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Cell Biology

In contrast to Biochemistrell Biology never featured in the name of a Department
and only since 1989 was included in the name of a Division, which was changed
from ‘Cell Biology’ to ‘Immunology and Cell Biology’ in 1995. Howeveell biok

ogy has been an important component of the work of the School since its beginnings
and much of the work described in the previous section, Biochepastrig equally

well be described as cell biolagy The Department of Experimental Pathology
which was established by Howard Florey in 1948 and was not disbanded until the
introduction of the divisional structure in 1988, was essentially a department of cell
biology. Likewise, the Department of Physiologstablished in 1951, conducted
experiments in cell biologyprimarily but not exclusively with cells of the nervous
system. Immunology also is a branch of cell bioJaggncerned principally with

cells of the immune system, and molecular genetics could also be describedehus. W
have excluded Immunology and Neuroscience from the group of essays set out in this
section.

Mysteries of Cellular Motion

by lan Buckley

| first became fascinated with the versatileand control of cellular movements, studies
movements of living cells while working in that eventually lead to considerations of the
the Department of Pathology at the Univerrole of ‘uncontrolled’ cell movements in
sity of Melbourne in the 1960s. Using amalignancy

microscope and time-lapse photography to As a postdoctoral fellow in C.M.
study thin layers of living vascular tissuePomerat laboratory at the Pasadena Foun
growing within ‘ear chambers’ (transparentdation for Medical Research in California,
windows) in rabbits ears, | was early struck time-lapse filming of cultured connective
by the highly coordinated movements ofcells with high-contrast phase-contrast
migrating fibroblasts and vascular cells aoptics clearly demonstrated the endoplas
these formed their capillary networks.mic reticulum in living cells, something that
Although it was preliminary to my PhD had been observed previously only by elec
project, which was on thefetts of micre  tron-microscopy of fixed tissues. That reas
scopic focal injuries to living tissue, suchsured the sceptical (of whom there were
observations profoundly influenced latermany!) that this ayanelle was no mere pre
research. This, using cultured cells as moctipitation artifact of fixation, a finding
els, was to focus on the mechanical basiegarded as significant, especially by the
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Rockefeller group (Keith PorteiGeoge ble to demonstrate details of the connections
Palade and Philip Siekevitz) which hadwhich cytoplasmic filaments had with one
made the original electron microscopicanother with polyribosome clusters, with
observations. In addition, time-lapse film various oganelles and with cell surface
ing of these cells revealed this aptly-namednembranes. ¥éwing these ‘whole-mounts’
organelle to be a membranous network irstereoscopically revealed those connections
constant motion, its pattern continuallyto be extremely numerous short pleomor
changing its form. phic bridges, the overall structure appearing
To complement these light microscopicas a highly complex cross-linked filamen
observations, similar cultured cells weretous meshwork. The finding reinforced the
studied electron microscopically to deter tentative conclusion that sincegamnelles
mine the fine structure of the cytoplasmicand other structures known to be highly
matrix as related to particular types of celimotile in the living cell were thus closely
movement. Far from appearing empty (as iEnmeshed, by analogy with muscle, these
occupied only by soluble proteins) the cyto movements would likely be transduced
plasm was richly supplied with numerousthrough shear force-generating filament
elongate filaments of various diametersinteractions of some kind.
Moderate numbers of hollow filaments, By the early 1970s other investigators
(250A ‘microtubules’) radiated from the had demonstrated biochemically that actin
Golgi region, concentrations of ~100 Aand myosin, the proteins characteristic of
diameter intermediate filaments, surroundmuscle, occurred in cultured non-muscle
ing particulate aganelles, occupied the cells, fluorescent antibody labeling also
endoplasm, and high concentrations of ~6@evealing both in ‘stress fibre’ bundles and
A thin filaments permeated all cytoplasmicthe motile ‘rufles’. Furtherthat all thin fik
regions. The last-named were particularhaments contained F-actin was demonstrated
dense within the trans-cellular ‘stress fibreselectron microscopically by Ishikawa who
and as fine bundles in microvilli and aslabeled them, as ‘arrowheads’, with heavy
dense meshworks in ‘flés’ - both notod  meromyosin. That labelling technique,
ously motile regions of the cell ngins. applied to critical-point-dried cells, demon
The publication of these observations,-carstrated an extraordinarily rich three dimen
ried out in Portes laboratory (by then at sional network of actin filaments, from cell
Harvard University) in the mid-1960s, nucleus through to cell ngins.
became a ‘citation classic'. In all non-muscle cells there was a €on
After returning to Australia, in 1968 | siderable problem in demonstrating the-dis
joined Colin Courtices Department of tribution of myosin because it never
Experimental Pathology at JCSMR. Thereappeared in recognizable ‘thick filament’
techniques were developed which allowedorm. From purely fine structural observa
specified normal and experimentally injuredtions, a tentative conclusion was that if
cells to be studied by both light and electroimyosin was involved in shear force genera
microscopy These techniques facilitatedtion, then it must occur in highly disperse,
the study of the movements and othee.g., monomer or dimgform, perhaps as
changes in mitochondria, lysosomes and théhose multitudinous tiny cross-bridges knk
endoplasmic reticulum under a variety ofing elongate filaments. Howeveny the
