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ToListeria-infected animals given the B cell mitogen. Similar studies
carried out with the interferon inducing agent polyinosinic-polycytidylic acid.
(Poly(I).Poly(C)) which, like endotoxin, induces peak levels of serum IUN 2
hours after intravenous ection, revealed that 24 hour infected mice produced
ouly 4-8 times more I / t an n ,infected mice. However, unlike endotoxin,
Poly(I) Poly(C) did no elici U~ synthesise in Listeria-infected animals
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In cddition to aitiviral activity, the three antigenically distinct species

(CL,6,y) of interferon (IFN) exhibit multiple biological activities, some of ohich
suggest possible ismunomodulatory roles for these molecules in either the generation
and/or expression of immunity. The ultimate objective of our research is to
determine the function of each IFN in cell-me 4isa-ed immunity. The response of mice
to Listeria monocytogenes offers an excellent mudel for studying the possible roles
for IFNs in preimnmunity resistance and acquired specific resistance to a falcuitative
intracellular pathogen. The expression of anti-Listeria resistance is dependent upon
the generation of activated macrophages capable of expressing microbicidal function.
Last year, we reported IFNy is capable of activating macrophages, and earlier studies 10
from this laboratory established a striking parallel between the development of T

cell-mediated anti-Listeria immunity and an enhanced ability of spleen cells from
responding mice co produce IFNy in response to T cell polyclonal mitogens.

Collectively, these findings strongly suggest a role for IFNy in the expression of
anti-Listeria resistance. During the past year, we have documented the IFN responses
of mice during the course of an immunizing Listeria infection, and now are preparing
to undertake studies vnich will examine the rtnes of each Listeria-induced IFN in the
host's defense against bacterial infection.

1. IFN Responses of Listeria-Infected Mice

The serum IFN titers in endotoxin-injected and non-injected mice at progressive

times following an- munizing dose of Listerna monocytogenes (2x103 viable organisms)
are presented in Figure 1. Twenty-four hours after Listerna inoculation, low levels
of IFN were detected in the serum. The Listeria-elicited serum IFN titers peaked (32
units) on the second day, and by the fifth day cf infection, no IFN activity was
detected. Listeria also dramatically enhb&ced the host's ability to produce IFN in
response to the intravenous injection of endotoxin. Serum IFN levels measured 2 hours
after endotoxin injection revealed that as early as 8 hours following Listeria
inoculation, infected mice acquired the capacity to produce 5 times more endotoxin-
induced IFN than non-infected animals. Maximum endotoxin-induced IFN titers occurred
24 hours following Listeria inoculation, with infected mice producing 64-fold more
serum IFN activity than normal. Subsequent to tLis time, the enhanced responsiveness
of the Listeria-infected mice to produce endotoxin-induced I1P slowly declined.

2. Temporal Appearance of Endotoxin-Induced Serum IFN

The kinetics of appearance for endotoxin-induced IFN in the sera of normal mice
and mice inoculated with Listeria 24 hours earlier arc presented in Figure 2. Maximum
IFN levels were detected in the sera of both groups of animals 2 hours after the
intravenous administration of 25lgs of endotoxin. At this time, the serum of the
Listeria-infected mice possessed 32 times more IFN activity than serum of normal mice.
These studies also revealed that endotoxin-induced IFN was detected earlier and the

titers were significantly higher at all intervals in the sera of Listeria-infected
mice than in normal animals. Two endotoxin-induced 1FM responses were observed in the
sera of normal mice. Following the initial serum IFN response, which was complete
after 3 hours, a secoud minor peak of serum IFN activity was observed at 12 hrs. An
examination of the descending portion of the serum 1PM curve for the Listerin-infected
mice revealed a slight upward inflecticn in the curve between 3-6 hrs. Evidence will
be presented later showing this is due to a second endotoxin-induced IF response.
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3. Endotoxin and Poly(I)-Poly(C) Dose-Responses

Endotoxin-induced IFN dose-response studies carried out in 24 hour Listeria-
infected and normal mice are presented in Figure 3, panel A. Graded concentrations
of endotoxin were intravenously injected into groups of both animals. Two hours
later, the mice were bled and the sera a3sayed for IFN activities. The dose-response
curves established that mice infected one day earlier with an immunizing dose of
Listeria, were at least 50 times more responsive to I1N induction by endotoxin
than normal animals. Interferon levels plateaued in the infected animals treated
with concentrations of endotoxin over lug, where the titers of I1K were at least
50-fold greater than that of normal mice given the highest concentration of endo-
toxin (lOOpg) tested.

