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Abstract

Introduction: The analysis of immunophenotype of the leukaemic cells has been of great
importance for the diagnosis, classification and prognosis of acute lymphoblastic leukaemia
(ALL). Materials and Methods: One hundred and thirteen Chinese patients with ALL were
immunophenotyped by flow cytometry and 74 cases were also subjected to karyotype analysis
by G-banding technology. Results: Of the 113 Chinese ALL patients, 14.2% were identified as
T-ALL and 85.8% as B-ALL. Myeloid antigen (MyAg) expression was documented in 34.9%
of the cases analysed and CD13 was most commonly expressed MyAg in ALL patients (23.6%b).
MyAg positivity was higher in adult with ALL (47.6%) than in children with ALL (26.6%).
Abnormal karyotypes were detected in 39 out of 74 (52.7%) cases. The clinical and biologi-
cal characteristics of ALL patients between MyAg*and MyAg- groups showed that increased
white blood count (WBC) (>50 x 10%L), higher CD34 positivity and higher percentage of adult
patients were found to be correlated with MyAg* ALL. Conclusion: Our results indicate that
the immunophenotype did have relevance to the abnormal cytogenetic changes and clinical
features in ALL. Flow cytometry immunophenotype has become the most important method

for diagnosis and typing of ALL.
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Introduction

Acute lymphoblastic leukaemia (ALL) isaheterogeneous
disease with abnormal proliferation and accumulation of
immature lymphoblasts within the bone marrow (BM),
peripheral blood and lymphoid tissues,* and is composed
of different genetic, biological, and clinically relevant
subtypes. Morphological and cytochemical methods were
the main tools for diagnosis and classification of acute
leukaemia before identification of monoclonal antibodies.
AL L patientsare subdivided into 3subsets—L1,L2and L3—-
according tothe French American British (FAB) co-operative
group criteria. There is no correlation between L1 and L2
morphology and immunophenotype, but the L3 subtype
was found to be closely associated with the mature B-cell
phenotype.??® Developments in flow cytometric techniques
and the availability of lineage-associated monoclonal
antibodies have permitted characterisation of normal
and leukaemia cells and affirmed the immunophenotypic
heterogeneity in ALL.4

Materials and Methods

One hundred and thirteen patients with newly diagnosed
ALLwereenrolledinthe study and their BM were collected
from January 2007 to July 2008 in Shengjing Hospital,
China Medical University. There were 65 male and 48
female patients with a median age of 18.1 years (range, 1
to 72). All the patients entered were preliminary diagnosed
and had not received any treatment. Eighty-seven patients
had extramedullary involvement (including liver, spleen,
lymphoid node, bone joint, central nervous system and
testicle), including 60 children and 27 adults.

Immunophenotype Detection of Leukaemia Cells

Fluorescein isothiocyanate (F ITC), phycoerythrin (PE)
or peridinin chlorophyll-protein (Per-CP) labelled 19 mAbs
(Table 1) were provided by Becton-Dickinson Bioscience
inthe United States. Cells were acquired and analysed with
Cell Quest and Paint-A-Gate software with FACS Calibur
flow cytometer (BD Bio). Abnormal populations were
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recognised by CD45/SSC gating, which was the base of
calculating the positive rate of leukaemia-related antigens
expressed on the abnormal cells. We regarded >20% of cell
expressioninatube as positive expression, unless cytolgM,
cytoCD3 or cytoCD79a (>10%).

Cytogenetic Analysis

BM cells were cultured for 24 hours to prepare for
conventional chromosome detection, and karyotype was
analysed with G-banding technique. Each karyotype was
named according to International Human Chromosomes
Nomendature (ISCN 1995).

Statistical Method

Statistical analysis was done using SPSS 11.5 software.
Statistical differences of various clinical and laboratory
parameters between the groups were evaluated by chi-square
or the Fisher’s Exact tests. To compare the mean of 2 or
more groups, the 2 independent sample t-test and ANOVA
were used. P <0.05 was considered significant.

