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Meeting Report

International Symposium on Polyamines in Cancer1

Critical Role of Polyamines in Cancer: Basic Mechanisms and Clinical Approaches

Polyamines. primarily putrcscinc. spcrmidine. and spermine, are
known to play critical roles in the proliferation, differentiation, and
transformation of mammalian cells. The en/.ymes involved in metab
olism of polyamines are being extensively investigated by molecular
biological approaches. The knowledge gained from basic studies of
polyamines is being actively transformed into clinical studies. Spe
cific inhibitors of polyamine biosynthesis are available for almost
every enzyme in polyamine metabolism. This has provided clinical
investigators with promising new therapeutic agents for cancer treat
ment. In view of the active developments in this field, we decided to
devote an entire symposium to a critical examination of the role of
polyamines in cancer and to evaluate the future directions of
polyamine research in cancer. Although the critical importance of
polyamines in cancer has long been well recognized, there has been no
symposium dealing solely with the subject of polyamines in cancer.
This symposium provided a forum for international exchange between
basic scientists and clinical oncologists, allowing them to evaluate
polyamine research particularly in cancer from the perspective of
clinical approaches based on basic scientific studies. Therefore, the
content of this symposium was organized into three stages: basic-

studies in mammalian cells, in vitro and in vivo studies, and clinical
studies.

In Session I. following the opening remarks by Dr. A. J. Mastro-

marino from The University of Texas M. D. Anderson Cancer Center.
Dr. S. S. Cohen. Marine Biological Laboratory. Woods Hole. MA.
reviewed the historical development of polyamine research in his
keynote address entitled "The Pace and Directions of Polyamine Re
search." The second keynote address was given by Dr. A. E. Pegg.

Pennsylvania State University. Hershey, PA. He provided an overview
of the current status of polyamine research in cancer and categorized
it into four main areas: (a) the use of measurements of polyamines, or
their biosynthetic enzymes, for diagnosis of malignancy and the mon
itoring of the progress of therapy or disease: (b) the use of polyamine

Received 3/4/93; accepted 3/29/93.
1The symposium was sponsored by The University of Texas M. D. Anderson Cancer

Center and was held at the Del Lago Resort and Conference Center located outside of
Houston. Texas, on November 6-10. 1992. Members of the organizing committee were
Jaffer A. Ajani. V. Bruce Grossie. Jr.. Robert C. Mickey. Anthony J. Mastromarino, and
David M. Ota (all from M. D. Anderson Cancer Center): Mari K. Haddox (The University
of Texas Health Science Center. Houston. TX); Gordon D. Luk (The University of Texas
Southwestern Medical Center, Dallas. TX): and Courtney M. Townsend. Jr. (The Univer
sity of Texas Medical Branch. Galveston. TX). Members of the international scientific
advisory committee were W. Ki Hong and Victor A. Levin (M. D. Anderson Cancer
Center); Uriel Bachruch (Hebrew University-Hadassah Medical School. Jerusalem. Isra

el); Seymour S. Cohen (Marine Biological Laboratory. Woods Hole. MA): Eugene W.
Gemer (University of Arizona Health Science Center. Tucson. AZ): Olle Heby (University
of UmeÃ¼.UmeÃ¤.Sweden): Juhani JÃ¤nne(University of Kuopio. Kuopio. Finland); Lau
rence J. Marlon (University of Wisconsin Medical School. Madison. Wl): David R. Morris
(University of Washington. Scuttle. WA); Nakaaki Ohsawa (Osaka Medical College.
Osaka, Japan): Anthony E. Pegg (Pennsylvania State University College of Medicine.
Hershey. PA): Carl W. Porter (Roswell Park Cancer Institute. Buffalo. NY): and Prasud S.
Sunkara (Marion Mcrrell Dow Research Institute. Cincinnati. OH). The symposium was
supported by the following: Abbott Laboratories: American Cancer Society. Texas Divi
sion, Inc.: Bristol-Myers Oncology Division: Chugai Pharm U.S.A.. Inc.: Ciba-Geigy

