This is an authorized facsinle
and was produced by m crofil m xerography
in 1978 by
University Mcrofilns International
Ann Arbor, Mchigan, US A
London, Engl and



68-9251

ZAJAC, Barbara Ann, 1837~
VIRAL RESISTANCE AND INTERFERON SYNTHESIS
IN CELL LINES DERIVED FROM BURKITT'S
LYMPHOMA AND LEUKEMIC TISSUES,

University of Pennsylvania, Graduate School of
Arts and Sciences, Ph.D., 1967
Microbiology

University Microlilms, Tnc.. Ann Arbor, Michigan

e - [ T e ek, g B S

cohe : : ’ W
-
: i
B . . . L
W :
IR o -
"
_ -




VIRAL RESSTANCE AND INTEHRFERON SYNTHESS
IN AL LINES DERVED FROM BURKITTS
DYVIHOVA AND LEKBVIC TISSUES

BY

Barbara An Zsjac

ADSERATN
in
M crobi o ogy

of the Gaduate Schod of
( € the Uhiversity of Rennsyl vani a
InPartial Fulfillnent of the Requirenents for the
asophy

1967

&
®
Q
g
Q
Q
E

¢ P Cttany, PCee

Supervisor of Dissertation

Lo Co
Wiz

Y 5 B 0% BN

(RN (R T o A

Chalynan q’f Group Committee




PLEASE NOTE:
Figure pages are not original copy.
They tend to "curl“. Filmed in the
best possible way.

University Hicrofilms.



Page

Acqulsiticon of enhanced susceptibllity to VEV. . . . . . . « &+ » & - 9%
Cell cultuzed, . & &« v o v = = = « 4 « ¢ 2 ¢ v = v = = 2 = + = « = =« 1O
Burkitt's lymphoms, leukemia, non-leukemic . o . o o o o w o . . 11

. 1T T 1 |
Preparation of stock cultures of . . o v v v s o s e .. 10
Continuous cell 1InBB. . & & 4 & » = o » & » 2 o 2 ¢ » » « » » = 12
‘Maintenance of . . . . . . ... O
Peripheral Blood o o 4 o « « + o o & 5 o o » « a s «» » + 2 » + « 12
PrIMAEY. o v & » = = = = = 5 & 2 o « 5 v 4 s v o s 2 s ¢ o o+ o 12
Haintenance Of . + & &« « o « 2 = & « o 2 « & » = s o » & « - 13

Demonstration of lowered resistance ko ¥SV in mumps carrier
CULTUYEE & & & 4 4 & o o o &« o s o = 5 = » w = v 2 » v o2 o= o4 o= o= .9

Discussion (sECthH 1 45
Section IL . . . v ¢ ¢ v v 4 s i s s e . . 19
Seetlon TIL. + & + v = v v s« ¢ s v ¢ o v s = » + + » 2101

Effect of cell number, media, and serum comcentration on production
of autogenous LNEEXfeTON . . . . & & 4 4 2 4 2 4 s s s o= s e s s - 3D

Effect of cell number, method of incubation, and imput
multiplicities of WDV and NDV__ on iaduction of interferon
uv
BYNEheBLB. v 4 v v 4 4 4 s 4 b e e s v s e s e s s s s OO

Effect of wariarions fn cultural rechniques on production
of sutogenous Interferen . . + & 4 4 5 4 v 4 = 4 4 e ks e o= om oo . 37

Effect of mumps virus Infection on the actien of interferon. . . . . 97
Effect of mumps infectlon on the productfon of interferom. . . . . . 97
Effect of mumps virus on the indiganoul herpes-type viru;. - &
Encephalitls viruses . . . . s 4 = + + s « ¢ o 2 2 » ¢ s 2 » =« +» » »+ 15

EndoBoXif. . . « v v o « « = = = = » 2 = = ¢ = = ¢ + 2 o+ s a4+ 8

i1



Hesadiorption assey. . . . . .
Hemagglutinstion Assays, . . .
Herpes-type virus antibodies ,

Inmunofluorescent technique, .

g

L R T T A I B

Exsminetion of wounted coverslips for. . . . . . . . .

Fixation and staicing of prepared coverslipe for . . .

Freparation of antisera for. .

Preparacion of coveralips for,

Suspension cultures, .

Tube cultures. . . . .

-

.

.

LR T T T T T S S T

P T T

Preparacion of fluoresceln conjugate for . . . , . + .

Infection of cultured Burkitt cells with mumps virus . . .

Infectivity assays . . . . . .
Mumps virus. . . . . . . .
V8V, - v h e e e e

Influenza viruses. . . . . . .

Tnterferonm . . « ¢« + « = = = &« o o .

Asoay of autogenous. . . .
of virus-induced . . .

Goncepntration of , . . .

.

In culture medium (autogenous)

Kinetics of synthesis of . . .

Autogenous . . . . . . . .

-

Vicua-fnduced. . . . . . . .

Production by various cell lines

L T e

on viral stimulation.

Production ¢f BUCOBEROUS . . . . . . & . 4 s . s e 20w

of virna-induced . . . . ., . L . . i v 4 e e e e

21

67



iv

Properties of autogeoous and virus-induced.

Protection by surogenous. . . .

Protection by virus-induced

Introduction. . . , . .
Materizls and Methods .
Mumps virus ., . . . . .,

Equine mntisera, .

Human antisera . .

Preparotion of scock

seeds

Newcastle disease virus . . . .

Antisera . ,

P T L

Ditraviolet irrsdiacion of

Furomycin .

4 & k& N a » = = =

Rasistance o VSV ., . ., . . . .

Results . . , . . . . . .

.

+

»

.

Screening of different viruzes for the capacity
intexferon synthesis. . . . . . . . . « .+ . .

Sendaf virue, . . , . . s 4 4 e e e

Shaking of cultures . . . , . . . « . .

Sindbis vivus , . . . . . .

Sonication of Burkitt lymphoma cells.

Sumnary and Conclusions , .

Transfer of reslstance te V5V to other humon cells. . . .

Vaccinda virus. . . . & & ¢ & v n « & 4 »

Veaicular scomacitis virus.

Attachment vo Burkict lywphoma cells

Prepargtion of stock geeds of. . . .

10
13
18
18
13
14
18
14
82
4
23

59
14

. 22

14
22
105
33
15
13

13



Page
Rabbit antisera

........... e ¥

Preparation of lmmunizing virus for the produczion of, . . . 17

Preparation of

T ¥



INTRODUCTION.

TABLE OF CONTENTS

LI I T T R R R N N O I R R T T R R

MATERIALS AND METHODS . . . . . . f ke h e e e s

1.

11.

III.

IV.

Cell Cultures. . . & & ¢ - v v 5 & & 5 2 = & = =

A, Lymphoblases lines derived from Burkitt's
tumor, and cther hematopoletic lines derived
from patients wilth leukemia, non-walignant
disecases, or heazlthy donoxs, . ., . . . . .

B. Peripheral bhlood cells . . . , ., . . . ., .

C. Primary and continucus cell lines utllized
for assays . . . . . PR r e e e s v 4

Yixuses. . . . . Fe S T T T T

A, Vesiculay stomatitis virus ., . . . . . . ..

B. Mumps virus, . . . . . . LI

C, Newcastle disease wirus, ., , . . . . .+ . . .

D. Other viruses. . . . « « v « 4 o 1 + o & ¢

Infectivity Assays . . . . . . . v . . 4« 4 .

A. Assays for infectlous V5V, . . . . . PR
B. ﬁsshy for Infectiousa wmumps virus , . ., . , .,
€. Hemagglutination 8S8EA¥E, . . & & o« v « 4 . -
Sera . . . . . .0 .. F T
A. Vesfcular stomatitis virus antisera, ., ., . .
B. Mumps virus antisera . . . . . . . . . . .

C. Newcastle disease antiserum, . . ., , , + . .
D. Herpes-type virus antibodies , , , ., , . . .

Interferon; Froduction, Concentration, and

A.

Production . . . &« = v &« 4 ¢ ¢« & 4 4 2 4 a &

vl

Aseay

10

10

i1

12

12
13
13
13
14
L4
15
15
16
17
17
17
18
18
15

S

. 19



C.

¥1. Assay for Virus Attachment , , .

A.

VII. Immuncfluorescent Technlques , . .

A.

B.

wii

Concentration. . . . . & 2 ¢ = 4+ ¢« s 4 v = &

ABBAYS . .+ 4 4 4 4 a4 om s

[ R T

L I T

Attachmeat of V5V to Burkitk lymphoms cells.

L )

Preparation of fluorescein conjugate . . . .

-

.

Preparation of coverslips for fluorescent ant‘body

staining .

L

VIII. Other Technlques . . . . . . « &« « & & - .

A,

B.

Shaking of cultures, . . ., . . . .,

Scalcation of Burkice lymphowa cells |

ESULTS & &+ ¢ 4 2 s 4 v ¢ % 5 4 2 5 % & % = + 8 & =

1. Evaluacion of Various Biclogical Assays for Detection

of the Herpet-type viral Caxrvier State | .

A,

c‘

.

-

.

4 4 % 4 & 2 m oL ¥ B oW O+ o 4w

Resiscance to vesicular stomatitis virus .

Transfer of reaistente to other human cells op
wmixed cultivacion. .

L T

Test for interferon in culture media .

R

4

A Ak oW om

Production of interferon on viral stimulacicon,

Protection by exogenous Interferon . . . . . .

piscusgion , , , ., .

LI R L I e T R

I1. Cowparison of Autogeaous and Virus-Induced Lnterferons

Produced by Cell Lines Derived from Burkitt's Tumor
and Leukemlc Patlents, . . . .

A.

Studtes on the conditions necessary for che

syacthesis of sutogenous interferon . . .

1.

Effect of cell number, media, and serum

DR T N R |

eoncentretion. . . . . . - L 44w . .

variacions in cultural techmiques. . . .

il

L}

- 20

20

- 2

21
22
22
i1
23

. 23

24

. 13

37
39

- 45

. 5

55

. 33

57



viil

B. Studlies on the conditions necessaTy for the
aynthesis of virus-induced interferon. . . . . . . . . 59

1. Screening of different viruses for the
capacity to induce interferon syathesfs. . . . . . 139

2. Effect of cell number, methed of incubation
and Lnput wmulciplicities of WDV aad NDVuv. . 1]

C. Comparison of kinetics of synthesis of
aytogenous and virus-induced interferoms . . . . , , . 6%

P. Comparison of the properties of autogenous
and virus-induced interferond. . . « + 4 « &+ + » « « » W

E. Protective effect of autogenous interferon . , . . . . 75
P. Placusslon . . . . 4 ¢ 4 ¢t v v 4 0 s ¢ s o o o a s« 19
III. The Effect of Mumps Virus on Burkitt Lymphoma Cell Lines . 85
A. Infection of cultured Burkitt cells with mumps virus . 86

B. Effect of mumps virus on the indigenous herpes-
TYPe WATUS . & & v v 4 s 5 s s s v r h e e e e - B9

C. Demonstration of lowered resistance in mumps
carrier cultures . . . . . . . . c s 0 e d 0 s e e e . 93

1. Aequisition of enhanced ausceptibility ko
V5V with prolompation of the mumps wiral
carrier state. . . . . . . L 0 v 4 e 4w e e e s - Gh

D. The effect of mumps infection on the production and
action of interferon Ln Burkitt lymphoma cells . , , , 97

E. DIBcuBBLonm . . « 4 4 4 s & ¢ « ¢ = 4 = 2 = = « 4+ = » « 101

SUMMARY AND CONCLUSIONS . . . . & + & 4 4 a o ¢ o 5 2 2 o n o « » - 105



TABLE I
FIGURE I
FIGURE 2
FIGURE 3
FIGURE 4
TABLE II

TABLE III

i!BLB Iv
TABLE ¥

TABLE VI
FIGURE 3

TABLE VII
TABLE VIIX
FIGURE &

TABLE IX

TABLE X

" LIST OF FIGURES AND TABLES

Page
Cell lines, culture media, and presence or absence
of herpes-type virus particles. . . . . . « « &« o « « . 11

Responses of 8 cell lines derived from Burkigr
lywphomas to infection with vesicular stomati:is virus. 26

Responses of 7 cell lines derived from leukemic pa-
tients to fnfection with vesirular scomacitls virus . . 27

Course of veslcular stomaricis visus Lnfectton ia
Rafjt cells. . . . . 4 4 4 4t 4 s 4 e h h ke amae . 29

Course of vesicular stowatitis virus infection in
EB-3 cells. . . . . i 4t f ot ot s ha s s s e 30

Resistance of various cell lines to infection with
veslcular stomatitis virus and herpes simplex wirus . ., 32

Demonstration of resistance to VSV in recipient
cultures following transfer of decreasing numhers
of Burkitt lymphoma cells . . . . . . . . . .+ & « « . 35

Transfer of resistance to reécipient HEK cuitures
by varjous cell limes . . . . . . . . . ... .. ... 36

Produceion of an interferon-Ilike inhibitor
by various cell lines . . . . . . . . . . .. ... .. 3B

Interferon production by varicus cell lines
when stimulated by Nbvuv' e 1 §

Protection by Jijoye, EB-1, Raji, and EB-] cell
1lines by extraneous human interferon against VSV. . . . 44

Protection of cells by human interferon sgainst VSV . . &6
Summary of properties of varlous cell lines . , . . . ., &7
Effect of cell number, sevum concentration, and

medlum on the yisld of aytogenous Interferon by

EB=l cellB. . & & 4 4 4 4 4 = =2 5 4 v 4 s 4 4 a nw . 96
Effect of cell concentration and method of

incubation on the yield of autogenous inter-

feron by Ogun cells , , . . . ., - . s 4 &« v ¢ s s = = . 358

Interferon~inducing capacity of different viruses . . . 61



TABLE XI

TABLE XIIL
FIGURE 7
FIGURE 8
TABLE XIIL

TABLE XIV

FIGURE ¢
TABLE XV

FIGURE 10
FIGURE 11
PICURE 12
FIGURE 13
TABLE XVI

TIGURE 14

Effect of the wethod of incubacion on
interferen production by various cell
lines induced by NDVuv {(Lm. 50}. . . . . ...

Effect of different input multiplicities of
wiable end inactive NDV on interferon induction

The rate of production of &utogencus énd virus-

fnduced interferons by SK-Ll cells, . , ., . . . . .

The rate of virue-induced {nterferon production
by SK-L1 and Eaif cells . . . & ¢« v 2« 0« o &

Rates of virus-induced interferon synthesis in
Burkitt lymphoma and leukemia cell liaes, , . .

N

Propercies of succgenous and virus-induced Latecrfercas.

Protection of S5K-L1 cells by autogenous and

virus-induced interferon againsr VSV, . . . , . . .

Capacity of autogencus Interferon to protect cell
cultures from which it was derived agains: VSV, . ,

Course of mumps virus {nfection in EB-1, EB-3

snd Raji cells, . . . . . . v v v 4 4 v e e e s
Hmipt~specific immunofluorescence in ER-1 cells
infected 15 days previously. HMagnification * !’250
Gradual enhancement of susceptibility to VSV in
EB-1 Cultured., « .+ ¢ v ¢ s 4 e b e e e e e e
Bumps

Superinfection with V3V of EB-1 cultures
initiated 66 days previously. .™ 0%, . . . . ...

Effece of mumps virus infectlon on the producticn

of autogenous and virus-induced Interferon. . . . .

Lack of protection of ER-1 '
Tunps

cultures by human

loterferon. . . . . « .« 4 & s s 4 v v ononoa e oa s

63
64
68
69

71

74
1
78
g8
90
95
96
100

102



BIBLIOGRAPHY

Armetrong, D.: Serial culcivacion of human leukemis cells. Froc,

Soc, Exp. Biol, Med., 122:475, 1966.

Bell, T, M., Massie, A., Roas, M,G.,R,, Simpson, D. I, H., and Criffin,
E.: Purther isolaction of reovirus cype 3 from cases of Burkitt's

lymphowa. Rep. Imperfal Cancer Res. Fund., p. 39, 1965,

Bell, T, M., Massie, &., Ross, M, 6. R,, Simpson, . I. H., and Griifin,
E.: PFurther isolations of recvirus type 3 from cases of Burkitt's
Ilymphoma, Brit. Med. 1., 1:1514, 1966

Bell, T. M., Massie, A., Ross, M, G. R., and Williams, M, C.: [Isolation
of a Teovirus from a case of Burkitt's lymphoma. Brit. Med, I,
111212, 1964,

Beltran, G., Paez, A., and Correa, P.: Burkitt's lymphoma in Columbia,
Am, J. Med,, 40:2]11, 1965,

Bergs, V. V., Henle, G., Deinharde, F., and Henle, W.: &Studies on per-
siacent infections of tissue culture, TII, Nature of the resistance
to vesicular stomaticis virue, J, Exp, Med,, 108:561, L958.

Burkitt, D.: A tumor syndrome affecting children in tropical Afriﬁa_

Posrgrad. Med, J,., 38:71, 1962,

Burkitt, D.: A children's cancer dependent on environment. In; Viruces,

Nucleic Acids, and Cancer. The Williams and Wilkine Co.,, p. &15,

1963,
Burkitt, D., and Wright, D, H,: Geographical and ¢ribe] distribution
of the African lymphoma Lin Uganda. Brit. Med. J,, 1:569, 1966,

Burnet, F. M.: Priociples of Animal Virclegy. Acad. Press, New York,

p. 436, 1965,

=i



xii

Cantell, K.: Enhancement of animal virus growth by another virua.
To be published.

Cantell, K., and Paucker, K.: Quantitative scudies on viral inter-
ference in suspended L cells, 1V, Production and assay of
interferon. Virclogy, 2l:11, 1963a. -

Cantell, K., 2nd Paucker, K.: Studies on viral interference in two
lines of Hela cells. virclogy, 19:81, 1963b.

Cantell, K., Skurska, Z., Paucker, K,, and Henle, W,: Quantitative
studies on viral interference in Suspended L cells. II. Factors
affecting interference by UVY-irradiated Newcastle disease virus
sgainst vesicular stomatitis virus. Virology,K 17:312, 1962.

Cantell, K., and Valle, M.: The hbility of Sendal virus to overcome
celluisr resistence to vesicular atomatitis virus. II, The

possible role of interferon. Ann. Med, exp, Fenn., 43:61, 1965,

Clarkson, B, D., Strife, A., and DeHarven, E.: Contlnuous.culture of
seven new cell lines {SK-L1 to ?) from patients with acute leukemia.
To be published,

Coong, A. H,, Ledue, E, H., and Connolly, J, M.: Studies on antibody
function. 1. A method for the histechemical demonstration of
speciflc antibody and ies application te & study of the hyperimmune
rabbit. J. Exp. Med., 102:49, 1955,

Dalldorf, G., Bergamini, F., and Frost, P.: Further observations of

Lymphomas of African children. Proc. Nat. Acad, Sci., U,5., 55:297,

1966,
Detabardt, F., Bergs, ¥, V., Henle, G., and Henle, W.: Studies on
persistent infections of tissue cultures. II1. Some gquantitative

aspeces of host cell-virus interaction. J. Exp, Med., 108:573, 1958.



=il

porfoan, R, F.: Childhood lymphosarcoma im St. Louls, Mo,, clinicullj
and histologlcally resembling Burkitt's tumor. Camncer, 1B:418,
1965,

Dulbecco, R., and Vogt, M.: Plaque formation and isclation of pure
Lines with poliowmyeiitis virus. J, Exp. Med., 99:167, 1954.

Epstein, M. A., and Achong, B. G.: Fine structural organization of
human Lymphoblasts of a tissue culture strain (EB-1) from Burkitt's

lymphoma. J, Mat. Cancer Inst,, 34:241, 1965,

Epatein, M. A., Achong, B. G,, and Barr, Y. M,: Virus particles in
cultured lymphoblasts from Burkitt's lymphoma. Lancetr, 1:702,
1964a. '

Epatein, M. A., Achong, B. G., Barr, ¥, M,, Zajac, B,, Henle, G., and
Henle, W.: Morphological and virclogical irvestipations cn cultured

Burkitt tumer lymphoblasts (strain RAJI). Journal Nat. Cancer Inst. .

37:547, l966b,
Epsteia, M, A., and Barr, Y, M,: Cultivation in vitro of human lympho-

blasts from Burkitt's mal{gunant lymphoma. Lancet, 13252, 1964,

Epstein, M. A., and Barr, Y. M,: Characteristics and mode of growth of
a tlssue culture strain (EB-I’ of humen lymphoblasts from Burkitt's
lymphoma. J. Nat, Cancer Inst,, 34:231, 1965,

.Epatein, M, A., Barr, Y. M., and Achong, B, G,: A second virus carrying
eissue culture strain (EB-2} of lymphoblasts from Burkitt's lymphoma.

Fath. et. Bicl,, Semaine Hosp., 12:1233, 1964b.

Epstein, M, A., Barr, Y, M., and Achong, B, G€.! The behavior and morphology
of & sscond tissue culture strain (EB-2) of lymphoblasta from Burkict'a

lymphoma. Brit. J, Caoncer, 19:108, 1965a.




ziv

Epstein, M. A., Barr, ¥. M,, and Achong, B. G.: Studles with Burkitt's

lymphoma, Wistar Inst. Symp., Momg., 4:69  1965b.

Epstein, M. A,, Barr, Y, M,, and Achong, B. G.: Preliminary observa-
tions on new lymphoblast strains {EB4, EB5) from Burkitt tumors
in a Bricish and an Ugandan pacient. Brit. J. Cancer, 20:475,
1966a.

Epetein, M. A., Henle, G., Achong, B. G., and Barr, Y. M.: Morphological
and biological studieé on a virus in cultured lymphoblasts from
Burkitt's lywmphoma. J. Exp, Med,, 121:761, 1965c.

