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A major drawback to the use of arboviruses as oncolytic
agents is their often lethal neurotropism. A ?reviously noted
protective phenomenon induced by intracerebrally inocculated
myXoviruses could vossibly selectively protect the brain from
the neurotropic effects of oncolytic arboviruses, To inves-
tigate the phencomenon, z number of myxoviruses and arboviruses
were used, A model system using Newcastle Disease virus (NDV)
and Sirzdbis virus in white Swiss mice was finally established
with which to explores hoth the extent of the phenomenon and
its mechanism of actlon.

I+ was shown that a proiective lndex of over 106'4 VAas
possible against sn intraperitoneal chazllenze by Sindbis,
enificant protection was established within elght hours and

-~

persisted throuch ten days. Tke magnitude of protectlon was
1y related with the anunber of interferon units induced

im the biaing 26 le=od when Gae probsctivg imdew 'wak 10



(gV) irrzdiated slicuots of NDV containing & low infective
titer of wirus.

Comparicon of irradizted and diluted NDV samples of
matched infectivity revealed that neither infectious virué,
nor particles reandered noninfectious through UV irradiation
were respousible for the induction of interferon in the mouse
brain, UV-inactivatlioncurves 2lso indicated that the NDV was
comprized of two or more virus populations with differing UV

sensitivity.
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Introduction

e ﬁas been known for many years that viruses will grow
readily in a number of transplantable animal tumors., In
some instances the effects of this infection has been varylng
degrees of inhibltion of “tumor growth., For example, in 1923
Tevaditl and Nicolau reported thét g, neurdirople strain o
vaceinia would interfere with the growth of several types of
enimal tumors (1)) . To date over nineiy such virus-
tumor relailonships have been studied (2, 3, 4).

In 1950, Koprowskl and Norton (5) screened many viruses
to determine which of these possess oncolyltic properties and
for which tumors, Mice bearing various trensplantable tumors
were challenszed with subcutaneous (sc¢) or intraperitoneal (ip)
injections of one of fourteen neurotropic viruses, The vir-
uses of Loupinz I11, Ilheus, West Nile (if), St. Louis encep-

halitis and Russian Spring-Summer encephalitis (RESE) para-

sitized the transplantable mouse sarcoma 180 (S180) and showed
partial or total oncolysis of tumor cells, as judsed by vital

¥

staining and transplantability. The viruses of Semliliki For-
est, Bunvamwera and Japanese B encephalitis showed no oncolysis
desplte the éresence of the viruses in tumor tissues. Last-
ern edquine encephaliﬁis wag the enly one of =2 group of four-
LY
teen other viruses which czused encephalitis without parasit-
izing the ftumor tissue. Yo effect on 5130 was observed with
western eauine encevhzlities (72Z), pseudorables, Frauch
neurotrovic vellow fever, Passos I, Ntaya znd Biwanba viruses

which failed +to infect the mice by vsrenteral inmoculzations,



A limited number of experiments using the MCI fibrosarcoma
and the TOT771 (mammary) adenccarcinomz geve results similar
to those foumd Witk 8180,

Azainst two osteogenic sarcomas (Wagner and Ridgeway),
the most consistent inhibitory effect was observed with Wi
and Venezuelan eguine encephalitis, and in one experiment,
7ith Bunyamwera virus,

Moore (6, 7) similarly tested the effects of the Group

B arbovirus, RSSE, against several transplantable mouse tumors

-

and extensively studied the oncolytic relationship which exists
between RSSE and $180 (8, 9, 10).

Viral oncolysis has likewlse been attempted in humans
bearins heterotransplantable and primary necplasms (11, 12).
In general, viruses used in humans have either been those
vhich are nonpathogenic for man, le Newcastle Disease virus
(NDV), bovine enterovirus; those commonly acguired and/or
ceusing & mild disease, 1le vaccinia, varicellsa, mumps; or
occassionzlly more pathogenic organisms of man against Wwhich
the recivient had been immunized, le measles and poliovirus,

Important findines have been established by the vreced-
piaye stﬁdies and may be summarized,

1) In order %o produce zn oncolytic effect, a virus
must sciually parasitize and replicate in the tumor
jtself. The susceptidlity of the tumor to viral

‘
$nfection 1o subject to the same criteria of humoral

immunity to which the host 1s subject.
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tumor by 2 particular virus can not be predicted (5).

3) With respect to transplantable mouse tumors, .severel

arboviruses are capable of cncolysis, Again, however,
no obvious felationship between tumor and virug has
been estabdlished (Table 1).

For certain tumors, an encephallitis virus may be more
"oncotropic™ than neurotropic, in that the titer of virus in
the tumor reaches a2 maximum earlier than in the brain, although
the same titer 1s finally achieved inm both (Table 2) (8).

This results in destruction of the tumor up to three days
before destruction of the braln, depending upon the dosage
of virus administered (Table %). While this situation pre-
sents many facets for further investigation, a problem of
immediate practicality 1s illustrated by loore's work (6-9, 13).
The problem was stated by her in 1950 (10).

Although the tuunor may be destroyed some days

before the death of the animal, the virus eventuslly

attacks the brain, producing pzralysis and death

Attemots to sevarate the lethal and tumor-desiroying

ability of the virus have so far been unsuccessiul,....
t i8,.c..08eful 4o know that the age of the tumor

. Y

and route of inoculation make no difference in the
ability of the wvirus to cause tumor destruction.

