has been associated with an abnormal

karyotype and an increased risk of treatment failure,20

although the prognostic significance of cell-surface CD3
was not found in another study.21 Owing to the relatively
small number of cases in the present study, the prognostic
value of identifying T-cell ALL with a variable CD79a
expression pattern requires further study.

In contrast with the only pediatric case without signifi-
cant expression of CD79a (case 1), which showed a rela-
tively common karyotypic abnormality, t(11;14),22 all 3
cases have complex karyotypic abnormalities that are
unusual for T-cell ALL. In a review article by Heerema et
al,23 61% of all childhood cases of T-cell ALL have cytoge-
netic abnormalities, in contrast with 3 of 3 in our study.
While the most common cytogenetic abnormalities in
younger patients include del(6q), 14q11 breakpoints,
del(9p), trisomy 8, 11q23 breakpoints, and 14q32 translo-
cations, 2 of our 3 cases had none of these abnormalities.
Furthermore, 1 of our 3 cases was hypodiploid, compared
with most (86.4%) patients in the review being pseudo-
diploid or normal diploid.23 Last, several random chromo-
somal defects, including those seen in our 3 cases, were
observed only in rare cases in the review of 169 cases.23

828 Am J Clin Pathol 2000;113:823-830    © American Society of Clinical Pathologists

❚Table 2❚
Immunophenotypes of Eight Cases of T-Cell Acute Lymphoblastic Leukemia Analyzed by Flow Cytometry

Case No. CD79a T-Cell Markers B-Cell Markers Myeloid Markers CD10 CD34 TdT  

1 + CytoCD3+, CD5+, CD7+, CD19–, CD20–, MPO–, CD13–, – + +
CD4w+, CD8w+ CDc22–, CD24– CD14–, CD33-

2 +* sCD3+, CD5+, CD7+, CD4–, CD19–, CD20–, MPO–, CD13–, – + +
CD8– CDc22–, CD24– CD14–, CD33– 

3 +* sCD3+, CD5+, CD7+, CD4–, CD19–, CD20–, MPO–, CD13+, + – +
CD8– CDc22–, CD24– CD14–, CD33+ 

4 +* sCD3+, CD5+, CD7+, CD4+, CD19–, CD20–, MPO–, CD13–, + + +
CD8– CDc22–, CD24– CD14–, CD33– 

5 + CytoCD3+, CD5+, CD7+, CD19–, CD20–, MPO–, CD13–, + – +
CD4–, CD8– CDc22–, CD24– CD14–, CD33– 

6 + CytoCD3+, CD5+, CD7+, CD19–, CD20–, MPO–, CD13–, + + +
CD4+, CD8+ CDc22–, CD24– CD14–, CD33– 

7 – CytoCD3+, CD5–, CD7+, CD19–, CD20–, MPO–, CD13–, – + +
CD4–, CD8– CDc22–, CD24– CD14–, CD33+

8 + CytoCD3+, CD5+, CD7+, CD19–, CD20–, MPO–, CD13–, – – +
CD4–, CD8– CDc22–, CD24– CD14–, CD33– 

*CD79a variable expression.
CDc22, cytoplasmic CD22; Cyto, cytoplasmic; MPO, myeloperoxidase; sCD3, surface CD3; TdT, terminal deoxynucleotidyl transferase; +, positive; –, negative. 

❚Table 3❚

Conventional Cytogenetic Study Results for Eight Cases of T-Cell Acute Lymphoblastic Leukemia

Case No. Cytogenetics  

1 46,XX,t(11;14)(p13;q11)[3]/46,XX[5]  
2 51,XYY,del(5)(q31),+8,+10,+13,–17,+mar1,+mar2  
3 45,XX,add(9)(p21),–17,der(12),t(12;17)(p13;q11) or –12,der(17), t(12;17)(q11:p13)[15]/46,XX[1]  
4 46,XY,del(5)(q15q35),add(6)(q27),del(9)(p21p24),del(11)(q23),del(12)(p11–2p13)[8]/46,XY[8]  
5 46,XY,del(16)(p13)[15]  
6 46,XY,inv(1)(p11q12),t(10;14)(q24q11.2),del(12)(p11.1p12)[12]/46,XY, inv(1)(p11q12)[3]  
7 46,XY,?t(1;2)(p34;p21),add(12)(q24.1)[9]/46,XY[6]  
8 46,XY  
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For instance, partial deletions of chromosome 5 (as seen in
cases 2 and 4) were seen in only 2 of 169 cases. In addi-
tion, t(12;17)(p13;q11), as seen in case 3, was not found in
any patients in the review.

The rather unexpected finding of CD3/CD79a coexpres-
sion in ALL raises the question of whether these CD79a+
cases are genuinely of T-cell lineage. In a recent study,
Pilozzi et al24 performed gene rearrangement studies of the
immunoglobulin heavy chain and TCR gamma genes in a
series of CD3+ ALL with or without CD79a expression
detected by immunohistochemistry. All of the cases studied
showed TCR gamma gene rearrangement, and none showed
solely immunoglobulin heavy chain gene rearrangement,
strongly suggesting that CD3+ cases of ALL are of T-cell
lineage, regardless of CD79a expression. In keeping with
this concept, we were able to detect monoclonal TCR
gamma gene rearrangement in 2 of 3 cases of T-cell ALL
with substantial CD79a expression described in this report.
Nevertheless, the mechanism and biologic significance of
this highly unexpected coexpression of CD3 and CD79a
remain to be studied.

The finding of CD79a-expressing T-cell ALL also points
to the fact that CD79a can be expressed independently of B-
cell receptor. Discordant expression of CD79a and B-cell

receptor has been observed previously in other malignant
processes. In 1 study, CD79a expression was found in 19
(20%) of 94 cases of Hodgkin disease other than lymphocyte
predominance subtype.25 In addition, dissociation of the
expression of B-cell receptor and CD79a seem to be a char-
acteristic feature of mediastinal large cell lymphomas, which
commonly lack surface B-cell immunoglobulins.26 While the
normal function of CD79a is to facilitate intracellular
signaling on antigen binding to the receptor, its function(s),
if any, in these circumstances are uncertain.

Our findings further support the existence of T-cell ALL
with coexpression of CD3 and CD79a, both of which theo-
retically are highly specific markers for T cells and B cells,
respectively. A relatively high expression of CD79a seems to
be confined to pediatric cases (ie, 18 years old or younger).
Despite the rather small number of cases in our cohort, our
findings suggest that T-cell ALL with a relatively high
expression of CD79a is biased toward certain immunopheno-
types and unusual cytogenetic abnormalities, as well as a
poor response to treatment. Further studies with regard to the
clinical and biologic significance of CD79a expression in T-
cell ALL may be warranted.
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