
Historically, medical research grew out of
the meeting place where people with ail-
ments met with those who tried to help
them, and out of the burning desire of
‘patients’ to be relieved of suffering, and of
their attendants to relieve it and prevent it
occurring in others.  Frustration, concern
and curiosity in this therapeutic, clinical
encounter drove attendants, and bystanders,
to become researchers – to observe, test,
treat, record, experiment, and generally link
the art of medicine to the rigour of scientific
investigation; and to pursue their research at
the sick-bed, into the laboratory, among
other people and populations, and using ani-
mals; indeed, to do whatever seemed to
offer the possibility of advancing the under-
standing and control of disease and promot-
ing wellbeing.

Thus the natural progression for medical
research has been to extend functionally
from clinical medicine, to clinical (‘bed-

side’) research, to other obviously applied
research, and then to basic research; and to
spread spatially from the bed-side, to an
attached research facility, and then, perhaps,
to somewhere else.  In Canberra, however,
the sequence was different: the University
initiated medical research by establishing
the John Curtin School of Medical Research
on its campus, in 1946, and it was not till
1966 that it extended its activities into the
health services’ arena.  That was when the
Department of Clinical Science (later to
include Medicine in its title) came into exis-
tence with its base in the Canberra Commu-
nity Hospital on Acton peninsula several
hundreds of metres away from the School,
and with Malcolm Whyte (see p. 71) as its
Head.

Such a clinical arm had been envisaged
from the beginning of the planning of the
School, and its introduction was facilitated
by friendly interactions between the aca-
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Until 1966 the John Curtin School functioned exclusively as a laboratory institution,
with some fieldwork but no contact with patients.  In 1967 the Department of Clini-
cal Science was set up in the Canberra Hospital, and when the divisional structure
was introduced in 1988 one of the divisions was entitled the Division of Clinical Sci-
ences.  In December 1995, to reflect the increasing emphasis by some of the groups
in the Division on molecular pathology and genetics, its name was changed to Divi-
sion of Molecular Medicine.  The eight essays in this section are all focussed on clin-
ical problems; essays about human studies are provided in the next chapter.

Getting Medicine and Research Closer T ogether

by Malcolm Whyte



demic institution and medical practitioners
in preceding years and by prolonged negoti-
ations with the Hospital Board.  However,
when it came to actually implementing this
linkage between town and gown, between a
possessively established doctoring service
and a proudly high-powered, laboratory-
based research institution, there were chal-
lenges to be met, in both directions.
Clinical Science was, in some ways, an
orphan, destined to be fostered by separated
parents, one an entrenched medical clini-
cian, the other a renowned scientist!

The Clinical Attachment

The Department was to be integrated into a
community hospital which was serving an
ACT population of less than 100,000 peo-
ple, with very few resident medical officers,
no registrars or salaried specialist clinicians,
no undergraduate medical trainees, and
about 100 Visiting Medical Officers
(VMOs) comprised mostly of General Prac-
titioners with a sprinkling of Consultant
Specialists.  ‘An overgrown cottage hospi-
tal’ according to one writer.  It provided
remarkably high quality medical care – in a
sophisticated small city, in a country setting,
readily accessible to the Snowy Mountains,
trout streams and the sea – but it was a far
cry from the big-city teaching hospitals of
the day in which medical research flour-
ished, as did diverse career opportunities,
and from which the new ANU venture
would have to attract staff who could be
respected by their peers, clinically and in
science, and who could fit into the peculiar
ACT medical scene.

No wonder difficulties were encoun-
tered, despite a gratifying amount of coop-
eration and goodwill.  Was this ‘the thin
edge of a wedge’, the beginning of salaried
specialized units that would displace the
VMOs, a forerunner for a nationalised
health service?  Would patients drift
towards, or even demand to be referred to
the ‘Professorial Unit’, by-passing special-
ists in private practice?  Would the Unit’s
activities be misleading for nurses?  Would
patients be used as ‘guinea pigs’?

Softly, softly; with patience.  The new

Unit deliberately did not adopt any special-
ist labels, such as Cardiology, or
Endocrinology, but let it be known that its
clinical and research interests would be
directed more towards investigation than
treatment, and hopefully towards the eluci-
dation of problems associated with ‘lipid,
carbohydrate and endocrine metabolism,
cardiovascular function, thrombus forma-
tion and lysis in relation to obesity, body
build, physical activity, diet and other fac-
tors which are incriminated in proneness to
coronary heart disease’.  The aim was to be
useful and not too threatening in the Can-
berra clinical scene while providing scope
for worthwhile research. 

Clinical involvement started ‘small’ by
seeing out-patients while awaiting comple-
tion of the new floors of the hospital, one of
which was designed to accommodate the
Department’s consultation rooms, 16 beds,
laboratories, offices and common room.  A
suggestion that the Departmental physicians
should be accorded the status of third con-
sultants, that is, to accept only those patients
passed on by private consultant specialists,
was thankfully repelled.  After considerable
negotiation, senior members of staff who
were specialist physicians were accepted on
to the roster of VMO physicians for attend-
ing to after-hours’ admissions; consulta-
tions and referrals mounted; members
attended and participated in hospital meet-
ings; seminars were organized; VMOs were
encouraged to visit the unit; some collabo-
rative research work was undertaken with
joint authorship of publications; and the
Department initiated a pilot scheme for a
term in which it shared its Resident Medical
Officer with four GPs, who normally
attended their patients without the help of
RMOs.

In addition, members were involved in
numerous activities which were of rele-
vance to the medical fraternity.  These
included the establishment of the Postgrad-
uate Committee in Medicine; organizing a
number of GPs and Specialists in private
practice, with help from a university sociol-
ogist, to survey all ACT doctors for their
opinions on the conduct of health services;
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serving on the ACT Hospitals Advisory
Committee and the Canberra Hospitals
Management Board, playing a leading role
in drawing up plans, in extensive consulta-
tion with practitioners, for an undergraduate
medical school that was to be integrated
into, and not distort, the existing health
service; and representing the University in
the planning of a hospital in Belconnen with
full teaching and research facilities. 

Eight years after the Department of
Clinical Science was initiated the hospital
was recruiting full-time salaried specialists
of its own, and an ‘unpleasant and pro-
tracted conflict between VMOs and salaried
staff erupted’.  By then, thankfully, the
ANU implants had become accepted and
trusted so that a 1999 historical review of
that turbulent time could report that ‘the
team at the Clinical Science Department
successfully maintained neutrality’. 

Such acceptance into the clinical work
of the hospital was essential for viability
and further development of the Department
and for the career prospects of its medically
qualified members so that they could main-
tain and improve their clinical skills and
qualifications and be prepared to move to
loftier heights in the world of Medicine. 

The Attachment to Science

The fostering of a clinical department was
strongly promoted by the Director and others
in the John Curtin School, but some had
reservations and some forthrightly expressed
disdain.  A backward step, they said.  To
dabble in the caring of the sick smacked of
witch-doctoring and of commercial activi-
ties in the market place, a distraction from, if
not totally at odds with, the all-consuming,
laboratory-based scientific work required of
an institute dedicated to the advancement of
knowledge.  Any investigative work under-
taken by so-called clinical researchers, espe-
cially of whole people and populations,
would at best be shallow ‘soft science’.
Being located at a distance from the School
did not make it any easier for engendering
familiarity, acceptance and integration.

It was up to the clinical researchers to
prove themselves and demonstrate their

wares.  They enticed their critics and other
academics to visit their domain in the hospi-
tal, they gave seminars, they imported emi-
nent visitors, they collaborated with ANU
and CSIRO researchers, their postgraduate
scholars were awarded PhD and MD degrees
and they published the results of their work.
But it was largely for another reason that the
glare of the critics seemed to shift; when
there was talk of Human Biology being
introduced into the School the guns were
swivelled in that direction!  It was true, of
course, that research was conducted on
‘whole’ people, patients and healthy volun-
teers, and on human populations, but also in
JCSMR-style on isolated tissues and large
numbers of animals (see p. 86).

