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Chronic lymphocytic leukemia (CLL) is an incurable disease accounting for almost one-third of leukemias in the Western world.

Aberrant expression of microRNAs (miRNAs) is a well-established characteristic of CLL, and the robust nature of miRNAs makes

them eminently suitable liquid biopsy biomarkers. Using a nested case–control study within the European Prospective

Investigation into Cancer and Nutrition (EPIC), the predictive values of five promising human miRNAs (hsa-miR-16-5p, hsa-miR-29a-

3p, hsa-miR-150-5p, hsa-miR-155-5p and hsa-miR-223-3p), identified in a pilot study, were examined in serum of 224 CLL cases

(diagnosed 3 months to 18 years after enrollment) and 224 matched controls using Taqman based assays. Conditional logistic

regressions were applied to adjust for potential confounders. The median time from blood collection to CLL diagnosis was 10 years

(p25–p75: 7–13 years). Overall, the upregulation of hsa-miR-150-5p, hsa-miR-155-5p and hsa-miR-29a-3p was associated with

subsequent risk of CLL [OR1ΔCt-unit increase (95%CI) = 1.42 (1.18–1.72), 1.64 (1.31–2.04) and 1.75 (1.31–2.34) for hsa-miR-150-5p,

hsa-miR-155-5p and hsa-miR-29a-3p, respectively] and the strongest associations were observed within 10 years of diagnosis.

However, the predictive performance of these miRNAs was modest (area under the curve <0.62). hsa-miR-16-5p and hsa-miR-223-

3p levels were unrelated to CLL risk. The findings of this first prospective study suggest that hsa-miR-29a, hsa-miR-150-5p and

hsa-miR-155-5p were upregulated in early stages of CLL but were modest predictive biomarkers of CLL risk.

What’s new?
Aberrant circulating microRNA (miRNA) levels are a well-established characteristic of chronic lymphocytic leukemia (CLL), but

pre-diagnosis data remain scarce. In this nested case–control study within the European Prospective Investigation into Cancer

and Nutrition Study, circulating hsa-miRNA-29a-3p, -150-5p, and -155-5p were upregulated up to 10 years before CLL

diagnosis compared to controls, suggesting a role in early disease progression. However, these biomarkers were suboptimal to

discriminate CLL from controls. No difference was observed in hsa-miRNA-16-5p and -223-3p expression between pre-CLL and

controls. The ability to detect pre-clinical biomarkers may help better understand CLL development and open new avenues for

personalized treatment.

Introduction
Chronic lymphocytic leukemia (CLL) is the most common
form of leukemia in the Western world with an incidence of
around 5 per 100,000 per year.1 CLL is essentially an incurable
disease characterized by an accumulation of abnormal B-cell
in the blood, bone marrow and lymphoid tissues.2 Increasing
age, being Caucasian, a familial history of CLL and male sex
are all well-established risk factors but the etiology of CLL
remains unknown. Current diagnosis of CLL depends upon
either the presentation of clinical symptoms or is mainly made
serendipitously during routine blood testing.

CLL could be preceded by a precursor stage, monoclonal
B-cell lymphocytosis (MBL), characterized by the presence of
less than 5,000 clonal B-cells per μl in the peripheral blood and
no other signs of a lymphoproliferative disorder. With the
advancements of technology, two subgroups of CLL precursors
have been defined (i) high count MBL (MBLhi), with 500–5,000

circulating clonal B-cell per μl with a 1.1% rate of progression
to CLL requiring treatment3 and (ii) low count MBL (MBLlo),
with less than 500 circulating clonal B-cell per μl in otherwise
healthy individuals. MBLlo is detected within research screening
programs using highly sensitive flow-cytometry techniques in
up to 12% of individuals aged 40 or over and its prevalence
increases with age.4 The reasons for progression to a larger
B-cell clonal population from MBLlo to higher stages are not
known. There is currently no early diagnosis or screening test
for CLL, and after diagnosis, most patients are managed follow-
ing a watch-and-wait approach. The ability to detect preclinical
biomarkers in the blood of otherwise healthy individuals will
contribute to a better understanding of the development and
progression of MBL and CLL and might open new avenues to
optimize personalized treatment strategies.