Fernandeg, M. V,, Wiktor, T, J,, and Koprowski, H.: Endosymbiotic
telationship between animal viruses and host cells, A study of
rabies virys in tissve culture, J, Exp. Med, 6 120:1099, 1964.

Ploter, K. B.: A comparison of the amounts of mouse Interferon obtained
from different sources., Nature, 206:597, 1965,

Friedman, R. M.: Effect of interferon treatment on interferon production.
J., Immunol., 96:872, 1966,

Prothingham, T, E,: Enhancement of Sindbis virug plaque size in cell
cultures treated wich mumps virus-infected egg fluld, Virology,
19:583, 1943,

Frochingham, T, E,.: Fgrther ohservatfons on cell cuitures infected
concurrently with mumps and Sindbis viruses. J. Immunol., 94:521,
1965,

Greaser, L.: Producticn of Laterferon by suspensione of human leucocytes.

Proc. Soc, Exp. Biol. Med., 108:79%, 1961,

Griffin, E. R,, Wright, b, H., Bell, T. M,, and Ross, M., G. R.: Demon-
seration of virus particles in blapsy materfel from cases of Burkitt

tumor. Eur. J. Cancer, 2:353, 1946,



Haddow, A. J,, and Woodall, J. P.: [Isolation of en agent Erom & case
of Burkitt's Lymphoma syndroma. Annu. Rep. E. Afr. Virus Res.

Inst,, p. 30, 1962,

Hallom, J. V., Youngner, J. 5., and Stinebring, ¥W. R.: Interferca

activity assoclated with bigh molecular welght proceins in the
cireulation of mice Injected with endotoxin or bacteris.
Virology, 27:429, 1965.

Henle, G., Deinhaxdt, F., Bergs, V¥, V., snd Henle, W.: Studies on
persistent fnfectlion of tissue cultures. I. General aspects of
the system. J. Exp. Med., 108:537, 1958,

Henle, G., and Henle, W.: Differences in response of hamster Cumor
cells induced by polyoma virus to interfering virus and interferonm,.

J, Bat. Cancer Inst., 311143, 1963,

Henle, ., 2ad Henle, W.: Evidence for a persistent viral infectlop in
& cell line derived from Burkitt's lymphoma. J, Bacteriol., B9:252,
1965a,

Henle, G., and Henle, W.: Interference in the detection of virasl carrier

states, Wistar Inst. Symp. Monog., 4:83, 1965h.

Henla, G., and Heale, W.: Immunofluorescence in cells derived from
Burkict's lymphowa. J, Bacteriol,, 91:1248, 1966a.
Hlenle, G., and Henle, W.: Studies on cell lines derived from Burkize's

lymphoma. Trans. N, ¥, Acad. Sci., 29:71, 1966b,

Henle, W.: [Interference and interferon In persistent viral infectlion
of cell culcures, J. Dmmunol., 91:145, 1963.

flenle, W,, Henle G., Deinhsrdt, F,, and Bergs, V, V,: Studies on per-
siscent fnfection of tissue cyultures, IV, Evidence for the produc-
tion of an iatexrferon in MCN cells by wyxoviruses., J. Exp. Med,,

110: 525, 1959.



Henle, W., Rummeler, K., and Henle, G.: Antibody coating and agglutina-
tion of virus particles separated from the ER3 line of Burkikt
lymphoma cells. J, Bacteriol., 92:269, 1966.

Hermodsson, S.: Tohibition of intetferon by an.lnfection with para-
iafluenza virua type 3 {PIV-1). Virelogy, 20:333, 1963,

Herwodseson, S.: Action of parainfluenza virus type 3 on synthesis of
interferon snd multiplication of heterclogous virus, Acta. pach.

wicrobiol. Scend., 62:224, 1964,

Ho., M.: Identificstion and "induction" of imterferon. Bacterisl.
Rev., 28:267, 196is,

Ho., M.: Interferon-like viral inhibitor in rabbits after intravenous
adeinistration of endotoxin. Sclence, 146:1472, 15964b,

Ho M

and Enders, J. F.: Further studies on an Lnhibitor of virel

L

sctivity appearing in infected cell culrures and its role in chronmic

wiral {nfections. Virology, 9:446, 1959.

Ho, M,, Faote, X. H,, Burke, D, C,, and Finter N, B.: Interferon or
interferon-like inhibitors Induced by non-viral substances., In
Interferons. ed. by N, D..Finter. W. B, Saunders Company, Phila-
delphia, p. 181, 19646,

Ho, M., and Xono, Y.: Effect of actinaaycin D on virus and endotoxin-

induced {nterferon-Ilike inhibitoras in rabbits. Proc. Natl, Acad,

Sci., U.5., 33;220, 1965.

Hummeler, X,, Henle, G., and Henle, W.: Fine structur of a virus in
eultured lymphoblests from Burkitt lymphoma, J, Bacteriol,,
91: 1366, 1966.

Isaaca, A.: Interferon. Adv. Virus Res., 10:1, 1963,



xvil

Isaacs, A., and Burke, D, C.: Mode of metion of Interferon. Nature,
182: 1073, 1958,

Ishida, K., Homma M., Osaco, T., Hinuma, Y., and Mijamoto, T.:
Persistent infection im HeLa £ells with hemadsorption virus type
2. V¥irology, 24:670, 1964,

Ieakata, $., and Grace, J. T., Jr.: ‘Cultivation in vitro of myelo-

blasts Erom bhuman leukemia. New York State J. Med., 64:2279,

1964 .

Kato, N,., Okada, A., and Ota, F.: A Eactor capable of enhancing virus
replication appearing in parainfluenza virus type 1 (HVJ)-infected
allantolc fluid. WVirology, 26:630, 1965, -

Kindig, D. A,, and Kirsten, W, H,: Virus-llke particles in established
wurine cell lines: eleccron-microgsecoplc observations, Science,
155: 1343, 1967. .

Klein, G., Clifford, P., Klein, E., and Stjernsward, J.: Bearch for
tumor-specific lmmune reactions in Burkitt lymphoma by the membrane

tmauno-fluorescence reaction. Proc, Nat. Acad. Sel., U.8., 55:1628,

1966.
Kobn, €., Mellman, W, J,, Moorehead, P, 5., Loftus, J., and Henle, G.:
Lavolvement of € group chromesome in five Burkitt lymphoma cell

ilnet. J. Mat, Cancer Insc., 38:209, 19&7.

Kumagai, T., Shimizu, T., and Matumoto, M.: Detection of hog chelera
virus by ita effect on Newcastle disease virus in swin; tissue
culture, Science, 128:366, 1938,

Les, 5. H. 5., and Ozere, R. L.; Production of lnte;feruns by human

mononuc lear leucocytes. Prec. Sog, Exp, Blol. Hed., 1IB: 190, 1965,




xwill

Lockart,.k. 2., Jr.: Producrion of an lnterferon by L cells infected
with Western equine encephalomyelicie virus. J. Racteriol.,
85:556, 1963,

Lockart, R. Z., Jr.: Varistions in the abilities of several lines of
L cella teo produce and to be affected by Llaterferon. J. Bacteriel.,
89:117, 19865,

Levy, H, B,, Buckler K G, E,, and Baron, 5.: EEfect of interferon on
early interferon produceion. Scilence, 152;1275, 1966.

McCombs, R. M., and Benyesh-Melnick, M.: Studies on acute leukemia and
1nfec£ious moncnuc leosis of childhood, VII, Viral interference with
lymphoblastold cells of spontaneously transformed bone m&Trow cultures,
To be published,

McCulloch, E. A.: Tissue culture of haemic cells., Proc. Am. Assn.

Cancer Research, 2:132, 1955,

Maeno, K., Yoshil, 5., Nagata, I., and Matsumoto, T.: Growth of Newcastle
disease virus in a HVJ carrier culture of Hela cells, Virology,
29:255, 1966,

Marshali, J, D., Sﬁith, C, W,, and Eveland, W. C,: An evaluation of
various antisera-conjugated by four methods. Baet. Proc,, 136, 1958,

Mendelson, J., and Glasgow, L. A.: The in vitro and in vivo effects of
cortisel on interferon production and action. J, Imesuncl., %4:345,
1966. '

Miles, C. P., and 0'Neill, F.: Chromosome studies of 8 in vitro lines
of Burkitt's lymphoma. Cancer Res., 27:392, 1967,

Moore, G. E,, cerﬁer, R. E., and Fraoklin, H. A,: Culture of normsl human

leukocytes., J. Am. Med. Ass., 199:519, 1967.



xix

Moore, G. E., Ito, E., Ulrich, K., and Sandberg, A. A.: Culcure of
human leukemia cella, Cancer, 19:713, 1966,
0'Conor, G. T., and Rabsoo, A. S,: Herpes-like particles in an American

lymphoma. J, Nat, Cancer Inse., 35:899, 1955,

0'Conor, G, T,, Rappapert, K., and Smith, E. B,: Childhood 1ymphoma
vesenbling "Burkitt tumor” in the United Scates. Cancer, 1B:41l,
1965,

Papadimicriou, J. M.: Electron microscople findings of a murine lymphoma

associated with reovlrud type 3 {nfection. Froc, Soc. Exp, Riol,

Med, , 121:93, 1966,
Farker, L., Baker, E., Stanley, N. F,: The fsolation of reovirus type 3

Erom mosqultoes and a sentinel infant mouse. Aust, J. Exp., Biol.

Med. Sci., 43:167, 1963,
Paucker, X., and Boxaca, M.: Nonresponsiveness of L cells to the induc-

tion of interferon, Aan. Med. exp. Fenn., 44:274, 1966,

.Pulvertaft, R. J. V,: Cytelogy of Burkitt's tumor (African lymphoma}.
Lancer, 1:238, 1364,

Pulvertaft, R, J. V,: A study of malignant tuwoure in Nigeria by Short-
term tissue culture, J, Clin, Path,, 18:261, 1965,

Rabaon, A. §,, O'Cenor, G. T., Baren, 5., Whang, J. J., Lepallais, F. Y.:
Morphologic, cytogenetic and virologic studies ln vitro of a malignant
lymphoma from an African child, Int. J, Csncer, 1:59%, 1966,

Rigge, J, L., Serwald, R. J., Furckhalrer, J. H., Down¥, C. M., and
Metcalf, T, G.: Isothlocysnate compounds as fluorescent labeling.

sgents for immune serum, Am, J, Pathol., 34:1081, 1958,



Kl

lodflguez, J., and Deinhardt,6 ¥.: Preparation of a eemipermanent
nount ing medium for fluorescent antibody studies. Virology, 12:
316, 1960,

Rodriguez, J. E., and Henle, W.: Studles on persistent infections of
tissue cultures. V¥, The inltlal stages of infection of L(MCN)
cells by Newcastle disease virus, J, Exp, Med., 6 119:8%5, 1964.

Rothfels, K. H,, Axelrod, A. A,, Siminovitch, L., McCulloch, E, A.,
and Parker, R. €.: The origin of altered cell lines frow mouse,
wonkey, and man as indicated by chromosome and transplantaticon

stydies, Can. Cancer Conf,, 3:18%, 1959,

Rustigisn, R.: Persistent Infection of cellas in culture by messles
virus, L. Development and characteristics of HeLs asublines
peraistently infected with complete virus, J_ Bacterlol., 92:
1792, 1965,

Schoone, E.: Properties of rat-tumor Interferon. PBiochem, Biophys.
Acte,, 115:429, 1966,

Shelokov, A., Vogel, J. E., and Chi, L.: Hemadsorption (adsorption-

hemagglutination) test Eor viral agents in tissue culture with

special reference to influenza, Prog, Soc. Exp. Blo, Med., 97:802,

1958.
Simons, P. J,: Epldemic Lymphoma in children in Africa. Annu, Rep.

Imperial Cancer Res. Fund,, K p. 27, 1962,

Simons, P, J., and Ross, M. G, R,t Epidemic lymphoma in children in .

Africe, Annu, Rep. Imper{al Cancer Res. Fund,, K p. 48, (963,

Simona, P. 3., and Rosa, M. G, R.: The isolaticon of herpes virus from

Byrkict tuwours. Eur. J, Cancer, 1:135, 1963,



xxi

S$mith, J. T., aad Wagner, R. R.: Rabbic macrophage interferons. 1.
Conditfons for biosynthesis of virus-infected and uninfected
cells, J, Exp. Med., 125:559, 1967,

Stanley, N, F.: The setlology and pathogenesis of Burkitt's African
lymphoma. Lencet, 1:961, 1966, .

Stenley, N, F,, Walters, K. N, I,, Leak, P. J,, and Keast, P, J,: The
asgoclation of murine iymphowa with reovirus type 3 Iinfection,

Proc, Soc. Exp. Biol, Med., 121:90, 19é6.

Stewart, 5, E,, Lovelace, E., Whang, J. J,, and Ngu, ¥, A,: Burkitt
tumer: tissue culture, ceytogenetic and virus studies., J, Nst,
Cancer Inst., 34:319, 1965,

S:ineﬁrina, W, R,, and Youngner, J, S5.: Patterns of interferon appear-
ance in mice injected with bacteria or bacterisl endotoxin. Nature,
204:712, 19564, .

Strander, H., and Centell, K.: Production of interferon by bhuman leuko-

cytes in vitro, Ann. Med, exp, Feon., 44:265, 1966,

ten Seldman, R, E. J., Cooke, R,, and Atkinson, L.; Childhood lymphoma
in the territories of Papua and New Guinea. Cancer, 19:437, 1966.

Toplin, 1., and Schidlovsky, G.: Partial purlficntiqn and electron
microscopy of virus in the EB-3 cell line derived from Burkict
lymphoma. Science, 152:1084, 1966.

valle, M., and Cantell, K.: The abllity of Sendal virus to overcome
cellular resistance Eo vesicular scocacicis virus, I. General

characteristica of the system., Ann. Med. exp. Fenn., 43:57, 1965,



xxii

Vilcek, J., and Rada, B.: S5tudies oo an interferoa from tick-borne
encephalitis virus-infected cells (IF). TIL. Anciviral accion
of IF, Acts Virol., 6:9, 1962.

Vilcek, J., and Stancek, D.: PFormation and properties of finterferon
in the brain of tlck-borne encephalitis virus-infected mice.

Acta Virol, 7:331, 1963,

Vogel, J., and Shelokov, A.: Adsorpticn-hemagglutinetion test for
influenza virus in monkey and kidney tissue culture, Science,
126: 358, 1957.

Walker K D, L.: The viral carrier state in animal cell cultures. Progr.
med, Virel., 6:111, 1964,

Walker, D. L., and Hinze, H, C.* & carrier state of mumps wirus in ’
human conjunctiva cells. TI. General characteristics. J. Exap.
Med,, 116:739, 1962a.

Walker, D, L., and Hinze, H. C,: A carrier state of mumps vlrés in
human conjunctiva cells, II. Observations on intracellular trans-
Eer of virus and virus release. J, Exp. Med., 116:751, 1962k,

Walker,K b, L,, Chang, P., Northrop, R. L., and Hinze, B, C.: Persistent,
noneytocidal viral infection: nonsyncﬁrnny of viral and cellular
sultiplication. J, Bactericl,, 92:983, 1966,

Wheelock, E. F,: Interfercn-like virus iohibitor induced in human
leucocytes by phytohemapglutinia, Science, 149:310, 1965.

Wheelock, E. F.: V¥irus replication and high-titers interferoa producticn

fa human leucocyte cultures inoculated with Newcastle disease virus.

J. Bacteriol,, 92:1415, 1966,



swiil

Woodall, I, P., Willimss, M. C., Simpson, D. L. W., snd Haddow, A. J1.%
The isclation in mice of straina of herpes wvirus from Burkitt
rumoure. Eur. J. Cancer, i:137, 1965,

Wright, D. K.: Burkitt's tumor in England: s comparison with childhqod
lymphomatcoma. Int. J, Cancer, 1:503, 1966,

Wright, D. H.: The epidemioclogy of Burkitt's tumor. Conference om
Acute Leukemila and Burkitc's Tumor, Rye, Hew York, 18 May, 1967.
Younger, J., Hallum, J., and Stinebring, W.: Comparison of interferons
appearing in the circulacion of mice infected with different viral
and nonviral stimwli, Annual Meeting Am. 50c¢. for Microbicol., Los

Angeles, California, 3 May, 1966.

Youagner, Y, 8., Stinebring, W, K., and Travbe, 5. E,: Influence of
inhibitors of protoin synthesis on interferon formation in mice.
Virclogy, 27:5&1, 1965,

Zeve, V. H,, Lucas, L. 5., and Manaker, R, A,: Contlnuous cell cultures
from a patient with chronic myelogencus leukemiaz, II. Detection

of » herpes-like virus by electron microscopy. J. Nat. Cancer Inst.,

37:761, 1964,
eur Hausen, H,, Henle, W., Hummeler, K., 6 Diehl, V., and Henle, G.:
Comparative study of cultured Burkitt tumor cells by immunofluorescence,

autoradiography and electromicroscopy. J, Virology, August, 1967.



HBSS
HBSS-2
HEME

HEME-2, 5, 10

MEM
HMEM
HEME - HMEM

1629-2, 10

Mediym 159

PBS

HEX,

A

I.m,

- ABBREVIATIONS

Fetal calf serum

Hanks balanced salt soluticn
HBSS supplemented with 2% FCS
3asa]l medium Eagle in HBSS

HEME supplemenced with 2%, 5%, and 10% FCS
reapectively,

Minimun essential medium

ME¥ in HBSS | .
Combination medium, 47,5% of each

Medium 1629 supplemenced wich 2% and, 10% FCS
respectively, 1629-2 13 referted to a8 mainten-

ance medium

Consiscs of 30% Parker soluticm 199, B0 Scherer
maintenance medium, and 10% inactiveted horse serum

Phoaphate-buffered saline
Human embryonic kidney cells
Green monkey kidoey cells

L cells, mouse fibroblascs
Rabbit kidney cells

Hetpes #lmplex virus
Yesiculer stomacitls virus
Newcastle disease virus

NDV inactivated by ultraviclet {rradiacion
Cytopathogenic effect

50% egg infectious dose
Fluorescent antilbody
Fluorescein fsothiocyanate
Hemagglutinating unit

Inoput multiplicity

axiv



ES-1
mumps

XXy

S0% lethal dose

FPlaque forming unitc
50% tissve culture dose
¥irus particles

EB-1 Burkice lymphoma cells infected with
mmpsd virus



{1

)
)

(4)
(5
()
mn

(8)
(9

(10}

FXFLANATION OF TABLE 1

FC5, fetal calf senumn; HIME, basal medium Esgle in Hanks balaaced
salt solution.

Herpes-type viruys particles detected by electron microscopy.

Fluorescent antibody studies, Henle and Henle, 1966a, Henle et al,,
unpublished,

Epecein et al, (I1964a),

Epsteln et al. (1966b),

Peraonal communication,

Ko detectable herpes-type virus particles were found in SK-L1, SK-LZ,
LK-1D, LK-57, LK-60, and 6410 cell tines (Hummelez, personal comounica-
tion).

Very rare * cells, specificity quescionable.

Iwaketa and Grace (1964) reported presence of herpes-type virua particles.
Electron microsgopic studies performed at & later date indicated no detect-

able virus {Crace, personal communication).

Not done,
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EXPLANATION OF TABLE VIII

Herpes-type virus particiles degected by electron wmicroscopy.
Fluorescent antibody staining.

24 units or less/ml.

Not done.

100 units-300 ucits/ml.

500 units or greater/ml.

No detectable herpes-type virus particles were found in SK-L1, SK-L2Z,
LK-57, LK-60, and 6410 cell lines {Hummeler, perscnal communication),

Very rare + cells, specificiry questionable.
Ikawata &nd Grace {1964) reported presence of herpes-type virue particles.

Electron microscoplc studies performed at a later date indicated no detect-
able virue {Grace, personal communication}.



KRTRODUCT 108

Burkitt's or African lymphoma aroused considerable interest
because epldemiologic cbservations provided circumstcntlai evidence
that it wmight posaibly be ceused by a virus (Burkier, 1962). Patienta
oftea develop multiple tumors at several sites which could be due to
simulteneous seeding of an Infecticus agent; clusters of cases have
been observed indicative of a common source of infection (Burklt: and
Wright, 1966; Wright, 1967}; and the geographic distribution of the
capes concurs with the spread of various arthropods suggesting that a
vector might play a role in the disgemination of the disease {Burkice,
1963), that is, Burkitt's iymphoma is seen almost exclusively in
African reglons with temperntures not less than 60 F, sanual vainfsll
exceeding 20 inches, and altitudes below 3000 fect. Cases of Burkitt's
lymphome are apparently not restricted to Africa however, and tumora
histelogically indistinguishable From the African lymphoma have been |
observed in England (Epstein et al,, i966a; Wright, 1966), New Guinea :
(ten Seldman et al,, 1966}, South America (Beltran et al,, 1966), and

the United States (Dorfwan, 1965; O'Conor et al., 19635).