pathological conditions. early 1980s the possibility arose that pro
Subsequent|yon study leave in Porter teins other than myosin might be involved,
laboratory aiming at a better understanding'dynein’ for example, since that protein was
of the likely role of filaments in intracellular known to interact with microtubules in gen
movements, procedures were developedrating force for the wave-like motions of
which enabled fixed critical-point-dried sperm tails.
cells to be examined electron microscopi  As it was established that th& Rase of
cally in toto. That approach made it possi dynein (but not that of myosin) was totally
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inhibited by vanadate ion, this (at %0 move about. It has to be asked, therefore,
10°M) was microinjected into cultured how are normal tissue patterns generated
chick fibroblasts, myocardial cells and fab during development, what physiological
bit ciliated oviduct cells and the resultsfactors operate to maintain normal tissue
recorded on movie film. Whereas injectedoatterns throughout life, and could tumeuri
vanadate instantly ‘froze’ the movements ofjenesis (including malignancy) result from
cilia, it failed to inhibit either the contrac acquired (or inherited) somatic-genetic
tions of cardiac muscle cells or the mevedefects in these life-long tissue patterning
ments of cytoplasmic ganelles, whether in mechanisms?  Although that approach
fibroblasts or the ‘frozen cilia’ oviduct cells. derived from personal experience in histol
From this work it seemed reasonable to-corogy, pathology and work with cultures, |
clude that gganelle movements andtgen  was encouraged by the belated realization
erated by microtubule-dynein interactionsthat back in the mid-1950s, Macfarlane Bur
That, of course, left open the issue of whahet had arrived at a very similar perspective.
molecular system in fact underlay these Such considerations led to a search of
non-muscle cell movements. Clearlythe literature on developmental biologn
needed, therefore, were other specificallyoncogenes (especially tumour suppressor
inhibiting molecular probes to test for actin-genes) and on neoplasia generallyn
myosin and other possible force-generatindprosophila development (the best under
systems. Lacking these, | turned to considestood model) cell regulatory developmental
the possible biological basis of thosegenes, acting combinatoriallinduce phe
‘unwanted’ cell movements which underlienotypic expressions of signal and receptor
malignancy molecules which, identifying cells to one
A theoretical analysis of the biological another enable them to self-assemble and
basis of malignancy was derived from datdthroughout life) maintain themselves in
long known to clinicians, pathologists andcharacteristic histological patterns. It is also
tissue culture experimentalists. uhour known that deletion of such genes pro
cells are marked by disturbances off@if foundly alters cellular dférentiations and
entiation, the most malignant exhibiting lit the resulting tissue pattern. Although for
tle or none. All tumours reveal alterationsmost developmental genes loss-of-function
from the normal patterning of tissues;mutations results only in anatomical maifor
indeed, the disturbance of cellular architecmations, a number give rise to tumours. In
ture is proportional to the degree of neeplasome of these, imaginal disc formation is
sia, the most malignant showing total loss oflistorted, the ultimate tissue pattern being
tissue pattern. Most tumours exhibit excescharacteristic of the particular mutation. In
sive cell proliferation, though in some pri others growth continues, there is a total loss
mary malignancies (e.g., melanoma) thiof tissue pattern, and the cells invade- sur
may be minimal. Howevemhat distin  rounding normal tissues. The best under
guishes malignancy above all is the facilitystood of these isethal (2) giant lavae
of malignant cells to move beyond their nor (1(2)gl ), mutations of which give varying
mal confines, this resulting in invasion ofdegrees of malignancyhe most severely
surrounding normal tissues, including themalignant resulting from complete deletions
walls of venules and lymphatics, the shedof the locus.l(2)gl is now recognized as an
ding of tumour emboli and the establish example of a tumour-suppressor gene.
ment of secondary growths in distantSincel(2)gl's complete functional loss leads
organs. to total loss of tissue pattern in all imaginal
From experimental work, it is known discs (the gens’normal function appearing
that whereas cells withitissue cultures to be keyed to the patterning of many- tis
remain in their normal locations and exhibitsues) it can be regarded as one example of a
low mitotic rates, those igell cultures for  developmental ‘mastegene.
ever wander proliferating freely as they Other tumour-suppressor genes might
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also act normally as developmental ‘masterRb+ expression, #dcted cells of its clone,
genesiinter alia, controlling down-stream lacking a sense of position within the tissue,
genes responsible for identifying cells towould behave as if they had no neighbours,
one another so that they self-assemble argtoliferating and wandering at will. Such
maintain normal tissue patterns. Logicallyfeatures could account for loss of tissue pat
loss of such a gene could result in maligtern, excessive proliferation and invasion,
nancy For example, in a retinoblastoma-and, being derived from stem cells, such
prone (Rb+/Rb-) stem cell with total loss ofcells would appear undérentiated.
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Buckley, I. and Stewart, M. (1983). Ciliary but not saltatory movements are inhibited by vanadate
micro-injected into living cultured cellsCell Motility, 3(2), 167-184.
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Returning to Australia, Buckley rejoined
Melbourne University’'s Department of Pathology
as an NHMRC Research Fellow. In 1968 he
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258



