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ABSTRACT 
 
Background: Immunophenotypic characterization of the leukemic cells has been widely 
used as a tool for diagnosis, classification, stratification and prognosis of leukaemia.  
Objective: To investigate the immunophenotypic subtype profiles of Iranian patients with 
acute lymphoblastic leukemia (ALL) and its association to disease outcome.  
Methods: In this study, a total of 60 Iranian patients with ALL were immunophenotyped 
by flow cytometry using a panel of monoclonal antibodies specific for CD2, CD3, CD5, 
CD10, CD13, CD14, CD19, CD20, CD33, CD34, CD45, HLA-DR and TdT molecules.  
Results: The samples were initially categorized into T-ALL (n=9), B-ALL (n=50) and 
mixed lineage (n=1) based on the expression patterns of CD3 and CD19 molecules. B-ALL 
patients could further be classified into four subtypes, including Pro-B (n=7, 11.7%), Pre-B 
I (n=28, 46.7%), Pre-B II (n=13, 21.7%) and immature/mature B cells (n=2, 3.3%) on the 
basis of expression of CD10, CD19, CD20, HLA-DR and TdT. Clinical manifestations and 
laboratory findings of the patients did not reveal association with immunophenotypic sub-
types of ALL, with the exception of mediastinal mass and WBC count at the time of diag-
nosis which were found to be significantly higher in patients with T-ALL compared with B-
ALL (p=0.001 and 0.014), respectively. Conclusion: Our results indicate that overall the 
immunophenotypic profile of Iranian ALL patients is similar to previous reports and it 
might be used for monitoring of minimal residual disease and prognosis. 
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INTRODUCTION 
 
Acute lymphoblastic leukemia (ALL) is a biologically and clinically heterogeneous 
group of diseases characterized by abnormal proliferation and accumulation of imma-
ture lymphoblasts within the bone marrow (BM), peripheral blood (PB) and lymphoid 
tissues (1). ALL represents the most common form of cancer in children and its inci-
dence is five times greater than that of acute non-lymphoblastic leukemias. In adults the 
disease accounts for 15% of acute leukemias (2). 
Before identification of monoclonal antibodies (mAbs) by Kohler and Millstein (3), 
morphological and cytochemical methods were the main tools for diagnosis and classi-
fication of acute leukemias. French American British (FAB) co-operative group has in-
troduced a reference method for classification of leukemias (4). According to their crite-
ria, the ALL patients were subdivided in 3 subsets, L1, L2 and L3. There is no correla-
tion between L1 morphology and immunophenotype, but some studies have shown a 
higher percentage of L2 blasts in T-ALL (5). Furthermore the L3 subtype was found to 
be closely associated with the mature B-cell phenotype (6, 7). It has been shown that 
immature cells, despite their morphologic similarities, belonged to various differentia-
tion stages with consequent implications for primary diagnosis and treatment schedule 
(8). The immunologic characteristics of leukemic cells have been extensively investi-
gated using flow cytometric analysis of various surface and cytoplasmic antigens that 
correspond to various developmental stages and lineages of malignant cells (9). Based 
on the currently available extensive antibody panels, lineage determination is possible in 
almost all acute leukemias, with the exception of less than 1% of cases (10). 
Since most cell differentiation antigens do not belong to specific lineage, immunologic 
classification of acute leukemias was performed with a panel of lineage associated 
mAbs rather than the presence or absence of a single antigen (11). 
Despite many reports about immunophenotypic subsets of ALL patients in Asian coun-
tries such as India (12), Saudi Arabia (13), Thailand (14), China (15), Japan (16), Oman 
(17), United Arab Emirates (18), Malaysia (19), and Hong Kong (20), there is no report 
about immunophenotypic subsets of Iranian ALL patients. 
This together with the high incidence of ALL in Iranian population prompted us to in-
vestigate the immunophenotypic profile of our ALL patients and also to study its possi-
ble association with disease outcome. 
 
