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Abstract  
Background  
Leukemia is one of the most common tumors in children and it is divided up into two main 

groups; acute and chronic leukemia. The acute leukemia is more prevalent than chronic in 

children. Generally acute type is included acute lymphoid leukemia (ALL) and acute myeloid 

leukemia (AML). In this study, patients with leukemia who were admitted in Talghani 

hospital of Gorgan were examined for immune markers. 

Materials and Methods 
Forty one patients (34 persons with ALL and 7 persons with AML) were examined. Bone 

marrow aspiration samples were obtained in tubes containing EDTA and were sent to 

pathology center of Baghiatallah hospital, Tehran. Immunophenotyping was conducted by 

Flow cytometry and results were recorded in profiles of patients.  

Results 
The mean age of ALL and AML patients was 5.64±3.43 and 7.45±5.68 years respectively. It 

was determined that ALL risk in males is 1.086 times more than females. Mann-Whitney test 

did not show significant difference between mean age of AML and ALL groups (p=0.5). 

Highest markers in ALL were CD19 (90.2%), CD10 (84.36%), I3 (HLA-DR) (70.58%), and 

in AML CD45 (81.8%), I3 (HLA-DR) (63.64%) and CD34 (54.5%). 

Conclusion 
The prevalence of markers in ALL and AML patients is different, and some of them are 

common. These results could be used for differentiation of ALM from ALL. Further study 

was recommended on bigger sample-size to achieve a definite conclusion. 
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Introduction 
Of all cancers in childhood, leukemias are one of the most important that are prevalent in 

children with the incidence of 25-30% of all childhood cancers (1-3).  

Generally, leukemia is divided into two categories, acute and chronic leukemia. Acute 

leukemia is a heterogeneous group of neoplastic diseases and is categorized into two main 

subgroups: acute lymphoid leukemia (ALL) and acute myeloid leukemia (AML) (4). ALL is a 

heterogeneous disease with abnormal proliferation and accumulation of immature lymphoid 

cells within the bone marrow, peripheral blood and lymphoid tissues. ALL patients are 

subdivided into three morphological subsets including L1, L2 and L3 (5, 6). AML is an 

aggressive malignancy same as ALL and it is characterized by accumulation of immature 

myeloid progenitors in the bone marrow (7).  

Immunophenotyping is important not only in the classification and diagnosis of leukemia, but 

also in the prediction and prognosis of these disorders (8).  It makes complete morphological, 

cytochemical, cytogenetic and molecular studies for defining diagnosis and prognosis. Then 

various investigations have been conducted in this field.  

Immunophenotyping in patients with ALL in China beside clinical and cytogenetic features 

reveal the importance of Immunophenotyping in diagnosis and determining ALL type (9).   

Immunophenotyping CD antigens were studied in patients with acute leukemia in Iran (10). 

Immunophenotyping in children is so important, which present study for the first time was 

done among leukemic patients in Golestan.  

 

Materials and Methods 
Cases 

This was a descriptive and analytical study and 62 patients with leukemia were examined 

during 2004-2009.  

Sample preparing and immunophenotype detection 

Patients suspected to leukemia that were admitted in Talghani hospital of Gorgan were 

checked by CBC test and then if their test were suspicious bone marrow aspiration would be 

done. After confirming for leukemia, results of hematological, preclinical and clinical studies 

and morphological tests were recorded in patients’ profiles. Bone marrow aspiration samples 

were collected in tubes containing EDTA and sent to pathology center of Baghiatallah 

hospital of Tehran. The steps of Immunophenotyping were included: 1) preparing 4 glass 

slides of bone marrow and 1 glass slide of peripheral blood; 2) staining one glass slide of each 

sample by Wright method. Then stained glass slides were checked by a pathologist. 

According to flow cytometry instruction, it is determined which markers should be 

characterized for each patient; 3) diluting samples according to required marker (50µl 

sample+ 5 µl monoclonal antibody); 4) incubation all of samples for 20 minutes in 

refrigerator; 5) putting the samples in Q-Prep. In this device 3 solutions are added to samples 

during 35 seconds. Solutions include A (lyses buffer), B (buffer), C (fixative buffer); 6) 

finally all of sample tubes were transferred to flow cytometry device and then the results were 

recorded.  

Statistical analysis 
Statistical analysis was performed by SPSS 18 and Mann-Whitney test, Leven test, relative 

risk and Shopiro-Wilk test were used to compare the groups. 
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Results 
Analyzed data of 62 patients showed that 51 cases were ALL and the remaining 7 with AML. 