It is distressing that there exlsts en effective
nethod of oncolysis (Table 3), a prineciple which might
be creatly exvanded were it not for the persistant lethal

neurotronisn, Attemois to develop an attenuated RSSE strain

£ e - = ot e i . e wd 5 e L = L
Terance was unknowm, they investizzted she onsat, duration



and extent of protection, using several specles and strzins
g TLESEES

My own treatise describes an investigation into the mech-
anism of‘viral interference of the type noted by Vilches and
Hirst, and an exploratlon into some of its potentialities,
Baecause of the possibility of‘ultimately exploiting this
mechanisn to achleve & safe oncolysis with neurotropic viruses,
some attenpt to determine the relationshive among & trans-

plantable mouse tumor, various arboviruees, and myxoviruses

was madea,

The interference noted by Vilches and Hirst has several

peculiar characteristics, They found that protection against

more than 10° fifty percent lethal doses (LDBO) of the Lederle

i
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virus is established within three hours 2na

tl

strain of W
lasts at least seven days when the PR8 stralan of infiuenza
is used., Other viruses, including inactivéted ER LR,
were a2lso able to vrovide some protecﬁiOﬁ; The variabllity
in the dezree of protection was unexplained,

The rapidity with which the protection is established,

the non-speclficity of the interference, and 1ts induction

()]

by inactivated virus suggestis that this vroiectlion is mediated

bty 2n interferon (15). However, the magnitude 2nd duration

for seven dzys) are not generally noted charzcierlstics of
an iaterteron mediated orotection (18-20).

Interferon is 2 specles-specific protein produced oy
heir eXposurs to acitlve or insctlve RATRE B

double-atranded ribonucleic ncld (a¥4) which renders cells
{

by

resizstant to virus ixnfecevion (21-33). The exact mode 0



action of initerferon is still a matter of some conjecture
but is known that interferon brings about an inhibition of

RNA-synthetase involved in syunthesis of viral but not normal

A,

cellular HKNA-

The mechanism of interferon induction in cells is 1lik
wise inconpletely understood,lalthough for interferon produc-
tion to occur some double-stranded RNA must enter the cell.
How interferon induces antiviral activity in cells not exposed
to foreilgn RNA is unclear, although it has been hypothesized
to exert 1iis pfotective action throush a second mediator,
"translation~inhibltory srotein” (TIP) (34, 35).

It is generally agreed that interferon productlon in in

vive infections cezses by the 36th hour and the level ol cir-

i it

culating detectable interferon falls off rapidly about six

hours afier intravenous or intraveritonesal inoculation (15,

ri-

srferon Dro=-
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559 374 38). What liwite or inkibits furd

¥

duction is unknowmn. The persistence of protection well vast

seven days as noted by Vilches and Hirst contrasts with the

usually noted absence of detectabls interferon beyond 5 JETE.

=g

I% ig 2lso unususl for interferon %o provide zreater than

100~70ld vprovectlion in vive (32, 40).
lehes and Hirst further noted a merked variabillty in

the orotection afforded by different viruses snd by the sane

I7 2 safe method of viral onceolysis by aeurotropic viruses



or. titer 4df %he viras japarvant feectors for the protestblomy
g ‘profectlion mediated hy or »bleted to LuherfexeE? Is Lhe
protection a phencmenon which is 1o¢al, humoral or uniformly
distributed throughout host tissues? Since, in oncolytic
therapy, challenge virus would need to be administered via a
route other than intracerebral (lc), 1s protection effective
1f the challenge is glven via other routes? ¥#Wilth these ques-
tions in mind, it is pertinent to review some of the present
knowledge of central nervous system (CHS) infections, and ic
Yiegtions. |

In this discussion the term neurotroplsm refers to the

6}

neurologic component of systemic viral infections. It does
not imoly a special affinity for neural tissues but does
specify the ability to produce symplomatic neural disease.

ections and

=)

Naturally aéquired NeRrgeropLe vizws Iv
viruslinoculated experimentally by routes other than ic must
cain entry to the CHS by some natural vathway, It has been
shown that at least three general entryways exist and that
various viruses may use any one or even all three, depending
upon the narticular virus-host relationship (41).

Viruses may gain access to the CNS via peripheral nerves

ons, verineural and endonsural cells, lymphatics, or
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tissue sgpsces, A second pathway is via the oliactory nucosa
usinz mucosal and submucoszl c¢ells to sprezd to the sub-
t

orv neurons znd thus throusgh
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such 28 those with West Nile virus (42), by spread slong
olfactory fibers wlthout apparent infection of subﬁﬁcosal,
endoneurgl-or perineursl cells,

fhe third method of entry is hematogenous. It 1s the
prime route of arboviruses infeciing the CN3. Their entry
first reguires a viremia of sufficlent magnitvude and duration,
For maintainence of this viremia, virus muet be shed into the
blood from a multiplication site in some extraneural tissue.
The attainment of a sufficlent viremia allows peneiration of
whet has been termed the "ylood~brain barrier' (43).

Although a variety of mechanlsms have been postulated
to explain how viruses cross from blood to brain, it should
be noted that theoreticzlly no zctive mechanism 1is required,
for Shultz and Frohlich (44) have demonstrated small amounts
of bacteriophage in the cerebrospinal fluid (CS8F) of dogs
following large intravenous injectlons, and micromolecules of

farpritin haeve been shown to cross readily from the CSF into

the parenchyma of the brain (45)., However, bvoth Jepanese

Fal
1

influenza

encephalitis
adninistered

plexus, thus

virug and neuro-zdapted stirains of
extra-neurally infect cells of the mouse choroid

zlloving infectlon to spread via the CEF to the

b

ependyma znd thence to the brain parenchyma (e ) s

The small caplllary blood-brain Jjunction 1s the site

1y

romolacules o

9]

which is termed the "barrier.,” Zven sc, m2

ferritin can pass readily froa blood into the brain throuzh

this junction {47). Although in arboviruses

could zain entry to the



surrounding neurons and glial cells (41, 48).

