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Abstract

Objectives: Acute leukemia (AL) is a highly heterogeneous malignant disease caused by hema-
topoietic cell abnormalities. Our study investigated the potential for immunophenotyping of
leukemic cells via flow cytometry and the clinical usefulness of this approach in treatment of AL.
Methods: Bone marrow (BM) specimens were collected to detect antigen expression on hema-
topoietic cells in pre-treatment samples from patients with AL. In addition, fraction survival
curves were calculated using the Kaplan-Meier method to explore the effect of markers on
prognosis in AL.

Results: Expression levels of immunophenotypic markers in patients with acute lymphoblastic
leukemia (ALL) were significantly different from those in patients with acute myeloid leukemia
(AML). In addition, there was a potential association between the surface marker, cluster of
differentiation 2 (CD?2), and fraction survival in AML. However, no similar result was found in
ALL. Moreover, genetic tests showed greater positive variation of the break point cluster-
Abelson tyrosine kinase (BCR-ABL) fusion gene in samples from patients with ALL than in samples
from patients with AML.
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Conclusions: We have shown a rapid and effective flow cytometry method that enables the
identification of immunophenotype in AL. Moreover, CD2 may constitute a predictive marker for

prognosis in patients with AML.
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Introduction

Acute leukemia (AL) is a highly heteroge-
neous malignant disease caused by hemato-
poietic cell abnormalities."? Based on the
morphologic, immunologic, cytogenetic,
molecular, and clinical features, AL is
divided into two major types: acute myeloid
leukemia (AML) and acute lymphoblastic
leukemia (ALL).> Moreover, AML is fur-
ther divided into eight subtypes (M0-M7)
based on the cell type of origin and its
degree of maturity,® while ALL is classified
into three subtypes (L1, L2, and L3).*

Cytogenetic analysis using World Health
Organization (WHO) classification is the
gold standard and predominant method for
assessment of AL; however, this approach is
often not available for preliminary diagnosis
in clinical practice.”® Furthermore, reliable
recognition of different types and subtypes
of AL may require additional tests, such
as fluorescent in situ analysis, because
abnormalities may be not always detected
by routine cytogenetic analysis.

Flow cytometry immunophenotyping
(FCI) is a powerful technology that can be
used to identify cell membrane antigens.’
The identification of antigens on leukemic
cells is helpful to guide administration of
specific treatments for patients.® It is also
helpful to estimate the prognosis of AL
patients and search for applicable markers
to detect minimal residual disease.

Immunophenotyping could enable the
detection of leukemic stem cells, both at
time of diagnosis and follow-up; moreover,
it may be useful to assess disease during
emergence and development.”'® A recent
study reported that peripheral blood mini-
mal residual disease may replace bone
marrow (BM) minimal residual disease
with respect to immunophenotypic bio-
markers to predict AML relapse.'!

In this study, we aimed to determine
whether ALL and AML exhibited different
immunophenotypes and to explore the
clinical usefulness of these differences as
ancillary tools in patients with AL.

Materials and methods

Subjects and ethical approval

Immunophenotyping data were obtained
from patients with AL who were treated
at Ningbo First Hospital during the
period from January 2001 to August 2013.
Immunophenotyping was performed using
BM specimens obtained before treatment.
The diagnosis of AL patients was made by
using the strict classifications of the French
American British (FAB) co-operative group
and the WHO.*? Exclusion criteria were
a history of hematopoietic cell transplanta-
tion, uncontrolled active infection, treat-
ment with cytokines within the previous
4 weeks, New York Heart Association



Ouyang et al.

1485

(NYHA) grade IV heart failure, other
malignancy not in remission, and/or severe
psychiatric disorder. This study was
approved by the Human Research Ethics
Committees of Ningbo First Hospital and
Ningbo University. All patients provided
written informed consent for BM collection
and immunophenotyping research.

