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FOREWORD

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals," prepared
by the Committee on Care and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (DHEW Publication
No. (NIH) 86-23, Revised 1985.

Citations of commercial organizations and trade names in this report
do not constitute an official Department of the Army endorsement or
approval of the products or services of these organizations.
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INTRODUCTION

~This project was designed to test a series of immunomodulatory

compounds designated by the U.S. Army Research and Development Command for
their ability to protect animals from an otherwise lethal infection of
virus and to determine the mode of action of useful compounds. During this
third year of the contract emphasis was placed on two areas. These were
the development of virally infected targets for use in in vitro assays,
determine if these targets were handled in the same manner as other targets
traditionally used for in vitro testing of macrophages and cytotoxic T
lymphocyte (CTL) responses, and measurement of the effect of the compounds
on the CTL response. " St =, : L
. i -y
- o Materials and Methods ‘ =
) . . . \ DT . -
v l LN Yo «_ 2 = '\T \0 'l\T,\ h‘)’ -
Endotoxin Detectlon - Co LI ¥ o b
All reagents were tested for the preseﬂce of bac&er1al endot6§1n by RON(

the gel formation. Lymulus amebocyte lysate (LAL) test (1). The LAL was
obtained from Associates of Cape Cod (Woods Hole. MA) with a 0.03 endotoxin
unit per ml sensitivity. The sensitivity was confirmed with each test by
the titration of standard lipopolysaccharide (LPS). Materials that test
negative in this test were defined as endotoxin free.

Cells and Cell Culture.

Modified Eagles' minimal essential medium (HMEM) Ham's Fl12 and
Dulbeco's modified Eagles' medium (DMEM) were prepared from a powdered mix
(HyClone Laboratories. Logan, UT) and supplemented with glutamine (2 mM,
Flow Laboratories, McClean VA), sodium bicarbonate (2 mg/ml, Sigma Chemical
Co., St. Louis, MO), and HEPES (15 mM, Research Organics, Cleveland, OH).
All serum, including fetal bovine serum (FBS) was obtained from Hyclone
Laboratories. Clone 929 of L-cells (CCL 1) were obtained from the ATCC,
Rockville, Maryland, and were propagated in HMEM + 10% FBS. Vero (African
green monkey kidney) BALB/c3T3 cells were obtained from Dr. Gillespie
(University of North Carolina Cancer Center, Chapel Hill, NC) and
propagated in HMEM +2% FBS or a 1:1 mixture of F12 and DMEM with 10% FBS,
respectively. Chicken embryo cell (CEC) were produced by trypsinization of
9-11 day old chicken embryos according to the method of Scherer (2) except
that HMEM + 10% FBS cr HMEM + 4% chicken serum were used as growth media.
The preparation of bone marrow culture derived macrophages has been
previously been described (3).

Viruses.

Venezuelan equine encephalitis (VEE) strain 68U201 (4) was obtained
from Dr. Peter Jahrling, USAMRIID, and was propagated in primary chicken
embryo cell culture to prepare a working stock. Pichinde strain An3739 (95)
was obtained from the same source and was propagated in Vero cell cultures
to prepare a working stock of virus. Pichinde strain An4763 (6) was
obtained from the Southern Research Institute and propogated in Vero cells.
Vesicular stomatitis virus (VSV) was propogated in L-929 cells.

Mixed cell bed cultures were prepared by the addition of 5 ml of HMEM
supplemented with 5% heat inactivated calf serum containing 9 x 10® Vero
and 9 x 10 L-929 cells to a 60 mm tissue culture dish. The dish was
incubated overnight and then overlaying medium removed and the cells
infected by the addition of 0.5 ml of an appropriate 10-fold dilution of
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Pichinde virus or plaque progeny. After 1 hour for adsorption, the
cultures were overlayed with 8 ml of HMEM supplemented with 5% heat
inactivated calf serum and 1% agarose. A neutral red containing overlay
medium was added on day 4 and plaques were observed and or picked on days 5
or 7. Plaques progeny were isolated by the removal of an agarose plug from
the overlaying medium directly over the center of the desired plaque using
a sterile pasteur pipet cut to give an outside diameter of 2.5 mm. The
agar plug was emulsified in 1.0 ml of medium. The resultant plaque progeny
were then further purified by plaquing 10-fold serial dilutions on
duplicate cultures of the appropriate cell type and reselecting plaques
from dishes developing only a few., well-isolated plaques.

In Vivo Tests.

A compound was administered as recommended by the source (dosages.
times, and routes are indicated in text) and then the mice were challenged
with 400 pfu of the 68U201 strain of VEE. subcutaneocusly. Mice were
observed daily for deaths for 31 days.

Cytotoxicity Assays.