In general, of course, it was easier to
gain acceptance (albeit under continuing
scrutiny) and to establish and strengthen the
ties in that direction than in the clinical situ-
ation; after all, the School sponsored the
transplant while the hospital community
was the host and its initial reactions to a
‘non-self’ intruder were not surprising.  As
time passed, relationships improved.

Integration and T ransformation

Acceptance was an indication that the graft
had ‘taken’, and Malcolm Whyte decided in
1976 that the ‘John the Baptist’ phase was
over (that was Professor Loewenthal’s
descriptor, in relation to an undergraduate
medical school), and the time had come for
messianic new growth and development.
After twelve months notice he resigned, the
whole School was reviewed, William Doe
was appointed leader in 1982 with a fresh
wave of clinical researchers, ‘Medicine’
was included in the title of the Department
(this would have been too threatening ear-
lier), its base moved to the Woden Hospital
(about ten kilometres south of the School),
the Department became overtly specialized,
the Professor was elected to be Director of
the hospital’s Gastroenterology Department
and its clinical research was extended more
narrowly but deeply into molecular biologi-
cal work in the John Curtin School.  This
was just what was needed.

Members of the hospital staff and Visit-
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ing Medical Officers were encouraged to
engage in research and the scheme in which
they were selectively accorded university
status as Visiting Fellows of the JCSMR
was continued and expanded.  And a more
active part was played in postgraduate clin-
ical training and in the moves towards
undergraduate teaching, initially with final-
year students from the University of
Queensland and latterly in establishing the
Canberra Clinical School under the auspices
of the University of Sydney. 

In 1991 the Silver Anniversary of the
inauguration of the Hospital-University
venture in 1966 and its vigorous perform-
ance over the intervening years were cele-
brated, in conjunction with the Annual
Scientific Meeting of the ACT Branch of
the Royal Australasian College of Physi-
cians.  The theme, very appropriately, was
‘Practical Benefits from Clinical Research’.
Past and present members and associates of
the ANU unit contributed papers related to
Gastroenterology, Nutrition, Cardiovascular
Disease, Metabolic Disease and Research in
Progress.  Over those 25 years some 200
academic staff members, associated hospital
staff physicians and Visiting Fellows from
abroad had crossed the bridge between town
and gown, Hospital and John Curtin School,
practical medicine and research, which had
been provided by the Department.  About
500 contributions had been made to the
world’s medical and scientific literature and
many of its members had moved into presti-
gious positions and won acclaim in both
fields.

In that same year, 1991, the old Can-

berra Community Hospital (which had
dropped the word ‘Community’ in 1968 and
acquired ‘Royal’ in its title in 1979) was
closed and doomed to be demolished; the
Woden Valley Hospital became the region’s
principal hospital.  Earlier, in 1988, the
Department of Clinical Science had been
merged with the Departments of Experi-
mental Pathology, Human Genetics and
Immunology into a Division of Clinical Sci-
ences.  This, together with a growing ten-
dency for scientists to claim some practical
relevance of their research projects, largely
to increase the likelihood of attracting fund-
ing, can be taken to be a further measure of
the acceptance of clinical science having
come of age in Canberra.

A paradoxical indication that the
ANU/John Curtin School initiative in seed-
ing clinical science into the practical med-
ical arena has been a success was associated
with its demise!  When Professor Doe
resigned in 1998 he was not replaced and
the School’s presence in the hospital was
gradually withdrawn.  It is not unreasonable
to claim, however, that its legacy, from
seeds sown during three decades in the clin-
ical, scientific and educational fields, was a
significant contribution to the present ener-
getically healthy association of Medicine
with Science in Canberra.  Clinical and
research activities flourish, undergraduate
and postgraduate teaching are well estab-
lished, and strong two-way collaborative
linkages persist between The Canberra Hos-
pital and the John Curtin School of Medical
Research.
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An early and ambitious project undertaken
by the Department of Clinical Science was
carried out in Papua New Guinea.  A para-
doxical one, in that its purpose was to learn
about a disease which had reached epidemic
proportions in Australia – coronary heart
disease – but which was believed to be vir-
tually absent from PNG.  The aim was to
examine a large number of these people and
to record in detail all their personal charac-
teristics and all the environmental and other
factors which might possibly be pertinent to
the absence of this and related diseases, to
compare the findings with what pertains
where coronary disease is rife, to detect
opportunities for in-depth studies in both
types of populations, and to conduct serial
follow-on studies in PNG as its people grad-
ually take on the lifestyle, and disease pat-
tern, of so-called ‘developed’ nations. 

In the early days of the Department this
epidemiological venture – an unusual type
of exploit for the John Curtin School –
formed a back-drop for most of the Depart-
ment’s clinical, experimental and laboratory
research work which concentrated on those
recognized and suspected ‘risk factors’
which could most likely be manipulated to
contribute to the prevention of coronary and
other degenerative arterial diseases.  The
project was initiated in late 1966. The mor-
tality from coronary heart disease in Aus-
tralia reached its peak in 1967.  Thereafter
the rate fell steadily: indeed, by a massive
70% before the end of the century.  Modesty
– and veracity – have deterred the Depart-
ment from claiming a cause and effect rela-
tionship between these concurring events!
However, there is the hope that all the
efforts by this, and the many other groups
who have researched in this multi-factorial
field, have contributed in some way to the
welcome reversal in trend in the mortality
attributable to this disease.

Prelude

Post-World War II epidemiological studies
undermined the belief that arterial degener-
ation and thrombosis leading to coronary
and cerebral catastrophes were inevitable
accompaniments of ageing, and that the ris-
ing mortality rate was entirely due to the
increasing life expectancy associated with
better control of infection and other causes
of death.  The identification of life-style and
environmental ‘risk factors’ opened up the
prospect of prevention and led to an explo-
sion of research activity.

The prelude to the work embarked upon
by the Department of Clinical Science
included studies undertaken by staff mem-
bers in the Kanematsu Institute in Sydney
before coming to Canberra.  These included
studies of blood pressure, body build, obe-
sity, serum cholesterol and lipoproteins, and
blood coagulation and clot dissolution in
relatively small population samples in Aus-
tralia and Papua New Guinea, as well as the
experimental monitoring of patients in Syd-
ney Hospital with heart attacks, thereby cre-
ating one of the first ‘coronary care units’ in
the world. 

It was shown that babies in both coun-
tries were born with the same low choles-
terol level and that it doubled in both groups
in the first year of life, after which Aus-
tralian levels rose progressively with age
while the PNG level fell gradually to the rel-
atively flat adult levels which were as low
as any found elsewhere in the world.  Like-
wise, the PNG subjects were much leaner
and had lower blood pressures which,
unlike Australians, did not rise with age.  It
was evident that coronary heart disease was
extremely rare in PNG, and many parts of
the country were rapidly moving away from
a traditional subsistence way of life into a
cash economy and acquiring the ways of the
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Coronary Heart Disease: An Epidemiological V enture in Papua New Guinea

by Malcolm Whyte



West.  The situation rather urgently invited
more detailed description and study.

The Project

The population selected for this study was
the Murapin clan of pre-literate horticultur-
ists and pig herders living at an altitude
above 6,000 feet in the Western Highlands
of PNG.  Cash cropping of pyrethrum had
been introduced into the area and there were
plans for the future in timber milling, cattle
breeding and mining.  Following prelimi-
nary discussions, meticulous planning,
establishing rapport with the local people,
arranging for the acquisition and transport
of supplies and equipment including a gen-
erator, refrigerator, laboratory materials and
a Mini-Moke vehicle, and building a
dwelling and work place, the project pro-
ceeded.  It was carried out almost entirely
single-handed by Peter Sinnett with finan-
cial support from the National Heart Foun-
dation of Australia.

