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Abstract 

The discovery of microRNAs (miRNAs) has
revealed a new layer of gene expression regu-
lation that affects many normal and pathologic
biological systems. Among the malignancies
affected by the dysregulation of miRNAs, there
are cancers of lymphoid origin in which
miRNAs are thought to have tumor suppres-
sive or tumor promoting activities, depending
on the nature of their specific targets. In the
last four to five years, the experimental field
that provided the deepest insights into the in
vivo biology of miRNAs is that of mouse mod-
eling, in which transgenic and knockout ani-
mals mimic over-expression or down-regula-
tion, respectively, of specific miRNAs involved
in human leukemia/lymphoma. This review
discusses recent advances in our understand-
ing of lymphoid malignancies based on the
natural and engineered mouse models of three
different miRNAs: miR-15a/16-1 cluster, miR-
155, and miR-17-92 cluster.

Introduction

MicroRNAs (miRNAs) are a class of
endogen ous non-coding RNAs, 19-25
nucleotides in size, which regulate gene
expression at either the transcriptional or the
post-transcriptional level.1 MiRNAs bind to
messenger RNAs (mRNAs) primarily at their 3’
untranslated regions (UTRs) via partial com-
plementarity and, consequently, mRNA transla-
tion and/or stability are impaired, ultimately
resulting in a reduction in protein expression
levels. Recent studies have shown that
miRNAs are important in development and in
processes such as cellular differentiation,
growth, cell death,2 and DNA methylation.3 The
first finding linking miRNAs and cancer was
that chronic lymphocytic leukemias (CLL)
often exhibit deletions or down-regulation of
two miRNAs: miR-15a and miR-16-1, at 13q14.4

Many annotated human miRNAs are located at
fragile sites and genomic regions non-random-
ly altered in specific cancers,5 suggesting that
miRNAs could function as tumor suppressors
and oncogenes.6

Leukemia is a heterogeneous malignancy
characterized by the abnormal proliferation of
blood precursor cells of myeloid or lymphoid
origin and the number one cancer killer of
children younger than 14 years of age. To date,
a number of miRNAs involved in leukemia
have been reported and miRNA expression sig-
natures associated with cytogenetics and the
clinical outcome of CLL, acute myeloid
leukemia (AML), Hodgkin’s lymphoma,2 and
multiple myeloma7 have been identified.

There are two main reasons to model cancer
in mice. The first is to determine the causal
relationships of specific genetic alterations
found in cancer. The second is to engineer
defined tumor models for use in studies involv-
ing imaging technologies and testing novel
therapies.8 This review will focus on how some
of these approaches have been applied recent-
ly to three of the most successful stories in
understanding the role of miRNAs in cancers
of lymphoid origin: the miR-15/16 cluster as
tumor suppressor in CLL, the miR-155 in the
creation of the first oncogenic miRNA trans-
genic mouse, and the miR-17-92 cluster in the
generation of the correspondent transgenic
mouse (Table 1). 

MicroRNA-15a/16-1 cluster

CLL, the most common leukemia among
adults in Western countries, is characterized by
progressive accumulation of mostly non-divid-
ing CD5+ B lymphocytes in the blood, bone mar-
row, and lymphoid tissues. A cluster of miRNAs
(namely, miR-15a/16-1) is located in the
13q14.3 region, which undergoes hemizygous
or homozygous deletion in more than 50% of
CLLs.9 Deletion or down-regulation of expres-
sion of this gene cluster in 68% of CLLs versus
normal CD5+ lymphocytes was reported in
2002.4 A subsequent report showed that the
tumor suppressor effect of miR-15a/16-1 is
mediated, at least in part, through targeting of
Bcl2, an anti-apoptotic protein.10 Interestingly,
because Bcl2 is over-expressed in the majority
of CLL malignant lymphocytes, but other genet-
ic alterations have not been observed to explain
this aberrancy (except in <5% of cases), con-
trol of Bcl2 expression by the miR-15a/16-1
cluster can be considered as one of the main
pathogenic mechanisms of indolent CLL.9

