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ABSTRACT

Childhood pre-B acute lymphoblastic leukemia (pre-B-ALL) can be identified through routine genetic diagnostic methods in approxi-
mately 70-75% of cases. However, in 20-25% of cases, genetic abnormalities remain undetected at diagnosis, complicating the pre-
diction of relapse risk, treatment response, and therapy-related cytotoxicity. Identifying reliable biomarkers is crucial for early diagnosis 
and optimized treatment strategies. Bone marrow samples were collected from 15 pediatric pre-B-ALL patients and 5 healthy child 
donors. Following cDNA synthesis, mRNA expression levels of AURKA, CASP1, GPM6B, NUDT15, S100A8, and Survivin genes were 
analyzed using qRT-PCR. AURKA, CASP1, and Survivin genes showed significantly increased expression in childhood pre-B-ALL 
cases (p< 0.05). However, no significant difference was observed for GPM6B, NUDT15, and S100A8. Kaplan-Meier analysis revealed 
no correlation between gene expression levels and relapse time. Spearman’s rho test showed a strong positive correlation between 
AURKA and Survivin expression (p< 0.0001). AURKA and Survivin overexpression are significantly correlated and may serve as poten-
tial biomarkers for predicting relapse in pediatric pre-B-ALL. CASP1 overexpression may indicate glucocorticoid resistance, potentially 
affecting treatment response; GPM6B, NUDT15, and S100A8 did not show significant relationships with relapse. Further validation in 
larger cohorts is required. Protein-level studies are needed to confirm the functional significance of these gene expression changes.
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INTRODUCTION

Approximately 85% of childhood ALL cases 
originate from B-cell precursors. The most impor-
tant factor determining the biological behavior of 
these leukemic cells and their sensitivity to treat-
ment is their genetic characteristics.¹ Recurrent 
chromosomal abnormalities, identifiable through 
conventional cytogenetic methods, are observed 
in approximately 70-75% of childhood B-ALL 
cases. Most of these abnormalities have prognostic 
significance and are used to determine risk when 
applying certain treatment protocols. Additionally, 
25-30% of ALL cases remain uncharacterized by 
routine genetic methods at the time of diagnosis, 

making the relapse risk uncertain. In addition, in 
recent studies secondary somatic mutations that 
occur during treatment also gain great importance 
in treatment resistance and relapse.2

In childhood ALL, risk group classification is 
based on factors such as age, leukocyte count, 
cytogenetic findings, response to initial induction 
chemotherapy, and central nervous system or tes-
ticular involvement.3

However, even when these criteria are considered 
together, accurately identifying high-risk patients 
with potential treatment resistance and relapse re-
mains challenging.4
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Further studies on the molecular mechanisms un-
derlying relapsed ALL are needed to develop more 
effective treatment strategies and improve patient 
survival rates.
More than 100 genes associated with relapse have 
been identified in ALL studies. Specifically AUR-
KA, CASP1, GPM6B, NUDT15, S100A8 and 
Survivin genes have been reported to be linked to 
relapse in the literature, with their expression sig-
nificantly altered in treatment-resistant patients.5

However, no data exist regarding the relationship 
between AURKA, CASP1, GPM6B, NUDT15, 
and S100A8 genes and pre-B ALL relapse in Tur-
kiye.
This study aims to identify biomarkers that can de-
termine the risk of relapse at the time of diagnosis 
by analyzing the expression levels of relapse-relat-
ed genes (Survivin, S100A8, GPM6B, NUDT15, 
AURKA, and CASP1) in 15 Turkish children 
newly diagnosed with pre-B ALL and 5 healthy 
control individuals using the quantitative real-time 
PCR (qRT-PCR) method. The differences in gene 
expression levels between the control and patient 
groups were assessed.