The entire clan membership of 1489
people of all ages was examined.  Subjects
were examined physically, electrocardio-
grams were recorded at rest on all over the
age of 15 years and post-exercise on non-
pregnant subjects over the age of 34 years,
and chest x-rays were taken of 245 consec-
utive subjects.  Adult body build and its
composition in terms of muscularity and fat-
ness were defined from a wide array of
skeletal and skinfold measurements and the
24-hour urinary excretion of creatinine.
Physical fitness was assessed using two
methods, one with a back-pack, the other
with a bicycle ergometer.  Urine and fasting
blood samples were obtained from all adult
subjects and glucose tolerance was tested in
106 of them.  Food preparation and meal
patterns were documented, samples of food-
stuffs were sent away for chemical analysis
(including 14 separate varieties of sweet
potato!), and the nutritional intake of 90
subjects, aged 2 to 66 years, was assessed
over seven consecutive days during which
all items were weighed.  Daily measure-
ments were made of air temperature, rela-
tive humidity and rainfall, and climatic
conditions were also recorded inside the

rather smoky, earth-floored, thatch-roofed
dwellings. 

Documentation of the life of these peo-
ple went beyond the narrow parameters nor-
mally examined in relation to
cardiovascular disease.  It embraced: the
historical, linguistic and cultural back-
ground, including tribal organisation,
mythology, religion, rituals, relationship
between the sexes, patterns of intermarriage
and inter-clan alliances, and traditional
trade routes; their current sociocultural sta-
tus, including age and sex distribution, mar-
ital state, polygamy and family size; the
consequences of European contact and the
impact of other religions, languages, cash
cropping, education, banking, housing,
clothing and alcohol ingestion; and popula-
tion statistics including the reproductive sta-
tus and fertility of women, births, deaths
and natural increase.

A mountainous wealth of information!
A huge analytical task!  Suffice it to sum-
marize a few of the findings.  The popula-
tion was lean, physically fit and, in
Darwinian terms, well adapted to its very
low protein (25 g daily), high carbohydrate
(90% of caloric intake), high fibre diet
which, however, was precarious for ageing
child-bearers, and less than optimal for
early growth rates and for the maintenance
of body tissues in later life.  There was no
increase with age in adiposity, or in the low
levels of mean blood pressure and serum
cholesterol (average 153 mg/100ml), or in
the elevated level of serum triglyceride
(mean 135 mg/100ml).  Pipe smoking was
common. 

As assessed from the electrocardiograms
ischaemic heart disease was very rare, if not
absent, but age-related degenerative
changes were evident, such as increasing
diameter of the aorta and decreasing renal
function, and it was thought that a declining
ECG voltage with age may be indicative of
cardiac disease.  Hypertensive disease and
diabetes were absent.
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The first ten years of the Department of
Clinical Science established the group as
Australia’s leading research unit in cardio-
vascular epidemiology, lipid metabolism,
thrombosis and nutrition.  It ranked as a
major international resource for the genera-
tion of new knowledge that underpinned the
understanding of the causes of coronary
heart disease.  Malcolm Whyte’s objective

(see p. 271) was to integrate several key dis-
ciplines without sacrificing depth and focus.
This was achieved by recruiting established
investigators such as Paul Nestel, Peter Sin-
nett and Brian Goldrick and younger men
such as Neville Ardlie and promising Post-
doctoral Fellows and PhD students.

Before he came to JCSMR, Paul Nestel
had pioneered the use of kinetic modeling of
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Peter Sinnett at Tukisenta, Papua New Guinea,
1966.  Peter Frank Sinnett (1934–98) was born in
Sydney, graduated MB BS at the University of
Sydney in 1960 and had postgraduate clinical and
research experience in Sydney Hospital and the
University Department of Biochemistry.  As a
Research Fellow of the National Heart
Foundation of Australia, he was attached to the
Clinical Research Department of the Kanematsu
Institute in Sydney and then the Department of
Clinical Science at JCSMR, where he was the
principal investigator in the epidemiological study
(1966–71) described here.  In 1971 he was
appointed to the Foundation Chair of Human
Biology in the University of Papua New Guinea.
He returned to Australia in 1975 and was a
Visiting Professor in the Department of Anatomy
in the University of Sydney, and Visiting Fellow in
the Office for Research in Academic Methods at
the ANU before being appointed Director of
Rehabilitation and Geriatrics in Canberra in 1977.
In 1979 he returned to Sydney as the Foundation
Professor of Geriatrics in the University of New
South Wales.  Dissatisfied with the clinical
facilities available he persuaded the University to
allow him to transfer his base in 1984 to the
Woden Valley Hospital in Canberra where he
retained his Professorship and resumed
Directorship of the ACT services in rehabilitation
and geriatrics.  Medical students from the
University of New South Wales came to Canberra
for their training in geriatrics.  Peter retired at the
age of 60 and died suddenly three years later.

Clinical Science: The First T en Years

by Paul Nestel



lipid and lipoprotein metabolism through
studies of healthy people and of subjects
with lipid disorders.  The later availability
of a metabolic ward at the Royal Hobart
Hospital allowed long-term carefully super-
vised studies.  At JCSMR, Nestel and
Whyte were the first to show that free fatty
acid transport and triglyceride formation
were raised in fat people in proportion to the
underlying abnormality in fat cells, as pre-
dicted from Goldrick’s work with isolated
adipocytes.  Nestel and Whyte also showed
that the body produced cholesterol in pro-
portion to fat mass, explaining the basis of
hypercholesterolaemia in obesity.  The later
introduction of the complex sterol balance
techniques (after Nestel’s sabbatical at
Rockefeller University), led to discoveries
of the response of individuals to dietary
cholesterol, fats and other nutrients, in terms
of production and catabolism of cholesterol
and bile acids.  People with raised blood
cholesterol levels were found to be less able
to inhibit production and increase excretion
of cholesterol.  It allowed sterol metabolism
to be studied in the New Guinea Highlands,
with Sinnett (see p. 275), to the great
amusement of the locals who were paid $1
for each can of faeces.  Notable also was the
collaboration with CSIRO that established
the ‘polyunsaturated cow’ and the choles-
terol-lowering efficacy of changing the fatty
acid composition of ruminant meats and
milk fat.  With the arrival of Noel Fidge
from Adelaide, Nestel and Fidge, with sev-
eral scholars, pioneered metabolic and
kinetic studies of individual lipoproteins
and their regulatory proteins.  The lipid
abnormalities associated with various

hyperlipidaemias and obesity were defined
through measurements of the turnover of
lipoptoteins.

Outstanding scholars who studied with
Nestel are now international leaders in vari-
ous fields of cardiovascular research.  The
most notable of several are Philip Barter,
Murray Esler and Norman Miller.  They
were attracted to the Department from Ade-
laide (Barter is now Professor of Cardiology
there), Melbourne (Esler is now Professor
of Medicine at the Baker Medical Research
Institute) and Miller (from England, where
he is now Professor of Medical Biochem-
istry in London).  Barter and Nestel
(together with Kevin Carroll (another out-
standing scholar who died tragically) made
several important discoveries into glucose,
fatty acid, triglyceride and cholesterol
metabolism which Barter has pursued over
the next 30 years and in which he is now an
acknowledged leader.  Esler and Nestel
were among the first to show the key rele-
vance of sympathetic nervous over-activity
in the genesis of labile hypertension, which
at the time was incorrectly regarded as
innocuous.  Today Esler is a major authority
on the role of the autonomic nervous system
in cardiovascular disorders.  Miller and
Nestel, together with Fidge, studied the
metabolism of lipoproteins including high
density lipoproteins (HDL), which has
become synonymous with his name through
continuing discoveries into their role in cho-
lesterol transport.  There were other talented
scholars and post-docs who ensured that
Clinical Science remained in the forefront
of international recognition.
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The Department of Clinical Science was ini-
tiated in 1966 (see p. 71).  Since the essence
of clinical research is its focus on human
beings in health and disease, the essential
link between basic scientific research in the
School and its potential benefit to patients
was strengthened through this development.

