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Abstract In spite of the improved efficacy of therapy, it still
fails in 15–20 % of childhood acute lymphoblastic leukemia
(ALL) patients. Recently, altered expression of certain
miRNAs (miRs) have been described in ALL with potential
effect on prognosis. Presence of certain miRs (miRNA-16,
−21, −24, −29b, −128b, −142-3p, −155, −223) was charac-
terized in human lymphoma and leukemia cells by real-time
PCR. Expression of miRs in pediatric ALL patients (n=24)
was measured before chemotherapy, at conventional response
checkpoints and at relapse. Correlation between altered miR
expression and response to prednisolone at day 8 of therapy
and long term prognosis was statistically analysed. Overex-
pression of “oncomiR/inflammamiR”-21 – which is charac-
teristic in different tumors—was missing in human ALL cells.
However, higher expression of miR-128b and lower expres-
sion of miR-223 is generally characteristic for human ALL
cell lines and ALL cells isolated from pediatric patients.
Correlation was shown between miR-128b expression and
prognosis, prednisolone response and survival data in child-
hood ALL. Expression of miR-128b and miR-223—both are
leukemia specific—changed in parallel with percentage of

bone marrow blasts in remission and during relapse. There-
fore, we suggest that overexpression of miR-128b and down-
regulation of miR-223 shows a significant correlation with
treatment response and prognosis in childhood ALL.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
malignant disorder in pediatrics, which takes about 30 % of
newly diagnosed childhood malignancies. Annual incidence
of childhood acute lymphoblastic leukemia (ALL) is about 4–
5 cases per 100,000 children [1]. Intensive combination ther-
apy remarkably improved the prognosis [2]. However, success
of the treatment still fails in 15–20 % of patients. New pre-
dictive factors and targets are needed especially for high risk
patients with a higher potential for failure of treatment. Re-
cently, miRNAs has gained remarkable attention in different
cancer types [3–5], including haematological malignancies
[6, 7].

MiRNAs (miR) are a class of small (16–29 nucleotides)
noncoding RNAs. Many human miRNAs have been identi-
fied, which target dozens of genes. The importance of
miRNAs in cancer is highlighted by the observation that many
miRNAs are located in cancer-associated genomic regions.
Recent studies have shown the important role of certain miRs
in human carciogenesis [8]. MiRNAs could be divided into
different groups: oncogenic, tumor suppressor-like and other
subtypes. Data on miRNA expression provide information
about lineage and differentiation status of cancer cells. Altered
expression levels of different miRs have been described in
connection with several solid tumors [3–5] and hematologic
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malignancies [7], including ALL [9–11]. In previous studies
about miRNA expression profile in ALL higher expression of
miR-128a, miR-128b and lower expression of a miR-223, let-
7b was shown [12, 13]. A possible correlation was mentioned
between different expression of certain miRNAs and progno-
sis of ALL patients [14].

For our study different miRNAs were selected (miRNA-
16, −21, −24, −29b, −128b, −142-3p, −155, −223) with
potential role in human solid and hematologic malignancies.
Altered expression of certain miRNAs has already been de-
scribed in lymphoma or acute leukemia.

High expression of miR-21 has been found in a wide
variety of human cancers [15] and haematological malignan-
cies [7]. Its potential targets are PTEN [16], PDCD4 and
STAT3 [17]. Increased expression of miR-155 has also been
described in different tumor types [7, 18, 19]. It is involved in
activation, proliferation and survival of B-cells and has also
powerful effect on T-cell activation. Based on sequence ho-
mology potential targets of miR-155 are c-MYC, PIK3R1
(negative regulator of PI3K) and SHIP1 [19–21].