PATIENTS AND METHODS

RNA samples were obtained from bone marrow 
material collected at the time of diagnosis during 
routine clinical evaluation of 15 pre-B ALL pa-
tients who applied to the Akdeniz University Pedi-
atric Hematology and Oncology Department be-
tween 2009 and 2019. These samples were stored 
at -20°C and included in the study

As a control group, RNA samples were isolated 
from bone marrow materials obtained from five 

healthy children who served as bone marrow do-
nors were isolated by using Qiamp RNA Blood 
Mini Kit (Qiagen).

cDNA Synthesis
RNA samples of 15 patients and total RNAs ob-
tained from 5 healthy control groups were trans-
lated into cDNA using the Blue-Ray PCR device 
in accordance with the protocol with the Applied 
BiosystemsTM High-Capacity cDNA Reverse 
Transcription Kit (4368814). Quantity and pu-
rity measurements of isolated cDNA samples 
were determined by spectrophotometer (Quawell/ 
Q9000B). 

qRT PCR
Applied BiosystemsTM StepOnePlusTM Real-
Time PCR device and PowerUpTM SYBRTM 
Green Master Mix (A25742) kit for determina-
tion of expression levels of relapse-associated tar-
get genes (AURKA, CASP1, GPM6B, NUDT15, 
S100A8 and Survivin genes) and β-Actin gene as 
housekeeping gene were used in accordance with 
the protocol specified by the manufacturer. Primer 
sequences are given in Table 1. The 96-well plate 
was designed to include patient and control groups 
in triplicate, with each plate containing a negative 
control without cDNA. qRT-PCR conditions were 
as follows: initial denaturation at 95°C for 10 min-
utes, followed by 40 cycles of denaturation at 95°C 
for 15 seconds, annealing at 60°C for 1 minute, and 
final extension at 95°C for 15 seconds. The melt 
curve analysis was performed with an initial step at 
95°C for 15 seconds, followed by cooling to 60°C 
for 1 minute, and a final heating step at 95°C for 
15 seconds.

Table  1. Real-Time PCR Primers

Genes Forward 5’-3’ Reverse 5’-3’

ß-Actin 5′-CCTGGCACCCAGCACAAT-3′ 5′-GCCGATCCACACGGAGTACT-3′,

AURKA 5’-TCTTCCCAGCGCATTCCTTT-3’ 5’-GCTGCTTGCTCTTTTGGGTG-3’

CASP1 5’-GCCTGTTCCTGTGATGTGGAG-3’ 5’TGCCCACAGACATTCATACAGTTTC-3’

GPM6B 5’-GGTGCCCGTGTTTATGTTCTA-3’ 5’-CACACAGATCTGCTCCACAC 3’

NUDT15 5’-AAGCAAATGCAAAGCATCAC-3’ 5’-GGCTGAAAGAGTGGGGGATA-3’

S100A8 5′- TGTCTCTTGTCAGCTGTCTTTCA-3′ 5′- CCTGTAGACGGCATGGAAAT-3′

Survivin 5’-AGGACCACCGCATCTCTACAT-3′ 5’-AAGTCTGGCTCGTTCTCAGTG-3′
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Ethical Approval: The approval of Akdeniz Uni-
versity Faculty of Medicine Clinical Research Eth-
ics Committee (Decision No:781/28.08.2019) and 
informed consent form were obtained from the 
families.

Statistical Analysis
The difference in gene expression between the pa-
tient and control groups was examined by the ΔΔCT 
method. Kolmogorov Smirnov Z, Kaplan-Meier 
and Spearman’s rho tests PASW Statistics version 
18 (IBM, NY, USA) software program was used 

for analysis. A significance level of p< 0.05 was 
considered statistically significant.

