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ABSTRACT

Objectives: Aberrant antigenic expression in acute leukaemia is an expression of antigens which is not normally
associated with acute leukaemia of that specific lineage and does not fulfil the criteria for diagnosis of Mixed
phenotype acute leukaemia (MPAL). This aberrant immunophenotype can be used for the assessment of
measurable residual disease (MRD) and sometimes may predict certain genetic events.

Material and Methods: This was a cross-sectional study conducted in a tertiary care centre in Southern India over
two years to assess the type and frequency of aberrant antigen expression in acute leukaemia by multiparameter
flow cytometry. All routine cases of acute leukaemia confirmed by flow cytometric immunophenotyping were
enrolled.

Results: Among 244 acute leukemia cases, 84 (34%) B-ALL, 28 (11%) T-ALL, 124 (51%) AML and 8 (3%) MPAL
were found. Aberrant antigenic expression was seen in 17 (20%) B-ALL, 5 (18%) T-ALL, 33 (27%) AML and
1(12.5%) MPAL. Most common aberrancy in AML was CD7(70.3%) followed by CD19 (13.5%) and CD79a
(10.8%), in B-ALL was CD33(52.6%) followed by CD13 (10.5%) and CRLF2 (10.5%) and in T-ALL were CD33
and CD 79a (40% each).

Conclusion: B-ALL showed a greater heterogeneity in aberrant antigens compared to AML and T-ALL. The
future implication of this study is that aberrant markers can help in monitoring measurable residual disease Some
aberrant phenotypes may indicate the presence of a genetic event or may be of prognostic significance. Some
aberrant antigens may also be used as therapeutic targets.
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INTRODUCTION

Aberrant expression of antigen is an abnormal expression of antigens by blasts that are
not expressed by a particular lineage (Myeloid, B-lymphoid, and T-lymphoid) and do
not fulfill the WHO criteria for mixed phenotype acute leukemia (MPAL). This aberrant
leukemia-associated immunophenotype (LAIP) can be used to monitor measurable residual
disease (MRD).

Aberrant antigen in certain leukemias may indicate the presence of a genetic event or may
affect prognosis. Acute promyelocytic leukemia (APL) with PML-RARA commonly expresses
CD2 (classically in microgranular variant). Acute lymphoblastic leukemia (ALL) with KMT2A
rearrangement showing aberrancy of CD9 and CD15. Ph+ALL shows aberrancy of myeloid-
associated markers such as CD13 and CD33. CD9 over-expression is seen in ALL with t(1:19).["
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Acute myeloid leukemia (AML) having CD123 has a worse
prognosis.?).. AML with CD56 aberrancy also carries a
poor prognosis, especially in AML (8:21) which usually is
associated with a good prognosis.”!

Sometimes there may be difficult to differentiate between
leukemia with aberrant antigen expression or an MPAL. To
avoid misdiagnosis, strict the World Health Organization
(WHO) criteria should be followed. B-lineage markers
(cCD79a, CD19, and PAX5) are commonly expressed in
AML with t(8;21). Hence, it may be mistakenly diagnosed
as B-myeloid MPAL, if the WHO criteria are not strictly
followed. B-myeloid MPAL will express CD19 at a stronger
level, and at least, some of the blasts will have positivity
similar to normal B-cell, whereas in AML with t(8;21),
the expression is dimmer. CD3 should only be considered
positive when, at least, some fraction of the blasts show
expression similar to mature T-lymphocytes, when a
diagnosis of T-myeloid MPAL is considered.” Similarly,
the expression of MPO also should be compared to normal
granulocytes, especially in cases with blasts showing having
a typical B-lymphoblastic immunophenotype. A small
percentage (<10%) of CDI19 positive B-lymphoblast may
express MPO and should not be diagnosed as B-Myeloid
MPAL.**! There is a difference of opinion regarding ab
CD?7, whether CD7 is truly a T-cell marker or not as it

is expressed in some early precursors of non-T-lineage,
especially early myeloid stem cells."”!

This study was done to assess the type and frequency of
aberrant antigen expression in acute leukemia.