From its inception the Department has
been studying cardiovascular diseases, and
in particular, the mechanisms responsible
for the development of coronary heart dis-
ease (CHD).  Founding members included
Malcolm Whyte (see p. 71), who headed the
new department, and Paul Nestel.  Under
their early leadership the Department con-
tributed significantly to the understanding
of the role of lipid metabolism in the devel-
opment of arterial disease.  The work on
lipid metabolism in the Department is par-

ticularly well known, and as a result of this
work a series of risk factors responsible for
the development of atherosclerosis have
been defined.

The original Department, located in the
Canberra Hospital on Acton Peninsula, had
accommodation for 12-16 inpatients, and
accepted clinical responsibility for the
investigation and treatment of patients, pur-
suing a program of clinical and laboratory
research orientated towards problems asso-
ciated with CHD.  This facilitated the estab-
lishment in 1976 of a CHD risk evaluation
program in collaboration with the National
Heart Foundation of Australia.  This pro-
gram was implemented by Nestel, and sub-
sequently directed by Neville Ardlie.  Staff
in the Department, including Nestel, Whyte
and Ardlie, all contributed to activities of
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Paul John Nestel, AO (1929–) immigrated to
Australia at an early age and graduated in
medicine at the University of Sydney in 1953.
After working as a resident and registrar in
hospitals in Sydney, Hobart and Melbourne, he
was appointed Senior Lecturer in the Department
of Medicine at the University of Melbourne.  In
1967 he joined the Department of Clinical
Sciences at the John Curtin School as a
Professorial Fellow and set up an active research
group on lipid metabolism as it related to coronary
heart disease.  In 1976 he moved to the Baker
Medical Research Institute in Melbourne, as
Deputy Director, until 1986, when he moved to
Adelaide as Chief of the CSIRO Division of
Human Nutrition.  In 1995 he moved back to the
Baker Institute as Head of the Cardiovascular
Nutrition Laboratory.  In 1967 he was awarded the
Eric Susman Prize of the Royal Australasian
College of Physicians, in 1991 he was elected a
Fellow of the Australian Academy of
Technological Sciences and Engineering, and in
1996 he was appointed an Officer in the Order of
Australia in recognition of his contributions to the
understanding and prevention of heart disease.

Research on Cardiovascular Disease

by Neville Ardlie



the National Heart Foundation, and were
members of its Diet and Heart Disease
Committee, which periodically published
major reviews in this field.

Careful, large-scale epidemiological
studies indicate that several features of our
lifestyle contribute to CHD.  Diets contain-
ing a high proportion of animal fats, ciga-
rette smoking, hypertension and obesity
represent proven preventable risk factors
which can be diminished by public educa-
tion programs.  These programs contributed
to a progressive fall in age-adjusted cardio-
vascular mortality in males, which has been
one of the remarkable success stories of the
last 25 years.

The risk factor hypothesis has long dom-
inated thinking on the aetiology of CHD,
with hypercholesterolemia being recog-
nized as the major risk factor.  Indeed, cho-
lesterol-bearing low density lipoprotein
(LDL) can both initiate and sustain the
chronic inflammatory condition of
atheroma (or atherosclerosis) which under-
lies CHD.  Until recently, despite over-
whelming evidence linking cholesterol to
CHD, the relationship has been challenged,

even within the School, by Walter Cliff and
Gutta Schoefl.

An impressive body of epidemiological
evidence links cholesterol to CHD.  Charac-
teristics of causality emerging from epi-
demiological studies include consistency,
strength and graded continuity of the rela-
tionship between elevated levels of choles-
terol and CHD.  A plausible biological
explanation is, however, the most important
characteristic of causality.  Recent insights
have pointed the way for rethinking athero-
genesis at the level of cell and molecular
biology.  The villain of the piece seems to be
modified, and in particular, oxidized LDL
(Figure 1).

In 1988, when Departments in the
School were disbanded and Divisions were
formed, Groups were established.  Research
on CHD then became focussed in the Car-
diovascular Disease Group headed by Ard-
lie.  Kumi de Silva, a PhD student in the
Group, using a novel approach was able to
show that minimally oxidized LDL sequen-
tially augmented the recruitment of both
monocytes and T-cells into the vessel wall.
This new knowledge on T-cell migration
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Figure 1.  A simplified scheme illustrating how oxidized LDL contributes to the development of an
atherosclerotic lesion.  Monocytes are shown adhering to the endothelium and then entering the intima
of the arterial wall.  Oxidized LDL causes the release of monocyte chemotactic protein 1 (MCP-1) from
endothelial cells, and facilitates the differentiation of monocytes into macrophages by releasing
macrophage-colony stimulating factor (M-CSF) from endothelial cells.  LDL in the vessel wall is
progressively oxidised and accumulated by macrophages which become foam cells and foam fatty
streaks, the hallmark of early atherosclerosis.



offered an important and potentially major
inroad into the prevention of clinical athero-
sclerotic events.

Until recently, much of the basis of con-
temporary cardiology has rested on the
axiom, the greater the coronary stenosis, the
greater the risk of a clinical event such as
myocardial infarction.  However, data
emerging from studies over the past decade
have occasioned a reassessment of this cen-
tral dogma of clinical cardiology.  State-of-
the-art studies have revealed that coronary
artery atherosclerotic plaque disruption and
superimposed thrombosis is the major cause
of myocardial infarction.  The atheroscle-
rotic plaques that undergo disruption may
be inapparent by angiography, and have a
thin fibrous cap overlying a large lipid core.
A number of biological factors may be
weakening the fibrous cap, including insuf-
ficient collagen synthesis.

The synthesis of collagen in the fibrous
cap of plaques is regulated by different
cytokines and growth factors, notably inter-
feron gamma (IFN-g), which has been
shown to markedly decrease the ability of
human smooth muscle cells to synthesise
collagen.  Chronic immune stimulation
within atheroma leads to production of IFN-
gby T-cells, and de Silva and her colleagues

have shown that modified LDL causes
transendothelial migration of activated T-
cells which are the only cells that can elab-
orate the cytokine IFN-g.  T-cells may
therefore have a major role in the develop-
ment of unstable atheroma.  Stabilising
lesions will reduce the risk of myocardial
infarction and this may be achieved by tar-
geting the T-cell.  The T-cell therefore pres-
ents a new target with the potential to
prevent development of unstable coronary
disease. 

Plaque rupture occurs when the mechan-
ical stresses in the fibrous cap of the plaque
exceed a critical level that the tissue can
withstand.  Several factors increase stress in
the atheroma, in particular, increases in
heart rate and blood pressure.  Both physical
and emotional activity can be linked to
coronary events through increases in circu-
lating hormones (e.g., adrenaline) which
increase the heart rate and also promote
thrombosis.  This concept represents the
culmination of a long-standing interest in
hormones, blood platelets and thrombosis
by Ardlie and his colleagues.  Recent Fed-
eral Court decisions relating to compensa-
tion for workers suffering a heart attack
have been based on this concept.
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The story of malignant hyperthermia (MH)
begins in April 1960 when a 21 year old stu-
dent was run over by a car and sustained
compound fractures of his right tibia and
fibula.  When he was brought up to the casu-
alty department at the hospital where I was
then working he was less concerned about
his leg than by the prospect of a general
anaesthetic, because ten of his close rela-
tives had died during or after anaesthesia,
usually for minor procedures.  Because
ether had been incriminated in all the previ-
ous cases, it was decided to proceed cau-
tiously with halothane, which had recently
become available.  Unfortunately after
10 minutes of anaesthesia the patient
became very hot and acutely ill.  The anaes-
thetic was stopped and the patient was
rubbed down with ice-cold packs.  He

recovered and his subsequent course was
uneventful.  Inquiry into the deaths in the
family the following day indicated that the
patient was suffering from a previously
unrecognized inborn error of metabolism
inherited as a dominant characteristic.