RESULTS
In this study, all 15 patients diagnosed with pre-
B ALL in the Pediatric Hematology and Oncol-
ogy unit, where gene expression analysis was 
performed, were male, and the gender distribution 
of the control group was 4 girls (80%) and 1 boy 
(20%). The patients age distribution ranged from 3 
to 13 years, with a mean age of 6.6 years.The age 
distribution of the control group was between 3-16, 

Table 2. Clinical data, cytogenetic analyses, and FISH results on bone marrow from patients with pre B-ALL

UPN Age at Gender Diagnosis- Out- Cyto- FISH

 Diagnosis  Relapse Come Genetics

 (Years)  Range (month)

1 3 M 116 Alive 46, XY, -12, der(13) t(12;13)(q11;p11),  nuc ish 12p13(ETV6x2),    

     +i(21)(q10) [2]/ 46, XY [3] 21q22 (RUNX1x4)(ETV6 con 

      RUNX1x2)[82]

2 3 M 30 Alive 46,XY [14] nuc ish 12p13(ETV6x2),   

      21q22(RUNX1x4)(ETV6 con  

       RUNX1x2)[8/400]

3 6 M 11 Alive 45, XY, der(9) t(9;12)(p13;p13),-12 [18]/ 45, XY,  nuc ish 12p13(ETV6x1),   

     del(3)(q21), der(9) t(9;12)(p13;p13),-12 [5] 21q22(RUNX1x2)[356/400]

4 8 M 37 Alive 46, XY, add(6)(p25) [1]/ 46, XY [24] nuc ish 12p13(ETV6x2),   

      21q22(RUNX1x4)(ETV6 con  

       RUNX1x1)[268/400]

5 5 M 35 Alive 56,XY,+X,+Y,+4,+5,+6,+10,+14,+18,+21,  nuc ish 12p13(ETV6x2), 

     +21[3]/56, XY, +X, +Y, inv(1)(p13q32), +4,  21q22(RUNX1x4)[340/400]

     +5, +6,+10, +14, +18, +21, +21[8]/46, XY[10] 

6 6 M 29 Alive 46,XY[15] nuc ish 9p21(p16x0), 

      9q12(D9Z3x2)[228/400]

7 4 M 40 Alive 46, XY, +X, -7, t(7;12;14)(q10;p12;q32)[5]/  nuc ish 12p13(ETV6x3),   

     46, XY [1] 21q22(RUNX1x2)[244/400]

8 4 M 59 Alive 57,XY,+3,+4,+5,+8,+9,+11,+14,+15,+17, nuc ish 12p13(ETV6x2),   

     +21,+21[8] 21q22(RUNX1x4)[380/400]

9 4 M 8 DOD 46,XY [9] nuc ish 9p21(p16x3), 

      9q12(D9Z3x3)[50/100]

10 9 M 15 Alive 45, X, -Y, add(9)(p24), add(19)(q13),  nuc ish 9p21(p16x0), 

     del(20)(q12) [1]/46, XY [24] 9q12(D9Z3x2)[220/400]

11* 10 M 40 Alive    

12* 13 M 24 Alive    

13 10 M 42 Alive 46, XY [20] nuc ish 12p13(ETV6x3),   

      21q22(RUNX1x2)[252/400]

14 7 M 108 Alive 46, XY, del(7)(q11) [1]/ 46, del(X)(q11),  nuc ish 12p13(ETV6x2), 

     Y, del(3)(p12), del(7)(q22) [3]/ 46, XY, fra(10)  21q22(RUNX1x4)[320/400]

     (p13) [2]/ 46, XY, fra(3)(p22/p24/q25) [4]/ 53, 

     XY, +X, +4, +6, +14, +i(17)(q10), +21, +21 [1]/ 

     46, XY [7] 

15* 7 M 25 Alive    

UPN= unique patient number; M= male; DOD= dead of disease; *: Chromosome analysis and FISH could not be performed due to insufficient material
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with a mean age of 8 years. Age, gender, genetic 
findings at the time of diagnosis, diagnosis-relapse 
range and survival status of the cases are given in 
Table 2.

