13
Immunology

Immunological procedures were inherent in much of the work done in the Depart
ment of Microbiology from the earliest days, and in the mid-1960s Colin Courtice
recruited Stephen Boyden, a skilled immunologist, to the Department of Experimen
tal Pathology Transplantation immunology grew out of the work of Bede Morris,
who had come to Canberra with Courtice in 1958. Immunology received a boost
when Gordon Ada, who had trained with Macfarlane Burnet in both virology and
immunology was appointed Head of the Department of Microbiology in 196& T
years laterin 1970, Morris was appointed Head of a new Department of Immunol
ogy. Within Microbiology Ada developed the immunology of infectious agents, par
ticularly viruses, including the work that earned Peter Doherty and Rolf Zinkernagel
the Nobel Prize many years latand the Department became well-known for its
expertise in vaccinologyThis was balanced in the Department of Immunology by
studies of the immune system in sheep and cattle, animals which allowed Morris and
Peter McCullagh to exploit their skills as gaons to study the developing immune
system in foetal animals. These two sides of immunology remained separate after
the establishment of the divisional structure, thgdaanimal work being incorpo

rated within the Division of Clinical Sciences and the former Department of Micro
biology forming the bulk of the Division of Cell Biologwhich in 1995 changed its
name to Immunology and Cell Biology

The Chemotaxis Chamber and Cytophilic Antibody

by Stephen Boyden

Preamble

Stephen Boyden (see p. 73) carried out research in two véyedif fields while a
research worker in JCSMR. From 1960 to 1965, assisted by PhD studeAtkY
erman, Eric Gowland, David Nelson and Robert North, he made important discover
ies in cell biology/immunologywhich are described in the two essays beldis

work earned him election as a Fellow of the Australian Academy of Science. Then,
influenced by the career of Rockefeller Institute scientist René Dubos, with whom
Boyden had worked, who moved from a distinguished career in bacteriology to
become one of the worklmost influential advocates of the need for environmental
sustainability he turned his attention to the bigger picture of ‘healthy people on a
healthy planet’. Mth encouragement from Fenner (who had also worked with
Dubos), and \e-Chancellor Leonard Huxleye spent two years working in the
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Research School of Social Sciences to see whether social scientists might provide
him with a better insight into such problems. He then came back to the Department
of Microbiology in JCSMR and initiated a highly original study of the ‘metabolism’
of a city Hong Kong (see p. 460). When the Centre for Resource and Environmen
tal Studies was established in 1973, with Fenner as its Diréetonoved there and
continued his studies on human ecology

Frank Fenner

Cellular Recognition of Foreign Matter; fixed, stained, cleared and examined under a
the Chemotaxis Chamber microscope, and the number of cells which
had passed through the membrane was

Most of the interest in cellular recognition . . ; X
of foreign matter in the 1960s was in thecounted. Eventuallysing this technique, it

! X . was shown conclusively that the leukocytes
;(o)r;tex’;cs)f abr;tilrt;)odyg(rjod;[cttlﬁg. t:_nlqttr-lze t""ottetﬂewere responding, not to molecules coming
g pai . . ffrom the foreign particles, but to substances

processes underlying the migration o

: . of host origin produced when molecules in
phagocytic cells towards bacteria and Othetrhe serum reacted with the surface of the

extraneous matterThis response had beenparticle, setting in motion a series of chem

obtserlved Iﬁte .in thbe 19r:.h ﬁ?ﬁt“%‘t the . ical reactions which resulted ultimately in
ac”ua‘ mec a_n|s$ th Ich the p taglocy '%he production of a substance that directly
cells recognised  extraneous PartiCles axracted the leukocytes. In fact, leukocytes

‘for:elgn’ from a d'Stagcﬁ was still uhnknO\I/Ivn. would migrate in response to the presence
It had been assumed, howewbat the cells ¢ 1o1a)1y insoluble particles on the other

were responding to a concentration gradientjye of the filter

of ‘foreign molecules’ released into the sur |+ \vas also shown that if the serum used
rounding fluids by the microganisms, and i, the experiment had previously been
the term ‘chemotaxis’ was used to describgyiosed to given foreign particles (which
the phenomenon. Because of the impoRyere centrifuged out before the serum was
tance of chemotaxis in the bodyesponse se), there was no chemotactic response to
to potentially infectious agents, a programis particular particle. Howeveif another
of research was designed to elucidate thging of particle (e.g., a diérent species of
chemotactic response of polymorphenupacterium) was placed in the chamber with
clear leukocytes. _ this treated serum, the polymorphs
The first task was to design apparatugesponded.
for quantitatively measuring the chemotac |t was concluded that the chemotactic
tic response of the leukocytes to forelgrresponse of polymorphs is based on
matter Eventually this was achieved by the‘self/not-self discrimination, although the
construction of &hemotaxis chambenade |eukocytes themselves are not capable of
of Perspex (Lucite). The chamber consisteghaking the distinction between foreign and
of two compartments separated by a Milli indigenous substances. The discrimination
pore filter membrane of such pore sizeappeared to be a function of humoral factors
(about 3 microns) that leukocytes could nohormally present in the serum that are-spe
pass through except by active migratiortific for the foreign particle. Eventually
(i.e., by squeezing through the holes). Polyafter further studies, it was concluded that
morphonuclear leukocytes (polymorphs)the sequence of events was as follows: first,
were suspended in a solution containingnatural antibody’ present in the serum com
serum and allowed to settle on one side dfined with molecules on the surface of the
the membrane, while material to be testeforeign particle, and then this antibody-anti
for chemotactic activity was placed on thegen complex activated heat labile (56°C)
other After incubation at 37°C for a given complement-like components of the serum,
time, the filter membrane was taken out angvhich resulted in the production of a sub
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stance that specifically attracted the leukoimmunized with the antigen in question)
cytes. were exposed to it, they would adsorb it
Subsequent work elsewhere, using thento their surfaces and would then, if
same chemotaxis chambédras confirmed exposed to a solution of the antigen, specif
these findings and has resulted in a detaileigally adsorb it. Since cytophilic antibody
description of the chemical processegvas found in animals immunized in a way
involved. The chemotaxis chamber is stillthat gave rise to delayed-type sensitivibe
widely used in cell biology for studies onquestion arose as to whether it played a role
the mechanisms of cell migration. (In thein this kind of allegic reaction, the mecha
year 2000 an email was sent around theism of which was not understood at the
JCSMR system asking whether anyone hafime. Many experiments were carried out

a ‘Boyden Chamber F.F). between 1960 and 1964 exploring thispos
sibility. They led eventually to the conelu
Cytophilic Antibody sion that, whatever the biological function

. . ) .. of cytophilic antibodyit did not play a role
A new kind of antibodycalled ‘cytophilic d)éla)eed—type hypgrsensitivjty y

antibody’ had been discovered by Boyden However it was found that macrophages

in 1959, the year before he came to Work tgated with cytophilic antibody specific for
the JCSMR. It was found initially in the 5 haricylate antigen (e.g., the red cells of a
serum of guinea pigs which had been imMuyitferent animal species) bind to, and then
nized with an antigen (e.g., horse albuminjgest the particles in question. Evidence
incorporated in ‘Freund’complete adju \yas forthcoming that phagocytosis by
vant' (that is, pardin oil containing killed macrophages of ffte host cells was due to
mycobacteria). This form of immunization cytophilic antibody on their surfaces. Stud
also resulted in a state of delayed-typges were also carried out on discrimination
hypersensitivity to the antigen in questionpetween ‘self and ‘foreign’ cells in cold-
Cytophilic antibody was not found in guineaploodied vertebrates and mollusca, based on
pigs immunized with the same antigenthe view that better understanding of the
mixed with ‘Freunds incomplete adjuvant’, evolution of this process could contribute to
(that is, pardfn oil without killed mycoba€e  our understanding of such discrimination in
teria), and nor did these animals show signisigher animals. Among other interesting
of delayed-type hypersensitivity findings was the observation that cytophilic

A characteristic of cytophilic antibody antibodies, as described in guineapigs and
was the fact that if normal macrophagesabbits, were also detectable in immunized
(i.e., macrophages from an animal notane toads and frogs.

Further Reading

Boyden, S. (1962). The chemotactiteef of mixtures of antibody and antigen on
polymorphonuclear leucocytedournal of Experimental Medicin&l5, 453- 460.

Boyden, S. (1963). Cellular recognition of foreign mattirternational Review of Experimental
Pathology 2, 311-357.
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Cell-Mediated Immunity Against Infection and the Discovery of
MHC Restriction

by Robert Blanden

In the early days of immunology the pro of Microbiology and was joined in 1964 by
duction of antibodies, demonstrable in thea PhD student, Robert Blanden (see p. 129),
serum by simple tests, was regarded as thveho began work on macrophage activation
only important mechanism of acquiredduring Salmonella typhimuriunmfection.
immunity. But there were some diseasesln 1965 Mackaness took up a senior
like tuberculosis, where that story did notappointment at the rlideau Institute, in
fit. Investigations in the John Curtin SchoolUpper New Yrk State, USA and Blanden
into cell-mediated immunity against infec soon followed. During three years working
tion began with Gege Mackaness. (see p.with Mackaness at theriideau Institute,
23). After completing a DPhil degree with Blanden investigated aspects of cell-medi
Sir Howard Florey at Oxford, Mackanessated immunity against Salmonella,
joined the embryo Department of Experi Mycobacterium tubeulosisand Listeria.
mental Pathology of JCSMR at the DunnArmed with this experience he moved to the
School, working on interactions betweenJohn Curtin School in 1968 to undertake a
macrophages anillycobacterium tubeuw- PhD with Frank Fenneinvestigating cell-
losis In 1954 he moved to the Canberramediated immunity with Fennarfavourite
where in 1960 he began work witlisteria  virus, ectromelia virus. The PhD work
monocytogendsfection in mice as a model resulted in three classical papers showing
of an intracellular generalized bacterial that recovery from primary ectromelia virus
infection. This led to a classical series ofnfection in mice was critically dependent
papers, the first while he was still atupon lymphocyte (T cell)-mediated immu
JCSMR, based on rigorous quantitation ohity rather than antibody or interferon.
the time course of bacterial growth andSpeculation at that time was that T lympho
decline in the liver and spleen. Control ofcytes could act in at least threefdient
infection correlated with the onset ofways to control viral infection. Firstlyhey
delayed-type hypersensitivity and themight kill virus-infected cells prior to the
appearance of activated macrophages whigbroduction of progeny virus, thus prevent
killed ingestedListeria, whereas normal ing further spread of infection. Secondly
macrophages allowed bacterial growththey might produce interferon locally at
within them. There was no correlation withsites of infection, thus protecting other cells.
serum antibodies. Mackaness showed thathirdly, they could recruit macrophages to
while the anti-bacterial activity of sites of infection which might then ingest
macrophages was non-specific, the recall aind destroy pre-existing viral particles, thus
activation depended upon immunologically-clearing infection. While macrophages
specific memory and that this phenomenoecame activated to some extent during
was transferable with lymphocytes. Thisviral infection, even normal macrophages
work established a new paradigm in antidid not support ectromelia virus replication.
bacterial immunity mediated by lympho Critical events then occurred in late
cytes, the mediators of delayed1972 and 1973. Blanden went to Europe in
hypersensitivity and executed by activated September 1972 to teach a short course on
macrophages, with no role for antibody  cell-mediated immunity for the wvld

In 1963, Mackaness, then a ProfessoridHealth Oganization in Lausanne, Switzer
Fellow in the Department of Experimentalland. There he met a young Swiss medical
Pathology moved to Adelaide as Professorgraduate, Rolf Zinkernagel, and through the
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efforts of Henri Isliker (of the University of the airport. Blanden excitedly told Zinker
Lausanne) and Gordon Ada, then Head afiagel of the new cytotoxicity assay against-
Microbiology in the John Curtin School, virus infected taget cells and Zinkernagel
Zinkernagel was able to come to Canberraaid something like ‘I want to work on that'.
with the intention of working with Blanden Because Blandes’ laboratory soon
on antiSalmonellammunity. At a meeting became overcrowded, Gordon Ada moved
in Hambug in October 1972, Blanden heardZinkernagel to a laboratory occupied by
two papers describing cytotoxicity ass@tys Peter Doherty (see p. 127), recently returned
vitro to measure cell-mediated killing of tar from Scotland and now working on the
get cells infected with lymphocytic cheri pathogenesis of LCMV-mediated inflam
omeningitis virus (LCMV). By the end of matory disease in the central nervous- sys
1972, Blanden and Narelle Bowern hadem. Doherty was harvesting inflammatory
established a similar assay with ectromeli@xudate cells from the cerebrospinal fluid of
virus-infected teget cells in the John Curtin infected mice, and he and Zinkernagel saw
School. The assay was handed over to laine possibility of using the cytotoxicity
Gardner a PhD student, to develop furtherassay against virus-infected cells to explore
and exploit in quantifying the T cell the relevance of infected cell killing to the
response against ectromelia infection. Byathogenesis of the disease. Zinkernagel
that time Blanden was collaborating withadapted the assay already running with
Hugh McDevitt of Stanford University on ectromelia virus for the LCMV system, and
the influence of the H-2 gene complex ofa productive collaboration with Doherty
mice on resistance to ectromelia infectiorwas up and running. Provoked by the pre-
and had imported from Stanford adar print from Mike Oldstone on the fett on
repertoire of inbred strains of mice. In aletH-2 on the outcome of LCMV infection,
ter to McDevitt on 30 January 1973 Blanderzinkernagel and Doherty tested the issue
wrote: using the cytotoxicity assay and available
‘It would please me if an H-2 linked  strains of inbred mice in September and

specific immune response gene was
possibly responsible for the tBf-
ence between the congenic linese W
have preliminary evidence which
suggests that we may be able to
quantify the T cell response against
virus by measuring lysis of virus-
infected taget cells by immune lym
phoid cells. It remains to be seen
whether this is solely a T cell func
tion, but it may dier a direct test of
the hypothesis.

| recently received from Mike Oid
stone a copy of your paper with
Mike, Frank Dixon and Graham
Mitchell on H-2 linked susceptibility
to LCM virus. Having seen the
detailed data | can now better appre
ciate that significant results may still
be obtained in the ectromelia sys
tem.’