10. Cell Biology

From Dihydropteridine Reductase to Gliotoxin and Apoptosis

by Paul Waring

Paul Waring returned to the John CurtinWaring reasoned that the position of the
School in 1979 after a postdoctoral positiordouble bond in the substrate wouldeat
in the Robert Robinson Laboratories, Liver the nature of the signal from the nitrogen
pool, England. Wh a background in atoms of the pterin. Observation of ¢
pyrimidine  chemistry gained from signal is dificult without enrichment, par
Desmond Browrs laboratory he went to ticularly in those early days 6N spee
work with Wilfred Armarego in the Medical troscopy so the isotopically labelled
Chemistry Group (see p. 363) on a projectetrahydropterin was synthesised. This was
which showed that the reduction of dihy then oxidised to the quinonoid form and the
dropterins by dihydrofolate reductase™N spectrum determined. Although the-sig
occurred stereospecifically yielding the Snal was detectable with NMR machines at
isomer This led to his interest in a secondhe ANU, the work was completed in eol
pterin-requiring enzyme, dihydropteridinelaboration with workers in the United States
reductase (DHPR), which is important inwith access to more sensitive equipment.
the biosynthesis of catecholamine neuroThis work unequivocally identified the iso
transmitters in the CNS. aMng purified a mer as the ‘ortho’ form rather than the
substantial quantity of this enzyme from‘para’ form. A great deal of &frt had been
human brain, facilitated by the ease ofxpended to establish the position of a sin
obtaining human material in those days. Armgle bond which had important implications
early observation that some catecholamine®r the enzymic mechanism of reduction of
appeared to inhibit DHPR had suggested the substrate by DHPR.
feed-back mechanism of control of this By now Waring had a taste for biolagi
enzyme. This idea was rejected, howgveral studies with a chemical flavguand in
when Waring showed that it was the oxida the mid 1980s jumped at the chance to col
tion products of the catecholamines rathelaborate with Arno Millbacher and Ronald
than the neurotransmitteqger sewhich Eichner in the Department of Microbiology
inhibited DHPR. on the biological properties of a fungal toxin
The substrate for DHPR was an unstablealled gliotoxin. This toxin had been
isomer of the dihydro form of biopterin known for some time but its selective
termed ‘quinonoid dihydro pteridine’. The immunosuppressive properties had just
fine detail of the structure of this substratdoecome apparent, along with its role in
was unknown. Structural elucidation of thishuman and animal health. i a two year
compound was made fidult by its extreme National Research Fellowship he moved to
instability as it rapidly rearranged to anthat Department. What followed was apro
unreactive form. Determination of its struc ductive collaboration between Eichner
ture had to rely on indirect means. This wasillbacher and \&ring on the chemistry
achieved in two ways. First, by a study otbiochemistry and biology of gliotoxin and
the oxidation to and rearrangement of theelated members of this class of fungal-tox
quinonoid form of a number of syntheticins. This period represent a good example
pterin analogs. Analysis of this informationof how individuals from somewhat unre
allowed reasonable assignment of the poslated backgrounds could combine to tackle a
tion of the double bond which would definecommon problem while at the same time
the full structure of this elusive compound.also pursuing separate interests. Almost 50
A more direct proof was sought, and thispapers dealing with the biology and bio
came in the form ofN NMR spectroscopy chemistry of gliotoxin have resulted from
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the initial informal collaborative &rt, apparent. The scientific collaboration
including the early demonstration thatbetween Wdring and Miullbacher also
gliotoxin induced apoptotic cell death inresulted in their pursuit of the idea of an
treated cells, which elicited a great deal oustralian Science Festival, now a perma
excitement since the significance of thisnent event in the Australian scientific calen
form of cell death was only just becomingdar (see p. 21).

Further Reading

Waring, P, Eichner R.D. and MiillbacherA. (1988). The chemistry and biology of gliotoxin.
Medicinal Reseah Reviews8, 499-524.

Waring, P, Millbacher A., and Kos, F(1991). Apoptosis or programmed cell dedledicinal
Researh Reviews]1, 219-236.
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Haematopoietic Cytokines.

