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2012 Association of American Physicians George M. Kober Lecture

Translating from the rivers of Babylon
to the coronary bloodstream

I was attracted to medicine because it
affords the opportunity to integrate sci-
ence and humanism in service to oth-
ers. And I became attracted to a career in
research when I realized that the applica-
tion of the scientific method to alleviate
suffering from disease is one of our species’
proudest achievements. I feel privileged to
be able to participate in this process and
recognize that it carries with it enormous
responsibilities (1).

The evidence of the power of the scien-
tific method to improve human health
is compelling. In fact, since approxi-
mately 1840, people in the scientifically
most advanced countries have enjoyed
an amazing linear increase in life expec-
tancy at birth, with the life expectancy
at birth for women increasing nearly
40 years, from approximately 45 to 85 years
(Figure 1A and ref. 2). During the first
approximately 100 years, from 1840 to
1940, increases in life expectancy were
primarily due to improvements in sanita-
tion, access to clean water, early attempts
at vaccination, and the introduction of
medical microbiology, epitomized by the
research of Dr. George M. Kober, who
improved the safety of the milk supply in
Washington, DC, as a model for the coun-
try. During this period, children were the
major beneficiaries of these scientific
advances, since they were especially vul-
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nerable to contagious illnesses. During
the last 70 years, fueled in large part by
the growth in funding by the NIH in the
US and on a smaller scale by similar gov-
ernmental agencies in other countries as
well as the investments by pharmaceutical
and, later, biotechnology companies, the
increase in life expectancy has reflected
medical innovations — new drugs, vac-
cines, devices, diagnostic and imaging
technologies, surgical procedures and
nonsurgical interventions, and disease
prevention strategies that build on a solid
base of evidence (3-5). Increasingly, the
benefits have been enjoyed by the elderly,
with the majority of benefit now going to
those over 65 years of age and with the
fastest growth in benefit going to those
over 80 years of age (2).

As dramatic as these statistics are in their
own right, they take on much more pro-
found import when considered against
humans’ estimated 200,000 years on earth
(6). Assuming a life expectancy at birth of
25 years at the very beginning of the presci-
entific era, it took approximately 200,000
years to gain approximately 20 years
of life expectancy at birth or approxi-
mately 10,000 years to gain a single year
of life expectancy. In contrast, through-
out the 170 years of the scientific era, it
has required less than five years to gain a
year of life expectancy at birth (Figure 1B).
If the current trend continues, approx-
imately half of the children born in the
United States in the year 2000 will live to
100 years of age. The challenges before
us are, therefore, clear: to sustain the
improvements in life expectancy, reduce
the burden of disability, and ensure that
people the world over share equally in the
benefits of better health.

Research is the mission of academic
medical centers

As I started my medical career, I was told
that medical schools had a tripartite mis-
sion, graphically depicted as a 3-legged
stool — patient care, education, and
research (Figure 2A and refs. 7, 8). Over
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the years, however, I came to the conclu-
sion that, while this construct was well
intentioned, it was ill conceived because
it implied that research was something
separate from patient care and education
or, worse yet, something one did if there
were leftover resources on the margin.
Since the scientific method has the poten-
tial to improve virtually all processes, I
would propose an updated image in which
research is the cushion that covers a four-
legged stool —patient care, education,
community service, and global health
(Figure 2B). Thus, research isn’t one of the
missions of the modern academic medical
center — it is the mission.

Academic medical centers need to apply
the scientific method, embodied in rig-
orous research, to each of the legs of the
stool. And they need to educate the pub-
lic that conducting research is an inte-
gral component of their commitments
to the expert and compassionate care of
individual patients and to the health of
the communities they serve. Moreover,
since medicine knows no geographical or
political boundaries, it is important to
highlight for young, idealistic people the
power of science to advance the cause of
social justice both locally and globally (9).
Good health is an essential component of
human dignity (10), and thus, by afford-
ing one the opportunity to develop new
methods to prevent, diagnose, and treat
disease, a career in biomedical science pro-
vides rewarding opportunities to achieve
social justice. There are also social ben-
efits in eradicating endemic disease and
improving health, as they can dramatically
improve economic productivity and living
standards and even result in the recapture
of abandoned land (11, 12).

Translational research and the
application of the scientific method
to address a health need

The introduction of the Clinical and
Translational Science Award (CTSA)
program by the NIH in 2006 galvanized
interest in translational research — and
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incidentally opened up a verbal free-for-
all to define the term. Dr. Elias Zerhouni,
the originator of the program, identified
two critical components: the process of
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test the predictions inherent in a field’s
dominant scientific paradigms. If the
studies are conducted carefully, they will
inevitably result in the generation of new

applying discoveries generated during knowledge regardless of whether the data

laboratory research and in preclinical
studies to the development of trials and
studies in humans and enhancing the
adoption of best practices in the com-
munity (13). Harkening back to the prin-
ciple that has motivated my own career,
I define translational research as the
application of the scientific method to
address a health need (14). Translational
research differs from basic science in
that the goal of the former is to improve
human health, whereas the goal of the
latter is to increase human knowledge.
Basic science advances as individuals

are consistent with, or at odds with, the
current paradigm. Translational research,
in contrast, is intrinsically riskier, since
there are almost always major gaps in the
knowledge one needs to translate data
from experimental models into success-
ful interventions in humans — and many
uncontrollable and unforeseeable events
can derail a translational project up until
the very end. Strategically, therefore, it
is desirable to try to build basic science
hypotheses into translational projects
(along with the collection of sufficient
data to test the hypotheses) so that if an

Figure 1

Life expectancy. (A) Best-practice life expec-
tancy (that is, the best life expectancy reported
by any country) and life expectancy for women
in selected countries, 1840—-2007. Reproduced
with permission from the Lancet (2). (B) Life
expectancy at birth for Homo sapiens from
200,000 BCE to the present, separated into
prescientific (200,000 BCE until 1840) and
scientific (1840 until the present) eras.

intervention fails, there will be sufficient
mechanistic information to understand
why it failed.

