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Research Paper 
Plasma Cell-free DNA Levels in Children With Acute 
Lymphoblastic Leukemia

Background and Aim: Plasma levels of cell-free DNA (cfDNA) are elevated in various clinical 
conditions, including cancer, myocardial infarction, autoimmune disease, and pregnancy-
associated complications. The aim of this study was to determine the level of cfDNA to assess 
the potential of cfDNA as a biomarker for screening and diagnosis and also its effectiveness in 
the treatment of patients with acute lymphoblastic leukemia (ALL).

Materials and Methods: Overall, 40 individuals (20 healthy volunteers and 20 patients with 
ALL) were examined. For quantitative analysis of cfDNA, plasma purified DNA was subjected 
to real-time PCR amplification of the beta-globin gene. Quantification of cfDNA levels was 
performed at the time of diagnosis and after treatment with a common protocol.

Results: At diagnosis, in all samples, plasma levels of cfDNA were significantly elevated 
compared to those of healthy controls after treatment. The high levels of cfDNA decreased and 
returned to normal after treatment.

Conclusion: Data showed that despite the significant cfDNA concentration increment in patients 
than the control group, its detection and treatment potential should be more studied: however, it 
still can be a useful marker for screening of diseases, such as hematological neoplasms.
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1. Introduction

irculating cell-free plasma DNA (cfD-
NA) has been detected in small amounts 
in healthy individuals (10-30ng/mL) 
[1]. Plasma cfDNA in a healthy person 
is probably originated from apoptosis of 
lymphocytes and other nucleated cells 

[2-4]. Several studies have reported the possibility of 
detecting and monitoring tumor-derived cfDNA in the 
plasma of cancer patients and its use in tumor detection 
and monitoring [5-7]. Circulating cfDNA in plasma is 
changed both quantitatively and qualitatively in various 
types of cancers, such as colorectal cancer [8], small cell 
lung cancer [9], head and neck malignancies [10], kidney 
cancer [11], and melanoma [12]. Therefore, cfDNA has 
attracted a great deal of attention as a relatively non-in-
vasive, sensitive, and accurate diagnostic tool for the in-
vestigation of the malignant potential of cancer [13, 14]. 

Most studies have investigated cfDNA in solid tumors, 
and it has also been proposed that the cfDNA can be used 
for the evaluation of molecular abnormalities in hemato-
logical cancers [15-17] and there are only a few reports 
available for patients with the lymphoproliferative dis-
ease [18]. Acute lymphoblastic leukemia (ALL) is one of 
the most common hematologic malignancies in children 
[19]. Up to now, most of the diagnostic and prognostic 
tests have been performed using bone marrow (BM) 
aspiration. Therefore, new non-invasive, rapid, sensi-
tive, and accurate diagnostic and prognostic markers are 
needed to improve the prognosis of ALL. The present 
study investigated not only the total plasma levels of 
cfDNA in pediatrics with acute lymphoblastic leukemia 

compared to a control group of healthy persons, but also 
the total cfDNA levels in plasma after treatment. 

2. Material and Methods 

Patients

Written consent forms were obtained from parents 
before enrolment and the Ethical Review Boards of the 
Ahvaz Jundishapour University of Medical Sciences re-
viewed the protocol for plasma collection. We examined 
20 children with ALL and 20 healthy volunteers. Patients 
with approved ALL who were under the first chemother-
apy period were included in this study and also patients 
with other hematologic malignancies (chronic lympho-
blastic leukemia (CLL), Acute myelogenous leukemia 
(AML), chronic myelogenous leukemia (CML), and 
myelodysplastic syndromes (MDS [and Lymphoma]) 
were excluded. The main characteristics of the study 
population are shown in Table 1. 

Blood sampling

For blood sampling, 10 ml of blood was withdrawn 
from each patient or healthy control into an EDTA tube. 
For the preparation of the plasma, blood samples were 
centrifuged at 1600g for 10 min. The supernatant was 
carefully removed and transferred into several fresh mi-
crotubes in order to be recentrifuged at 14000g for 12 min 
to avoid contamination by blood cells. The upper plasma 
was collected into several fresh 1.5ml tubes. The plasma 
samples were stored at -80°C until further processing on 
the day of analysis and the plasma was slowly thawed. 

C
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Table 1. Main characteristics of the study population

Characteristics 
Mean±SD/No.(%)

Patients Healthy Controls

Gender
Female 9(45) 10(50)

Male 11 (55) 10(50)

Age (y)
7.344.39

≤10 14 (5.4±2.5) 5.12.96

≥10 6 (20.4±18.0) 19 (4.7±2.5)

WBC (Mean) (×106/L) 25.16±29.51 7.1±2.5

RBC (Mean) (×109/L) 3.1±1.18 5.69±0.36

Platelet (Mean) (×106/L) 111±106 267±114
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DNA extraction

Circulating cfDNA was purified from human plasma 
using Nucleospin plasma XS based on the manufac-
turer’s instructions. Extracted DNA was eluted from 
the NucleoSpin XS column with 20 µl of elution buffer 
(Macherey-nagle GMBH & KG, Germany). 

