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Short Tandem Repeats DNA typing) were purchased from
DSMZ (Germany) in October 2012. Cells were transfected
with 100 nmol/L miR-22 or miR-126 mimics, miR-330, or
miR-146 inhibitors, or scrambled oligonucleotide (NC) as
control, by Neon Transfection System (Life Technologies)
as previously reported (19). The transfection efficiency of
these cell lines was evaluated by flow cytometric analysis of
FAM-dye-labeled synthetic miRNA inhibitor transfection as
previously reported (19). Cells were collected at different
time points after electroporation (24, 48, and 72hours) and
processed for qRT-PCRand viability assays. Inparticular, for
cell proliferation analysis, 2 � 105 cells were seeded after
electroporation in 96-well plates and then tested with the
Cell Counting Kit-8 (CCK-8, Dojindo Molecular Technol-
ogies) colorimetric assay according to the manufacturer’s
instructions. At the same time, cell viability was estimated
by ATP quantification with Cell Titer Glo Luminescent cell
viability assay and GloMax-multi detection system (Pro-
mega). All assays were conducted in triplicate and repeated
twice.

Survival analysis
The correlation between the expression levels of each

tested miRNA and OS or PFS was tested using the Cox
proportional hazards model in the globaltest function of R
software. Patients were stratified into 2 groups using sliding
thresholds on the expression levels of the most significant
miRNAs identified by globaltest, and the groups identified by
this approachwere then tested for associationwith survival.
Survival analysis was conducted with survcomp package in R
software, using the Kaplan–Meier estimator and log-rank
test, and P values were calculated according to the standard
normal asymptotic distribution.

Results
MiRNA expression profiling in pPCL patients
MiRNA expression profiling was carried out in 18 pPCLs,

detecting 269 miRNAs that were expressed above back-
ground levels in at least 1 sample. The hierarchical cluster-
ing of the samples based on the 46 most variable miRNAs
across the dataset is reported in Supplementary Fig. S1A: the
groupings appeared unrelated to known molecular char-
acteristics as indicated above the heatmap.
The supervised 3-class comparison of miRNA expression

between pPCL cases carrying different IGH@chromosomal
translocations identified 7 differentially expressedmiRNAs,
of which 3 were associated with t(4;14) [let-7e, miR-135a,
and miR-148a], 3 with MAF translocations (miR-7, miR-7-
1�, and miR-454) and 1 with t(11;14) [miR-342-3p; Sup-
plementary Fig. S1B]. Notably, some of these miRNAs had
already been found in association with specific molecular

subgroups in a proprietary dataset of patients withmultiple
myeloma (16).

The influence on miRNA expression of the allelic imbal-
ances detected at DNA genome-wide level was evaluated by
conducting an integrative analysis ofmaturemiRNA expres-
sion and the inferred DNA CN values of the corresponding
miRNA gene/s available for 16 of 18 pPCL cases. In partic-
ular, the most recurrent somatic CN alterations identified
were represented by gain of all or part of the long arm of
chromosome 1 (8/16, 50%), and losses involving all or part
of chromosomes 13q (12/16, 75%), 16q (9/16, 56%), 1p
(7/16, 44%), 14q (7/16, 44%), 17p (6/16, 38%), 8p (6/16,
38%), and 6q (4/16, 25%; data not shown). Taking into
consideration all miRNA genes except those located on
chromosome X, the expression of 23 miRNAs resulted to
be significantly correlated with DNA CN on different
chromosomes, with chromosome 13 (22%) and the short
arm of chromosome 1 being the most involved (22%;
Supplementary Table S1). Specifically, we identified miR-
15a at 13q14.3 and 4 members of the cluster mir-17–92
(i.e.,miR-19a,miR-20a,miR-20a�, andmiR-92a) at 13q31.3,
and 5 mature miRNAs (miR-30e, miR-30e�, miR-30c, miR-
186, and miR-197) at 1p. In addition, we highlighted 2
miRNAs (miR-210 and miR-483-5p) encoded by genes
mapped at 11p15.5; 2 miRNAs (miR-140-5p and miR-
1225-5p) encoded by genes mapped to chromosome 16,
respectively to 16q22.1 and 16p13.3; and mir-22, mapped
to 17p13.3.