MATERIAL AND METHODS

This was a cross-sectional study conducted in the department
of pathology (Hematology section) of a tertiary care center in
Southern India over 2 years (July 2018-July 2020). All routine
cases of acute leukemia diagnosed based on morphology and
confirmed by flow cytometric immunophenotyping were
enrolled. Bone marrow aspirate and in a few cases peripheral
blood sample in EDTA anticoagulant were used for flow
cytometry (Navios-3 lasers, 12 parameters, Beckman Coulter
Life Sciences, Indianapolis, IN, USA). Sample processing and
instrument setup were done according to adapted EuroFlow
guidelines.”’ The antibody panel used is given in [Table 1].
The acquisition was done for a minimum of 100,000
events per tube and cells of interest were selected using
CD45/SSC gating strategy and analyzed by Kaluza software.
An immunophenotypic marker was considered positive if,
at least, 10% of cells showed surface and intracytoplasmic
markers expression. CD56 and CD9 were not routinely used
in our AML panel but used only in cases of suspected APL
cases. All data have been presented using summary statistics.

Table 1: A panel of antibodies used in flow cytometry.
PANELS FITC PE ECD PC5.5 PC7 APC APC700 APC750 PB KO
OT TUBE nTdT cMPO CD19 cCD79a CD34 cCD3 CD45 CD7 sCD3 HLA-DR
MM TUBE CD13 CD117 CD14 CD33 - CDll1c CD45 CD64 CD11b CD15
TUBE B1 CD81 - CD123 CD19 CD34 CD10 CD20 CD38 CD9 CD45
TUBE B2 CD58 CD73 CD19 CD86 CD34 CD10 CD20 CD38 CD44 CD45
TUBE B3 CD13 CRLF2 CD19 CD33 CD34 CDl11c CD45 - CD11b CD15
TUBE T1 CD4 CDla CDs8 CD5 CD34 CD3 CD56 CD7 CD2 CD45
TUBE T2 CD13 CD117 CD33 CD10 CD45
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Figure 1: Distribution of acute leukemia cases during study (a). Cases with or without aberrant antigenic expression (b). B-ALL precursor
B-cell acute lymphoblastic leukemia, T-ALL precursor T-cell acute lymphoblastic leukemia, AML acute myeloid leukemia, and MPAL mixed

phenotype acute leukemia.
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RESULTS

Among 244 cases of acute leukemia, 84 (34%) were B-ALL,
28 (11%) were T-ALL, 124 (51%) were AML, and 8 were (3%)
MPAL. Aberrant antigenic expression was seen in 17 (20%)
B-ALL, 5 (18%) T-ALL, 33 (27%) AML, and 1(12.5%) MPAL
cases [Figure la and b]. The overall frequency of aberrancy
was 23% (56/244). Cases meeting the criteria for early T-cell
precursor ALL are not included since aberrant expression
of stem cells and myeloid antigen is considered diagnostic
criteria for such cases. Expression of TdT in AML was not
considered aberrant. A few cases had more than one aberrant
antigen expression (CD13/33 and CD11¢/CRLF2 each in

one B-ALL, CD19/CD79a (weak), and CD7/CD19/CD79a
(weak) each in one AML, and CD9/CD56 in one APL).

The aberrant markers are seen and their frequency is
summarized in [Table 2]. The aberrant markers in B-ALLs
were CD33, CD13, CD117, CD5, CD7, CRLF2, CDlIc, and
CD15, among which CD33 was the most common. T-ALL
had the aberrant expression of CD13, CD117, and CD79a. The
aberrant markers in AML were CD7, CD19, and CD79a with
the most common being CD7. One case of cytogenetically
confirmed that APL showed aberrant expression of CD56 and
CD9. However, CD56 is not routinely included in our AML
panel. Hence, other AMLs which may have had aberrancy for
CD56 could not be determined. Among eight MPAL cases,
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Figure 2: A case of mixed phenotype acute leukemia (B-myeloid) with aberrant CD7 expression.
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Table 2: Distribution and frequency of different antigenic aberrancies.

