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I. Introduction

The work performed during the last three years represents the culmination of a
project which started in 1979. The initial objectives were to identify and characterize the
immunotoxic effects of various compounds of interest to the Air Force. Early in the course
of the experiments, one particular compound, 1,1-dimethyihydrazine (UDMH), was folind
to have rather unusual properties in that it augmented many immune functions at low to
moderate exposure levels, and had no effect or suppressed some immune functions at
higher exposure levels. The immunoenhancement property raised concern that UDMtH
could potentially cause autoimmune disease; in fact, other hydrazine containing compounds
are known to do so. Subsequent efforts were directed at further characterizing the
immunomodulatory effects of UDMH, and delineating the mechanisms by which it exerted
these effects, particularly t'.. immunoenhancemen:. The following list summarizes the
significant effects of UDMH that we have noted during the first 7 years of the project.

A. Effects of UDMH on immune function

1. Enhancement of Jerne plaque response (number of antibody-producing
cells, in vivo exposure).

2. Enhancement of allogeneic lymphocyte response (in vijv and in viytr.
exposure)

3. Inhibition of concanavalin A activates suppression T-cell activity 'in
vivo and in 1,tnŽ exposure).

4. Biphasic effect (enhancement at low concentration; suppression at
higher concentration) on lipopo!ysaccharide-induced B-cell
proliferation.

5. Suppression of concanavalin A-induced T-cell proliferation (in vilr.
exposure).

B. Effects of UDMIt on monocyte/macrophage function.

1. Suppression of prostaglandin E, (PGE2) synthesis (in irLW exposure)
2. Suppression of chemiluminescence (in y=jr exposure)
3. Suppre'ý,in of phagocytosis and killing (in y exposure)

"The results of thesc experiments suggested that UDMIt could exert its
immunoenhancertlent effects by interference with suppressor T-cell activity and/or byoppre,,sion of PIGF2 synthesi by macrophagesi (PGE, is a natural down-regulator of the

immune response). Numerous other potential mechanisms of immune modulation exist,
however, and the last three years have been spent exploring some c;f these potential
mechanisms.

II. R~e~arch Objectives:

The following is a list, of objectives for the past three years which we have attained
or are finihing up:
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SA. Characterization of !he in vivo and in vitr effects of UDMH on interleukin
1 synthesis and activity.

B. Characterization of me in vivo and in viLro effects of UDMH on interleukin
2 (IL2) synthesis and binding.

C. Evaluation of the in vitro and in vivQ effects of UDMH on IL2 receptor
expression using flow cytometry.

D. Evaluation of the in yivo effects of UDMH on Corynebacterum nryum-
induced suppression of lymphocyte blast transformation and IL2 production.

E. Evaluation of the effects of UDMH on production of superoxide anion (0,-
) by macrophages and on hydrogen-peroxide (H202)-induced suppression of
lymphocyte blast transformation.

I F. Determination of the in yinr and in viyo effects of UDMH on the distribution
and expression of T-lymphocyte subset antigens (Thy 1.2, Lyt-2, L3T4) and
immune response (1a) antigens using flow cytometry.

G. Determination of the effects UDMH on changes in intracellular calcium

during lymphocyte activation.

H. Determination of the effects of UDMH on membrane potential.

i. Determination of the effects of UDMH on the production and activity of a
suppressive lymphokine, Soluble Immune Response Suppressor (SIRS).

Ill. Status of Research

A. Work completed before last annual report.

The rationale, methods and results of several of the listed objectives
have been detailed in the last two annual reports (June 1987, May 1988). The
results of thoe experiments will be briefly summarized, and the original or
modified tables and graphs will be included in Appendix 1.

1. Interleukin I (ILl) synthesis and activity: The effects UDMH on ILl
were investigated because ILl, produced by macrophages, is an
important up-regulatory molecule in the initial phase of the immune
response. The experimental results indicated that UDMH slightly
suppresses the production of ILl (Table 1) and markedly suppresses
ILI activity (Table 2). Further experiments suggest that UDMIt exerts
the latter effect at least partly by blocking lymphocyte ILl receptor
generation or expression (Table 3).
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2. Interleukin 2 (I12) synthesis and activity:. I.2 is also an important

lymphokine in - immune response, particularly in proliferation and
differentiation ,.. iymphocytes once the immune response has begun.
Several experiments were done to evaluate the effects of UDMH on
IL2.

a. In yiyo treatment: A slight suppression of I12 production was
seen by splenocytes from UDMH-treated mice (Table 4).

b. In 3d=r exposure: Splenocytes exposed to UDMH produced
slightly less IL2, and IL2 production by EL-4 cells, a cloned IL12-
producing lymphocyte cell line was significantly suppressed in

i a dose-related fashion by UDMH (Table 5).

c. IL2 activity: The proliferation of CTLL-20 cells, an IL2-
dependent T-cell line, was suppressed in a dose related manner
by UDMH (Table 6).

d. Effects of UDMH on the 112 molecule: Incubation of UDMH
with L2-containing supernatant did not affect the 112 activity
(Table 7).

e. IL2 binding: Once the 112 receptor was generated by thelymphocyte, UDMfH did not affect the hinding of 112 onto the
receptor (Table 8).