MiRNA expression profiling in pPCL and multiple
myeloma patients

To determine whether the natural grouping of miRNA
expression profiles might distinguish PCs from NCs, mul-
tiple myeloma, and pPCL, we conducted an unsupervised
analysis of our dataset including 4 NCs, 39 multiple mye-
lomas, and 18 pPCLs. On the basis of the 76 most variable
miRNAs across the dataset, healthy donors represented a
clearly distinct transcriptional entity, and all pPCL samples
were grouped together, along with 8 multiple myeloma
samples (Fig. 1A); interestingly, all the multiple myeloma
cases carrying t(14;16) or t(14;20) were included in
the pPCL cluster, whereas all but 2 of the t(4;14) and 2 of
the t(11;14) multiple myeloma cases were grouped in the
multiple myeloma main cluster. Prompted by these obser-
vations, we evaluated in pPCL cases the expression of
miRNAs previously identified as distinctive of multiple
myeloma translocation/cyclinD (TC) groups (16); notably,
the overall pattern of miRNA expression in pPCL was
globally similar to that of the TC5 multiple myeloma
molecular subgroup, regardless of the presence of MAF
translocations (Fig. 1B), with the only exception of those
miRNAs that strongly discriminatedmultiplemyelomaTC4

Figure 1. miRNA expression profiles in NCs, pPCL, and multiple myeloma patients. A, dendrogram of the 4 NCs, 18 pPCL, and 39 multiple myeloma samples
clustered according to the expression profiles of the 76 most variable miRNAs. Specific characteristics are enriched in colored sub-branches: pink,
NC; grey, multiple myeloma; blue, PCL; orange, t(14;16) or t(14;20) samples; green, t(4;14) samples. B, heatmap of the 26 miRNAs previously identified as
distinctive of multiple myeloma TC groups (16) in multiple myeloma and pPCL patients. Multiple myeloma patients are grouped on the basis of TC
classification; pPCL samples are ordered according to the IGH translocation type.
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cases [miR-125a-5p, miR-99b, and let-7e, which were found
to be overexpressed also in t(4;14) pPCLs].

The direct comparison of miRNA expression profiles
between pPCL and multiple myeloma samples by super-
vised analysis identified 42 upregulated and 41 downregu-
lated miRNAs in the pPCL group (Table 3; Supplementary
Fig. S2A); theupregulationofmiR-155,miR-21,miR-142-3p,
miR-142-5p, andmiR-103 in pPCL versusmultiplemyeloma
patients was confirmed by conducting qRT-PCR in all
samples for which RNA was available (11 pPCL and 30
multiple myeloma patients; Pearson correlation coefficient
¼ 0.97, 0.68, 0.65, 0.66, and 0.68, respectively). The TAM
enrichment analysis of miRNA categories of the list of 42
upregulated miRNAs identified as most significant (FDR <
15%) the over-representations of 4 classes of miRNAs,
namely miRNAs defined as onco-miRNAs or involved in
immune response, immune system, or hematopoiesis (Sup-
plementary Fig. S2B). No enriched functional category was
found in the list of the 41 downregulatedmiRNAs. Notably,
when comparing our pPCL cases with multiple myeloma
cases of an independent dataset (GSE17306), we found that
41 (80%) of the 51 miRNAs represented on Agilent micro-
RNA Microarray V1 showed the same trend of differential
expression between pPCL andmultiplemyeloma (Table 3).
In addition, on the basis of the hypothesis that the dereg-
ulation of these miRNAs might be compatible with the
"strength" of neoplastic transformation, we investigated
whether, among the 83 differentially expressed miRNAs
between multiple myeloma and PCL, a trend might be
identified in relationship with normal donors. Interesting-
ly, for 56 of 83 (approximately 70%)miRNAs differentially
expressed between pPCL and multiple myeloma, the trend
of expression (increasing or decreasing) from healthy
controls, through multiple myeloma, to pPCL was signif-
icantly maintained (Jonckheere–Terpstra test, P value <
0.005; Table 3; Supplementary Fig. S2C).

