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One inositol ring to rule thrombosis
-----------------------------------------------------------------------------------------------------

James H. Morrissey1 1UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

In this issue of Blood, Ghosh and colleagues report that knocking out an inositol
kinase in mice diminishes polyphosphate in platelet dense granules, thereby
reducing hemostasis and protecting against thrombosis.1

In 2004, Ruiz et al first reported that the
dense granules of human platelets contain

abundant levels of polyphosphate (a simple
linear polymer of inorganic orthophosphate),

which is secreted upon platelet activation.2 In
2006, we showed that polyphosphate of the
size secreted by activated platelets is a potent
prohemostatic agent, capable of accelerating
plasma clotting and substantially delaying
fibrinolysis.3 In the ensuing years, our
laboratory and others have further delineated
the contributions of polyphosphate to
hemostasis and thrombosis, showing in
particular that long-chain polyphosphate
(of the size that accumulates in
microorganisms) is an extremely potent
trigger of the contact pathway of clotting,
while platelet-sized polyphosphate greatly
accelerates downstream clotting reactions,
enhances fibrin clot structure, and
promotes the feedback activation of factor
XI by thrombin.4 Polyphosphate is both
procoagulant and proinflammatory in vivo,5

and certain cationic polyphosphate inhibitors
have recently provided proof of principle that
antagonizing polyphosphate’s procoagulant
action in vivo protects against thrombosis in
mouse models of both arterial and venous
thrombosis.6 However, when I present our
findings on polyphosphate, I am almost
invariably asked about the possibility of
knocking out polyphosphate accumulation in
the dense granules of platelets in transgenic
mice, as a way to study polyphosphate
function in living animals. My stock answer is
that, because no one has identified the enzyme
or enzymes responsible for synthesizing
polyphosphate in higher eukaryotes, we have
no idea what gene to target to achieve this
goal. But that has just changed.

For many years, it has been appreciated
that the myo-inositol moiety of the membrane
phospholipid, phosphatidylinositol, can be
multiply phosphorylated. Phospholipase C
can then release the phosphorylated
headgroup of this lipid into the cytoplasm,
yielding inositol phosphates like inositol
1,4,5-trisphosphate (IP3), which function
in Ca21 release and signal transduction
cascades.7 More recently, it was discovered

Inositol with all 6 hydroxyl groups phosphorylated (the molecule depicted here, termed inositol hexakisphosphate or IP6)

is the substrate for inositol hexakisphosphate kinase 1 (IP6K1), which adds yet another phosphate group to this

molecule in order to create inositol pyrophosphates. In a manner not well understood, knocking out the IP6K1 enzyme

in mice severely decreases the accumulation of polyphosphate in platelet dense granules, with consequences for

platelet function in both hemostasis and thrombosis. Professional illustration by Marie Dauenheimer.
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that myo-inositol can be much more heavily
phosphorylated in cells, including versions of
inositol in which all six –OH groups contain
phosphate (inositol hexakisphosphate, or IP6,
as depicted in the figure), or even more highly
phosphorylated forms, termed inositol
pyrophosphates (reviewed by Wilson et al8).
In these latter molecules, at least one of the
–OH groups contains pyrophosphate while
the rest contain monophosphate (yielding
IP7 or IP8, with 7 or 8 attached phosphates,
respectively). Many of the enzymes
responsible for synthesizing inositol
pyrophosphates use IP6 (see figure) as the
substrate, including, in mammals, 3 isozymes
of the enzyme, inositol hexakisphosphate kinase
(IP6K). The IP6K1 isozyme has been knocked
out in mice, resulting in lower body weight,
reduced insulin levels/insulin hypersensitivity,
and defective spermatogenesis.9

Ghosh et al1 cleverly noted that yeast
lacking the enzyme equivalent to IP6K are not
only depleted of inositol pyrophosphates but
that they also, perhaps surprisingly, have
severely reduced levels of polyphosphate.10

Reasoning that a metabolic link between
inositol pyrophosphates and polyphosphate
may also exist in mammals, they explored the
use of IP6K1 knockout mice as a means
of generating animals with low levels of
polyphosphate in their platelets. In the
present study,1 they now report that, while
the platelets of homozygous IP6K1 knockout
mice have normal-appearing dense granules,
these platelets have a roughly 3-fold
reduction in polyphosphate levels.
Furthermore, in in vitro studies, they report
that the platelets from these animals exhibited
slower platelet aggregation, supported
lengthened clotting times when platelet
releasates were added to plasma, and
exhibited lower incorporation of
polyphosphate into fibrin clots (with
concomitantly altered clot ultrastructure
that could be rescued by exogenous
polyphosphate), compared with studies
performed using platelets from wild-type
littermates. In vivo, they demonstrated
longer tail bleeding times and greater
resistance to thromboembolism in the
homozygous IP6K1 knockout mice compared
with wild-type littermates. Because inositol
pyrophosphates play roles in energy
metabolism in yeast, Ghosh et al took pains
to demonstrate that the levels of adenosine
59-diphosphate (ADP) and adenosine

triphosphate (ATP) in platelets from their
knockout mice were normal, so the reduced
platelet-mediated functions in these animals
were not simply attributed to decreased
secretion of ADP or ATP.

Taken together, the results from this study
clearly underscore important roles for
polyphosphate secreted from activated
platelets in both hemostasis and thrombosis.
The decreased aggregation seen in platelets
from homozygous IP6K1 knockout mice is
particularly intriguing because a role in
platelet aggregation has not previously
been reported for polyphosphate. The
availability of this mouse line for studying
the consequences of severely reduced
polyphosphate levels in platelets will allow
a wealth of studies to investigate the biological
roles of polyphosphates in mammals, no
doubt beyond their currently appreciated
contributions to hemostasis, thrombosis, and
inflammation.
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Transplants for the elderly in myeloma
-----------------------------------------------------------------------------------------------------
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In this issue of Blood, Gay et al provide important new information that can be
used to design future phase 3 trials.1

They chose a dose of melphalan known to
be tolerated in this age group and

augmented its activity by using cassettes of
treatment using novel agents during
induction, consolidation, and maintenance
and evaluated its activity and tolerability in
the 65- to 75-year-old age group. It is clear
that it is well tolerated, with minimal early
mortality and is associated with good response
and survival data. It is possible to compare
these outcomes with representative historical
data sets including the Medical Research
Council (MRC) study where the overall
survival (OS) in the nontransplanted group

for melphalan-prednisone vs
cyclophosphamide-thalidomide-
dexamethasone was 30.6 vs 33.2 months,
respectively, and for patients in the
transplanted group .64 years of age was
53 months.2 In the Intergroup Français du
Myélome (IFM) 99-06 study comparing
melphalan-prednisone with melphalan-
thalidomide-prednisone and with autologous
stem cell transplant (ASCT) with 100 mg/m2

of melphalan, the OS in each group was 33.2,
51.6, and 38.3 months, respectively.3 Thus,
the 5-year OS of 63% in the current study
is good, using this novel sequential approach
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