1 3. Effects of UDMH on Corynebacterium p (c.p.)-induced
suppression of lymphocyte functions: Since c.p. is a potent macrophage
activator and immunosuppressant, and other experiments indicated
that UDMH interferes with activated macrophage functions, the in vjiv
effects of UDMH treatment on c.p.-treated mice were examined.
Experiments showed that UDMH partially reversed c.p. induced
suppression of IL2 production (Table 9), and lymphocyte blast
transformation (Table 10), especially during the first 24 hours. It was
concluded from these experiments that UDMIll interferes with theimrmunouppresive effects of c.p., possihly by interfering with the
suppressive effects of overwhýelming macrophage activation.

IB. Final results and conclusions of other objectives:

For the other objectives, no or partial results were presented in previot s
reports. The rationa!e, methods, final results, and significance will be
repeated and/or updated here.

I 1. Interleukin 2 (112) receptor expres.ion.

!
I
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a. This experiment was planned to be done with all the other

experiments dealing with the effects of UDMH on 1L2, but was
delayed until the appropriate reagents were acquired. The
rationale for doing the experiment was to determine if UDMH
exerLs its suppressive effect on 1L2 activity by interfering with
112 receptor expression. The experiment has at last been

I completed.

b. Method: IL2 Receptor expression in both in yix. and in yitr
UDMH treated mouse splenocytes was determined by the use
of monoclonal anti-lL2 receptor antibody and flow cytometry.
Splenocyte cultures or CTLL-20 cells were stimulated with
mitogen to obtain IL2 receptor expression. After 24 and 48
hours incubation, cells were fixed in 1% paraformaldehyde and
stained by indirect immunofluorescence. Cells were assayed fori receptor expression on an EPICS 753 flow cytometer.

c. Results: Experiments showed that UDMH decreased the
number of cells expressing 1L2 receptor at both 24 and 48 hours
in yitr, however these results were not significant as determined
by the student T-test and ANOVA (Table 11).

Id. Conclusions from all experimens dealing with the effects of
UDMH on ILl and IL2: To summarize, these experiments
suggest that UDMH suppresses ILl activity by interfering with
ILl receptor expression on the target lymphocytes, and it
interferes with IL2 activity by an uncertain mechanism, part of
which may Le interference with IL2 receptor expression on T-
lymphocytes. It is possible that these effects are induced by a
common mechanism.

These resu!ts correlate well with the previous observation
that UDMH suppresses mitogen-induced lymphocyte blast
transformation, as the production and activity of both ILl and
IL2 are necessary for lymphoproliferation during an immune
response. However, the significance of these results in terms
of the in yjU and in yitr 'mmunoenhancement effects of
UDMIt is uncertain. It is difficult to extrapolate from such
specific in y.iro experiments as those with ILl and IL2 to what
occurs in the intact animal. One would logically conclude that
the immune response would be suppressed if ILI and !12
activities are decreased; however, it has been shown that
suppressed IL2 responses occur in animals and human patients
with sonme autoimmune diseases, of which aherrent enhancement
of certain other immune functions is a feature. Hence, these
results could be consistent with the broad supposition that
UDMH could cause autoimmune disease, as other hydrazine.
containing compound are known to do,

I
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2. Effects of UDMH on superoxide anien (02-) production by
macrophages, and on hydrogen peroxide (H202)-induced suppression
of lymphocyte blast transformation.

a. Rationale: These experiments were done to further delineate
the mechanism by which UDMH interfere with the
immnnosuppressive activity of c.p.-activated macrophage. One
of the mechanisms attributed to c.p.-induced imnmunosuppression
as well as down-regulation in a normal immune response, is
H20 2 production by macrophages once they are activated. We
wanted to determine if UDMH interferes with either the
production of H20 2 (by measuring 02- as the intermediate) by
macrophages or the suppressive effects of H2 02.

b. Methods:

1) Lymphocyte Blast Transformation Assay - Spienocvtes at
10"cells/ml were p~ated in quadrup!icate in 96 well
microtiter plates and the mitogens Con A and LPS, or
cell culture media (control) were added. UDMH at 0,
15, and 25 Mg/m! and H20 2 at 0, 10, 20, 30 and 40 14 M
were then added. ,..ultures were incubated at 37'C in
5% CO2-humidided incubator for 66 hours. Cell
suspensions were pulsed with 10 ul (0.SuCi) tritiated
thymidine for 6 hours, harvested on glass microfiber
filters and counted by liquid scintillation spectrometry.
Results were analyzed by the ftudent's T-test and
ANOVA.