The suggestion of an insect veecter, transmitcting presumably :
a virus, has aparked extensive efforts to iscolate infectious agents from
blopey materials, Indeed, herpes simplex virus {Haddow and Woodall,

1962; Stmons, 1962; Simons and Ross, 1963; 1965; Woodall) et al., 1965)



and reovirus and reovirus-like agente (Bell et al., 1964; 1965; 1966)
have been Lsolated repearedly from tumor specimens as well as myco-
plasma {Dalldorf et al., 1966). No irrefutable evidence has been
presented to link anyone of these ubiquitous agents to the etiology

of Burkitt's tumor. However, Stanley (1966) has proposed 2 hypothesis
that Burkict's lymphamsa might be caused by reowirus type 3. This virus
has been isclated from mosqultoes mnd its insect transmisaion amemget
Australian vertebrates is almost certain {Parker et al., 1963). In
sdditlon Stanley et al, (1966) reported that neonatal infectlon of
mice with reovirus 3 produced a late chron{c Tunting syndrome, When
suspenalons of splenic cells from "runts™ were inoculated into infent
wmice, malignant lymphomas developed in a certain proportion of these
animals which were histvlogically indistinguishable from Burkitt's tumor,
On electron microscopic examination of such surine lymphomas, Papadimi-
triou {1966} observed the vresence of virus particles which resembled
herpes rather than reovirus,

A nvmber of cell lines have been estaplished from blopsy
lpecim#ns and maintained in continuous culture (Epstein &nd Achong,
1965; Epstein and Barr, 1964; 196%; Epstein et al,, 1964b; 1965b; I966a,
b; Pulvertafc, 1964; 1965; Stewarr =t al,, 1965; Rabaon et al., 1966;
Osunkoya, in presa). All these cultures are cumposed of lymphoblastes v
but they differ smong each other by the degree of immacurity of the
¢ells. Chromocaomal an#lysel have shown that the lymphoblasts have re=

tained their diploid character even after caltivaclon for es long as



3-4 years (X¥chn et al,, 1967; Miles &nd O'Relll, 1967). These cells do
not sttach to the surface of culture vessais but grow freely In the
fiuid phase. When seeded ouro monclayer cultures of huwan or certain
animal cells the lymphoblasts may attach to the cell sheers, and then
grow in depth in the form Of macroscoplcally visible hillocks (Henle and
Henle, 1965a},

It was of particular tnterest .t:.hat wméany of these cultures, as
first observed by Epstein, harb?red a herpes~type virus (Epstein er al,,
1964a; 1965a,b; 1966a). Subsequently similar viruz particles were noted
ta be present in a lyaphoblasc line from a lymphoma of an American pa-
tleat {0'Conor and Habson, 1965), in cell cultures derived from leukemic
tlssues or from lymphnodes with metastatic neoplasias (Iwakata and Grnce;
1965; Mooxe et al., 1966; Zeve ot al,, 1966; Minawada et al,, to be pub-
lished}, and in continucus lines of peripheral leucocytes of healthy
donors (Moore et al., 1967; Gerber, personal comunication). Herpea-
type virus particles have been seen also in thin sectlons of a few
Burkitt tumor biopsies {(Criffin et al,, 1966).

The size and configyraticn of the virue particles found in sec-
tioned cells suggested that they belong in the herpes group of virukes.
Additional Etudies employlng the negative contrast teéhnique {Huwowa Ler
et al,, 1966; Toplin and Shidloveky, 1966) revealed the wvirus particles
to be morphologically Indistliaguishable frowm members of the herpes group;

f.e., they represented icosahedra, either free or enclosed {n an emvelope,



- with & capsid ecemposed of 162 capsamers, The vast majority of these
particles were defactive, however, in that they lacked internal struc-
ture, presumably all or part of the viral nucleic acid.

The kigh incidence of defective particles offersd at least a
partial explanation for past £ailures to transmit the agent to various
types of primary or coantinuous cell cultures of haman or animal origin,
to chick embryos, or tc newborn and weanling aniwals (Epstein et al.,
1965¢). Judglog by the numerous examples described in the literature,
many viral infectfons in vivo or im vitro, including oncogenic viruses,
remain subclinical or lacent and may persist for long perlods of time.
In some eatablished pereistent viral infections, especially chose of long
duration, transmission of the carried agent to other host Eystems may be
unsuccessful or achieved only with great diffleculty because largely de-
fective viruses or even oaly viral antigens are produced by the cells,
Demonstration of the presence of virus under such condltions way depend
then upon electrommicroacopic examinacion of sections of tissues or
cultured cells, applicatlen of virus-epecific immunofluorescence, :es:sl
for interference with normally cytepathic viruses, or other indirect
evidence of viral activities.

Since only & small proportion of cells in vartoue Burkitt or
oﬁhet cell lines {s actuslly producing herpes-type virue particles, moni-
toring of the extent of the ilnfection by electron wicroscopy has been
cumbersome, The d.lscovery that infected cella can be detected readily
by imounefluorescence techaigues has avercome this hqndlcap {Henle and
Henle, ‘l?ﬁ&ﬁ). In indirect immunofluorescence teste positive results

wvere obtained regularly with sera Erom Burkict patients and alse with



meny sera from African or Americen concrol individuals., The auti- I
body was found in American sdulc sera with sufficlent frequency

apd in sufficient titer to render fluorescein-conjugated human gamma
globulins suitable for direct staining of virus-producing Burkitt

calla. On the basis of appropriate virus-specific immunofluorescence
tests, the virus could not be {dentified as herpes simplex, varicella,
cytomegalo, or any one of B different animal herpes viruses {Heule apd
Meale, 1966b).

The conclusion that the immunofluorescence techniques, as
employed, detect those Burkitt cells which harbor the herpes-type virus
Ls supported by the following evidence: (a) electron wmicroscopic esti-
mater of the percentage of virus-containing cells 1ian the various lines
¢closely watched the percentage of cells ghowing lomunofluorescence
{Henle and Henle, 1966a, b; Hinuma et al,, personal communication); {(b)
viral fnhibitora or cultural manipulacions which reduced or increased
the percentege of flucrescent cells equally decreased or raised the
number of virus-containing cells as determined by electrom mlcroscopy
(Henle and Henle, 1966b); (c) sera which were strongly poslﬂve in in-
direct imounoflucrescence tests, but not negative asera, were found te
contein antibodies to the viral capsid as ahown electron microscopicatlly
by antibody coating and agglutination of virus particles extracted and
concentrated from culcured cells {Henle et al.,  1966; Mayyasi et al.,
personal communication); (d) 24-48 hours following & pulse exposure cf

Lynphoma cells to tritisted thymidine the majority of fluorescent cells



{up to 80%) were shown by autoradicgraphy to contain cytoplasmic
label, whereas non-fluorescent cells were less frequently labeled,
and then in the nucleas {zur Heusen =t al,, 1967}); and (e} picked
individual fluorescent celles after embedding and thin secticning
when examined electrommicroscopically were found to contaln numercus
virns particles, whereas nona ware #¢en in non-fluorescent cells
prepared in the seme manner {zur Hausen ec al,, 1957), The evidence
cladrly {ndicated that the [mmunofl#oreszence described was largely
due to viral antigens in the cells and not due to cellular membrane
sntigens detected by other workers (Kleln er al,, 1966; Benyeshs
Melnick et al., personal communication) using {ndirect {mmunofluores-
cence tests with live cells,

On the basis of serclogical surveys by the {indirect immyno-
fluorescence technique, it is evident that the herpes+type virus found
in cultured Burkitt cells, or & close relative of fr, is widely dis-
seminated not only in Africs but also in ghe United Siafea and probably
elsewhere. This does not necessarily exclude the poseibility that the
virus might be etlologically related to Burkltc's tumor since (a) Bur-
kitt's lymphome has been observed Ln various perts of the world; and
{b) known oncogenlc viruses may induce tumors only rarely under natural
conditions,

Certain non~cytopathic viral infections of cell cultures can
be detected by the resistance they ﬁay engender to other, usually

destructive viruses, In wany instances the resistance may be due to



cliislc.interference and interferon synthesis,k bur fn others to
blockade of cell receptora, metabolic deficiencies, or as yet un-
koowa factors {¢f Walker, 1964), Thus, tests for viral interfer-
ence or {nterferon have become routine procedures in the search for
suspected latent viral Infections of cell cultures, The EFirse 2
available Burkitt tuwor cell linee (EB-1, EB-2, 811)' all of which
were known to harbor herpes-type virus, behaved in avery respect like
viral carrier populations in which interference and interferon syn-
thesis limirs the spread of the infection and tlws permits both wvirus
and cells to persist simultanecvusly in culture for long perlods of
time (ﬂ?nle and Henle, 1965 a,b). The Burkitt cell lines were markedly
resistant to vesicular stomatitis virus (VSV), transmiited the resist-
ance to other humae cells on mixed cultivation, and released an inkib-
itor in lew concentration i{nto the culture media which appedred to be
an interferco. In contrast, the RPMI-6410 line, which was isolated by
Ivakata and Grace {1964) from a leukemiec patient and found Eree of virue
at the time of study, auécumhed rapidly to infection by VSV and failed
to produce an inhibftor. Thus, all the evidence suggested that the
herpes-type viral carriet scate in Burkitt tumor cell iines was con-
trolled by iuterfétence and interferon synthesis.

The work to be reported in this chesis is divided ilato 3
sactions, all of which are concerned with aepects of the cellular re-
sistance referred to above. 1In Section L results are recorded of an

extention of the tests for e vira] carrier state to additional Burkitt



cell lines as well as continuous cultures of hematopoietic cells
derived from leukemic patiente or healthy donors. Some of these were
known te harbor herpes-type wirus and others nof, The studies revealed
that the resistance of Bome of the cultures to extraneocud viruses as
wvell as the production of che interferon-like inhibltor sre apparently
untelated to a herpes-type viral carrier gtate., Since some cell lines
syntheaize the inhibitor without evident stimulacfon, tt ie belng
termed autogenous interfecon.

.ln Section 11 autogenous and virus-induced interferons, de-
Tived in part from the same cell linas, are compared with reapect to
optimal condftions for production and their physical, chemical, and
biologicel properties. While generaily no significeat differences werxe
obgerved, It became clear that the preseace of autogenous interferon
enhances the time of eppearance and rate of virus-induced interferon
synthesis, The susceptlbility of some autogencus interferon*producing_
cultureas to extraneous viruses was found to be explainable on the basis
that too emall quantities of autogenous Interferon were produced. Such
cultures could readily be protected by mddition of homologous concen-
trated autogenous interferom.

Section 1IY presents attempts to lower the resistance of
Burkitet cell lines in order to determine whether {nfection by the indig-
encus herpes-type virus could be Lncremsed by such mesns. Since members
of the paramyxovirus$ group are known to reduce resistance of variocus cell
populations to a number of unrelated viruses (Kumagi, 1958; Frothingham,
196); Rermodsson, L963; Kato et al., 1965; valle and Cantell, 1965;
HMseno et al,, 1966), Burkitt cell cultures were superinfected with mumps

wirus, The superinfectlon did indeed increase cheir susceptibility to



veslcular scomatitis and herpes simplex viruses and prevented the
protective action of added extfaneous hupan interferon. It éid not
influence autogenous laterferon synthesis but appeared to reduce virus-
induced interferon production. Yekb, the extent of the herpes-type
wiral infection was not affecred by che chsnge in _tlhe resiatance of

the cultures.



MATERIALS AND METHODS

1. Cell Cultures.

A. Lymphoblast lines derived from Burkitt's tumor and other

hematopoietic cell lines derived from patients with leukenia, non-

-illgnant diseases. or healthy donors:

1. Cell lines, wedia, and presence or absence of hgfpes-
type particles: Table I 1lsts all the cell lines used in this study,
thelr origins and authors, the medla used for gromth of the cells in
this laberatory, and the precence or absence of cells producing herpes-
type virus particles zs detected by e¢lectron microscopy or immuno-
fluorescence, All the media used were supplemented with 100 units
penicillin, 100 ag screptomycin, and 2rnM glutamine per ml, Fecal calf
serum (FCS) was inactivated at 56 € for 30 minutes. For certain experi-
mental procedures the celis vere transferred to A maintenance medium In
which the FCS concentration was reduced to 2% (1629-2). Medium RPMI
629 was purchased from Baltimore Biclogical Laboratories, Baltimore,
Maryland, snd other media and FCS5 from Micxoblelogical Assocliates, Ing,,
Bethesda, Maryland. For convenience throughout the text lywphoblast
Lines derived froa Burkitt's tumor and lines derived from patients wich
leukemia will be referred to as Burkict lymphomsa and leukemia cell lines,
respectively.

2. Preparation of stock cultures: The concentration of eells

was determlned microscopically by aid of » hemacytometer. Trypan blue

was reutinely added to glve a final concentration of D.I%, to permit
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determination of the oumber of cells which were viasble. 1In the pres-l
ence of trypan blue, cells which had loat thelr selective permeability
propertias and adsorbed dye, were considered dead,

The suspension cultures were walntsived by dilution in fresh )
medlum every 5-7 days, The number of viable ceils per ml wan derermined
and the density of the culture was readjusted to 1 x 107 cells per ml
by removing aliquots of cell suspension, transierring them to fresh
flasks, and diluting with fresh growth wedium. Cells were grown in
Erylemmeyer flasks at 3% C with a wedfum to air ratlo of 1 to &,

B. Peripheral blood cells: Fresh human leuco¢yte preparations were

kindly supplied by Dr. M. Miller, The Children's Hospital, Philadelphia,
These ware suspended in wedium 1629-10 and utilized on the day they were
cbtained.

C. Primary and continuous cell lines utilized for assays:

1. Primary cultures: Human embryonic kidney (HEK) and green
monkey kidney {GHK) tube cultures were obtgined from Flow Laboratories,
Rockvilie, Maryland, or Microbiological Associates, Inc., Bethesda, Mary-
land, Human diploid cell cultures {strailn WI-38) were obtained from the
Wistar Institute, Philadelphfa, Primery rabbit kidney cell cultures
were kindly supplied by Dr. T. Tokumaru, The Children's Hospital, Phila-
delphia,

2. Continuous cell lines: L{MCN) cell cultures {McCulloch,

E.A,, 1955; Rothfela et al,, 1959) were grown and maintained as described
by Rodriguez and Henle (1964}, Fat head winnow cells were kindly supplled
by Dr. R. Malaberper, Lehigh Universicy, Allentown, Pesnsylvania. Turtle
heart cell cultures were obtafned through the courtesy of Dr, P, T, FKar-

zon, Children’s Hospical, puffalo, New York.
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3. Maintenance of the cells: All the sbove cell culrures,

with the exception of L{MCN) cells, were grown on Eagle basal medium
iv Hacks balanced salt solution, containing 10 insceivated FCS, 100
units penicillin, 100 pg streptowycin, and 2mM glutamine per ml
(HEME-10), The L{MCN) cella were grown on a medium consisting of 30%
Parker solution 199, 60% Scherer maintenance solution, 10% inactivated

horse serum, and antibiotics (Medium 19%).

LI, Viruses,

A, Vesicular stomatitis virus: The Indiana strain of VSV which

had been obteined from the American Type Culture Collection end passed
twice in L(MCN)} cells and seven times in chick embryo fibroblasts was
uwied, Virus pools were prepared in chick embryo filbroblast cultures
incubated at 37 €. When cytopathic effects became evident in more than
half of the cells, the cultures were frozen and thawed lx, and the sus-
pension was centrifuged &t 4 C at 1500 rpm for 15 minutes. The super-
natent was ghell frozen in ampules and stored at -70 C in a dry lce
cabinet. The infectivity titers of the YSY 8tockd were 1.0 x 109 to
1.6 x 109 plaque forming units (PFU) per ml when masayed on L(MCN) cell
monoleyers,

. B. Mumps virus: The Bicki strain of mumps in its 6th ammiotic
paszage was used, It had been isolated in this laboratery. Virus pools
ware prepared by smniotic inoculation of B day-old embryonated chicken
eggs. The eggs were Llncubated at 37 C for & days and the aénlotic flulds
were harvested. Flulds exhibiting hemagglutinacion on spot check were

pooled and centrifuged at 1300 cpm for 10 minutes. The supernatant was
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shall frozen in mmpules and stored at =70 €. The infectivity titers

of the mumps virus scocks ranged from 106'2 to 1077 TCDgq per wl when

agaayed in EEK monolayera. The hemagglutinating titers measured with
chicken erychrocytes ranged from 3.2 x 102 to 1.3 x 103 HAU per ml.

€. Newcastle digease virus: The Victoris strailn of NDV propagated

for an undetermined number of allantolc passages in embryonsted eggt
was kindly supplied by Dr., K. Paucker. The infectivity titeras in ewm-
bryonated eggs ranged from 1.0 x 109 to L.6 x 1010 E[DSO per ml, This
wirus was employed artive or after inactivation by ultraviolet light.

Ultraviolet frradiation of NDV wae carried put se described by

Paucker and Boxaca {1366). MNDV-containing allantoic fluids were dialyzed
avernight at 4 € againsc 20 volumee of ¢calcium-and magnesium=free phos-
phate-buffered saline (PBS)} (Dulbececo, 195#) at pH 7.0, The dialyzed
wmaterials vwere exposed for 20 seconds in 20 ml amounts in Petri dishes
(100 x 15 mm) to a 15 watt germicidal lamp at a distance of 7 inches,

The plates were tilted up and down mechanically ar a race of 90 times

per minute with excursions of 1 inch., Virus treated in this manner is
referred Lo as NDV .

p. Other virusee: Kindly supplied by Dr. F, Lief, Department of
éllntcal Studies, School of Veterinary Medicine, University of Pennsylvania,
Philadelphia were: (1) the 213 acrain of Sendal wirus in its 5th egg pas-
soge; (2) the PRS strain of influenza Type A virus in its 24th egg pas-
nage; {3} the £2f2ﬁ96 atrain of influenzm virus in fts 17th egg pessage;
and (4) the Johannesburg strain of influenza Type 8 virus in its 10th

ege passage, All these viruses were propagated in the allantoic cavity
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of embryonated eggs. The Infectivity titer of Sendai virus was 6.3 x
10a lleo per ml in embryonated eggs. The hemagglutinating titers of
the three influenza strains measured with chicken erythrocytes ranged
from 5.1 x 103 to 1.0 x 10“ HAY per ml.

Sindbis virus grown in chick embryo fibroblasts was obtained
from Dr, K, Paucker. The infeceivity titer was 2.5 » 108 PEU par ml
in chick fibroblages cultures, '

Vaccinla virus grown in KEK cultures was supplied by Dr, G.
Henle. The infectiviey citer was 1.6 x LOT TCDSO per ml in HEK mono-
layers,

St. Louts and Californis encephalitis viruses were kindly
supplied by Dr, §. Mazzur, Rew Jersey Department of Public Health, Tren-
ton. Both viruses were propagaced by !néracerebral inceularion of
weanling mice, The Lafectivity eitevs were 1.08 and 106 LD, per wl,

respectively.

[II. Infectivity Aesays,

A. Assaye for infectious V5V:

1. Tissue culture dose: Suspensions of L{MCH) cells were

prepared asz described (Redriguez and Henle, 1964). One ml volumes of
medium containing 1 x 105 cells were transferred to tlsave culture
tubes, and incubated at 37 € for 48 hours, The tlseue culture tubes
were refed with 1.0 wl of Medium 199. The pH of the medium was adjusted

to 7.6 with a 7.5% solution of sodium bicarbonate, Two to four cubes



16

were ifnoculated with 0.2 ml of one of several ten-fold dilutions of the
vivus in Hanks balanced salg solution (HBSS). The extent of virus-
apecific cytopathic effect in each tube was recorded one, two, and
three deys after inoculaticn. The infectivity titers were calculated

a5 TCh,. per ml by the method of Reed and Muench using the third day

50

recordings.

2. Plague forming units: Filve ml volumes of medium contain-

ing 3 = llli‘6 cells were transferred to plastic flasks (Falcon Plastic
Company, Los Angeles, California)}, and incubated at 37 C for 48 hours.
At this time the wonclayers had formed and the medium was discarded,
Two to four flasks were ilnmoculsted with 0.4 ml of one of severzl ten-
fold dilutions of the virus fn Medium 1%9, and incubated at 37 C for
one hour. Thereafter the monoiayers were overlayed wich B ml of medium
consiating of 307 Parker solueion 199, 50% Sl:here_r maintenance solution,
20% ilnactivated horse serum, 1.2% Difco agar, neutral red 1:40,000
(final concentration), and peulcillin and screptomycin, The pH was ad-
justed to 7.6 by the addition of sodium bicarbonate. Plaques were
counted after 2 days of incubacion st 37 €, and virus concentrations
ware expressad a5 the number of PFU per ml of originel volunme.

B. Assay for infectfous mumps wirus: HEK tlseue culture tubes

were refed with 1.0 ml of HEBME-5, pH 7.4, Two to four tuges were inocu-~
lated with 0.2 ml aof one of several ten~-fold dilutions of the wvirus in

HBME-5 medium and Incubated at 37 €. The extent of mumps infection was
devermined on Jay & by hemadsorpcion. The Llofeccivicy ricer was calcu-

lated as TCDSO per ml by the wethad of Reed and Muench,



17

€. Hemapgglutination assays:

1. Hemagplutinin titrations: These asgays were carried out
as described by Henle =t al., (1938).

2. Hemsdsorption with chicken erythrocyces: The technique

was described by Vogel and Shelokov (1957). To each drained tissue
culture tube was added 0.5 ml of a chilled ER suspension of washed
chicken erythrocytes in vercnal-buffered saline. The tubes were placed
at 4 € for 30 minutes and examined microscopically for the extent of
hemadsorption. Any tube showing & single area of hemsdsorption was

considered infected,

IV, Sera,

A, VYesicular stomatitis virus sntisera: WVirus pools for {mmuniza-

tion were prepared by allsnteic passage of che seed stock. The embryo-
nated chicken eges were incubated at 37 € for 24 hours. The allentole
£luids were ha;vested, pooled, and centrifuged at 1500 rpm for 10 minutes
and stored at &4 €. Fresh allantotc Fluids were prepared prior to each
immunfiration, wsing fresh ampyles of the stock aeed,

Rabbits were inceulated ifntraperitoneally (i.p.) at weekly
intervals with 8 to 10 ml volumes of virus suspension. Ten days after
the last of 4 doses the rabhice were bied, Seven days later they vere
glven a booster iujectlon of 10.0 ml of vitua L.p. Starting one week
snfcer the first booster, the rabhbits were bled at weekly intervals and
24 hours later asgain boosted, This procedure was repeated For mseven
weeks, Blood was collected by cardiac puncture and the sera were sepa-

rated, inactivated at 56 € for 30 minutes, and stored at -20 C.
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The VSV neutralizing titer was calculated as 5Q% plaque
iohibiting unics per ml using the reciprocal of the highesat dilucicn
of antiserum inhibiting at least half of the plaque forming units
present im the wonolayers with no serum, The antibody titers obtained

o to 2.0 » 10“ 507 plaque inhibiting units per ml

ranged from 1.0 x 10
as assayed on L(MCH} monolayers using 100 PFU of VSV,

B. Mumps virus antisera: Fluorescein isothlocyanate (FIIC) -con-

jugated human gamma globulln.utth high titers of antibodies to mumps

was kindly supplied by Drs, G. and W, Henle. This conjugate also coﬁ-
tained antibodies to the herpes-type virus present in cultured Burkitt
iymphoma cells (Henle and Henle 1966a}.

