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MISS ION

1. The mission of the Walter Reed Army Institute of Research is
to provide general military medicine research capability and
conduct research in the areas of communicable diseases and
immunology, combat surgery, combat psychiatry, drug development,
medicine, military hazards of blast overpressure, chemical and
nuclear warfare defense, and the biological effects of microwave
irradiation; plon and conduct graduate education programs as
directed; and conduct undergraduate level training programs to
provide to the Army Medical Department personnel experienced and
trained in military medical rescarch capabilities.

2. Under the provisions of AR 40-5 and AR 40-441, WRAIR will:

a. Provide epidemiologic consultation services for the Office
of The Surgeon General and other ag~encies.

b. Provide advisory services on problems in procedures or
techniques in military medicine.

c. Provide special technical quality control where required,
and conduct development studies in relation to biological
products presenting problems of military importance.

d. Act as a diagnostic reference source for difficult medical
problems and svaluations that require complicated analyses or
tests not available in other Army installations.

e. Provide technical supervision of extranwral contracts and
grants sponsored by the U.S. Army Medical Research and
Development Command that are specifically related to WRAIR in-
house programs.

f. Provide command, control, and technical supervision and
support for the U.S. Army Medical Research Institute of
Infectious Diseases and the Walter Reed Army Institute of
Research Special Foreign Activities.
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FOREWORD

IN CONDUCTING THE RESEARCH DESCRIBED IN THIS
REPART, THE INVESTIGATORS ADHERED TO ‘THE
"GUIDE FOR THE CARE AND USE OF LABORATORY
ANIMALS® AS PREPARED BY THE COMMITTEE ON
CARE AND USE OF LABORATORY ANIMALS OF THE
INSTITUTE OF LABORATORY ANIMAL RESOURCES,
MATIONAL RESEARCH COUNCIL.
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Work Unit 095 Mechanisms of Human Mononuclear Cells for
Killing of Intracellular Parasites

Investigators:

Principals: MAJ David L. Hoover, MC
LTC Wayne T. Hockmeyer, MSC
Associates: MAJ Monte S. Meltzer, MC

CPT Micheal J. Gilbreath, MSC
SP4 David Wymn

Problems and Objectives.

Leishmania species cause skin and visceral disease through-
out the tropics. No effective strategy has been developed to
prevent acquisition of disease by troops deployed in endemic
areas. In animai models, cellular immunity is believed to
control established disease. Murine macrophages activated by

-products of stimulated l1ymphocytes in vitro, for example are .

resistant to infection by Leishmania and destroy those parasites
that do enter the host cell, If similar processes govern human
macropuage-parasite interactions, enhancement of human host
defenses by fmmunomodulating agents such as gamma interferon
might be possible. Construction of an effective immuno-
therapeutic strategy requires the development of a system to
allow analysis of the interplay between immuno-stimulated human
monocytes-macrophages and parasites. The following problems
must be addressed in the design of such a system: ?1 What
factors regulate parasite entry into the host cell? (2) Can
human wonocytes suppor’ intracellular replication of the
parasite in vitro? (3) If so, can monocytes respond to immune
mediators, especially interferons, to inhibit such replication
and ki1l intracellular parasites? Evidence from the murine
system indicates that immature mononuclear phagocytes a.-e
readily infected with Leishmania and support its replication,
but respond poorly to immine mediators to kill it. Mature
macrophages, however are responsive, (4) If human monocytes
also prove to be ralatively refractory to activation by immuno-
modulators to kill intracellular parasite, can such refrac-
toriness be ovarcome by providing additional priming signals or
by targeting mediators to the cell (e.g., by encapsulation in
1{posomes or by attachment of medfators to monocyte-specific
antibody)?
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Progress:

We have separated monocytes from normail human blood and
exposed them to leishmania amastigotes, Amastigotes of both L.
tropica and L. donovani infect and replicate in freshly
harvested human monocytes. Monocytes treated with human gamma
interferon kill L. donovani but not L. tropica amastigotes.
These findings suggest that different microbicidal mechanisms
are required to kill different species of Leishmania. The
induction of microbicidal activity against L. donovani by
interferon was dose related; was maximal when parasites and
interferon were added to monocytes simultaneously; and was
inhibited by the presence of anti-interferon antibody.
Lymphokines (supernatants of mitogen-stimulated lymphocyte
cultures) also induced microbicidal activity against L.
donovani. Dose-response experiments suggested that lymphokine-
induced microbicidal activity was greater than expected for the
measured levels of interferon activity. In further experiments,
1ymphokine-induced microbicidal activity was not removed by
antibody to interferon; appeared in regions of 30,000 and 50,000
molecular weight on gel chromatography; was resistant to heat
inactivation; and was not inhibited by polymixin B, These
findings suggest that supernatants of mitogen-stimulated human
leukocyte cultures contain a human monocyte activating factor
distinct from gaimma interferon. This factor, because it induces
antimicrobial activity, may be useful as an immunomodulating
agent to treat established infections or to prevent acquisition
of infection by exposed troops.

Recommendations:

We will investigate the following problems in activation of
human monocytes to kill Leishmania: (1) What is the nature of
the Tymphokine that induces anti-leishmanial activity in human
monocytes? We will approach this problem by producing mono-
clonal antibodies with partially purified preparations of
lymphokine; screening genomic libraries for expression of the
activity; and production of the lymphokine by recombinant DNA
techrology. (2) Can the application of different signals or
alterations in the timing or mechanism of delivery of signals
(e.g., by liposome encapsulation enhance the responsiveness of
monocytes? (3) Can more mature or more differentiated human
macrophages kill Leishmania after lymphokine treatment? (4) Do
humoral factors (antibody and complement) enhance 1ymphokine-
induced microbicidal activity?,
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23(V) Development of nontoxic O-specific polysaccharide (0-Ps) antigens as immunizing
agents against infections of military importance.

24(L) O<Ps antigens will be isolated from bacteria defective in lipopolysaccharide (LPS)
synthesis or from recombinants infected with DNA genes encoding O-Ps synthesis. Recombin-
ants expressing the O-Ps antigens will be detected by replica blot immuncassays. The O-Ps
will be isolated, purified, and characterized by biochemical and analytical techniques.
The toxicity will be measured by the Limulus assay. Non-toxic antigens will be tested for
immunogenicity in laboratory animals.

25(U) 83 10-84 09 A Salmonella-Shigella transconjugant was found to elaborate both a lipid-A
free Salmonella O-Ps and a Shigells O-Ps in addition to regular Salmonella LPS antigens. On
a gel filcration column, the Sslmonella O-Ps, eluted behind the Shigella O-Ps antigen, thus
e indicative of a smaller size. Both of these 0-Ps antigens, isolated in 0.12-0.14 percent
yield, vere 1000 fold less toxic than native LPS in the Limulus assay. Chemical analyses
revealed the Salmonella O-Ps as a repeating tetrasaccharide while the Shigella O-antigen as

a dissacharide repeat unit. Physicochemical data suggest the reducing end of the O-Ps
antigens containing a phosphorylated 1ipid carrier responsible for aggregation and slow
electrophoretic mobility. Immunological testing, so far, indicates that the nontoxic
Shigella O-Ps antigen, despite its large size, is poorly ilammunogenic in mice as compared to
native LPS, (For technical report see Walter Reed Army Institute of Research Annual Progress
Report, | 0ct 83 to 10 Sept 84),
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Project 3AI61101A9IC IN-HOUSE LABORATORY |NDEPFENDENT
RESEARCH

Work Unit 96: Inmunochemistry of Non-toxic O-specific
Polysaccharide Antigens

Investigators:
Principal: Robert C. Seid, Jr., Ph.D.

Associates: Samuel B, Formal, Ph.D.
Louis S. Baron, Ph.D.
Dennis J. Kopecko, Ph.D.

Objectives

The objectives are (l) to isolate and to purify
lipid A free, O-specific polysaccharide (O-Ps) antigens
from hybrid enteric organisms, (2) to compare their
physicochemical properties with parental
lipopolysaccharide (LPS) antigens, and (3) to determine
their immunogenicity in laboratory animals.

Progress

A S. typhi-Shigella transconjugant (galactose
epimeraseless), harboring a Shigeila plasmid, when
grown in the presence of galactose, was found to
elaborate both a lipid-A free S. typhi O-specific
polysaccharide (O-Ps) and a Shigella sonnei O-Ps in
addition to regular S. typhi LPS antigens. On a
Sepharose 4B filtration column in disaggregating
buffer, the S. typhi O-Ps, eluted behind the Shigella
O-Ps antigen, thus indicative of a smaller size. oth
these O-Ps antigens, isolated in 0.12-0.14% yield, were
1000 fold less toxic than native lipopolysaccharides in
the Limulus assay. Chemical analyses revealed the S.
typhiO-Ps as a repeating tetrasaccharide composed of
tyvelose, rhamnose, mannose, and galactose, whife the
Shigella O-antigen as a disaccharide reruut unit,
composed of two unique amino sugars. Physiocochemical
data indicate that the reducing end of the O-Ps antigen
in the transconjugant strain is associated with a
phosphorylated lipid carrier that is responsible for
aggregation and slow electrophoretic mobility on SDS
gels. In contrast to current dogma of LPS assembly,
these O-Ps antigens are transported to the outer
membrane without covalent linkage to core-lipid A, and
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exist as polymerized, antigenic surface entities.
lmmunological testing, so far, indicates that the
nontoxic S. sonnei O-Ps antigen, despite its large
size, is poorly inmunogenic in mice as compared to
native and toxic S. sonnei lipopolysaccharides.

Future Plans

The isolation, purification, and inmunochemical
characterization of other polysaccharide antigens
resulting from genetic transfer of plasmids and DNA
genes to other defined mutants of enteric bacteria are
ongoing projects. This long term project should
furnish additional insights into the mechanism of LPS
assembly as well as to aid in the development of other
genetically derived multivaleni bacterial vaccine
strains,
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23(U) Devalo, ment of peptides emcompassing the comson binding dommins of bacterial pili as
immunizing agents against diartheal and gonococcal infections. These two diseases are major
health problems to military personnel.

24(U) Pil{ will be cleaved to yield peptides, vhich will be isolated, characterized, and
assayed in binding studies. The Edman and snucleotide sequencing methods will be used to
delineate the structure of the common domain peptides. Cloning of pili gene fragments into
E. coli will be attemptad to obtain additional structursl information and to prepare syn-

thetic vaccines.

25(U) 83 10-84 09 A large CNBr fragment of GC pilin has been sequenced up to 23 residues
and shown to be derived froms the amino-terminal end. Ths amino acid sequence, MePhe-T-L-G-
EeM=leVeleAel=VaG=l~AvAeVepeLL-P=A, indicate this fragment is hydrophobic and homologous
with the N-terminal sequences of pili of Moraxella and Pssudomonas. Secondary structure
prediction indicated the fragment existing predominantly in the bata sheet configuration.

An E. coli recombinant was found to express GC pilim protein by replicate blot assay.
On SDS gels, the cloned protein migrated with similar mobility as native GC pilin; however,
as evidenced by electron microscopy., it does not appear to be polymerized, thus suggesting
incomplete procassing.

A mixed DNA probe corresponding to the M-I-V-A-1 sequence have becn synthesi. 4 and
will be used to isolate the cloned DNA fragment encoding GC pilus. (For techaical . mort
see Walter Reed Army Institute of Research Annual Progress Report, 1 Oct 83 to 30 Sept 84)
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Project 3AI61101A91C IN-HOUSE LABORATORY INDEPENDENT
RESEARCH

Work Unit 97: Immunochemistry on Binding Domain
Peptides of Bacterial Pili

Investigators:
Principal: Robert C. Seid, Jr., Ph.D.

Associates: Somuel B. Formal, Ph.D.
Dennis J. Kopecko, Ph.D.
LTC Raymond C.Y. Chung, Ph.D.

Objectives

The objectives are (1) to delineate the "common®
binding peptide domains- of bacterial pilus profeins and
(2) to develop these proteins as synthetic vacc:nes,
either by themselves, or after conjugotlon in adjuvant
carriers.

Progress

(1) A icrge purified ONBr fragment of Gonococcal
P-3-2 pilin has been sequenced by the Edman degradation
cycle up to 23 residues. This fragment wc: shown to be
derived from the amino-terminal end due to an
identification of an unusual amino acid N-methy!
phenylalanine, The amino acid sequence established so
far, MePhe-T-L-G-E-M-[-V-]-A-]-V-G-1-A-A-V-A-L-P-A,
indicate that this fragment is hydrophobic. Moreover,
the sequence is highly homologous with the N-terminal
sequences of pili of Moraxe'la and Pseudomonas.
Secondary structure prediction by the Chou-Fassman
rules indicated that the sequenced hydrophobic fragment
exists predominantly in the beta sheet configuration.

(2) An E. coli recombinant, carrying GC DNA
fragment, was found to express GC pilin protein, by
replicate nitrocellulose paper blot assay using a
crossreactive monoclonal meningococcal pili antibody.
On SDS gels, the cloned protein migrated with similar
mobility as native GC pilin of the E. coli recombinant
does not appear to be polnnerazed as native pili, thus

suggesting incomplete processing or fold assembly of
pilus subunits.
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(3) A mixed oligonucleoctide probe (15-mers),
corresponding to the Met-lle-Vai-Ala-lle sequence, have
been synthesized on a solid support by the
phosphoramidite method. The synthetic DNA oligcmers,
presently being analyzed by HPLC, will be used to
isolate the cloned DNA encoding GC pilus.

(8) A chemical method was developed to prepare
covalent conjugates between detoxified
lipopolysaccharides and QC pili. Preliminary data from
serological studies indicate that the antigenicity and
immunogenicity of both gonococcal pili and
lipopolysaccharides are enhanced as a resu!t of

-covalent coupling.

Future Plans

Future objectives of this long term project are as
outlined: Peptide fragments, generated by chemical and
enzymatic cleavages of pilus protein and isolated by
HPLC, will be sequenced by the Edman method, compared

for homologies with other pili sequences, and tested in
binding inhibition assays. Purification of the
expressed QC pilus from E. coli bacteria will be

attempted using biochemical techniques. The presence
or absence of sugar moieties on pilus protein and their
possible roles in binding will be investigated. The
synthetic, mixed ONA oligomers wiil be used for
hybridization studies and to deduce the nucleotide
sequence of the portion of the GC DNA gene encoding the
pilus protein. Peptides, 8 to |0 residues in length,
encompassing both the conserved and variable regions,
will be synthesized, covalently linked to
immunopotentiators, and tested in laboratory animals.

Bibliography
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23. (U) Although the existence of discrete cholinergic neurofransmitter systems is well known, still to
be accomplished is a coreful synthesis of physiogical, biochemical and morpholagical data which weuld
indicate how these systems function normally, during development, in oged animals In responsc: to
chemical or electrolytic lesions. By employing sophisticated bdlochemical and meorphological
methodologies, we will investigate the baseline parameters for the cholinergic systery and characterize
the dynamic olterations which attend its cperation under g wariety of conditions. The effect of nerve
growth foctor and other neuropeptides on several parameters of cholinergic function will be tested in
normal odults and under the conditions to be described. There ks military relevance in this research.

26. () In the first series of eixperiments neonafcl, odult and aged rats will receive
intracerebroventricular injections of nerve growth factor (NGF). This protein will be prepared from the
svomaxiliory glonds of adult male mice. Injections will follow surgical preparation of onimals by the
oseptic placement of intracranial burr holes. Following injection, animols will be sacrificed ot Intervals
for determination of choline ocetyltronsferase (ChAT) activity, high affinity ocetyicholine uptake,
astoradiographic confirmation of acetylchc!..ie receptors and immunocytaochemical staining fjor ChAT.
in subsequent experiments, these sarne measures wiil be determined after exposure of normal rats to
acetylcholinesteraseinhibitors and electroytic lesions of cholinergic pathways.

25 (U) 83-10-84-09. NGE has been purified to near homogenity via the use of o series of liquid
chromatographic separations. This purified material retains its octivity neurons In vive. A robust rapid
increase in cholineocetyitronsterase (ChAT) octivity is elicited in basal foreheln neurons in neonctat
rat. This increase is selective for (ChAT). A relationship has been demonstrated for NGF
and ChAT in bosal foredrain nevrons. Immunaltochemical studies of ChAT positive neurites non humon
promates has indicated their presence in neuritic plogues. For technical report see Walter Reed Army
Institute of Research annual Progress report | Oct 83-30 Sep 8.
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Project : 3A161101A91C IN-HOUSE LABORATORY INDEEENDENT RESEARCH

Work Unit 98 Dynamic Regulation of .Ncurotransmitter
Systems
Investigators:
Principal: Mobley, W.C., M.D., Ph.D.
Associate: Holaday, J.dW., PH.D.; Tortells, F.C., Ph.D.

ObEctives:

Problems investigated were: (1) What is the normal anatomy of the cholnergic
cells of the basal forebrain? (2) What blochemical parameter characterize these cells?
The studies include determination of the specific neurotransmitter enzyme sholine
acetyltransferase (ChAT), high afyinity choline uptake, and acetycholine receptor
analysis; (3) What anatomical and biochemical features describe this system during
normal development and normal agine? (4) What changes result from ad ministration of a
potential trophic factor, nerve growth factor (NGF)? What is the role of other
neuropeptides in these changes? and (5) What changes occur after intoxication with
anticholinesterase agents and electrolytic lesions, and do such treatments alter the
response of cholinergic neurons to NGF?

Approach:

These included: (1) Anatomical studies will employ im munocytochemical
techniques with a monoclonal antibody directed against ChAT. Cholinergic cell bodies
and their fibers will be mapped; (2) Enzyme levels of ChAT and acetalchoclinesterase will
be determined in the brain., Standard procedures will be uksed to measure choline
uptake, Standard procedures will be used to measure choline uptake. Acetylcholine
receptor density will be determined autoradiographically; (3) Purified NGF will be
injected intracerebroventricularly and, in subsequent experiments, directly into specific
nuclear groups. Determinations wiill be made of NGF receptors and of specific NGF
retrograde flow; and (%) acetylcholinesterase inhibitors will be administered
intravenously.

Progss:

Im munocytochemical studies with monoclonal anti~ChAT antibody have revealed
quite specific nuclear groups of cholinergic cells, Anatomical studies of neonatal and
aged animals are in progress. We have identified bizarrely shaped, twissted neurites in
the neocortex of aged non-human primates and have found that some such profiles are
present in neuritic plaques, The latter finding indicates ‘hat cholinergic neurites
participate in plaque formation and indicates that these neurites may be the
morphological correlate of distributed cholinergic function in the memory disorder of
Alzheimers disease., Neonates receiving an intraventricular injection of NGF
demonstrate dramatic increases of ChAT activity inbasal forebrain nuclei. These
increases ae specific to ChAT. Highly purified NGF samples evoke these same
responses, A dose-response relationship for NGF and ChAT activity has been
determined. This relationship indicates that nuclear and fiber projection areas respond
differently. NGP's effect on ChAT are apparent as early as 2 days following injectin.

This project has provided strong morphological evidence for involvement of
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cholinergic systems in aenmory disorders and suggests that similar morphological
correlates may attend intoxication or other lesions of cholinergic neurons. It has also
demonstrated that a purified trophic factor strongly influences a key hiochemical
parameter of chollnergic neurons and suggests that it may also influence the viability of
these neurons and their level of function. If true, this would suggest that NGF may be
capabls of improving or restoring cholinergic function to traumatized or intoxicated

animals and hinaans.
For additional { nformation see 1984 Annual Report, Project 3E16277TA879.
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the nude mouse and the Coturnix quail would be vseful for certain studies cf pathogenic
mechanisus. For technical report see WRAIR Annual Progress Report, 1 Oct 83 - 30 Sep 8i.
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PROJECT: 3A161101A91C IN-HOUSE LABORATORY INbEPENDENT
: RESEARCH

WORK UNIT: 99 Pathoaenesis of Campylobacter jejuni in
Laboratory Animals

INVESTIGATORS:
Principal: Curtis R. Rartz, MAJ, VC
Associates: James J. BRrendle, DAC:; Robhert F., Sims, DAC
Assistants: SPS %ermaine Flores:; SP4 Naomi Capozza

OBJECTIVFES:
The obiectives of this work unit were to:
a., Collect fundamental data on Campvlobacter jeijuni

b. Determine the suitability of different animals as
models of Campylobacteriosis in humans

IMPORTANCE:

Basic information is reauired on animal reservoirs,
antibiotic resistance patterns and plasmid content of

C. jicijuni for emprirical treatment reaimes and prophylaxis.
An animal model of disease is required for study of the
pathoaenesis of C. ieiuni enteritis, of which little is
known.

PROGRESS ¢

Since October 1983, the screenina of laboratory animals for
C. jejuni continued. 130 isolates were added to the

§. Jejunl culture collection and data hase. The maiority of
the isolations were from newlv arrivina doas. Durina the
vear, from 30 to 50% of the doas in each aroup of arrivals
harbored C. jeiuni.

The addition of IsoVitaleX to culture media enhanced the
arowth of C. jeiuni on acar and in broth., This in addition
to sliaht modifications of the plasmid extraction protocol
resulted in increased vields on a more consistant isolation
of individual plasmids.

Preliminary exmeriments on sclected isolates for the
detection of bacteriocins by the aaqar overlay method and for
toxin production by tissue culture methods qave promisina
results. These protocols will he further refined to
determine whether or not bacteriocins or toxins are actually
present,
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Selected isolates were supplied to the Division of
Biochemistry for in depth studies of antibiotic resistance
plasmids, a search for bacteriophaqge and development of
protocols for conjugation and transformation experiments for
further qenetic studies,

This work unit will be terminated. The diagnostic aspects
.f the project will be intearated into the routine of the
diaanostic laboratorv of the Division of Veterinary
Medicine. The more promisina avenues for research uncovered
by this investincation have been intearated into onaoina
proiects in the Division of Biochemistry.
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%3 10) “The Srimary 35%:?@3; Ire’ o SRSy TR PrecEises S IntIREi 1285 Ting, attachnent, up-
take and presentation within the folicle-umiated epithelium (FAE) of Peyer's patches in th
small intestine. This will be accomplished by studying the derivation and characteristics of
the cells involved and the dynamics of antigen trapping and processing in FAE. Knowledge der
ived from these studies will be used to manipulate the mucosii immune system by enhancing ant
gen attachment and presentation, thereby promoting oral immunization while preventing estab-
lishment of oral tolerance. The military relevance of this research is prevention of respir-
atory and gastrointestinal infections.

24 (U) Cell surface recentors on FAE microfold (M) cells will be characterized on the basis
of lectin, immunoglobulin and antigen binding capabilities. Leukocytes of the FAE, grouped o
the basal surface of M cells, will be classified as T cells, B cells, macrophages or a combin
ation of these cell types, on the basis of well defined surface and cytoplasmic markers. Pos
sible binding of oral antigens by FAE leukocytes will be determined, also. Imaunocytochemis-
try wd autoradiography will be used as basic techniques.

28 (U) 83 10 -« 84 09. Monoclonal antibodies have been prepared against FAE cells and intes-
tinal macrophages. UEA, & lectin that preferentially binds the FAE, was used to enrich apper
dicular FAE cells. Monoclonal antibodies or UEA, entrapped in liposcmes along with microbial
antigens, will be 3 means of delivering the antigens to gut associated lymphoid tissues and
thereby selectively immunizing mucosal surfaces. For technical report, see Walter Reed Army
Institute of Research Annual Progress Report, 1 October 1983 - 30 September 1984.
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PROJECT 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 100: Oral Vaccination of Peyer's Patches and Mucosal
Surfaces

Investigators:
Principal: Michael J. Roy, Ph.D
Associates: Jeenan Tseng, Ph.D
Carl Alving, COL, MC

Problem:

More effective methods are needed to selectively deliver
actigens to cells involved in the afferent arm of secretory immune
responses.

Importance:

Infections of  1mucosal surfaces, particularly the
gastrointestinal, respiratory and genital tracts, result in a
substantial loss of military manpower, Effective »sral vaccines
have not been developed for most pathogens that traverse or infect
mucosal tissues, in large part because traditional methods of
immunization result in poor secretory immune responses.

Objectives and Approach:

Our primary objective is to develop safe, effective means of
delivering microbial antigens to gut-associated lymphoid tissues.
To achieve this goal, we wish to determine which antigen receptors
are unique to lymphoepithelial cells, particularly M cells.

The epithelium of gut associated lymphoid tissues consists of
three cell types: M cells, columnar enterocytes and lymphocytes.
M cells are actively involved in the uptake of antigens and the
subsequent transport of these materials to underlying lymphoid
tissues, It is hypothesized that these events are crucial for
effective oral immunization to occur, Since M cell surface
molecules are likely involved in antigen binding and transport,
the lymphoepithelium will be studied in more detail using three
experimental approaches: 1) searching for lectins or
neoglycoproteins that bind exclusively to M cells; 2) isolating
and culturing M cells so that antigen binding capabilities can be
studied in vitro; 3) producing monoclonal antibodies reactive with
M cell surface glycoproteins involved in
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antigen binding and uptake; 4) subsequently delivering antigens
to the lymphoepithelial cells by feeding carriers, such as
liposomes, into which both the ligand and a toxin or an antigen
has been incorporated.

Progress:

Previous morphologic studies on adult rabbit appendix,
Peyer's patches and sacculus rotundus show these tissue2s to be a
rich source of M cells. Rabbit M cells possess no alkaline
phosphatase, some lysosomal acid phosphatase and significant
nonspecific esterase activity. These cytochemical
characteristics are extremely helpful in identification of M
cells in situ or in vitro and they can be used as enzymatic
profiles when examining the nature and development of M cells.
These enzymes are, however, primarily within the M cell cytoplasm
and therefore they are of limited value in defining antigen
receptors or in cell isolation and enrichment.

Morphologic and histochemical studies of developing
neonatal rabbit lymphoepithelium have established that T
lymphocytes, but not M cells, are present at birth. The M cells
are morphologically distinguishable and always in contact with T
lymphocytes by the second day of life, The enyzmes nonspecific
esterase and acid phosphatase develop during the second week of
life in neonatal M cells.

Presicusly it had been demonstrated that the lectin Ulex
europaeus agglutinin I (UEA) bound to adult appendicular
Iymphoepithelial cells, but not to villar epithelial cells. In
neonatal rabbits, the UEA-binding glycuconjxjates developed in
lymphoepithelial cells on the second day of life and for the next
two weeks these molecules were & unique property of cells
covering gut associated lymphoid tissues.

Lymphoepithelial cells, including M cells, were, for the
first time, selectively dissociated from GALT. The rabbit
lymphoepithelial cells were characterized as regards
ultrastructural morphology, enzymes (histochemistry) and
UEA-Binding glycoconjugates. Mice were immunized with these
lymphoepithelial cells, hybidomas prepared from the splenocytes
and several clones, each producing monoclonal antibody to
gut-associated lymphoid tissue molecules, were isolated. Two
clones, of particular interest were WR25L10, specific for an
antigen on GALT macrophages including those directly beneath the
lymphoepithelium, and WR3@¢ES which binds to a molecule that
circumscribes the nests of lymphoepithelial lymphocytes.
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Experiments aimed at using liposomes as carriers of
antigen or ligands have begun. Liposomes with UEA have been
introduced into the rabbit small intestine and appendix.
Preferential binding of the liposame - UEA complexes to¢ the
lymphoepithelial surface will be established by electron
microscopy.

Future Obiectives:

We will continue attempting to enrich M cells in
lymphoepithelial cell populations and producing monoclonal
antibodies to lymphoepithelial cells under the current protocol;
the ultimate goal is to obtain an antibody that is specific for M
cell surface receptors. We wiil inject liposomes, containing UEA,
WR25L3, WR3QES, or other pramising monoclonals into the rabbit
gut and determine if; 1) there is preferential binding of the
liposame-ligand to the lymphoepithelial surface; 2). There is
uptake of 1liposome-~ligands by the 1lymphoepithelium; 3)
liposome-ligands eventually reach follicles of GALT; and 4)
liposome ligand-antigen complexes, when fed to rabbits, induce
specific secretory immune responses. Achievement of these goals
in the rabbit could be repeated using human lymphoepithelial
cells from Peyer's patches. Eventually, we hope to develop a
method for presenting a variety of antigens to mucosal surfaces
in a way that stimulates strong, long lasting secretory immunity
to infectious diseases, with potential direct application to
vaccine development and efficacy.

Formal Presentations:

Roy, M.J. 1983. Preferential binding of Ulex europaeus agglutinin
(UEA) to nonlymphoid cells in the appendix and mesenteric lymph
nodes of adult rabbits - American Society of Biological Chemists,
St. Louis, MO, 19 Jan 1984; Federation Proceedings

Roy, M.J. 1983. Development of the Lymphoepithelium in neonatal
rabbit appendix; Morphologic and lectin-binding studies. American
Gastroenterological Association, New Orleans, LA, 19 May 1984;
Gastroenterology 86:1224. (1984)

24




P OINCY AL MION]2 OATE OF SUMMARY JALPORT CONTROL SYMBOL
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY |* 58350537 8k 10 01 BODRe AR 30

. REGRADING . J5 OWE N BT A % LEVEL OF B
L} ::;l.?lv 4. RIND OF v . :"l“'l‘.' LS ’Oﬂ:' 7. AL GAA DG | - et
63 10 01 D. Change U v ' cx
10. NO.. CODES PROGHAM SLEMENT [ PROJECT NUMBER | TASK AAGA NUMEER WOAK UNIT NUMSER ]
s PAIMARY BI101A | 3A1811Q1A91C 00 101 wWWgh .

v CONTRIBUTING
c. CONTRIBUTING | NOne _
11, TITLE (Precede uith Secunty Clasmfication Codes (U) Effects of Tha{ Medicinal Plant Preparstions oo in vitro

Jevelozment of Plasmodium falciparum

12 suasecT aneas

0€13 *icrctiology 0603 Biology o
13. START DATE 14. ESTIMATEO COMPLETION DATE [15. FUNDING OAGANIZATION [ 16. PERFOAMANCE METNOD
82 10 CONT {pa | | C. In-House _
17 CONTRACT GAANT 18. AESOURCES ESVIMATYER .
» OATE ESEECTIVE | ExsinaTion FISCAL YEARS o PROFESSIONAL WORK YEARS | ». FUNDS tin iheusmnde) |
v CONTRACT GRANT NUMBER 8)‘ o- 5 So
- TV R €. AMOUNY
e KIND OF AWARD 1 CUM/TOTAL 85 0.5 53
‘9 RESPONSIBLE OOD ORGANIZATION| | 20. PERE OAMING ONGANIZATION | |
a NAME a NAME
“alter Reed Army Institute of Research AFRIMS i
o ADONESS (inciude 2ip code) » AQDORESS
Vashington, D.C. 20307=-5100 Bangkok, Thailand
—
© NAME OF RESPONSISLE INDIVIOUAL ¢ NAME OF PRINCIWAL INVESTIGATOR
=P, F K JR WEBSTER, H .
a TELEPHONE NUMBER linciude erve code) o TELEPHONE NUMBER (incinds eun eadr )
.20z 576-3551
21. GENERAL VSE . N X:’x ASSOCIATE W VESTIGATOR (if eveidebdie)
TTIA - d Al X _
e (e s.008 OF ASLOCIATE INVESTIGATOR ((/ evniladie)
MILITARY.CIVILIAN APPLICATION: H

22. KEYWORDS (Pogede EACH wnih Secanty Clamifisshen Cods)

| (U) Malarias (U) Plasmodia; (U) Medicinal plants; (1) Infectious Disesses -
23 TECHNICAL OBJECTIVE 24 APPROACH 23. PROGRESS (Frevede st of sark with Seewrity Clasuifination Code)

23. (U) The technical ob)ective is to determine whetier selected Thai medicinal plants and
their chemically isolated components exhidit. an inhidbitory effect om the in vitro growth of
?. falciparum. There is a "dlitary requirement for nev therspeutic agents to prevent and
treat malaria,

2L, (U) The approach iavolv.s chemical preparation of crude plant extracts for {o vitro
screening folloved by isclation and purification of components for in vitro antimalarial
sctivity confirmtion, structure determinatioan and mechanism of action studies.

25. (U) 83 10 « 8L 09. .w .+g this period the investigators isoleted «nd characterized a
cozpound ‘rom a Thai medicinel plant (Brucea Javanica L. Merr). This compound which was
designated 2rucine A, vas submitted to Walter Reed Arsy Institute of Research Divisior of
Zxzeriznental Therspeutics for iz vitro evaluation. The assays vere performed with two cloaned
Plasmodiuz falciparum isolates, Sierra Leone D-6 and Indochina W=2 using chloroquine, melfo-
quine, quinine, ginghoosu, and halofantrin on tbe sase sicrotites plates as controls. These
cests indicated that Brucine A vas as effective as chloroquine and meflcquine and more
e?fective than quinine vhen tested against the Sierrs Leone D=6 isalate and more effective
taan chloroquine and quinine vhen tested against the Indochina W-2 isolate. In related
studies it wvas shown that crude preparation of Brucise C (a related compound from the same
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PROJECT: 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 101: Effects of Thai Medicinsl Plant Preparation on
In vitro Development of Plasmodium falciparum

Principal Investigator: MAJ H. K. Webster, MSc

Thai Medicinal Plants as a Source for New Leads in
the Design of Antimalarial Compounds

PROBLEM: The continued worsening problem of antirmalarial drug
resistance coupled with our present ignorance about the parasites
basic biochmistry requires that we consider novel alternatives for
the ideantification and design of new antimalarial drugs. Herbal
remedies for malaria, identified from traditionai medicine sources,
offer important leads for the discovery of compounds with

- antimalarial activity.

PROGRESS: A number of medicinal plants with putative antimalarial
properties have ben identified from Thsi traditional medicine
records. To date, herbal preparations from six plant families have
been screened in our laboratory for antimalaricl activity against
multi~-drug resistant P. falciparum, The plant families were:
Simaroubaceae, Plumbaginaceae, Apocynaceae, Cleomaceae, Moraceae and
Bignoniaceae. One plant species, Brucea javanica (L.) Merr, of the
Simaroubaceae has proven most promising. Primary screening using
morphological techniques revealed the crude chloroform extract of
the fruit of Brucea javanica to have the most notent antimalarial
activity. Three different active compounds were isolated and
purified from the plant’s fruit using combined colummn and
preparative thin layer chromatographic techniques. Structural
deternination was made by mass spactroscopic, IR, MR and single
crystal X-ray analysis., The three comr> 1ds were shown to be
quassinoids: bruceine A, bruceine B hj drate and bruceine C.
Confirmation of the three compounds antimalarial activity was done
ic vitro using a radioisotope microdilution technique. The
antimalarial activicty of bruceine A and bruceine B hydrate was
conparable o that of mefloquine (ID 50°s of 8.66, 8.15 and 6.26
ng/ml respectively)., Bruceine C vas, however, more active than
mefloquine (ID 50 of 1.95 ng/ml). All three bruceine compounds were
observed to be effective in vitro against a mefloquine resistant

isolate of P. falciparum.
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RECOMMENDATION: The isolation and elucidation of the chemical
structure of different active components from the medicinal plant,
Brucea javanica is of major value in that it identifies new lead
compounds {ar synthesis of potential antimslarial drugs. Such
alterative sources of lead compounds are much needed for the
coatinued struggle against multi-drug resistant falciparum malaria.
This work should be expanded to other medicinal plants and
definitely continued.
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Project: 3Al161101A81C IN-HCWSE ummm INDEPENDENT RESEARCH
Work Unit: 102 Pharmacokinetics of Atropine and L~hyoscyamine

Investigators:
Principal: Robert C. Tmallridge, LTC MC
Associate: Nancy E, Whorton, GS-11
Carolyn Umstott, GS-7
Henry Fein, MAJ MC

Atropine is the first-line drug used to treat combat
casualties fram exposure to chemical warfare nerve agents, and it
is issued to soldiers in auto~injectors. There is considerable
information about the physiologic responses to selected doses of
atropine (1-4), and it is recognized that a variety of independent
variables may alter one's response to a fixed dose (e.g., extremes
of climate, exercise, co—administration of other drugs, protective
gamments), However, cthere is scant information on the absorption,
distribution, and elimination of atropine in normal individuals
{5~7), and no studies of drug metabolism in situations which might
be affecting drug metabolism, It is quite possible that the
reason why a specific dose of atrcpine is well tolerated under
certain conditions, yet can physically incapacitate a soldier ,
under other circumstances, is due to alterations in the metabolism
of the drug. To assess this possibility, and, thence, to
determine the appropriate dose for treatment under given
conditions, knowledge of the pharmacokinetics of the drug is
required, This information is currently unavailable. The
objectives of this Work Unit are to: (1) develop radioimmunocassays
to measure small quantities of atropine and L-hyoscyamine (che
active camonent in atropine) in blood, urine, and tissues: and
(2) determine the rates of absorption and elimination of atropine
from the body, based on serial blood levels of atropine after
administration,

This was a new Work Unit in FY83, Progress to date hcs been
primarily the development of a highly sensitive radioimmuncassay
for atropine. The atropine antibody was produced in the following
manner, Atropine was conjugated to bovine serum albumin by
initially conjugating the diazotized p-amino-benzoic acid to
atropine and then forming an amide linkage between the amine
groups of the protein and the carboxyl group of benzoic acid.