Integrative analysis for miRNA target identification
To gain further insights into the function of differentially

expressed miRNAs between pPCL and multiple myeloma
cases, we conducted an integrative analysis of miRNA and
gene expression data combined with miRNA target predic-
tion. This approach can only identify putative target genes
whose regulation involves mRNA degradation rather than
translation repression. The analysis was carried out on 36
out of 39multiple myeloma samples and all 18 pPCL cases,
for which bothmiRNA and gene expression profiling (GEP)
profiling were available. Seventy-four statistically signifi-
cant negative correlations involving differentially expressed
miRNAs and putative target genes were computed (Supple-
mentary Table S2A). These targeting relationships
were exerted by 24 distinct miRNAs (11 down- and 13
upregulated) on 69 different genes and, in 5 cases, 1 gene
was anticorrelated with more than 1 miRNA. Functional
annotations were generated according to DAVID tool
(Supplementary Table S2B). Interestingly, most of these
anticorrelated genes were differentially expressed between
pPCL and multiple myeloma samples (as highlighted in

Table 3. Differentially expressed miRNAs in
pPCLcomparedwithmultiplemyelomasamples

miRNAa, b
SAM
scorec miRNAa, b

SAM
scorec

has-miR-21 7.34 hsa-miR-513b �5.75
has-miR-301a 5.13 hsa-miR-513a-5p �5.35
has-miR-374a 4.98 hsa-miR-494 �4.61
has-miR-330-3p 4.79 hsa-miR-513c �4.47
has-miR-454 4.71 hsa-miR-638 �4.06
has-miR-142-3p 4.68 hsa-miR-193b� �4
has-miR-155� 4.38 hsa-miR-1224-5p �3.61
has-miR-301b 4.29 hsa-miR-193a-5p �3.57
has-miR-140-5p 4.09 hsa-miR-222 �3.5
has-miR-18a 4.03 hsa-miR-145 �3.49
has-miR-99a 3.95 hsa-miR-23a� �3.46
has-miR-590-5p 3.95 hsa-miR-221 �3.4
has-miR-362-3p 3.94 hsa-miR-139-3p �3.37
hsa-miR-155 3.91 hsa-miR-423-5p �3.13
hsa-miR-7-1� 3.9 hsa-miR-1226� �3.08
hsa-miR-21� 3.47 hsa-miR-126 �3.05
hsa-miR-628-5p 3.32 hsa-miR-1225-5p �3
hsa-miR-20a� 3.22 hsa-let-7a �2.95
hsa-miR-18b 3.17 hsa-miR-572 �2.91
hsa-miR-19a 3.15 hsa-miR-671-5p �2.91
hsa-miR-29b-1� 3.1 hsa-miR-663 �2.89
hsa-miR-660 3.07 hsa-miR-765 �2.86
hsa-miR-424 2.93 hsa-miR-874 �2.84
hsa-miR-142-5p 2.81 hsa-miR-188-5p �2.8
hsa-miR-100 2.76 hsa-miR-370 �2.8
hsa-miR-103 2.59 hsa-miR-636 �2.77
hsa-miR-532-5p 2.56 hsa-miR-135a� �2.71
hsa-miR-181d 2.56 hsa-miR-345 �2.68
hsa-miR-7 2.54 hsa-miR-34c-3p �2.55
hsa-miR-26b 2.53 hsa-miR-1234 �2.52
hsa-miR-125b 2.53 hsa-miR-193b �2.47
hsa-miR-340 2.52 hsa-miR-221� �2.46
hsa-miR-374b 2.52 hsa-miR-1229 �2.46
hsa-miR-362-5p 2.49 hsa-miR-877� �2.38
hsa-miR-20b 2.48 hsa-miR-625� �2.34
hsa-miR-98 2.46 hsa-miR-324-3p �2.3
hsa-miR-551b 2.45 hsa-miR-96 �2.21
hsa-miR-181a� 2.33 hsa-miR-148a �2.19
hsa-miR-505� 2.3 hsa-miR-483-5p �2.17
hsa-miR-542-3p 2.27 hsa-miR-1228 �2.16
hsa-miR-210 2.18 hsa-miR-223 �2.14
hsa-miR-500� 2.15