by Andrew Hapel

Proliferation and dferentiation of cells was to be genetically cloned, despite claims in
known to be susceptible to regulation bythe literature that the cloning of GM-CSF at
soluble hormone-like mediators, genericallythe Walter and Eliza Hall Institute had suc
called cytokines, for some time prior to theceeded earlier
discovery of the haematopoietic growth+eg  We expressed the gene encoding IL-3
ulators, interleukins or colony stimulating using recombinant DNA technology and IL-
factors. The regulators of blood cell growth3 madein vitro was shown to influence the
and diferentiation were first shown to exist growth and diferentiation of a wide range
when biological fluids such as urine,of normal bone marrow-derived blood cells
extracts of tissues, and supernatants froinoth in colony forming assays and in liquid
cultured cells were added to suspensions aiulture. W& expressed IL-3 in growth fac
bone marrow cells in semi solid mixtures oftor-dependent myeloid cell lines such as
agar plus tissue culture medium. ProgenitoFDC-P1 and 32D cl23 and showed that this
cells in the bone marrow then proliferated tanade the cell lines leukaemogenic. This
form colonies that contained many of theshowed that leukaemias could be made
mature cell types found in blood. experimentally and that autocrine produc
My introduction to the field of tion of a required growth factor was part of
haemopoietic growth regulators occurredhe leukaemogenic process. Interestingly
during a period in Jim lhle’laboratory at we also showed that there were profound
the Frederick Cancer Research Facility irand unexpected interactions between the
the United States. The group there workedignals delivered to bone marrow cells by
on an entity called interleukin-3 that wasinterleukin-3 and another colony-stimulat
made by thymus-derived lymphocytes andng factor called CSF-1 (or M-CSF). In
was initially believed to be involved in thy short, these two growth factors, acting
mocyte development. It was the third to behrough very difierent receptors, acted syn
discovered in a series of soluble factors thatrgistically to promote cell proliferation.
seemed to transmit growth orféifentiation We can deduce, but have not proven experi
signals between leucocytes. Although othementally that this syneyy is most likely due
designations were used initiglhe generic to amplification of the MEK/MAP kinase
term interleukin-3 (IL-3) seems to havepathway
stuck. While studying IL-3-producing
While at Frederick, the Ihle group puri leukaemias we found that cytokines such as
fied and a gained partial peptide sequence @iNF-a and IL-4 retarded the proliferation
the IL-3 molecule, but were unable to detecof the cells and induced &fentiation. The
the messenger RNA encoding it in a seriedifferentiated cells resembled macrophages.
of direct expression experimentsXenopus Coincidentallyto investigate the syrgistic
oocytes. Molecular cloning of IL-3 had tointeractions between IL-3 and M-CSF
wait until a student at the John Curtin(CSF-1), we had made a series of quasi-nor
School, Ming Chiu Fung, succeeded in 1983nal cell lines from bone marrowrhese cell
in isolating the first full length cDNA clone lines could proliferatén vitro in the pres
(see p. 249), which was confirmed byence of haematopoietic growth factors such
sequencing to match the peptide sequen@s GM-CSFbut could also be induced to
obtained at the Frederick laboratoryhe differentiate into macrophage-like cells in
cloning of IL-3 was a major advance since iresponse to the cytokine tumour necrosis
was the first haematopoietic cytokine gendactor (TNFa).
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To our surprise, the new cell lines couldindeed begin to express genes associated
also give rise to dendritic cells, key proceswith macrophages or dendritic cells as they
sors of antigen and intimately involved indifferentiated and identified TN&; IFN-g
immune regulation. It looked as though weand IL-4 as key mediators in the fdifenti
may have inadvertently generated a systemtion processes. In addition to a plethora of
that would allow carefuin vitro dissection known genes, the subtractive cDNA
of the diferentiation and biology of these libraries produced a very lg@ number of
key regulators of the immune responseunknown cDNAS, leading to the identifica
Ongoing studies could reveal ways to €ontion of a number of new genes that are
trol all manner of immune phenomena frominvolved in monocyte diérentiation or in
autoimmunity (arthritis), to graft rejection, the function of mature macrophages and
to vaccination, to alley. dendritic cells. The scale of this break

Excited by the prospect of finding thethrough was such that it attracted conmimer
key (or possibly a bunch of keys) to thecial support from Glaxo lcome. Genes
immune response, we made a series of subf interest have now been patented for
tractive cDNA libraries from the cell lines at future development of immune regulatory
different times as they difrentiated. The procedures, and we are involved in an engo
cDNAs that were isolated confirmed thating collaboration with Glaxo &llcome to
the bone marrow-derived cell lines didfurther develop our findings.
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Transplantation Immunobiology