Since the synthetic polyribonucleotide Poly(I).Poly(C) also induces peak serum
IFN levels 2 hours after intravenous injection, it was deemed of interest to
compare the relative responsiveness of Listeria-infected nice to Poly(I).Poly(C)
IFN induction in a dose-response study (Fig. 3, panel B). The Poly(I).Poly(C)
dose-response curves ..or II•N induction in normal and 24 hour Listeria-infected
mice exhibit similar slopes. Moreover, although the Listeria-infected animals
proved more responsive to Poly(I).Poly (C), the yields of IlK elicited by all
concentrations were only 4-8 fold higher than those produced by similarly treated
normal mice.

4. Endotoxin-Induced IFN in Spleen Cultures Derived from Listeria-Infected Mice

The spleen is a source of endotoxin-induced serum IPN (3,4,14). Therefore,
studies were carried out to determine the responsiveness of spleen cells obtained
from Listeria-infected mice to produce IFN after endotoxin stimulation. Spleen
cell cultures were established from normal mice and from mice either inoculated 1
or 6 days earlier with Listeria. The cultures were incubated with endotoxin
(5jgs/ml) and at the designated times, portions of the uedia were collected and
assayed for IPN activity (Fig. 4). Spleen cells obtained from mice infected 1 day

V earlier with Listeria, produced the highest levels of endotoxin-induced IFN activity.
These cultures also produced IPX earlier (2hrs) than either of the two other experi-
mental groups of spleen cells. The endotoxin-induced spleen cultures of both normal
and 6 day-infected nice did not secrete IFN until after 2 hours. However, like
cultures from I day-infected mice, peak levels of IPX in normal cultures were attained
by 6 hours, whereas cultures from 6 day-infected nice continued producing IFN after
this time.

5. The Requirement of Viable Listeria for Aunmented IFN Induction

The foregoing studies established that an Iwmtizing dose of viable Listeria
could elicit IFN, as well an enhance -he responsiveness of the Infected mice to
IFN inducing agents. In Table 1, are presented the findings of studies designed to
determine if by Increasing the number of inoculated organisms would further enhance
the yields of andotoxin-induced IFN, and whether viable Listeria are required for
the enhanced endotoxIn-induced ITN response. Increasing the Listeria inoculum 100
times over the usual Immizing inoculum resulted in only a marginal 2-fold increase
in serum IFN activity in mice receiving andotoxin 2 hrs earlier. Listerna rendered
non-viable by either heat or ultraviolet irradiation were incapable of invoking the
augmented endotoxin-induced IFP response observed in animals treated with the same
nunber of viable organisms.
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6. T-cell Independence for Enhanced 2 Hour Endotoxin-Induced Serum II in Listeria-
Infected Mice

Thymectomized, irradiated, and bone marrow reconstituted (TID) AB•? mice or
congenitally athbmic (nu/nu) mice of ]BALB/o background were infected witi 2•O5 viable
Listeria and 24 hours later injected intravenously with endotoxin. Two hours later,
the sera from the Listeria -infected and similar groups of non-infected mice were
collected and assayed for MFN (Table 2). The infected TIB AB6FI and athymic nude miceproduced significantly higher yields of serum ]uN 2 hours after endotoxin inductionthan their respective non-infected oontrol groups. Bwvever, the differences in mag-nitude of the IFN responses between non-infected and infected T cell-deficient groups
were not as great (v5Qx) as those previously observed between infected and normal
AB6F 1 immunocompetert mice. This wes due to the fact that the non-infected T cell-deficient mice produced relatively more endotoxin-Induced MI than non-infected ABS"j
mmunocompe tent moemie

