
genes.8 They found that at early time points,
significant changes in DNA methylation were
achieved. The acquisition of samples at a very
early time point was important because if they
had waited too long, any differences seen
might reflect an alteration in marrow composi-
tion (eg, reduced numbers of neoplastic cells).
The numbers of patients in their series pre-
cluded an assessment of genes that might pre-
dict eventual hematologic response or clinical
benefit, but their results do suggest the poten-
tial of this approach to identify predictors of
eventual response or resistance in larger series.
Also, data on the mRNA expression changes
after treatment were not explored in their re-
port, which is also crucial for understanding
mechanisms of response/resistance.

It is clear that MDS is a distinct disease
from de novo AML, but there is a good deal
of heterogeneity in both categories of dis-
ease. Platforms and approaches such as
those used by Figueroa et al enable one to
peer through an informative looking glass to
better clarify epigenetic differences between
these 2 diseases based on DNA methylation
changes. The same approach can clearly be
applied serially in patient populations at risk
of evolution to AML, studies that may re-
veal key epigenetic factors underlying clonal
evolution of MDS to AML. When com-
bined with analyses of gene expression and
functional assessments of chromatin in nor-
mal bone marrow cells, MDS cells, and de
novo leukemia cells, these methods should
clarify whether there are critical epigenetic
events that transform normal hematopoietic
cells, induce genetic instability and clonal
evolution, enhance survival of new clones,
and induce resistance to therapy.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ■

REFERENCES
1. Herman JG, Baylin SB. Gene silencing in cancer in asso-
ciation with promoter hypermethylation. N Engl J Med.
2003;349(21):2042-2054.

2. Silverman LR, Demakos EP, Peterson BL, et al. Ran-
domized controlled trial of azacitidine in patients with
the myelodysplastic syndrome: a study of the cancer
and leukemia group B. J Clin Oncol. 2002;20(10):
2429-2440.

3. Silverman LR, McKenzie DR, Peterson BL, et al. Fur-
ther analysis of trials with azacitidine in patients with my-
elodysplastic syndrome: studies 8421, 8921, and 9221 by the
Cancer and Leukemia Group B. J Clin Oncol. 2006;24(24):
3895-3903.

4. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Effi-
cacy of azacitidine compared with that of conventional care
regimens in the treatment of higher-risk myelodysplastic
syndromes: a randomised, open-label, phase III study. Lan-
cet Oncol. 2009;10(3):223-232.

5. Figueroa ME, Skrabanek L, Li Y, et al. MDS and second-
ary AML display unique patterns and abundance of aberrant
DNA methylation. Blood. 2009;114(16):3448-3458.

6. Zilberman D, Henikoff S. Genome-wide analysis of

DNA methylation patterns. Development. 2007;134(22):
3959-3965.

7. Khulan B, Thompson RF, Ye K, et al. Comparative isos-
chizomer profiling of cytosine methylation: the HELP as-
say. Genome Res. 2006;16(8):1046-1055.

8. Cameron EE, Bachman KE, Myohanen S, Herman JG,
Baylin SB. Synergy of demethylation and histone deacety-
lase inhibition in the re-expression of genes silenced in can-
cer. Nat Genet. 1999;21(1):103-107.

● ● ● PLATELETS & THROMBOPOIESIS

Comment on May et al, page 3464

CLEC … too!
----------------------------------------------------------------------------------------------------------------

Thomas J. Kunicki THE SCRIPPS RESEARCH INSTITUTE

In this issue of Blood, May and colleagues1 demonstrate that the recently described
platelet receptor CLEC-2 is important for stabilizing platelet cohesion and throm-
bus development under flow conditions. The absence of CLEC-2 in vivo is mani-
fested by a continuous release of individual platelets from the growing thrombus
and the embolization of small platelet aggregates, resulting in impaired occlusion of
damaged vessels in CLEC-2– deficient mice.

The mechanisms that support platelet acti-
vation and adhesion to the extracellular

matrix have been studied intensively, leading
to the identification of a handful of now well-
known receptors that participate in each phase
of platelet function (reviewed in Kunicki and
Nugent2). In early stages of platelet recruit-
ment to areas of blood vessel damage, the gly-
coprotein (GP) Ib complex binds to von Wille-
brand factor (VWF) and mediates transient
platelet attachment to collagens in the extra-
cellular matrix. Platelet GPVI and the integrin
�2�1 then become involved to mediate a more
stable attachment to collagens and contribute
to platelet activation, which is enhanced by the
binding of key platelet-activating agonists.
Some of the most important agonists, like
adenosine diphosphate (ADP) and thrombox-
ane A2, are released from platelets and bind to
their cognate receptors. Other platelet ago-
nists, such as thrombin, are produced by the
concurrent process of prothrombin conver-
sion, which is accelerated on the activated
platelet surface. In the subsequent stages of
thrombus formation, activated integrin
�IIb�3 binds to fibrinogen and/or VWF and
mediates platelet cohesion or aggregate forma-
tion. We have grown comfortable with these
well-described agonists and receptors, but new
evidence indicates that our picture of platelet
thrombus formation is not quite complete and
that additional receptors contribute to this
important process.

One of the newest and most exciting de-
velopments is the discovery of the contribu-
tions of platelet CLEC-2. This membrane
receptor was originally identified in immune
cells, where its precise function remains
unclear.3 Suzuki-Inoue and colleagues4

were the first to show that it is also expressed
on platelets and represents the receptor
bound by the platelet-activating protein
rhodocytin, isolated from the venom of the
Malayan pit viper Calloselasma rhodostoma.
Additional studies have demonstrated that
podoplanin, expressed by certain tumors, is
also a ligand for CLEC-2. Ligand engage-
ment by CLEC-2 causes phosphorylation of
a tyrosine residue in the CLEC-2 cytoplas-
mic domain and subsequent signaling via
Syk.4,5 The identification of the natural li-
gands that engage and activate CLEC-2 dur-
ing thrombus formation remains to be
determined.

CLEC-2 is a potential novel target for
antithrombotic therapy, and evidence in
May et al1 shows that it can be specifically
targeted and functionally inactivated in vivo
by antibodies, such as INU1. Treatment of
mice in vivo with an antibody against
CLEC-2 induced a specific and prolonged
CLEC-2 deficiency, which was associated
with significant protection from occlusive
thrombus formation. At the same time, a
moderate but significant increase in bleeding
times was found in roughly one-half of the

3364 1 5 O C T O B E R 2 0 0 9 I V O L U M E 1 1 4 , N U M B E R 1 6 blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/114/16/3364/1315916/zh804209003364.pdf by guest on 29 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2009-08-236802&domain=pdf&date_stamp=2009-10-15


treated mice. In the near future, rational
drug design approaches can exploit this
knowledge to develop specific inhibitors of
CLEC-2 function.

Clearly, there is a new platelet receptor in
the picture, reinforcing again the concept that
redundancy in platelet-related hemostatic
pathways serves to ensure adequate hemostasis
while regulating undesirable thrombosis.
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