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Abstract 

Background: Acute lymphoblastic leukemias (ALL) carrying a chromosomal translocation involving the 

mixed-lineage leukemia gene (MLL) has a particularly poor prognosis. The presence of the MLL 

translocation often results in an early relapse after chemotherapy. For this reason, the accurate detection of 

MLL rearrangements (MLL-r) is crucial when dealing with this aggressive type of leukemia. We determined 

the correlation of the surface antigen neuron-glial antigen 2 (NG2) to the presence of MLL-r, and its value as 

a rapid inexpensive method for prediction of MLL-r at diagnosis of ALL patients. 

Methods: 44 newly diagnosed children with ALL were studied for the presence of MLL rearrangement by 

fluorescence in situ hybridization (FISH), as well as measurement of NG2 expression by flow cytomery.  

Results: MLL-r was successfully detected in 16 (36.4%) patients, while NG2 expression was positive in 14 

(31.8%) patients. A positive correlation was found between NG2 expression and MLL–r (r=0.531, p<0.001), 

receiver operating characteristic curve (ROC) analysis revealed that NG2 value ≥ 18.6% could predict the 

presence of MLL-r  with 85% sensitivity, 95% specificity, and 90% accuracy (p=0.004). Hyperleucocytosis, 

high lactate dehydrogenase (LDH) level, and presence of central nervous system (CNS) infiltration were 

significantly higher in patients with MLL-r and positive NG2 expression compared with MLL-r negative and 

NG2 negative ALL patients (p<0.001). 

In conclusion, immunophenotypic analysis of NG2 expression with a cutoff value ≥ 18.6% allows the 

identification and prediction of MLL-r, with high specificity and accuracy suggesting that flow cytometry is a 

reliable, cost-effective and rapid tool for detection of MLL-r.  
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Introduction 

B-lymphoblastic leukemia (B-ALL) is the most 

common malignancy of childhood and a disease 

with a poor prognosis among adults 
[1]

.  

Cytogenetic analysis of leukemic cells is the 

cornerstone for the prognostic stratification of 

ALL patients at the onset of disease being an  

independent factor in predicting clinical outcome 

and determining the duration and type of 

treatment 
[2]

. Aberrations of chromosome 11q23 

result in rearrangements of the mixed lineage 

leukemia (MLL) gene, a gene involved in the 

regulation of hemopoetic cell differentiation. Such 

aberrations occur in about 5-10% of acute 

lymphoid leukemia and in 5% of AML cases and 

are associated with a poor prognosis 
[3]

. For this 

reason, the accurate detection of MLL 

rearrangements (MLL-r) is crucial when dealing 

with this aggressive type of leukemia. 

 Current diagnostic techniques of MLL-r are either 

time-consuming and may be not able to detect all 

genetic abnormalities (cryptic) involving MLL 

gene as karyotyping, or  are costly, requires 

specialized skills,  and not always available at 

initial diagnosis such as fluorescence in situ 

hybridization (FISH) and reverse transcriptase 

polymerase chain reaction (RT-PCR) 
[4,5]

. Because 

the early identification of MLL rearrangements 

may guide therapy or clinical trial enrollment 
[6,7,8]

, it would be useful to have a more efficient, 

rapid screening, and cost effective technique to 

identify MLL-r at diagnosis . 

With the discovery in humans of a homolog of the 

cell surface chondroitin sulfate proteoglycan 

neuron-glial antigen 2 (NG2) molecule in rats, 

previous groups have reported that MLL-r may be 

predicted through the cell surface recognition of 

NG2 using the monoclonal antibody (MoAb) 7.1 
[9-12]

. The mechanisms underlying this association 

are still being examined 
[13,14]

 and a lack of 

association has been reported in certain cases 
[15]

. 

This study aims to determine the association of 

expression of the surface antigen NG2 with the 

presence of MLL-r, and its value as a rapid 

inexpensive method for prediction of MLL-r at 

diagnosis of ALL patients. 

 

Subjects and methods 

This cross-sectional study was carried out on 44 

newly diagnosed childhood ALL included, eight 

male infants and 36 children (male to female ratio 

1:1), who were attending the 

Hematology/Oncology Unit, in the Pediatric 

Hospital, Ain Shams University. An informed 

consent was obtained from the legal guardians of 

each patient before enrollment. This study was 

approved by the ethical committee of Ain Shams 

University. 