 
MATERIALS AND METHODS 
 
Patients. From November 2003 to June 2005, 60 newly diagnosed Iranian patients (43 
children and 17 adults) with ALL were studied. Diagnosis of ALL was based on mor-
phologic and immunophenotypic criteria (4, 21). Heparinized bone marrow (BM) or 
peripheral blood (PB) samples were collected prior to treatment. All patients were con-
sented to the routine laboratory and hospital procedures including blood and bone mar-
row studies. Clinical and hematological parameters were determined. FAB classification 
was performed as previously described (4). Major clinical and laboratory findings are 
listed in Table 1. 
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Table 1. Clinical features and laboratory findings in Iranian ALL patients 
 

  Age group Immunophenotypic subtypes 

 
 

Adults Children T-ALL Total B 
Lineage Pro-B Pre-B I Pre-B 

II 
Immature/ 
mature B 

Total  
Frequency % 28.3 71.7 15 83.4 11.7 46.7 21.7 3.3 

Children  
Frequency % - - 11.6 86.1 9.3 51.2 23.2 2.3 

Adults  
Frequency % - - 23.5 76.5 17.6 35.3 17.6 5.9 

Mean age (year) 22.5 
±6.8 

6.0 
±3.9 

12.9 
±8.7 10.3 ±9.1 12.1 

±8.2 
9.7 
±8.7 

10.7 
±11.1 

10.5 
±7.8 

Mean WBC  
Count * 109/L 

12.7 
±14.3 

46.3 
±86.2 

64.3 
±75.2 

23  
+37.7 

52.8 
±86.9 

21.3 
±23.4 

12.3 
±10.6 

11.5 
±12.7 

Mean RBC  
count * 1012/L 

3.8 
±0.8 

3.2 
±0.8 

3.6 
±0.9 

3.2  
±0.8 

2.8 
±0.8 

3.4 
±0.8 

3.2 
±0.8 

3.3 
±0.6 

WBC count 
>50000 * 109/L 

0/17 
(0) 

9/43 
(21) 

3/9 
(33.3) 

5/50 
(10) 

1/7 
(14.3) 

4/28 
(14.3) 

0/13 
(0) 

0/2 
(0) 

L1 7/14 
(50) 

33/41 
(80.5) 

2/7 
(28.6) 

38/48 
(79.1) 

5/7 
(71.4) 

23/28 
(82.1) 

10/11 
(90.9) 

0/2 
(0) 

L2 6/14 
(42.9) 

6/41 
(14.6) 

5/7 
(71.4) 

7/48 
(14.5) 

2/7 
(28.6) 

4/28 
(14.3) 

1/11 
(9.1) 

0/2 
(0) 

FA
B

 c
la

ss
ifi

ca
tio

n 

L3 1/14 
(7.1) 

2/41 
(4.9) 

0/7 
(0) 

3/48 
(6.2) 

0/7 
(0) 

1/28 
(3.6) 

0/11 
(0) 

2/2 
(100) 

Hepatomegaly 4/17  
(23.5) 

32/43 
(74.4) 

5/9 
(55.6) 

30/50 
(60) 

5/7 
(71.4) 

17/28 
(60.7) 

7/13 
(53.8) 

1/2 
(50) 

Splenomegaly 8/17 
(47) 

29/43 
(67.4) 

4/9 
(44.4) 

32/50 
(64) 

5/7 
(71.4) 

17/28 
(60.7) 

8/13 
(61.5) 

2/2 
(100) 

Lymphadenopathy 3/17 
(17.6) 

10/43 
(23.2) 

4/9 
(44.4) 

8/50 
(16) 

0/7 
(0) 

6/28 
(21.4) 

2/13 
(15.4) 

0/2 
(0) 

Mediastinal mass 3/17 
(17.6) 

6/43 
(14) 

6/9 
(66.7) 

2/50 
(4) 

0/7 
(0) 

2/28 
(7.1) 

0/13 
(0) 

0/2 
(0) 

Relapse 6/17 
(35.3) 

4/43 
(9.3) 

4/9 
(44.4) 

6/50 
(12) 

1/7 
(14.3) 

4/28 
(14.3) 

1/13 
(7.7) 

0/2 
(0) 

Data presented in parentheses represents percent of corresponding parameters. WBC: White Blood Cell, RBC: Red Blood Cell, 
FAB: French-American-British staging system 
 