Mouse models are valuable tools in the study
of human CLL. The New Zealand Black (NZB)
strain is a naturally occurring model of late-
onset CLL characterized by B cell hyperprolif-
eration and autoimmunity early in life, fol-

lowed by progression to CLL. All the other mod-
els of CLL are genetically engineered strains
induced by the expression of exogenous
genes.11,12 A subpopulation of B cells called B-1
cells are found mainly in the peritoneal and
pleural body cavities and form an innate nat -
ural antibody defense. Aged NZB mice exhibit
clonal expansion of B-1 cells that resemble
human CLL.13 To determine loci linked to the
development of CLL in NZB mice, a genome-
wide linkage scan of the NZB loci associated
with lymphoma/leukemia was conducted in F1
backcrosses of NZB and the DBA/2 control
strain.11 Of 202 mice phenotyped for presence
or absence of B cell lymphoproliferative dis-
ease (LPD), surface marker expression, DNA
content, and microsatellite polymorphisms, 74
had disease. The CD5+, IgM+, B220dull, hyper-
diploid LPD was linked to three loci on chromo-
somes 14, 18, and 19, which are distinct from
previously identified auto-immunity associat-
ed loci. The locus linked to LPD on the NZB
chromosome 14 has synteny with human
13q14, which is not unexpected as up to 50% of
cases of CLL have a loss of human 13q14.3.14-16

The mouse chromosome 14 region and the
human 13q14 region of synteny contain the
same two miRNAs, miR-15a and miR-16-1,
located in the intronic region of the DLEU2
gene. Because the region of synteny with
mouse genomic marker D14mit160 is the
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human 13q14 region associated with CLL and
containing miR-15a/16-1, DNA sequencing of
this region in NZB mice was performed. The
sequence of DNA from multiple NZB tissues
showed a point mutation in the 3’-flanking
region of the precursor miRNA, miR-16-1, sim-
ilar to the CÆT point mutation found in the
miR-16-1 3’-flanking sequence in two CLL
patients, of which one was from a family with
multiple CLL and breast cancers.17 This muta-
tion was not present in other strains of mice,
including the nearest relative of NZB, the NZW
strain. Analysis of the levels of mature miR-16
in tissues isolated from NZB mice revealed
decreased expression levels of this miRNA in
lymphoid tissues. Delivery of exogenous miR-
16 to a NZB malignant CLL cell line resulted in
cell cycle alterations, including a decrease in
cells in S phase and a G1 arrest.18 Thus, until
recently, linkage of the miR-15a/16-1 complex
and the development of B-LPD in this spontan -
eous mouse model constituted the main evi-
dence that the altered expression of these
miRNAs is an important molecular lesion in
CLL, confirming the relevance of the corres -
pondent data described in humans. 

Eventually, in January 2010, Klein and col-
leagues published the further genetic valida-
tion that deletion of miR-15a/16-1 leads to CLL
in mice.19 In order to identify the genetic ele-
ments targeted by the putative 13q14 tumor
suppressor and to determine their contribu-
tion to CLL pathogenesis, they generated
transgenic mice that carried conditional al -
leles that either mimicked the deletion of the
minimal deleted region (MDR), previously
described in human CLL14,20 and comprising the
entire DLEU2 gene, or that specifically deleted
the miR-15a/16-1 cluster without affecting the
expression of DLEU2. At a young age (2-4
months) homozygous Mdr-/- and miR-15a/16-
1-/- mice showed normal percentages of B and
T cell subpopulations and normal development
of lymphoid organs. However, at 12 months of
age, Mdr-/- mice showed higher percentages of
CD5+B220 B cells among mononuclear cells in
the peritoneal cavity (50% versus 15% in con-
trols). Similar observations were made in miR-
15a/16-1-/- mice. Thus, deletions of the MDR
and miR-15a/16-1 are associated with expan-
sion of CD5+B220 cells in the peritoneal cavity.
In a fraction of mice, clonal CD5+ B cell popu-
lations were accompanied by significant infil-
tration of lymphoid organs with histopatholog-
ical features resembling human CLL. These
mice displayed an enlargement of the splenic
white pulp owing to the expansion or accumu-
lation of small lymphocytes with a pattern sim-
ilar to CLL. Discrete aggregates of small lym-
phocytes were also observed in the bone mar-
row. Overall, 27% of Mdr-/- and 21% of miR-
15a/16-1-/- mice developed CLL. Altogether
42% of Mdr-/- and 26% of miR-15a/16-1-/- mice
between 15 and 18 months of age developed