All the patients were subjected to full clinical 

history taking, laying stress on the presence of 

leukemia associated symptoms (fever, pallor, 

bleeding tendency, and bone aches). Thorough 

clinical examination was performed laying stress 

on the presence of lymphadenopathy, 

splenomegaly and hepatomegaly. Diagnostic 

workup for acute leukemia included complete 

blood counts (CBC) using Coulter LH 750 cell 

counter (Coulter, Electronics, Hialeah, FL, USA), 

and bone marrow (BM) aspiration, with 

examination of Leishman stained peripheral blood 

(PB) and BM smears. Flow cytometric 

immunophenotyping was performed using a 

standard panel of monoclonal antibodies (MoAb) 

using Coulter Epics XL 3-color flow cytometer 

(Coulter, Electronics, Hialeah, FL, USA). 

Chromosome 11q23 break apart was detected by 

fluorescence in situ hybridization (FISH). 

Diagnosis of ALL was established in all cases on 

the basis of clinical, morphologic, 

immunophenotypic, cytogenetic analysis, 

according to the WHO classification 
[16]

. 

 

Sampling 

Blood and BM aspiration samples were collected 

under complete aseptic conditions on ethylene 

diamine tetra-acetic acid, potassium salt (K2-

EDTA) (1.2 mg/mL) for CBC and flow cytometry. 

For FISH examination 1mL of BM aspirate was 
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collected in vacutainer tubes coated with lithium 

heparin.  

 

NG2 expression 

Fifty microliters of each sample were incubated 

with 5 L of NG2-PE conjugated monoclonal 

antibody (7.1 clone) supplied by IMMUNOTECH 

SAS (Beckman Coulter Company, Marseille, 

France), or its isotypic control for 15 minutes at 

room temperature in the dark. Then the cells were 

washed with 2 mL phosphate buffered saline, 

followed by red cell lysis using 1.5 mL of lysing 

solution (NH4Cl buffered with KHCO3at pH 7.2) 

for 3 minutes at room temperature in the dark. 

After appropriate gating of lymphoblasts, surface 

NG2 expression was determined. Data acquisition 

and analysis were performed on Epics XL flow 

cytometer (Coulter Corporation, Hialeah, FL, 

USA) using SYSTEM II version 3 software 

(Beckman Coulter, USA) with a standard 3-color 

filter configuration. 

 

Cytogenetic analysis 

Cytogenetic analysis was performed by FISH 

technique using fluorophore labeled locus specific 

identifier (LSI) MLL dual colour, break-apart 

rearrangement probe (Vysis, Abbot, molecular 

diagnostics, USA). Slides were prepared from 

material fixed in methanol-acetic acid 
[17]

. 

Hybridization and detection of hybridization 

signals were performed according to the 

manufacturer's protocols.  At least 100 interphase 

cells were evaluated using the Chromoscan 

CytoVision7.3.1 (Leica Biosystem, Richmond 

Inc., USA) in order to detect the target 

abnormalities. Images of FISH were captured 

through the program Mac Probe 4.4 of Power 

Gene System (Applied Imaging Corporation, 

USA). The presence of co-localized orange and 

green (yellow) signal represents normal MLL 

gene, whereas, separated orange and green signals 

indicates MLL break-apart. 

 

 

 

Statistical analysis  

Data were analyzed using statistical program for 

Social Science (SPSS) version 18 IBM compatible 

PC. Quantitative data were described in the form 

of number and percentage, range, mean ± standard 

deviation (SD). Qualitative data were described as 

frequency, and percentage. Student t, Mann-

Whitney U, Chi square x
2
 were used for 

intergroup comparison. Pearson‘s correlation was 

used to assess the association between two 

normally distributed variables and Spearman’s 

rank correlation coefficient was used for 

correlating between data when one or more is 

skewed. Receiver operating characteristic (ROC) 

curve was used to find out the overall diagnostic 

value of NG2 and to determine the best cut-off 

value with detection of sensitivity and specificity 

at this cut-off value. A p value <0.05 was 

considered significant.  

 

Results  

Clinical and laboratory data are shown in Table 1. 