Compounds were tested for their ability to modify the cytotoxic T cell
response generated due to the injection of either the TC-83 strain of
Venezuelan equine encephalitis (VEE) virus or to the histoincompatible cell
line P815. Groups of C3H/HeN (H-2") mice were treated with a compound or
with a placebo and then challenged with either subcutaneously with 10* pfu
of VEE strain TC-83 grown in chicken serum or intraperitoneally with
10« P815 (H-2v) cell!s. or not injected with an antigen. Eleven days later.
mice were sacrificed and a single cell suspension prepared from their
spleens. The spleen cells from all mice in a group were pooled, and the
pool tested at various effector to target ratios against four different
Tt—Chromium labelled target cells. The target cells were VEE-infected L929
cells (histocompatible, virus specific), Vesicular stomatitis virus (VSV)
infected L929 cells (histocompatible, virus nonspecific), P815 cells
(allogeneic challenge), and VEE infected BALB/c3T3 cells
(histoincompatible., virus specific). BALB/c3T3 (3T3) cells are of the same
H-2 type as P815 and these two cells served as mutual internal controls.
Further, changes in natural killer cell (NK) activity could be addressed by
comparing the results obtained from spleen cells obtained from control and
treated animals and tested with L929-VSV cells or 3T3-VEE cells. P815
cells are relatively NK resistant. The data from all !Cr-release assays
were expressed as specific release based on the formula: percent specific
release =
(experimental - spontaneous) / (maximum - spontaneous) x 100.

Macrophage activation assays were performed as previously described
(7) except that virus-infected BALB/c3T3 cells were used as targets. These
cells were used because the cells are histoincombatible with the C3H/HeN
macrophages used. Further, uninfected BALB/c3T3 cells are seen as normal
by macrophages and not lysed. while either transformed or infected cells
make satisfactory targets. Bone marrow culture-derived macrophage
monolayers, prepared in 96-well plates were treated with 0.1 m! of various
stimuli, as described in the text. for either 4 or 24 hrs. Each stimuli
was tested in triplicate. The stimuli were then removed and the monolayers
washed twice with warm H-MEM + 10% FBS. Targets were added to yield 2 x 10°
='Cr-labelled targets in a total volume of 0.2 ml in each well. The plates
were incubated at 37 in a moist 5% CO- in air atmosphere for sixteen hr.
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The uppermost 0.1 ml of medium was removed from each well and the amount of
released radiocactivity determined in an automatic gamma spectrometer.

Targets used were: P815, BALB/c3T3., Vero. an African green monkey
kidney cell, vesicular stomatitis virus (V5SV) infected BALB/c3T3 (3T3-VSV).
V8V-infected Vero (Vero-3T3). and Venezuelan equine encephalitis virus,
strain TC-83. (VEE) -infected BALB/c3T3 (3T3-VEE). P815 cells were
suspended into the overlaying medium and counted. Uninfected BALB/c and
Vero cells were prepared by trypsinization of near confluent monclayers and
washed by centrifugation in H-MEM + 10% FBS. Near confluent monolayers of
either BALB/c3T3 or Vero cells were infected with a multiplicity of
infecticn (MOI) of 3. After 45 min at 37 for virus adscorption. monclayers
were washed once with H-MEM + 10% FB5 and once with H-MEM to remove

unadsorbed virus. The cells were then removed from the flask by ftrypsin-
izaticon and washed by centrifugation with H-MEM + 16“ FB5. All cells were
: ) by expasing 1.2 w 197 cells to 0.275 mC1 of "'Cr as sodium
(Amersham. Arlington Heights.IL: in a total volume ¢f 1.0 ml f:or
=g, ©C21ls weres assessed for viability by frvpan blue e2xslusion
=fove additin to the assay plate and were “95% viable
“2viai lipeocpoivysarcharide (LFPEY was pheno! extracted and puriiied
rich., Ivzocnion LD pi2Y fyaom Esctherichia cooli 2112:34 and was “he
: 3177 <22 Dr. L. I, Meorriseon (Kansas Univerzity Medical Centzr
1z vy, KE:. Gamma interfercn (TIFN) was recombinant rat gamma
2 >r. ‘Amgen Biological. Thousand Oaks. CA) Alpha (x-IFN) and bezs
3-ITN! inferferons were purchased from Lee Blomnle*¢l<r. San Diego. CA
(#222€1, Lot 383002, 2.7 x 10~ IRU/mg: #20181, Lot 82033, 1.8 x 109 IRL.mg
vespectively). A mixture containing beth «—-IFN and B-IFN (ax/B-IFN: was
craparsd by mixing equal activities of each purified interferon. T“is
mixture was used for most experiments because preliminary experiments
showed little difference in activity between a-IFN and 8-IFN. which was in
agreement with previous reports (8). Interferon (IFN) preparations were
asszaved for antiviral activity by plaque reduction of V5V on monclayers of
L-323 c21is (8.9). Each diluticon was tested in triplicate and activity was
suprasced in International Reference Units (IRU). with mouse fibroblast
interferasn as a reference standard (NIH). Anti-mouse IFN (Alpha and Beta.
pow 13* IR/mi) glcbulin in phosphate buffered saline was lct # 54005 of
cazalcg # 210321 from Lee Biomolecular.

Inhibition studies were conducted in 3 similar manner exceprt that

targatz were added in medium containing the inhibitors.
Tumcry Necreosis Factor mRNA Production

The praducticn of Tumor necraosis factoy alipha (TNF) mRNA by bene
mavyiw ~ulture derived macrophages was determined by probing with a plasmid
cirtaining 2 1700 bp fragment of TN" clened inte the polylinker of FUC 2
ard <c2%z2:ined fyom Dr. Sheven Taffe SUNY Upstate Medical Center. Syracuse,
N/ Tne praobe was labeliled with “PACTP {Amersham. Arlingtcon Heights, I
TV niT# translation using a commercial kit (BRL. Gaithersburg. MD) and
denzcn2d by radloaw‘vﬂraphy.