by Charmaine Simoneovic

In the early 1970s, Kevin Lf#rty’'s two sig  cells from the donor tissue before transplan
nal model of T cell activation (see p. 327)tation. Mouse thyroid glands, by virtue of
postulating the requirement for both reeogtheir small size, were deemed to be suitable
nition of foreign antigen via the T cell for in vitro manipulation. In 1976, L&drty
receptor (Signal 1) and transfer of an inducand co-workers showed, on the basis of his
tive or costimulatory signal from the anti tological and functional criteria, that long-
gen-presenting cell to the T cell (Signal 2)term ogan culture of mouse thyroid in a
paved the way for re-examination of thehigh oxygen gas phase indefinitely pro
barrier to tissue transplantation. In thdonged allograft survival. The cultured allo
1940s Peter Medawar experiments in the grafts, however were rejected if the
United Kingdom on first set and second setecipient mice received a single injection of
skin allograft rejection in rabbits had viable donor-type, but not third partyer
unequivocally demonstrated the rejectiortoneal cells. This finding clearly demon
mechanism to be an actively acquiredcstrated that the cultured tissue carried
immune response; second set rejection wagcognizable antigens; it was on this basis
accelerated compared to first set rejectiorthat Laferty proposed that gan culture
the recall was specific for the primary donoreduced graft ‘immunogenicity’ by remov
type and second set rejection was elicitethg donor-type stimulator cells or ‘passen
equally well by prior immunization of the ger leukocytes’ from the donor tissue prior
hosts with blood leukocytes of the saméo transplantation. L&drty’s experimental
donor specificity i.e., the leukocytes and evidence therefore strongly consolidated
skin expressed common antigensGeoge Snells ‘passenger leukocyte’ con
Medawats seminal studies laid the founda cept of graft rejection with the added clarifi
tion for the ‘traditional’ concept of graft cation that the passenger leukocytes played
rejection, namelythat recognition of for an active and not a passive role in triggering
eign antigen activated the graft rejectioralloreactivity As a result, Medawa the
response. When Rupert Billingham laterory that foreign antigeper serepresented
showed that second set rejection could bthe barrier to tissue transplantation was no
transferred by pretreatment of recipienionger tenable.
mice with immune lymph node cells but not  The realization that treatment of dia
immune serum, the cellular basis of rejecbetes mellitus with exogenous insulin does
tion was established. Neonatal thymectomyot prevent the development of severe
studies by Jacques Miller in the 1960s soomicroangiopathic disorders, which can -ulti
indicated that the rejection of cellular tissuanately cause blindness, renal dysfunction,
allografts such as skin was T lympho cardiac disease and gangrene, provided the
cyte—dependent. impetus for clinical pancreatic islet trans
To address the obvious paradox poseglantation. In the 1970s, fefts to attain
by Medawats traditional concept of the physiological replacement of endocrine
transplantation barrietafferty chose mod function using whole or segmental pancreas
els of endocrine tissue allotransplantationtransplantation were frustrated by technical
Encouraged by reports of prolonged -surproblems associated with exocrine drainage
vival of tumour cell and ovary allografts fol and vascular thrombosis, as well as by the
lowing in vitro culture, Laferty explored immunological problem of allograft rejec
the technique of gan culture for removing tion. As a consequence, attention turned
donor-type ‘stimulatdrantigen-presenting towards isolated adult islets and the foetal
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pancreas as alternative sources of tissue fpancreas, thereby physically removing the
transplantation. L&érty and his PhD primitive lymphoid appendages. The prob
scholar Kerry Bowen quickly adopted thelem of foetal pancreas immunogenigity
high oxygen agan culture technique for the together with the ethical concerns associ
preparation of isolated adult islets for allo ated with the use of human foetal pancreas
transplantation. Confirming previous find tissue, re-established the need for proce
ings with the thyroid allograft model, the dures to be developed for isolatingdar
culture of allogeneic mouse islets for sevemumbers of islets from the adult human
days in a high oxygen gas phase preventezhdaver pancreas.
the rejection of islet allografts transplanted In the early 1980s, and coinciding with
across a major histocompatibility barrign  Kevin Lafferty’s departure for the USA,
addition, approximately half the mice carry Dennis Wison, a \siting Fellow from
ing long-term, functional islet allografts Woden \alley Hospital who was working in
demonstrated induction of islet allograft-tol the laboratory on the endocrine properties of
erance; these animals could not be stimuransplanted islet tissue, took up the task of
lated to reject their grafts. These findingamporting a small number of MHC-defined
had significant impact on the world-wide mini-pigs from Canada. These pig herds
pursuit of clinical islet transplantation as awere originally developed by Dr David
treatment for Ype 1 diabetes. The very Sachs at the United States National msti
fibrous texture of the adult human pancreagutes of Health for preclinical gan alle
however hindered the isolation of didient transplantation studies. Following their
numbers of human islets required forarrival at JCSMR, the imported founder-ani
restoration of normoglycemia. As a consemals were used to establish a colony of
quence, attention turned to the foetal panMHC-identical pigs. At this time, and with
creas as an alternative preparation of isldhe development of new and powerful
tissue. immunosuppressive drugs that were revolu
As a new PhD scholar in the ‘buzzing’tionising ogan allotransplantation, there
Lafferty laboratoryl was given the task of was a renewed interest in tissue angaar
assessing the capacityiofvitro procedures xenotransplantation, i.e., transplantation
for reducing the immunogenicity of foetal between members of d@&rent species.
mouse pancreas. It was somewhat surpriVith the unique asset of an inbred pig herd,
ing at first to find that culture in a high oxy in the mid-1980s we embarked on studies of
gen gas phase for up to ten days did little tthe immunobiology of the xenotransplanta
improve the survival of foetal pancreas allotion of pig pancreatic islet tissue in mice,
grafts; even after 20 days of culture, onlysetting the foundations for this research
40% of the grafts showed long-term surfield in Australia. This approach avoided
vival and function. Further investigationthe ethical concerns of human foetal pan
revealed that the marked immunogenicitycreas transplantation, the technical prob
was due to primitive lymphoid tissue (a richlems of isolating lage numbers of human
source of passenger leukocytes) in théslets and the shortage of human cadaver
mesentery found attached to foetal pancreatonors for clinical transplantation.
explants. Foetal pancreas was therefore In vitro studies of T cell activation by
found to be much more highly immuno Lafferty’s lab had indicated that the second
genic than either isolated adult islets or-thysignal showed species specificityafferty’s
roid; it was obvious that gan culture had theoretical model predicted that the removal
its limitations and was more fettive in  of immunostimulatory passenger leukocytes
reducing the immunogenicity of tissuesfrom xenogeneic tissue before transplanta
which did not carry gross lymphoid compo tion would not improve the survival of cross-
nents. Further improvement in allograftspecies transplants because of the
survival was obtained after isolating theprespecies-specificity of the second signal.
cursor islet tissue (proislets) from foetalConsequentlythe activation of xenoretiee
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betic mice (see Figure 1), but also in the
induction of xenograft tolerance (pig lym
phocytes MHC identical to the donor pig
proislet tissue were used for tolerance-test
ing). Transplant tolerance was demon
strated despite the recovery of the CD4 T
cell population to near-normal levels in the
periphery
With the recognition thatype 1 dia
betes was an autoimmune disease, and with
the development of a mouse model of
autoimmune diabetes (the NOD mouse), the
1. Immunohistochemical localization of insulin in  issue of disease recurrence in transplanted
a long-term surviving and functioning pig proislet - jg|et tissue was identified as an extra hurdle
xenograft at 139 days posttransplant to a ¢ " ojinical jslet transplantation, i.e., both
streptozotocin-induced diabetic CBA/H mouse. : g e .
Although the host mouse received anti-CD4  rejection and recurrence of autoimmune dis
monoclonal antibody therapy only up to day 10  ease in the transplant were major barriers.
post-transplant, the xenograft successfully  |ndeed we demonstrated that continual CD4
{ﬁ;orleo%e:jn;y:amtamed normoglycemia for more T c_eII depletion was necessary in Order to
achieve long-term survival and function of
pig proislet xenografts in autoimmune dia
T cells required the processing of xenoantibetic NOD mice. Realizing that neither
gens by recipient or host antigen-presentin@D4 T cell ablation nor life-long gener
cells. Indeed, attempts by others to use thalised immunosuppression in humans {par
organ culture technique to prepare xenoticularly in diabetic children) was feasible
geneic islet tissue for transplantation werer desirable for clinical islet xenotransplan
not efective. It was clear to us that medu tation, the quest to establish a clinically
lation of the xenograft reaction would rely acceptable protocol for the induction of islet
on selective impairment of the T cellxenograft tolerance was born in the interna
response. Using monoclonal antibodiesional research arena. Significantyy new
(mADb) directed against T cell subsets, westrategic approach to immunosuppression
identified the xenorejection response to bealled ‘costimulatory blockade’, which tar
dependent on the CD4 T cell compartmenigets the second signal of T cell activation
a finding consistent with the notion of and circumvents the need for T cell abla
xenoantigens being processed by recipienion, has been recently developed; this new
antigen-presenting cells and being freera in transplantation immunology evolved
sented in the context of host class Il MHCas a direct result of L&drty’s two signal
Short-term treatment with depleting anti-model of T cell activation. It remains to be
CD4 mADb resulted not only in long-term seen whether costimulatory blockade can be
survival and function of pig proislet used successfully to induce islet transplant
xenografts in experimentally-induced dia tolerance in diabetic patients.

