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ABSTRACT

Phorbol esters and n-butyrate (SB) together could induce Epstein-
Barr virus (EBV) DNA polymerase and DNase activities in Raji cells
(virus nonproducer). Neither 12-O-tetradecanoylphorbol-13-acetate
(TPA) nor SB alone could induce these EBV enzyme activities, transcrip
tion of the I aiKl C-region or other EBV proteins in Raji cells. The
enzyme induction caused by exposure of Raji cells to TPA-SB was the
result of the synthesis of virus-specified RNA, and the increase of linear
EBV DNA content in Raji cells caused by TPA alone was not sufficient
for induction of EBV-enzyme activities. Temporal characteristics of the
TPA-SB induction process, but not the phorbol 12,13-dibutyrate-SB
induction process, in Raji cells were observed; a critical phase (10-24 h)
postphorbol ester treatment in phorbol 12,13-dibutyrate-SB-treated Raji
cells which was responsible for the synthesis of virus RNA and enzymes
was found. Phospholipase C, which increases intracellular diacylglycerols
(and subsequently activates protein kinase C) was able to partially
substitute for TPA in the TPA-SB induction for EBV polymerase and
DNase activities. Sphingosine, a protein kinase C inhibitor, partially
prevented the induction of virus enzyme activities in Raji cells treated
with phorbol 12,13-dibutyrate and SB. No apparent changes in the
methylation state of EBV DNA (EcoRl C region) were observed when
Raji cells were treated with SB and TPA, alone or in combination. These
results suggest that induction of EBV polymerase and DNase activities
by TPA-SB may involve protein kinase C activation and another factor
triggered by SB which together increase transcription of EBV DNA.

INTRODUCTION

NPC5 has a close association with EBV, a DNA Herpesvirus.

This association is based on several studies which demonstrated
the presence of EBV DNA (1-3), RNA (4), and proteins (5-7)
in NPC biopsy material. Furthermore, antibodies to several
EBV-specified proteins have been detected in sera from NPC
patients (8-17). Serum levels of antibodies to EBV-DNase (14,
15) and EBV-DNA POL (17) have been reported to occur with
high titer and frequency in NPC patients; these titers are
currently being evaluated for their diagnostic/prognostic poten
tial. One of the major problems in pursuing these studies has
been the lack of a good source of the virus-specified enzymes.
Recently, the efficient induction of EBV DNase (17-19) and
EBV POL (17, 20) in Raji cells, an EBV genome carrying
Burkitt's lymphoma cell line (virus nonproducer), treated with

TPA and SB was reported. This virus induction system could
serve as a source of EBV enzymes. More importantly, this
model may offer the opportunity to study the mechanisms
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involved in the activation of latent viruses, which could have
relevance to the understanding of the human virus-host rela
tionship (21). Furthermore, since TPA has been demonstrated
to activate other cancer-associated viruses such as papilloma
virus (22) and mouse mammary tumor virus (23), this points to
the possibility of a common mechanism(s) in the latent virus
induction process and may be important in understanding the
biology of virus-associated tumors. In order to explore such
possibilities, it is important to first characterize the mode of
interaction of TPA and SB in the induction of virus proteins,
DNA, and RNA in this latent EBV virus Raji cell system, which
is presently not clear. This manuscript describes some findings
of our studies.

MATERIALS AND METHODS

Materials

TPA, SB, PDB, actinomycin D, and goat-anti-human IgG (horserad
ish peroxidase conjugated) were purchased from Sigma Chemical Co.,
St. Louis, MO. [Â«-"PJdCTP was purchased from ICN Co., Irvine, CA.

Nitrocellulose was from Schleicher and Schuell, Keene, NH. The
restriction enzymes, Hpall, Mspl, and Hhal, and the nick translation
kit were purchased from BRL, Bethesda, MD. DHPG was a gift from
Syntex Co., Palo Alto, CA.

Cells

Raji cells were cultured in RPMI 1640 medium supplemented with
10% fetal bovine serum and 100 /jg/ml kanamycin. They were main
tained in a humidified atmosphere of 5% CO2 at 37*C.

Induction

The induction of EBV-specified enzymes was performed by suspend
ing Raji cells at a density of 5 x 10' ceils/ml and incubating for the
times indicated at 37Â°Cin the presence of 4 mM SB and 50 nM TPA.