Limited; Daiichi Pharmaceutical Corp.; H. W. Davidson: The Max and Victoria Dreyfus
Foundation. Inc.: Paul and Mary Haas Foundation: Philip S. Harper Foundation: Hohh\
Foundation: International Polyamine Research Fund: Robert E. and Evelyn McKee Foun
dation; Ryoji Odaka: The Alice Kleberg Reynolds Meyer Foundation: National Cancer
Inslilulc: The Ross Foundation: Shimad/u Scientific Instruments. Inc.: Margaret Dorrancc
Strawbridge Foundation of Pennsylvania I. Inc.: Merck and Co.. Inc.. Human Health
Division; Suntory Limited. Pharmaceutical Division; Toyobo America. Inc.; The Upjohn
Co.; The Vaughn Foundation: Yamanouchi U. K. Ltd.

biosynthesis inhibitors or polyamine antagonists as chemotherapeutic
agents: (c) the possible role of alterations in polyamine metabolism in
the early stages of carcinogenesis; and (d) the use of inhibitors of
polyamine synthesis for chemoprevention in high-risk populations.
Dr. Pegg also summarized his own work on polyamine-metabolizing

enzymes.
Session II dealt with molecular and cellular mechanisms of

polyamine metabolism and regulation. Dr. D. R. Moms. University of
Washington. Seattle, WA, discussed the diversity of genetic mecha
nisms for regulating polyamine biosynthesis. Polyamine production in
mammalian cells is regulated largely through control of the biosyn
thesis of two key enzymes. ODC2 and SAMDC. The synthesis of

these two enzymes is regulated at several different levels, including
transcription, intranuclear processing of transcripts, and translation.
He also discussed a new cell-specific mechanism of regulation of

SAMDC translation, which depends on the synthesis of a hexapeptide
of specific structure from an open-reading frame within the 5' leader

of the SAMDC mRNA. Dr. P. Coffino, University of California, San
Francisco. CA. and Dr. S. Hayashi, Jikei University, Tokyo, Japan,
then discussed degradation of ODC, which is known to have the
shortest half-life among all known mammalian en/ymes. Dr. Coffino's

group demonstrated that constitutive degradation of ODC requires its
carboxy terminus and is independent of intracellular polyamines.
whereas polyamine-dependent degradation of ODC requires a distinct

region outside the carboxy terminus. Their study also showed that
formation of an antizyme-ODC complex is required for regulated

degradation of ODC. Antizyme causes a conformational change in
ODC. thereby making the C terminus of ODC more accessible to
degradation by proteases. These data elucidate a form of feedback
regulation whereby excess polyamines induce destruction of the en
zyme that initiates their biosynthesis. Dr. Hayashi showed that anti-
zyme markedly accelerated ODC degradation by transfecting the an-

tizyme gene. He and his coworkers also developed /;; vitn> ODC
degradation systems that reflected physiological systems. Isotope-
labeled ODC in ODC-overproducing Chinese hamster ovary cells was
rapidly degraded upon incubation of the cell extract in an ATP- and
antizyme-dependent manner. Dr. J. JÃ¤nne.University of Kuopio, Fin

land, then reviewed his work with transgenic mice who overproduced
putrescine in their tissues. His laboratory was able to generate several
transgenic mouse lines that harbored the human ODC gene in their
genome. The transgenic mice overexpressed ODC in virtually all of
their tissues, resulting in enhanced accumulation of putrescine: how
ever, no increases in spermidine and spermine were observed. In
addition, no change in any other polyamine-associated enzymes was

seen, and the urinary excretion of polyamines and acetylated spermi
dine were normal. In these mice elevated ODC and enhanced tissue
accumulation of putrescine lead to (n) male infertility as a result of
disturbed spermatogenesis: (h) defects in spatial learning and memory
and elevated seizure threshold due to massive putrescine accumulation
in the brain: and (c) growth advantage in skin tumorigenesis in vivo
due to increased basal epidermal ODC activity. Dr. Y. Landry. Uni-

2 The abbreviations used are: ODC. ornithine decarboxylase; SAMDC. .S'-adenosylme-

thionine decarboxylase: SAT. spermidine/spermine-jV'-acetyllransferase: DFMC). a-di-
tluoromelhvlornilhine; MGBG. methylglyoxal hislguanylhydra/.onc); BENSPM, W, N"-

bisl ethyl Inorspermine.
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versile Louis Pasteur-Strasbourg, France, next presented information

on the stimulation of G proteins by polyamines. His group observed
that polyamines can stimulate purified trimeric G proteins. The order
of potency was spermine > spermidine > putrescine and cadaverine.
Thus, intracellular polyamines might control the basal level of second
messengers and modulate extracellular signals transduced through G
protein-coupled receptors. Polyamines might also modulate the vari

ous processes involving small G proteins. The role of polyamines in
cell-mediated immunity was the subject of the presentation by Dr. T.

