
3. Kumar V, Delovitch TL. Different subsets of natural
killer T cells may vary in their roles in health and disease.
Immunology. 2014;142(3):321-336.

4. Exley MA, Hand L, O’Shea D, Lynch L. Interplay
between the immune system and adipose tissue in obesity.
J Endocrinol. 2014;223(2):R41-R48.

5. Godfrey DI, McConville MJ, Pellicci DG. Chewing
the fat on natural killer T cell development. J Exp Med.
2006;203(10):2229-2232.

6. de Fost M, Out TA, de Wilde FA, et al.
Immunoglobulin and free light chain abnormalities in
Gaucher disease type I: data from an adult cohort of 63
patients and review of the literature. Ann Hematol. 2008;
87(6):439-449.

7. Arrenberg P, Halder R, Dai Y, Maricic I, Kumar V.
Oligoclonality and innate-like features in the TCR
repertoire of type II NKT cells reactive to a beta-linked

self-glycolipid. Proc Natl Acad Sci USA. 2010;107(24):
10984-10989.

8. Dellabona P, Abrignani S, Casorati G. iNKT-cell
help to B cells: a cooperative job between innate and
adaptive immune responses. Eur J Immunol. 2014;44(8):
2230-2237.

9. Gadola SD, Silk JD, Jeans A, et al. Impaired selection
of invariant natural killer T cells in diverse mouse models
of glycosphingolipid lysosomal storage diseases. J Exp
Med. 2006;203(10):2293-2303.

10. Mistry PK, Taddei T, vom Dahl S, Rosenbloom BE.
Gaucher disease and malignancy: a model for cancer
pathogenesis in an inborn error of metabolism. Crit Rev
Oncog. 2013;18(3):235-246.

© 2015 by The American Society of Hematology

l l l MYELOID NEOPLASIA

Comment on Shaham et al, page 1292, and Wang et al, page 1302

A 2-way miRror of red
blood cells and leukemia
-----------------------------------------------------------------------------------------------------

H. Leighton Grimes and Sara E. Meyer CINCINNATI CHILDREN’S HOSPITAL MEDICAL CENTER

In this issue of Blood, the articles by Shaham et al1 and Wang et al2 are the first to
identify microRNA 486 (miR-486) as a requisite oncomiR and credible therapeutic
target in myeloid leukemia of Down syndrome (ML-DS) and chronic myeloid
leukemia (CML) by showing that these 2 leukemias co-opt miR-486 functions
in normal erythroid progenitor progrowth and survival activity.

The figure summarizes these 2 independent
reports, which delineate the mechanisms

leading to the aberrant overexpression of
miR-486 inML-DS andCML (panel A). Their
highlights are described in greater detail below.
In sum, the articles clearly demonstrate that
miR-486 directs erythroid differentiation of
normal hematopoietic cells involving activation
of theAKTpathway (panel B), which ismirrored
by a similar erythroid phenotype signaled
through miR-486/AKT in leukemia cells that
also acts to promote cell survival (panel C). The
extensive and congruent results using human and
mouse in vivo and in vitro models combined
with primary human leukemia and normal
hematopoietic cells underscore the importance
of miR-486 as a conserved mediator of
erythropoiesis and leukemogenesis. Moreover,
these studies provide the initial proof of
principle for miR-486 as a therapeutic target
in CML and ML-DS, laying the groundwork
for follow-up in vivo preclinical testing.

Infants and children with Down syndrome
(DS) have significantly increased risk of
developing transient myeloproliferative

disorder (TMD), which sometimes transforms
to myeloid leukemia (ML-DS), the most
common subtype being acute megakaryoblastic
leukemia (AMKL).3 Acquired somatic
mutations in the megakaryocyte/erythroid-
lineage specifying transcription factor
GATA1 generate a short isoform (GATA1s) that
cooperates with trisomy 21 early on in the
evolution of TMD and ML-DS.4 Reported
herein, microRNA (miRNA) expression
analyses on bone marrow from patients with
ML-DS, non-DS AMKL, or remission
samples led to the discovery by Shaham et al
that miR-486 is uniquely overexpressed in
ML-DS patients (panel A). On the other
hand, Wang et al independently discovered
that miR-486 is the most highly expressed
miRNA in their cohort of patients with CML,
a molecularly, pathologically, and phenotypically
distinct myeloid neoplasm from ML-DS.
The Philadelphia chromosome t(9;22)
rearrangement generating the BCR-ABL
tyrosine kinase fusion protein is the most
common and the earliest initiating event in
CML pathogenesis.

What is driving miR-486 expression?
Because GATA1 mutations are exclusively
found in ML-DS, the expression pattern of
miR-486 hinted that GATA1s might be
its upstream regulator in normal and malignant
hematopoiesis. Indeed, Shaham et al uncover
that (1)miR-486 is encodedwithin theGATA1
target gene ANK15; (2) miR-486 positively
correlates with GATA1s in primary ML-DS;
and (3) miR-486 expression changes
concordantly with manipulation of GATA1
or GATA1s in human ML-DS cell lines.
Conversely, in CML, Wang et al find that
expression of BCR-ABL leads to significant

miR-486 is a regulator of normal erythropoiesis and my-

eloid leukemogenesis. (A) Expression pattern of miR-486

in normal and malignant hematopoiesis. (B) miR-486 ex-

pression is upregulated during erythroid differentiation

(left), and forced overexpression of miR-486 in hemato-

poietic stem and progenitor cells pushes the expansion of

erythrocyte differentiation (right). miR-486 expression

directly controls PTEN and FoxO1 to permit activation of

AKT signaling during normal erythroid differentiation. (C)

Overexpression of miR-486 cooperates with Gata1s to

increase proliferation and self-renewal, and knockdown

of miR-486 in ML-DS induces cell death (left). Expres-

sion of miR-486 synergizes with BCR-ABL to promote

cell proliferation (right). Imatinib treatment of CML cells partly

reduces miR-486 expression and induces cell death, which

is amplified by sponge-mediated knockdown of miR-486.