There were 51 ALL patients (22 female and 29 male) and 11 AML patients (6 female and 

5male) (table 1). The ratio of male to female in all of patients was 1.21 to 1. This ratio in ALL 

patients was 1.32 to 1 and in AML patients was 0.83 to 1. In all patients, the mean age was 

5.96± 3.92 years and the age range was 0.5-15. The mean age and the age range in ALL -

group were 5.64± 3.43 and 0.5-13 respectively and about AML group these parameters were 

7.45± 5.68 and 0.75-15 respectively. 

Relative risk (RR) was used for verifying effect of gender on leukemia type and was 

determined that ALL risk in males is 1.086 times more than females. 

R.R= 1.086 CI 95% (0.0.855-1.378) 

 
Table 1: Frequency distribution of leukemia type according to gender 

 

 ALL AML Total 

Gender 

 

 

 

male 

 

 

count 29 

 

5 

 

34 

 

% within 

gender 

85.3% 

 

14.7% 100% 

female 

 

 

count 22 

 

6 

 

28 

 

%  within 

gender 

78.6% 21.4% 100% 

Total 

 

 

count 51 

 

11 

 

62 

 

% within 

gender 

82.3% 17.7% 100% 

 

Mann-Whitney test was used for comparing mean age in ALL and AML groups. Using 

Shapiro-Wilk test, age distribution in ALL group was not normal (P=0.007), but in AML 

group was normal (P=0.068). Also Leven test demonstrated non homogeneity of variances. 

Then nonparametric Mann-Whitney test was applied. It showed that there was no significant 

difference between mean age of AML and ALL groups (p=0.5).        

The frequencies of AML and ALL morphological cell types were shown in table 2. L1 and L2 

were the most common types in ALL and L3 was not found among patients. Also there were 

2 AML patients with unknown leukemia morphological type. 

 
Table 2: Frequency distribution of leukemia morphological types  

 

Leukemia type AML ALL 

Type M2 M3 M4 M7 unknown L1 L2 

Number 2 3 2 2 2 25 26 

Percent % 18.2 29 18.2 18.2 18.2 49 51 
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Immunophenotyping results are listed in Table 3. The most prevalent line in flow cytometry 

was pre-B-cell, 29 patients (46.77%). 

 
Table 3: Frequency distribution of the most common markers according to leukemia type and morphological 

type  

 

Marker Leukemia morphological type Leukemia type Total  

L1 L2 M2 M3 M4 M7 Unknown 

AML 

ALL AML 

CD19    number 

          % in type 

22 

88 

24 

92.3 

1 

50 

1 

33.3 

0 

0 

0 

0 

0 

0 

46 

90.2 

2 

18.2 

48 

80 

CD10    number 

          % in type 

20 

80 

23 

88.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

43 

84.36 

0 

0 

43 

71.7 

HLA-   number  

DR        % in type 

17 

68 

19 

73.1 

2 

100 

2 

66.7 

1 

50 

0 

0 

2 

100 

36 

70.58 

7 

63.64 

43 

26.66 

CD34    number 

          % in type 

8 

32 

7 

26.9 

1 

50 

2 

66.7 

1 

50 

1 

50 

1 

50 

15 

29.4 

6 

54.5 

21 

33.87 

CD45    number 

          % in type 

3 

12 

3 

11.5 

2 

100 

2 

66.7 

2 

100 

1 

50 

2 

100 

6 

11.8 

9 

81.8 

15 

24.2 

 

The positive predictive value of CD19 for ALL is 95.8 % and negative p-value of it is 35.7%. 

Also positive p-value of CD10 for ALL is 100% and negative p-value of it is 42.1%. About 

HLA-DR, positive and negative p-value is 88% and 78.4 %, respectively. 

In this study, in addition to immunophenotyping, some factors such as hemoglobin value and 

count of WBC were considered.  

Hemoglobin value was in 27 (43.5%) patients less than 7.5 mg/dl, in 25 (40.3%) between 7.5-

10 mg/dl, and in 10 (16.1%) more than 10 mg/dl. In ALL patients, frequency was 20 (39.2%), 

25 (49%) and 6 (11.8%), respectively. In AML patients,in seven (63.6%) patients less than 

7.5 mg/dl and in 4 more than 10 mg/dl.Difference between AML and ALL was significant 

(P=0.007). 

The count of WBC in ALL was in 29 (58%) less than 2000, in 11 (22%) between 2000 to 

50000, and10 (20%) more than 50000. One patient has (2%) not report. The results in AML 

patients were 4 (36.4%), 3 (27.3%) and 4 (36.4%), respectively.Difference between AML and 

ALL was not significant (P=0.379).   