A year later the man needed another
anaesthetic, this time for a stone impacted in
his left ureter.  After considerable discus-
sion, the patient was connected to every pos-
sible monitor and given a spinal anaesthetic,
which he tolerated uneventfully.  The syn-
drome became known as malignant hyper-
thermia or MH – hyperthermia, because a
steep and rapid rise in body temperature was
a common accompaniment, and malignant,
because in those days the case-fatality rate
was 70%.

In November 1969, there was a second
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Neville Gordon Ardlie (1938–).  After graduating
MB BS at the University of Adelaide in 1962,
Ardlie joined the Institute of Medical and
Veterinary Science, working on blood platelets
and coronary disease and graduated MD in 1968.
In 1967 he joined the Faculty of Medicine at
McMaster University, Hamilton, Ontario, Canada,
where he graduated PhD in 1971.  Returning to
Australia as a Research Fellow in the Department
of Clinical Science in 1971, he rose to be a Senior
Fellow in 1976, and retired in 1999.  Ardlie
pursued his clinical interests in preventive
cardiology and haematology, obtaining his
MRACP in 1974 and FRACP in 1978.  He was
President of Australian Society for Medical
Research in 1978, Chairman of the ANU
Postgraduate Committee in Medicine from
1987–1998, and a Clinical Associate Professor in
The Canberra Clinical School, University of
Sydney.

Malignant Hyperthermia

by Michael Denborough



case of MH at the same hospital.  A 51 year
old man with no family history of anaes-
thetic problems and who had had uneventful
anaesthesia with ether for an appendicec-
tomy when he was 21, had also sustained a
compound fracture of the leg in a motor
accident.  When he was anaesthetised he
became acutely ill and died 24hours after
the anaesthesia had been induced.  Three
hours after the reaction had started it was
noted that his right arm was rigid, and
because of this his serum creatine kinase (a
muscle enzyme) was measured, and this
showed a massive rise.  Clearly, the anaes-
thetic drugs had induced severe muscle cell
breakdown (rhabdomyolysis) in a suscepti-
ble individual, and the implication was that
individuals who are susceptible to MH have
an underlying muscle disease.  The proposi-
tus in the original family was contacted and
his serum creatine kinase was high as was
his father’s and his maternal aunt’s, both of
whom had evidence of a clinical myopathy.

Coming to the John Curtin School in
1974 (see p. 97) provided me with an excel-
lent opportunity to continue this work.  As a
Visiting Medical Officer at the Royal Can-
berra Hospital I was able to continue the
clinical research on MH, and the laboratory
and animal facilities at the School for the
basic studies on MH were first-rate.  Our
animal model was the pig, as it had been
observed by chance that certain inbred pigs
developed MH.  This initially presented a
problem as breeding of pigs was prohibited
in the ACT, but we were able to find MH
susceptible pigs at a piggery at nearby
Harden, and Bede Morris (see p. 100)
arranged for a breeding program for these at
Braidwood.  Small numbers of them were
then brought to the Animal House for stud-
ies.  As a result of experimental work on
these pigs it was shown that the essential
biochemical abnormality in MH was an ele-
vation of calcium in the muscle cells, and
clinical research identified three specific
human myopathies which predispose to
MH.

This knowledge led to the development
of a specific diagnostic test for MH based
on measuring myoplasmic calcium by

measuring muscle contraction in vitro on
exposure to halothane (the anaesthetic agent
which commonly causes MH) and caffeine.
This test is now used widely to identify sus-
ceptibility to MH and for genetic coun-
selling purposes.  The School acts as a
national MH diagnostic centre and provides
a 24-hour hot-line service for enquiries by
doctors or patients.

In 1976 a friend of mine, Bill Bowman,
from the University of Strathclyde, wrote to
me to say that if we were correct in saying
that an elevated myoplasmic calcium was
the essential cause of MH, then a new drug,
dantrolene, which had recently been found
to specifically lower myoplasmic calcium,
should be an effective antidote and treat-
ment for MH.  This turned out to be the case
when we studied the effect of dantrolene on
halothane- and caffeine-induced contrac-
tions in pig muscle in vitro.  The effect of
dantrolene was subsequently confirmed in
vivo in pigs and humans, and has proved to
be a life-saving treatment for MH.  Dantro-
lene is now available in all operating the-
atres where general anaesthesia is used, as
early treatment of MH with dantrolene is
essential.  In vitro muscle testing and the use
of dantrolene in the treatment of MH has led
to a reduction in the case-fatality rate of MH
from 70% to 5%.

While we were experimenting with
dantrolene in the laboratory I had a tele-
phone call one Saturday night from a surgi-
cal colleague in Wagga, who said that he
had been referred a young Army Officer
trainee who was bleeding from the bowel as
a result of severe heat-stroke sustained in a
route march in very hot conditions.  The
patient was moribund and the surgeon said
that it looked like MH to him and was there
anything that could be done.  I told him
about dantrolene and we sent a vial of the
experimental drug to Wagga by Army
motorcycle.  The dantrolene was infused
into the patient and within an hour he was
dramatically improved.  When the patient
was fully recovered two months later, we
biopsied him and showed that he was sus-
ceptible to MH.  Inquiry revealed that he
was related to an MH family which we had
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investigated previously.  Since then we have
had many patients with severe heat-stroke
referred to us, particularly from Army units
in the hot North of the country, and many of
these have been shown by biopsy to be sus-
ceptible to MH.

In November 1979 a 28 year old man
whose son had recently died from the sud-
den infant death syndrome (SIDS) asked me
to help him set up a sudden infant death
association in the ACT.  During our conver-
sation he mentioned that ten years previ-
ously he had had three cardiac arrests during
an appendicectomy.  In vitro testing showed
that he was susceptible to MH.  The associ-
ation between MH and SIDS is based on

overheating, and we have confirmed the
association in other parents of SIDS infants
and in experimental animals, and the muta-
tions responsible for MH have recently been
found in two SIDS infants in an MH family
in New Zealand. 

Combined clinical and laboratory stud-
ies have shown that the muscle membrane
disorder which predisposes to MH can also
predispose to other clinical presentations
such as the neuroleptic malignant syn-
drome, rhabdomyolysis after bacterial and
viral infections, exercise and alcohol inges-
tion, and exposure to fire-fighting fluid
which has a chemical structure similar to
halothane.
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Clinical Research in Gastroenterology

by William Doe

The essence of clinical research is its focus
on human beings in health and disease.
Such has been the pace of discovery in the
basic biomedical sciences and of advances
in technology in recent decades, however,
that a widening gap is developing between
fundamental and patient-orientated
research.  A central purpose of clinical
research is to bridge this gap by recruiting
basic scientists to work with clinical
researchers, by training clinician scientists
in relevant fundamental research and by fos-
tering collaboration between clinical and
basic research groups.  The traffic on the
bridge moves in both directions.  Basic sci-
entific discoveries are applied to the study
of human disease and translated into patient
benefit by clinical researchers, and the natu-
ral experiments observed through the study
of human disease can reveal novel insights

into the basic biomedical sciences that are
unachievable from a reductionist research
approach.

