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	 Background:	 The aim of this study was to investigate the diagnostic and prognostic value of microRNA (miRNA)-21, miRNA-
23a, and miRNA-125b in Burkitt lymphoma (BL) in children.

	 Material/Methods:	 We recruited 41 children with BL for the case group, 56 children with lymph node inflammation for the positive 
control group, and 60 healthy children for the negative control group. Real-time fluorescent quantitative poly-
merase chain reaction (RT-qPCR) was conducted for detection of circulating miRNA-21, miRNA-23a, and miRNA-
125b. A receiver operating characteristic (ROC) curve was drawn to compare the diagnostic value of miRNA-21, 
miRNA-23a, and miRNA-125b. Kaplan-Meier method and log-rank test were used for prognostic analyses.

	 Results:	 MiRNA-21 and miRNA-23a had significantly higher expression in cases than in positive and negative controls (all 
P<0.05). Overexpression of miRNA-21 and miRNA-23a were associated with staging, WBC, upregulated serum 
lactate dehydrogenase (LDH) level, presence of lymphoma size ³6 cm, and cluster of differentiation 10 (CD10) 
expression, while miRNA-125b expression had an association with staging and upregulated serum LDH level 
(both P<0.05). ROC curves of miRNA-21, miRNA-23a, and miRNA-125b presented an area under curve (AUC) 
of 0.759, 0.853 and 0.615, respectively. MiRNA-21 and miRNA-23a in combination had an AUC of 0.869. After 
treatment, both miRNA-21 and miRNA-23a expression were significantly decreased (both P<0.05). Advanced 
clinical stage, upregulated LDH, and lymphoma size of ³6 cm were related to low complete remission rate (all 
P<0.05).

	 Conclusions:	 Patients with high expression of miRNA-21 and miRNA-23a had significantly lower complete remission rates 
and survival rates than those with low expression. Expression of miRNA-21 and miRNA-23a may serve as use-
ful diagnostic and prognostic biomarkers in children with BL.
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Background

Burkitt lymphoma (BL), a member of the non-Hodgkin lympho-
ma family, is a high-grade mature B cell lymphoma with a cell 
doubling time of 24–48 h, making it the fastest-growing hu-
man tumor [1,2]. Despite efforts made in the past decades, BL 
remains a great challenge due to difficult diagnosis and poor 
prognosis after chemotherapy [3,4]. In this context, it would 
be of great value to understand the pathogenesis of BL at the 
molecular level, which would simplify the diagnosis and im-
prove the prognosis. MicroRNAs (miRNAs) are single-strand-
ed RNA molecules (20–23 nucleotides) that repress gene ex-
pression through interaction with the 3’ untranslated region 
of mRNA [5]. Accumulating studies have shown that miRNAs 
are important participants, acting as oncogenic or anti-onco-
genic factors in the development of cancers through regula-
tion of the cell cycle [6–8]. There is also evidence that miR-
NAs are useful molecular biomarkers in the classification and 
prognosis in aggressive B cell lymphoma [9]. We believe that 
expressions of miRNAs may be useful biomarkers for diagno-
sis and prognosis of BL.

Recently, miRNA-21 has been found to be overexpressed in 
diffuse large B cell lymphoma and is validated as an indepen-
dent risk factor in prognosis [10–12]. miRNA-21 is also a diag-
nostic biomarker in primary diffuse large B cell lymphoma of 
the central nervous system [13]. In a mouse model of precur-
sor B cell lymphoma, overexpression of miRNA-21 in the he-
matopoietic cells was identified as an oncogenic factor [14]. 
Thus, miRNA-21 could be considered as a potential diagnostic 
and prognostic biomarker for B cell malignancies. MiRNA-23a 
cluster is observed as a potent inhibitor of B lymphopoiesis 
both in vivo and in vitro, promoting myeloid development over 
lymphoid development [15]. The value of miRNA-23a in early 
detection and prognosis has been confirmed in other diseas-
es [16–18]. In an miRNA profiling study, miRNA-23a was well 
established as a differentially expressed gene in BL in com-
parison with other B cell non-Hodgkin lymphomas [19]. In the 
same study, differential expression of miRNA-125b was also 
listed as a characteristic of BL [19]. miRNA-125b is suggest-
ed as a diagnostic and prognostic biomarker in cancers such 
as leukemia, breast cancer, and lung cancer [20–22]. In addi-
tion, miRNA-125b is reported to be overexpressed in pediat-
ric lymphoma patients with high resistance to vincristine [23]. 
Based on these previous studies, we propose that expression 
of miRNA-21, miRNA-23a, and miRNA-125b may be diagnos-
tic and prognostic biomarkers in BL.