Reduced expression of tumorsupressor miR-16 had been
confirmed in various malignancies (e.g. CLL, ALL, anaplastic
large cell lymphoma, myeloma multiplex) [7]. It regulates
negatively the cell cycle progression presumably by inhibiting
BCL2 and TIAM1 [22]. MiR-24 is an important cell cycle
regulator; its overexpression inhibits cell proliferation by G2/
M arrest [48] and negatively regulates differentiation of
CD34+ hematopoietic cells [7], inhibits B-cell development
and promotes myeloid development of hematopoietic progen-
itors, directly downregulates the expression of MAPK
phosphatase-7 and enhances phosphorylation of both JNK
and p38 kinases [23].

The members of the miR-29 family serve in several cases
as tumor suppressors. Decreased expression of miR-29b has
been confirmed in AML, osteosarcoma and small cell lung
cancer. Potential target of miR-29b is MCL-1, ABL-1 (BCR/
ABL) and some anti-apoptotic BCL-2 family members. Over-
expression of miR-29b induces apoptosis of multiple myelo-
ma cells and of CML cells. Its downregulation showed corre-
lation with more aggressive forms of cancer or with later
relapse. [24–26].

MiR-142-3p is involved in the development and differen-
tiation of hematopoietic stem cells through interferon regula-
tory factor 7 (irf7)-mediated signaling. It has a crucial role in
T-lymphocyte development and potentially in T-cell leukemo-
genesis regulating cAMP, PKA, GRα [27]. Its overexpression
had been detected in ALL and AML patients [28]. MiR-142-
3p decreases GRα protein expression leading to glucocorti-
coid resistance. Its decreased expression had been shown in
MLL-AF4 ALL [29].

MiR-128 has an important role in brain development. Its
aberrant expression could be detected in certain leukemias and
some solid tumors (e.g. NSCLC). Overexpression of miR-

128b was described in ALL, however, it is downregulated in
AML [12, 13], as well as in MLL-AF4 ALL. Moreover, miR-
128 can play an important role in the regulation of PI3K-AKT-
mTOR signaling pathway through downregulation of PTEN
[30].

MiR-223 is a hematopoietic tissue-specific miRNA, with
lower expression in lymphoid cells and with highly increased
expression in the myeloid lineage [12, 13]. It can alter cancer
cell phenotypes not only in hematological malignancies but
also in solid tumors. Its potential targets in lymphoid cells
could be important in the regulation of cell cycle or different
signaling mechanism (e.g. E2F1 [7], CEBPα [31], E2A [32]
etc.).

The aim of our study was to determine the expression
profile of presented miRNAs in ALL cell lines and childhood
ALL cells. Moreover, correlation of certain miRNA expres-
sions with the clinical and prognostic data of patients were
analyzed. Changes in miRNA expression were followed dur-
ing monitoring the efficacy of the treatment and potential role
of miRNA’s as a prognostic factor was determined.

Materials and Methods

Patients

Peripheral blood and bone marrow samples were collected
from children with ALL (n=51). Diagnosis was made upon
the treatment protocol (clinical features, cytomorphologic,
flow cytometric, cytogenetic and molecular genetic analyses
of blast cells). Some samples were not evaluable for further
analysis because of the low number of isolated lymphoblasts.
Samples from all phases of treatment (collected at diagnosis,
and at conventional response checkpoints [on days 15, 33),
and before beginning of protocol M) were available from 24
patients (female 6; male 18).

Peripheral blood and bone marrow samples from 15 chil-
dren with pre-B ALL (BCP-ALL) from 9 children with T-
ALL, and from non-leukemic children as controls were used
for further studies. Data were analysed statistically. Clinical
data were collected prospectively from the time of diagnosis.
Average age of patients at diagnosis was 5.9 years (range 2–
16.4 years). All ALL patients were treated according to the
ALL IC-BFM 2002 protocol. Risk group stratification was
based on criteria listed in the protocol. 6 (25 %) children were
stratified to standard (SR), 12 (50 %) to intermediate (IR) and
6 (25 %) to high risk arm (HR).