MicroRNAs (miRNAs), short (~22 nucleotides) noncoding
single chain RNA, act as key regulators in almost every
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biological processes examined to date and are aberrantly
expressed in many, if not all, cancers including hematological
malignancies.5 Binding to near complementary sequences of
mRNAs, miRNAs regulate gene expression.6 In 2002, CLL
was the first tumor to be associated with aberrant miRNA
expression.7 The loss of the expression of hsa-miR-15a and
hsa-miR-16-1, located at chromosome 13q14, a locus often
deleted in CLL patients (>50%), lead to the overexpression of
the inhibitor of apoptosis BCL2.7,8 Encoded by eukaryotic
nuclear DNA, miRNAs can also be detected in body fluids9,10

and their presence in blood in direct contact with tumor cells
might provide molecular markers of the tumor cell microenvi-
ronment. Altered expression of miRNAs is observed in CLL
patients and is associated with CLL progression and prognosis
factors in many studies.7 Due to their inherent chemical sta-
bility, and ability to complex with either protective proteins or
sequestration in extracellular vesicles, miRNAs are eminently
suitable liquid biopsy cancer biomarkers that have generated a
lot of interest in recent years.11 To the best of our knowledge,
serum levels of miRNAs have never been examined prior to
CLL diagnosis in a large prospective cohort study.12

In order to test the ability of miRNAs as predictive bio-
markers of CLL, we investigated the levels of five promising
miRNAs (hsa-miR-16-5p, hsa-miR-29a-3p, hsa-miR-150-5p,
hsa-miR-155-5p and hsa-miR-223-3p), selected following a
pilot study12–15 (Supporting Information Data S1), in a nested
case–control study of 224 pre-CLL cases and 224 matched
controls obtained from the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC) cohort.

Materials and Methods
Study population
EPIC is an ongoing prospective cohort study involving 23 cen-
ters from 10 European countries (Denmark, France, Germany,
Greece, the Netherlands, Italy, Norway, United Kingdom,
Spain and Sweden). The rationale, methods and study design
have been described previously.16,17 In brief, 521,324 subjects,
aged between 30 and 70 years, were recruited between 1992
and 2000. Written informed consent was provided by all par-
ticipants. The ethical review boards from the International
Agency for Research on Cancer (IARC) and from all local
centers approved the study. Prior to analysis, the following
exclusions were made: participants with a prevalent cancer
(n = 25,184) and with missing follow-up information
(n = 4,148). Thus, our initial study population included
491,992 EPIC participants. Controls and cases provided a
serum sample at recruitment.

Follow-up and nested case–control design
Incident lymphoma cancer cases were identified by population
cancer registries for Denmark, Italy, the Netherlands, Norway,
Spain, Sweden and the United Kingdom. A combination of
methods was used in France, Germany and Greece, as detailed
previously.17 Mortality data were also obtained from regional

or national mortality registries. The follow-up period was
defined from the age at recruitment to the age at first hemato-
logical cancer diagnosis, death or last complete follow-up,
depending on which occurred first. Censoring dates for the
last complete follow-up ranged from June 2008 to December
2013, depending on the EPIC center. Initially, the diagnosis of
lymphoma cases was based on the second revision of the Inter-
national Classification of Diseases for Oncology (ICD-O-2).
Later, all cases were reclassified into the ICD-O-3 using a con-
version program available on the web site of the Surveillance
Epidemiology and End Results (SEER) program (http://seer.
cancer.gov/tools/conversion/ICD02-3manual.pdf) and involv-
ing a pathology expert and experts from the EPIC centers.
Finally, the InterLymph Pathology Working Group classifica-
tion, which is based in the current 2008 WHO classification,
was used to categorize lymphoma histologic subtypes. CLL
and small lymphocytic lymphoma are considered the same
underlying disease.

