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DEVELOPMENT OF ENERGY AND THE FUTURE OF

MANKIND

Georges Vendryes

The progress of civilization has been condi-
tioned by mastering sources of energy that are
ever more powerful, more concentrated and
more manageable. This was illustrated by the
industrial revolution of the 18th century, sus-
tained by the opening up of the first coal mines
and marked by the invention of the steam
engine, In the 19th century, the understanding
of electro-magnetic phenomena opened the
way for the use of electric and electronic
techniques in a multitude of domains (electric
power, lighting, heating, communications, data
processing, etc. ) which change our daily lives
at an ever-increasing rate.

The energy used by man today, in one form
or another, comes mainly from solar radiation.
The only exceptions are the two nuclear
energy substances: uranium, produced billions
of years ago through the nucleosynthesis in
stellar explosions, and deuterium, formed in
the primeval fireball a few minutes after the
big bang.

The energy consumption of the 5 billion
human beings inhabiting the earth today repre-
sents the equivalent of 12 hillion tons of coal
per year, but it is unequally distributed. While
each Canadian or Scandinavian uses an aver-
age of 10 tons of it, an Ethiopian pcasant does

not even use 50 kilograms. As long as dispar-

ities so intolerable as this are not corrected,
there can be no peace and stability in the
world.

The population of the earth will have dou-
bled half a century from now. To satisfy its
requirements, under conditions that provide
for the well being and dignity of each human
being, immense resources must be mobilized.
No energy sources known today can be forgot-
ten. We must also count on scientific and
technical progress to discover new ones in the
future.

Nuclear energy is one of these sources. The
400 nuclear plants existing today in the world
produced 1,600 billion kWh in 1987, i.e. 16 % of
the electricity generated in the whole world.

Where they are properly managed, they oper-
ate with an exceptional level of availability
and reliability.

Nevertheless, a large number of men and
women across the world are today extremely
worried about the use of nuclear energy. This
poses a true problem for society, one which
needs to be dealt with seriously, objectively
and a clear and straightforward manner.

During the last few centuries, science and
technology have bestowed blessings on man-
kind that would have impossible for our ances-
tors to imagine. It would be against ali reason
to want to benefit from the advantages of

progress and at the same time.refuse to take

on any of its constraints. However it is impera-
tive that the potentia! inconveniences that it
includes be defined within boundaries that are
acceptable for the health of humanity and the
quality of the environment.

The Chereobyl accident was indeed tragic
but figures cited thereafter, in a panic situa-
tion, regarding the casualties caused by the
radioactive cloud which escaped from the
plant, are meaningless and must be rejected.

The earth is a fragile ecological niche. The
fact that the ozone layer, which at high alti-
tudes is protecting us from the ultraviolet
radiation from the sun, is starting to disappear
in places, is a real source of worry for us, The
steady increase in the proportion of carbon
dioxide in the atmosphere, an inescapable
consequence of the combustion of coal and
hydrocarbons, will possibly lead to harmful,
irreversible effects on the climate of our
planet within a hundred yvears’ time.

By objectively comparing the long-term
effects of the various energy vectors, it would
not be scientifically honest to claim that
nuclear energy is less ecological than other
forms of energy.

The results that have already been obtained
regarding its use for the generation of electric-
ity in numerous countries across the world are
in fact remarkable. The Japanese program is




exemplary in this light, through its continuity,
its consistency, and the quality of its achieve-
ments insofar as concerns both the power
plants themselves and the various industrial
installations of the nuclear fuel cycle.

This is particularly the case in the field of
fast neutron breeder reactors (LMEBR), where
the Japanese program is not without recalling
that of Western Europe. It consists of a series
of logically linked steps: the experimental
Joyo reactor, followed by the Monju prototype
station being built, which will in the future be
followed by a first demonstration plant with a
power of over 1,000 MWe. The similarity of
their technical options and objectives should
encourage the creation of a true association
between Japan and Western Europe.

Now that the fast neutron breeder reactor
systems have demonstrated their industrial
feasibility, they must still prove that they are
economically competitive with the present-day
light water nuclear power plants. Commercial
success of the fast neutron reactor is within
our reach, but perhaps not for another quarter
of a century. In fact, the date that it will occur
depends partially on external factors, such as
the price of natural uranium on the interna-
tional market.

Forecasts concerning the future of energy in
the world can only be made with the greatest
care, since it is impossible to imagine the
disruptions that are likely to bring about
entirely new discoveries or unexpected
improvements in existing techniques.