Four male New Zealand white rabbits were immunized with this
atropine-RSA immunogen. The rabbits were first bled two months
after the initial immunization procedure and antibodies were
detectable at that time, To obtain optimm sensitivity, the
antibodies generated were used in the assay at a final dilution of
1:9000, Pre—irmunization serum failed to bind any tritiated
atropine., The standard curve is linear up to 2 ng of atropine,
Identical standard curves were obtained using human plasma, serum,
urine, or phosphate-buffered saline, pH 7.5, indicating the lack
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of interfering substances in these body fluids., The assay
reliably detects as little as_15 pg of atropine, and a 50%
inhibition of binding of the 3H-at:topine ligand to the antibody is
attained with 140 pg of atropine. The antibody recognizes both L-
and D- forms of the drug, the L- form oeing slightly preferable,
The atropine hydrolysis products, tropine and tropic acid, do not
crcss-react with the antibody. The interassay and intraassay
coefficients of variation are 13.5% and R.3%, respectively, and
recoveries range from 94-102%, FExcellent displacement curves and
recoveries have heen dncumented in a variety of species, including
man, monkey, dog, cat, sheep, goat, rabbit, rat, guinrea pig, and
chicken, Thus, the assay is adaptable for use in a number of
animal models,

A human use protocol for determination cf atropine
pharmacokinetics in normal men is near campletion, as are two
animal protocols. All three studies should be conducted in FY84,

Recommendations for the future first inwolves an assessment
of atropine and L-hyoscyamine pharmacokinetics in normal
situations. This should be followed by similar studies under
conditions known to alter the dynamic responses to a fixed dose of
atropine. From these studies shnuld emerge guidelines for optimum
drug dosages under a variety of situations, hased upon
pharmacokinetic principles,
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PROJECT: 3A161101A91C  IN-HOUSE LABORATORY INDEPENDENT RESEARCH
WORK UNIT: 103 Membrane Fusion and Diffusion of Receptors in Cells

INVESTIGATORS:
Principal: Peter K. Chiang, Ph.D.
Associate: Richard K. Gordon, Ph.D.; B.P. Doctor, Ph.D., 5P6
George A. Miura, Ph.D., Jarle Aarbakke, M.D., Ph.D.
Assistant: SP4 Felipe N. Padilla, Michelle M. Richard

The objective of this work unit is to study, characterize and isolate
receptors of cells. The ultimate goal is to re-constitute the isolated
receptors into lipid bilayers and to introduce them to cell types lacing thos?
receptors and to follow the fusion and diffusion of the receptors in the host
cells. The following investigations were conducted:

1. Aldosterone stimulates methylation reactions and membrane events in
cultured toad bladder epithelial cells:

The effect of aldosterone {Aldo) on phospholipid (PL) biosynthesis in
cultugﬁd toad bladder epitheljal cells was studied in cells incubated with
(1,2-'"Clcholine and [methyl-°H]methionine over a S hour period. Aldo (10'7
M) did not alter the uptake of either precursor but significantly stimulated
the incorpgration of both labels into phosohat* yl-choline (PC), the only PL
labeled. “H-labeling of PC increased 29% and '“C incorporation into PC
increased 34% in cells exposed to Aldo. A similar 30% increase in protein
carboxymethylation occurred in cells treated with Aldo. 3-Deazaadenosine
(dzAdo), a methglation inhibitor, abolished the Aldo-s?&mulated increase in PC
labeling from [°H]-methionine. PC labeling from [1,2-'"C]lcholine was not
affected by dzAdo. Basal and Aldo-stimulated protein carboxymethylation were
inhibited by dzAdo. dzAdo (300 )M) caused a mild decrease in basal shgrt
circuit currert (Isc) but ccmpletely inhibited the I, response to 107" M
Aldo. Inhibition was complete when DZA was added up go 2 hrs following
exposure to Aldo, and was reversible. Cells previously exposed to Aldo snhowed
a significant increase in I_, within 2 hrs following removal of dzAdo. We
concluded that Aldo stimulages PL-methylation, protein cagboxymethylation and
turnover of PC from choline. Inhibition of methylation reactions coincides
with tne inhibition of Isc response to Aldo.

2. Aldosterone Stimulated Transmethylations Are Linked to Sodium
Trausport

The effect of aldosterone (Aldo) on phospholipic (PL) biosynthesis in

cultusﬁd toad bladder epitheligl cells was studied in cells incubated with
1,2-'7C] choline and [methyl-H] methionine over a 5-hour period. Aldo (10-
M) did not alter the uptake of either precursor but significantly stimulated
the lncorpgration of both labels into phosphat*ﬂylcholine (PC), the only PL
labeled. “H-labeling of PC increased 29% and '°C incorporation into PC
increased 34% in cells exposed to Aldo. A similar 30% increase in protein
carboxymet.aylation occurred in cells treated with Aldo. 3-Deazaadenosine
(dzAdo), a methylation inhibitor, abolished the Aldo-s?&mulated increase in PC
labeling from [°H] methionine. PC labeling from [1,2-'"C] choline was not
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circuit current (I,,) but completely inhibited the Ij, response to 10°7 M
Aldo. Inhibition was complete when dzAdo was added up to two hours following
exposure to Aldo, and was reversible. Cells previously exposed to Aldo showed
a significant increase in I , within two hours following removal of dzAdo. We
conclude that Aldo stimulateg PL-methylation, protein carboxymethylation and
turnover of PC from choline., Inhibition of methylation reactions coincides
with the inhibition of Isc response to Aldo.

A X o AR RGN A S, A,

3. Methylation Increases Sodium Transport into A6 Apical Membrane
Vesicles: Possible Mode of Aidosterone Action

When isolated apical membrane vesicles prepared from cultured A6
epithelia were incubated in vitro with the methyl donor S-adenosylmethio-
nine, the control rate of amiloride-inhibitalbe sodium transport was
doubled. The methylation inhibitors 3-deazaadenosine and S-adenosyl
homocysteine returned the S-adenosylmethionine-stimulated sodium transport to
control levels. Neither these agents nor adenosine affected sodium transport
into control vesicles. In vesicles prepared from A6 cells treated with
aldosterone, sodium transport was twice the control value and S-
adenosylmethionine did not cause any further stimulation of transport. In
those vesicles, both lipid and protein methylation were increased. These
results suggest that methylation, which increases the rate of amiloride-

, sensitive sodium transport, is involved in the action of aldosterone at the
Vs apical membrane level in epithelia.

AN e AR

PUBLICATIONS

Sariban-Sohraby, S., Burg, M., Wiesmann, W. P., Chiang, P. K., and Johnson, J.
P.: Methylation increases sodium transport into A6 apical membrane

vesicles: a possible mechanism for aldosterone action. Science, 225, T45-T46
(1984).
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stimulated transmethylations are linked to sodium transport. Am, J. Physiol,,
in press.
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PROJECT: 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

WORK UNIT: 104 Development of Monoclonal Antibody-Producing Hybridomas

INVESTIGATORS:
Principle: Peter Gemski, Ph.D.
Assoclates: Mary K. Gentry, B.S.; SP4 Karla K. Kopec, B.S.

In collaboration with: MAJ J.E. Williams, MSC (DCD&I); Scott B. Halstead,
M.D.; CPT E.A. Henchal, Ph.D., MSC (DCD&I);
Walter E. Brandt, Ph.D. (DCD&I); David M. Morens,
M.D.; Joel M. Dalrymple, Ph.D. (USAMRIID)

DESFRIPTION:

The development and isolation of antibody-secreting hybridoma cell
lines to antigens of military interest and importance makes possible the
production of unlimited supplies of monoclonal antibodies to these
antigens for diagnostic work, vaccine development, epidemological studies,
molecular cloning, and antigen mapping.

A. Monoclonal Antibodies to Plague (F1) Antigen.

l. Use of an Enzyme-linked Immunosorbent Assay to Measure
Antigenaemia during Acute Plague.

An enzyme-linked immunosorbent assay (ELISA) was developed to measure
concentrations of the specific Fl antigen of the plague bacillus in
biological fluids. The assay employed a monoclonal antibody to capture
the antigen. Sensitivity of the assay was 0.4 ng of Fl antigen. ELISA-
inhipition was used to confirm the sensitivity of the reactions. This
agsay detected Fl antigen in two of ten sera from patients with acute
bubonic plague and indicated tht antigenaemia in man during plague may
reach levels of 4-8 ug of Fl antigen per ml of serum. The probability for
a correct serodiagnosis of plague was improved when the patients' sera
were tested for both antibody and antigen. Two patients with autigenaemia
did not have antibody, while two patients with antibody lacked

antigenaemia.

B. Monoclonal Antibodies to Flaviviruses.

1. Heterogeneity of Infection Enhancement of Dengue 2 Strains by
Monoclonal Antibodies. '

Seven dengue (DEN) 2 virus strains were studied for antibody-
dependent enhancement (ADE) of infection in P388D! mouse macrophage-like
cells by using a panel of five DEN 2 monoclonal antibodies. DEN 2 strains
were of diverse temporal, geographic, and disease origins. By
hemagglutination inhibition and a plague-reduction neutralization test in
LLC-MK2 cells, two of the monoclonal antibodies were type specific and
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three were flavivirus group reactive. In LLC-MK2 celle, the seven DEN 2
viruses each were neutralized by all five monoclonal antibodies. 1In
P388D]1 cells, two DEN 2 strains were enhanced by only three monoclonal
antibodies, two by four antibodies, and three by all five antibodies,
demonstrating that in some instances enhancement is epitope related and
not a concentration-dependent function of virus—antibody interactions.
However, ADE did not segragate with determinants exhibiting either the
flavirus group or the dengue type specificity. The presence or absence of
enhancement determinants on DEN 2 strains did not correlate with the
geographic origin of virus or the severity of disease ylelding the
strain. The heterngeneous distribution of enhancement determinants may
provide a valence mechanism contributing to a multiple increase of
infection enhancement in macrophages.

2. Epitopic Analyses of Dengue Virus Antigens using Monoclonal
Antibodies.

Monoclonal antibodies (mAb) prepared against the four dengue virus
serotypes were used in competitive binding assays to identify distinct
antigenic dcmains on the (V3) protein of dengue type 2 (DEN-2) virus.
Monoclonal antibodies, chosen on the basis of their serological character-
istics, were partially purified by either Sephadex-Staph A column
chromatograpy or aT?gnium sulfate salt fractionation and subsequently
radiolabeled with . Diiutions of unlabeled monoclonal ascitic fluids
were incubated for 12 hours at room temperature with gradient-purified
DEN-2 virus absorbed to wells of flexible microtiter plates. Radiolabeled
mAt was added and allowed to compete with the unlabeled mAb for 8 to 12
additional hours at room temperature. The use of mAb allowed the
identification of the following unique epitopes: type specific (TSa, TSb,
TSc), subcomplex-specific (DSCa, DSCb), complex-specific (DCa, DCb), and
flavivirus group reactive (FGR). The FGR epitope was positionally
distinct from rhe dengue type-, subcomplex-, and complex-specific
domains. However, some type-specific epitopes were contiguous with sub-
complex- or complex-specific dumains. In some cases the binding of one
type of antibody was promoted by a second. The binding of FGR antibodies
was promoted by TSc, DSCa, and DCb antibodies. Similarly, TSc antibody
binding was promoted by FGR and DSCa antibodies. The interaction of two
mutually promoting antibodies (TSc and FGR) was shown to induce protection
similar to that of polyclonal DEN-2 hyperimmune fluid in mouse passive
protection studies.

3. Viral Specificity of Antibody-Mediated Enhancement of Flavivirus
Replication Determined by Monoclonal Antibodies.

Antibody-mediated flavivirus infection of Fc receptor-bearing cells
attracted interest because of 1its possible contribuiton to severe disease
associated with sequential dengue infections. The specificity of the
antibodies causing the infection-enhancement phemonenon was studied with
monoclonal antibodies, and several different flaviviiuses and
methodologies. Infection enhancement 18 based on finding increased yields
of virus from cells cultured in the presence of subneutralizing
concentrations of antibodies as first described by Halstead for enhanced
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dengua virus infection of human monocytes, and for enhanced yellow fever
virus iafection of U-937 human monocyte or P388D! mouse macrophage cell
lines (Schlesinger and Brandriss). Infection enhancement can be measured
directly if the virus will form plagues on monolayers of macrophages as
described for West Nile virus on P388Di cells (Peiris and Porterfield).

In general, it appeared that any monoclonal antibody that binds to the
virus also enhances infection. When we used the U-~937 human monocyte cell
line, dengue-2 virus, and the virus-yield assay system, we found that
serotype~gspecific and flavivirus group-reactive monoclonal antibodies
could be clearly distinguished if the monoclonal antibody-virus complexes
in the innoculum were formed at a multiplicity of infection below 0.0l.
Under these conditions, the serotype-specific monoclonal antibodies
directed against neutralization and hemagglutination determinants did not
enhance virus infection. In contrast, a subcomplex-specific monoclonal
antibody reactive only with DEN-1 and DEN-3 enhanced those viruses, and 2
flavivirus group-reactive monoclonal antibody enhanced DEN-2, 3, 4, but
not DEN-1. A dengue complex-reactive monoclonal antibody directed against
a polypeptide found only on immature intracellular virions and tested for
enhancement only against DEN-2 thus far, was a potent enhancing

antibody. IgG, not IgM, enhanced flavivirus infection of Fc receptor-
bearing cells, although IgM enhanced infection by some flaviviruses of
other cell types under certain conditions. The present data confirm a
number of earlier observations that antibodies against cross-reactive,
rather than serotype-specific flavivirus antigenic determinants, enhance
dengue 1infection. However, the 1in vitro variables described above (e.g.,
multiplicity of infection) make it difficult to assess whether serotype-
specific IgG would similarly not enhance dengue-2 infection in vivo. This
question pc:tains to the use of future vaccines containing only the
serotype~specific neutralization determinants.

4. Antibody dependent infection enhancement of P-388D1 Mouse
Macrophage-like Cells with Dengue Type 2-derived Monoclonal ZAnti-

bodies and Wild Dengue Type 2 Strains Isolated from Patients with
and without Hemorrhagic Fever.

Using five dengue type 2 (DEN-2)-derived monoclonal aatibodies in
antibody~-dependent enhancement (ADE) assays with P-388Dl cells we have
undertaken characterization of 19 DEN-2 viruses isolated from Southeast
Asian patients with either dengue hemorrhagic fever (DHF) or uncomplicated
dengue. The antibodies wers those selected previously by Halstead et al.
to characterize seven DEN-2 strains of varied geographic origin by
identifying determiants of ADE, neutralization, and hemagglutination
inhibition. Three antibodies detected flavivirus group-specific and two
detected DEN-2 type-specific determinants. Among hypotheses to be tested
are: (a) that wild DEN-2 isolates may be enhanced in a standard in vitro
system, (b) that one or more enhancement determinants may be hetero-
geneously distributed smong the various isolates, and that identification
of such determinants will separate virus strains by association with
disease severity, and (c) that by comparison with seven previously
characterized DEN-2 strains, determinant-mapping of the 19 wild strains
will provide a basis for categorization. Preliminary findings indicate
that 13 of 19 wild strains mediate ADE with one or more of five monoclones
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tested, and that enhancing determinant-mapping sorts the 19 wild isolates
into at least four provisional groups. Five wild 1solates have the same
Group I ADE determinant pattern (all five deturminants) as strains TR-
1751/16681. Five isolates have the same Group II1 ADE determinant pattern
(three determinants) as the New Guinea C strain, three isolates have a
unique two-determinant vattern (Group IV), and six isolates are without
detectable ADE determinants. Examination of ADE determinant patterns of
the six {solates associated with DHF vs. the 13 associated with
uncomplicated dengue suggests that six of six DHF strains vs. seven of 13
other strains had one or more ADE determinants (p=0.06, F.E.T.). Further-
more, three of the DHF str~ins had the pattern of either the TR-1751/16681
or the New Guinea C strain, and the other three had the unique two-
determinant pattern. Thus three of six DHF-associated strains vs. zero of
13 ocher strains had the Group IV pattern (p=0.02, F.E.T.).

5. Variation in Major Antigens of Japanese Encephalitis Virus
Detected by Monoclonal Antibodies.

Hybridomas were prepared by fusing PIx63Ag8.653 myeloma cells with
spleen cells from mice immunized with the Nakayama strain of Japanese
encephalitis virus (JEV). Animals were primed with suckling mouse brain
sugspensions of virus and subsequently immunized with either the same form
of the virus, purified virion, or detergent-treated virion. Antibody-
secreting cell lines were identified with a solid-phase radioimmunocassay
using a JEV-infected Vero cell lysate. Of the 300 positive cell lines
identified, 55 were chosen for further study and cloned on soft agarose.
Antibodies were amplified in ascitic fluids. Monoclonal antibodies were
identified as JEV-specific or broadly reactive across the flavivirus group
based on hemagglutination-inhibition, plaque~reduction neutralization, and
antigen-binding reactions. Among the cross-reactive group were antibodies
reacting with some but not all flaviviruses. All antibodies neutralizing
virus infectivity reacted by immune precipitation with the V3 envelope
glycoprotela. Competitive-binding assays indicated that more than one
neutralization epitope exists on the V3 glycoprotein. Certain neu-
tral.zation epitopes appear to exist as linear sequences as evidenced by
the ability of antibodies to react with d=natured virion proteins on
Western blots. In addition to binding inhibitiion exhibited by antibodies
to identical or related epitopes, competitive-~binding assays revealed some
epitopes responsible for increased binding or “promction”™. Mice could be
protected from a lethal challenge of JEV by passive administration of
certain antibodies. Interestingly, passive administration of non-
protective antibodies actually resulted in incressed mortality and
decreased survival time of mice challenged with sublethal doses of the
virus.

Publications:

l. James E. Williams, Mary K. Gentry, Carol A. Braden, %lora Leister,
and Robert H. Yolken: Use of an enzyme~-linked immunocsorbent assay to
measure antigenaemia during acute plague. Bulletin of the World Health
Organization, 62(3):463-466, 1984,
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2. Scott B, Halstead, Chettemgere N. Venkateshan, Mary K. Gentry, and
Linda K. Larsen: Heterogeneity of infection enhancement of Dengue 2
strains by monoclonal antibodies. Journal of Immunology, 132:1529-1532,

1984,

3. E. A. Henchal, W. E. Brandt, D. S. Burke, and ‘M. K. Gentry: Epitopic
analysis of dengue virus antigens using monoclonal antibodies. Abstracts
of the Annual Meeting of the American Society of Tropical Medicine and

Hygiene, 1983, p. 83.

4., W, E. Brandt, J. M. McCown, M. K. Gentry, and E. A. Henchal: Viral
specificity of antibody-mediated enhancement of flavivirus replication
deteruined by monoclonal antibodies. Proceedings of the Eleventh Inter-
national Congress of Tropical Medicine and Malaria, 1984, p. 18.

5. D. M. Hotens, S. B. Halstead. D. S. Burke' M. K. Gentry’ L. K.
Larsen, and W. E. Brandt: Antibody dependent infection enhancement of P-
388D] mouse macrcphage-like cells with dengue type 2-derived monoclonal
antibodies and wild dengue type 2 strains isolated from patients with and
without hemorrhagic fever. Prcceedings of the Eleventh International
Conugress of Tropical Medicine and Malaria, 1984, p. 103.

6. M. X. Gentry, D. Burke, T. Mason, C. Schmaljohn, K. Kopec, and J.
Dalrymple: ~Variation in major antigens of Japanese encephalitis virus
detected by monoclonal antibodies. Abstracts of the Sixth International
Congress of Virology, 1984. ;. 39.

This work unit is being terminated by expiration of the three-year
funding period. The technical sbjective was to produce mouse hybridoma
lines secretirg monoclonal antibodies to various antigens, to include
viruses, bacteria, toxins, enzymes, and peptides. This objective hac been
accomplished: u.der this work unit, successful fusions have been done
with dengue viruses (serotypes 1,2,3, and 4), Torpedo acetylcholinesterase
[(13+17)S, 5.6S, and 11S (DFP-treated) species], human serum butytyl-
cholinesterase, fetzl bovine serum acetylcholinesterase, plague Fi
antigen, Japanese encephalitis virus (Nakayama strain, native, purified
virion, and detergent-treated virion forms), Shiga and Clostridium
difficile (A and B) toxins, and BCG.

The dengue mono~lonal antibodies are distributed throughout the world
for use as diagnostic reagents, and we were awarded second prize at the
1982 Army Science Conference for developing these reagents. The Japanese
encephalitis antibodies have not been as fully characterized, but at least
one antibody has been used in Thailand for diagnostic work, and its
Ai{stribution is planned. Several JE antibodies are being utilized in
cloning the genes ccdiag for the JE V3 glycoprotein. Both the dengue and
JE antibodies have been used in establishing topographic maps of their
viruses. The plague antibody has proven useful in the detection of
antigenemia in clinical disease. Antibodies to the acetylcholinesterase
enzyme, the bacterial toxins, and BCG shcw promise as research tools for

antigen mapping.
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The following papers and abstracts have been published under this
work unit:

l. Gentry, M. K., Henchal, E. A., McCown, J. M., Brandt, W. E., and
Dalrymple, J. M.: Identification of distinct antigenic determinants on
dengue~2 virus using monoclonal antibodies. Am. J. Trop. Med. & Hyg.,
31:548-555, 1982.

2. Brandt, W. E,, McCown, J. M., Gentry, M. K., and Russell, P. K.:
Infection enhancement of dengue type 2 virus in the U-927 human monocyte
cell line by antibodies to flavivirus cross-reactive determinants. Inf. &
Immun., 36:1036~1041, 1982.

3. Henchal, E. A., Gentry, M. K., McCown, J, M., and Brandt, W. E.:
Dengue virus-specific and flavivirus group determinants identified with
monoclonal antibodies by indirect immunofluorescence. Am. J. Trop. Med. &
Hyg., 31:830-836, 1982. '

4. Henchal, E. A., McCown, J. M., Sequin, M. C., Gentry, M. K., and
Brandt, W. E.: Rapid identification of dengue virus isolates using
monoclonal antibodies in an indirect immunofluorescence assay. Am. J.
Trop. Med. & dyg., 32:164-169, 1983.

5. Griffin, D. E., Gentry, M. K., and Brown, J. E.: 1Isolation and
characterization of monoclonal antibodies to Shiga toxin. Inf. & Immun.,
41:430-433, 1983.

6. Doctor, B. P., Camp, S., Gentry, M. K., Taylor, S. S., and Taylor,
P.: Antigenic and structural differences in the catalytic subunits of the
molecular forms of acetylcholinesterase. Proc. Nat. Acad. Sci., 80:5767-
5771, 1983.

7. Henchal, E. A., Brandt, W. E., McCown, J. M., Gentry, M. K., Repic,
P. B., and Padmanabhar,, R. K.: Recent advances in the molecular biology
of the dengne viruses. Proc. Int'l. Conf. on Dengue/Dengue Hemorrhagic
Fever, Kuala Lumpur, Malaysia, 1983, pp. 47-57.

8. Halstead, S. B., Venkateshan, C. N., Gentry, M. K., and Larsen, L.
K.: Heterogeneity of infection enhancement of dengue 2 strains by
monoclongl antibodies. Proc. Int'l Conf. on Dengue/Dengue Hemorrhagic
Fever, Kuala Lumpur, Malaysis, 1983, pp. 389-399,

9. Halstead, S. B., Ventakeshan, C. N., Gentry, M. K., and Larsen, L.
K.: Heterogeneity of infecti{un enhancement of dengue 2 strains by
monoclonal antibodies. J. Immunol., 132:1529-1532, 1984,

10. Williams, J. E., Gentry, M., K., Braden, C. A., and Leirter, F., and

Yoiken, R. H.: Use of an enzyme-linked immunosorbent assay to measure
antigenaemia during acute plague. Bull. of the WHO, 62:463-466, 1984.
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11. Brandt, W. E., McCuwn, J. M., Gentry, M. K., and Russell, P. K.:
Immune enhancement of dengue-2 virus replication in the U-937 human
monocyte cell line by cross-reactive monoclonal antibodies. Fed. Proc.,

40:1065, 1981.

12. Henchal, E. A.,, McCown, J. M., Gentry, M. K., Dalrymple, J. M., and
Brandt, W. E.,: Evaluation of the serological characteristics of
monoclonal antibodies produced against dengue virus antigens. Fed. Proc.,
40:1065, 1981.

13. Gentry, M. K., Henchal, E. A., McCown, J. M., and Brandt, W. E.:
Development of monoclonal antibodies for identification of dengue virus
serotypes. Amer. Soc. Trop, Med. & Hyg., Annual Meeting, 1981.

14, Griffin, D. E., Gentry, M. K., Limrotlert, C. T., Alvarado, M. I.,
and Fishbein, J. D.: Production and characterization of monoclonal
antibodies to Shiga toxin. Amer. Soc. Microbiol., Abs. of the Annual

Meeting, 1982., p. 67.

15. Henchal, E., A., McCown, J. M., Gentry, M. K., and Brandt, W. E.:
Rapid identification of dengue virus serotypes using monoclonal antibodies
in an indirect immunofluorescence test. Aray Science Conference, 1982.

16. Henchal, E. A., McCown, J. M., Gentry, M. K., and Brandt, W. E.:
Development of monoclonal antibodies for the identification of dengue
virus serotypes. Dengue Newsletter, 8:47, 1982.

17. Henchal, E. A., McCown, J. M., Brandt, W. E., and Gentry, M. K.:
Antigenic and bilological variation occurring among dengue type 4
viruses, Am. Soc. Microbiol., Abstracts of the Annual Meeting, 1983,

18. Doctor, B. P., Camp, S., Gentry, M. K., Taylor, S. S., and Taylor,

P.: Evidence for structural and antigenic differences between hydrophobic
dimer and asymmetric forms of acetylcholinesterase from Torpedo
Californica. Am. Soc. Biol. Chem., 1983.

19. Henchal, E. A.,. Brandt, W. E., Burke, D. S., and Gentry, M. K.:
Epitopic analysis of dengue virus antigens using monoclonal antibodies.
Abstracts of Am. Soc. Trop. Med. & Hyg., 1983, p. 83.

20. Gentry, M., Burke, D., Mason, T., Schmaljohn, C., Kopec, K., and
Dalrymple, J.: Variation in major antigens of Japanese encephalitis virus
detected by monoclonal antibodies. Abstracts of the Sixth Int'l. Cong.
Virol., 1984, p. 39.

21. Brandt, W. E,, McCown, J. M., Gentry, M. K., and Henchal, E. A.:
Viral gpecificity of antibody~mediated enhancement of flavivirus
replication determined by monoclonal antibodies. Proceedings of the
Eleventh Int'l. Cong. Trop. Med. & Malaria, 1984, p. 18.
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22. Moreng, D. M., Halstead, S. B., Burke, D. S., Gentry, M. K., and
Brandt, W. E.: Antibody dependent infection enhancement of P388D]1 mouse
macrophage-like cells with dengue type 2-derived monoclonal antibodies and
wild dengue type 2 strains isolated from patients with and without
hemorrhagic fever. Proceedings of the Eleventh Int'l. Cong. Trop. Med. &
Malaria, 1984, p. 103.
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Project: 3A161101A9C IN-HOUSE LABORAYORY INDEPENDENT RESEARCH

Work Unit 105 Neuropharmacology of
Performance and Fatigue

”

Investigators:
Principal: Belenky, G.L., M.D.
Associate: Holaday J.W., Ph.D., Tortella, F.C., Ph.D.

Objectives:

Stimulant drugs which are presently available (e.g.
amphetmine) have the adverse cons=quence of severely impairing
judgement while providing their stimulant effects. Insights into
the body's own systems for producing arousal, sleep and other
behaviors relating to vigilance and performance have suggested
the use of novel substances that may act either directly or
indirectly to enhance endogenous stimulants and depress
endogenous sedatives. Application of this knowledge may help to
develop new approaches to maximizing battiefield performance.

Approach:

Experimental animals were evaluated for alterations in locomotor
activity and performance before and after treatment with various
drugs which affect performance (including thyrotropin releasing
hormone (TRH), amphetamine, prochlorperizine and opioiod agonists
and antagonists) or treatment with electroconvulsive shock
(ECS). Correlations among behavioral findings, analysis of
biochemical substances and assay of receptor changes allowed for
interactive evaluations of behavioral and biochemical
correlates, Recently acquired electroencephalographic
instrumentation provided an opportunity to correlate changes in
brain activity with the behavioral responses. Knowledge from
these experiments provided an opportunity to assess new
directions for future research.

Progress:

Electroconvulsive shock resulted in a significant increase in the
number of binding sites for various drugs, including opioid
compounds. The increased nurmber of opioid receptors was shown to
occur only in the absence of Sodium and to be discretely
localized in areas of the brain involved in cognition and
behavior. Collaborative studies with Dr. Kornetsky (Boston U,
School of Medicine) indicated that TRH enhanced reward responses
in rats, From the interest evoked by these experiments, a new
study group was initiated among members of the Division of
Neuropsychiatry to investigate promising pharmacological
candiates for altering human performance.
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Yo further this effort, a conference was organized by this
group entitled "Pharmacological Optimlzation of ferformance”
featuring international authorities in the areas of

psychopharmacology and psychophysiology.
This research was supported because of the need to establish

new ways to enhance performance and prevent fatigue. Presently
available stimulant drugs such as amphetamine have the adverse
consequence of impairing judgement, thus severely limiting their
utilitiy in military and non-military environments. If insights
into the body's own systeris for producing arousal, sleep and
other behaviors relating to vigilance and performance are
elucidated, it may be possible to augment responses which elicit
arousal or, conversely, to block systems which contribute to
fatigue. Even if no such mechanisms are elucidated, the
investigations with new drugs and neuropeptide hormones which
have recently become available may provide pharmacological tools
to enhance performance, delay fatigue and sleep and have minimal

adverse side effects.

For additional information see 1984 Annual Report, Project
3E162777A8 79.
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23. (U)  The study examines stress factors amorg senior non-commissioned officers. The objective
is to understand the stresses and stroins in the NCO role which contribute to individual and
orgonizational dysfunction, This research is of =ilitary importance.

26. () The method is narrated career histories which is a medification of life history techniques
used in social anthropology, sociology, and orol histery,

28, (U}  8310-8409 Note prior titles Acquisition of NCO skills for Stress Casualty Prevention,
Sixteen of 24 interviews have been completed; four interviews have been abstracted; one interview hos
been transcribed. Preliminary analysis suggests the following themes for analysis: (1) The meaning of
"NCO" is ambiguous since level of responsibility, level of technical skill, and longevity are frequently
confounded. (2) NCO ronks differ qualitatively in the nature and kind of authority inherent in them.
(3) Leodership modes change ocross NCO ranks. {4) “Toking care of soldiers” encompasses all
"NCOs,” regardless of technicol speciolty or expertise. (5) Commissioned ond non-commissioned
officers differ both in the scope and kind of work performed. (6) Confusion exists regarding the
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than do officers. (8) Commissioned and non-commissioned officer relationships change ocross their
respective ronks. (9) The issue in contention between senior commissioned ond non-commissioned
officers is whether and how NCOs are "professionals.” Interviewing, abstracting, transeribing, and
analysis continve, For technical report see Walter Reed Army Institute of Research Annual Progress
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q Project: 3Al161101A91C In-House Laboratory Independent Research

Work Unit: 106 Stress Factors Among Senior Non-commissioned Officers

Principal Investigator: LTC Larry H. Ingraham, MS

Froblem and Objectives:

This project stemmed from the observation, most recently confirmed by Israeli forces in
Lebanon, that the single most critical element in the prevention and management of
combat stress casualties is the quality of the interpersonal relations in face-to-face work
groups. "Unit cohesion" efforts like the New Manning System are attempting to stabilize
membership in these groups, but it is non-commissioned officers who are the central
figures in the creation and maintenance of the groups' interpersonal climate. The goal of
this work is to discover how (or if) they come to learn their role in this process.

Progress:

Inquires at the Defense Technical Information Center, the Army Library, the Army
Sergeant Major's Academy, and the Marine Corps Oral History Center turned up
absolutely no literature on the topic, nor did a survey of the civilian literature in the
field of military sociology. The work unit thus proposed to start with NCQ's themselves,
using the methods of the oral historian: recording career histories of senior non-
commissioned officers. Through recall of concrete events and actual people, a data base
can be established focusing on what NCO's at various levels actuaily do, what aspects of
those activities can be learned in school, and how they develop and apply standards of
conduct, discipline and morale in actual practice.

Sixteen of a projected 24 histories have been collected (on tape); four have been
abstracted; one has been transcribed. The clearest finding to date has been that even
successful NCO's have rarely if ever seen or been shown their role in preventing stress
casualties. In fact the dominant theme emerging has been the great stress .mposed on
the NCO Corps by the lack of a clear and lasting definition of "sergeants work" at all.
Preliminary analysis has suggested the following themes for analysis: (I) The meaning of
"NCO" is ambiguous since level of responsibility, level of technical skill, and longevity
are frequently confounded. (2) NCO ranks differ qualitatively in the nature and kind of
authority inherent in them in them. (3) Leadership modes chonge across NCO ranks.
(4) "Taking care of soldiers" encompasses all "NCOs," regardless of technical speciality
or expertise, (5) Commissioned and non-commissioned officers differ both in the scope
and kind of work performed. (6) Confusion exists regarding the duties, responsibilities,
and authority of sergeants major. (7) NCOs use different ethical standards than do
officers. (8) Commissioned and non-commissioned officer relationships change across
their respective ranks. (9) The issue in contention between senior commissioned and
non-commissioned officers is whether and how NCOs are "professionals."
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This project was supported because preventing battle stress casualties, like preventing
cold or heat inquiries is a joint responsibility of medical and line personnel. The former
advise, but the latter must see the preventive actions through. If these first level
supervisors fail to see this role or see it differently than do the medical personnel, it is
the latter who will bear the burden of treating unnecessary casualties. This project
should be completed in FY85.
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Presentation:

Ingraham, L.H. Is the Army ready for smart sergeants? Address to the TRADOC
Command Sergeants Major Conference, El Paso, June Z1, 1984,

Publication: None
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23(U) The primary objective is to study means to augment the absorptive area of the small
intestine to provide nutrition for individuals with “short gut syndrome.™ Currently if
the small bowel is lost secondary to trauma, internal hernia or diseases such as Crohn's
diseass, enteral nutrition is impossible. Such patients must be waintained forever on
intravenous infusion pumps which limits activity, is expensive and difficult and sometimes
technically impossible. There is military relevance in this research.

N 24(U) The approach will be to transplant intestine from fetal Fisher rats into the
ja.:_ subcutanecus space of adult Fisher rats. Such intestine becomes vascularized, enlarges,
g and may develop functions of normal intestine.

" €3 lle3s 29

25(U) Successful transplants of fetal rat small dowel to isogeneic adult Fisher rats have
been carried out and the resulting "neogut" has been shown to have typical gross and
zicroscopic appearance of small bowel. in addition this neog:t has been shown tc
preferentially transport glucose from mucosa to serosa in Ussing Chambers and to have

2
s
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::.:‘ elestrophysiologic properties of transmucosal electrical potential difference and short
- eircuit current similar to normal rat small bowel. This material was presented to the
; '.’, American College of Surgeons, Surgical Research Forum and a manuscript has been accepted
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Project: 34162202A91C IN-HOUSE LABORATORY
INDEPENDENT RESEARCH

Work Unit: 107 Neogut

Tnvestigators:

Principal: John W. Harmon, LTC, MC

Co-Investigators: Barbara Bass, CPT, MC

Jonathan Jaffin, CPT, MC
Dennis Mortiz, MAJ, MC
Rogery Perry, CPT, MC

Background and Objectives:

"Short gut" syndrome is a condition where patients have lost
sufficient swmall intestine to be unable to maintain their nutrition
through external feeding. It can result from any condition which
causes small intestinal 1loss 1including trauma, obstruction,
mesenteric thrombosis, and necrotizing enterocolitis. These
patients are currently kept alive using parenteral nutrition, which
is expensive and subjects these patients to a host of life
threatening metabolic and septic complications.