some type of clonal B cell lymphoproliferation.
Mdr-/- mice also showed a trend toward devel-
oping B cell tumors (24%), suggesting that
monoallelic deletion of the MDR can cause dis-
ease. This trend is not evident in miR-15a/16-
1-deleted mice, probably because of the lower
penetrance of the phenotype. Mdr-/- mice died
earlier than their wild type littermates, sug-
gesting that the homozygous mice eventually
succumb to their tumors at an advanced age.
Conversely, the survival of miR-15a/16-1-/-
mice was not significantly different from wild
type littermates, suggesting that these mice
show a milder disease course than their Mdr-/-
counterparts. In conclusion, both Mdr-/- and
miR-15a/16-1-/- mice developed lymphoprolif-
erations with an indolent disease course rem-
iniscent of human CLL, with Mdr-/- mice dis-
playing a more aggressive disease phenotype.
The significantly more aggressive phenotype
displayed by Mdr-/- mice suggests that addi-
tional genetic elements within the MDR locus
contribute to the tumor suppressive function.
One candidate for such a role is DLEU2 itself.
Besides providing the primary transcript for
the production of miR-15a/16-1, it produces a
spliced cytoplasmic RNA that may have impor-
tant regulatory functions not yet detected.19

To understand the mechanism by which the
deletions lead to clonal B lymphoproliferations,
Klein et al.19 investigated whether miR-15a/16-1
deletions could affect proliferation of mouse B
cells. BrdU incorporation assays, which meas-
ure active DNA-synthesis, demonstrated that
miR-15a/16-1-/- B cells begin to synthesize
DNA earlier than wild type B cells. Mitogen-
stimulated B cells purified from miR-15a/16-1-
/- or Mdr-/- and wild type mice were analyzed
for levels of phosphorylated retinoblastoma (p-
Rb) protein, an indicator of cell cycle entry. P-
Rb could be detected at earlier time points in
both miR-15a/16-1-/- and Mdr-/- compared with
wild type B cells. Consistent with this observa-
tion, expression of the cell cycle inhibitory pro-
tein cyclin-dependent kinase inhibitor p27-
Kip1 appeared to follow similar kinetics. To
further unravel the individual contributions of