 
Cell Preparation. Peripheral blood or bone marrow mononuclear cells were separated 
using Histopaque (Sigma, USA) density- gradient centrifugation, as described (22). Iso-
lated cells were washed twice with RPMI 1640 medium (Sigma, USA) prior to im-
munophenotyping. 
Immunophenotyping. After separation, the mononuclear cells were stained with a 
panel of florescent-conjugated mAbs (DAKO, Denmark) specific for myeloid lineage 
[CD13 (clone WM-47), CD14 (clone TUK4) and CD33 (clone WM-54)], B cell lineage 
[CD10 (clone SS2/36), CD19 (clone HD37) and CD20 (clone B-Ly1)], T cell lineage 
[CD2 (clone MT910), CD3 (clone UCHT1) and CD5 (clone DK23)] and non specific 
lineage [CD34 (clone QBEnd10), CD45 (clone T29/33), HLA-DR (clone AB3) and 
TdT (clone HT-6)]. For most markers except for CD10 – CD19 and TdT- CD3 where 
dual staining was performed, single color staining was used. For surface staining, cells 
were washed twice with RPMI medium and after incubation of 106 cells with 10 µl of 
mAb at 4ºC for 30 minutes, cells were washed twice with phosphate buffered saline 
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(PBS 0.15M, pH=7.2) before scanning by flow cytometer (Partec, Germany). In addi-
tion, staining for TdT and CD3 were performed at the cytoplasmic level. The same 
method was used for intra-cytoplasmic staining, but before addition of mAb, cells were 
made permeable using permeabilizing solution (Becton Dickinson, USA) and then were 
washed with washing buffer (PBS, 0.15M; BSA, 0.2% ; EDTA, 0.5mM ; sodium azide, 
0.1% and saponin , 1%). Forward and side-scatter gates were used for analysis of leuke-
mic antigenic expression (23). Sample analysis and data acquisition were performed by 
Flomax flow cytometry analysis software (Partec, Germany). The criterion for surface 
marker was expressed positively by at least 20% of the leukemic blast cell population af-
ter subtraction of background staining with isotype-matched conjugated mAbs of irrele-
vant specificity (12). 
Statistical Analysis. Statistical analysis was done using SPSS ver. 11.5 software. Statis-
tical differences of various clinical and laboratory parameters between groups were 
evaluated by Chi-Square or the Fisher’s Exact tests. To compare the mean of two 
groups, the two independent sample t-test was used. Correlation of immunophentypic 
results between paired BM and PB samples was determined by the Spearman Ranks 
Correlation Test. P-values of less than 0.05 were considered significant. 
 
 
RESULTS 
 
Of 60 Iranian ALL patients, 50 (83.4%) were identified as B-ALL, 9 (15%) as T-ALL 
and one patient (1.7%) as mixed lineage (Table 1). Based on the expression pattern of 
CD19, CD10, TdT, HLA-DR and CD20, we classified our B-ALL patients into four 
subtypes including Pro-B, Pre-BI, Pre-BII and immature-mature B (Table 2) (24, 25 and 
26). Anti IgD Ab is essential for discrimination of mature and immature B-cells which 
was not available in this study. Representative flow cytometry results for Pro-B, Pre-BI 
and Pre-BII subtypes are illustrated in figure 1. The cumulative data obtained for all pa-
tients is given in figure 2 presented as a dot histogram. 
 

CD: Cluster of Differentiation, TdT: Terminal Deoxy nucleotidyl Transferase  

Table 2. Classification basis of B-ALL patients 
 

Subtype HLA-DR TdT CD19 CD10 CD20 
Pro-B + + + - - 
Pre-B I + ± + + - 
Pre-B II + - + + + 
Immature / mature B + - + - + 
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Figure 1. Representative immunophenotypic results obtained for three B-ALL patients (Pro-B, Pre-BI and Pre-BII) by flow cytometry. NC: Negative control, 
CD: Cluster of differentiation, TdT: Terminal deoxynucleotidyl transferase, ALL-ND: ALL newly diagnosed (patient designation). Percentages presented in 
each diagram represent proportion of positively stained cells. 
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Figure 2. Expression pattern of major immunophenotypic markers in different subtypes of Ira-
nian ALL patients. Baseline denotes a cut off expression value (20%) arbitrary assigned to dif-
ferentiate positive and negative results. 
 