Within the central nervous system itself there is & heb-
erogeneity in the susceptibility to infectlion. Each neuroiropic
virus has a spectrum of cells whichn it can infect., These may
often be characterized by thelr different anstomical location
or funection (Table 4}, However, some viruses are even more
selective, as demonstrated by the specificlty of polio-myellitis
virus for motor neurons, arboviruses for cells of gray matter,
yellow fever virus for mouse astrocytes or fixed rabies virus
for Durkinde cells of whe meliss Cerehellivm,

For a cell to be suscevptible to any virus it must be
capable of specifically absorbing the virus to 1ts cell
membrane, transvorting it a2cross the membrane and releasin
the viral nucleic acid, 1n addition to replicating the virus
components, The presence or absence of speclfic receptor
sites for the avsorviion of a particular virus to the cell

membrane is apparently the most lmportan

<_+

factor in suscept-
ibility (43-52). That these cell-surface receptors are crucial
in determining not only susceptliblliity of different tissues
and hosts, but also of the szame host or tissue at different
ages is indicated by the fact that the decrease in receptor
site activity for Sindbis wvirus in mouse brain has been showm
%o parzllel the increasing resistance to disease in vivo (41).
Similar findings have been revoried for changes irn enterovirus

Zing, cuwlturing or

w
[w)
w
&
6]
'
ot
|..J-
o
l_..\l
[
sy
ct
<
(o]
[
o]
4
!',,j.
=
o]
ct
(]
s
0]
=
[4))
[4)]
d
=
'....J
i
(J\%

acz to surfazce cell contacts (53-56).

(

virusss attach to svacific membrane receptors whilch deternine
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by an active but neonspecific mechanism,

A number of things are known about viruses inoculated
intracergbfallya Any material inoculated into mice by this
rouhte flushes the spaées available to-the CSF by backwashing
along the injection tract (41). No pocket is formed within
the brain parenchyma., The inoculum quickly becomes dispersed
throughout spaces available to the CSF (including the perivas-
cular spaces), bathing the ependyma and meninges and, as the
hydrostatic pressure of the CSF rises, passes into the venous
bloodstream by ruvturing through the arachnoid villi., When
eny virus capable of growth in ependymal or meningeal cells
is inoculated ic, widespread infection of meninges angd/or
ependyma throughout the entire CNS always precedes infection

of perenchymsl cells, In the case of non-neurocadapted influenza

ot
e

ne

e

U

Tirusce,. no parenchymal infection oceecurs; zlthough & cpa
of infected cells completely surrounding the parenchyma of
the brain is established, usually asymptomatically.

A "boxicity" effect hos been reported uporn ic injection
of large doses (108 50% infective doses) of come standard
strains of influenza virus (46) which can causé death in mice,

usuzlly within seven days. This toxlc effect may also result

ty can be prevented by prior

I...In

"
from WDV, however the %oXic

injection of receptor destroying enzvme (RDZ) which has the

NDV) viruses from ¢ell membranes. In mice so injected there
is a =reat reduction in the percentaze of ependymal and arach-

noid cells which vroduce virazl antizer followinz ic inoculatlon
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during ic injections, the titer of interferon in the bralin

nas been recorded up to 1000~Ffold greatsr than in the blood

or non-neural tissues (38), Thus, it would appear that ic
injection of non-neurotropic virus should be a rather effective
method of selectively protecting the brain against a neurotroplc
virus by any route. Surprizingly, when this was tried (4),

ugln

Q

~ NDV as a protecting agent against three arboviruses,
only small multiples of the LDBO of the arboviruses were able
to be given without an ensuing encephalitis, the greatest
protection being recorded as roughly a 100-fold difference
hetween the NDV-inoculated mice and controls, Usual protec-
tion was less than 10-fold., The variabllity in ﬁhe effect-
jveness of protectlion was unexplained.

This cited study was an attempt to protect the brain
against arboviruses capable of oncolysis of the Erlich eggiics
carcinomz in mice. For the most part no absolute protectibn
could be demonstrated in animals with tumor cells which be-
came infected with arvovirus, It is nearly certalin that
infection of the tumor cells vroduced a marked virenla, much
grester than that oroduced by low doses (30 LD- O) of virus
in non~tumor bearing mice. This viremia, of suificien
titer and durstion, allowed infectlon of the CHS. If a virus

inoculated ic is %o protect the CND a
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g marked and persistant arbovirus virem
ed tumor cells, = vrotection of the type noted by Vilohes ano
The subject of this research is to explore the method

of vrotection noted zbove for it's possidle use in viral
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MATERTALS AND METHODS

Haterials

Viruses: All viruses used are available from elther the
Arbovirus Reference Laboratory or the Eespiratory Virus Infect—
lons Unit, National Communicable Disease Center (NCDC), United
States Public Health Service, Atlanta, Georgia, Arboviruses,
except as noted, were bassed uvon receipt by ic inccula-

tion of a 10~% dilution in newborn mice. Arbovirus Prepara-
tions ware lisghtly centrifuged 20 per cent mouse vEEin suee

ons in five per cent bovine albumin in Phosphate«bufferea

i_.'n

pens
saline (BAPBS) at pH 7.8~3,0. The technioue was as described
in the NCDo laboratory manual1 with the eXception that brains
from frozen and thawed carcasses of mice sacrificed when MoLi~
bund, were harvested by aseptic aspiration. Virus wasg stored

in sealed glass ampules at -70° ¢, Por mouse inoculations,

aporoprizie 10-7old dilutions of the 20 ver cent sSuspension

I_h

were made in 0.75 per cent BAP33 contain ng, at a finsl con-

centration per g, 200 W wuf vemned iy @ votassiun (Pfizer)
and 100 ug of streptomycin sulfate (Pfizer),

=

Unless noted, myxoviruses vere passed uoon recelvt by

o
o
w0

L] [] L] - =t —f) > A . »
chorio-2llantoic incculation of a 10”< dilution in nine-day-
0ld embryonated hen's €zgs,  Dlluent for inoculations was