To date, miRNA-21, miRNA-23a, and miRNA-125b are seldom 
studied in relation to BL in children; therefore, we conduct-
ed the present study to determine the role of miRNA-21, miR-
NA-23a, and miRNA-125b in the diagnosis and prognosis in 
children with BL.

Material and Methods

Ethics statement

The present study was performed with the approval of the 
Ethics Committee of the Children’s Hospital of Fudan University. 
All aspects of the study complied with the Declaration of 
Helsinki [24] and informed consent was received from all pa-
tients or their families before the examination.

Study subjects

The case group consisted of 41 children who were diagnosed 
with BL between September 2007 and October 2015 from our 
hospital. All the diagnoses conformed to the classification and 
criteria proposed by World Health Organization in 2008 [25] 
and all the patients (age range of 2–16 years; median age of 
8 years) received no chemotherapy or radiotherapy before di-
agnosis. As observed in the histopathological examination, 
BLs had middle-sized lymphoma size, with round nucleus, nu-
cleolus, moderate amount of cytoplasm and mitosis, and also 
had macrophagocytes interspersed like a starry sky. In addi-
tion, the BL cells went beyond the lymph node. The St Jude 
staging system was used for staging of BL [26]. To improve the 
reliability and accuracy of our study results, we excluded pa-
tients with BL that transformed from other types of lympho-
mas, patients with primary and/or secondary central nervous 
system lymphoma, patients with autoimmune diseases, and 
patients with other neoplastic diseases. The positive control 
group consisted of 56 patients with lymph node inflammation 
(35 boys and 21 girls; age range 3–16 years; median age of 
7.6 years). All the included positive controls showed no pres-
ence of lymphoma or lymph node-related diseases in the his-
topathological examinations. The negative control group con-
sisted of 60 healthy people (33 boys and 27 girls; age range 
2–15 years; median age 7.4 years) who received physical ex-
aminations in our hospital during the same period. These 3 
groups showed no clear differences in age or sex (all P>0.05).

Blood sampling and total RNA extraction

Peripheral blood (3–5 ml) was collected with EDTA-K2-containing 
tube, followed by 10-min serum centrifugation (1600×g). The 
upper layer of plasma was collected with a clean centrifuge 
tube and then centrifuged for 10 min (13300×g) to separate 
pure plasma from cellular debris and other pollutants. After 
centrifugation, pure plasma was drawn into another clean 
centrifuge tube and then frozen at –80°C. For RNA extraction, 
the pure plasma (500 μL) was placed in a clean centrifuge 
tube (1.5 ml) and heated at 75°C for 5 min and incubated at 
42°C for 1 h. RNA extraction was conducted with a TRIzol kit 
(Invitrogen) in accordance with the instructions. RNA concen-
tration was measured with NanoDrop 1000 (Thermo Scientific, 
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USA) and the optical density ratio (1.8–2.0) at 260/280 nm was 
recorded. The extracted RNA was preserved at -80°C until use.

Real-time fluorescent quantitative polymerase chain 
reaction (RT-qPCR)

In accordance with the instructions of the RNA reverse tran-
scription kit (TaKaRa), an RT-qPCR system (20 μL) was built 
for preparation of reverse transcription reagents. The reagent 
preparation was performed on ice. With well-mixed reagents 
and a qPCR machine (Applied Biosystems, USA), RT-qPCR was 
conducted to synthetize cDNA templates. The reaction condi-
tion was 30-min incubation at 37°C followed by 15-s incuba-
tion at 80°C. The RT-PCR products were preserved at –20°C 
until use. For measurement of miRNA-21, miRNA-23a, and 
miRNA-125b, U6 small nuclear RNA (snRNA) was selected as 
a reference gene and RT-qPCRs were conducted under the 
conditions of 40 cycles of 10-min incubation at 95°C, 15-s in-
cubation at 95°C, and 1-min incubation at 60°C. Primers (for-
ward and reverse) of miRNA-21, miRNA-23a, and miRNA-125b 
for RT-qPCR are listed in Table 1. The value of gene expres-
sion was calculated with 2–DDCt method (DDCt=DCttumor–DCtnormal, 
DCt=CtmiRNA–CtU6snRNA).