In Western countries, gastroenterology
is a medical specialty that involves many
common disorders including colorectal can-
cer, peptic ulceration, motility disorders,
chronic inflammatory bowel disease and
liver disease due to viruses or alcohol.
Progress in clinical research has often been
driven by access to human tissue; the advent
of fibre-optic endoscopy in the 1970s
offered new opportunities for clinical
researchers to access fresh tissue under
direct vision in the upper and lower gas-
trointestinal tract, while transforming lumi-
nal gastroenterology into a largely
procedural specialty.  This latter change,
together with the relative financial incen-
tives involved, led to difficulties in sustain-



ing high level clinical research in gastroen-
terology in Australia.

In 1982 William Doe (see p. 125) was
appointed to the JCSMR to re-develop the
Department of Medicine and Clinical Sci-
ences.  He introduced clinical research into
the pathogenesis of chronic inflammation of
the intestinal mucosa and of colorectal can-
cer metastasis at the molecular level.  This
was supported by more basic research into
inflammatory cell differentiation in the
intestine, the attraction and migration of
inflammatory cells from the vascular com-
partment into inflamed tissue and the medi-
ation of tissue injury in the intestine.  The
shared mechanisms of cancer spread by
local invasion and by migration of cancer
cells to form secondary cancers and the
genes responsible for susceptibility to col-
orectal cancer (CRC) formed the second
principal research theme. 

Doe’s group developed methods for iso-
lating and culturing the different inflamma-
tory and immune cell populations from
inflamed and normal intestine resected at
surgery for ulcerative colitis and Crohn’s
disease, so enabling study of the behaviour
of the cells directly involved in the inflam-
matory events.  His work with Andrew
Hapel (see p. 262) and their PhD students,
including trainee physicians Patrick Hogan
and William Pullman, elucidated the types
of inflammatory cell present at sites of
chronic intestinal inflammation and the lev-
els of growth factors driving the differentia-
tion and activation of inflammatory cells to
injure intestinal tissue.  High levels of the
growth factors that activate neutrophils, and
mature macrophages, the most prominent
inflammatory cell types in active mucosal
inflammation, were discovered in cells har-
vested from inflamed, but not normal, intes-
tinal tissue.  In 1983, David Hume, a cell
biologist from Oxford interested in
macrophages, joined the laboratory as a
Research Fellow and developed methods for
analysing the maturation of macrophages
mouse and human tissue.  With a gastroen-
terologist PhD student, Paul Pavli, they
identified intestinal dendritic cells, the spe-
cialised cells for processing foreign protein

for recognition by the immune system, and
prepared purified populations of dendritic
cells from mouse and human intestine,
enabling study of the immune responses in
the intestinal mucosa.  In 1984 Peter Gib-
son, a gastroenterologist Research Fellow,
arrived from Oxford to undertake the isola-
tion and culture of viable human colonic
crypts, the organised aggregates of cells that
generate the epithelial cells that line the
colon.  This strategy enabled the laboratory
to investigate the signals that attract inflam-
matory cells into the wall of the intestine,
mature and activate them at inflammatory
sites, as well as the agents that mediate
epithelial cell injury. 

After leaving the bloodstream, inflam-
matory cells migrate through tissue to sites
of inflammation by activating molecular
machinery on the cell surface that comprises
a series of enzymes capable of digesting dif-
ferent types of tissue protein that make up
the intercellular ‘cement’ that binds cells
together to form tissue.  In this way, the
migrating cell dissolves its immediate envi-
ronment by digesting the ‘cement’, thereby
permitting migration.  The key enzyme that
triggers this event is urokinase plasminogen
activator (uPA).  This strategy for cell
migration is also used by many solid can-
cers, including colon cancer, for local inva-
sion and metastasis.

One of the challenges of testing new
therapies for inflammatory bowel disease
(IBD) is the difficulty in using x-rays to
image the intestinal lumen with barium, or
using an invasive investigation, such as
colonoscopy, to assess inflammatory activ-
ity rather than structural change in the intes-
tine.  A new approach was devised in the
laboratory, in collaboration with the Hospi-
tal Nuclear Medicine Department, that iden-
tified the extent and inflammatory activity
of IBD by radiolabelling a small number of
the patient’s own white blood cells outside
the body, and then transfusing them back.
By scanning the patient’s abdomen with a
gamma camera, the speed and intensity of
the migration of inflammatory cells from
the bloodstream into the site of active IBD
provided an objective measure of the inten-
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sity and extent of IBD activity.  This white
cell scan test may prove valuable in future
trials of new IBD therapies.

But what are the signals that cause
inflammatory cells to leave the bloodstream
and enter the inflamed intestine to con-
tribute to the continuing process of mucosal
injury?  Doe’s PhD student, Michael
Grimm, identified a number of potent pep-
tides that were produced at sites of intestinal
inflammation and attracted particular types
of inflammatory cells including neutrophils,
monocytes and lymphocytes.  Freshly
recruited inflammatory cells were found to
be activated to inflict tissue damage by mol-
ecules released from bacteria normally pres-
ent in the intestinal lumen.  The results
suggest that when the intestine becomes
inflamed and ulcerated, bacterial products
from the lumen enter the bowel wall where
they activate the release of damaging agents
from the recently arrived inflammatory
cells. 

To develop new therapies for colitis and
Crohn’s disease, an understanding of how
these activated inflammatory cells damage
the lining of the bowel was essential.  While
earlier work implicated uPA as a factor, sub-
sequent studies indicated that altered forms
of oxygen and nitrogen, a normal part of the
body’s defences used to kill bacteria,
seemed strong candidates.  Were these
highly reactive forms of oxygen and nitro-
gen being released inappropriately in the
wall of the bowel causing continuing dam-
age to surrounding tissue?  After showing
that antioxidant defences were depleted in
the inflamed bowel mucosa of IBD patients,
Gary Buffinton, Mark Baker and Doe iso-
lated epithelial cell crypts from biopsies
taken from colitis and normal intestine at
colonoscopy and showed direct evidence
that epithelial cell proteins that had been
damaged by toxic forms of oxygen includ-
ing the inactivation of a key enzyme in
energy metabolism.  This work, published
in a landmark paper, led to the elucidation
of the chemical nature of the toxic form of
oxygen causing irreversible oxidant-
induced injury.  A mouse model of colitis
was then established to study the mecha-

nisms of oxidative tissue injury in the bowel
and to trial antioxidants to explore new
approaches to the treatment of ulcerative
colitis and Crohn’s disease.

Colorectal cancer (CRC) is one of the
commonest cancers in Australia where the
lifetime risk is one in 25.  The laboratory’s
initial work was based on the clinical obser-
vation that patients succumb not to the pri-
mary cancer but to the consequences of
spread to distant sites.  The initial studies of
Ross Stephens, Doe and Robert Elliot con-
firmed the presence of high levels of uPA
activity in association with invasive CRC.
Subsequently the group showed that genes
for uPA and its receptor, uPAR, were
switched on not only at the invasion front of
the cancer but also in the potentially inva-
sive parts of colonic polyps, the premalig-
nant phase of CRC.

Meanwhile, Jeffrey Golder’s studies on
the inflammatory cell activation project
described earlier came up with an unex-
pected finding.  Activated human mono-
cytes were found to secrete an inactivator
specific for uPA, subsequently named plas-
minogen activator inhibitor (PA1-2).  The
possible therapeutic implications of using
PA1-2 as an anti-inflammatory agent or as a
means of preventing the spread of CRC or
similar cancers were explored in partnership
with Biotechnology Australia.  The PA1-2
gene was cloned and the PA1-2 protein pro-
duced in commercial quantities for experi-
mental use and for clinical trials.  Mark
Baker joined Doe’s group, bringing expert-
ise in the biochemistry of the intercellular
‘cement’.  Using laboratory and animal
models of CRC invasion and the digestion
of intercellular ‘cement’, they showed that
PA1-2 inhibited CRC invasion.  In animal
models of human CRC, CRC cells treated to
prevent the PA1-2 gene from being
expressed revealed markedly reduced
capacity to form secondary tumours.  More-
over, the group’s research indicated that
uPA activity levels on the surface of CRC
cells in culture were directly related to the
number of cell surface receptors for binding
uPA.  The ability of CRC cells to migrate,
invade or digest intercellular ‘cement’ was
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found to be dependent on, and directly
related to, the presence and number of uPA
receptors (uPAR) on the surface of the can-
cer cells.

