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MicroRNAs (or miRs) play a crucial role in chronic lymphocytic leukemia (CLL) physiopathology and prognosis. In addition, cir-
culating microRNAs in body fluids have been proposed as new biomarkers. We investigated the expression of matched cellular
and serum circulating microRNA-150 by quantitative real-time PCR (gPCR) from purified CD19* cells or from CLL serums obtained
at diagnosis in a cohort of 273/252 CLL patients with a median follow-up of 78 months (range 7-380) and correlated it to other bi-
ological or clinical parameters. We showed that miR-150 was significantly overexpressed in CLL cells/serums compared with
healthy subjects (P < 0.0001). Among CLL patients, a low cellular miR-150 expression level was associated with tumor burden, dis-
ease aggressiveness and poor prognostic factors. In contrast, a high level of serum miR-150 was associated with fumor burden
markers and some markers of poor prognosis. Similarly, cellular and serum miR-150 also predicted treatment-free survival (TFS) and
overall survival (OS) in an opposite manner: patients with low cellular/serum miR-150 levels have median TFS of 40/111 months
compared with high-level patients who have a median TFS of 122/60 months (P < 0.0001/P = 0.0066). Similar results were observed
for OS. We also found that cellular and serum miR-150 levels vary in an opposite manner during disease progression and that cel-
lular miR-150 could be regulated by its release into the extracellular space. Cellular and serum levels of miR-150 are associated
with opposite clinical prognoses and could be used to molecularly monitor disease evolution as a new prognostic factor in CLL.
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INTRODUCTION

Chronic lymphocytic leukemia (CLL),
the most common leukemia in Western
countries, is characterized by the accu-
mulation of a subtype of CD5" B lym-
phocytes in blood, lymph nodes and
bone marrow (1). Despite the continuous
introduction of new treatments, CLL re-
mains incurable. In addition, CLL dis-
plays a very heterogeneous clinical out-
come: some patients will rapidly
progress and die, whereas others remain
asymptomatic for many years (2). These

different prognoses can be predicted by
several prognostic factors, including
clinical markers, such as Binet stage clas-
sification; molecular markers, such as
mutational status of immunoglobulin
heavy-chain variable region (IgHV) and
its surrogate markers, C-associated
protein-70 (ZAP70) and lipoprotein li-
pase (LPL); serum markers, including
p2-microglobulin (52-M) or soluble
CD23 (sCD23); proliferation markers,
such as lymphocyte doubling time
(LDT); cytogenetic markers; and surface
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markers, including CD38 molecule
(CD38) (reviewed in 3).

In the last decade, several lines of in-
vestigation have highlighted the crucial
role of microRNAs in the physiopathol-
ogy of hematological malignancies (4).
MicroRNAs (miR) are small, noncoding
RNAs of ~22 nucleotides that can regu-
late gene expression by hybridizing
with a target mRNA sequence, resulting
in translational repression or message
degradation (5). For all of these reasons,
microRNAs have been considered a new
class of tumor suppressors (6). More
than 200 reports have already shown
the importance of microRNAs in the
prognosis and the pathogenesis of CLL.
Recently, extracellular circulating mi-
croRNAs were also detected in body
fluids, such as serum, plasma, saliva
and urine (7). These circulating microR-
NAs are believed to be chaperoned by
various carriers, such as secreted mem-
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brane vesicles (exosomes from 50 to 100
nm and microvesicles from 100 nm to 1
um) or protein/lipid complexes (8,9),
since carrier-free microRNAs will be de-
graded by RNase digestion and other
environmental factors (9). Their levels
and composition have been shown to be
modulated with injury conditions as
well as tumor burden (10-12). For these
reasons, extracellular microRNAs could
be used as informative biomarkers to
assess and monitor disease evolution
(11,13).