Equine anti-mumps serum was kindly supplied by Dr. M, Hille-
wan, Merck Institute for Therapeutic Research, West Point, Penna. The
mymps neutralizing titer was determined using the neutralization-hemad-
sorption technlque described by Shelokov et al., 1958, The number of
tubes showing inhibition of hemadsorption was recorded and the 50%
oeutralizing endpolnt of the mumps antiserum was calculated by the method
of Reed and Muench. This serum contdained about 1.0 x 10& 50% TCD fahibit-
{ug units per ml when essayed {n HEK monolayer cultures using 100-200
ICD50 of tumps.

C. Newcastle disease virus antlserum: FITC-conjugated rabbit gamma

globulia wich high titers to NDV (Rodriguez and Henle, 1964) wes kindly
supplied by Dr. W, Henle. ‘

D. Herpes-type virus antibodies; Antibodies against the herpes-

type virua present in culcured Burkitt lymphoma cells were provided by

commercially produced pools of human gamma globulin.



19

¥. Interferon; Production, Concentration, and Assay

A. Production:

1. Autopenous interferon: Cell suspentions containing

I x 107 celis per ml in l629-2 were incubated on a rotrey shaker at
37 € for 24 hours, The media were harvested and, following centri-
fugation at 1500 rpm for 10 minutes, stored at & . The aurcgenous
interferon samples were routinely assayed without further treatment.

Z. Virus-induced Interferon: Samples of cell suspensions

8

containing 1 x 107 cells were centvifuged at 1000 rpm for 10 minutes.
The pellets were resuspended In 5.0 m! of mediun containing a given
wultiplicity of inactivated virus, or in 1.0 ml of medium containing

a given muleciplicicy of viable virus, The virus was allowed to adsorb
for one hour at 37 €. Following adsoprrtion viable virus was removed

by centrifugation, the cell roncentrations were adjusted to 1 x 10,

per ml with oaintenance medium, and the cultures incubated on a rotary
shaker at 37 C for 24 hours. The media were harvested and, following
centrifugacion, dialyzed under sterile conditions for 24 to 72 hours et
4 C against 100 volumes of HCL-KCL buffer at pH 2.0, and then for another
24 hours against 100 volumes of PBS at pH 7.0, After the last dizlysis
the interferon samples were stored at 4 C.

8. Concentration: All interferons were concentrated st & C by
ultzabileration using 0.25 fnch Visking tubing under vacuum {Schonne,
1966). After a 5- to 20-fold concentration, as determinad by volume re-
covery, the materials were dialyzed sgainst 100 volumes of PBS for 24
hours, The dislyzed materials were scored at 4 C.

C. Asaays:

1. Autogenous interferonﬁ HEK tube cultures were refed with
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1.0 &l of maintenance medium (HMBE-~2, pH 27,.6). Serial 2-fold 23ilutions
of the interferon sample were made in HBSS5-+2 and 0.5 ml aliquots wera
added to duplicate cultures of HEK cells. After 24 hours incubation
at 37 € the tubes were challenged with 0.2 nl of & V5V suspension con-
taining 10G0 TCDSO' The cultures werxe incubated at 37 C for 40 hours
at vhich time the controls showed total destruction of cells. The end-
point was teken as the highest initcial dilution of interferon sample
which gave 53% suppression of virzl cytopathic effect., One unic of
interferon was 1.0 ml of the greatest dilution (2 times the endpoint)
of the sample which caused 50% suppression of VSV cytopathology in the
assay,

2. Virus-induced: HEK cultures were inoculated with viral

interferon as described above for autogenous interferon except chet the
interferon was removed and the cells refed with 1.5 wl of fresh medium

prior to challenge with V5V,

VI, Assay for Virus Attachment.

A. Attachment of VS5V to Burkitt lymphoma cells: Cell suspensiona
containing 5 x 106, Jx 107, lx 10a cells, we;e centrifuged at 1000
rpa for 10 miputes and the sedimented cells resuspended ia 1.0 ml of VSY
(2.0 x 107 PFU) élluted in phosphate buffer (pH 7.8) containlng 2% FCS.
The mixture was Incubated in a water bath at 37 € for 1 hour. At 15, 30
and 60 minute intervals a 0,1 ml aliquot of cell-virue suspension was
diluted 1:100 inte 18,0 ml of Medium 195, to step viral actactment, and
the diluted cell suspension centrifuged at 1800 xpm for 10 minutes to

remove the cells, The upper 5.0 ml of the supernatant fluld containing

unattached virus wes shell frozen in ampules and stored at -70 ¢ for
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virus zssay, Por reference of inicial virus content, a virus c#ntrol
tube containing only the virus inoculum was included.

The amount of unattached virus was determined by plaque aliuy
on i(HCN) monolayers. Emch of three prepared cultures were inoculated
with 0.5 ml of serial 10-fold dilutions of sample, Those cultures
yislding 25-50 PFU were used for calculation of the titer. Virus con-
centrations were recorded 8s the rumber of PFU per ml of original

suspension.

V11, lmomuncfluorescent Technique, u

A. Preparation of fluvrescein tonjugate: The gamma globulin frac-

tions of the various anti-sera were separated by smmonium sulphate
precipitation &nd coupled to fluoreacein isothiogtysnate by conventional
methods (Marshall et sl., 1958; Riggs et al,, 1958). The labeled gamma
globulin wvas adsorbed twice with mouse liver powder {Coonset al,, 1955)
before use,

B. Preparation of coverslips For fluorescent antibody staining:

1. Squensipn eultures: [n order to determine the number of

cells atalning in & given populatioa, 1 x 106 cells wvere c?uttifuged,
the supernatsnt decanted, and the wmoist pellet spread with a Pasteur
pipette over 3 coversiips (6 x IO mm) &nd dried at 37 C.

2. Coverslip tube cultures: In certain assay procedures, cells
grown on coverslips (6 x 0 mm) were used for fluorescent Sntibody atud-
ies. Trypsinized cells were diluted in HBME~10 and tissue culture tubes
containing floating coverslips were seeded wich 1.0 mi of the cell
suspension. The cultures vere incubated at 17 C. Infected coverslips re-
moved from tissue culture tubes were washed in PBS and thoroughly dried

st 37 C,
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3.. Pixacion snd staining of prepared coverslips: All cover-

- alips were Fixed in acetone at room temperature and atored at -20 C.
Staining with fluorescent conjugste proceeded st 37 € for 1 hour and
after thorough washing in PBS and two rioses in distilled water the
coverslips wete mounted on slidea with a semipermaneat mounting medbim
{Rodriguer and Deinhardt, 1960). Mountad coveralip cultures were ex-
smiced for the presence of specifie intracellulsr fluorescence under
ultraviclet illumination (Osram HBO 200-w lsmp) with a Zeise microscope.
The percentage of cells showing virva-specific immunofluorescence was

deterained by counting 300 to 400 cells.

VIII. Octher Technigues,

A, Shaking of cultures: Cootinuous agitation of cultures was pro-

wided by & Thomas rotator {Arthur H, Thomas, Co., Poiladelphis) zt a
© setting of 125 vpm. Thies rotator provided & gentle swirling wotion which

di{d not permit the cells to settle to the battom of the centatner,

B, Sonication of Burkitfr lymphoma cells: Une ml aliquots of cell .
suspension were transferred to 11 x 100 mm skerile test tubes stoppered
and sonicated in an ultra sonic unit (DiSontegrater 40, Ultrasonic
Industries, Inc,, Plainfield, Long Island, Mew York) at 80 kc per second

for 3 minutes.




RESULTS

I. BEvalustion of Various Blological Asssys for Detection of the
Herpes-Type Viral Carrier Stare.

The ability of cell cultures to sustain persistent viral in-
fections in the absence of readily detectable cytopathic effects is by
oo meand unusual end has been studied by many i{nvestigatcrs. This lub'-
ject has been recently reviewed by Walker (1964). A number of distinct
mechanisms may be responsible for different virsl carrier ataces. Prom-
inent among these are induction of interference and synthetie of inter-
feron which protect part of the cell population and thus account for the
maiatenance of the carrier stace., An exdawmple of this type of peraistent
viral infection is provided by L{MCN) cell cultures infected with New-
castie disease virus (Henle ec al,, 1958; Berge et al., 1558; Deifnharde
et al,, 1958; Henle et al,, 1959; Henle, 1963; Rodriguez and tlenle, 1964),
Thie LNDU model has provided certain criceria applicable co anelysis of
other viral carrier states based upon A ¢imilar mechanizm. Theae criteris
are as follows: (a} LRDV cultures are markedly, though not absclutely
resistant to vesicular stomatitis virus (VSV}; (b) the resistance to VY5V
is readily transferred by carrier cells to recipient steck L cell popula=-
tions on co-cultivation; (c) the carrier cultures produce lew levels of
interferon; {dJ) they p:odﬁce additfonal, though low titers of interferca
on appropriate stimulation by extraneous virue; and {e) addition of exo-
genous {nterferon ;nhancal the reststance of carvier cultures to V5V.
Applying the above criteria Henle and Henle (1965a, b) demonstrated that
3 lines of Burkitt Iymphoma cells (EB-1, EB-2, and SL].) shown to containo
a herpes-ctype virus {Epsteln er a},, 1964a, b; Stewact et al., 1965),

-
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behaved in every aspect like a LHD? carrier culture, 1o order to
deteraine whether these observatjons were truely referable to the
herpes-type viral cerrier state these studies were extended to addi-
tional Burkite call lines, scme of which were free of chir agent, as
well as to cell lines derived from leukemic patients.

A. Reslstance to vesicular stomatitis wvirus: Burkitt lymphomme

cell lines were challenged with ¥53v, in order to determine whether
those harboring bherpes-type virus particles would always be realatant,
lﬁd those free of the agent would be susceptible to the challenge virus,
Leukenmis cell lines were included because some of these have been re-
ported to harbor herpes-type virus, Vesicular stomatitis virus was
used as the challenge agent because of its broad host cell spectrum.

Of mumerous primary and contlpuous cultures tested earliler, 21l were
rapldly and completely deacroyed by VSV regardless of the specles of
origin and type of cell. .

1. Procedure: 5 x 106 cells were sedimented by centrifuga-
tion at 1000 ypm for LO minutes. The medlum was decanted and the pellet
resuspended fn 2.0 ml of waintenance medfiuwm containing 1 x 107 PFU per
wl of ¥5V. The cell-virua mixture was incubated, with intermiccent
agitation for 1 hour at 37 C and then centrifuged. The cells were re-
suspended in growth medium to & concentration of 2 x 105 per mi. Samples
were taken Llemediately to determine the number of vlasle ¢cells per ml
and the background virus and the cultures were then incubsted ar 37 C.
Uninfected control cultures were handled and maintained in parallel, A:.
varylaog intervals after exposure to virus, further samples weve removed
from the cultures for (1) totel and viable cell counts; (2) preparation

of smears for decermination of the number of cells showing VSV-specific
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tmounofluorescence; and {3) asseay of infectious virus. In experiments
extending over more than seven daya, the cell densicy of the culcures
was reduced to 2 x 105 per ml at weekly intervals by dilution of the
cell suspension in appropriate amounts of fresh growth medium.

2. EResults: PFigure 1 represents 2 composite of the responses
of & Burkitt cell iines to infection with V5V. Six of there were known
to harbor herpes-type virus parcicles whereas in two virus particles
were not demonstrable. Of the 5 cell lines which revealed a marked re-
sistance to VSV four {EB-1, EB-2, EB-3 and Kudi) contained demonscrable
herpes-cype particles, while the fifth (Rajl) was virus-negative. The
effect of ¥WSY Linfection in these five cultures was as followa: (1) cel-
lular growth rates during the first seven days were affected to different
degrees, Cell growth was reduced by 5% in EB-2, 207 in Kuedi, &40-50% in
EB-1 and Raji, end 60% in EB-3 cultures; (2) cells showing virus-specific
irmunofluorescence in all lines never exceeded 25%; and (3) the peaks of
infectious wvirus, ranging between 106 and l07 TCD5° per ml, wére reached
within 2-5 days, Of che three Burkitc cell lines that succumbed to VSV
infection, two {Jijoye and Ogun) conteained herpes-type particles, while
the third (EB-4} did not. Jijoye and EB-4 cultures were rapidly destroyed
by vSv. The number of Jijoye cells containing VSV antigen as weasured
by apecific immunofluocraescence reached é0% on day 1 and 100% on day 3, .

Peak infeceivity t;ters, approxﬁmacely IOa TCh 0 pér m], were reached

5
within 2 days. Ogun cells were judged somewhat more reslstant since the
culture succumbed only by the 10th day.

Figure 2 represents a composite of the responses to VSV of

seven cell lines derived from patients with leukemia. The VSV infections

were charvacterized, in all instences, by early cell death, rapid increases
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in cells showing virus-apecific immunofluoreacence and in infectious
virus titers. HNone of these lines survived the VSV infection.

Burkitt cell lines which were found significantly resistant
to V5V wvere maintained for various fntervals after ianfection in order
to determine whether or not the virus perafisted in the cultures. In
aarlier studies {Henle and Heale, 1965a, b), the EB-1 and EB-2 lines
were waintained for four weeks after infection. Reduction in cellular
grovth rates fluctuagted berween 5 and 50% during this pericd. The per-
centage of cells showing virus-specific immuncfluoresceénce varied from
5-15%, and V3v-infecrivity titers vemained av levels above 105 TCDy,
per ml, These observations were confirmed and extended with additional
Burkitr lymphowa cell lines showing & warked degree of resistance to
¥SV. Figure ) demonstrates the course of V5V {nfection In Rajl cultures
over & 41 day period, The cellular growth rates were reduced throughour
the period of observation as compared to those of uninfected control
cultures, The reductlon in growth rates ranged Erom 38 to 70% at the
various times of assay. The concentratlon 6[ infectious VSV {ncreased

4.2 5,2 T

from 10 TCD 0 per ml immediately after exposure te 1O CD50 per ml

9
ia two daye, at which level it remained constant for the duration of the
experiment, Virusespecific immunofluorescence revealed 6% of the cells
infected by the second day end from 10-15% in the following 39 dayas. The
yields of virue per infected {(fluorescent) cell were 60 TCDSO at 2 days,

but thereakiter declined rapidly to valves ¢lose te I TCD_,. per cell.

50
. Plpure 4 represeats the course of VSV infeccicn In EB-) cul-
tures mafntained for &2 days. The cellular growth rates were reduced

thoughout the period of observation as compared to the uninfected cells.
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During the first seven days, the reductfon in cell number amounted
to 651, but thercafter » gradual imcrease in the growth rate was
nated which was accompanied by decreases in virus-specific lmmuno-
Elucrescence and infectivity ticers of ¥S¥, The concenktration of
vitus Increased from 10"‘2 TCD

per ml to about 106.7 TC per ml

50 P50
on day 2, and decressad gradually thereafter. Virus-specific immunc-
£lucrescence ahowed 20% of the cells to be infected by the second day
and decreased to less than 5% in the follwoing 42 days. The ylelds
s0 o the second
day but declined to vatuez of less than 1 ‘ICDSO by the 42nd day.,

of vizrus per infected {fluorescent) cell were 90 TCD

A summary cf the responses of all the cell lines to infeccion
with V5V is shown in Table II, Also included in the table are the re-
sponses of the cells to herpes simplex virus (HSV) (Henle et al., un-
published). The firet five Burkitt lymphoma cell lines listed were
significantly resistant to infection with V5V and HSV, Reslstance to
V5V resulted in the establislment of & V5V carrier etace. The resistance
to HSV was characterized by survival of the culturea for 3 to 7 weeks,
during vhich time cells showing HSV-specific Immunofluocrescence gradually
rose from £ 1T to > 50%. Only the Kudi cell line recovered from the
herpes infection. Jijoye and Ogun cultures succumbed to both VSV and HEV.
The Raji line became a carrier of VSV but succumbed to HSV, whereas the
ER-& cells were resistant to HSV but not VS¥. All ceil lines derived from
leukemlic patients were completely destroyed when exposed to elther VSV or

HSV,



;-

TABLE 11

Resistance of various cell 1lines to infection with vesicular
stomatitis and herpes simplex viruses

L

Resistance to
Cell
Origin line - 1;5-,;(1}
Burkitt | Em-1 | (2} 03
tumor
EB-2 W +D
Sty W n.d-{h)
Kudi + +l5}
EB-3 +3 +D
- J Joye | - - -
. b 3 ogun i _
' | Raji | +C -
| EB-4 - +D
' Leukemia ] SK-L1 - -
_ SK-L2 - -
y 6L10 - -
| L265 - -
LK-1D - -
IX-57 | - -
1X-60 - -

Henle et mnl., unpublished

VSV carrier states in the surviving cultures
Death of the culture was delaved by 3-T weeks
Not done

Culture recovered

A . — —
LS A
St St "t et St
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It wes evident chat the cell lines teated were affected
by ¥SV dofection to different degrees as demonstrated by cellular
growth, the percentages of cells ahewing VSV-speciflc lmmunofluores-
cence, and infectioua VSV titera. Those among the Burkitt cell lines
which were relatively resistent to V5V became chronically infected
and presumsbly could have been mailntained as carrier cultures for much

longer periods of time than tested, £f not indefinicely,

B. Transfer of reaistapce to other human ceils on mixed cultiva-
tion: It has been demonatrated by Deinhardt et al. (1958), that craus-
for of I..'mv populations to test cultures of normal L cells eatablished
resistance to VSV in the recipient populations within 24 hours, The
development of resistance was metributed to the transfer of (a) non-
infectlious, interferring NDV particles; (b) interferon released from
transferred cella; and (c) production of interferon by cells of the
recipient cultures resulting from exposure to NDV particles produced by
carrier culture cells (Rodrigues and Henle, 1964). Preliminary experi-
ments (Henle and Henle, 1965a, 5) have shown thpt the resistance Lo VSV
of Burkitt lywphoma linea (EB-1 or E3-2) could be transferred by intace,
but not disintegrated cells to recipient cultures of human, ast lower
apimal cells. These studies were extended fo other Burkitt and leukemia
cell liaes.

1. Procedures: The cella to be tested were counted, sedimented
by centrifugarion at 1000 repm for 10 minutes, and reauspended In a medi-
wm consisting of REME (47.5%) HMEM (47.5%), PCS (51) to yleld L.G x 106
cetla per ml. Two-fold dilutions of the cells wére then made in che
above wedium. Reciplent tube cultures of various types of cells were

firat drained of medium and then seeded with 1.0 x, 0.5 x, or 0,125 x 106



test cells in one ml volumes., The tubes were Incubated at 37 C.
Control monolayer cultures, without test cells, were cerried in
parallel, Afcer 24 hours of incubstion, a porticn of the test and
control cultures were chullqued with 100-1000 TCDsu of V5¥, The te-
mainder of the cultures were challenged with VSV 3 to L4 days latecr.
The resulta were recorded when the controls showed couplete destruction
of the monolayers.

2, Resulcs: Table III demonstrates the ability of EB-1l and
EBE-2 cells to transfer feaistam:e to humen embryonic kidney (HEK) and
lre.en monkey kidney {(QMK) reciplent cultures, vespectively. It can be
sean from these examples that when 1.0 x 106 cells were seeded onto the
uonolayers, the reciplent cultures became resistant to VSV within 24
hours. With & decrease in the mumber of Iymphcas cells transferred,
reaistance developed with an increasing delay. Once resiscance to VSV
challenge had been established, the reciplent cultures remained protected
as long as both types of cells survived. Exposure of rabbit and murine
cells to lymphoma cells, even for extended periods of time, did not alter
their susceptibility to VSV challenga, .

Table IV summarizes the results obtained with other cell lines
used to confer protection againat VSV in reciplent monolayers. Four of
aine Burkitt lines tested were able to induce resistance to VSV in vre-
elpient HEK cultures.withln 24 hours, With Jijoye cells more than 24
hours® contact was required before protection could be mea?ured in re~
cipilent cultures, WKudi, Reji, EB-3 and EB-4 cells did not confer resisc-
ance at any time, Five of six leukemia lines, two lines from healthy
donors, &nd three of fourteen preparations of fresh leucocytes were cap-

able of protecting HEK cultures. The abllity of 12 of the £7 lines tested
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TABLE III

Demnnstration of resistance to VSV in rzcip.ient cultures following

transfer of decreasing numbers of Burkitt lymphoma cells

Number of cells transferred (x 106]
Cells Recipieny Day of VoV
transferred culture | challenge 1,0 0.5 0,25 0.12% none
EB-1 HEX 1 o) a 2 3 L
T 0 o 0 0 L
1h 0 ] 0 0 k
EB-2 QK 1 ¢ 2 h n.d.(z) L
3 o $ <1 nd. h
g 0 0+  nd. L
RX. 1 4 L
7 L b
1h h L
21 b H
L{McN; 1 L N
5 L
18

{1) CFE produced by VSV 2.3 days after challenge, O-hi+ from mo
to complete destruction,
{2) Not done
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TARLE 1V

Transfer of resistance to recipient HEK cultures by various cell lines

Transfer of resistance {1 x 109 cells)
Cell

Origin
iine VSV challenge VSV challenge
Day 1 Day 5-7

Burhitt EB-1
tumor EB-2
g
Kudi
EB-3
I Joye
Cqun
Ra ji
EB-L

L« 1 4 0 & &4
L) E901-0 4+

Leukemia SK-L1
SKL2
&0

1X-10
1K-57
LK-50

i F &1 & %

el +

Non- T666 -
leukemic Thos *
donors

Sy

Fresh 3 donoers + n.d.{l)

leucocytes 11 donors - n.d.