7. Interferon Responses to Different Agents at Progressive Times Post Listeria
Inoculation,

The IM responses of mice to three agents vere determined at timesprior to, after,and at the peak of the anti-Listeri. T cell-mediated Imnune response on day 6. proan6 hours following the intravenous injection of endotoxin, Poly(I)'Poly(C), or 10I
viable Listerh a2 the various groups of mice were bled and the sert assayed for IM
(Table j7 Pea-k 2 hour endotoxin-induced WI levels •ocurred I day following animranizing Listeria dose. after which, the early 2 hour M response gradually de-clined by day 15 to a level still 10 times higher than normal. In contrast to the Apeak 2 hour endotoxlin-induced IFN response, which occurred I day following Listeria
inoculation, the mamn'm 6 hour serum II response elicited by enduotaoi occurred onday 6. On the sixth day. the 6 hour serum IFN titer wes equivalent to the earlier 2hour serum titer, which was only 4-fold lower than the peak 2 hour response observedin mice I day after Listeria inoculation. kvever, the 6 Lour serum MI levels pro-duced by mice injected with Listeria 15 days earlier, were greatly dizinished relative
to the 2 hour IFN titers detected in these mice. The 2 and 6 hour Poly(I)'Poly(C)-
isday I of i infection. The high-es and 6 hour serum 37 titers, ir~e a•in tion of i0ý1 viable Listeria. coin-
cided with the peak of anti-Listeria T cell-mediated inrunity on the sixth day after
I•Jeotion of an imunising I dose. !

8. Antirenic Analysis of Endot••in-Indu•emd and Poly(I)Poly(C)-Induoed Serum W sI.

The availability of anti-uring MOO neutralizing serum and monoclonal anti-murine WI• neutralizing antibody, er-"ed the qualitative and quantitative analysisof the 3FI'/Pand WIr activities paresw.it in endotoxin-induced or Poly(I)'Poly(C)- 4induced serum M samples (Table 3). It should be stated that as in the human Msystem, the uurine IMAK and IFV molecules are antigeniceally distinct not only fromone another, but also from WIF'. Specific anti-Ourine IM and uFN,8 neutralizing
antibodies are not available, however, anti-IFMew/gis available. Antigenio analyses

of the Dy Classe's (total M4~h or MrN) existing in the various wdotaxin-inducedS or Poly(ZI)Po.y(C).-inued germ M samples (Table 3). were performed by reacting
each sample with an excess ()500 a utraIsing units) of anti-IFW/orani-Iantibody* as well as vith a mixture of boft antibodies. fte reacted smples were
then assayed for non-noutralized antiviral activities. The results of these studiesrevealed that the Poly(I)'Poly(c)-induced antiviral activities in all sera testedwere mediated exclusively by VXOP (Table 4). Likewise. MOVB mediated the anti-viral activity in the 2 hour sera of endotezi"-Indued alce. However, the later
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,appearing 6 hour .ndotoi.zr.induced serum M1N molecules produugby mice infected I and
6 days earlier with Listeria, were mixtues of I" and IM . B.ad on the anti-
vir•l activity remaining after the antibody treatments, 3FN-¥ is the major VN2 species
in thes 6 hour soer.

These studios establish that shortly after an Immunizing dose of Listeria, nice
acquire a greatly augmented capaci bo produce ondotoxzn-induced 1121. and follow-
ing the peak 3FNýV response. 37N is produced. 7he capacity of Listeria -fected
mice to produce elevated IFN.,, titers In response to endotozin is long lived and
diminishes slowly, as evidenced by the significant•y higher 37N•I titers produced

by nice infected 15 days earlier, as compared to nomal mice. The capacity of
.isteria-lnfected nice to produce MFNr following :nduoti.m with the B cell mitogen is

a nsitory, peaking along with anti.-I •teria smmity on day 6, and is lost 15 days
after inoculation with~ LKisteria.
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Figure 1

Listeria-induced and endotoxin-induced serum interferon levels during
infection. Listeria-induced 37N serum levels (a--) and serum IFN levels
measured 2 hours post intravenous injection of 25 Vgs of endotoxin (0-)
in micts at progressive time following inoculation of an i3mu=iizing
Listeria dose.
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Figure 2

Kinetics of 37N appearane. i th'e sera of normal and I day Listeria-infectedmice. Groups of normal and 1 day Listeria-infected ice were injected
intravenously with 25 ms of endotoxii ( 1hr) arn bled at the indicated times.
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Figure 3