 The count of neutrophil was in 7 (14.3%) patients less than 500, in 8 (16.3%) between 500 

and 1000, in 7 (14.3%) between 1000 and 1500, in 27(55.1%) more than 1500, and 2 patients 

(3.92%) not reported. This count in AML patients, 2 (22.2%) was less than 500, 2 between 

1000 and 1500, 5 (55.6%) more than 1500, and 2 (18.18%) had not reported. Difference 

between AML and ALL was not significant (P=0.555).        

 

Discussion  
In the present discussion, HLA-DRwas 70.58 % in ALL patients and CD19 was the most 

common marker in these patients. Philip Lanzkowsky has demonstrated that the most 

common marker is HLA-DR, and CD19 is the second most important. The prevalence of L1 

is almost same as L2 in present study, but in Lanzkowsky book, L1 was 84% and L2 was 15% 

in ALL (11).   

According to other studies, it is possible to be a relationship between higher prevalence of 

HLA-DR and L1 and then connection between markers and morphology was considered here 

and its results are presented as following.   

In our investigation the prevalence of markers in L1, which was found in 25 patients and 

involved 49% of all of ALL patients, was CD19, CD10 and I3 (HLA-DR) and also in L2, 

which involved 51% remaining of ALL patients, was as same as L1. Therefore the incidence 
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of markers in ALL patients was CD19 (90.2%), CD10 (84.36 %) and HLA-DR (70.58%) in 

general. It is noteworthy that in this investigation the majority of considered population was 

ALL patients. Based on frequency of HLA-DR and morphology type in our results, it may be 

concluded that ALL prognosis is poor.  

Reviewing other studies express that there is a few differences from ours in some studies and 

some of them confirm our results (9, 12 and 13).  

Asvadi Kermani in northwestern, Tabriz of Iran (2002) showed the most frequent markers in 

ALL patients were CD7 (11-28%), CD2 (5-21%) and CD19 (3-14%). CD10 (1-5%) and 

CD20 (9%) were in the next positions (10). In this study there was not especial age range. 

Similarly, Haxia Tong et al (2010) studied on 113 patients with ALL in China. In this study, 

the most prevalent markers of B-cells included CD19, CD10, CD22 and CD20. Frequency of 

these markers was 99%, 82.5%, 74.8% and 37.5% respectively (9).  

In general, CD19 was found to be common in this and other studies. Wenxiu et al, (2005) 

achieved those results in B-cell line. They studied on 81 ALL patients including 43 children 

and 38 adults. In this investigation CD5 and CD7 were the most common markers in T-cell 

line (12). It should be noted that there are variety in these antigens in ALL patients of 

different regions. In research of Shen and colleges (2003) on 222 Chinese patients with 

leukemia, different results were obtained. In this population, 124 patients were ALL including 

94 patients with B- cell line and 30 people in T-cell line. In this study CD13 was the most 

common antigen and after it, the most frequent markers were CD15 (11.3%), CD11b (6.5%) 

and CD33 (4.3%) (13). 

The frequency of the different antigens was various in various lines of ALL. Study of Ramiar 

et al (2007) showed in Pre-B1, Pre-B2 and Pre-B of B-cell ALL, frequency of CD20 increases 

and CD10 decreases (14). 

In present study, the most common markers in AML patients were CD45, I3 (HLA-DR) and 

CD19 in M2, CD45, I3 (HLA-DR) and CD34 in M3, CD45, CD33, I3, CD34 AND CD64 in 

M4 and CD34, CD45, CD41, CD61 and CD7 in M7. CD45 (81.8%), I3 (HLA-DR) (63.64%) 

and CD34 (54.5%) were the most common antigens.   

The most markers in Asvadi Kermani research were CD13 (71%) and CD33 (74%) in M1, 

CD33 in M2 and CD13 in M3 (10). 

Tong HX et al, (2009) investigated the immunophenotypic subtype profiles of 192 patients 

with AML. The results showed the CD33, CD13, myeloproxidase (MPO) and CD117 were 

the most commonly expressed antigens in AML. CD117 expressed in 84.6% of AML-M3 

cases (15).  Also Shen et al observed that the most common antigens in AML were CD7 

(12.8%), CD19 (6.4%) and CD2 (5.1%) (12). Sovariety of markers is observed in different 

AML subgroups.  Nevertheless, the presence of markers like CD34 is remarkable in this study 

such that frequency of CD34 is 65.1% and in our study is 54.5%. 

In our study, prevalence of some markers in ALL and AML patients were different from other 

studies and some of them were the same. These results could be used for differential diagnosis 

of AML from ALL. Present investigation was done on a small population of children, and 

further studies with bigger sample size will be needed to achieve a clear conclusion.   
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