Moussay et al. (14) recently observed
that some circulating microRNAs in CLL
plasma could be used as prognostic fac-
tors. Among these, microRNA-150 war-
ranted further investigation for a number
of reasons. This microRNA plays an im-
portant role in normal and malignant
hematopoiesis (15). In addition, plasma
(14) and cellular (16,17) microRNA-150
were both downregulated in poor prog-
nosis CLL patients based on ZAP70 and
IgHV mutational status. A low level of
cellular microRNA-150 was also ob-
served in CLL proliferation centers (18),
and microRNA-150 is differentially ex-
pressed according to the stereotyped
B-cell receptor (BCR) subset taken into
consideration (19), emphasizing its piv-
otal role in CLL. Finally, a recent study
showed that microRNA-150 was the
most abundant microRNA in CLL cells
and that it can contribute to the profi-
ciency of BCR signaling (17).

Therefore, in the present report, we ex-
tensively studied the prognostic signifi-
cance of cellular and serum microRNA-
150 in a cohort of 273 and 252 CLL
patients, respectively. MicroRNA-150 lev-
els were compared with those of normal
donors and correlated with several avail-
able prognostic factors, clinical data and
patient disease evolution.

MATERIALS AND METHODS

Patients and Sample Collection and
Preparation

This study, approved by the Bordet In-
stitute Ethics Committee, was based on
273 peripheral blood samples collected at

diagnosis (before any treatment) from
CLL patients after written informed con-
sent. All patients had a typical
CD19°CD5* CD23" phenotype. The me-
dian age at diagnosis was 63 years
(range 34-90). The median follow-up du-
ration was 78 months (range 7-380). Sup-
plementary Table S1 and Figure S1 sum-
marize other patient characteristics.
Control samples were obtained from the
peripheral blood of 15 age-matched
healthy volunteers (mean 69 years old;
range 54-90) after getting written in-
formed consent. Peripheral blood
mononuclear cells were isolated by
density-gradient centrifugation over Lin-
fosep (Biomedics, Madrid, Spain). B cells
were purified with a CD19" magnetic-
bead system (MidiMACS, Miltenyi
Biotec, Bergish Gladbash, Germany) ac-
cording to the manufacturer’s instruc-
tions. Mean B-cell purity was >99%, as
measured by flow cytometry. Of these
273 patients, 252 serum samples were
available. Serum was obtained after a 20-
min centrifugation at 300g and was
stored at —80°C. All prognostic factors
have been measured as previously de-
scribed (20,21). Details about assessment
of prognostic factors can be found in
Supplementary Text S1.

RNA Extraction and MicroRNA
Quantification

Cellular and serum RNA extraction is
described in Supplementary Text S2. For
serum RNA, 25 fmol of a mixture of two
synthesized Caenorhabditis elegans (cel)
microRNA (cel-miR-39 and cel-miR-54;
Integrated DNA Technologies, Leuven,
Belgium) were spiked in as an exogenous
control as previously described (22).
MicroRNA expression was measured by
using TagMan microRNA quantitative
real-time PCR (qPCR) (Life Technologies
[Thermo Fisher Scientific Inc., Waltham,
MA, USA]). Briefly, 10 ng total cellular
RNA or 5 uL serum RNA was reverse-
transcribed by using the MicroRNA Re-
verse Transcription Kit (Life Technolo-
gies [Thermo Fisher Scientific]) and a
specific reverse transcription stem-loop
primer according to the manufacturer’s
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protocol. We measured the expression of
small nucleolar RNA, C/D box 48
(RNU48) as an endogenous control for
cellular miR-150 and microRNA-16, as an
endogenous control for serum miR-150
as previously described (23,24). MiR-
150/RNU48 and miR-150/miR-16/cel-
miR-39/cel-miR-54 were retrotranscribed
in the same reaction using 1 uL of each
appropriate stem-loop primer (pur-
chased from Life Technologies [Thermo
Fisher Scientific]). When cycle threshold
(Cq) was >35, the microRNA was consid-
ered absent. The expression of each mi-
croRNA was normalized with the en-
dogenous or exogenous control and
calibrated by subtracting 10 and 5 (cho-
sen arbitrarily) from the ACq for serum
and cellular miR expression, respectively.
The comparative AACq method was then
applied for data analysis, and fold
changes were subsequently calculated
(fold change = 27*4°9). All gPCRs were
run in duplicate.

