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Did dinosaurs have megakaryocytes?
New ideas about platelets and their progenitors
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Biological evolution has struggled to produce mechanisms that can limit blood loss following injury. In humans
and other mammals, control of blood loss (hemostasis) is achieved through a combination of plasma proteins,
most of which are made in the liver, and platelets, anucleate blood cells that are produced in the bone marrow by
megakaryocytes. Much has been learned about the underlying mechanisms, but much remains to be determined.
The articles in this series review current ideas about the production of megakaryocytes from undifferentiated hema-
topoietic precursors, the steps by which megakaryocytes produce platelets, and the molecular mechanisms within
platelets that make hemostasis possible. The underlying theme that connects the articles is the intense investigation
of a complex system that keeps humans from bleeding to death, but at the same time exposes us to increased risk of

thrombosis and vascular disease.

Introduction

Whether you accept post-Darwinian ideas about natural selec-
tion or prefer intelligent design, the systems that have evolved to
limit blood loss following injury in humans and other mammals
seem particularly well suited to the requirements of a closed cir-
culatory system. In the relatively low-pressure, low-flow venous
system, damage to the vascular wall exposes tissue factor, result-
ing in the activation of factor X, the assembly of the prothrom-
binase complex, and the local production of the active form of
the serine protease thrombin. Once activated, thrombin cleaves
plasma fibrinogen to produce fibrin, which polymerizes to form
the clot that arrests bleeding. In contrast, in the high-pressure,
high-flow conditions found in the arterial system, thrombin
and fibrin cannot accumulate fast enough to form a stable plug.
Under these conditions, platelets are also required, in part to ini-
tiate formation of the hemostatic plug and in part to promote
thrombin formation.

Blood platelets are anucleate cells that are produced in the
bone marrow and then released into the circulation, where they
remain for an average of 10 days. Eventually they are either con-
sumed in thrombus formation or destroyed in the spleen. Circu-
lating platelets have a characteristic discoid shape that originally
gave rise to their name.

Patching the vascular wall

What sets platelets apart from other blood cells is their ability
(while still inactive) to be captured by exposed collagen fibrils
within an injured vessel wall, triggering a subsequent trans-
formation in which the now-active platelets adhere tightly to
the vessel wall and to each other (Figure 1). Activated platelets
undergo a rapid cytoskeletal rearrangements, which allow them
to spread on the exposed vascular wall, maximizing contact area
at the expense of thickness. The spread platelets act as a base
upon which additional platelets can accumulate, sticking to
those that arrived first. In essence, platelets are circulating moni-
tors of the integrity of the vascular wall. Once injury occurs and
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platelets begin to accumulate, the growing mass of platelets not
only serves as an obstacle to further bleeding but also promotes
thrombin generation by supplying a 2-dimensional surface upon
which coagulation factor X-activating (tenase) and prothrom-
bin-activating (prothrombinase) complexes can assemble and
generate more thrombin, thereby enmeshing the platelets in a
fibrin clot and helping to stabilize the hemostatic plug or throm-
bus. Activated platelets may also help to fuel the process of local-
ized fibrin formation by capturing circulating microvesicles that
contain additional tissue factor.

The evidence that platelets actually play the roles that were
just described is drawn from histological examinations of arte-
rial clots, studies on the activation of platelets in vitro, clinical
observations of bleeding patients, and extensive work with ani-
mal models. As knowledge of platelet function has grown, so
too has an appreciation of the contribution of platelets to isch-
emic cardiovascular and cerebrovascular disease, and the extent
to which platelets are active participants in heart attacks and
strokes. The cell surface receptors that allow platelets to be acti-
vated by collagen have been identified, as have the cell adhesion
molecules, known as integrins, that allow one platelet to stick to
another. Knowledge of normal platelet function has made pos-
sible the development of drugs that inhibit platelet activation
by blocking cell surface receptors for platelet agonists, or that
diminish intracellular signaling events and prevent the binding
of platelets to each other. These drugs are in widespread clini-
cal use. All of this suggests that hemostasis research is a closed
book, the process fully explained.

Unanswered questions

What has become increasingly clear is that many of the most
interesting aspects of platelet biology remain insufficiently
understood. Newer methods that allow the direct observation of
thrombus formation in vivo have raised as many questions as
they have answered. What happens first at the site of injury? Is
it thrombin generation or platelet adhesion? How do clotting
and the formation of the platelet plug complement each other,
and how does the platelet provide a regulated surface upon
which clotting factor complexes can assemble? How is the rapid
generation of sufficient thrombin promoted and then limited?
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Figure 1

Platelets. Electron micrograph of human platelets activated by ADP.
Scale bar: 1 um. Reproduced with permission from Arteriosclerosis,
Thrombosis, and Vascular Biology (16).