To achieve success, I believe a transla-
tional investigator or investigative team
needs three cardinal skills: (a) the ability
to define a health need with the same pre-
cision as a basic science hypothesis; (b) the
ability to design an assay thatis reduction-
ist enough to interrogate one aspect of the
system and that yet incorporates sufficient
medical and biologic reality as to make it
likely that if an intervention has a positive
impact in the assay that the results will
be able to be extrapolated to intact ani-
mals and humans; and (c) the ability to
conceptualize a path to either regulatory
approval or widespread adoption by the
medical community (14, 15). Physician-

A The 3-legged stool B The 4-legged stool with cushion
Research Ps:reem Education Research
] Community Global
Patient Education service health
care Social justice
Figure 2

The missions of the academic health center. The old three-legged stool model (A), composed of research, education, and patient care, needs to
be updated (B) to emphasize the importance of using the scientific method to improve all of the institution’s missions. In addition, community ser-
vice and global health are important recent additions that provide opportunities for connecting the institution’s medical mission to the attainment
of social justice. Reproduced with permission from Cornell University Press (15).
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scientists play outsized roles in the trans-
lational research process precisely because
they have the ideal background to acquire
and hone these skills. In fact, acquiring
these skills is at the core of many of the
CTSA educational programs, and it is the
centerpiece of our programs at Rockefel-
ler University. My own career in platelet
research provides one example of how
these skills build on each other in pursuit
of translational goals.

Blood platelet: the health needs

As a fourth-year medical student at New
York University School of Medicine in
1970, I developed a sense of the medi-
cal importance of blood platelets by my
interactions with a patient with an artifi-
cial heart valve who suffered a disabling
thrombotic stroke and with another
patient who had the rare platelet disor-
der termed Glanzmann thrombasthenia
(GT) (16). There was mounting evidence
at that time that platelets played a role
in thrombotic disease, but there were no
specific therapies to inhibit platelets, and
so their contribution remained unclear.
On the other hand, the clinical impact
of having platelets that could not clump
together (aggregate) was clear, since
patients with GT, which is inherited as
an autosomal recessive trait, were known
to suffer from a variably severe lifelong
mucocutaneous hemorrhage (17). I went
on to study patients with this disorder as
a student with Dr. Marjorie Zucker and
later at the NIH, the State University of
New York at Stony Brook, Mount Sinai
School of Medicine, and now at Rocke-
feller University. Pioneering studies by
several laboratories in the 1970s identi-
fied the loss of 2 different proteins in the
platelets of GT patients, initially termed
GPIIb and GPIIIa (based on their mobil-
ity in sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis) and later given
the integrin receptor designations allb
and B3, respectively (18, 19). It was also
known that the platelets of patients with
GT are partially deficient in the soluble
plasma protein fibrinogen. From these
clues, several groups put the pieces of the
puzzle together and showed that allb and
B3 form a heterodimeric complex that
serves as a receptor for fibrinogen (as well
as von Willebrand factor). Moreover, since
fibrinogen and von Willebrand are both
macromolecular proteins and contain
more than one allbB3-binding site, they
can mediate platelet aggregation by bind-
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ing simultaneously to alIbB3 receptors on
two different platelets, creating a bridge
between the platelets.

Blood platelets: developing and
applying an assay

In 1980, we were able to support this
model of platelet aggregation by devel-
oping a miniaturized assay to assess the
ability of platelets to agglutinate fibrino-
gen-coated beads and showing that plate-
lets from patients with GT failed to aggre-
gate the beads (20). We further tested the
model by screening for mAbs that could
inhibit the agglutination of fibrinogen-
coated beads by platelets. In fact, all of
the antibodies that inhibited the agglu-
tination reacted with the allbp3 receptor
(21). We went on to use these antibodies
in translational studies in collaboration
with Drs. Deborah French, Peter Newman,
and Uri Seligsohn on the diagnosis of GT,
including prenatal diagnosis (18, 22-31).
In particular, we studied a large number
of patients from the Iraqi-Jewish popula-
tion living in Israel. This group has had a
high rate of intragroup marriage because
it existed in relative isolation in Babylonia,
modern Iraq, from the time of its captivity
in 586 BCE until its return to modern-day
Israel in 1950-1951. They are the subjects
of Psalm 137: “Beside the rivers of Bab-
ylon, we sat and wept as we thought of
Jerusalem.” Thus, the relatively high rate
of consanguinity within the group made
it more likely that autosomal-recessive
disorders like GT would become manifest.

We also used the antibodies in basic bio-
chemical studies and, ultimately, in collab-
oration with Dr. Timothy Springer and his
colleagues, x-ray crystallographic analysis
of the molecular mechanism of ligand
binding to allbf3 and the conformational
changes in the receptor that accompany
ligand binding (32).

We subsequently modified the fibrino-
gen bead assay for use in whole blood (33)
and then worked with Dr. Robert Hillman
and the scientists at Accumetrics to con-
vert it into an automated cartridge-based
system (34). By activating platelets with
different agonists, we were able to estab-
lish assays to monitor the antiplatelet
effects of aspirin, clopidogrel, and alIbf3
antagonists (reviewed in ref. 35). Recent
meta-analyses indicate that there is an
association between a poor antiplatelet
response to clopidogrel, as measured by
this assay, and the risk of subsequent vas-
cular events (36, 37).
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Blood platelets: application

of insights from patients with

GT to patients with thrombotic
cardiovascular disease and
development of a path to regulatory
approval of a new class of
antiplatelet agents

While GT is a rare disorder, affecting
approximately one person in a million, we
wondered whether the insight we obtained
from studying these patients might bear
on the most common cause of death in
the United States, ischemic cardiovascu-
lar disease due to thrombosis (38). Data
obtained by many investigators during
the 1970s and 1980s implicated platelets
in this process, although their precise role
remained uncertain. Clinical studies of
aspirin, which had been previously shown
to partially inhibit platelet aggregation,
were initially equivocal, but a major
meta-analysis in 1988 (39) suggested an
important role in reducing thrombotic
vascular events (reviewed in ref. 40).
However, since aspirin has many other
effects, it was not possible to unequivo-
cally ascribe its impact to its antiplatelet
effects. In 1991, ticlopidine, a more potent
antiplatelet agent that emerged from ran-
dom screening of organic compounds
(41) and showed antithrombotic activity
in animal models and clinical efficacy in
avariety of thrombotic disorders (42), was
approved for human use. Ticlopidine’s
mechanism of action, namely inhibition
of the platelet P2Y;, ADP receptor, was
unknown at the time and would only be
discovered in 2001 (43).