To avoid these complications, investigators have attempted to
increase the bowel surface area with pedicle flaps, dacron patches,
and colonic sercsa grafts. These have resulted in only small
increases in the absorptive area of the small intestine.

Recently, an alternative method of expanding small bowel
absorptive area has been described. This involves transplanting
avascular fetal intestinal tissue into the subcutancous tissue of
host animals. This has been described as growing into bowel-like
structures. This method is being studlied at WRAIR. Initial
objectives involve performing detailed anatomic and physiologic
studies to characterize the transplanted tissue, called ™neogut®.
Further obiectives include developing ways to improve the growth of
neogut and to eventually feed animals through the neogut.

Progress. Anatomic Studies: During this fiscal year, techniques
were devised for reliable transplantation of neogut. These
resulted in a greater than 70% successful transplantation rate in
Fisher rats. The neogut had the external appearance of distended
bowel. There was a dense fibrous reaction around tha bowel, with
striking neovascularization., The internal wall of the neogut had
the appearance of normal musosa. Histologic examination
demonstrated the neogut to be similar to rat small intestine as did
scanning and transmission electron microscopy. The neogut was
shown to transplant glucose.
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These results demonstrate that avasuclar segments of fetal rat
intestine transplanted to the subcutanecus tissues of syngeneic
host animals will become vascularized, grow and develop certain
properties of normal intestine. This “"neogut® has structural
similarities to normal small bowel including an intact epithelium
of mixed cellularity, lamina propria, and bilauer muscularis.
Villus structure in many specimens is altered relative toc normal
intestine; flattened and cobblestone-like mucosa may be present.
Additionally, microvilli are less dense and generally not as long
as in normal intestine. These alterations may be related to
intralumimal pressure that develops in these chronically obstructed
intestinal segments which actively secrete mucus and shed dead
epithelium into the lumen. These secretions cause ever increasing
distension of the bowel. Additionally, these loops have never been
exposed to nutrients. This disuse may contribute to the shortened,
sparse microvilli observed with electron aicroscopy.

~ The present study is the first to assess the motility of
transplanted fetal intestine. The mycelectric parameters observed
suggest that the smooth muscle in neogut has functional
characteristics similar to normal iieum but lacks mature neuronal
control. Instrinsic myogenic mechanisms are responsible for slow
wave generation. The slow wave frequency of neogut is slightly
less than that of ileum; this may reflect a lack of extrinsic
innervation. A similar reduction in slow wave freguency has been
reported in extrinsically denervated rabbit ileal loops studies in
vitro. The presence of spike activity, particularly sxction
potential complexes, suggests that neogut smooth muacle is also
capable of contraction.

This wmethod of transplantation has several merits that may
make it superior to conventional vascularized small intestinal
allografts. First, the technical difficulties of vascular
anastomoses are eliminated. Second, the lymphoid tissue in fetal
intestine may be more tolerant of foreign antigens minimizing graft
versus host reactions. Third, the =ass of lymohoid tissus
traasplanted is much smaller than in coaventional allografts, also
minimizing the risks for gra”: versus host disease. Fourth, the
widespread practice of voluntary abortion creates the potential for
ready ~vailability of transplantable tiasue. Fifth, fetal
intestinal tissue 1is not colonized with enteric organisms,
minimizing potential septic complications.

There are several difficulties and unanswered questions
regarding the applicability of neogut to human clinical use.
Rejection phenomena were avoided in this study by using syngeneic
rat strains. Schwartz, using this transplantation technique in
rats, found a 1003 rejection rate of transplants performed across
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genetic barriers. In that study, Cyclosporin A was effective in
improving graft survival to 70% in cross strain transplants. No
graft versus host disease was reported. Multiple strictures, most
likely related to irregular neovascularization, may also limit the
usefulness of this tissue. Technical changes to improve
vascularization such as implanting the intestine in abdominal wall
musculature or in omental tubes, may minimize this limiting
complication. The more subtle myoelectric and electrophysiologic
differences between neogut and normal intestine may be readily
revesible, or preventable, with early decompression of the segments
allowing luminal perfusicn with nutrients.

The structural and physiologic similarities of neogut to
normal rat small bowel suggest this tissus may be able to provide a
nutritionally useful accessory gut. Refinement of techniques to
caximize neovascularization, to control rejection phenomena and to
allow luminal perfusion and decompression of the segments following
transplantation may make this technique of value to the patient
with short-gut synirome. :

Recommendations for the future:

1. We are currently working on ways to increase vascularity of the
neogut and also to place it in positions more accessible to the
intestinal tract.

2. We are also working on methods to feed animals through their
neogut with continuous infusion pumps.

3. VWe are also working cn transplanting rabbit neogut to athymic
rats. -

Publications:

Bass et al. Annals of Surgery accepted for publication.
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25. (U) 83 10 - 84 09: HL-60 hwuan prosyelocytic lgukemia cells have been found ¢o

, undergo differentiation to monocytes and grssulocytss is the presencs of I~desza~-

' (2)aristeromycin, neplanocin A (a potent antitumor agent), and phorbdol ester. The
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55

! 20 :"’::. 1498 SOITION OF MAR 68 1S ORSOLATE.




PROJECT: 3A161101A97C |N-HOUSE LABORATORY INDEPENDENY RESEARCH
WORK UNIT: 108 Inhibitors of Methylation as Potential Therapeutic Agants

INVESTIGATORS:

Principal: Peter K. Chiang, Ph.D.

Associate: Richard K. Gordon, Ph.D.; SP6 George Miura Ph.D.;
Jarle Aarbakke, M.D., Phn.D.; John A. Duerre, Ph.D.

Assistant: SP4 Felipe N. Padilla, Michelle M. Richard

The objective is to synthesize and identify specific inhibitors of
methylation as potential agents: in viral, parasitic infection and as
inducers of cellular differentiation.

The potential chemicals to be screened for their ability to inhibit
methylation are nucleosides; specifically, nucleosides that are potent
inhibitors of S-adenosylhomocysteine nhydrolase. Nucleosides that are
potent inhibitors and/or alternative substrates of S-adenosylhomocysteine
hydrolase will be screened for their ability to raise the cellular level
of S-adenosylnomocysteine and/or S-nucleosidylhomocysteine. I[n the event
of the latter, S-adenosylmethionine will also be increased as a con-
sequence of the inhibition of methylation reactions caused by the
appearance of large amounts of S-adenosylhomocysteine and S-nucleo-
sidylhomocysteine. The changes in the cellular levels of these
metabolites will be analyzed by high pressure liquid chromatography. The
specific biological targets to be looked at will be viruses, Plasmodium
cultures and cell lines that can be induced to undergo differentiation.
The cell lines to be examined are 3T3-L! fibroblasts that can under
differentiation to become fat cells, and HL-60, which are human
promyelocytic leukemia cells that can differentiate into more mature
granulocyte-like cells. Correlative changes in DNA methylation, RNA
methylation, lipid methylation, and protein methylation will be studied.

1. Induction of differentiation of FiL-50 promyelocytic leukemia cells:

3-Deazaaristeromycin (dzAri) and 3-deazaguanosine (dzGuo), potent
inhibitors of adenosylhomocysteine (AdoHcy) hydrolase {(AdoHcyase) and [MP-
dehydrogenase, respectively, induce differentiation in the human promy-
elocytic cell line HL-60 to acquire morphological and functional
characteristics of neutrophils. Since gene expression and cellular
differentiation have been associated with undermethylation of DNA, and
since cellular methylation is influenced by endogenous AdoHcy and AdoMet,
their concentrations were measured in cells treated with 3-deaza
nucleosides. After 8 h, cells treated with 5 )M dzAri showed a 138%
increase in AdoMet, whereas cells expnsed to 3 )M dzGuo had 178% increase
in AdoHcy. There was a dose-dependent increase in AdoHcy caused by dzAri.
with concomitant decreases in cell proliferation. In contrast, 3 )M dzGuo
was without any effect on cell number and viability after 48 h. Because
it takes 3-7 days to induce differentiation in HL-60 cells by the 3-deaza
nucleosides, the increase in the cellular AdoHcy/AdoMet ratio in the
presence of both 3-deaza nucleosides at 8 h is an early event associated

56




with differentiation. Even though dzGuo has no known effects in vitro on
isolated AdoHcyase, it may induce HL-60 differentiation by affecting DNA
undermethylation via a mechanism similar to dzari.

2. Differentiation of HL-60 Human Promyelocytic Cellls Induced By
3-Deazanucleosides and Phorbol Ester.

3-Deazaaristeromycin (dzAri) and 3-deazaguanosine (dzGuo), potent
inhibitors of adenosylhomocysteine (AdoHey) hydrolase and IMP-
dehydrogeriase, respectively, induce differentiation of HL-60 cells. Since
undermethylation of DNA leads to gene expression, and may be controlled by
AdoHey/AdoMet ratiu, the latter metabolites were measured. AdoHcy/AdoMet
increased significantly in the cells treated by dzAri and dzGuo, as early
as 8 h. idditionally, initial studies showed that in cells induced by
phorbol-12-myristate-13-acetate (PMA}, the binding of human IgG complexes
to Fc receptors increased to 11 x 16° from 3 x 10° molecules/cell in
controls. Moreover, the uptake of the protozoan Leishmania tropica in its
amastigote form was observed in 20% of the induced cells, in sharp
contrast to less than 1% in the uninduced cells. Whether PMA induces
differentiation via mechanisms similar to the 3-deazanucleosides remains
to be elucidated.

3. Perturbation of S-adenosylmethionine, polyamine and catecholamine
metabolism by 3-deazaadenosgine:

Using a new high performance liquid chromatography technique which
permits the analysis of a variety of sulfur metabolites including
methylthioadenosire, the effects of 3-deazaadenosine (dzAdo), a potent
inhibitor of AdoHcy hydrolase, were examined in male rats and Hela
cells. Intraperitoneal injection of dzAdo to rats increased the liver
concentrations cof AdoMet and AdoHcy by 1.7« and 2.7-fold, respectively.
In contrast, levels of AdoMet and AdoHcy in the adrenals were not
altered. However, there was a formation of dzAdoHcy. Also, in the
adrenals there was a 50% inhibition of the methylation of norepinephrine
to epinephrine, accompanied by a 60% decrease in L-dopa but a_g20%
increase in dopamine. When Hela cells were equilibrated in [“7S]
methionine and then incubated 90 min with dzAdo, increases in cellular
AdoHey and AdoMet were also observed. Concomitantly, there was a drop in
cellular decarboxylated AdoMet, thus corroborating the inhibitory effect
of dzAdo in AdoMet decarboxylase. [n addition putrescine accumulated,
along with drops in cellular spermidine and spermine., These data
demonstrate some of the metabolic consequences that result from the
innibition of AdoHcy hydrolase and AdoMet decarboxylase .; dzAdo.

4. Analysis of S-Adenosylmethionine and Related Sulfur Metabolites
in Animal Tissues,

A high-performance liquid chromatographic method was devised that
separates S-adenosylmethionine and related sulfur metabolites on a Radial-
PAK SCX cation-exchange column using a four-step NH COOH/(NHy),S0, elution
gradient. This new procedure permits, in a single run of 60 min, the
quantitative analysis of S-adenosylmethionine, S-adenosylhomocysteine

57



. . " IR v ot R A
Pk e 51 SELPLPLPRVRFAES 1 4 rttxi.l:_h‘hﬁ‘tﬁ'r‘x‘_:cl.ki.&'.ﬂ-._w.ﬂu—&w)a,r- o7 o WPl s i A B o

AR e Y O YSERI 2

(AdoHcy), 5'-deoxy-5'-methylthioadenosine, decarboxylated S-
adenosylmethionine, decarboxylated S-adenosylhomocysteine,
inosylhomocysteine, and other related metabolites., Furthermore, this
method allows the detection in rat tissues of novel sulfur metabolites, S-
inosylhomocysteine and decarboxylated S-adenosylhomocysteine.

Perturbation of the levels of some of these metabolites could be detected
in rat livers and spleens after the administration of 3-deazaadenosine, an
inhibitor of adenosylhomocysteine hydrolase, but could not be detected in
rat adrenal glands. It i5 notable that decarboxylated AdoHcy disappeared
ir the_livers of rats treated with 3-deazaadenosine. Hela cells incubated
with [??S]methionine displayed the incorporaticn of the labeled sulfur
into S-adenosylmethionine, S-adenosylhomocysteine, decarbtoxylated S-
adenosylmethionine, S-inosylhomocysteine, and 5'-deoxy-5'-
methylthioadenosine.

9. Antimalarial Activity of SIBA and deaza-SIBA:

Biological methylation reactions have been thought to be essential
for cell growth and differentiation. In a study to elucidate the relation
between methylation and polyamine biosynthesis, employing the in vitro
cultures of F. falciparum-infected human red cells, we have examined two
adenosine analogues thought to be methylation inhibitors, viz. §5'-deoxy-
5'-isobutylthio-3-adenosine (SIBA) and 5'-deoxy-5'-isobutylthio-3-
deazaadenosine (deaza-SIBA) sor growth and polyamine biosynthesis. Growth
was assessed by monitoring [“H]hypoxanthine incorporation into RNA, DNA
and protein, as well as by evaluating parasite morphology and numbers of
Giemsa-stained blood films. Protein-free supernatant fluids from red cell
pellets and extracellular fluid were analyzed for polyamines by an
ultramicro automated HPLC method. Both SIBA and deaza-SIBA inhibited
intraervthrocytic parasite growth: the former inhibited 96% at (.3mM
(confirming Trager, 1978), and the latter inhibited T4% at 0.1 mM.
Morphologically, there was an arrest at the ring stage with decreased
numhers and distorted morphology, as well as pyknosis of parasite nuclei
of other intraerythrocytic parasite stages. In addition, red cells in
parasitized cultures showed echinocyte formation, Polyamine levels in
both SIBA and deaza-SIBA treated red cells showed increases in putrescine
and spermidine in both parasitized and unparasitized cultures.
Hypoxanthine (1 uM) added 24 h prior to harvest, appeared to improve
parasite morphology and reverse elevations of spermidine and spermine

induced by the drugs. However, parasite counts were not significantly
increased.

6. Biological Activity and Synthesis of an Isomer of Formycin:
Biological Activity and a Modified Synthesis of 8-Amino=3-(b-D-
Ribofuranosyl)-1,2,4-Triazolo(4,3-a]|Pyrazine, An Isomer of Formycin.

A two step synthesis of of 8-amino-3-(b-D-ribofuranosyl)-1,2,4-
triazolo(4,3-alpyrazine (1) has been devised. This compound is (i) a
very poor substrate for adenosine deaminase, (ii) both a competitive and
irreversible inhibitor of S-adenosylhomocysteinase in the synthesis
direction, (ili) can inhibit L1210 cell growth in culture, (iv) inhibits
both the cellular uptake .f nucleic¢c acid precursors and their
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incorporation into the nucleic acids of L1210 cells, (v) is inert to
metabolism to its 5'nucleotides, and (vi) i{s a weak antiviral agent and

coronary vasodilator.

7. Neplanocin A: Effects of Putrescine and S-Adenosylmethionine
Metabolism in Malaria-Infected Human Red Cell Cultures.

Neplanocin A, a novel carbocyclic analogue of adenosine, with a
cyclopentene moiety replacing the ribose, has been kncwn to be an
effective antitumor agent. As part of a study to evaluate drugs that will
inhibit malaria parasites, Neplanocin A was found to be effective as an
antimalarial with EDcq of 3.1 )M and 2.6 )M, resp:ctively, for FCR-
3/Gambia and Camp/Ma?;y strains of Plasmodium falciparum. Because
Neplanocin is a potent inhibitor of S-adenosylhomocysteine hydrolase, and
possibly, methylation reactions, the mechanism of the anti-malarial
effects was explored by examining the levels of metabolic intermediates
that were altered. In infected cells, S-adenosylmethionine levels rose
and reached a plateau at levels greater than 1 )M Neplanoccin A, while S-
adenosylhomocysteine levels peaked at 2.5 )M drug. Two putative
Neplanocin A metabolites increased in a dose-dependent manner. In control
uninfected red blood cells, the perturbatiin of all intermediates was the
same, Cellular contents of putrescine in cultures treated 48 h with 5 )M
drug rose, whereas spermidine and spermine levels remained unchanged.
Morphologically, at drug doses over 2.5 to 5 )M, both infected and
uninfected red cells appeared to underge echinocyte formation. These
results suggest that Neplanocin A is an antimalarial that acts by the
inhibition of S-adenosylhomocysteine hydrolase which in turn inhibits a
variety of methylation reactions necessary for normal parasite functions,
and in addition, affects putrescine metabolism.

8. Biological Effects of Neplanocin A with Associated Changes in
Cellular Levels of S-Aderosylhomocysteine and S-Adenosyimethionine.

Neplanocin A (NPC), a novel cyclopentene analog of adenosine with
antitumor activity, is a potent inhibitor of S-adenosylhomocysteine
(AdoHey) hydrolase with a K; of 3 nM. When tested in cells, NPC caused
drastic increases in AdoHcy in a dose-dependent manner, concomitant with
the formation of a putative new metabolite, S-nepianocinyl-methionine. In
most cases, there was a drop in S-adenosylmethionine. There are
interesting biological effects that were caused by NPC. After treatment
with NPC, HL-60 human promyelocytic leukemia cells were induced to
differentiate in micromolar concentrations, acquiring morphologic features
of neutrophils. NPC is also an effective anti-malarial when tested
against FCR-3/Gambia and Camp/Malay strains of Plasmodium faciparum with
EDgy pPf 3 )M. Morphologically, both infected and uninfected red cells
appeared to undergo echinocyte fourmation between 2.5 to 5 M. In
addition, cellular level of putrescine in red cells increased without
changes in spermidine and spermine.

PUBLICATIONS

Kim, I.-K., Zhang, C.-Y., Chiang, P, K. and Cantoni, G. L.: S-Adenosyl-
homocysteine hydrolase from hamster Liver: purification and kinetic
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PROJECT: 3Al161101191C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

WOPK UNIT: 109 Elucidation of Antigenic Determiants

INVESTIGATORS:
‘!
%)
o Principle: Mary K. Gentry, B.S.
L Assoclate: B. P. Doctor, Ph.D.; Robert S. Rush, Ph.D.; SP4
3 Karla K. Kopec, B.S.; SP4 Marcia K. Hamman

In collaboration with: Palmer Taylor, Ph.D.; L. B. Howland, Ph.D.; Mark
Ellisman, Ph.D.

DESCRIPTION:

Antigenic determinants of infectious agents and macromolecules of
military relevance against which moncclonal antibodies have been produced
are being studied. Techniques include purification of monoclonal
antibodies and their use in affinity chromatography. Antigens collected
on affinity columns are subjected to digestion and peptide mapping.
Synthetic peptides based on the original sequences can be used for studies
on anti-genicity and protection and, ultimately, in the development of
synthetic peptide vaccines.

-

.
!

x"a"s
g

o i o S

A. Molecular Studies on Acetylcholinesterases.

l, Molecular and Structural Basis for the Polymorphic Forms of
Acetylcholinesterase.

Acetylcholinesterase in various tissues is found to exist as two
genera) classes of molecular forms. The first consists of dimensionally
asymmetric forms composed of multiple catalytic subunits disulfide-linked
to collagen-like tail unit and, in some cases, a noncollagenous structural
subunit, These forms are found in highest abundance in synaptic areas and

RASKRR OSSP

: their biosynthesis is controlled by synaptogenesis, The second class

S consists of simple oligomers of the catalytic subunits. These forms are
) often hydrophobic, associate with membranes, and show a wide tissue

ﬂ distribution extending to both excitable and non-excitable tissue. In

& muscle, these forms are present in both junctional and extrajunctional
i areas,

- Three explanations which are not mutually exclusive might be put

. forward as the bases for variegation in acetylcholinesterase molecular

structure. The acetylcholinesterases may be expressed as a multigene
family where the primary sequences of the catalytic subunits of the
molecular forms differ. Second, the structural differences could arise
from a single gene and alternative m-RNA processing would cause the
structural diversity. Third, differences in structure could arise from
posttranslational modifications giving rise to different extents of glyco-
sylation, fatty acid acylation and subunit assembly.

TREET A CRIORN ™ ST

AN S v

63

o

WY |

EE I T T

-".‘-".‘»".J‘.'J"v'{"f'-" R A I P A T AP o Y e et L L e L @y WAk e s m e W m e e e . .
ISR R LA EHE SERE L T VLAY YVRS A YRTHL I ) SEREREL S YR P 0 SR AP S - el A AR AR S TG B T



pa

f g Ly e

a_ Ca o= A K _A_E
RS LRI

v g7
S FENE Y

L

fos ok

s

¥

R L

TR
atata e s

P .‘.‘,-‘
L Aty e e Mt

.

»

- 'k'.L"L ‘\-(?:

e

s
i )

2l =

v
*
- A

R
L4

To distinguish these possibilities, we have undertaken an analysis of
the structures and functional sites of acetylcholinesterase using protein
chemistry and immunologic techniques. Monoclonal antibodies have been
raised to both the hydrophobic and. asymmetric forms of Torpedo enzyme.
Most of the clones express antibodies directed to the catalytic subunits
and show equal reactivity towards the two classes of enzymes. For some
antibodies reactivity 1is dependent on maintenance of tertiary structure
while others react equally well with the native and denatured enzyme and
hence recognize a linear sequence in the catalytic subunit. Two
monoclonal antibodies show selectivity for particular enzyme forms. One
shows about a hundred-fold selectivity for the catalytic subunits of the
hydrophobic dimer (5.6S) form over the catalytic subunits of the tail-
containing form (17+!3S). The second reacts selectively with the tail-
containing form and is most likely direcred to the collagen—-like tail
unit. Antibodies selective for individual acetylcholinesterase species

appear useful for immunocytochemical localization of individual acetyl-
cholinesterase forms.

Analysis of peptide maps and selected sequences of the catalytic sub-
units from the two enzymes reveal a close homology between the two
forms. Nevertheless, certain peptides differ between the forms as
evidenced by peptide maps and compositions of isolated peptides. Peptide
separation by HPLC has enabled us to isolate the active center, candidate
peripheral site and antigenic peptides. Finally, nucleotide probes have
been made to some of the peptides which should prove suitable for cloning
the gene from existing Torpedo libraries. This approach will prove
complementary to analysis of primary structure and distinguishing the
molecular basis of the enzyme's polymorphism. With the prospect of having
the gene(s) encoding the various acetylcholinesterase species and anti-
bodies available that are selective for individual enzyme forms, it should
be possible to isolate the m—RNA's responsible for expression.

2. Antigenic and Structural Differences in the Catalytic Subunits

of the Molecular Forms of Acetylcholinesterase.

A mixture of the hydrophobic dimer (5.6S) and the asymmetric, tail-
containing (17+13)S forms of acetylcholinesterase from Torpedo californica
was used to 1 wmunize mice, and spleen cells from these mice were employed
to produce nine hybridoma lines secreting antibodies against acetyl-
cholinesterase. Antibodies from one of the lines showed a 100~fold
greater affinity for the 5.65 species when compared with the catalytic
subunits of the (17+13)S species. This difference in specificity was
retained following denaturation of the two acetylcholinesterase species.
Another line produced antibody directed only to structural subunits of the
(17+13)S species while the remaining seven antibodies exhibited nearly
equivalent cross reactivity for all of the forms of acetylcholines-
terase. Tryptic peptides were generated from the catalytic subunits of
the 5.65 and tail-containing acetylcholinesterase species, and high-
pressure liquid chromatography profiles show at least four distinct
peptides in the catalytic subunits for each enzyme species. Some of these
peptides exhibit retention times different from the identified
glycopeptides, Thus, it is likely that the catalytic subunits of the two
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molecular forms of acetylcholinesterase differ in primary structure and
sites of antigenicity.

3. Antibodies that Distinguish between Molecular Forms of AChE
Localize Differently on Torpedo Electrocytes.

Distinct molecular forms of AChE have been isolated from Torpedo
electric organs and characterized biochemically. These include an
asymmetric “"tailed” species (17S+13S) and a dimeric hydrophobic species
(5.6S). Monoclonal antibodies (MCAb) were raised against Torpedo AChE aund
| have been characterized for antigenic specifirity. Most antibodies show a
T Ty high degree of cross reactivity between the different molecular forms of
*u AChE, but two demonstrate selectivity for only one form. MCAb 4F3 is

~i§ specific for the asymmetric species (and is unreactive towards this form
‘ Tad of the enzyme following collagenase or trypsin removal of the tail
; KR section). MCAL 4E? exhibits 100-fold selectivity for the catalytic sub-
a unit of the 5.6S hydrophobic dimeric form ¢f AChE. Using these MCAbs as
oG probes, we were able to examine the distribution of the different forms of
}iv AChE in Torpedo electric organ by immunofluorescence and immunoelectron
{{; microscopy. MCAb 4E7 shows a diffuse distribution, staining within the
e synapse giving the appearance of labeling both the innervated and non-~
o innervated surfaces with apjproximately equal density. These patterns were
confirmed using immunoelectron microscopy. In contrast, polyclonal anti-
f =7 bodies raised against the asymmetric form bind buth asymmetric and
ﬁ:} hydrophobic forms with equal avidity in vitro. Although these polyclonal
e antibodies do not appear to distinguish between molecular forms in vitro,
i{ the antigenic sites they lo~alize in situ are less uniformly distributed
LK than those localized by the monoclonal antibody directed against the
hydrophobic dimer only. Localization by both light microscopy and
L3 electron microscopy reveal the same pattern of staining.

L
a

4. Molecular Aspectc of the Biosynthesis and Disposition of the
Multiple Forms of Acetylcholinesterase.
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In the Torpedo electric organ both the elongated species of
acetylcholinesterase which 18 confined to the basal lamina and the
hydrophobic, dimeric species which associates with plasma membranes are
present in sufficient abundance to obtain comparative information on the
primary structures of the catalytic subunits. Although high pressure
l1quid chromatography of thc corresponding tryptic peptides reveals sub-
stantial homology between the two forms, at least two of the non-
oligosaccharide~containing tryptic peptides appear unique to each
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A enzyme. Chromatographic separation of the tryptic and cyanogen bromide
e peptides has allowed us to identify the active site peptide, the oligo-
;jw saccharide-containing peptides and surface peptides of the peripheral
o anionic site which react with the photoaffinity label, azidopropidium.
I![ Monoclonal antibodies have been prepared to both forms of the enzyme and
:i;‘ while the majority show nearly equivalent reactivity with both forms of
Q\; the enzyme, one shows a 100-fold selectivity for the catalytic subunit of
L:, the hydrohobic, dimeric species. Thus structural studies and the
gaj immunologic reactivity suggest that the acetylcholinesterase forms arise
e as separate gene products or from distinct RNA translation products.
e
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S. Taylor, Mary Kay Gentry, and B. P. Doctor: Molecular and structural
basis for the polymorphic forms of acetylcholinesterase. Abstracts of the
Fourth Annual Chemical Defense Bioscience Review, 1984,

2. B. P. Doctor and Palmer Taylor: Antigenic eand structural differences
in the catalytic subunits of the molecular forms of acetylcholines-
terase. Proceedings of the Second International Meeting on
Cholinesterases, 1983.

3. L. B. Howland, M. H. Ellisman, P, Taylor, T. J. Deerinch, B. P.
Doctor, and S. J. Camp: Antibodies that distinguish between molecular
froms of AChE localize differently on Torpedo electrocytes. Abstracts of
the Annual Meeting, American Neuroscience Society, 1983.
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stabilize these receptors. This may be one mechanism of WR 2721 action. Studies are now ‘

uncderway to determine the implications of this for prostaglandin synthesis. For technical
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 111 Studies on the Interactions between Prostaglandins
and Glucocorticids to Improve Chemotherapeutic
Measures for Radioprotecticn, Radiation Disease, and
Shack

Investigators:
Principal: lvin H, Heiffer, Ph,D,
Associate: MAJ C.J. Nielsen, Ph,D., CPT A, Schroeder, Ph.D.,
J. Karle, Ph.D,

The purposes of this project are to further the understanding
of how current antiradiation drugs function and to develop some of
the scientific information necessary to design improved drugs and
treatment regimens for radioprotection, radiation disease, and
shock.

2. Progress.,

Analytical techniques have been developed to assay levels of
glucocorticoid receptors in whole cells and subcellular
preparations of rat liver, Using kinetic techniques it has been
discovered that WR 1065, a principal metabolite of the
radioprotector WR 2721, can stabilize and even reactivate these
receptors., This may be one mechanism of WR 2721 action,

Studies are now underway to determine the implications of this
for prostaglandin synthesis. Along this line of work, procedures
have been developed to measure a variety of prostaglandins and
other arachidonate metabolites in cell-free medium and cytosol
using high pressure liquid chromatography. Under the incubation
conditions utilized, it has been found that arachidonic acid is
converted by isolated rat liver hepatocytes to an unknown
metabolite that is excreted back into the medium in high
concentration, This metabolite does not appear to have HPLC
characteristics like those of any known metabolite,

3. Future Work.

Studies continue on the salutary effect of WR 1065 on the
glucocorticoid receptor, Efforts are underway to determine if
this came effect can be elicited from whole cells in vitro under
culture conditions., The parent WR 2721 will also De examined
before and after dephosphorylation. Work continues on the unknown
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arachidonic acid metabolite to determine its nature by
chromatography and mass spectrometry.

4, Publications.

Wright, N. and C.J. Nielsen, Preservation of rat liver
glucocorticoid receptors in vitro by WR 1065, metabolite of the
radioprotector WR 2721. Ninth Int'l, Congress of Pharmacology
(1984), Abstracts, p. 1843P.
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73, 1) lonizing radiation is & major mn-convent{oml weapon and may result in disabling

gastrointestinal disturbances including anorexia, nausea, voaiting, diarrhea, abdominal pain
and cramps, hepatitis, enteric infection, sepsis, and death, Our objective is to describe
the effects, mechanisms, and medical countermeasures of ionizing radiation on gastro-
intestinal and hepatic structurs and function. There is military relevance in this research,

24, (U) An initial study in rhesus monkeys with cutaneous and implanted intestinal elec-
trodes and strain guages will describe effects of a single, lethal exposure of ionizing ra.
4iation on intestinal motility, morphology, and flora and on hepatic morphology. Subsequent
studies will assess mechanisas and pharmacologic modulation of these effects and possibly
e’fects of repeated sublethal radiation exposures on thesse parameters and on intestinal
{immune function,

25. (0)82 }xgn-ig\l:aso?n method of recording gastric motility from cutaneous electrodes has
been established and shown to correlate with recordings froa surgically implanted electrodes
and strain guages as published in DDS 1984;29:565, Studies in unsedated, chair adapted mone
xeys suggest that post-operative disruption of intesiinal motility is mors transient than
previously suspected and that normal motility returns coincident with resolution of ileus.
Preliminary studies suggest initial events of acuts radiation sickness include vomtting,
delayed gastric emptying, and slowed gastric electrical activity, Changes in emptying and
electrical activity are reversed and vomiting averted by administration of metoclopramide as
published in Gastroenterology 1984;86:1152, Computer programs to fully interpret motility
are under development., Additional studies of gastric and small dowel motility, flora, and
intestinal and hepatie morphoalogy are needed and ongoing and use of drugs in additien to
petoclopramide under consideration, Technical report in WRAIR Amm Proz Rpt, 831001-840930.
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Project: 3A161101A91C  IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 112 Effects of Ionizing Radfation on Intestinal
Motility and Flora

Investigators:

Principle: LTC Rcoert W. Sjogren, MC
Associate: Andre Dubois, MD, PhD
COL Edgar C. Boedeker, MC
1LT (P) Gerard Andrews, MSC
MAJ (P) Maria H. Sjogren, MC

PROBLEMS AND GCBJECTIVES

Nuclear weapons (both tactical and s“rategic) comprise the
ma jor non-conventional weapons system. In battlefield situations,
troop exposure to non-conventional weapons could include radiation
alone or radiation in combination with conventional and chemical-
biological warfare agents. The dosage of radiation may be lethal
or sublethal and repeated. The medical effects of these weapons
particularly in combination and the appropriate prophylactic and
therapeutic measures for troops and casualities are unknown. The
requirement for rapid troop mobility confounds the situation by
reducing time for inteiligence gathering (ie. enemy capability),
for medical planning, and for troop preparation (ie. immunization,
antidote administration) and by increasing troop succeptibility to
native enteric diseases (ie traveller's diarrhea, Salmonella,
Shigella). Development of simple, broadly applicable medical
countermeasures to both naturally occurring illnesses and non-
conventional weapons would significantly enhance the combat
effectiveness and flexibility of a unit. Such broad spectrum
medical defense, however, runs the increased risk of adverse
interaction with other medical measures and with other weapons.
Although frequent and serious (often lethal) derrangements of
intestinal function due to radiation have been clinically noted
since the 1950's the apparently important effects of radiation on
intestinal motility, flora, and immunclogic function are unknown
and their interactions with medical conditions associated with
rapid deployment and CBW agents not investigated.

Major consequences of acute radiation exposure are acute
radiation sickness and suppression of immunologic function. The
bulk of medical radiation research was performed in the 1950's and
1960's, These studies demonstrated that gastrointestinal
manifestations of acute radiation exposures were disabling and
often lethal. They included: anorexia, nausea, vomiting,
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abdominal pain and cramps, diarrhea, hemorrhage, tenesmus, ileus,
fluid and electrolyte imbalance, malabscrption, hepatitis, and
extensive enteric infection that often led to sepsis and death.
The pathophysiclogic basis and therapeutic/prophylactic
implications of these observations are virtually unstudied. By
their nature these derrangements may be amenible to existing
prophylactic or therapeutic measures if more were known of their
pathophysiology. Over the past decade significant methodologic
and conceptual advances in the understanding of intestinal
neuromuscular and immune function have been made, but not applied
to the problem of acute radiation sickness or its potential
interface with native infection and with CBW agents.

In an ongoing study at AFRRI (Work Unit #WJ005G, *Effect of
Irradiaticn and Antiemetics on Castrointestinal Function®), Dr.
Andre Dubcis has recently demonstrated that 8 Gy of cobalt-60
whcle body irradiation to rhesus monkeys resulted in an acute
radiation sickness including vomiting, delayed gantric emptying,
diarrhea, and extensive intestinal infection. Death due to
infection or bone marrow suppression occurred after two weeks.
Enteric infection has been severe. At autopsy, intestinal and
hepatic tissue is obtained but not analyzed. This collaboration
interprets additional data in this area from animals already
undergoing study.

The objective of this work unit is to describe the effects of
acute ionizing radiation and potential therapeutic agents on
intestinal motility, morphology, and flora and on hepatic
morphology in rhesus monkeys.

PROGRESS

1. Anipal Model: Exploiting the large gastric muscle mass,
methods have been developed to record gastric motility from ECG
electrodes placed on the skin overlying the stomach of unsedated,
chair adapted monkeys (electrogastrogram or EGG). This
methodology is undergoing testing in humans as a non-invasive
method of measuring gastric motility. Modification of standard
surgically implanted serosal electrodes and strain guages to
reduce size, tissue reaction, and tissue impedence have been
completed and successfuilvy used in these chair adapted monkeys.
Cross correlation ar-<lysis of preliminary studies show excellent
correlation between the three methods of assessing gastric
motility (EGG, serosal electrodes, serosal strain guages), have
been presented to the biennial meeting of the American Motility
Society in July 1984 and published in a peer review journal.

To date, 7 monkeys have been implanted. Implantation of
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sultiple gastric and intestinal electrodes and strain guages
initially caused problems and 2 of the first 5 monkeys died
postoperatively of apparent intestinal obstruction. Requction in
electrode numbers with omission of colonic electrodes has resolved
the problem.

2. Computer Programs: Computer programs have been developed to
appropriately filter and analyze slow electrical activity (slow
waves) as recorded by the surface electrogestrngram and serosal
electrodes and to perform cross correlation analyses. This
approach has given complete analysis of gastric motility where
muscle contraction is predominantly controlled by slow waves, but
has been only partially successful in analysis of intestinal
motility where motor activity is controlled by both slow waves and
by fast electrical activity (action potentials or spikes).
Existing computer programs designed to interpret spike activity
accurately detected spikes, but did not fully interpret all spike
patterns, Second generation programs are under development and
should be completed within 4-8 months to interpret these spike
patterns. In the interim, studies are being partially computer
analyzed and partially manually analyzed for intestinal motility,
and they are being archived on analog tape for eventual full
computer interpretation.