DLEU2 versus the MiR-15a/16-1 cluster to the
lymphoproliferative phenotype, the authors
generated an inducible in vitro system in
which the DLEU2 transcript and the miR-
15a/16-1 cluster were separately re-expressed
in the human I83E95 cell line that is derived
from a 13q14-/- CLL. The results showed that
miR-15a/16-1 expressing cells, but not those
expressing DLEU2, were impaired in prolifera-
tion. Consistent with this observation, miR-
15a/16-1 expressing cells had a higher fraction
of cells in the G0/G1 phase compared with both
DLEU2 and the control, as documented by
BrdU incorporation assays. Thus, expression
of the miR-15a/16-1 cluster seems to control
cellular proliferation, possibly by inhibiting the
G0/G1 phase transition. Taken together, the
results of the knockout and re-expression
experiments suggest that the miR-15a/16-1
cluster exhibits negative control of prolifera-
tion both in human and mouse B cells. On the
contrary, the DLEU2 transcript per se did not
affect proliferation of 13q14 homozygous delet-
ed cells. Since their findings suggested that
miR-15a/16-1 may affect the G0/G1-S phase
transition in B cells, the authors sought to
identify candidate G0/G1-S phase-related
genes among inferred miR-15a/16-1 targets
predicted by different computational target
prediction algorithms. Seven proteins (cyclins
Ccnd2, Ccnd3, and Ccne1, and cyclin-depend-
ent kinases Cdk4, Cdk6, Chk1, and Mcm5)
known to be critically involved in the regula-
tion of the G0/G1-S phase transition, were
down-regulated in I83E95 13q14-/- cells upon
miR-15a/16-1 expression. Analogously, the
same gene products showed higher expression
levels in anti-IgM-stimulated miR-15a/16-1-
deficient mouse B cells. Although it remains to
be determined whether the proliferation-asso-
ciated genes identified represent direct or
indirect miR-15a/16-1 targets, the concurrent
results obtained in two independent genetical-
ly defined miR-15a/16-1 knockout systems
strongly indicate that these miRNAs regulate
the expression of multiple genes involved in
the G0/G1-S phase transition in both human
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Table 1. Mouse models of lymphoid cancers owing to miRNA alterations.

MiRNA Method Alteration Phenotype Refs.

miR-16-1 Natural strain (NZB) CÆT point mutation Late-onset CLL 18, 21
in the 3’-flanking region 
of the precursor

miR-15a/16-1 Knockout MDR deletion, miR Indolent CLL and  its 19
cluster deletion associated syndromes

miR-155 Transgenesis Over-expression in B ALL-like disease 29, 30
cells

miR-155 Cell transfer Over-expression  Myeloproliferative 23, 26 
in bone marrow cells disease

miR-17-92 Transgenesis Over-expression in Lymphoproliferative
B and T cells disease 43

NZB, New Zealand Black; CLL, chronic lymphocytic leukemia; MDR, minimal deleted region; ALL, acute lymphoblastic leukemia/lymphoma.
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and mouse B cells. 
In another study, Salerno et al.21 sought to

define a role for miR-16 in the malignant B-1
cell growth and persistence seen in the NZB
model of CLL, by examining the effects of
exogenous miR-16 on an NZB-derived malig-
nant B-1 cell line that mimics the late stages of
CLL.22 First, because the NZB spleen has
decreased levels of both miR-15a and miR-16
as compared with non-NZB strain spleens, the
authors analyzed sorted subpopulations con-
taining non-malignant and malignant B cells
to determine whether NZB malignant B-1 cells
had a selective decrease in miR-16 expression.
As anticipated, both NZB B-1 cells and conven-
tional B-2 cells had less than half the amount
of miR-16 expression relative to the B-1 and B-
2 populations from age-matched non-NZB
strain spleens, indicating that all B cells from
NZB mice are affected by the point mutation in
the miR-15a/16-1 locus.21

In the NZB spleen, most B-2 cells are in G1,
whereas the malignant B-1 cells are cycling.18

To determine the effects of miR-16 on growth
and cell cycle transit of the malignant B-1 cells,
NZB B-1 and non-NZB B cell lines were trans-
fected with miR-15a or miR-16 mimic or a neg-
ative control mimic (because miR-16 shares a
seed sequence and many predicted targets
with miR-15a, cells were also transfected with
a miR-15a mimic to test if both miRNAs would
have the same effect on the cells). Both NZB
and non-NZB B cell lines exhibited an increase
in the G1 fraction following transfection with
miR-15a and miR-16, yet G1 accumulation and
S phase decrease in the NZB B cell line were
significantly higher than in the non-NZB B cell
line. The NZB cell line was also examined for
any selective decrease in miR-16 specific to a
cell cycle phase. Analysis of basal levels of
mature miR-16 expression revealed that the
NZB B cell line had lower levels of miR-16
expression than did the non-NZB B cell line at
all stages of the cell cycle, with G1 phase cells
having significantly higher levels of miR-16.21