Prognosis evaluation was based on initial WBC count, age
at diagnosis, prednisolone response on day 8, percentage of
bone marrow blasts at day 15 and 33, immunophenotype,
cyto- and molecular genetics. Long time prognosis depended
also on relapse during follow-up. Most patients with initially
good prognosis stayed in remission during the observation
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period, however, one of them relapsed. The mean follow-up
time from diagnosis was 28.1 months (range: 6–44 months).
All relevant clinical and laboratory data as well as results of
cytogenetic and molecular genetic analysis of the 24 patients
are summarized in Table 1.

Samples were obtained with informed consent and all
protocols were approved by the Institutional Ethical Review
Board (TUKEB – Scientific and Research Ethics Council,
Hungary – no. 53/2011). Written informed consent was ob-
tained from the parents on behalf of the children participants
involved in this study.

Primary ALL Cells, Cell Lines and Culture Conditions

Samples from peripheral blood and bone marrow were used.
Normal B-cells were isolated byMACS CD19micromagnetic
beads (Miltenyi Biotec, Auburn, CA), and T-cells by nylon
wool fiber (Wako Chemicals) according to Wohler [66]. The
isolated lymphoblasts/mononuclear cells (by ficoll gradient
centrifugation - Histopaque 1077, Sigma Aldrich, St. Louis,
MO) and normal T- and B-cells were stored at −80 °C.

Human leukemia cell lines (Nalm6 – B-cell precursor
leukemia, clone ACC 128, German Tissue Collection of Mi-
croorganisms and Cell Culture [DSMZ]; Mn60 – B-cell leu-
kemia established from acute B-ALL, clone ACC 138,
DSMZ; Jurkat – acute T-cell leukemia, clone E6-1, American
Type Culture Collection [ATCC]; CCRF-CEM – acute T
lymphoblastic leukemia, clone #82112105, European Collec-
tion of Cell Culture [ECACC]; HL60 – promyelocytic leuke-
mia cell line, CCL 240 clone, ATCC) and lymphoma cell line
(KMH2 –Hodgkin lymphoma cell line, clone ACC 8, DSMZ)
were used in miRNA expression studies as well.

RPMI 1640Medium (Sigma) supplemented with 10–20 %
fetal calf serum (Sigma, Gibco), 0.03 % L-glutamine and
100 μg/ml streptomycin (Sigma) were used for cell culturing
at 37 °C in a 5 % CO2 humidified atmosphere.

Isolation of miRNA, cDNATranscription, Quantitative
Real-Time PCR and Data Analysis

MicroRNAs (miRs) were isolated using mirVana TM miRNA
Isolation Kit (Ambion) and the isolated miRNA samples were
stored at −70 °C until use. TaqMan MicroRNA Reverse
Transcription Kit and Taqman MicroRNA Assays stem-loop
RT primers [(hsa-miR-16 (Assay ID: 000391), hsa-miR-21
(Assay ID: 000397), hsa-miR-24 (Assay ID: 000402), hsa-
miR-29b (Assay ID: 000413), hsa-miR-128b (Assay ID:
000589), hsa-miR-142-3p (Assay ID: 000464), hsa-miR-155
(Assay ID: 000479), hsa-miR-223 (Assay ID: 000526),
RNU6B (Assay ID: 001093), Applied Biosystems, Foster
City, CA, US] were used in Mastercycler personal
(Eppendorf) according to the protocol.

For the amplification TaqMan Gene Expression Master
Mix and TaqMan MicroRNA Assay TM primers (miR-16,
−21, −24, −29b, −128b, −142-3p, −155, −223, Applied
Biosystems) were used. The quantitative real-time PCR assay
was performed on a 7300 Real Time PCR System (Applied
Biosystems). MiR’s expression values were calculated as the
mean of the three parallels, and normalized to the level of
RNU6B endogene control, which is frequently used as a
reference in miRNA experiments of lymphoid malignancies
[68, 69]. Results were obtained as threshold cycle (Ct) values.
The data were evaluated using 7500 software v.1.3.0-, and
DataAssist software v.2.0 (Applied Biosystems).