amiRNAs in bold are those whose trend of expression from
multiple myeloma to pPCL was significantly maintained
(Jonckheere–Terpstra test, P < 0.005) when considering the
healthy controls.
bmiRNAs in italic are those that are differentially expressed
between pPCL from proprietary cohort and multiple myelo-
ma cases from GEO series GSE17306.
cUp- and downregulated miRNAs are ordered according to
SAM scores.
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Supplementary Table S2A). We then conducted a target
validation assay for some of the anticorrelations found in
our analysis, focusing on genes that, based on available
literature data, might have potential involvement in plasma
cell dyscrasia, such as ACVR1/miR-301a and miR-301b
(Supplementary Fig. S3A and S3B) as well as SULF2/miR-
330-3p and TNFAIP3/let-7a. Interestingly, luciferase expres-
sion from the 30UTR sequence of ACVR1was suppressed by
almost 20% (1-sided Student t test, P¼ 0.002) in 293T cells
cotransfected with pACVR1 30UTR, miR-301a, and miR-
301b (Supplementary Fig. S3C) while the same approach
did not confirm the putative SULF2/miR-330-3p and
TNFAIP3/let-7a anticorrelations (data not shown), suggest-
ing that such identified anticorrelations might have
occurred by chance or due to mechanisms other than direct
or exclusive targeting. ACVR1 codes for the receptor of
bone morphogenetic protein 4 (BMP4), and was recently
reported to be increased in multiple myeloma samples
compared with normal controls and correlated with the
level of plasma cell infiltration (20). These data, although
preliminary, provide an important basis for further valida-
tion experiments, necessary to determine the actual occur-
rence of putative targeting relationships and, thus, the final
impact of miRNA deregulation on gene expression.

Clinical relevance of miRNA profiles in pPCL
Furthermore, we evaluated miRNA expression in the

context of clinical outcome of our pPCL series, including
all cases except 1, lost at follow-up. Specifically, we aimed to
assess whether the occurrence of a miRNA signature at
diagnosis might be associated with response to treatment,
PFS, or OS. Considering the primary endpoint of our study,
we investigated the dataset seeking differentially expressed
miRNAs in patients who failed to respond to frontline
therapy. The analysis led to the identification of 4 mature
miRNAs (miR-106b, miR-497, miR-181b, and miR-181a�)
upregulated in non-responder patients compared with
responder ones, including complete response (CR), very
good partial response (VGPR), and partial response (PR;
Supplementary Fig. S4). No specific differentially expressed
miRNA could be evidenced when PR, VGPR, and CR were
considered as different classes of response. This finding will
helpfully integrate results on efficacy and side effects of the
first-line treatment of lenalidomide/dexamethasone in
pPCL (Musto and colleagues, manuscript in preparation).
Furthermore, we assessed the relationship between each

of the most variable miRNAs across the dataset (i.e., those
whose average ratio of the expression values on the mean
was >1.5) and either PFS or OS, representing the secondary
endpoints of the prospective protocol. Of the 114 most
variable miRNAs, 2 reached a significant correlation (P <
0.01) with PFS (miR-22 and miR-146a; Fig. 2A and B),
allowing the division of samples into 2 groups with differ-
ent outcome. The expression of the 2 miRNAs retained
independency from all the molecular characteristics avail-
able, aswell as fromage, sex, LDH levels, renal function, and
hematologic parameters (Supplementary Fig. S5A andS5B).
As regards OS, 2 miRNAs reached a significant correlation

with the clinical endpoint (miR-92a andmiR-330-3p;Fig. 2C
and D). In multivariate analyses, none of the 2 miRNAs
were independent of patients being subjected to autologous
stem cell transplantation, indicating that this therapeutic
approach points definitively toward a more favorable out-
come. In addition, the model based on miR-330-3p expres-
sion lost its independency when combined with the occur-
rence of del(8p) (Supplementary Fig. S5C and S5D). It is
worth mentioning that none of the cytogenetic aberrations
was associated per se with PFS and OS (15).