Flow cytometric immunophenotyping

In a separate microcentrifuge tube for
each sample, heparin-anticoagulation BM
(100 puL) was stained with fluorochrome-
conjugated antigen-specific monoclonal anti-
bodies (20 pL). The mixed sample was
incubated for 15 minutes at room tempera-
ture, and was shielded from light. Next,
hemolytic agent was added to the tube and
the suspension was mixed; the sample was
incubated for 10 minutes at room tempera-
ture, and was shielded from light.
Phosphate-buffered saline (PBS) was then
added to the tube and the sample was cen-
trifuged at 1500xg for 5 minutes.
Thereafter, the supernatant was discarded
and the sample was used for flow cytometry
analysis. For staining of cytoplasmic anti-
gens, cells were permeabilized and fixed
with a cell fixation and permeabilization kit
(FIX & PERM, Kaumberg, Austria).'?
After cell preparations had undergone a
final washing procedure, the cells were resus-
pended in PBS for flow cytometry analysis.

A comprehensive antibody with four-
color direct immunofluorescent labeling was
used for immunophenotyping with a BD
FACSCanto II System (BD Biosciences,
San Diego, CA, USA). The blast population
was gated on the basis of light scattering
properties. Unstained cells in each tube
were used as negative controls to set quad-
rant gates. The percentage of antigen-
positive cells (cut off >20%) was calculated
using the quadrant statistics. Expression of
one or more markers on more than 20%
of the blast cell population was considered

a positive result.'? The reagent system was
a panel of monoclonal antibodies
(Immunotech, Marseille, France) that was
used to detect clusters of differentiation
(CD) and other antigens (myeloperoxidase,
MPO; human leukocyte antigen - DR iso-
type, HLA-DR); these included myeloid
markers (MPO, CDI13, CDI14, CDI5,
CD33, CD117, and CDI11b), T-cell lineage
markers (CD2, CD3, cyCD3, CDS5, and
CD7), B-cell lineage markers (CD10, CD19,
and CD20), megakaryocytic lincage markers
(CD41 and CD61) and other markers
(CD34, CD38, HLA-DR, CD71, CD9,
and CD56).

Survival analysis and fusion gene tests

Fraction survival was measured from the
date of diagnosis of AL. Patients known
to be alive at the time of the last follow-
up were censored on the last date of
contact. The fraction survival curves were
calculated with the Kaplan-Meier method
and were analyzed using the log-rank test.
The break point cluster-Abelson tyrosine
kinase (BCR-ABL) fusion gene was used
to evaluate the status of BM samples with
a leukemia fluorescence quantitative poly-
merase chain reaction (QPCR) diagnostic
kit (Yuanqi, Shanghai, China).

Statistical analysis

Statistical tests were conducted using the
Statistical Program for Social Sciences
(SPSS) software 17.0 (SPSS Inc., Chicago,
IL, USA). Values of markers that
deviated from normality were corrected
via logarithmic transformation. A nonpara-
metric approach was used to analyze data
that could not be normalized. Student’s
t-test and one-way analysis of variance
were used to determine statistical signifi-
cance. A two-sided P < 0.05 was considered
to be significant.
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Results

Clinicopathologic features

The diagnostic criteria of the AL patients in
this study comprised morphological exami-
nation and cytochemical staining, as well as
the percentage of blast cells. A rate of blast
cells >20% of the marrow karyotype
population was considered positive accord-
ing to the WHO classification criteria.
Our study recruited a total of 143 samples
from patients with ALL and 470 samples
from patients with AML (613 total patients
with AL). The patients with AML included
11 with AML-M1, 52 with AML-M2,
106 with AML-M3, 125 with AML-M4,
151 with AML-MS5, 11 with AML-MG6,
and 14 with other AML (Table 1). The

male-to-female ratios of patients with
AML and ALL were 1.03:1 and 1:1, respec-
tively. The mean values and standard devi-
ations of patients’ ages were 48.23 +17.75
years (AML) and 37.52+17.81 years
(ALL), as shown in Table 1.

Immunophenotypic findings

As shown in Figure 1, we identified signifi-
cant differences in immunophenotypic bio-
markers between patients with ALL and
those with AML. Regarding myeloid
markers (Figure la), expression levels were
generally higher in patients with AML than
in those with ALL. In subtype analysis,
most subtypes showed significantly differ-
ent levels of myeloid markers among the
various subtypes of ALL and AML; the

Table |. Significant immunophenotype differences between M3 and all other AML subtypes.