During this same period, studies by many
groups established the central paradigm of
platelet physiology in which, under normal
conditions, platelets circulate in an unac-
tivated state and do not interact with the
blood vessel wall because the endothelium
produces two potent soluble inhibitors
of platelet activation, prostacyclin (PGI,)
and nitric oxide (NO), and contains an
enzyme (CD39) that can degrade ade-
nosine diphosphate (ADP), a potent plate-
let agonist that is released from activated
platelets (NO, PGI,, CD39) (44). Vascular
injury, which may pose a threat of hemor-
rhage, results in the exposure of proteins
that are either in the subendothelial space
and/or deposited from plasma, including
von Willebrand factor and collagen, for
which platelets have constitutively active
receptors, including the GPIIb/IX complex
for the former and both GPVI and a281 for
the latter (45-47). This results in platelet
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adhesion, which is then followed by plate-
let activation, augmented by the synthesis
and/or release from platelets themselves of
potent agonists, including thromboxane A,
and ADP, and the conversion of the allbf3
receptor into a conformation with high
ligand-binding affinity (19). This in turn
results in the binding of plasma fibrino-
gen and/or von Willebrand factor and the
recruitment of additional platelets to the
growing platelet thrombus (that is, plate-
let aggregation) via the allbP3 receptor-
mediated bridging mechanism. The plate-
lets then serve to initiate both coagulation
and inflammation by helping to catalyze
the generation of thrombin (itself a potent
platelet activator) (48) and the recruitment
of leukocytes through exposure of P selec-
tin (49), respectively.

As viewed against this background, the
enormous increase in death from cardio-
vascular disease in the US between 1900
and 1960 can be seen as the result of a
number of factors, including the increase
in longevity due to the reduction in deaths
due to infectious diseases (thus allowing
conditions that predispose individuals to
atherosclerosis, such as hypertension and
diabetes, to operate over a longer period
of time), the increase in cigarette smoking,
and the adoption of both a proatheroscle-
rotic diet and a more sedentary life style.
The connection between underlying ath-
erosclerosis, which rarely leads to vasooc-
clusion by itself, and platelet-mediated
acute thrombosis leading to vasoocclusion
and ischemic infarction lies in the expo-
sure of platelet-reactive proteins when the
atherosclerotic plaque erodes or ruptures
(50-52). These processes lead to a major
biologic misunderstanding, namely the
platelet misinterpreting the exposure of the
proteins, which are similar or identical to
those exposed with vascular injury, as pos-
ing a risk of hemorrhage and thus respond-
ing with platelet adhesion and aggregation,
leading to vasoocclusion. From an evolu-
tionary standpoint, it is likely that the risk
of death from hemorrhage from birth on,
and especially in the hemostatically chal-
lenging postpartum period, favored the
survival of individuals with more active
hemostatic symptoms. This natural selec-
tion process was highly adaptive for our
ancestors, but became maladaptive in our
modern age for individuals who develop
atherosclerosis as they age. In fact, many
of the advances in the therapy of cardiovas-
cular disease introduced in the second half
of the 20th century were based on inter-
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fering with the native hemostatic system
with anticoagulants, antiplatelet agents,
and thrombolytic agents. Collectively,
these agents better balance the hemostatic
system to minimize thrombotic events
in those at higher risk, but at the cost of
increasing the risk of hemorrhage.

The platelet allbf3 emerged from
studies of platelet function as a poten-
tial therapeutic target, and we and others
demonstrated that mAbs and small mole-
cule inhibitors based on the Arg-Gly-Asp
all-recognition sequence in adhesive glyco-
proteins (53) could prevent platelet throm-
bus formation in a number of animal
models, including those in which aspirin,
which is a less potent platelet inhibitor,
failed to prevent thrombosis and vasooc-
clusion (54-59). We then worked with the
scientists at Centocor to develop one of our
mAbs, 7E3, into a therapeutic agent (60,
61). Based on data from initial studies, 7E3
was redesigned as a recombinant chimeric
Fab fragment comprised of the murine
variable regions and human IgG1 con-
stant regions (c7E3 Fab; abciximab) (62).
Clinical studies led by Drs. Robert Califf
and Eric Topol established the efficacy of
abciximab therapy in patients undergo-
ing percutaneous coronary interventions
(PCI) who were at high risk of developing
ischemic complications (63), leading to
its approval as adjunctive therapy in this
population by the US FDA in December
1994. This marked the first time an anti-
platelet agent was produced, developed,
and approved based on an understanding
of platelet physiology and the molecular
target. Subsequent studies demonstrated
its efficacy in patients undergoing stent
placement and reduced the risk of hemor-
rhage associated with its use by decreasing
the dose of heparin used in conjunction
with abciximab (64). Two small mole-
cule inhibitors of allbB3 were approved
by the FDA in 1998: eptifibatide, which
was developed by Drs. David Phillips and
Robert Scarborough (65), and tirofiban,
which was developed by Dr. Robert Gould
and his colleagues (66). With the dramatic
increase in the use of PCI and stent place-
ment, collectively, these agents have prob-
ably been used to treat at least 8,000,000
people worldwide. A 2009 Cochrane
review of 36 randomized controlled clin-
ical trials of these agents in 30,696 PCI
patients found them to reduce the 30-day
odds ratio for death by 24% (P = 0.01)
and for death and myocardial infarction by
35% (P < 0.000001) (67).
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There have been many advances in PCI
therapy since abciximab’s approval, includ-
ing the development of more potent thien-
opyridine compounds than ticlopidine
(clopidogrel, prasugrel, ticagrelor) (68) that
target the platelet P2Y;, ADP receptor, the
direct antithrombin bivalirudin (68, 69),
and drug-eluting stents (70). Since the
olIbB3 antagonists have been associated
with an increased risk of hemorrhage (67),
and hemorrhage is associated with poor
clinical outcomes (71), the indications for
olIbp3 antagonists have narrowed to con-
ditions in which the thrombotic risk is very
high. The majority of hemorrhagic compli-
cations associated with alIbB3 antagonist
therapy occur at the catheter access site.
Fortunately, the risk of access site bleeding
can be dramatically reduced by using the
radial artery rather than the femoral artery,
and the radial approach is now becoming
more common in the US (72).