Statistical Analysis

Data of 16 patients with good and 8 patients with poor
prognosis were statistically analysed. Mean arithmetic values
(x) and standard deviation (SD) were calculated and compared
with Student’s t-test (normal distribution; Statistica 9.0) or
Mann–Whitney U test (asymmetrical distribution; Statistica
9.0). The cutoff value for relative expression of miR-128b—
which segregates patients into good and poor prognostic
groups with appropriate specificity and sensitivity—was cal-
culated by ROC curve using covariance analysis (SPSS). Chi2

test and Fisher’s exact probability test were used according to
sample size for categorical data comparison. Statistical analy-
sis was performed with Stat Soft STATISTICA 9.0 (Statsoft,
Tulsa, OK) and SPSS 15.1 software (SPSS Inc.), p<0.05 was
considered statistically significant.

Results

MiRNAs Relative Expression in Human Lymphoma
and Leukemia Cellsrom

Expression levels of miRs (miR-16,-21, −24, −29b, −128b,
−142-3p, −155, −223) were determined by real-time PCR.
Measurements were carried out on PMNC and/or on T-cells
from healthy individuals, on B-cells derived from tonsilla
palatina and onMNC isolated from peripheral blood and bone
marrow from non-leukemic and ALL patients. MiRNA ex-
pression profile was not significantly different in peripheral
blood and bone marrow samples derived from the same pa-
tient. MiRNA profile of PMNC samples or isolated normal
lymphoid cells from different non-leukemic donors showed
no significant difference. Based on these, current miR expres-
sion of human PMNC was considered 100 % (or 1) and the
miRNA expression in leukemic cells of patients was given as
relative expression of normal PMNC.

Leukemia cells derived at diagnosis from pediatric B- or T-
ALL patients (n=24) and different human ALL cell lines

Expression of certain leukemia/lymphoma related microRNAs 599
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(CEM, Jurkat, Nalm6 and Mn60) showed generally similar
alterations in miRNA expression. In our study we could not
find significant overexpression in the expression of well
known “oncomiRs” (miR-21 and −155). None of the studied
leukemia cells and cell lines showed significant alteration in
miR-21 expression. Higher expression level of miR-155 could
only be detected in one cell line (CEM, T-ALL). Slightly
increased expression of miR-155 could only be shown in B-
ALL patients [5.5x (0.54–11.7)]. Samples isolated from pedi-
atric T- and B-ALL patients - results comparable to those in
cell lines - showed in both types low miR-29b [0.19x (0.001–
1.05)], miR-21 [0.15x (0.003–0.73)] and miR-223 [0.31x
(0.003–1.56)] expression.

Lower expression of miR-24 [0.05x (0.01–0.13)] was sig-
nificant in isolated leukemia cells from T-ALL patients and all
cell lines (except Jurkat) showed similar low expression.
Overexpression of miR-16 was characteristic only in T-ALL
cell lines. No significant alteration in miR-142-3p expression
could be detected in any of the studied leukemia cell lines,
however, decreased expression of miR-142-3p could be
shown in leukemia cells from T-ALL patients. The most
characteristic change in miRNA expression was the highly
significant overexpression of miR-128b, which could be ob-
served in human ALL cell lines (>500x in the first three cell
lines) and all samples derived from leukemia patients [409x
(17.3-1048)] (Fig. 1).