How are fast-moving, but not yet activated, platelets captured
and retained? What keeps too many of them from accumulating,
impeding blood flow and causing further tissue damage? What
stabilizes the hemostatic plug and prevents it from falling apart
before healing can occur? How are senescent platelets recognized,
and why do platelets last only 10 days?

These questions are among the “hot topics” in the world of
hemostasis research. At the same time, a separate, but related,
line of investigation into the origin of platelets has opened. As
already mentioned, platelets, like erythrocytes (red blood cells),
lack a nucleus. However, the progression of platelets to an anucle-
ate state occurs by a path that is entirely different from that of
red cells. Erythrocytes begin as nucleated precursors that undergo
gradual maturation within the bone marrow until, losing their
nucleus, they enter the circulation as a carrier of hemoglobin.
Platelets, on the other hand, arise from giant precursor cells
(megakaryocytes) that reside and mature within the bone mar-
row, undergoing eventual cellular dissolution as they give rise to
hundreds of individual platelets (Figure 2).

Until recently, little was known about the birth of platelets, but
newer technologies that make it possible to observe megakaryocyte
maturation and platelet formation ex vivo have started to provide
new answers to old questions: How are platelets formed and released
into the circulation? How are hematopoietic stem cells differenti-
ated into megakaryocyte precursors, and how do those precursors
mature into platelet-producing megakaryocytes? What regulates the
pace of these events in vivo, and how might regulation of that pro-
cess be manipulated in people with too many or too few platelets?
How might differences in the delivery of megakaryocyte proteins
into newly forming platelets result in differences among individuals
in susceptibility to disease and responsiveness to drugs?

In this series

These questions and others are addressed by the authors of the
articles that constitute this special Review series on platelet and
megakaryocyte biology. The focus is on issues that are central to the
understanding of platelet and megakaryocyte biology, butstill in a
state of ongoing investigation. In the first article of the series, Liyan
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Pang, Mitchell Weiss, and Mortimer Poncz describe the transcrip-
tional events that control megakaryocyte development and con-
sider what happens when it goes wrong (1). Kenneth Kaushansky,
whose studies helped to define the field, discusses how megakaryo-
cyte maturation is driven by thrombopoietin and other growth fac-
tors (2). Sunita Patel, John Hartwig, and Joseph Italiano summa-
rize and update their elegant studies on the birth of platelets from
megakaryocytes (3). Bruce and Barbara Furie, pioneers in the devel-
opment of new methodologies for studying thrombus formation in
vivo, discuss the observations that they and others have made that
have brought new insights to hemostasis research (4). Joel Bennett,
who was one of the first to identify oy as the platelet cohesion
receptor, reviews recent developments in the understanding of how
the integrin is activated in platelets (5). Nicholas Watkins and his
colleagues share the particular frustrations and joys of applying
proteomics technologies to questions about platelets and point out
some of the directions in which those technologies might lead (6).
Finally, Andreas May, Harald Langer, and Meinrad Gawaz discuss
the studies that they and others have performed in order to under-
stand how platelets contribute to thrombotic and inflammatory
vascular disease (7), and Timothy Stalker, Li Zhu, and I consider the
molecular interactions that help to maintain platelets in an active
state and foster thrombus development (8).

Hemostasis and dinosaurs

This brings us back to the title of this essay. How do dinosaurs
enter into a series of reviews about platelets and megakaryocytes?
In Bones of the Earth, Michael Swanwick proposed that dinosaurs
became extinct in part because of a failure of interspecies coop-
erativity after the collision of an asteroid with the Earth (9). To
propose that the extinction of dinosaurs was instead a massive
failure of hemostasis seems a bit over the top (and equally diffi-
cult to prove), but it raises fundamental questions about biologi-
cal evolution. Not all species with a closed circulatory system have
bone marrow megakaryocytes and circulating, anucleate platelets.
Horseshoe crabs have a circulating nucleated cell that serves as
both phagocyte and platelet (10). Fish have thrombocytes, nucle-
ated cells with platelet-like properties (11, 12). Birds also have
nucleated platelets (13, 14). Dinosaurs are no longer among us, but
birds may be their descendants (15). Dinosaurs roamed the Earth
far longer than humans have and arguably led a far more violent
existence. Did dinosaurs have megakaryocytes? If dinosaurs had
thrombocytes instead of platelets, did they require megakaryo-
cytes? If not, why did a more complicated system arise in mammals?
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Figure 2
Megakaryocytes. Stained smear of cells from human bone marrow.
The large cell in the lower left is a normal megakaryocyte. Magni-
fication, x50. Reproduced with permission from Carden Jennings
Publishing Co. (17).
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What survival and reproductive advantages are conferred by hav-
ing platelets instead of thrombocytes? How many successful muta-
tions did it take for thrombocytes to evolve into megakaryocytes
and for megakaryocytes to be taught to make platelets, if that is

indeed what happened? Stay tuned.
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