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_."NOTICE: When Government or other drawings, specnmatlons or

other data are used for any purpose other than in connection mth .

~ a definitely related Governmert procurement operatlon. the U.-.
‘Government thereby incurs no responsibility, nor any obl:ganon .

whatsoever; and the fact that the Government may have formulated: -

'furmshed or in any way supplied the said drawings, spec:fucanons
or other data is not to be regarded by implication or. otherwuse as

in any manner licensing ‘the holder or any other person or corpora -

tion, or conveying any nghts or permlssnon :0 manufacture, use or

| '_'seil any patented invention that may n any way be related theretc
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SUMAVARY OF THE REPCRT
TR SN T S

A aun ber of tissue-cultured mammalian cell sys-
tems were infected ~ith a variety of viruses to ~hich they were suscep-
tible.

A} A con.parison was made between the cell meta-
bolisr, as judged from oxygen consumption, of normral control ceils and of
virus infected cells, The oxygen conswrption was found lr; all instances
to be grea‘ly increased in cells aifected with an acute virus inf~ction, and
‘his increase was in dire:t ratio to the virulence of the strain uscd. la chro-
nically infected cells, no significant differsaces with control cell were found
when the virue release was mininal or absent; in the case of sub-acute in -
fections, where the virus production was gradually develt;ppi-.g and eﬁbled

the celis to survive for a loang time, there was oniy a slight increase in oxy-

gen consumntion,

»B) Electron mricroscove studies could show no direct
correlation between the cell ultrastructure lesions and the mretabolic varia-
tions. In chronically infected cell-systemrs it was not possible to find any
typical virus structures. it seetrs probable that in such infected cells, whe-
re no virus 1s produced, the infecting virus is blochéd at the eclipse phase,

C) Mhen chronically infected cells were rrinfected

with a virule. t strain of the same virus or with another virus to which these

cells ~vere susceptible, the vir:s yield of the aciutely infecting virus was great -

ly decreased or negligible. In somre cases a complete protection of the cell

occured when using as reinfectant a virulent strain of the same virus-type
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as the oae ressonsible for the (hronie i1nfection, Biocherrical eatraciion
cof the active substance yielded a substance of proteic nature the propurties
of which are those of intev{eron.

D) This interferan was capable whenantroduced 1n a
control non infected cell-systen to induce @ resistance to virus infection
sirvilar to the one observed 1n chronmica:ily infected cells, It was not possi-
ble with anterferon nroduced cn g given cus ared nan.n.alian ceil-wysten to
(ransfer resistance to cells fron another zoological sprcies.  “hereas

*a¢ vairal specificity of inte -feron szcr s to be rather siark or ¢ven incxis-
tant, the c_llular specificity is migh.

In"pircations of th. e results arc discussed,

FINAL GENERAL RFPCRT

The r esults obtained after one ycar of research and
experimentation carricd under the present cauniract can be condensed and

finally reportcd as follow:

Chjcct of the contract:  The object of the present contract, wnich in fact

was 3 continuation from a orececding contract, was o further igvestigate smth
biochen ical, mistochen ical and c¢clectron ncroscore l‘t\-‘-(h;'l. the behaviour
of mamrroahian cells infected ~ith different tyres of viruses,

The tissue culturel virus infected cells system was

selected as the simoles =W .. .., yield results vith the proposed techni-

Gues within the available period of tire. The (cils whick were placed under
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study were ¢n the vne hand cither primary explant celis such as kidoey culls
(monkey, calf or piyg kidney cells, han ster or mouse kxc;r.ey cells) an ocoa-
sionaliy human amnion cclis or on the other hand pathologic cella maiatar-
ned in cont'nunis Jrowth by the cc¢ll line culture systexr: these were either
KB or HEP strains cf cell lines,

The viruscs which were studi~d under the present
contract and uses for infecting cells were:

" a) Myxoviruses and specially the EA 102 strain of yxovirus parainfluenzae

type 3 as aeli as the other ) yxovirus strains and in particular the |[F strain
! ‘ of the Sendai virus,
! b} Entecroviruses, namely human colioviruses type 1, 2, 3 and Echo viruses
type 9 and 114,
¢) Foot-and-mouth disease virus and in sarticular the Vailée O strain,
d) Rahies virus: in marticular the Louis Fasteur strain of fixed virus,
the CVS virus strains ubtained trom. Dr Karl Habel and different street virus
strains including the Farcba swrain;
¢) Folyoma virus as obtained from the laboratory of Pr Karl Habel, N.I.H,,
‘ . Bethesda, Vd,
All the cells were growr cither 1a 4 completely syne -
thetic modiun. (Morgan, ““orton and Parker 199 nediam) or in a sewni-syn-.
thetic (Pasteur Institute cascin hydrolysate) mediu:n, Thoese maedia were sup- B
plemented with various an ount of mamrmalian seruir;, either calf or cob serum,

added in the necessary amount to provide growt? for the cells, i.e. from

0.5 to 3 per 107 vol, i1n prisrary explanted clls and ‘romr 1" 10 16 per 10)

vol, io cell lines,
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Vetabelic studies were carried with the Yarburg
;oparatus and with the usual standiard biclogical and cytochenicai nothads.

