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Summary

Background Acute lymphoblastic leukemia (ALL),
characterized by overproduction and accumulation
of immature lymphoid cells in bone marrow and pe-
ripheral blood, is the most common malignancy in
children. NOTCH signaling is suggested to be a key
event in hematological malignancies and appears
to be a major oncogenic trigger in leukemia. Sev-
eral studies on NOTCH target gene (HES-1, p21 and
c-Myc) expression evaluated the correlation between
these genes in AML (acute myeloid leukemia), but
this relationship has not yet been clarified in ALL.
Therefore, we aimed to study the expression of these
genes in our Egyptian patients with ALL to obtain
more information.

Patients and methods RNA was extracted from pe-
ripheral blood mononuclear cells (PBMNCs) of 91 pe-
diatric ALL patients (49 B-cell acute lymphoblastic
leukemia [B-ALL] and 42 T-cell acute lymphoblastic
leukemia [T-ALL]) and 52 healthy controls. The ex-
pression levels were determined by quantitative real-
time polymerase chain reaction (QRT-PCR).

Results Median p21 and HES] expressions were down
regulated, while c-Myc expression was up-regulated
in B-ALL cases (p<0.001, p=0.008, p<0.001, re-
spectively) and in T-ALL cases (p=0.049, p=0.015,
p<0.001, respectively) when compared to the control
group. Median HES1 expression was down regulated,
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in B-ALL cases compared to T-ALL cases (p=0.002),
while P21 and c-Myc did not differ significantly be-
tween B-ALL and T-ALL cases.

Conclusion P21 expression showed a significant pos-
itive correlation with HES1 expression and c-Myc
showed nonsignificant negative correlations with p21
and HES], thus, suggesting that HES1 may affect ALL
cells through the HES1-p21 pathway. Patients with
over expressed c-Myc had worse survival than pa-
tients with low expression which suggested it is a risk
predictor.

Keywords HES1 - P21 - c-Myc - T-ALL - Expression
level

Introduction

Acute lymphoblastic leukemia (ALL) is a malignant
disease of the bone marrow in which early lym-
phoid precursors proliferate and replace the normal
hematopoietic cells, resulting in a marked decrease
in normal blood cell production [1]. ALL constitutes
30% of all pediatric malignancies and 70% of pediatric
leukemia; cases show a male to female ratio of 2.3:1.
The 2-10 year age group constitutes 68.5% [2].

NOTCH can act as both an oncogene and a tumor
suppressor [3]. A prime example of oncogenic NOTCH
signaling is provided by T-cell acute lymphoblastic
leukemia (T-ALL), which is an aggressive neoplasm
of immature T cells. In this disease, gain-of-function
mutations give rise to constitutively active forms of
NOTCH [4]. In addition, NOTCH signaling is involved
in the pathogenesis of certain colon cancers [5].

The best known NOTCH target genes include the
following: HES (Hairy enhancer of split) which is a he-
lix-loop-helix transcription factor that functions as a
transcriptional repressor [6], c-Myc (MYC proto-onco-
gene) which drives cell cycle progression and regulates
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the expression of key enzymes that control cellular
metabolism and stimulates ribosome biogenesis and
protein synthesis through interactions with RNA poly-
merase III and RNA polymerase I [7-12], and finally
p21 gene (also known as cyclin-dependent kinase in-
hibitor 1) which is involved in replicative senescence
and terminal differentiation and proliferation in non-
hemopoietic and hemopoietic cells [13]. Expression
of p21 is induced by wild-type p53 in the presence of
DNA damage, leading to apoptosis or cell cycle arrest
at the G1 checkpoint [14].

Due to the important role of NOTCH target gene ex-
pression in tumorigenesis and because this relation-
ship in ALL is not clarified yet due to the small number
of studies in ALL, our goal was to evaluate the expres-
sion of these genes in pediatric Egyptian ALL patients
and correlate the results with clinical and laboratory
data of the patients.

