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The Study of Epstein-Barr Virus Induction 
by Cocultivation of EBV-Transformed Cells 
with a Mammary Carcinoma Cell Line 
MCF-7* 

()KOT NYORMOI t 

Sidne)" barber Cancer Institute, Harvard t;niversity Medical School, Boston, MA 02115, U.S.A. 

A b s t r a c t - - E B V  was found to be activated by cocultivation of E B V  transformed 
lymphoblastoid cell ,!ines and a mammary carcinoma cell line, MCF-7. Both non-EB V 
producer and producer cell lines are susceptible to this activation. However not every 
EBV-transformed cell line can be activated. Although the mechanism oJ activation was 
investigated in a number of ways, it is still unknown whether the process requires cell to 
cell contact, i f  the ir, ducing agent is secreted in the medium and where in the host cell or 
the virus cycle it act~,. 

I N T R O D U C T I O N  

THE MECltANISM which regulates the functions 
of Epstein-Barr virus (EBV) such as the nuc- 
leus associated antigen EBNA), early antigen 
(EA), DNA, viral capsid antigen (VCA) and 
lnerflbrane antigen (MA) expression is not yet 
known. Nevertheless, this mechanism appears 
to act at several levels. First, it maintains 
EBV indelinitely in a latent state in non- 
producer cell lines or in a latent state with 
occasional spon,:aneous activation of the virus 
productive cycle in a minority of the cells in 
producer cell lines [1-3 I. However, this si- 
tuation has been found to be affected by a 
number of experimental manipulations. For 
instance, some uon-proclucer and t)ro.ducer 
cell lines are known to be induced by treat- 
ment with a number of chemical agents such 
as 5-bromodeoxr'uridine (BrdUrd) and 5-iodo- 
2-deoxyuridine (IdUrd) [4, 5], mitomycin C 
[6] or 12-O-tclradecanoyl-phorbol-13-acctatc 
(TPA) [7]. Phx, sical agents such as teinpera- 
ture, or X-ray treatments have also been used 
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[ 7 ]. The state of the virus in the lmst cell has also 
been [bund to be affected by superinfection 
with the P3HR-I strain of virus [8]. 
l"urthermore, the state of the virus can be 
induced to become productive by cell (usion 
[9, 10]. This paper reports on yet another 
way by which the relationship between EBV 
and its host cell can be altered. Cocuhivation 
of certain EBV transformed cell lines with the 
mammary carcinoma cell line, MCF-7 [11] 
has been found to activate the virus cycle. 

MATERIALS AND M E T H O D S  

Cell cultures 

I,ymphoblastoid cell lines used in this in- 
vestigation were obtained from Dr. George 
Klein, Pfizer, Inc. and from this laboratory 
(see Table 1 for details). Cells were routinely 
maintained in RPMI-1640 medium supple- 
mented with 100/.tg/ml of streptomycin, 100 
units of penicillin, 300/.tg/ml of glutamine and 
10% fetal calf serum and fed every 3-4 days. 
Medium RPMI-1640 was also used in all the 
cocuhivation experiments. All cultures were 
kept at 37~C in a humidified 5°o CO 2 
incubation. 

VCA + antiserum {Choma 
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'Table 1. List o] cell lines, their origin and characteristics 

Cell lines Origin EBV EBV Production 

B95-8 Marmoset + + 

~otes 

[31 

627-76(;5 Marmoset + + 
627-76D2 Marmoset + + 

P3HR-1  BI,* + + 

l )audi  BL + + 

Raji BI, + - 

RO-bl BI, + 

I I:~l 

1141 

I l,"l 

Adherent derivative of 
Radii 1171 

Ramos BL - - I I*~] 

EHR-B-Ramos BI, + - EBV converted Ramos tbr 
(EBR) G, Klein 

.IY t'BI, * 

CF, M ALl,++ 

+ 

NtCF-7 Mammary - - 
carcinoma 

6 

Obtained from Pfizer, Inc. 

I191 

Provided by (;. Klein 111] 

*BI,, Burkitt's l,ymphoma; "PBI,, Peripheral blood lymphocytes, +AI,I,, Acute lymphocytic leukemia. 