Correlation Between miR-128b Expression and Prognostic
Factors, as well as Clinical Data of Childhood ALL Patients

The difference in expression profile of miR-128b on day 0
(before treatment) was determined in PMNC and/or BMNC
derived from ALL patients (n=24) in order to find potential
correlation with good or poor prognosis. The miR-128b ex-
pression was significantly higher in the initial samples of

patients with good prognosis (both in B- and T-ALL) com-
pared to children with poor prognosis (Fig. 2a). Upon the
prognosis of patients and the expression of miR-128b, a
relative expression value (80x higher expression compared
to normal PBMNC) was determined by ROC analysis (sensi-
tivity: 75 %, specificity: 87.5 %) and our ALL patients were
divided into two groups: patients with higher (80x<, n=16)
and lower (80x>, n=8) miR-128b expression (Fig. 2b). Sig-
nificant correlation was shown between the lower (80x>)
miR-128b expression and the poor prognosis (p<002—Fisher
exact probability test), as well as the poor prednisolone
reponse on day 8 (p<001—chi2 test). A longer disease free
time period of patients showed a significant correlation with
higher expression levels of miR-128b (p<0.011—chi2 test).
We could not find any correlation between miR-128b and age,
gender, immunophenotype, initial WBC count and karyotype
(Fisher exact probability and chi2 test were carried out case
number dependently).

MiRNS Expression Alteration During Follow-Up of ALL
Patients

The expression levels of the studied miRNAs changed in
parallel with the decreasing blast (bone marrow) count in all
pediatric ALL patients (n=24) during treatment. All lower
expressed miRNAs—at diagnosis—showed increasing ex-
pression and all overexpressed miRNAs decreased during
therapy. The most characteristic difference was the alteration
of miR-128b (decrease) and miR-223 (increase) expression. It
was also observed, that bone marrow samples of relapsed
patients have a significantly higher level of miR-128b com-
pared to values measured at initial diagnosis (Fig. 3.)

Discussion

Data about the studied miRNAs in connection with childhood
ALL are missing or they are controversial [7, 8, 14, 33, 34].

According to previous data, miR-21 and miR-155 could
play an important role in T- and especially B-cell differentia-
tion and function (isotype switch and generation of memory
cells) [6]. In our study no significant increase in miR-21 and
miR-155 expression was observed in ALL. However, overex-
pression of these onco- and/or inflamma-miR is described in
most of the lymphoid malignancies (DLBCL, HL, Burkitt
lymphoma etc.). Therefore our results confirm that the data
of those studies in which the change in the expression of these
two miRs is not characteristic in ALLs. It is possible, that the
slight increase of miR-155 expression in the cells of B-ALL
patients could corroborate the previously described regulatory
role of this miR in B-lymphoid cells [35].

Fig. 1 miRNA expression of ALL cells derived from pediatric patients.
The mean of relative expression of miR-16, −21, −24, −29b, −128b,
−142-3p, −155, −223 in leukemia cells separated from bone marrow
samples (n=15 B-ALL, n=9 T-ALL patients) on day 0, compared to
the miR expression of normal PBMNC (actual miRNA expression of
normal PMNC was considered to be 100 % - 1 in comparison; *p<0.05)
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MiR-24 could have an important role in the negative reg-
ulation of tumor proliferation, its overexpression can cause a
block in the G2/M phase of cell cycle [36, 42]. We showed
decreased miR-24 expression in human leukemia cell lines
and specially in samples derived from children with T-ALL.
These results suggest its possible role in the regulation of T-
cell proliferation through loss of function.

We also found decreased expression of miR-29b in ALL
cells. MiR-29b has important role in B-cell function. It could
help the survival of the leukemic clone (as previously were
described in several leukemia subtypes) through loss of neg-
ative feedback of the BCR/ABL fusion protein or through
overexpression of antiapoptotic proteins [24–26].

Decreased expression of miR-16 is already known in cer-
tain hematologic malignancies [7, 8]. Previously, correlation
was found between ovexpression of miR-16 and the poorer
prognosis of patients [37]. However, our results could not
show any significant change in the expression of miR-16.
All these three miRs (miR-29b, −16, −24) were previously
described with importance in leukemogenesis through the
known targets and/or regulatory proteins [22, 36, 38–41].