Microvesicles and Exosomes
Precipitation

To elucidate if circulating microRNA-
150 was encapsulated in exosomes, in mi-
crovesicles or in protein/lipid complexes,
15 CLL serums were centrifuged at
20,000g (to pellet microvesicles) and sub-
sequently at 150,000¢ (to pellet exosomes)
for 1 h at 4°C as previously described
(25,26). Uncentrifuged, microvesicle-de-
pleted and exosome-depleted sera were
processed as described above to detect
microRNA levels. Because miR-16 and
miR-150 could have a different compart-
mentalization in the serum, miR-150 ex-
pression was normalized with the mean
of exogenous controls.

Statistical Analysis

We analyzed receiver operating char-
acteristic (ROC) curves with GraphPad
Prism 5.0 (Graph-Pad Software) to de-
termine the ZAP70, LPL, CD38,sCD23
and f82-M expression cutoff values that
best distinguished IgHV mutated and
unmutated cases, considered the gold
standard of prognostication. For cellular
and serum miR-150 cutoff determina-



tion, recursive partitioning to maximize
treatment-free survival (TFS)/overall
survival (OS) prediction was used.
These two techniques for cutoff deter-
mination, previously described (23,27),
give similar results with some differ-
ences because IgHV mutational status
does not perfectly predict TFS/OS. The
association between microRNA expres-
sion and Binet stage was assessed by the
Kruskal-Wallis test, and the Mann-
Whitney nonparametric test was used
for other variables. For paired compari-
son, the Wilcoxon matched pairs test
was used. TFS and OS distributions
were plotted by using Kaplan-Meier es-
timates and were compared using the
log-rank test. TFS and OS were calcu-
lated from the time of diagnosis until
the date of first treatment and the date
of death, respectively. All deaths were
CLL related. Univariate and multivari-
ate Cox regression analyses were used
to evaluate the effects of the different
prognostic variables on TFS and OS. All
tests were two-sided. An effect was con-
sidered to be statistically significant at
P < 0.05. All analyses were performed
with SPSS 15.0 software.

All supplementary materials are available
online at www.molmed.org.

RESULTS

Cellular and Serum miR-150 Levels
Are Upregulated in CLL Compared
with Healthy Controls

Choice of JPCR normalizers in cells
and serum (RNU48 and miR-16) is de-
tailed in Supplemental Text S3 and Sup-
plementary Figures S2-S5. Cellular and
serum miR-150 levels in 273 and 252 CLL
patients, respectively, were compared
with 15 healthy age-matched controls.
Cellular miR-150 was expressed 3.6-fold
higher in CLL B-cells than in normal pu-
rified B cells (P < 0.0001), whereas serum
miR-150 level was 7.5-fold higher in CLL
sera than in those of healthy volunteers
(P < 0.0001) (Figure 1). It should be noted
that the levels of miR-150 in the cell and
in the serum could not be directly com-
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Figure 1. miR-150 is overexpressed in CLL cells and serum compared with healthy controls.
Expression of cellular miR-150 (A) from 273 CLL samples (normalized with RNU48) and
serum miR-150 (B) from 252 CLL samples (normalized with miR-16) was measured and
compared with purified peripheral normal B cells from 15 age-matched healthy volun-
feers and serum from 15 age-matched healthy volunteers, respectively. Significant differ-
ences were assessed by using the Mann-Whitney nonparametric test. The median in the

two groups is represented by the red bar.

pared because these values are based on
different normalizers.