EPO, erythropoietin; HSC, hematopoietic stem cell; HSPC,

hematopoietic stem and progenitor cell; NDS, non-DS.

1202 BLOOD, 19 FEBRUARY 2015 x VOLUME 125, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/125/8/1202/1387373/1202.pdf by guest on 09 June 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2015-01-618975&domain=pdf&date_stamp=2015-02-19


elevation of miR-486 expression in CD341

cells. Unlike in ML-DS, wherein GATA1s
can directly activate miR-486, modulation of
BCR-ABL activity with either expression
of a kinase-inactive BCR-ABL mutant or
treatment with a tyrosine kinase inhibitor
only partially restored miR-486 expression,
suggesting that miR-486 may be regulated
by BCR-ABL kinase-dependent and kinase-
independent mechanisms in CML. Because
malignant hematopoietic stem cells in chronic-
phase CML maintain self-renewal and
multilineage potential with clonally expanded
granulocytic, megakaryocytic, and erythroid
progenitor compartments,6 the authors
dissected miR-486 expression in the
hematopoietic stem/progenitor populations
of CML patient samples and found it most
highly expressed in the megakaryocyte-
erythroid progenitor (MEP) fraction.

Is there a role for miR-486 in
hematopoiesis? Because GATA1s regulates
megakaryocytic-erythroid differentiation,
Shaham et al measured miR-486 steady-state
levels in primary murine hematopoietic cells
but found detectable expression only in the
erythrocytes from both wild-type and Gata1s
knockin mice. Underscoring this finding,
miR-486 expression was robustly induced
when human GATA1- and GATA1s-
overexpressing MEP-like cell lines were
differentiated to the erythroid lineage with
cytokines. In agreement with this, Wang et al
found that miR-486 expression is significantly
induced upon erythroid, but not myeloid,
cytokine-stimulated differentiation of
human CD341 cells in vitro. Exogenous
overexpression of miR-486 in human CD341

cells significantly enhances cytokine-stimulated
erythroid differentiation in vitro. Conversely,
knockdown of miR-486 in human CD341 cells
significantly reduced cytokine-induced erythroid
differentiation in vitro and significantly
diminished the frequency of CD2351 erythroid
populations in mouse xenografts in vivo.
Collectively, the results of these 2 independent
studies solidify a role for miR-486 in erythroid
differentiation, a phenomenon they show is
conserved from mice to humans.

In building upon this new link between
miR-486 and erythroid differentiation, both
groups reveal implications that extend beyond
normal hematopoiesis. Expression of miR-486
is tightly associated with expression of the
erythroid marker glycophorin A (GYPA or
CD235) in ML-DS patient blasts and

BCR-ABL–expressing human CD341 cells.
In ML-DS, Shaham et al find that knockdown
ofmiR-486 significantly reduces the expression
of GYPA, shifting ML-DS cells from
a CD2351CD611 erythromegakaryocytic
immunophenotype to a CD2352CD611

megakaryocytic phenotype. AlthoughML-DS
cells exhibit slowed growth kinetics and
undergo a significant increase in apoptosis
upon miR-486 knockdown, the amount of cell
death is not likely to account for the dramatic
shift in CD235 expression. Wang et al knocked
down miR-486 in an erythroleukemia cell line
and in human CD341 cells expressing BCR-
ABL, which caused a significant induction
in cell death that was further enhanced with
imatinib treatment. This was concomitant with
decreased GYPA expression. Importantly,
the authors show that knockdown of miR-486
doesnot cause cell deathofnormalhumanCD341

cells. The overall survival (OS) of patients
with newly diagnosed chronic-phase CML is
significantly increased by treatment with tyrosine
kinase inhibitors such as imatinib. However,
;20% of patients are resistant or become
treatment refractory. CML patients acquire
additional mutations or epigenetic alterations
causing the transition into the blast-crisis leukemia
phase.7 Children with ML-DS treated with
standard low-dose chemotherapy do somewhat

better, with a 3-yearOS of 80%.8Data from these
2 reports strongly suggest that antagonism of
miR-486 may work best as a combination therapy
with the current standard of care.
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Comment on Malleret et al, page 1314

Bone marrow reticulocytes:
a Plasmodium vivax affair?
-----------------------------------------------------------------------------------------------------

Alfredo Mayor1,2 and Pietro Alano3 1BARCELONA INSTITUTE FOR GLOBAL HEALTH; 2MANHIÇA HEALTH RESEARCH
CENTER; 3ISTITUTO SUPERIORE DI SANITÀ

In this issue of Blood, Malleret and colleagues show the importance of the bone
marrow in Plasmodium vivax biology by proving the preferential infection of
young reticulocytes (generally restricted to the bone marrow), which then
experience accelerated maturation postinvasion.1

P lasmodium vivax mainly invades
reticulocytes, a heterogeneous population

of red blood cell precursors characterized by
a reticular network of residual RNA, whose
maturation is indicated by the decreasing
expression of the transferrin receptor CD71.
This host cell specificity shapes P vivax
pathobiology, and the strict requirement for
reticulocytes has hampered the establishment

of an in vitro culture system for this parasite.
By sorting different developmental stages of
cord blood reticulocytes for use in an ex vivo
invasion assay, Malleret and colleagues show
that P vivax merozoites prefer the youngest
of the young erythrocytes. The immature
CD711 reticulocytes, generally restricted to
bone marrow, were more efficiently invaded
than older CD712 reticulocytes principally
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