Table 1. Immunophenotype of the 113 ALL Patients

Results
Immunophenotype

The immunophenotypic features in different subtypes of
the 113 ALL patients are summarised in Table 1. Of 113
patients with ALL, 16 cases (14.2%) were identified as
T-ALL and 97 cases (85.8%) were identified as B-ALL.
Among B-ALL, 14.4% were identified as Pro-B ALL,
56.7% as Com-B ALL, 25.8% as Pre-B ALL and 3.1% as
Mature B-ALL. B-lineage markers: CD19, CD10, CD22
and CD20 were expressed in the vast majority of B-ALL
samples at the rate of 99.0%, 82.5%, 78.4% and 37.5%,
respectively. Of 97 B-ALL, only 1 out of 25 cases of Pre-B
ALL did not express CD19 but expressed cytoCD79a and
cytolgM. There was high expression of stem/progenitor
cell markers CD34, CD38 and HLA-DR in B-ALL at the
positive rate of 71.1%, 85.6% and 100%, respectively. Of
the 16 T-ALL cases, T-lineage marker CD3 was expressed
in 9/16, and the cytoCD3 was positive in the other 7/16
cases. CD7 was found to be expressed most commonly in
T-ALL (100.0%), followed by CD5 (80.0%), CD2 (62.5%)
and CD3 (56.3%). CD10 was positive in only 3 cases of
T-ALL and there was no B-lineage marker in the other

Antigen Pro-B (cases) Com-B (cases) Pre-B (cases) Mature-B (cases)  Total-B (cases) T-ALL (cases) Positive rate (%)
CD34 11/14 46/55 12/25 0/3 69/97 5/16 65.5
CD10 0/14 55/55 24/25 1/3 80/97 2/16 72.6
CD19 14/14 55/55 24/25 3/3 96/97 0/16 84.9
CD2 0/14 0/55 0/25 0/3 0/97 10/16 8.8
CD14 0/14 0/55 0/23 0/3 0/97 0/16 0
CD13 3/12 17/55 3/23 0/3 23/93 2/13 23.6
HIA-DR 14/14 55/55 25/25 3/3 97/97 4/16 98.2
CD33 2/11 4/52 1/21 0/3 7/87 3/13 10.0
CD7 0/14 0/51 0/25 0/3 0/97 16/16 14.2
CD38 13/14 44/55 24/25 2/3 83/97 16/16 87.6
CD20 0/13 24/55 10/25 213 36/96 0/16 321
CD22 10/14 44/55 19/25 3/3 76/97 0/16 67.3
CD3 0/14 0/55 0/25 0/3 0/97 9/16 8.0
cytoCD3 0/14 0/55 0/25 0/3 0/97 7/16 6.2
CD15 719 4/28 0/16 0/3 11/56 2/6 20.9
cytolgM 0/14 0/55 25/25 3/3(slgM) 25/97 0/16 221
cytoCD79a 14/14 35/35 14/14 3/3 66/66 0/16 80.5
CD117 0/10 0/47 0/19 0/3 0/79 4/12 4.4
CD5 0/14 0/55 0/25 0/3 0/97 12/15 10.7

The 113 ALL patients included 14 cases of Pro-B, 55 cases of Com-B, 25 cases of Pre-B, 3 cases of Mature-B, 16 cases of T-ALL. All values of positive
expression were presented as positive/studied cases. All values of positive rate were calculated on the basis of the 113 ALL patients.
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T-ALL cases. CD34 positivity (31.3%) and HLA-DR P = 0.040) and Pre B-ALL (17.4%, P = 0.007). We also
positivity (25.0%) were much lower in T-ALL than those found that MyAg positivity was much higher inadult patients
in B-ALL (71.1% and 100%, respectively) (P = 0.002 and with ALL (47.6%) than in children with ALL (26.6%)
P =0.000, respectively). (P =0.020).

Analysis of Myeloid Antigen (MyAg) Expression in ALL Cytogenetics

Patients The karyotype studies among 74 of the 113 ALL patients

MyAg expression was documented in 34.9% of the  showedthatatotal of 39 (52.7%) had an abnormal karyotype
106 ALL cases analysed. CD13 was the most commonly  (Table 2). Numerical abnormality of chromosome was found
expressed myeloid antigen in ALL patients (23.6%), jn 19 cases, including 16 cases of hyperdiploid and 3 cases
followed by CD15 (20.9%), CD33 (10.0%) and CD117  of hypodiploid. Structural abnormality of chromosome
(4.4%). CD14 was negative in all ALL patients, and  \as found in 20 cases, and 14 cases of (9;22)(q34;q11)
CD117 was negative in all B-ALL patients but positive were found in Pro-B , Com-B and Pre-B, 2 cases of t(8;14)
in 33.3% T-ALL patients. CD13 expression was found (q24;932) were found in mature B-ALL, 3 cases of t(4;11)

most commonly in Com B-ALL (30.9%), and CD15 in  (421:q23) were found in Pro-B, and 1 case of t(11;14)
ProB-ALL (77.8%). Though MyAg was more frequently (p13;q11) was found in T-ALL.