A Low Level of Cellular miR-150 Is
Associated with Higher Tumor Burden,
Disease Aggressiveness and Poor
Prognostic Factors

The expression of cellular miR-150, as
determined by qPCR on purified CD19"
cells and normalized with RNU48, was
significantly associated with markers of
tumor burden (Binet stage, LDT, sCD23
and f32-M) (Supplementary Table S1 and
Figure 2). The level of this microRNA de-
creased significantly with progression
from Binet stage A to C (P = 0.0085).
Moreover, patients with an LDT <1 year
or who were positive for sCD23 or 2-M
expressed significantly lower levels of
cellular miR-150. Similar results were ob-
tained for several classic poor prognostic
markers commonly used to prognosti-
cate CLL evolution (IgHV mutational
status, ZAP70, LPL and CD38 expression,
and cytogenetic abnormalities) (Supple-
mentary Table S1 and Figure 2). All of
these factors were found to be significant

predictors of TFS and OS in our CLL co-
hort (Supplementary Figure S1).

A High Level of Serum miR-150 Is
Associated with Higher Tumor Burden,
with Treatment and/or Death Status
and with Some Poor Prognostic
Markers

The expression of serum miR-150, as
determined by qPCR from serum RNA
and normalized with miR-16, was signifi-
cantly associated with markers of tumor
burden (LDT, sCD23 and f2-M) (Supple-
mentary Table S1 and Figure 3). How-
ever, in this case, patients with the poor-
est prognosis (82-M", sCD23", LDT
<1 year) had a higher amount of serum
miR-150 (P = 0.0017, P < 0.0001, P =
0.0015, respectively). The level of this mi-
croRNA was also higher in patients who
received a treatment (P < 0.0001), patients
who died during the study (P < 0.0001),
CD38" patients (P = 0.0006) and patients
with an unfavorable cytogenetic profile
(P =0.0286). Surprisingly, no difference
was found according to Binet stage,
IgHV, ZAP70 and LPL status (Figure 3).
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Figure 2. Low level of cellular miR-150 is associated with higher tumor burden, disease aggressiveness and poor prognostic factors. Cellu-
lar miR-15 levels were measured by gPCR and were plotted with their median according to Binet stages (A), untreated/treated patients
(B). alive/dead patients (C), p2-M (D), CD23 (E), LDT (F). IgHV mutational status (G), ZAP70 (H). LPL (), CD38 (J) and cytogenetic abnormal-
ities (K). MicroRNA expression was normalized with RNU48 expression and calibrated by subtracting 5 (chosen arbitrarily) from the ACt. The
comparative AACq method was then applied for data analysis, and fold changes were subsequently calculated (fold-change = 27249),
Statistical differences were assessed by using the Kruskal-Wallis test for Binet stages, and the Mann-Whitney nonparametric test was used
for other variables. Statistical details can be found in Supplementary Table S1.
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Figure 3. High level of serum miR-150 is associated with higher tumor burden, treatment/death status and some prognostic markers.
Serum miR-15 levels measured by gPCR were plotted with their median according to Binet stages (A), untreated/treated patients (B).
alive/dead patients (C), p2-M (D), CD23 (E), LDT (F), IgHV mutational status (G). ZAP70 (H). LPL (), CD38 (J) and cytogenetic abnormalities
(K). MicroRNA expression was normalized with miR-16 expression and calibrated by subtracting 10 (chosen arbitrarily) from the ACt. The
comparative AACq method was then applied for data analysis, and fold-changes were subsequently calculated (fold-change = 2741,
Statistical differences were assessed by using the Kruskal-Wallis test for Binet stages, and the Mann-Whitney nonparametric test was used
for other variables. Statistical details can be found in Supplementary Table S1.
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Figure 4. Cellular and serum miR-150 can predict TFS and OS with an opposite manner.
(A, D) Representative TFS and OS curves for cellular miR-150 (n = 273). (B, E) Serum miR-150
(n = 252). (C, F) Representative TFS and OS Kaplan-Meier curves, respectively, when status
of cellular and serum miR-150 was combined. Cutoffs were optimized by recursive parti-
tioning to maximize TFS/OS (Supplementary Table S1). Statistical differences between
curves were calculated using the log-rank test.