Electron microsco ¢ -'wdics were carried accerding
0 the detailed technique given 't the Final Report o! contract 1. DA-G1-5G1-
ST 1069 01-1285-59, The electron micrbscope used war cither a Sier ong
Elraiskon. or for higher resolution the new OPL 109 KV c¢lectron micre cco-
pe. Vhen extraction of viruses were carriced, there wore made on DEAEI
cellulose rolumns for adsorption of the virus, clution bein~ made at consiant
»H #ith phosphate buffer follosed by a g.radicnl of NaCl starting 10 0,5 ar 3
ending at 2}¢ con.cntration.

The results finally obtaired arc:

1) *etavolic studies: A corasarison was n-ace ef tl,

oxygen consurmr plién of norn al, acutely 1nfected and chromically infectd colls,
The cwll systenn s used wvere ciiter KB cells infected with Vyxovirus or har.s-
ter kidney cells infected with polyoma virue, or hamster kidnoy cells infec-
ted wvith rabics or monkey kidney celis infected with varicus straing of Lolio-
virus,

In ali inetances we have fourd that the glecore - one-

surption of acutely infected cclls in acrobic phasc s gresily ro r e i

the case of virug infected cells as comprred to the censn ntine of glaco+e
10 the normal control celis.

Crothe.other hence the oxygen consun'ntion of ¢r 1 3

-y infecied cells whatevar the . li/viras systom considered, as of the =0 ¢

of the oxygen consumption of normal contrel cells, Ina few .n.tarcoe v cor

the virus produr tion of sub-acutely infec.ed cclls was procre - sipnr oty to - R

T
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pa ¢ whi~h was companble vatl, delayec destruction and a long survival of

- ells such a.s 18 the case of Fam ster k-dney cells infected wath r-xbu.N virus,
the glucone ronsumr ption vis found to be lover dogree thaa in the case of
acutely infected ceile, but it was still at 1 greater intensity level than in the
truly chronic~ily 'nfected ceils ahere the growth of the virvs does not defini-
tively irirpasr the survi. a0 the cell.

“Wh n anidentical ceil/virus systerr wis used
throughout the experimren but when strains of different degrees of virulence
werc subsututed for the move or less attenuated striias, as for igstance with
diffcront nmyxovirascs steains on KB cella or various polinvirus strains of
the samre type (1.0, “"ahor. y agairst L. sc or 1P 13¢2) on monkuy kidney
ceiir, the rate of oxygen ~onsumpiion increasced in dircct ratic to the viru-
lense ol. the strain and was aiso indircctly related to the final vacld of virus,
Thus the rate of exyg=a cor surr ption i3 directly related to the ceil mr :tabo-
lisr whicl 1t ir- reased 1n the >ro~ortion in which the cell is actively vrodu-
cing virus: iy this resoect the difforence of oxygen conlurrpn‘or. b«-t@-'cn nor-

mal and infected cells may he taken 19 anandirect ir sasurce of the quantity

of virus produced and of the rate at which it 1s sroducced,

Vbhen (orv.\ given L.rus sirain 1 senaration was made
bet veen the highly ainfect.ous and rore attenuated com ponenis using CEAE
colun'ns, the two resulting suds. *ains mduc;:d ‘n infected colls 1 varation
in oxyg-n consumrption which ~a in direct progortian to the degree of viru-
lence of the substziin componanta,  [hus the stimulating acivon of virus in-
fection over the-cell metabolirm 1s not 1 characteristic of A given virus nor

of A given strain itself but 1t roflucts the degree of vivulence of the ~irus com -




ponents present in the stra.n,

21 Bl ctron nacroscore studicar An attempl aas noa-

de 2t trying .0 zstablish 1 corrclation between the coll ultrastructur }‘csn"ns
ind the degrees of virulence of 1 g1ven stra'n an.d,’or the variation of ony-
gen consum ntion induced b the strain into the cell.