allbf3 antagonists are currently under
investigation for several indications,
including (a) intracoronary therapy of ST
segment elevation myocardial infarction
(STEMI) (73, 74); (b) immediate recanali-
zation of the culprit artery in STEMI with
high thrombus burden, but delaying stent
placement until the antiplatelet therapy
has diminished the thrombotic potential
(75, 76); (c) reducing the risk of throm-
botic complications of PCI in patients who
do not have a good response to clopidogrel
(77, 78); (d) bridging therapy for patients
with recently placed coronary artery stents
who need to undergo surgery during the
interval between when they stop thieno-
pyridine medication and shortly before
surgery (79); (e) treating acute thrombotic
complications of detachable coil emboliza-
tion of cerebral aneurysms (80); and (f) very
early treatment of STEMI, prior to hospi-
talization, to arrest the thrombotic process
and thus prevent progression to myocar-
dial necrosis and infarction (aborted myo-
cardial infarction) (81).

The last experimental use is of partic-
ular interest because, in contrast to the
dramatic decrease in in-hospital mortality
caused by STEMI over the past 40 years,
there has been much less success in reduc-
ing prehospital mortality (82). In fact,
more than one-half of the deaths from
coronary heart disease in the US occur in
the prehospital phase (82). Prehospital
cardiovascular deaths, many of which are
due to myocardial infarction, account for
more than 350,000 deaths each year in the
US (83). By comparison, death due to can-
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cer of the lung, breast, and colon together
accounted for approximately 257,000
deaths in the US in 2004. Very early admin-
istration of allbP3 antagonists has been
shown to increase coronary artery blood
flow (84) and decrease both infarct size
and mortality in high-risk groups (85, 86).
Speed of administration is of the essence,
since the benefit decreases rapidly if the
allbB3 antagonist is administered more
than one hour after the onset of symptoms
(81). Thus, the variability in reported bene-
fits of early administration of these agents
is paralleled by the length of time between
the onset of symptoms and drug adminis-
tration (86, 87).

Since the three approved allbf3 antago-
nists must be administered intravenously,
it would be desirable to develop allbf3
antagonists that could be more easily
administered in the prehospital setting.
Previous attempts to develop orally active
alIbB3 antagonists based on the Arg-Gly-
Asp motif for secondary prevention of
vascular events were all unsuccessful
because the agents either lacked efficacy
or were paradoxically associated with
increased mortality (88, 89). Moreover,
the agents were also associated with the
development of thrombocytopenia in a
small percentage of patients (90). It has
been hypothesized that both the increased
mortality and thrombocytopenia result
from the agents inducing the receptor
to adopt a high-affinity ligand-binding
conformation(s) (88, 89). This could lead
to paradoxical platelet aggregation and
thrombosis when the plasma level of the
drug declines and the drug leaves the
binding site. Similarly, the mechanism of
the thrombocytopenia may be related to
the conformational change(s) induced by
the agent exposing epitopes on the recep-
tor for which some individuals have pre-
formed antibodies (90, 91).

In an attempt to address the need for an
allbPB3 antagonist that does not induce the
active state of the receptor and that does
not require intravenous administration,
we performed a high-throughput screen
of more than 30,000 compounds using an
assay based on inhibition of platelet adhe-
sion to immobilized fibrinogen (92). We
identified a single compound (RUC-1) that
inhibited platelet binding and went on to
show that RUC-1 specifically inhibits ligand
binding to human allbf3, but not the
closely related VP33 receptor, by selectively
interacting with the alIb subunit (93, 94).
RUC-1’s binding mechanism differs from
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that of eptifibatide and tirofiban in that
it does not interact with a Mg?* ion in
the B3 metal ion-dependent adhesion site
(MIDAS). In collaboration with Dr. Mor-
timer Poncz’s group, we demonstrated that
RUC-1 is effective in inhibiting thrombus
formation in both large blood vessels and
in the small blood vessels of the microvas-
culature (93). We then made a number of
congeners of RUC-1 in collaboration with
Dr. Craig Thomas’ group and found that
one of these, RUC-2, was approximately
100-fold more potent than RUC-1 (95).
X-ray crystallographic studies conducted in
collaboration with Dr. Timothy Springer’s
group demonstrated that RUC-2’s greater
potency was due, in part, to its additional
interaction with an amino acid (3 Glu220)
that ordinarily coordinates the Mg?* ion
in the MIDAS, resulting in the loss of
the Mg?* (95). Since fibrinogen binding
to alIbP3 requires the interaction of the
ligand with this MIDAS Mg?*, the recep-
tor cannot bind ligand in the presence of
RUC-2. Moreover, since ligand interaction
with the MIDAS Mg?* is associated with
inducing the receptor to adopt an activated
conformation with high ligand-binding
affinity, the inability of RUC-1 and RUC-2
to interact with the MIDAS Mg?* may pro-
vide a therapeutic advantage (32, 96, 97).
In fact, RUC-1 and RUC-2 produce much
less extensive conformational changes in
alIbB3 than eptifibatide and/or tirofiban,
as judged by a number of different tech-
niques, including direct visualization by
electron microscopy of the ability of the
agents to induce extension of the recep-
tor (92, 95). Similarly, RUC-1 and RUC-2
are much less able to “prime” allbf3 to
spontaneously bind fibrinogen when the
agent is removed by washing (95, 97, 98).
RUC-2 is currently undergoing additional
preclinical studies to assess its suitability
for use in patients with STEMI in the early
prehospital setting.

Reflections

As I reflect on the evolution of our stud-
ies on allbP3, I realize just how fortunate
I have been to be able to benefit from the
advances in basic science that have pro-
vided remarkably powerful tools, includ-
ing mAbDs, synthetic peptides, molecular
cloning and gene sequencing, recombinant
proteins and site-directed mutagenesis,
molecular dynamics simulations, librar-
ies of organic compounds, 3-dimensional
reconstructions of electron density maps,
and x-ray crystallography. These have
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unleashed translational opportunities for
academic investigators that were unthink-
able when I began my career.