Functional analysis of modulated miRNAs in pPCL
Finally, on the basis of in silico evidences, the biological

role of some miRNAs potentially related to the aggres-
siveness of PC dyscrasia was studied in vitro by testing the
effect of their manipulation on viability of multiple mye-
loma cell lines. In particular,miR-146a andmiR-330-3p (the
first associatedwith reduced PFS in pPCL cases and the latter
upregulated in pPCL and involved in the outcome of
patients with pPCL) were inhibited in the RPMI-8226 cell
line, whereasmiR-22 andmiR-126 (the first associated with
better PFS in pPCL cases and the second downregulated in
pPCL) were forcedly expressed in NCI-H929 cell line. The
transfection efficiency was more than 70% in all cases, as
determined by FAM-dye-labeled oligonucleotide transfec-
tion with subsequent flow cytometric analysis. As reported
in Fig. 3, we found significantly decreased cell survival as
assessed by MTT assay after transfection of all molecules,
particularly in response to miR-22 and miR-126 enforced
expression; these data were confirmed by a cell viability
assay that was based on ATP quantification (data not
shown).

Discussion
In the present study, we provided information concern-

ing the pPCL miRNA profiles associated with the most
recurrent chromosomal abnormalities, compared with a
representative series of patients with multiple myeloma, or
putatively involved in clinical outcome. To the best of our
knowledge, this is the first report investigating global
miRNA expression patterns in a prospective representative
cohort of newly diagnosed patients with pPCL.

Concerning the impact of chromosomal alterations on
miRNA expression, IGH@ translocations seemed to be less
associated with distinct miRNAs profiles compared with
what we observed in patients with multiple myeloma,
although some miRNAs deregulated in a similar manner
have emerged. An interesting similarity emerged between
miRNA expression profiles of pPCL and multiple myeloma
TC5 patients, suggesting further investigations on whether
pPCL might share some clinicobiological features with
MAF-translocated multiple myeloma.

With regard to numerical chromosomal alterations, sev-
eral deregulated miRNAs mapped to hotspot altered
regions, such as chromosomes 13 and 1. Specific CN/
miRNA expression correlations found in the present series
of pPCLs were previously identified by us in patients with
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multiple myeloma and/or human myeloma cell lines, that
is, miR-342-3p, miR-22, miR-19a, miR-20a, miR-20a�, miR-
140-5p,miR-210,miR-15a,miR-30e, andmiR-30e� (16, 21).
In particular, several of the identified downregulated miR-
NAs in association with the loss of the corresponding
genomic loci have already been linked to cancer as having
a tumor suppressor role: this is the case ofmiR-22 (22, 23),
miR-30e and miR-30c (24), miR-331-3p (25), and miR-342-
3p (26). The downregulation ofmiR-15a in patients carrying
chromosome 13 deletion is of particular importance
given the frequency of this genomic lesion in pPCL and
the experimental evidence that it may act as a tumor
suppressor in malignant plasma cells (27, 28). As regards
miR-17-92 cluster, copy number of chromosome 13 was
unlikely to be the only factor affecting its expression in our
pPCL cohort; in fact we found that somemiRNAs belonging

to the cluster were significantly overexpressed in pPCL
compared with multiple myeloma cases independently of
their CN status. This appears to be in line with the reported
evidence of the oncogenic potential of this miRNA cluster,
as also specifically shown in the context of myeloma cells
(29, 30).