Macrophages (1 « 107) were exposed to various stimulatory conditicons.,
as descibed in the text. and then chilled, scrapped from the dish and
peiiet2d. The cells were lysed with NP-40 and the nuclei pelleted. The
ENA was then extracted from the supernatant and blotted ontc nitrocelliulose
fi.%=2r for probing by previously described methods (10). The intensities of
the dotsz were determined by optical density scanning ¢f the dried films
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Target Sensitivity to TNF
Recombinant murine TNF-a (rTNF) was obtained from Genzyme (Boston,
MA). Chromium-labelled target cells (1 x 10sy Lope exposed to increasing

cencentrations of rINF in a total volume of 200 ul HMEM + 10% FBS5 for 16h.
Kill was measured by determining the amount of specific chromium release
usinf the formula given under cytotoxic assays. The ability of anti-TNF
antibedy (Genzyme) to block cytotxicity was determined using a standard
mtCr-release assay described above. except that the targets were added in
the presence of the anti-TNF antibody.

RESULTS ARND DISCUSSION

Macronhage svhotoxicity for virallv infected cells

Beore marrow culture derived macrophages demonstrated litole
cytortaxicitny oy uninfected BALB/c2T2 (Table 1) even after stimulation winh
123 and 3 ITN. Or the cther hand. viral infsction of these calls
rerdered them susceptible t2 lysis by macrcophagez. Thiz coytolytic
>l oDe zugment2d vy the pretreatment of the macrophagses with LPZ.

L2 -IFN. Ly 2itner IFN plus LPS. This pattern was repeat=d using =
: llne. Ver:I., as a tarzet {(Tabi=s I.. Further, the zhil1tv 27 m3
vrlavevy: T mediate cytofoxiclty was not restricted o ocells lnre
nVEV.  Zim:iiar resulis were cktained from BALB/c2T3 infected by

inst=ad oI VIV {Takle 3).

Theze inizial studies appeared to show a2 Zifferent lavel of
responsivensess to activating signals for cytotaxicity for virally 1nfected
cellz than has been seen for tumcr targets. Therefore, monclayers were
treated in parallel and allowed to react with either a virally infected or
TAZLE 1. R-c=ivaticn of Macrophages for Cytolysis of V3V-Infacted BALB/:-373
Target Cells
Treatment~ Percent Specific T'Cr-Release”

BALB/c3T3 3T3-V3V~

Medium -6 16

LPS (ng/ml}

10 -4 110

1 -4 3E

0.1 -3 12

0.01 -4 2

D0.00 -3 11

T—IFN (13 IRV k -3 4

T-TFN + LPZ -7 £
(10 IRY/ml + 1 ng/ml)

x/2-TFN (200 L“U/ml) -7 cl

a/3-IFN + LPZ -6 47

(500 IRY/mi + 1 ng/ml)

washed with warmed
cells fzor 16 hr.

“Macrophages were expocsed to activators for 4 hr.
medium., and then coincubated with ™' Cr-labelled target
“"Mean of triplicate determinations.

of 3 before

“Cellz were infected with V3V at an MOI

page
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TABLE 2. Activation of Macrophages for Cytolysis of V3V-Infected Vero
Target Cells

Treatment= Percent Specific ®*Cr-Release®
Vero VSv-Vero<

Experiment 1
Medium 1 12
LPS (3 ng/ml) 0 29
a/B-IFN (100 IRU/ml) 0 30
7—-IFN (100 IRU/ml) 0 26
Experiment 2
Medium 15
LP3 (10 ng/ml) 40

1 35

0.1 26

2.01 12
T—IFN {1 IRU/ml) 10
T-IFN + LPZ (! IRU/ml + 1 ng/ml) 23
a/B-IFN =00 IRU/mly 26
2 /3-IFN - 122 (227 TIU/mi + 1 ng/ml] 332
*Macrophages were =21posed to act:vat rs tor 4 hr. washed with warmed
medium. and ther scincubated with ™'Cr-labelled target cells for lo hr.
2Mean ¢f triplicate determinations.
“Cells were infacted with VEV at an MOI of 3 before labeliling with ™' a.

TABLE 3. Activation of Macrophages for Cytolysis of VEE-Infected BALB/c3T3
Target Cells+=

Treatment” Percent Specific ™'Cr-Release”
Medinm 2

LPS (10 ng/ml) 16

LPS (0.01 ng/ml) &

7-IFN (1 IRU/ml) 7

7-IFN + LPS (1 IRU/ml + 10 ng/ml) 2C

7-IFN + LPS (1 IRU/ml + 0.01 ng/ml) 13

a/B8-IFN (500 IRU/ml) Q

a/3-IFN + LPS (200 IRU/mi + 10 ng/ml) 14

a/B-IFN + LPS (502 IRU/ml + 0.01 ng/ml) o

“Cells wer= infected with VEE at an MOI of 3 before labelling with T IR,
“Macrophages were exposed to activators for 4 hr. washed with warmed
medium. and then ccincubated with ™'Cr-labelled target cells for 156 hr.
“Mean <of triplicate determinations

tumor targets. TFigure 1 shows the results of two independent experiments
comparing the cytolytic activity of bone marrow culture-derived macrophages
for either VSV-infected BALB/c3T3 cells or P81%5 mastocytoma cells. The
P81%5 cell line was chosen as a representative tumor cell target [20-27].
When comparing the ability of various stimulators tc augment macrophage
cytotoxicity against each target cell, it is apparent that lower doses of

page 8




LPS were able to stimulate activity against virally infected targets better

than activity against tumor targets. This is particularly noticeable at

80
w | e FIGURE 1. Comparison of
x’° 0 activation of bone marrow
Qm 80 culture-derived macrophages
LW “ ﬁog CZtEIYSii of viralli
s infected or tumor targets.
Qo 0 Macrophage monolayers were
S b w exposed for four hours to
g ) varying doses of LPS alone
z 0 (@ ., or incombination with 500
QL o IRU/m! a/B-IFN (®'. 50 IRU/ml
¢ a/B-IFN (@) . 10 IRU/ml! ¥-IFN