Analyses after treatment

All the patients were treated with B-NHL-BFM-90 protocol [27]. 
For evaluation of short-term efficacy in patients with BL, the re-
mission criteria published by National Comprehensive Cancer 
Network of the United States was used [28]. Therapeutic efficacy 

was described as complete remission, partial remission, stable 
disease, or recurrence/progression. The expressions of miRNA-21, 
miRNA-23a, and miRNA-125b were analyzed in relation to com-
plete remission. The complete remission rate in a group was de-
fined as the ratio between the number of patients with complete 
remission and the total number of patients in that group. Plasma 
of treated patients was collected to extract RNAs for determination 
of the expressions of miRNA-21, miRNA-23a, and miRNA-125b.

Follow-up

To investigate the associations between patient base-line char-
acteristics and prognosis, we conducted telephone follow-ups 
and outpatient follow-ups once every 2 months. All the pa-
tients were followed up until their deaths.

Statistical analyses

SPSS 19.0 (SPSS Inc., Chicago, IL) was used for data analyses. 
Measurement data are expressed as mean ± standard devia-
tion (c

_
±s). For measurement data, between-group comparisons 

were conducted by use of the non-paired t test. Enumeration 
data are expressed as frequency or percentage. Between-group 
comparisons were conducted by chi-square test and between-
group comparisons among 3 groups were conducted by anal-
ysis of covariance model. A receiver operating characteristic 
(ROC) curve was drawn to present the diagnostic accuracy of 
miRNAs in BL. Kaplan-Meier method and log-rank test were 
used for prognostic analyses. P<0.05 indicated statistical differ-
ence and P<0.01 indicated a statistically significant difference.

Gene Primer sequence (5’-3’)

miR-21

RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA

Forward GCCGCTAGCTTATCAGACTGATGT

Reverse GTGCAGGGTCCGAGGT

miR-23a

RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGAAAT

Forward GCGTAGGCAGTGTATTGCTAGC

Reverse CAGTGCAGGGTCCGAGGT

miR-125b

RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCATGGATACGACTCACAA

Forward TGCGTCCCTGAGACCCTA

Reverse GTGCAGGGTCCGAGT

U6 

RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAAATATG

Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT

Table 1. Primers of miRNA-21, miRNA-23a, miRNA-125b, and U6 snRNA for RT-qPCR.

RT-qPCR – real-time fluorescent quantitative polymerase chain reaction, miRNA – microRNA; snRNA – small nuclear RNA; 
RT – reverse transcription.
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Results

Clinical data

The base-line characteristics of included patients are pre-
sented in Table 2. Among the 41 children, 30 were boys and 
11 were girls (boy/girl: 2.72/1), 27 were at stage III/IV (ad-
vanced stage, 65.85%), 23 had lymphomas in the head and 
neck (56.10%), 17 had lymphomas in the stomach (42.50%), 
9 presented central nervous system involvement, 9 exhibited 
marrow involvement, 11 had bone involvement, 29 had lymph 
node involvement (70.73%) by imaging, 22 had B symptoms 
(e.g., fever, night sweats, and emaciation), 26 had anemia, 25 
had increased white blood count (WBC) and 28 had increased 
platelet (PLT), 24 had upregulated lactate dehydrogenase (LDH) 
level (58.54%), 10 had higher uric acid level (24.38%), and 22 
had lymphoma size of ³6 cm. Immunohistochemical analyses 
showed 27 had positive expression of cluster of differentia-
tion 10 (CD10) (65.85%), 9 had Bcl-2 (21.96%), and 31 had 
Bcl-6 expression (75.61%). A Ki-67-positive rate of >75% was 
found in 35 patients. All the included patients were free of hu-
man immunodeficiency virus (HIV) infection. Epstein-Barr vi-
rus (EBV) infection (n=8, 19.51%) and hepatitis B virus (HBV) 
infection (n=7, 17.07%) were found.

Expressions of miRNA-21, miRNA 23a, and miRNA-125b

RT-qPCR results are presented in Figure 1. Cases presented sig-
nificantly higher mean expressions of miRNA-21 and miRNA-
23a (both P<0.05), but has mean expression of miRNA-125b 
(P>0.05) similar to that found in positive and negative controls. 
No significant difference was observed between positive con-
trols and negative controls in the mean expressions of miR-
NA-21, miRNA-23a, or miRNA-125b (all P>0.05).