The differences in miRNA expression profiles of multiple
myeloma and pPCL highlighted by the unsupervised anal-
ysis were confirmed by direct comparison of these clinical
entities: patients with pPCL and multiple myeloma were
found to differentially express 83 miRNAs, roughly half of
which were overexpressed in 1 group with respect to the
other. It is worth noting that the expression of approxi-
mately 70% of these miRNAs maintained a statistically
significant trendwhen considering normal donors. Further-
more, upregulated miRNAs in pPCL were enriched in
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Figure 2. Kaplan–Meier estimated
progression-free survival curves
for miR-22 (A) and miR-146a (B),
and overall survival curves formiR-
92a (C) and miR-330-3p (D) in
pPCL cohorts. The samples have
been stratified into 2 groups
(dashed line: high expression; solid
line: low expression) according to
the thresholds on sorted
expression profiles that led to the
highest hazard ratio.
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"onco-miRNAs", such as miR-21, miR-155 (31, 32), and
miRNAs belonging to the paralogous clusters miR-17–92
and miR-106a�363 (miR-18a, miR-19a, miR-18b and miR-
20b). In particular,miR-21was found to be overexpressed in
the majority of human cancers, acting as a cancer biomark-
er. Its relevance in multiple myeloma was first suggested by
Loffler and colleagues, who showed that miR-21 transcrip-
tion is controlled by IL-6 through a mechanism involving
STAT3, and that its ectopic expression gives independence
from the IL-6-growth stimulus (33). More recently, we

provided evidence that antagonism of miR-21 exerts anti-
multiple myeloma activity in vitro and in vivo (34). Impor-
tantly, miR-21 expression in multiple myeloma cells was
significantly enhanced by the adherence of cells to human
BM stromal cells (hBMSC), and anti-multiple myeloma
activity of miR-21 inhibitors was exerted also in the context
of BMmilieu, antagonizing the protective role of BMSCs on
multiple myeloma cells (34). Globally, these findings sug-
gest that the independence of the leukemic cells from the
BM microenvironment might be closely related to the
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Figure 3. Effects ofmiRNAmanipulation on survival ofmultiplemyelomacell lines.MTT survival assaywas conducted in NCI-H929 (A) andRPMI-8226 (B) cells
at the indicated time points after transfection with miRNA mimics/inhibitors or scrambled controls (NC). Results are expressed as a percentage of
viable cells as compared with control. Quantitative RT-PCR of miR-22 (C) and miR-126 (E) in NCI-H929 cells, and miR-146a (D) and miR-330-3p (F) in
RPMI-8226 cells after transfection with corresponding miRNA mimics/inhibitors or scrambled controls. Raw Ct values were normalized to RNU44
housekeeping snoRNA. All the P values obtained using 2-tailed t test were < 0.0001. Results from a representative experiment are shown.
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increased expression of miR-21 in pPCL compared with
patients with multiple myeloma. MiR-17–92 functions
pleiotropically during both normal development and
malignant transformation to promote proliferation, inhibit
differentiation, increase angiogenesis, and sustain cell sur-
vival, and its overexpression has been observed in multiple
tumor types (35). In addition to the initial evidence of its
important role in multiple myeloma (29), a recent study
showed that MYC may inhibit multiple myeloma cell apo-
ptosis by activating the miR-17–92 cluster, leading to the
down-modulation of the proapoptotic protein BIM. Inter-
estingly, patients with multiple myeloma with higher
expression of miR-17, miR-20, or miR-92 had shorter PFS
(30). On the contrary, several miRNAs with lower expres-
sion in pPCL comparedwithmultiplemyeloma are thought
to play a tumor suppressor role in various tumor types, such
asmiR-663 (36, 37),miR-193b (38–40), andmiR-126 (41),
as also confirmed by our preliminary functional studies in
HMCLs, and let-7a (42). Interestingly, let-7a has been
reported to be repressed by, and in turn repress, MYC
(42), and to be involved in the IL-6 pathway (43, 44).
Notably, high expression levels ofmiR-142-5p,miR-21,miR-
125b,miR-103,miR-99a,miR-26b, ormembers of the cluster
miR-17–92, all of them upregulated in pPCL, were found to
be associated with GEP-defined high-risk score in patients
with multiple myeloma (18).