Cellular and Serum miR-150 Are
Opposite Prognostic Factors

The median TFS of the cohort of 273
and 252 patients was 87 months (range
1-267) and 84 months (range 1-267), re-
spectively, whereas the median OS was
237 months (range 1-380) and 242
months (range 1-380), respectively.
Using recursive partitioning to maximize
TFS/OS prediction, we defined a cutoff
for the cellular and serum levels of mi-
croRNA-150 (Supplementary Table S1).
Among the 273 /252 patient cohort, 180
(66%)/133 (53%) were deemed positive
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and 93 (34%) /119 (47%) were deemed
negative for cellular and serum mi-
croRNA-150, respectively. Using these
cutoffs, cellular and serum miR-150 were
predictors of TFS and OS but in an oppo-
site manner: the median TFS of cellular
and serum miR-150" patient subgroups
were 111 and 63 months, respectively,
whereas these values were 40 and 111
months for the negative subgroups (cel-
lular, P < 0.0001; serum, P = 0.0087). OS
was also statistically associated in the
log-rank tests with cellular (P = 0.0239)
and serum miR-150 (P = 0.0342): the

| MOL MED 21:123-133, 2015

miR-150" subgroups median OS were
>380 and 237 months for cellular and
serum values, whereas these values were
159 and >380 months for the negative
subgroups, respectively (Figure 4). We
also used Cox regression to evaluate the
impact of these dichotomized data (by
using Supplementary Table S1 cutoffs)
on TFS and OS. Cellular and serum miR-
150 were both univariate predictors of
TFS and OS. For cellular miR-150, nega-
tive patients had a 2.1-fold higher risk of
requiring treatment (P < 0.0001) and a
1.9-fold higher risk of death (P = 0.0262).
For serum miR-150, positive patients had
a 1.6-fold higher risk of requiring treat-
ment (P = 0.0124) and a 2.1-fold higher
risk of death (P = 0.0435) (Supplemen-
tary Table S2).

Cellular and Serum miR-150 Levels
Are Independent from Each Other

Interestingly, we did not find any sig-
nificant correlation between cellular and
serum miR-150 levels (Supplementary
Figure S6). In other words, patients
deemed positive for cellular miR-150
were not necessarily negative for serum
miR-150 and vice versa. Multivariate
analysis including cellular and serum
miR-150 indicated that both markers
confer survival information for TFS and
OS prediction (Supplementary Table S2).
Therefore, when these two markers were
combined, we were able to stratify pa-
tients in three distinct subgroups: favor-
able, intermediate and poor prognosis
(Figure 4C).

Multivariate Cox Regression Analysis
In a multivariate stepwise analysis
(n = 199) that included seven different
factors (IgHV mutational status, ZAP70,
LPL, CD38, LDT, 2-M and Binet stage)
and cellular and serum miR-150 status,
only IgHV mutational status (P <
0.0001), LDT (P < 0.0001) and Binet
stage (P = 0.0062) were selected as inde-
pendent and significant predictors of
TFS (Supplementary Table S3). For OS
multivariate analysis, ZAP70 (P =
0.0005), CD38 (P = 0.0406) and LDT (P =
0.0064) were selected (Supplementary



