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SPECIAL REVIEW: GUS BORN

Gustav Born: pioneer in imaging platelet and leukocyte biology

Simon J. Cleary 1,2 & Clive P. Page 1

1Sackler Institute of Pulmonary Pharmacology, Institute of Pharmaceutical Science, King’s College London, London, UK and 2Department of Medicine,
University of California San Francisco, San Francisco, CA, USA

Abstract

Gustav Born achieved scientific fame for his application of light transmission aggregometry to
the study of platelet function, but also led interdisciplinary research teams in pioneering
quantitative in vivo imaging studies of platelet aggregation and leukocyte adhesion, and in
conducting the first research into the biomechanical factors underlying atherosclerotic plaque
rupture. Gus Born also communicated both current research findings and an integrated under-
standing of cardiovascular biology to a wide audience through acting as scientific advisor on
several television productions. Using footage from two of these films, we discuss Gustav Born’s
scientific achievements and legacy.
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Introduction

Gustav Born (1921–2018) is best known in platelet research for
the development of the light transmission aggregometer [1,2]
(Figure 1) and for a lifetime of major research contributions in
platelet and cardiovascular biology [3–6]. Born’s research directly
contributed to the development of drugs which have led to the
extension and improvement of thousands of lives, a huge health-
care impact even putting aside the diagnostic improvements and
scientific advances enabled with use of the light transmission
aggregometer to study platelet biology.

Born was Professor of Pharmacology at King’s College
London from 1978 to 1988. One of the authors (CPP) had the
privilege of being appointed to his first academic post as a
Lecturer in Pharmacology in 1986 by Born, starting an interaction
which continued into the latter stages of Born’s career, well
beyond his official retirement. After his retirement from King’s,
Born gave his collection of original Ciné film reels and VHS
tapes of experiments on platelets and leukocytes, as well as studio
productions using research footage, to CPP. On watching this
mixture of documentaries, infomercials, and primary research
footage, we were reminded of major contributions that Born
made during his career beyond the study of platelet aggregation,
notably in intravital microscopy, interdisciplinary research into
cardiovascular disease, and in making scientific findings accessi-
ble to people outside of laboratory research.

Making Dynamic Biology Visual and Making Dynamic Visuals
into Science

This material produced by Born and his colleagues shows hemostatic
thrombosis following severance of small blood vessels (Figure 2), and

thrombosis resulting from intravascular activation of platelets [7],
primary research footage from which remarkably remains in current
use in the field of thrombosis modelling [8]. Born also captured on
camera the adhesion of single platelets to endothelium in vivo [9], a
phenomenonwhich the present authors can attest is still a challenge to
investigate even with twenty-first-century technology [10].

The engineering required to produce quantifiable video foo-
tage, acquiring in darkness onto 16-mm Cine film reels, and the
physical and mathematical understanding required to use record-
ings to better explain platelet activation rates, endothelial shear
stress, and blood rheology [11,12], are a testament to Born’s
broad scientific understanding and recognition of the importance
of interdisciplinary research teams.

As well as imaging platelet aggregation in vivo, Gustav Born and
Anne Atherton are acknowledged as the first scientists to use intra-
vital microscopy to quantify leukocyte adhesion in an inflammatory
response [13–16], with quantification enabling the identification of
different mechanisms determining the respective movement of pla-
telets and leukocytes from freely flowing in the bloodstream, to
becoming adhesive to endothelium. Born identified sialic acid resi-
dues on cell surfaces as being important in the regulation of leuko-
cyte adhesion, and he recognized that surface charge could be a
biophysical basis underlying this regulatory role. Following on from
this strand of Born’s research, intravital microscopy techniques are
still in current use to study both platelets and leukocytes in our
laboratories at King’s, with the study of individual sialic acid and
charge-bearing molecules now possible [17–20]. The relative con-
tributions of adhesion molecules in different inflammatory and
organ contexts, and the extent towhich bulk electrical charge density
of membranes versus adhesion molecule ligand-binding availability
regulates endothelial adhesiveness, are still a research area under
intense debate and investigation [21,22].

From a personal point of view (CPP), having Born as a Head
of Department was sometimes challenging as he was never
convinced by a radiolabeled platelet tracking technique devel-
oped as part of my PhD which I referred to as “in vivo aggre-
gometry” [23], although this is a method which has since been
used by several research groups to study platelet biology in vivo
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[24–31] and leukocyte [32]. He was also skeptical of our early
work investigating the non-hemostatic functions of platelets,
although after leaving King’s, Born became more interested
and indeed supportive of this aspect of platelet biology [6] and
our work exploring the contributions of the platelet beyond its
important role in hemostasis and thrombosis, including roles in
inflammation [19,33–36], bronchoconstriction [37,38], and host
defense [39].

As well as contributing to the scientific literature, and making
acting appearances as a French onion seller and as a PhD super-
visor in the 1961 Royal College of Surgeons spoof film A Career
in Pharmacology, Born was a prolific scientific advisor on films
for science communication and public engagement, with research
footage from his laboratories and others achieving broader impact
in a variety of documentaries and infomercials. A prime example
is “Platelets”, a 1971 film by Norman Schenker produced for
Merck Sharp & Dohme. This video still makes informative and
enjoyable viewing for platelet biologists and hematologists, show-
ing biological concepts (hemostasis and thrombosis) (Figure 2),
and research methods (aggregometry [Figure 1], clot retraction,
and bleeding time assays), together with clinical conditions
(trauma, myocardial infarction, congenital platelet disorders, and
thrombocytopenia). A summary of these videos and Born’s
experimental material have been made available on the website
of the British Pharmacological Society (www.bps.ac.uk).