£ aw aw &% * (A;. or 1 IRU/m! #-IFN (%,

80 C 80, o The monolayers were then
§m v wached and cocultivated with
w either 3TZ-YZIVY (A and C) cor
& s0 e P815 (B and D' targsets.
Sso “ Panels A and B represent one
° experiment while C and D
E“ 40 represent a second independent
E” % ' experiment. Each peint
@ represents the mean of
z® » triplicate determinations.
) ©
¢

0001 001 01 10 0 0 0001 001 81 10 % ng/ml

LPS

low (0.001-0.01 ng/m!) LPS concentrations and in the presence of a/B-IFN.
While the addition of 7-IFN at 1 IRU/m! appeared to inhibit slightly the
activity of LPS in activating marcrophage meonclayers against viraiiy
infected targets, this was a frequent but not constant finding.

Shert vs. long preincubation with stimuli
The effect of the duraticon of exposure to stimuli on the ability to
activates mazrophage mrnnlayérs for kiliing virally-infected or tumor ce
; e

O
1

-
=
=

was investigated. Moneclavers of bone marrcw culture2 derived macrophages
were ewpcsed to asttivating stimulil for either 4 or 24 hr. The mmno‘ayez
were then washed twice t9 remove stimulil and target:z added. The results
are shown in Tables 4-6. In general. the activity against the tumor
targets was stable to variations in the time of exposure to stimuli. As
expected, cytolytic activity for tumor targets was seen only with

ls

macrophage monolavers erxposed to both interferon and LPS. for both long and
short exposure to stlmuli. For all stimulation condition, activity against

virally infected target cells was substantially less when the monolayers
were evposed to stimuli for 24 hr than when exposed to the same stimuli
only 4 hr. In fact, the level of cytolytic activity was often reduced t
zero. The conditions showing the least decay in activity with 24 hr

for
o

stimulation were monolayers treated with IFN alone. This was true for both

VSV- and VEE-infected targets.
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TABLE 4. Effect of Duration of Exposure to Stimuli on Bone Marrow
Culture-Derived Macrophage Cytolysis of 3T3-V3vV~.

Treatment® Percent Specific ®*Cr-Release-

After Exposure to Stimuli for:

4 hr 24 hr
LPS. 10 ng/ml 62 0
LPS. 0.01 ng/ml 20 1
T7-IFN. 1 IRU/ml 39 12
T-IFN + LPS. 1 IRU + 10 ng/ml 54 0
7-IFN + LPS. 1 IRU + 0.01 ng/ml 26 i0
a/3-1FN. 500 IRU/m! 44 15
x/B-IFN + LPS. 500 IRU + 10 ng/ml 59 10
~/3-IFN + LPS. 500 IRU + 0.01 ng/m!} 74 11
~Z2ils were 1nfected with VSV at an MOI of 3 befcocre labelling with ™'CR.
“"Macrorhages were evposed to activators for 4 or 24 hr. washed with warmed
medium, and then coincukated with 7'Cr-labelled target calls for 12 hr.
Mzzn -f ftriplicate dez2rmination:z

to Stimul:i con Bone Marraw

P815.
ent Specific "*Cr-Release®
Exposure t2o Stimuli for:
4 hr 24 hr
LPS. 10 ng/m! 6 0
LPS, 0.21 ng/ml 0 0
T-IFN. 1 IRU/mi 0 0
T-IFN + LP3, 1 IRV + 13 ng/ml 74 70
T—-IFN + P2, 1 IRU + 0.91 ng/ml 2 2
r—IFN., 5 IRU/ml 0 0
T-IFN + LPS., 5 IRUJ + 10 ng/m! 100 100
T-IFN + LP3., 5 IRU + 0.0l ng/ml! 6 11
a/3-1IFN. 500 IRU/m! £ 0
x/8-IFN + LPS. S00 IRU + 10 ng/ml 21 44
a/B-IFN - LPS, 500 IRU + 0.0l ng/ml 0 0
o/B-IFN, 1200 IRU/ml 0 0
x/B-IFN + LP3, 10065 IRU + 13 ng/m! € =
a/0-IFN + LP3. 10CC IRV + 0.0l ng/m! D 0

“Macrophajes were exposed to activators for 4 or 24 hr, washed with warmed

se
medium. and then coincubated with ™'Cr-labelled target cells for 16 hr.
“"Mean of triplicates determinaticns.
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TABLE 6. Effect of Duration of Exposure to Stimuli on Bone Marrow
Culture-Derived Macrophage Cytolysis of 3T3-VEE~