I also recognize how fortunate I have
been to be able to sustain a career as a phy-
sician-scientist. The synergism that comes
from integrating basic science with clinical
medicine is extremely powerful, making it
possible to use the lever of the scientific
method to improve the health of people
throughout the world. At the same time, I
recognize the cognitive dissonance that can
come from trying to “live” in two different
cultures simultaneously. For example, cli-
nicians are used to acting rapidly to address
their patients’ immediate needs, whereas
basic scientists wait to weigh evidence very
carefully and avoid rushing to judgment;
clinicians are encouraged to conform to
practice guidelines and standards of care,
whereas basic scientists are encouraged to
be bold in constructing hypotheses that
overturn current paradigm; clinicians try
to avoid error at all cost, since the patient’s
life may be at stake, whereas basic scien-
tists view error as an inevitable element
of scientific experimentation and learn
that some of the greatest discoveries grew
out of apparent “errors”; clinicians have a
high degree of respect for medical author-
ity, whereas basic scientists are skeptical of
authority and challenge it repeatedly; clini-
cians tend to focus on the unusual feature
of an illness, whereas basic scientists hunt
for principles that are generalizable even if
it means excluding “outlier” values; clini-
cians are bound by the self-imposed obli-
gations of the physician’s oath, whereas
basic scientists prefer the unfettered pur-
suit of scientific truth; clinicians recognize
that they are unable to control the many
variables that may confound their ability
to establish cause and effect, whereas basic
scientists constantly strive to improve their
ability to control all of the variables in an
experiment except the one under study.
Finally, our species’ tribal origins place
physician-scientists in the unenviable posi-
tion of having to choose which tribe they
will align with on any given day by virtue
of their binary choice to wear either clothes
appropriate for caring for patients or jeans
and a T-shirt! There are, however, also great
benefits in living in two cultures, since it
provides greater objectivity to assess the
strengths and limitations of each culture
and, most importantly, the chance to feel
the energy, excitement, and satisfaction
that comes from standing at the interface
of two noble traditions.

November 2012 4297



S

upplement

Acknowledgments

T

he author is supported in part by grants

HL19278 from the National Heart, Lung,
and Blood Institute, UL1 TR000043
from the National Center for Research
Resources, and the National Center for

A

dvancing Sciences (NCATS), the NIH,

and funds from Stony Brook University.

1

1

1

1

1

1

1

1

1

1

2

2

4298

—_

. Coller BS. The physician-scientist, the state, and
the oath: thoughts for our times. J Clin Invest. 2006;
116(10):2567-2570.

Christensen K, Doblhammer G, Rau R, Vaupel JW.
Ageing populations: the challenges ahead. Lancet.
2009;374(9696):1196-1208.

Lenfant C. Shattuck lecture—clinical research to
clinical practice--lost in translation? N Engl | Med.
2003;349(9):868-874.

Hunink MG, et al. The recent decline in mortality
from coronary heart disease, 1980-1990. The effect
of secular trends in risk factors and treatment.

JAMA. 1997;277(7):535-542.

. Wijeysundera HC, et al. Association of temporal
trends in risk factors and treatment uptake with
coronary heart disease mortality, 1994-2005.
JAMA. 2010;303(18):1841-1847.

6. Rightmire GP. Out of Africa: modern human ori-
gins special feature: middle and later Pleistocene
hominins in Africa and Southwest Asia. Proc Natl
Acad Sci U S A. 2009;106(38):16046-16050.

7.Schroeder SA, Zones JS, Showstack JA. Aca-
demic medicine as a public trust. JAMA. 1989;
262(6):803-812.

8. Wartman SA. Commentary: Academic health cen-
ters: the compelling need for recalibration. Acad
Med. 2010;85(12):1821-1822.

9. Weed DL, McKeown RE. Science and social respon-
sibility in public health. Environ Health Perspect.
2003;111(14):1804-1808.

0.Jacobson N. Dignity and health: a review. Soc Sci
Med. 2007;64(2):292-302.

1. Waters HR, Rehwinkel JA, Burnham G. Economic
evaluation of Mectizan distribution. Trop Med Int
Health. 2004,9(4):A16-A25.

2. Thylefors B. The Mectizan Donation Program
(MDP). Ann Trop Med Parasitol. 2008;1:39-44.

3.Zerhouni EA. Translational research: moving
discovery to practice. Clin Pharmacol Ther. 2007;
81(1):126-128.

4. Coller BS. Translational research: Forging a new cul-
tural identity. Mt Sinai ] Med. 2008;75(5):478-487.

5. Coller BS. Translational research and the physician
scientist. In: Schafer Al, ed. The Vanishing Physician-
Scientist? Ithaca, New York, USA: Cornell University
Press; 2009:67-83.

6. Brownlee C. Biography of Barry S. Coller. Proc Natl
Acad Sci US A. 2004;101(36):13111-13113.

7. Coller BS, French DL, Rao AK. Hereditary quali-
tative platelet disorders. In: Kaushansky K, Licht-
man MA, Beutler E, Kipps TJ, Seligsohn U, Prchal
JT, eds. Williams Hematology. 8th ed. New York, New
York, USA: McGraw-Hill; 2010:1735-1814.

. Coller BS, Seligsohn U, Peretz H, Newman PJ.
Glanzmann thrombasthenia: new insights from
an historical perspective. Semin Hematol. 1994;
31(4):301-311.

. Coller BS, Shattil SJ. The GPIIb/IIla (integrin
alphallbbeta3) odyssey: a technology-driven saga
of a receptor with twists, turns, and even a bend.
Blood. 2008;112(8):3011-3025.

. Coller BS. Interaction of normal, thrombasthenic,
and Bernard-Soulier platelets with immobilized
fibrinogen: defective platelet-fibrinogen interac-
tion in thrombasthenia. Blood. 1980;55(2):169-178.

1. Coller BS, Peerschke EI, Scudder LE, Sullivan CA.

N

el

b

w

fosl

el

j=}

The Journal of Clinical Investigation

A murine monoclonal antibody that completely
blocks the binding of fibrinogen to platelets pro-
duces a thrombasthenic-like state in normal plate-
lets and binds to glycoproteins IIb and/or Illa. 3
J Clin Invest. 1983;72(1):325-338.