Hanks solution containing 200 U of venlclllin G potassium

Laboratory Techuicues in Virelozy, ICDC, Atlanta,
SOrzie, FO53%,

G2



s

(Pfizer) and 100 ug of strepiomyecin sulfate (Pfizer). Infected

8]

eggs were incubated at 35 C for two days, refrigerated for

14-~18 hours and harvested, pooling the smmiotic and allantoic
fluid from each egg, Hemagglutination (HA) titratlons were
done with 0.5 per cent triple~washed chicken erythrocytes in

phosohate-buffered saline (PBS) at pH 7.4,

Arboviruses: The passage history of these viruses is deslge-
nated 2s the number of passaze (P)., When the passage host
is knovn, the number of passages In that host, uvsually suck-

ling mouse (SM}, is given,

WEE, Fleming strain, not passed upon recelpt, SHE,
WES, NJo=138 D strain, not passed upon receint, 3M3,

HEE, Cox strain, passapge hisitory unknown, belleved to
- have been orizinally obtained from Lederlie Labora-
HOE LS,

WES, 558 girain not passed upon receipt, P11.

LR R, AR ES5 ShEraili; o

Guaros, =2

Hesht Wileés, L3848, €3

Lignigare £
2
i

P~21 strain, P2 SN2
Il kewn, P25, GH
Dotoing 111y SHI
Myxoviruses: The vassage history of each of these viruses
(Teble 5) is desiznated by the number of vassescges in esach hosi,

such as ferret (F), mouse (M), Moankey kidrey (MK), or embry-

onated hen's eagzs (F).

Influenza A/PRR/Z4, 28/H50323170,

Influenza A/Swine/t475/31, N33/348,

Infliuenzz 3/Lee/20, PEAL137/2188,

Influenza B/MD/59, MK2/21/HK1/Z11-14,

Influenza B/Den/59, 24-7,

Newcastle Disezse virus (¥DV)/NJ Roekin, 320~23,

lineleic Acid: A synthetlic double-stranded ribonucleic acid

(RH4) polymer of dnositie and eytidyiic acldr Bremered by

P=1, Bioghen




L2

Unit, NCDC. The manufacturer specifles 20 per cent by welght
is in the blolosically active double-stranded form. An 80 mg
% RNA uolution in 80 mg 5 DEAR (diwethyl-amino-ethylene dé;»
tran) MY approx, 2 x 106) in PBS, designated P:;IC-dx (Table

5}, was used in one experiment followlng Dianzinil's example. (57).

¥ethods

Titrations: Unless otherwlise noted, all arbovirus titrations
were done in suckling white Swiss mioe. Titers are expressed
as 50 per cent lethal doses (LDBO‘
standard deviation (SD) were determined by the Spearman~Karber

nethod (58), Myxovirus titers were de

e

02

z infective . doses (EIDEO’S). Svid
was the presence of 44+ hemagglutination in a 1:2 dllution of
the hervested sllantoic and amniotic fluids in PES. HA titers
were also determined where harvested fluids were to be used
for other purposes,

Insctivation: Ultraviolet (UV) irradiation of virus was done

=,

by placing about 2.5 cec of freshly thawed liguld preparation
(or an amount sufficient to cover the bottom) in 100 % 15 mm

Petri dishes, These were placed on an agltator under a vio-

logical safety hood at a distance of 24 cm from a2 15 watt G,
£, seraicidal lemp. UV exXposure was Timed by 2 stop waten.

After UV irrediation, 2 portion of each prevaration was diluted

r

and inoculated into sags for EID5O TLEration-ane oo 2lanes
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that each litter in a test zroup contained no siblings but
sueklings in each litter had 2 sibling in every other litter

of the group, Most commonly the litter size wag eight but

in some experiments other litter sizes varying from 6 to 10

were used, The agent to be tested for interference was injected
i¢ in & volume of 0.02-0.0% mi,. Twenty-four hours later,
challenge virus was titered in litters of boih test and control

groups by giving 0,05 ml ip of one of the serial dilutions

-

of the challenge arbovirus., Mice were observed dally and
any deaths recorded each day, excepting any during the first
24 hours after challenge These were not included in calcul-
ations. “XDerlmemtq vere terminated on the fourteenth day.

Con%rols using normal chick embryo allantolc and amniotic

]

fiuids, Hanks solution, and 0.7% per cent BAPBS as protectlive
agents showed no proteciive erffect.

Interferon essay: Assay of the blologleal units of inter-

feron in mouse brains followlng the ic inoculation of the
protective agent was done through the courtesy of Dr. I, R.
Borden, Develoovmental Viology Unit, HCDC, TPreparation of
materisl for assay was done by homozenization of frozen and
thawed, aseptically asvirated mouse brains in Hanks scolutlion
to make a 1:8 dilution. This was lishtly centrifugzed, decan-
ted, and the supernatant frozen until submission for assay.

Assay of bilologleal activity was in § cells using Mengovirus.

interferon aecessary to decrease 2 pizgue count by



EXPERIMENTAL AND RESULTS

In the first group of experiments, Influenza B/Den/59
was tested against a series of seven arboviruses. This myXow
virus was chosen because of previous experience with it azgainst
a strain of WEE in which protection up to 105 LDSO hed been
achieved, The results of this group are summarized in Table
6, Here, and in some followlng experiments, the endooint in
either the expefimental or control titration was missed, 21lowW-
inz only a minimal statement as to degree of vrotection. How-
ever, even with a relatively low infective titer of myxo-
virus, a significant degree of vrotection is afforded against
a2ll challenge viruses. In no case is the difference beiween
the arbovirus titers in the test group and the control sgroup
less than 2.3%26 standard deviations., Also, for myXovirus nave-
an HA titer of 1:640 or less, the protection is relatively
constant zmong the challenge viruses tested,

It is necessary %o note here that the Guaroa virus
challenge was conducted in adult micé. While adult nice are
not normally susceptiible to Guaroa virus by the ip» route,
these mice harbored the ascites form of Sarcoma 180 which
rentdered the aiwlt mice gnepephlible by this mouite. ALL other
titrations in this group were in suckling umice,

In the second zrouv of experiments, 2 series of MyXOw



ig made between the different myxoviruses because of their
different BA (and presumably infective) titers, it 1is apparent
that the protective effect is not limited %o B/Den/59. On
the basis of these data it would appear that itype 4 influenzas
are generally lethal for mice, however, baVlng o passgge his-
tory in mice could partially accouant Ior this appearance.