 
Comparison of immunophenotypic subtypes with FAB classification revealed a higher 
frequency of L2 in T-ALL than in B-ALL types (p=0.03, Table 1). Since both of L3 
cases in this study belonged to the immature/mature B subtype, a high association be-
tween these two phenotypes are suggested; however, the small sample size does not 
give a clear cut conclusion. The L1 morphology was evenly distributed in Pro-B, Pre-BI 
and Pre-BII subtypes (Table 1). 
Frequency analysis of the clinical and laboratory findings in different B-ALL subtypes 
failed to establish significant association for any of the subtypes. However, increased 
mediastinal mass and mean WBC count (>50×109/L) were found to be correlated with 
T-ALL, but not B-ALL types (p=0.001 and p=0.01, respectively) (Table 1). The fre-
quency of relapse was also higher in T-ALL compared to B-ALL cases, though the as-
sociation was not significant (p=0.064). The relapse rate was also more predominant in 
adults than children (35% vs. 9%). None of the other parameters were observed to be 
significantly associated with the T- or B-ALL subtypes. 
Paired BM and PB samples were available from 29 patients. Mononuclear cells were 
immunophenotyped for each patient. Representative results are illustrated in Figure 3. 
Concordant profiles for CD10, CD19, CD20, HLA-DR and TdT molecules were ob-
tained for all paired samples (data not presented). 
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Figure 3. Representative flow cytometry results of a paired BM and PB sample obtained from 
an ALL patient with Pre-BII immunophenotype. See footnote to figure 1. 
 
 
DISCUSSION 
 
Immunophenotyping is a crucial component of the initial diagnosis of acute leukemias 
and a valuable tool for monitoring minimal residual disease (MRD) after therapy (1). 
Several hundred mAbs have been assigned against cluster of differentiation (CD) antigens 
for diagnosis of different types of leukemia, lymphoma and other malignancies (27). Im-
munophenotypic characterization of leukemic cells has several goals including lineage 
assignment, evaluation of cell maturation and assessment of phenotypic aberrations (1). 
In the present study, we employed a panel of mAbs against CD2, CD3, CD5, CD10, 
CD13, CD14, CD19, CD20, CD33, CD34, CD45, HLA-DR and TdT to determine the 
phenotype of the leukemic cells. Initial screening with CD3 and CD19 molecules en-
abled broad classification of the leukemic cells into T- and B-cells. Based on the ex-
pression of CD10, CD19, TdT, HLA class II and CD20, we classified our B-ALL cases 
into four subtypes. In some studies cytoplasmic and surface IgM expression together 
with CD19 and CD10 analysis were used to identify and classify the B-ALL cells (11, 
27). Detection of membrane CD20 has been employed by many investigators as an al-
ternative to IgM for classification of B-ALL (24, 25 and 28). Although European Group 
for Immunophenotypical Characterization of Leukemias (EGIL) (21) has proposed the 
use of IgM expression for B-ALL subtype classification, comparison of published results 
reveals no obvious difference between the frequency of B-ALL subtypes using either IgM 
or CD20 expression for B-ALL sub-classification (references presented in Table 3). 
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* The results refer to the cumulative frequency of Pro-B, Pre-B I and Pre-B II subtypes 