H i m o )  with titers o t"1 :640 (EA) and 1:5120 
(VCA)  from a nasopharyngea l  ca rc inoma  pa-  
tient was a gift of  Dr. George  Klein. T h e  
E A -  V C A  + ant i serum (L22) with a titer of  
1:640 was ti'om a normal  person in 
the h~l~,vat~w\. Fluoreocein-isothioc~ anate-  
conjugated goat a n t i h u m a n  I g G  was ob ta ined  
from Microbiological  Associates, Bethesda, 
Mary land .  

Virus tbr superinfection was p repared  by 
growing 11 of P3HR-1  cells to a s ta t ionary  
phase. T h e  cells and cellular debris were 
pelleted out by centr i fugat ion at 1033g tor 
10min.  T h e  superna tan t  was spun at 13,7009 
for 2 hr after which the pellet is resuspended 
in 10ml of med ium,  clarified at 2324g  tbr 
10min.  I f  not used right away,  the p repa ra -  
tion was stored in 0.5 ml volumes at - 7 0 ° C .  

Growth ratio 
Since R O - b l  and MCF-7  cells grow as 

monolayers ,  they could not be separa ted  when 
examin ing  the fbrmer  for EA product ion.  
Hence,  it was necessary to de te rmine  the 
growth ratio of  each cell line in order  to 
compu te  the percen tage  of  cells induced to 
make  EA. A total of  2 x 1() 6 cells were seeded 
in 1 0 0 x 2 0 m m  plastic dish. Each sample  was 

p repared  in triplicate. After 48hr ,  cultures 
were harvested by either trypsinization or 
scraping with a r u b b e r  blade and counted in 
a hemocytomete r .  This  was not necessary for 
non-adheren t  EBV positive cells since they 
could easily be separa ted  from the EBV ne- 
gative adheren t  MCF-7  cells. 

lmmunofluorescence 
(;ells were harvested,  smeared ,  air  dried,  

acetone-fixed for 10rain at room t empera tu re  
and stained for EA and V C A  by the indirect  
method  [19]. Smears  were stained tbr V C A  
with a h u m a n  E A - V C A  + serum (titre 1:640) 
used at a 1:20 dilution. An E A + V C A  + hu- 
m a n  ant i serum with an EA and VCA titres of  
1 : 6 4 0  and 1:5120, respectively was used to 
stain for EA(D)  at 1:40 dilution. T h e  F I T C -  
conjugate  was used at a 1:20 dilution. All 
stained smears were counters ta ined with 
Evans Blue (100/ ,g /ml)  tbr 20ra in  at room 
tempera tu re ,  briefly rinsed with phospha te  
buffered saline (PBS), moun ted  in 5 0 " .  glyce- 
rol and examined  in a Zeiss fluorescence 
microscope.  All reagents  were diluted with 
PBS. 

Mixing ratio Jot RO-bl and MCF-7 cocultivation 
One  of  several tb.ctors which was believed 
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to effect the MCF-7 induction of EBV was the 
ratio in which the cells are mixed. To ascer- 
tain this, cells were mixed in the ratio of RO- 
bl to MCF-7 ranging from 1:100 to 100:1. for 
a total of 2 x 106 cells per 100 x 20mm plastic 
dish, incubated for 48hr and tested for EA 
induction. 

Optimum incubation time for EBV induction 
In order to determine the optimum in- 

cubation time tbr EBV induction, RO-bl and 
MCF-7 cells were mixed in a 1:1 ratio and 
grown for 4 days while samples were prepared 
daily and tested tbr EBV production. Since 
RO-bl was found to express only EA, it was 
also necessary to do a similar time course 
experiment with B95-8 to see. how the ex- 
pression of VCA is affected by MCF-7. 

The effect of MCF-7 conditioned medium 
The possibility that induction of EBV by 

MCF-7 is effected through a substance sec- 
reted in the medium was checked by using 
MCF-7 conditioned medium. The medium 
was prepared ti'om 48 and 72hr MCF-7 cul- 
tures. RO-bl <:ells were incubated in con- 
ditioned medium, undiluted or diluted 5- and 
10-fold with fresh medium, harvested 48hr 
later and examined for EA. 

5-1odo-2-deoxyuridine induction 
RO-bl and MCF-7 cells were mixed as 

described befbre and cocultivated in the pre- 
sence or absence of 50#g/ml of IdUrd for 
48hr, harvested and tested for EA and VCA, 
respectively. 

