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Background: Evidence suggests that monoclonal B-cell lymphocytosis precedes all chronic

lymphocytic leukemia cases, although the molecular mechanisms responsible for disease

progression are not understood. Aberrant miRNA expression may contribute to the patho-

genesis of chronic lymphocytic leukemia. The objective of this study was to compare miRNA

expression profiles of patients with Binet A chronic lymphocytic leukemia with those of sub-

jects with high-count monoclonal B-cell lymphocytosis and healthy volunteers (controls).

Methods: Twenty-one chronic lymphocytic leukemia patients, 12 subjects with monoclonal

B-cell lymphocytosis and ten healthy volunteers were enrolled in this study. Flow cytometry

CD19+CD5+-based cell sorting was performed for the chronic lymphocytic leukemia and

monoclonal B-cell lymphocytosis groups and CD19+ cells were sorted to analyze the control

group. The expressions of miRNAs (miR-15a, miR-16-1, miR-29b, miR-34a, miR-181a, miR-

181b  and miR-155) were determined by quantitative reverse transcriptase polymerase chain

reaction (qRT-PCR).

Results: Significant differences between the expressions in the chronic lymphocytic

leukemia and monoclonal B-cell lymphocytosis groups were restricted to the expression
of  miR-155, which was higher in the former group. A comparison between healthy con-

trols  and monoclonal B-cell lymphocytosis/chronic lymphocytic leukemia patients revealed

higher miR-155 and miR-34a levels and lower miR-15a, miR-16-1, miR-181a and miR-181b

in  the latter group.
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Conclusions: Our results show a progressive increase of miR-155 expression from controls

to  monoclonal B-cell lymphocytosis to chronic lymphocytic leukemia. The role of miR-155

in  the development of overt chronic lymphocytic leukemia in individuals with monoclonal

B-cell lymphocytosis must be further analyzed.

©  2017 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published

by  Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Chronic lymphocytic leukemia (CLL) is a malignant neoplasm
characterized by an excess of monoclonal B lymphocytes in
peripheral blood, bone marrow, the spleen and lymph nodes.1

CLL is the most common leukemia in the Western world, with
an annual incidence of 5.1 cases/100,000 people.2

Over the last years, advances in multi-parameter flow
cytometry allowed the identification of small populations of
monoclonal B lymphocytes in the blood of apparently healthy
subjects.3 The presence of monoclonal B-cells in the periph-
eral blood of up to 5 × 109/L is classified as monoclonal B-cell
lymphocytosis (MBL) in the absence of other lymphomatous
features.4,5 This condition is found in 0.6–12% of healthy
individuals.3,6,7

MBL  is classified as high-count or low-count MBL. The
first is usually diagnosed in asymptomatic subjects with
mild lymphocytosis and the latter occurs in asymptomatic
subjects with normal blood counts who  have been submit-
ted to flow cytometry screening.8–10 The most recent World
Health Organization (WHO) classification defines low-count
MBL  as a peripheral blood CLL count of <0.5 × 109/L and no
extramedullary disease.4 As in CLL, MBL  is more  common in
men  and in relatives of CLL patients11–13 with its frequency
increasing with age.11,12,14–17

Virtually, all CLL cases are preceded by MBL.18 Even though
the mechanisms underlying CLL pathogenesis and MBL pro-
gression to CLL are still not well understood, it is speculated
that the initial genetic lesion in MBL  may occur in the
immature bone marrow B cell compartment and afterwards
repetitive antigenic stimulation may induce additional genetic
lesions, eventually leading to neoplastic transformation.19

MicroRNAs (miRNA) are 19–25 nucleotide single strand
RNAs responsible for gene expression and cellular metabolism
regulation.20,21 Changes in miRNA expression have been asso-
ciated with solid and hematologic tumors.21 Some microRNAs
have been shown to be abnormally expressed in CLL.22 Studies
addressing the molecular and genetic basis of MBL  may help
to elucidate initial steps of CLL pathogenesis and, therefore,
increase knowledge about CLL origin. Moreover, only a few

9,23
studies have investigated miRNAs in MBL. Here we hypoth-
esized that abnormalities in some miRNA expressions may be
present in MBL  and may have a role in initial monoclonal B-cell
expansion.
Methods

Cell  samples  from  normal  controls,  individuals  with
high-count  MBL  and  CLL  patients

Samples from 12 individuals with high-count MBL  and 21
patients with stage A CLL according to the Binet classifica-
tion were analyzed. All the patients were being monitored in
a university hospital in Ribeirao Preto, Sao Paulo, Brazil. Ten
healthy individuals were studied as a control group. The study
was approved by the Institution Ethics Research Review Board
and written informed consent was obtained from all partici-
pants in accordance with the Declaration of Helsinki and its
revisions.