A case–control study nested within the EPIC study was
set-up and cases were people with CLL from whom a serum
sample was available from prior to diagnosis. Controls were
alive and without a cancer diagnosis (other than non-
melanoma skin cancer) at the time of the diagnosis of the
CLL case. One control was randomly chosen for each case
(1:1) using incidence density sampling and matched for sex,
study center, age at blood collection (�12 months), date of
blood collection (�3 months), time of blood collection
(�3 hr) and fasting at blood collection (no/yes). The present
study includes 224 CLL cases and 224 controls. CLL cases
were diagnosed 3 months–18 years after blood collection and
the median follow-up time was 10.0 years. In July 2011, the
Danish biobank was flooded and the samples might have been
affected with more freeze and thaw cycles.

Selection of the miRNAs: EpiLymph-Spain pilot study
The EpiLymph-Spain study has been described in more detail
previously.18 Following a literature search (January 2002–
February 2014), we run a pilot study examining 12 promising
miRNA (hsa-miR-15a-5p, hsa-miR-20a-5p, hsa-miR-21-5p,
hsa-miR-23a-3p, hsa-miR-29a-3p, hsa-miR-34a-5p, hsa-miR-
146a-5p, hsa-miR-150-5p, hsa-miR-155-5p, hsa-miR-181b-5p,
hsa-miR-223-3p and hsa-miR-451a) in 48 untreated CLL patients
and 42 frequency-matched (age, sex and region) hospital-based
controls from the Spanish data of the EpiLymph study. Methods
and results can be found in Supporting Information Data S1.
Based on the findings, we limited the final selection for the
prospective analysis to these four most promising miRNA
(hsa-miR-29a-3p, hsa-miR-150-5p, hsa-miR-155-5p and hsa-miR-
223-3p) as well as hsa-miR-16-5p and hsa-miR-24-5p for poten-
tial normalization.

Laboratory methods
Total RNA was purified from serum samples (200 μl) col-
lected at recruitment using the Exiqon miRCURY RNA
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Isolation Kit-Biofluids (Vedbaek, Denmark) according to the
manufacturer’s protocol. RNA was then reverse-transcribed
using Megaplex RT primers pool A v.2.1 (Thermo Fisher,
St. Louis, MO) according to manufacturer’s protocol. Levels of
individual miRNAs were measured using specific Taqman
probes according to manufacturer’s protocols (Thermo Fisher)
in a CFX384 Touch Real-Time PCR Detection System (Bio-
Rad). Hsa-miR-24-5p was used for normalize the Ct values.
Samples were measured in triplicate in a blinded fashion with-
out knowledge of the case–control status of the sample. The
ΔCt for each individual was defined as: (

Pn
1hsa miR ref )/n −

(
Pn

1hsa miR of interest )/n, where n was the number of repli-
cates (n = 3) and hsa-miR-ref was hsa-miR-24-5p.

Statistical analysis
Distribution of cases and controls by selected putative risk fac-
tors (educational level: secondary or higher vs. other, body mass
index (BMI): <25, 25–30, ≥30, physical activity: inactive vs.
active based on the Cambridge physical activity index, smoking
status: never, former and current, and alcohol consumption at
recruitment, height and total energy intake as continuous) was
examined. Heterogeneity for categorical exposures was assessed
using chi-squared test and t-test or nonparametric test for nor-
mal or non-normal continuous exposures, respectively. Among
controls, the association between ΔCt distribution and the
selected variables was examined using linear regression adjusted
for the matching variables. Spearman correlation quantified the
association between miRNAs and principal component analysis
(PCA) was applied to visualize patterns across miRNAs.