Treatment® Percent Specific ®'Cr-Release”
After Exposure to Stimuli for:
4 hr 24 hr
LPS. 10 ng/ml 47 0
LP5. 0.0 ng/ml 5 4
T-IFN. 1 IRU/ml 14 11
T-IFN + LPS., 1 IRU + 10 ng/ml 20 0
T-IFN + LPS, 1 IRU + 0.01 ng/ml 31 0
T-IFN. % IRU/ml 23 11
~-IFN + LPS. 5 IRU + 10 ng/ml! 28 0
r-ITN - LS, 5 IRU + 0.91 ng/ml 34 0
z A-7TN, 520 IRU/ml 21 G
> ¥-IFN + LP3Z, 500 IRU + 10 nq/ml 13 8
T A=TFN - LRPZ. 500 IRU + O. ng,’'ml 2z o
wo2-TTN, 120 IRU/mI 23 2
Y I-IFN -~ LTI, 1000 IRU + 19 nr/ml 15 c
T 2-TEN O+ LPZ, OIN0C IRV + 0.01 ngsml 13 o
vlell "= infacted with VEE at an MCI of 3 before labelling with ™' CR.
PMarcy ez were exposed to activators for 4 cr 24 hr., washed with warmed
medie 2 then coincubated with ™'Cr-labelled target cellz for 1£ hr
Maar riplicate determinations.

Effect 0f anti—IFN globulin

From the above data. one can conclude that there was a difference 1n
“re interaction between the macrophage monclayers and the different
targaets Parf cof this differsnce appeared to be a greater sensitiwvity of
macr-phage meonolayers to activating stimulil when measured with virailly
infected target cells as opposed to tumor target cells. One difference
tetweern the twe types of target cells was that the virally infected target
cells wera producing interferon. This interferon may then have interacted
wi-n the macrophages and caused the difference in activity ple\ﬂmusly
chsarved In order to see if interferon produced by target cells mi gh
hawve been 1nvolved with th@ observpd differences. macvophage monclaver
WeY S expcsed to medium alo or medium containing O. ng/m. LPS. TFIS
concentratison of LP3 was chosen because 1t gave consistently high lilevels of
asnivity against VSV-BALB/c3T3 cells with little or no activity against
FSlT tumer targets. After expaosure to the activating stimulus. the
mwonolavers were washed and target were added in the presence of varying
reoncentrations of antibedy to «/B8-IFN. The presence c¢f interferon
neutralizZing antibody did nct effect the ability of the LPZ to activate the
masrophage monolayers for anti-infected cell activity (Table 7). The
3dd:~ion of 2500 units/ml anti-IFN globulin actually resulted in the
inrrease in activity of unstimulated monolayers. This activity was likely
4122 £3 the level of contaminating endotoxin. Supernatants ccliected from

para.iel wells containing LPS~treated macrophages and virally infected but
unlakteled target cells were harvested after 16 hr of incubation. acidified
t7 pH 2 for 24 h, neutralized. and assayed for IFN activity. These
sup2rnatants contained approximately 1100 IRU IFN/ml. A 1:1 mixture of
culture supernatant with anti-IFN serum was assayed for residual
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neutralizing activity against 10 IRU «/Bf IFN. The mixture yield 50%
neutralization to a dilution of 1:512.

TABLE 7. Effect of Anti-Interferon Serum on Macrophage anti-3T3-V3V
Cytotoxicity:

Treatmant™ Percent Specific ®*Cr—-Release“

0.1 ng/m! LPS + anti-IFN (U/ml}

0 a1
2800 a7
8373 S5
275 117
No o activation « arf1-I70 (ml
0 o
RESIREN 3¢
8272 -1z
alate &
cCellE were niscted with VIV oat an MCI 2f 3 betfore iabellilng with ' Cr
‘Macvrophages wers exposed 7o 2ithey medium ¢r medium contalining 0.1 ng./m’
LPE for 4 nr, washed., and coincubated with target c=2lls 1n the presencs o7
Zne 1ndicztad concentration of anti-1IFN antibedy
“Mean cf tripiiTate deferminations.

Thesze findings demonstrate that while the activation of macrophages
fir willing wvirally infactad cells shares many characteristics of
activat:iaon for tumor c¢ell killing. there are significant differences in
gsengitivity t£2 activating stimuli. There are also qualitative differences
in the persistence ¢f the respcnses Lo long and short exposures to
activating signals Thus there appears to be the need to use virally
1infected cells rather than tumor cells as targets f2r measuring the effact
2T Immupnomoiulators cn macrophage activity for cytilvsis since therz are
differences in the way these two targets are handi=z2.