In other experiments, the first agent was removed by centrifuging the
cells at 2000 rpm for 5 min. The cells were then resuspended in the
same volume of fresh media, transferred to a new culture flask, and the
second agent was either added immediately or at the indicated times.
The cells were then incubated for 48 h following the addition of the
second agent.

Preparation of Cell Extracts and Enzyme Assays

At indicated times 10" cells were pelleted by centrifugation, (2000
rpm for 5 min at 4Â°C),washed with cold phosphate buffered saline (124

HIMNaCl-2.4 mM KCI-7.3 mM Na2HPO4-1.3 mM KH2PO4), and re-
suspended in 1 ml of extraction buffer (40 HIMTris-HCI, pH 7.5-2 mM
MgClj-0.3 mM KCl-20% glycerol-5 mM /3-mercaptoethanol-0.7 mM
phenylmethylsulfonyl fluoride). The cells were then disrupted by freeze-
thawing the samples three times in an ethanol/dry ice bath, and cell
debris was removed by centrifugation for 5 min in a Beckman micro-
fuge. In our hands, it was found that freeze-thawing, as opposed to
sonication, resulted in crude enzyme preparations with higher specific
activities than previously reported (17); thus, all extracts were prepared
in this fashion. The supernatant was then used to determine the EBV
DNA POL (16) and DNase (14) levels as previously described. All
enzyme assays were performed in duplicate from two to three separate
experiments. The protein concentration of each sample was determined
using the Bio-Rad protein assay.
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DNA Agarose Gel Electrophoresis (in Situ)

Sample Preparation. Cells (2 x IO6)were pelleted by centrifugation,

washed with phosphate buffered saline, and resuspended in 70 n\ of
sample buffer (Ix) TBE-15% Ficoll-2 Kunitz units RNase 1A-0.01%
bromphenol blue). The samples were incubated at room temperature
for 30 min before loading onto a horizontal discontinuous agarose slab
gel.

Gel Preparation. The agarose gel was prepared as previously de
scribed by Gardella et al. (24) with some modifications. The horizontal
gels were prepared in three steps. The body of the gel was prepared
using 0.7% agarose in Ix TBE with a 1.4- x 19- x 4 (height)-cm
Plexiglas bar placed in the tray to extend from the wells into the body
of the gel. When the gel solidified, the Plexiglas was carefully removed
and replaced with a 0.7- x 19- x 4 (height)-cm Plexiglas bar in the well
area. The open area of the gel was then filled with 0.8% agarose in Ix
TBE, 2% sodium dodecyl sulfate, and l mg/ml proteinase K. When
this area was solidified, the Plexiglas bar was carefully removed and
replaced with a 2-mm 10-well comb. The wells were then formed using
0.5% agarose in Ix TBE, 2% sodium dodecyl sulfate, and l mg/ml
proteinase K. The samples were left undisturbed in the wells of the
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Fig. 1. Time-dependent induction of EBV POL and DNase activities in Raji
cells. Cells were induced by simultaneous exposure for 48 h to SB (4 m\o and
either TPA (50 nM) or PDB (100 HM). U, units.
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Fig. 2. Effects of SB (4 mm), TPA (50 nM). and SB plus TPA exposure (48

h) on EBV DNA forms and transcription in Raji cells. Circular and linear EBV
DNA content were analyzed by an in situ electrophoretic procedure (see "Mate
rials and Methods") followed by transfer to nitrocellulose and hybridization to

the Huin\i\ V fragment of EBV DNA. EBV transcription was monitored using
Northern blot procedures and hybridization to the EcoRl C fragment of EBV
DNA (see "Materials and Methods"). Kb, kilobase.
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agarose gel for 30 min at 4"C, and then gels were run at 0.4 V/cm for

3 h followed by 3 V/cm for 48 h. Southern blotting and hybridization
were performed as described below.

Nucleic Acid Extraction, Electrophoresis, Blotting, and Hybridization

DNA. High-molecular-weight DNA was extracted from TPA-SB-
treated cells by proteinase K treatment, phenol-chloroform extraction,
and RNase treatment as described previously (25). For analysis of DNA
methylation, 10 Mgof DNA were digested with either Hpall, Mspl, or
HhuÃ(5 units//zg DNA) according to the manufacturer's instructions.