Changes in miRNA expression in relapsed ALL are in the
focus of interest in several groups [42, 43]. These suggest that
the low miR-223 expression could be a possible predictor of
ALL relapse. We confirmed this, since miR-223 expression
was almost undetectable in ALL cells isolated at diagnosis.
The expression level recovers to normal during treatment as
patients achieve remission and decreases again during relapse.

Our most interesting result is the extreme overexpression of
miR-128b in childhood ALL samples, which shows a signifi-
cant decrease of expression during treatment until the expres-
sion level of normal mononuclear cells is reached in remission.
Opposite direction was observed in the case of miR-223. Based
on others’ results, it could be assumed that the increased miR-
128b expression by PTEN inhibition while the decreased miR-
223 expression through the regulation of IGFR signal activity
could contribute to cell proliferation and survival [44, 45].
These observations correlate to the described and published
high mTOR activity in ALL cells [48].

Overexpression of miR-128b in leukemia has already been
described [46], but none of these studies reported its expres-
sion levels in relapsed ALL and correlation with the

Fig. 2 miR-128b expression in
ALL patients with different
prognosis. a The mean of relative
expression of miR-128b in ALL
patients with poor and good
prognosis. b Based on miR-128b
expression and prognostic data of
patients a cut off value (80x) was
calculated by ROC analysis
(sensitivity 75 %, specificity:
87.5 %) between higher and
lower relative expression of miR-
128b in the studied ALL cases

Fig. 3 Relative expression of
miR-128b and miR-223 in
follow-up samples of childhood
ALL patients. Representative
results show restored expression
of miR-128b and miR-223 in
bone marrow cells during
treatment at protocol check points
in a patient with good prognosis.
However, this restitution
disappeared in the samples of
patient with poor prognosis at
relapse
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prognosis. We found correlation between the good prognosis
and the expression of miR-128b. Higher expression at diag-
nosis predicted a better prognosis. It is particularly interesting
that enhancing miR-128b expression in MLL-AF4 transloca-
tion possessed ALL cell lines, and the glucocorticoid sensi-
tivity of these cells could be increased [47].

The data (higher miR-128b expression correlates with
good prednisolon response and good prognosis) suggest a
correlation between miR-128b expression changes and steroid
sensitivity of ALL cells. MLL-AF4 is typically present in
infant ALL, however, none of our patients was under 1 year-
old. Moreover, our currently presented miRNA results on
identical samples used in one of our previously published
study [48] related to mTOR activity (p-4EBP1, p-S6 expres-
sion) help to confirm the above described possibility. Using
Spearman’s rank correlation significant inverse correlation
was observed both with p-4EBP1 OD values indicating higher
mTOR activity (1.1<) and lower miRNA-128b expression
(80x>) in ALL samples (data are not shown). Besides these
results, it should be considered that both mTOR activity and
miR-128b expression were higher in ALL than in normal
lymphocytes, however, the highest mTOR activity and the
lowest miR-128b correlated to the worse prognosis. Further
studies are needed to verify previous and recent results.

We found altered expression of miRNAs which could have
relevant correlation with prognosis and prednisolon response
in children with ALL. In certain cases this could help to
predict early relapse of ALL.

To conclude our real-time PCR results, it was demonstrated
that increased expression of “oncomiR”-21 and −155 is not
characteristic for human ALL cells, while the overexpression
of miR-128b and downregulation of miR-223 are typically
characteristic of humanALL cell lines and childhoodALL cells.
It has been confirmed that the expression of miR-128b in ALL
cells correlates with the prognosis, the prednisolone response on
day 8 and the survival. Changes in expression of miR-128b and
miR-223, due to their leukemia cell specificity, effectively fol-
low the proportion of leukemia cells in bone marrow samples.

Taken together, our results suggest that determination of
miR-128b expression could help for predicting prognosis and
prednisolon response, in order to select patients with poor
prognosis before treatment, and to follow response to chemo-
therapy during treatment. This monitorization of the level of
miR-128b expression from peripheral blood samples may also
help to detect early relapse.
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