3. Motility Effects: Monkeys display fasted (migrating motility
complex) and fed thase 2) motility patterns in the stomach and
small intestine similar to man. Post operative disruption of tine
fasted pattern is brief and the migrating motility complex returns
mcre rapidly than previously appreciated (usually within 1-=2
days). Feeding is a major control mechanism.

Preliminary results in 4 monkeys suggest that 8 Gy cobalt-60
radiation and the consequent vomiting completely disrupt normal
gastric and small intestinal motility resulting in abolition of
migrating myoelectric complexes and reduction of slow wave
frequency. Within 1 minute post radiation, gastric slow wave
frequency increased from 3.4 cycles per minute (epm) to 4.0 cpm,
and then progressively descreased to 2.8 cpm within the next 5
minutes, During the subsequent 3 hours gastric slow wave
frequency was highly variable with a dominant frequency of 2.6 cpm
alternating with bursts of 5-6 cpm actlvity. Compensatory pauses
followed the 5-6 cpm activity before the 2.6 cpm dominant
frequency resumed. 2 of 4 monkeys received the antiemetic
metoclopramide immediately prior to irradiation. Metoclopramide
prevented radiation induced vomiting. The metoclopramide treated
monkeys also showed an increase in gastric slow wave frequency
within 1 minute post radiation. However, unlike controls, the
increased slow wave frequency persisted during the subsequent U40-
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50 minutes suggesting that metoclopramide may exert an antiemetic
effect by alteration of gastric slow waves. Radiation induced
vomiting and delay in gastric emptying were obsesrved only when
gastric electrical activity was slowed. Metoclopramide did not
effect intestinal slow wave activity. These results were
presented at the third biennial meeting of the American Motility
Society and published in a peer review journal.

4, Micrcbiologic Effects: Pre-irradiation jejuneal and ileal
colany coumts of aerobes, facultative anaergbes and strict
s2naerobes have been extremely low (102 CFU/ml), but
consistently higher in the ileum., Because of these low counts,
assessment of the adequacy of the transport media used to transfer
organisms from AFRRI to WRAIR is in progress. Unfortunately all 4
poat radiation autopsies have been conducted several hours after
death so that post radiation cultural data has not been
meaningful. Greater familiarity with the time course of radiation
sickness and clcser collaboration with the veterinarians at AFRRI
should correct this defect.

5. Morphologic Effects: All pre-irradiation liver biopsies are
normal to light znd electron microscopy. Post radiation liver
biopsies are also normal to light aicroscopy, but autolysis has
prevented adequate electron microscopic study. Because the early
changes of radiation hepatitis may only be noted on electron
microscopy, more timely autopsies are required. None of the Uy
radiated monkeys developed clinical liver disease.

FUTURE PLANS AND RECOMMENDATIONS

1. Animal Model: Inclusion of colonic electrodes and strain
guages is planned. Data is being examined to determine whether
fewer gastric and/or small bowel electrodes can be used without
significant data loss in order to accommodate the colonic
electrodes. If not, seperate studies using small bowel and
colonic electrodes may be necessary.

2, Computer Programs: The computer programs mentioned in the
"Progress" section along with appropriate graphic and statistical
analyses should be completed during the next year. Studies
archived on analog tape will be reanalyzed upon completion of
these programs,

3. Motility Effects: Completion of initiated studies of placebo
and metoclopramide treated monkeys will require a total of about
10 monkeys in each group. Manual analysis of small intestinal
motility changes is underway, and will be greatly facilitated and
enhanced by completion of computer programs., Studies of colonic
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wotility are planned. Based on results of this study additional
studies involving radiation dose-response curves, effects of
single and repeated sublethal doses of radiation, examination of
other potential prophylactic and/or therapeutic measures (such as
domperidone, cholinergic agents, WR-2721), and interactions of
radiation effects with agents bLeing evaluated for chemical defense
(such as pyridostigmine, .atropine, sarin) may be considered.

4., Microbiologic Effects: Assessment and probable revision of
transport media and post-radiation autopsy collection proceedures
are underway. Quantitative colony counts from the proximal and
distal small intestine will be examined for total aerobes,
facultative anaerobes, and strict anaerobes. If, as is expected,
significant bacterial overgrowth is encountered post-radiation, it
will be correlated with motility change and with metoclopramide
treatment, In addition, simple characterizaticn of the bacterial
group most effected will begin (for example gram stain and culture
on several selective media of aerobes). In addition, luminal
contents will be acreened for enterotozin by Hela cell assay or
rabbit ileal loop if toxin producing organisms are a reasonable
possibility. Eventual studies of radiation effects on intestinal
immune function, on the proliferation and invasion of
microorganisms not native to the normal intestinal tract, and on
the response to immunization and antibiotics may be considered.

5. Morphologic Effects: Additional histologic material
(especially for electron microscopy) is essential. Revised

autopsy proceedures are being implemented. In addition to hepatic
histo.ogy, intestinal histology will be assessed and related to
dose and time of radiation, effect on motility, extent of
bacterial overgrowth, and clinical status.

ABSTRACTS AND PRESENTATIONS

1. Laporte JL, O'Connell L, Durakevic A, Sjogren R, Conklin JJ,
Dubois A: Radiation induced alteration of gastric electrical
activity in primates. Gastroenterology 1984; 86: 1152,

2. Laporte JL, 0'Connell L, Durakoviec A, Sjogren R, Conklin JJ,
Dubois A: Cross correlation analysis of gastric motility
following exposure to ionizing radiation in primates, Dig Dis Sei
1984; 29: 565, Presented at the Third Biennial Meeting of the
American Motility Society, 22-25 July 1984, Milwaukee, WI.
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23. (U) Both chemical warfare agents and their zedical countermeasures are active against
the cholinergic nervous system, and both may result {n disabling gastrointestinal disture
Sances ircluding anorexis, rausea, veaiting, atdominal pain, and diarrhea. Our objective is
to describe the nervous control of gastrointestinal function and effects and interactions of
potential chem defense treatments on these functions, This is military relevant research,

25, (U) An initia] study will establish a model to record GI motility from unrestrained
animals and will develop computer programs to interpret amotility patterms. Subsequent study
will describe motility patterns, investigate control mechenisms, and study effects/intere ‘
actions of selected drugs and potential chem defense treatments on these patterns., Poten- ‘
tially, effects of motility on gut flora, immuns function, and transport could be studied. '
3510 - 84 09
25. (U) A 20del has bDeen developed permitting prolonged recording of GI motility and intra-
vascular iafusion of unrestrained rabbits. Unlike restrained animal studies, these demon~
strate motility patterns similar to man, Feeding is a major control mechanism., Computer pro- ,
grams allowing multichannel event detection are complete and pattern recognition programs '
under developzent., Development of methods for ventilatory support and monitoring of cardio=
vascular and intestinal intraluminal pressure responses in anethesized animals permitted
correlation of intestinal myoelectric patterns to intraluminal pressurc change while demone
strating systemic drug effect as published in DS 1984;29:563, Preliminary cholinergic stud-
ies in this sodel suggest the myenteric plexus exerts chronic inhiditory tone on motility,
perhaps involving prostaglandins. Bethanechol and edrophonium are powerful cholinergic stime
ulants of motor activity. Scopolamine blocks effects, The level of these effects, their
‘counterparts in unrestrained animals, and effects of chronic anticholinesterase administrae
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Project: 3A161101A91C  IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 113 Effect of Anticholinesterases on Gastrointestinal
Motiiity

Investigators:

Principle: LTC Robert W. Sjogren, MC
Associate: Mr, Stephen Van Albert, GS-13

PROBLEMS AND OBJECTIVES

The appropriate prophylactic and therapeutic measures to be
employed roi* troops and casualities exposed or likely to be
exposed to chemical warfare agents is of great concern to the Army
Medical Command. This has recently been emphasized by the
documented use of nerve gases in the Iraqi-Iranian conflict and
the lingering questions of mycotoxin and nerve gas use in Thailand
and Afghanistan. Typically these agents are active against the
central and peripheral nervous systems. Their major mechanism of
action is inhibition of acetylcholinesterase. At present, large
doses of atropine (antimuscarinic agent) and pralidoxime
(cholinesterase reactivator) are used in treatment and
pyridostigmine (reversible anticholinesterase) is being
investigated as a potential prophylactic agent to be used by
troops likely to be exposed to chemical warfare agents.

Both chemical warfare agents and their medical
countermeasures (treatment or prophylaxis) have many cholinergic
and anticholinergic effects. Although the importance of
cholinergic innervation to the gastrointestinal function is well
established and interference with its function (as by
pyridostigmine) may result in disabling nausea, vomiting,
diarrhea, abdominal cramps, malabsorption, and incontinence, the
specific physiologic mechanisms and pathways by which cholinergic
stimuli manifest their effects are unclear These effects have
been noted in monkeys receiving anticholinesterase agents (such as
pyridostigrmine) and may limit their usefulness as potential
prophylactic agents., In addition, these agents have significant
interactions with commonly used drugs. Such drugs might be
required by command edict (i.e. the antimalarials), used illicity
(ig. marijuana, cocaine, amphetamines, heroin), medically
prescribed (ig. opiates, secatives, tranquilizers, anti-
inflammatory agents, antitiotics) or normally consumed (ie.
caffeine, nicotine, alcohol),
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}} two major motility patterns recorded (spikes and slow waves) to
O each other -~ an important relationship in the control of
ﬁuj intestinal motor function. In a project on experimental colitis
1 in rabbits (M10-81), difficulties were encountered in establishing
a model for recording motility from chronically implanted

fg: electrodes in unanesthesized rabbits, The difficulties were
ﬁ:} primarily technical relating to type of electrode used and the
)
o
s
o
[ -] 78
o
o
AR
0
.‘h)"n

\
u Xy
T
”ﬁ‘\:‘ . o w, e ‘o T R L L PRl Pl R P T LI AL R A :.1--' '\‘ :_ ~.\' .\, c‘-.-_ .\. “ Y. ‘\
DIV, L I RIRARTE IS SR Ay G e S e i

Recent development of drugs highly specific to cholinergic
receptor subtypes (eg. DMPP, nicotinic agonist; pirenzepine, M-1
antagonist; 4-DAMP, M-2 antagonist) and the encouraging reports of
efforts to clone the acetylcholine receptor have greatly expanded
specificity of investigational probes and potential therapeutic
options. They have also suggested that studies on cholinergic
mechanisms irn the gastrointestinal tract may be important to
military relevant disorders not related to chemical warfare (ig.
peptic ulcer, gastroesophageal reflux, diarrhea, intestinal water
and electrolyte transport, and functional bowel syndrome).

Gastrointestinal motility plays a critical role in permitting
nornal nutrient ingestion and elimination, in allowing for normal
absorption of nutrients, medications, fluid and electrolytes, in
maintaining a proper ecologic balance and preventing enteric
infection, and in maintaining proper immunity. In addition,
disordered gastrointestinal motility may result in disabling
anorexia, nausea, vomiting, diarrhea, constipation, abdominal
pain, and cramps. 3ince the dominant innervation of the
gastrointestinal tract is cholinergic, one would expect it to be
an important factor in the control of gastrointestinal motility.
Although cholinergic factors exert major effects on
gastrointestinal motility, the physiologic control mechanisms are
extremely complex and involve significant cholinergic interactions
with non-cholinergic mechanis.s (including adrenergic pathways,
other neuropeptides, dynorphins and opiates, prostaglandins, and
eyclic nucleotides). Clinical examples of disordered motility
have been documented in certain enteric infections, bacterial
overgrowth syndromes, functional bowel syndrome, and intestinal

pseudoobstruction and gastrointestinal side effects of cholinergic
and anticholinergic drugs are frequent,

For several years, our laboratory has studied the effects of
bacterial enterotoxing on gastrointestinal motility in rabbits.
Many of the methods used in these studies are potentially
adaptable o study cholinergic effects on gastrointestinal
motility. These studies have developed first generation computer
programs which assist interpretation of gastrointestinal motility
and have investigated the effects of bacterial enterotoxins on
motility in anesthesized animals. The computer programs fail to
fully characterize important motility events and do not relite the
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requirement to restrain the animal during recording. We have
proposed a new electrode better tolerated by the animal and a
swivett assembly to allow recording from unrestrained, unsedated
animals as being a more physiologic preparation. These
developments, however, have not been further pursued.

The specific objectives of this work unit are:
1. To establish a medel to record gastrointestinal motility
from unrrestrained, unsedated rats and rabbits.
2. To define the normal fasted and fed motility patterns.
3. To establish second generation computer programs that
detect, characterize, and interrelate the motility patterns.
4, To define the cholinergic controls of normal rasted and
fed motility, the effects of cholinergic agents on motility
(especially organophosphorous compounds and pyridostigmine),
and the effects of potentially interactive drugs (such as
delta-9-tetrahydrocannibinol, cocaine, and the antimalarials).

PROGRESS

Progres: to date suggests that methods can readily be developed to
study the zastrointestinal effects of cholinergic agents and that
these effects are important.

1. Chronic Animal Model; Fasted and Fed Motility: A model
to record gastrointestinal motility from rabbits with the newly
designed, chronically implanted electrodes and strain guages has
been developed. Development of methods for electrode fabrication
and surgical implantation was rapid and 5 of the last 6 rabbits so
implanted are clinically healthy with normal bowel function and
weight gain more than 2 months following surgery. Motility
recordings during restraint from these animals have been
technically satisfactory. Specialized metabolic cages with
swivett assemblies have been constructed and appropriate recorder
upgrades are in progress to allow sontinuous 24 hour recording and
intravascular infusion of unrestrained, unsedated animals.
Construction of the swivett assemblies was unexpectedly slow, but
is now complete and animal studies using the equipment initjated
in August 1984, Preliminary results on 2 rabbits suggest that
rabbits demonstrate fasted (migrating motility complex) and fed
(phase 2 activity) motility patterns similar to primates., These
patterns were not previously noted in recordings of restrained or
anesthesized rabbits and emphasize the critical importance of
using a physioclogic model.

2. Computer Programs: Development of second generation
computer programs was initially slow because of delay in hardware
acquisition which is now rearly complete, Programs have been
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developed on a dedicated minicomputer (Hewlett Packard A700) to
allow continuous multichannel data collection, digital filtering,
slow wave frequency analysis (subthreshold variations of muscle
membrane polarization that contrcl the enviornment in which action
potentials may occur), spike burst detection (contraction
producing action potentials), and timing of spike burste in
relation to the controlling slow wave frequency. These programs
are presently completing confidence testing. Programs remaining
to be developed ire technically less complex and include those
designed to characterize spike burst frequency aud power (strength
of peristaltic contraction), transfer summarized data from the H-P
AT00 to the DEC VAX 11/780 computer (an Institute wide resource),
interpret spike burst patterns (on the VAX), and determine spike
burst propagation (on the VAX)., Completion of these progranms
should require 4-8 months and should allow complete analysis of
motility recordings from all animal models. Inccmplete, but
usable data should be available from the first section of these
programe withir. 2 months.

3. Neurotranamitter Studies: During the period of
development of the chronic animal model and seccnd ganeration
ccmputer programs, effects of cholinergic agents on
gastrointestinal motility was studied by extending established
techniques using an anesthesized rabbit model and existing first
generation computer programs, Although, as previously suggested,
this model is less physiologic than an unrestrained model, it
permits experimental controls that the unrestrained model does
not. Hence, the two models must be used together. Techinques of
tracheostomy and ventilatory support (during experiments with
tetrodotoxin); selective intraarterial drug injection; continuous
moritoring of cardiovascular and respiratory responses to drugs
(to demonstrate and monitor systemic effects); and simultaneous
measurement of intraluminal intestinal pressure changes, muscle
electrical events, and intestinal fluid production have been
developed.

Results showing that intestinal myoelectric events and
patterns could be correlated with intraluminal pressure changes
and with fluid accumulation were presented in July 1984 to the
biennial meeting of the American Motility Society and published in
a peer review journal. Preliminary results of drug studies have
shown that tetrodotoxin (neural blocker) and indomethacin
(prostaglandin synthetase inhibitor) both stimulate short, high
amplitude, frequent bursts of intestinal myoelectric and
contractile activity. Bethanechol (muscarinic agonist) and
adrophonium (anticholinesterase) elicit prolonged bursts of
intestinal motor activity reminiscert of diarrheal patterns evoked
by shigella and cholera #nterotoxins, but of greater duration,
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amplitude, and frequency. All of these events are blocked by
scopolamine (muscarinic antagonist). The colom appears much more
sensitive to these effects than either the stosach or small
intestine. Variation in sensitivity to drug effects between
rabbits (up to 100 fold dose variation) and alteration in response
to repeated doses (presumably cumulative drug effect, receptor
alteration, or tachyphylaxis) have made establishment of dose-
response curves difficult. We are presently pursuing the
possiblilty that initial animal calibration using sub- and
suprathreshold doses of bethanechol can dbe used to place the
animal on the proper dose-response curve for multiple cholinergic
agents,

Interpretation of these preliminary results is difficult and
uncertain., It would appear that intestinal muscle is under
chronic inhibitory neural tone (presumably from the myenteric
nerve plexus) and that this inhibition may involve
prostaglandins. Muscle contraction may result from intermittent
lifting of this tonic iniibition. Cholinergic agonists are
powerful stimulants of intestinal motor activity and may act by
removing tonic inhibition of the myenteric plexus, directly
stimulating lower motor neurons, and/or directly stimulating
smooth muscle receptors. , ) , _

FUTURE PLANS AND RECOMMENDATIONS

Based on the first year's success, definition of a full
project line by FY 86 or FY 87 seems likely. The purpose of
continuing the ILIR for 1-2 more years will de to complete
methodologies under development and to define broad areas of
research importance in cholinergic control of gastrointestinal
function. This will assure directed research using established
methods.

1. Chronic Animal Model; Fasted and Fed Motility: Full

characterization of normal fasted and fed gastric, small bowel,
and colonic motility in unrestrained, unsedated rabbits wiil
performed. A similar model in rats will be developed (electrodes,
cages, swivetts, etc. are designed to fit either species) and
herdbivore motility patterns will be compared to those of

rodents. Although rats are more technically difficult to implant
with electrodes than rabbits, they may prove to be a better animal
sodel because they are less expensive and they consume a diet more
like that of man.

2. Computer Programs: The computer programs mentioned in

the "Progress® section along with appropriate graphic and
statistical analyses should be completed during the next year.
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These will utilize both the Hewlett Packard AT00 and the DEC VAX
117780 computers. Studies performed prior to completion of these
programs will be stored on analog tape and reanalyzed upon program
campletion.

3. Neurotransmitter Studies: Further definition of
cholinergic responses and the perplexing chronjc inhibitory
activity exerted by the myenteric plexus involving prostaglardins
will be undertaken. The first step will be to standardize the
cholinergic responsiveness of each study animal perhaps by
placement on a cGose-response curve using test doses of
bethanechol. Secondly, using the acute, anesthesized rabbit model
wecivity of nicotinic and muscarinic receptors will be probed
using: DMPP (nicotinic agonist), a-bungarotoxin (nicotinic
blocker), bethanechol (muscarinic agonist), pirenzepine (M-1
blocker), and 4-DAMP (M-2 blocker). Response variation in
different anatomic regions will be noted. The level of action of
these agents (myenteric plexus, lower motor neuron, direct smooth
muscle) will be examined by noting their effect in the presence of
hexamethonium (ganglionic blocker), tetrodotoxin (neural blocker),
and botulinum toxin (blocks acetylcholine release). The role of
prostaglandins will be investigated using infusions of
prostaglandin Eq and prostaglandin F,, and the combination of
indomethacin with hexamethonium and tetrodotoxin. Subsequent
evaluation of the prostaglandin response will involve use of
indomethacin and specific prostaglandins with specific neural
agonists and antagonists.

Finally, the effects of neurotransmitters (particularly acute
and chronic administration of pyridostigmine and
diisopropylfluorophosphate) will be examined on the fasted and fed
motility of unrestrained, unsedated animals. Route and timing of
administration (particularly with regards to meals) and subsequent
effect on motility will be examined. Coadministration of other
cholinergic and anticholinergic agents z2nd potentially interactive
drugs (such &s delta-Y9-tetrahydrocannibinol, cocaine, and the
antimalarials) will be examined. Full characterization of
significant motility responses may be probed as described in the
anesthesized rabbit model.

ABSTRACTS AND PRESENTATIONS

1. Sjogren RW, Saenz JP, Wardlow M: Relationship of Myoelectric

Activity Patterns to Intraluminal Pressure Change in Acute in vivo

Rabbit Ileal Loops. Dig Dis Seci 1984; 29: 563, Presented at the
Third Biennial Meeting of the American Motility Society, 22-25
July 1984, Milwaukee, WI.
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT
RESEARCH

Work Unit 114 Antigenic Epitopes of Dengue Viruses

Investigators:

Principal: Robert J. Feighny, Ph.D,
Walter E, Brandt, Ph.D,
COL William H, Bancroft, M,D,

Associates: Mrs, Jeanne Burrous, M.S,
SPS Julius Anongos

Problems and Objectives

Development of live attenuated dengue virus vaccines is
hindered by the low titer and low infectivity of some attenuated
viruses. The best alternative approach is the preparation of
synthetic polypeptide vaccines incorporating polypeptides
capable of stimulating a neutralizing antibody respcnse and
representing the principle type-specific epitopes. USAMRDC
contractors are already cloning the denque virus genomes. Cne
additional step is required, the preparation of large amounts of
purified viral envelope glycoprotein,

Progress

Sufficient dengue-2 viral envelope glycoprotein has been
purified in both nature and denatured forms to permit
sequencing, The protein reacts with monoclonal antibodies
prepared against the viral neutralizing antigen by radioimmune
assays. By polyacrylamide gel :iectrophoresis, the polypeptide
appears as the major band with a molecular weight of 59,000
daltons. In collaboration with an outside contractor, cDNA has
been prepared and cloned by recombinant DKA technology into E,
coli, The cloned material has been shown to the dengue-2 type
specific, This cloned nuclefc acid is now being inserted into
an expression vector in order to produce proteins which will be
characterized by monoclonal antibodies, The objectives of the
first year have been surpassed.

Recommendation

Future efforts should be directed to the amino acid and
c¢DNA sequencing of the protein and viral genome, and polypep-
tides produced in expression vectors should be characterized.
The methodoloqy developed in the work on dengue-2 should be
applied to the sther three serotype dengue viruses.
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23, (V) Pure peptide vaccines need non-toxic adjuvants and carriers to protect against
many militarily important diseases, Our purpose is to develop safe and efficacfous
immunopotentiating methodoloqy and agents which will enhance the immunogenicity of peptide
vaccines, Trypanosomes cause extensive disease among millions of people in Africa. Troops
deployed in endemic areas expect high morbidity, Current treatmeat {s insufficient or
non-existent, Synthetic vaccines identical to conserved pept des of the varfable surface
qlycoprotein of- afrizan trypanosomes are used in this study.

24, (1) Mice are immunized with conserved trypanosome peptides synthesized by Peninsula
Labs with and without hydrophobic amino acid or fatty acid faet, Peptide immunization
using adjuvant methodology with human vaccine potential inciude auto.micelle formation,
hydrophobic complexing to meningococcal outer membrane protein vesicles and alum, These
are compared to potential or known toxic adjuvants and carriers including Freund's
adjuvant, muramyl dipeptide and KLM.

25. (U) A3 1n . M 09 Experimental vaccines, given with or without alum, contzined
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covalently complexed to KLH, Preliminary data from sera of hundredes of mice indicate that
anti-peptide 196G and IgM can be induced by these vaccines. Problems included delayed
aquistion of peptides and development of optimal and efficient complexing methodologies.

For cechnical report see WRAIR Annual Progress Report, 1 (ct A3 < 30 Sep A4,
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Project 3AlI61101A9IC In-House Laboratory Independent
Research

Work Unit [115: Immunopotentiation of Micruobial Peptide
Antigens

Investigators
Principal: LTC George H. Lowell, M.D.

Associates: Lynette F. Smith, M.S.
Wendell D. Zollinger, Ph.D.
Robert C. Seid, Jr., Ph.D.

Objectives

The objective is to develop safe and efficacious
immuropotentiating methodology and agents which will
enhance the ’‘mmunogenicity of peptide vaccines. The
synthetic peptides used in this study are prime vaccine
candidates since they are identical to conserved
portions of the variable surface glycoprotein of
African trypanosomes and are common to many trypanosome
variants.

Progress

We have previousiy shovm that meningococcal outer
membrane protein (OMP) enhances the immunogenicity of
hypo-immunogenic polysaccharides, LPS or proteins when
hydrophobically compiexed to these antigens. Since OW
has been safely administered to thousands of people, we
have concentrated on comparing the adjuvanticity of QW
to that of KLH (a typical protein carrier) and Freund's
adjuvant which is too toxic for human use,

OMP was extracted and partially purified in
vesicular and fragmented forms. Since the vesicular
form has been used most extensively in previous
experiments and in human trials, this preparation was
tested first although the fragmented form is more free
of LPS. Over the last six months, peptides
corresponding to two conserved regions of the variable
surface glycoprotein of trypanosomes were synthesized
according to our sgecifications by Peninsula Labs. In
order to complex the peptides to ONMP in a way which
leaves their hydrophilic antigenic determinants
available for recognition by antigen processing cells,
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a fatty acid or amino acid hydroptobic 'foot' was
covalently added to one end of the peptide. Two
methods previously used to complex antigens to OW
(ethanol co-precipitation and immunobead treatment)
were found to be inappropriate for peptide complexing;
two other methods were developed:

Sonication of the OMP and peptide mixture in water
followed by lyophilization or mixing of OMP and peptide
in the presence of detergent followed by dialysis
across a 1000 MMCO membrane to retain the peptide so
that its hydrophobic 'foot' complexes with OMP as the
detergent is gradvally dialyzed away.
Ultracentrifugation was used to separate the peptide-

"OMP complexes from peptide which remained free or auvto-
complexed into peptide micelles.

Mice were immunized and boosted with auto-
complexed and OMWP-complexed peptides with and without
alum; controls consisted of KlH-conjugated peptide or
peptide alone with or without Freund's adjuvant or
alum. Sera, collected twice before and twice after
booster immunizations, were assayed using an ELISA with
either free peptide of BSA-conjugated peptide as the
detecting antigen.

Results from many of the sera are in progress.
Preliminary data clearly indicate that addition of a
hydrophobic foot enhances the immwnogenicity of a
peptide even in the absence of orher adjuvants.
Furthermore, the data suggest that complexing peptide
to OMP via the dialysis metnod and immwnizing with alum
may be more immunogenic than peptide covatently
conjugated to KLH and given with Freund's adjuvant,
Confirmation of this data would imply that a method for
designing a safe and inmunogenic peptide vaccine that
is simple, practical and inexpensive to produce may be
readily available,

Future Plans:

l. Confirmation of ability of hydrophobic foot
and/or OMP and alum to enhance the immunogenicity of
trypanosome peptides with particular attention to:

a. Dialysis methodology - the detergent,
anount of OMP.
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b. comparison of omino acid and fatty acid
'‘feet' with respect to size, composition and attachment

site.

¢. Comparison of vesicular and fragmented
forms of OMP with low or negligible levels of LPS.

d. Nature of peptides that can be
immunopotentiated - required number and charge (+ , -
or neutral) of amino acids, cyclized vs. 'free'
peptides, etc. ‘

2. Ability of peptide vaccines to induce
antibodies thet bind to and/or neutralize autologous
and cross-reacting strains of trypanosomes and their
native proteins in order to develop a safe and
efficacious anti-trypanosome vaccine.

3. Comparison of Hydrophobic foot-OMP-alum
adjuvanticity to that of muramy! dipeptide (MDP),
steroy!-MDP, STM (E. coli outer membrane B-cell

mitogen) and !iposomes.

4. Application of nydrophobic foot-OMP
meihodology to other militarily relevant peptides (e.g.
malaria).
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PPOJECT 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 116 DNA Hybridization ldentification of Leishmania
in Mammals and Insect Vectors

Investigators:
Principals: Peter R, Jackson, Ph.,D.
LTC Wayne T. Hockmeyer, MSC
Associates: John A, Wohlhieter, Ph.D.

Mr. John M, Stiteler

Problems and Qbjectives:

The problem under study is the development of vaccines
against human parasites that cause leishnaniasis, trypanosomiasis,
and malaria., These diseases impede the military performance of
troops deployed in endemic areas, necessitating effective
vaccination programs, Parasite identification is crucial to
vaccine production and the current goal is to develop Leishmania
identification methods based on kinetoplast DNA (kDNA) analysis.
In addition to objectives detailed in the last annual report, new
objectives ace to determine the follawing points: 1) The extent
of the species specificity and organism detection sensitivity of
fragments of kDNA from L. donovani, L. donovani infantum, and L.
tropica, cloned into E. coli plasmids, using DNA hybridization
procedures. 2) If, in collaboration with Codon, Inc., (Brisbane,
CA), specific kDNA fragments from L. mexicana mexicana, L.
mexicana amazonensis, L. braziliensis guyanensis, L. b. Sanamensis
and L. b, braziliensis can be cloned inte E, coli to produce
probes for these New World parasites. 3) If the sensitivity and
specificity of non-radioisotopically-labelled kDNA probes can be
improved by adjusting conditions during hybridization. 4) If
kDNA probes can be used to detect Leishmania in sandflies by
hybridization. 5) 1If certain Leishmania from U.S. military
personnel in Panama, and dogs in the U.S., that were characterized
as L. donovani-like by isozyme (by Dr. Richard Kreutzer) or radio-
respirometric (by Dr. Joan Jackson) procedures, are L. donovani-
Tike using L. donovani-specific kDNA probes in DNA-hybridization
tests. 6) If a simpie, non-radioisotopic test can be conducted
for detecting Leishmania in patient biopsy material using samples
from patients at WRAMC and the WRAIR Unit in Nairobi, Kenya.

Progress:

In collaboration with Codon, Inc. we have developed clones of
E. coli containing plasmids with kDNA fragments specific for L.
donovani (six clones), L. tropica (two clones) and L. donovani
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infantum (two clones). By DNA hybridization the cloned kDNA
detects as few as 1000 L. donovani, 10,000 L. donovani infaatum
and 100,000 L. tropica parasites in a species specific manner, by
radioisotopic and non-radioisotopic methods. The ONA sequence of
the probes has been determined. All are different from each other
but within a particular kDNA fragment, repeated sequences occur
and may confer species-specificity in hybridization reactions.
Hybridizations conducted with pLD3, a L. donovani-specific kDNA
clone, indicate that it binds to kDNA from L2ishmania causing
visceral disease in Africa, Europe, Brazil and Honduras and may be
a universal DNA probe for visceralizing Leishmania. L. tropica -
specific kKDNA clones hybridize to parasite's from Russia, lsrael
and Africa and may be universal L. tropica markers. One L.
donovani infantum probe hybridizes to kDNA from parasites isolated
from a dog and a human in France. By restriction enzyme digest
tests of the two parasites kDNA, we found that they were
identical, proving that this strain of human L. donovani infantum
is also in dogs. We have conducted extensive studies on L.
donovani chagasi isolates from Brazil and Honduras., By
restriction enzyme digestion of kDNA, we found that 14 Brazilian
isolates (eight from the Bahia region and 6 from an island 1000
miles away) are identical and similar to a Honduras L. donovani
chagasi. Another L. donovani chagasi from Honduras is unique, We
also determined that some U.S. military personnel training in
Panama acquired Leishmania with kDNA that has restriction enzyme-
produced fragments very similar to these of L. donovani chagasi
from Honduras. Hybridization studies with L. donovani-specific
kDNA probes is being conducted to determine if Leishmania with the
potential for causirg visceral disease are in Panama. We have
also developed a simple, rapid, fluorescence-microscope-based
procedure for detecting viable intracellular and evtracellular
Leishmania. The procedure also detects viable pathogenic protozoa
of many other genera, including Plasmodia and Trypanosoma.

Recommendations:

1. Contract research with Codon, Inc. should be continued for
obtaining kDNA hybridization probes specific for all L.
braziliensis and L. mexicana subspecies in the New World. In
addition Codon will supply protocols for increasing specificity
and sensitivity of non-radioisotopic DNA hybridization procedures
using Leishmanfa specific kDNA probes.

2. File, with Codon, Inc,, for patents on the use of Leishmania
specific kDNA probes already developed.

3. Conduct extensive hybridization tests with New and 01d World
Leishmania kDNA probes to determine their specificity and sensi-
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tivity and select those with the best potential for field use in
Leishmania diagnosis.

4. Determine the optimal methods for radioisotopic and non-
radioisotopic detection of Leishmania in human and animal biopsy
material and in sandflies. Protocois are to be developed with
WRAIR Entomology Department personnel, the Infectious Disease Unit
at WRAMC and the WRAIR Unit in Nairobi to obtain material for this
werk,

5. Determine if Leishmania from U.S. Military personnel in Panama
resemble visceralizing Leishmania using kDNA hybridization and
restriction enzyme digestion methods.

6. Determine if kDNA probes can be used for evaluating the
successful elimination of Leishmania from experimental animals
used in research with rnew anti-Leishnania vaccine or drug trials.
Protocols for the work will be developed with Department of
Immunology and Parasitology personnel.

7. Expand ongcing restriction enzyme fragment study of kDNA from
Leishmania causing visceral disease in Kenya and Brazil to
determine the extent of Leishmania populations i» endemic areas,

8. Determine if short repeating sequences in the cloned fragments

of kDNA are responsible for species-specificity of the fragments
in DNA hybridization tests.

Papers In Press or Submitted:

1. Jackson, P.,R., J.A. Wohlhieter, J.E. Jackson, P. Sayles, C.L.
Diggs, and W.T. Hockmeyer. 1984. Restriction endonucleasc
analysis of Leishmania kinetoplast ONA characterizes parasites
responsible for visceral and cutaneous disease. Am. J. Trop. Med.
Hyg. (In Press).

2. lawrie, J.M., P.R, Jackson, J.M. Stiteler, and W.T. Hockmeyer.
1984, Identification of pathogenic Leishmania promastigotes by
DNA-DNA hybridization with kinetoplast DNA cloned into E. coli
plasmids. Am, J. Trop. Med. Hyg. {In Press).

3. Jackson, P.R., 1984, Differentiation of Leishmania Species
and Strains by Analysis of Restriction Endonuciease-produssd
Kinetoplast DNA Fra_-ents and DNA-DNA Hybridization with -kDNA
From Type Isolates. In: UNFEC Workshop On Atomic Energy
Applications in Parasitology. E. Hayunga and M. Steck (eds) (In
Press).
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4, Jackson, P.R., M.G. Pappas, B.D. Hansen, 1984, Fluorogenic
substrate detection of viable intracellular and extracellular
pathogenic protozoa. Science (In Press).

Published Abstracts:

1. Jackson, P.R., J.E. Jackson, M.u. Pappas, B.D. Hansen. 1984,
Fluorogenic substrate detection of viable intracellular and
extracellular pathogenic protozoa. Fed. Proc. 43:1630.

2. Lawr{e, J.M., P.R. Jackson, J.M. Stiteler, and ¥.T. Hockmeyer,
1984, Pathogenic Leishmania promastigotes identified by
hybridization with kinetoplast DNA cloned into E. coli plasmids.
Fed. Proc. 43:1808,
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Project: 3A161101A91C In-House Laboratory Independent Research

Work Ynit: 117 Lymphocyte Paralysis in Malaris ~ The Role of
Cyclic Nucleotide Metsrbolism

Investigators:

Principal: LTC William P. Wiesmann, MC
Asgociate: MAJ H. Kyle Webster, MSC

Problems and Objectives

The emergence of resistant strains of the human malaria
parasite P. falciparum to recently introduced antimalarial drugs
poses a tremendous threat to the health of troops deployed in
endemic areas. Adequate chemical prophylaxis does not currently
exist to protect against all of the potential strains of P.
falciparum troops could be exposed to in the event of
deployment. The high mortality and morbidity incurred as a result
of malaria in Vietnam underscores the military importance of
developing adequate protection and treatment of this parasite.
Recent work with an experimental sporozoite vaccine may hold some
promise, but it is as yet untested in an endemic population of
humans., Moreover, acquired immunoincompetence may seriously
mitigate the effectiveness of any vaccine and pose an obstacle to
vaccine development.

P. falciparium induced immunosuppression has been observed in
endemic regions where protective immunity develops slowly and may
azcount for an observed increased incidence of viral infections
and poor sero conversion to vaccines. In vitro studies performed
on mononuclear cells (MNC) from human and animal models of acute
malaria have suggested acquired defects in both B and T cell

populations.