Because TargetScan, a miRNA target predic-
tion program, listed cyclin D1, a cell cycle reg-
ulator, as a likely target for miR-15a and miR-
16 in humans and mice, to determine if cyclin
D1 is regulated by miR-15a or miR-16, NZB
and non-NZB cell lines were transfected with
either miRNA mimic or the negative control
mimic, and cyclin D1 mRNA and protein levels
were evaluated at 24 hours post-transfection.
PCR revealed no change in cyclin D1 mRNA
levels upon miR-16 addition but flow cytomet-
ric analysis detected a substantial decrease in
the mean fluorescence intensity of cyclin D1
protein in the NZB B cell line transfected with
miR-16 compared with expression in the non-
NZB B cell line, thus confirming the post-tran-
scriptional regulation of cyclin D1 by miR-16.21

MicroRNA-155

MiR-155 is one of the most prominent and
well-studied immune system miRNAs to date.
This molecule is clearly involved in protective
immunity when properly regulated, yet con-
tributes to malignant conditions upon dysregu-
lation.23 Enhanced expression of miR-155
occurs constitutively in a subset of cancer cells
of lymphoid24,25 and myeloid26,27 origin with the
highest level of expression in diffuse large B
cell lymphomas.28

The first animal model specifically built to
assess the impact of miR-155 deregulation in a
lymphoid malignancy is the Eµ-miR155 trans-
genic mouse model.29 These transgenic mice
were generated through expression of mmu-
miR-155 (murine miR-155) under the control
of a VH promoter-Ig heavy chain Eµ enhancer,
which becomes active at the pro-B cell stage of
B cell development. The animals exhibited
splenomegaly as early as three weeks of age
and showed leukopenia, with the white blood
cell count between three and six months of 4-
to 7-fold lower than in control age-matched
mice. Histopathology of the spleens at three
weeks of age featured a consistent atypical
lymphoid population invading the red pulp and
expanding it. At six months, mice presented a
greatly increased malignant lymphoid popula-
tion with marked atypia and blastic appear-
ance, proliferating in the vascular channels of
the red pulp and gradually replacing the white
pulp. The overall architecture of the spleens
was distorted by lymphoid proliferation while a
similar lymphoid population was present in the
bone marrow as well. Flow cytometry analysis
showed an increase of B220low/CD10low/
IgM–/CD5–/TCR–/CD43– lymphoid cells in both
spleen and bone marrow in the transgenic
mice. This phenotype resembles the phenotype
of proliferating lymphocytes observed in
human acute lymphoblastic leukemia or
lympho blastic lymphoma.29 This study was the
first in which an miRNA transgenic mouse was
produced and the first to demonstrate that can-
cer can be generated by the deregulation of a
single miRNA. Subsequently, a marked myelo-
proliferative disease was also described, by
Baltimore’s laboratory, in other mice following
adoptive transfer of bone marrow cells over-
expressing miR-155.26

More recently, Costinean et al. reported
detailed characterization of the miR-155 trans-
genic mouse immunophenotype and described
a possible mechanism for the development of
these leukemias.30 Initially, all transgenic ani-
mals show an increase of the B220+ IgM– popu-
lation; later on, these cells tend to lose some of
the B220 surface antigen expression and
become B220low; thus, the studied leukemias
exhibit a mixed immunophenotype character-
ized by B220low IgM– and B220low IgM+ (most

likely owing to some degree of differentiation
of some of the malignant clones of the pre-B
cells of origin). Moreover, all transgenic mice
exhibit an increase of the myeloid line and a
reduced T cell population. To understand the
role of miR-155 in B cell differentiation and
leukemogenesis, the investigators focused on
two proteins known to be both key molecules
in B cell maturation/activation and predicted
targets of miR-155, SHIP, and C/EBPb. Src
homology 2 domain-containing inositol-5-
phosphatase (SHIP) is a negative regulator of
cell signaling in the immune system. This
phosphatase is also thought to be involved in B
cell maturation because it shows differential
expression in the pro-B compared to the pre-B
stage.31 Irradiated mouse bone marrow recon-
stituted with Ship-/- hematopoietic cells shows
reduction in the immature and mature forms
of B cells.32 Moreover, Ship-/- cells were more
viable and had better survival owing to the
activation of MAPK and AKT pathways.31