Patients and methods
Patients’ samples

This study involved 91 newly diagnosed pediatric ALL
patients treated at the Oncology Center Mansoura
University. Diagnosis of ALL was performed according
to standard cytomorphology and immunophenotypic
criteria. All samples were obtained in accordance with

Table 1
groups

B-ALL HES1 expression

High (N=22) Low (N=27)
Age (years), median, range 6 (2-16) 7 (2-18)
Males, N, % 7 (31.8%) 12 (44.4%)
Females, N, % 15 (68.2%) 15 (55.6%)
TLC (x 10%/L), median, range 5.3 (3-41) 10.2 (2-112)
Hemoglobin (g/dL), median, range 8.4 (5.6-11) 8.7 (4.5-14)
Platelet (x 10%L), median, range 53.52 (8-121) 50.8 (13-200)
PB Blasts (%), median, range 75 (61-91) 90 (49-97)
BM Blasts (%), median, range 90 (75-95) 85 (70-90)
SGPT (U/L), median, range 17.8 (12-82) 24.3 (9-57)
SGOT (U/L), median, range 25.4 (12-69) 30 (24-44)
Bilirubin (mg/dL), median, range 0.4 (0.2-0.8) 0.5(0.1-1.3)
Creatinine (mg/dL), median, range 0.5 (0.3-0.6) 0.6 (0.4-1)
Uric acid (mg/dL), median, range 5.05 (1.8-7.8) 3.3(2.4-6.8)
LDH (U/L), median, range 840 (429-3810) 860(165-1939)
Splenomegaly, N, % 9 (40.9%) 15 (55.6%)
Hepatomegaly, N, % 12 (54.5%) 24 (88.9%)
Low risk, N, % 19 (86.4%) 5 (18.5%)
High risk, N, % 3 (13.6%) 22 (81.5%)
CR N, % 20 (90.9%) 19 (70.4%)
Non CR, N, % 2 (9.1%) 8 (29.6%)

the Declaration of Helsinki, with informed consent
obtained from the patients, parents or guardians and
approval from the faculty of medicine Mansoura Uni-
versity institutional review board. Peripheral blood
(PB) samples were obtained from the 91 ALL patients
(40 [44%] male and 51 [56%] female with a median age
of 6 years); healthy control PB samples were obtained
from 52 healthy donors (median age 6 years).

Methods

PB mononuclear cells isolation

Mononuclear cells were isolated by density gradient
centrifugation using lymphocyte separation medium
(Lonza, Walkersville, MD, USA); RNA was isolated
from mononuclear cells using miRNeasy Mini kits
(Qiagen, Germantown, MD, USA). RNA concentra-
tion and purity were determined using NanoDrop
(Maestrogen, Hsinchu, Taiwan).

cDNA and quantitative real-time PCR (gRT-PCR)

cDNA was synthesized from 2ug RNA using high ca-
pacity reverse transcription kit (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
instructions. Quantitative real-time PCR was per-
formed on the StepOne™ by using TagMan gene
expression assays for P21, HES1 and c-MYC genes
(Life Technologies, Grand Island, NY, USA). The

Comparison of clinical and laboratory data between low and high HES1 gene expressions in B-ALL and T-ALL

T-ALL HES1 expression

P High (N=21) Low (N=21) P
0.224 11 (1-18) 6 (3-13) 0.172
0.367 10 (47.6%) 11 (52.4%) 0.758
11 (52.4%) 10 (47.6%)
0.147 28.4 (3-264) 33.7 (4-97) 0.734
0.250 9.9 (6-12) 8.5 (6.5-12) 0.818
0.763 105 (21-239) 68 (50-111) 0.427
0.003 88 (26-95) 90 (87-98) 0.112
0.096 85 (60-95) 90 (31-95) 0.358
0.205 26.5 (13-53) 31 (20-69) 0.121
0.134 25.3 (13-39) 35.8 (15-53) 0.202
0.135 0.7 (0.2-1.2) 0.4(0.3-1.3) 0.296
0.130 0.8 (0.4-1.5) 0.7 (0.6-7.4) 0.818
0.277 3.2 (1.2-5.9) 3.6 (1.4-8.9) 0.074
0.468 782 (247-3181) 690 (526-984)  0.496
0.308 12 (57.1%) 15 (71.4%) 0.334
0.007 16 (76.2%) 14 (66.7%) 0.495
<0.001 14 (66.7%) 1 (4.8%) <0.001
7 (33.3%) 20 (95.2%)
0.152 21 (100%) 10 (47.6%) <0.001
0 (0%) 11 (52.4%)

TLC total leukocyte count, PB Peripheral blood, BM Bone marrow, SGPT Serum glutamic pyruvic transaminase, SGOT Serum glutamic oxaloacetic transaminase
LDH Lactate dehydrogenase, CR complete response, B-ALL B-cell acute lymphoblastic leukemia, T-ALL T-cell acute lymphoblastic leukemia, HEST Hairy
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Table 2 Comparison of clinical and laboratory data between low and high p21 gene expression in B-ALL and T-ALL groups