2) Macrophage-Superoxide Anion Assay - Thioglycollate-
elicited peritoneal macrophages were placed in 96 well
microtiter plates at 3X10 cells/well and iacubated for 2
hours in 5% CO at 376C. Cell monolayers were then
exposed to 100 oi of UDMH at 0, 25, 50, 100. 200. and
400 uM for 2 houws. Cell monolayers were then washed
with cell culture media and incubated with 100 ml
cytochrome C solution, with and without TPA to
s:imulate superoxide anion. Cytcxhrnme C reduction
by superoxide anion was measured by U.V. absorption
spectophotometry at 55Onm.

c. Results: These experiments showed that UDMH does not
interfere with either O-production (Table 12) or H20 2-induced
suppression of LBT (table 13 and 14), except at the highest,
slightly toxic concentrations.
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d. Significance: It was concluded from these results that UDMH
does not exert its imniunoenhancement effects, or its
interference with activated macrophage functions, by iihibition
of H 20 2 production or aczivity. UDN).IH-indjcee inteiference
with prostaglandin E2 synthesis (reported earlier) remains as
possible mechanism.

3. Effects of UDMH on expression of T-lymphocyte antigens and immune
response (la) antigens using flow cytometry.

a. Rationale

1) T-lymphocyte antigens: T-lymphocytes bear surface
antigens whb.ch corrclate with their function. Murine
lymphocytes can be divided into helper/inducer cells
expressing the L3T4 surface antigens and
suppressor/cytotoxic cells bearing Lyt-2 surface antigens.
Autoimmune or immunodeficient diseases have been
characte.ized by alterations in the ratio or absolute
number of these lymphocyte populations. Flow
cytometric analysis of expression of these cell surface
antigens upon exposure to UDMH both in XjW and in
yitr were examined.

2) la antigens: The la antigen is a cell surface marker and
product of an immune response gene. It is prescrnt on
B cells and macrophages (antigen presenting cells) arid
suppressor T-lymphocytes. Other T-lymphocytes interact
with the la antigen via a receptor molecule to allow
optimum immune response. Alteration of or interference
with Ia antigen expression may be responsible for the
immunomodulatory effects of UDM11. Flow cytometric
analysis of la antigen expression on B cells and
macrophages of in yitro t.nd in yjy. UDMII exposed
murine spicen cells have been examined.

b. Methodx

1) Lymphocyte antigens: Lymphocytcs were ;solated from
the spleen, mesenteric lymph nodes, and thymu-. of
normal and UDMII-treated mice. Adherent cells were
removed and nonadherent cell suspensions were
incubated with UDMHI (cells from normal mice only).
Direct immunrrfuorescence staining was then performed
usi:qg fluoresceir. and phycoerythrin-conjugated
monoclonal anti.L3T4, Lyt-2, or Thy 1.2 (a general T.
cell marker) antihxpdies. These cells were then evaluated
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for percent cells expressing antigens and density of
antigen per cell using flow cytometry.

2) Ia amtigen: Splien cells from normal or UDMH-treateo
mice were enriched for adherent populations of B-cells
and macrophages. Cells were incubated with UDMH
(normal cells only) and stained by indirect
immunofluorescence with a monoclonal anti-la antibody.
They were evaluated as described above using flow
cytometry.

c. Results:

1) Lymphocyte antigens: The results show that UDMH did
not significantly alter lymphocyte subpopulations defined
by Thyl.2, L3T4 or Lyt-2 either in xivo or in yi=.
However, at 75 mg/kg. the thymocyt: T,,cell
subp'opulation defined the by marker L3T4 was
significantly decreased from control (see Figures 1-7).

2) la antigen: Expression of Ia antigen on adeherent murine
splenocytes was not significantly affect:-d in mice exposed
to UDMH, although a slight concentration dependent
increase was noted (Table 15).

d. Significance: UDMH did not significantly affect murine
lymphocyte subpopulations or expression of [a antigen as
determined by flow cytometric methods. This analysis is
important in that it points out that modulation of the immune
response by UDMH does not occur as a result of altered
lymphocyte subpopulations or MHC Class 11 antigen expression.
Since the lymphoid subpopulations were phenotypically normal,

UDMI! induced alteration of the normal immune response
must occur by functional mechanisms not rclated to alteration
of c1ll populations or their antigen expression.

4. -ffects (if UDMIA on chadges in intracellular calcium during
lymphocyte activation.

a. Rationale: Calcium (Ca 2 ') acts as an intracellular seccnd
messenger in many cellular events. Elevation of intracellular
ionized calcium (Ca 2*) concentrations has been shown to occur
within minutes following exposure ot lymphocytes to mitogeni.
and i' considered to be one of the early events necessary to
trigger lymphocyte activation and proliferation following
expoure to mKt.gen or antigen. Since UDMH is v membrane
permeable molecule, 't is possible that UDMH could exert its



immunomodulatory effects by altering membrane Ca2 + flux and
thus intracellular Ca'"+ levels. The level of intracellular calcium
can be easily measured with a cytoplasmically trapped
fluorescent indicator that irreversibly binds Ca2 ÷. This assay
is currently in use in our laboratory for other research projects.

b. Methods: Normal lymphocytes were isolated from the sp!een
and thymus of female Balb/C mice by asceptic techniques. A
viable single cell suspension of 1.0XI O0 cells/ml was 1o'ded with
the membrane permeable dye Fura-2 acetcxymethy ester at 1.0
LM for 30 minutes and cells washed twice wiih cell culture

medium. Intra.ellular free Ca2 * was then measured by duai
wavelength excitation spectrofluorometry in cells stimulated with
media, Con A, or UDMH at 10, 25, 50 and 100 ,g/ml. Changes
in the intraceilular free Ca2 ÷ were measured by the ablilty of
Fura-2 to change its emission spectrum upon binding of Ca2 ÷.
At least 5 complete experiments were performed.