Further Reading

Lafferty, K.J., Prowse, S.J., Simeonovic, C.J. arattdh, H.S. (1983). Immunobiology of tissue
transplantation. A return to the passenger leucocyte conéepiual Review of Immunolady,
143-173.
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Charmaine Joy Simeonovic (née Tranter) (1955-)
graduated BSc (Hons) from the Australian
National University in 1978 and was appointed a
PhD scholar in the Department of Immunology in
1979, graduating in 1983. She was then
appointed as a Postdoctoral Fellow in the
Department of Medicine and Clinical Science,
maintaining the Lafferty laboratory with external
funding during Lafferty’s leave of absence from
ANU, first as a Postdoctoral Fellow and later as a
Visiting Fellow. In 1990, she was appointed as an
Experimental Officer and subsequently as a
Professional Officer at the Woden Valley Hospital
and continued to carry out full-time research at
JCSMR as an externally funded Visiting Fellow.
In 1995 she was appointed to a fixed-term
position as a Fellow in the Division of Molecular
Medicine, to continue studies on pig pancreatic
islet xenotransplantation.

Growth Factor Receptor Signalling

by Michael Crouch

In 1992, following the award of a 5-yearTogether with Francis Ward, Crouch
Senior Research Fellowship in Medical-Scishowed that once the G-protein Gi had
ence from the \llcome Foundation, migrated into the nucleus it localized to the
Michael Crouch set out to identify the kinetochore of chromosomes and played a
receptor second messenger mechanismsgulatory role in cell division by control
activated by growth factors which regulateling proteins called cyclins and cyclin-
cell proliferation and migration. A GTP- dependent protein kinases.