The association between pre-CLL participants and their
matched controls was analyzed using the overall database and
then stratifying by years from blood collection to disease diag-
nosis (<5, 5–9, 10 or more; in years). ΔCt country-specific
(Danish and non-Danish) tertiles were obtained based on the
distribution of ΔCt values in controls. Tests for trend in
tertiles were performed using categories 1, 2 and 3, respec-
tively. Unadjusted odds ratios (OR) and 95% confidence inter-
vals (95% CI) for one unit ΔCt values and for tertiles of ΔCt
were estimated with conditional logistic regression. Percentage
of missing for all variables was <4% in both pre-CLL and con-
trols. Adjustment for the selected risk factors did not change
the OR more than 7%; therefore, further adjustment was not
considered (Supporting Information Data S2).

Receiver operating characteristic (ROC) curves analysis
and the area under the curve (AUC) were used to evaluate the
accuracy of each miRNA to discriminate controls from pre-
CLL. A threefold cross-validation was performed using the R
library caret in individuals with their diagnosis within 5-year
of recruitment.

As sensitivity analysis, we tested heterogeneity in ΔCt
values of the miRNA among countries by means of Cochran’s
Q test. To take into account the potential impact of the
flooding in Denmark, we examined the differences in the

medians of ΔCt values between the 218 Danish and 230 non-
Danish samples using Mann–Whitney test and also examined
the heterogeneity of the results stratifying by Danish and non-
Danish countries. Finally, we ran again all analyses excluding
extreme values defined by mean ΔCt value � 3 standard devi-
ations. Two-sided p-values were reported with statistical sig-
nificance set at p < 0.05. All analyses were performed by using
STATA statistical software, version 15 (Stata Corporation,
College Station, TX) and R v3.4.0.

Data availability
For information on how to submit an application for gaining
access to EPIC data and/or biospecimens, please follow the
instructions at http://epic.iarc.fr/access/index.php.

Results
Study sample description
Most of the 224 paired samples came from Denmark (n = 109,
44%; Table 1). The mean age at recruitment was 57 years and the
male/female ratio was 50%. The median follow-up time between
blood collection and diagnosis of CLL was 10 years (p25–p75:
7–13 years). No significant differences in the potential con-
founders were observed between pre-CLL and controls. Regarding
raw miRNA serum levels, there were strong differences in ΔCt
means of hsa-miR-150-5p, hsa-miR-155-5p and hsa-miR-29a-3p
(p-values < 0.001), but not hsa-miR-16-5p and hsa-miR-223-3p
between pre-CLL and their matched controls. No association was
observed for the selected sociodemographic variables (smoking,
education, BMI, physical activity, height and alcohol) and miRNA
levels at recruitment (data not shown). In relation to the
matching variables, statistically significant differences between
Danish and non-Danish crude expression levels were observed
for all miRNA with higher median ΔCt values for hsa-miR-
16-5p, hsa-miR-150-5p, hsa-miR-155-5p and hsa-miR-29a-3p and
inversely for hsa-miR-223-3p (Supporting Information Data S3).
Samples were collected over a 6-year period (1993–1998); how-
ever, no differences in miRNA levels were observed by year of
sample collection (data not shown). Overall, younger individuals
had higher hsa-miR-223-3p and lower hsa-miR-155-5p levels.
Females tended to have higher hsa-miR-223-3p and lower hsa-
miR-155-5p, hsa-miR-16-5p and hsa-miR-29a-3p crude levels than
males (Supporting Information Data S3).