October of 1973. @ their surprise, they
found that killing of LCMV-infected tayet
cells was completely dependent upon shar
ing of H-2 between the donors of the killer
T cells and the tget cells. Thus it seemed
that T lymphocytes recognized not only
virus-specific determinants but also H-2
antigens, the major transplantation antigens
of mice. Ironically Blanden was back in
Lausanne teaching a course on cell-medi
ated immunity for the \Wld Health Ogani
zation when the initial experiments were
completed by Zinkernagel and Doherty
The importance of the discovery was imme
diately apparent to Zinkernagel, Doherty
and Blanden and they convinced Gordon
Ada that it deserved publication hature.
Ada achieved this by persuading John
Humphreyan old friend and a senior immu
nologist working in London, to recommend
publication.

In early February 1973, Rolf Zinker It was critical to determine if the initial
nagel arrived in Canberra with his family ondiscovery of killing of virus-infected cells in
a hot summer day and Blanden met him & test tube was relevant to immunity against
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infection in animals. This was achieved inmutation involved a single gene. lan
1974 by Zinkernagel usingisteria infecc McKenzie of Melbourne University stg
tion of mice, by Blanden using ectromeliagested use of the mutant mouse strains and
virus infection of mice and by Doherty andgenerously provided a breeding nucleus.
Zinkernagel using LCMV infection in mice. By the end of 1975 experiments involving
Zinkernagel and Doherty then performed alearance of ectromelia infectidn vivo
beautiful experiment using F1 hybrid miceafter T cell transfer and killing of virus-
to show that T cell recognition of the H-2infected taget cellsin vitro utilizing the
antigens on virus-infected cells wasmutant mice clearly established the identity
achieved by clonally expressed receptorsf the classical transplantation genes and the
rather than physiological receptors presergenes responsible for T cell recognition of
on all cells. If the receptors were physio virus-infected cells.
logical, they should be present on all T cells  Zinkernagel and Doherty termed the-dis
in an F1 hybrid mouse. This was not thecovery ‘H-2 restriction’, and it transformed
case. When F1 hybrid T cells from micecellular immunology The new paradigm
immunized with LCMV were re-stimulated demanded rethinking of the nature of ‘T cell
using LCMV-infected irradiated mice of epitopes’, antigen processing and presenta
either parental strain, the resulting killertion and the mode of action of H-2-linked
cells only lysed tayet cells of the parental immune response genes. In fact it showed
strain used for re-stimulation. Zinkernagelthat immune response genes encoded the
and Doherty interpreted this result to sugmajor transplantation antigens. The func
gest that clonally expressed receptors fation of these genes, hitherto unknown, now
antigen on T cells recognized ‘altered self became clearas did the reasons for their
in the form of some kind of complex polymorphism in randomly bred animal and
between transplantation antigen and virahuman populations. Cférent infectious
antigen. It took more than a decade ohgents were selecting transplantation -anti
research by others to establish that the-congen mutants over evolutionary time through
plex consisted of a transplantation antigetheir role in regulating T cell-mediated
molecule plus a short peptide (8 to 10 aminoesponses necessary for recovery from
acids) derived from a viral protein. Theinfection.
structure of the complex was published by Peter Doherty and Rolf Zinkernagel
others in 1987. shared the 1996 Nobel Prize in Physiology
In the second half of 1974 it was a highor Medicine for the discovery (see p. 217).
priority to establish that the entity recog Thus work embodied in a PhD thesis written
nized by T cells involved the classical transby Rolf Zinkernagel and done within a year
plantation antigens rather than the productsf his arrival in Canberra won a Nobel
of linked genes. This was done first byPrize. The discovery illustrates the spirit of
using mouse strains with recombinant H-Zollaboration and unfettered curiosity-moti
haplotypes which enabled Blandenyvated research, enabled by generous public
Doherty Zinkernagel and a host of collabo funding and a reasonable career structure
rators to map the genes to regions of the Her talented junior researchers which existed
2 complex known to encode the classicain the John Curtin School in that era.
Class 1 Major Histocompatibility (trans
plantation) antigens. This work was com
pleted by the end of 1974. Lateefinitive
evidence for the identity of the genes encod
ing Class 1 H-2 antigens and those encoding
the entity recognized by T cells on virus-
infected cells was achieved using mutants of
the Class 1 genes, where complementarity
studies had already established that the
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Rolf Martin Zinkernagel, AC (1944-) graduated MD at the University of Basel in 1970 and worked in the
Institute of Biochemistry at the University of Lausanne from 1971 to 1973, before coming to the JCSMR
as a Visiting Fellow later in 1973. He graduated PhD from the ANU in 1975 and then worked in the
Department of Immunopathology at the Research Institute of the Scripps Clinic, in California, 1976-79.
In 1979 he returned to Switzerland, where he was Associate Professor (1979-88) and Professor
(1988-92) in the Department of Pathology, University Hospital, University of Zurich. In 1992 he was
appointed Professor of Experimental Immunology and Director of the Institute of Experimental
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Honorary Companion in the Order of Australia in 1999.
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The Discovery of MHC Restriction

by Peter Doherty

This account of the discovery of MHC restriction was published in the Proceedings
of the First Frank and Bobbie Fenner Conference on Medical Research, held in the
School in 1988 as a tribute to the retiring Head of the Department of Microhiology
Gordon Ada, where the research described below was carried out. Peter Doherty had
been appointed from the Moredun Institute in Scotland as a Postdoctoral, Eellow
study in the Department of Microbiologyn Cedric Mims’ laboratory; this is his
account of the research.

‘During the last few weeks that | was atof Copenkagen, and Jerry Cole and Chris
Moredun, | met Richard Carp of the NewHenney in Baltimore, of virus-specific T
York State Laboratory for Research orcell assays with the LCM system. After he
Mental Retardation. He showed me a techreturned to Canberra he put lan Gardner
nigue that he had developed for obtainingnto this project with ectromelia, and on
cerebrospinal fluid from mice to study learning of their first experiments, | asked
enzyme levels in scrapie. It occurred to mé&olf whether he would like to develop the
that | might be able to use this for the quanassay for LCM so that we could see whether
titative study of inflammation. | applied the inflammatory cells in the cerebrospinal
this trick in Canberra, initially for the study fluid were cytotoxic. This he did, and our
of Semliki Forest virus encephalomyelitisfirst experiment worked, the initial paper
and later to lymphocytic chorioencephalitisbeing published imThe Journal of Experi
(LCM). mental Medicinen late 1973.

Cedric Mims, with whom | had intended At this time there was a first-class group
to work, left Canberra soon after | arrivedof cellular immunologists in Canberra. This
[in May 1972], to take the Chair of Micro was partly due to the presence of Kevin-Laf
biology at Guys Hospital Medical School. Iferty and Peter McCullagh in the Depart
was again independent, and was sooment of Immunologyand partly to Gordon
appointed as a Research Fellomith my Ada’s recruitment policy in the Department
own laboratory The work on LCM pre of Microbiology. There was a very active
gressed well and | had done a great deal ®@iscussion program, in which Alastair Gun
define the basic pathogenesis of this diseasgngham took a particularly strong part.
when Rolf Zinkernagel, a medical graduateAlastair had recently reviewed the work of
from Basel, had arrived in Canberra early irkKatz and Benacerraf on the histocompatibil
1973. His intention was to solve the prob ity requirement for collaboration between B
lem of cellular immunity in salmonellosis, cells and T cells. Shortly after this, an arti
working with Bob Blanden, whom he hadcle appeared ilmmunological Reviewsy
met in Lausanne. Howevyehe laboratory Mike Oldstone, Hugh McDevitt and Gra
was too small for Rolf and lan Gardner ham Mitchell, which showed some evidence
graduate student with Bob, so Gordon Addor a relationship between the MHC pheno
moved Rolf in with me, type and susceptibility to LCM. Rolf and |

In 1972 Bob Blanden went to an are therefore decided to see if we could cerre
navirus conference in Hamlguomanized late the magnitude of the virus-specific
by Fritz Lehmann-Grube, who had workedcytotoxic T lymphocyte response with H-2
as a Research Fellow in the Department itype. We assembled a panel of mouse
1960-62. While there he heard of the develstrains then available in the John Curtin
opment by Ole Marker and Mogenslkert School, principally CBA/H, BALB/C and
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C57BI/6, and assayed virus-immune T cellS'he model allowed for a ready explanation
from these mice on our LCM-infected C3Hfor alloreactivity immune response gene
target cells. The only cytotoxicity was with effects and histocompatibility which was
CBA/H (H-2K) lymphocytes, which were considered highly heretical at the time.
histocompatible with the C3H virus- Recent molecular biology and crystallo
infected taget cells. W& recognized imme graphic analysis has shown this idea to be
diately that this was similar to the substantially correct; a single T cell receptor
phenomenon which had been described byecognizes viral peptides bound to the MHC
Katz and Benacerraf. Shortly after this weglycoprotein.

managed to scrounge some H-2 recembi The Department of Microbiology in the
nant A/J mice from the ANU Department ofJohn Curtin School was thus an exciting
Zoology, and mapped the phenomenon int@lace to be in the early 1970s, partly
both H-2K and H-2D, which was obviously because Gordon Ada had been able to put
different from the H-2I restriction describedtogether an active group of investigators
by Katz and Benacerraf. &Valso inter focussing on a defined range of problems.
preted our results somewhat fdifently The other important fact was that the
suggesting that the virus-immune T cellimmunological world was smalleand it
could be recognizing some virus-inducedvas still possible to make significant
alteration of the H-2 molecule (or a complexadvances using comparatively simple tech
of H2 and virus) by a single T cell receptorniqgues. Tmes have changed!

Further Reading

Ada, G. (1994). Wenty years into the saga of MHC-restrictidmmunology and Cell Biology2,
447-454,

FennerF. (1989). Opening address.lmmunology of Wus Diseases. Breedings of the First
Frank and Bobbie Fenner Conérce on Medical Resedr (R.V. Blanden, ed.). The John
Curtin School of Medical Research, Canberra, pp. 3-4.