Mankind will have to use a wide variety of
energy resources, both to meet its extremely
varied requirements and to ward off the haz-
ards of a monoculture.

- For a number of developing countries, ‘where
wood is often still the basic fuel, it is undoubt-
edly through the intensive use of fossil fuels
that the transition to easier conditions of life
will be made.

It can be predicted that the low-price oil and
gas reserves of the earth will be exhausted in

a century, but for some uses such as air trans-
port, it is difficult to see how to substitute
hydrocarbons in any way.

The world’s coal reserves are vast should
last several centuries. Their wide utilization
however poses some difficulties. The opera-
tion of mines might be faced with problems as
regards workers and environmental protec-
tion. There is generally inadequacy between
the location of deposits and the location of
use(i.e. industrial and urban concentrations),
which poses major transportation problems,
whether it be by land, river or maritime trans-

" port. Considerable progress is expected in the

use of fossil fuels in power plants, through new
techniques such as fluidized beds. One basic
objective is to considerably reduce the pollu-
tion resulting from nitrogen and sulfur oxides
contained in smoke and fumes.

Solar radiation is an energy source whose
importance should increase in the future, par-
ticutarly for residential applications and in the
commercial sector, and for advanced-
technology industrial activities. Its privileged
fields of use will depend on its specific charac-
teristics, above all due to the fact that it is
present everywhere, but in low concentrations.
The processes using direct conversion through
photovoltaic cells can be expected to be devel-
oped as the vield of these cells increases and
their unitary cost goes down.

Controlled thermonuclear fusion in principle
offers an inexhaustable source of energy, using
the deuterium contained in sea water. We can
hope that in the near future the physical condi-
tions of the break-even in a deuterium and
tritium plasma will be obtained in an experi-
mental magnetic confinement device. The
technological and eoonomical problems to be
overcome are nevertheless of such an ampli-
tude that it is not at all certain that it will be
possible to achieve the use of the fusion energy
on earth at any significant scale.

For a whole list of reasons, we may antici-
pate that it will be a long time before the

O
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developihg countries will be able to take
advantage of nuclear fission energy, which
would during this time remain the privilege of
the most industrialized nations. The advanced
countries will have to help the developing ones
as much as possible so that these too can take
advantage later on of this form of energy. In
the mean time, the advanced countries should
increase the use that they themselves make of
nuclear energy in order to reserve for others
energy sources such as oil, gas or coal, which
are more immediate and easier to use.

As industrialization increases in the world,
the share of the electricity vector will also
increase, due to the fact of its versatility and
capability of adapting to multiple usages. This
fact should enourage the development of
nuclear energy, which lends itself particularly
well to electricity generation. Nevertheless,
nuclear energy should later on play a signifi-
cant role in the production of heat through
modest-sized specific reactors.

The day will come when the peaceful use of
nuclear energy will be through power plants
equipped with breeder reactors, Mankind will
therefore have available an energy able to
provide its requirements for many centuries to
come. The chemical and nuclear characteris-
tics of plutonium will impose rigid rules, which
all countries will have to abide by, controlling
its handling, transport and more generally any
chain of industrial operations marking the
successive steps of its use. The general use of

breeder reactors will require that order be

present everywhere and at all times, and we
can even hope that it will contribute to its
implementation.

In all probability, the 21st century will bring
with it spectacular progress in terms of space
exploration. The propulsion of space vehicles
for long periods of time and the energy supply
of stations isolated in interplanetary space will
require nuclear reactors with specific charac-
teristics. It can be anticipated that the liquid
metal-cooled fast neutron reactor will prove to

be particularly well adapted to these usages.

The use of fission energy in space will make
numerous missions possible, ones whose begin-
nings we are only catching a glimpse of today.
Beyond practical applications, in this I see
above all a new step in the adventure of
mankind and the innate requirement which,
throughout man’s evolution, led him boldly
down the halls of knowledge to explore the
mysteries of the universe.