Using cell sorting by flow cytometry, CD19+CD5+ lympho-
cytes were isolated from the peripheral blood of individuals
in the two study groups, and CD19+ lymphocytes from the
peripheral blood of controls as previously described.24 The
mean percentage of the desired cell population after isolation
was 89.48% (±8.48%).

The clinical characteristics of the enrolled subjects are
summarized in Table 1.

RNA  isolation  and  miRNA  expression

RNA was extracted from CD5+ B lymphocytes isolated from
the study groups and B lymphocytes from the control group,
using Trizol (Life Technologies, California, USA). Seven miR-
NAs known to have abnormal expressions in CLL were selected
for analysis (miR-15a, miR-16-1, miR-29b, miR-34a, miR-181a,
miR-181b and miR-155). miRNA expression was quantified
by TaqMan miRNA quantitative reverse-transcription poly-
merase chain reaction (qRT-PCR) as previously described.25,26

Briefly, 5 ng of total RNA were reverse transcribed using
the microRNA reverse-transcription kit (Applied Bio-systems,
California, USA) with specific stem-loop primers. qRT-PCR
analysis was performed using the miRNA-specific Taqman
assay (Applied Bio-systems). Expression levels of the nucle-
olar RNAs RNU24, RNU44 and RNU48 were similar for all
groups and the geometric mean of their expression was used

to normalize the expression of the miRNAs, as previously
described27 using the 2−�Ct formula. The coefficients of vari-
ation (CV) of the reactions were calculated. If the CV of a
reaction was greater than 2% in two successive experiments,
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Table 1 – Characteristics of the enrolled subjects.

Characteristic Control High-count
monoclonal B-cell

lymphocytosis

Chronic lymphocytic
leukemia

Number of subjects 10 12 21
Medium age 38 78 70
Range (years) 25–60 57–97 58–81

Gender (n)
Male 2 9 11
Female 8 3 10

Medium number of lymphocytes 2.064 3.933 41.714
Range (�L) 1.360–3.300 2.900–5.900 7.500–147.000
% CD5+ B-Lymphocytes of total lymphocytes – 34.9 78.02
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Range (%) – 

ts value was considered unavailable. All miRNAs were studied
n duplicate.

tatistical  analysis

he Kolmogorov–Smirnov normality test was initially per-
ormed to compare miRNA expressions. The expressions of
he miRNAs, miR-15a, miR-16-1, miR-29b, miR-181b and miR-
55, did not deviate from the normal distribution and variance
nalysis (ANOVA) was used followed by the Bonferoni post hoc
est. The Kruskal–Wallis non-parametric test (non-parametric
NOVA) was used followed by the Dunn post hoc test for

he miRNAs miR-34a and miR-181a that had non-normal
istributions. All tests with p-values ≤0.05 were considered
tatistically significant.

esults

iRNA  expression

f the seven miRNAs deemed relevant for CLL pathogene-
is, miRNA-155 and miR-34a were differentially expressed in
he CLL and high-count MBL  groups compared to the con-
rols (p-value = 0.33 and p-value = 0.003 for MBL and controls
nd p-value <0.001 and p-value = 0.02 for CLL and controls,
espectively) with the highest values detected in CLL (Figure 1).

iRNA-155 expression in high-count MBL  had a tendency to
e greater than in healthy subjects, but this difference was
ot statistically significant, maybe due to the small number of
amples studied (Figure 1). miR-34a expression was not sta-
istically different between CLL and MBL  (Figure 1). miR-15a,

iR-16-1, miR-181a and miR-181b were down-regulated in CLL
nd MBL. Their expression was lower in CLL patients when
ompared to controls (p-value < 0.001 for all miRNAs). High-
ount MBL  subjects also had lower expression than controls
or miR-15a, miR-16-1 and miR-181b (p-value = 0.003) and for

iR-181a (p-value < 0.001) (Figure 1).

Expression of miR-29b was similar for all three groups

Figure 1).
5.97–61.01 58.63–91.09

Discussion

This study with a Binet A CLL group and a high-count
MBL  group demonstrated new molecular differences between
these two entities.

Statistical similarities have been identified regarding the
frequencies of immunoglobulin heavy chain variable (IGHV)
genes between high-count MBL and the initial stages of CLL,
although findings from low-count MBL were different between
these groups.28,29 Other authors also found biological similari-
ties between these three entities. Not only high-count MBL  but
also low-count MBL bear cytogenetic abnormalities common
in CLL, including 13q-, 17p- and trisomy 12.6,30–32

Aiming to better understand genetic alterations in CLL,
this study compared the expressions of miRNAs previously
described as altered in this disease with their expression in
MBL. Knowledge of miRNA expression in different monoclonal
proliferation stages may improve the comprehension of CLL
pathophysiology.