Table 3. Frequency of ALL immunophenotypic subsets in other studies 
 

Common B 
Reference 

Immature/ 
mature B 
% Pre-B II 

% 
Pre-B I 
% 

Pro B  
% 

Total B    
lineage % 

T-ALL 
% Country Age group Sample 

size Year No 

32 7.7            66.7 * 74.4 20.5 USA Adult 39 1990 1 

33 2            78.9 * 80.9 15.1 USA Pediatric 2404 1992 2 

34 0 79.3 ** 9.3 88.6 11.4 Italy Pediatric 140 1985 3 

34 0 64 ** 10 74 26 Italy Adult 50 1985 4 

35 2.8 77.9 ** 5.3 86 13.5 Germany Pediatric 578 1990 5 

28 3.2 26.2 30.4 8.7 68.5 28.5 France Adult 526 1994 6 

36 1.9 75.9 ** 7.4 86.2 11.1 Croatia Pediatric 54 1988 7 

37 1 11 42 13 72 28 Bulgaria Pediatric 171 1995 8 

38 0 28.6 ** 10.2 38.8 32.7 Israel Pediatric 
& Adult 49 1982 9 

39 0 21.5 ** 33.1 54.6 37.7 India Pediatric 
& Adult 152 1988 10 

12 4 26.4 ** 6.4 37.2 53.6 India Pediatric 
& Adult 125 1994 11 

40 8.6 57 ** 21.5 87 12.3 Saudi 
Arabia Pediatric 163 1990 12 

17 15.4 18.5 35.4 7.8 77.1 21.5 Oman Pediatric 
& Adult 65 2003 13 

41 3.5 71.5 ** 18 93 7 Thai Pediatric 28 1992 14 

14 15.8 65.8 ** 0 81.6 18.4 Thai Pediatric 38 1999 15 

8 15.9 34.2 26.6 3.8 80.6 19.4 Thai Pediatric 
& Adult 263 2005 16 

19 3            75 * 75 22 Malaysia Pediatric 36 1998 17 

42 3.5 82.1 ** 5 90.6 9.4 Mexico Pediatric 402 1999 18 

11 0 6.2 77.8 7.4 91.4 8.6 Mexico Pediatric 81 2001 19 

43 2.6 72.6 ** 6.5 81.7 16.4 Brazil Pediatric 153 1996 20 

43 15.3 56.9 ** 1.4 73.6 26.4 Brazil Adult 72 1996 21 

44 2 74 ** 14 90 10 Chile Pediatric 500 1996 22 

44 2 72 ** 11 85 15 Chile Adult 113 1996 23 

45 3.2 39.2 ** 4.8 47.2 50 Egypt Pediatric 
& Adult 186 1989 24 

46 0 31.3 ** 18.7 50 25 Zimbabwe Pediatric 
& Adult 64 1992 25 

present 
study 3.3 21.7 46.7 11.7 83.4 15 Iran Pediatric 

& Adult 60 2006 26 

* * The results represent the cumulative frequency of Pre-B I and Pre-B II subtypes 
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Analysis of the association between clinical and laboratory findings with immunophe-
notypic subtypes of ALL revealed close association between disease relapse and T-
ALL, although the difference was not significant due to the small sample size of T-ALL 
in our patients (Table 1). Similar findings have also been reported by many other inves-
tigators (29, 30). A significantly higher WBC count and higher frequency of mediastinal 
mass were also observed in T-ALL patients. Such findings have also been reported by 
other investigators (28, 31). Despite methodological differences, our results were rea-
sonably in concordance with reports of other investigators from different countries with 
dissimilar ethnic populations (Table 3). These studies have been conducted in countries 
from North and Latin America, Europe, Africa and Asia. There have been only three 
published reports from the Middle East with substantial differences in the frequency of 
T and Pro-B subtypes between these studies (17, 38, 40). Our study is the first detailed 
immunophenotypic study conducted on Iranian ALL patients. Our results on the fre-
quency of B-ALL and T-ALL subtypes are similar to the results of the study performed 
in Oman (17). 
As a general finding from all published studies summarized in table 3, the frequency of 
T-ALL has always been substantially lower than B-ALL with few exceptions. T-ALL 
constituted almost 50% of all immunophenotyped ALL patients from India and Egypt 
(12, 45). High frequencies of T-ALL (more than 25%) have also been reported in ALL 
patients from Israel (38), Bulgaria (37), France (28), Italy (34) and adult Brazilian pa-
tients (43) (Table 3). 
Comparison of different subtypes of B-ALL among published reports has demonstrated 
a lower frequency of immature/mature B subtype followed by Pro B subtype, with the 
exception of Omani (17) and adult Brazilian patients (43). The common B-ALL subtype 
which constitutes the Pre-B I and Pre-B II subtypes is the dominant subtype in all stud-
ies. In many of the previous publications sub-classification of the common B type ALL 
has not been possible due to lack of appropriate mAbs in the immunophenotypic panel 
employed in those studies (see Table 3). The dissimilarities observed among various 
studies could largely be due to the small sample size of the patients in many studies, 
methodological differences in classification of ALL (47, 48) as well as ethnicity (49) 
and age (50). It has already been shown that certain subtypes of ALL may be prevalent 
in some regions of the world (49).The prevalence of T and Pro-B ALL subtypes were 
higher in our adults, which was similar to the previous report in a large number of Ger-
man patients (50). 
We used FAB and immunophenotyping methods for classification of ALL patients. The 
results indicated that most patients with B subtype in our study had L1 morphology with 
the exception of patients with late stage B-ALL. The latter subtype with only 2 cases 
was entirely restricted to the L3 morphology (Table 1). Association between imma-
ture/mature B-ALL with the FAB L3 morphology has already been demonstrated (6, 7). 
The L2 morphology was mostly confined to the T-ALL cases, a finding also reported by 
others (5). No other significant associations were observed for the remaining clinical and 
laboratory findings with immunophenotypic subtypes of our ALL patients (Table 1). 
In conclusion, our results confirm and extend previous reports indicating heterogeneity 
of ALL and the significance of immunophenotyping of the leukemic cells for monitor-
ing of disease outcome and prognosis. 
 