Progress

The following studies were performed to examine the role of
cyclic acenosine monophosphate (cyclic AMP) metabolism in MNC from
infected humans (P. falciparum) and rhesus monkeys (P. knowlesti
and P. cynomolgyi).

Cyclic AMP can affect MNC function in several ways. Large
concentrations of exogenous cyclic AMP or pharmacologic
stimulation of adenylate cyclase by receptor agonists can inhibit
the blastogenic response to mitogens. A sharp esrly rise in
cyclic AMP concentration, however, has been observed in response
to mitogens preceding the blastogenic response and may provide an
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early intracellular trigger for cell activation. Cyclic AMP can
also affect surface antigen expression in a theophylline resistent
sub-get of T~cells resulting iu a relative increzse in T-cells
with receptors for the FC fragment of ig which posses suppressor
activity (Clin. Exp. Immunol. 48:231, 1982). Cyclic AMP
production in normal MNC is stimulated by hormonal receptor
agonists such as prostaglandins, beta agonists, and adenosine.

The activated receptor is coupled to the catalytic unit by guanine
nucleotide dependent stimulatory and inhibitory regulatory sub-
units. Forskolin is a general activator of the catalytic unit but
may be susceptable to modulation by the inhibitory regulatory sub-
unit (JBC 257:11591, 1982).

In the experiments descrided here we have observed a marked
depression in cyclic AMP generation ia MNC from malaria infected
humans and monkeys which appears to be related to the degree of
infection and slowly reverses following treatment. The depressed
cyclic AMP response parallels the depressed mitogen response and
can be partlally corrected by the addition of exogenous cyclic
AMP. These data suggest that a reversible defect in cyclic AMP
production in malaria may in psrt mediate the immunosuppression
seen in this infection.

Resting cyclic AMP levels in MNC from coantrol and infected
humans demonstrate a significant depression of cyclic AMP with a
mean X PRBC of only 0.46Z. While there is a tendency for a
greater depressivn at high parasitemias the level is not
significantly different from that observed in the low % PRBC.
Cyclic AMP production was measured in cells from contrsl and
infected humans after incubation with adenosine and Fcrskolin
alone and in combination. Both agents significantly stimulate
cyclic AMP levels in control cells. The combinsation of adenosine
and Torskolin exhibits a slight synergistic response. MNC from
infected humans are not stimulated by adenosine or Forskolin alone
but show a small stimulation over resting levels in combination.
MNC from rhesus monkeys, like human MNC, show a significant
stimulation with either adenosine or Forskolin alone and a
synergistic response vhen added together. At low parasitemias the
synergistic respcnse of adenosine and Forskolin together is less
than control cells but the difference is not significant. The
response to adenosine and Forskolin alone is, however,
significantly less than the control response. The blunted
regsponse is even more remarkable in cells from high X PRBC animals
where the effect of adenosine and Forskolin in combination is only
102 of the control response. Adenosine stimulated cyclic AMP
generation wvas measured in MNC from rhesus monkeys infected with
P. cynomolgyi prior to infection, during active infection, and two
weeks following treatment. A significant recovery of the cyclic
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AMP tesponse in the convalescent phase was observed, although far
less then the pre-infection response. This data suggests either a
reacovery of the defect or the addition of new MNC which are not
being exposed to a serum inhibitory factor.

The blastogenic response of MNC from malaria patients was
determined in normal MNC incubated with pooled malaria sera to
PHA, Con A, and PWM. Significant suppression of thymidine uptake
is observed in MNC from infected humans. It also appears that
sera from infected humans can confer a suppressed mitogen response
to normal cells. Since both the cyclic AMP generation and
blastogenic response was depressed in MNC from infected monkeys
and humans, experiments were performed to determine if the
addition of exogenous cAMP could restore sany of the immune
response.

This was indeed the casc. MNC showr* a significant
restoration of the blastogenic response when MNC from infected
humans were incubated with dibytyryl-¢yclic AMP. Pharmacologic
conceatrations cyclic AMP (1077 - 10™7) were i{nhibitory to both
1nf7cted and control cells but decreasing concentrations towards
107/ restored the blastogenic response in malaria MNC to a
significantly greater degree than coantrol cells. The restoration
of the blastogenic response was also observed with PWM, Con A and
in normal MNC incubated with infected sera.

Summary and Conclusions

!+ Resting cyclic AMP levels and the respouse to adenosine and
Forskolin is depressed in both human and workey acute malaria.

2. A cyclic AMP generation defect can be conferred to normal MNC
by incubation with malaria sera.

3. The adenosine stimulated cyclic AMP respouse shows a partial
recovery ir the convalescent phase and suggests reversibility.

4., The mitogen response of MNC from infected humans is depreased
but can be partially restored by the addition of exogenous cyclic
AMP.

The ;e data suggest that malaria can confer an acquired defect
in cyclic AMP generation to host MNC which may result in
immunosuppression of the host cell. The partial restoration of
blastogenesis after treatment with exogenous cyclic AMP supports
the conclusion that a defect in cyclic AMP zeneratinn exists at
the level of adenylate cyclase and supports & role for cyclic AMP
in maintaining a reactive MNC population. The reduced respouse to
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Porskolin may reflect a direct effect on the adenylate cyclase
catalytic subunit; however, stimulation of the guanine nucleotide
inhibitory site cannot be excluded without further stuay.

Future Plans and Recommendations

Experiments are now planned to 1) study large numbers of
malaria patients with a newly acquired fluorescent activated cell
analyzer to further investigate the relationship of altered cyclic
AMP production and cell surface expression; 2) evaluate
experimental immunostimulates (isoprinosine) on cAMP production
and blastogenesis in vitro and 3) determine if pharmaco’ogical
manipulation of lymphocyte cAMP production alters the immune
response in vivo in monkeys experimentally infected with P.
knowlesi malaria.

References

Wiesmann, W.P. and Webster, H.K., Defective Mononuclear Cell cAMP
Metabolism in Malaria, Clin Res, i984.

Webster, H.K. and Wiesmann, W.P., Reversible Defect in Adenosine
Mediated cAMP Response in Lymphocytes in Halaria, Science,
submitted for publication. .

Webster, H.K. and Wiesmann, W.P., Abnormal cAMP Production
Mediates Acquired Lymphocyte Dysfunction in Human Malaria - NEJM -
manuscript in preparation.
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223 (c) Selection of clones specific only for one species and testing their syecificity on
wil3d material.
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dirus 3 was lost before enough DNA could be isclated, leaving only a colonized strain from
Ferils State ir West Malaysia to test for that specific DNA. Isolines of A. dirus A, C, and
2 srovided enough DXA to prepare initial clones for specificity and sensitivity testing. Pive
2 230 clones from A. dirus A vere analyzed and showved both seasitivity and specificity, but
insradstion of the clones tcok place. Isolations for a differeat isoline of A. dirus A are
2ing & nev rlasmid for transformation and S000 clones per species are being anslyzed. Pro-
sraes in the next year is expected to provide a highly sensitive and highly stecific means
2s> determining the taxonomic identity of the most important vector of human malaria in
Taalland and other parts of Southeast Asia.
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PROJECT: M161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 118: PDifferentiation of Mosquito Sibling Species
Using Recombinant DNA Probes

Principal Investigator: CPT R. Rosenberg, MSC

OBJECTIVE: To develocp a rapid, sensitive test using labeled,
cloned mosquito DNA for differentiating morphologically identical

malaria vector species, particuarly members of the Anopheles
balabacensis complex.

BACKGROUNDL: A serious impediment to malaria control is our
inability to quickly discriminate between closely related,
morphologically identical Anopheles mosquito species, such as the
"An. balabacenis" complex, the most important malaria vectors in SE
Asia. In Thailand four species have been found, temporarily
designated An, dirus forms A, B, C, and D, Are all these species
equally good vectors of malaria or are some of them relatively
harmless because of characteristic rauge, habits, or physiology?
These four species can now be differentiated from each other only by
chromosome banding, electrophoresis, or cross-breeding experiments;
complicated, slow, expensive and impracticable methods.
Consequently, the field work necessary for determining any
differences in vectorial capacity has been hindered. We propose to
employ recombinant DNA techniques to construct bacterial clones
containing species-specific, mosquito DNA fragacnts and to
subsequently make radioactive labeled probes to use for identifiying
wild-caught specimens.

-
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PROGRESS : DNA was successfully extracted from a new isoline of
each species and the restriction products electrophoreticuslly
fingerprinted. Eight endonucleases (Alu I, Ava II, Bgl 1I, Cfo I,
Hae III, Epn I, Mbo II, & Taq 1) differentiated each of the 4
species, confirming previocus cytogenetic studies (Baimal et al
1984). Three other nucleases (Ava I, BstN I, Nae I) separated
species A from the others; four (BamH I, EcoR I, Nru I, and Pst I)
separated species B; Hind III separated A and D from B and C; and
four (Hha I, Rsa I, Mnl I, Msp I) could not distinguish species.

The endonucleases BamH I and Hind I1I were used to insert

fragments of species A and species B female DNA into plasmid pBR 322
which were subsequently cloned in E. col{ DB I. About 13X of the
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firat 500 clones of species A contained moderately or highly
repetitive inclusions; none of these, however, when labeled with P32
hybridized only with homologous species DNA at any of the
concentrations used (60pg - 60ug).

Progress has been slower than expected, partly because
recombinant DNA has not previcusly been used to speciate metazoon
animals and much empirical manipulation was necessary to find
optimum technical ccnditions. A severe limit has been the poor rate
of tranformation in pBR 322; the vector now being used is PUN 121
which contains in addition to ampicillin and tetracycline resistant
regions a tetracycline rezressor region. Clone formation has now
quintupled.

FUTURE OBJECTIVES: We estimate 5000 clones/species will be needed
to find the requisite 2-5 specific sequences. At the rate of
500/week this initial phase should be completed by mid-1985 and
testing of wild-caught mosquitoes, confirmed by chromosome mapping,
can begin in preparation of a practical field test.

REFERENCES:

Baimai, V., Green, C.A., Andre, R.G,, Harrison, B.A. and Peyton,
E.L. Cytogenetics studies of some species complexes of Anopheles in
Thailand and Southeast Asia, SE Asian J. Trop. Med. Pub. Hlth, (in

press).
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Presentations:

1. Research on Southeast Asia Malaria Vectors (SEAMEO),
1984, Kuala Lumpur Malaysia.

2, U.S. Military Laboratories in Asia Meeting, May 1984,
Thailand.
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OBJECTIVE: (U) DEVELOP TECHNIQUES FOR COUPLING TOXINS TO MONOCLONAL ANTIBODIES SUCH THAT THE
TOXINS ARE INTERNALIZED 8Y AND KILL ONLY CELLS OR PARASITES AGAINST WHICH THE aNTIBODIFS ARE
OIRECTED. CELL DIRECTED TOXINS HAVE POTENTIAL FOR TREATMENT Of MILITARILY IMPORTANT PARASITE
AND VIRAL INFECTIONS: DISORDERS OF IMMUNE REGULATION FOLLOWING TRAUMA, EXPOSURE TO RADIATION
OR CHEMICALS; AND IN TRANSPLANTATION. AN UNOERSTANDING OF TOXIN ENTRY AND BIOCHEMISTRY 1S
CRITICAL AND RELEVANT IN DESIGNING STRATEGIES FOR OEFENSE AGAINST BIOLOGICAL WARFARE.

APPROACH: (U) TOXINS, SUCH AS RICIN, FOLLOWING CHEMICAL MODIFICATION OR REMOVAL OF THEIR
CELL BINOING (B) REGIONS WILL BE COUPLED TO MONOCLONAL ANTISODIES AGAINST CELLS AND
PARASITES. INTRACELLULAR TOXINS WITH NO B REGION, SUCH AS GELONIN, WILL ALSO BE COUPLED TO
ANTIBOQY. MODIFICATION AND COUPLING PROCEDURES WILL BE OPTIMIZED FOR CELL ENTRY AND DEATH.

PROGRESS: (U) 8210-8309. A TECHNIQUE FOR PURIFICATION OF THE A FRAGMENT OF RICIN USING
MOWOCLONAL ANTIBODIES IS IN THE DEVELOPMENT STAGE. MONOCLONAL ANTIBOQIES AGAINSY RICIN A
CHAIN MHAVE BEEN MADE. MONQCLONAL ANTI A CHAIN ANTIBODIES MAVE BEEN USED FOR AFFINITY
PURIFICATION OF A CHAIN WHICH IS AN ESSENTIAL COMPONENT fOR COUPLING. THESE MONOCLONAL
ANTIBODIES HAVE POTENTIAL THERAPEUTIC POTENTIAL FOR RICIN INTOXIFICATION AND DIAGNOSTIC
VALUE FOR RAPID RICIN IDENTIFICATION. FOR TECHNICAL REPORT SEE WALTER REED ARMY INSTITUTE OF
RESEARCH ANNUAL PROGRESS REPORT, 1 OCT 82 - 30 SEP 83.
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23. (U) The morbidity that occurraed among U.S. troops infected with serub typhus both ia
World War II and Vietnam is well recognized. At present, while we know that prior infection
leads to solid homologous immunity, we do not know the nature of immunolcgically important
components of this organism. These studias are directed at developiny a vac:ine to protect
troops deployed throughout the Far East,

23, (U) Current technologies will be used to isolate intact scrub typhus organisms from thd
bulk of eucaryotic cell membranes by a vactety of non-deraturing and uon-destruciive techni-
ques incorporating a gentle process simultaneously coupling centrifugation and counterflow
to isolate the intact rickettslae frum the host cell membranes and their degradative enzyma-
tic components. The isolated organisms would then salectively ne fractionated into its
components by high pressure liquid chrematography which inturn would be evaluated for immuno-

s i %
G A

A dominance.

™ 25. (U) 83 10 - 84 09 Equipment and supplies necessary for tnis study have been orderad
Y and most have been received and installed. Preliminary studies have begun to .solate and
@_Jj purify Rickettsial tsutsugamushi by elutriation. Centrifug=l and flow forces are being

determined which will select for rickettsiae over and above debrie contaired in the sampl .
Key components to the chromatography system only arrived from LKB, Sweden, 8-22-84, Early
ELISA studies done on antigens isolated with what equipment was-available show this approach
is feasible. For technical report see Walter Reed Army Institute of Research Annual
Progress Report, 1 Oct 83 -« 30 Sep 84,
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 125 1Igolation and Characterization of
Potential Scrub Typhus Vaccine Comporents

Investigators:

Principals: COL Kenneth W. Hedlund, MD
MaJs Robert M. Rice, VC

Problems and Objectives:

An estimated six percent incidence of scrub typhus occurred
among U.S. troops hospitalized in RVN for malaria. Barrett esti-
mates that ten percent of all fevers of unknown origin in RVN
among U.S. troops were scrub typhus related. With particular
reference to maintaining fighting capacities (Baker et al.)’found
that ninety-three percent of scrub typhus cases in U.S. troops in
RVN occurred among infantry and artillery troops rather than
support elements. In recent studies of endemic areas, (Brown et
al.yhas found that scrub typhus accounts for 19.3% of the
Malaysian patients hospitalized for fevers of unknown origin.
Rapmund has also commenced on the remarkable resurgence in the
number of reported cases of scrub typhus in Japan.

While we know that prior infection leads to solid homologous
immunity, the rature of the immunologically important components
of the scrub typhus organism are completely uaknown. These
studies are directed at isolating and characterizing rickettsial
immunogens and using these components to develop a vaccine to
protect troops deployed throughout the far east.

The approach to the problem of identifying which rickettsial
components would be incorporated in a scrub typhus vaccine basi-
cally couples elutriation with high pressure liquid chromato-
graohy. The first method provides a way to isolate the bulk of
eucaryotic membranes and degradative enzymes from the rickettsiae
which have grown in tissue culture systems. High pressure
chromatography then i1s used to fractionate the compcnents of
rickettsiae in a nondestructive fashion for examination as
immunogens in a potential vaccine.

Progress:

The elutriation system was received and installed in late
July, 1984.
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Standard procedures for harvesting rickettsiae from tissue
culture cells include scraping or trypsinizing cells from the
growing surface, homogenizing and purifying and concentrating
rickettsiae by differential centrifugation. The resulting harvest
can vary froam 10-50% concentration of host cell material which is
difficult to remove even by gradient purification. Through elu~
triation it is feasable to separate living from dead cells and
theroretically infected cells from noninfected cells. Parameters
to separate viable from nonviable L$929 cells (a suspension mouse
fibroblast cell line) have been determined. Prelimicary etudies
have started to define the parameters necessary to purify
rickettsial organisms by this technique. It is hoped that by
elutriation viable noninfected cells and dead cells can be washed
away from infected cell which when physiologically lysed will
release rickettsiae while the cell membranes and nuclei will be
retained resulting in rickettsia free of host cellular material.

Unfortunately, several key components of the HPLC system have
only arrived from LKB, Sweden on 22 Aug 84. However, using the
equipment we have had available we have preliminary evidence based
on ELISA assays to suggest that this approach is technologically
feasible and will, for the very first time give insight into the
nature of scrub typhus immunogens.

Recommendations:

This program to identify those scrub typhus components that
elicit a protective immune response is basic to the development of
an effective and acceptable vaccine. We envision that this inno-
vative application of new technologies will be profitably pursued
under ILIR funding for it least two more years.
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Projeot: 3A161101A91C  IN-HOUSE LABORATORY IMDEPENDENT RESEARCH

Work Unit: 126 BFFECTS OF VARIOUS ENDORPHINS AND THEIR
ANTAGONISTS ON REGIONAL BLOOD FLOW IN
NORMAL RABBITS AND ON  RABBITS 1IN
HYPOVOLEMIC SHOCK

Investigators: John W. Barmon, LTC, MC
John A.G. Sampson, CPT, MC
Richard R. Kinney, CPT, MC

Baokground & Objectives

Since the discovery of endorphins various studies have shown
their biological importance.

B-Endorphin, a lipotropin, has been shown to be stored along
with adrenocorticotropic hormone (ACTH) in storage vesicles of the
anterior pituitary. In response to stress both ACTH and B-
endorphin are release from these vesicles. Guillemin et al have
st own that hypophysectomy abolishes this stress response.

The analgesic effect of endorphins has been well studied by
Loh et al who ooncluded that B-endorphin is "18 to 33 times" more
potent than mworphine on a molar basis, and established that
endorphins are endogenous opiates.

In addition to this analgesic offect, the discovery that B-
endorphin infusion in rats resulted in hypotension further
encouraged study of the cardiovascular effects of this compound.
Holaday first revealed the importance of endorphins in shock and
various authors have shown that opiate agonist blockade by the drug
nsloxone reverses hypotension in shock and possibly has other
beneficial effects as well.

The effects of opiate blockade has been studied in both
hemorrhagic and endotoxic shoek. Infusion of the opiate antagonist
naloxone significantly imporved arterial blood pressure and
acidosis in animal shock models. The pathway of the action of
naloxine is thought to be opiate blockade though the specific site
of ‘lockade is not well understood. '

Opiate receptors were originally found in the central nervous
system, however Pert and Synder have more recently shown opilate
receptors in mammlian brain and guinea pig intestine. The finding
by Vargish et al that left ventricular contractility was :
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specifically improved by opiaste antagonism suggests a possible
cardiac receptor site though this is as yet uninvestigated.

In summary there is an apparent comson pathway 1in the
pathophysiology of shock through which endorphins and other
endogenous opiate agonists play an important part. Opiate
antagonists, specifically naloxone, have been shown to block the
pathway and prevent the induction of the shock state botk acutely
and prophylactically through some unknown mechanism.

It 1is unknown to what extent the beneficial effect of
endorphin blockade in shock can be attributed to improved cardiac
output, increased vascular resistance or changes in distribution of
the cardiao output.

The aim of this study is to more clearly define the
cardiovascular effect of opiate antagonism in non-shocked and
shocked animals by investigating the changes i1n vascular
resistance, cardiac output, and organ blood flow distribution
following the intravenous administration of these compounds.

Progress:

During this fiscal year a model of hypovolemic shock was
developed using a conscious rabbit model. This model enabled the
study of effects blood flow distribution and cardiac output. In
addition to the other hemodynamic parameters, blood pressurs, heart
rate and systemic vascular resistance can be easily studied with
this model. :

The model though initially difficult to develop is now very
satisfactory.

The effects of Naloxone on blood flow in hemorrhagic shock has
teen evaluated and an important discovery made. Naloxone was found
to reduce the renal blood flow and the percentage of cardiac output
to the kidneys. This clinically significant finding has been
presented to the Surgical Forum, American College of Surgeons 1984,

This model enables the Division of Surgery to perform
physiological studies of shock to elucidate more fully the
important pharmacol)nogic phenomenon discovered by Dr. John Holaday
in the Division of Neuropsychiatry at WRAIR.
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Recommendations for the future:

We are currently evaluating the hemcdymanic effects of the
opiate antagonist Proleoctin (TRH).

The hemodynamic effects of the opiate agonists, morphine and
B-endorphin have not been well evaluated and their study would
greatly add to the fund of knowledge.

With new equipment we currently have at our disposal, we will
be able to follow the changes in hemodynamic parameters more
closely, moving toward a more clearly defined underatanding of the
opiate mechanism in shock. 7This would add to the therapeutic
regimen for soldiers injured in the field.

Publications:

Sampson J, et al. Naloxone reduces renal blood flow in rabbit
hemorrhagic shock. Surgical Forum 35:22-24, 1984
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Project: 3A161101A 91C IN-HOUSE LABORATORY INDEPENDENT
RESEARCH

Work Unit: 127 Modes of Action of Antiparasitic Drugs

Investigators: Baird, J.K.
Jackson, J.E.

PROBLEMS AND OBJECTIVES

Primaquine, an 8-aminoquinoline antimalarial, is currently
the least toxic of approved drugs having antiparasitic activity
against the exoerythrocytic (latent liver) stages of relapsing
malarias, Plasmodium vivax and Plasmodium ovale. Primaquine 1is
also frequently emgloyed in combined drug therapy: a) of
returning U.S. travellers, who because of chloroquine prophylaxis
may have an undetected, or extended prepatent infection of 4-
aminoquinoline-resistant Plasmodium falciparum; and b) as the
gametocytocide chemotherapeutic component (coadministered with a
4-aminoquinoiine, blood schizontocide) to prevent malarial
transmission via mosquitoes. Primaquine is, however, a markedly
hemotoxic drug to individuals with a genetic defect in red cell
glucose metabolism, glucose-6-phosphate dehydrogenase (G6PD)
deficiency, resulting in acute intravascular hemolysis.
Geographic areas of endemic (and epidemic) malaria coincide with
areas of highest prevalence of G6PD-deficient population. U.S.
populations 2% risk include darker-hued Caucasian ethnic groups
including Sardinians, Sephardic Jews, Greeks, Iranians, and 12% of
American black males.

There are presently no in vitro tests available which would
identify compounds most suitable for developmeat as substitutes
for the antimalarial, primaquine. One of the consequences of this
technical deficiency is that a relatively large number of
experimental compounds must be initially tested in vivo. Since
there exists no reliable animal or in vitro model for the
evaluation of test drug hemolytic toxicity, such information is
obtained as late as during human clinical trials. In effect,
investigation of potentially effective, nontoxic primaquine
substitutes constitutes high cost and high risk chemotherapeutic
drug development.

It is the objective of this work unit to identify
host/parasite biochemical responses to candidate antimalarials in
vitro which permit rational selection of test drugs of high
antiparasite efficacy and minimal toxicity early in the drug
development process.
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PROGRESS

It is known that low G6PD activity is characteristic of
primaquine-sensitive erythrocytes and appears to represent the
pathological, genetically transmitted enzymatic deficiency. It
had been postulated that the hemolytic consequences of primaquine
administration were due to red cell oxidative injury by primaquine
and/or its metabolic by-products. In normal erythrocytes under
stress of oxidant drugs, the rate of NADPH regeneration can be
greatly accelerated by increasing the amount of glucose
metabolized by the hexose monophosphate shunt (HMS). Sufficient
NADPH is therefore readily made available for reduction of
oxidized glutathione and, directly and indirectly, for reduction
of methemoglobin, Reduced glutathione also protects the
sulfhydryl groups of hemoglobin and the sulfhydryl-containing
enzymes against oxidative destruction. Primaquine-sensitive
erythrocytes, on the other hand, are incapable of sufficiently
rapid regeneration of NADPH because of their G6PD deficiency.
Consequently, all reductive processes within the cell that depend
upon NADPH are impaired. This hypothesis of oxidative damage via
primaquine lead to development of two in vitro tests to assess
oxidative RBC injury following treatment with test compounds: a)
quantitative measurement of methemoglobin production, or b)
quantitative measurement of HMS elevation. Unfortunately, neither
in vitro test proved reliable or directly correlatable with the
degree of drug-induced hemolysis by test compounds in clinical
trials.

Research completed in the past year in this work unit has
indicated that primaquine (and several of the metabolites) do not
produce oxidative deterioration of red cells in vitro. An in
vitro procedure capable of direct measure of oxidative injury to
red cells was developed. Using this method it was determined that
primaquine and several putative in vivo primaquine metabolites
were incapable of causing an injurious oxidative attack on red
cells in vitro. It was quantitatively inferred from our in vitro
measurements that primaquine does not mediate oxidative cell
injury in vivo., Thus, primaquine induced hemolysis cannot be
mediated by oxidative attack mechanisms, as was formerly
believed. A detailed hypothesis developed based on these
experimental observations, postulates a mechanism for primaquine-
induced hemolysis. At present, several experiments designed to
further test this hypothesis have been conducted. (Details of
experiments and hypothetical considerations are given in the
publications listed.)
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FUTURE OBJECTIVES

Efforts will continue to rigorously test the hypothesis for
the molecular mechanism of primaquine-induced intravascular
hemolysis. Verified, this hypothesis will provide a basis of
factual information on possible adverse biologic effects of
antiparasitic compounds and will result in development of in vitro
test systems for reliable determination of candidate drug
suitability in a time and cost effective manner early in the
development process. Such an in vitro test will substantially
lower risk to patients undergoing experimental drug therapy during
drug development clinical trials. The in vitro test systems
developed in the past year are currently being applied in a
comprehensive drug structure versus activity relationship (SAR)
testing program of potential primaquine substitutes. Preliminary
results have shown the in vitro test to be in good agreement with
clinically anticipated drug hemotoxicity. These results are in
preparation for publication (see manuscript in preparation cited).

Publications:

Baird, J.K. and C. Lambros (1984), Effect of membrane
filtration of antimalarial drug solutions on in vitro activity
against Plasmodium falciparum. Bull. W.H.0. 82(3):339-444,

Baird J.K., D.E. Davidson. Jr. and J.E. Decker-Jackson
(1984). Oxidative activity of two dihydroxylated primaquine
analogs: non-toxicity to glucose-6-phosphate dehydrogenase-
deficient red blood cells in vitro. Biochem, Pharmacol.

Baird, J.K., J.E. Decker-Jackson, and D.E. Davidson, Jr,
(1984) An in vitro micro-volume procedure for rapid measurement
of erythrocytic hexose monophosphate shunt activity. Int. J.

Biochem. (In Press)

Baird, J.K., G.J. McCormick, and C.J. Canfield (1984).
Effects of nine synthetic putative metabolic derivatives of
primaquine on hexose monophosphate shunt activity in intact human
red blood cells in vitro. (In Preparation)

Baird, J.K. (1984) Methylene blue-mediated hexose
monophosphate shunt activity elevation in intact human red blood
cells in vitro: Independence from intracellular oxidative
injury. TInt. J. Biochem. (In Press)

Baird, J.K. (1984) Radiometric method for rapid estimation
of severity of olucose-6-phosphate dehydrogenase deficiency. Uses

115




%
Iy
;i
%
A
.
¥

=

of Radioisotopes in Parasitology (Hayungu, Ed.) U.S. Dept. of
Energy and IAEC publication. (In Press)

Presentations:

Baird, J.K., D.E. Davidson, Jr. and J,.E. Decker-Jdackson
(1983) Oxidative activity of two hydroxylated primaquine
analogs: Non-toxicity to hemolytically sensitive human red blood
cells in vitro. Blood 64 (5; suppl. 1). Proceedings of the 25th
Annual Meeting of the American Society of Hematology, San
Francisco, CA, Dec. 3-6. Abstract #72.
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23. (U) The technical objectives are: (1) to screen human hybridomas for production of
anti-dengue antibodies and naturally occurring anti-idiotypic antibodies directed against
idiotypic determinants on anti-dengue immnoglobulins and (2) to develop assays for
detection of these anti-idiotypic antibodies in vivo in humans. There is a military
requirement for research leading to a better understanding of the antibody response to
acute dengue infections. These infections represent a serious hazard to troops operating

in tropical areas.
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'

24. (U) Conventional virologic and {mmunologic techniques are utilized as required. i

25, (V) 83 10 - 84 09 Blood mononuclear leukocytes obtained from patients with acute
dengue hemorrhagic fever were fused with cells of a human-derived myeloma line on thirty-
five occasions, From over 10,000 wells seeded, 122 colonies emerged. Twenty-four
colonies produced measurable (> 1 ug/ml) quantities of IgM and six produced IgG. None of 2
these antibodies measurably reacted with dengue virus proteins in either enzyme-1inked b
immunoassays or immunofluorescent assays. Also, none bound strongly to any of a panel of

mouse anti-dengue monoclonal antibe“ies. For technical report see Walter Reed Army /
Institute of Research Progress Report, 1 Oct 83 - 30 Sep 84. f
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Project Number: 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Title: Regulation of the Human Immune Response to Dengue Virus Infection by
Auto Anti-ldiotypic Ant.oodies

Work Unit Number: 128
Problem: The technical objectives are:

1. To screen human hybridomas for production of naturally occurring anti-
jdiotypic antibodies directed against idiotyric determinants on anti-dengue
immunoglobulins.

2. To produce and purify these anti-idiotypic antibodies in quantity.

3. To purify from serum the corresponding set of anti-dengue antibodies
bearing these idiotypic determinants.

4. To determine if exogenously added autologous monoclonal anti-idiotype
can regulate the production of idio*ype bearing antibodies by in vitro
cultures of peripheral blood monoclonal leukocytes from humans wich acute
dengue virus infection. There is a military requirement for research leading
to a better understanding of the antibody response to acute dengue virus
infection. These infections represent a serious hazard to troops operating in
tropical areas.

Method:

Continuous lymphoblasteid UC729-6 cells were fused with peripheral blood
mononuclear cells from patients with acute dengue using polyethylene glycol,
and supernatant culture fluids of the resultant progeny clones were screened
for antibody activity with immunoassays.

Progress :

Thirty-five fusions were done and over 10,000 wells seeded from which 122
colonies emerged. Thirty stable immunoglobulin-secreting clones were raised,
24 of which secreted IgM and 6 of which secreted 1gG in concentrations ranging
from 1 to 10 micrograms per milliliter. None of the immunoglobulin micrograms
per miliiliter. None of the immunoglobulin containing fluids had any antibody
activity against dengue serotypes 1, 2, 3, or 4 when tested in sensitive
antibody capture immunoassays. None of the immunoglobulin containing fluids
had any anti-idiotypic activity when tested for reactivity with a panel mouse
anti-dengue monoclonal antibodies.

Future Objectives:

L':. O I TSV R R CTANIEY K A AT VWA N VYRR AN T

This project is now terminated. Although many human hybridomas were
successfully prepared, none had the antibody activity sought. Alternate
approaches, such as the use of new cell lines as fusion partners and/or
prefusion stimulation of the blood mononuclear cells, may be necessary to
achleve full success,
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‘33, (U) To determine the efficacy ot hormones ia protecting an organ system from exposure
to toxic chemicals or radiation. It it is possible to protect reproductive organs of
animals by hormonal suppression, it may also be possible to protect gonads of troopes if
they are eaxposed to chemicais ot a similar nature or to radiatisn., The ability to protect
gonads of patients undergoing chem.cherapy or irradiation is also significant.

24. (U) Procedures include: small laborarory arimal models exposed to radiation or chemicals;
histopathologic processing of tissues; radioimmunoassay of serum hormone levels.

25. (U) 83 10 - 84 09, Experimrats have been conducted using levels of radiation or cyto-
toxic chemical which were shown in pilot studics to causs significant gonadal damage with-
out mortality. In male and femals mice, treatment with a hormone prior to irradiation

of the gonads had no protective effect at the levels ot radiation and hormone used.
‘Similarly, in experiments with cycl.phosphamide, hormone treatment did not prevent gonadal
damage. Although no protective effect of hormone treatmeuts was found in the mouse
reproductive system studied, othzr animals or organ systems may be more susceptible to
hormonal suppression and protection against cytotoxic agents may be possible. For
‘technical report see Walter Reed Army Institute of Research Annual Progress Report,

1 ¢t 83 - 30 Sep 8a.
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Project 3A161101A91C: IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Ugit 129 Protection of Gonadal Junction from Cytotoxic Therapy

Investigators COL William H. Crosby, MC; LTC Daniel G. Wright, MC
Mary Cutting, MS

Description

The purpose of this work unit is to study the efficacy of hormones in
protecting an organ system from exposure to toxic chemicals or radiation. The
concepts explored in these studies are relevant to the protection of troops
who may be exposed to toxic chemicals cr radiation. If it is possible to use
hormones to protect the reproductive organs of animals from cytotoxic damage,
it may also be possible to protect the gonads of troops exposed to cytotoxic
damage, it may also be possible to protect the gonads of troops exposed to
cytotoxic agents. The protection of gonads of patients undergoing
chemotherapy or radiation treatments is also an important problem addressed by
these experiments. This work has broad relevance in that it may provide a
general model to study the protection of organ systems such as the bone marrow
against the actions of various toxic agents.

We have used the mouse reproductive system as a model. We conducted
pilot studies to determine levels of exposure to radiation or the cytotoxic
drug cyclophosphamide which cause sigrificant dc-+ge to the gonads of male and
female mice. Damage 1s determined by histological quantitative analyses of
gonadal tissue. With the information on eifective doses gained from pilot
studies, experiments have been undertaken in which some animals are treated
with hormones prior to irradiation or cyclophosphamide treatment. These mice
are compared with those receiving no hormones to determine if the horuones
nrotect the gonads from radiation or cyclophosphamide-induced damage.

Progress

Male and femzle mice injected with a hormone prior to irradiation of the
gonads showed no protective effect of the hormone. Damage to the testes and
ovaries was comparable to that observed in mice not receiving the hormone.
Hormone treatments also failed to provide protecticn against gonadal damage by
cyclophosphamide. Female mice treated with radiation or cyclophosphamide did
not show ovarian recovery eight weeks after cytotoxic injury. The males did
show recovery, based on quantitative histological analyses. This recovery was
independent of the hormone treatment in these mice. While the mouse model
described did not show any protection of gonadal function by hormone
treatment, it could be of value to investigate this possibility in other
animal model systems,

Future plans

This project terminated on 30 September 1984 because the proposed
research was completed. Derivitive research, if appropriate will be
transferred to other work units.
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Publications
1. Chapman RM and O'Neil-Cutting MA: The effect of gonadctropin-releasing

hormone analog on murine gonads exposed to cytotoxic ageats (in review),
1984,
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23. iU) To describe and understand biochemical differences between human host red blood cells
and malaria parasites in order to define metabolic targets for the design of new, specific
chemotherapy. Development of new antimalarial chemotherapy is of msjor current and his-
torical military importance because of needs to deploy military personnsl in regions of the
world where malaria i{s endemic. Becsuse the emerzence chloroquine-resistant malaria is
increasing around the world, it has become particularly important to identify alternate
chemotherapy. Our approach is to define basic difterences in biochenical and metabolic path-
ways necessary for growth or maintensnce of normal function that distinguish normal red blood
cells (RBC) and RBC infected with Plasmodium talciparum, the major maliria pathogen in humans
Strategies may then be developed to exploit such differences to design mslaria specific
anti-metabolities.

24, (U) Laboratory studies include measurement of (l) intermediates and enzyme levels of
polyanine metabolism; (2) intermediates and enzymes of purine and pyrimidine salvage and
interconversion pathways; (3) enzymes mediating methylation reactions; (4) etfects of
selected antimetabolities on these biochemical pathways. High performance liquid chromato-
graphy and suspension tissue culture of human RBEC infected with P. falciparum in vitro and
radiolabeling studies with metabolic precursors are principal tecmmiques.