CCAAT enhancer-binding protein beta
(C/EBPb) is a mediator of the IL-6 signaling
pathway; IL-6 activates C/EBPb through the
phosphorylation of MAPK.33 In addition,
C/EBPb expression varies during differentia-
tion of myeloid and plasma cells,34 suggesting
its involvement in myeloid and lymphoid mat-
uration. Costinean et al. showed that SHIP and
C/EBPb protein expression is diminished in
the miR-155 transgenic pre-B lymphocytes.30

SHIP is gradually down-regulated in the
preleukemic and leukemic pre-B cells, where-
as C/EBPb, even though it maintains the same
level of expression in preleukemic mice, is
markedly down-regulated in leukemic pre-B
cells. In conclusion, miR-155 transgene shows
maximum expression in the pre-B stage, in
which it down-regulates both SHIP and
C/EBPb, two inhibitors of IL-6. This blocks B
cell differentiation and might also induce a
reactive proliferation of the myeloid line. The
B cell precursors, arrested in their develop-
ment, proliferate and are the origin of malig-
nant leukemias with a mixed immunopheno-
type B220low/IgM– and B220low/IgM+. Independ -
ently, O’Connell et al.23 showed that in their
bone marrow adoptive transfer model, the
myeloproliferative phenotype can be almost
completely reproduced by knocking down SHIP
expression, providing further in vivo evidence
of target specificity.23,35 Thus, two distinct
mouse models confirmed that SHIP mRNA is
an important target of miR-155 and its repres-
sion is a critical aspect of miR-155 biology.

The BIC locus was first identified as a com-
mon retroviral integration site in avian leuko-
sis virus (ALV)-induced B cell chicken lympho -
mas,36 which implicated BIC as a proto-onco-
gene. The human BIC gene was subsequently
isolated and characterized as a transcript that
lacks an open reading frame.37 This was the
first report to suggest that oncogenesis might
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derive from the miss-expression of a non-cod-
ing RNA. Based on the presence on BIC tran-
scripts of the hairpin typical of an miRNA,
miR-155 was predicted in silico and later
shown to be produced from the BIC transcripts.
Indeed, miR-155 is found only in cells express-
ing BIC transcripts. The hairpin from which
miR-155 is processed represents the only evo-
lutionary conserved sequence of the BIC gene,
suggesting that BIC oncogenic functions are
through miR-155.28,38 To gain insights into miR-
155 physiological functions, transgenic as well
as BIC/miR-155 knockout mice were devel-
oped. They showed that miR-155 is involved in
almost all steps of B cell maturation and conse-
quently modulates B cell functions. Using mice
with an enhanced green fluorescent protein
(EGFP) reporter gene inserted into the BIC
gene, it was shown that many, if not all, germi-
nal center B cells express BIC/miR-155 at the
start of the response or recurrently during pro-
liferation and selection by antigens. As germi-
nal centers represent sites of antibody affinity
maturation and memory B cell generation in a
T cell-dependent antibody response, the deple-
tion of miR-155, as expected, impaired all the
above.39,40 Accordingly, miR-155 ablation result-
ed in reduced extra follicular and germinal
center responses and impaired the memory
response, suggesting that miR-155 may regu-
late the generation of memory B cells.38-40