~.part fron the obvious intensity of cell destruction

» 1ch o5 of ¢vidence hinked to the virulence of the strain, and without consi-

‘deration of the tin e factor relited to stra.nu virulence, 1t has not been possy-

ble to show any specific diffcrence 1n the cell ultrastruciure altcrations as
found under the electron microscope accordmﬁ ('o the degree of virulence of
the strain. In the chronically infected cell/virus system where a state of
cquilibrium 1s reachid between viruse multiplication and ccll survival, at was
1lrrost completely irr possibl: to trace any detectable change in the ccll
structure, Nor were any virus tyrical structures presont in the anfected celis.

It thus .appcan. that mrctabolic changes may take place
1n the cell before any morrhological changs can be accounted for and derected
in the cell systerr under study. It 3 alsn probable tha} the iniihty to find
tynical viral‘nar:u les in u;rh infected - lls refledts an extension in time of
the cchpse phase of the virdd inlecticn,

3) Imn unuvlogical studies: Whenanvestigating the

.netabolic syatem of chronic ally infected cells we wvere lead to study the abi-
ity to produce virus when such cells  ~» .' reinfected with cither a virulent
strain of the sane virus or 1nothe= vorus whether virulent or atuenuated
"eee preceeding reporti, N. ' examples of such doublce-infections were

tricd. KB cclls were infected with Mycovicus narainflucnzac tyne 3 and la-
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ter with poliovarus type 2; 'ronkey kidacy cells were infected wath suraan
sarainfluenzac rryxovirus and 7rfinfc-:ted with poliovirus strains attenuared
or virulent, Calf kidney cells wer=: infected with Sendai’ virus xnd seconda-
rily reinfected with foot-and-rmrouth discise virus. Finally, hamster xidney
cells ~vere infected with polyorma virus and reinfected at 1 later siage with
rlblu; Witud iV TroAtreel vigus aliasas.

In these experitronts a compariscn was made between
the virus yield and the rate of ccll destruction of the infected cells and of‘con-
trol cell xnfccfrd with the <econd virus only. In all thesc instances a strik:dg
differ¢nce was found 1n the virus yicld of cdmrol cells and the sp ed of des-
truction of these cells as compared with th= amount of virus produccd and
the rate of ¢ 21l destruction in cclls chronically :afected with a mild virus
griorto infoction with a highly virulent virus., There ~as a convtant diffe-
rence of at least 2 to 3 logs of virus produced when comrparing th.: acutely
infected control cells and the double-infected celis.

In sorre instances susceniible chronically infectid cells
were protected agaiust a virulent strain of a different virua by thear prev:ou-'
infection up to the point of producing only 'nelhglble amounts of the virulent
viras. In such cases the amount of virus found in the sunernate was of the
.r§cr of 10! to IOz particies of Virus or less. ahcreas ia the control cells

the supernate yielded from 106 8 to 108:1 o.f.a. per il

B e i U—

It was pcasible to show that this roesistance of cells
to virus infection ¢ ould be attributcd tu the sresence of interforon i1n the
chronically infected celis. Following the mrethod areviously described, it was

nossible to extract this interfcron substapce, and by intrc ducing it in a con-

S
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irol cell system of the same type of culls, toinduce 1n non-chroalcally inl ¢-
ted cells a degree of resistance strictly comparable, and in son ¢ casc © su-
perior, to the degree of resistance acquired by chrorucally infected colle,

Thus it 12 demronstrable that the resistance of virus
..imune cells 18 connected with the nroduction and the presence in thes.
celis of interferon ~tuch can be extracted, and frorr whichat 13 passible ta
ransfer the ceil immunity of an infected cell systen to 3noither cell system (‘
the samre ccll-tn;sm-.

It ‘#38 possible, using i onkey kidney ~ells 1o tionsfer
the poliovirus resistance acquired through a chromcally mfccl.cd sy.Ltory te
cther mronkey ludncy ceils. These cells became not only resigtant to pohio.
virus infection but alse to Tcho virus and Scndal virus infection with e ruins
normally grown on a ronkey Kudn -y cell systen .,

Cr. the other harnd, when mt:rfcfon extra: od frecon o men
xey kidney < clls was introduccd in a calf kidney cell systum, these cells were
not protected against Myxovirus Send i or foot-and-mrouth disease viru. 1n-
fecnion,

R sulis with rabies virus were less clearcat o -1 of

ne jong duration of cell rur-'w-ﬂ of rabics infoected calls: Lut the rabh o - e
e ld of han ster kidney cells protected with .ho\n ster kidney myyovires incuc - d |
interforon was defimitely lower {(10° LS TgrIrst IO"‘!) lha.}) 1h non- Srot. s lod

celle,
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IVPLICATIC!'S CF RESUL. TS AND DISCUSSICN
e

In short, the experiments surmarized abeve have

shown the following points:

1) V.rus multiphication in :nfected cells results in inincrcase of oxygen

consumrption which 18 1n direct rat1o to the virulence of ithe infecting virus

s\rain,
2) In chronically infectea colle where little or no virus it nroduced, noror-
nholog.ral changcs cau be traced with the electron microscooe and the “irus
seerra to be blocked at the e lipse phase.