According to the results of flow cytometric 

phenotyping, the 44 studied cases were diagnosed 

as precursor B-ALL, the surface marker NG2 was 

positive in 14 (31.8%) of studied patients. 

 FISH analysis using LSI MLL dual color, break-

apart rearrangement probe for detection of MLL 

gene rearrangements was successfully performed 

on the 44 BM samples revealing  negative MLL-r 

(two yellow signals) in 28 (63.6%) patients (figure 

1A), positive MLL-r (one yellow, one orange and 

one green signals) in 16 (36.4%) patients 

including 6 (37.5%) infants and 10 (62.5%) 

children (figure 1B), and one case showed three 

yellow signals (figure 1C). 
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Figure 1.  FISH analysis with the dual-colour LSI-MLL gene break apart probe (Vysis) revealing  [A]  two yellow signals 

indicating negative MLL gene rearrangement [B] one yelow, one  orange and one green signals indicating presence of MLL gene 

rearrangement [C] three yellow signals indicating the presence of three MLL copies but no MLL rearrangement. 

 

 

 
Figure 2. Correlation between NG2 expression and MLL 

gene rearrangement in the studied ALL patients.  

Comparison between ALL patients with 

positive and negative MLL gene 

rearrangement: 

As shown in Table 2, comparison between MLL-r 

positive and negative patients revealed a 

significant difference between the two groups as 

regards the incidence of central nervous system 

(CNS)  infiltration (p=0.005) while, no significant 

difference was found as regards their age, sex, or 

the presence of hepatomegaly, splenomegaly and 

lymphadenopathy (p>0.05).  

With respect to laboratory data, the MLL-r 

positive group showed a significantly higher 

lactate dehydrogenase (LDH) level (p<0.001) and 

white blood cells count (WBC) (p<0.001). No 

significant difference was detected as regards their 

hemoglobin level (p=0.110), platelets count 

(p=0.111), PB blasts (p=0.399) or BM blasts 

(p=0.156). Moreover, the percentage of NG2 

positivity and mean NG2 % expression were 

significantly higher in patients with positive 

MLL-r compared with negative ones (p<0.001). 

 

Comparison between ALL patients with 

positive and negative NG2 expression: 

Comparison between NG2 positive and negative 

ALL patients revealed significant difference as 

regards the presence of CNS infiltration 

(P=0.002), hepatomegaly (p=0.002), and 

splenomegaly (p=0.014). NG2 positive group also 

showed higher median WBC (<0.001), mean NG2 

% expression (p<0.001), as well as, the percentage 

of positive MLL-r patients (p<0.001) (Table 2).  

 

Correlation between NG2 expression and MLL 

gene rearrangement in the studied ALL 

patients:  

As shown in Figure 2, NG2 expression was 

positively correlated with MLL gene 

rearrangement (r=0.53, p<0.001). Noteworthy, 

one studied NG2 positive case showed three 

yellow signals indicating the presence of three 

copies of MLL but no rearrangement was 

observed, amplification of MLL could be either 

due to trisomy of chromosome 11 or the presence 

of partial tandem duplication of MLL gene (MLL-

PTD). 

ROC curve analysis was used to detect the cut off 

value of NG2 % expression that could predict the 

presence of 11q23 break-apart (MLL gene 

rearrangement). It revealed that NG2 level ≥ 
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18.6% is a significant predictor of the presence of 

MLL-r (area under the curve [AUC] 0.84, 

confidence interval [CI] 0.63-1) with 85% 

sensitivity, 95% specificity and 90% accuracy 

(p=0.004). 

 

Table 1. Descriptive data of the studied patients with acute lymphoblastic leukemia 

Variable ALL ( n=44) 

Age (years), median (IQR) 3.5 (2-7.5) 

Infants, n (%) 8 (18.2) 

Children, n (%) 36 (81.8) 

Males, n (%) 26  (59.1) 

Hepatomegaly, n (%) 30 (68.2) 

Splenomegaly, n (%)  34 (77.3) 

Lymphadenopathy, n (%) 34 (77.3) 

CNS infiltration, n (%) 4 (9.1) 

WBC (X10
9
/L), mean ± SD 16.1 (10.2 - 64.6) 