associated with T-ALL (46.2%) than with B-ALL

(33.3%), there was no significant difference (P = 0.364) Clinical and Biological Features in MyAg* and MyAg-ALL
between the 2 groups. MyAg expression was also compared and Different Inmunophenotype of ALL Patients (Table 3)
in the subtypes of B-ALL. MyAg positivity in Pro B-ALL Onthe basis of the positivity for at least 1 myeloid marker,
(66.7%) was higher than that in Com B-ALL (34.5%,  westratified the patients into 2 groups: MyAg* and MyAg'.

Table 2. Karyotype of 74 ALL Patients According to Different Immunophenotype

Karyotype Pro-B (cases) Com-B (cases) Pre-B (cases) Mature-B (cases) Total-B (cases) T-ALL (cases)
Normal 4 17 7 1 29 6
1(9;22)q34;q11 1 9 4 0 14 0
1(8;14) (024:932) 0 0 0 2 2 0
t(4;11) (921;023) 3 0 0 0 3 0
t(11;14) (p13;q11) 0 0 0 0 0 1
Hyperdiploid 0 8 4 0 12 4
Hypodiploid 0 1 2 0 3 0

The 74 ALL patients included 8 cases of Pro-B, 35 cases of Com-B, 17 cases of Pre-B, 3 cases of Mature-B, 11 cases of T-ALL.

Table 3. Clinical and Biological Features in Chinese ALL Patients

Factors MyAg* MyAg Pro-B Com-B Pre-B Mature-B Total-B T-ALL
Sex (female/male) 17/20 30/39 8/6 21/34 12/13 2/1 43/54 5/11
Mean age (y) 20.3+19.3 16.6 £19.3 242 +21.6 139+152 174+198 47.7+£39.2 174+£19.1 23.7+19.7
Adult/Children 20/17 22/47* 8/6 19/36 7/18 211 36/61 8/8
Mean WBC count *10%/L 66.6 + 94.6 478+895 85.7+923f 50.7+979 205+227 21.7+16.8 47.1+84.3 86.6+104.61
Mean haemoglobin (g/L) 79.7+258 783+274 834+250 751+279 750+218 1083+37.5 773+26.7f 92.6+257
Mean platelet count *10%/L 82.6+109.7 68.7+87.2 1446+173.0 49.8+62.2] 785+925) 188.0+163.3 75.2+101.9 81.2+82.2
WBC count *10%L (>50/<50) 18/19 14/55* 717 13/42 3/22 0/3 23/74 6/10
Mean bone marrow blasts (%) 79.8+18.3 729+213 783+20.08 78.1+1798 64.2+231 62.6+259 741+205 77.6+20.18
CD34+/CD34- 31/6 37/32* 11/3 46/9 12/13 0/3 69/28% 5/11
Cytogenetics (normal/abnormal) 15/14 20/25 5/3 18/17 9/8 2/1 34/29 5/6

B- ALL/T- ALL 30/7 64/5 - - - - -

*P <0.05, compared with MyAg* group; tP <0.05, compared with Pre-B group(WBC count); P <0.05, compared with T-ALL group;
8P <0.05, compared with Pre-B group (BM blasts); ;P <0.05, compared with Pro-B group(platelet count)
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The percentage of patients with high WBC count (>50 x
10%L) in MyAg* (48.6%) was higher than that in MyAg"
ALL types (20.3%) (P = 0.002), and CD34 expression was
found in 83.8% of MyAg* and 53.6% of MyAg- cases (P =
0.002). In addition, the percentage of adult ALL patients in
MyAg* group (54.1%) was higher than thatin MyAg-group
(31.9%) (P = 0.026). No differences were found between
the MyAg*and MyAg- groups with regard to other features.
Analysis of the clinical and laboratory findings in different
B-ALL subtypes and T-ALL failed to establish significant
association for mean age, proportion of females/males,
proportion of adult/children and cytogenetic abnormalities.
However, mean WBC count was higher in Pro B-ALL (P =
0.026) or T-ALL (P =0.019) than that in Pre B-ALL, and
mean haemoglobin level in B-ALL was lower than that in
T-ALL (P =0.034). Higher mean platelet count was found
in Pro B-ALL than that in Pre B-ALL (P =0.038) and Com
B-ALL (P = 0.001). For mean bone marrow blasts (%),
the percentage in Pre B-ALL was lower than those in Pro
B-ALL (P = 0.034), Com B-ALL (P = 0.004) and T-ALL
(P =0.037). Besides, CD34 positivity in B-ALL (71.1%)
was higher than that in T-ALL (31.3%) (P = 0.002).