Feauirements foy macyonhage cviolysis of tumer or vivally infected tarjeos
We =it 1cckad at the relative centrizution o7 varicous cytotsiic
mechanisms Known te bhe used by macrophages he goat was to determine 1f

virallv infectied cells and tumer cells are Killed ky the same mechanisms
Trom o thnis information it weuld be possible to select appropriate parametaers
on whicsh to concentrate ag gites of effective antiviral immunomodulatiorn.
Thres ~f the mechanisms were fumocr necrosis factor. secreted proteinases.
and oxygen metabelivies

Tumcr necracesiz fachor (TNF) is produced by macrophages after stimula-
ti1on by LP3 and or IFN (11-13). TINF has activity against a range of tumcr
ce and parasites. roduction of TNF mRNA by bone marrow culture

=
g
“ o)

o O

n

ls

“ived macrophages after stimulation with various doses of LPS was inves-
igated using a probe which contained a 1700 bp fragment of TNF cloned into
the polylinker of PUC 9. The dose response parallels the induction of
activation for cytolysis of virally infected cells (Table 8). Further., the
production of TNF mRENA returned to background levels after 24 hours of

r Q<
= (D
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stimulation with LPS. There is a corresponding lose of activity of macro-

phages exposed to this dose of LPS for 24 hr for cytolysis of virally
infected cells. Thus it appears that TNF may be involved in the cytolys

is

of virally infected cells. This circumstantial evidence has been confirmed

bv direct ccmparisen of the sensitivity of infected and uninfected cells

to

TNF (Figure 2). Uninfected BALB/c3T3 cells and F815 cells are relatively
resistant to lygis by rTNF. BALB/c3T3 cells infected with either V3V or
VEE are more sensitive to lysis by rTNF. VEE-infected cells are the mcst
sensitive, parralleling the sensitivity of thesge two target in the macro-
phage mediated cvtotoxicity assav Finaliv. added anti-TNF antiboedy
inhibited macreophage mediated cytolvysis of virally infected cells
{Table 9
Tabl= 3 Tomey Neosrogis Txofoy mRNA zosiuction oin rasponse to LES
Stormrlatior

T nTomtoe TNT mENA
e =3 as
omts fiize
hTh was proped with @ "P-labelled TNF sequence containing
prob was dried and expesed to X-ray film The film was
deve nraesities of the 4dots determined by scanning
dens rezulitz are sypressed 1n velative intensity units woth
rths ¢ et to ] )
Table S, Inninixin of Macyophage Lysgis of Virally Infected Cells By
Ant i-TNT.

Stimuals Farzent Speciliic ' Cr-Heleasen
Control Art i-TNE

10T i

1A T 1

: e 3

DI w3 N

oL 17 i
o0 IR w 2-IFM o+ 1T ng LPCE 2T J
* Bore marvow culture derived macrophages were ewpoced te the listed
stimuli f:r 4 h, washed and coculrured with “'Cr-labelled BALE/<-273 cellis
that had been infected with VIV fter 1A h 1ncubation specific relisace
waz determined
" Sper1iilc release = experimental - spontanscus / maximum -spontaneo
Each determination is the mean <f triplicats wells,

X
< Rabbit anti-murine TNF-a at 2 « 10" neutralizing units per well added
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Figure 2. Lysis of Target Cells by rINF. ®'Cr-labelled target cells were
incubated with varicus concentrations of rINF for 16 h. The specific
release was calculated as described. Targets were P815 (@. BALE/c3T3 ‘O
BALB/c3T3 infected with V5V (B . and BALB/c3T3 infected with VEE (&:.

A second mechanism of cytolysis by macrophages for tumor cells 1s the
production of ncovel proteinases (14-16). We investigated the relativse rsle
of proteinases in the ¢hserved cytolysis of tumer cells and viralls
infected cells through the use ¢f various proteinase inhibitors.
N-p-tosyl-L-1lysine chlioromethyl ketone (TLCK) was able to inhibit the lvs:is

rge
2
~

get cells to a much greater extent than VSV-infected BALB/c37T2
.03 Fhenylmethyl sulfeonyl fluoride shewed slight inhibition of
P81% cytotoxicity but no inhibition of VSV-infected BALB/c3T3 cytotoxicity.
Bovine pancreatic trypsin inhibitor had no effect on macrophage
cytotoxicity against either targets. Thus it appears that prcteinases play
a much smaller role in the lysis of virally infected target celisz than in
the lysis of tumor target cells.
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Tex
Tiqwre 3. Effect of TLZK on Macrophage Figure 4. Effect of Glurccse Depletiorn
Tvhotovicity.  Monclavers of Tone DRTOW on Macrophage Cytotowxicity. Mcncliavers
culture—derived macr ophag S were activate of bone marrow culture derived-macr>-
by a 4 hr expecsure to & mixture of 10 phages were activated by exposure %o 2
TRU/ml a/B8~-IFN. 1 IRU/ml 7-IFN. and 10 mixture containing 10 IRU/ml a/B-IFN.
rg/ml LPZ. The activated macrcephages were 1 IRU/ml 7-IFN. and 10 ng/al 1FZ. The
then test=d for their ability to lvse P8I15 activated macrophages were then tested
<f VSV-infected BALB/<3T3 cells in the with 16 hr chromium release assay f{or
presence ¢f increasing concentrations of their ability tc lyse PR15 cr VSV-in-
TLCK. Lysis was measured in a 16 hr fected BALB/c3T3 cells 1in glucose de-
chromium release assay and the data pleted medium supplemented with in-
expressed as percent inhibiticn of creasing concentrations Uf glucose g
cytotoxicity of the respective targetz in galactose. Data is expressed as percent
the absence «f TLIK. specific release.