48hr, harvested and stained |or immun0- 
fluorescence. The slides were then processed 
basically according to Baserga and Malamud 
[20]. They were dip-coated with NTB-2 
Nuclear Track emulsion (Kodak, Rochester, 
New York) diluted 1:1 with distilled water, 
air dried 20-30 rain. incubated desiccated fiw 7 
days at 4~C and the autoradiograph deve- 
loped, after which they were examined for 
both silver grains and immunolluorescence. 
Representative samples were photographed. 

RESULTS 

Growth ratio 
For the purpose of computing the per- 

centage of EA + cells in mixed cultures, the 
growth ratio was determined. Table 2 shows 
the relative growth proportions. The results 
show that RO-bl grows about 1.5 times as fast 
as MCF-7 within the tested time period of 
48hr. The percentage of EA + cells in RO-bl 
x MCF-7 cocultures was adjusted for the un- 
equal growth rate by multiplying the un- 
adjusted percentage by 2/3 for the difference 
in growth rate and by the dilution factor due 
to mixing with the non-EBV producing cells 
of MCF-7. However [br cocuhures of MCF-7 
and non-adherent cells, this computation was 
not necessary since the two cell types can be 
easily separated. 

7able 2. 7he relative growth rate o/RO-bl and MCF-7 

Cells alier 
Cell l i n e  lnnoculum 48hr (X 106) 

Superinfection 
Rail and its RO-bl derivatiw: cells were 

super-int~cted by incubating 5 x 106 cells with 
P3HR-1 EBV concentrate (100x)  diluted 
1:10 at 37 C tiw 1 hr with occasional shaking. 
Unadsorbed virus was removed by centri- 
fugation and the cell pellet was resuspended 
in fresh mediura, washed once and then see- 
ded at 2 x 106 per 100x20mm plastic Falcon 
dish in which was also seeded 106 MCF-7 
cells. After 48hr, the non-attached cells were 
collected and prepared tbr immunofluores- 
cence as described before. 

Autoradiography 
To determine which cells in mixed cultures 

express EBV antigens, cells were labelled for 
48hr with 0.51~Ci/ml of tritiated thymidine 
(S.A. 8 .5mCi/mM),  cocultivated with the 
corresponding unlabelled cells tbr another 

RO-bl 2 x l0 s 4.7+0.5 
R()-bI+MCF-7 1 x 106 e a c h  3.6+-0.5 
MCF-7 2 x 106 2.9+_0.5 

Optimum conditions Jbr EB V induction 
Two parameters were examined with re- 

spect to their etti:ct oil the induction of EB\.' by 
MCF-7. The first of these was the elfi,ct of the 
ratio of cells in cocultures. Results presented 
in Fig. 1 show that there is a direct re- 
lationship between the ratio of MCF-7 in 
cocuhure with RO-bl and the level of" EBV 
induction. That is, it appears that the higher 
the ratio of MCF-7 to RO-bl, the greater the 
induction of the production of EBV antigens. 
Figure 1 also shows the data without adjust- 
ments tbr unequal growth rates and mixture 
ratio (see curve). It shows that it is easiest to 
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Fig. I. 7"he effect 0/ cell mixture ratio in cocultures MCF-7 
and RO-bl cells were mixed in diJJerent ratios as indicated and 
prepared for EBV induction as described in the Method. 7he 
histograms show the % of EA* cells after adjustments for 
unequal growth rate and dilution due to mixing. 7he curve 
shows the data without adjustments ,for unequal growth rate and 
dilution. These results are the average of three or more 

experiments. 

detect  EBV induction in cocultures when cells 
were mixed in a 1:1 ratio. 

T h e  second paramete r  examined was the 
op t imum incubat ion period which seemed to 
vary ti'om cell line to cell line. Results pre- 
sented in Fig. 2 show that RO-bl  was ma- 
ximally induced by the second or third day 
after which the induction level declined. In 
contrast,  Fig. 3 shows that B95-8 was ma- 
ximally induced as early as 24 hr and the level 
of  EBV induction also remained high throug- 
hout  the next three days when the exper iment  
was terminated.  