(1} Wot done
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to cause resistance lo recipient cell ¢ultures supgested that an
inhibitor was released by thase cells. The apparent speciee speciiic
orientation of the transfer effect {(Table ITI) suppested that an in-
gqtteron was probably responsible for the observed protection,

€. Test for {ncerferon in culture media: The presence of inter-

feron in LHDV carrier cultures {Henle et al., 195%)}, capable of inducing
Tesistance to VSV challenge in wurine cells, but not in cella of unre-
lated species, suggested that the resistance to VSV conferred by Burkirr
lymphoma and leukemis cells to HEK and QMK culturea also might be due to
the production of an interfercn. To test this possibility the following
sxperiments were carried out,

c 1., Procedute: The cells of various lines to be tested were
counted, centrifuged, and the peilet resuspended in sufficlent growth
medium to & final cell concentratfon of either 1 x 106 or 1 x 10? per ml.
The suspensions were transferred to flasks and those containing 1 x 10®
tells per ml were incubaved ar 37 € for & days; thoze containing ) x 107
celle per ml were incubated on a rotray shaker aé 37 C for 24 hours,

The wedia were hatvested and, fallowing centrifugeation at 1300 rpm feor

10 minutes, stored at 4 € until assayed for the presence of interferon,

2, Resulta; Table V shows chat four of the Burkite lines
produced sn inkibitor, while four did not. OF the Burkict linea that
praoduced the inhibitor, Ogun cultures consistently produced the greatest

swounts. The sbllity of EB-1 cultures to produce imhibitor varied and a
titer of 24 units per wl was the optimum cbtained, The other Burkitt
¢sll lines produced no detectable titers. Surprisingly, the cell lines

derived from healthy donors and all the leukemia lines, with the excepticm
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TABLE V

Production of an interferon~-like inhibjiter

by various cell lines

Origin Gerl I e
ne units per ml
Burkitt
tumor EB-1 2
ER-2 12
Sy 12
Kudi < 2
EB-3 < 2
Ji Joye < 2
Ogun 32
Ra ji < 2
Leukemia SH-L1 32
SK-12 > 24
&h10 < 2
LK~ 1D > 2k
LK-57 z 2
1LK-560 224
Non-leuvkemic
denors 1656 > 32
7hes 26
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. ';f.salo, produced good yields of the inhibitor. As will be shown in
Section II, the inhibitors found fulfill present cricerfa for an
ioterferon. It sappears that some¢ of the ¢cells teated produce inter-
faron without evident stimulatien {Mautogenous" ioterferom},

D. Production of inoterferon on viral scimulacion: The low citer

of interferon observed in the LﬁDV carrier population was ascribed to
resistance of most of the carrier culture cells to infection, Tefractory
atate to ioduction of interferon syuthesis (Cantell aud Paucker, 1983a},
and the generally low concentrations of HDV which falled co provide
pptimal stimulatfon for interferom synthesis {Henle, 1963). Keverthelesa,
upon extranecus stimulation of carrier populations with non-infecticus
virus, the carrisr culture cells produced additional Lnterferon but only
10-25% of the amount which could be elficited under similar conditiona
from non-carriar control cultures (Henle, 1963). The resistance to V3V
and the production of low titers of interferon observed in some of the
Burkite cell lines suggested that these may behave like Loy carrier I*
cultures upon stimulation by an extranecus virus and produce additional
smounts of incerfercn, The following experiments were designed ro test
this possibility and to compare the results with those obtained In non-
vesiatant cell lines which did or did not produce autogencus interferon.
1. FProcedure: 1 x 10B cglll were sedimented by centrifugation
at 1000 rpm for 10 minutes. The medium was decented and the cell pellet
resuspended in 5.0 ml of medium concaining ulcraviolet fnaccivated HODV
(ND?uv) at an input multiplicicy of 50, based on EID50 prior to irradia-
tisn. TFollowing an adsorption period of one hour at 37 C on a rofary

shaker, 5.0 ml of maintenance mediom wasd added and incubation was continued
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with shaking for #n additiooal Z3 hours at 37 C. <Control culkures,
treated with malntenance medium only, were carrled in parallel, The
medis were harvested and, following centrifugation at 1500 rpm for 10
minutes, the sypernatants were dlalyzed for three days at & C, against
100 volume of HCL-KCL buffer at pH 2,0 and then Eor anocther 24 hours
against 100 volumes of phoaphate-buffered saline (FAS) at pH 7.0, a
procedure ahown to inactivate all {nterferring activity of NDVuv {Cantell
and Paucksr, 1963a). Sowe of the interferon preparations were titrated
neverthelesz both In the preaence and absence of anci-NDV sarum and
ylelded, as expected, identical results.

2, Resultz: The data presented {n Table VI demonstrate that
all the various cells tesced responded to stimulation by NDV o with
production of more Incerferon., Four of the Burkitt lines (EB-1, EB-2,
Ogun, and EB-3) yleided very smzll quantities {from 8 to 24 units per ml})
#8 compared to Rajil or Jijoye ceélls which synthesized 200 to 500 units
per ml, Only 2 of the c¢ell lines derived from leuiemic patients, (SK-L1
and 6410) wera tested. Both lines produced substantial quantities of
interferon, The titers obtained with SK-L1 cells were censistently high
{1000 units per ml), whereas the titers produced by 6410 cells varied but
never exceeded 300 enits per ml. The LO freeh leucocyte preparations
responded well to stimulaticn with FDY . with titers ranging from &4 to
1024 unics per ml, in confirmation of Gresser (1961), and Lee and Ozere
{19585). While the yields of virus-induced interferocn seemed to relate
to some extent to autogenous interferon production exceptions were noted:
EB-3 cells produced litele virus-induced and no autogencus interf?ron
and the SK-L1 line high titers of virus-induced fnterferon in spite of the
fack that it alse yielded avtogencus inhibitor. .

Z. Protecriecn by exogenous Lnterferon; The preceding experiments

" have demonstrated that some of the cell tines derived from Burkitt
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TAELE V1
Interferon production by various ¢ell lines

when stirulated by WOV
uy

Interferon
Cell units per ml
Crigin
line
Control MDY, exposed
cultures cultures
Burkitt EB-1 <2¥ 16
tumor
EB-2 <% 16
EB-3 «2 8
J1 Joye <2 192
Ogun o 2y
Ra ji <2 512
Leukentla SK-L1 y* 1024
éh410 <2 128
Fresh 10 Donors <2 6h-1024
leucocytes

* The levels of autogenous interferon were tower than
those shown in Table V because residual interferon
was removed from the test cultures at time of
¢challenge with VSV




Lyaphomas or leukemic patients produced an interferon-like inhibitor
yet thesi: cells were fully ausceptible to infection with ¥8¥, To
resolve thie apparent dispavity, expetiments were designed to determice
whether these cell lines could be protected by an exogenous interferon
agafnst challenge with V5¥, and whether the VSV¥-susceprible Fracrion of
resistant lines could likewise be rendered resiscant in thie manner.

L. Procedure: I x 10? cells wera centrifuged at 1000 rpm for
10 minutes., The pellet was resuspended im 5.0 ml of interferon {about
200 units per wml)} prepared in SK-L1 cells following stimulation with
!D?“v. The suspenston was tramaferred to & flazk and incubated, with
continuous agitation, at 37 C for 3 hours when 10.0 wl of maintenance
medlzn was added, AFfter 24 hours st 37 C the cells were counted and
challenged with VSY at an {nput multiplicity of 2 by the viual method,
Virus was peimitted to adsord for 2 hours &t 37 C, with coatinuous agita-
ttoﬁ. Following adsorption the volume of Ehe culture was adjusted with
growth medfum to give 2 cell concencration of 2 x 10° per ml and the final
concentration of fetal calf serum was Iincressed to 10%. Control cultures,
¢arried in parallel, conaisted QE cells treated {a) only with ¥vSV, virus
control; (b) only with interferon, interferon control; and {c) only with
waintenance medium, cell cantrol, Immedlately after final adjuscment of
the cell concentration samples were taken i{n order to determine the number
of viable cells sand background virus. At varying time intervals after
exposure to the virus, the cultures were sampled for toral and visble
cell counts, preparation of cell smeara for stalning with anti-vs¥ fluo-

rescein-conjugate, and assny for infeccious virus.



2. Results: The data shown in Figure 5 are representative
of the four typea of responfes to human interferon seen with the cell
lines teated, Jijoye cells exposed to a potent human fnterferon for
24 hours showed 2 6clid resietance to challenge with VSV, Infection
of the control cultures led to death of the cells in 3 days, sn increase
{in the number of cells showing virus-specific immuncfluorescence to 70%
on day 1, and ylelds of virus as high as 107'2 TCDg, PeT ml in 24 houra.
In contrast, the cells exposed to interferon grtew at an only sltightly
decreased rate as compared to the uninfected controls, Tarely contained
YSy-specific antigen, and reteased litcle, if any infectious VSV progeny.
The decline in infectious wirus titer was not unlike the rate of V5V in-
sctivacion ax 37 C,

EE-1 cells exposed to human Interferon aimo showed a m..:lrkedly
increased resistance to challenge with vSY. The infection did not sigai-
ficantly affect the rate of growth of either control or interferon-treated
ER-1 cells, the decrease never exceeding 15%. The protective effect of
the interferon, however, teould be observed in virus-specific immunoflucres-
cence and infectivity titera, Virus-specific immunofluorescence revealed
that less than 0.01% of the interferon-protected cells contalned Y5V anti-
gen. This represented & reduction by greater then 95X 45 compared to
the resulcs in the wirus control. The V5V ticers were throughout 1.5 to
2.5 log unite lower than those of the virus control. No iacrease in virus
titer ower the background level could be detected in the interferon
ceeated cultures during the & days of observation.

Rajl cells treated with human ilnterferon showed only & transi-
.tory and partial increase in protection agsinst challenge with VS¥. The

proteceive effect of interferon was best demounstrated by virus-specific
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fmmunofluorescence which showed a 94% reduction in stainable cells
on day 1, 65% on day 3, bukt none on day 5, Only during the first 3
days did interferon-treatment reduce the per se limited effect of
V5¥ on the growth rate of control Raji celis. The production of
V5V progeany, likewise, was only slightly delayed.

In compsrison to the above cell iinea, addition of exogenous
incerferon to EB-3 cells failed to have a significant affect on the
course of the VSV infection. The cellular growth rates of the VSV-
challenged control =nd ln:erferowtr!l:nacultures were pimilar. Cells
showing virus-specific immunofluorescence In the {nterferon group were
reduced, on the average, by no wore than 25% as compared to the virus
control, and the fnfectivity titers were cowparasble,

The responses of all the various cell lines zested to human
interferon are summarized inm Table VII. The EB-1, EB-2, I joye, and
Ogun cultures could be solidly protected by interferon agalnst VSV ¢hal-
lenge., Rajl cultures showed a protective effect only during the firsc
72 hours after challenge. This transitory protectien was evident irre-
spective of whether the concentration of interferon was 50 units or 200
unite per wl. In contrast, Interferon treatwent of EB=3 cultures pro-
vided no significant protection against challenge with VSV, Both leukemia
lines tested were solidly protecced by interferon egalnst chellenge with
¥Y5¥. Thelr responses were similar to those of Jijoye cultures &3 deplcted
in FPigure 5.

F. Discussion: The various results obtained in the above studies
are sumdarized for comparison fo Table VIII. It became apparent that the
previoukly reported (Henle and Henle, 1965a, b) analogies in the hehavior

of INDv carrlier cultures and the first three available Burkitt cell lines



Protection of cells by human interferon against Y5V

hé

TABRLE VII

Cell Protection by
Origin
line human interferon
Burkitt EB-1 (1)
tumor '
EB-2 L
EB-3 :(2)
H Joye -
Qgun L2
Ra i 3
Leukemia SK-L1 -
&ly10 re.

{1} Culture fully protected by human interferon
{2) Doubtful protectioen
(3) Partial protection
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{EB-1, BR-2, and SLI)’ all h;rhoring herpes-type virus particles, wvere
largely due to chance selectlon. Extension of these types of
soslyses to other Burkitt cell lines as well as to continuous cultures
of hewatopoletic cells derived fxom leukemic patients and healthy donors
revedled remarkable variations in behavior.

The presence of herpes-type virus par;lclel did not necessarfly
sccompany the resistance of the cell cultures to VY5V or HSV. Of seven
virus-positive Burkitt [ines only five were reafstant to these egents.
Conversely, of two virus-free Burkitt lines only one succumbed to VSV
but it was resistant to HSY, and the other was highly suaceptible to HSV
but not VSV, The cell lines from leukemic patients or healthy donors,
wome of which undoubtedly were carrying low levels of herpes-type virus,
showed no resistance to either challenge agent,

The results of cell transfer to recipient human culetures in all
but ane instence matched the results of tests for interferon-like fnhibi-
tore in the culture wedia of the corresponding cell lines; i.e&., if on
mixed cultivation the recipient cells became resfstant to VSV, cultures
of donor cells were found to produce inhibitor and vice verga. With the
exceptional Jijoye line, cell transfer induced reszistance in the recipient
celle only with some delay and no inhibitor was detected in the culture
yedla. This discrepancy may be due to different sensicivicies of the two
types of asszys which may become evident when very little Inhibitor is
produced, Because of the general correlaticn of the results of these two
tests, ic is likely that the cell transfer effect 1§ entirely due to re-
lease of interferon-like inhibitor from the transferred cells. These

data will, vherefore, be discussed rogether.
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1t 1e evident from Table VIII thec resistance of che various
types of cultures to VSV or HSY was oot necessarily related to the
presence of incterferon-like inhibiter. Among the resisctant lines sever-
al were found which were i{ncapable of imparting protection to recipieat
cells. Conversely, several of the highly susceptible lines from Burkitt
tumora, levkemic patients, or healthy donors conferred excellent protec-
tion agatinst VSV to reclplent cultures and produced correspondingly ap-
praciable awounte of Inhibltor. It became evident thar some of the
continyongs cultures of hematopoletic cells were releasing loterferon-like
substances without evident sti{mulation., Rabson et al, (1566) noted that
the ALl line of Burkitt cells continued to yield Inhibitor after it was
spontanecusly cured from infection by herpes-ctype virus. Deinhardc
(per;on;l cownunicatioﬁ) noted that peripheral leucocytes and bone marrow
cells protected recipient humsn cell cultures against VSV due to prodac-
tion of low levels of interferon-like i{nhibicors. McCombs and Benyesh-
Melnick {to be published) made similar observations. Further studies on
the autogenous interferon-like inhibitor will be presented in Section II.

The resistance of sowe of the cell lines also could not ke re-
lated to the degree of adsorption of VSV, While generallj.the cell con-
ceutrations had to be above 107 per ml in order zo detect algulficanc
adsopption of the virus, no remarkable differences were noted under these
condit{ons between reésistant (EB-1) asnd susceptible (Jijoye) culturea,
Ueing 3 x 107 and 1 % 108 cells per wl, 447 and 707 of the virus, reapec-
tively, were adsorbed onto EB-1 cells and 60% and 76% onto Jijoye cells.
Adsorption studies with HSV (Henle et al., unpublished) likewlse failed
to refeal significant differences between the rate and degree of uptake

by aueceptible and resistant cells.



The induction of Interferon synthesis by sn extransous wirus
(anuw)' the 4th parameter exploved, also yielded different results
depending on the cell line employed. All of the cell lines tested pro-
duced significant smounts of Interferon except the EB-) line which re-
leased, at most, barely detectable amounts. The extent of virus-fnduced
interfercon production in 24 hours crould not be clearly relaced to a
herpes-type viral carrier state, resistance to V5¥ or HSV, or to the
presence of autogenous interferon., Cell lines free of herpes-type wirus
wera good producers of virus-induced interferon but so was one cf the
llne; which harbored the Indigenous ageat, Similarly, all but one of
the ¥5¥-susceptible cultures synthesized high levels of Lnterferan in
yesponge to NDF“v but 50 did one of the resistant lines. Finally, the
presence of sutogencus inhibitor did not necessarily prevent préductton
of high titers of virus-induced interferon, and conversely, one cell line
free of detectsble inhibitor ylelded only minimal quentities of interferon
when stimulated by HD?uv. As will be shown in Section II the rare of
virus-lnducéd interferon production {s {influenced, however, by autogenous
interferon synthesis. The degree of virus-induced f{nterferon productionm,
1tke the resistance to V5V or HSV, could not be related to significant
differences in infectlon of the various types of cells by NDV, Cell lines
which produced moderate amcunts of interferon iln response to WOV {up to
Zﬁ.unlta) revealed in 16 hcurs after expasure from 10 to 13% of the cells
wich viral antigens whereas in cultures ylelding large amounts of virus-
Anduced interferon (up to 1000 units) I5% of the cells were infected.
This difference in the nomber of cells infected vould not seem sufficiént

to account for the differences tn interferon ylelds.
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Addition of exogenous human interferon to the varicus types
of cells, the last parameter studled, was capable of protecting the
VSV-susceptible cultures studied and sugmented the Tesistance of the
fnsusceptible 1tlnes, with the exception of EB-] cells., This line,
although esignificantly resistant te V5V, was found to produce no suto-
geaous inhibitor ard little, if any virus-induced interferon.

These various observations ifudicace that cell cultures of
slmllar origins, such as the Burkitt ¢ell lines, composed of morphologi-
cally {ndiscinguishable cells, may show » wide range of behavier with
respect to resfstance te various virusez, interferen synthesis and pro-
tectlion by interferon. Similsr observations have been recorded pravious-
Iy. Henle and Henle {1965b) have reported that 3 of 15 lines of human

celle transformed iﬁ vitro by SV, showed modemete to marked resistance

40
to infection with VSV and pbliomyelt;la type 2 virus. Caantell and
Paucker (1963b) observed that 1 day-old cultures of Jdifferent sublines
of HelLa cells differed in thelr sensitivicies to Interferon. Lockart
{1965) also noted differences in the protection of several sublines of L
celle by interferon and suggested that the genetlc constiturtion of the cells
might play 2 role. 1t should be noted, however, that L cells carried in
different lahoratories, were found recently to he infected t# varying ex-
tents with unldentified viruses (Kindig and Kirsten, 1967). Scudies with
two lines of polyoma virus-induced hamster tumor cells (Henle and Menle,
1963} have shown that one line could be fnduced to synthesize interféron
#nd could he protected by interferon, while the other failed on both ac-
countks. I |

In conclusion it ¢an be stated that the detection of cellular

resistance and of interferco-like eubstances does not offer dependable



evidence for viral carrier states in the Burkitt lymphoma and leukemia
¢ell lines. No clear relaticuship between the properties studied ond
the preecence of the herpes-type virus was indicated. Almost all of the
Burkitr lymphoma cell lines had shown individual characreristics which
could oot be related to the whole as a group. Whatever the ultimate
explanation may be for the observed differences, it became obviocus that

the use of the L v carrier state criteria had failed to provide a

ND

reliable means for the detectlon of the herpes-type viral carrier state

in Burkitt lymphoma cells,



1¥. Compsrison of Autogenocus and Virus-Induced Incerferons Praduced

by Cel? Lines Derilved from Burkitt’s Tumor #nd Leukemic Patients.

As discussed in the preceding section, ic was iaitially chought
that the production of interferon-like inhibitor by some Burkitt lymphowa
cell lines was due to Infection of the cultures by a herpes-type virus,
However , on testing of additional Burkitt and leukemia cell lines, no
correlation was found to exist between the presence of virus particles
and the production of inhibiter. It became evident that some of the cell
lires which did not contain detectable herpes~type parcicles produced
interferon while others with virus particles fafled to syntheslze detect-
ablea smounts of interferon. Appsrently some of the cell linea were able
to produce {nterferon without evident stimulatfion. This inhibitor Ls re-
ferred Lo as autogencus interferon.

Ho (1964a) nuggested the poasibility thar interferon may be a
coustituent of the cell, existing partially or entirely preformed. This
peasibility has been reemphasized as many non-viral subecances were shown
to be capable of inducing interferon in cell cultures or.ln anfimal hosts,
indicating that the formation of interferon wias a cell directed process,

Several investigators have shown that tissue flulds from unin-
fected celle occaslonally exhibited {nhibitory activity to viral action
vwhen used #s control fluids in interferon titrations, Ho and Enders {1959)
noticed that sowe extracts of normal HeLa cells were inhibltory, Gresser
(cf. Ho et al., 1966) noticed that occaslonally culture medium of human
leucocytes contalned an {nhibicor. Other investigators also have noticed
that extracts of normal mouse braln or serum contained sn inhibitor

(Vilcek and Stancek, 1963, Postic, ef, Ho et al,, 1966; Finter, 1965:



Hendeleon and Clasgow, 1966). Whether these inhibitors were autogenocus,
{.e. interferons which have oot been knowingly induced (Ho et al., 1966)
or wvhether they were actually {nduced in some unkoown manner remaina
unresolved.

