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characteristic Early	relapsed
n=	109	(55.05%)

Late	relapsed
n=	89	(44.95%)

P-value

Age 9.55	± 0.62 7.64	± 0.53 P	=	0.023
Vital	Status Alive=	24	(22.02%)

Dead=	85	(77.98%)
Alive=	38	(42.70%)
Dead=	51	(53.30%)

P=	0.002

Overall	Survival 23.78	months 76.37	months P<	0.0001

Sex Male	=	67	(61.47%)
Female	=	42	(38.53%)

Male	=	45	(50.56%)
Female	=	44	(49.44%)

P=	0.150

Race White	=	73	(66.97%)
African	American	=	14	(12.84%)

Others	=	3	(2.75%)
Unknown	=	19	(17.43%)

White	=	69	(77.53%)
African	American	=	5	(5.62%)

Others	=	2	(2.25%)
Unknown	=	13	(14.61%)

P=	0.294

White	Blood	Count 103.47	± 18.28 x105/L	 67.92	± 12.48	x105/L	 P=	0.127
TCF3-PBX1 Positive	=	15	(13.76%)

Negative	=	60	(55.05%)
Unknown	=	34	(31.19%)

Positive	=	3	(3,37%)
Negative	=	59	(66.29%)
Unknown	=	27	(30.34%)

P=	0.032

Trisomy	4_10 Positive	=	5	(4.59%)
Negative	=	91	(83.49%)
Unknown	=	13	(11.93%)

Positive	=	7	(7.86%)
Negative	=	67	(75.28%)
Unknown	=	15	(16.85%)

P=	0.356

Table	1.	Clinical	characteristics	of	relapsed	ALL	patients.	

Figure 1. Significantly
upregulated DNA repair
genes in early relapsing
patients compared with
late relapsing patients.
16 and 8 genes were found
overexpressed in early relapse
group relative to late relapse
group using microarray and
RNA seq, respectively. ALKBH3,
NHEJ1, and PARP1 were found
unregulated in both
techniques.

Figure 3. Free survival curves for low score
patients (blue) and high score patients (red)
based on the expression of three candidate genes
(RNA sequencing). The shaded area represents the 95%
confidence interval (CI) for each curve. Hazard ratio (HR) and
p value were calculated using log-rank test.

Figure 2. Free survival curves for low score patients
(blue) and high score patients (red) based on the
expression of three candidate genes (microarray).
The shaded area represents the 95% confidence interval (CI) for
each curve. Hazard ratio (HR) and p value were calculated using
log-rank test.
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• Among the 93 downregulated miRNAs, hsa-miR-1301-3p that has been shown to target PARP1.
• Survival analyses revealed that patients who had high expression profile of ALKBH3, NHEJ1, and

PARP1 were 65% (microarray) and 45% (RNA sequencing) more likely to relapse early (Figure 2)
and (Figure 3).
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CONTACT	US

• Acute lymphoblastic leukemia (ALL ) is the most common
type of childhood cancer worldwide.1

• Although most ALL patients reach remission, 15-20% of them
eventually relapse.2

• Overactivation of DNA repair genes ,as a mechanism of
chemotherapy resistance, plays a major role in therapy
efficiency and subsequently cancer recurrence.3

 

• Identifying patients with boosted DNA repairing cancer cells
and tailoring their treatment are crucial to preventing cancer
recurrence.

• The overall aim of the study was to screen for genetic and
epigenetic that regulate the activity of DNA repair genes
which may influence treatment response and early relapse in
ALL patients.

• To fulfill the overall aim, the following objectives were
investigated:
1. To identify upregulated DNA repair genes in early relapsed

patients compared to late relapsed patients that might be
responsible of treatment failure and resistance

2. To investigate the genetic factors (mutations, putative copy
number alterations [PCNA]) that may trigger the upregulation
in the identified DNA repair genes

3. To evaluate the epigenetic factors (methylation status and
regulatory miRNAs) might mediate the upregulation in the
identified DNA repair genes

• Genomic data (gene expression, putative copy number
alterations (PCNA), and somatic mutations) and epigenetic
data (gene methylation status and miRNA expression) of 198
relapsed ALL patients were extracted from Therapeutically
Applicable Research to Generate Effective Treatments
(TARGET) – ALL expansion phase II trial.4

• The data were obtained at the time of diagnosis before
chemotherapy treatment.

• Patients were stratified into two groups: early relapsing
patients who experienced recurrence within two years of
initial diagnosis and late relapsing patients who experienced
recurrence after two years of diagnosis.

• 132 DNA repair genes were analyzed in the study.
• Chi-squared test was used to evaluate the clinical

characteristics and student’s t-test was used to identify
significant genetic and epigenetic factors between early and
late relapsing groups.

• Survival analysis was performed based on the average gene
expression of the candidate upregulated genes (Gene
expression score) for each patient. Hazard ratio (log-rank test)
was computed.

• Age, vital status, overall survival, and TCF3-PBX1 fusion are
significant clinical characteristics in early relapse group
relative to late relapse group (Table 1).

• Three genes, ALKBH3, NHEJ1, and PARP1 were found
significantly upregulated in early relapsing patients compared
with late relapsing patients (p-value < 0.05) using microarray
and confirmed by RNA sequencing (Figure 1).

• No significant abnormal PCNA nor somatic mutations
emerged in the three genes in the early relapse group relative
to late relapse group.

• ALKBH3 and PARP1 were hypomethylated in the early relapse
groups relative to the late relapse group. However, such
hypomethylation did not reach statistical significance.

• 93 miRNAs were found significantly downregulated in early
relapsing patients compared with late relapsing patients.

• The upregulation of ALKBH3, NHEJ1, and PARP1 genes was associated
significantly with early relapse in ALL patients.

• No significant gene mutations nor abnormal PCNA in the three candidate
genes in the early relapsing patients compared with the late relapsing
patients suggest that the upregulation of these genes was due to
epigenetic factors.

• Although the hypomethylation of ALKBH3 and PARP1 was not significant,
it might have contributed to the overexpression of the two genes.

• The downregulation of miR-1301-3p might play a significantly epigenetic
role in PARP1 overexpression in early relapsing group relative to late
relapsing group.

• ALKBH3, NHEJ1, and PARP1 have the potential to be used as prognostic
biomarkers and rationale for alternative therapeutic strategies in early
relapsing ALL patients.

• Since PARP inhibitors are approved drugs targeting PARP1, our study
argues that they might be potentially effective in the treatment of early
relapsing patients.