Associations of miRNA-21, miRNA-23a, and miRNA-125b 
expressions with clinicopathologic features

The associations of miRNA-21, miRNA-23a, and miRNA-125b 
expressions with clinicopathologic features are presented in 
Table 3. MiRNA-21, miRNA-23a, and miRNA-125b expressions 
presented no obvious association with sex, B symptoms, uric 
acid level, Bcl-2 expression, Bcl-6 expression, EBV infection, or 
HBV infection (all P>0.05). Expressions of miRNA-21 and miR-
NA-23a were closely correlated with staging, increased WBC, 
upregulated serum lactate dehydrogenase (LDH) level, presence 
of lymphoma size ³6 cm, and CD10 expression (all P<0.05), 
while miRNA-125b expression had a strong association with 
staging, anemia, increased WBC and PLT, upregulated serum 
LDH level, and CD10 expression (all P<0.05).

Base-line characteristic Number (percentage)

Sex

	 Male 	 30	 (73.17%)

	 Female 	 11	 (26.83%)

Staging

	 I/II 	 27	 (65.85%)

	 III/IV 	 14	 (35.15%)

Location

	 Head and neck 	 23	 (56.10%)

	 Stomach 	 17	 (42.50%)

Central nervous system involvement 	 9	 (21.95%)

Marrow involvement 	 9	 (21.95%)

Bone involvement 	 11	 (26.83%)

Lymph node 	 29	 (70.73%)

B symptom 	 22	 (53.66%)

Anemia 	 26	 (63.41%)

Increased WBC 	 25	 (60.98%)

Upregulated PLT 	 28	 (68.29%)

Upregulated LDH level 	 24	 (58.54%)

Higher uric acid level 	 10	 (24.38%)

Lymphoma size of ³6 cm 	 22	 (53.66%)

CD10 (+) 	 27	 (65.85%)

Bcl-2 (+) 	 9	 (21.96%)

Bcl-6 (+) 	 31	 (75.61%)

Ki-67 (> 75%) 	 35	 (85.37%)

Virus infection

	 HIV 	 0	 (00.00%)

	 EBV 	 8	 (19.51%)

	 HBV 	 7	 (17.07%)

Table 2. �Clinical data of the 41 included Burkitt lymphoma 
patients.

LDH – lactate dehydrogenase; HIV – human immunodeficiency 
virus; EBV – Epstein-Barr virus; HBV – hepatitis B virus;  
CD10 – cluster of differentiation 10; WBC – white blood cell; 
PLT – platelet.
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Figure 1. �RT-qPCR was used to detect the expressions of miRNA-21, miRNA-23a, and miRNA-125b in children with BL, LI, and HP. 
RT-qPCR – real-time fluorescent quantitative polymerase chain reaction; BL – Burkitt lymphoma; LI – lymph node 
inflammation; HP – healthy people; miRNA – microRNA; * P<0.05, between-group comparison among the 3 group after 
adjustment of such co-variants as age and sex.
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Cases (n)
miRNA-21 
expression

