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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. I

Materials and Methods

Endotoxin Detection. V ' ,
All reagents were tested for the presence of bacterial endotoin by ,(A

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 F12 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 or 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 (5)
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 10t Vero
and 9 x 10s 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. subcutaneously. 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
101 P815 (H-21 ) cells. 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
""-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 ml 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 104
'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 radioactivity determined in an automatic gamma spectrometer.

Targets used were: P815, BALB/c3T3. Vero. an African green monkey
kidney cell, vesicular stomatitis virus CVSV) infected BALB/c3T3 (3T3-VSV).
VSV-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 monolayers and
washed by centrifugation in H-MEM + 10% FBS. Near confluent monolayers ofl
either BALB/c3T3 or Vero cells were infected with a multiplicity of
infecticn (MOI) of 3. After- 45 min at 37- for virus adsorption. monc-layers
were washed once with H-MEN 4- 10% PBS and once with H-MEN to remove
,urnaaSorbed virus. The cells were then removed from the flask by trypsi--

,__a-_:nand washed by centrifugation with H-MEN + 10% PBS. All cells were
b&'d c expo-singr 10' cells to 0.275 m(': of - Cr as sodium

_ rDa- (Amersham. Arlin-1-on He -h, S.IL:, in a total volume of 1.0 mi.~
I ne-Is s w-: assessed fo.r v~i~iitv by trycan blue :ol:-

u:-- - ditntj-,: -he assay plate -and were -9?"vabe
L73, was phenolI ex-tracted and plir'

rc I':h nh Eol r 1_113I4 and; was e
of Dr Morso Kanisas IUni'ier-::y Medioa' >n, -

KI7 Gamma iterfercn ( -7TFN) was recombinant rat gamma
~-t-'-r 'Amaen Bioloacal. Thousand Oaks. CA). Alpha (,a-IFN) and be:2a

-r~ n~errer(ons were purchased frm ee Biomo'ecuiar. San Diec:. CA
(*,E. Lt 8.3002. 2.7 x 101, IRU/ma: *20181, Lozt 830')5. 1.8 x Ioll Ii-1-7ma.

respectively) . A mixture containing both ac-IFN and 0-TEN (/3N was
prepared by mixing equal activities of each purified interferon. ThiS
mixture was used for most experiments because preliminary experiments
sho-_wed little difference in activity between a-TFN and a-IFN. which wa3s in
a,-emn with prev'.ous re~pcrts_ (8). Interferon (IFN) preparations were

asa,.'ea f-r antiviral activity by plaque reduction of VSV on monolayers of
~ C~1 8.9). Each dilution was tested in triplicate and activity was

pcressed in International Reference UnitS (IRU) . with mouse fibrobiast
~ ~ro~nas a reference standard (NIH) . Anti-mouse TEN (Alpha and Beta.
1,D1 JT/mi) globulin in phosphate buffered saline was lo-t # 9_4005 c

g 2131 from Lee Diomolecular.
Tnhb~tonstudleS were conducted in a simialar manner except that

tarze-_ were added in medium containing the inhibitors.
Tumr Nra Farctor mP.NA Production

Thle or-ductionr of Tumor necrosis fator alpha ~t'NE) mRNA by boric
m-_rr-_w :uuederived racr _olnaaes was determined by probing wi-th a pls-,i~

!"C0 boD fraament o--f TN? cloned into- the polylinker of PC9
~r~ ct~:edfr.:m 7r. Stev/en Taffet. SUNY Upstate Medical Center. Syracuise.

NY.,. The pro-be was labelled with -?ddCT7 (Amersham. Arlinqrton Heiahts. TI

-. ::translatioDn lisina7 a commercial kit- (BP.L. Gaithersburg. MDI,) and
l by rad1,a!_.t-)rraohy.

Macrophages (1 x 10") were exposed to various stimulatory conditions.
as descibed in the text, and then chilled, scrapped from the di.sh and
pe~leted. The cells were lysed with NP-40 and the nuclei pelleted.Th
RNA was then extracted from the supernatant and blotted orntc. nitroceliu* oSe
f-Xt:er f-:r probing by previously described methods (10) . The intensitIaes, of
the dots= were determined by optical density scanning of the dried filmsc.
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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 104) were exposed to increasing

concentrations of rTNF in a total volume of 200 uIl HMEM + 1096 FBS 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
antibody (Genzyme) to block cytotxicity was determined using a standard
-'Cr-release assay described above, except that the targets were added in
the presence of the anti-TNF antibody.