In order to assess complete digestion of DNA under these conditions,
a 2-fold excess of restriction enzyme was also used. Digested DNA was
fractionated on 0.6% agarose gels with Himl(\\ digested Aphage DNA
as molecular weight markers. The methods of Southern blotting trans
fer (26) and hybridization with nick-translated DNA probes were per
formed as described elsewhere (27).

RNA. Total cellular RNA from Raji cells was prepared as described
previously (28). RNA was fractionated on horizontal 1% agarose gels
in the presence of 1% formaldehyde as described previously (29), and
then transferred to nitrocellulose (30). Hybridization of RNA on nitro
cellulose was performed as described previously (27).

RESULTS

Induction of EBV Proteins in Raji Cells. The time-dependent
induction of EBV POL and DNase activities in Raji cells treated
with TPA (50 nM) and SB (4 HIM)or PDB (100 HM)and SB (4
HIM)is shown in Fig. 1; treatment of Raji cells with any of the
agents alone did not result in induction of these enzyme activ
ities (Fig 6). The optimal time for both EBV POL and DNase
induction was 48 h post-TPA-SB addition and 36-48 h post-
PDB-SB addition (Fig. 1); examination of the dose response of
TPA and SB revealed that at 50 HM TPA and 4 HIM SB,
maximal induction of these enzyme activities had occurred; for
PDB and SB, the maximal inductions occurred at 100 nM PDB
(not shown). Thus, experiments were conducted at 48 h using
50 HM TPA or 100 HM PDB, and 4 mM SB unless otherwise
specified. The EBV POL and DNase activities induced in these
cells could be neutralized by pooled serum from NPC patients
(data not shown).

Effect of TPA-SB on EBV DNA and EBV DNA Transcrip
tions. The majority of EBV DNA in nonproducer, latently
infected Raji cells exists in an episomal covalently closed cir
cular form while the linear form is generally associated with a
virus-producer status [e.g., P3HR-1 cells (for a review, see Ref.
31)]. A modification of the electrophoretic procedure described
by Gardella et al. (24), which minimized trapping of EBV DNA
and maximized retention of host chromosomal DNA (see "Ma
terials and Methods") was used to examine the effect of TPA-

SB on circular and linear forms of EBV DNA in cells. No
effects on EBV DNA content were observed in SB-treated cells,
whereas significant increases in the linear EBV DNA content
of TPA- and TPA-SB-treated Raji cells were demonstrated
(Fig. 2, top). The results (DNA) shown in Fig. 2 were derived
using the BamHl V fragment of EBV DNA as a probe; similar
results were obtained using the EcoRl C EBV DNA fragment
(data not shown). Transcription of the EBV genome was ex
amined using the EcoRl C fragment of EBV DNA since a
portion of this DNA region codes for the putative EBV POL
gene (32). As shown in Fig. 2 (bottom) significant induction of
EBV RNA detected with this probe occurred in Raji cells
treated with TPA and SB but not in cells treated with either
agent alone. The major transcript detected was a 2.8-kilobase
mRNA; a transcript of similar size was detected using this
probe in the producer line, P3HR-1 (data not shown). The
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transcript size is similar to that reported by others (33) in which
EcoRl C was used to probe a subclone of the producer P3J-

IIK I cell line.
Although an increase in EBV RNA transcripts correlated

with induction of EBV POL and DNase activities in Raji cells
(Fig. 2), it was possible that translation of preexisting but
undetectable mRNA could still account for this observation.
Thus, we examined whether RNA synthesis was required for
the TPA-SB mediated induction of the EBV enzyme activities.
Using the EcoRl C fragment of EBV DNA as a probe, it was
observed that between 24 and 48 h post-TPA-SB-addition, there
was approximately an 11-fold increase in the level of mRNA
(as measured by densitometric scanning); during this period,
there were 10- and 5-fold increases in EBV DNA POL and
DNase activities, respectively (Fig. 3). When actinomycin D
was added to the culture media at 24 h post-TPA-SB treatment,
a slight decrease in the mRNA level and in enzyme activities
was observed at 48 h. Thus, RNA synthesis is required for the
continual induction of EBV POL and DNase activities, and the
induced mRNA species is relatively unstable.