C. Results: The addition of UDMH to ,plenocyte and thymocyte
cell suspensions caused an increase in the intracelluuar free Cd"
concentration in murine splenocytes and tliymocyies similar to
that induced by Con A. The results are preser:ed in Figures
8 and 9.

d. Significance: 11"e increase in imraceliular free Ca"+ exhibited
by murine lymphoid cells upon addition of UDMH may be
important cellular phenemenon for the immunomodulatory
effects exhibited Prcvious.Iy. Because UD1M! is able to cause
an influx of Cal within these cells, they may now, be in an
activated state of responsivene-s and thus exhibit enhanced
immune responsiveness. A rise in the Ca 2 ÷ level may also
decrea,, the responsivene,,%s of lymphoid cells to certain
mitogens (ie. Con A) !7 overloading the cell with Ca 2l. This
rise in intracellular Caz may be due to the Ablilty of UDMH
to perturb the normal homeostatic maintenance me~chanisms of
either the plasma or intracelthiar organelle membranes.

5. Effects of UtDMII on lymphocyte membrane potential

a. Rationale: Membrane potential of a cell represents the voltage
difference acro-4 its plasma membrane. These voltage
differences are dependent upon the distribution of both positive
and negative charges thus creating an electric potential. The
ability of a cell to maintain normil membrane ,otential is the
rcult of Na*.W ATPast pumps in the plasma membrane that
regulatc ionic concentration gradients. The ability of certzin
chemicals to disrupt Ihis normal cellular homeostatic mechanism
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may affect the normal function of the cells. The purpose of
these experiments is to examine chAnges induced by UDNIH in
the membrane potential of normal- murine lymphocytes as a
possible explanation for alterations in -mmune responsiveness
observed pre'.iously with UDMH.

b. Methods: Murint lymphoid cells at lO6cells/ml were allowed
to equilibrate with the fluorescent dye 3,3'-
dipentyloxacarbocyanine for 15 minutes at 37*C. Cells were
then exposed to UDMH, gramicidin (depolarizes the membrane,
decreases fluorescence) or valinomycin (hyperpolarizes the
membrane, enhances fluorescence). Cells were then excited at
460nm and fluorescence emission measured at 5l0nm by
fluorescence spectrometry. Five fluorescence readings were
taken for each group of cells, and then analyzed by student's T-
test.

C. Results: Preliminary investigations show that UDMH
depolarizes the memibrane of murine lymphocytes in a
concentration de-pendent manner (Table 16).

d. Significance: UDNMH causes membrane depolarization and thus
alters the normal membrane potential of lymphoid cells. The
ability of the cells to recover fromn such an event will determine
the extent to which UDMH acts to alte: normal "cellular
horricostasis. Cells which do not return to normal may not be
able to function in a normal immunoregulatory manner.

6. Determination of the effects of UDMAl on the prodluction and uctivity
of SIRS.

a. Rationale: This iý; a project which we proposed several years
ago, and then abandoned because of the difficulty of the
techiiuque and lack of availability of necessziry reagents.
Recently we have Lwercome those problims. and we will be
able to complete this ol~jective.

Sol-ibe immune respoinse supprcwsr substance, or SIRS, is
produced in an inactIve state by suppressor T-cellk which have
been exposed to antigens or mitogens.. Once produced. SIRS
is oxidized by 1420, (produced by macrophapes) to its active
form (-omnetimes rc'ierred to as SIRS ). In its oxidized state,
SIRS ;% capable of non."pcifically anJfeversibly inhibiting cell
proliferation. possibly I-, interfering with the function of protein
sulfhydryls whichi are estential for cell division. Reducing agents
such as 2-mercaptoethanol and dithinthrittol inactivate SIRS,,,,
thus preventing its suppression and r.-ulzing in enhancement of
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the immune response. Since UDMH is a reducing agent, it is
feasible that its iinmunoenhancing effects are at least partly due
to inactivation of S1LRSar*

b. Methods: Con A stimulated and control splenocytes were
cultured for 48 hours, alone or in the presence of UDIMH-. Cell
culture supernatant was harvested and incubated with sephadex-
G50 for 1 hour at 4 9C and centrifuged 3 times. Supernatants
were 0.2 gmn filtered and concentrated 10x by lyophilization.
Samples were subjected to separation by column
chromatography to size proteins. Fractions were collected and
pooled, concentrated by lyophilization 10x, analyzed by SDS-
PAGE and subjected to western blot analysis with monoclonal
anti-SIRS antibody. Fractions corresponding to the SIRS protein
were then assayed by lymphocyte blast transformation (LBT) to
examine the suppressive effects of the SIRS molecule on Con
A and LPS stimulated lymphoblastogenesis.