RESULTS AND DISCUSSION

Ma:zr:,ohaqe ovtcitoxicity for virallv infected cells
Bone marrow culture derived macrophages demonstrate.d little

n ... r..Fected . .ALB/i3.3 (Table 1: eve. a-.- stimuatJ wit
7 -an d -r IN. 0n the other hand. viral of these cells by VCV

.... " .  -...- i != t,- lysis t- ma r phage 'i v -! t c a ~ v t
zc I  e aty ......, , th-e pretreatment of t he mna rop h ages w it h L_,-E€_. _-_7--14.

-- * T b- r-=' ',". '; .... . argot *Tab e .: . :;.-rner '-= - ; .. ... "-

a,., m-i - -d i-e oy.otoDcJt-t was not re tr -' -.
w -hV.V 3i-7 a' resuits were obtained from BALB/c2 infected by V_

instead of VSV >T311e 3).
7hese in:::i. studies appeared to show a dlfferen level of

r-sDonsv .'.ne _ to activating signals for cvtot--icitv for virally infected
cell -= than has been seen for tumor targets. Therefore. monolayers were
treated in parallel and allowed to react with either a virally infected or

TAL.E 1. Activation of Macrophages for Cytolysis of VSV-Infected BALB/:*3T3
Target Cells

Treatment- Percent Specific -' Cr-Release
BALB/c3T3 3T3-VSV'-

Medium -6 16
LPS (ng/m>)

10 -4 110
1 -4 35

0) --40.01 -4

,,/07N+ LP 2 -6

,.{,' ,- F ( 500 IRUml )-7 !
,-,o±" . LPS --6 "

(500 IRU/ml + I ng/mI)

-'Macr:,phages were exposed to activators for 4 hr. washed with warmed
medium. and then coincubated with '1Cr-labelled targaet cells for 16 hr.
"Mean of triplicate determinations.
Cells were infected with VSV at an MO! of 3 before labelling with "
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TABLE 2. Activation of Macrophages for Cytolysis of VSV-Infected Vero
Target Cells

Treatment- Percent Specific '-Cr-Releaseb
Vero VSV-Vero-

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

1 35
0.1 26
0. 1

'r-IFN 1I IRU/mi 10
T-IFN + TPS M "U/mi 4- 1 ng/ml) 23

5- I FN 0 RU'ml} 26
LS R :C T/Mi 1 7-r'Ml)

• Macrophages were e:"osed to activators for 4 hr. washed w'h '-, w....e:
medium. and then cincubated with ""'Cr-labelled taraet cells for 16 hr.
"Mean of triplicate determinations.
Cels were infected with VSV at an MOi of 3 before labelling with ">..

TABLE 3. Activation of Macrophages for Cytolysis of VEE-Infected BALB/c3T3

Target Cells"

Treatment' Percent Specific "'Cr-Release-

Medi'im ?
LPS (10 ng/ml) 16
LPS (0.01 ng/ml) 6
T-IFN (1 IRUiml 7

T-IFN + LPS (1 IRU/ml + 10 ng/ml) 22
T-IFN + LPS (1 IRU/ml + 0.01 ng/ml) 13
cx/B-IFN (500 IRU/ml) 9
a/5-IFN + LPS (500 TRU,mi. + 10 na/mi) 14
a/B-IFN + LPS (500 IRU/ml 0.01 ng/ml) 9

..Cells were infected with VEE at an MOI of 3 before labelling with .
"Macrophages were exposed to activators for 4 hr. washed with warmed
medium. and then coincubated with 7'Cr-labelled target cells for 16 hr.
'Mean c.f triplicate determinations.

tumor targets'. Figure 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 P815 mastocytoma cells. The
P815 cell line was chosen as a representative tumor cell target [20-2?].
When comparing the ability of various stimulators to augment macrophage
cytotoxicity against each target cell, it is apparent that lower doses of
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LPS were able to stimulate activity against virally infected targets better
than activity against tumor targets. This is particularly noticeable at

0 ASI
,0 ,FIGURE 1. Comparison of

(70 70 activation of bone marrow

t60 so culture-derived macrophages
for cytolysis of virally

5J50 infected or tumor targets.