Discussion

Immunophenotypic characterisation of leukaemic cells
hasseveral goals including lineage assignment, evaluation of
cell maturation and assessment of phenotypic aberrations.*
Based on the expression of CD10, CD19, cytolgM and
slgM, we classified our B-ALL cases into 4 subtypes.>®
Comparison of different subtypes of B-ALL in this study
has demonstrated a lower frequency of mature B subtype
followed by Pro B and Pre-B subtype, and common B-ALL
is the dominant subtype in B-ALL patients, which was
similar to previous reports.” In this study, we found that
CD34 positivity (71.1%) was much higher in B-ALL than
in T-ALL (31.3%). CD34 expression is related to good
prognosis in B-ALL patients but has opposite prognostic
significance in T-ALL patients, and the CR rates of CD34*
T-ALL patients were lower that those of CD34 T-ALL
patients.®

It has been thought that ALL cells with expression of
myeloid antigens originate from initial stem cells earlier
than lymph-directional stem cells and progenitor cells.
MyAg positivity in Pro B-ALL (66.7%) was higher than
that in Com B-ALL (34.5%) and Pre B-ALL (17.4%),
and this may be one of the reasons that leukaemia cells
in Pro-B ALL with poor prognosis originate from more
initial stem cells. This was different from earlier reports
that MyAg was not significantly associated with B-lineage
ALL thanwith T-ALL.° It may be due to the relatively small
numbers of T-ALL patients in our study. MyAg expression
was documented in 34.9% of the 106 ALL cases analysed,
which is consistent with previous reports.® CD15 positivity
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Fig. 1. Com-B ALL: The abnormal blasts (R3) are positive for CD34, CD10,
CD19, CD13 and CD22.
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Fig. 2. Pro-B ALL: The abnormal blasts (R3) are positive for CD34, CD19,
CD38, CD15 and CD22.
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Fig. 3. T-ALL: The abnormal blasts (R3) are positive for CD34, CD33, CD7,
CD38 and cytoCD3.

was highest in Pro B-ALL (77.8%) and the 3 cases with
t(4;11)g21;923were all children with CD10°CD15* which
is consistent with a previous report that 11923/MLL
translocation occurred in CD10/CD15* Pro-BALL.*CD13
was the most commonly expressed antigen in Com-B ALL
with t(9;22) (g34;q11)or with CD34* and HLA-DR*.

The clinical and biological characteristics of the 106
patients between MyAg* and MyAg- groups showed that
patients with high WBC count (>50 x 10%L), higher CD34
positivity and higher proportion of adult ALL were found
to be correlated with MyAg* ALL. But no differences
were found with regard to other clinical features, which is
different from an earlier report.® It may be due to the fact
that they analysed the expression of the MyAg only in 377
adult patients with ALL, while we analysed the expression
of MyAg inboth adults (39.6%) and children (60.4%). Some
scholars reported that AL L patients with MyAg expression
had poor prognosis.t* However, most reports indicate that
MyAg expression in ALL patients is not associated with
adverse presenting clinical and biological features and
prognosis, especially in some cases based on high-dose
chemotherapy.®21* We also found that MyAg positivity
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was much higher in adult patients (47.6%) than in children
(26.6%) and this may be the reason that adults with ALL
have poorer prognosis than children. The prognostic value
of MyAg expression in ALL is still a controversial issue.
The relatively small numbers of patients in ALL series and
differences in treatment protocols have led to divergent
results. Nonetheless, the evaluation of the expression of these
antigens remainsvaluable foramore precise characterisation
of the leukaemic population in each individual patient.

Studying the relationship among immunophenotype,
cytogenetics, clinical features and prognosis in AL L patients
may promote the recognition of the essence of ALL and its
subtypes and provide better guidance for clinical diagnosis
and therapeutic decision making.
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