L. Bowlin. Marion Merrell Dow Research Institute, Cincinnati, OH.
His laboratory has demonstrated that following T-cell activation, the

induction of increased ODC activity is an integral event in regulating
lymphocyte proliferation. DFMO treatment of T-cells reduced pu
trescine and spermidine levels without impairing T-helper cell inter-
leukin 2 production. In contrast, polyamine depletion inhibited cy-
tolytic T-cell induction. Polyamine depletion also prevented the
interleukin 2-dependent expansion of cytolytic T-lymphocytes. In ad
dition, polyamine depletion reduced the frequency of CDS-positive
T-cells without alteration in the number of CD4-positive cells. In
leukemic mice treated with a spermine analogue, /V,iV-bis-[3-(ethyl-
amino)-propyl]-l,7-heptane diamine, an increase in cytolytic lympho

cyte activity was observed.
In Session III, dealing with polyamines in differentiation and trans

formation. Dr. U. Bachrach. Hebrew University, Jerusalem, Israel,
discussed the correlation between polyamines and the expression of
ras oncogenes. Transformation of NIH 3T3 cells was accompanied by
deregulation of ODC. which led to the accumulation of polyamines
and to the excretion of /V'-acetylspermidine. Rat kidney cells infected

with the temperature-sensitive ras showed the presence of p2I (the
product of ras) in cells grown at 37Â°Cbut not at 42Â°C.Shifting the
temperature from 42Â°to 37Â°Ccaused a gradual accumulation of p21,

with increasing activity of ODC. The nuclear oncogene inyc was also
activated as the result of ras activation, when the cellular polyamine
concentration increased. Dr. G. D. Luk, The University of Texas
Southwestern Medical Center, Dallas. TX, reported on cell transfor
mation by overexpression of ODC, in which stably transfected NIH
3T3 cells with an expression construct containing human ODC com
plementary DNA under trunscriptional control of human ÃŸ-actinpro

moter produced transfected cells whose only potential difference from
controls was increased constitutive levels of ODC expression. ODC
activity and mRNA levels were increased 3- to 6-fold in clonal isolates
(NODC cells) of ODC-transfected NIH 3T3 cells compared to control

transfectants (NLK cells). NODC cells, in contrast to NLK control
cells, were not contact inhibited, exhibited anchorage-independent

growth, cycled more rapidly, and induced tumors in nude mice more
efficiently and rapidly, supporting an important role for ODC over-

expression in cell transformation. Dr. O. Heby, University of UmeÃ¤.
Sweden, discussed development of DFMO-resistant K562 cell lines.

In one of the cell lines he and his coworkers observed coamplification
of the ribonucleotide reducÃaseR2 subunit, showing cross-resistance

to DFMO and hydroxyurea.
Session IV dealt with polyamines in cellular growth, carcinogene-

sis, and chemoprevention. Dr. M. K. Haddox, The University of Texas
Health Science Center, Houston, TX, discussed posttranslational mod
ifications of ODC during carcinogenesis. Her studies suggest that
phosphorylation of ODC at multiple sites by yet unidentified kinases
contribute to enhanced ODC activity and polyamine levels in tumor
tissues. Dr. R. E. Parchment, Food and Drug Administration, Laurel.
MD, then reported on indirect and direct regulation of apoptosis by
polyamines. Extracellular polyamines can indirectly cause apoptosis
by the action of the hydrogen peroxide that is produced via their
enzymatic oxidation. Spermine directly inhibits the Ca2 +-, Mg2 +-

dependent endonuclease activity in isolated liver nuclei, most likely

by altering DNA conformation. Imbalance in the relative levels of
intracellular polyamines leads to cell death. Thus, several pathways
provide multiple points for regulation of cell death via control of
polyamine metabolism. Polyamine involvement in the hormonal con
trol of breast cancer growth was the subject of the report by Dr. A.
Manni. Pennsylvania State University. Hershey, PA. Polyamines are
critical mediators or second messengers of the proliferative effects of
hormones on mammary tumor cells. Therefore, manipulation of the
polyamine pathway may improve ability to synchronize breast cancer
growth hormonally. thereby improving the ability to implement ki-