P
miRNA-23a 
expression

P
miRNA-125b 
expression

Sex

	 Male 30 1.23±0.50 0.615 2.19±0.47 0.761 2.50±0.36 0.066

	 Female 11 1.33±0.63 2.14±0.56 2.28±0.25

Staging

	 I/II 14 0.69±0.16 <0.001 1.79±1.37 <0.001 2.28±0.42 0.049

	 III/IV 27 1.554±0.35 2.38±0.41 2.53±0.27

B symptom

	 Yes 22 1.27±0.74 0.888 2.25±0.51 0.323 2.50±0.34 0.247

	 No 19 1.25±0.73 2.09±0.46 2.38±0.35

Anemia

	 Yes 26 1.35±0.51 0.151 2.23±0.51 0.328 2.46±0.34 0.707

	 No 15 1.11±0.49 2.08±0.43 2.42±0.36

WBC

	 Increased 25 1.41±0.52 0.016 2.30+0.50 0.043 2.48±0.34 0.36

	 Normal 16 1.02±0.40 1.98±0.40 2.38±0.35

PLT

	 Increased 28 1.36±0.55 0.057 2.24±0.50 0.217 2.43±0.32 0.63

	 Normal 13 1.05±0.34 2.04±0.44 2.48±0.42

	 No 19 1.25±0.73 2.09±0.46 2.38±0.35

LDH

	 Upregulated 24 1.54±0.82 0.004 2.41±0.43 <0.001 2.55±0.29 0.016

	 Normal 17 0.86±0.49 1.85±0.37 2.29±0.37

	 Uric acid

	 Upregulated 10 1.30±0.74 0.759 2.24±0.51 0.664 2.45±0.46 0.961

	 Normal 31 1.24±0.43 2.16±0.49 2.44±0.31

Table 3. Associations of miRNA-2, miRNA-3a, and miRNA-125b expressions with clinicopathologic features of Burkitt lymphoma.
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Diagnostic thresholds of miRNA-21, miRNA-23a, and 
miRNA-125b expressions

As shown in Figure 2, ROCs of miRNA-21, miRNA-23a, and mi-
RA-125b expressions presented areas under the curve (AUC) 
of 0.759, 0.853, and 0.615; and miRNA-21 and miRNA-23a 
expression in combination had an AUC of 0.869, respective-
ly. When compared with the reference value (AUC=0.5), AUCs 
of miRNA-21 and miRNA-23a were significantly higher (both 
P<0.05), while that of miRNA-125b was slightly (insignificant-
ly) higher (P>0.05). Diagnostic threshold was 1.141 for miR-
NA-21 (sensitivity 63.4%, specificity 86.7%) and 1.376 for miR-
NA-23a (97.6% and 61.7%, respectively).

Expressions of miRNA-21, miRNA-23a, and miRA-125b 
before and after treatment

All the included patients received B-NHL-BFM-90 chemother-
apy. After chemotherapy, miRNA-21, miRNA-23a, and miRNA-
125b expressions were remeasured and compared with those 
before treatment (Figure 3). miRNA-21 expression and miR-
NA-23a expression were significantly decreased (miRNA-21: 
P<0.05; miRNA-23a: P<0.01), while miRNA-125b expression 
showed no significant change (P>0.05) after chemotherapy 
when compared with those before treatment.

Table 3 continued. �Associations of miRNA-2, miRNA-3a, and miRNA-125b expressions with clinicopathologic features of Burkitt 
lymphoma.

Cases (n)
miRNA-21 
expression

P
miRNA-23a 
expression

P
miRNA-125b 
expression

Lymphoma size of ≥6 cm

	 Yes 22 1.53±0.84 0.011 2.51±0.34 <0.001 2.53±0.29 0.078

	 No 19 0.95±0.55 1.79±0.31 2.34±0.38

CD10

	 + 27 1.47±0.79 0.012 2.45±0.35 <0.001 2.55±0.29 0.004

	 – 14 0.86±0.47 1.66±0.22 2.24±0.36

Bcl-2

	 + 9 1.131±0.43 0.402 2.100±0.32 0.602 2.36±0.35 0.406

	 – 32 1.294±0.53 2.197±0.52 2.47±0.35

Bcl-6

	 + 31 1.25±0.54 0.876 2.19±0.50 0.783 2.43±0.36 0.584

	 – 10 1.28±0.43 2.14±0.46 2.50±0.31

Ki-67-positive rate

	 >75% 35 1.26±0.51 0.868 2.19±0.46 0.599 2.46±0.36 0.449

	 <75% 6 1.23±0.57 2.08±0.64 2.34±0.26

EBV

	 + 8 1.23±0.54 0.883 2.001±0.59 0.262 2.43±0.35 0.91

	 –- 33 1.26±0.51 2.22±0.46 2.45±0.35

HBV

	 + 7 1.02±0.38 0.173 2.17±0.33 0.952 2.56±0.53 0.525

	 – 34 1.31±0.52 2.18±0.52 2.42±0.30

LDH – lactate dehydrogenase; HIV – human immunodeficiency virus; EBV – Epstein-Barr virus; HBV – Hepatitis B virus; 
miRNA – microRNA; WBC – white blood cell; PLT – platelet; CD10 – cluster of differentiation 10.
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Figure 2. �ROC curves of miRNA-21, miRNA-23a, and miRNA-125b in isolation, and miRNA-21 and miRNA-23a in combination. 
ROC – receiver operating characteristic; miRNA – microRNA.
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Figure 3. �Pre- and post-chemotherapy expressions of miRNA-21, miRNA-23a, and miRNA-125b. miRNA – microRNA.
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Cases
Cases of complete 