C. Results: Preliminary results of the western blot analysis show
that the protein has been isolated from Ccn A stimulated
murine splenocytes. This protein induced a titrable suppression
in an LBT assay. Further experiments are planned to confirm
this result as well as determine whether UDMH can act to
reverse the suppressive effects of SIRSar or inhibit its induction.

IV. Written Publication (cumulative list)

A. Suppression of mitogen-induced blastogenesis of feline lymphocytes by in Yi
incubation with carcinogenic nitrosamides. Tarr, M.J. and Olsen, R.G.
lmmunopharmacoloay 2:191-199, 1980.

B. Differential effects of hydrazine compounds on B3- and T-cell immunie
function. Tarr, M.J. and Olsen, R.G. AGARD Conference Proceedings No.
309, Toxic Hazards in Aviation, B3-1-7, 1981.

C. ~la yP/( and in yi effects of 1,1-demethyihydrazine on selected immune
functions. Tarr, MJ., Olsen, R.G. and Jacobs, D.L Immunopharmacology
4:139-147, 1982.

D. Comparison in in yit= and in X~v immunotoxicology assays. Tarr, MiJ.,
Olsen, R.G. and Jacobs, D.L Annals N.Y. Acad. Sci. 407:469-471, 1983.

E. Species v.Lriation in susceptibility to methylnitrosourca-induced
immunosuppression. Tarr, MJ. and Olsen, R.G. Env. Path. Toxicol. Oncol.
6:261-269, 1985.
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F. Chemical alteration of host susceptibility to viral infection. Tarr, MJ. In:
Comparative Pathobiology of Viral Dieess, Olsen, R.G., Krakowka, S. and
Blakeslee, J.R., Jr., ed. pp. 47-55, 1985.

G. Enhancement of murine mixed lymphocyte response by 1,1-dimethylhydrazine:
Characterization and possible mechanism. Tarf, MJ., McKown, BJ. and
Olsen, R.G. Cancer Detect. Prevent. 12:573-581, 1988.

H. In yitro modulation of macrophage functions by 1,1-dimethylhydrazine. Tarr,
MJ., Olsen, R.G., Bowen, B.L., and Fertel, R.H. Toxicology in Vitro 2:215-
219, 1988.

I. Effects of 1,1-dimethylhydrazine on lymphoproliferative and interleukin 2
regulatory function. In press. Environ. Contain. Toxicol., 1989.

J. Effects of 1,1-dimethylhydrazine on immunosuppression in mice treated with
Cornebacterium pryun. Bauer, R.M., Frazier, D.E., Tarr, MJ., and Olsen,
R.G. In preparation.

K. Effects of 1,1-dimethylhydrazine on macrophage oxygen metabolite production
and immunosuppressive activity. Frazier, D.E., Tarr, MJ., and Olsen, R.G.
In preparation.

L. Effects of 1,1-dimethylhydrazine on interleukin 1 production and activity.
Bauer, R.M., Tarr, MW., and Olsen, R.G. In preparation.

M. Effects of 1,1-dimethylhydrazine on lymphocyte antigen expression. Frazier,
D.E., Huff, L, Tarr, MJ., and Olsen, R.G. In preparation.

N. Effects of 1.1-dimethylhydrazine on intracellular Ca2 + levels and membrane
polarity of lymphocytes. Frazier, D.E., Wright, K., Tarr, MJ., and Olsen, R.G.
In preparation.

0. Effects of 1, 1-dimethylhydrazine on production and activity of soluble immune
response suppressor (SIRS). In preparation.

V. Professional Personnel Associated with Research Effort

A. Melinda 1. Tarr, D.V.M., Ph.D., Principal Investigator. Department of
Veterinary Pathobiology, The Ohio State University, Columbus, Ohio 43210

B. Richard G. Olsen, Co-Principal Investigator, Departments of Veterinary
Pathobiology, Microbiology (College of Biological Sciences), and
Comprehensive Cancer Center, The Ohio State University, Columbus, Ohio
43210.

C. Donald E. Frazier, Jr., B.S., M.S. (graduate research associate)
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Mr. Frazier earned his Master of Science degree in summer 1987, and is now
working towards a Ph.D. He was fully supported by this grant.

D. Kurt Wright, B.S., M.S. (graduate research associate, research assistant).
Mr. Wright helped with the calcium studies for this project. He is now

enrolled in medical school at The Ohio State University.
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VI. Oral Presentations - April 1986 to Oct. 1989

A. The following abstracts were presented at the 16th Conference on Toxicology,
Dayton, Ohio, October 1986:

1. Effect of unsymmetrical dimethylhydrazine on concanvalin A- and
prostaglandin-induced T-cell suppressor factor-induced suppressor cell
activity. Pillay, DJ., Tarr, MJ., and Olsen, R.G.

2. In yinro effects of 1,1-dimethylhydrazine on hydrogen peroxide-induced
suppression of lymphocyte blast transformation. Frazier, D., Tarr, M.J.,
and Olsen, R.G.

3. 1,1-Dimethylhydrazine modifies the production of and response to
interleukin I and interleukin 2. Bauer, R.M., Tarr, M.J., and Olsen,
R.G.

4. Effects of 1,1-dimethylhydrazine on Colnebatrium parum-induced
immunosuppression. Tarr, M.J., Bauer, R.M., and Olsen, R.G.