 
 

Iran.J.Immunol. VOL. 4 NO. 1 Winter 2007

 
23 



Immunophenotyping of Iranian ALL Patients 
 

ACKNOWLEDGEMENTS 
 
This study was partly supported by a grant from Medical Sciences/University of Tehran. 
 
 
REFERENCES 
 
1 Foa R, Vitale A. Towards an integrated classification of adult acute Lymphoblastic leukemia. Rev Clin Exp Hematol. 2002; 

6:181-99. 
2 Bruchova H, Kalinova M, Brdicka R. Array-based analysis of gene expression in childhood acute Lymphoblastic leukemia. 

Leuk Res. 2004 ; 28:1-7. 
3 Kohler G, Milstein C. Continuous cultures of fused cells secreting antibody of predefined specificity. Nature. 1975; 256:495-7. 
4 Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA, Gralnick HR et al. Proposals for the classification of the acute 

leukaemias.French-American-British (FAB) co-operative group. Br J Haematol. 1976;33:451-8. 
5 Hann IM, Richards SM, Eden OB, Hill FG. Analysis of the immunophenotype of children treated on the Medical Research 

Council United Kingdom Acute Lymphoblastic Leukaemia Trial XI (MRC UKALLXI).Medical Research Council Childhood 
Leukaemia Working Party. Leukemia. 1998;12: 1249-55. 

6 Bene MC. Immunophenotyping of acute leukaemias. Immunol Lett. 2005; 98: 9-21. 
7 Chan NP, Ma ES, Wan TS, Chan LC. The spectrum of acute lymphoblastic leukemia with mature B-cell phenotype. Leuk Res. 

2003; 27:231-4. 
8 Wiwanitkit V. A summary on the immunophenotyping of acute lymphoblastic leukemia in Thailand. Hematology. 2005; 10: 35-7. 
9 Udomsakdi-Auewarakul C, Promsuwicha O, Tocharoentanaphol C, Munhketvit C, Pattanapanyasat K, Issaragrisil S. Immuno-

phenotypes and outcome of Philadelphia chromosome-positive and -negative Thai adult acute lymphoblastic leukemia. Int J 
Hematol. 2003;78:337-43.  

10 Garcia Vela JA, Monteserin MC, Delgado I, Benito L, Ona F. Aberrant immunophenotypes detected by flow cytometry in 
acute Lymphoblastic leukemia. Leuk Lymphoma. 2000; 36:275-84. 

11 Paredes-Aguilera R, Romero-Guzman L, Lopez-Santiago N, Burbano-Ceron L, Camacho-Del Monte O, Nieto-Martinez 
S.Flow cytometric analysis of cell-surface and intracellular antigens in the diagnosis of acute leukemia. Am J Hematol. 2001 
;68:69-74. 

12 Rajalekshmy KR, Abitha AR, Pramila R, Gnanasagar T, Maitreyan V, Shanta V.Immunophenotyping of acute lymphoblastic 
leukaemia in Madras, India. Leuk Res. 1994; 18:183-90. 

13 Khalil SH, Qari MH, Jackson JM, Pyle RH, el-Solh H, al-Nasser A. Immunophenotyping of childhood acute lymphoblastic 
leukemia in Saudi Arabia: second look. Leuk Res.1994;18:881-3. 

14 Tiensiwakul P, Lertlum T, Nuchprayoon I, Seksarn P. Immunophenotyping of acute lymphoblastic leukemia in pediatric pa-
tients by three-color flow cytometric analysis. Asian Pac J Allergy Immunol. 1999 ;17:17-21. 

15 Shen HQ, Tang YM, Yang SL, Qian BQ, Song H, Shi SW et al. Immunophenotyping of 222 children with acute leukemia by 
multi-color flow cytometry. Zhonghua Er Ke Za Zhi. 2003 ;41:334-7. 

16 Isoyama K, Okawa H, Hayashi Y, Hanada R, Okimoto Y, Maeda M, Saito T et al. Clinical and biological aspects of acute 
lymphoblastic leukemia in 62 infants: retrospective analysis of the Tokyo Children's Cancer Study Group. Pediatr Int. 1999; 
41:477-83. 

17 Brown LC, Knox-Macaulay HH. Analysis of the immunophenotypes of de novo acute lymphoblastic leukaemia (ALL) in the 
Sultanate of Oman. Leuk Res. 2003; 27:649-54. 