22. Coller BS, Seligsohn U, Zivelin A, Zwang E, Lusky
A,Modan M. Immunologic and biochemical charac- 4
terization of homozygous and heterozygous Glanz-
mann’s thrombasthenia in Iragi-Jewish and Arab
populations of Israel: Comparison of techniques for 4
carrier detection. BrJ Haematol. 1986;62(4):723-735.

23. Coller BS, Seligsohn U, Little PA. Type I Glanz-
mann thrombasthenia patients from the Iraqi- 4
Jewish and Arab populations in Israel can be differ-
entiated by platelet glycoprotein Illa immunoblot
analysis. Blood. 1987;69(6):1696-1703.

24. Seligsohn U, Mibashan RS, Rodeck CH, Nicolaides
KH, Millar DS, Coller BS. Prevention program of 4
type I Glanzmann thrombasthenia in Israel: prena-
tal diagnosis. Curr Stud Hematol Blood Transfuss. 1988;
(55):174-179.

25. Seligsohn U, Coller BS, Zivelin A, Plow EF, Gins-
berg MH. Immunoblot analysis of platelet GPIIb
in patients with Glanzmann thrombasthenia in
Israel. Br] Haematol. 1989;72(3):415-423.

26. Newman PJ, Seligsohn U, Lyman S, Coller BS. The
molecular genetic basis of Glanzmann thrombasthe-
nia in the Iraqi-Jewish and Arab populations in Israel.
Proc Natl Acad Sci U S A. 1991;88(8):3160-3164.

27. Peretz H, Seligsohn U, Zwang E, Coller BS, New-

man PJ. Detection of the Glanzmann’s throm-

basthenia mutations in Arab and Iraqi-Jewish
patients by polymerase chain reaction and restric-
tion analysis of blood or urine samples. Thromb

Haemost. 1991;66(4):500-504.

Coller BS, Seligsohn U, West SM, Scudder LE,

Norton KJ. Platelet fibrinogen and vitronectin in
Glanzmann thrombasthenia: evidence consistent

with specific roles for glycoprotein IIb/IIIA and

aVP3 integrins in platelet protein trafficking.

Blood. 1991;78(10):2603-2610.

French DL, Coller BS, Berkowitz R, Eng C, Selig-

sohn U, Peretz H. Prenatal diagnosis of Glanzmann

thrombasthenia using the polymorphic markers

BRCA 1 and THRA 1 on chromosome 17. Br ] Hae-

matol. 1998;102(2):582-587.

Rosenberg N, et al. A 13-bp deletion in alpha(IIb)

gene is a founder mutation that predominates in

Palestinian-Arab patients with Glanzmann throm-

basthenia. ] Thromb Haemost. 2005;3(12):2764-2772.

.Seligsohn U, Mibashan RS, Rodeck CH, Nico-
laides KH, Millar DS, Coller BS. Prenatal diagno-
sis of Glanzmann’s thrombasthenia. Lancet. 1985;
2(8469-8470):1419.

. Xiao T, Takagi J, Coller BS, Wang J, Springer TA.
Structural basis for allostery in integrins and binding
to fibrinogen-mimetic therapeutics. Nature. 2004;
432(7013):59-67.

33. Coller BS, Lang D, Scudder LE. Rapid and simple
platelet function assay to assess GPIIb/IIla receptor
blockade. Circulation. 9997;95(4):860-867.

34. Smith JW, et al. Rapid platelet-function assay (RPFA):
an automated and quantitative cartridge-based
method. Circulation. 1999;99(5):620-625. S

35.Michelson AD. Methods for the measure-
ment of platelet function. Am J Cardiol. 2009;
103(3 suppl):20A-26A.

36. Brar SS, etal. Impact of platelet reactivity on clinical
outcomes after percutaneous coronary intervention.
A collaborative meta-analysis of individual partici-
pantdata. ] Am Coll Cardiol. 2011;58(19):1945-1954.

37.Yamaguchi Y, Abe T, Sato Y, Matsubara Y, Moriki
T, Murata M. Effects of VerifyNow P2Y12 test
and CYP2C19%2 testing on clinical outcomes of
patients with cardiovascular disease: A systematic
review and meta-analysis [published online ahead
of print July 3, 3012]. Platelets. d0i:10.3109/095371
04.2012.700969.

el

—_

[}

28.

29.

30.

3

—_

3

IS

(=)

heep://www.jci.org  Volume 122 Number 11

38.

o

N

44,

45.

46.

48.

49.

S0.

S1.

S2.

53.

54.

S5.

S7.

58.

59.

Roger VL, et al. Heart disease and stroke statis-
tics—2012 update: a report from the American
Heart Association. Circulation. 2012;125(1):e2-e220.

. [No authors listed]. Secondary prevention of vascu-

lar disease by prolonged antiplatelet treatment. Br
Med ] (Clin Res Ed). 1988;396(6618):320-331.
Coller BS. Historical perspective and future
directions in platelet research. | Thromb Haemost.
2011;1(2):374-395.

.Podesta M. Contribution a I’etude pharmacolo-

gique de thienopyridines et d’analogues furan-
niques. Eur ] Med Chem. 1974;9:487-490.

Patrono C, Coller B, FitzGerald GA, Hirsh ], Roth G.
Platelet-active drugs: the relationships among dose,
effectiveness, and side effects: the Seventh ACCP
Conference on Antithrombotic and Thrombolytic
Therapy. Chest. 2004;126(3 suppl):234S5-264S.

.Hollopeter G, et al. Identification of the platelet

ADP receptor targeted by antithrombotic drugs.
Nature. 2001;409(6817):202-207.

Jin RC, Voetsch B, Loscalzo J. Endogenous mecha-
nisms of inhibition of platelet function. Microcircu-
lation. 2005;12(3):247-258.

Andrews RK, Shen Y, Gardiner EE, Dong J, Lopez
JA, Berndt MC. The glycoprotein Ib-IX-V complex
in platelet adhesion and signaling. Thromb Haemost.
1999;82(2):357-364.

Ruggeri ZM. Von Willebrand factor: looking
back and looking forward. Thromb Haemost. 2007;
98(1):55-62.