netically designed chemotherapeutic regimens. Dr. V. B. Grossie, Jr.,
M. D. Anderson Cancer Center, discussed polyamines and parenteral
nutrition-enhanced tumor growth in a rat model. The enhanced tumor

growth during parenteral nutrition (particularly the arginine compo
nent) is related to increased tumor polyamine synthesis; DFMO with
parenteral nutrition eliminated the enhanced tumor growth. Dr. H. J.
Thompson of AMC Cancer Research Center. Denver, CO, talked
about polyamines and breast cancer prevention. His group examined
the chemopreventive activity of polyamine inhibitors on the promo
tion phase of mammary carcinogenesis induced by 1-methyl- 1-ni-

trosourea in the rat. DFMO inhibited this mammary tumorigenesis. In
combination with other agents such as selenium, retinyl acetate, or
tamoxifen, the chemopreventive activity of DFMO was further en
hanced. Cyclohexylamine. a competitive inhibitor of spermidine syn-

thase, was also effective, although it was not well accepted when fed
to rats. The data suggest that the efficacy of a chemopreventive agent
can be attributed to its ability to remove cancer cells from the prolif
erative pool, directly by antiproliferative activity or indirectly by
inducing terminal differentiation or apoptosis.

Polyamine antimetabolites were the subject of Session V. Dr. H. M.
Wallace, University of Aberdeen, Scotland, reponed on the interaction
between anticancer drugs and polyamine metabolism in human cancer
cell lines. All anticancer drugs tested inhibited the growth of the cells,
which showed decreases in intracellular polyamine content and con
comitant increases in SAT activity and polyamine excretion. The
results support the hypothesis that increased polyamine breakdown,
that is increased SAT activity and polyamine excretion, is a general
response of the cell to a limitation in growth rate, regardless of the
mechanism by which growth is limited. However, it may be possible
that this response is necessary for cells to cope with the toxic effects
of anticancer drugs. The subject of the presentation by Dr. C. M.
Townsend. Jr.. The University of Texas Medical Branch, Galveston,
TX, was polyamines and gastrointestinal cancers. The effect of
DFMO on growth of various gastrointestinal tumors xenotransplanted
into athymic nude mice was examined. The results indicate that there
are large variations in the sensitivity of different gastrointestinal tu
mors to growth inhibition by DFMO. and endogenous polyamine
levels alone do not predict the sensitivity of the tumors to DFMO. Dr.
H. Mett, Ciba-Geigy Limited. Basel, Switzerland, discussed new in
hibitors of SAMDC with potent antitumor activity. He and his co-

workers have introduced aromatic rings into the basic structure of
MGBG and identified compounds with a high potential for human
cancer chemotherapy. The most potent compound of this structural
class, CGP 48664, has an over 100-fold higher activity in SAMDC
inhibition than MGBG with a 50% inhibitory concentration of 1-10

UM.In various mouse tumor models CGP 48664 showed efficacy at
doses well below 1 mg/kg after i.p. application, and also was thera-
peutically active at one-twentieth of the maximally tolerated dose

when given p.o. This agent was also active both in vitro and in vivo
against multidrug-resistant human melanoma xenografts. At therapeu-

tically active doses, no signs of toxicity were observed.
Session VI also dealt with polyamine antimetabolites (part 2). Dr. L.

J. Marton, University of Wisconsin, Madison, WI, reported on
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polyumine analogues and their potential for cancer therapy. In partic
ular, he discussed BE 4 X 4. a modified new pentamine compound,
which shows a spectrum of activities against seven human brain tumor
cell lines. This agent also showed excellent activity against the U25I
MG human brain tumor line in a nude mouse model. The effects of
polyumine depletion on cytotoxicity responses to hyperthermia and
radiation were discussed by Dr. E. W. Gerner. University of Arizona.
Tucson, AZ. Polyamine depletion, following treatment with DFMO.
affects survival response to several physical Stressors such as hyper
thermia and radiation in a cell line-specific manner. Thus, depending