Pattern of EB V induction in various cell lines 

Whethe r  or not the induction of EBV by 
MCF-7 cocultivation was a phenomenon  un- 
ique to RO-bl  was tested by cocult ivat ing it 

8 R O - b l  ÷ M C F - 7  

L ~ s 
I 2 3 4 

Ooys 
Fig. 2. Time course of the induction o[ EBV in RO-bl by 
cocultivation with MCF-7. ( D - - 0  RO-bl; Q - - O  RO-bl 

+ MCF-7. These are the averages of three experiments. 
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7ime course oJthe induction Of EBV in /395-8. Only 
non-adherent B95-8 cell., were examined .]'or both control and 
experimental samples. EA and VCA induction are Jhown in 
F~gs. 3 (A and B), respectively. Q ) - - O  B95-8; Q - - O  

B95-8 + M C F  7. These are the averages o]'Jbur experiments. 

with other  cell lines. Th e  results are presented 
in Fig. 4. First, not all EBV carrying cells 
were affected in the same way; some such as 
B95-8, 1)audi and Raji were inducible while 
others such as P3HR-1 ,  EH R-B-Ram o s  (EBR) 
and JY  were not signilicantly induced if not 
totally refractile. Second, MCF-7  induced 
only EBV positive cells while EBV free cell 
lines were totally uninducible.  Thi rd ,  non- 
EBV producer  cell lines such as Raji appeared  
to produce only EA and not VCA upon 
cocult ivation with MCF-7.  It should be poin- 
ted out that a l though Fig. 4 may imply that 
there is no ditference between EA and VCA 
induction in B95-8, this could not be de- 
monstra ted with the reagents used. To  de- 
termine whether  there is no ditt~rence, it 
would be necessary to compare  two discordant  
sera ( E A - V C A  + and E A + V C A  - ). 
Unfor tuna te ly  the latter type of  reagent was 
not yet available and the au thor  is not aware 
of any such serum at the present time. 

T h e  question whether  the induction of  EBV 
in EBV-transfbrmed cells by cocuhivat ion is a 
general phenomenon  or if it is peculiar  to 
MCF-7  is itself a major  under taking which 
was not sufficiently studied here. However ,  
prel iminary results suggest ~ that various cell 
lines ditti?r with respect to the ability to 
induce EBV in transtbrmed cells. 
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fig. 4. The patter;~ of induction of EB V in different lympho, 
blastoid cell lines by cocultivation with MCF-7. EA and VCA" 
ina~r.tion are shown in Figs. 4 (A and B), respectively. EBR is 
an abbreviation of EIIR-B-Ramos. These are the average~ of 

t~ree to,five experiments. 

Combined autorad.iography and immunoJTuorescence 

In order to determine which cells in the 
mixture make EA, an experiment combining 
autoradiography and immunofluorescence was 
performed. The theoretical prediction was 
that if only EBV positive cells were inducible, 
then in an e~periment in which 3H-TdR 
labelled B95-8 or RO-bl cells were mixed 
with unlabelled MCF-7 cells, both fluores- 
cence and isotope labels would be found in 
the same cells. In mixtures in which only 
MCF-7 cells were labelled with 3H-TdR, 
isotope and fluorescence would be found in 
separate cells. As shown in Fig. 5 (A and B), 
in a cocuhure of unlabelled B95-8, both iso- 
tope label and fluorescence appeared in the 
same cells. It was also observed that in cul- 
tures in which MCF-7 was labelled and B95-8 
was unlabelled, no isotope label was tbund in 
tluorescent cells [Fig. 5 (C and D)]. A 
similar result was obtained when MCF-7 was 
cocuhivated with RO-bl. 

SuperinJection an4 IdUrd induction 

In some non-EBV producer cells, the syn- 
thesis of EBV antigens can be induced by 
superinfection and IdUrd treatment. It was 
interesting to determine whether EBV in- 
duction by either superinfection or IdUrd can 
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be enhanced by the presence of MCF-7 cells. 
As shown in Table 3, MCF-7 has no signi- 
ficant etti:ct on superinlkction. However, in- 
duction by ldUrd is amplified ahnost 
threel~)ld (Table 4). In both cases, no VCA 
was detected. 