,0 40 Macrophage monolayers were

30 exposed for four hours to
varying doses of LPS alone
(20 20 C ) or incombination with 50001IRU/ml cx/-IFN (W). 50 IRU/ml

,o do a/B-IFN 1). 10 RUiml ¥-IFN
-, (A. or 1 IRU/mi I-IFN (*.

so c o D The monolayers were then
U) washt±d and cocuitivated with
W either '3T-VSV (A and C) or
W60 so P815 (E and :; argets.
T, Panels A and B represent one

experiment while C and D
%40 I 0 represent a second independent

30 30 1 experiment. Each point
represents the mean of

20 20 triplicate determinations.
I1J

ho 10 t

T 0001 001 0.1 1.0 10 0 0.001 0.01 it 1.0 V ng/ml
LPS

low (0.001-0.01 ng/ml) LPS concentrations and in the presence of a/D-IFN.
While the addition of T-IFN at 1 IRU/ml appeared to inhibit slightly the
activity of LPS in activating macrophage monolayers against virally
infected targets, this was a frequent but not constant finding.
Short vs. lonQ Dreincubation with stimuli

The effect of the duration of exposure to stimuli on the ability to
activate macrophage mcnolayers for killing virally-nfe--ted or tumor cells
was investigated. Mono! yers of bone marrow culture derived macrophages
were ex.osed t. o activating stimuli for either 4 or 24 hr. The monolayers
were then washed t-wice to remove stimuli and targets 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
macrophage monolayers exposed to both interferon and LPS. for both long and
short exposure to stimuli. For all stimulation condition, activity against
virally infected target cells was substantially less when the monolavers
were exposed to stimuli for 24 hr than when exposed to the same stimuli for
only 4 hr. In fact, the level of cytolytic activity was often reduced to
zero. The conditions showing the least decay in activity with 24 hr
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-VSV-.

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
T-IFN. 1 IRU/iml 39 12
T-fFN + LPS. 1 IRU + 10 ng/ml 54 0
,-IFN + LPS. 1 IRU + 0.01 ng/ml 26 10
a/3-IFN. 500 TRU/ml 44 15
a, -IFN LPS. 500 IRU + 10 ng/ml 59 10
a/3-IFN LPS. 500 IRU + 0.01 ng/m 74 1i

-el: Is were infected w-th VSV at an MOT of 3 before labelling with C .
'Macrocha7es ,;ere e,:posed to activators for 4 or 24 hr. washed wi'th warmed
me , ... t *. e with "Cr-labelled arg cells for 1- hr.
Ye a r:,Df t i lc te d e er n: inat i:,:

-A-T - Eff ec o Dur.: ion of Ex o .re -o Stimu I n Bone Marrow
Cu!_ure-D~eriec. Macropha-e C'tiys of P815.

Treatment" Percent Specific " 1 Cr-Release"
After Exposure to Stimuli for:

4 hr 24 hr
LPS. 10 ng/ml 6 0
LPS. 0.01 ng/ml 0 0
r-!FN I !RU/rmi 0 0

#T-FN + L7S, 1 =1 - 10 na/ml 74 70
7-TFN + LPS. 1 IkU + 0.01 ng,.mi 2
--1-FN. 5 !RU/m1 0 0
T-IFN + LPS. 15= IRIJ + 10 n,/mi 100 100
r-IFN + LPS. 5 1P.U + 0.01 ngiml 6 11

a,' -TFN. 500 TRW/i 6 0
,LlD-!FN + LPS. 5,00 TRU 10 ng/mi 21 44
a/5-IFN - LPS. 500 IRU + 0.01 ng/ml 0 0
,-l/f-IFN. 1300 TRU/ml 0 0
,a/-IFN + TP-. 1000 TR + i0 ngiml 36 57