Hemoglobin (gm/dL), mean ± SD 6.97 ± 1.5 

Platelets (x10
9
/L), median (IQR) 44 (20 - 59.3) 

PB Blasts (%), mean ± SD 62.5 ± 22.8 

BM blasts (%), mean ± SD 93.4 ± 8.5 

LDH (IU/dL), mean ± SD 879.7 ± 411.4 

NG2% expression, mean (range) 16.1 (2.1 - 34) 

Positive NG2, n (%) 14 (31.8) 

11q23 Chromosomal aberration  

11q23 break apart (MLL-r), n (%) 16 (36.4) 

MLL amplification, n (%) 1(2.3) 

CNS: central nervous system, WBC: white blood cell count, PB: peripheral blood, BM: bone marrow, LDH: lactate 

dehydrogenase, NG2: chondroitin sulfate proteoglycan neuron-glial antigen 2, MLL-r: mixed lineage leukemia gene 

rearrangement. 

 

Table 2. Demographic, clinical and laboratory data among patients with NG2 expression and MLL gene 

rearrangement 

Variable Positive 

 MLL-r 

 n=16 

Negative 

 MLL-r 

n=28 

P 
positive NG2  

n=14 

negative NG2  

n=30 
P 

Age (years), median (IQR) 2.8 (1-8) 3.5 (2.6-7.5) 0.125 4 (1-8) 3 (2.25-8) 0.221 

Males, n (%) 10 (62.5) 16 (57.1) 0.727 6 (42.9) 20 (66.7) 0.134 

Hepatomegaly, n (%) 12 (75) 18 (64.2) 0.462 14 (100) 16 (53.3) 0.002 

Splenomegaly, n (%) 14 (87.5) 20 (71.4) 0.221 14 (100) 20 (66.7) 0.014 

Lymphadenopathy, n (%) 14 (87.5) 20 (71.4) 0.221 12 (85.7) 22 (73.7) 0.361 

CNS infiltration, n (%) 4 (25) 0 (0) 0.005 4 (28.6) 0 (0) 0.002 

WBC (X10
9
/L), median (IQR) 70.5 (51.8-96.2) 10.4 (4.6-14.7) <0.001 67.7 (32-79.4) 6.5 (5.9-7.9) <0.001 

Hemoglobin (gm/dL), mean ± SD 7.5 ± 1.6 6.7 ± 1.5 0.110 7.6 ± 1.8 6.7 ± 1.5 0.102 

Platelets (X10
9
/L), median (IQR) 55 (15-101) 41.5 (20-50) 0.111 50 (10-60) 43(20-57) 0.301 

Peripheral blast (%), mean ± SD 67 ± 17.9 61 ± 24.7 0.399 88.5 ± 17.1 94.9 ± 2.2 0.056 

BM blasts (%), mean ± SD 90.1 ± 16.3 94.6 ± 2.04 0.156 60.7 ± 17.4 63 ± 24.5 0.752 

LDH (IU/dL), mean ± SD 1285 ± 409.01 734 ± 308.3 <0.001 1057.3 ± 494.7 825.5 ± 378.5 0.099 

Positive NG2, n (%) 12 (75) 1(3.6) <0.001 - -  

NG2 (%), mean ± SD 24.3 ± 12.6 11.4 ± 5.4 <0.001 28.9 ± 9 10.1 ± 4.4 <0.001 

11q23 chromosomal aberration       

Positive MLL-r, n (%) - -  12 (85.7) 2  (13.3) <0.001 

MLL amplification, n (%) 0 (0) 1 (3.6) 0.444 1 (7.1) 0 (0) 0.139 

CNS: central nervous system, WBC: white blood cell count, PB: peripheral blood, BM: bone marrow, LDH: lactate 

dehydrogenase, NG2: chondroitin sulfate proteoglycan neuron-glial antigen 2, MLL-r: mixed lineage leukemia gene 

rearrangement. 
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Discussion 

The presence of 11q23 chromosomal aberrations 

with alteration of MLL gene is generally 

recognized as an unfavorable prognostic 

characteristic of some forms of ALL 
[18]

. MLL 

gene translocations result in a chimeric fusion 

protein in which the N-terminal portion of the 

MLL gene is fused to the C-terminal portion of 

the gene fusion partners. These fusion genes may 

alter the normal cellular proliferation and 

differentiation processes, favoring leukemogenesis 
[2,19]

. 