Using Viruses to Unravel the Mysteries of MHC Restriction

by Arno Millbacher

I began work in the JCSMR as a PhD-stuthan ten alleles of MHC class | genes inves
dent with Robert Blanden in 1976, workingtigated, only one was a so-called responder
on cytotoxic T cell responses toallele. In other words, to mount a cytotoxic
alphaviruses, such as Semliki Forest, SindT cell response to an alphavirus infection, a
bis and Ross River viruses, which are readnouse had to carry one particular MHC
ily distinguishable serologically Some class | gene. Thus the response was under
puzzling findings emged. One was that the control of what was then called immune
effector cytotoxic T cells, generated inresponse (IR) gene control, and the immune
response to any one of a number ofelidnt response genes for cytotoxic T cell
alphaviruses, lysed @get cells infected with responses were the same genes as those cod
any alphavirus, but not with viruses belenging for the classical transplantation anti
ing to any other family An even more gens.

intriguing finding was that among more  Work during a postdoctoral appointment
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with Peter Medawar in London in 1979-80adenoviruses, which had been proposed as
led me to formulate a hypothesis linking IRoral vaccine vectors. Due to the tight pack
gene eflects with T cell repertoire defects aging of their genomes, deletion mutants
due to tolerance to self MHC and non-MHCwere needed to provide the space for the
antigens. Back in Canberra in autumn 198&xogenous genetic material. By that time
| set out to test this hypothesis in thevaccinologists were starting to shift their
poxvirus system. Rolf Zinkernagel, Peterattention away from obtaining a memory
Doherty and their colleagues, then in theantibody response to looking at théicfcy
United States, had shown that with vacciniaf memory cytotoxic T cell responses to
virus, mice with certain responder MHC- provide protection when antibody-mediated
class | alleles became non-responders whearotection did not seem to work. é/éstab
present in combination with certain MHC- lished a mouse model and included in the
class | alleles but not with others.o Test studies some adenovirus deletion mutants
the hypothesis that non-responsiveness waghich were proposed at the time as possible
due to cross-tolerance, | tested mice madeectors. One of these, with deletions in the
neonatally tolerant to the particular foreignearly region, which did not &fct virus
MHC-class | antigens known to cause thigrowth in tissue culture, gave surprising
unresponsivness when present in heterozyesults; cells infected with this mutant were
gous or MHC recombinant animals. | foundmore susceptible to killing by cytolytic lym
that such neonatally tolerant mice no longephocytes than cells infected with the wild
responded to poxvirus restricted to theitype virus. Furthermore, experiments
own MHC class | antigen, which was per showed that deletion mutant viruses had
missive in the control animals, showing thaincreased rather than decreased virulence
these tolerant animals expressed the norler mice. A more detailed molecular analy
responder phenotype as if they were-hetsis, undertaken in collaboration with
erozygote k mice, which of course were Antony Braithwaite, a former student of
self-tolerant to their own inherited MHC Bellett’s, revealed that these deleted genes
antigens. This lack of response was -antiregulated viral gene expression via a trans
gen-specific, since there was no defect ifational control mechanism. Thus from
responses to dérent viruses restricted to studies of cell-mediated immunjtgnolecu
the same MHC allele. This proved that nonlar mechanisms of viral gene translational
responsiveness is due to gaps in the T ceatbntrol were elucidated.
repertoire as a consequence of self-toler One of the recurrent debates at the time
ance. was the question, ‘does this cytotoxic T cell

Zinkernagel and Doherty in their semi killing, so easily observed on the laboratory
nal paper (see p. 324) had elegantly shownench, actually occur in animals?’ The
that if individuals had increased numbers omechanism responsible for anti-viral aetiv
MHC class | alleles, their cytotoxic T cell ity of cytotoxic T cells in the whole animal
response to a viral infection was strongemeeded resolution. Mature cytolytic T cells
This of course begged the question whyave granules in their cytoplasm which €on
mice or humans have a maximal numlyer tain perforin and protein-degrading
the heterozygous condition, of only 4- 6enzymes called granzymes. Perforin had
alleles of MHC class I. The demonstrationbeen shown to make holes ingat cells
that self tolerance creates gaps in the T ceflausing them to die. By the late 1980s gene
repertoire explained why the optimum num knockout techniques had been developed,
ber of class | alleles in an individual isand | collaborated with my colleague
rather small, since more alleles cause morglarkus Simon from the Max Planck Insti
gaps. tute for Immunobiology in Freibgry Ger

In 1986 Alan Bellett (see p. 395), a eon many who had been working on the
fessed sceptic of MHC restriction, and Imolecular biology of granzyme A, one of
investigated the T cell response to humathe proteolytic enzymes associated with
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cytolytic lymphocytes. Wtested granzyme cient in the machinery for cell killing, were
A-deficient mice for their ability to cope not able to clear certain virus infections.
with either of two mouse pathogens, lym The collaborative ébrt, using double
phocytic choriomeningitis virus (LCMV), knockout mice lacking granzymes A and B,
and ectromelia virus, and found that theyconvincingly showed that the granzymes are
were as resistant as control mice to LGMVthe molecules which mediate cellular imnimu
but much more susceptible to ectromelianity and thus allow mice to survive infection
virus infection. By that time Zinkernagel' with ectromelia virus. Finallythe notion
group in Zurich, using perforin-deficient that cell killing by T cells is an artifact of
mice, had shown that such mice, being-defitest-tube biology could be laid to rest.

Further Reading

Braithwaite, A.W, Bellett, A.J.D., BlairG.E., MullbacherA. and Zhang, X. (1993). Human
adenoviruses: genetics and immunobioldgyiruses and the Cellular Immune Response
(D.B. Thomas, ed.). Marcel DekkeMew York, pp. 389-428.

Millbacher A. (1983). Immune response genfeets in cytotoxic T cell responses as a
consequence of self tolerance. InGnes: Past, Resent, Futue. (C.W. Pierce, S.E. Cullen,
J.A. Kapp and B.D. Schwarz, eds.). Humana Rté¢S#4, pp 361-365.

Mullbacher A. and Blanden, R.M{2000). Cytotoxic T cell memoryin Cytotoxic Cells: Basic
Mechanisms and Medical ApplicationéW.V. Sitkovsky and PHenkard, eds.). Lippincott-
Williams & Wilkins, Philadelphia, pp. 317-325.

Mullbacher A., Tha Hla, R., Tan, T., Chin, S., Stehle,.,;TMuseteanu, C. and Simon, M.M.
(1999). Granzymes are the essential downstreentef molecules for the control of primary
virus infection by cytolytic leukocyte®roceedings of the National Academy of Sciences (USA),
96, 13950-13955.

Arno Mullbacher (1946-) graduated in chemical
engineering in Vienna, Austria, in 1967 and
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as an analytical chemist for two years he moved
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1973 and MSc (Cell Biology) in 1975. He then
enrolled for a PhD in the Department of
Microbiology in the John Curtin School, working
with Robert Blanden on cell-mediated immunity.
After graduating in 1979 he joined Peter
Medawar’s laboratory at the Clinical Research
Centre in Harrow, where he worked on problems
related to the so-called Immune Response (IR)
gene. In 1981 he returned to the John Curtin
School as a Research Fellow in the Department
of Microbiology and moved up the ladder to
become a Senior Fellow in 1989. His main
research interest is in the role cytolytic
lymphocytes play in the recovery from viral
infections and the mechanisms involved in this
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Marcus Michael Simon (1944-) received a
Diploma in Chemistry in 1969 and a PhD in 1973
at the Max-Planck-Institut fir Immunobiologie at
Freiburg. After postdoctoral study at the Sloan-
Kettering Memorial Institute in New York
(1974-76), he joined the scientific staff of the
Institut fur Immunologie und Genetik am
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(1976-81) and in 1981 joined the permanent staff
of the Max-Planck-Institut fir Immunobiologie at
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email, he came to the John Curtin School as a
Visiting Fellow in 1991 and 1996-97, and
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Discovery of the L ymphocyte Costimulator

By K.J. Lafferty

My PhD training in the Fazekas lab (see pwas a new area that was becoming
52) in the early 1960s was focused on thamenable to experimental investigation, and
neutralization of viruses by antibadyrhis Burnet's theory of clonal selectiowas
was followed by two years postdoctoralmoving emphasis away from the study of
training, with Hardy Cinader at the Univer antibodies as the ‘soudif the immune sys
sity of Toronto, where | worked on the neu tem. Burnet advocated the study of lym
tralization of enzymes by antibadyn 1963 phocytes, using a Darwinian paradigm of
| returned to Australia as a Research Fellownutation and selection, to explain the
in the Department of Microbiology at theimmune systens ability to cope with any
JCSMR, where | had my own laboratoryforeign agent that invaded the body
and the support of a technician (see p. 188). Morten Simonsen, in Denmark, inter
This was the time for me to select a researgbreted the pathological feict seen when
area that | thought ripe for further investiga lymphocytes taken from adult chickens
tion. The atmosphere in the Department awere introduced into a chick embryo of a
that time was very supportive of basic-scidifferent genotype, as an immune reaction
ence, in the belief that it was only by ol in which the grafted cells were attacking the
lowing ones scientific curiosity that new recipient; the graft versus host (GVH) reac
discoveries were made. tion — the opposite of graft rejection. In the
Cellular immunology attracted me. It former case the immunologically immature
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embryo was unable to react against theoint it was the leukocytes carried in a tissue
grafted cells. When this GVH reaction waggraft that provided the major source of tissue
established on the chorioallantoic memimmunogenicity In the mid 1970s Alastair
brane (CAM) of the embryo, a nhumber ofCunningham and | applied the Bretscher-
lesions developed. Burnet called this reacCohn ‘two signal’ model for self-not self dis
tion the ‘Simonsen Phenomeripmnd he crimination within the immune system to the
suggested the lesions might represergrocess of T cell activation by the antigen
growth of reactive lymphocyte clones. presenting cell (APC). In our view it was the
This looked like a good place to start ourmetabolically active APC that provided the
new investigations of cellular immunolagy second signal required for T cell activation;
and most importantlyBede Morris, from and in 1978 the lymphocyte costimulator was
the Department of Experimental Patholpgyfirst defined in a paper entitled ‘Immunolog
was cannulating lymphatic vessels, and colical induction of T lymphocytes: role of anti
lecting lage populations of lymphocytes gen and the lymphocyte costimulator
from conscious sheep (see p. 343). | These studies were of practical impor
thought that these cells could be used expetance, because the notion that a costimylator
imentally; if the sheep lymphocytes werealong with antigen, was required for T cell
transferred onto the CAM of the chickactivation meant that elimination of either
embryo, it should be easy to fdifentiate the leukocytes (APCs) that provided the
between sheep and chicken cells, and so fasource of costimulation, or interference with
low development of the immune response ofthe process of costimulation itself, would
the sheep lymphocytes. A nice idea, wallow tissue grafting without the use of
thought. The problem was that the sheepnmunosuppressive drugs. This was first
cells did not respond to the antigenic matedemonstrated experimentally using thyroid
rial presented by the embryo. This observaissue in 1975, and was applied to pancreatic
tion did not sit well with immunological islet grafting in 1980. | canvassed the gen
theory and since Burnet and Medawar haceral proposal that antigen alone was not the
just been awarded the Nobel Prize for theibarrier to grafting in a publication in 1980.
contribution to the understanding of trans  The recent discovery that blockade of the
plantation immunology it was not a goodCD40/CDA40 ligand interaction could inhibit
time to challenge one of the foundations oflelivery of the costimulatory signal allows
cellular immunology Be that as it mayhe application of this technology to whole
observation needed an explanation. organ grafting. At present a humanized
Our studies in the late 1960s led to themonoclonal antibody that can block costim
conclusion that alloantigen recognition aloneulation is being used experimentally in
was not a stitient stimulus for lymphocyte human ogan transplantation. Thus the work
activation and the generation of the destrudnitiated at the JCSMR in the 1960s may
tive allograft response. There appeared to beow lead us to a new era of tissue transplan
some other factpmprovided by leukocytes tation; one where tissue grafting will not
within the taget tissue, that was required forrequire long term treatment of the recipient
the T cell activation process. From this viewwith dangerous anti-rejection drugs.
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Costimulation and NK Cells

by Hilary Warren

In 1977 Hilary Warren joined Kevin Laf anti-tumour T cell responses. So the hope
ferty’s laboratory in the Department offor therapy of tumours with antigen-specific
Immunology as a Postdoctoral Fellowhis T cells is still alive.

was at the beginning of the ‘costimulation’  Following two years of postdoctoral
era, the early days of the signal 1 (antigengtudies with Laferty, Hilary moved to what
and signal 2 (costimulation) hypothesis foris now The Canberra Hospital and started
T cell activation (see p. 327). Con A-stim the Cancer Research Unit, supported by
ulated spleen cell supernatants could-proyH&MRC project grants. The idea of cos
vide costimulation in situations wheretimylation was to be applied to human
murine T cells were presented with signal kymour reponses. oTsimplify the expei
alone, such as in responses to alloantigeRgental system, Hilary studied T cell
presented on metabolically inactive cells gqnonses to activated T cells from the same

Hilary was given the task of testing theindividual. Cell surface molecules of acti

hypothesis that T cell responses to WMOUj ey T celis dier both qualitatively and
cells from the same strain of mice are defec