,/0-IFN + LPS. 10Cc TR 0.01 na/ml 0 0

'Macrophages were exposed to activators for 4 or 24 hr. washed with warmed
medium, and then coincubated with '"Cr-labelled target cells for 16 hr.
"Mean of triplicate determinations.
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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-Releasel-
After Exposure to Stimuli for:

4 hr 24 hr
LPS. 10 na/ml 47 0
LPS. 0.01 ng/ml 5 4
T-IFN. 1 IRU/ml 14 11

.r- rN + LPS. 1 IRU + 0 ng/ml 20 0
T-7FN + LPS, 1 IRU + 0.01 ng/ml 31 0
-TN 5 TIU/ml 23 I

-- 'FN + LPS. 5 IRU + 10 ng/ml 28 0
LPS. 5 !RU + 0.01 na/miL 34 0

N. 510 IRU/rl 21 0
- 7N T 0,. 500 !RU + 10 rig l1

FN "_7""2 500 IPJ + 0.01 na,'m -

nRU,'ml
-:7FN 7 1: 10( T IRU 1 0 ng/i -

we-e infected with VEE at an MOT of 3 before labellina with "
.v. D.. ag : -- were exposed to activators for 4 cr 24 hr. washed wit , warmed

m-i u n. . then coincubated with ""Cr-labelled target cells for . .
Me-. Df triplicate determinations.

Effect of anti-IFN globulin
From the above data. one can conclude that there was a difference in

the :nter-action between the macrophage monolayers and the different
targets. Part of this difference appeared to be a greater sensitivity of
macr,phage monolayers to activating stimuli when measured with virally
infected target cells as opposed to tumor target cells. One difference
between the two types of target cells was that the virally infected target
-ells were producing interferon. This interferon may then have interacted
w th the macrophages and caused the difference in activity previously
cbserved. In order to see if interferon produced by target cells might
have been involved with the observed differences. macrophage monolavers
were exs,-e ,t medium alone or medium containing 0.1 ng/ml LPS. This
c, :ncentrat'on of LPS was chosen because it gave consistently high level-- of
.--vt~v~t' acainst VSV-BALB/c=T3 cells with little or no activity against

-- tumor targets. After exposure to the activating stimulus. the
.ers were washed and target were added in the presence of varying

-cn_-entrations of antibody to a/5-IFN. The presence of interferon
nina antibody did not effect the ability of the LPS to activate the

.,A:.-r hage monolayers for anti-infected cell activity (Table 7). The
on cf 2500 units/ml anti-IFN globulin actually resulted in the

increase in activity of unstimulated monolayers. This activity was likely
due tD the level of contaminating endotoxin. Supernatants collected from
para lel wells containing LPS-treated macrophages and virally infected but
unlateled target cells were harvested after 16 hr of incubation, acidified
to pH 2 for 24 h, neutralized, and assayed for IFN activity. These
supernatants 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 a/0 IFN. The mixture yield 50%
neutralization to a dilution of 1:512.

TABLE 7. Effect of Anti-Interferon Serum on Macrophage anti-3T3-VSV
Cytootox city"

Treatment" Percent Soecific "'Cr-Release":

0.1 ng/m! LPS anti-IFN (U/ml)
0 91

2500 97

0 0

•e Z w. '-ed wrt-, ,1 7 at an MOT ,_f 3 before labelin a with
"Macz-'rages were epsed _, either medium or medaun containing 0.. nm.

'771 .-" 4 "u, .... and cDincubated with target ces in th rese
--e ind-i,-aed c.ncentratlon of anti-FN antibody.

Mean cf r :;ii-e eterninratIons.

These findings demonstrate that while the activation of macrophages
f:,r ka 1 1 nci ri:.f:ected cells shares many characteristics of

acivat-n for tumor ce l kilaIng. there are significant differences in
ensitiviny to activating stimuli. There are also qualitative differences
in the persistence of the responses to long and short exposures to
activating signals. Thus there appears to be the need to use virally
nfec,_e cel "s rather than tumor cells as targets f:- measurina the effect
Siators cn macrophacre acti%,'t,differences In the way these two targets are hande.