As a result of the analysis with the 2-ΔΔCT method; 
when the gene expression levels were compared 
between the control and pre B-ALL case groups, 
there was a statistically significant difference (p= 
0.035) in the Survivin, AURKA, CASP1 genes, 
while no statistically significant difference was 
found in the GPM6B, NUDT15, S100A8 genes 
(Figure 1).

Survival analysis using the Kaplan-Meier test de-
termined the relationship between gene expression 
and relapse duration. As a result of the statistical 
analysis, no correlation was found in terms of the 
duration of relapse in the samples taken at the time 
of diagnosis.

Statistical analysis with Spearman’s rho test re-
vealed a positive correlation between AURKA and 
Survivin expressions (r= 0.934; p< 0.0000).

DISCUSSION
The overall survival of childhood pre-B-ALL pa-
tients with relapse is still poor, and many children 
suffer from treatment side effects.6 Therefore, it is 
necessary to investigate candidate biomarkers and 
appropriate new treatments in order to improve 

outcome, reduce toxic side effects, and ultimately 
predict the risk of relapse in childhood B-ALL pa-
tients. For this purpose, the first of the genes that 
we performed gene expression analysis in cases 
diagnosed with pre-B-ALL is the AURKA gene. It 
has been reported that this gene is overexpressed in 
many solid tumours.7 Studies with hematological 
cancers are limited, and it has been reported that 
it is overexpressed especially in AML and is as-
sociated with poor prognosis.8-10 In a meta-analysis 
study in childhood B-ALL, AURKA was found to 
be overexpressed during relapse compared to di-
agnosis.5 In another study, it was found to be over-
expressed in newly diagnosed childhood B-ALL 
patients compared to the control group, but func-
tionally less important for childhood ALL com-
pared to AML.11

Consistent with these studies, in this study, it was 
found that the AURKA gene was overexpressed in 
our childhood pre-B ALL cases at the time of di-
agnosis, with a 6-fold difference compared to the 
control group. This statistically significant differ-
ence (p= 0.035) shows that the AURKA gene can 
be an important marker in determining the risk of 
relapse at the time of diagnosis. When the samples 
taken for the AURKA gene at the time of diagnosis 
were examined in terms of expression levels and 
time to relapse, no statistically significant results 
were found in terms of relapse times.

Another gene that we included in this study is the 
Caspase-1 (CASP1) gene. CASP1 has been asso-
ciated with many cancers, including melanoma, 
prostate, CLL, AML, colon and breast cancer.12,13 
Paugh et al. showed that CASP1 gene expression 
was higher in leukemia cells resistant to gluco-
corticoid (GC), which is one of the main compo-
nents of ALL treatment, in their study on primary 
leukemia cells of 444 newly diagnosed childhood 
ALL patients. They also determined that CASP1 
modulates the biological and pharmacological ef-
fects of GC by cleaving and inactivating GC re-
ceptors. They also showed that when they inhibited 
CASP1 activity in leukemia cells overexpressing 
CASP1, the cellular G-receptor number and sensi-
tivity to GCs increased significantly.14 In addition, 
Laskowska et al. obtained results supporting the 
study of Paugh et al. in mononuclear cells taken 
from 155 AML and ALL cases. Also, they report-

Figure 1. The relative mRNA expression levels. Except for the 
GPM6B gene, an increase in expression levels was observed 
in the Survivin, AURKA, CASP1, NUDT15, and S100A8 genes 
compared to the control group. However, this increase was 
found to be statistically significant only for the Survivin, AURKA, 
and CASP1 genes.
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ed that expression changes of CASP1 may affect 
the immune response in leukemia.15 In the present 
study, we observed that the CASP1 gene was over-
expressed more than 7 times in pediatric pre-B 
ALL cases compared to the control group, and this 
difference was statistically significant (p= 0.035). 
Based on this result, which supports previous stud-
ies, we suggest that CASP1 expression could serve 
as a biomarker at the time of initial diagnosis to 
assess the risk of relapse. Although there was a dif-
ference in the expression levels of CASP1 associ-
ated with GC resistance compared to the control 
group, there was no statistically significant result 
when the expression levels and relapse times were 
examined (p> 0.05). Further investigation is need-
ed to determine the relapse caused by drug resist-
ance of expression differences in the CASP1 gene.