18 Revesz T, Pramathan T, Mpofu C. Leukaemia phenotype and ethnicity in children living in the United Arab Emirates. Haema-
tologia (Budap). 1996;28: 9-12. 

19 Menon BS, Dasgupta A, Jackson N. Immunophenotyping pediatric leukemias in Kelantan, Malaysia. Pediatr Hematol Oncol. 
1998 ; 15:175-8. 

20 Chan LC, Ha SY, Ching LM, Lee CP, Lau YL, Yuen P et al. Cytogenetics and immunophenotypes of childhood acute lym-
phoblastic leukemia in Hong Kong. Cancer Genet Cytogenet. 1994; 76:118-24. 

21 Bene MC, Castoldi G, Knapp W, Ludwig WD, Matutes E, Orfao A et al. Proposals for the immunological classification of 
acute leukemias. European Group for the Immunological Characterization of Leukemias (EGIL). Leukemia. 1995; 9: 1783- 6. 

22 Rezvany MR, Jeddi-Tehrani M, Rabbani H, Lewin N, Avila-Carino J, Osterborg A et al. Autologous T lymphocytes may 
specifically recognize leukaemic B cells in patients with chronic lymphocytic leukaemia.Br J Haematol. 2000; 111: 608 -17. 

23 Bain BJ, Barnett D, Linch D, Matutes E, Reilly JT. Revised guideline on immunophenotyping in acute leukaemias and chronic 
lymphoproliferative disorders. Clin Lab Haematol. 2002; 24: 1-13. 

24 Foon KA, Todd RF 3rd. Immunologic classification of leukemia and lymphoma. Blood. 1986 ;68:1-31. 
25 Hokland P, Ritz J, Schlossman SF, Nadler LM. Orderly expression of B cell antigens during the in vitro differentiation of 

nonmalignant human pre-B cells. J Immunol. 1985;135: 1746-51. 
26 Rolink A, Melchers F.Generation and regeneration of cells of the B-lymphocyte lineage.Curr Opin Immunol. 1993 ;5:207-17. 
27 Campana D, Behm FG. Immunophenotyping of leukemia. J Immunol Methods. 2000 21;243:59-75. 
28 Boucheix C, David B, Sebban C, Racadot E, Bene MC, Bernard A et al. Immunophenotype of adult acute lymphoblastic leu-

kemia, clinical parameters, and outcome: an analysis of a prospective trial including 562 tested patients(LALA87). French 
Group on Therapy for Adult Acute Lymphoblastic Leukemia. Blood.1994; 84 :1603-12. 

29 Miura T, Ouhira M, Koseki N, Obara Y, Fujimaki S, Imaizumi M et al.Childhood T-cell acute lymphoblastic leukemia with 
four distinct immunophenotypes representing different stages of T-cell development. Pediatr Hematol Oncol. 2001;18:267-72. 

30 Giordano P, Santoro N, Del Vecchio GC, Rizzari C, Masera G, De Mattia D.T-immunophenotype is associated with an in-
creased prevalence of thrombosis in children with acute lymphoblastic leukemia. A retrospective study. Haematologica. 2003 
;88:1079-80. 

31 Kamat DM, Gopal R, Advani SH, Nair CN, Kumar A, Saikia T et al.Pattern of subtypes of acute lymphoblastic leukemia in 
India.Leuk Res. 1985;9: 927-34. 

Iran.J.Immunol. VOL. 4 NO. 1 Winter 2007

 
24 



Asgarian Omran H, et al 

32 Ross CW, Stoolman LM, Schnitzer B, Schlegelmilch JA, Hanson CA. Immunophenotypic aberrancy in adult acute Lym-
phoblastic leukemia. Am J Clin Pathol. 1990; 94:590-9. 

33 Crist W, Shuster J, Look T, Borowitz M, Behm F, Bowman P et al. Current results of studies of immunophenotype-, age- and 
leukocyte-based therapy for children with acute lymphoblastic leukemia. The Pediatric Oncology Group. The Pediatric Oncol-
ogy Group. Leukemia. 1992 ;6:162-6. 

34 Foa R, Baldini L, Cattoretti G, Foa P, Gobbi M, Lauria F et al . Multimarker phenotypic characterization of adult and child-
hood acute lymphoblastic leukaemia: an Italian multicentre study. Br J Haematol. 1985;61:251-9. 