Age (years), median, range
Males, N, %

Females, N, %

TLC (x 10%/L), median, range
Hemoglobin (g/dL), median, range
Platelet (x 10%L), median, range
PB Blasts (%), median, range

BM Blasts (%), median, range
SGPT (U/L), median, range

SGOT (U/L), median, range
Bilirubin (mg/dL), median, range
Creatinine (mg/dlL), median, range
Uric acid (mg/dL), median, range
LDH (U/L), median, range
Splenomegaly, N, %
Hepatomegaly, N, %

Low risk, N, %

High risk, N, %

CR N, %

Non CR, N, %

B-ALL P21 expression
High (N= 25)

6 (2-18)

13 (52%)

12 (48%)
5.3 (2-25)
9.4 (5.6-12)
56 (10-200)
86 (49-97)
90 (75-95)
20.9 (12-33
25.4 (12-40
0.4 (0.2-0.9
0.6 (0.4-0.8
4.2 (1.8-7.8)
860 (429-3810)
9 (36%)

12 (48%)

19 (76%)

6 (24%)

23 (92%)

2 (8%)

& (=&

Low (N=24)
4.5 (2-18)

6 (25.0%)

18 (75.0%)
11.25 (3-112)
8.55 (4.5-14)
39.5 (8-79)
89 (75-97)
85 (70-90)
28.05 (9-82)
30.5 (24-69)
0.55 (0.1-1.3)
0.4 (0.3-1)
3.245 (2.4-6.8)
791 (165-1939)
15 (62.5%)
24 (100%)

5 (20.8%)

19 (79.2%)

16 (66.7%)

8 (33.3%)

P
0.155
0.052

0.003
0.976
0.016
0.117
0.131
0.186
0.202
0.362
0.070
0.508
0.253
0.064
<0.001
<0.001

0.037

T-ALL P21 expression
High (N=21)

11 (1-18)
12 (57.1%)
9 (42.9%)
8.1 (3-100)
9.5 (6-12)
68 (21-239)
90 (26-96)
87 (60-95)
18.4 (13-53
23.8 (15-50
0.4(0.2-1.1
0.8 (0.4-7.4
3.3(1.2-8.9)
632 (247-3181)
12 (57.1%)

16 (76.2%)

14 (66.7%)

7 (33.3%)

18 (85.7%)

3 (14.3%)

a2 (S| &

Low (N=21)

6 (3-15)

9 (42.9%)

12 (57.1%)
66.5 (26-264)
9.9 (7.9-12)
79.01 (48-111)
89 (77-98)
85 (31-90)
28.3 (16-69
34.2 (13-53
0.6 (0.4-1.3
0.6 (0.5-1.5
3.4 (1.4-5.9)
782 (486-984)
15 (71.4%)

14 (66.7%)

1 (4.8%)

20 (95.2%)

13 (61.9%)

8 (38.1%)

= (e | &

P
0.306
0.355

<0.001
0.251
0.307
0.820
0.135
0.089
0.910
0.102
0.065
0.443
0.733
0.334
0.495
<0.001

0.159

TLCtotal leukocyte count, PB Peripheral blood, BM Bone marrow, SGPT Serum glutamic pyruvic transaminase, SGOT Serum glutamic oxaloacetic transaminase,
LDH Lactate dehydrogenase, CR complete response, B-ALL B-cell acute lymphoblastic leukemia, T-ALL T-cell acute lymphoblastic leukemia, P27 cyclin-depen-

dent kinase inhibitor 1

Table 3 Comparison of clinical and laboratory data between low and high c-Myc gene expression in B-ALL and T-ALL

groups

Age (years), median, range
Males, N, %

Females, N, %

TLC (x 10%/L), median, range
Hemoglobin (g/dL), median, range
Platelet (x 10%L), median, range
PB Blasts (%), median, range

BM Blasts (%), median, range
SGPT (U/L), median, range

SGOT (U/L), median, range
Bilirubin (mg/dL), median, range
Creatinine (mg/aL), Median, range
Uric acid (mg/dL), median, range
LDH (U/L), median, range
Splenomegaly, N, %
Hepatomegaly, N, %

Low risk, N, %

High risk, N, %

CR N, %

Non CR, N, %

B-ALL c-Myc expression

High (V= 26)
6 (2-18)