on the cells. DFMO enhances sensitivity to the lethal effects of hy
perthermia. increases the rate of thermotolerance decay, or acts to
inhibit recovery process after ionizing radiation damage. Heat shock
and certain other Stressors stimulate polyamine catabolism via induc
tion of SAT. These findings support the hypothesis that polyamines
play important, and cell line-specific, roles in cellular response to

physical and chemical stress. The need for polyamine inhibitors to
have a suppression capability compensating against induction of
polyamine-biosynthetic enzymes to attain complete antitumor effect

was the subject of the presentation by Dr. H. Hibasami. Mie Univer
sity, Japan. He and his associates synthesized methylglyoxal bis-
(cyclopentylamidinohydra/.one). which inhibited SAMDC, spermi-

dine synthase, and spermine synthase. and stabilized SAMDC much
less than MGBG. The induction of ODC by this agent in vitro was also
much less than by MGBG. They concluded that a drug showing
multifunctional properties to inhibit ODC. SAMDC. spermidine syn
thase. and spermine synthase with no capacity to induce ODC,
SAMDC. and SAT should be used clinically against cancer. The next
presentation was by Dr. C. W. Porter. Roswell Park Cancer Institute.
Buffalo, NY, on preclinical studies of BENSPM. This class of
polyamine analogues was designed to mimic intracellular polyamines
in down-regulating key polyamine biosynthetic enzymes and
polyamine uptake while, at the same time, potently up-regulating the
polyamine-catabolizing enzyme SAT. The combined result of these
responses is the rapid and near-total depletion of polyamine pools and

their replacement with an analogue that is dysfunctional in its ability
to support cell growth. In this group of compounds. BENSPM dis
plays the most impressive antitumor activity with minimum toxic
effect in nude athymic mice with various human solid tumor xe-

nografts. A clinical trial of BENSPM is anticipated. Dr. J. A. Ajani. M.
D. Anderson Cancer Center, summarized the clinical and pharmaco
logical studies of DFMO at M. D. Anderson in advanced colon car
cinoma. To obtain steady-state kinetics and avoid toxic effects on the

gastrointestinal tract, they used continuous i.v. infusion to treat 32
patients at a median daily dose of 8 g/irr (range. 6-14 g/m2). Sus

tained suppression of plasma and RBC polyamines and a steady state
of plasma DFMO levels were obtained. Reversible thrombocytopenia
was the dose-limiting side effect; also audiotoxicity occurred but was

mild and reversible. Although DFMO did not result in a measurable
response, there was evidence of the lowering of carcinoembryonic
antigen levels and minor tumor regression in some patients.

Session VII concentrated on clinical studies of polyamines. In Part
1 of this session. Dr. N. Ohsawa, Osaka Medical College, Japan,
discussed polyamine dynamics in patients with malignancies. His
group examined the urinary polyamines of cancer patients in a large
population by use of clinical polyamine kits, and they found that these
patients have normal or increased polyamines levels, confirming that
urinary polyamine levels are not sensitive enough to use as a general
diagnostic marker for cancer. They also found that during chemother
apy, urinary polyamine levels show an increase from pretreatment
levels if the treatment was successful, but no change when it is
unsuccessful. Therefore the measurement of urinary polyamines dur
ing cancer chemotherapy is a useful test for selecting the most effec

tive therapeutic agents. Dr. J. P. Moulinoux. University of Rennes.
France, dealt with diagnostic and therapeutic uses of circulating
polyamines. In his experience. RBC spermidine and spermine levels
were useful for distinguishing progressive from nonprogressive dis
ease at the time of initial diagnosis in prostatic adenocarcinoma and
pediatrie acute lymphoblastic leukemia. During long-term therapeutic
follow-up. RBC polyamine levels were also useful for detecting re

currence in glioma and prostatic adenocarcinoma. Bone marrow graft
survival in all cases was preceded by an increase in RBC spermidine
levels. These results indicate that RBC polyamine levels can be useful
as an index of cell proliferation. An almost complete prevention of the
growth of various transplanted tumors in animals is achieved in their
DFMO treatment by decontamination of the gastrointestinal tract
(polyamine source) by using neomycin and metronidazole and by
feeding them a synthetic, polyamine-free diet. His group recently