It is in this that man finds his greatest
nobility and may finally be his very reason for
existence.
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A SHORT HISTORY OF
SMALLPOX AND ITS
CONTROL

Frank Fenner

The longer lectures by Dr Arita(Tokyo) and
Dr Henderson{Osaka) will be preceded by a
short description of smallpox as a disease——
its clinical features and epidemiology
the history of smallpox and its control from
ancient times until 1965, just before the Inten-
sified Smallpox Eradication Programme of
the World Health Organization was launched.

and
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SUCCESS OF SMALLPOX ERADICATION PROGRAMME

AND LESSONS LEARNED

Isao Arita

The 1967 WHO budget approved by the

World Health Assembly in 1966 represented a

substantial increase over the previous year.
This was because of the inclusion of the neces-
sary funds for implementing an intensified
smallpox eradication programme —— even
though many experts and health administra-
tors were at the time sceptical about the feasi-
bility of the programme. In 1967 the intensified
programme was started priority to making as
its first improvement of the vaccine quality
being used in the programme. At that time
almost 90% of the vaccine in use was not up to
WHO standards. In three years, 80% of the
vacecine came to meet WIHO standards.

In many countries where smallpox was
endemic, the strategy was a mass campaign to
immunize the whole population. Since animalis
do not harbor smallpox, transmission can be
interrupted if an entire population is immun-
ized in a relatively short period of time. It soon
became apparent, however, that 100% vaccina-
tion was an impossible task in view of the
topography, poor communications and scarce
health service resources. Therefore, a concept
of surveillance-contaiment measures was
introduced, which was designed to discover
cases by strengthening the surveillance and
vaccinating only those people in the immediate
vicinity of the case. This strategy was fully
developed during the first half of 1970, result-
ing in the rapid interruption of smallpox trans-
mission in many countries in South America,
the Asian subcontinent and Africa, south of
Sahara. In October 1977, the last endemic
case was discovered in the horn of Africa.

There were a few difficulties such as the
reoccurrence of smallpox epidemics in war
affected areas, the discovery of monkeypox in
humans and the occurrence of laboratory as-
sociated cases. These problems were all
solved, however. WHO's “Global Commission
for the Certification of Smallpox Eradication”
examined 79 countries (countries where the
disease was once endemic or those adjacent to

them) and certified that smallpox had been
eradicated throughout the world and would
not return as an endemic disease. Based on
this, in 1980 the World Health Assembly de-
clared the success of the global smallpox erad-
ication programme.

There are two important lessons to be
learned from the programme, Firstly, that the
international cooperation is useful and second-
ly, that the preventive medicine is less costly
than the curative medicine. Such lessons are
now being applied in the execution of WHO
priority programmes such as expanded the
programme on immunization, the poliomyeli-
tis eradication programme and the special

- programme on AIDS. Many who had once

worked for the smallpox eradication pro-
gramme are now engaged in the above pro-
grammes.

The success of the smallpox eradication pro-
gramme appears to be a unique achievement in
the history of civilization in the. sence that
nations colloborated to eliminate a disastrous
disease ignoring differences in race, religion
and politics. It is a brilliant victory for preven-
tive medicine in the 20th century. Recently
WHO published a 1500-page monograph enti-
tled “Smallpox and Its Eradication” which
comprehensively documents on the eradication
of the disease.
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THE ERADICATION OF SMALLPOX

Donald A. Henderson

In 1966, the World Health Assembly voted
to commit US $2.4 million to intensify the
Program of smallpox eradication. This pro-
gram began in January 1967. Although hope
was expressed that the goal could be achieved
in 10 years, most delegates were, in fact, skep-
tical of the prospects for its success, Their
doubts were understandable, Smallpox at that
time was then endemic in more than 30 coun-
tries with a population of more than 1,000
million persons. Many of these countries were
among the world's poorest and most densely
populated. In all, there were between 10 and 15
million cased occurring each year. The obsta-
cles were formidable and the resources avail-
able were few indeed.

We hegan the program with a two-fold strat-
egy. First was to vaccinate 80% of the popula-
tion in all endemic countries with smallpox
vaccine of assured potency. The second was to
establish a comprehensive reporting system
which would detect cases of smallpox when
they occurred and to investigate and to con-
tain outbreaks by isolation of the patient and
vaccination of his contacts.

The strategy was different from that which
had been employed before 1967. Until 1967,
progress in smallpox control had been mea-
sured in terms of millions of persons vaccinat-
ed. Little had been done to assure that the
vaccine in use was potent or that the numbers
of vaccinations being reported were accurate.
Nothing had been done to improve the report-
ing of ‘cases and, indeed, as studies later
revealed, only one case in 100 was actually
being reported at that time.

We estimated a need for more than 250
million doses of vaccine each year. If pur-
chased, this world have exceeded the entire
budget available to us. And so, we sought
donations while, at the same time, we worked
with laboratories in the developing countries
to help them produce their own vaccine.