MiRNA correlation
High correlations were observed between hsa-miR-150-5p and
hsa-miR-155-5p (ρ = 0.82) and between hsa-miR-29a-3p and
hsa-miR-150-5p and hsa-miR-155-5p (ρ = 0.75 and 0.66, respec-
tively; data not shown). These results were reflected by the two
components of the PCA explaining 79% of the miRNAs expres-
sion levels variability (Fig. 1). PC1 was dominated by hsa-miR-
150-5p,hsa-miR-155-5p, hsa-miR-29a-3p and to a lesser extent
by hsa-miR16-5p while PC2, mainly defined by hsa-miR223-3p,
explained 25% of the variability. CLL diagnosed in <5 years
from blood collection had high values of PC1.
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Serum hsa-miR-150-5p, hsa-miR-155-5p and hsa-miR-
29a-3p levels elevated years before CLL diagnosis
At recruitment, pre-CLL were more likely to have higher ΔCt
values of hsa-miR-29a-3p, hsa-miR-150-5p and hsa-miR-
155-5p than controls (OR1ΔCt unit increase: 1.75, 95% CI:
1.31–2.34; OR:1.42, 95% CI: 1.18–1.72 and OR: 1.64, 95% CI:
1.31–2.04, respectively; Fig. 2 and Supporting Information
Data S2) whereas no associations were observed with hsa-
miR-223-3p and hsa-miR-16-5p. Following mutual adjustment
for the other four miRNAs, hsa-miR-150-3p did not remain
associated with CLL (OR1ΔCt unit increase: 0.85, 95% CI:
0.60–1.20; Supporting Information Data S2). Evaluating the
model including the two principal components, only PC1 was
associated with CLL risk (OR1 unit increase: 1.44; 95% CI:
1.21–1.72; and OR1 unit increase: 0.93; 95% CI: 0.71–1.23; for
PC1 and PC2, respectively; Supporting Information Data S4).

By time from recruitment to diagnosis, the association
between serum hsa-miR-29a-3p, hsa-miR-150-5p and hsa-

miR-155-5p levels and pre-CLL strengthened with decreasing
time to diagnosis (OR<5 years of CLL = 3.38, 95% CI = 1.44–7.90;
OR = 2.18, 95% CI = 1.24–3.38; OR = 2.32, 95% CI =
1.30–4.12, respectively; Fig. 3 and Supporting Information
Data S4). An increased risk of CLL was also observed in
individuals diagnosed more than 10 years after recruitment,
but estimates did not reach statistical significance. No inter-
actions by age at recruitment and sex were detected (data
not shown).

Modest predictive performances of miRNAs
Overall, the five miRNAs (alone or altogether) had modest
predictive performances and limited ability to discriminate
between pre-CLL and controls (AUC ranged from 0.52 to
0.62, Table 2). Hsa-miR-155-5p, hsa-miR-150-5p and hsa-miR-
29a-3p as well as both PCs gained good predictive perfor-
mances with decreasing time to CLL diagnosis reaching AUCs
within 5 years of CLL diagnosis of around 0.80/0.90. However,

Table 1. Demographic and lifestyle characteristics of pre-CLL cases and their matched controls at recruitment

Controls Pre-CLL p1

Overall (n) 224 224

Female, n (%) 113 (50) 113 (50) –

Country, n (%) –

Denmark 109 (49) 109 (49)

United Kingdom 31 (14) 31 (14)

Italy 24 (11) 24 (11)

Spain 22 (109) 22 (10)

Germany 15 (7) 15 (7)

The Netherlands 19 (8) 19 (8)

Greece 4 (2) 4 (2)

Age at recruitment (years), mean (SD) 56.6 (7.1) 56.6 (7.1)

≤53 70 (31) 74 (33)

54–59 69 (31) 65 (29)