25. (U) 83 lu - 84 09 Studies have shown that inhibitors of ornithine decarboxylase, an
enzyme which medilates polyamirebiosynthesis, intertere with malaria parasite growth and
development in RBC, that the heterocvelic in.ibitor of protein synthesis, hemcharringtonine,
has anti-malarial action in vitro with chlorcquine resistant strains, that inhibitors of
methylation pathways also markedly inhibit malaria parasite growth in vitro. For techunical
report see Walter Reed Army Institute of Research Annual Progress Report 1 Oct 83 « 30 Sep 84
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Project 3A161101A91C: IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 170 Studies of Biochemical Changes in Human Red Blood
Cells with Plasmodia (Malaria) Organisas In Vitro

Investigators LTC June Whaun, MC; Dr. Nesbitt Brown,
GS-13 (Div. of Biochemistry)

Description

The objective of this work unit is the study of the
intermediary metabolism of both the normal and the malaria-
infected red cell. Malaria is the major health problem in many of
the developing tropical and subtropical countries of the world.
Malaria control has been complicated by the emergence of
chloroquine-resistant strains of Plasmodium falciparum, the major
human malaria pathogen, as well as the growing resistance of the
mosquito vector to insecticides and the administrative and
economic problems in some of the developing countries. Because of
needs or potential needs to deploy military personnel in malaria-
endemic areas which include most tropical and subtropical areas of
the world, malaria is a relevant problem for the U.S. military and
new effective chemotherapeutic agents are urgently required for
chemotherapy control.

Most of the chemotherapy approaches in the past have employed
traditiomal methods of drug development, based on structure-
function relationships. This approach, with development of
analogues of chloroquine and quinine, has resulted in predictable
eaergence of chloroquine-analogue resistance by Plasmodium
falciparum. Accordingly, a blochemical approach with emphasis on
bilochemical differeaces between host and parasite might provide an
attractive alternative method for drug design. Drugs with
different mechz .isms of action could act as antimalarials, Th.se
drugs could inhibit at different pointa of metabolic pathways and
yet have the same result -~ the inhidition of parasite growth with
ths least toxic effect on the host.

Within the framework of .his militarily-relevant problem of
malaria, this laboratory is interested in defining the effects of
parasitism in the hunian red cell -- irn particular, the relations
between purine metabolisa, polyamine metabolism and the
transmethylation pathways. In this vay we will be able to know
more about unparasitized red ceolls and to trace the different
effecta that perturbations in one pathway could have on the other
pathways.

Polyamines are low molecular weight, long chain, cationic
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aliphatic compounds with multiple amine or imino groups. They
include putrescine, spermidine, spermine and cadaverine. They are
thought to be involved in a regulatory role in the growth and
differentiation of cells and organs. Recent availability of
antimetabolites, ornithine decarboxylase inhibitors such as D,L-a-
difluoromethylormithine, as phamacological probes to study the
role of polyamines in cell function, have shown in vitro
correlation of parasite growth and polyamine levels.

Purines are necessary for synthesis of nucleic acids,
folates, energy metabolism, enzyme cofactors necessary for host
red cell and parasite growth and differentiation. Both the human
red cell and the plasmodium require salvage synthesis of purines,
as both are incapable of de novo synthesis. The red call requires
ATP synthesis whereas the parasite needs all purine nucleotides,

Transmethylation pathiays have not been well-defined in the
parasitized red cell in vitro. S-adenosylmethionine-mediated
transmethylation reacti~.ns are essential for the regulation of
various physiological processes such as protein synthesis, nucleic
acid synthesics, folate synthesis, viral replication, cellular
differentiation, chemotaxis of phagocytic white cells and
polyamine metabolism. The major methylation compounds are S~
adenosylhomocysteine and S~-adenosylmethionine. These are
maintained in precise ratios for normal growth and function.
Imbalance of this ratio could result in growth inhibition and
disturbance of specific cell function.

Progress
A. Experimental approaches

1. With the in vitro Plasmodium falciparum human red cell
cultures, red cell metabolic pathways in both infected and
uninfected red cells are being studied in the presence and
absence of selected metabolic inhibitors.
a) studies on purines and salvage synthesis pathways, such as
ornithine
decarboxylase, the first enzyme for biosynthesis of
polyamines,
b) studies on purines and salvage synthesis pathways of
purines.
¢) studies on transmethylation pathways, metabolites and
enzymes,

Logistical considerations necessitated informal collaborative
studies with other scientists at WRAIR and elsewhere.
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2.

1.

2.

Selected new chemotherzpeutic agents (inhibitors) have been
employed to determine their antimalarial efficacy and to
determine their mode of action. We have examined several new
compourds - from pharamaceutical manufacturers both in this
country and abroad - as well as compounds prepared locally.

Studies of polyamines have been accomplished in collaboration
with N.D. Brown of the Division of Biochemistry. Polyamines
have been detsrmined on dansylated deproteinized biological
extracts by an ultrasensitive automated ion pair HPLC
deproteinized biological extracts by an
ultrasensitiveautomated ion pair HPLC method. Ornithine
decarboxylase activity has been determined by modification of
the method of Janne and Williams-Ashman (J. Biol. Chem.
286:1725-1732, 1971), by measuring the amount of lghelled
trapped radicactive carbon dioxide formed from 1- C =
ortithine. Purine studies have been done by anion exchange
HPLC by a modification of the method of Hartwick and Brown (J.
Chromatogr. 112:651-622, 1975). Novel drug adencsine analogue
nucleotides were verified by Dr. R.K. Gordon after alkaline
phosphatase digestion, by chromatographic analysis (HPLC) and
spectral scans comparing the digests with standard compounds
of known identity by means of a Hewlett Packard 1040A
spectrophotometer. Studies of the transmethylation pathways,
metabolites and enzymes have been done in collaboration with
Dr. Peter K. Chiang. The separation of adenosylmethionine and
related adenosylsulfur metabolites was achieved by HPLC on a
cation-sxchange column with an ammonium formate and ammonium
Sulfate elution gradient (Miura, Anal. Biochem, in press). S-
aqﬁnoaylhomooysteine hydrolase activity was determined using

C adenosine and homocysteine by the method of Kim et al.

(Archiv. Biochem. Biophys. 226:65-72, 1984).

Specific findings

Aspirin in donor sera is deleterious to Plasmodium falciparum-
infected red cell cultures and may have contributed to
observations of others of the unpredictabili‘y of malaria

growth rates in vitro.

Plasmodia require salvage synthesis for purine metabolism and
possess a unique pathway to permit conversion of hypoxanthine
to inosine monophosphate (IMP) and then to adenosine
monophosphate (AMP) and other adenosine nucleotides.
Uninfected red cells lack the enzyme to effect this conversion
of IMP to AMP. This parasite specific pathway may be
inhibited by hadacidin.
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Ornithine decarboxylase inhibition results in decreased
parasite growth in vitro. The effect of a-
difluoromethylornithine (courtesy of Merrell-Dow Research
Center) is dose-dependent and irreversible.

Two methylthicadenosine analogues, SIBA and deaza-SIBA,
putative methylation inhibitors, inhibited Plasmodium

falciparum growth. The EDc, (dose at which growth was

inhibited 50%) was 46 micromolar far deaza-SIBA and 43
micromolar for SIBA. Both compounds increased spermidine
levels which could be reversed dy added hypoxanthine.

Qinghaosu, recently isolated and chemically characterized by
s3ientists in People's Repudblic of China from the ancient
herdb, qinghao or Artemisia annua L., is an effective
antimalarial agent with the same potency range as chloroquine
in chloroquine-sensitive malaria. Qinghaosu appears to have
no cross-resistance to chloroquine., The American-derived
preparation has an E of 6.8 x 10-9M for Camp/Malay strain
of Plasmodium falciparum. Qinghaosu perturbed polvamine
metabolism. It caused a fall in putrescine. Spermidine
levels rose at low doses and fell with increasing drug dose.
The pattern of polyamine shifts was similar to that seen in
neplanocin-A. Qinghaosu treated cultures showed no change in

‘red cell morphology.

A new ornithine decarboxylase inhibitor, MDL-72,403 DA-06
{Merrell-Dow Research Labs), a methyl ester of ormithine, 3~
penten-oic acid, 2,5-diamino-2-(fluoromethyl)-, methyl ester,
dihydrochloride, (E)=-, has been found effective in vitro in
human malaria-infected RBC cultures with an ED 0 of 0.5 mM,
for FCR-3/Gambia strain of Plasmodium falcipariim. Polyamine
metabolism infected cultures following 48h exposure to this
drug at 0.6 mM showed a 4i4% fall in putrescine levels, 544
fall in spermidine, compared to untreated infected cultures.
Spermine levels showed no trends.

Neplanocin A, a novel carbocyclic analogue of adenosine with
antitumor activity, is a potent agent with antimalarial
activity. The ED for Plasmodium falciparum strain
Camp/Malay and FCRgglcanbia is approximatily 3 micromolar. In
infected red cells, levels of S-adenosyl...hionine and S-
adenosylhomocysteine rose with increasii ~ concentrations of
neplanocin A. A new metabolite, S-neplanocinylmethionine was
formed. Purine studies showed two neplanocinyl nucleotides --
probably the di- and tri- phosphates in both infected and
uninfected red cells. The identity of these compounds was
resolved by cleavage of phosphate groups from ATP, ADP and
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neplanocin A nucleotides with alkaline phosphatase and HPLC n
amalysis of adenosine and neplanocin A by HPLC with a flow- ’ 2t
through scanning spectrophotomster (Hewlett Packard 104OA). N
The digest yielded peaks identical to standard of adenosine e
and necplanocin A in retention times. Spectral scans o’ the '
eluting peaks for adenosine and neplanocin A revealed maxima
259 and 261 na cespectively and minima of 227 and 231 nm
respectively. Polyamine levels showed putrescine levels fell
with drug exposure. S-adenosylhomocysteins hydrolase activity
was potently inhibited with a Ki of 3 nanomolar compared to a
& of 2 micromolar for adenosins.

These studies show the antimalarial action of a drug with
conc'i~rent followup of metabolites through three meatabclic key
patbways of growth and differentiation:
a) Purines: new nucleotide and analogues are formad;
b) Methylation pathways: new methylation intermediates
are found;
¢) Polyamines: growth inhibition without the usual
pattern of polyamine inhibition;
d) S-adenosylhomocysteine hydrolase activity is
inhiditea.

Further studies are currently underway to assess other
antimalarials in this same manner.

Abstracts

1. Whaun, J.M., Miura, G., Brown, N.D. and Chiang, P.K.:
Neplanccin A, a carbocoyolic analogue of adenosine, inhibits
methylation in P. falciparum-infected human red cell
cultures. International Conference on Polyamines. Budapest,

Rungary, 1984,

2. Whaun, J.M. and Brown, N.D.: A new ornithine analogue with
antimalarial activity. 37th Annual Meeting of the Soclety of
Protozoologists. Athens, Georgia, 1984.

3. Miuras, G.A., Whaun, J.M., Brown, N.D., Aarbakke, J. and
Chiang, P.K.: Bilological effects of neplanocin A with
associated changes in cellular levels of S-
adenosylhomocysteine and S-adenosylmethionine. American
Society of Pharmacology and Experimental Therapeutics.
Indianapolis, IN, 1984,

4, Whaun, J., Brown, N., Milhous, W., Lambros, C and Klayman,

D.: Qinghaosu, a potent antimalarial agent, perturbds
polyamine metabolism in human malaria cultures. Polyamines:
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International Congress on Cell Biology, Gifu, Japan, 1984.
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Continuing Focus on Herbal Medicine, ed. by A.R. Henderson.
American Journal of Chinese Medicine, in press.

Whaun, J.M., Brown, N., Milhous, W., Lambros, C., Scovill, J.,
Lin, A. and Klayman, D.: Qinghaosu, a potent antimalarial,
perturbs polyamine metabolism in human malaria cultures. In
Polyzmines: Basic and Clinical Aspects, ed. 0. Suzuki,
(Sa*sllite Symposium of the Third International Congress on
Cell Biology), VNU Science Press, Netherlands, 1984, in press.
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8. Whaun, J.M., Miura, G.A., Brown, N.D., Gordon, R.K. and
Chiang, P.K.: Neplanocin A: A new antimalarial agent that
perturbs S-adenosylmethionine, purine and polyamine
metabolism. Journal of Pharmacology and Experimental
Therapeutics, (in review.)

PATENTS APPLIED FOR:

8/06/84: "Treatment of Malaria with Esters of Cephalotaxine”
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1. AGENCY ACCESSION]2. DATE OF SUMMARY RKPORT CONTROL SYMBOL
HESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA303121 84 10 01 DO-DRAZIAR) 836
N 8. SUMMARY 6. WORK 7. REGRADING 8. D.S8°'N INSTA'N 9 LEVEL OF SUM
y ':C;‘u’v"v ‘ :3::‘2'!\! sCTY CURNITY A WORK UNIT
8210 01 |D. Change| U u 2
10. NQ. CODES PACGAAM ELEMENT PROJECT NUMBER TASK AREA NUMBER WORK UNIT NUMBER
s PRIMARY 61101A JAL61108A91C 00 121 WWIX
o CONTRIBUTING
c. CONTRIBUTING | none

11 TITLE (Precede with Secunty Ciasmficsuion Code) () Development of Prophylaxis Against Acute Cyanide

Poisoning: tyd Model
12 SUBJECT AREAS

U611 Life Support U603 Biology 0616 Physiology

13 START DATE 14, ESTIMATED COMPLETION DATE 18, FUNDING ORGANIZATION | 16. PERFOAMANCE METHOOD

83 10 CONT DA | | C. In-house

17 CONTRACT GRANT 18. ARESOUACES ESTIMATE
a DATE EFFECTIVE IEXPI!ATION FISCAL YEARS | PROFESSIONAL WORKYEARS | 0. FUNDS (in thousends;
6. CONTRACT.GARANT NUMBER Bh 2.5 95

e TYPE d AMOUNT 85 2.5 100
e. XKIND OF AWAAD 1. CUM/TOTAL

19, RESPONSIBLE DOD ORGANIZATION] { 20. PFEAEORMING ORGANIZATION ]

a NAME s NaME Wilter Reed Army Institute of Research
Walter Reed Armv Institute of Research Division of Medicine

p. ~ODMESS ninciude 21p code) 0. ADDRESS

Hashi: DC  20307-5100
Washington, DC 203G7-5100 ashington,

¢ NAME OF RESPONSIBLE INDIVIDUAL . NAME OF PRINCIPAL INVESTIGATOR
T0P, FH_ Jr WRIGHT, D G o
2. TELEPHONE NUMBEA (mciude arve code) 4 TELEPHONE NUMBER (inciude ares code)
202 7-526-11551 £202Y-976-1158
T v TONM (if evailadie)
1. GENERAL USE {INAME Of ASSOCIATE INVESTIGA
TIRA WILLIAMS, H
. - ¢ NAME OF ASSOCIATE INVESTIGATOR (if sceilsble)
MILITARY CIVILIAN APPLICATION: H JOHNSON,

il KEYWORDS ('recede EACH with Secunity Chaamlication Code)

(U) Cobalamins; (U) Cyanide Poisoning; (U) Cyanide Prophylaxis; (U) Lab Animals; (U) Dogs

32 TECANICAL QSJECTIVE 24 APPROACH 2%, PROGRESS /Precede text of ¢ech with Security Clamsification Code) *

23.(U) To define effective methods to increase resistance against acute ¢yanide poisoning
using an experimental canine model. In developing strategies for medical defense against
rapidly lethal chemical agents such as hydrogen cyanide gas, which troops may encounter on
the modern battlefield, chemical prophylaxis is an important consideration since combat
conditions may prevent effective treatment once symptomatic intoxication has occurred.
Agents with proven anti-cyanide effects in vivo which do not themsalves produce incapacitat-
ing side etfects, such as thiosulfate and cobalauins are the most promising candidates for
cranide-prophylaxis regimens, and so these agents are to be studied in particular.

24.(U) Laboratory studies involve a canine model in which temale foxhounds are monitored for
respiratory rate and effort, arterial blood pressure, heart rate, arterial pU, pLU, and pH,
methemoglobin, cyanomethemoglobin, blood and urine cyanide anion levels. TheSe measurements
permit calculation of the EDSU for cyanide given to the animals intravenousiy or by inhez-
lation in causing discrete cardiovascular/respiratory signs ot early cyanide toxicity, and

“ they allow for a determination of the protective effects of candidate prophylactic agents:

R jhydraxycobalamin and/or sodium thiosultate.

)
25.(U)ain}9d5:§f 9?tects of vitamin B-12a and combination therapy against cyanide poisoning
lin canine models permit a closer approximation to that of humang. These effects include
asuremert of cardiorespiratory and biochemical events. Quantification of total cobalamins
n blood and urine via radiologic and high pressure liquid chromatographic methods permit )ate
tudies relative to the tormation of vitamin B-12 from vitamin Bl2a. For technical report,
ee Walter Reed Army Institute of Research Annual Progress Report, 1 Oct 83-30 Sep 84.
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Project 341611091A91C: IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Work Unit 171 Development of Prophylaxis Against Acute
Cyanide Poisoning: Studies with a Canine
Model

Investigators Dr. Harold Williams, Ph.D. (GS-13); LTC
Daniel G. Wright, MC; COL John A. Kark, MC;
Deadre Johnson, MS (GS-11)

Description

Studies of the biology and biochemistry of Vitamin B12 have
concentrated upon the use of B., analogues as antidotes to acute
cyanide poisoning. Although it "has been recognized for some time
that B,Za (hydroxocobalamin) may be a useful cyanide antidote, our
work represents the first rigorous pharmacologic studies of this
question. Our objective is to study the feasibility of using B12a
both as a therapeutic and a prophylactic measure against cyanide
poisoning as may be encountered by military personnel during
chemical warfare.

, The use of cyanide gas (HCN) by a military adversary in the
. ‘ event of tactical warfare is considered to be a serious
’ possibility. The feasibility of treating poisonings of troops in
a combat zone 1s likely to be very difficult considering the
rapidity with which toxicity occurs and the problems of
transporting troops to an appropriate treatment facility.
Therefore, the development of prophylactic measures that can be
used when exposures are likely to occur is of considerable
military importance.

Hydroxocobalamin (B >3) avidly binds cyanide anion (CN) to |
form Vitamin B,, (CN-B, } which 1is rapidly excreted by the kidneys :
if plasma levels of CN- exceed the plasma protein binding
capacity for cobalamins. It has been recognized for some time
that 8123 might be a useful antidote against cyanide poisoning but
rigorous pharmacologlc studies of its use for this purpose have
not been done. Our initial studies involved the use of mice and
rats to define the capacity of 8123 administered intravenously to
detoxify cyanide salt given to the animals intravenously or

X

X »
b
ol & 4

[

'=ﬁﬁ intrperitoneally Subsequent studies with dogs have been designed
& to define the pharmacokinetics of very large doses of 81 a
N administered intravenously. Dogs are being used to determine the
Y prophylactic, antidotal effects of Byoa maintained at different

plasma concentrations against challenge with cyanide when B12a is
given to the animals by itself or in combination with other agents
with anti-cyanide effects (e.g. sodium thiosulfate). The emphasis
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of these studies is to define the feasibility of using B,,a to
increase the resistance of an individual to the toxic effects of
an exposure to cyanide gas (HCN).

Progress

During this year, study of the animal model for cyanide
toxicity and B, .,a protection, developed in female foxhounds,
continued along lines previously outlined.

Dogs were given measured doses of CN in both the presence and
abaence of (bl-0OH. Various physiological responses were observed
and recorded and blood and urine specimens were analyzed for total
vitamin B., as well as total and free CN. The efficacy of the use
of Cbl-OH as an antidote was determined by giving dogs loading and
maintenance doses of this medication.

Pharmacokinetic data reported initially in report of FY 83
relative to the clearance of CN-, vitamins B1 and B >3 was
ccmpleted. These data include both those of giochemlcal and
physiological bases. A modified method for me~suring CN- in
biological materials was developed and was presented before a
national meeting of chemists and chemical engineers. The new
method is more sensitive and its reaction rate is faster than the
origzinal method used.

.~ .

41 Data generated from the study show that B 22 does indeed bind
cyanide in vivo as evidenced by lowered levels of detectable free
ecyanide when in the presence of B.,za in the peripheral blood and

i
“t’:’: the almost negligible amount of free cyanide in the urine. This
A o phenomenon is much more apparent in those cases where 812a was
""t: given as a continuous infusion.
Findings suggeat further that the reaction rate betwen
0 cyanide and B1 a proceeds on an order of magnitude similar to most
;:i.: inorganic reac%ions, and that the stability of the 812a-CN
- ;::‘. molecule improves with the passage of time.
L]

¥

Fature plans include the measurement of the rat of B
formation from administered cyanide and B,,a as an 1in vi-o
phenonmenon. Th2ce measurements will be accomplished using High
Pressure Liquid Chromatography (HPLC) in conjunction with
established wet chem!cal and radiochemical procedures,
Observations in antidotal effects agairst cyanide by B1 a loading,
reported initially in earlier reports, will be ccupleted. Project
will terminate at end of FY85 and derivitive research transferred
to other work units.
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Publications

None in FY 84,
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T AGENCY ACUESSION|2 DATE OF SUMMARY RREPOGRT CONTROL 5Y MU
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA305923 84 10 01 DD-DREKIAR, 636
3. DATE PAEV 4 XIND OF S SUMMARY 8. WORK 7. REGRADING 8. OISONINSTA'N 9 LEVEL OF SUM
SUM'RY SUMMARY $CTY CUNITY A. WOAK UNIT
A New U ] cxX
10. NO./CODES PAQGRAAMELEMENT PROJECT NUMBER TASK AREA NUMBER WORK UNIT NUMBER
o PRIMARY 61101A 3A161101AG1C 00 173
b CONTRIBUTING .
. XOOTRXMHXANY | None

11, TITLE (Precede with Secunty Classificetion Code)
(U) Chemical Modification and X-ray Crystallography of Acetycholinesterase

12. SUBJECT AREAS
060! Biochemistry 0703 Organic Chemistry

1. START DATE 14, ESTIMATED COMFLETION DATE |15, FUNDING ORGANIZATION 16. PEAFOAMANCE METHOD

84 10 Cont A | | [.In-house
17. CONTRAACT/GAANT 18. RESOURCES ESTIMATE
s OATE EFFECTIVE IEXPIRATION FISCAL YEARS |a PROFESSIONAL WORKYEANS | b FUNDS //a thousends)
n CONTRACT/GRANT NUMBER 81‘ 0.0 00

T

TYPE d. AMOUNTY
- + 85 0.5 10
9. KIND OF AWAROD [1. CUM/TOTAL
19. RESPONSIBLE DOD ORGANIZATION | | 20. PERFORMING ORGANIZATION |
s NAME s MAME

Walter Reed Army Institute of Research Walter Reed Army Institute of Research
b. ADDRESS finciude 2ip code) b ADDRESS

. 1Division of Biochemistry

Washington, D.C. 20307 - 5100 Washington, D.C. 20307 - 5100
c. NAME OF RESPONSIBLE INDIVIDUAL . NAME OF PRINCIPAL INVESTIGATOR

Top, F.__H_Ir ' Doctor, B P
d. TECEPHONE NUMBER (incixde srva code) d. TELEPHONE NUMERER (include eres code)

(202) 576-3551 (202) 576-3001
21. GENERAL USE FINA 1. NAME OF ASSOCIATE INVESTIGATOR (if evsilebie!

3 NAME OF ASSOCIATE INVESTIGATOR (if eveilobie)
MILITARY/CIVILIAN APPLICATION: H

22. KEYWORDS (Precede EACH with Security Classificetion Code)

(U) AchE; (U) X-~ray crystallography; (U) Active Site S”! Amino-dcid
23. TECHNICAL OBJECTIVE 24. APPROACH 25. PROGRESS (Precede text of sech wit! ity Cul;ﬂul Code)
23. (U) The objective of this project is to map the active site topography of the enzyme
acetylcholinesterase. By obtaining the knowledge from such investigations one can
understand the conformational alterations that may occur when irreversible inhibitor is
covalently linked to it and also one would be able to determine the dimension and functional
group of potential compounds which can reactivate the enzyme using computer graphic methods.
24. (U) Two approaches will be tested: (a) selective modification of amino acid molety in
the region of the artive site (the one that affects the catalytic activity) and (b) x-ray
defraction studies on the single crystals of this enzyme. Reagents which selectively modify
a specific amino acid such as trinitromethane (for tyrosine) will be used to modify the
enzyme. If it affects the catalytic activity, which it does, kinetically one would
determine how many tyrosine residues are modified (preliminary results imply only one
molecule). The modified enzyme will be digested and tryptic peptide containing modified
residue will be isolated and sequenced. Similar experiments with other reagents which
affect other amino acfd residues will be carried out. The results obtained from these
experiments will allow one to put together region of molecule which contains the active
site.

The three dimensional parameters of this region will be elucidated by means of x-
ray defraction studies on single crystals of the enzyme. The purified enzyme will be used
to obtain single crystal by (a) vapor diffusfon and (b) salt precipitation followed by
gradual dehydration using ammonium sulfate and polyethylene glycol. The single crystals
will be used to obtain x-r-y defraction data and Fourier transform maps. Eventually
isomorphus substitution using orgznophosphates will be attempted to obtain differential
structure of the same molecule.

25. None. 134
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1 ALY o s tiega -4--"; T: bt By 2 1AM AN MEM. WY MU
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA305924 84 10 0] DI LRARIAR) 638
3 DATE PREV 4 KIND OF S. SUMMARY 6. WOAK |7 REGRADING 8 LISEN INSTA N o LEVEL OF SUM
SUM'ARY SUMMANRY KTy CumtTy A WORK UNIT
A. NEW u y x
10. NO./CDOES PROCGAAM ELEVMENTY PROJECT NUMBER TASK AREA NUNMSEA WORKL UNIT MUMEE R
s PAIMARY 61101A 611Q1A91C 0Q 173
b CONTRIBUTING
" QRO | i
5 o] |- S

11 TITLE (Precede with Secunty Claasfication Codel

(U) Genetic Exchange in Campvlobacter

12. SUBJECT AREAS

0601 Biochemistry 0613 Microbiology
1. STAARY DATE 14 ESTIMATED COMPLETION DATE 1S S UNDING ORGANIZATION 16. MERECAMANCE METHOO

84 10 CONT pa__| | C. In-House
17, CONTRACT/GAANT 18. RESOUNCES ESTIMATE
e. OATE EFPECTIVE Illﬂﬂh?loﬂ FISCAL YEARS [o PRQFESSIONAL WORKYEARS B BUNDS (In Monssnds)
B CONTRACT/GRANT NA'MBER 1‘
e TYPE ¢ AMOUNT 8 0.0 00
jo. XIND OFf AWARD 1. CUM/TOTAL 85 0.5 15
19, RESPONSIALE DOD OAGANIZATION | 1 20. PERFORMING ORGAKIZATION 1
o NAME o NAME .

Walter Reed Army Institute of Research | Walter Reed Army Institute of Research
5. ADDAESS (include ¢ code) & ADORESS

Division of Biochemistry

Washington, D.C. 20307 - 5100 Washington, D.C. 20307 - 5100
. NAME OF RESPONSISLE INDIVIOVAL ¢ NAME OF PRINCIPAL INVESTIGATOA

Top, FH Jr Genski, P
A TELEPHONE NUMBER (iaciude aroe code) 6 TELEPHONE NUMBER (incinds erve sodv/

(202) 576-3551 (202) 576-2594
21. GENEmAL USE P INA 1. NAME OF ASSOCIATE INVESTIGATOR (if araileble)

MILITARY/CIVILIAN APPLICATION: “ SNAME OFf ASSOCIATE INVESTIGATOR (/f eonsindle)

22 KEYWORDS (Precede EACH with Secunty Clasnificslion Code)

(U)genetic exchange; (U) plasmid; (U) Campylobacter; (U) DNA

23. TECHNICAL OBJECTIVE 24. APPAROACH 28. PROGRESS (Freveds fest of sach mith Secwrity Clessif“sstion Code)

23. (U) The objective is to develop a genetic exchange system for Campylobacter so

that genes associated wvith virulence factors can be manipulated. Development of

such systeas would prove useful for preparing vaccine candidates for immunization

against diarrheal diseases caused by this newly emerging pathogen and for preparing

gene probes for early detection of this pathogen. This research is of military importance.

24. (U) The approach inclules disciplines of bactericlogy, molecular biology and
biochemistry. A search for plasmids, bacteriocins and phages vill be performed in
isolates of Campylobacter. Such DNA molecules will then be explored for use as a
basis for developing both natural gene exchange smong this group and for counstruction
of a chimeric shuttle vector.

25. (V)
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RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 1 AGENCY ACCESS'ON]2 'OATE OF SUMMARY [harONT CONTROL SYMAO],
DA305925 84 10 01 DD-ORARIAR) 036
). DAYE PAGYV 4 KIND OF S SUMMARY 6. WORK |7 REGRADING 8 OISE'M INSTR'N P LEVEL OF SUM
SUM RY SUMMARY SCTYV CUmITY A.WORK UNIT
_NEW ) ] cx
10 NO ICODS?A_ _‘:QOGIAM CLEMENT PROJECY NUMBER YA!S AREA NUMBER WORK UNIT NUMSER
o PrimAnY 611014 3AL6001A91¢ |00 . ) 178
5 CONTRIBUTING
e, QOITRLXXHUNR | None

11 TETLE (Precede with Secuniy Clsssfication Cade}

L (1) Flagellar Pocket Antigens as Potential Candidates for Vaccine Development
7 SUBJECT AREAS

0603 Biology 0613 Microbiology

1) STAAT DATE 16, ESTIMATCO COMPLETION DATE[1S. FUNDING ORGANIZATION I 16. PERFOARMANCE METHOO
84 10 CONT pa__| 1 1 C. In-House
V7, CONTRACT/GRANT 18 n!souact:_!svmnnl
s DATE EFFECTIVE _[! XPIRATION FISCAL YEARS |4 PAOZESSIONAL WORK YEAAS | & FUNOS (In thewsands)
B CONTRACY/CRANT NUMBER 61‘
e 0.0 00
0. AMOUNT 85 0

o. KIND OF AWARD 1. CUM/TOTAL -5 10
19, RESPONSIELE DOO ORGANIZATION | 1 20. PERFOAMING OAGANIZATION |
lo. NAME 8 MAME

Walter Reed Army Institute of Research Walter Reed Army Institute of Research
B ACORESS (include 1¢p code) o AODAESS

Division of Biochemisiry

Washington, D.C. 20307-5100 Washington, D.C. 20307-5100
€. NMAME OF MESPONTIBLE INDIVIOUAL €. NAME OF PRAINCIPAL INVESTIGATOR

ToP, F H IR OLENICK, J G
d. YTELEPHONE NUMAEA (incivde sree code) & TELEPHONE NUMIER (inciude srve code!

(202) 576-3551 (202) 576-3017
21 GENERAL USE {. NAME OF ASSOCIATE INVESTIG.ATOR (if sveilsbie)

FINA GELLEFR. R
MILITARY/CIVILIAN APSLICATION: | #NAME OF ASSOCIATE INVESTIGATOR (if svnilabie)

22 XKEYWORDS (Precede £ACH with Security Cinssificetion Code)
ke igens: (U) Recombinans DNA; (U) Vaccine; (U) Trypanosome

23 TECHNICAL OBJECTIVE 24. APPROACH 28. PROGAESS (Precede text of sach with Security Clessificetion Code)
23. (U) The objective is to conduct highly systematic studies that will permit a defini-
tive evaluation of the potential of flagellar pocket antigens of Trypanosoma irhodesiense
to afford immunoprotection against trypanosomiasis. Such an assessment is extremely
important as a prelude to vaccine development and the protection of non-immune military
personnel in strategic geographical areas of high endemicity.
2¢. (U) The approach embraces the disciplines of parasitology, microbiology, recombinant
DNA technology and immunology. The site specificity of interaction of antiserum to
Trypanosoma rhodesiense flogellar pocket sntigens and the cross-reactivity with the
flagellar pocket region of other variant-specific tiypanosomes will be demonstrated by
izmuncelectron microscopy. Immunoprecipitated products of translated mRNA preparations
from different variant-specific trypanosomes will be examined for the non-variable nature
of components. Mouse protection ~xperiments will be conducted using purified flagellar
pocket antigens. Messenger RNA coding for protein recognized by anti-flagellar-pocket-
antigen-serum will be size fractionated. Genomic and ¢DNA banks will be constructed in
expression vectors. Purified productas expressed by the clones will be tested in mouse
protection experiments. Gene sequences conferring protection will be subcloned for
further study and use.
25. (U) None.

136

DO .1;0::. 1498 €0ITION OF MAR 68 1S OBSOLETE.




1 AGENCY ACCESSION]2 DATE OFf SUMMARY SHAIMIRT CONTROL SYMRBOL
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA305926 84 10 01 LO-DRAZIAR) €36
2 OATE PARYV & KIND OF 5 SUMMARY 8. WOAK |7. NEGRADING 8 DISE'N INSTR'S ® LEVEL OF SUM
SUM AY SUMMARY scry CUMITY A WORK UNIT
A.  New ] U cx
10 NO./CODES PROGRAM ELEMENT PROJECT NUMBSERN TASK AREA NUMBERN WORK UNIT NUMSER
a PRIMARY 61101A JA161101A91. e 176
. CONTRIBUTING
e £OALAMLEING | TONne

11. TITLE (Precede with Secunty Classification Code}

(V) Production of T Cell Hybridomas

12. SUBJECT AREAS
0603 Biology C613 Micr)biology

13. START DATE 14 ESTIMATED CCMPLETION DATE |18 FUNDING ORGANIZATION |18 PERFOAMANCE METHOD
84 10 Cont oA | ] C. _In-house

17. CONTRACT/GRANT 18. AESOURCES ESTIMATE

s DATE EFFECTIVE [exrinarion FISCAL YEARS |a PROFESSIONAL WORKYEARS | b. FUNDS (/n thousends)
b CONTRACT/GRANTY NUMSEA 84 0 . 0 Oo

je. TYes & AMOUNY 85 0.6 20

. KIND OF AWARAD 1. CUM/TOTAL

19. AESPONSIBLE DOD ORGANIZATION | | 20. PENEOAMING ONGANIZATION 1

NAME o NAME
r nstityte of Research I0ivision of CO & [
5. ADORESS (include 419 code) » ADDRESS
Walter Reed Army Institute of Research

Washington, D C 20307-5100 Washington, D ¢ 2C307-5100

[ NAME OF RESPONSISLE INDIVIOUAL c. NAME OF PRINCIPAL INVESTIGATOR

TOP, F H, JR JERRELLS, T R

d TELEPHONE NUMBER (incivde orve code) @ TRLEPHONE NUMBER (inciuds orva code)

(202) 576-3551 __1(202) s76-3658

21. GENERAYL USk f. NAME OF ASSOCIATE INVESTIGATONR (if evatiobie)

ARBOE, D L
MILITARY/CIVILIAN :A"Lchflﬂ' H 95 NAME OF ASSOCIATE INVESTIGATOR (1f eveilebdie)

rz KEYWORDS (Precede EACH with Security Chaesificauian Code)  (U) Cell-mediated immunity; (U) T-cell hybridomas;

(U) Antigen receptor: (U) T-cell epitopes

23. TECHNICAL QBJECTIVE 24. APPROACH 28. PROGAESS (Prevede lext of sush with Security Clossificetion Code)

3. (U) Produce T-cell hybridomas with antigen receptors specific for antigens on

ickettsia tsutsugamushi to evaluate epitopes and T-cell receptor specificity responsible for
timulating cell-mediated immunity to this organism. This research is essential for the
ilitary as it will allow evaluation of subunit vaccines useful for ‘mmunization against

crub typhus and will allow selection of vaccine candidates stimulacing the appropriate
immu?e response. This research will greatly accelerate the production of a scrub typhus
accine,

4. (U) Immune T-lymphocytes from mice convalescent from experimenial scrub typhus will be
used, using existing technology, with the mouse T-lymphocyte lymohoma BW5147. Hybridomas
esponding to antigens on intact rickettsiae, as measured by lymphokine production (IL-2 and
FN-gamma), will be evaluated for strain specificity. Ultimately hybridomas will be produced
rom immune cells obtained from nonhuman primates. The individual antigens obtained by bio-
hemical or molecular biological technology will be znalyzed using these hybridomas to deter-
ine subunit antigens (epitopes) involved in the Cell-mediated immune response.