B. Possible mechanisms of immunomodulation by 1,1-dimethylhydrazine. Tarr,
MJ., Olsen, R.G., Bauer, R.M., and Frazier, D.E. Presented at 2nd
International Symposium on Immunobiology of Clinical Oncology and Immune
Dysfunctions. Nice, France, April 1987.

C. Mechanisms of immune alterations induced by xenobiotics. Tart, MJ.
Seminar presented at Institute Nazionale per la Ricerca sul Cancro, Genoa,
itay, April 1987.

D. Effect of unsymmetrical 1,1-dimethylhydrazine on interleukin 2
immunoregulatory function. Bauer, R.M., Tarr, M.J., and Olsen, R.G.
Presented at the 17th Conference of Toxicology, Dayton, Ohio, November
1987.
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E. Immunomodulatory effects of hydrazine compounds. Tarr, MJ., Frazier, D.E.,
and Olsen, R.G. Presented at 3rd Inter-American Society of Chemotherapy
Conference, Clearwater Beach, Florida, January 1988.

F. Frazier, D.E., Tarr, MJ., and Olsen, R.G. The effects of 1,1-
dimethyihydrazine on cell membrane potential and intracellular calcium
mobilization of murine lymphoid cells. Presented at 18th Conference on
Toxicology, Fairborn, Ohio November 1988.
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APPENDIX
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Table 1. Effects of 1,1-Dime thylhydrazine on Interleukin 1 Induction and Production
by PaS8DI Cells.a

[UDMH] Induction Production
(Mg/ml) (T=0)" (T-5)C

0 (control) 41538 ± 7318 (s.d.) 40961 ± 786 5d

10 46425 ± 2209 23012 ± 2423d

25 45857 ± 6659 19264 ± 2722d

50 47219 ± 3184 24546 ± 213-7d

75 35789 ± 5598 25920 ± 2665d

100 50703 ± 1997 33212 ± 2308

"ILL production measured using C3H/HeJ thymocyte proliferation assay. Results expressed

in counts per minute (reflecting tritiated thymidine uptake by thymocytes).

bLUDMH present during the 5 hour inductin phase with phorbol myristic acetate, then
removed by washing.

CUDMH present during the 24 hr ILl production phase.

dSignificantly less than control at p < .025 (Student Yt" test).
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Table 2. Effects of 1,1-Dimethylhydrazine on Interleukin 1 Activity.

[UDMHJ
(Ag/ml) 24 hrs 48 hrs 72 hrs

0 (control) 74857 ± 3927 (s.d.) 71555 ± 5769 61404 ± 2544

10 25023 ± 15051b 18042 ± 156 5 6b 37307 ± 3365"

25 25113 ± 4837b 16793 ± 3 95 5b 28769 ± 48 25 b

50 4937 ± 1218b 4080 ± 830 24842 ± 4053b

75 4854 ± 1168b 1153 ± 62-1b 6928 ± 1800b

100 7778 ± 1254 2372 ± 148 7b 3134 ± 5 9 1b

'UDMH was added with ILI-containing supernatant (5%) and PHA to C3H/HeJ
thymocytes. which were harvested 24, 48 or 72 hours later and evaluated for tritiated
thymidine uptake. Results expressed in counts per minute.

bAll treated groups were significantly different than their respective control groups at

p : .001 (Student Yt" test).
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Table 3. Effect of UDMH on ILI receptor generation.

Concentration Incorration of 3H-TdR (cpm)
UDMH

(Ag/ml) p

0 21619 : 2049

10 89266 : 1237 <.001

25 902r65 ± 1704 <.001

50 93210 + 1704 <.001

75 89542 + 1626 <.001

100 91742 ± 2053 <.001

Results represent the mean ± S.D. of 4 individual experiments, each of which was assayed
in triplicate in the ILl co-mitogen assay.

UDMIH was added to PHA-plus ILl-stimulated thymocytes at culture initiation ai-i the cell-
free supernatant was tested for ILl activity following 24 hours of culture.
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Table 4. Effect of UDMH Adrrinistration in yiyo on Lectin-stimulated IL2 Production."

Dose UDMH IL2 Activityc
(mg/kg) Nb (X cpm ± S.D.) P

0 6 25220 ± 4854 .

10 4 24753 ± 6233 .81

25 6 23245 ± 6231 .29

50 6 21886 ± 3483 .023

75 5 23558 ± 8952 .5

1(0 1 14404 ± 312 .001

a'lice were treated with and without IDMH for 7 days and splenocytes were prepared,
stimulated with Con A and 1..2 activity determined as described.

bN - number of animals

cX cpm I S.D. 3 H-Tdr incorporation determined from triplicate assay of N animals.
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Table 5. Effect of UDMH on IL-2 Production."