≥60 85 (38) 85 (38) 0.89

Secondary school or higher education, n (%) 72 (34) 61 (29) 0.24

Height (cm)2, mean (SD) 168.0 (9.34) 168.7 (9.24) 0.48

Body mass index (kg/m2), mean (SD) 25.9 (3.71) 26.7 (4.18) 0.08

Total energy 2,150.1 (607.88) 2,161.3 (613.39) 0.66

Physically inactive n (%) 40 (18) 38 (17) 0.80

Current smoker, n (%) 54 (24) 63 (28) 0.33

Alcohol intake (g/day), mean (SD) 15.8 (17.81) 17.6 (21.33) 0.75

hsa-miR-16-5p3, ΔCt mean (SD) 4.8 (1.19) 4.8 (1.09) 0.39

hsa-miR-150-5p3, ΔCt mean (SD) −1.04 (1.23) −0.65 (1.46) 0.002

hsa-miR-155-5p3, ΔCt mean (SD) −6.57 (1.11) −6.08 (1.6) 0.003

hsa-miR-223-3p3, ΔCt mean (SD) 4.77 (0.81) 4.73 (0.89) 0.20

hsa-miR-29a-3p3, ΔCt mean (SD) −2.44 (0.8) −2.14 (1.1) 0.001

1p of heterogeneity for categorical variables and t-test or median test for continuous variables.
2Anthropometric data were adjusted to reduce heterogeneity due to protocol differences in clothing worn during measurement.
3Normalized by hsa-miR-24-5p.
% of missing for all variables was less than 2% in both pre-CLL and controls except for educational levels (4 and 3% in controls and pre-CLL,
respectively).
Abbreviations: CLL, chronic lymphocytic leukemia; SD, standard deviation.
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Figure 1. Principal component analysis of miRNA normalized ΔCt values. The two principal components obtained were: PC1, highly loaded on
hsa-miR-150-5p (32%), hsa-miR-155-5p (29%), hsa-miR-29a-3p (26%) and to a lesser extent hsa-miR-16-5p (13%), explained 55% of the
variability; PC2, highly loaded on hsa-miR-223-3p (−73%), explained 25% of the variability. 95% confidence ellipses are represented by solid
line (controls), dash-dotted line (<5 years, pre-CLL), dotted line (between 5 and 10 years, pre-CLL), dashed line (10 years or more, pre-CLL).
[Color figure can be viewed at wileyonlinelibrary.com]

Figure 2. Odds ratio of CLL in relation to prediagnostic levels of the five selected miRNAs, by tertile distribution at recruitment. Abbreviations:
CI, confidence interval; CLL, chronic lymphocytic leukemia; miR, microRNA; n, number; OR, odds ratio; p-trend, p-value for trend. 1: Tertiles
(T) based on country-specific distribution of hsa-miR expression in controls (Danish and non-Danish origin). ORs were estimated using
conditional logistic regression models (each case was matched by sex, study center, age at blood collection (1 year), date of blood collection
(�3 months), time of blood collection (�3 hr) and fasting at blood collection (no, yes)). Data of the graph can be found in Supporting
Information Data S2. Overall test for trend was based on a 1 unit ΔCt increase and tests for trend across tertiles were done using categories
1, 2 and 3 for each tertile, respectively.
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following a threefold cross-validation analysis the prediction
capacity for this time period dropped sharply for all miRNAs
(AUC<5 years < 0.61; Table 2).

Sensitivity analyses
No heterogeneity by country for the analysis on CLL and
1-ΔCt value increase for any of the five miRNA was detected
(All p values for heterogeneity >0.10; Supporting Information
Data S5) and the results were not materially modified after
exclusion of extreme values (representing <1% of each
miRNA; data not shown).
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Figure 3. Odds ratio of CLL in relation to prediagnostic levels of the
five selected miRNAs by time (years) from blood collection to CLL.
Abbreviations: CI, confidence interval; CLL, chronic lymphocytic
leukemia; miR, microRNA; n, number; OR, odds ratio; yrs, years. ORs
were estimated using conditional logistic regression models (1:1
matched by sex, study center, age at blood collection (1 year), date
of blood collection (�3 months), time of blood collection (�3 hr)
and fasting at blood collection (no, yes)). Data of the graph can be
found in Supporting Information Data S4.
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Discussion
In this case–control study nested within the prospective EPIC
study, circulating hsa-miRNA-29a-3p, hsa-miR-150-5p and
hsa-miR-155-5p were found to be deregulated up to 10 years
before CLL diagnosis. Our results lend further support for a
role in disease progression of these three miRNAs in early
CLL stages. However, these biomarkers were suboptimal to
discriminate CLL from controls. No difference was observed
in hsa-miRNA-16-5p and hsa-miR-223-3p expression between
pre-CLL and controls.