In 1968, we field tested a remarkable new
invention developed by Wyeth Laboratories in

the U.S.A.——the bifurcated needle. The nee-
dle was dipped into the vaccine, By capillarity,
vaccine was held between the tines and 15
rapid strokes implated sufficient vaccine virus
to assure successful vaccination. Only one-
fourth as much vaccine was required as had
been required with older techniques. Vac-
cinators could be trained in 10 to 15 minutes.
The needles were inexpensive and could be
sterilized and reused many times.

During vaccination campaigns, we orga-
nized teams which visited a sample of the
areas which had been vaccinated to verify that
at least 80% had been vaccinated and that the
vaccinations were successful.

The most important component of strategy
in the campaign, however, was the addition of
surveillance for smallpox cases. “Surveil-
lance” incorporated a number of different
activities disigned to improve the detection
and reporting of smallpox cases. Our target
was “0” cases of smallpox. To measure prog-
ress, we had to know how many cases were
occurring. By continually determining which
groups of individuals were developing small-
pox, we were able to alter our strategy to
assure vaccination of those who were most
frequently afflicted and to stop outbreaks by
isolating patients and vaccinating their con-
tacts, Roving teams visited health centers and
hospitals to ask that they report cases each
week. When cases were reported, the teams
promptly investigated then and contained the
outbreaks.

Between 1967 and 1969, programs began in
most infected countries and by 1971, all were
in operation. Progress in most of Africa and
the Americas was rapid. By 1970, the number
of endemic countries had decreased from 33 to
17. By 1973, smallpox was confined to the
Indian subcontinent, to Ethiopia whose pro-
gram had just begun and to Botswana which
became free of smallpox later that year.

The Indian subcontinent, however, proved to
be a formidable challenge. Efforts such as we
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had made in Africa had little impact. In the
endemic Asian areas, nearly 700 million people
lived in the most densely populated regions on
earth. They traveled frequently and for long
distances by trains and buses. Many smallpox
patients, infected in cities, returned to their
villages to recover or to die. The disease
spread rapidly and widely.

During the summer of 1973, a special cam-
paign was planned. All health workers, during
one week each month, would visit every vil-
lage in India later every house—in
search of cases. When cases were discovered,
special teams moved in to contain the out-
breaks. The logistics were formidable——120,
000 workers were assigned to visit over 100
million households.

The first search took place in October. The
results were appalling. However, with the
search program, more outbreaks were found,
and more rapidly. Once found, they could be
contained. The quality of the searches steadily
improved. More rigid control measures were
used. As cases decreased, a reward was offer-
ed to the villager who reported each new case.
Technigues employed- in India were soon
adapted for use in Pakistan, Nepal and Bang-
ladesh,

By the summer of 1974, we knew that eradi-
cation in Asia could be achieved. And, on 16
October, the last Asian case occurred.

Only Ethiopia remained to be conquered.
Ethiopia, however, was a challenge unto itself.
It was a country of 25 million people scattered
across desert and highland plateau in an area
three times larger than Japan. It is a country
where half the population lives more than a
day’s walk from any accessible road. Health
staff were few. Gradually an intrepid team,
including volunteers from Japan, the U.S.A.
and Austria, eliminated the disease and in
August 1976, the last outbreak was contained.

There was, however, one last chapter.
Somali guerrillas, then fighting Ethiopian
forces, brought the disease back to Somalia.
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The first cases were reported in September
1976. For yet another year a smallpox cam-
paign was waged throughout Somalia. But, at
last, the final chains of transmission were
severed. Ali Maalin, a cock from Merka,
Somalia, proved to be the last case in a
continuing chain of infection extending back
at least 3,000 years. The 10-years time target
had been missed, but only by 9 months and 26
days.

Two questions remained: {1) How could we
be certain that eradication had been achieved;
and (2) even if we were confident, how could
national authorities also be sufficiently confi-
dent to permit them to stop vaccination?

Smallpox, to persist, had to continue to
spread from person to person. Thus, evidence
of persistent transmission would be increasing-
ly apparent with time, either through detection
of one of an increasing number of cases or

through detection of facial scars. After the last

cases occurred in a country, we publicized a
reward to be given to anyone who reported a
case which could be confirmed as smallpox. In
addition, special teams conducted repeated
house to house searches over vast areas. No
cases were found.

To provide assurance to others that eradica-
tion had heen achieved, international commis-
sions were appointed to visit each previously
infected country after at least two years had
elapsed since the last case. The commissions
reviewed detailed reports of the programs and
verified these through visits in the field.