10 (38.5%)
16 (61.5%)
9.4 (5-41)
9.5 (5.6-14)
53.6 (8-200)
84 (49-91)
85 (70-95)
24.1 (12-82)
26.1 (12-69)
0.5(0.2-1.3)
0.5 (0.3-0.9)
2.8 (1.8-7.8)
1160.5 (201-3810)
9 (34.6%)

13 (50%)

11 (42.3%)
15 (57.7%)
20 (76.9%)
6 (23.1%)

Low (N=23)
5(2-17)

9 (39.1%)

14 (60.9%)

5.3 (2-112)

8.4 (4.5-12)
38.2 (10-54)

92 (61-97)

90 (80-95)

17.8 (9-47)
31.3 (24-44)
0.5 (0.1-1.1)
0.6 (0.4-1)
4.2(2.4-7.8)
840 (165-1939)
15 (65.2%)

23 (100%)
13 (56.5%)
10 (43.5%)
19 (82.6%)
4 (17.4%)

P
0.135
0.962

0.244
0.119
0.101
0.101
0.128
0.125
0.104
0.216
0.552
0.121
0.160
0.032
<0.001
0.321

0.731

T-ALL c-Myc expression

High (N=21)
7 (3-15)

11 (52.4%)
10 (47.6%)
33.7 (3-264)
11 (6.5-12)
85 (48-239)
90 (77-95)
90 (66-95)
28.3 (13-69)
34.6 (13-48)
1.1(0.3-1.3)
0.7 (0.5-1.5)
3.4 (1.2-8.9)
632 (247-998)
12 (57.1%)
16 (76.2%)

7 (33.3%)

14 (66.7%)
12 (57.1%)

9 (42.9%)

Low (N=21)
12 (1-18)

10 (47.6%)
11 (52.4%)
25.7 (4-100)
8.3 (6-12)
63.17 (21-148)
89 (26-998)
85 (31-95)
22.8 (14-53)
23.8 (15-53)
0.4 (0.2-0.6)
0.7 (0.4-7.4)
3.4 (1.4-4.5)
865 (526-3181)
15 (71.4%)
14 (66.7%)
8 (38.1%)

13 (61.9%)
19 (90.5%)
2 (9.5%)

P
0.426
0.758

0.089
0.151
0.105
0.909
0.168
0.571
0.910
0.071
0.730
0.998
0.123
0.334
0.495
0.747

0.032

TLCtotal leukocyte count, PB Peripheral blood, BM Bone marrow, SGPT Serum glutamic pyruvic transaminase, SGOT Serum glutamic oxaloacetic transaminase,
LDH Lactate dehydrogenase, CR complete response, B-ALL B-cell acute lymphoblastic leukemia, T-ALL T-cell acute lymphoblastic leukemia, cMyc MYC

proto-oncogene
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house-keeping gene Glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) used as internal controls. The
relative gene expression level was calculated as 2-22C,

Statistical analysis

The collected data were revised, coded and tabu-
lated using Statistical package for Social Science (Re-
leased 2011, SPSS Statistics for Windows, Version 20.0.,
IBM Corp., Armonk, NY, USA). Data were compiled
and suitable analyses were done according to the
type of data obtained for each parameter. The Kol-
mogrov-Smirnov test was done to test the normality
of data distribution. Significant data were considered
to be nonparametric.

Results
Expression levels of HES1, P21, and c-Myc genes

To determine the expression pattern of HES1, P21,
and c-Myc genes, respectively, in T-ALL and B-ALL pa-
tients, 91 samples of PB mononuclear cells from pe-
diatric ALL patients and 52 from normal subjects were
analyzed using qRT-PCR. In all, 91 patients (40 males,
51 females) with T-ALL (n=42) and B-ALL (n=49) at
a median age of 6 years (range 1-18 years) were ana-
lyzed.

Median p21 and HES1 expressions were down
regulated, while c-Myc expression was up regulated
in ALL cases when compared to the control group
(p<0.001 each). Median p21 and HES1 expressions
were down regulated, while c-Myc expression was
up regulated in B-ALL cases when compared to the
control group (p<0.001, p=0.008, p<0.001, respec-
tively). Median p21 and HES1 expressions were down
regulated, while c-Myc expression was up regulated
in T-ALL cases when compared to the control group
(p=0.049, p=0.015, p<0.001, respectively). Median
HES1 expression was down regulated in B-ALL cases
compared to T-ALL cases (p=0.002). P21 and c-Myc
did not differ significantly between B-ALL and T-ALL
cases.