Both hsa-miR-150-5p and hsa-miR-155-5p have been inten-
sively studied in CLL and immune system deregulation.19,20

Their expression has been found to increase with B-cell recep-
tor (BCR) and T cell activation, hematopoiesis and inflamma-
tion. In particular, hsa-miR-155-5p has been associated with the
regulation of activation-induced deaminase (AID)-mediated
oncogenic translocations and class-switched B cells.21 Further-
more, hsa-miR-150-5p could inhibit expression of genes associ-
ated with BCR signaling like forkhead box P1 (FOXP1) and
GRB2-associated binding protein 1 (GAB1).22 Upregulation of
hsa-miR-155-5p in CLL cells and serum is well-documented23,24

and was also found to be a valid prognosis marker for CLL,
independently of the established markers of poor clinical out-
come: ZAP-70 and IgHV mutational status.25 Likewise, higher
levels of hsa-miR-150-5p were also detected in serum24,26 and
plasma27 of CLL patients compared to healthy individuals.
Upregulation of hsa-miR-150-5p was associated with some
(i.e., CD38+), but not all (ZAP-70) prognostic markers in
serum.26 In contrast, Moussay et al. reported an association
between higher levels of hsa-miR-150-5p and disease severity
as well as ZAP70 positive patients.27 The high correlation
between hsa-miR-150-5p and hsa-miR-155-5p levels suggests
that these molecules might act jointly in CLL to enhance
tumor growth. Nevertheless, after mutual adjustment only the
association between CLL and hsa-miR-155-5p remained,
suggesting a stronger role of hsa-miR-155-5p than hsa-miR-
150-5p. However, since the two miRNA were highly corre-
lated, the mutual adjustment may represent overadjustement.
Compared to circulating soluble CD23, a strong predictor of
subsequent CLL risk,28 neither hsa-miR-155-5p nor hsa-miR-
150-5p levels were good to discriminate controls from CLL.
The increasing ORs with decreasing time to diagnosis might
reflect the slowly developing disease as reported by Landgren
et al.29 with the presence of MBLhi 6.4 years before CLL diag-
nosis and might indicate an increase in the clonal B-cell
population.30

In previous studies, hsa-miR-155-5p was overexpressed in
B-cells of individuals with MBLhi.31 However, to the best of
our knowledge, there is no data looking at serum before CLL
diagnosis. Concurrently, two groups have reported at the
American Society of Hematology 2018 meeting higher risk of
infections as well as higher mortality rates in individuals with
MBLlo compared to the general population as well as to age-
sex matched individuals without MBLlo.32,33 CLL is associated

with the deterioration of CD8+ T-cell function, the so-called
“T-cell exhaustion”,34 and in turn with higher risk of infec-
tions35,36 leading to a vicious circle of infections, host suscepti-
bility and worsened host immune system.37 Interestingly,
hsa-miR-155-5p was found to regulate the CD8+ T-cell exhaus-
tion in chronic and acute bacterial and viral infections.38–40

Likewise, hsa-miR-150-5p was found to regulate memory CD8+
T cell through the transcription factor MYB(c-Myb)41 and
forkhead box O1 (Foxo1).42 It would have been interesting to
examine the association of miRNAs levels and the personal his-
tory of infectious diseases of the participants but, the EPIC
study does not have this information.

Compared to hsa-miR-150-5p and hsa-miR-155-5p, little is
known on the association between hsa-miR-29a-3p and CLL.
We found here that hsa-miR-29a-3p showed a strong and stable
association with CLL even following mutual adjustment for
other miRNAs. The deregulation of the miR-29 family has been
mainly described as tumor suppressor for many cancers and has
been implicated in the regulation of the acquired immune sys-
tem.43 Using 94 samples of CLL cells, Calin et al.15 reported that
a miRNA signature of 13 miRNAs, including miR-29 family
(miR-29a, miR-29b, miR-29c, all downregulated), could discrim-
inate between CLL samples with poor (expression of ZAP-70
and unmutated IgHV) and good (no expression of ZAP-70 and
mutated IgHV) prognosis. To the best of our knowledge and in
line with our pilot study, only one study examining serum
miRNA levels in 22 CLL patients and eight healthy volunteers
reported higher levels of hsa-miR-29a-3p compared to con-
trols.24 T-cell leukemia/lymphoma 1 (TCL1) plays a central role
in lymphogenesis44 and Pekarsky et al. reported that TCL1 over-
expressed in CLL might be regulated by the miR-29 family.45