Table S3). To elucidate if miR-150 is
linked to LDT, LDT was removed and
Cox regression analysis was run again
(n = 227): this time, IgHV (P = 0.0001),
serum miR-150 (P = 0.0324) and Binet
stage (P < 0.0001) were selected to be
significant independent factors, whereas
ZAP70 (P = 0.0001) and CD38 (P =
0.0106) were selected for OS (Supple-
mentary Table S4). Although the ab-
solute lymphocyte count (ALC) was sta-
tistically associated with cellular and
serum miR-150 (Supplementary Figure
S7), when the same cox regression anal-
ysis (n = 186) was performed including
ALC, this last parameter was not se-
lected in the final Cox model. However,
serum miR-150 was kept in the model
but with a nonsignificant P value (P =
0.0783), indicating that ALC and serum
miR-150 are not independent but can
provide slightly different prognostic in-
formation (Supplementary Table S5). All
these data taken together indicated that
miR-150 is linked to LDT/ALC for TFS
prediction. However, other regression
analyses (data not shown) indicated that
serum miR-150 is independent from
other variables for TFS prediction. In-
deed, Supplementary Figure S8 shows
that serum miR-150 could identify pa-
tients with a worse prognosis in a good
prognostic subgroup, such as Binet
stage A, IgHV-mutated patients and pa-
tients with a better prognosis in the
ZAP70-positive subgroup.

Cellular and Serum miR-150 Across
Disease Evolution: Relation with
Lymphocytosis, Relapse and
Remission

Cellular and serum miR-150 levels
were investigated in serial samples of the
same patients (n = 7). Figure 5A shows
disease evolution in relation to lympho-
cytosis. We observed that overall cellular
miR-150 levels decreased when lympho-
cytosis increased, whereas serum miR-
150 was directly proportional to lympho-
cytosis. It should be noted that even if
cellular and serum miR-150 evolution are
opposite, no correlation was found when
all patients were taken together (R? =

0.0645, P = 0.3610). When cellular or
serum miR-150 levels were compared in
the same patient at diagnosis and after
relapse (Figure 5B), no significant differ-
ences were found. Interestingly, after mo-
lecular remission, serum miR-150 levels
fell to values close to or lower than those
of healthy volunteers (Figure 5C).

The Maijority of Serum miR-150 Does
Not Circulate in
Exosomes/Microvesicles

To further investigate the serum local-
ization of miR-150, specifically whether
it is found in microvesicles, in exosomes
or free circulating in protein/lipid com-
plexes, sera were depleted of microvesi-
cles (centrifugation at 20,000g) or exo-
somes (centrifugation at 150,000g). A
simple comparison of Cq values indi-
cated that some changes exist after cen-
trifugation (Figures 6A-D). However,
very surprisingly, these changes were
also observed in the Cq of exogenous
controls (cel-miR-39 or cel-miR-54). The
same results were obtained in three inde-
pendent experiments, each including
10-15 samples, indicating that Cq values
without normalization and thus efficiency
or RNA extraction are affected by the re-
moval of microvesicles or exosomes.
Therefore, we decided to normalize data
with the Cq of an exogenous control
(cel-miR-39 or cel-miR-54 gives similar
results). MicroRNA-16 (normalized to
the exogenous control) was not used as a
normalizer in this experiment because
miR-16 itself is influenced by the centrifu-
gation. Indeed, 31.1 + 4.9% of miR-16
was lost after 20,000 centrifugation,
whereas 64.6 + 3.0% was lost after the re-
moval of exosomes (n = 15, P < 0.0001
and P = 0.0001, respectively) (Figure 6F).
For miR-150, 22.2 + 7.5% of the miR was
lost in the microvesicle pellet (P = 0.0054),
whereas no statistical loss was observed
after the removal of exosomes (28.0 +
6.0%, P = 0.2126) (Figure 6E). In conclu-
sion, our data taken together indicate
that the great majority of miR-150 exists
in the serum in an exosome- and
microvesicle-free form, most likely asso-
ciated with protein/lipid complexes.

RESEARCH ARTICLE

DISCUSSION

The aim of the present study was to
evaluate the clinical value of cellular and
serum miR-150 because this microRNA is
the most abundant microRNA in CLL
cells (17) and because its plasma form
has been suggested as a biomarker in
CLL (14).