Cell Concentration

Culture UTDMH (14g/ml) CPM ± S.E.M. %Inhibitionb

EL-4 0 58787 ± 362 _

10 44161 ± 185c 24.88

25 44430 ±552d 24.43

50 40971 ±625 30.31

Splenocyte 0 28618 ± 421 -

10 28407 ± 1351 0.74

25 24951 ± 705 12.82

50 26162 ± 1626 8.59

"lnterleukin 2 was produced as described and quantified in the IL-2-dependent prolifcration
assay using C-TLL-20 cells

bPercent inhibition determined by:

100 - [ ( cpm of UDQItI-treated cultures ) x 100
cpm of control cultures

cSignificantly less than untreated control at P !S 0.019

"aSignificantly less than untreated control at P s 0.001
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Table 6. Effect of LJDMH on IL-2-dependent proliferation of CTLL-20 cells.a

Concentration

UDMH (jgg/ml) CPM ± S.E.M. % Inhibitionb

0 76322 ±1972 -

i0 67705 ± 1745 11.3

25 65481 ± 1339c 14.2

50 44603 4022d 41.6

"aCTLL-20 cells were exposed to UDMH at oilture initiation in the presence of IL-2 and
the proliferative response determined as described in the text.

"bPercent inhibition determined by:

100 -[ ( =m of UDMH-treated cultures ) x 100
cpm of control cultures

"Signijjicantly less than control (0 gg/ml) at P :5 0.02

dSignificantly less than control (0 Ag/ml) at P < 0.001
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Table 7. Effect of 1,1-Dimethylhydrazine on Activity of the Interleukin 2 Molecule.a

Proliferative Respo;wa LctLL2O Cje
[UDMH]
(Mg/mi) 4", 24 hrs 22", 24 hrs 37', 24 hrs

0 106321 ± 2200 (s.e.mn.) 110134 ± 2422 109335 ± 2121

50 107143 ± 2721 t103714 ± 1910 101943 ± 3417

100 102491 ± 3746 104439 ± 3128 110431 ± 2031

'LUDMH was added to IL2-containing supernatanz from EL-4 cells and incubated at the
indicated temperature for 24 hrs. The IL2 activity was then evaluated using the CTLL-20
proliferation assay. Results are expressed as counts per minute (reflecting tritiated
thymidine uptake by CTLL-20 cells).
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Tabic 8. Effect of UDMH on Binding of IL2 to the IL2 Rcceptor.a

Concentration
UDMH (,pg/rnl) IL2 Activity1'

0 9395 ± 2609

10 9015 ± 1466

25 9208:z 1954

50 9433 t 2597

75 862 ± 2123

100 10681 ± 3262

aCTLL-20 cells were stimula;zd with 1L2 in the presence and absence of UDMH.
Following 24 hours of incubation. ILI remaning in the culture medium was determined in
the 1'&.2 miccoasay.

"\Mean cprn ± S.D. for 3 individual erperiments.
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Table 9. Effects of UDMH Treatment on Interleukin 2 Production by Splenocytes from
Cornebactrium yn-treated Mice."

Counts per minute
Treatment 24 hours 48 hours

Control (no treatment) 59714 ± 600 (s.e.m.)b 57410 _ 750

C. parn 9065 ± 100oF 7423 1 i150c

C. m + 25 mg/kg UDMH 12346 ± 1400c 20105 ± 3050('d

C. pum + 50 mg/kg UDMH 22945 ± 7100' 13563 t 155(f'd

C. p + 100 mgikg UDMH 16682 ± 2600c 12297 ± 9 50 n.d

"ilnterleukin 2 activitv deterrnned by proliferative response of CTLL-20 cells when exposed

to) ,upernatants of ,pienocvtes incubated with concanvalin A for either 24 or 48 hours.

h.e.m. - standard error of the mean.

"Signifi..,ntly less than control at p < 0.04.

"Significantly greater than C. 12arM alone at p < 0.04.
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Table 10. Effects of UDMH Treatment on Con A-induced Lymphocyte Blast
Transformation Response of Splenocytes from CoQynebacterium arxutm-
treated mice."

Countsermnt

Treatment 24 hours 48 hours

Control (no treatment) 17193 ± 2050 (s.e.m.)b 93165 + 6400

Parvum 1931 640c 2735± 500c

C. pqrum + 25 mg/kg UDMH 13621 ± 125 0 d 15202 ± 8650e

C. parvum + 50 mg/kg UDMH 13028 2050d 14749 ± 5100e

C. pary + 100 mg/kg UDMH 13629 " 8150d 18933 ± 5500e

aSplenocytes were cultured with Con A and evaluated for Tdr uptake after 24 and 48 hours.

s.e.m. = standard error of the mean.

CSignificantly less than control at p < .001.

dSignificantly greater than C. p alone at p < 0.001; not significantly different from

control.

'Significantly greater than C. p alone at r < 0.001; significantly less than control at
p < 0.001.
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Table 11. Effects of UDMH on IL2 Receptor Expression in Murine Splenocytes

Percent of Cells Expressing IL2 Receptor

a n 24 hours 48 hours

Control (no treatment) 4.0 ± 5.6 5.9 ± 3.9

Con A + 0 gg/ml UDMH 26.6 ± 8.6a 37.4 ± 10.4a

Con A + 10&g/ml UDMH 27.3 ± 10 .04 "b 38.2 ± 5.2b

Con A + 25gg/ml UDMH 31.7 ± 8.90-b 34-3 ± 7.2b

Con A + 50gg/ml UDMH 23.1 ± 8 .7b 31.5 ± 5.9a'b

Con A + 100g/ml UDMH 22.9 ± 6.5"b 30.6 ± 5.5"

'P=O.(X)04, means are significantly different from control (ANOVA)

bP =0().8, means are not signifcantly different from Con A control (ANOVA)
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Table 12. Effects of 1,1-Dimethylhydrazine on 02- Production by Elicited Macrophages.