Relationship between HES1, p21, and c-
Myc expression and the clinicopathological
characteristics of pediatric ALL patients

To determine whether HES1, p21, and c-Myc expres-
sion levels correlate with the clinicopathological char-
acteristics of pediatric ALL patients, we divided pa-
tients into high and low groups based on the median
expression value of HES1, p21, and c-Myc expression.

B-ALL patients with low HES1 gene expression
had higher peripheral blasts (75% vs. 90%, p=0.003),
higher frequency of hepatomegaly (54.5% vs. 88.9%,
p=0.007), and high risk rate (13.6% vs. 81.5%,
p=<0.001) compared to those with high HES1 ex-
pression as shown in Table 1. Moreover, low p21 gene

expression was significantly associated with higher
TLC (5.3x10%L vs. 11.25x10%/L, p=0.003), higher
frequency of hepatomegaly (48% vs. 100%, p<0.001),
high risk rate (24% vs. 79.2%, p<0.001), nonremission
rate (8% vs. 33.3%, p=0.037), and lower platelet count
(56x 10%/L vs. 39.5x10%L, p=0.016) compared to
high p21 gene expression (Table 2). High c-Myc gene
expression was significantly associated with lower fre-
quency of hepatomegaly (100% vs. 50%, p<0.001) and
splenomegaly (65.2% vs. 34.6%, p=0.032) compared
to patients with low c-Myc gene expression (Table 3).

HES1 expression
&

a Control B-ALL T-ALL
4
3
.% 3
g
4
—
o
A
o
1 o
5 =
b Control B-ALL T-ALL

c-myc expression

] o 1
C Control

Fig. 1 Gene expression in the control, B-ALL, and T-ALL
groups: a HES1 expression, b P21 expression, ¢ c-Myc
expression. B-ALL B-cell acute lymphoblastic leukemia,
T-ALL T-cell acute lymphoblastic leukemia, cMyc MYC
proto-oncogene, P21 cyclin-dependent kinase inhibitor 1,
HES1 hairy enhancer of split 1, OS overall survival, DFS Dis-
ease-free survival

B-ALL T-ALL
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Fig. 2 Association of HES1, p21, and c-Myc expression with
OS in B-ALL and T-ALL cases. a OS according to HES1 ex-
pression in B-ALL cases. b OS according to HES1 expression
in T-ALL cases. ¢ OS according to p21 expression in B-ALL

In T-ALL patients, low HES1 gene expression was
significantly associated with higher frequency of high-
risk rate (33.3% vs. 95.2%, p=<0.001) and nonremis-
sion rate (0% vs. 52.4%, p<0.001; Table 1). Low
p21 gene expression was significantly associated with
higher TLC (8.1x10%L vs. 66.5x10%L, p<0.001)
and higher frequency of high risk (33.3% vs. 95.2%
p<0.001) than those with high p21 gene expression
(Table 2). High c-Myc gene expression was signif-
icantly associated with higher frequency of nonre-
mission rate (9.5% vs. 42.9%, p=0.032) compared to
patients with low c-Myc gene expression (Table 3).

When we compared the expression of the genes
in the different studied groups, we found that me-
dian p21 and HES1 expression was down regulated,
while c-Myc expression was up regulated in B-ALL
cases when compared to the control group (p<0.001,
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o ] 1 1
b 08 (months)
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i
0.6

Cumulative 08

OS (months)

cases. d OS according to p21 expression in T-ALL cases.
e OS according to c-Myc expression in B-ALL cases. f OS
according to c-Myc expression in T-ALL cases

p=0.008, p<0.001, respectively). Median p21 and
HES]1 expressions were down regulated, while c-Myc
expression was up regulated in T-ALL cases when
compared to the control group (p=0.049, p=0.015,
p<0.001, respectively; Fig. 1).

P21 expression showed a significant positive corre-
lation with HES1 expression in total ALL, B-ALL, and
T-ALL cases (rs=0.667, p<0.001; rs=0.673, p<0.001;
rs=741, p<0.001, respectively). But c-Myc showed
nonsignificant negative correlations with p21 and
HES]1 in total ALL, B-ALL, and T-ALL cases.