The next group of experiments sought to compare the pPro-
tective capacity of several myxoviruses and a synthetlc double-
stranded RNA (P:IC-dx) aszainst challenge by several stralins

of WEE (Table 8), The 80 mg per cent P:IC inoculum repre-

N

sented a saturated solution at 50 ¢, While =2 sisnificant

protectlion was afforded by 2ll ageants used, NDV alone 1is
apparently much more effective, The efficacy of NIV in the
induction of protection agains t gseveral arboviruses is shown

in Table 9, (Ilheus and Louping Ill are very closely related

to RSSE). The Sindbis LDrO in the NDV-protected group was

1

less than 107" which aceounts for the missed endpoint, how-

ever a protective index of over 2.5 million is undoubtedly

o

giznificant.

b»)

The next serlies of experiments were designed Lo more

5

¢learly characterize the nature of Ih
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end Sindbis viruses as the model systen. Aliquots of NDV
(22} were inactivaited by exposure %o UV IpYadie Flon 1o Faty-
ing Jensthes g time zme pesullapt ens 1¢ectiJiﬁV determined
(Pics, 1 and 2). The abllity to drotect azainst Sindbis was
determined for 2=zch irradiaﬁed'sample. T Bueki WS, & mftckhen
conCEel of sorparaiile In¥eehisrs Titer, Schleved WHEgGE

aporopriate dilution of an aliouot of an unirradiated =samule,
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was tested, TFurther, the 24 hour interferon titer in bralns
of mice receiving some of these agents was'obtained through
the courtesy of Dr. B. R. Borden, Developmental Virolegy e L s
®CDO. Tﬁese deta are included in Table 10 because they may
contribute to the understanding of the protective mechanlsm,
With the irradiated samples, egg infectivity decreases
vy over 10 million-Fold while the protective abllity decreases
rouchly ten-fold, In contrast, a 500-701d decrease on infect-
ivity schieved through dilution causes an almost exacl coT-

respondiang drov in the protection, Beyond this dilution, no

.

protection 1s demonstrated.

A final series of experiments designed ‘o explore the
duration of the HDV-induced protectlon was only partially
cuccessTul due Lo a contamination problem encountered in the

ceries, While the series established the presence of pre-

4]

teetion through the tenth day followlung KDV inoculation,
quantitation of the protection was 1speseible., The TEenlts
of this series are presented in Table ti., It should be noted

that when WDV is given 24 hours after the challenge arboviTrus,

-
the mortality rate at every dllution through 107~ 1s 100 ver

cent, demonstreting a pattern similar to numerous Sindbis
4 & ES g . * x -~ -16 2* O 5
hitTeTlons Layide an LD5O erdpoint 6L 10 ° =¥,

However, when Sindbis challenpge follows the myxovirus,
even by only eigsht hours, protection is demonstirabla, An
undetermined proporiion of the mortality rate after challenge

was caused by z contaminant in the HDV inoculum {renzinz from



1llustrating survival against over 102 LDBO'S gl Siadbig at

a

both these times, Even ten days fellowing NDV no more than

—t

50 per cent mortality occurred at the 107 dilution.

co
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DISCUSSION

The protection of the mouse brain ag ingt arbovirus

challenge has been investigated Irom the stenfpeitt €€ 168
ﬁossible use in = model system for {he study of safe viral
oncolysis., Information gained from this investigation will
be used to construct an hypothesls regarding tbe mechanism

of protection.

" are sometimes

The terms “activity" and "infectivity
wsed synonymously in current literature. In this discussion,

"infectivity" refers specifically to the ability to initiate

1 o

infection, "Aetivity" refers to the presence or absence of

‘,3

v measurable effect of the virus. Thus the ability to

tnitiate & protective effect (protectivity) may be active ox
inactive {nonfunctional) in a virus varticle, as may the infect-
ivity, the hemagsglutination ability, or any measura tle enzyme
activity. "Inactivation” refers to the transition from active
to inactive of any specified viral functlon. An "incomolete”

particle lacks one or more components of a complete infectlious

virus perticle and is necessarily noninfectlous (by- definition)

protection decreases with increasing dilution of DV so that

tion appears positively correlated with he inoculum

obvious hers, protection of over four lons 1s not seen unless
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the ezgzx infectlve titer approaches 108 dr the HA Titer is

over 1:0640,

A second Tactor affecting the maznitude of protection
as seen from Table 9, is the particular srbovirus used to
challenge, possibly a resulti elther of different modes of
entry into the CNS by verious arboviruses or of different
cellular susceptibilities within the CNS and its coverings,

The onset of protection is established within elight
hours (Teble 11), & findingzg consistant with that of Vilches
and Hirst. {Appearance of the earliest demons%rablé protection
was not investipgated slthough an assay of the interferon
level in the brain three hours after NDV inoculation was
already one-sixth the 24 hour peak value of 636 interferon
units, )

The duration of protection (Table 11) was not definitely
established due to 2 contaminant in the experiment., The
exact magnitude of protection with time must be validated
through further experimentation., Hever-the-less thls exXperiment
does allow some comments epucerming Hhe duretleon of proboction,
Since each mouse was experiencing =2 double risk of mortality,
one from the contaminant and one Ifrom the Sindbis challenze,
no conclusion can be drawm from those who died, Survivors,
howaver, withstood fthe double jeopardy, including the Sindbis
challenge, The fact that there was ro mortality at the 10~1
dilviion when challenged six days following DV, shows that

ol

at Sindovis

4]