Our findings from the EPIC prospective study support hsa-miR-
29a-3p as a possible player in CLL development, but again the
biomarker does not provide good predictive power. This result
warrants further investigation to fully understand the role of
miR-29 family in CLL. In particular, miR-29c that has been
associated with CLL severity and different clinical subgroups
should also be included in future investigation.

Interestingly, contrary to our hypothesis and assuming that
miRNA expression in serum reflects the oncogenic activity,
circulating hsa-miR-223-3p was not deregulated before diag-
nosis suggesting that this molecule might not be involved in
early disease stages. Indeed, the downregulation of hsa-miR-
223-3p has been associated with poor prognostic factors46 and
with a subsequent development of autoimmune hemolytic
anemia in CLL.47 Hence, hsa-miR-223-3p might act only as a
prognosis marker. Finally, hsa-miR-16-5p as well as hsa-miR-
15-5p, encoded within the commonly deleted locus in CLL
13q14 (seen in around 55%), have tumor-suppressor function
associated with BCL2.48 In accordance with our pilot study no
differences were observed between pre-CLL and controls for
these miRNAs.

The five selected miRNA had poor CLL prediction capacity
both when the miRNA were examined separately or jointly.
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Classification accuracy for hsa-miR-29a-3p, hsa-miR-150-5p
and hsa-miR-155-5p increased when we restricted to pre-CLL
recruited <5 years before diagnosis but these findings did not
remain after using cross-validation. Since the use of this tech-
nique in small sample size is controversial,49 external valida-
tion is warranted.

The strength of our study includes the use of a very well-
characterized prospective study with samples taken up to
18 years before diagnosis. Also, the relative large number of
CLL cases and the inclusion of well-matched controls are
valuable assets compared to other published work on circulat-
ing miRNAs. Extracellular vesicles such as exosomes are key
players in cell–cell communication microenvironment and
miRNA transport. While the detection of circulating miRNA
does not inform us on the cell origin of miRNAs, our findings
suggest that serum miRNA levels, easily obtained compared to
the expensive and time-consuming process of exosome purifi-
cation, might be a valid way to examine miRNA alteration
and to reflect miRNA expression in tumor cells. The main
limitation of our study is the lack of information on clinical
data for the CLL cases such as ZAP-70 status, IGVH muta-
tional status, CD38 expression, cytogenetics (13q(del), 11(del),
17(del), trisomy 12), driver mutations (NOTCH1, SF3B1 or
BIRC3) or disease stages (Rai or Binet) to identify subgroups
of CLL affected by deregulation of these miRNAs prior to
diagnosis. Also, information on main CLL risk factors such as
a family history of hematological cancer was not collected in
the EPIC study. Moreover, CLL and MBLhi are often detected
by chance in routine blood test and we cannot exclude that
among the participants included in the control group single
individuals might have had CLL or MBL. Also, MBL could
precede CLL and a clonal population might have been present
at recruitment. Finally, we focused this work on five promis-
ing miRNA but further work on the interaction between a
larger number of miRNA is crucial.

In conclusion, this large prospective study identifying the
deregulation of circulating hsa-miR-29a-3p, hsa-miR-150-5p
and hsa-miR-155-5p before CLL diagnosis provides strong
support for an association between these molecules and CLL.
The added value of these biomarkers for disease discrimina-
tion before diagnosis, however, seems limited. Future studies
should assess these circulating biomarkers in both MBLhi and
MBLlo to monitor and to understand the progression from
early stages to full cancer development. A better understand-
ing of the interplay between these miRNAs and the host

immune system might open new avenues for more effective
therapies.
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