Saich and Wagner (1967) using rabbit sacropheges have described
in detail an jin yitro system of interferon production in the absence of
konown viral infection. These Interferca titers could be augmented when
the macrophage cultures were incubated in the presence of 10-100 pg per
wml of B, coli lipopolysaccharide, Interferon yields from uninfected
macrophages amounted to only 1% or less of the ylelds from NDV-infected
macrephages . but the rate of syntheels of spontaneous interferon was
similer to that of the virus-induced inhibitor. Studies with actinomycin
and puromycin revealed that as in virus-induced interferon synthesis,
transcriptional mnd tranzlscional events were required for de nevo Inter-
feron synthesis by uninfected wacrophages, These results indicated that
the spontangous interferon produced by the rabbit macrophages was not a
preformed interferon, since the release of preforwed interferons in in
wvivo systems could not be blocked by actincmyctin (Ho and Kono, 1965} or
puromyc in {Youngaerer al., 1965},

The production of interferon Lo witre by Burkitt lymphoma and
Lleukemia call lines in the absence of known viral stimulation as well as
due to viral stimulation afforded an unique opportunity to study both
autogenous and virus-induced interferons produced in one type of cells.
The experiments to be presented in this section were designed (1) to deter-
mine the optimal conditions for the synthesis of both Interferone; {2} to
describe the kinerics of i{nterferon synthesis by various cells; and (3)

to compare the propercias of autogenous and virum-induced interferons.
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A. Studies on the conditions necessary for the pyathesis of

aurogenous interferon: The emall smounts of autogenous inter-
feron released by the cells nacessicated the determination of optimal I
conditions for production of this interfercn by Burkitt lymphoma and
leukemia cell lines,

1. BREfect of cell nuober, medium and $erum concentration:

&, Procedure: GSedimented EB-1 cells were resuspended in
sufficlent growth medium containing 10X FCS {1629 or HEME-HMEM) to a cell
concentration of 1.0 x, 0.5 x, and 0.25 x 106 per ml respectively, Ad-
ditional cells were resuspeaded in sufficifent malntenance medium containe
ing 21 FCS (1629) ro » cancentration of 1.0 x 106 per ml, The suspensions
were transferred to individual flasks and incubated at 37 C. On days 1,
3, 5, and 7, the cells were counted and the medla harvested, centrifuged
at 1500 rpm for 10 minutes and stored at & C until assayed.

b. Results: The data presented In Filgure 6 demonstrate
that the medis used to cultivate the cells 4id not affect the amount of
fnhibitor produced, since the titers on day 7 were equivalent, It can be
seen that the waximal f{nterferon titers were alike but were reached
successively leter as the inltial cell concentration was reducﬁd. An In-
crease In cell number to about 1 x 106 per wl was requived before maximal
titers were reached, Cells grown in medlum 15629-2, produced interferom
at an equivalent vate as those grown inm 1629-10, both cessing to produce
detectable increases of iaterferdn after day 5. These results indicated
that the abllity of EB-1 cells to produce autogenout 1ntet£etoﬁ was not
dependent on the type of medlum, or che eerum conéentration, but that the

yleld of {interferon waa dependent on the number of cells per ml,
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2. Veriations in cultursl techniques: Conditions were sought

under which larger amounts of Interferon could be produced mare rapidly.
Experiments were Jdesgigned to determine the effects of (a) increased
cell mumber, and {b) stationsry incubatien versus continucus shaking

of che cultures on Interferon production. Ogun cells were used as a
source of autogenous Lnterferon since these cells were found Ln earlier
experiments to be more consistent producers of mutogenous interferon as
compared to ER-1 celle.

a. Procedure: Dgun celle were counted, centrifuged and
the pallet resuspended in sufficient maintenance medfum (1562%-1) to give
Lx, 5x, and 10 x 106 cells per ml. The cultures contalning 1 x 1.06
colla paz ml were kept scationary during incubation and harvested at
1, 2,3, 5, &, and 7 day intervals. The cultures containing 10 x 106
or 5 x 106 cells per ml were divided inco two parts each, one part was
incubated sta&ctlonary and the other on & rotary shaker, The medla were
harvested after 24 and 48 hours Incubation at 37 C, reapeccively.

In furchar experimencs a culture containing 1 x 107 cells per
ml was centrifuged after the first 24 hours of lru:uhatiqn. The cells
were resuspended In the original volume of freah medium and reincubated
for an additional 24 hours, This procedure was repeated once more. All
media were centrifuged at 1500 rpm for 10 mwinutes and stored Qt 4 C until
assayed for autogenous Interferon.

b, Results: Table IX shows the results of a numb;r of
rapresentative experiments. With 1 x 106 cells per ml, the rate of inter-
feron syathesis by Ogun cells was similar to that of EB-1 cellm (Fig. 6).

&

The maximal titer was reached by day 5. The cultures containing 5 x 10

cells pér wl, iIncubaced 48 hours with or without shaking, showed that the



TAHE IX

Effect of cell concentration and method of incubation on the

yleld of asutogenous interferon by Ogun cells

Incubation
Rumber of Autogenous
cells/ml i:?:;r;:2nnl
Time Method
1x 106 1 day Stationary 1
? day " L
3 day " &
5 day " 2k
46 day . 24
7 day " 2L
5 x 10° uB hr Stationary 2l
L8 nr Shaking 32
10 x 100 2L hr Stationary 16
2L hr Shakiag 32
1t 2k hrél] Shaking k¥
ond 24 nr{?] @ 24
Ird 2L hr " 1§

{1) Cells were centrifuged supernatant saved, pellet
resuspended in fresh medium and suspension
incubated an additional 2 hours.

(2) Procedure outlined in (1) was repeated,
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sgitated cultures produced more interferon than the statlonary cultures.
The cultures contalning 1 x IO? cells per ml produced 32 units of inter-
feron per ml within 24 hourz of incubetion on & rotary shaker as compared
to 16 prits produced by the stationary cultures. fncubn:ion for longer
than 24 hours did not increase the titerse. It became evident, however,
that the aame celle on resugpenslon in fresh medium continued to yleld
in each 24 hour-interval considerable, though alightly diminishing
amounts of interferon probably on account of dlﬁlnlshlng numbers of
viable cells. This procedure permitted the reuse of cells and provided
the most economical and efficient method For obtaining large quantities
of autogenous interferon,

B. Studies on the conditions necessary for the eynthesis of wiral-

induced fnterferon;

1. Screenlng of different viruses for the capscity to ins

duce inrerferon synthesis: Two levkemia snd ope Burkirt

lymphoma cell lines were uged to Rtudy the effect of selected viruses om
{nduction of interferon in these cells, Leukemia cell Line SK-LI produced
an autogencus ws well as virus-Induced interferon, while the 6410 leukemia
cell lice and the Raji Burkitt lymphowma line produced interfearocn only on
virue induction.
a. Procedure: Suspenions contafning 1 x 107 and 1 =z 108
!eelll were centrifuged at 1000 rpm for 10 minutes and resuspended in
1.0 ml of virus. The mulriplicltiee of viable MDV and Sendal virus were

based on F.[DSo per mi; of Nnvuv on EID o prior to irradiation; of Sindbis

5
virus on PFU per wl in monolayer cultures of chick embryo fibroblasts;

of the influenze viruses on HAV per wl takiang 1 HAU to be equil to 106

infeetioua'uults; of vaccinia virus on TCD o Per ml in KEK cultures; and

5
of the encephalicis viruses on LDSO per ml in mice injected intracerebially.
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1.
!I Tha viruses were allowed to adsorbt for one hour at 37 C with
constant sgitacion. Following mdsorption the celis exposed to viable
viruses were centrifuged at 1500 rpm for 10 minures and cthe pellets re-
suspended in 10.0 ml of wmaintenance medium. Nine m! of maintenance
medium were edded to the cells suspended in 1.0 ml of NDvu'. The cell
suspendions were traneferred to flask and incubated at 37 C for 24 hours.
All Rajf cell cultures were incubated with congtant sphaking. The cells
were then counted and the media harvested and centrifuged at 1500 rpm
for 10 minutes, The supernates were dislyzed at 4 € for 24 hours
against 100 volumes of pH 2 buffer and again at &4 C for 74 hours against
100 volumes of PBS, The dlalyzed materizls were stored at & C and as-
aayed for the presence of viras-induced interferom,
: b. Resulta: The data presented in Table X cléarly show
that only NDV produced measurable quantites of interferon. Both viable
MDY and NDVuv induced comparable mmounte of interferon in the leukemia
Iines when uged at input multiplicires of 5 and 10 for viable virus, and
S, 10, and 50 for UV-insctivated virus. Although both viable and UV-
inactivated NDV stimulated interferon synthesis in Rajl cells, it appeared
that for viable virus an input multiplicity of at least 5 was Tequired
before interfercn synthesis could be detected, With 6410 cells measurable
interferon synthesls could be induced with an input multlpliclty.of 1.

2. Iffect of cell number method of incubation and fuput

muleiplicities of NDV and WDV ¢ The results from the

experiments designed to obtain autogenous laterferoan suggestea that
similar culturat techniques might be useful for the production of viruss
induced interferon. Experiments were designed therefore to investigate

the affect of fucrease in cell number and method of incubation on the pro-



oL

TARLE X

Interferon-inducing capacity of different wiruses

Input Interferon
Cells ¥irus Multiplicity units per ml
&h10 NDV 1, 50, 150, 16
{1 x 105/m1) , 10 32
MDYy 10, 30, 32
190, 150 12
Sendal 1, S, 10, 50 <l
Sindbis 1, 5,10 <b
sxagl NV 5 32
(1% 105/a1) NDV 5, 10, 50, 32
. 100, 150 16
Sendai » h
5, 10, S0 <l
Rat LY 1, <k
(10 x 106/m1) 5 12
Influenza A
PRS strain 1 < §
Influsnza Ap
2495 1 < 8§
Infiluenza B
Johanneshurg [ 1 < 8
Vaccinia <1 < 8
St. Louls
encephalitis | 1 -l
California
encephalitis | <1 <h
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;
ducrion of virus-induced interferon. Additional experiments wera
carried our to compare viable aad UV-irradiated NDV aa interferom
{nducers since the experimenta in the preceding section 4id not clarify
vhether or not these preparations possessed equivalent inducing capaci-
cies in Burkitc lymphoma and leukemis celd lines.

a, Procedures: Aliquots of c¢ell suspensions containing
lx 108 cells were centttfuged at 1000 rpm for 10 minutes. The pellets
vere resuspended in 5.0 ml of medium containing @ given mulciplicicy of
RD?u', or in 1.0 wl of medium containing a given multiplicity of viable
WDV, The virus was adtcrbed for one hour at 37 € with constant agitation.
following adecrption the cell concentrations were adjusted to 1 x 10? per
ml by adding 5.0 ml of maintenance wedium (Nnvuv series), or the suspen~
sion was centrifuged and the pellet resuspended in 10.0 m) of maintenance
-eéiun (viable NDV series). The unvuv cultures were incubated either
stationary or on a shaker, while the visble NDV cultures were incubated
only with shaking. Afrer 24 hours Incubation at 37 € the media were har-
vested, centrifuged, dialyzed, and stored at &4 C until assayed.

' b, Resulte: As can be seen in Table XI, shaking of the
cells during incubation consistently ylelded three-to eight-fold increazes
in lnileerou yields as compared to the amounts obtained from scationary
cells,

The data in Tabie XII demonstrate that the quantity of Inter-
feron produced was dependent upon the cell-virus ratio for both viahle
and ultraviolet-irradiated NDV, With i{ncreasing amounts of viable NDY
both 5K-L1 mad Rsji cultures produced increasing amounts of interferom.
Viable KDV at an input multiplicity of one failed to induce interferom
aynthfsil in Raji cells, vhereas SK-L1 cells syntheaized comsiderabile

amounts of interferco under this condition. The effect of Nnvuv on 5K-L1



TABLE XI

Effect of the method of incubation on {nterferon production

by various cell lines induced by WWy, (i.m. %0)

Interferon units per ml

Cells
Experiment #1 Experiment #2
1 x 167 per m
Statisgnary [ Shaking Stationary | Shaking

SK-L1 192 512 95 256
Ra Ji 8 6l <48 48
H joye 32 96 &l c1?
&410 16 6l 15 &l
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TABLE X11

Effect of different input multiplicities of viable and

ingctive KOV on Interferon induction

Cell Experiment f.m, viable Interferon i.m, Interferon
line nupber NV units/ml NDVyy units/ml
SK-11 1 L5 192 50 102k
2 1 128 50 c12
3 1 9E 1 192
5 38L 5 g12
10, SO 512 10 512
Ra ji 1 1 < 8 50 512
2 1 <Lk 1 < 8
5 12 3 < 8
10 32 10 < 8
50 96 50 96
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celi& appeared to be less dependent on input multiplicity since input
multiplicities of 5, 10, and 50 produced equivalent amounts of inter-
feron. In contrast Rajl cells could not be induced with NDVuv to yleld
detectable interferon until an input multiplicity of 50 was reasched.
Jljoye, 6410, Ogun, and EE-1 cells all responded o visble NDV at input
multiplicities of 1 and teo Nnvuv at input multiplicities of $0. These
results suggested that the conditlons were similar for induction of
foterferon syntheais among leukemia and Burkitt cell lines, with che
possible exception of Eajl cells which required somewhat greater fnput
multiplicites of virus,

The optimal and most dependable condition for stimulatfon of
Interferon synthesis was found to be the exposure of the cells st an in-
put multiplicity of 50. Viable NDV was jJudged less suitable as an inducer
aince it wes more cytolytic than Nbvuv'

. Comparison of kinetics of synthesis of autogenoua and virmb-

Induced interferons: Several workérs (¥seace and Burke, 1958,

Vilcek and Rada, 1962, Cantell and Paucker, 1%63b; Lockarec, 1963; Fried-

men, 1966) have shawn that pretreatwent of cella with interferon may markedly
influence the subsequent ability of celles co produce interferon, Isamcs

and Burke (1938) found that pretreatment with interferon euhanced formee
tlon of interferon, while Yilcek and Bada (1962) and Cantell and Paucker
{1963b) found that pretreitmnnt inhibited ylelda of interferon, Recentlj
Lockart (1963} and Friedman (1966) showed that pretrestwent with crude or
semipurified intexferon preparations may indeed have both eEfects depend-

fng on the amount of interfercn used initially and the dose of active or

fosccive vivrus employed subsequently to elicit interferon productionm,



66

The experimente presented in the preceding section have
indicated that asctive autogenous Iinterferon production by SK-L1, Dgun,
and EB-1 cultures did not preveat fhele cells to respond to virus in-
duction with additional i{nterferon syntheais, although Qgun and EB-1
cells ylelded wuch lower quantities of virus-induced interferonm in 24
hours as compared to those obtalned in SK-L1 populacions, It was of
interest to determine what effect the presence of autogenous interfercn
would have upon the kinetics of aynthesis of viruas-induced interferon.
Experiments were designed co compare the kinetio of production of auto-
genous and virug-induced interferons as well 4s to compare the time of
appesrance and of syntheals of virus-induced interferon by the different
cell liaes,

1. Procedure: Por comparison of the kinetics of synthesis of
autogenous and virus-induced ﬂnterferons in the same culture, both SK-L1
"and Qgun cells were used. The experiments designed to compare the kinetlcs
of syntheals of virus-induced interferon by various linea were carried ocut
with Raji, Jijoye and 6410 cells, representing cultures with no detectable
antogenous incerferon, and with SK-L1 and EB-) gells, represencing cul-
tures producing autugenoys interferon.

8, Autogencus nterferon: The cells were counted, centri-

fuged at 1000 rpw for 10 minutes, and resuspended in malntenance medium
to give 1 x ].07 cells per ml. The cell suspensions were transferred to
flasks and Encubated at 37 C on & rotary shaker, Ten ml aliquocs of cell
suspension were vtemoved after verying intervals of incubation snd sssayed
for autogenous interferon.

b. Virus-induced interferon: The cells wWere counted,

centrifuged at 1000 rpm for 10 minutes, and resuspended in Nb?uv (input
| B .
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multiplicity of about 50) to yield 2 x 10" cells per ml. Following ad-
sorption for oune hour at 37 C the cell concentration was sdjusted with
mafntenance medium to 1 x 107 per ml. Ten ml aliquots of cell suspen-
sion were removed after varying Intervale of {nrubation and processed
for interferon assay as descrlbea earlier,

2. Results: Figure 7 demonstrates the difference i{n the rates
of autogencue and vivus-induced interfercm synthesis fn SK-L1 cells.
Autocgenous interferon was detected as early a8 one hour after Iincubation
ci 37 € bat 414 not resch pesk concentracion before 16 hours. Production
of virus-induced interferon likewise béc#me Jdetectable between one and
two hours following addicion of NDVuv but attained a near maximal level
of 1024 unite within 8 hours. Titers at lb hours were approximately
twice those seen at 8 hours,

_ - Ogun cells produced mutogenous intetfercn at the same rate and
!to the same extent as SK-Ll cells, The ylelda of wirus-induced inter-
feron were, however, much lower in Qgun (64 units) than in 5K-L1 cells.
Nevertheless synthesis of virus-induced interferon in Ogun cells was
sim§larly rapi{d a& in SK-L1 cells,

Figure § compares the rates of interferocn synthesis induced by
KDV in SK-L1 and Raji cultures. The dats clearly show that the cells
differed greatly in thelr ability co produce virus-induced incerferon,

No lntetferon became detectable in Raji cultures within B8 houra of incun-
batlon following the addiclion of Nnvuv' Pesk levels of interferon were
obtained between 17 mnd 24 hours. 1In contrsst SK-L1 cells produced nearly

maximal amounts of Lnterferon by the 6th hour,
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The dara presented in Table XIII Jemonstrate that the race
of wirus-loduced interfervn aynthesis in the varlous cells cested ap-
peared to be influenced by the prezence of autogenous interferca. 1t
became evident that in cell lines which synthesized high levels of
autogenous interferon (5¥-L1 and Ogun) the rate of virus+induced inter-
feron synthesis was enhanced. Nearly maximal amounts of wirus-induced
interferon were reached by the 6th hour of incubation. Those cells
Llines which did not preoduce autogenous tncerferon {6410 and Raji) showed
u lag of at least 8 hours before wvirus-fnduced interferon could be
detected, While rhose cell lines which produced low levels or levels
detectable only by cell transfer (EB-1 and Jijoye, rezpectively) showed
intermediate rates of virus~induced interferon synthesls similar to the
kinetice for autogenous production demonstrated by SK-L1 cells {Fig, 7).
Interferon was first detected between ) and 3 hours after exposure ta
NDV“v but did not reach a peak uqtil gfter 17 hours of incubation. These
rate studies have indicated that the preseace of autogenous interferon
in varfous Burkitt lymphoma and leukemfa cell lines appeared to enhance
the rate of virus-induced Interferon synthesig by these cells.

D, Comparison of the propecties of auteogencus and virud-induced

interferons; Comperative experimencs were carried cut to deter-
mine the physiochemical and biologlcal properties of autogenous and virua-
induced interferon, The sutogenous inhibitor wes obtained from EB-1 and
Ogun celis; Rajl celis were used to obtein virus-induced lahibitor. In
addicion » leukemia cell line 5K-L1 was chosen because of its unique pro-
perty of preducing in good quantities, both autogencus and virus-induced
interfercns, Nnvuv-induced fucerferon prepared io HEK mouclayer culrures
was fncluded ss representative of human Interferon from primary cells.

1. .Procédures: The cultuye fluids contaiving Lacerferon were

cooncentrsted 5-15x as described in Materials and Methods. All interferon
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TARE XII
'Rates of virus - induced Interferon synthesis in Burkitt lymphoma

and leultemia cell lines

Interferon units per ml
Autagenous :
Lines Interferon
production Hours safter addition of NDVyy
1 3 & 17
SK-L1 4 2 ¢h 256 512
Ogun - <% 12 2 6k
EB-1 + <2 L 28 95
HJoye + <2 8 &h 512
6410 - 2 <2 <2 128
Ra ji - =2 <2 < 2 256
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preparations were rcested concurrently for various properties:

{a) Acid stabjility: Undiluted interfercna were
dialyzed For 72 houra at & C against 100 volumes of HC1-KCl buffer
at pH 2,0, To adjust the pH of the samples to neutral the intexferona
wvare again dialyzed for 24 hours at 4 C against 100 VQIumes of PBS pR
7.0,

{b) Nonsedimentability: All interferons were diluted in

HBSS te contailn between 8 and 32 unlie per ml and spun at 100,000 x g for
2 houre in ® Spionce Model L centrifuge using a #40 rotor.

{c) Eeat satability: Three ml aliquots of each inc;rfeton,
diluted in ABSS, were heated for one hour in a water bath wailutained at
56 C or 80 C. Following treastment the samples were immediately chilled,

(d) Trypein seasitivity: 0.3 ml samplee of each Interferon

vere mixed wich 0.8 ml of a 0.2% solution of 2x crystallized trypsin
(Woerthington Blochemical Corp., Frechold, New Jersey) in HBSS. 4s a con-
trol of thermal atabi]ity additional samples of interferon were diluted
in HESS enly. Beoth sets of preparations were incubated {n a 37 C water
bath for 1 hour. The action of trypsin was stopped by addition of FCS to
a final concentration of 10% and chilling of the samples in an ice bath.
Before titration all the samples were diluted four-fold te decrease the
posaibility of further trypsin actlon,

(e) Effect of refeeding of cultures prior to challenge:

HEK cells were treated for 24 hours with 2-fold diluticna of interferocn,
At the time of challenge the Iinterferon contalning media were removed
from one half of the cultures and 1.5 ml of fresh mediun was adﬁed. The
other half of the cultures served &e controls. All the cultures were

then challenged with V5V.
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(f)} Species specifleity: Monolayer cultures of murine

L{MCN} cells were Iincubated for 24 hours Ln the presence of 8 teo 32
vaite of human Interferon. After 24 hours of incubation the tubes were
challenged with V5V,

{g) Direct anti-virml sctivity: 100 to 1000 ICDSO of

Y5V were mined wich the varicus interferons #nd incubated for one hour

at 37 C. rhq.anmples were then titrated in HEK cultures for virus
infeccivicy.