5. (U)  None.
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Y AGENCY ACCESSION|2. DATE OF SUMMARY {REIORT CONTROL SYMAoL.
RESEARCH AND TECHNOLOGY WORK UNI MMA
L ORK UNIT SU RY DA305927 84 10 01 DD-DR&XIAR) €3¢
2 OAYE PAEV 4 KINO OF S SUMMARY 6. WORK 7 AEGAADING 8. DISE'N INSTR'N 9. LEVEL OF SUM
SUM'AY SUMMANY 3CTY CURITY A. WORK UNIT

A. New U U cX
10. NO./CODES- PROGRAM ELEMENT PROJECT NUMBER TASK AREA NUMSEN WORK UNIT NUMBER
s PAIMARY 61101A 3A161101A9]1¢€ 00 17;
o CONTRISUTING
fe. IONECRAINKE | None

11. TITLE (Preced: with Sacunty Classificetion Code)
(U) Deveiupment cf Human Monoclonal Antibodies Against Biological Threat Agents
12. SUBJECT AREAS
0603 Biology 0613 Microbiology

1. STAAT DATE 14. ESTIMATED COMPLETION DATE[15. FUNDING ORGANIZATION |16 PERFORMANCE METHOD
34 10 .__Cont pA | | C. In-House
17. CONTAACT/GRANT 18 RESOURCES ESTIMATE
a OATE EFEECTIVE [ll'llAﬂON FISCAL YEARS o PROFESSIONAL WORKYEARS | b. FUNDS (In thousends)
B CONTRACT/GRANT NUMBER 84 0. 0 00
. TYPR d. AMOUNT 8% 1.5 50
jo. XIND OF AWAAD t CUM/TOTAL
18. AESPONSIBLE DOD ORGANIZATION | 1 20. MERFORMING ORGANIZATION |
a NAME « NAME
Walter Reed Army Institute of Research Division of Communicable Disease & Immunology
5. ADDAESS (inciude s:p code) b. ADDRESS
Walter Reed Army Institute of Research
Washington, DC 20307-5100 Washington, DC 20307-5100
fc. NAME OF RESPONSIBLE INDIVIDUAL e. NAME OF PRINCIPAL INVESTIGATOR
TlE‘:FNH JR Sadoff, J
d (zlbzsios;gf;;;; {include erva code) d T(!ig;;l()g;gfﬁl?lsigﬂ {inciude arve code)
21. GENERAL USE PINA . {. NAME OF ASSOCIATE INVESTIGATOR (if eveilabie)
MILITARY/CIVILIAN APPLICATION: H ‘ o NAME OF ASSOCIATE INVESTIGATOR (if svailsdia)

22 XKEYWORDS (Precede EACH with Security Classificstion 1 T o
(U) Human monoclonal antibodies; (U) Biological threat agents ; (U) Hybridomas

23. TECHMICAL OBJECTIVE 24. APPROACK 28. PROGRESS (Precede fext of each with Security Clessification Code)

23. (U) Produce hybridomas which secrete human monoclonal antibodies against biological
threat agents. These antibodies will be produced and purified in quantities sufficient

for epitope analysis and for in-vitro and in-vivo functional protective activities. Threat
agents to be focussed on are Anthrax toxin, Rift Valley Fever, and Lassa Fever. Biological
warfare agents are a serious threat to U.S, military personnel worldwide. Human mono-
clonal antibodies could be used as passive vaccines against these agents. Th~y can also

be used in development of active vaccines against the agents by defining epitopes humans
respond to, probing gene libraries, and determining if purified vaccines retain the key

epitopes.

24, (U) Volunteers are immunized with currently available vaccines. At appropriate tiaes
following immunization blood is drawn and peripheral blood lymphocytes are grown in culture
in the presence of 1:togens and/or antigens. When the cells have undergone blastogenesis
they are fused to our myeloma fusion partner. Hybridomas secreting specific antibou_es

are cloned and expanded. Antibody is purified from supernatant cultures and tested for
epitope specificity.

25. (L) None
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1 AGENCY ACCESSIUN OATE OF SUMMARY )L IO CONTROL SYMHO|,
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA305929 3490 B DO-DREKIAR) 636
2. CATE PREV 4 KING OF 5. SUMMARY 6. WORK [ 7. REGRADING 8. OISE'N INSTR'N 9. LEVEL OF SumM
SUMAY SUMMARY t 1384 SECUMNITY A WORK UNIT

A, New U U cx
10. NQ./CODES: PROGRAM ELEMENY PROJIECT NUMBER TASK AREA NUMBEN WORK UNIT NUMBEAR
s PRIMARY 61101A 3A161101A91C [ 178
b CONTRIBUTING
<. 1None

11. TITLE (Precede with Security Classification Code)
(U) Identification of the Agent(s) Responsible for Human Non A Non B Hepatitis
12. SUB.TCT AREAS

0613 Microbiolcgy 0603 Bioloqy

13. START OATE 14, E3TIMATED COMPLETION DATE |18, FUNDING ORGANIZATION |16. PEREGAMANCE METHOD
84 10 Cont pA | | C. In-house
17. CONTRACT/GRANT 18, RESOURCES ESTIMATE
s. CATE EFFECTIVE ] exrinaTion FISCAL YEARS |a PROFESSIONAL WORKYEARS | b, RUNDS (In thousends)
b CONTAACT/GRANT NUMBER 84 0.0 00
e. TYPE d. AMOUNT 85 2.0 50
s. KIND OF AWARD 1. CUM/TOTAL
19. AESPONSIBLE DOD ORGANIZATION | | 20. PERFORMING ONGANIZATION |
» NAME s NAME
b. ADDRESS (include 1ip code) b. ADCRESS —
Washington, DC 20307-5100 Walter Reed Army Institute of Research
’ Washington, DC 20307-5100

¢. NAME OF RESPONSISLE INDIVIDUAL ¢. NAME OF PRINCIPAL INVESTIGATOR
TOP, F H JR SJOGREN, M H
d. TELEPHONE NUMBER (include sres code) d. TELEPHONE NUMBER (inciude area code)
(202) 576-3551 (202) 576-3478
21. GENERAL USE "W AiSOjIATE INVESTIGATOR (if rusilable)

FINA s NAME OF ASSOCIATE TNVESTIGATON if svariasie

MILITARY/CIVILIAN APPLICATION: H Bl'RKE. DS
22. KEYWORDS (Preceds EACH with Security Classification Code)

] . 1. (U) Immune complexes; r
23. TECHNICAL OBJECTIVE 24. APPROACH 28. PAOGRESS (Precede text of esch with Security Classification Code)

23. (U) The technical objective 1s to isolate and characterize the
infectious agent(s) responsible for Non A Non B hepatitis: epidemic and
post-transfusional, The Non A Non B agent(s) are responsible for a
significant number of acute hepatitis cases among military personnel within
the USA and abroad. Once the agent(s) are characterized, rationale
stategies for disease prevention, including vaccination, will be developed.

24, (Y) Samples of human sera, stools and liver will be collected from
both epidemic and post-transfusion Non A Non B hepatitis patients, mostly
from Asia and USA. They will be screened by immune electron microscopy and
by solid-phase radioimmunoassay to detect cross reactivity between sera and
samples. Samples which show a potential source of Non A Non B agent(s)
will be assayed for infectivity in primates., The nucleic acids will be
extracted from these samples., Radiolabeled DNA probes will be prepared
from both nick-translated DNA and from randomly primed RNA templates, and
used for molecular hybridization studies of sera and tissue samples by
Southern and Northern blotting techniques.

25. (V) None.
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RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY

1 AGENCY ACCESSIONI2 OATE OF SUMMARAY IRAPOKT CONTROL MY MHG

DA305931 84 10 0l DO-DRAEIAR) 636
3 DATE PAEV « KIND OF 5 SUMMARY 6. WOAK 17 REGRADING 9. DISEN INSTA'N 9. LEVEL OF SUM
SUM'RY SUMMARY sCTY CUmITY A WORK UNIT
A. New U U CX
10 NO./CODES:  |PROGRAM ELEMENT| PROJECT NUMBER | TASK AREA NUMSE R WORK UNIT NUMBER
a PRIMARY 61101A JA161101A91C 00 -
b CONTRIBUTING kA4
- RRREHRE T Tons

1. TITLE (Precede wiik Secunty Cisssification Code}

(U) Identification and Characterization of Meningococcal Common Antigens

12. SUBJECT AREAS
0603 Biology 0613 Microbiolegy

Walter Reed Army Inscitute of Research

1. START DATE 14. ESTIMATLO COMPLETION DATE [135. FUNDING ORGANIZATION 16. PEAFOAMANCE METHOOD
84 10 Cont pA_| | C. In-House
17. CONTRACT/GRANT 18. RESOURCES ESTIMATE
a DATE EFFECTIVE IEXPIRATION PISCAL YEAARS |a PROFESSIONAL WORKYEARS | b FUNDS (In thousands}
b CONTRACT/GRANT NUMBER 86 0'0 00
le. YYPE d. AMOUNT 85 1.0 25
e. KIND OF AWARD 1. CUM/TOTAL
19. RESPONSIBLE DOD ORGANIZATION | { 20. PEREORMING ORGANIZATION |
8. NAME a. NAME

Division of Communicable Disease & Immunology

o. ADORESS (include tip code)

Washington, DC 20307-5100

b. ADORESS

Walter Reed Army Institute of Research
Washington, DC 20307-5100

c. NAME OF RESPFONSIBLE INDIVIDUAL
TOP, F H JR

Zollinger, W D

c. NAME OF PRINCIPAL INVESTIGATOR

d. TELEPHONE NUMBER (include erea code)

(202) 576-3551

d. TELEPHONE NUMBER (inciu

(202) 576-3651

de erea code)

21. GENERAL USE

MILITARY/CIVILIAN APPLICATION: H

t. NAME OF ASSOCIATE INVESTIGATOR (if aveilabdle)
Seido, R

8- NAME OF ASSOCIATE INVESTIGATOR (if svailable)

22. KEYWORODS (Precede EACH with Security Ciassification Code)

(U) meningococcal; (U

) monoclonal antibodies;

not effective against group B strains.

determined.

U) common antigens: (U) vaccine
23. TECHNICAL OBJECTIVE 24. APPROACH 25. PROGRESS (Precede fext of each with Securlty Claseification Code)

23, (U) Identify common and cross reactive meningococcal surface antigens which are
shared by all group B strains. Furify these antigens and evaluate their potential for
use as a natural or synthetic vaccine against group B meningococcal disease. The
ultimate objective is the development of a vaccine that is effective against all group
B meningococci regardless of serotype. Military recruits during basic training are at
increased risk of acquiring meningococcal disease, und the vaccine currently in use is

24, (U) Hyb:idoma technology will be used to produce monoclonal antibodies which bind

to all group B strains. The antigens to which these antibodies bind will be identified,
purified, and characterized. The capacity of these antigens to induce bactericidal
antibodies in animals and to react with bactericidal antibodies in huma sera will be

25. (U)  None.
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Y AGENCY ACCESSIONE2 DATE OF SUMMARY TN 1rOMT CONTHKOL SNYMBO, .

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 205934 8 10 o1 LU-ORSEIAR) €36 ¥ .
9 DATE PREV 4. KINO OF S SUMMARY 6. WORK |7. REGRAOING 8 DISE'N INETR'N 9. LEVEL OF SUM 4

SUM'AY SUMMARY scTy URITY A WORK UMIT e

A. New ] U cx :

3 NO./CODES PROGAAM ELEMENT | PROJECT NUMBER | TASK AREA NUMBEN WORK UNIT NUMBER -
s rAIMARY 61101A 3A161101A91C .00 -
b CONTRISUTING
. XbMA Rl | None

11, TITLE (Frecede with Secunty Classification Code)
(U) Measurement and mechanisms of immunosuppression by military stressors

12. SUBJECT AREAS

96195 Pharmacology 617 Stress Physiology
13. STAAT DATE 14, ESTIMATED COMPLETION DATE J15. FUNDING OAGANIZATION |16 PFEREOAMANCE METHOD
84 10 CUNT DA 1 L C. In-House
17. CONTRACT/GRANT 18. RESOUARCES ESTIMATE
s DATE EFFECTIVE ]—IXPORATIO“ FISCAL YEARS [o PAOFESSIONAL WOAKYEARS | b. FUNDS (In thousends)
b, CONTRACT/GAANY NUMBER
c. TYPE 4. AMOUNY 84 0.0 oo
. KIND OF AWARD t. CUM/TOTAL 83 1.5 75
19. RESPONSIBLE DOD ORGANIZATION] 1 20. PERFORMING ORGANIZATION |
s NAME s NAME Yalter Reed Army Institute of Research
Walter Reed Army Institute of Research Division of Neurcpsychiatry
b. ADORESS (include 11p code) b ADORESS

Washington, DC 20307-5100 Washington, DC 20307-5100

c. NAME OF RESPONSIBLE INDIVIDUAL c NAME OF PRINCIPAL INVESTIGATOR
Top, F H JR Bernton, E
d. TELEPHONE NUMBER (include erea code) d. TELEPIMONE NUMBER (1nciude eres code)
(202) 576-3551 (202) 576-1290
21. GENEAAL USE FINA ) 1. ?{‘O g ;YA’SS?JCIATT INVESTIGATOR (if avaiiaghle)

NAME OF ASSOCIATE INVESTIGATOA
MILITARY/CIVILIAN APPLICATION: H s ° 0 STIGATOR (if svarlabie)

22. KEYWORDS (Prrcede EACH with Security Classificetion Code) Lab Animals; (U) Rats:
(U) Immunology; (U) Stress Physiology, (U) Prolactin; (U) Endocrine

23. TECHNICAL ORJECTIVE 24. APPROACH 28. PROGRESS (Precede lext of sech wilk Security Clamificetion Code)
23. (U) Populations of military recruits and of mobilized soildiers are especially suscepiible to a
variety of infectious diseases seldom endemic in civilion populations. Acute diarrheal disease has
frequently compromised operational capcbilities in units recently deployed OCONUS, Basic training
recruits had uniquely high attock rates for meningococcal and adenovirus disease until specific vaccine
propholaxis was instituted, Data suggest that certain stressors inherent in military operations affect
host susceptability to acute disease. The neuroendocrine axis and the sympathetic nervous system
appear to provide mechanisms for psycho-physiologic modulation of the immune response. Prolactin is
known both to be released in a graded response to stressors and to modulate immune responses. Serum
prolactin levels may provide a sensitive marker for study of immuno-modulation by stressors.

24, (U) Using the primary (IgM) immune response to T-dependent and T-independent antigens, as well
as viruses, as a study system, with specific Igh titers in response to immunization as an endpoint, the
onterior pituitary response to antigen expc.ure will be further studied. Using antogonists of
endogenous prolactin releose, exogenous proloctin, and antogonists of endogenous opiate peptides, the
effect of interventions in the neuroendocrine response to antigen exposure will then be explored.
Specific stressors which elicit @ neuroendocrine response will then be studied for their effect on IgM

production ond response to antigen . Rodents will be used for these studies.
25. (U)  None. )
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11. TITLE (Precede with Secunty Clasuification cv.r DeveIspme
Factor during Development and after Neuronal Trauma and Intoxication.

v ) AGENCY ACCESSION]Z DATL OF SUMMAAY LK FORT CONTROL »Y XN HOH
RESEARCH AND TECHNOLOGY WORK UNIT SUMMAR DA305936 AL 10 91 DD-DRSEIAR) 616
3 OATE PRAEYV 4 RIND OF 5 SUMMARY 6. WORK 7 REGRADING 8 DISHN INSTAR'N ® LEVEL OF SUMm
SUM'AY SUMMARY $CTY CUMITY A WORK UNIT
A. New U U (94
1A NO./CODSS PROGRAM ELEMENT PROJECT NUMBEN TASK AREA NUMAER WORK UNIT NUMBER
o PRIMARY SITOIX T { 3AT6TIVIAIIC [o1o BRI 187
b CONTRIBUTING
. COARBUIXHY | None
Tor an Assay ) R LAV d L] M QT ST BR0 4010 4

12 s%:nsucr A'PEAS oLt ’
. hysiology sL.  Pharmacology

13. START DATE 14. ESTIMATED COMPLETION DATE]15. FUNOING ONGANIZATION 16. PERFORMANCE METHOD
84 10 CONT pA | | C. In-House
17. CONTRACT/GRANT 18 RESOUACES ESTIMATE
s. OATE EFFECTIVE I!)('!.AY!ON FISCAL YEAAS o PAOFESSIONAL WORKYEARS | b FUNDS (In thousends)
b. CONTRACT/GRANT NUMBER
e TYPE 4. AMOUNTY 8)‘ 0.0 00
a. KIND OF AWAROD 1. CUM/TOTAL 85 2.5 65
19. NESPONSIBLE DOD ORGAN!ZAT!ONI I 20. PERFORMING QAGANIZATION
s vAMe Walter Reed Army Lnstitute of s naMt Walter Reed Army Institute of Research
Research Division of Neuropsychiatry
©. ADDRESS (include 1ip code) b. ADDRESS
Washington, DC 20307-5100 Washington, DC 20307. 5100
c. NAME OF RESPONSIBLE INDIVIDUAL c. NAME OF PRINCIFAL INVESTIGAYOA
Top, ¥ H JR long, J B
d. TCLEPHONE NUMBER (inciude erea code) o. TELEPHONE NUMBER (include aree code)
(202) 576-3551 (202) _ $76-1290
My €O i
27. GENERAL VSE FINA §. WQ?:S’P@ATE s ATOR (il svaslabie)

8- NAME OF ASSOCIATE INVESTIGATOR (1f svailablet
MILITARY/CIVILIAN APPLICATION: H Holadav. J W

22. KEYWORDS (Preceds EACH with Security Classificetion Code)  (UJ) Lgb Animals; (U) Rats; (U) Mice;

3. TECHNICAL OBJECTIVE 24. APPROACH 235. PROGAESS (Precede text of eech with Sezunity Classification Code)

23. (V) Newonotrophic factors influence growth, viahility and hiochemical and marphalogical
characteristics cf resporse neurcrs, Definition of the mles of these neuronotrophic factors in central
and peripheral neuronal function will require the measuwrement of levels and changes in levels of these
factors during development and fallowing neuronal imury and intoxdcation. The technical requirements
for such measurements are considerahle, and to date, conventional assay techniques have proven to be
l.mdeq\nbe. Utilizing a two site antibody recognition scheme, we shall develop an enzyr.e-linked
radioim muncassay far the netronotrophic substance nerve growth factor NGF which should overcome
the protiems of sensitivity and specificity plaqueing cther assays. This assay will then be applied to
examination of levels and changes in levels of NGF in physiclogically relevant tissues during
development, neuronal irjury and recovery. This research is of military importance.

24. (U) Using NGF antibodies linked to a aclid phase, NGF will be extracted from sample preparations,
washed in assay buffer, and bound by a second series of NFG monoclonal antibodies from which a
molecular chain consisting of a series of avidin and biotin-labeled antibodies and enzymes will be
constructed. The enzyme "lactoperoxidase” will be the terminal mdaiety in this co x and will serve
as a signal generator by catalyzing the radiciodination of the protein substrate BSA 1-BSA provides
a readily measured signal, which is quantitatively proportional to the concentration of lactoperoxidase
enzy me and, in tum, to the concentration of the criginal NGF antigen in the sample. This assay will be
applied to NGF measurements in: 1) peripheral nervous tissues respongsive to NGF or NGF antisera; 2)
target tissue of NGF-responsive neurons; 3) brain tissues, whose associations with NGF are presently
undeﬁned. In these samples, NGF concentrations associated with different stages of neuronal injry,
intoxication, and recovery in both neonatal and adult rats will be examined. Such measurements will
provide important neuroche mical ocxrelates to effects of NGF or NGF antisera an neuronal function

25.(U) None. 142
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¥ AGENCY ACCESSIONE? DATE OF SUMMARY IREPUNRT CONTROL SYMBOLL 4.0
RESEARCH AND TECHNGLOGY WORK UNIT SUMMARY |'pao0c 0”20 8% 15 o1 oo stan, ore ﬂ
3 ODATE PREV 4. KINO OF % SUMMARY & WORK 7. REGAADING 8. DISH'N INSTR'N 9. LEVEL OF SUM i
suUM'AY SUMMARY scTY CumiITy A. WORK UNIT
A.NEW ) U CX
10 NO./CODES PROGAAM ELEMENT PROJECT NUMSER TASK AREA NUMBER WORK UNIT NUMEBEA
s rRiMARY 61101A JAT61101A9IC 00 183

o CONTRIBUTING
c. ONTMENING Norie
1%, TITLE (Precede with Secunty Classification Coade)

(U) Pharmacologic Enhancement of jiuran P2rformance
12. SUBJECT AREAS

0510 Psychology, 0616 Physiology, 0615 Pharmacology,

1J.START OATE 14, ESTIMATED COMPLETION OATE [15. FUNDING ORGANIZATION 18. PERFORMANCE METHOOD

84 10 CONT pa | | C. In-House ]
17, CONTRACT/GRANT 18. RESOUNCES ESTIMATE
o DATE EFFECTIVE { €xrinaTiON FISCAL YEARS |o PROFESSIONAL WORKYEARS | b FUNDS (In (Aousends)
b CONTRACT/GHRANY UMBEN

84 0.0 oo}

o TVYPg 9. AMOUNT
o. KIND OF AWARD t. CUM/TOTAL 85 2.5 50
19, RESPONSIBLE DOD oaoAmznnoul ] 20. PEAEQRMING ORGANIZATION ]
s Name s NAME Yalter Reed Army Institute of Research

Walter Reed Army Institute of Research Division of Neuropsy-hiatry
o AQORESS (include 1ip code} . b. ADDRESS

Washington, D.C. 20307-5100 Washington, D.C. 20307-5100
c. NAME OF RESPONSIBLE INOIVIDUAL ¢. NAME OF PRINCIPAL INVESTIGATOR

TOP, F H JR O'DONNELL, V M
d. TELEPHONE NUMBER (include erve code) d. TELEPHONE NUMBER (include arve code)

(202) 576-13551 (301) 427-5521
21. GENERAL USE 1. NAME OF ASS%CI{)TE INVESTIGATOM (if svailable)
FINA ..mwé OF ASSOCIATE INVESTIGATOR (if avariabie/
MILITARY/CIVILIAN APPLICATION: H PLEBANl R J
22 XEYWORDS (Precede KACH 1vith Secunty Clagsificetion Code)
U) Human Volunteur: (U) Stress: (U) Performance; ep: (1) Druec

r)l. TECHNICAL OBJECTIVE 24. APPROACH 25. PAROGAESS (Precede fext of earh with Secunity Classification Code}

23. (U) The objective is to specify the effects, both positive and nepative, of potential
performance ennarncement drugs on military performance.

24. (U) Approach is to: 1) identify variables sensitive to the effects of potential perfc.
mance enhancenent drugs; 2) develop laboratory and field assessment methods for the measu:..-
ment of these variables; 3) assess the effects of candidate drugs on selected variables; 4)
validate the variables and assessment instruments as predictors of military performance
through field studies and system model simulations.

25. (U) None.
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1 AGENCY ACLESSION]2 DATE OF SUMMARY RREPORT CONTIUGL SY M|
RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 0A30594‘ L 10 01 DD-DR&EILR) 636
3 DATE PREV 4 KIND OF 5 SUMMARY ¢ WORK ? REGRAOING 8 DISENINSTR'N £ LEVEL OF SUM
SUM RY SUMMARY SCTYvY CURITY A WORK UNIT

A. New u U cX
10 NO./CODES PROGARAM ELEMENT PAQJIECT NUMBER TASK AREA NUMBER WORK UNIT NUMBER
. PRIMARY SIIUIX AIGTIOIAIIC |00 184
. CONTRIBUTING )
. cobrRrdAdd | RNone

11, TITLE (Precede with Secunty Clasnificetion Chae/ Mevelopment of an oLl neonate rat model Ior monitoring

G s G A 8 R N e D MR S o A A 1 x” x "X

developmeat and plasticity of cholinergic neurons and degeneratrive CNS disease states.
12. SUBJECT AREAS
061, Pharmacology 2616 Phystiology
1. START DATE 14, ESTIMATED COMPLETION DATE }15. FUNDING ORGANIZATION 18. PERFORMANCE METHOD
84 10 CONT pa_ | | C. In-House
17. CONTAACT/GRANT 18. AESOURCES ESTIMATE
s DATE EFFECTIVE IEmeA TION FISCAL YEARS |a PROFESSIONAL WORKYEARS | b FUNDS (in thousends)
b. CONTRACYT, GAANT NUMSER
. TYPE d. AMOUNT 8k 0.0 00
lo. KIND OF AWARD 1. CUM/TOTAL 85 3.0 50
19. MESPONSINLE DOD ORGANIZATION | | 20. PERFORMING ONGANIZATION |
s NAME s Name Walter Reed Army Institute of Research
Walter Reed Army Institute of Research vivision of Neuropsychiatry
b. ADDRESS finclude 11p code) 6. ADDRESS
Washington, DC_ 20307-5100 Washingtoa, DC_ 20307-5100
c. NAME OF RESPONSIBLE INDIVIDUAL ¢ NAME OF PRINCIPAL INVESTIGATOR
Top, © 3 JR Tortey1a, F
d. TECEANONE NUMBER (inciude ares code) o TELEPHONE NUMBER ninciude eres code)
(2023 _S576-1551 (202) 576-1290
21. GENERAL USE N AFE INV-ST ~aTOR (if evai
FINA S Q8 4ySOFAT OR (if wn.hbln
MILITARY/CIVILIAN APPLICATION H '."A\AMDE}’?:‘:SSO‘JC‘-&'E INVESTIGATOR (f aveilabie)
n.a;vwoaos (Precede EACH with Secunty Classificstion Code) (U) Lab Animals,- (U) Rats: : (L' mce :+ Neuronal
L_{U) cenrral Nervpua Sysrem: (U) Neurotrophic Facrars: (U F
23. Z‘Ifc“"(ﬁ,‘ O ESTILE 24 AP PROACH 28, FROCAESS (Precyte toxt of fw&&&hW hility of
responsive neurors. Since most of our knowledge on the newrophysiclogical actions of these factors
comes from experiments with peripheral nervous system neurons, o current understanding of the role

of neurotrophic factors in the central nervous system (CNS) is ndimentary, at best.” In crder to
enhance our nderstanding of the potential roles which these factors play in‘ncrmal CNS development
ard during aging processas, studies directed toward a careful electrophysiclogical and biochemical
analysis of netzonal qrowth and plasticity must be accomplished. We propcse to investiqate the
electrophysiclogical and biochemical carrelates of nerve growth factor (NGF) administration in the
developing rat septo-hippocampal system, a well defined cholinergic neuronal pathway. Previous
studies have demonstrated that this neuronal system responds to NGF with increases in the activity of
the neurotransmitter enzyme choline acetyltransferase (ChAT). If it is possihle to demonstrate that
NFG accelerates synaptic function in t.hissystem, the insights qained may provide critical input for the
4 estahlishment of new therapeutic approaches in degenerative CNS corditions such as Alzheimer's
disease., This research is of military importance.
24. (U) The initial obective of this research will be to estahlish a neonatal rat model for recording
spontanecus electroencephalographic (EEG) activity from cortical and subccrtical sites in unrestrained
pups. Rat pups will be sterotaxicallly prepared with chronic bipolar recording electrodes and
intracerebroventricular cannulae. Spontaneous EEG activity will be recorded in freely moving
nconates and will be sampled intermittently until full development of adult EEG rythms. After
establishing baselines far normal neuronal developmernt, it will then be possible to administer NGF
and/ox other cholinergic agents. The EEG data will be subjected to a sophisticated spectral analysis at
various inter-als during each recording episode. At the conclusion of electrophysialogical monitoring,
neonat).al%t;ms will be sampled far ChAT and other measures of cholinergic activity.
25. (U ne.
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RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY | nasncg42 84 10 01
3 0AlL PaLY N0 O 3. SuNuaAlY ¢ eOm 7 AECRADING XTI $ LEviL Of Suw
suMwARY SunsaRY sCty tcunty A woem yml
A.NEW U U cX
10, 80 7C00ES. PRACCAAN  LLWENT ] PRDECT wuwuil | TASA AREA NUMBLK wON yNIl RyMulH

s PRINARY 61101A 3A161101A91C 00 185

» ConTmisyiing

mn%m_.__mng
U NI [Preceds wild Secersty Closaitication Condl

12 SUBIECT AR(AS

(U) Soil Sample Survey for eggs of Baylisascaris procyonis, the Raccoon

Roundworm

0603 Biology 0606 Environmental Biology

13 STARl DAl 14 ESTIMATLD CuMbETION DATE 19 YUNDING ONRCANIZRTION 16 rERFORMANCE MEInUD
84 10 CONT DA | | C.IN HOUSE

17 CONTRACT / CRANT 18 RESOUNCES ESTimaTE
o DAIE E1FLCTIVE { tueimation FISCAL  YEARS | o PROFESSIONAL wOan YEARS v 1UNDS [/ theusares)
¥, CONYRACY/ GRANT NuwBiR 84 0.0 00
.. Tirt 4. AMQUNT 85 0.3 10
o KIND OF Awakd 1.c08 / 10TAL
19 AESPONSISLE DOD ORCANIZATION | | 70 PLRIGRWING ORCINIZATION T

o NAug
WALTER REED ARMY INSTITUTE OF RESEARCH

o. NAME
WALTER REED ARMY INSTITUTE OF RESEARCH

b ADORESS [/aciade 2ip code )
WASHINGTON, DC 20307-5100

b ADBRESS  hTVISION OF VETERINARY MEDICIN
WASHINGTON, DC 20307-5100

E

t. NAME OF RESPONSINLE INDIVIDUAL
TOP,F H JR

¢ MAML OF PRINCIPAL INVESTIGAIOK
TECEC,T G

6. TELLPNONE NUMBER"[lac/ods 00 c0ts ]
202 576-3551

¢ VELEPNONE NUMBLR [laeivde 410 tede )

301 427-5280

3 CENLRAL st

o NAML OF ASSOCIALE INNESTICATOR /W eresiedle )

L
wiitaRy / CiviLian aprucaton  H

1 NAME OF ASSOCLE (RVESTICATOR /7 ereriests)

12 REYWORDS [/ Procode LACK witd Secetsty Clasetieation Code ]

23 TECHMICAL OBIECTINL 2. APPROACK

military importance.

areas at Fort George G. Meade.

25.(Uj None.

14

U) Lab Animals
: RM

15 FROGRESS  [Proceds 1o1t of sach eith Swevety Classitication Code )
23. (V) It is my intention to determine whether or not a true hazard exists. If such a
problem does exist, I intend to analyze by statistical analysis the extent of, anfi
the comparative nature of the hazard among housing areas, recreational areas, and
those areas in which raccoon dens have been located.

24.(U) I propose to collect soil samples in the vicinity of housing areas and recreatior
Samples will be evaluated by approved laboratory

techniques for the presence of embryonated eggs.

5

This research is of
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3. DATE PREV 4. KIND OF 5. SUMMARY 6. WORK | 7. REGRADING 9. DISB'N INSTR'N 9. LEVEL OF SUM
SUM'AY SUMMARY SCTY CURITY A WORK UNIT
CX
A.New 1} U
10. NG./CODES:  IPROGRAM ELEMENT | PROJFCT NUMBER | TASK AREA NUMBER WORK UNIT NUMBER
s PRIMARY 61101A 3A161101A91C 00 186
b CONTRIBUTING
¢ CONTR(EUMNEX] None

11. TITLE (Preceds with Security Ciossification Code)
®)pabhit a¢ an Animal Model for Irmupe Deficiency Disease

12. SUBJECT AREAS

0603 Biology 0613 Microbiology

1. START DATE 14. ESTIMATED COMPLETION DATE {15. FUNDING ORGANIZATION 16. PERFORMANCE METHOD
8L 10 Cont DA | l C. In-House

17, CCNTRACT/GRANT 18, RESOURCES ESTIMATE

s. DATE EFFECTIVE TEXFIRATlON FISCAL YEARS |2 PROFESSIONAL WORKYEARS b. FUNDS (In thousands}
b. CONTRACT/GRAANT NUMBER
8L 0.0 00
c. TYPE d. AMOUNT 8 2 0 12
e KIND OF AWARD 1. CUM/TOTAL - > ‘
19. RESPONSIBLE DOD ORGANIZATION | 1 20. PERFORMING ORGANIZATION . i
s NAME s.NaME lalter Reed Army Institute of Research

Walter Reed Army Institute of Research Diyision of Veterinary Medicine

b. ADDRESS
Walter Reed Army Institute of Research
Yashington, DC 20307-5100

5. ADDRESS (include 2ip coce)
Walter Reed Army Institute of Research
Washington, DC 20307-5100

¢. NAME OF PRINCIPAL INVESTIGATOR

YONUSHONIS, W P

<. NAME OF RESPONSIBLE INDIVIDUAL

0P, F U JR

d. TELEPHONE NUMBER (include erva code)

{01} 427-5186

d. TELEPHONE NUMBER (inciude arva code)

{202) 576-3551

21. GENERAL USE 1. NAME OF ASSOCIATE INVESTIGATOR (if evailable)
FINA

s NAME OF ASSOCIATE INVESTIGATOR (if snailabie)

LIEBENBERG, S

MILITARY/CIVILIAN APPLICATION: H

22. KEYWORDS (Precede EACH with Security Classification Code) (U) Lab Animals
(1) Rabbits: (U) Oryctolaqus: {U) Immunodeficiency: (U) Conqenital: (U} tymphoid hypoptasia

23. TECHNICAL OBJECTIVE 24. APPROACH 25 PROGRESS (Precede text of sech with Security Classificetion Code)

23(U)An apparent autosomal recessive trait which demonstrates itself in the homozygous state
with depletion in the germinal centers of the follicular areas of gut-associated lymphoid
tissue has surfaced in the rigid barrier breeding colony of rabbits at WRAIR. When hetero-
zyqous carriers are bred, the trait occurs in accordance with genetic autosomal recessive
expectations. Assumed homozygous animals die of immunodeficiency resuiting in acute diarrhea;
dehydration and hypovolemic shock. Based upon laboratory and pedigree data, rabbits will

be bred for heterozygous and homozygous immunodeficient characteristics. This population
will serve as an important animal model of immune deficiency disease and will expand knowl-
edge of the relationship of immune deficiency disease to immune complex glomerulonephritis,
nephrotic syndrome and end stage renal failure. This research is of military importance.

24 (U) Tissues from normal animals in the colony and those animals which died of the trait have
been examined by gross and histopathology. Pedigrees have been identified which apparently
pass the trait to off-spring. Tissues will be examined for immunoglobin-bearing or immuno-
globin containing cells. Results of FA microscopic studies of lymphoid and gastrointestinal
tissue should define immune abnormalities. Clinical immunnlogic parameters will be estab-
lished for suspected trait carriers. Immunoelectrophoresis will screen for serum protein
abnormalities. Radial-immunodiffusion and ELISA will quantitate IgG, IgA and IgM. Direct FA
staining and an FA activated cell sorter will be used to quantitate B and T lymphocytes in

the peripheral blood and associated lymph tissue.

25.({u}) None.

146

DD FORM 1498

83 MAR EDITION OF MAR 68 IS OBSOLETE.

SEATAT R TA LR FE IR I IR R O

AT LS ORI RS RATR A O RN A

B . LI ™ . AT . k R
s Al e TN S ST e e e

s

AT

o

LR BOTX

v
Py

TR .

\
P

T

AR Al T

=
e

A | BN el

.
AT T

5]

FOAREE ) B} LIS ;| S o

i,




1 AGLENCY ACLESSION |2 DATE GF SUMMARY [MErOit COaNTROL SY M

RESEARCH AN A

E CH D TECHNOLOGY WORK UNIT SUMMARY DA30597] Ak 10 01 DD.DRAKIAR) 836 ‘]
3. DATE PREYV 4 KIND QF 5 SUMMARY 6. WONRK ). REGRADING 8 DISBN INSTA'N 9 LEVEL OF Sum
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s PRIMARY 61101A 3A161101A91C 00 187 }
0. CONTRIBUTING ]
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11, TITLE (Precede with Security Classification Code) '
(U) Autonomic Control of Gastrointestinal Transport Functions
12 SUBJECT AREAS

0616 Physiology 0615 Pharmacology 0602 Bioengineering
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13 START DATE 14 ESTIMATED COMPLETION DATE {15 FUNDING ORGANIZATION 16 PERFORAMANCE METHOOD
84 10 CONT pa | | C. In-House
17. CONTRACY/GRANT 18, RESOURCES ESTIMATE
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. TYPE d. AMOUNT T 84 0.0 00 ;
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19. RESPONSIBLE DOD ORGANIZATION]| | 20 PERFORMING ORGANIZATION ]
8. NAME s NAME
Walter Reed Army Institute of Research Division of Medicine
©. ADDRAESS finclude 2:p codes b. ADDRESS i v
Walter Reed Army Medical Center Walter Reed Army Institute of Research \Y
Washington, D.C. 20307-5100 i Washington, D.C. 20307-5100 -
¢ NAME OF RESPONSIBLE INDIVIDUAL . NAME OF PAINCIPAL NVESTIGATOR ! N
] L
Top, FH Jr o | Tai, ¥ H ! ;L
. TELEPHOWE NUMBEA (include erva code} d. TELEPHCNE NUMBER (iniude sree code) .
N (202) 526-31951 (202) 576-3694 2
_'\“ 21. GENERAL USE 1. NAME OF ASSOCIATE INVESTIGATOP. ((f availabiei ..!
0 FINA Gage, T P ! G
_:{ MLITARY/CIVILIAN APPLICATION. H 9. NAME OF ASSOCIATE INVESTIGATOR (if aveilsdle’ ) :J
»o o
' 2. x&YWORQSYPrcrde fihiGihy phSecunty Caufication Coder (U) Cholinergic & Adrenergic nervous system; (U) rats R
s : Diarrhea; (U) Intestinal Transport: (U) Vesicles; (U) Current Pulse ) .