Evidence for the pivotal importance of
the regulation of uPAR led to the cloning of
the entire uPAR gene for the first time by
Yao Wang and his PhD students.  The struc-
ture of the gene and its regulatory elements
were studied to determine the factors that
switch on, or suppress, the uPAR gene.
Wang, Doe and their student Jinjun Dang
discovered that a substance produced by
bacterial fermentation of dietary starch and
fibre in the colon, butyrate, inhibits uPAR
production – a finding that may help explain
why butyrate appears to protect against
colon cancer invasion in laboratory models
of CRC and possibly in human beings.

While CRC is clearly an environmental
cancer related to dietary factors, there is
increasing evidence of the importance of
genetic susceptibility.  Doe sought substan-
tial external funding to recruit a geneticist,
Maija Kohonen-Corish (see p. 290) to the
laboratory in 1987 and to establish a collab-
oration with the Royal Melbourne Hospital
where there was a large surveillance pro-
gram for families with many members
affected by CRC.  At that time a number of
colon cancer families were reported to carry

a mutation in one of their DNA repair genes.
These genes act rather like spell checkers on
a computer, every time a cell divides the
genetic code must be faithfully copied but
mistakes occur in this complex process.  If
one of these DNA repair genes is defective,
mistakes accumulate in the cell’s DNA until
the genes that control cell multiplication are
affected, triggering uncontrolled cell growth
and cancer.  Research in the JCSMR labora-
tory involved over 60 families affected by
CRC in multiple members.  A range of new
mutations was defined and an improved
blood test was developed to determine
which family members, unaffected by CRC,
carried the mutant DNA repair gene and
therefore needed regular colonoscopy sur-
veillance to ensure early detection and
removal of CRC.  

In addition to the publications and
patents generated by the Gastroenterology
Group, nine physician scientists were
trained as PhD scholars or Research Fellows
during 1982–97, of whom eight were gas-
troenterologists.  Ten science graduates also
completed PhDs during the same period.
Moreover, the group provided academic
leadership in clinical gastroenterology at
The Canberra Hospital where Doe was
Director of Gastroenterology for five years.
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I first heard about the John Curtin School of
Medical Research in 1980 from my Genet-
ics Professor at the University of Helsinki in
Finland.  I was planning a holiday trip to
Australia that year, which was quite unusual
for a Finnish university student in those
days.  I was very interested in genetics of
the HLA system, which was an active
research area at the JCSMR, and therefore I
contacted Robert Kirk and Sue Serjeantson
to ask if I could meet them while I was in
Australia.  I am still very impressed and for-
ever grateful that I actually got a reply!
This led to a PhD in Sue Serjeantson’s labo-
ratory (see p. 300) and then a postdoctoral
fellowship with Ian Ramshaw.  In 1991 I
was offered a position as a Research Fellow
to set up a new Cancer Genetics Laboratory
in Bill Doe’s Mucosal Inflammation and
Cancer Group (see p. 285). 

My task was to investigate the genetic
basis of a bowel cancer syndrome called
hereditary non-polyposis colorectal cancer
or Lynch Syndrome.  In 1991 this syndrome
was clinically well characterised, but it was
not known what caused the genetic predis-
position.  It was clear that a single type of
gene was involved, but the defect caused
susceptibility to many different cancers,
including bowel, endometrial, gastric, intes-
tinal and even brain tumours.  We teamed up
with two gastroenterologists at the Royal
Melbourne Hospital, James St John and Fin-
lay Macrae, who had a longstanding interest
in this syndrome and had set up a registry of
families suffering from this condition.  They
became keen collaborators and soon blood
samples started arriving in Canberra from
all over Australia.  This was a major exer-
cise as we set out to collect samples from
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Paul Pavli (1954–) graduated MB BS at the
University of Sydney in 1978 and completed his
physician training in gastroenterology (FRACP) at
Concord and Royal North Shore Hospitals in
Sydney in 1984.  In 1985 he enrolled for a PhD in
the Department of Medicine and Clinical Sciences
at JCSMR, graduating in 1991.  He went to the
M.D. Anderson Hospital and Tumor Institute as a
postdoctoral fellow in 1987, then returned to
Canberra as the Gastroenterological Society of
Australia’s Philip Bushell Senior Research Fellow
(1988–90). In April 1990 he was appointed a
Research Fellow in the Mucosal Inflammation and
Cancer Group in the Division of Clinical Sciences
until his appointment as Senior Staff Specialist in
Gastroenterology at the Woden Valley (now The
Canberra) Hospital in 1993, when he became,
and remains, a Visiting Fellow at JCSMR.  In 1997
he succeeded William Doe as Director of
Gastroenterology at The Canberra Hospital.  

From the HLA Sysytem to Bowel Cancer

By Maija Kohonen-Corish



large multi-generation families including
patients and healthy members.  We even
tried to collect the archival pathology speci-
mens stored from individuals who had died.
The only way to locate and identify the gene
responsible was to use genetic markers in a
linkage analysis, a technique that was avail-
able to us.  Just as we had the perfect family
collected in early 1993, we got the devastat-
ing news that a Finnish-American group had
located the gene using one large family
from New Zealand and another one from
Canada!

This single discovery revolutionised the
study of cancer, as it turned out that a gene
defect in a previously overlooked cellular
mechanism, called DNA mismatch repair,
was responsible for the Lynch syndrome.
There was not only one but at least five
related susceptibility genes, and a defect in
any one of them produced the same disease.
A new carcinogenesis pathway was identi-
fied, which was not only relevant for hered-
itary and sporadic bowel cancer but also for
other types of cancers.  Maps of Finland
were soon plastered on the pages of Nature
and PNASas my former colleagues at the
University of Helsinki discovered a muta-
tion that had persisted in the population

since the early 1500s!
As the genes were identified, it was

realised that each family had inherited a
unique defect within the same genes.  Alto-
gether we had collected samples from 60
Lynch Syndrome families and it soon
became obvious that the standard tech-
niques available at the time were not suffi -
ciently refined to enable efficient detection
of all gene defects.  It was necessary to
develop more rapid and reliable mutation
screening methods.  This became the main
focus of our work, which was perhaps less
glamorous but certainly more important for
the many families participating in our study.
As a result of the outstanding work of my
two students Natasha Tetlow (Honours) and
Robyn Otway (PhD), many Lynch syn-
drome families all over Australia now have
access to genetic testing after the family
mutation was identified at the John Curtin
School. 

With Professor Doe’s departure from the
John Curtin School in early 1998, the labo-
ratories of his large group were disbanded.
This also signalled the end of my long and
happy association with the John Curtin
School.
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The story began back in 1976 when I
attended the first meeting of the Asia and
Oceania Federation of Nuclear Medicine
and Biology in Sydney.  A major plenary
lecture was delivered by George Taplin,
who outlined the continuing problem of
diagnosing blood clots in the lung - pul-
monary embolism (PE).  This is a condition
that was then afflicting 600,000 Americans
each year, and by interpolation, about
60,000 Australians.  If it is diagnosed
quickly and accurately, the chances of a
fatal outcome are about 2%, but if the diag-
nosis is missed the figure rises to between
20 and 30%.  And it’s a two edged sword!
Treatment for the condition involves admin-
istering high doses of ‘blood thinning’
chemicals, in fact the common rat poison
‘Warfarin’ is still used in certain circum-
stances.  So the treatment itself is danger-

ous, particularly if the patient has just had a
baby, or major orthopedic surgery, two com-
mon precursors for pulmonary embolism,
and the need is for their wounds to heal and
therefore blood to clot.  Another well
known precursor for generation of lower
limb clots that can lead to PE is described in
the text books as ‘prolonged bed rest’
because the sluggish blood flow in the rest-
ing limb can lead to rapid clot formation.
Long distance air travel is now a well-pub-
licised manifestation of that predisposing
condition.