Finally, in 1978, the Director-General of
WHO appointed a Global Commission to sat-
isfy themselves personally that global eradica-
tion had been achieved. After two years’ work,
the Chairman was able to report to the World
Health Assembly that there was adequate
evidance, Vaccination has now been stopped
and international vaccination certificates are
no longer needed.

Variola virus is now confined to glass vials
in just two laboratories.
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The savings to be realized because of the
cessation of vaccination and quarantine mea-
sures are estimated to be U.S. $2,000 million
dollars each year. In comparison, international
assistance to the program amounted to an
average of only U.S. $8 million per year.

The program illustrates how inexpensive
and effective prevention can be and how appli-
cable it is for developing countries. Prevention
based on immunization is especially appli-
cable. Indeed, WHO has built on the smallpox
program to begin a global program of Immuni-
zation to protect the 100 million newborns
each year against six major infectious dis-
eases.

A small but important step has been taken
in a long and difficult journey toward better
health but it taking that step, we have renewed
confidence that other successes in prevention
and public health are possible.
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THE AIDS RETROVIRUSES

Luc Montagnier

Although the first animal retrovirus, avian
leukosis virus, was discovered at the beginning
of this century, the involvement of retro-
viruses in human disesases has been only
recently recognized, and it will probably domi-
nate——through the AIDS epidemic—the
end of this century.

My interest in viruses began more than 30
years sgo, but I really decided working on
retroviruses—called at that time RNA
tumor viruses——in 1965. Not much was
known then about the molecular biology of
these viruses : their genetic material, assumed
to be RNA, was ill-defined, and their mode of
replication was completely ignored. '

At the beginning of the 1970s, two important
discoveries were really a breakthrough not
only for the knowledge of retroviruses them-
selves, but also for modern molecular genetics
and studies on cancers : that by Temin and
Baltimore of the reverse transcriptase, the
enzyme which allows transcription of the viral
RNA into DNA, the latter becoming
integrated into the host cell DN A, and the first
demonstration by Hill and Hillova that provir-
al DNA was infectious and contain all the
genetic information of the virus.

At that time, a number of laboratories
engaged themselves in a search for human
retroviruses associated with cancer, following
the models shown by laboratory or domestic
animals. This search was unsuccessful, while
the work on transforming retrovirus led to the
discovery of modified cellular genes involved
in cancers, the oncogenes. Only a rare form of
leukemia, first described in Japan, adult T cell
leukemia, was found associated with a real
human retrovirus, HTLV-], first described by
" my colleague which is honoured today, Dr. R,
Gallo and his group, and also discovered and
well studied in this country by Drs. Miyoshi,
Hinuma, Yoshida and their coworkers.

In 1979, with my associates J. C. Chermann
and F. Barre-Sinoussi, I started application to
the search of human retroviruses of an obser-
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vation we made in mouse retroviruses : like
other viruses, cells infected by retroviruses are
making interferon. If we suppress the action of
interferon by antibodies raised against inter-
feron, the virus replication is significantly in-
creased,

But even using this improvement we could
not detect any retrovirus in many short term
primary cultures of human cancer cells.
We had only indirect evidence of possisle
involvement of retroviral DNA sequences in
some breast cancers, so called at “poussees
evolutives”. Interestingly, such sequences were
not only found in the tumor cells but also in the
cultured blood T lymphocytes of the patients.
This led me to undertake T Iymphocyte cul-
tures (with anti-interferon serum and T cell
growth factor) from many cancerous patients.
The same method was applied to AIDS

patients or patients with persistent

lymphadenopathy, a sign which sometime pre-
cedes by years the occurence of AIDS. We
were lucky enough to isolate from the first
lymph node culture of a patient with
lymphadenopathy, the lymphadenopathy as-
sociated virus, LAV, renamed later HIV.L
Much to our surprise, the virus appeared
antigenically very different from the only
known human retrovirus at that time, HTLV-
I. We realized that the virus we had discovered
was new and distantly related to the equine
infectious anaemia virus, a lentirus of the
horse associated with severe, sometime fatal
anaemia. During the year 1983, I set up a team
of researchers and clinicians and we designed
studies aimed at demonstrating the involve-
ment of this new retrovirus in AIDS. Besides
the virologists 1 already named, I like to ac-
kowledge the important contribution of the
immunologists, J. C. Gluckman and D. Klatz-
mann, the clinicians, W. Rozendaum, C. Gris-
celli and E. Vilmer, the medical virologists, F.
Brun-Vezinet and C. Rouzioux, the
epidemiologist, J. B. Brunet.