-
s

o

d through that time.

l_ll

considerzable protection

tions usually exh

l..J-
l_ln

na

(=

virus under test ¢

o
Q

N

-~
AT end vwas shovwn in this sxvzriment to

O -
be sreater than 10°. Thus, greater than

approximasely 10

(9]
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were.present for six days snd, as judzed by the 50 per cent

mortality at the 10”1 dilution smong those chsllenged at ten

days, at least five logs of protection persisted for s ten

day periéd. 0f course this experiment needs future verification,
The_obvious first suspect as the protection medliator is

interferon., The non-specificity of the protection, its induéu

tion by inocula consisting of noninfective virus and eve

b

¥

-

by inocula of synthetic double-stranded RNA (Table 8), all
strongly sugeest that interferon plays a primary role in the

protection. Table - shows that the amount of 24 hour inter-

-

feron induction for P:I0-dx and B/Den/59 (passage Z6A} is
rourhly equal and the degree of vrotection afforded by these
two agents is within 0.4 logs (5.D. for each 1is 0.4)., With
most myxovirus samples, insufficient itnterferon titers were
run to permit conclusive correlations with protective abilily,
eze infectivity or hemagglutination titer,

One series of experiments, however, does contribute
snformation on both the mechanism of protection and its

method of mediztion. Interferon t1

trattops éonBucted 2fNey

inoculation of irradiated aliquots of NDV or natched infect-
ivity samples in mice (Table 10) did demounsiraie an associae-
tion. Thirty seconds of UV irradiation deéreased the provec-

tion to %40 per cent of the unirrsdiated sample (3.1 logs t

(@)

feron titer (210 to 37 units). Three hundred seconds o
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to interferon. In the control inocula, with maitched infect-

ivity achieved through dilution, & 300~fold drop in the pro-

tective index (3.1 logs %o 0,6 logs) 1s accompanied by a 125-

fold drop in interferon induction (201 to 16), Figure 3,
however, shows that the relationship between interferon titer
and protective a2bility in this range is linear with a cor=~
relation coefficient of 1,00.

A major dlscrepancy does exist between the protective
ebility of the irradiated and diluted matched samples (Table
10), In UV-exposed samples, egg infectivity decreases by
over ten million-fold over 300 seconds of irradiation while
the protective ability decreases rousghly ten-fold, In addition

during the first 30 seconds of irradiation, the number &

infective perticles decreases from 10“ -0 to 1O"8“, a droo
ar ga, r cent, yet protectiviiy decrezses from 1O5 1 e
10 7 a drop of only 50 per cent, In contrast, & comparable

"i
©
WO

droop in infectivity via dilutio 3.3 per cent decrease) 1is

-

accompanied by a drop of 99.06 ver cent

fdw

5 protectivity. Thus,

'3 »

while protectivity (and interferon stim ula
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relationship with the dilution of the inoculum, the number

of infeciive vparticles does not seem To e dnvelsag din Tals

ious virus

Ly
&
by
W
w
—
3

11
o’
]
W
=
H
()
(@)
Q

(S5
(3
l,__‘l
81
[
Pl
il
Ly
[5¥)
cr
o)
Q
]
l_..l
3
H_,

o r.+
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1wz contains 107 infe
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by 60 ver cent, 1t apoears that ovrotectiviiy cannot be

reasonably 35“001 ated with elther numbers of infectlious or UV~

in ctlvated noninfectious particles. The remaining known com-

nonent in the inocula which could be responsible for the pro-

e

tectivity is the guwantity of incomplete virus. Thus, over

the range of protection up to three logs, the data suggest

that protection is primesrily due to interferon which is

G|

induced by incomvlete virus,

Another unanticipated interpretation indicated by the
data from the investigzation of the effect of UV irradiation
18 demonstrated in Pizure 1. When the duration oi UV exXposure

exoonent of the egg infectiviity titer,

(0]

is plotted against the
o fzirlv uniform curve is obtained which on a log scale is

nearly & straight line (Fig. 2). Superimvosed on Figures 1

et

“h
e

end 2 is the line best tting the experimental points,

=l

obtained throuzh linesr regression. This inactivation curve

could be intervreted to mezn that the inactivation rate 1s
constantly changing (decelerating) or alternately thad
or more factors are being inactiveted at different rates.

Unless irradistion conditions underszo change, no change in

the lnactivation rate should occur. DJuring experimental

|_1v

nzctivation, all observadble factors (distance, a2gitation,
tenmperature, ete.) remsined coustant., Furthermore, the
outowt of the UV source does not decrease by 50 per cent in

aseversl months, thus the concluslon must e accepted That

- - = Fal = o 2 Ao LR ] TS gk -
thers are A0 (or foTe) Faogtors tniErgoing diflegent Xates

LI $ e = bl = 5 - - - (. =
07 insetivetion., The solution to the dilemms a2g to whether

the gther T-rezizisnt (JV2) on the same virus partvicle or
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whether there are twe separate populations of viruses with
different inactivation rates rests upon the assumptlon that
each virus particle has only one mechanism of infection as
opposed to two infection mechanisas, one UVR and UVS, A4s

seen in Figure 1, both the UVS and UVR factors are measured

by ezg infectivity, indlicating thst two infective populations

3

of virus must exist. Examples gt BV contzlming & UEepeE+
tion of 2 varisnt strain have been reported‘(59).