The primary message from Taplin’s eru-
dite lecture was that the fundamentals of
physiology dictated that only a two-part
test, a blood flow (perfusion) and an air-
ways patency (ventilation) combined, was
truly diagnostic of pulmonary embolism.
For up to 24 hours or more after a pul-

290

JCSMR - The First Fifty Years

Maija Reeta Johanna Kohonen-Corish (1959–).
After graduating MSc from the University of
Helsinki in 1983, she commenced a PhD in the
Department of Human Genetics, JCSMR
(1984–1986), then took up appointments as a
Postdoctoral Fellow in the Department of
Microbiology, JCSMR (1987–1991) and as a
Research Fellow in the Division of Molecular
Medicine (1991–1999).  She is currently a Senior
Lecturer in Cancer Genetics in the Department of
Medicine at the University of Sydney.

Technegas

by William Burch



monary embolism the ventilation to the non-
perfused area of the lung remains essentially
intact, so a defect in perfusion which is
shown to be ventilated in a congruent
Nuclear Medicine image is a unique charac-
teristic of the condition.  Visualizing perfu-
sion defects alone was not enough, as a high
percentage of all patients exhibited them,
caused by factors such as smoking and com-
mon airborne pollutants.

The secondary message was about the
tools for creating these images.  The perfu-
sion imaging agent, macro-aggregates of
albumin radiolabelled with 99mTc (MAA),
is still in use today.  But it was clear there
was considerable room for improvement in
the ventilation label.  From the starting
point of Taplin’s elegant aerosol, I set out to
create small enough particles that would
ignore minor turbulence in the airways, pass
through the 23 bifurcations designed to fil-
ter out progressively smaller particulate
masses, then diffuse to the alveolar walls
and become trapped.  The strong support of
my colleague, Fred Lomas, Head of Nuclear
Medicine at The Canberra Hospital, was
crucial to this endeavour, as each successive
improvement was tested clinically.  The
driving criteria were to make an agent based
on the ubiquitous Nuclear Medicine radiola-
bel, 99mTc, and of a high enough concen-
tration per breath to minimise patient
discomfort on inhalation.

We thought we had arrived when I cre-
ated ‘Pseudogas’, essentially the combus-
tion products of a solution of 99mTc in
alcohol, viz: carbon dioxide and water
vapour with the radiolabel trapped in there
somewhere!  Measurements at the John
Curtin School identified the primary
radioactive particle size as mono-dispersed
0.12 micron.  Prototype apparatus was
developed by a small engineering company
in Sydney (Tetley Medical Ltd) with help
from a government grant, and we estab-
lished a formal clinical trial in Canberra.
However, it was necessary to be sure
Pseudogas could stand up against the
world’s ‘Rolls Royce’ pure gas agent, 81m-
Kr, a 13 second half-life product only avail-
able from a few cyclotrons.  So the rather
cumbersome apparatus was shipped to the
Hammersmith Hospital in London where it
very quickly became clear Pseudogas was
not the universal answer.

The universal answer, ‘Technegas’ was a
serendipitous finding late one night when all
attempts to volatilise 99mTc salts in a
graphite crucible at anywhere near the tem-
peratures in the text books had failed.  The
‘lash up’ apparatus had been set up in front
of the gamma camera, and in desperation to
see just how high a temperature could be
reached above the melting point of Tc
(2178°C), the power control was wound to
its limit.  Immediately almost all the
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Figure 1.  A congruent pair of image slices taken through the lungs in a coronal plane.  The left-hand
slice shows the image after inhalation of Technegas; a normal pattern of ventilation distribution.  The
right-hand slice, taken after the intravenous administration of 100,000 radio-labelled microemboli of
albumin, shows an abnormal blood flow pattern.  This ‘mis-match’ pattern is pathognomonic of
pulmonary embolism.



radioactivity lifted from the crucible.
Within weeks we had studied a few patients,
and Tetley set about designing and building
a commercial product.

Soon after commercial production was
commenced the story of the ‘Bucky Balls’
was published in Nature, and we gladly, if
naively, accepted the judgement of others,
based on similarities of production, that we
had probably created the first metallo-
fullerenes.  Mass spectrometer measure-
ments proved we had C-60 and C-70 in
measurable quantities, but unlabelled. Care-
ful work by Tim Senden, then of the
Research School of Chemistry, assisted by
Rod Browitt at the John Curtin School,
finally proved beyond doubt that Technegas
was formed by the co-condensation of Tc
metal with multiple layers of graphitic
sheets totally encapsulating it, to form
platelets of about 20-50nm in cross-section
and 5nm thick.

These results were peripheral to a major
syndicated research program based at the
John Curtin School and seeking to prove
that injection of a suspension of Technegas
particles in saline would make an ideal bone
marrow imaging agent.  Only the rabbit, of
a range of species studied in the course of

the project, turned out to produce good mar-
row images.  Following a School seminar
where I reported results from the project as
far as they had gone, Dr Hari Nair suggested
the particles could well be specific for fib-
rin.  A few quick experiments in vitro con-
firmed his suspicions, and a government
‘START’ grant to investigate the binding
formally and to take it as far as a Phase 1
clinical trial at The Canberra Hospital was
prepared and won.  In the meantime, a
patent was secured by the ANU in the
names of our whole research team.  The
clinical trial was successful, but Tetley
Medical Ltd, that had supported this work
over many years, was sold to a Singapore
business man, rebadged and is now incorpo-
rated into a new Australian listed vitamin
pill company.  The new owners seem to be
keen to re-establish the research work at the
ANU and have taken a lease in the new
Innovations Building next to the School.

Technegas, the basic ventilation agent,
goes from strength to strength.   It is now
available in 34 countries with over a million
patients examined, and has been the kernel
of one MD thesis and one PhD thesis in the
United Kingdom.
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William M. (Bill) Burch (1938–) graduated BSc majoring in Physics and Electronics from Melbourne
University in 1959, then trained as a geophysicist in Perth and Antarctica.  Late in 1963 he joined the
Peter MacCallum Cancer Research Institute and completed a Master’s degree in Radiation Dosimetry
in 1969.  For the next five years he was Deputy Principal Physicist at St Thomas’ Hospital London and
completed a PhD in Radiation Biology at London University.  Following his appointment as Physicist to
the Department of Nuclear Medicine at Canberra Hospital in 1973, he began research into new
radiodiagnostic agents and was appointed a Visiting Fellow at the JCSMR in 1976 to facilitate the
conduct of the work.  The initial collaborative output in 1977 of a prolonged period as a Visiting Fellow
was Australia’s first radioactive thallium, a joint effort from Nuclear Physics, JCSMR and the Woden
Valley Hospital.  Thallium-201 is still widely used in heart diagnostic studies and is now produced in
Sydney.  In 1987, he joined the National Science and Technology Centre as head of Exhibit Design and
Development, then in 1991 became Research Director of Tetley Medical Ltd of Sydney, which
manufactured the Technegas systems for hospitals around the world.  In this role he has funded and
managed the commercially oriented research programs at the John Curtin School that have led to an
injectable form of Technegas (‘ThromboTrace’) for labelling the fibrin of blood clots, for which the patent
is owned by the ANU.
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