Here, we confirmed that miR-150 is
overexpressed in CLL cells and serum
compared with healthy controls, as was
previously reported by Mraz et al. (17)
(for its cellular expression) and by Mous-
say et al. (14) (for its extracellular plasma
expression). MicroRNA-150 deregulation
has been reported in various cancers, in-
cluding cutaneous T-cell lymphoma (28)
and Burkitt lymphoma (29), as well as in
solid cancers, such as in esophagi squa-
mous carcinoma (30), non-small-cell lung
carcinoma (31) and colorectal cancer (32).
Surprisingly, cellular miR-150 upregula-
tion was not always observed in tumoral
tissue when compared with normal tis-
sue; indeed, a lower level of cellular
miR-150 is observed in esophagi (30),
lung (31) and colorectal cancer (32) and
T-cell lymphoma (28). However, when
only the tumoral tissue is taken into con-
sideration, low cellular miR-150 expres-
sion is always associated with a greater
tumoral potential and a poorer progno-
sis, as confirmed in the present study.

We next showed that cellular miR-150
is significantly decreased in poor prog-
nostic patients (independently of the
chosen prognostic factor). These results
are in line with those of Fulci et al. (16),
who reported a low cellular miR-150 ex-
pression in IgHV-unmutated patients, as
well as with those of Mraz et al. (17),
who observed a low expression in Rai
II-IV patients. In addition, this downreg-
ulation was reported in the proliferation
center of CLL lymph nodes (18). Re-
cently, it was demonstrated that miR-150
could affect BCR signaling and that a
lower expression of miR-150 was found
in IgM responder patients (17). All of
these data taken together indicate that
miR-150 may be a potential tumor sup-
pressor and that its downregulation is
associated with a better response to mi-
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Figure 5. Cellular and serum miR-150 across disease evolution. (A, B) Evolution of cellular and serum miR-180, respectively, in seven different
patients according to lymphocytosis evolution. Cellular (C) and serum (D) miR-150 level were compared in paired samples of the same
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croenvironment stimulus that could lead
to enhanced cell survival or proliferation
and thus a worse patient prognosis.

In this study, we observed for the first
time that serum miR-150 is increased in
patients with a high tumor burden,
CD38" patients and patients with unfa-
vorable cytogenetic abnormalities. How-
ever, we did not find any significant as-
sociation of serum miR-150 with other
prognostic markers, such as ZAP70. This
observation disagrees with those of
Moussay et al. who reported a lower
level of miR-150 in the plasma of poor
prognostic patients (according to ZAP70
status). This discrepancy could be ex-
plained by several differences between
these two studies: the body fluid used
(plasma versus serum in our study),
number of patients (39 versus 252) and,
most importantly, the normalization
method (spiked-in exogenous control
versus miR-16 endogenous control). In-
deed, we showed that microRNA stabil-
ity can vary with time and that an en-
dogenous control is more suitable for
retrospective studies (Supplementary
Text S4). Interestingly, we also show that
miR-150 serum is linked to lymphocyto-
sis, strengthening the conclusion that a
high level in the serum is associated with
tumor burden and thus poor prognosis.
Another study that evaluated the level of
plasma miR-150 in patients undergoing
myeloablative chemotherapy followed
by autologous hematopoietic stem cell
transplantation confirmed this observa-
tion (12). Patients requiring treatment
also presented a 2.3-fold increase of
serum miR-150 compared with untreated
patients. Similar results were obtained
when we compared surviving and de-
ceased patients, indicating that the high
level of serum miR-150 microRNA is
linked to disease aggressiveness.