erates a series of tcoxic oxvgen metabolites through
nt. In an attempt to define the role ¢f these

m ved cytotoricity. we ran our assays in
hexose—depleted medium. The results are shown in Fig 4. Inhibition cof %he
hexose monophesphate shunt by depletion of glucose from the assay medium
was able to significantly decrease the cytotoxicity of macrophages for
VSV-infected BALB/c3T3 cells but ncot P85 target cells. 1In fact. P81%
targets were more susceptible to lysis under glucose depleted conditions
The addition of 10 mM galactose instead of glucose was not akle to either
restore macrophage cytotoxicity for virally infected targets or to protect
P815 targets. Again the mechanism of cytotoxicity for virally infected
targets appears to be different from that seen with tumor target cells.
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SPECIFIC 51Cr—RELEASE

Bermudez and Young (17) have reported that TNF induces increased production
of superoxide anion by macrophages and that this is further potentiated by
treatment of the macrophages by either IFN or IL-2. This would correlate
with the results above and might indicate that the role of TNF may be
either directly cytotoxic for the virally infected target cell or may be an
autocrine factor which induces production of toxic oxygen metabolite, which
in turn are toxic for the virally infected target cell.

Mezasurement cf Virus Specific Cvtotoxic T lymphocyte Activity.

From the above work. 1t is obvzous that measuring macrophage
activation for tumor cell killing is not the same as measuring macrophage
activation fcr killing virallyv infected cells. Therefore, we attempted to
generats a system Lo measure the generation of virus (VEEY specific CTL
activity. The initial stsp tﬁ select a time after viral infection %o
measure the raggonse Z interpretation. we wish tc selsct a fim=
crint where NK activw d d to near normal ievels. Mice were
iniected suncutanenn stralin of VEE at different times hefirs

crific The mice 4 on the same day and their spi=zan 210
he zzilit irus specific kil The resuitsz ars
= = YLotowicloy againzt csilF infecned winh
vivis cytotexicity agelnst cellz ini=2cted
2yent vivru the highest level of kill in koth
T3y ke narmal levels of NR activity remaining
rafire use day 11 for further tests
100 1
w.
2
o e
x
]
A
=
n
o 407
&
Q
W
"%
[T
”'
¥ Ll ] T v — T T, T L nd
200 100 20 23 123 [ B ] 31 LR 200 100 % 23 123 .3 at 13
FFFFrTERS PFR TARCET EFFECTERS PER TARGET

Figure 5. Time Course of Virus 3Specific CTL Activity. Groups cof C23H/HeN
mice were injected with 10® pfu of TC-83 strain VEE. sc., 8 (p), 11 (X)),

13 (@, and 15 (@) days before sacrifice. One grcup was lef*t unchallenged
(m). Mice were sacrificed and their spleen cells isolated and tested in a
16 h "'Cr-release assay against L-929 cells infected with VEE (Panel RA) or
infected with VSV (Panel B)
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In addition to anti-viral CTL responses, we measured the effect of
drug administration on an allogeneic CTL response. Thus groups of C3H/HeN
mice were given either drug or a placebo. Mice from each group were then
challenge with TC-83 strain of VEE, P815 (cell line allogeneic to mice), or
left unchallenged. Spleens were harvested from each group, pooled. counted
and reacted with various target cells. Table 10 shows the average spleen
cell yield for each treatment group. All groups of mice for an experiment
for a given drug were of the same age and sex. There was some variation in
age of mice used between experiments.

Table 10. Average Spleen Cell Yield from Drug Treated Mice=.

Treatment Placebo Drug Placebo Drug Placebo Drug
Challenge® Nothing P815 VEE

AVS# Cells / spleen X 107

1761 3.9 5.9 7.7 7.7 4.4 5.9
1968 3.7 6.7 5.2 10.2 6.4 8.9
2149 4.2 5.3 5.8 4.8 1.7 1.3
2776 3.6 4.5 9.2 5.7 5.9 S.0
2777 3.1 4.7 6.5 5.1 4.4 6.2
2778 4.8 4.3 6.3 6.5 4.4 5.7
3960 4.0 4.7 7.2 8.6 5.5 4.5
4286 4.1 6.0 7.2 6.7 4.6 6.2
4287 3.6 4.3 4.1 4.5 3.5 3.8
4553 5.3 7.1 8.0 10.9 7.4 7.5

~ Groups of 5 C3H/HeN mice were treated with drug or placebo and then
challenged with antigen. Eleven days later mice were sacrificed. The
spleens removed and pooled by group. A single cell suspension was prepared
from each pool and counted.

® Mice were challenged with nothing; 1 X 10 P815 cell, ip: or 10¢ pfu
TC-83 strain of VEE, sc.

In general treatment with a drug did not cause a significant increase
or decrease in the number of spleen cells recovered as compared to placebo
treated mice challenged in a similar manner. One major exception was AVS
1968. Mice treated with AVS 1968 yielded more cells than plecebo treated
mice challenged with the same antigen. Other drugs caused some change in
the number of cells recovered but not to the extent of AVS 1968. Thus even
with similar levels of cytotoxicity at the per cell level from drug and
placebo treated mice, there were more effectors available in the AVS 1968
treated spleen.