. : . . uantitatively from naive T cells, and such
tive because signal 2 is lacking. Indeecg Y

when costimulation was provided, excellent ifferences could model antigenic fei-
P . ences between normal and tumour cells.
T cell responses to tumour associated-anti

gens were generated. The model was %ddition of costimulation in these cultures
cells from DBA/2 micé and the Syngeneicgenerated strong cytotoxic responses. How

P815 mastocytoma cells. Further experieve'; the cytotoxic cells were not T cells, but

mentation showed that there were as ma stead cells that lacked T cell markers, the

T cells in DBA/2 mice that recognised anti NeWly described natural killer (NK) cell.
gens on allogeneic EL-4 tumour cells ag NS Study published in 1983, was the
recognised the tumour-associated antigerf9inning of many subsequent studies to
on syngeneic P815 cells. So T celjunderstand NK cell receptors anq the impor
responses to syngeneic tumour cells Wer@nce of NK cell prollferatmn in inflamma
indeed limited by the availability of costim tion. These studies are ongoing, and have
ulation (signal 2) and not by antigen (signainvolved fruitful collaborations with Chris
1). This basic idea that tumours are silenParish and colleagues since 1988. In addi
because costimulation is lacking is still ation to her NK cell work, Hilary maintained
current notion some 20 years on. Thus moran interest in transplantation through the
modern experiments use dendritic cellsl980s with her continued collaboration with
(antigen presenting cells) pulsed with pepKevin Lafferty and Charmaine Simeonovic
tides of tumour antigens to generate specifitsee p. 263).
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Hilary Sheila Warren (née Johnson) (1947-)
graduated BSc(Hons) and took her PhD in plant
biochemistry at the University of Queensland in
1970. She moved to Europe in 1971, joining the
TNO Radiobiological Institute in Rijswijk (The
Netherlands) and later the Fibiger Laboratory of
the Danish Cancer Society in Copenhagen. This
was her entrée into immunology. Hilary went to a
Germinal Centre Conference in Tiberius, Israel, in
1975 and met Kevin Lafferty and Gordon Ada.
This inspired her return to Australia and the
JCSMR, where she was appointed a Research
Fellow in the Department of Immunology
(1977-1978).  Since 1979 she has been
supported by NH&MRC project grants and
working at The Canberra Hospital and a Visiting
Fellow, first in the Department of Immunology,
then the Department of Clinical Sciences, the
Division of Molecular Medicine and most recently
the Division of Immunology and Cell Biology.

Immune Deviation

by Christopher Parish

It has been recognised by immunologistgenicity of bacterial flagellin. Unlike most
since the early 20th century that twofeiif  protein antigens, flagellin is highly immuno
ent types of immune responses can bgenic, submicrogram doses inducing strong
induced against a foreign antigen. One iantibody responses even when injected-with
mediated by soluble antibody moleculesout adjuvants. By cleavin§almonellafla-
(humoral immunity) whereas the other isgellin with cyanogen bromide he produced
leukocyte-mediated (cell-mediated immu an 18kDa fragment of flagellin (fragment A)
nity), a classical cell-mediated immunethat carried all of the serological determi
response being the delayed-type hypersengiants of the molecule but was much less
tivity reaction. Howeveruntil the research immunogenic. In fact, pretreating rats with
of Chris Parish and his collaborators at thdigh doses of the flagellin fragment made the
JCSMR in the early 1970s, the relationshimnimals unable to produce an antibody
between humoral and cell-mediated immuresponse to the intact flagellin molecule.
nity was unclear When Parish joined the Department of
Parish undertook his PhD studies at théicrobiology as a Research Fellow he-fur
Walter and Eliza Hall Institute under thether investigated these findings
supervision of Gordon Ada and was recruited Initially he attempted to modify the
to the Department of MicrobiologyCSMR, immunogenicity of flagellin by other proce
in 1969, soon after Ada was appointed adures, notably by the covalent attachment of
Head of Department. During his PhD studieson-haptenic side chains such as acetoacetyl
Parish had been investigating the immunogroups. He discovered that a single dose of
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highly acetoacetylated flagellin, despite fail priming the rats for a secondary antibody
ing to induce an anti-flagellin antibody response to flagellin . Amazinglwhen
response, rendered the animals unresponsidelayed-type hypersensitivity to flagellin
to native flagellin. So farall of Parish8 was assessed, there was a perfect inverse
work had only considered the humoralrelationship observed between humoral and
immune response to the fdifent flagellin cell-mediated immunity This and other
preparations, mainly because studies oftudies clearly demonstrated, for the first
humoral immunity dominated the field at thetime, that there is an antagonistic relation
time. Parish then considered the possibilitghip between humoral and cell-mediated
that the ‘poorly immunogenic’ forms of fla immunity, a phenomenon that became
gellin were, in fact, inducing cell-mediatedknown as ‘immune deviation’.

immunity. It soon became apparent that this Collaborative studies with other scien
was indeed the case, with subsequent studiéists at the JCSMR resulted in further
demonstrating that either the dose or physia@aspects of immune deviation being eluci
ochemical state of flagellin had a profounddated. Al Ichiki, a NIH-funded Postdoctoral
effect on whether a humoral or cell-mediated-ellow in the Department, showed that pep
immune response was induced. Furthettic and tryptic peptides derived from fla
more, once a state of cell-mediated immugellin were unable to induce anti-flagellin
nity had been induced against flagellin it wasintibody responses but were still capable of
extremely dificult to activate flagellin-spe stimulating flagellin-specific delayed-type
cific humoral immunity and vice versa. Thishypersensitivity This was probably one of
phenomenon was most clearly evident whethe earliest studies showing that peptides
rats were treated with d&rent doses of the can be immunogenic. A very productive
cyanogen bromide digest of flagellin. Pre collaboration also developed with Eddie
treating rats with high and low doses of thdLiew, a PhD student in Chris ParisHabe
flagellin digest induced antibody toleranceratory. Liew and Parish showed that pas
to a subsequently challenge of intact-flasively administered anti-flagellin
gellin, with intermediate doses of the digestntibodies, whilst inhibiting the production

Antibody (» ) and delayed-type hypersensitivity (footpad swelling) (. ) responses of rats injected
intraperitoneally daily for 28 days with varying amounts of a cyanogen bromide digest of Salmonella
flagellin and then challenged with 100pg of flagellin in saline. The broken line (— — —) represents the
antibody and delayed-type hypersensitivity responses of control rats which were injected only on day 28
with 100ug of flagellin in saline. Reproduced from Journal of Experimental Medicine (1972) 135, 298-
311, by copyright permission of The Rockefeller University Press.
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of anti-flagellin antibodies by the recipient,the T cells that ‘*help’ B cells to make anti
dramatically augmented flagellin-specificbody were shown to suppress delayed-type
delayed-type hypersensitivityLater exper hypersensitivity A number of cell surface
iments by Liew and Parish demonstratednarkers on the T cells that suppress
that the T cells that mediate delayed-typé&aumoral and cell-mediated were also
hypersensitivity are diérent from the T defined. The marker experiments eon
cells that help B cells to produce antibodyfirmed that the two T cell subsets that regu
This represented one of the earliest reporiate humoral and cell-mediated immunity
defining functional subsets of T cells. are diferent populations of lymphocytes.

In 1972—73 Parish took up a Migid Collectively the research on immune
Foundation Tavelling Fellowship at the deviation at the JCSMR between 1969 and
University of Oxford, and during this period 1976 provided an experimental and theoret
developed new procedures for separatingcal basis for the development of the
lymphocyte subpopulations. On returningTh1/Th2 paradigm by Mossman and ol
to Canberra in late 1973 these procedurdsagues in the late 1980s. It was also evi
were applied to the investigation of the-cel dent at an early stage that immune deviation
lular basis of immune deviation. lancould explain peculiar immunological phe
Ramshaw a PhD student supervised bynomena associated with certain infectious
Parish, and Peter Bretscharrecent arrival diseases. For example, the spectrum of
to the Department of Microbiologysoon immune responses observed in leprosy
became involved in the experiments. Petgpatients could be readily explained by
Bretscher came to the JCSMR with an-outimmune deviation. More recent studies
standing scientific reputation due to thehave shown that immune deviation has
two-signal model of lymphocyte activation implications for many disease situations,
he had proposed with Mel Cohn a few yearsotably resistance or susceptibility to
earlier The studies by RamshaBretscher pathogens, destructive versus non-destruc
and Parish revealed that the T cell subsdive autoimmunity allegy, and cancer
that mediates delayed-type hypersensitivitymmunity. Its impact on the design offet-
suppresses humoral immunitgonversely tive vaccines is enormous.
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Christopher Richard Parish (1943-). After
graduating BAgrSc at the University of Melbourne
in 1966, Parish gained a PhD degree in
immunology at the Walter and Eliza Hall Institute
before joining the Department of Microbiology as
a Research Fellow in 1969. He was awarded a
Nuffield Foundation Travelling Fellowship in 1971
and undertook immunological research at the Sir
William Dunn School of Pathology, University of
Oxford, in 1972-73. He returned to the
Department of Microbiology, JCSMR, in late
1973, was promoted to Fellow in 1974, Senior
Fellow in 1979, and Professor in 1995. He was
appointed Head of the Division of Immunology
and Cell Biology, JCSMR, in 1999. Initially
Parish’s research centred on mechanisms of
immune regulation which led to the discovery of
the antagonistic relationship between humoral
and cell-mediated immunity, a phenomenon
termed immune deviation. In 1979 he was
awarded the inaugural Gottschalk Medal by the
Australian Academy of Science for his work on
immune deviation. Subsequently Parish
investigated the molecular basis of lymphocyte
migration, studies which identified heparanase as
a key enzyme involved in cell invasion and
resulted in the development of heparanase
inhibitors as anti-inflammatory and anti-cancer
drugs (see p. 268).

Immunological Responses in Influenza

by Gordon Ada

Until the early 1970s, immunological stud inal finding by Rolf Zinkernagel and Peter
ies on infections of experimental animalsDoherty using lymphocytic choriomeningi
and humans with influenza virus had eontis virus, that the activity of such cells was
centrated on the humoral response, i.e., thidass | MHC antigen restricted (see p. 323).
production of antibody Two discoveries in The importance of influenza virus as a
the Department of Microbiology at abouthuman pathogen, together with the detailed
this time opened up an approach to the studynowledge at that time of its structure and
of the cell-mediated immune responseother properties, made it an ideal candidate
First, the demonstration by Robert Blanderior studies of cell-mediated immunity
that infection of mice with ectromelia virus Between 1976 and 1987 Gordon Ada (see p.
generated cytotoxic T lymphocytes (CTLs)79), with PhD students David Jackson,
which would lyse virus-infected syngeneicPhilip Jones, Kwok-Nam Leung and Kok
tamet cells; protection could be transferred_eong Yap and Vsiting Fellow Tom Bra
with suspensions of lymphoid cells but notciale, made the following observations with
with serum (see p. 319). Second, the-senthe mouse model.
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. Infection of mice with influenza virus induced the formation of CTLs which were class
| MHC-restricted and influenza virus-specific.

. Restricting glycoprotein synthesis in the infected cell reduced its susceptibility to lysis,
suggesting a need for protein synthesis in the infected cell in order for recognition by the
T cell receptor to occur

. Tamget cells became susceptible to lysis between one and two hours after infection, i.e.,
eight to nine hours before viral progeny appeared. This gave a ‘window of time’ for a
CTL to find and kill an infected cell before progeny is produced.

. Transfer of influenza A virus-specific CTLs to mice either shortly before or up to two
days after infection with a lethal dose of the same virus protected the mice from death.

. Transfer of similar CTLs to mice one day after infection with an influenza A strain virus
with serologically diferent surface antigens caused a reduction in lung virus titres, indi
cating recognition of common antigen(s)tafisfer of these cells to mice infected with
an influenza B virus did not f&fct virus titres.

. In contrast, virus-specific T lymphocytes with delayed-type hypersensitivity (DTH)
activity were mainly class || MHC restrictedransfer of éector T cells (CTL and DTH
activities) from infected mice (non-lethal dose) to mice sharing only class Il MHG speci
ficities and given a lethal dose of virus did not result in lower viral titres.

Figure 1. The time sequence of the infectious process and subsequent immune responses
in a mouse infected intranasally with influenza virus. The ordinate represents the rise and fall
of infectivity, CTLs (T cells) and antibody-producing (B) cells and the abscissa the time after
the initiation of infection. Curve A represents the growth and disappearance of virus, curve B
the appearance and disappearance of CTLs and curve C the appearance and continuing
presence of B cells. The arrows represent the time of presence of maximum numbers of
memory T and B cells.