23. TECHNICAL OBJECTIVE 24. APPROACH 28. PROGRESS (Precede text of esch with Secunty Clawification Code) .
23. (U) Evidence has shown that both chemical warfare agents and possible antidotes have |
effects on the autonomic control of gastrointestinal transport functions and may cause
disabling gastrointestinal symptoms including nausea, vomiting, and diarrhea. Our objective
is to understand the nature and mechanism of the gastrointestinal toxicity of the chemical
warfare agents as well assessing the gastrointestinal effects of specific antidotes in order
to develop simpler, more effective, and more efficient prophylaxis and therapeutics for

exposure to chemical warfare agents.

2 O

A

-

So g

24, (U) An initial in vivo perfusion study in animals (rats and/or rabbits) will establish
the dose-physiologic response relationship of the cholinergic and adrenergic agonists.

Subseguent studies with the Ussing chamber technique for tramsepithelial electrical parameterp
ard solute fluxes, with the epithelial cell memvrane vesicle preparationu for the rate of
solute uptake across the apical and basolateral cell membranes, and with the current pulse

. 5
e S 1\ SR LI, -

...
A B

method and mathematical modelling analysis for the electrical properties of the individual '_!

cell membranes are designed to obtain information for better understanding of the nature o

and mechanism of the drug-induced alterations in intestinal water and solute transport. ~

\-
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b CONTRIBUTING
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11, YiTLE (Precede with Secunity Chussilication Code)
(U) Pathogenesis of Hepatitis A Virus Infection in Owl Monkeys

12. SUBJECT AREAS

0603 Biology 0613 Micmbiology

1. STARAT DATE 14, ESTIMATED COMPLETION DATE |15 FUNDING ORGANIZATION 18 PERFORMANCE METHOD
84 10 CONT DA [ ] C. In-House

17. CONTRACT/GRANT 18, RESOURCES ESTIMATE
s OATE EFFECTIVE IEX’INAY!ON FISCAL YEARS o PAQFESSIONAL WOMKYEARS 8. FUNDS (In IRousends}
b CONTRACT/GRANT NUMBER ak 0.0 00
e TYPE d. AMOUNT
0. RIND OF AWARD 1. CUM/TOTAL 85 1.0 100
19. RESFONSIBLE DOD ORGANIZATION | | 20. FERFORMING ONGANIZATION {
a NAME a NAME

Walter Reed Army Institute of Research Walter Reed Army Institute of Research
6. ADDRESS (include 2ip code} b. ADDRESS

Washington, D.C. 20307=-5100 Division of Pathology

Washington, D.C. 20307-5100

c. NAME Or RESPONSIBLE INDIVIDUAL ¢. NAME OF PRINCIPAL INVESTICATON

TOP, F H JR ASHER, L VS
d, TELEPHONE NUMBER (inciude ares code} a. TELEPHONE NUMBEN (1nclude amve code)

(202) $76-3551 (202) 576-2254
21. GENERAL USE f. NAME OF ASSOCIATE INVESTIGATONA (if svwiiable)

FINA BINN, L}
MILITARY/CIVILIAN APPLICATION: H lLPieADKIIJECOF 35$wOCIATE INVESTIGATOR (if availedia}
9

22 KEYWORDS (Precede EACH wilh Security Cleanfication Code) (U, Hepatitis A Virus; (U) Pathogenesi  ; (U) Gastro-

intestinal tract; (U) Liver; {U) Humoral and Cellular Immunity; (U) Oral Immunization

23. TECHNICAL OBJECTIVE 24, APPROACH 25. PROGRESS (Preceds fest of each with Security Classification Cote)
23. (U) To determine the pathogenesis of hepatitis A virus infection: to identify the
site(s) of viral attachment and replication, to trace the spread of virus in lymphatic
and cirulatory systems and to evaluate the role of humoral and cellular immunity in
liver cell damage. The results of these studies should provide valuable information
concerning t'ie pathogenesis of viral diseases of digestive system and development of
more effective oral vaccine against hepatitis A virus and other enteric pathogens of
military importance.

2b. (U) url monkeys are inoculated orally with a wild strain of hepatitis A virus.

At differen! time intervals, organs including several parts of the gastrointestinal
tract, mesenteric lymph nodes, spleen, liver, pancreas, kidney ana lungs are examined
for virus and viral antigens. The techniques used for approaching this problem include
light and electron microscopy, immunofluorescence immunohistochemical staining, in vitrs
culture as well as serological tests.

25. (U) None.
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11, TITLE (Precede with Secunty Classification Codes
U) Cffect of Opiate Blockade on Paraplegia

12 SUBJECT AREAS

0603 Biology 0616 Physiology

1. STAAY DATE 14, ESTIMATED COMPLETION DATE |18 FUNDING ORGANIZATION | 16 PERFORMANCE METHCO
8L 10 CCNT DA | ] C. In-flouse
172. CONTRACT/GRANY 18. AESOURCES ESTIMATE
a DATE EFFECTIVE IEX"HAYION FISCAL YEARS [o P OFESSIONAL WORRYEANRS ». EUNDS (In (heusends)
:. CONTRACT/GRANT NUMBK R 81. olo OCI
c. TYPE 4 AMOUNTY 85 2.0 30
. KIND OF AWARD 1. CUM/TOTAL
19. AESPONSIBLE DOO ORGANIZATION | | 20. PERFORMING ORGANIZATION 1
a NAME o MAME
Walter Reed Army Institute of Research Walter Reed Army Institute of Research
5. ADDAESS (inciude 119 code) » ADDAESS
Washington, D.C. 20307-5100 Division of Surgery
Washington, D.C. 20307-5109
. NAME OF RESPONSIBE INDIVIOUAL © NAME OF PRINCIPAL INVESTIGATOR
0P, F H JR KINNEY, R
3. TELEPHONE NUMBER (mciude orve code) @ TELEPHONE NUMBER uaciudr arve code!
{202) 576-3551 (202) S76-3791
21 GENGRAL UIE ooy, WARLEL f’ﬁpc-f"" NVESTIGATOR (f evasiatie)
MILITARY/CIVILIAN APPLICATION H $ NAME OF ASSOCIATE INVESTIGATOR (f ersable)

22. KEYWORDS (Precede EACH with Secunty Clemiication Code} (U] L3 Amnars (U} RdBDTTS
{U) Spinal Injury; (U' Opiates; (U) Paraplegia; (U) Trauma Surgery

2. Y!CPONICAL OBJIECTIVE 74 APPAQACHKH 2% PROCALSS (Prevede ozt of sarh weith Secendy Clasmifisstion Code}

(U) Irreversilule paraplegia is a rare, but devastating complicstion of temporary aortic
ulmping as i3 necessary in a variety of surgical procedures. Faden et al {NEJM 305: 1063-
7, 1981) have shown that ospiate blockade impreoves functional results in spinal cord
injury. The mechanism of this protection is not known. OQur objective i{s 0 demonstra‘e
benefit of opiate blockade for prrtectinge animals subjected to sortic occlusicn froa
raraplegia. This resear:zh is of military importance.

Jde WU) Qur approach will te %o utilize tne rabbit model 3f paraplegia after temporary
awrtic crclusion ceveioped vy Zivin. Functional results will be assessed as will spinal
cord bleod fidw measurea wi:in radiocactive microspheres, and serum erdorphine levels

levernmined by radioimmwicassay. Thic animal 3tudy could provide s rationale for a
clinical 2rial uytilizing opiate antaronists %o protect surgizal patients from parapiegia.

=. (U) None.
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51 AEYWOADE (Pweode EACH wuth Seenam Clenpiostion Ceart ({U) Organophosphate esters; (U) Anticholinesterase;
(U) Kidney Function; (U) Renal Hemodvnamics: H .
I35 TicnmiCaL CRMCTIVE 24 APPROACH 18 PROGRESS (Preveds Mat of sarh with Sereniy Classfinan Cose! (U ) Dogs; (U)RAM V
23. (V) To investigate the effe-ts of sublechal exposure to organcphosphate esters, either
acutely or chroaically, on renal fuaction and fluid and electrolyts homeostasis in troops.
24. (U) Clearance methods, membrane transport, tissue culture, intrscellular aicroelectrodes,
spectroscopy, enzyme kinetics. 25, (U) 8310 « 84 09

sose responses to Di-isopropyl-flourophosphate (DFP), s model organophosphate ester,
have been performed in both dog and rat. A sublethal concentratioa which results in sub-
stantial inhibitlon of RBC and plasma acetyl cholinesterase activity has been determined.
initial studies dc.ous;utc an effect of a single sublethal exposure oo food and fluid intake
GFR (transient) and Na and H,” exncretion. The effects of DFP on basal and vasopressin sti-
mulated water flow have also Seen studied. DFP does not sffect basal H. 0 parmeability but
aarkedly decreases the hydro-csmotic response to maximal dose vasopresiin., Cultured epithe-
1ial cell lines have been found to be exceedingly rich in acetylecholinesterase activity,
Since these cells exhidit transepithelisl transport and hormone seasitivity in culcure, they
should therefore supply un ideal dicassay systes for relating cellular and enzymstic effects
of organophosphate agents to degree of cholinergic activation. Effort has been expended to
set up 3 system to measure the effects of DFP on membrane potentials and celi volume {n
cultured cells. An in-vitro tubule preparation has been developed to study tha effects of
DFP on cellular metabolism and oxidative phosphorylation. For tecianical report see Walter
Reed Army Institute of Research Annual Progress Rasport, 1 Oct 83 - 30 Sep 84.
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Project: 3M161102BS10 Research on Military Disease, Injury and
Health Hazsrds

Work Unit 161: Renal Function and Metablism After Prolonged
Exposure to Organophosphate Agents

Investigators:
Principal: LTC John P. Johnson, MC
Associates: LTC William P. Wiesmann, MC

Mr. James S. McNeil

Froblems and Objectives

Organophosphate esters exert their primary toxicity through
cholinesterase~inhibition and cause death acutely through nervous
system and respiratory effects. Current therapeutic and
prophaylactic measures proposed to counter the effects of these
agents center on blockade of irmediate lethal actioans by
reversible cholinesterase inhibiiors. The problem of systemic
toxicity in suldiers exposed to sublethal or partially blocked
agents is an area which requires expleration. Both soman and DFP
(di-isopropyl-flouro-phosphate) have been shown to localize
extengsively in the kidney. Moreover, given the characteristics of
irreversible binding to Serine residues of proteins, these agents
might be expected to be wide-ranging enzyme inhibitors or cellular
toxins. The effect of such agents on epithelial tissues (such as
kidney) and their function is largely unknown. We proposed to
evaluate the effects of such agents in acute and chronic sublethal
levels on kidney function at three levels: (1) whole organ
function and blood flow regulation in-vivo in an animal model, (2)
epithelisl tissue function in-vitre in isolated tubules,
epithelial models (urinary bladder and cultured cells) and, (3)
cellular level (cultured cells) enzyme activity, fonic
conductivity and volume regulation. Effects will be related to
the degree of cholinesterase inhibition and blockade by
cholinergic antagonists at each level to determine which are
nmediated through cholinergic pathways and which are primary
effects.

Progress

Initial dose rvespongse studies of single injections of DFP
have been carried out in dog and rat and results in terms of
overall functional impairment have been related to degree of
inhibition of RBC and plasma cholinesterase. Iritial approaches
have been made for an assay of kidney cholinesterase and ATPase.
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In-vitro studies have been carried out omn the effects of DFP on
osmotic H,0 permeability and on the hydro-osmotic response to
maximal and submaximal concentrations of vasopressin. An in-vitro
tubule preparation has been developed to monitor oxidative state,
02 consumption and tissue enzyme release following DFP exposure
in-vivo ovr in-vitroc,

In-Vivo Studies

Initial studies concentrated on examination of renal function
following a single dose of DFP. In dogs, DFP was given at
concentrations of 0.01, 0.05, 0.10, 0.25, 0.35 and 0.50 mg/kg.

Two animals at 0.35 mg/kg and one animal at 0.50 mg/kg died within
two days of injection. Therefore these doses were not further
studied without prior protection. At concentrations of 0.01, 0.05
and 0.10 mg/kg, DFP had no effect on plasma or RBC cholinesterase
activity, no effect on creatinine clearance, urine volume, urine
osmolality, fractional sodium excretion or weight. Renal
functional effects were only seen at 0.25 mg/kg where animals had
47% decrease in plasma cholinesterase at one and two days post-
injection and 90X inhibition at 1, 6 and 12 hours. RBC
cholinesterase decreased by 702 at onc hour and returned to 80X of
normal by 24 hours., As RBC is a true cholinesterase, it is more
likely that these changes parallel changes in renal cholinesterase
activity. At this concentration of DFP, animals fed prorly with
some vomiting and weight loss. A marked decrease in fractional
Na+ excretion without change In urine volume and with moderate
decrease in urine osmolality and creatinine clearance were

found. These resultas argue for significant intrarenal effects
beyond blood flow changes as they persisted through four days
before reversing. Inhibition of cholinesterase should produce
naturesis, diuresis and increase in GFR. All results are
different. In the time of decrease GFR and sustained anti-
naturesis, continued diuresis is inappropriate.

Results of clearance studies with rats wvere qualitatively
similar but required larger doses of DFP. Dose responses from
0.01 to 0.50 mg/kg disclosed major effects at 0.35 to 0.50 mg/kg,
doses which were lethal in dogs. Once again, renal functional
changes paralleled changes in plasma cholinesteragse activity and
were characterized by sustained but reversible decrements in
fractional Na+ excretion, urine osmolality and creatinine
clearauce. An inappropriate diuresis was not apparent. The
results suggest tubular effects of single dose DFP and provide a
workable dose range for blocked higher dosages or multiple
exposure studies.

In-Vitro Studies
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Initial studies were performed in toad urinary bladder to
examine the effect of DFP of basal and vasopressin stimulated .,
osmotic H,0 permeability. After control H,0 flow, bladders were
incubated with or without DFP for one hour, then repiat Hy0 flows =
vere measured psiot to stimulation with maximal (107/M) or N
submaximal (107°M) concentrations of vagopressin. DFP in
concentrations ranging from lO to 10 “M had no effect on basal
H,0 permeability but almost completely inhibited vasopressin
stimulated hydro-osmotic H,0 flow at both maximal and submaximal
concentrations. These results suggest an effect of DFP on
adenylate cyclase or a distal site of vasopressin activation.

In order to examine direct tubular effects of DFP, we have
developed an in-vitro tubular preparation. Rat kidneys are
perfused in-situ with Ringer's and } gr/% PFicoll at room
temperature., After paling, kidneys are flushed with collaganase,
broken by stirring and centrifuged. Cortical tubules are
resuspended in oxygenated Ringer's with appropriate protein
concentrations and studied by spectroscopy across a wide range of
the u-V spectrum with a Diode-array rapid scanning
spectrophotometer. This preparativn has been extensively
characterized by 0, consumption, enzyme release, vital dye uptake
and relative reduction of cytochrome peaks. This preparation has
been designed to examine the effects of DFP in-vivo or in~-vitro on
metabolic function of tubular epithelia,

Future Plans and Recommendations

It is apparent that even a single sublethal exposure to DFP
results in renal functional abnormalities. Proposed studies will
relate in~vivo effects to tissue cholinesterase inhibition in
rat, Then the effects of repeated sublethal or higher doses with
phycostigmine pretreatment will be studied in rat., The effect of
vasopressin in-vivo on the inappropriate diuresis of DFP in dog
will be examined. In related studies, the effect of cAMP on DFP
treated tissues will be examined to determine whether AVP
registance i8 related to an effect on adenylate cyclase. If cAMP
is effective, then adenylate cyclase activity will be studied
following expcsure of epithelia to DFP. Also to be studied are
the effects of DFP on basal Na+t transport and H+ transport as
asgsessed by in-vitro epithelial studies. The effects of DFP on
basal metabolism will be studied in-vitro by use of the cortical
tubule preparation.
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Project  3M1611028S10 RESEARCH ON MILITARY DISEASE,
INJURY AND HEALTH HAZARDS

Work Unit 201 Viral Infections of Man
Investigators:

Principal: COL William H, Bancroft, MC
LTC Donald S, Burke, MC
Dr, Walter E, Brandt, Ph,D.

Associates: MAJ Robert R, Redfield, MC
CPT Erik A, Henchal, MSC
DOr. Robert Feighny, Ph.D,
Dr. Srisakul C. K1iks, Ph,D,
Mr. Jack McCown
Mrs, Jeanne Burrous, M.S.
SSG Thomas Cannon
SGT Matthew Seguin
Mr. Roger Jackson
SP4 Julius Anongos

Problems and Objectives

Characterization of viruses which threaten military
personnel is necessary for effective diseace control. Emphasis
is placed on dengue viruses, but other viral diseases are
studied when necessary., Basic research on dengue viruses is
directed toward evaluation of the genetic lesions causing
attenuation, the enhancement of virus replication by antibody,
and viral reactivity with monoclonal antibodies. Human
volunteer studies are conducted to evaluate the safety and
immunogenicity of candidate dengue vaccines.

Progress
1. Denque Type 1 Vaccine Trial,

A candidate dengue type 1 vaccine (45AZ5) was tested for
safety and immunogenicity in two volunteers on the project ward
located at USAMRIID, Fort Detrick, The candidate vaccine was
derived from human serum 17672 collected on Nauru Island and
provided by Dr, Leon Rosen, The virus was passaged 21 times in
Fetal Rhesus Lung (FRhL2) cells; passage 14 included treatment
with a mitogen, 5-azacytidine. From passage 15 on, virus was
selected for vaccine production on the basis of small plaque
formation and temperature sensitivity. The final product
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produced < 1 mm diameter plaques in LLC-MK2 cells and showed
almost total growth inhibition at 39.3 C. Human testing was
carried out under FDA BB-IND 1952,

The two volunteers had yellow fever neutralizing (N)
antibody but were negative for N antibody to dengue-l. Both
were negative for hemagglutination inhibiting (HI) antibodiesAto
dengue-!, 2, 3, and 4 also. Each volunteer received 2.5 X 10
plaque forming units (PFU) of Lot 1 intramuscularly on 20
February 1984, Daily blood sampling and clinical followup
revealed viremia began on Day 1 after inoculation and lasted for
12 days in one individual and 19 days in the other, Both men
became febrile on day 9; elevated temperatures lasted 5 days and
reached peaks of 38,9 C and 39.0 C. Coincident with the fever
both men complained of headache, muscle aches, eye pain, and
showed an erythematous blanching rash of the chest abdomen and
extremities. Both men became leukopenic by day 10 with minimum
WBC counts of 2300 and 2700 on days 12 and 13, respectively,
Additionally, for the first time in any of the dengue vaccine
trials, a fall in the daily platelet counts was recorded. One
volunteer fell from 230,000 plateiets/ml on day 0 to 123,000 on
day 12; the other fell from 316,000 on day 0 to 173,000 on day
14, Although one volunteer experienced slight bleeding from the
nostril on days 1, 3, 5, 6 and 11, his platelet counts ra...ad
from 181,000 to 377,000 during that time; bleeding was
attributed to dry mucus membranes in a low humidity environ-
ment., Both volunteers were considered to have unmodified dengue
fever and recovered completely by day 30.

Both volunteers developed IgM antibody to Dengue-1 by ELISA
on day 13. HI antibody appeared on day 15 and was broadly
cross-reactive against all four dengue serotypes and yellow
fever by day 30, Both men had typical secondary flavivirus
immune responses,

Of particular interest were the growth characteristics of
the viruses isolated from their sera. Isolates from both
vaccinees were no longer temperature sensitive nor formed only
small plaques. Retesting the Lot 1 vaccine virus revealed a few
large plaques in only one of 4 lines of LLC-MK2 cells in which
the vaccine was plaqued, It appears that the vaccine still
contains a very small minority population of large plaque,
virulent virus which is not expressed in all LLC=-MK2 cell lines,
or the vaccine virus has a very high frequency of early
reversion in humans. In either cases, the vaccine preparation
is unacceptable for further human testing. An alternative
dengue~l vaccine candidate is being sought,
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2. Dengue Vaccine Virus Infection of Human Monocytes.

The WRAIR "S-1" dengue-2 live virus vaccine was previously
shown to be 90% effective in producing neutralizing antibodies
in volunteers who had previously been immunized with the
antigenically related yellow fever vaccine, However, among
volunteers who had no previous sensitization to a related
antigen, only about half responded to the dengue-2 vaccine, It
. has been postulated, and supported by laboratory data, that
N antibodies produced by the yellow fever vaccine form immune
complexes with the dengue vaccine virus which in turn infect Fc
receptor bearing monocytes, In the laboratory, the DEN- 2S-1
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~3 vaccine would not infect a human monocyte cell line (U-937) or m
) freshly drawn human monocytes in suspension culture, unless &
53 antibodies were included in the virus inoculum and the culture §
o medium., The dengue type 1 vaccine virus would only infect these ‘
monocyte cell systems in the presence of antibodies; the type 1
vaccine is highly infectious for human volunteers previously !
! immunized with the yellow fever vaccine (see above). On the :
) other hand, the candidate live attenuated dengue-4 vaccine, -
e either alone or in the presence of ancibodies, did not infect 3
e human monocytes in vitro, This correlated with the low !
infectivity of the dengue-4 vaccine for human volunteers; only 2 !
= out of 5 individuals exhibited serological evidence of h
- ' infection., Infectivity of human monocytes will continue to be \
Q, used as a biologic characterization tool for candidate vaccines,. “
éﬁ 3. Correlation Between DEN-2 Infection Enhancement Activity of }
l. Undiluted Pre- infection Sera and DHF (aused by a Secondary
2 Infection, e
3
Cﬂ The majority (80-90%) of denqgue hemorrhagic fevar (CHF) »
DY cases among children in Thailand have been associated with <
Lt secondary infections of DEN-2 virus, However, not all who had 3
gl secondary DEN-2 infection develop DHF; onlv approximately 3% of 5
N those who are at risk (i.e. previously infected by one or more ,
&3 types of dengue virus) actually develop the severe form of N
w: infection, while the rest remain asymptomatic. Epidemiological 3
:ﬁﬁ and in vitro experimental evidence suggest the role of antibody N
:¢2 dependent enhancement (ADE) of DEN-2 infection in human |
'. mononuclear phagocytes, A study was undertaken to determine if M
oS ADE of DEN-2 infectiun is associated with occurrence of DHF and, o
f% if so, which specific characteristic of enhancing activity is by
N the best correlate to the risk of developing DHF, We j
EQ investigated DEN-2 infection enhancing activity in pre-infection h
o sera of DHF cases in comparison to those of asymptomatic cases “
] from both primary and secondary infections., These pre-infection ;
<Y sera were obtained from the main serum collection of the P
L% f
3
¢
)

-

.
= 0.
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prospective study of dengue infection among Phibun school
children, Bangkok 1980 (see AFRIMS, Annual Progress Report,
1981). Included in the study were 9 cases of secondary
infection-DHF; 32 cases of sex and age matched secondary
infection-asymptomatic; and 10 cases of primary infection-
asymptomatic., DEN-2 infection enhinc2ment assays were performed
using the human monocytic cell line U-937 cultured in the
continuous presence of test sera at various dilutions starting
from 1:10, The degree of infection enhancement was measured as
the percent infected U-937 cells as determined by immuno-
fluorescent staining,

— . Bt o e

:&j We found no DEN-2 enhancing activity among pre-irnfection
D) sera of the primary infection-asymptomatic group. DEN-2
;@ enhancement activity was found in all of the pre-infection sera
of secondary infection, both asymptomatic and DHF groups. The

4 mean enhancement titer of the asymptomatic group was higher than
. that of the DHF group (P =0.05). The mean power of enhancement
N (maximum degree of enhancement found at any one dilution of each
N serum) of tha asymptomatic group was higher than that of the DHF
&i group (P =0,001). We also compared the "peak enhancement titer"
I§ j.e. the titer at which maximum enhancement occurs, between the

two groups. Likewise, the mean peak enhancement titer of the
asymptomatic group was higher than that of the DHF group, (P

Sl =0,005), The peak enhancement titer of pre-infection sera of

i the DHF group was 1:1C (the lowest dilution tested) among 7 out !
) of 9 cases. The enhancement profile also indicated a higher i
E‘ degree of enhancement in dilutions < 1:10 or even undiluted. In

cx s contrast to those sera from the asymptomatic group, the maximuin

™ enhancement (peak titer) occurred mostly at dilution 1:40 or

o higher. Furthermore, substantial degree of virus neutralization

3 was observed at dilutions preceding the peak enhancement, : ]
[}
R
" Infection enhancement activity in an undiluted serum cannot
X be measured in the U-937 cell system, due to the serum toxicity
;iﬁ to cells., We therefore developed a micro-enhancement assay
):? using freshly isolated human elutriated monocytes grown in a
&

2 small volume of undiluted serum or serum diluted 1:5 with RPMI

: medium with 10% FCS and antibiotics. The degree of enhancement
&@ was measured by both virus yields and percent infected cells.

- We detected a low level of non-specific infection enhancement in
: all of the pre-infection sera of the primary-asymptomatic
Y group, No infection, or infection less than that due to non-
: specific enhancement, was observed in monocytes cultures in
o presence of 25 out of 32 undiluted sera from the sz2condary
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- infection-asymptomatic group. Sera from this group exhibited =
Fl infection enhancement but of a generally low magniiude, In K
;s; contrast, seven out of 9 sera from the secondary infection- DHF )
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group exhibited enhancement of high power. These sera had DEN-2
PRNTg, titers of 1:10 or less. Two sera had DEN-2 PRNT¢, of 600
and 290 One exhibited neutralization at the undiluted ?evel of
serum concentration while an insuyficient quantity of the other
was available for testing.

Wwe concluded from the above results that 1) ADE of DEN-2
infection in human monocytes does play an iaportant role in DHF
caused by a secondary infection of DEN-2 virus and 2) high DEN-2
power of enhancement in undiluted serum is highly correlated to
the development of DHF from a secondary infection.

4, Evidence That Fibronectin No--specifically Enhances Dengue-2
Virus Iniection 1n Human Monoc tes,

Fibronectin is a high molecular weight glycoprotein (dimer
with M.W, 450,000) found in mammalian plasma and associated
with mammalian cells. Plasma fibronectii. is known to bind with
several biological substrates such as fibrin, coliagen, gelatin
and cell surfaces, especially tnose in the mononuclear «
phagocytic system, Plasma fibronectin has also been reported to »
s | be one of the nonspecific opsonins for phagocytosis and A
clearance of certain bacteria, Fibronectin has also been
reported to bind with envelop glycoproteins of some viruses.

Due to its dual ability to bind with both viral
glycoprotein and surfaces of monocytes, we tested fibronectin
for its ability to enhance DEN-2 infection in human monocytes in
vitro., Our results showed that purified fibronectin (courtesy
of Dr. D.F, Mosher, Department of Medicine, University of
Wisconsin) at the optimum concentration of 100 ug/ml
continuously present in the culture medium of RPMI with 10% FCS
and 2 tibiotics enhanced DEN-2 intection of human monocytes by
approximately 10X, The degree of enhancement observed was much
lower than enhancement observed in the same system by flavivirus
specific antibodies, Purified DEN-2 virus was shown to bind
with purified fibronectin as detected by the radioimmunoassay
method.
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Undiluted normal human sera or plasma that have been
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= screened and shown to he negative for flavivirus antibodies

o nonetheless enhanced DEN-2 infection in human monocytes, The

o degree of enhancement was less and could be differentiated from

R that observed in the antibody dependent enhancement, . The

ii enhancement effect by normal serum was not detected at serum :
o dilutions beyond 1:20-1:50, Since normal human plasma contains :
\‘-,

) approximately 250-280 ug/ml of fibronectin, we determined if ’
&Q removal or reduction of the levels of fibronectin would result ;
:
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in removal or reduction of the serum or plasma enhancing
activity, Plasma samples with known content of fibronectin were
passed through gelatin-4B sepharose columns (Pharmacia Fine
Chemicals) for removal of fibronectin, Eluates were found to
have no detectable fibronectin by the immunoprecipitation

assay. Tnese plasma were tested and found to have lost their
enhancing activity or have the activity reduced by 10 fold.

When we added purified fibronectin to these treated plasma at
various concentrations, the enhancing activity was not

restored. We viewed this observation as an indication of a
requirement for certain configuration of fibronectin molecules
to be effective in the opscnization process. Interaction with
fibrin or collagen has been reported to confer on fibronectin
molecules effectiveness in opsonization, We conclude that
fibronectin may cause the non-specific infection-enhancement
activity observed with flavivirus antibody negative human sera
and speculate that fibronectin in human plasma may affect dengue
virus infection of monocytes in vivo,

5. Antibody-mediated Infection Enhancement of the Intracellular
or Immature Form of Dengue-2 Virus.

Dengue fever viruses can be made much more infectious for
human monocytes by first reacting the virus with antibodies that
do not neutralize the virus. The virus-antibody complexes then
infect monocytes via their Fc receptors, Most dengue
hemorrhagic fever in Thailand is caused by denque-2 virus
infections of humans who have been previously infected with
another serotype of dengue virus., It appears that the
heterologous dengue antibodies in these individuals react with
common antigens on the infecting virus, and the resultant immune
complex then infects Fc-receptor bearing cells, This concept
has been supported with infection enhancement studies employing
monoclonal antibodies, Antibodies directed against common
antigens on all flaviviruses enhanced the infection of fc¢
receptor bearing cells, whereas aatibodies directed against type
specific neutralization epitopes did not enhance the infection
of virus doses similar to, or exceeding those injected by
mosquitoes. We recertly discovered that monoclonal antibodies
directed against a polypeptide found only on intracellular or
immature forms of the virus were highly effective in enhancing
the infectior of human monocytes. This particular monoclional
antibody, 2H2, reacts only with the dengue complex viruses
(Dengue serotypes 1 through 4), and not with ther flaviviruses,
using infected cell cultures as an antigen, It was observed
that 2H2 reacted with the glycoprotein p20, or NV2 in
radioimmune precipitation tests; there was no reaction with the
structural polypeptides that are part of the mature virus, We
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also observed thi® dengue hemorrhagic fever patients have
substantial anti-NV2 antibodies in their acute phase sera,
These antibodies can react with the low-infectivity tmmature
virus thereby making it highly infectious for Fc receptor
bearing cells, Recombinant DNA technology might enable
synthesis of vaccines that do not induce antibodies to NV2,

6. Mediators Produced by Macrophages Infected With Dengue-2
Virus,

Soluble factors procduced by infected macrophages play a
role in the pathuphysiologic response to infection., Preliminary
studies carried out in collaboration with Division of Medicine,
USAMRIID, showed that tissue factor production by freshly
harvested human macrophages infected with dengue-virus immune
complexes was about half that of the maximum produced by
macrophages treated with endotoxin, It was not possible to do
thess <studies in the U-937 continuous human monocyt2 cell line;
tissue factor was not detected as it was in fresh macrophages
under the same experimental conditions in the same test, In
collaboration with Dr, T, Allison, fresh macrophages infected
with dengue immine complexes produced the same amount of
platelet activating factnr as did endotoxin treated control
macrophages, Since the macrophage processes the infecting virus
through different pathways, depending on whether the virus
enters the cell through a virus receptor or as an infectious
immune complex through an Fc receptor (1983 Annual Report),
mediator production will be determined following each route of
infection., Infection via the virus receptor requires a high
multiplicity of infection in order to attain the same level of
infection obtained by a low multiplicity of infection when the
virus tnoculum is complexed with antibodies,

7. Etiologic agent, clinical features, epidemiological
observations and immunological defects of AIDS related
complex (ARC) and AiDS,

We studied the clinical characteristics of AIDS. patients
referred to WRAMC, Common clinical features included
generalized lymphadenopathy, lymphopenia, anergy, oral
candidasis, and other opportunistic infections. A central
feature of this disease is a severe depletion of the T helper
cell subpopulation of circulating mononuclear cells. In light
of these clinical observations we defined a syndrome which
accurately identified patients with AIDS Related Complex (ARC)
prior to severe opportunistic complications, ARC is defined as
1) chronic (greater than three months duration) lymphadenopathy
with nodes of at least 1 cm in diameter, involving two or more
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extrainguinal sites and, 2) persistent (greater than 6 weeks)
absolute T helper cell depletion (less than 400 T helper cells
per mm3), The recognition of these subclinical patients has
significantly enhanced research efforts and directly resulted in
several important observations,

a, Etiology of ARC and AIDS., In collaboration with Dr,
Robert Gallo, National Cancer Institute (NCI) HTLV-III was
successfully isolated from the peripheral blood leukocytes of
18/21 patients with ARC and 6/6 patients with AIDS, Mononuclear
cells were isolated by Ficoll = Hypaque gradient fractionation
and treated for 48 hours with purified phytohemagglutin (5ug/5
ml), then cultured in medium supplemented with 10% thymocyte
growth factor, HTLV-III was monitored by extracellular release
of reverse transcriptase activity, direct electron microscopic
examination, intracellular expression of viral proteins, and
transmission to fresh human lymphocytes, This frequent
successful isolation of HTLV-III strongly supported its
etiologic association to ARC and AIDS,

In addition to isolation of HTLV=III, 3 serologic test, the
whole virus ELIZA, developed by NCI collaborators, documented
infection in 37/37 ARC and 14/15 AIDS cases among U.S.
military, All cases were confirmed by Western blots when
detected antibody to HTLV-III viral structural proteins,

b, Target cell of HTLV=-III, 1In collaboration with
investigators at the NIH (NCI-NTAID), we demonstrated the
selective depletion of T helper inducer cells (leu3+ leu8+) in
patient with HTLV-III infections manifested as ARC. Using
directly labeled monoclonal antibodies and multiparameter flow
cytometry, we quantitated the major mononuclear leukocyte
classes and their subsets in these ARC patients and normal
controls, Among ARC patients the leuld+ (T helper) population of
cells showed a selective decrease of the leu8+ (T helper
inducer) subpopulation of cells, suggesting that in vivo
antibody response should be preserved longer than in vivo
cytotoxic T cell response. The leu2+ population of cells showed
a relative decrease in leu8+ cells; however, this appeared to
secondary to an absolute increase in leu2+ leu8- cells. Further
multiparameter flow cytometry employing viral specific antibody
will help explain these observations,

c¢. Clinical spectrum of HTLV-III infection. Clinical
features of HILV-III disease have been observed to include (1)
asymptomatic infection, (2) ARC, (3) ARC with clinical T cell
deficiency, and (4) AIDS, Clinical features common to ARC and
AIDS include generalized extra- inguinal lymphadenopathy, oral
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candidiasis, and skin lesions, Laboratory features include
circulating atypical lymphocytes, pleomorphic mononucliear cells,
leukopenia, lymphopenia, T helper cell depietion and defects in
delayed hypersensitivity, Evidence which support that ARC and
AIDS represent part of the clinical spectrum of a common disease
are as follows: 1) MTLV=IIIl infection was documented by
isolation from peripheral blood leukocytes and presence of
antibody to structural proteins to HTLV-11! in 14 consecutive
ARC and AIDS patients; 2) ARC patients had a mean age 7 years
younger than AIDS ;atients; 3) AIDS patients had significantly
Tower mean leukocyte, lymphocytes and T helper cell counts; 4)
the clinical course of ARC patients is characterized by
progressive depletion of circulating mononuclear cells
(1ymphocytes and T helper cells) and the development of oral
candidiasis, defects in delayed hypersensitivity and
oppor