binding protein, Gia, was shown to be The then accepted mechanism of activa
important in the activation of proliferation tion of G-proteins by dissociation into dis
of 3T3 fibroblasts upon stimulation by thetinct protein subunits when activated by
growth factors insulin and epidermal growthmembrane receptors was challenged by this
factor, and Gia was demonstrated to translowork. Crouch, howevershowed clearly
cate from the cell periphery into the nucleughat this does not always occur when Gi is
of dividing cells. There Gia bound specifi activated, but rather that the alpha-subunit
cally to the separating nuclear chromatinof Gi undegoes a conformational change
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without dissociation and the whole het responses. He and Leise Bervin showed
erotrimeric G-protein undgoes transloca that the enzyme p70 S6 kinase was crucial
tion to the nucleus. to actin polymerization during cell migra
Later, in 1997, Crouch examined thetion. This enzyme is fdcted by nitric oxide

regulation and role of the cytoskeleton inthrough cyclic-GMPand this mechanism is
cell control by growth factors. Changes inpart of a phosphoinositide 3-kinase -sig
the structure of the cytoskeleton are essemalling system. In collaboration with Hugh
tial not only for cell migration but also for Campbell, of the Research School of Bio
the changes in cell shape associated witlogical Sciences, and Deborah Davies, he
cell division. The polymerization of actin also showed that the Flightless-I-protein is
underlies a significant part of the activedownstream of this pathway and appears to
remodelling of cell structure that is evokedbe a component of the signalling system of
by hormones that induce these cellulafibroblasts.

Further Reading

Chou, M.M. and Blenis, J. (1995). The 70kDa S6 kinase: regulation of a kinase with multiple roles
in mitogenic signallingCurrent Opinions in Cell Biology, 806-814.

Michael Francis Crouch (1957-) graduated from
the University of Adelaide with BSc Hons in 1981,
PhD 1986. Following a postdoctoral fellowship in
the Department of Molecular Biology, Burroughs
Wellcome Company, North Carolina, he was
appointed a Research Fellow in the JCSMR
Department of Pharmacology in 1988 and held a
Wellcome Senior Research Fellowship in the
Department for six years from January 1992 until
his appointment as a Fellow and Leader of the
Molecular Signalling Group in the Division of
Neuroscience in 1997. In 2001 he resigned to
take up appointment as Director of Research with
GROPEP in Adelaide.
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Development of Sulfated Oligosaccharide-Based Anti-Cancer Drugs

by Christopher Parish

One of the remarkable features of thecapable of tracking lymphocyte prolifera
immune system is the ability of lymphocytestion as well.
to recirculate through lymphoid geins and, During the early 1980s it occurred to
when required, rapidly enter sites of tissudarish that, in many ways, the process of
damage or infection. While working in thetumour metastasis resembles that of dym
laboratory of Jim Gowans at the Siilidm  phocyte adhesion and migration. Both
Dunn School of PathologyJniversity of recirculating lymphocytes and metastatic
Oxford, during 1972—73, Chris Parish (see ptumour cells need to adhere to endothelial
333) became interested in this phenomenorells and extravasate through the endothe
Gowans had carried out classic studies dutium and the underlying basement mem
ing the 1950s and 1960s that demonstratdastane. The similarity between the two
unequivocally that lymphocytes can recircu processes is particularly apparent when one
late, but at that time the molecular basis ofompares the entry of lymphocytes into
the process was totally unknown. Whennflammatory sites and the exiting of
Parish returned to the Department of Micro metastatic tumour cells from the circulation
biology in late 1973 his research interest$nto new tissues. Since certain sulfated
gradually began to be directed towardgolysaccharides had been shown to dramat
addressing this question. ically inhibit lymphocyte adhesion and
His initial studies in the late 1970s andrecirculation, it seemed logical to assume
early 1980s revealed that carbohydrat¢hat the same sulfated polysaccharides
recognition plays an important role in lym would inhibit tumour metastasis. Fortu
phocyte adhesion, with anionic (negativelynately lan Ramshawa former PhD student
chaged) carbohydrate structures ofterof Parish, had returned to the JCSMR in
being ligands for lymphocyte cell adhesion1982 as a Research Fellow in the Depart
molecules. Subsequent research carried omtent of Experimental Pathology and had
in collaboration with Mary Brenan in the brought with him a number of rat tumour
Department of Immunology JCSMR, metastasis models. Also, early in 1984
demonstrated that anionic polysaccharidefeirdre Coombe joined the Parish labora
particularly sulfated polysaccharides, cartory as a Postdostoral Fellow and it was
inhibit lymphocyte recirculation, with the decided, soon after her arrival, that one of
polysaccharides blocking the binding ofher projects would be to examine théeet
lymphocytes to high endothelial venules inof different sulfated polysaccharides on
lymph nodes. These experiments undertumour metastasis, using Ramshawietas
pinned later molecular studies by othettasis models.
groups that identified the selectins, a family Coombe soon found that essentially the
of molecules that bind anionic carbehy same sulfated polysaccharides that had been
drates and initiate the adherence of leukoshown to inhibit lymphocyte recirculation
cytes to endothelial cells. During thisinhibited tumour metastasis. Initially it was
period a range of fluorescent dyes were alsthought that the sulfated polysaccharides
developed by the Parish laboratory thablocked the adhesion of the metastatic
were particularly useful for tracking lym tumour cells to endothelial cells. Howeyer
phocyte migratiorin vivofor extended peri by following tumour cell localisatioim vivo
ods of time. One of these dyes,using one of the fluorescent dyes that had
carboxyfluorescein diacetate succinimidylbeen developed to track lymphocyte migra
ester (CFSE), was subsequently shown to kéon, it became clear that this was not the
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case. The sulfated polysaccharides had rdrugs. In addition, studies with DavidiM
effect on tumour cell entrapment in the vaslenbog (see p. 343), then an NHMRC-
culature but appeared to be preventindunded research worker at the Royal
tumour cell metastasis at a later stage, mo§anberra Hospital, had revealed that the
likely by inhibiting the migration of the same sulfated polysaccharides that inhibited
tumour cells through the subendotheliakumour metastasis also had anti-inflamma
basement membrane. Since theory activity, a finding that suggested that
antimetastatic sulfated polysaccharidesieparanase was adat for anti-inflamma
resembled the glycosaminoglycan heparatory drugs as well. At that time, howeyer
sulfate in structure, one possibility was thatittle was known about heparanase, mainly
the compounds were inhibiting heparanasalue to the enzyme being expressed at very
This enzyme had recently been implicatedow levels in most tissues, being intrinsi
in tumour metastasis due to its ability tocally unstable and there being a lack of-reli
degrade heparan sulfate in extracellulaable assays for the enzyme. For these
matrices, particularly basement membraneseasons it took Parish and a team of cellab
When the diferent sulfated polysaccharidesorators at the JCSMR another 12 years to
were tested for their heparanase inhibitorglone and characterise the enzyme and
activity, a perfect correlation was founddevelop heparanase inhibitors. This work
between the ability of the compounds tdfinally came to fruition in 1999 with
inhibit heparanase and their antimetastati®arishs laboratory reporting the cloning of
activity. An interesting feature of this early mammalian heparanase and the dewvelop
work was that additional experiments werement of a heparanase inhibitgthosphe
performed to show that the antimetastatiecnannopentose sulfate (PI1-88). Key
properties of some of the sulfated polysaccontributors to this work were Craig Free
charides was unlikely to be due to their antiman, who developed a simple and rapid
coagulant activity assay for the heparanase enzyme, Mark
By 1987 Parish was convinced thatHulett who led a team of molecular bielo
heparanase represented an importawgetar gists who cloned heparanase, and Bill ECow
for the generation of novel antimetastatiaden who with a group of chemists was