P value between Ml M2 M4 M5 Mé

M3 and (n=11) (n=52) (n=125) (n=151) (n=11)
CDI3 0.017 0.004 5.94E-06 1.43E-06 0.047
CDIl4 0.386 0.802 0.030 0.009 0.002
CDI5 0.021 0.863 0.343 0.837 0.383
CD33 0.006 |.89E-04 |.08E-05 1.17E-09 |.86E-04
CDI17 0.328 0.004 4.94E-09 0.007 0.268
CDIIb 0913 0.457 0.011 0.008 0.103
MPO 0.312 0.078 0.791 0.422 0.861
CD2 0.273 0.021 1.77E-04 0.063 0413
CD3 0.138 0.461 0.637 0.868 0.184
cyCD3 0.529 0.064 0.089 0.280 0.487
CD5 0.141 0.069 0.004 4.99E-04 0014
CD7 0.056 3.69E-05 4.90E-10 4.73E-09 3.32E-04
CDI0 0.225 0.041 0.128 0.032 0.022
CDI9 0.609 1.99E-04 0.007 0.222 0017
CD20 0.962 0.404 0.671 0217 0.022
CDA4l1 0.421 0.021 0.027 4.90E-04 0.003
CDsél 0.042 0.505 0.077 0.040 -

CD34 0.256 3.87E-11 8.05E-18 |.68E-14 3.41E-04
CD38 0.265 6.08E-09 2.14E-14 6.03E-10 0.678
HLA-DR 0.069 6.54E-10 3.07E-18 5.29E-20 2.28E-06
CD71 0.431 0.154 0.753 0.766 0.010
CD9 5.06E-05 3.85E-16 1.02E-24 5.83E-18 2.55E-05
CD56 0.923 0.261 0.165 0.950 0.452

AML: acute myeloid leukemia; CD: clusters of differentiation; HLA-DR: human leukocyte antigen-

DR isotype.
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Figure |. Significant differences in immunophenotypic biomarkers between acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML). (a) Myeloid markers. (b) T-cell lineage markers. (c) B-cell lineage
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differences between M1 and ALL were
moderate. Among all myeloid markers,
CDI11b showed no significant difference,
compared with other biomarkers. CD33
was the most frequently expressed antigen
in samples from both patient groups (ALL
and AML).

Regarding T-cell lineage markers
(Figure 1b), expression levels were generally
higher in patients with ALL than in patients
with AML. The expression levels of CD3,
cyCD3, and CD5 were significantly differ-
ent between patients with ALL and those
with AML; moreover, they were significant-
ly different among the various subtypes of
AML. Expression levels of B-cell lineage
markers were generally higher in patients
with ALL than in those with AML
(Figure 1c). The expression levels of
CD10, CD19, and CD20 were significantly
different between patients with ALL and
those with AML, as well as among the var-
ious subtypes of AML. The levels of mega-
karyocytic lineage markers were not
statistically different between patients with
ALL and those with AML (Figure 1d).
CD41 levels were significantly different
between ALL and M5-6 AML.

Regarding the other markers (Figure le),
there were differing levels between patients
with ALL and those with AML. The
expression levels of CD71 were significantly
different between patients with ALL and
those with AML, as well as among the var-
ious subtypes of AML. CD9 expression was
significantly higher in patients with ALL
than in those with AML. In addition,
there were differences between patients
with ALL and those with subtypes of
AML in CD34, CD38, and CD56. Among
these three markers, CD38 was the most
highly expressed antigen in patients with
ALL and in those with most subtypes
of AML.

Considering that M3 is a unique subtype
of AML that does not require curative BM
transplantation, we further compared the

levels of antigens among M3 and other sub-
types of AML. There were significant dif-
ferences in the expression of antigens
among AML subtypes, particularly with
respect to CD33, CD7, CD34, CD38,
HLA-DR, and CD9, as shown in Table 1.
However, the expression levels of bio-
markers showed no significant differences
between M1 and M3.