UDMH nanomoles 0•-/ nanomoles 02-/
(AM) mg cell protein well

0 (control) 370 ± 283 1.01 ± 0.18

25 392 ± 211 1.42 ± 0.41

50 692 ± 673 1.43 ± 0.50

100 593 ± 573 1.42 ± 0.96

200 465 ± 268 1.31 ± 0.19

400 404 ± 75 0.32 ± 1.37a

"aSignificantly different from control at p < 0.05 (student T test).
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Table 13. Effects of 1,1-Dimethylhydrazine and Hydrogen Peroxide on Corcanavalin A-
induced Lymphocyte Blast Transformation.

H,0, Oig/ml UDMHa 15Mg/ml UDMH 25Mg/ml UDMH
(control)

0 71880 ± 16525 63086 ± 13285 57224 ± 12054

10 69021 ± 12963 63927 ± 9131 56110 ± 7754

20 75599 ± 17087 68910 ± 14383 56992 ± 16514

30 62492 ± 22207 48930 ± 17524 44697 ± 9821

40 36981 ± 14 3 92e 12471 ± 3069b"C 7118 ± 1685 b'c

"Results reported in mean CPM ± S.D.

bP _< .009 (compared to no H20, and no UDMH) (student "t" test).

cp < .037 (compared to no UDMH and 40 gM H202).
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Table 14. Effects of 1,1-Dimethylhydrazine and Hydrogen Peroxide on
Upopolysaccharide-induced Lymphocyte Blast Transformation.

H,O, 0 ag/ml UDMHa 15 ,g/ml UDMH 25 kg/ml UDMH

0 45207 ± 8389 48895 ± 16944 45707 ± 11961

10 31084 ± 12896b 43853 ± 17865 35072 ± 13983

20 29182 ± 10 115b 28869 ± 12282 28365 ± 6600b

30 11578 ± 6135b 8450 ± 302 8 b 8572 ± 3547b

40 5663 ± 2117b 3132 ± 821 3122 ± 1294b

'Results are reported as mean CPM ± S.D.

b5p ! .05 (compared to no H20 2 at the same UDMH concentration) (student 'T' test).
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Table 15. Expression of la Antigen* on Adherent Murine Splenocytes with Exposure
to UDMH In Vivo.

UDMH mg/kg 'Percent Positive Cells

0 65.3 t 12.5a (4 )b

10 69.9 ± 8.0 (4)

25 70.0 ± 8.3 (4)

50 70.0 ± 12.2 (4)

75 71.3 ± 12.7 (2)

'p > 0.05 means not significantly different (student's "t" test).

bNumber of experiments.
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Table 16. Effect of UDMH on Membrane Potential of Murine Lymphocytes

Treatment Membrane Potential

Control (no treatment) 17&6 ± 2.4

Valinomycinc 187.2 ± 2Y

10 tig/ml UDMH 168.6 ± 1.8b

25 Mg/ml UDMH 150.8 ± 1.lb

50 jig/ml UDMH 123.6 ± 3.1lb

100 gg/ml UDMH 115.5 ± 1.0

"P=0.0007, means are significantly different from control as determined by student's T-test

bp< 10-5, means are significantly different as determined by student's T-test

CValinomycin causes membrane hyperpolariwtion
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Abstract
The final three and a half years of our research with 1,1-dimethylhydrazine (UDMH)

have focused on delineating the mechanisms of UDMH-induced immunomodulation.
Actions of UDMH which could correlate with its immunoenhancement effects include: 1.)
Interference with interleukin 2 (IL2) activity by supression of IL2 receptor expression; 2.)
Non-specific stimulation of intracellular ionized calcium levels in lympihocytes; 3.)
Interference with activated macrophage suppressive effects (as evidenced by reversal of
Cor.nebacteriumn para.un-induced immunosuppression, as well as interference with
chemiluminescence and prostaglandin E production). Other mechanisms for the
immunomodualtory effects of UDMH which were 'uled out include: 1.) UDMH does not
interfere with the production or activity of hydrogen peroxide, a *normal" endogenous
irnmunosuppressant; 2.) UDMH does not alter the absolute or relative numbers of the T-
lymphocyte subsets L3T4 (helper cells), Lyt-2 (suppressor/cytotoxic cells), or Thyl.2 (all T
cells); 3.) Ia antigen (immune response antigen) expression is also not affected by UDMH.
One other effect of UDMH is suppression of interleukin 1 (ILl) activity by interfering with
ILl receptor expression. We are still investigating the effects on lymphocyte membrane
potential and on the production and activity of Soluble Immune Response Suppressor
(SIRS).
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