47.Varga-Szabo D, Pleines I, Nieswandt B. Cell adhe-

sion mechanisms in platelets. Arterioscler Thromb
Vasc Biol. 2008;28(3):403-412.

Coughlin SR. Protease-activated receptors in
hemostasis, thrombosis and vascular biology.

] Thromb Haemost. 2005;3(8):1800-1814.

Smyth SS, etal. Platelet functions beyond hemostasis.

J Thromb Haemost. 2009;7(11):1759-1766.

Davies MJ, Thomas AC. Plaque fissuring - the cause
of acute myocardial infarction, sudden ischaemic
death, and crescendo angina. Br Heart J. 1985;
53(4):363-373.

Falk E. Morphologic features of unstable atheroth-
rombotic plaques underlying acute coronary syn-
dromes. Am J Cardiol. 1989;63(10):114E-120E.
Farb A, et al. Coronary plaque erosion without rup-
ture into a lipid core. A frequent cause of coronary
thrombosis in sudden coronary death. Circulation.
1996;93(7):1354-1363.

Pierschbacher MD, Ruoslahti E. Cell attachment
activity of fibronectin can be duplicated by small
synthetic fragments of the molecule. Nature. 1984;
309(5963):30-33.

Gold HK, et al. Rapid and sustained coronary artery
recanalization with combined bolus injection of
recombinant tissue-type plasminogen activator
and monoclonal anti-platelet GPIIb/IIIa antibody
in a dog model. Circulation. 1988;77(3):670-677.
Yasuda T, et al. Monoclonal antibody against the
platelet GPIIb/IIla receptor prevents coronary
artery reocclusion following reperfusion with
recombinant tissue-type plasminogen activator in
dogs. J Clin Invest. 1988;81(4):1284-1291.

. Coller BS, Folts JD, Scudder LE, Smith SR. Anti-

thrombotic effect of a monoclonal antibody to the
platelet glycoprotein IIb/Illa receptor in an experi-
mental animal model. Blood. 1986;68(3):783-786.
Coller BS, Folts JD, Smith SR, Scudder LE, Jordan R.
Abolition of in vivo platelet thrombus formation in
primates with monoclonal antibodies to the platelet
GPIIb/IlIa receptor: Correlation with bleeding time,
platelet aggregation and blockade of GPIIb/Illa
receptors. Circulation. 1989;80(6):1766-1774.

Lynch JJ Jr, et al. Nonpeptide glycoprotein IIb/IIla
inhibitors. 5. Antithrombotic effects of MK-0383.

J Pharmacol Exp Ther. 1995;272(1):20-32.

Nicolini FA, Lee P, Rios G, Kottke-Marchant K,
Topol EJ. Combination of platelet fibrinogen

November 2012



receptor antagonist and direct thrombin inhibi-
tor at low doses markedly improves thrombolysis.
Circulation. 1994;89(4):1802-1809.

. Coller BS, et al. Monoclonal antibodies to platelet
glycoprotein IIb/IlIa as antithrombotic agents. Ann
NY Acad Sci. 1991;614:193-213.

. Coller BS. Blockade of platelet GPIIb/IIla receptors
as an antithrombotic strategy. Circulation. 1995;
92(9):2373-2380.

62.Knight DM, et al. The immunogenicity of the
7E3 murine monoclonal Fab antibody fragment
variable region is dramatically reduced in humans
by substitution of human for murine constant
regions. Mol Immunol. 1995;32(16):1271-1281.

63.[No authors listed]. Use of a monoclonal anti-
body directed against the platelet glycoprotein
IIb/IMla receptor in high-risk coronary angio-
plasty. The EPIC Investigation. N Engl ] Med. 1994;
330(14):956-961.

64. Steinhubl SR, Tan WA, Foody JM, Topol EJ. Inci-
dence and clinical course of thrombotic throm-
bocytopenic purpura due to ticlopidine following
coronary stenting. EPISTENT Investigators. Eval-
uation of Platelet IIb/IIla Inhibitor for Stenting.
JAMA. 1999;281(9):806-810.

65. Phillips DR, Scarborough RM. Clinical pharmacology
of eptifibatide. Am J Cardiol. 1997;80(4A):11B-20B.

66. Barrett JS, et al. Pharmacokinetics and pharmacody-
namics of MK-383, a selective non-peptide platelet
glycoprotein-IIb/IIla receptor antagonist, in healthy
men. Clin Pharmacol Ther. 1994;56(4):377-388.

67. Bosch X, Marrugat J, Sanchis J. Platelet glycoprotein
1Ib/I11a blockers during percutaneous coronary inter-
vention and as the initial medical treatment of non
-ST segment elevation acute coronary syndromes.
Cochrane Database Syst Rev. 2010;8(9):CD002130.

68. Michelson AD. Advances in antiplatelet therapy.
Hematology Am Soc Hematol Educ Program. 2011;
2011:62-69.

69. Van De Car DA, Rao SV, Ohman EM. Bivalirudin: a
review of the pharmacology and clinical application.
Expert Rev Cardiovasc Ther. 2010;8(12):1673-1681.

70.De LG, et al. Drug-eluting vs bare-metal stents
in primary angioplasty: a pooled patient-level
meta-analysis of randomized trials. Arch Intern Med.
2012;172(8):611-621.

.Mehran R, et al. Impact of bleeding on mortal-
ity after percutaneous coronary intervention
results from a patient-level pooled analysis of the
REPLACE-2 (randomized evaluation of PCI link-
ing angiomax to reduced clinical events), ACUITY
(acute catheterization and urgent intervention
triage strategy), and HORIZONS-AMI (harmoniz-
ing outcomes with revascularization and stents in
acute myocardial infarction) trials. JACC Cardiovasc
Interv. 2011;4(6):654-664.

72.Mamas MA, et al. Influence of access site selection
on PCl-related adverse events in patients with
STEMI: meta-analysis of randomised controlled

6

o

6

—_

7

—_

The Journal of Clinical Investigation

trials. Heart. 2012;98(4):303-311.

73.Stone GW, et al. Intracoronary abciximab and
aspiration thrombectomy in patients with large
anterior myocardial infarction: the INFUSE-AMI
randomized trial. JAMA. 2012;307(17):1817-1826.