We demonstrated for the first time in a
273/252 patient cohort with a long fol-
low-up that cellular and serum miR-150
could individually predict TFS and OS in
an opposite manner: patients with low
cellular miR-150 or patients with a high
serum miR-150 level had a shorter TFS
and OS. However, we could not demon-
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Figure 6. The majority of serum miR-150 does not circulate in exosomes or microvesicles. A
fotal of 15 CLL serum samples were centrifuged at 20,000g (fo pellet microvesicles) and
subsequently at 150,000g (fo pellet exosomes). Uncentrifuged, vesicle-depleted and exo-
some-depleted sera were then compared. Cq values of miR-150 (A), miR-16 (B) and ex-
ogenous control cel-miR-39 (C) and cel-miR-59 (D) are provided. miR-150 (E) and miR-16
(F) Cqg were normalized with the exogenous control cel-miR-39. The mean ratios in the two
groups were plotted with their median. The Wilcoxon matched pairs nonparametric test

was used to calculate significant differences.

strate a correlation between cellular and
serum miR-150 levels; in other words,
patients who were negative for miR-150
cellular expression were not necessarily
positive in the serum. This finding could

MOL MED 21:123-133, 2015 |

be explained by the fact that other cells
could release this microRNA. Because
these two parameters were independent,
we combined them and were able to sep-
arate patients into three prognosis
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groups. Multivariate analysis including
the most commonly used classical factors
showed that serum miR-150 linked to
LDT but was independent from the other
factors for TFS prediction and could also
thus refine other prognostic markers
such as Binet stage, IgHV mutational sta-
tus or ZAP70.

Contrary to IgHV mutational status,
which does not change during disease
evolution, miR-150 is a dynamic factor.
Indeed, in serial samples from the same
patient, we observed a decrease in cellu-
lar miR-150 with disease aggressiveness
and increased lymphocytosis, whereas
the opposite effect was observed for
serum miR-150. However, even after
treatment or relapse, we do not see a dif-
ference in terms of cellular or serum
miR-150 level. Interestingly, after com-
plete molecular remission, serum miR-
150 falls back to normal levels. Serum
miR-150 could thus be a new tool to mol-
ecularly follow disease evolution. How-
ever, before use of serum miR-150 level
to follow residual disease, other investi-
gations are needed in an independent se-
ries of patients to determine the sensitiv-
ity of this measure and also an accurate
cutoff for residual disease positivity. All
these data taken together highly sug-
gested that serum miR-150 is released by
circulating CLL cells. Using serums, we
were not able to demonstrate a statistical
correlation between mir-150 cellular and
serum level, probably because other cells
could release microRNAs in the extracel-
lular space. By using culture supernatant
of purified CLL cells, we were able to
show that CLL cells release miR-150 and,
in addition, that patients with low levels
of cellular miR-150 release higher levels
of miR-150 (data not shown). In addition,
we showed that this release was not spe-
cific to miR-150: indeed, when an irrele-
vant CLL microRNA was electroporated
(as miR-1, which is normally absent in
CLL), it was also released in a higher
proportion from cellular miR-150 low pa-
tients (data not shown). This result is
consistent with the fact that low levels of
other microRNAs such as miR-34a,
mir-29 and miR-223 have been observed
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in patients with poor prognostic CLL
(21,33).

Extracellular microRNA could circu-
late in body fluids in different forms: en-
capsulated in microvesicles, in exosomes
or associated with protein/lipid com-
plexes. In the present study, by using dif-
ferent speeds of centrifugation, we
demonstrated that a small part of miR-
150 circulates within microvesicles, but
that the majority of circulating miR-150
is most likely associated with
protein/lipid complexes because free mi-
croRNA will be rapidly degraded by
RNAse. These results are in line with the
observation of Arroyo et al. (9), who re-
ported that miR-150 is found in both
vesicles >120 nm and complexes <1 nm
associated with the Ago2 protein.

CONCLUSION

In conclusion, cellular and serum miR-
150 are dynamic prognostic factors in
CLL. We have shown that cellular and
serum miR-150 levels are associated with
the clinical course of CLL in an opposite
manner. In addition, serum miR-150 level
is an independent predictor of TFS. Our
observations indicate that miR-150 deter-
mination could help to molecularly moni-
tor disease evolution and will help to bet-
ter identify high-risk CLL patients who
might benefit from earlier treatment.
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