3) C hronically infe<ted cclis ar (clis infected with stx;ains of a low virulence
yieiding only smrall quantity of the iafecting virus Ave to & certain degree par-
tizlly urotected or courrplets ly rrotecled 1gainst reinfection with either viru-
lent strains of the same virus or with other viruses.

¥} Thie trotecticn is due to the -roduction and presence of an interferon which
can be extracted as a relatively nure preparation. Interferon can be used to

‘rarrier i mrunological resistance to other ceils of the sin ¢ tissular tyne

ind o{ the same 2a00logical species, but not to cells of the same tissular type

belcnging to a different zoological specaes,

5) The use of DEAE columr ns «nables to scparate by the vethod of NaCl
gr-dients in phoschate buffer a nun ber of"vnrus fractions where the varulent
comrponents of the str.an yre separited fror.r the non virulent or atteaouated

It 19 passible, using the attenuated

ones. “te mrutants thus obtained are stable,

components of the virulent strain, to 1ndur ¢ resistance 1gunst the com plete

strain or 1gainst its virulent corrponent 1nto susceptible ccll-systems, )
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Fron a practical standpaint, the rrethods of nroduc-
ticn and extraction of interferan should be irpeoved bcl’orx' we car fully
aprreciate the spectrurr of activity of interferon against viruses., Thore
seerr to be littie viral snecificity in the mode of action of interferon wherecas
the cellular specificity is obviously great.

It #<n be .pr.ovisxonrmlly concluded from these cxpe-
riments that in the case of the hum.ar species there lics 1 more immediate
ocrospect in the possibility of promoting resittance to virus infection through
mu-r‘{eron formation induced by the use of attenuated cr non vir:lent virus
strains than aith usiag an anin al produced interferon .to transfer immunity
‘o mian. ln animrals the probierr ia much simphified by the poesibility of
us‘ng an horr otypic interferon as aell as by the acceptance of a calculated

r.sk of rrinor viral infections through the use of attenuated virus strains,

SUMARY CF FERSCNNEL UTILIZCD CURING THE REFORTING PERICE

The ¢xperiments described were carried by the
contractant with the aid of *#/1dine Christiane Bomissol, licenciée ¢s-scien-
ces ind of Dr Giovanna Cealin, M. D,, assistant; two techniciant Mademoi-
selle Anmick Poullain ¢t Vademotselle F, Fournier were paid wa the ;o:‘.’racx.
Technical assista ice was given in biochemristry by Moasieur lovis Delsal,
bio hemriot, chief of ladoratery ard in the electron microscope field by Nile,
C. Croaiseant, 3ssistant physicist, which were not raid on the < ontract, A
technic.an photograph, “onsieur Clivier Fag was used and paid on the contract

during rart of the period covered. All worked on a full time basis,
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Secretacial and other administrative wark required

2/12 working time give . by Mademoiselle D.. Morice, secretury,

No proverty wae acquired during ti.e conisact period
at the contract direct or irdirect exzenso.

Reactives, chemicsls, ohatographic plates and other
consurr able items needed in invcutiga‘tion were bought at direct cont‘ra.ct
expenses. Monkeys bought in Africa and transported by air freight were
used throughout for the preparatinsu of ccsl sy terrs and for the titration of

" the different viruses used in the experiments.

Before coacluding the contractor wishes to congratu-
late all the workers on the coatract, and those who have particinated with

| technical or partial help to the contractants. All of them have shown an
outstanding team spirit without which the results obtained could not have

been achieved in such a short timre.

The results so far obtained dear such implications

that 1t is to be expected that further develooments will come, which could
not have been jained without the help given by the present contract,

it is the agreable duty of the contractor o gratefully
acknowledge such helo given by the Euronean Cffice of the US Army.

The nreser report terminates the contract N° CA-91.
531-EUC- 1417 01-4448-460 and nuts an ead to a three years period of fruitful )
work carried with the assistance of the European Office of the U.S. Army.

The continuation of the work thue initiated \v.ill require furt! .r developments
which can be deduced from the present results.

- Although the contractor is fully aware that it is not in

e ———
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the intentions of the European Cffice of the U. 5. Army to contirn
support, he wishc: as a final conclusion to express the hope that t- -«
still in progrees wili not be interrunied and that it will continac alo:y ¢n* -

impilse which the U.S, Army contract bas provided,
Paris, 22 March 1961
- The Contractor:
/AM',WL___

Dr P. Lépine