74.DeLuca LG, Verdoia M, Suryapranata H. Benefits
from intracoronary as compared to intravenous
abciximab administration for STEMI patients
undergoing primary angioplasty: A meta-anal-
ysis of 8 randomized trials. Atherosclerosis. 2012;
222(2):426-433.

75. Tang L, Zhou SH, Hu XQ, Fang ZF, Shen XQ. Effect
of delayed vs immediate stent implantation on myo-
cardial perfusion and cardiac function in patients
with ST-segment elevation myocardial infarction
undergoing primary percutaneous intervention
with thrombus aspiration. Can J Cardiol. 2011;
27(S):541-547.

76.Jolicoeur EM, Tanguay JF. From primary to sec-
ondary percutaneous coronary intervention: the
emerging concept of early mechanical reperfusion
with delayed facilitated stenting-when earlier may
not be better. Can J Cardiol. 2011;27(5):529-533.

77. Cuisset T, et al. Glycoprotein IIb/Illa inhibitors
improve outcome after coronary stenting in clop-
idogrel nonresponders: a prospective, randomized
study. JACC Cardiovasc Interv. 2008;1(6):649-653.

78. Sibbing D, et al. Prognostic value of a high on-clop-
idogrel treatment platelet reactivity in bivalirudin
versus abciximab treated non-ST-segment ele-
vation myocardial infarction patients: ISAR-RE-
ACT-4 (Intracoronary Stenting and Antithrom-
botic Regimen: Rapid Early Action for Coronary
Treatment-4) platelet substudy. ] Am Coll Cardiol.
2012;60(5):369-377.

79. Marcos EG, Da Fonseca AC, Hofma SH. Bridging
therapy for early surgery in patients on dual anti-
platelet therapy after drug-eluting stent implanta-
tion. Neth Heart]. 2011;19(10):412-417.

80. Aggour M, Pierot L, Kadziolka K, Gomis P, Graft-
ieaux JP. Abciximab treatment modalities for throm-
boembolic events related to aneurysm coiling. Nex-
rosurgery. 2010;67(2 suppl operative):503-508.

. Hassan AK, et al. Incidence, patient characteristics
and predictors of aborted myocardial infarction
in patients undergoing primary PCI: prospective
study comparing pre- and in-hospital abciximab
pretreatment. Eurolntervention. 2009;4(5):662-668.

82.Dudas K, Lappas G, Stewart S, Rosengren A.
Trends in out-of-hospital deaths due to coronary
heart disease in Sweden (1991 to 2006). Circulation.
2011;123(1):46-52.

83.Roger VL, et al. Executive summary: heart dis-
ease and stroke statistics—2012 update: a report
from the American Heart Association. Circulation.
2012;125(1):188-197.

84. Gold HK, et al. Restoration of coronary flow in
myocardial infarction by intravenous chimeric 7E3
antibody without exogenous plasminogen activa-

8

—_

hetp://www.jci.org ~ Volume 122

Number 11

supplement

tors: observations in animals and man. Circulation.
1997:95(7):1755-1759.

85. Hassan AK, et al. In-ambulance abciximab admin-
istration in STEMI patients prior to primary PCI
is associated with smaller infarct size, improved
LV function and lower incidence of heart failure:
results from the Leiden MISSION! acute myocar-
dial infarction treatment optimization program.
Catheter Cardiovasc Interv. 2009;74(2):335-343.

86. DeLuca LG, et al. Early glycoprotein IIb-Illa inhib-
itors in primary angioplasty-abciximab long-term
results (EGYPT-ALT) cooperation: individual
patient’s data meta-analysis. ] Thromb Haemost. 2011;
9(12):2361-2370.

87. Ohlmann P, et al. Prehospital abciximab in ST-seg-
ment elevation myocardial infarction: results of the
randomized, double-blind MISTRAL study. Circ
Cardiovasc Interv. 2012;5(1):69-76, S1.

88. Chew DP, Bhatt DL, Topol EJ. Oral glycoprotein
1Ib/Illa inhibitors: why don’t they work? Am J Car-
diovasc Drugs. 2001;1(6):421-428.

89. Cox D. Oral GPIIb/IIla antagonists: what went
wrong? Curr Pharm Des. 2004;10(14):1587-1596.

90. Aster RH. Immune thrombocytopenia caused
by glycoprotein IIb/IIla inhibitors. Chest. 2005;
127(2 suppl):535-59S.

. Bednar B, et al. Fibrinogen receptor antagonist-in-
duced thrombocytopenia in chimpanzee and rhe-
sus monkey associated with preexisting drug-de-
pendent antibodies to platelet glycoprotein IIb/IIIa.
Blood. 1999;94(2):587-599.

92. Blue R, Murcia M, Karan C, Jirouskova M, Coller
BS. Application of high throughput screening to
identify a novel allb-specific small molecule inhib-
itor of allbP3-mediated platelet interaction with
fibrinogen. Blood. 2008;111(3):1248-1256.

93.Blue R, et al. Structural and therapeutic insights
from the species specificity and in vivo antithrom-
botic activity of a novel allb-specific allbB3 antag-
onist. Blood. 2009;114(1):195-201.

94.Zhu J, Negri A, Provasi D, Filizola M, Coller BS,
Springer TA. Closed headpiece of integrin alIbp3
and its complex with an alIbf3-specific antag-
onist that does not induce opening. Blood. 2010;
116(23):5050-5059.

95.Zhu J, et al. Structure-guided design of a high
affinity platelet integrin allbB3 receptor antago-
nist that disrupts Mg?* binding to the MIDAS. Sci
Transl Med. 2012;4(125):125ra32.

96. Hantgan RR, Stahle MC, Connor JH, Connor RF,
Mousa SA. Alphallbbeta3 priming and clustering by
orally active and intravenous integrin antagonists.
J Thromb Haemost. 2007;5(3):542-550.

97. Hantgan RR, Stahle MC. Integrin priming dynam-
ics: mechanisms of integrin antagonist-promoted
alphallbbeta3:PAC-1 molecular recognition. Bio-
chemistry. 2009;48(35):8355-8365.

98. Du XP, et al. Ligands “activate” integrin alpha IIb
beta 3 (platelet GPIIb-IIIa). Cell. 1991;65(3):409-416.

9

—_

November 2012 4299