Temporal Characteristics of EBV Enzyme Induction. In order
to better understand the mode of interaction of SB and TPA in
Raji cells, the duration of exposure of cells to these agents was
varied. When Raji cells were exposed first to SB (4 HIM)for 2
h and then to TPA (50 nM) for 48 h no induction of EBV
DNase or POL activities over control levels was observed (data
not shown). If, however, Raji cells were exposed to TPA first
(2,5, 12, and 24 h) followed by SB (48 h), EBV enzyme activity
levels comparable to those induced in cells treated simultane
ously with both agents for 48 h were observed (Fig. 4, . I and
B), although when treated first with TPA for 48 h followed by
SB for an additional 48 h, no induction of EBV POL or DNase
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Fig. 3. Effects of actinomycin (1er) D (10 Â»ig/ml)on induction of EBV POL

(O), DNase (A), and transcripts in Raji cells treated with SB-TPA. Â¡.time at
which actinomycin D was added to culture media, -, -, -, - enzyme activities
measured in extracts from cells treated with actinomycin D; . control (in
duced) activities. The EcoRl C fragment of EBV DNA was used as a probe for
RNA. Kb. kilobase: {/, units.
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Fig. 4. Temporal characteristics of EBV POL I.I and C) and DNase (B and
D) induction in Raji cells treated with TPA (.I and B) or PDB (C and D) for
different times followed by a 48-h exposure to SB. For reference, the enzyme
activities resulting from simultaneous exposure of cells to SB and either TPA or
PDB for 48 h are shown lu). C, control, untreated cells; U, units.
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Fig. 5. Critical phase of EBV POL (Pol) and DNase induction in Raji cells
treated with PDB (100 n.\i) and SB (4 HIM).Cells were exposed to PDB for the
times shown on the abscissa in the continual presence of SB. At the indicated
times, cells were removed from the flasks and resuspended in fresh culture media
containing only SB. Cells were harvested 48 h after the initial exposure to SB for
determination of enzyme activities. 17,units.

activities was observed in Raji cells (data not shown). Since
TPA is known to possess lipophilic properties and is not easily
removed from cells, it was important to determine if the ob
served sequential induction of these EBV enzyme activities by
TPA and SB could be substantiated using a hydrophilic phorbol
ester. As shown in Fig. 4, simultaneous treatment of Raji cells
for 48 h with PDB and SB (Fig. 4, C and D) resulted in levels
of EBV POL and DNase activities comparable to those in cells
treated in the same manner with TPA and SB. However,
sequential treatment of Raji cells first with PDB (2, 5, 12, and
24 h) followed by SB (48 h) resulted in enzyme levels signifi
cantly less than those treated with TPA and SB in a similar
fashion (Fig. 4, C and D). Thus, a prolonged effect of phorbol
esters inside cells is apparently required for induction of EBV
POL and DNase activities.

Although a prolonged intracellular effect of phorbol was
required for enzyme induction, it was possible that a "critical
commitment phase" of this effect(s) existed. To examine this,

Raji cells were treated with PDB for different periods of time
(2, 5, 10, 24, 36, and 48 h), in the continual presence of SB. As
shown in Fig. 5, the commitment of cells in the induction of
enzyme activities occurred between 10 and 24 h of PDB treat
ment.

Substitution of TPA by Protein Kinase C-type Activators. It
has been suggested that the cellular receptor for TPA is a Ca2+-
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dependent PKC (34, 35). Tumor-promoting phorbol esters
including TPA and PDB have been shown to activate PKC
directly in vitro (36). Furthermore, phospholipase C has been
shown to activate PKC in cell culture systems (37). Thus, the
possibility that PKC activators could substitute for TPA in the
TPA-SB induction of EBV POL and DNase in Raji cells was
examined. As shown in Fig. 6, PDB was as effective as TPA at
equimolar concentrations in the TPA-SB-induction of EBV
POL and DNase activities. Phospholipase C, which increases
intracellular diacylglycerols (and subsequently activates PKC),
but not the synthetic diacylglycerol, 1-oleoyl-2-acetylglycerol
(OAG; 50 Mg/ml for 72 h) or the calcium ionophore, A23187
( 100 nM or 1 //M for 48 h) was able to partially substitute for
TPA (i.e., approximately 40 and 60% for POL and DNase,
respectively) in this induction process. None of the agents alone
was capable of inducing EBV enzyme activities.