. An analysis of the immune response in the lungs of mice infected with virus showed that
after the initial increase in viral titre (3-4 days), the appearance of and increase in CTL
activity (5-6 days) coincided with the decrease and disappearance (9-10 days)-of infec
tious virus. CTL activity disappeared a few days later when an increase (10-20 fold) in
the numbers of specific precursor (memory) cells was found, a frequency subsequently
maintained for well over a yearThough specific IgM antibody-secreting cells were
detected shortly before the loss of infectious virus, maximum levels of specific IgG and
IgA antibody-secreting cells occurred about two months after infection and (especially
IgG) waned only slowly over time (Figure 1).

. Several weeks after one of two groups of mice was infected intranasally with HIN1
virus, both groups were inoculated intranasally with an H2N2 virus. The levels in the
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lungs of infectious virus and of CTLs which could lysegédrcells infected with an
H3N2 virus were measured dailye., conserved CTL epitopes only (mainly on internal
antigens) were recognized by the CTLs generated by immunization or infeciias. V
levels decreased and CTL activity was detected 24-48 hrs earlier and reached higher lev
els in the primed mice, demonstrating afeefive memory T cell response to shared
antigens.

9. Mice were inoculated intranasally with equal doses (infectious titre) of control or atten
uated (cold-adapted) virus and the CTL and DTH responses in the lung measured. The
size of these responses to each infection were sjdéapite the much lower level (2-3
log,g) of infectious virus recovered from the lungs of mice given the cold-adapted virus,
indicating the immunological #tacy of the attenuated strain.

Further Reading

Ada, G.L. and Jones, [P (1986). The immune response to influenza infecti@uarrent Dpics in
Microbiology and Immunology 28, 1-54.

Thomas J. Braciale (1946-) graduated BS (1968)
at St Joseph’s College, Philadelphia, and PhD
(1974) and MD (1975) at the University of
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Microbiology and Director of the Beirne B. Carter
Center for Immunology Research at the
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Mucosal Immune Regulation

by Alistair Ramsay

Regulation of immune responses at mucosah vivo, and also pointed to the capacity of
surfaces has been a field of increasingytokines encoded in delivery vectors both
research interest since early demonstratiorte direct and enhance host immune
that mucosal immunity may function inde responses to co-expressed vaccine antigens.
pendently of the immune responses which In 1992 he established the Mucosal
occur in response to invasion of deepemmunoregulation andatcines Laboratory
body tissues. Greater impetus has recentip the School. Around this time, several
been provided by the HIV pandemic and thgroups around the world were beginning to
realization that in excess of 90% of infec develop ‘knockout’ strains of mice which
tions with this devastating pathogen occur atacked the capacity to produce particular
mucosae, particularly those of the genitatytokines. A timely collaboration with
tract. It is now widely believed that Manfred Kopf and Geges Koehler of one
increased understanding of the mechanisnsich group in Freibgrled to a demonstra
which operate to regulate mucosal immution of the important role that another
nity would facilitate development of more cytokine, interleukin-6, could play in
effective vaccination strategies and theramucosal immunity The Australian and Ger
pies against HIV and other pathogens whosean laboratories together showed that mice
initial sites of infection are the mucosal sur lacking interleukin-6 were unable to mount
faces of the body mucosal IgA responses against certain viral
Alistair Ramsay joined the Division of pathogens. Furthermore, when the mice
Cell Biology in JCSMR as a Postdoctoralwere given vaccinia viruses engineered to
Fellow in 1988, with broad research inter express this factpthe missing responses re-
ests in the immunobiology of virus infec appeared, confirming the importance of
tions, particularly at mucosal surfaces, andhterleukin-6 in the development of mucosal
in mucosal immune regulation in generalantibody responses (Figure 1).
Working with lan Ramshaw and his eol These findings also suggested that the
leagues, he began to study the roles of semucosal immune system might be selectively
eral important regulatory molecules, termednanipulated to produce particulatesired
cytokines, in the development of mucosatesponses against a variety of pathogens and
immune responses. A major research focysossibly non-infectious agents such as aller
of the group was the establishment and usgens. The work stimulated further attempts
of models in which to study immune regula to vaccinate for sustained mucosal immune
tion in vivo. At that time, lan had estab responses, particularly cellular responses,
lished a model system in which genesagainst a variety of mucosal pathogens,
encoding cytokines were engineered intoncluding HIV. Co-expression of other
recombinant vaccinia virus vectors. Thiscytokines, notably interleukin-12, and the use
allowed expression of the encoded factors aif the new DNA vaccine vectors in combina
sites of virus replication, and thus facilitatedtion with a variety of poxvirus vectors, both
in vivo studies of the actions of these mole proved to be particularly &fctive in this
cules in antiviral immune responses in micetespect. Indeed, the latter ‘prime-boost’
Using this technologyRamsay and his col strategy which lan Ramshaw’ group had
leagues showed that the cytokine intershown to be particularly ffctive for the
leukin-5 could enhance mucosal IgAgeneration of sustained antiviral immune
antibody responses to co-expressed vaccimesponses at the systemic level, ptbsani
antigens. This work provided a clearlarly effective when adapted for mucosal
demonstration of the activity of this factorvaccination. Collectivelythese studies
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Program Leader in theevtebrate Biocon
trol Co-operative Research Centre (later the
Pest Animal Control CRC), whose brief was
to engage immunologists, virologists, repro
ductive biologists and ecologists in the
development of vectored vaccines encoding
fertility antigens as disseminating or bait-
delivered agents for fertility control. A
short sabbatical at the University oE¥fern
Australia in 1996, which coincided with
promotion to Fellowhelped establish col
laborative links with GedfShellam and
Mal Lawson, who were in the process of
developing murine cytomegalovirus as a
potential disseminating vector for control
ling the fertility of feral mice.
The laboratory also developed strong
links with Paul Foster of the Division of
Biochemistry and Molecular Biology in
) o ) order to study the role of cytokines in pul
Figure 1. The antiviral IgA and IgG responses in - monary immune regulation and atier dis
lungs of IL-6-deficient (IL-67") mice. Mice were
given intranasal inocula of control virus (VV-HA- ease_ (s,ee p- 338)' Foster ha(_j develoPed a
TK) or virus expressing IL-6 (VV-HA-IL-6) and ~ Sophisticated mouse model which was used,
numbers of HA-specific IgA and 1gG antibody-  in collaborative studies, to demonstrate a
zec“ftling CE”SE(ﬁigg"T"e“i/TO”imfﬁd 8 and f15 critical role for interleukin-5 in the expres
et o & e SEn. (e v, “Sada,  sion of allegic pulmonary inflammation
with permission). mediated by eosinophils. The subsequent
involvement of ¥lin Xiong, a PhD student
in the laboratory from 1995 until 1999, led
were described in a wide-ranging reviewto our demonstration of the activities of the
and contributed significantly to the develop type 1 family of cytokines, particularly
ment of a candidate vaccination strategynterleukin-12, in counteracting inflamma
against HIV/AIDS, which received major tory signals provided by type 2 cytokines,
funding from the National Institutes of such as interleukin-5. &¥Wvere able to show
Health (USA) to facilitate its progress intothat interleukin-12 could act in this way
clinical trials (see p. 352). both at the pulmonary mucosa and in the
The laboratory was also interested in afone marrow Indeed, when given to neena
array of other projects centred on mucosahl mice in a vector vaccine along with spe
immunoregulation. Chief among thesecific allergens, this factor appeared to
were studies relating to immunocontracepprevent the development of aligr airway
tive vaccine development, as an alternativelisease in adult life. It is hoped that these
to poisons and other lethal agents for thetudies will ultimately bear on the develop
control of Australias feral pest species, andment of efective preventive and therapeutic
the modulation of the &fcts of allegic air  immunization strategies against afjierdis
way disease in asthma. Ramsay becameeases, including asthma.
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Alistair John Ramsay (1956-). After graduating
BSc (Hons) at the University of Otago in New
Zealand in 1978, Ramsay took a PhD in
Microbiology at the same institution in 1986. After
short Visiting Fellowships at the MRC Virus
Research Unit in Dunedin, and in Canada, he
joined the JCSMR as a Postdoctoral Fellow in
1988 and worked primarily with lan Ramshaw in
delineating in vivo roles of cytokines in antiviral
immunity. Over the following ten years, during
which he was appointed Research Fellow in 1992
and Fellow in 1996, he gained international
recognition his studies in mucosal immune
regulation and vaccine research. He was
appointed a program leader in the Vertebrate
Biocontrol Co-operative Research Centre in 1997
and is also a program leader in the Australian HIV
Vaccine Design and Development Team, funded
by the US National Institutes of Health to develop
promising HIV vaccination strategies for clinical
trials. In 1999, Ramsay was appointed Associate
Professor in Immunology and Microbiology at the
University of Newcastle.

The Pathogenesis of Asthma and Allergic Disease

by Paul Foster

Asthma and allgjic diseases are major 30% of schoolchildren [International Study
causes of chronic illness throughout theof Asthma and Allegies in Childhood
industrialised world. Furthermore, the(ISAAC) Steering Committee, 1998] and
worldwide incidence, morbidityand mor  this disorder is now the most common cause
tality of alleigic asthma are increasing at aof childhood absence from school. Deaths
dramatic rate. In Australia, we have thefrom asthma are annually over 180,000
highest incidence of asthma in the worldworldwide. The prevalence of alige dis
(approximately 7-10% of adults and 25-eases of the skin (dermatitis), upper respira
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tory tract (rhinitis, hay fever) and gastrein played the major roles in inducing disease.
testinal tract (food-intolerance alipr) are Clinical investigations suggested that the
also increasing. It is now widely thoughtinappropriate inflammatory response in the
that an inappropriate immune reaction inung was driven by a lymphocyte known as
response to environmental stimuli leads t@ Th2 cell. This cell was thought to direct
inflammation of the respiratory tract, skinthe inflammatory response by releasing fac
and gastrointestinal tract and the developtors called cytokines that promoted IgE pro
ment of allegic disease. This observationduction and subsequent recruitment and
has identified the inflammatory response asactivation of eosinophils and mast cells in
the prime taget for the development of new the airways. In particulathe recruitment of
therapeutic agents to treat disease pregrethe eosinophils to the lung was thought to
sion. play a major role in the development and
Paul Foster joined the Division of Bio initiation of asthma by releasing toxic medi
chemistry and Molecular Biology in ators. Th2 cells, eosinophils and mast cells
JCSMR as a Postdoctoral Fellow in 1988were also implicated in allgic disorders of
where he initially worked with Michael the skin and gastrointestinal tract.
Denborough on the mechanisms underlying The cytokines interleukin-5 (IL-5),
the pathogenesis of the muscle diseasshich regulates eosinophil function and
malignant hyperpyrexia (see p. 282). Themigration and interleukin-4 (IL-4), which
molecular basis for this disease was eluciregulates Th2 cell development and IgE-pro
dated in 1994, and by 1995 Foster had-refaluction, are released from Th2 cells. Inves
cussed his experimentation to that otigations focussed on identifying the role of
understanding the pathogenesis of asthnthese two cytokines on the development of
and allegic disease. Although this field of allemic disease. @ achieve these goals the
investigation was a new initiative for the group developed a murine model of aller
JCSMR, Foster had received his initialgen-induced asthma and employed mice
training in respiratory pharmacology wheredeficient in IL-5 and IL-4. Notab)ydisease
he developed a strong interest in asthmaas attenuated in the absence of IL-5 and
pathogenesis. The aim of this research wasosinophils but not in the absence of IL-4
to identify the key cells and moleculesand IgE. Collectivelythese experiments
which induce allggic disease and to suggested that asthma may be mediated
develop strategies that would direct thedirectly by cell-mediated immunological
immune response away from the harmfumechanisms and that eosinophilia regulated
inflammatory response to that which is pro by IL-5 plays a key role in the onset of -dis
tective or non-responsive, with the long-ease. This work was done through collabo
term goal of identifying novel therapeutic rations with Klaus Matthaei and laroihg,
approaches to the treatment of asthma anglho pioneered (with Manfred Kopft and
allemgic disease. Geoges KoehlerFreibeg, Germany) the
Initial experiments focussed on asthmayeneration of the IL-5 deficient mouse. The
pathogenesis. A predominant feature oimportance of the production of IL-5 in the
asthma is a persistent inflammation of thdung for the development of alBgc airways
airway wall and increased serum levels oflisease was highlighted by the delivery of
IgE. At the time of these investigations itvaccinia virus engineered to express this
was thought that IgE and inflammatory cellscytokine to the lungs of IL-5 deficient mice.
induced asthma by controlling the produc Mice that received such viruses developed
tion of molecules in the lung that damagedhe asthma phenotype in response togsler
the lining of the airways and produced bronprovocation. This work was done in coHab
cho-constriction (narrowing of the airways).oration with Alistair Ramsay of the Division
The inflammatory response in the asthmatiof Immunology and Cell Biology (sep.
lung is a very complex mixture of cells and338) and led to further significant investiga
molecules and it was not clear which factorsions into mechanisms to attenuate IL-5-pro
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duction from Th2 cells with IL-12. Simon in mice (in collaboration with Dr Rakesh
Hogan, a PhD student in the laboratgrgr  Kumar, University of New South \ales),
formed all of these studies and went on toehe demonstration of the spasmogenic and
win the Frank Fenner medal for his dissertasecretory décts of IL-13 in the lung, and
tion. the identification of the elemental immune