Endotoxin (Panel A) and Poly(I).Poly(C) (Panal B) induced serum IFN levels 4nnormal and I day Listeria-infected mice. Groups of 5 mice were injected intraven-ouslY with the designated concentrations of either 3FN inducing agent and bled
2 hours later.
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Figure *4

Endotoxi-induced 37I synthesis In spleen cell cultures derived from noxmal,1 and 6 day kisteria-infected mice. Replicate spleen cell cIltures (o10cells/ml)were incubated with 3 mgs/ml of eradotoxin at 0 hr and samples of medium collected.at the designated times and assayed for I'N activity.
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Table 1

Viable Listeria are Required for Enhanced
Endotoxin-Induced Interferon Responses

Treatment 24h prior to Serum inteferou tite7(units/ml)
endotoxin 2h post endotoxinc

None 48

2x103 viable Listeria, i.v. 2048

2x10 5 viable Listeria, i.v. 4096

2xl05Akilleda Listeria, i.v. 32

2x10 5 U.V. killedb Listeria, i.v. 32

aBroth culture of Listeria incubated at 60°C/lhr. Following such
treatment, no viable Listeria were detected by plating on
trypticase soy agar.

bDetails of U.V. irradiation procedure presented in Materials and
Methods.

Clntravenous injection of 25 Ugs of endotoxin.



STab le 2

Enhanced Responsiveness to Endotoxin Interfero. Induction in
TXB and Athymic Nude Mice Following Listeria Infection

Serum interferon(units/ml)
Mouse type Treatment 24h prior to endotoxin -2h post endotoxinc

TXBa none 384

""2xi5 Listeria i.v. 2048

Athymic nude none 192
"2x105 Listeria, i.v. 6144

aTXB: thymectomized, irradiated, and bone marrow reconstituted AB6F1 mice.

bCongenitally athymic nude (nu/nu) mice of BALD/c background.

25 Vgs endotoxin injected intravenously.
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Table 3

Endotoxin and Poly(1).P ly(C)-Induced Serum Interferon Levels
at Various Days Post Listeris Infection

Serum interferon titers(units/ml) at
Day of Infection Inducing agents 2 h 6 h.

non-infected Endotoxin 32 6
Poly(I).Poly(C) 2048 192
Listeria <4 <4

1 day Endotoxin 2048 192
Poly(I).Poly(C) 8192 2048
Listeria 4 16

6 day Endotoxin 512 512
Poly(I)'Poly(C) 2048 64
Listeria 32 64

15 day Endotoxin 384 32
Poly(I).Poly(C) 3072 256
Listeria <4 6

a AAt 0 h groups of mice were injected with 5 jgs of endotoTin, 25 pgs Poly(I).Poly(C)
or 106 viable Listerns.
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Table 4

Antigenicities of 2 and 6 hour "Endotoxin and Poly(I).Poly(C)-Induced Serum
Interferons Produced by Listeria-Infected Mice

Antiviral activities (units/'ml)b
IFN Inducing Hajr of serum after reaction with excess

Day of iafection Menta at 0 h 1Il sample none anti-a/_ lati-y anti-a/.tautnt-Y

non-infected Endotoxin 2 64 <8 64 <8
PolyýTI).Poly(C) 2 512 <8 512 <8
Poly( -.Poly(C) 6 256 <8 128 <8

Endotoxin 2 512 <8 256 <8
Poly(I).Poly(C) 2 128 <8 256 <8
Endotoxin 6 256 256 96 <8
Poly(I)-Poly(C) 6 256 <8 256 <8

6 Endotoxin 2 256 <8 128 <8
"Poly(I)-Poly(C) 2 256 <8 128 <8
Endotoxin 6 256 128 32 <8
Poly(I)"Poly(C) 6 256 <8 256 <8

15 Endotoxin 2 512 <8 512 <8
Poly(I).Poly(C) 2 512 <8 512 <8
Endotoxin 6 32 <8 32 <8
Poly(I)opoly(C) 6 128 <8 256 <8

'Endotoxin (5 Ugs) or, Foly(I).Poly(C) (25 ugs) injected intravenously at 0 h.

b Sera Originally with titers >512 (Table 2) were diluted to "%512 units/al.
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