Immunophenotypic biomarkers may be
associated with survival in AML

Because there were significant differences in
the expression levels of immunophenotypic
biomarkers between patients with ALL and
those with AML, we assessed whether these
immunophenotypic biomarkers could serve
as prognostic markers for AL. Our prelim-
inary results showed an association between
the level of CD2 and fraction survival in
patients with AML (Figure 2a, log-rank
*P <0.05). However, no association was
found between fraction survival and any
of the immunophenotypic biomarkers in
patients with ALL (Figure 3).

Genetic findings

As shown in Table 2, we found that almost
all patients with AML were BCR-ABL
pl90- and p210-negative, whereas some
patients with ALL were BCR-ABL p190-
and p210-positive. Promyelocytic leukemia
protein-positive samples were detected only
in patients with AML-M3.

Discussion

AL is a highly heterogeneous group of
malignancies that exhibit different clinical
features and prognoses; these require spe-
cific therapeutic regimens.'> Timely and
accurate diagnosis is critical for the treat-
ment of AL.' FCI has been used to
detect specific surface and cytoplasmic anti-
gens of leukemic cells to determine the



Ouyang et al.

1489

-
&

(b)
== Negative 1.0
== Posilive

Fraction survival
P
’_FIF

Fraction survival
o
n

[

—=
L

Fraction survival
=]
@0

o 20 40 60 0 20
Months

ﬂ
—
—_
]
—

fﬁ

Fraction survival
Fraction survival
(-3
L

50

8
@
o
]
[
=]
Y
-

Months Months

—
—
—_

Fraction survival
o
o

0 20 40 60 o 20
Months

—
[(=]
—_
—
=
=

Fraction survival
o
=

Fraction survival
o
@

&
3

4‘ 0 8.0 L] ‘."II

Months Months

ey

—
—

Fraction survival
o
@

-]
4
-
-1
@
=3
o
n
o

Months

(k)

[—]
-

o
-
o

Fraction survival
o
o
Fraction survival
-]
o

-3
o
e

40 60 [} 20

e
S
4

Months Months

=

—_—
)

-
o

Fraction survival
o
n

=
b
-]
&
o
@
o
o
n
o

Months

o
5]
=
&
=
3

T T
40 60

Months Months

Figure 2. Association between fraction survival and immunophenotypic biomarkers in patients with acute
myeloid leukemia (log-rank, *P < 0.05). (a) CD2. (b) CD5. (c) CD7. (d) CD3. (e) CD56. (f) CDI9. (g) CD20.
(h) CDI3. ((i) CDI17. (j) CDI4. (k) HLA-DR. (I) CDIO0.

sources and differentiation stages of leuke-
mia with monoclonal antibodies.'*'> The
analysis of a large number of cells can be
completed quickly by flow cytometry,
which improves the accuracy of leukemia
diagnosis.*!" In addition, immunopheno-
typing may reflect biological characteristics
that the FAB and WHO classification sys-
tems do not discuss, such as a double phe-
notype and the stage of ALL. These
biological characteristics may affect the
management of treatment protocol in

patients with either AML or ALL, as well
as the estimation of prognosis in patients
with ALL.

Malignant cells often have aberrant phe-
notypes that may help to distinguish them
from normal immature cells. One of these
aberrations is the presence of phenotypes
that are not typically present on that par-
ticular cell lineage.'® For instance, although
CD56 is a lymphoid marker, it could be
detected in both ALL and AML."
Moreover, patients with AML who were



1490 Journal of International Medical Research 47(4)

fs1)
-
(=
=

Q
=

== Negative
—— Positive

1.0 1.04

1

Fraction survival

f
1

0.5 0.5

Fraction survival
=
o

Fraction survival

80 "o 20 40 60 80

S

) 20 40 0 80 20 0
Months Months

1.04 1.0
E“:_u

0.54 0.54

—_
o
-
—
2
—
-
=

Fraction survival
= =

Fraction survival
Fraction survival

0.0 T T 1 0.0

T d T T T J
20 8o ] 20 40 60 B0

Months Months

.