Another gene related to pre-B-ALL relapse, Gly-
coprotein M6B (GPM6B), has been observed to 
be overexpressed in solid tumors and has been 
proposed as a biomarker for early diagnosis and 
prognosis in liver cancer.16 Additionally, it has 
been suggested as a biomarker involved in tumor 
vascularization in breast17 and ovarian cancers.18 In 
a study by Charfi et al. in 2011, GPM6B was first 
proposed as a potential marker for B-ALL.19 Fur-
ther research in 2012 showed that GPM6B expres-
sion was specifically increased in pre-B-ALL cases 
at the time of diagnosis,20 while another study by 
Charfi et al. in 2014 indicated that GPM6B may 
contribute to both adult and childhood B-ALL, po-
tentially functioning as a proto-oncogene.21

Contrary to the literature, our study showed a de-
crease in GPM6B expression levels in pre-B-ALL 
cases diagnosed with relapse compared to the con-
trol group. However, no statistically significant 
difference was observed (p> 0.05). Furthermore, 
when examining the relationship between GPM6B 
mRNA expression levels and relapse duration in 
bone marrow samples taken at the time of diag-
nosis, no statistically significant correlation was 
found. This may be due to the limited sample size, 
and future studies with larger patient cohorts are 
needed to confirm these findings. More extensive 
research incorporating functional assays and prote-
omic analysis could provide deeper insights into 
the role of GPM6B in leukemia progression and 
relapse mechanisms.

Based on our findings and previous studies, a 
possible hypothesis for the lower incidence of 
GPM6B expression in our cohort could be linked 
to its regulatory role in pre-B cell differentiation 
and leukemogenesis. It is plausible that epigenetic 
modifications, such as DNA methylation or histone 
modifications, could suppress GPM6B transcrip-
tion in relapsed cases, leading to decreased gene 
expression. Additionally, microRNA-mediated 
post-transcriptional regulation may also contribute 
to the observed downregulation of GPM6B in our 
study. Given that GPM6B has been implicated in 
neural and hematopoietic cell differentiation, its 
altered expression in leukemic cells could be con-
text-dependent and influenced by disease stage or 
treatment-related factors. Future research should 
investigate these regulatory mechanisms to clarify 
the role of GPM6B in pre-B-ALL relapse.
Nudix hydrolase 15 (NUDT15) abolishes the cyto-
toxic effects of 6-mercaptopurine(6-MP).22,23 Since 
the NUDT15 variant (c.415C>T, rs116855232) as-
sociated with thiopurine toxicity causes amino acid 
substitution (p.R139C) in both NUDT15*2 and 
NUDT15*3 haplotypes, in patients with this vari-
ant require a reduction in the standard administered 
dose.22-32 Although studies have generally focused 
on the dose adjustment and cytotoxicity of the SNP, 
there are no studies on the risk of relapse in early 
diagnosis. In our study, as a result of qRT-PCR 
analysis performed to determine early diagnosis 
and relapse risk by using a primer specific for the 
c.415C> T variant, an increase in expression level 
was observed in childhood pre-B ALL cases com-
pared to the control group, while very low levels of 
expression were found in 6 cases (25%). However, 
no significant difference was found as a result of 
statistical analysis (p> 0.05). Since the most im-
portant factor, in these results, is the small sample 
size and the frequency of this SNP, more research 
is needed to define the correlation between the re-
lapse rate in ALL and the SNP of NUDT15 gene.