During the year 1983, we were able to isolate
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LAV-like viruses from authentic cases of
AIDS in patients belonging to the main at risk
groups : homosexuals with multiple partners,
hemophiliacs, I. V. drug users, Central
Africans. We set up ELISA and RIPA tests to
detect antibodies not only in patients, but also

.in healthy carriers of the virus.

We detected a cytopathic effect of the virus
in T lymphocytes, and showed that only T4
Iymphocytes could he infected. By March 1984,
we had fair evidence that the new virus was
the causative agent of AIDS. This is not to
diminish the important contributions of Dr.
(GGallo and his coworkers. Collaborative work
made obvious that the HTLV-III described by
them corresponded to the same viral entity
than LAV,

This become still more apparent when, at
the end of 1984, both viruses were cloned and
sequenced. Here came the surprise: besides the
classical genes seen in all retroviruses, the
AIDS virus has some new genes involved in the
regulation of its expression and possibly with
deleterious effect in cells. The groups of W.
Haseltine and F. Wong-Staal could identify a
gene having a transactivation effect on the
other viral genes (TAT). We recently identify
a possible role of another gene, F, in the trans-
duction of signals to the lymphocytes. Sequen-
cing of others isolates, especially of two vir-
uses isolated from African subjects, showed us
the extent of the large genetic variability of
this type of virus, particularly in the envelope
gene.

A still more distant virus, actually a new
type called now HIV-2 was isolated by us at
the end of 1985 from an AIDS patient living in
West Africa. Since then, many isolates of
HIV-2 have been made, and its association
with AIDS recognized.

HIV-2 has similar biological properties, and
we could show that for both HIV-1 and HIV-2,
the virus envelope binds to the same receptor,
the CD4 moleculee. The main difference
between the two viruses lies in their genetic

sequence (more than 509 difference) and it is
amazing how Nature has found two solutions
for the same bioclogical properties. Actually,
HIV-2 is close, but not identical to a simian
virus associated with an AIDS-like syndrome
in macaques, and may be derived from this
virus.

The isolation of HIVs has opened the way to
the elimination of their transmission by blood
transfusion and blood products, the design of
therapeutics which look promissing (AZT)
and vaccines. However there is little hope that
we could very quickly find the right solution
for treatment and vaccination.

There are still many gaps between our
knowledge on the virus at the molecular level
and the pathophysiclogy of the disease. It is
particularly difficult to understand why a
chronic infection of a relatively small number
of T4 lymphoytes and macrophages can lead
to an irreversible disorder of the whole
immune system, and to a fatal issue, even in
patients apparently cured of their opportunis-
tic infections or cancers.

Understanding this phenomenon is a pre-
requisite for designing rational therapeutics.

Similarly we do not know the reason of the
long incubation period which lies between the
exposure to the virus and the occurence of
clinical signs. Does the virus change during
this period ? What is the role of immunogenic
stimulation ?

The problem of vaccine is also a very diffi-
cult one. Apparently the virus is constructed to
have the vital parts of its envelope protected
against antibody or cytotoxic response. Try-
ing to make those parts immunogenic is criti-
cal for obtaining protective vaccines.

Therefore much remains to be done in fun-
damental research about the AIDS virus ! My
colleagues and I will make any effort to con-
tribute to the eradication of this dreadful
disease.
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HUMAN VIRUSES OF THE LATE 20TH CENTURY:
THEIR ROLE IN CANCER AND AIDS

Robert C. Gallo

AIDS is the most serious pandemic of our
time, effecting all society and impacting on
our legal structure, economics, medical care,
research, and our feelings about each other
and ourselves. It poses a novel challenge to the
strength of society, to democratic values, to
our way of life, and to our abilities to work
together. Although only first recognized in the
U.S. in 1981, remarkable progress was made in
a few years. Thus, between 1982 and 1984 : A
retrovirus theory was proposed and the virus
identified, proven to be the cause of AIDS,
mass produced in continuous culture,(thereby
providing specific reagents for virus typing
and large scale sero-epidemiology), and an
accurate blood test was developed which
prevented the virus from infecting many thou-
sands of additinal people. Also, the viral genes
were molecularly cloned and expressed, the
variation of isolate to isolate discovered, the
various genes identified, the presence of the
virus in the brain found, the entire viral
genome sequenced and the beginning of
antiviral treatment with some benefit devel-
oped.