Figures 6A-D shows the cytotoxic activity of spleen cells from AVS
2149 or palcebo treated mice against various target cells. Panel A shows
the cytotoxic response against the virus specific, histocompatible target.
There is clearly an increase in the cytoxic activity of spleen cells
isolated from TC-83 infected mice as compared to uninfected controls. When
you compare the activities of these same <cell populations against the same
cells infected with a different virus (VSV), there is no increase in
activity due to VEE challenge. The anti-VEE response is increased in drug
treated, VEE challenged mice as compared to placebo treated VEE challenged
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mice. There was a slight increase seen using virally nonspecific targets.
Figures 6C and D look at the antiallogeneic response. There is a decrease
in activity placebo treated to drug treated groups. Thus for this drug.
treatment did not result in a change in the total number of cells recovered
from the spleens but an increase in the per cell anti-virus CTL but a
decrease in the anti-allogeneic responses. However, AVS 2149 has not had
any effect on the survival of mice challenged with VEE.

Similar data has been accumulated for 9 other drugs. For simplicity
the data has been summarized in Table 11. This table does not attempt to
signify the magnitude of the change. A change is simply decernable at all
or most all of the E:T ratios tested.

Table 11. Summary of the Effect of Drug Treatment on Anti-virus and
Anti-allogeneic CTL Repsonses.

Drug Virus Allogeneic
1761 Decrease No Change
1968 Decrease No Change
2149 Increase Decrease
2776 No Change No Change
2777 No Change No Change
2778 No Change Increase
3960 No Change No Change
4286 Decrease Decrease
4287 No Change Decrease
4593 No Change Decrease

The take home message of this table is that measuring the anti-virus
and anti-allogeneic responses do not always result in the same answer.
Also the ability to modulate either response does not appear to positively
correlate with the in vivo protective activity of the drug for protections
against 1thal challenge with VEE. In fact, the two drugs that have in the
past shown protection against VEE appear to decrease the specific anti-VEE
CTL resposes.
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Figure 6. Effect of AVS 2149 Treatment on Development of Antiviral and
Antiallogeneic CTL Activity. Groups of 5 mice each were treated by
intraperitoneal injection of either AVS-2149 (4 mg/kg) or PBS on day -1
with regard to antigen challenge. Mice were challenged by the subcutaneous
injection of 10 pfu TC-83 passed once in chicken embryo cell culture in
the presence of 4% chicken serum or the intraperitoneal injection of

1 x 10+ P815 cells washed in serum—free medium to remove serum antigens.
Control mice were left uninjected. Eleven days after antigen challenge,
mice were sacrificed and each group used to prepare a pool of spleen cells:
PBS alone ). drug alone (0O). PBS plus P815 (@) . drug plus P815 (wv), PBS
plus TC-83 (M), drug plus TC-83 (0). These were tested at various
concentrations against a constant number of =!'Cr-labelled target cells.

The target cells were A) L929 infected with TC-83 at an moi of 3., B) L9296
infected with VSV at an moi of 3, C) BALB/c3T3 infected with TC-83 at an
moi of 3., and D) P815. Specific release was determined by the formula:
Specific release = (experimental release - spontaneous release) / (maximum
release - spontaneous release). Each value represents the mean of
triplicate determinations.
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In vitreo Testing of the Combination of AVS 1968 and F68 for Anti-VEE

Activity.

AVS 1968 (CL246.738) has shown effectivenss in prolonging the lives of
mice infected with the 68U201 strain of VEE. However. the end result is
still death (18/20). Compound F468 was obtained from CytRx Corporation.
This is a block polymer preparation that is in IND trials for treatment of
escemia. We reasoned that the F68 might have an effect on the blood-brain
barrier. allowing CL246.738 tc be more active in the brain. If were able
to increacse to the immune acivity in the brain 1t was thought that the the
animals might survive the infection. The results of an initial experiment
are shown in Table 11.

Takle 12, Antiviral activity of a mixture of CL246.73£ arnd FAR ajainst
Venezuelan eguine en:epha':tas 1rus strain 68UZ01. )
Cumulative Deaths
Days pozt olras B 2 oo 12 130 21 read MTD  MEIT
intected

Treatment
Fex o+ CLZ4e, T2C5 0 L2

ip
reg + CL24¢. 738 1 2 2 2 3 5 5 g 55 12.4  1Z
oralily

saline 2 4 7 19 10/1C 9.7 10

~ Mice wars ~kserved daily. The sxperiment was terminated cn day 31.
Suyviving miste were healthy at tims of sacrifice.

v Cl1246. 728 and F68 were pregpared in pyrogen free saline at 40 or 4
mg/ml respectively Equal velume cof each solution was then mixed. The
mixture (0.5 ml) was administered by either intraperitonea! injecticon or
orally through a feeding tube. Twenty-four hours later the mice were
challengad with a subcutaneous injection of 400 pfu of 68U2C1 =train VEE.
The ip administraticon of the mixture of the drug proved tc be taxic

A+ the dosss used, these druges by themselves have not shown any toxicity
With oral administration the combination gave the best survival percentage
cf any “rextmant yet attempred. This might be improved by lowering the
drug toricity Howewver, due to the shortage of the drug and the fact that
there was naot complete protection., we have discontinued this weork. We
would be willing to lock inte optimizing the treatmnet regimen 1f the
techriizcal rerpresentitive feels that it is advantagecus and if mere drug is
avaiiable.

Selection of Plagues tvpe Variants of Pichinde Virus,

We have previously reported (18) the isolation of plague type variants
of Pichinde strain An Co 3739 isolated from progeny of cocultures of Vero
and L-929 cells. Similar plaque type variants have also been isclated from
a second strain of Pichinde virus (Co 4763). As with the previous isclates
these isolates maintain plaque morphology through repeated passage in mouse
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