We measured the surface marker NG2 by flow 

cytomery to evaluate its usefulness as a rapid and 

less expensive method for early recognition of 

MLL-r which could help in making early 

therapeutic decisions in this group of patients with 

dismal prognosis. The detection of 11q23 

aberration was carried out successfully on all 

studied patients samples using FISH technique, 28 

patients were negative for MLL-r, however one 

case showed three copies of MLL. Positive MLL-r 

was detected in 16 (36.4%) patients including 6 

infants (37.5%), and 10 (62.5%) children. Our 

results revealed the presence of MLL-r in 75% of 

studied infants (6 out of 8). Other studies reported 

MLL-r among infants (≤12 months) with B-cell 

precursor ALL ranging from 40 up to 73.3% 
[14,20]

.  

ALL with MLL gene rearrangement is the most 

common leukemia in infants <1year of age 

accounting for approximately 50% of cases, while 

it is less common in older children and increases 

with age into adulthood (5-6% of cases) 
[21]

.  

In the present study, NG2 positivity was detected 

in 14 (31.8%) of studied ALL patients. A positive 

correlation was found between NG2 expression by 

flow cytometry and MLL-r by FISH, where 12 

(85.7%) of NG2 positive patients had MLL-r by 

FISH, whilst only 2 (12.5%) MLL-r patients were 

NG2 negative. ROC curve analysis revealed that 

NG2 % expression level ≥ 18.6 can predict the 

presence of MLL-r with high specificity and 

accuracy. 

Association between NG2 expression and MLL-r 

was detected by other studies, Schwartz et al. 
[22] 

identified NG2 positivity in 89.4% of MLL 

positive adult ALL patients. Emerenciano et al. 
[14]

 

detected NG2 positivity in 20 out of 27 (74%) of 

MLL-AFF1 positive AML patients and in 8 out of 

17 (47%) ALL patients with MLL-r other than 

MLL-AFF1, collectively they detected NG2 

positivity in 28 out of 44 (63.6%) acute leukemia 

patients with MLL-r.  

In the current study, one of the remaining two 

NG2 positive cases without MLL-r showed three 

yellow signals indicating MLL amplification that 

could be either due to trisomy of chromosome 11 

or partial tandem duplication (PTD) of MLL 

which can be detected by RT-PCR.    

CNS infiltration was found in 4 patients 

representing 25% of MLL-r positive patients, and 

28.6% of NG2+ which was in agreement with 

Kosaka et al. 
[23]

 who reported CNS involvement 

in 10 (24.4%) out of 41 MLL positive patients. In 

addition, Marchesi et al. 
[2]

 reported that the 

presence of t(4;11) (q21;q23) with expression of 

the fusion gene MLL-AF4 characterizes a subset 

of ALL with frequent CNS involvement, with a 

poor clinical outcome both in infants and in 

adults. 

In the present study, we found that 83.3% (10 out 

of 12) of NG2+ patients presented with 

leukocytosis  > 50 X10
9
/L. Likewise, 75% (12 out 

of 16 patients) of MLL positive patients presented 

with  WBC > 50 X 10
9
/L, and 25% had WBC > 

100 X 10
9
/L. In agreement with our findings, 

Emerenciano et al. 
[14]

 reported that 45 (75%) of 

their studied ALL cases had WBC ≥ 50X10
9
/L, 

while Kosaka et al. 
[23] 

reported a higher incidence 

of leukocytosis where 24 (58.3%) patients had 

WBC ≥ 100 X 10
9
/L. 

The association between NG2 expression in this 

study and the poor prognostic factors; 

hyperleucoytosis, CNS infiltration, and MLL-r, 

indicates that NG2 expression could identify a 

subgroup of ALL patients with poor prognosis. 

Further longitudinal studies including larger 

number of patients with extended follow-up may 

provide additional information. 
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In conclusion, immunophenotypic analysis of 

NG2 expression with a cutoff value ≥ 18.6% 

allows the identification and prediction of MLL-r, 

with high specificity and accuracy suggesting that 

flow cytometry is a reliable, cost-effective and 

rapid tool for detection of MLL-r.  
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