Effect of a heparanase inhibitor on the lung metastases of an invasive tumour. The left hand figure
depicts the lungs of a control rat that received the highly metastatic mammary adenocarcinoma, 13762
MAT, intravenously, 13 days earlier. The right hand figure shows the lungs of a rat that was treated with
a single injection of a heparanase inhibitor at the time of tumour cell administration. Note the dramatic
reduction in the number of tumour nodules in the lungs of the treated rat. Reproduced from Science
(1999) 285, 33-34, by copyright permission of the American Association for the Advancement of
Science.
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involved in the development of PI-88. Theresources provided by a block-funded insti
heparanase assay developed by Freemantirte like the JCSMR. Therefore, starting in
the early 1990s was crucial, as it revoluthe mid-1980s, Parish sought external
tionised studies of the enzyme, and allowegunds, particularly from commercial
the Parish group to succeed where mangources, to support the research program.
other laboratories had failed. Initially funding was received in 1987-89
Of particular interest was the finding from an unexpected source, the Country
that the heparanase amino acid sequence\ifomens Association of New South alés!
unique, with the same heparanase enzymgom 1991-93 substantial funding was-pro
being expressed by platelets, T lymphocytegiged via a Syndicated R&D grant, which
and metastatic tumour cells. Howeyvar allowed the project to advance rapidly and
subsequent sequence homology study by Jljecome more attractive to a major commer
Greadys group at the JCSMR (see p. 252 partner Eventually in 1993, Progen

suggested that the molecule is a TIM-barre, , qtries, an Australian biotechnology
hyd_rolasg and,_ based on their model, thSompany based in Brisbane, commenced
active site residues of the enzyme WeTthultimillion dollar support for the project,

identified. So far there is no evidence for_ . :
. — - which enabled the cloning of heparanase
any other mammalian heparanase, a findin nd the development of PI-88. In fact,

that makes this enzyme a particularly attrac
tive drug taget. |Initially the sulfated gltho_ugh the develppment of a heparanase
oligosaccharide, PI1-88, was identified ioy inhibitor was a major gaol of the Progen-
vitro assays as being a potent heparana%]\énded research program, a number of
inhibitor, with the additional property of Neparan sulfate mimetics were also identi
being anti-angiogenic. Subsequémtvivo fied that hqve othgr clinical appht_:gﬂons,
experiments showed that the drug signifiSUch as being anticoagulants, antilipemics
cantly inhibits primary tumour growth, and anti-angiogenics.
metastasis and angiogenesis in animal-nod Overall, this piece of work represents a
els and, due to its low toxicitys particu classic example of how high class, curios
larly attractive for clinical use. In 1999 ity-driven research resulted in an unex
PI-88 represented the first heparanaspected discovery of considerable public
inhibitor that had entered clinical trials in benefit, i.e., fundamental studies on the
patients with cancer molecular basis of lymphocyte recirculation
The heparanase project was a majolled to the development of a new class of
undertaking that was far beyond theanticancer drugs.

Further Reading
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