MicroRNA-17-92 cluster 

The MiR-17-92 cluster is located at human
chromosome 13q31, in a genomic region that
is frequently amplified in lymphomas and
other cancers, and the mature miRNAs encod-
ed by this locus are highly expressed in cancer
cells.41 Retroviral expression of this miRNA
cluster in the hematopoietic system accelerat-
ed the onset of cMyc-mediated lymphomagen-
esis in a transgenic mouse model involving
bone marrow reconstitution.42 To elucidate the
mechanism by which the miR-17-92 cluster
promotes lymphomagenesis, Xiao et al.43 gen-
erated mice with elevated miR-17-92 expres-
sion in lymphocytes. They showed that Pten
and Bim mRNAs, both of which have tumor
suppressive activities, are direct targets of
miRNAs in the miR-17-92 cluster, and that
Pten and Bim protein expression is down-reg-
ulated upon constitutive and moderate over-
expression of miR-17-92 miRNAs. In mouse B
and T cells, miR-17-92 over-expression leads to
a LPD, characterized by lymphoid hyperplasia
in the spleen, activated lymphocytes, and lym-
phoid infiltration of peripheral tissues accom-
panied by an autoimmune phenotype,35,43 but
not malignancy. A mechanism involving Bim is
consistent with the findings that Bim+/- mice
develop a phenotype similar to that of mice

over-expressing miR-17-92 and that heterozy-
gous deficiency of Bim, similar to over-expres-
sion of miR-17-92, cooperates with Eµ-Myc in
lymphomagenesis.35,42

The miR-17-92 cluster produces a single
polycistronic primary transcript that yields six
individual mature miRNAs. The distinct
mature miRNA sequence of these miR-17-92
components dictates the specificity of their
target regulation, and ultimately determines
the functional specificity. Olive et al.44 reported
the functional dissection of miR-17-92 in the
context of B cell transformation in vivo, and
revealed the essential role of miR-19 in medi-
ating the oncogenic activity of miR-17-92. In
the Eu-Myc model of Burkitt’s lymphoma, miR-
19 is both necessary and sufficient for miR-17-
92 to promote c-Myc-induced B lymphomagen-
esis. The proliferative activity of miR-19 is
mediated, at least in part, by the PI3K-Akt-
mTOR pathway, as enforced miR-19 expres-
sion dampens the expression of Pten, thus
activating Akt-mTOR signaling to promote cell
survival.44 Independently, similar findings were
also described by Ventura’s laboratory with a
different model based on a conditional loss of
function of miR-17-92.45

Concluding remarks and future
developments

This review focused on the currently avail-
able mouse models of miRNAs in cancer of
immunological origin but this is a field of
investigation in rapid expansion and it is like-
ly that many more models will be published in
the near future. The discovery of miRNA dys-
regulation in leukemia and other malignan-
cies offered to cancer researchers an unprece-
dented level of precision to study the complex-
ities and intricacies of cancer pathways.46 The
creation of ever more accurate mouse models
of human hematopoietic cancers based on
miRNA dysregulation is likely to be of benefit
in a special way given the particular suscepti-
bility of mice to leukemia in comparison to
solid malignancies. Indeed, a future develop-
ment will be the production of transgenic,
knockout, and knockin in vivo models for all
those miRNAs previously identified as involved
in leukemias, to establish their contribution to
malignant transformation in immune cells. An
additional development will be characterized
by the crosses of these new miRNA models
with engineered mice of oncogenes and tumor
suppressors targeted by these miRNAs to
recreate in vivo the complex, but more authen-
tic relationship between protein-coding genes
and non protein-coding genes belonging to the
same cancer pathway. Interestingly, many
existing models of oncogenes and tumor sup-
pressors will be reconsidered in the light of

new knowledge of miRNA signal pathways.
Finally, the therapeutic use of miRNAs and
anti-miRNAs in new and established mouse
models, for example, the Eµ-TCL1 mouse
model of aggressive CLL,47-49 will provide the
necessary insights for a shift from convention-
al approaches to more targeted therapies in
human leukemia and other cancers.
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