Table 3. Superinfection of  Raji with P3HR-1 EB V in 
the presence of MCF-7 cells 

P3HR-I  %EA+ ?'oVCA + 
Cells EBV (Jells Cells 

R a j i  - 0 0 

Raji + 2 .5  0 

Raji + MCF-7 - 0.6 0 
Raji + MCF-7 + 1.6 0 

Table 4. IdUrd induction of E B V  in the presence of 
MCF-7 cells 

50  p g / m l  ".,,EA ~ % V C A  + 
Cells Idurd Cells Cells 

RO-bl - 0 .5  0 

RO-bl + 3.8 0 
RO-bl + MCF-7 - 1.3 0 
RO-bl + MCF-7 + 8.9 0 

D I S C U S S I O N  

Current information about EBV indicates 
that the virus has a very complex regulatory 
mechanism which controls the relationship 
between it and its host cells. It also appears 
that the control of some of the various aspects 
of" the virus-host relationship is exerted by 
both virus and host cells [9]. I n  addition to 
what has been reported by others, this paper 
describes yet another aspect of the regulation. 
Data presented here show that MCF-7, a 
human mammary carcinoma cell line, is cap- 
able of inducing EBV in EBV transformed 
lymphocytes. Although many EBV positive 
cells are induced by MCF-7, there are also 
others which are not induced. What deter- 
mines whether EBV in a particular cell line 
can be irlduced by cocultivation with MCF-7 
cells is not yet known. Moreover, the in- 
duction of EBV by MCF-7 does not seem to 
follow the pattern of spontaneous EBV pro- 
duction [8]. For example, P3HR-1 which is a 
producer is not induced'by MCF-7. However, 
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the susceptibility to MCF-7 induction appears 
to tollow that of superinlbction and IdUrd  
induction. For instance, Daudi and Raji are 
both susceptible to superinfection and chemi- 
cal induction whereas P3HR-I  is refractory to 
both. 

EBV induction by MCF-7 was found to be 
complex. The mechanism of the induction 
was studied in a number  of ways. Whether  
the induction is effected though a soluble 
diffusible substance was tested by using MCF-  
7 conditioned medium as the inducing agent. 
However, this was [ound to be unable to 
induce EBV in the tested cell line (RO-bl).  
Although this may indicate that cell to cell 
contact is needed for the induction to occur, it 
may also indicate that the inducing substance 
is very labile. Furthermore,  it may indicate 
II~at the agent is secreted in a very minute 
quanti ty and that to be effective it has to be 
continuously secreted. It was thought that the 
inducing substance might be a hormone or 
,~Hne serum proteins. One  of this possibility 
was ~t-lactoalbumin which is known to be 
secreted by MCF-77 [11]. A commercial pre- 
paration of bovine ~-lactoalbumin (Sigma) 
was tested, but various concentrations (5 
50/~g/ml) were found to have no detectable 
effect on RO-bl  cells. 

Another possibility which was tested was 
that the induction is effected through cell 
fusion. However, using a combination of 
fluorescence and 3H-TdR labels, it was fbund 
that the results were incompatible with the 
cell fusion hypothesis [see Fig. 5 (C and D)]. 
This shows that  the induction of EBV by 
MCF-7 is not due to heterokaryon or hybrid 
formation as has been reported by others tor 
other cell lines [9, 10]. 

Nyormoi 

The last question to be examined was 
where in the virus cycle or where in the host 
cell the inducing agent acts. The evidence 
presented here indicates that the inducing 
agent acts early in the virus cycle. For in- 
stance, in non-producer cell lines such as Raji 
and its derivative RO-bl the first antigen 
detected following cocuitivation with MCF-7 
is EA. This, of course, does not eliminate the 
possibility of early appearance of other virus 
antigens which were not examined in these 
experiments. The  da ta  also show that  the 
inducing agent does not affect the transition of 
the virus cycle from the EA to the VCA phase 
since in Raji and its derivative only EA is 
induced. This is a further confirmation of an 
early observation that al though the synthesis 
of VCA requires the synthesis of EA, its 
control appears to be independent  of that of  
EA [9]. Because of the lack of a suitable anti- 
serum ( E A * V C A - ) ,  it could not be deter- 
mined whether there is a difference between 
EA and VCA induction. Since no EBV in- 
fected persons are known to have EA+VCA - 
anti-serum, such a reagent could only be 
produced when purified EA becomes readily 
available. Whether  the inducing agent de- 
scribed herein acts on the cell surface, in the 
cytoplasm or nucleus is still unknown. It also 
remains to be elucidated whether this in- 
duction phenomenon is peculiar only to 
MCF-7. 
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