applied this procedure successfully to patients with metastatic pros
tatic adenocarcinoma. Dr. F. L. Meyskens, Jr., University of California
at Irvine Cancer Center, discussed their Phase Ila trial of DFMO and
its effect on polyamine levels in buccal mucosal cells and rectal
colonie biopsies. They entered 108 patients into the study and carried
out a dose-deescalation study with DFMO in patients with prior co-
Ionic polyps. They determined side effects, dietary intake, and pre-
and post-DFMO ( I month) polyamine content in shed buccal mucosa

cells and in rectal colonie biopsies. They determined that (a) depletion
of polyamines in shed buccal mucosal cells cannot be accurately
determined because of bacterial contamination, and (b) that depletion
of polyamines can be detected in colonie biopsies. Doses of DFMO of
0.50 and 0.10 g/trr/day are acceptable upper and lower doses for a
longer term Phase lib trial.

Session VII also dealt with clinical studies of polyamines (Part 2).
Dr. U. R. FÃ¶lsch. Christian-Albrecht University, Germany, talked

about polyamines as diagnostic markers in gastrointestinal malignan
cies. In his study polyamines were measured simultaneously in tissue,
serum, and urine of patients with gastrointestinal malignancies, pa
tients with non-malignant gastrointestinal disease, and healthy volun

teers. Their results showed that polyamines are not suitable as diag
nostic markers in tumor screening because disease or malignancy-

specific changes in the polyamine profile were not observed.
However, iV'-acetylspermidine was found only in cancer tissue. Be

cause polyamine concentrations in serum and urine normalized after
curative operation, whereas they further increased and were elevated
in patients with proven relapse of the tumor or mÃ©tastases,he felt that
polyamines might be of clinical value in postoperative monitoring of
the therapeutic success of treatment or be predictive of relapse of the
tumor. In a Phase I study Dr. P. P. Carbone, University of Wisconsin
Comprehensive Cancer Center, Madison. WI. used DFMO as a
chemopreventive agent. The goal of his group was to find a dose and
schedule that decreased in vitro ^-O-tetradecanoylphorbol-lS-ace-
tate-induced ODC activity in skin biopsies and was tolerated for 6 to

12 months. The results showed that DFMO at 0.5 g/irr/day may be
given for 10 months with acceptable levels of toxic reaction and a
significant effect on 12-O-tetradecanoylphorbol-l3-acetate-induced

ODC activity. This dose turned out to be very similar to the dose range
recommended by Dr. Meyskens' group, at University of California at
Irvine Cancer Center. However. Dr. P. J. Creaven's group, at Roswell

Park Cancer Institute recommended 1.6 g/irr/day. The final paper in
this session was presented by Dr. V. A. Levin. M. D. Anderson Cancer
Center, who discussed their clinical trials with polyamine inhibitors
for recurrent gliomas. This study showed marked effectiveness of
DFMO alone or in combination with l.3-bis(2-chloroethyl)-ni-
trosourea (effective with a relatively large number of long-time sur
vivors) or MGBG, although the DFMO-MGBG combination was

stopped because they encountered two cases of lethal hepatic necrosis.
2fi91

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/11/2689/2450328/cr0530112689.pdf by guest on 19 M

ay 2023



MEETING REPORT

In Session IX, the closing session, in summary and to evaluate
future prospects. Dr. E. J. Freireich, M. D. Anderson Cancer Center,
discussed his earlier clinical investigation of MGBG for treatment of
patients with acute myeloid leukemia, the direction of leukemia re
search, and the possible future directions of polyamine research.

The crucial cellular functions of physiological polyamines have
been ably studied for many years. Recently, the ability of polyamine
analogues and polyamine synthesis inhibitors to disrupt polyamine
functions leading to cell stasis or death has also been recognized.
Limited clinical trials have indicated the antitumor potential and
chemopreventive properties of some of these compounds. As was
pointed out repeatedly during this symposium, this knowledge must
be universally brought to the clinic setting, and suitable therapeutic
trials initiated. To foster interest in polyamine research in younger
scientists. Young Investigator Awards were presented to five selected
trainees who submitted scientifically meritorious research abstracts.
These awards were given to A. Hittelman, University of California at
San Francisco; R. Hurta, University of Manitoba; R. F. Morrison, East
Carolina University; Y. Miyazaki, Jikei University, and Yongping Yan,

University of Medicine and Dentistry of New Jersey, Robert Wood
Johnson Medical School. In addition to the oral presentations outlined
here, 33 posters were presented.
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