2. Results: TIn Table ﬁ[V appesars a su;mnry of the physical
aﬁd biclogical properties of the interferons. It became evident that
the criteria for classificetion a8 interferon (Isagcs, 1963) were met by
the autogenous as well &g the virus-induced interferons derived from the
Burkitt lymphoma and leukemis cell lines. The interferons were found to
be stable at pH 2.0, All the interferons, with the exception of those
produced by SK-Ll cells, ehowed & 2-ta 8-fold veduction in activity after
one hour st 56 €., The most labile was the interferon produced in HEK
cells. Heating of the interferons ac 80 C rTesulted In complete loss of
activity. Trypsin at D.1% final cuﬁcentrltlon inactivated all interferom
ectivity in 1 hour at 37 €, None of the Interferons protected L(MCN)
cells, thus.showlng specles specific oriantation. HNone indctivated VSV
in vitro, A 3-to 5-fold decresse in titers was obtalned when the inter-
ferons vere removed from the assay cells prior to challenge. This was
evident with virua-induced as well as sutegenous interfarons, It waa evi-
dent that che autogeunous and vt;ua-tnduced tnterferoﬁ did not differ
algnlftéantly in theilr properties. Thue, no basis was found for distin.

gulshing between them by the criteris employed,
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TRELE XIV

Properties of autogenous and virus-induted interferons

Interferon units per nl

Interferon Assay Autogenous Virus-Induced
treatment cells
Cell line Cell line
EB-1 Qgun 3SK-L1 SH-L1 Raji HEX
None HEK 128 128 512 - - -
pH 2.0 " 128 9% 512 208 512 256
100,000 x g " 128 128 12 2on8 £12  2%%
2 hr
55 C1hr " -611 96 £12 2048 796 32
80C 1 hr " < 4 <15 < 16 < 64 =32 <32
0.1% trypsin " < 8 <16 <16 < &4 <32 <32
1 hr 37 C
Removea' 1) " 20 128 6 256 20L8 192
Not removed(2} n 80 34, 32 758 8192 912
None L{MCN) «< 2 < 8 <«<16] <« 32 <16 <16

(1) Interferon was removed from assay cells prior to challenge.
(2) Interferon remained on assay cells during chalienge.
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E. Protective effect of autogenous interferon: The results

fn the preceding mection have shown that the autogenous interferons
produced by EB-1, Ogun, and SK-L1 cells Fulfiiled the criteria necessary
to characterize them as interferons. Earlier experiments have shown,
however, that the Ogun and SK-L1 cultures which yielded autogenous ine
terferon were nevertheless highly susceptible to ¥SV, This paradox
aight possibly be explainable by rhe assumpcion that too little suto-
genous fnterfercn was produced to protect a significanc proportion of
the cells. It became essential, therefore, to determine whether addi-
tion of éoncentrated autogenous lnterferons produced py these cells could
protect them against chellenge with VSV,

1. Procedure: Autogenous interferons were collected
from Ogun and SK-L1 celis and the culture fluids were concentrated 3
fold prior to use, Viruz-induced 1§terferon was prepared for compavison
fa SK-L1 cells stimulated by KDY . Approximacely 50-100 units per ml
of the sutogenous, and 170-200 units per ul of the virus-induced inter-
feron were used to treat the cells,

The cells were centrifuged, resuspended in the proper ianterferon
preparation, and challenged 24 hours later with VSV at an Lfnput multipli-
city of 2. After an adsorption period of 2 hours the volumes of the cul-
tures were adjusted to yleld 2 x 105 cells per ml. To control cultures,
carried in parallel, were added {a) only ¥5V: (b) cnly interferon; and
(c) only medium. The experiments were monitorad by cell counts, V5V~

specific lwnunofluorescence, and infectious VSV titers.
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2. Results: The dataz shown In Figure 9 Jemonstrate that
autogenous interferon preduced by Ogun cells does protect SK-L1 cells
sgainat V5¥. The protection of SK-Ll cells by virus-induced interferon
was included for comparative purposes, It was evident thar the SK-L1
cellas exposed to autogencus interferon were as well protected For the
Eirst three deyw as the cells created with virus-induced interferon.
Infection of control cultures with VSV led to rapid desath of the cells,
& high lncidence of cells stainable by fluorescent anti-V¥SV conjugate
{50% on dey one), and virus yields ranging froom 106'7 to 107'2 TCDg,
per ml. In contraest, the cells treated with autogenous interferon were
largely protected for the firat three days. Thia protection was evident
by an only elightly reduced cellular growth rate as compared to that of
the interferen control, virus-specific Llomunofluorescence was observed
fn less than 1.0% of the cells, and little infectious V5V was detectable.
However, by day 4, the growth rate of the cells was more warkedly reduced
{by 35%) and on day 6 by 50%. This reduction in growth rate was parallel-
ed by a rise in Iinfectious wirus titers but only a slight gradual increase
fin cells showing virus-specific immunofluorescence. The three parameters
used to monltor the experiments showed that the cells treated with virus-
induced interferon were signiflcantly protected for che duration of the
experiment. _ .

‘The results glven in Table XV.illustrate the ability of SK-L1
or Ogun autogencus interferon to protect the cell culcures from which
they were derived against chaltenge with VSV¥. The proﬁection afforded In

both inetances was slgnificant by all three parameters studied only for
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the Firet two days. Thereafter cell death rapidly enaued, sccompsnied
by an only slight increase in infectious wirus citers. However, the
peTcentages of cells showing VS¥-specific immunofiuvorszcence 1n the
Interferon treated cultures did not increase as sharply as might have
been expected from the decrease in cell viabllicvy, The lack of increase
in viral antigen could be related to » roxic property of VSY described
by Cantell et al, (1962), These workers have shown that VSV at Input
multlplicicies of 10 or greater seemiogly overcsme interference in Nnvuv-
treated L cells in that the cells were destroyed as rapidly 25 in suscept-
ible cultures, viral an;igen formation was del;yed, and no detectable
amounts of infectious virue were produced,

These data indicate that autogenous interferon is capable of
protecting the cells from which it {8 derived, and that the p‘rotect!.o.n may
Ba more transitory, than that actained by virus-induced interferon.

Y. Discussion: The present study was undertaken to define more pre-
cisely the nature of the autogenous interferons produced by various Burkitt
lymphowma and leukemia cell lines and to compare it with virus-induced
interferons derived from the same type of cultures. The {nvestigaricn in-
cluded & study of the conditlons for syuthesis, the kinetics of synthesia,
the properties, and the protective potencies of the two kirds of inrerferons.

The quantitative relationship between the yleld of interferon -
and the number of cells per ml ham been described by 8 number of invesciga-
tors for the productfen of virus-induced interferon by human leucocytes
{Gresaer, 1961; Strander and Cantel}l, 136&6; Wheelock, 1566). 1Inicial éx-
perimente with Burkitt lymphows cells showed that the yield of autogeacus
interferon was dependent ont the cell concentration and Lndependent of the

typs of medium and the serum concentration. By increasing the call can-



centration maximal interferom tirters were reached within 24 hours and
the ylelds were further fmproved when the heavy ceil suspensions were
agitated during incubaticn, The amount of autogencus Laterferocn produced
was quite small, however, consldering the number of cells utilized per
culture. These low Interferon ylelds suggest that pesaibly only s smzll
percentage of cells In the population are involved i{n the production of
sutogenous i{nterferon, Therefore, the smount of autogenous interferon
p}oductd by the VSVesusceptible cell lines wans insufficieat to protect
them from VSV infection., Smith and Wagner {1967) alsc have reported that
the yields of spontaneous interferon from uninfected macrophages were
lasa :ﬁtn 1% of those obtained on viral inductfon of interferon synthesis,
In attempts to produce virus-induced interferon with NDV, Hn?uv.
Sendal, Sindbis, {influenza types A, Az, B, vacéinin, St. Louls encephali-
tis and Californis encephalitls viruses {¢ wes surprising to find that
only NIV and Nn?uv stlmu!n&ed praduction of detectable amounts of inter-
feron. Gresser (196[}, Lee and Ozere (1963) and Strander and Cantell
{1966) were able to obtaln good yilelds of interferon from human leucocytes
stimulated with Seadaf virus. Vacclafs virus however failed ¢o laduce
intexferon aynthezis in human leucocytes and influenzs viruses were sble
to stimulate only wminimal smoynts (Strander and Cantell, 1966). Working
with NDV as an fnducer of incterfercn in human leucocytes Wheelock (1966)
reported that an input multiplicity of 1 of viable NDV stimulated optimal
yields of interferon. Strander and Cantell (1966) have shown that both
wisble and ultraviolet-inacrivaced NDV induced the syathesis of equivalent
smounts of interfercn at a gilven multiplicity. 1In the present experiments

leukemis cells {SK-L1) required an input multiplicicy of 10 of viable
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KDY und Nnvu' to yleld optimal amounta of Lnterferon, while Raji cells
required an ioput multiplicity of 50, The rmployment of an input
multiplicicty of 1 of viable WDV [ailed to yield optimal titers of inter-
feron in any of the Burkitt lymphoma a#nd leukemia cell 1ines tested.

Thus, the Burkitt Pywphoma and leukemiz cells seem to differ
"to some extent from human leucocytes {n response to viral stimulation of
interferon syntheais and, indeed, show some variations among themselves
in this respect.

The quantities of virus-induced interferon obtained from cer-
tain of the Burkitt lymphoma and leukemiz cell lines within 24 hours were
50-to 100-fold greater than autngendus interferon yields but in other
instances the yields were of similar orders.

The kinetics of autogencus interferon production were found
to be alike for koth Burkitt lywmphouwa and leukemia cell lines, The early
detection of autogenous interferon {within 1 hour of incubation} suggested
that it might be preformed. The concept of preformed interferon hed been
introduced by Ho (19644) to explain the rapld appeafan:e of Lloterferon in
the circulation following intravenous inoculation of bacterial endotoxin
fnto mice (Stinebriung and Youngner, 1964) or imto rabbits (Ho, 1964b).
The presence of bacterial endctoxin in the culture medium of rabbit macro-
phages augmented the amount of spontaneous incerferon produced (Smith and
Wagoer, 1967). However, this spontanecus interferon was uot considered
preformed since its production wee blecked by actinomycin and puromycin.
The treatment of SE-Ll ind Raji cells with 100 ug of endotoxin (Lipopolf-
®accharide B, E. coli 0111:B4, Difco Laboratories, Detroit, Michigan) per
ml failed to Incresse the production of autogencus Interferon or induce

interferon synthesis, respecttvely. Artempts to block autogemous inter-



feron pfuductlnn in 5K-L1 cells by puromycin ddhydrochloride {Nutritional
Blochemicals Corp., Cleveland, Ohio) gave less clesr cut results then
those dedigned to inhibit virus-induced interferon production. The pre-
sence of 50 pg per ml of puromycin in the medium at the time of addition
of “Ww was sufficlent to block synthesls of all virus-induced interferon.
Ilquever, the addltion of the same amount of puraqycln to celle prepared
for autogenous producticn reduced the amount of futerferon obtained but
414 not block completely its synthesls, Pretreatment of these cells for
me hour prior to preparation for sutogenous production gave similar re-
sults., It would appear that the autogenous interferon produced by SK-Li
cells night be preformed but further atudies are required to verify this
point. It is gquite conceivable that in some of these linea the in witro
cultivation of the cells triggers derepression . of the usually repressed
capacity of the cells to mynthesize interferonm,

The exéertmentl performed to compare the tlme of appearsnce of
virus-induced interferon in the various cell lines revealed & number of
different patterns of interferon synthesig. SX-L1 and Ogun cells ahowed
a very rapld synthesls of interferon uith waximal titers at 8 hours,
simllar to the kinetics of virus-induced interferon production in rebbit
macrophages {Smich and Wagner, 1967). Raji and 5410 cells showed & lag
of at least 8 hours prior to the dJdetection of interferon. A similar pat-
tern has been reported for chick embryo cells stimulated by Semlikie
Foreat virus (Friedman, 1966), The third pattern examplified by Jijoye
and EB-1 cultures was intermediary in that it showed a lag oflz to 3 hours
whtb peak ylelds being reached between 8 e&nd 16 hours, These kinetics
seem Lo be similar to those observed in virus~induced interferon produc-

tion by human leucocytea (Wheelock, 1966) . '
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The three patterns of lynthclls way ba due in part to the
heterogemlityof the cell types,genetic factors, physiological comditions,
reaponses of che various cells to the inducing virtuses, sctivation of
different mechanisme of ayntheais and ralease, or to the prea;nce of auto-
genous Incerferon. Reducticn in the lag period of interferon synthesis
a8 well aa locreases in interferon titers have been shown by wartous work-
eres vhen cells were pretreated with small amounts of Interferom (Lockart,
1963; Friedman, 1966; Levy et al., 1966), The preseuce of autogenous
ioterfsron in Burkitt lymphoma and leukewis cell lines appears to have
enhanced the time of appearsnce and rate st which virus-induced interferon
is produced, but not necessarily the yleld of interferom.

Attenpts to distinguisk the autogenous frnivirua-indﬁced inter~
ferons by & variety of chemical and physical treatments revealed no signi-
ficant differences in their behavior. However the oolecular weights of
these interferons may vary since it has been demonscrated that oom-virus
induced #nd virus-induced interferona were of different molecular weights
(Hallum er al., 1965; Ho, 1964b; Wheelock, 1965), Youngner et al. (1964}
have also reported thsat the lnterferons found in mouse serum differed in
time of appesrence and wolecular weights depending on the stimulus guployed
snd the time of bleeding, Such studles are now planned for the sutogenous
and virus-iadoced iaterferons cf Burkitt and leukemis cell lines.

Ogun and SK-L1 cells which produced autogenous interferon and
yet were fully susceptible to VSV provided a parsdox which remained to be
resolved, Tt was found thet these cells could readily be pfotected againgt
VSV by addirion of extrancous, virus-induced interferon. It was likely,

therefore, that toc few of the cells praduced autogencus interferon and



the mmount was insufficient to prokect a substantisl proportion of the
non-producing cells., This Interpretation is supported by the observa~
tion that concentrated autogenous interferons were capahle of protecting
cultures of the cell lines from which they were derived. Hovever, pro-
teckion was wenker than that Induced by cowparable unlts of virus-induced
interferon, suggesting that aotogenous interferonm might be less efEicient
fn esl:lbluh‘lng resistance.

The tesults presented have shown thar autogencus snd virus-
induced interferon, obtsined in part frow the same cell line, wvere indis-
tinguishable according to the criteria used. Further studiea on differ-
entiating the twe interferons will have to include metabolic inhibltbrs

and molecular welght determinacions.



1iI, The EEfect of Mumps Virus on Burkitc Lymphoms Cell Lines.

} It has not been possible in the past to increase the yield

of the herpes-type virus in cultures of Burkict tumor cells or te

transmit it to other host systems for growth In quantity, These fail-
urea could be due largely to the fact that the virus particles werze
lazgely def;ctive. Because of this situation it is not known yet whether
this agent ia merely a passenger In these cultures or whether it 1is
etiologically relaced to Burkict's lymphoma and laukemia, for that mat-
ter, slnce similar virus particles have been found alse in cell lines
derived from leukemic bone marrows and peripheral blood. Efforts are
being made in this and other laboratoriee to Improve the yield of virus

by variations in cultural procedures or by providing helper effects, in
their broadest sense, by auperinfection with other viruses, 4s to the
second approach, previous studies (Section I} have revealed that nany of
the cell lines exhibited 2 remarkable vesistance to viral infections

which could be augmented by production of autogenous interferon in some

of the cultures. Several reports have indicated that members of the para-
myxogroup of viruses mey lower the resistance of cell poputations (Kumagai._
1958; Hermodssan, 1963; valle and Cantell, 1965; Frothingham, 1963; Kato
et al,, 1963; Maeno et al,, 19656) and that this effe;t may be due to re-
duced laterferon synthesis (Hermodsson, 1963; Maeno et al., 1966) or in-
hibition of the action of Llaterferon (Hermodssom, 1964; Cantell and Valle,
1965; Frothingham, 1965). Several of the lymphoma cell lines were there-
fore exposed to mumps virus in an attempt to determine its effect upon the

resistance of the cells to the herpes-type virus carried by them,
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A, Infection of cultured Rurkitt cells with mumps wirue: The

cell lines selected for these scudies were (1) the Ef-1 line which
conteined herped-type virus particles and produced autogenous inter-
feron; (2Z) the EB-3 line which carried the un{dentified agent but did
not produce detectable nmounta.of sutogenous Interfevon; and (3) the
Raji line which neither contained wirus parcicles nor did it preduce
autogencus Interferon. The course of mumps virus infection in these
cell lines was studied first,

1. Procedure: 5 x 106 of the respective cells were sedimented
by centrifugetion 2t 1000 rpm for 10 minutes. The medium was dec;nted
and the pellet resuspended in 2.0 ml of mumps virus diluted to give an
fnput multiplicity of about 5 based on HAU per ml and sssuming 1 HAU to

be equivalent to 106 TCD The cell-virus mixture was Incubated wich

50°
intermittent agitation for X 1/2 hours at 37 C and then centrifuged. The
pellet was resuspended in growth medium to yield a cell contentration of
2x 105 per ml. The cultures were sampled immediately in order to deter-
mine the nuwber of viable cells and background virus and were then in-
cubated at 37 C. Unintected contrel cultures were handled and maintained
in paraliel, At varying time intervals after infection the following
proceduren were carried out: {a) total and viable cell counts; (b} pre-
paration of smears for astaining with fluorescein-conjugated mumps hyper-
immune humsn gomma globulin, and determination of the percentsge of cells
containing wumps antigen{s); and (¢} collection of samples of cell suspen-
slon in triplicate for storage in empules at -70 C for future aasay of
infectious oumps virus. In experiments extendlug over more Lthan seven

days, the cell density of the cultures was reduced at weekly intervals to

2x 105 par ml by dilution in appropriate amounte of fresh growth wedium.
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2. Results: Figure 10 compires the effect of mumps virus
on the three Burkitt cell lines, The EB-3 line was moet markedly af-
fected by the infection. The cellular growth rates were reduced, st
warious i{ntervals by 18 to 63% as compared to uninfected control culkburps
with an aversge reductlon of 487, The EB-1 and Raji ceall lines showed
an average reduction in cell multiplication of 20% and less than 10N re-
spectively,

The titers of wumps virus in the EB-) cell line rose within
7 days to sbout 10“ TCDSO per ml and thereafcer remained at this level
tor the period of observation. In the Raji cell line the titers reached
an spproximately 10-fold higher level and in the EB-1 line the levels of

6.7

wumps virus rose gradually over a 20 day pericd co a peak of 10 TCDSO

per ml and then declined to values alightly sbove 105 TCD_,, for the re-

50
mainder of the ¢bservation period. The actual amouncs of virus produced
were probably abhout 100-fold higher since comparative titrations of the
Ricki atraln of wumps virus in HEK cells and in chick embryo smnion
Tevealed generally differences of about 2 log10 units {n fovor of the
lstter host system. Even with a corresponding correction the iters were
atill surprisingly low in view of the fact that within 5 to 10 days
practially all cells contained mumps antigen a& evident from mumpa-specific
immunof lucrescence., It is obvious from the cellular growth rates that
infected cells retained their capacity te divide. These resulcs resemble
therefore the persistent mumpe Infection of Chang's human conjunctiva

cell line described by Walker and Hinze {1962m). The few non-'tatning

cells observed possibly hed been dead for some time and any viral antigen

present might have been thermally denatured. Caly a few of the cells
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contalned enough uumps antigen to render the whole ccell fstonsely fluoven-
cent, These were mainly seen during the early incubstion pericd, The
great mejority of cells contalned well delinated sggregates of &ntigen

of varying aize (Figure 11) often smounting tc minute grenules, This

waa indicative of an abortive infection.

Some of the Lnfected cultures have been mailntained for more
thapn 3 months withcut apparent change in the qualley of immunoflucrescent
stafining and in the virus titars, A slight degree of periodieity in
the cellular growth rates was evident in some of the infected cultures
suggested also by the ER-3 data in Figure 10, in that periods of more
marked reductionlvtre followed by periods of better growth.

In their studies with mumps-infected human conjunctiva cells
Walker and Hinze (1962b) were able to increase infectious virus titers
in the medium and the aumber of Infected cells showing hemadscrption of
chicken erythrocytes, by reducing the serum concentration from 10 to lems
than 3% at the onset of infection. These Lnvestigators also obtained
enhanced virus titers at later stages of infection LF the serum concentra-
tion was lowered {Walker et al,, 1966). Attempra to alter the course of
the mumpa virus infection in ER-1 cultures at the time of exposure or at
s later stage by reducing the serum concentratien to 2% were unsuccessful,
{nder these conditions no changes were seen in the type of mumps-dpecific
jmmunoflucrescence nor was an enbancement of {nfectious mumps virus titers
observed when compared to the response of cultwres maintained on 107 serum.

B. Effect of wmumps virus on the iodigenous herpes-type wirus: Since

mmps and other paramyxcviruses had heen shown to enhance replication
of a8 number of viruses by inhibitfon of the action of interferon (Hermods-

son, 1964; Cantell and Valle, 1963; Frothingham, 1965), EB-1 and EB-3
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cells infected with mQ;ps virus were monitored, at vesnfoux {imes aftey
infa.ctl.on, by iemunofluorescence specific for the herpaz-type viras, |
and inoculations of warlous types of tissue cultures and nevborn apd
weanling animals fn an effort to detect enhancement of the fudigenous
herpes-like virus.