remission 
Complete remission 

rate
P

MiR-21
Low 30 17 56.70%

0.039
High 11 2 18.20%

MiR-23a
Low 28 17 60.70%

0.009
High 13 2 15.40%

MiR-125b
Low 18 9 50.00%

0.758
High 23 10 43.50%

Gender
Boy 30 12 40.00% 0.179

Girl 11 7 63.60%

Staging
I/II 14 12 85.70% < 0.001

III/IV 27 7 25.90%

B symptom
Yes 22 8 36.40% 0.168

No 19 11 57.90%

Anemia
Yes 26 10 38.50% 0.183

No 15 9 60.00%

WBC
Increased 25 8 32.00% 0.065

Normal 16 11 68.80%

PLT
Increased 28 11 39.30% 0.184

Normal 13 8 61.50%

LDH
Upregulated 24 7 29.20% 0.009

Normal 17 12 70.60%

Uric acid
Upregulated 10 2 20.00% 0.055

Normal 31 17 56.70%

Lymphoma size of ³6 cm
Yes 22 7 31.80% 0.045

No 19 12 63.20%

CD10
+ 27 10 37.00% 0.097

– 14 9 64.30%

Bcl-2
+ 9 3 33.30% 0.376

– 32 16 50.00%

Bcl-6
+ 31 12 45.20% 0.085

– 10 7 50.00%

Ki-67
>75% 35 18 56.30% 0.072

<75% 6 1 16.70%

EBV
+ 8 2 25.00% 0.385

– 33 17 51.50%

HBV
+ 7 1 14.30% 0.062

– 34 18 23.50%

Table 4. Associations of miRNA-2, miRNA-3a, and miRNA-125b expressions with short-term efficacy after chemotherapy.

High expression level is defined as a level higher than the diagnostic threshold and low expression level is a level otherwise. 
miRNA – microRNA; LDH – lactate dehydrogenase; HIV – human immunodeficiency virus; EBV – Epstein-Barr virus; HBV – hepatitis B 
virus; miRNA – microRNA; WBC – white blood cell; PLT – platelet; CD10 – cluster of differentiation 10.
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Short-term efficiency and expressions of miRNA-21, 
miRNA-23a, and miRA-125b and clinicopathological 
features

The associations between short-term efficacy after chemo-
therapy, and expressions of miRNA-21, miRNA-23a, and miRA-
125b are presented in Table 4. The complete remission rate in 
patients with low miRNA-21 expression (56.7%) was signifi-
cantly higher than that in patients with high miRNA-21 expres-
sion (18.2%) (P<0.05). Patients with high expression of miR-
NA-23a had significantly lower complete remission rate than 
patients with low expression of miRNA-23a (15.4% vs. 60.7%, 
P<0.05). No significant difference was observed between pa-
tients with high expression of miRNA-125b and patients with 
low expression of miRNA-125b in the complete remission rate 
(P>0.05). Among the clinicopathological features, advanced 
clinical stage, upregulated LDH, and lymphoma size of ³6 cm 
were related to low complete remission rate (all P<0.05), while 
sex, B symptoms, uric acid level, anemia, WBC, PLT, CD10, Bcl-2 
expression, Bcl-6 expression, Ki-67, EBV, and HBV had no sig-
nificant association with complete remission rate (all P>0.05).

Expressions of miRNA-21, miRNA-23a, and miRA-125b and 
prognosis

All the include patients were followed up for 6–24 moths, with 
a mean follow-up period of 18 months. Survival analyses by 
Kaplan-Meier method is illustrated in Figure 4. Patients with 
high expressions of miRNA-21 and miRNA-23a had significantly 
lower survival rate than patients with low expressions of miR-
NA-21 and miRNA-23a (both P<0.05). The survival rate did not 
vary with the expression of miRNA-125b (P>0.05).

Discussion

Usually, miRNAs are regulated by RNA-binding proteins of 
high stability, making miRNAs applicable and reliable molec-
ular biomarkers [29]. Circulating miRNAs have been shown to 
be stable blood-based markers for cancer detection [30]. In 
the present study, we recorded the serum level of miRNA-21, 
miRNA-23a, and miRNA-125b in children with BL, in order to 
explore the associations of expressions of miRNA-21, miRNA-
23a, and miRNA-125b with the development of BL in children.