4 similar finding regarding protectivity is evident in
Pigure 4, Wnen the log of the protective index is plotted
against the duration of UV exposure, the reéultant clpve
of the loss of protectivity suggests that two {or more) pro=-
tective factors are being inactivated by irradiation, one
UVS and the other UVR, Additlonal evidence that protect-
ivity is not directly assoclated with infectivity is the fact
that the rate of inaotivation of infectivity proceeds at such
a tremendous rate ag compared to the rate of inactivation
of vrotectivity. This can be 11lustratad by comparing the

A

log of the slope of the curve oX

protectivity inactivation

(-4.2) with the log of the slode of protectiviiy inactivee-
tion (~0.7) over the first minute, or over the last four
minutes («0.8 as compared to -0.1).

The finding that protection azainst Sindvis challenge

[

ts directly proportional to the interferon titer (correlation

coefficient = 1.00) supports the hypothesis thatl over Tals

interferon. There is no evidence tnalb extrapolation of this
x e | 5 4 S e &,
relationshin to the observed protective 1ndexX ol A would
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accurately predict the number of interferon units (estimated
at 105'4) detectable by assay. It 1s possible that the amount
of protection capable through the interferon mechanism falls
short ofathe maximum protection demonstirated in this investi-
gatlion and that & protective effect due to other vhenomena
cgellrs 4f Jlzh Triteeiiiys 1nd eXes,

The finding of two or more infectlive populations in the
NDV is consistent with current literature. Since these popu-
lations vary in thelr UV-sensitlvity it would not be surpriz-
ing that the incomplete particles also differ in the UV-sens-
Ltivity of their avility to induce interferon., Because the
current understanding of interferon induction involves boih
infectious virug and UV~inzctivated noninfecticus viruz, the
sugzgestlon that néither of these particle types is zeciually

4

involved must be made as an hypothesis until confirmstion by
this or other investigators. The use of ic receptor-destiroy-
ing enzyme could help determine whether the active zttachment
of virus particles to the cell 1s neccessary for interferon
induction in vive. Tnactivation of myxovirus through other
methods could help to define other necessary criteria for
vrotection induction,

Anpother aspect of this problem which remains to be
investlzated 1s the degree of protection of nonneurzl tissues
against arbovirus proliferation., Use of = “viscérotropic“

+

v of yellow fever virus might help to evaluate this

S
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SUMMARY

The-phenomenon of protection against arbovirus challenge
by intraperebral myxovirus has been investigated. General
findings include a2 rapid onset of protection and & magnitude
of protection which can exoeaé a protective index of 106,
depending upon the myxzovirus inoculum and the arbovirus used
to challenge, Slgnificant protectlon appears to remain as
long ag ten days after ic incculation but exact gquantitation
has not been established. Over 2 defined range of protection,
the amount of interferon produced is directly proportional
to the protective index, TBvidernce 1s pregented supporting
the hypothesis that nelther infectious virus nor UV-inactivated,
noninfectious virus is responsible for interferon induction.
Implicated instead is incomplete (non-irradiated, noninfectious)
virus. The indication that the infective factor and th
tectlve factor are both comprised of multiple populations 1s

hesis and with current iiterature.

ct

consistent with this hyvo
Further investigation must establish whether or not tais
protection can be zxploited Lo achleve safe viral oncolysis.
The white Swiss mouse, Newcastle Disesase virus and Sindbis
virus seem to provide a reliable model system with winich tue

nunerous varizbles in oncolyslis can he systematically explored.
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TABLE 2

Titers OF 25955 Virus In Brain And Tumor After iv

Tnoculation OF O.05c¢ OFf A 10=2 Virus-bratn sSuspension in M

&y 50 8450

#Piter expressed as log LD:
#Tgken from reference 8.

-
]
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TABLE 3

Per Cent OFf Viable Cells Remaining In 5180
Tumore Followinz in inoculstion #ith zsGE In Mice®

LD50's RSER Per Cent Cells Remalnine Viaeble On Day
Lajected 1 3 i - S i S
1 02 4o 0 -Jeit - = -
10 57 43 2 - - -

2 0
10é 100 60 - ) 0 -
107 100 100 100 30 10 i

= rl;r

101 x 100 . 57 - 1

e |

pres

#Taken from reference 8,
#%-, not done

W -



TABLE 4

Susceptibility of MNouse Centrsl-Nervous-System Cells
to infeciion as bhown by Fluorescent Antlbodies™

Meningess or

Ependyma
Virus or_Both Glla Heurons
Poxvipruses + 0 0
Influenza:
Standard strains + 0 ' 0
Neuroadavted strain
(THS) o+ + +
Herpes Simplex + “ 4+
Reoviyus + + +
Arthrovod-~-borne viruses:
Group A
Sindbis + 4+ +
Venszuelan + 0 +
Group B:
Fest Hile 0 + -
Murray Valley 0 + -
Tilele homwme 0 + +
Jepanese 0 + +
Unzrouped:
Coloreado Tick Fever O 0 +
Rables 0 0 +

e
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5
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@
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=y
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rom reference 46,



TABLE 5

Arbovirus Chollense, with Inisciive 1iter, Lenergliiinstion
Titer, and Passace History

Agents Used in the Investigation of Protection against
$

Myxovirus fossane HA Tivexr 21850 Interferon?