Several overexpressed miRNAs in pPCL also seem to be
related to immune response, particularly the abovemen-
tioned miR-17–92 cluster (35),miR-155 (31, 32), andmiR-
21 (45, 46). Specifically, miR-155 and miR-21, known to
share an important role in tumorigenesis, may represent
important links between cancer and inflammation, likely
through their relationship with the NF-kB pathway, known
to promote their transcription (47). Furthermore, miR-
301a, another upregulated miRNA in pPCL, has been
shown to be activated by NF-kB (47). Both miR-21, miR-
155, and miR-301a in turn affect the NF-kB pathway,
leading to its activation or inhibition, in part dependent
on the cellular context (47, 48). The repression of amember
of NF-kB pathway, IKK-a, has been reported also for miR-
223 (47), a hematopoietic specific miRNA involved in
several types of leukemia and solid tumors. Mir-223 was
downregulated in our pPCL series and, interestingly, its
absence has recently been observed in extramedullary plas-
macytoma (49); it was also found to suppress cell prolifer-
ation by targeting IGF-1R (50), involved in motility and
invasiveness control in multiple myeloma cells.

The patients investigated in this study were included in a
prospective clinical trial specifically designed for the initial
therapy of pPCL, in which a combination of lenalidomide
and low-dose dexamethasone was assessed (Musto and
colleagues, manuscript in preparation). In this context, we
investigated whether specific miRNA signatures could be
associated with the response rate after 4 cycles of therapy,
which represented the primary endpoint of the study.
Interestingly, a 4-miRNA signature (miR-106b, miR-181a�,
miR-181b, and miR-497) was found to be significantly
upregulated in non-responding cases. Notably, both miR-

106b and miR-181b were reported to be upregulated in
multiple myeloma cells compared with healthy PCs
(27, 29) and associated with increased multiple myeloma
GEP-defined risk score (18), and, interestingly, miR-181a�

was 1 of the upregulated miRNAs in pPCL versus multiple
myeloma cases; this finding makes this miRNA a potential
therapeutic target in pPCL.Moreover, a further contribution
to clinical prognosticationwas representedby identification
of 4 additional miRNAs, the expression of which was
associated with pPCL cases with a shorter PFS (i.e., down-
regulation of miR-22 and upregulation miR-146a) or OS
(downregulation of miR-330-3p and upregulation of miR-
92a). As regards miR-146a, its deregulation has been asso-
ciated with the pathogenesis of several human diseases,
including solid tumors and hematopoietic malignancies; it
is thought to play an important role in the regulation of
innate immune and inflammatory responses through a
negative feedback pathway involving NF-kB (47). This
finding, together with previously described interactions
betweenderegulatedmiRNAs andNF-kBpathway,warrants
further investigations to clarify whether themiRNAs/NF-kB
networkmayhave a role in pPCLoutcome.Notably,miR-22
was found significantly downregulated in our series in
accordance with allelic loss of its residing locus at
17p13.3; however, TP53 deletion per se was not associated
with PFS (data not shown), thus suggesting that factors
other than deletion of 17p may affect miR-22 expression.
Mir-22 has already been linked to cancer through its
putative tumor suppressor role; it is activated by TP53,
suppresses NF-kB activity and is thought to repress the
MYC-binding proteins MAX and MYCBP and to be inhib-
ited byMYC itself (22, 23). Our data were also corroborated
by experiments conducted in multiple myeloma cell lines,
which showed a pro- and antisurvival effect exerted respec-
tively by miR-146a and miR-22. As regards miR-92a, it is a
member of the abovementioned clustermiR-17–92, and its
upregulation in multiple myeloma has been reported in
comparison with normal PCs (29), in relation to increased
multiple myeloma GEP-defined risk score (18), and in
association with shorter PFS (30). Considering that pPCL
represents a high-risk clinical entity per se, biological infor-
mation at diagnosis could be helpful to guide clinicians in
therapeutic decisions; therefore, larger prospective series of
patients would be required to better elucidate the clinical
relevance of miRNAs in pPCLs.

Overall, our study represents the first attempt to investi-
gate the involvement of miRNAs in pPCL, the most aggres-
sive form of plasma cell dyscrasia, and may contribute
toward the development of functional approaches to ana-
lyze the activity of deregulated miRNAs and their possible
role as novel therapeutic targets.
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