From these initial observations the labo signals that regulate eosinophil movement
ratory has gone on to dissect the role of ¢hrough the body These studies were per
range of Th2 cytokines and inflammatoryformed by a range of outstanding students
molecules in the development of discreteand Postdoctoral Fellows and through the
pathological events in the altgc lung and continuance of a strong collaboration with
skin. Key amongst these studies are thBlatthaei (see p. 462) andolyng (see p.
development of a model of chronic asthm&49).
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Paul S. Foster (1959-). After graduating BSc
from the University of Western Australia with a
first class honours in Pharmacology in 1982,
Foster took a PhD in the Department of Clinical
Science, JCSMR, in 1986. After a year and half
teaching college chemistry and biology he joined
the JCSMR as a Postdoctoral Fellow in 1988 to
work with Michael Denborough on the cellular
mechanisms predisposing to the muscle disease
malignant hyperpyrexia. Over the next ten years,
during which he was promoted Research Fellow
(1991), Fellow (1996) and Senior Fellow (1999),
he gained international recognition for his studies
on the pathogenesis of malignant hyperpyrexia
and subsequently asthma. In 1995 he
established the Cellular Signal Transduction
Laboratory in the Division of Biochemistry and
Molecular Biology; this subsequently became the
Leucocyte Signalling and Regulation Laboratory,
focussing on understanding asthma and allergies.
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Autoimmune Encephalomyelitis

by David Willenborg

| arrived at the John Curtin School in Januaryhem from birth with an antibody directed
1976 to take up an appointment as a Researealgainst the heavy chain of rat IgM, which
Fellow in the Department of Immunolagy had been shown to inhibit the féifentiation
had come from a neurological institute inof B-cell precursors into mature Ig-produc
Phoenix, Arizona, where | had set up a modehg cells. Much to our surprise, when our B
of a known ogan-specific autoimmune cell- and Ig-deficient rats were immunized
demyelinating disease of the central nervoum this way none of them developed disease.
system (CNS) called experimental autoWe showed that our treatment had not
immune encephalomyelitis (EAE), which altered the animals’ ability to develop a cell-
was used to study both autoimmune diseasesediated response by demonstrating that
in general and the human disease multipléhe rats still rejected allografts in a normal
sclerosis in particular fashion. Thus we had gone against the
The rat model of EAE | was using at thatdogma and shown that B-cells or antibody
time was an acute monophasic disease-mawere essential in the development of this
ifested by an ascending paralysis lasting Scell-mediated’ disease.
10 days, from which all the animals These experiments were extremelyfidif
recovered and never showed spontaneouwsilt to do because many rats escaped sup
relapses, as occur in humans with multiplepression and developed B cells, so only a
sclerosis.  Since this was not a very goodmall proportion of our cohort of animals
model of multiple sclerosis, | attempted towas suitable for use at any one time.e W
induce repeated episodes of disease kherefore never fully described the mecha
reinoculating recovered rats with the origi nism by which B cells exerted their influ
nal inducing regimen. All animals turnedence but did provide evidence, confirmed
out to be totally resistant to a secondy others in other models, that antibody is
episode of disease. This model of EAE theonften essential to get demyelination and
became an ideal model to study immunereghence clinical signs of disease. Another
ulation not only of autoimmunity but of group using the same model as ours shortly
immune reactions in general. thereafter showed that B cells act as very
There was evidence from work in thegood antigen-presenting cells. Thus it
laboratory that antibodies might play a roleappeared that B cells and antibody are
in the resistance of rats to reinduction of amportant in both the &rent and dérent
second episode of disease.o fest the end of the immune response in EAE. The
hypothesis that antibodies contributed tanessage we took away was dorije
both recovery and resistance in rat EAE, beduced by the paradigm of the d@o the
set out, with the help of Steve Prowse, groper experiments to test it.
Postdoctoral Fellow in Kevin L&drty’s A second major contribution from my
group, to make B cell- and immunoglebu time at the School arose from a considera
lin-deficient rats. Since the dogma of thetion of how in EAE, lymphocytes reactive
day was that B cells and antibody were noto the major myelin antigen, myelin basic
important in the induction of EAE, then protein (MBP), gain access to the CNS
such antibody-deficient rats would bewhere the antigen is present, and cause dis
expected to develop EAE in a normal fashease. The belief at the time was that T cells
ion and we could then see if there was a difrecognizing MBP would enter the CNS by
ference in recovery and/or resistance talint of their recognizing MBP presented on
reinduction. cerebrovascular endothelial cells, with sub
Such rats were generated by treatingequent release of mediators leading to
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opening of the blood-brain barrier and arwhere we knew some glial cells did express
influx of cells. Antigen presentation class Il. | approached Chris after the semi
requires class Il MHC involvement, butnar and suggested we test his heparin to see
there was any little evidence that normalf it would inhibit passive EAE in my rat
resting endothelial cells had class Il MHCmodel. W found that treating recipients of
on their surface. EAE effector cells with heparin totally
At this time | attended a seminar in theblocked the development of EAE and pre
Department of Microbiology at which vented any inflammatory lesions in the
Deirdre Coomb, a Postdoctoral Fellow withCNS.
Chris Parish, presented her work on metas About the time we were doing this work,
tasis of tumour cells, which showed thata group in Germany put forth an hypothesis
tumour cells detached from the originalthat ‘activated’ T cells of any specificity
tumour circulated in the blood, attached towould enter the CNS, but only those with
distant endothelial cells and then usedhe proper specificity would interact with
degradative enzymes to ‘eat’ their way intcantigen and cause EAE. No mention was
a new tissue, where they set up a secondanyade of just what ‘activation’ meant. N
tumour This process could be inhibited byadvanced the hypothesis that activation
treating tumour cell recipients with heparin,translated to the expression of degradative
which acted as a non-degradable substraenzymes on the cell surface, which are
and inhibited heparanase, the enzyme prissential for cell migration through endethe
marily responsible for ‘eating’ through thelium. We went on to obtain direct evidence
endothelium (see p. 268). for this and to develop a number of anti-
This struck me as a good explanation foinflammatory compounds tgeting this
how lymphocytes may enter the CNS with mechanism. Wo international patents were
out the need for class Il MHC expression orsubsequently filed and fefts to further
endothelial cells or any sort of immunedevelop them are still ongoing by a start up
interaction. The immune interaction wouldbiotech companyPraxis, headed by Brett
take place in the parenchyma of the CN%harlton and Bill Cowden.
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David Otto Willenborg (1941-) was born in
Robinson, Illinois, USA. After graduating BSc at
the University of lllinois in 1962, he studied
microbiology and parasitology at the University of
California at Long Beach, graduating MSc in
1965. After further studies at Johns Hopkins
University he received a ScD in pathobiology.
After postdoctoral studies he joined the Barrow
Neurological Institute in Phoenix, Arizona, to set
up a neuroimmunology laboratory to examine
immune reactivity following spinal cord injury.
After three years in Phoenix he was appointed a
Research Fellow in the Department of
Immunology at the JCSMR, where he carried out
the research described in the essay. When this
appointment expired he established the
Neurosciences Research Unit at The Canberra
Hospital with a grant from the NH&MRC, with
status as Visiting Fellow at JCSMR. He is
currently a Senior Research Fellow in the
NH&MRC and Director of the Neurosciences Unit,
and still collaborates extensively with colleagues
at the JCSMR.

Immunological Studies Using Sheep and Cattle; the W ork of Bede Morris
and his Colleagues

by Peter McCullagh

The unpredictability of the course of scien insight which ultimately serve as nodes to
tific discovery is exemplified by the evelu link disparate portions of a chain of causa
tion of research on the immune system ofion.