Several studies using different methodologies have iden-
tified overexpression of miR-155 in CLL when compared to
normal controls.23,33–37 Our results confirmed the seminal
findings of Ferrajoli et al. who showed that the expression of
miR-155 is greater in Binet A CLL than in high-count MBL  and
that its expression in these individuals is greater than in nor-
mal  controls.23 Thus, our findings suggest that miR-155 may
be used as a progression marker for MBL individuals, but this
must be confirmed by further specific studies.

As is usual for miRNAs, miR-155 has distinct functions
in different cell types. In B-lymphocytes, it represses the
expression of PU.1 transcription factor and the inositol
5-phosphatase Src homology-2 domain-containing inositol
5-phosphatase 1 (SHIP1).38 As an antagonist of the phos-
phatidylinositol 3-kinase (PI3K) pathway, SHIP1 is a negative
regulator of B cell receptor (BCR) signaling and it was identified
as a target of miR-155 in diffuse B-cell lymphoma.39 In CLL, the
regulation of miR-155 and its target genes are not well under-
stood. Its expression may be regulated by transcription factors
that have important roles in its evolution. Furthermore, miR-

155 may directly regulate coding genes that are important for
the transition of MBL to CLL.23
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Figure 1 – MicroRNA expression of control, monoclonal B-cell lymphocytosis and chronic lymphocytic leukemia groups: (A)
miR-155; (B) miR-34a; (C) miR-15a; (D) miR-16-1; (E) miR-181a; (F) miR-181b; (G) miR-29b.
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This study also identified miR-34a to be overexpressed in
LL when compared to healthy controls.35,40,41 This miRNA
as been associated to the regulation of the tumor protein
53 (TP53) pathway41–45 and may be related to fludarabine
esistance in CLL.44

The study that first demonstrated down-regulation of
iR-15a and miR-16-1 in CLL patients was also the first to

emonstrate abnormal expressions of miRNAs in cancer.46

ubsequent studies using different techniques have con-
rmed this finding, particularly in patients with del 13q14.47–49

ther authors found similar expressions of these miRNAs in
LL and normal controls using microarrays35 and RT-qPCR.33

lein et al. demonstrated that mouse models that have the
hromosome area (13q14) responsible for the transcription of
hese miRNAs deleted developed monoclonal expansion of
ymphocytes in blood.50

In this study, the miRNAs miR-181a and miR-181b were
own-regulated in CLL when compared to normal controls.
ther authors found similar results in studies using RT-
PCR,36,48 Northern Blot34 and microarrays.35 Visone et al.
emonstrated that down-regulation of miR-181b is a better
arker for worse prognosis in CLL than the IGHV mutation

tatus and ZAP-70 expression, and suggest that its expression
hould be monitored in CLL patients.51

The pattern of miR-29b expression in CLL is not well
nderstood. Here the results for CLL Binet A, high-count MBL
nd normal controls were similar. Sampath et al. found that
0% of the CLL patients have a similar expression to normal
ontrols.49 Fulci et al. also had results similar to this study.33

owever, Santanam et al. found this miRNA to be overex-
ressed in CLL, and Zhu et al. found it to be down-regulated

n CLL.48,52 All these studies have heterogeneous groups of
LL patients regarding the stage of the disease. These dif-

erent results suggest that miR-29b expression may change
ccording to disease stage. However, this hypothesis should
e confirmed in future studies.

Apart from the study of Ferrajoli et al. on miR-155, only one
ther group has evaluated miRNA expression in high-count
BL.23 Thus, Morabito et al. used microarrays to study indi-

iduals previously diagnosed with CLL before the change of
iagnosis criteria proposed by the International Workshop on
hronic Lymphocytic Leukemia in 2008.9,53 They found miR-
30a was the only one with different expressions between CLL
nd high-count MBL. Using another technique and a more
eterogeneous high-count MBL  population, this study found
he expressions of the miR-34a, miR-15a, miR-16-1, miR-181a,

iR-181b and miR-29b to be similar in CLL and high-count
BL.

The results reported here should be confirmed by further
tudies, since the groups were small and more  individ-
als must be studied to allow robust conclusions. Moreover,
lthough the CLL and MBL  groups were composed mainly
f older individuals and the MBL  group mainly of males,
ur control group was composed mainly of females and the
edium age for this group was lower than for the study

roups, although there are no data suggesting that the levels

f these miRNAs change with sex and age.

In conclusion, the finding that some miRNAs have abnor-
al  expressions in MBL  and that this condition is also present

n CLL suggests that these genetic changes may be part of the
 1 7;3  9(3):237–243 241

initial events responsible for monoclonal CD5+ B-cell prolifer-
ation. The differential expression of miR-155 in MBL  and CLL
suggests its role in signaling pathways that are important to
the development of the disease.
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