Shorter OS was significantly associated with low
p21, low HES1, and high c-Myc expressions in B-ALL
and T-ALL cases (Fig. 2). Also, patients with high
c-Myc expression levels in B-ALL and T-ALL patients
showed shorter DFS than patients with low c-Myc ex-
pression levels (17.4 months vs. 8 months, p=0.12;
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Fig. 3 Association of c-Myc expression with DFS in B-ALL and T-ALL cases. a DFS according to c-Myc expression in B-ALL
cases. b DFS according to c-Myc expression in T-ALL cases

11.5 months vs. 3.6 months, p=0.001) as shown in group (37.6+1.6 months versus 54.0+1.3 months,

Fig. 3. p<0.05) [15].
In this study median p21 expression were down
Discussion regulated in the entire ALL group, B-ALL cases, and

T-ALL cases when compared to the control group
In this study, our goal was to identify the role of (p<0.001, p<0.001, p=0.049, respectively). Further-
NOTCH target genes such as HES1, P21 and c-Myc  more, low p21 gene expression was significantly as-
genes to clarify their role in ALL pathogenesis and  sociated with higher TLC, higher hepatomegaly, high
correlate the results with clinical and laboratory data risk rate, nonremission rate, and lower platelet count

of the patients. in the B-ALL group and in the T-ALL group. This
The role of HES1 in the prognosis of ALL has not = might give an important role to study the expression
been well demonstrated. We found that the expres-  of p21 as it is considering as a strong candidate for

sion level of HES1 gene was low in PBMNC samples  participation in tumor progression and over expres-
of pediatric ALL compared to normal PB control sion of p21 might suppress tumor growth in different
(p value <0.001). This is consistent with another  experimental models which might justify the impor-
study reporting that the average expression of HES1  tance of target therapy usage [17, 18]. Our finding
in AML (acute myeloid leukemia) BMNCs was lower in ALL was consistent with a previous study done
than that in normal BMNCs [15]. In our study, HES-1 on P21 in AML patients that pointed out the im-
expression in pediatric B-ALL was significantly de-  portance of p21 in human leukemias and indicated
creased in comparison to pediatric T-ALL. (p=0.002),  that the lower p21 expression might be prognostic
which is consistent with another study reporting factor in acute myeloid leukemia patients [19]. An-
that B-ALL samples showed lower levels of HES1 ex-  other study showed that p21 was frequently down
pression than T-ALL samples, thus, suggesting lower  regulated in adult T-cell leukemia/lymphoma (ATLL)
levels of NOTCH activation in B-ALL samples [16]. cells [20], while others reported an absence of p21
Low HESI gene expression in B-ALL was significantly =~ expression has been noted in T-ALL cells [21]. In our
associated with higher peripheral blasts, higher hepa-  study, shorter OS was significantly associated with
tomegaly, and high risk rate compared to those with  low p2lexpression group in B-ALL and T-ALL and
high HES1 gene expression. However, in the T-ALL  this was suggested to be poor prognostic factor. DFS
group, low HES1 gene expression was significantly as-  was not significantly associated with p21 expression
sociated with high risk and nonremission rate. In the  in the B-ALL or T-ALL group.
evaluation of the expression of HES1 as a prognostic On the other hand, c-Myc expression was up regu-
factor for T-ALL and B-ALL patients, our study showed lated in the entire ALL group, B-ALL cases, and T-ALL
that the low-expression group had a shorter OS time  cases when compared to the control group (p<0.001),
compared with those of the high-expression group and did not differ significantly between B-ALL and
and this is consistent with another study on AML  T-ALL cases. This is compatible with other studies
reporting that the OS of the high-expression group is  reporting that c-Myc is frequently overexpressed in
significantly longer than that of the low-expression = human acute lymphoblastic and myeloid leukemia
[22-25]. Up regulation of c-Myc in human ALL has
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been reported through chromosome translocations,
aberrant c-Myc stability, and genetic gene fusion
[26-28]. No significant differences in c-Myc expres-
sion were observed with age, sex, or peripheral blood
blasts.

Conclusion

In our study, we found a positive correlation between
HES1 expression and p21 expression in pediatric
ALL which suggests that HES1 may affect ALL cells
through the HES1-p21 pathway. Down regulation
of p21 and HES1 expression and up regulation of
c-Myc expression were significantly associated with
high-risk leukemia, nonremission rate, shorter OS,
and shorter DFS which suggest that these are poor
prognostic factors in ALL. Therefore, we recommend
further studies of these genes in ALL in order to assess
the importance of these genes in ALL.
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