Real Life and Real Death in Cardiovascular Disease

Born was also active in public engagement and was not
afraid to challenge dogma. Both of these attributes are dis-
played in an excellent documentary which covers platelets,
cardiovascular disease, and the discovery of prostacyclin by
researchers at the Wellcome Research Laboratories. This
video closes with distinct views of varying optimism posed
by Born and Sir John Vane (Figure 3), a friend of Born’s
from their time at Oxford University and the Royal College
of Surgeons who would go on to win the Nobel Prize in
Physiology or Medicine, and who would later appoint Born
as an Emeritus Research Professor at his William Harvey

Research Institute following Born’s retirement as Professor
of Pharmacology at King’s College London. Vane says:

We think that perhaps there will be a utility of prostacyclin
after a heart attack

whereas the more skeptical Born states that:

it is possible that the mechanism is so much more com-
plicated that even prostacyclin isn’t going to take care
of it.

Born also emphasized this skepticism in an “Afterword” in the
book Platelets in Health and Disease [40], for which one of us
(CPP) was an Editor. Born wrote:

. . .our findings do little to support the claims of functionally
significant interchanges of prostaglandin precursors between
platelets vessel walls, nor of the so-called prostacyclin-throm-
boxane balance hypothesis which claimed that these two
mutually antagonistic agents play a major role in acute cor-
onary thrombosis. The hypothesis, attractive by being simple,
was accepted uncritically for many years. But every medical
student sees for himself in the postmortem room the gross
damage caused by coronary plaque rupture, which makes it
inconceivable that these evanescent agents could possibly have
any significant effects on the overwhelming thrombogenetic
sequelae. The lesson is to stay in touch with real life or, in
this case, real death.

Although Born later qualified in a Letter to Platelets that he
did not intend to rule out a role for thromboxane A2 in
thrombogenesis and was referring only to the prostacyclin–
thromboxane balance in the context of “gross damage” [41],
he was probably right about the limited clinical utility of
prostacyclin in preventing thrombosis. However, the vasodila-
tory effects of prostacyclin which were considered a challenge
in the assessment of this substance as an anti-platelet agent
[23,42] later proved to be a useful pharmacological effect
when prostacyclin was successfully used for the treatment
for pulmonary arterial hypertension [43]. However, selective

Figure 1. A video demonstration of light transmission aggregometry from the documentary “Platelets” (MSD, 1971). As platelets aggregate over time
(moving from left panel to right) in a stirred suspension of platelet-rich plasma, light scattering decreases and light transmission increases.
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thromboxane receptor antagonists were also developed but
gave disappointing results in late-stage clinical trials [44].

The effectiveness of low-dose aspirin in secondary prevention
of cardiovascular events builds on the work of Vane and others,
particularly Carlo Patrono, as well as the early work of Born and
colleagues, and Born would later concede in a review coauthored
with Patrono [5] that:

the (prostacyclin-thromboxane balance) concept has been sub-
stantially validated by the recent discovery of cardiovascular
toxicity associated with COX-2 inhibitors.

Rather than focusing on the factors released by healthy
endothelium, in the later part of his career, Born chose to
focus his studies on atherosclerotic plaques, part of which was
another interdisciplinary collaboration highly valued by Born
[45]. Together with the cardiac pathologist Michael Davies,
the mechanical engineer and physicist Peter Richardson, and
pharmacology graduate student Corinne Lendon, Born
worked on the first studies directly relating mechanical prop-
erties of atherosclerotic plaques to biochemical and histologi-
cal factors in order to guide treatment and prevention of
cardiovascular disease [46–49]. During this period, Born and
colleagues also made discoveries relating to the biochemical
[50], dietary [51,52], and pharmacological [53–55] determi-
nants of the uptake of lipids and fibrinogen into blood vessel
walls.

Targeting vulnerable atherosclerotic plaques to prevent car-
diovascular mortality has proved to be just as complex and
surprising as the exploitation of “evanescent agents” released
from the endothelium. Three major prospective studies found
that “vulnerable” plaque features had low positive predictive
value as a cardiovascular disease risk factor, leading to the
questioning of the whole concept of plaque vulnerability
[56,57]. It is possible that the biomechanical nature of plaques
has shifted since they were studied by Born and Richardson
[56], and the puzzle remains as to why 37% of plaque ruptures
occur in the center of the fibrous cap, rather than at the fibrous
cap “shoulders” which were identified as more vulnerable to
rupture by Born and others [58]. Still, some clinical validation
of Born’s association of monocyte/macrophage infiltration with
regions prone to rupture has recently been produced, in the
form of reductions in cardiovascular (although not all-cause)
mortality through targeting interleukin (IL)-1β innate immunity
pathway with the anti-IL-1β monoclonal antibody canakinu-
mab [59].

Conclusion – Lessons From Gustav Born

Gustav Born leaves behind a scientific legacy that extends
well beyond the platelet aggregation, as well as outside of
laboratory research. Born’s research outputs and contributions
to scientific films are reminders of the importance of:

(1) capturing dynamic biological processes in action using ima-
ging techniques and using resultant movie footage for both
quantitative research and the communication of science to
wider audiences

(2) challenging dogma, but being prepared to change one’s mind
in the face of new evidence, and

(3) bringing researchers from a variety of backgrounds together
to work on solving fundamental problems in medical
research.

Figure 2. Bright-field intravital microscopy image sequence featured in
the documentary “Platelets” (MSD, 1971), showing blood vessels in an
intravital preparation, cut, and the formation of a hemostatic plug which
eventually causes cessation of bleeding.
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