If the AIDS virus had became a problem 20
years earlier, we would not know the cause
nor would we have a blood test, and perhaps
we would by now be in pursuit of even more
bizarre hypotheses than some of those first
proposed. In the 1960’s we could not distin-
guish T cells from B cells, nor grow T cells,
nor clone and analyze genes, nor biochemically
detect a retrovirus (only describe one by elec-
tron microscopy). The key advances that made
our rapid progress possible were : the discov-
ery of reverse transcriptase by Temin and
Baltimore in 1970 based predominantly on
Howard Temin’s ideas and work ; the develop-
ment of reverse transcriptase as a sensifive
and specific assay for retroviruses, between
1970-75 by the late S. Spiegelman and co-
workers and by my colleagues ; our discovery
and use of interleukin-2 (IL-2) to grow T cells
(1976); the development of monoclonal anti-
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bodies by G. Kohler and C. Milstein their
use by many groups for defining cell types,
especially for typing lymphocytes ;the devel-
opment of gene cloning technology, particular-
ly by S. Cohen and H. Boyer : and gene sequen-
cing and other nucleic acid techniques pioneer-
ed in Great Britain by F. Sanger and co-
workers. The discovery, study, and use of the
first human retroviruses (HTLV-I and
HTLV-1I) and their linkage to disease by my
group and by several Japanese groups (notably
T. Takatsuki, M. Yoshida, O. Mivoshi, Y.
Hinuma, our late friend Y. Ito, and more
recently the group of T. Sugimura, M. Miwa

and K. Shimotohno) were also critical to much
of our thinking about the cause of AIDS and
how to approach the problem as a retroviral
disease.

Despite the rapidity of progress we are in
urgent need for additional practical advances
in anti-viral therapy, supportive care, and
vaccine development. Anti-viral treatment has
come out of fundamental work on the virus
replication cycle. Like other retroviruses, HIV
contains reverse transcriptase, the DNA
polymerase enzyme which catalyzes formation
conversion of viral DNA from the viral RNA
after infection. This led to a search for DNA
polymerase inhibitors, and positive results
with one AZT, provided a psychological stimu-
lus to the field because it proved to a very
pessimistic and wary scientific community
that something could be done. AZT helps, but
it is not the answer. More and hetter com-
pounds working by similar and different mech-

anisms are needed. A recent major advance is

the production of soluble CD4 proteins, From
basic studies of viral infectivity we learned
that the CD4 molecule on the surface of the T4
lymphocytes is the receptor for the AIDS
virus. This molecule has been made in large
amounts by recombinant DNA technology,
purified and solubilized. The free CD4 com-
plexes to the viral envelope and thereby com-
petes with the cel! for virus binding and blocks
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entry of the virus into the cell. Much future
work will focus on inhibition of virus expres-
sion, particularly on interfering with the func-
tion of two of the five “accessory” genes of the
HIV-genome, genes which Wong-Staal and
co-workers have shown are essential for HIV
replication.

Although public education is wvital to the
AIDS efforts, it is not sufficient. The problem

in central Africa and among intravenous drug

abusers will require much more. Thus, an
effective vaccine is really needed, but at this
time it is not in sight" The problems are many.
HIV attacks the immune system ; it integrates
its genetic information into the chromosomal
DNA of the cell, and may be latent until (in the
case of the T4 cell) the cell is immune activat-
ed——thus, escaping from the immune system
for long periods;it enters the brain ;shows
genetic change {no two isolates are identical),
and this change often leads to a difference in
biological behavior including the ability to
escape the immune system. In addition, the
only animal models available are difficult to
work with, hard to get, and when inoculated
with virus they do not get disecase. Nonethe-
less, we have made progress in defining viral
epitopes for induction of neutraliziﬁg anti-
bodies and epitopes for T cell immunity, as
well as defining regions of the envelope which
are constant. Also, although a very impressive
immune response has not been easy to obtain
in the animal models, certain vaccine proto-
cols with the viral envelope used by my collab-
orator, Dr. Daniel Zagury of the University of
Paris, on himself have shown that a substan-
tial immune response in man to a vaccine
candidate is possible. Of course, the answer to
the key question “Is he protected against infec-
tion with HIV?” is unknown,

In addition to vaccine development and our
continued work on HTLV-I and HTLV-II,
my co-workers and 1 are now chiefly con
cerned with the question of HIV origin and
pathogenesis. How many AIDS viruses are

there? Where did they come from? Why now?
What percent of infected people get AIDS? Is
there any genetic resistance or susceptibility?
Are there other environmental co-factors or
other viruses which play a role? How does the
brain get infected? What is the mechanism of
the depletion of the T4 lymphocytes? How do
the cancers{especially the Kaposi sarcoma)
develop in HIV infected people?