A/Swine/1976/31  E48 1:256
A/PR8/ 54 F8/M593/ 51 1:1024
B/Lee/40 F8/M137/B136 1:8
B/M3 /59 ME2/E1/4K1 /B 1:2048
B/4d /59 MK2/81 /1K1 /E1 1:160
B/Ma/59 MK2/E1/MK1/21 1:160
5/1d /50 MK2/31/MK1;E1 A {1:1280 10.1+0

1

/it
1

Q

B/Ma /59 MK2/E1/MK1/3148 11640 1gT+0

B/M3 /59" MK2/B1/MK1/E158  1:2048

B/i1¢/%9 MK2/21/#K1 /8158 1:1024

B/Den/59 5 1350

B/Den/59 E6A 1:640 64

3/Den/59 6B 1:1024 5

B/Den/59 E7 1:256 107

B/Den/59 78 1:128 10
WDV nD1 1:160 107
WOV T224 1:1024 8
WDV E2238 1:2048 Jp="
WDV 523 1:512 107+

20V

0
0
0 635
0
v 152

PeTl-dxss ; T4
#Expressed =28 unite of interferon/em of brain, assayed by Dr.
i, R, Borden on vooled suspensions of mouse brains harvested
24 hours after myxovirug inoculztion,

##30 mpy % solution of synthetic double-stranded 2NA (polyin-
ogsitic, polvaytidylic zseid) ir 30 mg % DEAB-dextran,
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Profective Hffect of Verious Passases of Influenzea
B/ben/59 ziven ic awainst Variols ATDOV.IuS
Challenzes iv in bSuckling Mice,

Titer Challenge Log Protection
Jesienate HA = EMg, Arbovirus Protection S ) gif

H6A 1:640 = Langat =5
=7 11256 (18] Guaroasti i3
= 1:256 102 Tineus 1.4
255 107, Louping I11 1.4

g 10 e
4,0

IO 9
S PO UK
S A

B 1:25 « 30
B8 a2 WTEE (Fleming . 42
L6383 1:1024 - Sindbis : v

*~~Standard deviation of the protection, in logs
wha-Tesh dome on adwlt mice wWhich, iRl oider 4o creats 4p
susceptlbility, harbored the ascites form of Sarcoma 180



Protective Effsct of Varlous Myxoviruses ic azainst
Tancat or Sindbis Challenge 1imp.,

TABLE 7

Titar Previous Tog Proveetlon Challenge
Myxovirus HA Mouse Protection S.D. ¥ Arbovirus
Yassage _—
NDV 1:2048 - ) - Sindbis
B/Den/59 (E6B) s
1:1024 - 4.3 0,41 Sindbls
B/Lee/40 1:8 + 1.4 0,32 Sindbis
A/ERE/34 111024 + Lethal to
mice Sindblis
L/swine/1976/31
11256 + Lethel to
mice: Sindbis
B/Den/59 (Z6A)w#
1:640 - T8 0 50 Langat
B/Md/59 1:160 - e 0.1 Langzat
L/PRB/ 34 1:2560 + Lethal to
mice Lengat
#eaStondard devizations of the protection, in logs
##.-plso Tecorded in Table &
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TABLE 8
Protective Effect of Seversl Myxoviruses and a
syntnetic dousle-stranced ik ic arainst Two/WoB
Strains Given ip

ey fering WaE Log Protection
Agent Strain Protection S M
WDV (£20) Fleming 2.8 -
B/Den/59 (E8)#* Fleming 1.0 0.42
WDV (E21) 558 % S
P Ll d i HHS 1.1 B S

#..Standard deviation of the protsction, in log

*.~3eported in Table 6

S ~uO meAh solution of synthetic polyinositic, polycytidylic
acid in 80 mg p» DEAE-~dextron

AL
e 4



TABLE 9

Protective Effect of NDV Gilven ic azainst 1c

Ry o a7
Ay

nellente DY several Arboviruses

o

NDVY Challenge Log Protection
Passage Arhoviris Protection Sq Lot

E21 %% WEE (558) Bl G

22 Ilheus 53 0.29

B22 Tovipizeg T11 51N S

B22 Sindbis <6.4 -

afs

tmw Standard deviation of the protection, in logs.
~-Roported in Table 3.
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TASLE 10

Effect of UV Irradiation and Dilutlon on the ?r0uective

Abiiity of ic 1DV (E92) BrAANEt 10 9indDig “Chollenge
WDV Resultant EZIDsg Loz Protection 25 Hour
g?eatmentk_Titer Protection 8. D,#* Interferonii
none 108 5 B 1 . £0 201
Uv 30 sge, 10(' Sy B 87
DiL 107= 1 1 0.5 .30 16
gv a0 gsac, 102-:% 2.4 Ao nd st
DLl $0="*¥-2 Mo G5 < nd

A

UV 180 sec.102+7 2.3 .33 nd
UV 300 geg.109°F 2.0 155 51
DIl 10=7«2 10 0.! .33

e vesre

#--Gtandard deviation of tﬂe plotection, i leows
#¥.-Units of interferon expressed as units/em of brain. Done
by Dy By R. Berden
*udeaifot done



TABLE 11

Percent Mortality among Mice® Challenged with Sindbls

1p before and zriter ic NDV (525)

\
=J

Percen®t mortality, per day after recelv-
Dilution of Sindbis ing EDV

=i G By ) 1 = & 8 10
107} 100 0 45 67 O 43 50
10“,5 100 1% 20 8% 38 100 60
fie s 100 100 14 0 50 67 20
107 100 5 4% =5 15 BY A4
(0 100 0 g 93 3B 29 5

i3 e

$o-Number of mice per litter ranged from 4 to &
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UV _Inactivation of NDV Infectivity,

Infectivity remz2ining in aliquots of NDV with
increasing exposure to UV irrzdiation. Infectivity
is expressed as the logarithm of the 50 per cent
egg infective dose and ploitted on an arithmetic

scale,
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Flgure 2,

UV Inactivation of NDV Infectivity

Infectivity remzining in =2ligquots of WDV with
increasing exposure to UV irradistion. Infectivity
is expressed as fthe logarithm of the 50 per cent

egg infective dose and plotted on a logarithmic
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Relationship of Protectlve Index to Interferon Units

Correlation between the protective index obtained
when ic NDV (522) was used Lo protect against an

ip Sindbis challenge, and the activity of inter-
feron in the brains of nmice twenty-four hours alfter
ic ¥DV incculation, Interferon assay was done by

Dy, By B Borden.
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UV Inactivation of WDV Protectivity

Protegtlve ability feasifling in =2ld¢uots af WD¥

with increasinge exposure to UV irradiation. Pro-
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