adult and foetal sheep in JCSMR. Some A strong interest in respiratory physiol
recent, and yet to be substantiated, percepgy led Colin Courtice (see p. 48), subse
tions imply that discoveryas distinct from quently to become foundation Professor of
establishing conditions favourable for it,Experimental Pathology in the John Curtin
can be strategically planned. Howevds  School, to interrupt his Queensland medical
tory repeatedly indicates that whilst factorscourse in 1933 to commence a DPhil in
such as previous experience of those undeOxford with Claude Douglas, investigating
taking research, their attributes and intermetabolic aspects of respiration and exer
ests, interaction between individuals (and itgise. HoweverDouglas was also the lead
absence) and the nature of availabléng authority in the United Kingdom on
resources are all influential and, to somenedical aspects of gas warfare. It was
extent, foreseeable, the course of science ardly surprising therefore, that on the-out
not. Unpredictable inputs can includebreak of the Second &d War in 1939,
events external to any research institutionDouglas was appointed as chief adviser to
which generate critical national require the British government on medical aspects
ments (as distinct from the committee-manof gas warfare and promptly recruited his
ufactured variety) and the flashes of reaformer student. Courtice’assignment at
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the Chemical Defence Experimental Statechniques for cannulating sheep lymphatic
tion, Porton, was to investigate the pathovessels in a variety of anatomical locations,
physiology of shock after gas inhalation.and perfecting technology for long term-ol
This led inexorably to study of the lym lection of lymph from unanaesthetized -ani
phatic system that is responsible for removmals. The possibility of chronic collection
ing fluid leaking from damaged blood of lymph had only become available in the
capillaries. It followed that, on his return to 1950s with the development of polyethylene
Australia in 1948 as Director of the Kane tubing, all Courtices studies of lymph flow
matsu Institute at the Sydney Hospitalhaving been undertaken acutely using glass
Courtice established a laboratory to eoncannulae in anaesthetized animals. Given
tinue his research in lymphatic physiology the influence of adrenocortical steroids on
Another delineating event in the prehis lymphoid tissue and of anaesthesia on-lym
tory of sheep immunology was a telephonghatic motility data from acutely stressed
call, late in 1951, from the Dean of thetV animals was unlikely to have much rele
erinary Science Faculty at the University ofvance for physiological reality
Sydney recommending to Courtice a ‘bril  Although Morris’ early research at
liant’ but ‘somewhat unorthodox’ young JCSMR utilized lymphatic cannulation of
veterinary graduate interested in researctsheep extensivelyhe experimental aim was
The graduate was Bede Morris (see p. 100jocussed on lipid metabolism. Howeyer
He had won a University scholarship inwith the availability of lage volumes of
1942, but being too young for entry at 15Jymph, study of the cells of lymph and their
had spent the following 4 years, succesmigration became practicable.o Tompre
sively as a clerk, poultry farmesurveyots  hend the course taken by Morris’ research in
assistant and enlisted infantry geant in the early 1960s, it is necessary to recall the
the AIF before resuming studies. Pre state of knowledge (pmore accuratejythe
dictably, Courtice directed his research atack thereof) concerning lymphocytes at
the Kanematsu to the lymphatic drainage ofhat time. TWo unanswered questions
pleural and peritoneal fefsions in rats. Its related to the life history of lymphocytes
quality, and Morris’ productivity led to a (short lived and rapidly turning over or
scholarship and two years in the Dunrlong-lived and recirculating) and their func
School at Oxford researching lipid trans tion (haemopoietic stem cells, ‘trophic’
port. His return to the Kanematsu in 195&ells or part of a poorly understood immune
coincided with Courtices appointment to system). Morris was aware of the work of
JCSMR and was soon followed by Morris’Jim Gowans, a colleague at the Dunn
transfer to Canberra School in Oxford, who had produced strong
When he arrived in Canberra in Septemevidence in the late 1950s for the recireula
ber 1958, all of Morris’ previous experi tion of lymphocytes in rats. Howevyehe
mental work had been concerned with lipidfunction of lymphocytes and the way in
metabolism in typical small laboratory which this might intermesh with a capacity
mammals and fish. HoweveCourtice had for recirculation remained the subject of
used goats for lymphatic studies at Portospeculation. The 1962 edition of Florgy’
and had encouraged Morris to acquire someext General Pathologyndicated in its sec
when he returned to SydneWith the early tion on the lymphocyte, co-authored by
move to Canberra, the peril to the Kane Gowans, that there remained ‘a lack of any
matsu goats subsided before experimentsbvious clue to its function’. Shortly after
had commenced. Morris opted to substitutevards, lymphology and immunology eol
merino sheep for goats, some compensatidided.
for the breed as construction of the JCSMR One of the anatomical sites from which
building had just resulted in their evictionthe lymph output had been collected by
from a prime grazing site. His first threeMorris and his student Joe Hall during the
years at JCSMR were devoted to developinfirst three years at JCSMR was the popliteal
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lymph node. In 1961, with an insight thatthymectomy of mice. The basis for this
was to initiate a major field of research, theénter-species diérence is not known, but
experiment of introducing antigens into thenotwithstanding the lack of any substantial
afferent lymphatic and observing the impactdata from additional species, the sheep out
of this manoeuvre on the cellular output income has been regarded (or disregarded!) as
the eferent lymphatic, was undertaken.the ‘exception’. As neither the logic nor
Forty years on, this remains the pre-eminerbgistics of inter-species comparisons is the
technique for probing the periphery of thesubject of this essayt will suffice to note
immune system which is, after all, wherethat the performance of an experiment
the bulk of immune responses of clinical10,000 times in one species is no more accu
interest occur (in the normal course ofrate than its performance 100 times in a sec
events, very few patients are systemicallpnd species when it comes to predicting the
exposed to antigen via the tail vein). PRaralikely outcome if it were to be done in a
doxically, this seminal experiment in third species. Ultimatelyvhen studies have
immunology appears to have owed nothindgeen undertaken in a range of species; typi
to discussion with immunologists in thecality may become apparent (if it exists). In
JCSMR, who were intent on approachinghe meantime, it would seem prudent to-rec
the immune system along more converntionognize assumptions for what they are.
ally trodden paths. It owed everything to  Another achievement of the early 1970s,
curiosity and nothing to prescient planningby Morris and Niels Petersen, was the trans
that anticipated the outcome. plantation of a kidney with cannulated lym
Research in JCSMR using sheep duringhatics to a recipient sheep. The data on
the remainder of the 1960s increasinglyemigration of lymphocytes from an allograft
addressed immunological questionsduring the rejection process has never been
although physiological studies of lymphaticaccessed in other species because of the
function in ogans such as the ovary andtechnical demands of the procedure.
kidney continued alongside it. This ongo Research with sheep during the remainder
ing diversity reflected the basic convictionof the 1970s refined and extended under
of Morris’ laboratory that immunological standing of the role of lymphocyte migra
processes should be regarded as a subsettioh as a component of cellular and humoral
physiological ones. Late in the decadeimmune responses. Development of the
another major technical achievementymphoid system in the foetal lamb with
opened a new field of studyCannulation of particular emphasis on lymphocyte recicu
the thoracic duct of foetal lambs, with orgo lation and the acquisition of immune
ing collection of lymph while the lamb responses to antigenic challenge also-con
remainedn uteio, was an initiative of Max tinued to be a major research activity during
Simpson-Mogan and Morris. This accom this period.
plishment extended the experimental reper The last major research theme utilizing
toire for investigation of immunological sheep which Morris pursued up until his
development in a manner not attainableintimely death in a motor vehicle accident
before or since in any conventional laborain 1988 was that of the development of the
tory species. Howeverthe capacity to gut-associated mucosal immune system in
obtain data from foetal lambs that was nothe foetal lamb and its relationship to the
available from other species soon led t@eneration of B lymphocytes. This work,
some vigorous scientific disagreements. which commenced in the mid-1970s, was
Sumgical removal of the thymus from undertaken collaboratively with John
foetal lambsn uteio was first described by Reynolds, VEndy Trevella and Heinz Ger
Morris and Graham Cole in the early 1970sber The major finding, among many novel
The minimal immunological éfcts of and fundamental observations to egeer
foetal lamb thymectomy contrasted with thefrom this project, was the demonstration
crippling of the immune system by neonatathat the process of B cell ontogeny in the
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sheep was completely tBfent from that in included an investigation, with David Emery
the mouse. Whereas the foetal mouse hauf the immunological status of a dgr series
been shown to produce B cells in the ljverof naturally occurring chimaeric twin calves;
the foetal lamb is completely dependenthe results have been regarded as the defini
upon lymphoid aggregates in the intestine tive study of this spontaneous example of
the Peyers patches — for this function. Thisimmundogical tolerance.
finding, which once again drew attentionto  McCullaghs research received addi
inter-species diérences, has continued totional assistance with the availability of an
occupy a central place in investigations of Boperating microscope which made it pessi
cell ontogeny ble to undertake sgery on foetal lambs
Whilst this essay is primarily concernedyounger than any previously examined. In
with sheep research, the intensity of activitythe period 1980-2000 a succession of proj
in the Department of Department Immunol ects were undertaken ranging from study of
ogy in its prime cannot be fully appreciatedmmunological recognition of the foetal
without mention of the major investment oflamb by the ewe, and of the foetal immune
effort in bovine immunology This com response to transplacental passage of-a ter
menced with the recruitment in 1977 of Jimatogenic virus to the induction of immuno
Shelton, a scientist with unrivalled expertisdogical tolerance of foreign tissues and the
in the manipulation and transfer of sheepnterruption of tolerance of a self tissue, the
and cattle embryos. A profusion of uniquethyroid gland. In an extension of experi
studies ensued. These included the produments showing that self tolerance requires
tion, with Phil Summers, of haemopoieticthe presence of self antigen early in foetal
chimaeras by concurrent transfer Bbés life, it was shown, in collaboration with
taurus and Bos indicusembryos to the Shelton, that normal foetuses possessed
uterus of a common recipient and, withcells capable of suppressing anti-self reac
Wayne Hein, a description of the kineticstivity. Techniques developed primarily for
and hormonal characteristics of lymphimmunological experiments also lent them
draining from the ovary during pregnancy selves to novel investigation of completely
Extensive characterization of the bovineunrelated problems. For example, foetal
histocompatibility complex and its associa thyroidectomy was applied to the study of
tion with disease susceptibility was alsodevelopment of both wool follicles and
undertaken. lungs. In the final years of the Develop
Apart from the appointment of new mem mental Physiology Group, to which the
bers to the Department, sheep immunologyesidue of the Department of Immunology
gained converts from existing researchers. lhad contracted after Morris’ death, attention
this category Peter McCullagh had beenwas concentrated on the micro-environmen
investigating immunological tolerance attal requirements for B cell dérentiation
JCSMR using rats since 1966, but the limitaand migration during the middle third of
tions imposed by this species introduced théoetal life.
necessity for increasingly early interventions How will the four decades of research
during foetal development if the earliestwith sheep in JCSMR be assessed in fetro
stages of self-nonself recognition were to bepect? In terms of subsequent careers, a
probed, and made conversion to sheep darge number of the PhD scholars have been
appealing option. The opportunity to transfemppointed to chairs and senior positions of
a research project which had reached its-techomparable level in Australia and overseas.
nical limits in rats to foetal lambs was Virtually every laboratory in the world that
unlikely to have been available in any othehas undertaken immunological research
laboratory The wealth of experience avail using sheep during the last 25 years has
able to assist with the transfer certainlybeen an initiative of scientists trained in
would not have been. Part of McCullagh’ JCSMR or alternativelyheavily influenced
initiation into lage animal immunology by others who were. Perhaps the laboratory
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most closely linked to JCSMR was theceased in its original location.

sheep laboratory at the Basle Institute for Perhaps the least tangible, but ultimately
Immunology the establishment of which the most significant, legacy of the JCSMR
reflected Morris’ influence while its ongo sheep enterprise will be realized when
ing operation was fuelled by a constantesearch in additional species of animals
stream of new PhD graduates from €anleads to the general recognition thafetif
berra. There can be little doubt that theences between mice and sheep should more
technologies and experimental strategiesorrectly be perceived as an opportunity for
developed in JCSMR will continue to berather than an obstacle to, acquiring a better
highly influential long after the research hasunderstanding of basic biology
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Peter John McCullagh (1939-) graduated MB BS
at the University of Melbourne in 1961, and after
internship went to Oxford as a Rhodes Scholar
and worked at the Dunn School of Pathology
(1963-66), graduating D.Phil (1966), MRCP
(Lond), 1966) and MD (Melb, 1971). In 1966 he
returned to Australia as a Research Fellow in the
Department of Experimental Pathology, JCSMR,
was promoted Senior Research Fellow (1971-74)
and then Senior Fellow (from 1974) in the
Department of Immunology. Besides his
pioneering research in foetal sheep, he was
active in the Library Committee and as medical
officer on call at JCSMR. He was also active in
community affairs, initiating and directing the
South East NSW and ACT Hydatid Control
Campaign, 1983-1992, and as President of
National Brain Injury Foundation since 1995 and
Honorary Medical Consultant to Vietnam
Veterans Federation, the Returned Services
League and Legacy.
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Left Max William Simpson-Morgan (1936-) was born in Homehill, Queensland, and graduated BVSc
(Hons 1) at the University of Sydney in 1959. In 1961 he enrolled for a PhD in the Department of
Experimental Pathology, JCSMR, graduating in 1965. From 1964-66 he worked in the University
Laboratory of Physiology in Oxford as an Overseas Travelling Fellow of the Life Insurance Medical
Research Fund of Australia and New Zealand, returning to the Department as a Research Fellow in
1966. He was promoted to Fellow in 1969 and in 1973 was appointed Professor of Animal Husbandry
in the University of Queensland. He resigned from this position in 1980 and from 1982 to 1991 worked
as a Senior Research Fellow in the Department of Immunology, JCSMR. Since 1992 he has undertaken
private veterinary practice.

Right James Norman Shelton (1930-) graduated BVSc at the University of Queensland in 1952 and
PhD at the University of Sydney in 1965. From 1953-58 he was Veterinary Officer, Department of
Agriculture and Stock, Queensland. In 1958 he moved to the University of Sydney as McCaughey
Research Fellow in the Department of Animal Husbandry and from 1965-71 was Senior Lecturer in that
Department. From 1971-72 he was Managing Director, Sire Power Corporation, and from 1973-78
Veterinary Manager, Australian Transplant Breeders P/L. In 1978 he was appointed a Senior Research
Fellow in the Department of Immunology of JCSMR and was promoted to Senior Fellow in 1981, the
same year as he was elected FACVSc. As a consequence of earlier research on oestrus, induction of
superovulation and non-surgical techniques, he brought expertise in the manipulation and transfer of
sheep and cattle embryos to the Department, and played an important role in the exploitation of these
techniques for immunological research. His research at JCSMR also led to significant advances in
cryopreservation of embryos. He retired in 1993, was awarded the degree of DVSc by the University of
Queensland in 1994, and from 1997-2000 was Honorary Research Adviser at the School of Veterinary
Science of the University of Queensland.
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New Approaches in V accine T echnology: Prime-Boost Immunisation
and Cytokine Co-expression