In our study, significant upregulation of serum miRNA-21 an-
dmiRNA-23a level was found in the children with BL, but not 
in positive controls and negative controls. By statistical anal-
yses, we also observed that expressions of miRNA-21, miRNA-
23a, and miRNA-125b are closely associated with clinicopatho-
logic features such as disease stage and LDH level. miRNA-21, 
miRNA-23a, and miRNA-125b appear to be important modu-
lators of the cell cycle through different signaling pathways. 
Go et al. reported that miRNA-21 can activate the PI13/AKT 
pathway and thereby play an oncogenic role in diffuse large B 
cell lymphoma [31]. MiRNA-23a may regulate cell growth and 
cell apoptosis through targeting apoptotic protease activat-
ing factor-1 [32]. MiRNA-125b can target BAK1, leading to in-
creased cell proliferation and blocked cell apoptosis [33]. On 
the basis of these results, we believe that miRNA-21, miRNA-
23a, and miRNA-125b may be important participants in the 
development of BL. Concordantly, Sun found that circulating 
miRNA-21 is overexpressed in patients with B cell non-Hodgkin 
lymphoma and is closely associated with disease stage [34].

To evaluate the diagnostic and prognostic value of these 3 bio-
markers for children, we calculated the AUC of diagnostic ROC 
and conducted a follow-up study. In our study, we found that 
the AUC of miRNA-21 was 0.759 and that of miRNA-23a was 
0.853, both significantly higher than 0.5 by statistical analysis. 
For this reason, we believe that miRNA-21 and miRNA-23a may 

Figure 4. �Expressions of miRNA-21, miRNA-23a, and miRNA-125b in relation to the prognosis of Burkitt lymphoma in children. 
miRNA – microRNA.
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be useful diagnostic indicators. Consistent with previous stud-
ies, we found that miRNA-21 and miRNA-23a are biomarkers 
of diagnostic value [35,36]. In contrast with previous studies, 
miRNA-125b, although abnormally expressed in children with 
BL, had an AUC of only 0.615 and presented no significant di-
agnostic value in our study [37]. The exact reason for this con-
tradiction is not unclear to us. Future studies may make efforts 
to verify the observations of our study. Another interesting re-
sult in our study is that miRNA-21 and miRNA-23a in combi-
nation had the highest diagnostic value, with high sensitivity 
and specificity. This finding, if validated in future studies, may 
contribute to raising the diagnostic accuracy.

After chemotherapy, we recorded the changes of expressions of 
miRNA-21, miRNA-23a, and miRNA-125b, finding that expres-
sions of miRNA-21 and miRNA-23a were downregulated while 
miRNA-125b expression had no significant change. With this 
result, we again verified that miRNA-21 and miRNA-23a expres-
sions are effective biomarkers in development of BL. We also

found that after treatment, patients with low expressions of 
miRNA-21 and miRNA-23a had better short-term efficacy, but 
miRNA-125b showed no close association with short-term ef-
ficacy. This result suggests that miRNA-21 and miRNA-23a may 
be useful therapeutic targets, in agreement with previous stud-
ies [38,39]. During follow-ups, we observed that overexpres-
sion of miRNA-21 and miRNA-23a may be closely associated 
with poor prognosis. Cao et al. reported that miRNA-23a is a 

modulator in the transforming growth factor-b-induced epithe-
lial-mesenchymal transition, which is an important mechanism 
for poor prognosis [40]. Several studies have demonstrated a 
positive association between upregulation of miRNA-23a and 
poor prognosis [41,42], and there is evidence that miRNA-21 
overexpression is associated with poor prognosis in other dis-
eases [43,44]. Li et al. suggested that miRNA-21 may be related 
to poor prognosis by its function as an apoptosis inhibitor [45]. 
There are limitations in our study. Our study is preliminary, 
and did not investigate the mechanism by which miRNA-21, 
miRNA-23a, and miRNA-125b are correlated with the develop-
ment of BL in children. In addition, the sample size was rela-
tively small, which may limit the reliability of our observations.

Conclusions

Our study strongly suggests that expressions of miRNA-21 and 
miRNA-23a are useful molecular biomarkers in the diagnosis 
and prognosis for BL in children. For the validation of the re-
sults in our study, more clinical observations with larger sam-
ple sizes are needed. In addition, future studies also should 
seek to define the mechanism by which these 3 miRNAs cor-
relate with BL in children.
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