35 Ludwig WD, Teichmann JV, Sperling C, Komischke B, Ritter J, Reiter A et al . Incidence, clinical markers and prognostic 
significance of immunologic subtypes of acute lymphoblastic leukemia (ALL) in children: experiences of the ALL-BFM 83 
and 86 studies. Klin Padiatr. 1990 ;202:243-52. 

36 Batinic D, Boranic M, Tiefenbach A, Rajic L, Femenic-Kes R, Konja J. Subsets of childhood acute lymphoblastic leukaemia 
in Croatia. Biomed Pharmacother. 1988; 42 :133-4. 

37 Taskov H, Dimitrova E, Serbinova M, Mendisova L, Bobev D. Immunological subtypes of childhood acute lymphoblastic 
leukemia in Bulgaria. Leuk Res. 1995; 19: 877- 81. 

38 Ramot B, Ben-Bassat I, Many A, Kende G, Neuman Y, Brok-Simoni F et al. Acute lymphoblastic leukemia subtypes in Israel: 
the Sheba medical center experience. Leuk Res. 1982; 6: 669-73. 

39 Bhargava M, Kumar R, Karak A, Kochupillai V, Arya LS, Mohanakumar T.. Immunological subtypes of acute lymphoblastic 
leukemia in north India. Leuk Res. 1988; 12: 673- 8. 

40 Roberts GT, Aur RJ, Sheth KV. Immunophenotypic and age patterns of childhood acute lymphoblastic leukemia in Saudi 
Arabia. Leuk Res. 1990; 14: 667- 72. 

41 Apibal S, Atichartakarn V, Salakit C, Nitiyanant P, Mahasandana C, Supradish P et al .Immunophenotype and cytochemical 
reactions of acute lymphoblastic leukemia in Thai children. J Med Assoc Thai. 1992; 75 :217-22. 

42 Paredes-Aguilera R, Romero-Guzman L, Lopez-Santiago N, Bravo-Lindoro A, Correa-Gonzalez C, Joly-Linero R et al . Im-
munophenotyping of acute lymphoblastic leukemia in Mexican children. Sangre (Barc). 1999; 44:188-94. 

43 Rego EM, Garcia AB, Viana SR, Falcao RP. Characterization of acute lymphoblastic leukemia subtypes in Brazilian patients. 
Leuk Res. 1996; 20: 349-55. 

44 Cabrera ME, Labra S, Ugarte S, Matutes E, Greaves MF. Immunophenotype. Clinical and laboratory features of acute Lym-
phoblastic leukemia in Chile. Study of 500 children and 131 adults. Rev Med Chil. 1996; 124: 293-9. 

45 Kamel AM, Assem MM, Jaffe ES, Magrath I, Aboul Enein MI, Hindawy DS. Immunological phenotypic pattern of acute 
lymphoblastic leukaemia in Egypt. Leuk Res. 1989;13: 519-25. 

46 Paul B, Mukiibi JM, Mandisodza A, Levy L, Nkrumah FK. A three-year prospective study of 137 cases of acute leukaemia in 
Zimbabwe. Cent Afr J Med. 1992 ;38:95-9. 

47 Wang H, Liu YR, Chen SS, Chang Y, Qin YZ, Li JL et al. Analysis of immunophenotype of B-lineage acute lymphoblastic 
leukemia cells by 4-color flow cytometry.  Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2003; 11:137-41. 

48 Borowitz MJ, Guenther KL, Shults KE, Stelzer GT.Immunophenotyping of acute leukemia by flow cytometric analysis. Use 
of CD45 and right-angle light scatter to gate on leukemic blasts in three-color analysis. Am J Clin Pathol. 1993;100: 534-40. 

49 Greaves MF, Colman SM, Beard ME, Bradstock K, Cabrera ME, Chen PM et al . Geographical distribution of acute lym-
phoblastic leukaemia subtypes: second report of the collaborative group study.Leukemia. 1993; 7:27-34.  

50 Ludwig WD, Reiter A, Loffler H, Gokbuget, Hoelzer D, Riehm H et al . Immunophenotypic features of childhood and adult 
acute lymphoblastic leukemia (ALL): experience of the German Multicentre Trials ALL-BFM and GMALL. Leuk Lym-
phoma. 1994; 13:71- 6. 

Iran.J.Immunol. VOL. 4 NO. 1 Winter 2007

 
25 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Ross+CW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Stoolman+LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Schnitzer+B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Schlegelmilch+JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Hanson+CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Garcia+AB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Viana+SR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Falcao+RP%22%5BAuthor%5D