7 ... _ment r:r macroohace cvtolvsis of tumor or '::r.ll, infected tarc- ts.
We ne ":t looked at the relative cont ribnution o varous --tot,.ac

me.han:sms ir:,wn, t,: be used by macrophages. The goal was to determine i:
r"- infec-te e,- 1 . , and tumcr cells are ki1led hv the same mechanisms.

,-frmaton it w,uld be possible to selec- a propriate parameterS
Swhi-to, c,_--ncentrate as sites of effective antiviral immunomodulation.

...h ec .nisms were tumor necrosis factor. secreted croteinases.
an_ c..g.en. metabots.

Tumor necrosis factor (TNF) is produced by macrophages after stimula-
tiecn by LPS and or IFN (11-139. TNF has activity against a range of tumor
cls e and parasites. The- production of TNF mRNA by bone marrow culture
derived macrophages after stimulation with various doses of LPS was inves-
tigated 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 mPNA returned to background levels after 24 hours of
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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 cytolysis
of virally infected cells. This circumstantial evidence has been confirmed
by direct comparison of the sensitivity of infected and uninfected cells to
rTNF (Ficre 2). Uninfected BALB/c3T3 cells and P815 cells are relatively
resistant to iysis by rTNF. BALB/c3T3 cells infected with either VSV or
VEE are more sensitive to lysis by rTNF. VEE-infected cells are the most
sensitive, parralleling the sensitivity of these two target in the macro-
phage mediatec-f cvt,:,to:<icitv assay. Finally. added anti-TNF antibody
inhibited macropha;c mediated cytolysis off virally infected cells

Tabl e 9,

N7 7_7 a at - r T.

. -"- .-me

.--.. "s-: ze In Mat as and Methnods and dot e

w . :,,aed wi:h a "P-i 1be ied TNF sequence cont ainn
.. ...... wa s ddr and e:pcsed to X-ray film. The film was

develc'edi .... tne in"e.ti s cf the dots de.-ermined by scannin,:
n 1-. i.. . ,ntenslty unlat with

Th~ie9. nn'~rM~ L77L T Vrll Infected r Cells 1y
Ant i-TN-.

I, i -TNF

i -' . : 9I** ;I

,.e ma:w drive,! ,aes were exosed to the l isted
imu.  ... r 4 h. washed and c- _. ,-d wi'_.. -Cr-labelled BAL.'c37_ cells.

that had been infected with VSV. After 16 h incubati,:,n specific release
was det ermi.ed.
1, Specific release = experimental - spontane,:us ' maximum -spontane,Dus.
Each determination is the mean cf triplicate wells.
,_ Rabbit anti-murine TNF-a at ' x '10 neutralizlng units per well added
with targets.
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l 0 VSV-3T3-'70,

Go; seldct*" P0S

*e U 61

It AII 3T3-VSV
so

z 40

30

* 20.

Ld S d, 6.0 7.G.16, 16, M 10mM 0 0.1 0.5 10
9513Gw. mM glucose

TLcU

?:u-e 3. Effect of 71.(-K on Mac-ophaae Fiaire 4. Effect of Glucose Deple-1:-r.
.:,tctOM1C-tY- Mc nc a",  or zcne m.o:-ow on Macrophage Coto.xicit. ,<..
cultture-derived macrophages were activate of bone mairow culture derived-macn_ -
by a 4 hr exposure to a mixture of 10 phages were activated by exp sure to a
IRU/ml a/5-IF-N. 1 IRU/ml T-IFN. and 10 mixture containing 10 IRU/ml a.'B-IFN.
ng/ml LPS. The activated macrcophaaes were I IPU/ml T-IFN. ard 10 na/m L'S. T7..
then tested for their ability to ivse P815 activated macrophages were then tested
c f VSV-infected BALB/c3T cells in the with 16 hr chromium release assay f Dr
oresence of increasing concentrations: of their ability to lyse P815 cr VSV-in-
TC!K. Lysis was measured in a 16 hr fected BALB/c3T3 cells in glucose de-

chromium release assay and the data pleted medium supplemented with in-
expressed as per_-ent inhibition of reasng cncentrations .f glucose ".I
cytotoxicity of the respective targets i:. galactose. Data is expressed as percent
the absence of ThDK. specific release.