by lan Ramshaw

lan Ramshaw originally came to the Johrthe immune response. The aim therefore
Curtin School of Medical Research in 1973was to genetically engineer a recombinant
as a PhD scholarGordon Ada, who was virus to express its own cytokine which,
Head of the Department of Microbiolagy being produced at the site of virus infection,
had just recruited several outstandingvould influence the immune response to the
researchers including Alastair Cunninghamyirus. The first recombinant virus cen
Peter Doherty Rolf Zinkernagel (a PhD structed encoded the cytokine IL-2, a T cell
scholar), Linda Pilarski, Chris Parish andderived factor important in generating both
Robert Blanden. As it turned out, thishumoral and cell-mediated immunityOne
assemblage probably resulted in one of thef the key experiments undertaken was to
most scientifically exciting times in the infect nude mice, which lack T lymphocytes
Departmens history There was an intel and are therefore immunodeficient, with the
lectual enegy that led to the discovery of recombinant virus. A surprising result was
several key fundamental findings, many ofobtained; the nude mice that were given the
which still form the core of our understand control vaccinia virus were unable to eon
ing of immunology today (see p. 80).tain the growth of the virus and died of a
Ramshaw undertook his PhD on immunalisseminated infection, whereas mice
class regulation, based on theories and-stuthjected with the IL-2-encoding virus rap
ies originally developed by Parish (see pidly resolved the infection, despite the
330) and \siting Fellow Peter Bretscher absence of an adaptive immune response.
This work demonstrated the importance ofThis first experiment clearly demonstrated
T lymphocytes in regulating humoral andthe potential of this novel approach to study
cell-mediated immunityand some years the role of cytokines and related molecules
later Mossman and Cldh the United States in immune regulation. Indeed, several
showed the importance of cytokines in thisovel findings have since been made using
phenomenon, Thl cytokines promotingthis approach. Howevenot only did this
cell-mediated immunity and Th2 cytokinesnew technology allow a greater understand
humoral responses. ing of the role of cytokines in immunity but
After several years in Canada, Ramshawlso it ofered the opportunity to potentially
returned to the School to work with Peterimprove the dectiveness of recombinant
Doherty who been appointed Head of thevirally-vectored vaccines.
Department of Experimental Pathologt The Mral Engineering Group was estab
this time David Boyle, Marion Andrews and lished in 1989. Alistair Ramsayanet Ruby
Barbara Coupar were recruited by Gordorand Guna Karupiah were recruited as Post
Ada to develop a vaccine research progrardoctoral Fellows, and these formed the
using virus vectors as delivery vehiclesnucleus of a highly productive team studying
This turned out to be a timely meeting, asmmunity to infection and innovative vac
the technology was now available to eoncine technologies. At this time a new vac
struct recombinant viruses to encode &ine technology had been developed in the
diverse array of genes. Ramshaw suggestéthited States known as naked DNA immu
collaborating to use the recombinant virusiisation. Ramshaw brought this technology
technology to study the role of cytokines into the School, and asked a PhD student Kah-
immune regulation; cytokines are hormoneHo Leong to study its potential, especially in
like molecules, members of one class otonjunction with the recombinant virus
which determine the type and magnitude oépproach currently being used. In particular
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Ramshaw asked Leong to immunise mic@ped which may in future contribute to an
consecutively first with DNA then with a AIDS vaccine.
recombinant virus encoding the same-vac During this period the al Engineering
cine antigen (the haemagglutinin ofGroup was asked to join the Co-operative
influenza virus). The experiment resulted irResearch Centre forevtebrate Pest Control
immune responses of such magnitude thdtased at CSIRO idife and Ecologywhose
Leong was immediately asked to repeat thenandate was to develop disseminating
testing. This approach, which is calledviruses encoding fertility antigens that could
prime-boost immunisation, has now beernnduce immunosterilisation. In collaboration
reproduced with antigens from several othewith Ron Jackson of the CSIRO, the first
infectious disease agents, including HIV-1. proof-of-concept of this strategy was demon
A collaboration with Stephen Kent, who strated using ectromelia virus, a member of
had just returned to the Macfarlane Burnethe Orthopoxviusgenus which causes a-dis
Centre, Melbourne, confirmed that prime-ease of mice called mousepox. A recombi
boost immunisation was also veryesftive nant encoding the mouse zona pellucida gene
in protecting non-human primates from eon ZP3 was constructed that induced infertility
tinuing HIV-1 infection. The importance of in mice through the induction anti-ZP3 anti
cell-mediated immunity and not antibodybodies. In order to boost the anti-ZP3
was also demonstrated in this HIV modelhumoral immune response furthethe
The illustration of prime-boost’potential ectromelia virus was also encoded with the
against HIV-1 was essential to an Australiarcytokine gene IL-4. @ our surprise, how
Consortium$ successful bid in 2000 for a ever the IL-4 expressing virus was found to
large ($A27 million) US National Institutes be highly pathogenic, killing strains of mice
of Health contract to test this vaccine stratsuch as C57BI which are highly resistant to
egy, along with cytokine coexpression, inmousepox, because the IL-4 prevented the
clinical trials (see p. 352). Members of thedevelopment of CD8+ cytotoxic T cells
consortium include David Boyle, Alistair essential for recovery from virus infection.
Ramsay Stephen Kent, David Cooper andindeed the IL-4 was so potent that even mice
lan Ramshaw The first trial to evaluate this previously immunised against the ectromelia
approach as a preventive AIDS vaccine willvirus still succumbed to infection with the
be undertaken in Sydney in the beginning ofecombinant virus. Further studies, using a
2002 with a further trial in Thailand the fol more attenuated ectromelia virus, have since
lowing year Thus, from a PhD studest’ shown that IL-4 can augment the anti-ZP3
primary finding a major initiative has devel antibody response without killing the mice
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Left lan Allister Ramshaw (1946-) graduated MSc at Brunel University in the United Kingdom, by part-
time work, in 1972, then took a PhD in the Department of Microbiology at JCSMR in 1976. He then
undertook a post-doctoral fellowship at Queen’s University, Canada and appointments at the University
of Saskatchewan where he continued his studies on immune regulation and cancer metastasis. In 1982
he returned to the John Curtin School of Medical Research as a Senior Research Fellow and was
appointed to Senior Fellow in 1990. In 1996 he was promoted to Professor. He is currently leader of the
Viral Engineering Group and Head of the Immunobiology Group of the Centre for HIV Virology.

Right David Bernard Boyle (1949-) graduated BSc(Hons) and University Medal at the University of
Queensland in 1970. He then worked as a microbiologist at the Animal Research Institute at
Yeerongpilly until 1976, having graduated MSc by part-time work in 1975. From 1976—79 he was a PhD
student at the Department of Microbiology at the JCSMR and after graduation worked as a postdoctoral
fellow at the National Institute of Medical Research in London. In 1982 he returned to Australia as a
Senior Research Scientist at the CSIRO Australian Animal Health Laboratory at Geelong, but since its
building was not completed, he and his colleagues Marion Andrews and Barbara Coupar were seconded
to the Department of Microbiology at the JCSMR. Here they worked on the use of poxviruses as vectors
for vaccines until 1987, when they moved to the Australian Animal Health Laboratory, Boyle as a
Principal Research Scientist. He was promoted to Senior Principal Research Scientist in 1992.

351



JCSMR - The First Fifty Years

Towards an HIV/AIDS V accine

by Gordon Ada

The process by which basic research cawith a viral antigen. Their studies (1972-5)
eventually be translated into possible practiled to the award of the Nobel Prize in Med
cal results is well illustrated by the historyicine or Physiology in 1996 (see p. 217).
of work in the Department of Microbiology In the early 1980s, David Boyle, who
that led to the award in June, 2000, of a-corhad graduated Ph.D in the Department in
tract by the Division of AIDS, National 1980, established a group in the Depart
Institute of Allegy and Infectious Diseases, ment, supported by CSIRO, to study how to
USA, of $A27 million over 5 years to an insert DNA coding for antigens from other
Australian Consortium to carry out clinical infectious agents into a poxvirus, initially
trials of a candidate HIV/AIDS vaccine in vaccinia but later fowlpox virus (see p.
Australia and in a developing country 349). The chimaeric virus so formed
Shortly after Frank Fenner accepted thénduced both antibody and cytotoxic T cell
position of Head of Microbiology in the responses and could be used to vaccinate
JCSMR in 1949, he decided to make against both the poxvirus and the agent
detailed study of the infection of rabbits bywhich donated the inserted DNA. In 1987
the newly-released myxoma virus (see phis group transferred to the CSIRO Animal
372). Later he and other members worke#liealth Laboratories, Geelong. During the
with different poxviruses, especially vac same period, lan Ramshaanother Ph.D
cinia virus (see pp. 387 and 390), and th&rom the Department (1977), showed that
Department came to be recognized as- ha®NA coding for diferent cytokines could
ing considerable expertise in poxvirusalso be inserted into the chimaeric pox
research. When Gordon Ada succeededrus, and this could greatly influence the
Frank Fenner as Head of the Department itype of immune response, either humoral or
1968, Robert Blanden, Fenngrdast PhD cell-mediated, induced in mice.
student, was working on infection of mice  After retirement in 1987, Ada delivered
with ectromelia virus. He showed that athe plenary lecture on the ‘Prospects for an
cell-mediated immune response, not antiAlIDS Vaccine’ at the 4th International Gon
body, was mainly responsible for control gress on AIDS held in Stockholm in mid-
ling and clearing the infection. Following 1988. Substantial advances in knowledge
an overseas trip, Blanden established af the HIV structure had been made since its
newly-described assay for measuring theliscovery in 1981, and most recently on the
killing of virus-infected cells by cytotoxic T great amino acid sequence variation, espe
lymphocytes and showed that their activitycially in the envelope protein, which he
was the main mechanism for clearing thehought would make it ditult to develop a
ectromelia infection (see p. 319). He fpervaccine dependent upon strong infectivity-
suaded Ada to acquire several more inbredeutralising antibody activityHe suggested
strains of mice to facilitate future studies inthat a preparation based on vaccinia virus
this area. containing DNA coding for both the main
Two newcomers, Peter Doherty and Rolinternal HIV antigens and for gamma inter
Zinkernagel, modified the CTL assay anderon should induce a strong cell-mediated
using inbred mouse strains infected withmmune response, and form the basis of an
LCM virus, showed that the recognition andeffective vaccine. Though this suggestion
killing of infected taget cells was MHC- was of interest to many scientists, vaccine
restricted. They proposed that the T celmanufacturers were not impressed.
receptor recognizes a complex on the Adawentto work at Johns Hopkins Uni
infected cell surface of an MHC moleculeversity in Baltimore for three years, became
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Director of a Center for AIDS Research,Stephen Kent, a medical graduate working
and until the mid-1990s was a member ofn Seattle with a group studying the
several committees at the National Institutesesponse in monkeys to lentiviruses, mainly
of Health which were concerned withSimian Immunodeficiency Mus (SIV).
AIDS. A watershed was reached in 1995They agreed to cooperate when Kent
when the leading US candidate vaccineseturned to Australia. Wking initially at
based on the ability to induce anti-HIV anti the Macfarlane Burnet Centre and later at
body failed to gain support for a phase IllMelbourne University Kent studied the
clinical trial to assess its fefacy. Two responses in monkeys to the prime/boost
important reasons were that the antibodyymmunization before and after challenge
produced in human volunteers did not Neuyith HIV. Although these monkeys do not
tralize the infectivity of recently-isolated get AIDS and in time can clear the infection,
HIV samples and the vaccine did not genefihe immunized monkeys cleared the infec
ate a cytotoxic T c_eII_response. Onretunt@on far more rapidly and clearance
the JCSMR, as aisfting Fellow Ada was ghheared to be associated with the T cell
appo!nted Ch_alrman of the Austre_lhan HIVresponse. A group in the USA later
Vaccine Vérking Group and continued to obtained comparable results following a

esplchluti?a ngriisrfra\;o%Zn?s-lr—llév\\//ar?g:jn:&racte imilar immunization schedule of monkeys
' ith SIV antigens and challenging with a

to the School a mucosal immunologist, athogenic SIV

Alistair Ramsay (see p. 336), and the)P : .
; P The proposal submitted early in the year
demonstrated a role for interleukin-6 in 000 to the Division of AIDS, National

facilitating mucosal responses. Ramsa nstitute of Allegy and Infectious Diseases
later moved to the University of Newcastle. i ) ’
y S National Institutes of Health from Aus

In the USA, progress was being made i >, i . .
using chimaeric DNA plasmids to induce airalia nominated the University of New

strong immune response, both antibody ang@uth Viéles (UNSW) as @éror, Professor
cytotoxic T lymphocytes, initially in mice. David Cooper (UNSW) as Program Direc
Ramshaw adopted this approach, and théR". and the four following scientific sub
tried a novel concept by immunizing micecontractor oganisations; DrDavid Boyle
first (priming) with a DNA construct and (CSIRO), Professor lan Ramshaw (ANU),
then boosting with a chimaeric poxvirus.Dr Stephen Kent (University of Melbourne)
This gave a much higher immune responsand Dr Alistair Ramsay (University of
than using either preparation alone. By\lewcastle). Wo other subcontractors were
including DNA coding for particular Robin Gorna (Australian Federated AIDS
cytokines in the poxvirus, a strong humoralOrganizations) and DrDavid Beames
or a cell-mediated response could be genefVirax Holdings Pty Ltd). Out of 20 inter
ated. This finding was repeated anchational applications to the Division of
extended by groups in Oxford. AIDS, it was one of the four which were
In the mid 1990s, Ramshaw met withsuccessful.
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