1. Procedures: EB-1 and EB-J culturez were infected with
mumps virus &s described lm section A, After 2, 5, 7, and 14 days of
tacubation iafected and contral cell suspenaions were harvested. Samples
were removed for {mmunofluorescence tests and smpules containing cell
suspensions were shell frorzen and stored at -70 € for tissue culture and
animal inoculations. An EB-3 mumps carrier culture initiated 50 days
previously was elso used for tissue culture inoculatien,

a. JImmunofluorescence: Cell smears derived at intervals
from munps infected cultures and controls were stained not only for mumps
satigen but also for the indigenous virue. A fluorescein-labeled human
mumpa hyperimmune globulin {Menle and Henle, 1966a) was -used after exhaus-
tive sdgopprion with mumps virue, This preparetion failed to detect the
characteristic mumps antigen aggregates but retained its capacity to
stain the appropriate propaortion of EB-1 and EB-3 cells harboring herpes-
type virus (1-2% and 3-5%, vespectively).

b. Incculatlon of tissue cultures: The varlous sampies

of cells were thawed and exposed to sonicetion for 3 minutes, The soni-
cated cell suspensions were mixed with equal amounts of a8 1:5 dilution
of equine antimumps serum and incubated cme hour at reom temperature,
Tast tube cultures, with and without flesting coverslips, of HEK, WI-38,

primary rabbit kidney, fat head winnow, sod turtle hesrt were inoculated
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with 0,2 ml per tube of given wixtures. The cvltucve were observed
for cytopathic effects nnd.development of viral turerference as cescad
by challenge wicth 100-1000 tcnso of VSV, At various fntervala coverslips

waye harvested and procesged [or lomuncfluorescence,

€, Animal! inoculatioms: The cell suspensions were soni-
cated snd trested with equine antinumps serum as ‘ndicated above. Lit-
ters of 1 and & day old hamsters epd mice were inoculated intraperitoneal-
ly or {ntracerebrally with 0.03 ml par animal. The animals were checked
inicially daily for illness or death and leter at longer intervals for
development of tumors, '

2. Results: Cell smears prepared directly from the Llafected
Burkitt cell lines failed to s2how &t anytime in the course of the experi-
ments any significant increases in the proportions of EB-1 or E3-3 cells
harroring herpes-type particlee,

Home of the incculated cell cultures ;houed crytopathle effects
(CPE) referable to the herpee-type virua, However, In a few L[nstancea
cytopathic effecte were noted which were found to be due to unneutrslized
mumps virus. Cultures without CPE were majintained by refeeding end re-
seeding for as long as 40 days and showed no evidence of interference
with VSV when tested at wvarious intervals. The coverslip cultures failed
to reveel sny lmmunofluorescence speciffc for rhe herpes-type virus,

Kone of the mice inoculated at birth or later developed any
signs of {llness. About 12% of the hamsters infected at the newborn mtage
became 111 or were found dead after incubation perilods of 10 to 17 days,
Two of the preparations were shown to contain unneutralized mumps wirus
in the tiesue culture studies. FPaspages of brain or spleen homogeusces
frowm these animals Into newborn animals and cell cultures failed to pro-

duce any illness or to show any CPE. Surviving suoimala of the priﬁnry
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and passage series were kept for 18 montha and ohserved for evidanse of
tunor formation., None becamt diteéctable,

€. Demomatraticn of lowered resistence in mumps carrier cultures:

The above experiments failed moyweal an effect of mumps virus infection
on the indigenous virus, It was essential therefore to demonstrate thsf
mumps virus indeed was capable of lowering the resiscance of Burkite
cells to other viruaes.

Preliminary experiments had gshown that cells from sn EE-1 line
thch‘had been infected 1% days previocusly with mumpa virus (EB-lmunps)
wvere more susceptible to VSV than mumps virus-free control culturce,

This was evident from (8) a significantly greater reduction in cellular
growth rate during the firat week after challenge with V5V (about 75%
versus 10% in the control}; {b) larger number of cells revealing VSV~
apecific tmmuncfluorescenca {40% as compared to 47); and (c) greater than
10 times higher yields of infectious V5V in 24 hours {107.2 veraus 105'7
Tt050 per ml), Following refeeding there was, however K a declded improve-
ment in cellular growth, a decline in VSV-specific immunoflucrescence

{to 12-25%) end a decrease [n infectious VSV ticers, The cultures survived
and carried now 3 viruses, the herpes-type, mumps, and VS5V viruses.
Throughout the observation perlod the staining for mumps antigen remained
constant, showlag 2951 of cells to be infected, and the wumps virus ticers

fluctueated arcund 105 TCD,, Per ml. Staining of the cells for the indigen-

5
ous herpes-type virus revealed che usval 0.5 to 2% ponitive cells,

These preliminary observations have shown that a cumps Infection
wak indeed able to lower to some extent the vesistance of EB-1 cells to

infection with VSV, It was conceivable that during a prolonged mumps virat

earrier siate the susceptibility of the cells mip-t be increasced further
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rasalting possilly 1u (he ultimace destrucrion of che Burkiti celir by
vsv,

1. Acquisicion of enhanced susceptibiliry Fo V5V with

prolengation of Cthe mwwps viral carrier state:

8. Procedure: EP-1 cultures were infected with oumps
wirus and st variocus intervals cclls from these, as well as uninfreted
populations, were centrifuged and the pellets resuspended in 1.0 wl of
VSV diluted to achfieve asn Input multiplicity of 2. After an adsorption
perlod of 1 hour, the cells were centrifuged snd resuspended in suffi-
clent growth wedium to yileld 2 x 105 per ml. The experiments were meni-
tored by cell counts, immunoflunrescence, and fnfectlvity titers,

b. Resulta: Figure 12 demonstrates the gradual scquisk-
tlou.of an ephanced susceptibilicy of EB_Lmumps cultureas to superinfec-
tion with ¥5¥. The snhancement in terms of reduction in cell growth was
not dramaticalily evident before 52 days following exposure to virus. At
52 and 66 days the e¢Efect on cell growth was rapid and pronounced, How-
ever, low levels of enh#ncement were evident from YSVespecific fmmunc-
fluorescence already on the first day after-infection with mumps virue.
The difference in VSV antigen-contalning cells between the experimentai
and control groups gradually increased so that by day l4 the enhancement
was already seen. In each V5V challenge, the enhancement was sluujs
most evident within the first 3 days after superinfection, fince there-
afcer the infection in the concrols declined toward the lewvcls known to
pernist i{ndefinitely as shown in Section I, It was unfortunate that this
perticular mumps carrier culture was lost due to bacterial contamination.
Another E:B-l_uIllpa carriar ¢ulrure had been meintained, however, for a
similar length of time and as can be seen in Pigure 13, this culture vas

dustroyed wicthla 7 days after infectlon with vsv.
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82720 bu lezr oxiemiive experiments were »erricd ouk with
R~} and Rufd ceita. Three wezks afier wowps lnfeccion EBR-3 culturay
on V5S¢ challeoss girc ramalts comparable to thoke obtained with ER- lnwn
raryier wuliurse ar 13 d-re. With Rajl cells, which do nov harbor the
herpes-like virus, a corveaponding exparimeat Falled to reveal rignifi-
cant differences in snscepicibility to VSY between the control and
werps Infected cells. The wunmpes infectiom was of three weeks duration
when the cella wers chellengcd., If anything the growth rote of the
hjill.‘mpl populstica wes somevhal lesn aif&cl.:ed by ¥5¢ thun the Rejl
eontral. Virur eiters and the perceatage of eells ahowing VSV-apacific
fmmmofluerescence were throughout of & similyr order and both cultures
were maintained for three months as VSV and VSV plus mumps zarriers,
respectively, Another superinfrztion of lajimp“ crleurea wich vsv
90 days after Infection with mumps also failed Lo reveal sigafffcont 4L£f-
ferences {n pusceptibility to VSV begweep the control and vumps carrier

cells,

D. The effect of mumps virus {nfecticn on the production and section

of interferon in Burkitt lywphoma cells: Prothingham (1965)

showed that mumps Infection fnhibited the pretective actieon of inter-

" fezon in chick embryo fibroblaet cultures as assayed by challinge with
Sindbls wirus, but 1ii did not Inhibit the productiom of interferon fn

this system. Other invescigators have showm that different parapyxoviruses
ichibited the production of iaterferom (Kaeno, et al., 19£6), the action
of interferce {Cantell snd Valle, 1365), or both (Hermodawon, 1963, 1964).
In order tov determine whether & wumps wiral carvier state in Burkitt cell

cultures affects either the productiovs of intexferon by-these cells or



their proteciioa Ly sn extvansour fatetisrou the failuvring expuimsats

ware derige~d. GSpun ard Lova somrrol o2 wiil wn Geil and
mULIpS TmGH o

Radi wentro!l cultures were vszd for oxgeriments on interfecouq produc=
e, and m’su-l..mp' sud EB-1 ceutrol cultures were amploysd to 'det-' cuioe
whather mumps=-infecied cells <on be pootzcted by ewvirineous luman {utes -
feron against challenge with VSV,

1. Pprocedures:

&, Praductlon nf intecferon: In order to detcvmine the

affact of & fwmps virsl cavrier stéce onm mutogenous Interleron pooduction
variuunn;mpa-infected and control cells were centrifuged at 1000 rpm fov
10 minutes. The cells were resuspended in muintensnce wmedium to yileld
1= 10? cells per al and incubated on a rotary shaker,

Io.deternine the effect of & mumps cacrier atuie on virue-
fnduced interferon production R’jimnmps and control Raji cells were count-
ed and 1 x 10® celle of each were centrifuged zod reauspendsd in 5.0 mil
of anuv at an input muleiplicity of about 50, After ar adsorption perisd
of one hour at 37 C with continuous sgitation, 5.0 ml of meintenance
‘wedium wap added and the cultures were incubated Sn a rotavy shakef for

24 hoursk. The medie were harvested and processed for Lnterferon aasay,

k. Protection by interferon: EB-1 culturea, intect-
munpd

ed 66 days previously, sad contrel cultures were cxpozed io 170 unitn per
ml of interferon prqduced by S¥-L1 cells on stimulscion with NDqu. The
culls were centrifuged, resuspecded in the interferon preparacion, ia-
cubated for 24 hours and them chalienged with V3V at an luput multiptiecicy
of 2. After an sdsorption perlod of 2 houra the volume of the cultures

wae adjusted to yield 2 x 105 cells per ml., Control cultures carrisd in



peraiiel werze trexied ~ith (A} o2y VoG5 (L) only fucerfexew; apd {uj
ouly medln. The cxperiment wad mondrore’ hy om}l ceeesn, O ediTie
Loamewef loorescesce, and lafegclena VSV titows.

2. 2egnize:  Production of inierzfrcon:  The dupr presentad fu

7able X¥1 show that fnfection of FX-1, Jgue, 2od S%-17 -siils with waowpe
wirus reeulted in wo inbibition of syathanis of avtogonout iaterierom.
Both {nfected and uninfected ceils, exvrixd 1 samallel, prodiced equiva-
leot amounta {16 to 3% uwaler per wl; of sutogenous ifntarferon.. Ta coubtast,
Bull celle previously infected with vumpn virus felled rn systhedize any
detectabls egmounte of interflron whau exposed to Nn?uv, vheress Rajl
eentrol cultures, stimulated simulranecunly, produced 258 to 512 units of
interferon per ml., The lack of any detectable interferon syncheeis by
lﬁjﬁnmmpn cells might be sttributabla to destruction by mumpz virvs of
ceil veceptors for NBV siuce it has been demonstrat=d (Burnet, 1915}

that mumps virus will partially remove receptors from red blcod c2lls
needed for agglutination of these cells by NDV., Fluorescent antibedy
studles with FITC-conjugated antibodies to NDV showed, howevsr, that

Z 13% of the Rajimumps cells pecame infected with NDV within 16 hours,
At the gsme tine 35 of the control Rajl cells contained NDVY entigen.
This difference in the percentages of NDV-Infected cells hardly can ac-
count for the difference Lo interferon production. To clarify this

peint it would be emsential to uae othet viruses ac isducera of inters
feron aynchesis, This has noi been possible since carlier scudiee (Sace
tion 11} had ehown that thiee stralns of influenzu vlruses; verrinia
wirus, sand two srbor viruses failed to Induce sny detectable inceifrrou

synthesis in Raji cells, Studies with other cell linen {(EB-1 rud
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Effeut of moawy, vizat fnfeilive on s pruhiction of eutogeivous

o5 wkrue-liwhwed interfeian
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:‘! Cell T pe ~f Interferon unfiy per wi
ne interfuron Control Munps-infectad
EB-1 Aulogenous 32 Az
EE-1 . 16 16
¥ Dgun " 2L zh
SH-L1 " 32 2
- =
Rs )i Virus-induced g12% it |
Rali " 256 4

*fhe number of control! and mumps-infected cetls showing
NDV-specific immunofluorescence 16 hours after stimslation

vere 35 and 13%, respectively,
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Ogun} have shovr Thes fufortion of T ri Cae eulle 95l XDV wee spfifct-
sni ic induce prodorfton of &f letut »wAl! puieern of iwrcrfeiun. Thus
tha FKﬁfn“.PSICﬁlln ghavld hsve b ghie fo prodver awome futerferon
ohe | fndvied Ly WOV .

rrotectivy Yy exitaneovs inteyferon: Tho reesnite gfwon ln

Figurs 14 cleaily chow that wompe~infected EB-1 celis could mok ba pro-
terted by exogenous Ilutevfercn agafnek chellenge with viv, whares
EB-1 ¢slles e of muaps virve wer: protected, 1Im the EBrlnumgﬁ anlgvye
cellulax groih eates, V3V¥-specifile lemunoflucressznce, and vEV -iafecvivity
eiters were parsllel fn both interferon treated and contrel ~iituresn. In
concrast, EB-1 celle {free of mumpe vizus) trewead with imosface: thowed
the usual reduction in these parAmeters a8 comrared to watreated control.
Theoe experiments have ehown that & cumpa varyicy &iate in
Burkite éuleuras failed to influence Aautogenous {ntzofexnn provuction,
possibly reduced the capacity to synthesize virus-indu.ed intecferom and
prevented the protective action of interfaron.

F« Dlocussiosnr  The vesults of mumps infectilon in rhe  Borkict
lymphoma cell lines te¢sted vremembled the peralstent muaps tafeciden of
Chang's conjunetiva cell line described by Walker and Hinze (1962a). Even
st & Wigh mulciplicity of infection there was relatively little evidence
af r2ll loea &ad the cnitures showed werely a reduction im growih rates
which vere wosr marked ©itlhi the Fd-2 liue mud bavely perceprible wirh
Rajl cells. FPraccicolly all cetls war~ found ©o contrhln wumps sntigen but
this was mosatly sopregated into well-cnlfouted mascen of werishle sizes
indicative of an abortive ilafection. The celle evidonily wrue not greatly
éisruvbad end continuad to divide ylalding fufected daughter cells. Thiws
type of carrier state hme Leen termed "regulared infection” {Malker, I96&)

't endosymbinnis (Pexnendes et al., 1964), snd has hern ohasrend in addftion
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fo Auwnpy % . with parainfinzexs €300 1 {Zehida et al., 1954), weasles
wiras ("o fere, 1266), ard vehles vias {Terusedan Ak al,, 1964), The
EEIut W LT Ay wbieh peomil @b meooBert ol oot ~cile and -ripua
ECACIRANY Pt LG T O W

Lufcetion of a1l snltwres by iwivurzarirusas; o.g. BN,
perxinflvenza oo Wewewptle divesse ioupern, ﬁ;t teen showe fo dower tha
ruciztunce of vearicus c¢ll cultures to & nusher of miher wireies (Fuosgal,
350 Peothinchee, 1967; Herwodoernr, 1063 ¥ats en mi,., 1965; valle apd
Crare)l, 196%; Heana en Al., 1266}. The oueps-infected FB-1 ei:lls showed
i gueerer evorcptibllity to VSV thay mmps-free copirol telturei. Using
EB=3 calls the enhanciong eifect was iLesw merked bet evidunt, whils no
eniancement could be detected in Rejd celle. Henle snd Heule {unpublished
dzx) have noted thet ovmps infected EB-1 cells aleo thewed a grester
rudceptibllity to herpzo claplex virus,

The perainfluenza group of virvses may zct 48 helper viiuses by
suppressing the production and/or the action of faterferon (Centell, to
be publiszhed). The dacm reported herve have shown that mumpa infection of
EB-1, SK-L1, and Qgun cells did not affect the produciion of sutogenous
treerferon, Mumps viral carrier cultures of Ruji cella falled to produce
wiru~=~indvced interferon, but the possibiiity has no. been entiraly ruled
ope theg the fallure might not he due o ruceptor destyuction, [Fov &
final anzwer cther virsl inducers vuwsc b found which ave elissCive la
therz cells, Fone of the 8 other viryuses often employed for intexferom
{aduction were efFfectfve In Rajl ruliuses. The mumpa caxrier apiic of
Fp-1 cell cultures cleerty prevented the protective actfon of an extrin~
govr fnterferci. Similer results were reported by Frothiighan (1963)

who shewed ¢thet inhibition of Lfoterfervon #ctica resulted im chick embryo
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fibyrobla it afisr wruds wirus Iafecciom without noticesablas inhibicfon
of lntaiisis aynthesls.

A amite of s tnceeesded suscepkibliiliy to VSV and RSV uf
ob o Wel e K22 Lines ciger esivblichaen: of a mumps vival caurier
kiate, there was Ao obvions choay: in Eh2 herpes-.ype virel Imfeciiou
of these galeurze,. The pevceniagry of cells harboring this agent on
the hasis of immurcfluavsscence remalired stationary. Renewed attempts
to transelr the hevpen-gype wirue lafection with meacerials callerted
Fiocm wamps cuipise culcures at warfous {imes after thels iniciszion and
mixed with anti-mmps serum pricr (o inoculation lary vnri;uua Fypes of
cell cultures and nevborn or weanling mice and hamsters fallad co provide

any evidence of success.




SIRMLANY, AND CONCTUTIONT

fag @200 praeaskod hove atsm that contiauens ¢el) cultuies
et from ffmblav gpac aens and - rintainad under {dentf.4l condf-
fiary way differ conafderabls fn thaiy ergfvitier. The vericucr Surkirnc
tumor cell Maer, compes~d of lymphublasts which wey differ to some
axtint in che dogree of waturiry of tha cells, ars ssvertheless so
elossely similar thar it would be dMEflcule indeed te ddentify s given
s oo the baslr of oorphology alone. The ¢ell lines Jdewived from
Loukenls putients, repardlese of the .type of teuksmie, or fiom haalthy
donors alss are difficule to differenticte on worphulogiczal grounds from
aach othar ag well as from the Burkitt tumor cell limes. This raises
the querpion a8 ro the actuel asture of the cells cultured [rua the ver-
frue ppeciuens ~hich desesves Tntensive srudy.

Some of the cell lines undar study wera known to harbor hegpas-
type virus particla and others not. Some were found te be resiscant to
Y&V end/otr WSV &nd orchera weie not, Fiuslly some revealed the presence
of an laterferon and others not. '[hese propertlen wers nwot nccessarily
frterrelated. While in scme lnetances the herpea-type viral cavrier state
varR apperently accoupanied by resletonce and {nterfercy production, other
infected culturee wers suscoprible te the ertranegus wiruses and failed
ts yleld futarfecon. Culkuves frree of herpes-eype virus were, moetly,
highly cusc=priblia to infection by the 2 challenge vicawes, yet a few were
found ra be resistant. Some of the susceprible cell linea devoid of
Larpes-type vitus praduced an apperently sutogenous inierferon, chat Ls,
withovt apparent stimulatinn, Thua, no correlatfon covld be established

saong the above propertiea, All but one of the cell limes waye capahlz

0%
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vomz of the cultures which produced autnﬁenoua fnueiFeron
remaiced nevertheless highly susceptible Co V5V, This suggesied 2 -k
toly feu of the cells were intecferom producers and the amouni of in-
EID Time syathesized vas teo swall to protect a significant proportien
of thr c:?ls. This favsrpretation ia supported by the observetion that
conrcatracad sutogencus loterferom was cepshle of pratecting cultures
oF ke cell llne from which it wes derived, Some indication vas found
ehot eale foU vale wvipus-fnduced interferom i9 slightly more protective
tham sutogcuous iaterferon, & least with respect to the duration of
the vesieionye Loduced.

Puvilier studies on differemtidcing the autougenous and virus-
tpduc@d interferons, s hould evaluate the effects of metabolic inhlblﬁora
on the eynihenis of thear two Interferons and compare thelir wmolecular
wvaights. Attenpés wzve fasde to atudy Inhibition of protein synthesis
but these were hampered, not unexpectedly, by the asynchrony of sutozencus
interferon synthesis and the toxlcity of the compound which did ne: pee-
mit prolouged trestment of the cultures, Since {t has been noced chef
"preformed” interfercns possess higher molecular wekghte than virus«induced
ones, Lt would be of interest to determine whether autogenous inierferon
conforme to the former, if so, LG vwould suggest that oue source of pre-~
Eormed faterferen in snimals might be blast cells of the hemataénie:ic
By-Leu.

¥ hes Leen possible to reduce the reaistance of Burkitt tumor
eell 1ines te VSV by superinfectlon with mumps virus. A1l cellp became
infagted with this agent and the cultures survived and continued to grow

a; dum) garriers of wumps and herpes-type viruses, In the course of the



wiaps 4pfaction the cultures showed graduslly increzsing susceptibllity
tn ¥S¥. During the first 2 months after exposure {¢ mumps the cultures
avowived the VSV infectfon, but later superinfection with VSV led to
eir desrvurtics. The oumps {nfection did vot influence autogenous
invwferon syachesis, but Lt spparently reduced viml-tnduced inter-
foren produscion and prevented the protective action of added virus-
fuduced interferon, In apite of the evidence for reduced rasistance to
¥SW and HSY tha ouwps cerrler state dt-d not sffect the extent of the
infection by the bherpes- type virua. The percentage of herpes-type virua-
fafenred cells rrm2ined conctent on the basis of specific imuunofluorex-
cepce and renewed attempis to trsnamit the agent, nfter neutralirzation
of the mumps virus, to verfous cell cuitures, newborn or weanling wmice
aud hamstsre were #gein unsuccessful, Dmproved replication of che herpes- '
type virus by variarions in cultural conditlens or with the aid of other
potential "helper viruses" vemains & foremost goal so thar the herpes-
type virus may be ultimately transmitted to other types of cell cultures
ond produced in bulk foxr scudy of its propertle;, especfally ies oncogenic

potencial,