Marker CD33 CD13 CD117 CD19 CD79a CD5 CD7 CRLF2 CD15 CDl1llc CD9 CD56

B-ALL (n=19) 10 2 1 1 1 2 1 1

(52.6%) (10.5%) (5.3%) (53%)  (53%) (10.5%) (5.3%) (5.3%)

T-ALL (n=5) 2 (40%) 1 (20%) 2 (40%)

AML (n=37) 5 4 26 1 1
(13.5%) (10.8%) (70.3%) (2.7%)  (2.7%)

MPAL (n=1) 1

(100%)

one case of B-myeloid phenotype expressed aberrant CD7
[Figure 2].

DISCUSSION

Aberrant antigenic expression in acute leukemia shows
the plasticity of leukemic clones; in some cases, leukemic
blasts expressing more than one lineage-specific antigen are
categorized as MPAL according to the WHO criteria and
treated differently. Aberrant antigens detected by a larger panel
of antibodies can help in predicting the genotype of leukemia
as most of the aberrant markers associated with specific
genotypes of acute leukemia are increasingly being defined.

In our study, aberrant antigenic expression was noted in
27% of AMLs, among which the majority (70.3%) expressed
CD7. Excluding CD7, B-lineage markers CD19 (13.5%),
and CD79a (10.8%) were other aberrant markers. However,
a smaller number of markers were used in our acute
leukemia panel for myeloid lineage. We used an extensive
panel for lymphoid markers and 20% of B-ALL and 18% of
T-ALL cases showed aberrancy with CD33 (52.6% and 40%,
respectively) being the most common aberrant marker.

A study done by Drexler et al. showed that only 10% of AMLs
showed aberrancies of CD1, CD2, CD3, CD5, CD8, CD10,
CD19, CD20, CD21, and CD22. They found CD4 and CD7
expression in 24% and 15% of AML cases, and their expression
correlated with AML with monocytic differentiation, although
CD#4 is expressed in monocytes and CD7 can be expressed in
some early myeloblasts.””’ In a study by Momani ef al. on 368
acute leukemias, 23% AML and 29% of ALL showed aberrant
antigen expression with the most common aberrancy being
CD7 and CD33, respectively, similar to our study. On follow-
up, 70% of ALL and 53% of AML which were not in remission
had aberrant phenotypes.['”!

CONCLUSION

This study shows that aberrant antigenic expression is
common in acute leukemias (23%). AML (27%) more
commonly expressed aberrant antigen compared to B-ALL
(20%) and T-ALL (18%). The most common aberrancy in

AML was CD7 followed by CD19 and CD79a, in B-ALL
was CD33 followed by CD13 and CRLF2, and in T-ALL was
CD33 and CD 79a. B-ALL showed more heterogeneity in
antigenic aberrancies compared to AML and T-ALL.

The expression of certain aberrancy can help to predict possible
genetic abnormality. AML with t(8;21) is known to show
aberrancy of pan B-cell markers, commonly CD19 and PAX5,
and on rare occasions cCD79a. Therefore, adherence to strict
WHO criteria is needed to prevent these cases from being
misdiagnosed as B-myeloid MPAL.") CD2 aberrancy is seen in
AML with Inv(16) and acute promyelocytic leukemia.['

Expression of myeloid-associated markers (CD13 and CD33)
and CD25 is commonly observed with B-ALL with t(9;22).01%
CD15 expression is noted in MLL-rearranged B-ALL.["*]

The limitation of the study was that the correlation of aberrant
immunophenotypic markers with molecular/cytogenetic
subtypes of acute leukemia has not been studied. The future
implication of this study is that aberrant markers such as
Leukemia associated immunophenotype (LAIP) can help
in disease monitoring and detecting Measurable residual
disease (MRD), since, nowadays, it is being consistently used
as a part of risk stratification and determining treatment
intensity. Some of the aberrant antigens can be therapeutic
targets as more and more monoclonal antibodies are being
developed and help in disease clearance.
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LIST OF ALL ABBREVIATIONS

APL: Acute promyelocytic leukemia
MPAL: Mixed phenotypic acute leukemia
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ALL: Acute lymphoblastic leukemia

AML- Acute myeloid leukemia

WHO: World Health Organization

MPO: Myeloperoxidase

SSC: Side scatter

TdT: Terminal deoxynucleotidyl transferase
CD: Cluster differentiation

LAIP: Leukemia-Associated Immunophenotype
MRD: Measurable Residual Disease
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