There is increasing data on the pathological role 
played by S100A8 in the development of hemato-
logical malignancies, particularly acute leukemias. 
Although the S100A8 gene is expressed by nor-
mal myeloid cells, studies have generally focused 
on AML because it is not expressed in lympho-
cyte cells.33-39  However, in a meta-analysis study, 
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S100A8 was shown to be the most expressed gene 
in relapsed B-ALL compared to diagnosis. In ad-
dition, in this study, S100A8 was determined as a 
biomarker and therapeutic target for the early di-
agnosis of relapsed B-ALL.5 Saint Fleur-Lominy 
et al. obtained similar results in a study in child-
hood B-ALL cases.40 In the other two studies, a sig-
nificant increase in the expression of the S100A8 
gene was found in the most aggressive forms of B-
ALL, as well as in prednisolone-resistant ALL with 
MLL gene rearrangement.41,42 Two separate stud-
ies have suggested that S100A8 may play a role in 
the development of drug resistance in leukaemia 
cells through autophagy in childhood ALL and that 
S100A8 may be promising as a new marker.43,44

On the other hand, in another study in ALL, it was 
shown that S100A8 gene expression decreased in 
26 childhood pre-B ALL cases with glucocorti-
coid resistance.45 It was found that S100A8 mRNA 
expression levels in 14 patients with childhood 
ALL did not differ significantly between the con-
trol group.36 No statistically significant difference 
was found in S100A8 gene expression as a result 
of gene expression analysis performed in samples 
taken at 3 different periods (diagnosis, 4 weeks 
after starting treatment, 8 weeks after starting 
treatment) from 73 patients with B-ALL.46 Simi-
lar to the last two studies, statistically significant 
difference in the expression level of the S100A8 
gene was not found (p> 0.05) in our 15 patients 
with childhood pre-B ALL at the time of diagnosis 
compared to the control group. The clinical signifi-
cance of S100A8 in childhood pre-B-ALL cases is 
still not fully known and further studies are needed 
at both mRNA and protein levels to obtain results 
that are more realistic.

Survivin is the smallest member of the inhibitor of 
apoptosis protein (IAP) family and has been pro-
posed as a promising target and prognostic marker 
for cancer therapy due to its overexpression in can-
cer cells compared to normal tissues.47 Studies in 
childhood B-ALL cases have shown that Survivin 
expression levels increase at relapse compared to 
diagnosis and Survivin has been proposed as a po-
tential biomarker for determining the prognosis of 
B-ALL in the future.5,48 In a study by Troeger et 
al. in 66 cases, overexpression of Survivin in sam-
ples taken at the time of diagnosis was defined as 

a strong risk factor for relapse in childhood pre-B-
ALL.49 In this study, Survivin expression level was 
found to be statistically significantly higher at the 
diagnosis time of our 15 childhood B-ALL patients 
when compared to the control group (p= 0.35). 
The fact that this result is also compatible with the 
study of Troeger et al., in which they showed an 
increase in the expression of Survivin at the time 
of diagnosis, shows that the Survivin gene may be 
the most important marker in determining the risk 
of relapse at the time of diagnosis. There is strong 
evidence that AURKA and Survivin are simultane-
ously overexpressed in various malignancies such 
as gastric50 breast51 and chronic lymphocytic leuke-
mia.52 In a study in gastric cancer, it was reported 
that overexpression of the AURKA gene played 
a role in the stability of Survivin by upregulating 
Survivin expression.45 Parallel to these studies, 
a very strong positive correlation was found be-
tween AURKA and Survivin expressions in child-
hood pre-B ALL patients in our study (r= 0.934; 
p< 0.0001). 

In conclusion, AURKA, CASP1, and Survivin 
genes are suggested as candidate biomarkers for 
relapse prediction at the time of diagnosis based on 
the expression levels of six relapse-related genes 
in pediatric pre-B ALL. However, these findings 
should be confirmed in larger patient cohorts. In 
addition, it is thought that these results should be 
strengthened with studies at the protein level show-
ing the conversion of these genes into products. 

Funding: This study was funded by Akdeniz Uni-
versity Research Foundation (TYL-2020-5172).
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