0.54

o
8
&
g
-
2

)

—_
(=]
—_—
=
=
—_
=

F’j i

Fraction survival
Fraction survival
o
e -
Fraction survival
e
n

o
3
2
e
3

20 80 "o 20 ) 60 80

Months Months

=]
]
&4
8
=
2

=
—
—
=
=
"
=

1.04

j
4

0.5

Fraction survival

Fraction survival
= -
o

Fraction survival
o
n

o
e
2
=
e
o

o
H
H]

60 80 20 40 60 80 40 60 80
Months Months Months

8

Figure 3. Lack of association between fraction survival and classification of immunophenotypic biomarkers
in patients with acute lymphoblastic leukemia (log-rank, P> 0.05). (a) CD2. (b) CD5. (c) CD7. (d) CD3.
(e) CD56. (f) CD19. (g) CD20. (h) CDI3. ((i) CDI17. (j) CDI4. (k) HLA-DR. (I) CDIO0.

Table 2. Chromosome and molecular genetics results in the ALL and AML cases.

BCR BCR BCR BCR
pI90 (+) pl90 () p210(+) p210(=) PML(+) PML(-)

ALL (n=143) 8 17 3 29 0 I
Ml (h=11) 0 | 0 3 0 0
M2(n=52) O 2 0 3 0 5
M3 (n=106) 0 2 0 7 25 8
M4 (n=125) 0 7 0 28 0 13
M5 (n=151) 0 10 0 25 0 13
M6 (n=11) 0 0 0 | 0 0
M7 (n=1) [ 0 0 | 0 |

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; BCR: break point cluster; PML:
promyelocytic leukemia protein.
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CD56-positive exhibited a worse progno-
sis.”!® Significantly different levels of anti-
gens (CD2, CDS5, CD7, sCD3, CDI9,
CD20, sCDI13, CD33, CDI17, CDI5,
CD14, CD34, CDI10, CD71, CD9, CD4l1,
MPO, and ¢CD3) were observed between
patients with AML and those with ALL
(Figure 1). These antigens comprised
markers of myeloid cells, B lymphocytes,
T lymphocytes, and megakaryocytes, all of
which are useful in the classification of leu-
kemia. However, there were no significant
differences between patients with AML and
those with ALL in the levels of CD56, HLA-
DR, CD38, CD61, and cCD13. These results
indicated that specific antigens may indeed
act as potential molecular markers for the
classification of AL subtypes.

HLA-DR reportedly is expressed in both
AML and ALL." Furthermore, it has
shown significantly different levels among
patients with standard-risk, medium-risk,
and high-risk status in ALL.'® Thus,
HLA-DR might be useful in risk evaluation
for patients with AML and those with
ALL.? Our results indicated that CD2
level may be associated with fraction sur-
vival in patients with AML (Figure 2,
*P <0.05). Although there was a related
trend in the association analysis between
fraction survival and CD7 level in patients
with AML, there was no significant impact
of other aberrant markers on prognosis
(Figure 2). Thus, these associations may
provide hints to identify useful disease
markers and prognostic factors for predict-
ing remission in patients with AML.?

In this study, we found different out-
comes based on fusion gene analysis in
patients with ALL, those with AML, and
the subtypes of both AML and ALL.
Previous studies revealed that patients AL
who exhibit BCR-ABL mutations seemed
to have a worse prognosis than those with-
out these mutations,” demonstrating that
the detection of fusion genes was important
for the diagnosis, classification, and

prognosis of AL. In the present study,
most AL subtypes showed different fusion
gene statuses (Table 2). These results pro-
vided new evidence to support the findings
of the previous study.’> Unfortunately, we
did not perform analysis of cytogenetic-
immunophenotype correlations due to the
small sample size in this study. A larger
sample size with corresponding cytogenetic
information is needed to explore this asso-
ciation in future studies.

In conclusion, our results showed that
immunophenotypes varied significantly
between patients with AML and those
with ALL, including among their various
subtypes; this indicated that FCI may pro-
vide a clinically useful, rapid, and effective
method to aid in diagnosis in patients with
AL, as well as to assess treatment progress
and predict prognosis.
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