No one knows the origin of HIV with cer-
tainty. We do know that an epidemic began in
central Africa, Haiti and the U.S. about the
same time;that some European clinicians
believe rare cases were seen in the early 1960s
in rural central Africa; and that like HTLV- I
and HTLV-II, there are African monkeys
infected with related retroviruses. We know
that many sera from the 1970s and rare earlier
ones are positive. My thinking is that like
HTLV-1, HIV-1 and HIV-2 are old infections
of man, but unlike HTLV-1, they were
remarkably restricted to a very small geo-
graphic area and group. Probably social-
economic changes caused what was once rare
to spread concentrically, and with the major
changes in 20th century habits, to many other
areas of the world(widespread travel,increased
sexual promiscuity, LV, drug abuse, and the
wide dissemination of blood and blood prod-
ucts for medical use). Thus, what was rare and
isolated became common and global.

For practical purposes, there is really but
one true AIDS virus(HIV-1). Of course, its
heterogeneity creates problems for vaccines
but not for diagnosis{blood tests). HIV-2, does,
however, create a small problem because it
can he missed in the HIV-1 blood test on a rate
occasion(HIV-1 blood test will detect more
than 90% of HIV-2 infections). HIV-2 has not
spread like HIV-1, and obviously it is not
nearly as pathogenic. Strikingly and strangely
it is relatively confined to West Africa where
it was first discovered by Essex and Kanki
‘when they tested such sera for antibodies
reactive with a monkey virus known as SIV.
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We now know that SIV is closely related to
HIV-2. Isolates of HIV-2 from Montagnier’s
group, and later from Sweden and our group
have shown that HIV-2 has genomic variation
from isolate to isolate comparable to HIV-1.

Many key aspects of the epidemiology of
HIV-1 can be illustrated with a recent single
study of LV. drug addicts in the New York-
New Jersey areas. These studies demonstrate :
(1) 1.V. drug abuse continues to be a major
cause of spread by both leukemia viruses
(HTLV-I and HTLV-II) plus AIDS
virus(HIV-1); (2) many are double
infected(HTLV-1 and HIV-1);(3) there are
sharp differences in prevalence over very short
distances and among different groups.

There are no indications of genetic suscepti-
bility tor HIV and no known necessary co-
factors. About 35% of infected people now
‘seem to progress to frank AIDS, but a true
estimate of progression will take more time.

From in wvitro studies we learned that
immune activation of a T4 cell leads to virus
expression and spread. We assume the same is
true 72 vive so we caution against unnecessary
vaccines and poorly thought out immune stim-
ulation therapy, and we are concerned about
other chronic infections which activate T cells.
Recently, we discovered a new human herpes
virus (HBLV or human harpes virus-6, HHV-
6). We have shown HBLV can infect T4 cells
and lead to their killing. Many HIV positive
people have very high antibodies to HBLV.
Therefore, we are now attempting to find out
whether HBLV is a co-factor in some or all
cases of AIDS, i.e., augmenting the T4 deple-
tion. '

T4 lymphocytes are not the only major tar-
get for HIV-infection. In 1984 we found that
macrophage and related cells are also infected.
Based on our analyses of brain sections we
suggested that the macrophage may bring
virus to the brain. Recently, we found that
very minor changes in the viral genome can
lead to differential cell tropism. The infected
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T4 cell is killed by HIV only when the virus is
expressed and released not on entry or integra-
tion, and the killing appears to depend upon
some internal interaction of the viral envelope
with CD4,

During the past two yvears we have also
focused on the origin and pathogenesis of the
epidemic Kaposi sarcoma (KS) associated with
HIV-1 infection. Recently, several exciting
advances have been made: (1} we developed
both a long term iz vitro and in vive model of
human KS ; (2) studies with these models indi-
cate that KS is an autocrine and paracrine
growth factor (and other cytokine releasing)
abnormality and not necessarily a true malig-
nancy. Abnormal amounts and abnormal
release of several cytokines were found which
we think can explain the entire patho-
physiology of KS, and suggests new
approaches to its control.

In conclusion, latent, slowly acting viruses
typified by retroviruses, are an increasing
problem for 20th century man with AIDS as
the most obvious threat. Yet the combined
forces of biomedical technology have the
means to solve most of the medical scientific
problems, It is less certain whether society (all
of us) can handle the rest.
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