Cygen metabolites
The macr--pha e generate_ a series of toxic oxygen metabolites thrc, i:h

hexcse monophcsphate shunt. In an attempt to define the role of these
metabolites in the cbserved cytoto::icity. we ran our assays in
hexose-depleted medium. The results are shown in Fig 4. Inhibition of the
hexose monophosphate 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 not P815 target cells. In fact. P815
targets were more susceptible to lysis under glucose depleted conditions.
The addition of 10 mM galactose instead of glucose was not able 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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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.

Measurement of Virus Specific Cytotoxic T lymiphocyte Activity.
From the above work. it is obvious that measuring macrophage

activdtion for tumor cell killina is not the same as measuring macrophage
activation for killing viral'y infected cells. Therefore, we attempted to
aenerate a system to measure the generation of virus (V=E' specific CTL
activity. The initial step was to select a time after viral infection t
measure the resconse. Tet ssm eify interpretation, we wish to select a t-me
- - nt where NK a , v t. -, , ;-eurned to near normal eve:F. Mice were

. . . . . . . stra.in of VEE at ,llfe r ,  -ms bef:- -

- -' wer -f- oon the same day:; and thei,- Sp'"-- "-
-.. r 7--,--- h

.,',u / - s t'/tt-"city a a ns: ceI -  f I
wth a diffenrn virus , had the highest level of kill in t-th

;r- I S -ere ,ev n, ormal levels of N.E acz.vi-
9. ""e- -ef:-re. wi- . t, use day 11 for f'rther tests.

100 too.

W W4

& W
It

U 0 40.

hi W
20 . 0 .00.

200 too ;0 25'. , t 1310 3 5 L2. 5 6.3 3.1 1.5
rFFFr'K PF TaRQrr EFFECTERS PER TARGET

Figure 5. Time Course of Virus Specific CTL Activity. Groups of C3H/HeN
mice were injected with 10' pfu of TC-83 strain VEE. sc, 9 (u) !I (A),
13 (m). and 15 (e* days before sacrifice. One group was left unchallenged
(a). 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 A) 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 10 -7

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 5.0
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 101' 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 lthal 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 1I 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 4.). drug alone (0), PBS plus P815 (0), drug plus P815 (v), PBS
plus TC-83 (W, 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) L929
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 vitro 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 F58 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. allowina CL246.738 to be more active in the brain. If were able
to increase t o the immune acivity in the brain it was thought that the the
animals might survive the infection. The results of an initial experiment
are shown in Table 11.

Table 12. Anti'viral activity cf a mixture of CL246.73e and F68 aain:st
Venezuel-n ecuine enze-_zhai:tis, vrus strain 681J201.

Cumulatave Deaths-
_,ays Pc~.C 1 1 3 3e ai ~ M

n ec t -- -

F 6 + C T _ ....
in

F,:,, 24 ~ e 2 2 T 34 5 5 5 13.

saline 2 4 7 10 10/10 9.7 10

- Mice were observed daily. The experiment was terminated cn day 31.
Survivina mice were healthy at time of sacrifice.

C1246. 8 and F68 were prepared in pyrogen free saline at 40 or 4
mg/ml respe-tively. Equal volume of each solution was then mixed. The
mixture (0.5 ml) was administered by either intraperitoneal iniecti,:,n or
orally through a feeding tube. Twenty-four hours later the mice were
challenued with a subcutaneous injection of 400 pfu of 6mU201 strain VEE.

The 4r admanistration of the mixture of the drug proved to be tc'i.
At the d-ses used, these druas by themselves have not shown any t~xicity.
With oral administrat ion the combination gave the best survival percentage
(f any treatment yet attempted. This might be improved by lowering the
drug tox:icity. However, due to the shortage of the drug and the fact that
there was not complete protection. we have discontinued this work. We
would be willina to look into optimizing the treatmnet regimen if the
technial reresentitive feels that it is advantageous and if more drug is
available.

Selection of Plaque type Variants of Pichinde Virus.
We have previously reported (18) the isolation of plaque 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 isolated from
a second strain of Pichinde virus (Co 4763). As with the previous isolates
these isolates maintain plaque morphology through repeated passage in mouse
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