Real-time PCR

A StepOnePlus sequence detector (Applied Biosystem, 
foster city, CA, USA) was used to perform a real-time 
quantitative PCR assay. Purified DNA was quantified on 
the beta-globin gene, which is present in all nucleated 
cells of the body [20]. The primers for PCR amplifica-
tion of the beta-globin gene consist of the beta-globin-
354F (5’-GTGCACCTGACTCCTGAGGAGA-3’) 
and beta-globin-455R (5’-CCTTGATACCA ACCT-
GCCCAG -3’) and a dual labeled fluorescent PCR probe 
beta-globin-402T (5’-VICAAGGTGAACGTGGAT-
GAAGTTGGTGG-TAMRA-3’) [21], where TAMRA is 
6-carboxytetramethylrhodamine. To inhibit probe elon-
gation during PCR, the PCR probe contained a blocking 
phosphate group at the -3’end. A calibration curve was 
used to measure the initial amount, using four-fold serial 
dilutions of DNA in deionized water prepared from total 
DNA extracted from the k652 cell line. Each run of PCR 
was performed in triplicate and the average values were 
calculated. When subjected to serial dilutions of human 
genomic DNA, this real-time quantitative beta-globin 
PCR assay was able to detect the DNA equivalent from 
a single cell. 

Statistical analysis

As the values of cfDNA do not follow a normal dis-
tribution, we used the Mann-Whitney test to compare 
plasma levels between patients and healthy controls. The 
Wilcoxon rank test was also used to compare the mean 
values of the plasma level of cfDNA and clinical features. 
A P≤0.05 was considered to be statistically significant.

3. Results 

We measured the concentration of cfDNA in plasma 
samples of 20 ALL patients and 20 healthy controls us-
ing a quantitative real-time PCR for the beta-globin gene. 
The results revealed a wide spectrum of cfDNA concen-
trations, ranging from 1.08 to 473.26 ng/ml. There was 
a significant difference in the level of cfDNA between 
ALL patients and healthy controls (P≤0.0001). When 
ALL patients were analyzed after treatment, plasma 
cfDNA levels decreased and returned to normal levels. 
This decrease paralleled a decline in peripheral blood 
leukocyte counts. The patients were divided into three 
subtypes. Subtype L-1 (n=11), subtype L-2 (n=8), and 
subtype L-3 (n=1). No significant difference was found 
in cfDNA levels among subtypes. cfDNA concentrations 
in ALL patients were analyzed together with the main 
presenting clinical features (Table 2). We did not find 
any correlation between cfDNA levels and the age or sex 
of children with ALL. However, a significant positive 
correlation was observed between plasma DNA concen-
tration and the WBC counts (P=0.04) in ALL patients. It 
can be concluded that cfDNA concentration in plasma 
can be a sensitive marker for screening of clinically sig-
nificant conditions, such as hematologic disorders. 
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Table 2. Association between patient characteristics and plasma cell-free DNA (mean) level

P
Mean±SD

Characteristic
cfDNA

0.5
53.34±97female

Gender
132.35±17male

0.9
79.48±141≤10

Age (y)
122.37±144≥10

0.04
36.06±6050x106/L

WBC
151.54±178≥50x106/L
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4. Discussion

Recently, many studies have proposed the quantifica-
tion of CfDNA for cancer screening [22]; CfDNA has 
been suggested as a cancer biomarker in adult solid 
cancers, such as colorectal, lung, and breast cancer [8, 
9, 11]. It has been postulated that circulating cfDNA in 
the plasma of cancer patients originates largely from 
apoptosis and necrosis in tumor cells. In the present 
study, we quantified the concentration of total cfDNA 
in healthy individuals and children with ALL by means 
of real-time quantitative PCR. Our results revealed that 
DNA concentration in the plasma of children with ALL 
at initial diagnosis is significantly higher than in healthy 
individuals. In ALL patients, we observed an association 
between the number of leukocytes and plasma DNA lev-
els (Mean±SD cfDNA=36.06±60 for the number of leu-
kocytes ≤50x106/L and Mean±SD cfDNA=151.54±178 
for the number of leukocytes ≥50x106/L). The higher 
plasma level of DNA returned to normal level after treat-
ment. This decrease paralleled a decline in the number 
of leukocytes. Finally, the results suggested that plasma 
DNA concentration can be used as a non-invasive and 
sensitive but unspecific biomarker for screening of neo-
plastic disorders and the effectiveness of treatment. We 
did not find a significant decrease in cfDNA levels in the 
first few days after treatment. In contrast, Schwarz et al. 
reported that total plasma DNA in all analyzed patients 
was the highest on the third day and reduced rapidly, and 
reached levels comparable to those observed in healthy 
individuals by the fourth treatment day [16]. They hy-
pothesized that this rapid decrease is due to interference 
of DNA replication on the fourth day. However, we think 
that cell lysis, either normal or tumor cells, is continued 
beyond the fourth day after chemotherapy [23].

5. Conclusion

Our results suggest that the plasma levels of cfDNA 
can be served as a relatively sensitive, noninvasive, and 
quick tool for screening and monitoring patients with 
neoplastic disorders, such as ALL but are still not spe-
cific for disease detection.
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