Inhibition of EBV POL and DNase Activities by Sphingosine.
Recently, the discovery of an inhibitor of protein kinase C was
reported (38). The inhibitor, sphingosine, was therefore exam
ined for its ability to prevent the induction of EBV POL and
DNase activities in the Raji cell system. As shown in Table 1,
sphingosine inhibited PDB-SB-induced enzyme activities and
was dependent on the concentration of PDB used for the
induction; at lower PDB concentrations (e.g., 2.5 nM PDB), 5
f/Msphingosine inhibited approximately 80% of the EBV DNA
POL and DNase activities. The toxicity of sphingosine toward
Raji cells at these concentrations was no more than that ob
served for cells treated with PDB and SB in the absence of
sphingosine.

Effect of TPA-SB on the Methylation State of EBV DNA.
TPA-SB have been implicated as effectors of change in the
methylation state of EBV and chromosomal DNA (39-41). We
examined the methylation state of EBV DNA as a function of
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Fig. 6. Ability of PKC-type activators to substitute for TPA in the TPA-SB
induction of EBV enzyme activities. Treatment conditions were: /, untreated Raji
cells; 2, SB; 3, TPA; 4, TPA plus SB; 5, PDB; 6, PDB plus SB; 7, phospholipase
C; A',phospholipase C plus SB. Exposure of Raji cells to all agents was for 48 h.
Final concentrations of each agent in culture media were TPA (50 nM), PDB (50
nM), SB (4 mM), and phospholipase C [5 units (U)/ml\. EBV POL (Pol) (D) and
DNase iÂ¡Â¡)activities were measured in extracts as described in "Materials and
Methods."

Table 1 Effect of sphingosine on EBV POL and DNase activities in Raji cells
treated with PDB and SB

Induction of enzyme activities in Raji cells was for 48 h; data presented are
representative results from two experiments.

PDB(nM)0100

25
2.5

100
25

2.5Sphingosine

(MM)5

5
5(units/mg)DNA-POL12.4

1444.0
1196.9

108.9
929.0
770.0

17.0DNase013.0

10.3
2.6
8.9
8.1
0.6

TPA-SB treatment using differential digestion of DNA by
restriction enzymes (see "Materials and Methods"). The rep

resentative results from one of three experiments using the
EcoRl C fragment of EBV DNA as a probe are shown in Fig.
7. The patterns of hybridization of EcoRl C with RNA from
untreated Raji cells that had been digested with either Hpall,
Mspl, or Hhal suggest that this DNA region is not exclusively
hyper- or hypomethylated. Also, after treatment of Raji cells

for 48 h with SB, TPA, or SB plus TPA, no apparent changes
in the methylation pattern were observed. Similar results were
obtained when restriction enzymes were used in 2-fold excess
to ensure complete digestion of DNA. No changes in the
methylation pattern of EBV DNA from Raji cells treated for
24 h with these agents were observed. Thus, transcription from
this region of DNA in TPA-SB-treated Raji cells clearly occurs
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Fig. 7. Effect of SB, TPA, and SB plus TPA on EBV DNA methylation. Ten
iig of high-molecular-weight DNA isolated from cells treated for 48 h with the
indicated agents was digested with either Hpall, Mspl, or Hhal. The DNA
sequence recognized by these restriction enzymes is shown. After electrophoresis
of the digested DNA and transfer to nitrocellulose, the blots were hybridized with
the EcoRl C fragment of EBV DNA. The molecular weights, in kilobases (Kb),
of fragments generated by Hindlll cleavage of X DNA are given for reference. C,
control, untreated cells.
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(Fig. 2), but no accompanying change in methylation state is
apparent.

DISCUSSION

In Raji cells, the EBV DNA is in both circular and linear
forms, with circular being predominant. Upon TPA treatment,
in spite of an increase in the linear form of EBV DNA, no EBV
DNA POL or DNase activities were observed. Thus, induction
of EBV linear DNA does not appear to require the participation
of these enzyme activities. Furthermore, we did not observe any
effects of the viral DNA-POL inhibitors, phosphonoformic
acid, and DHPG on TPA-SB-mediated induction of EBV cir
cular or linear EBV DNA.6 Similar conclusions were made by

others in studies in which EBV genome content of Raji cells
was measured as a function of phosphonoacetic acid (42) or
DHPG and Acyclovir (43, 44) treatment. It appears that the
host DNA synthesis apparatus is responsible for the EBV DNA
synthesis in these cells. Studies are underway to determine
which host DNA polymerases are involved in replicating the
EBV DNA forms.

The synergistic interaction of phorbol esters and SB in the
activation of certain EBV genes in the Raji cell line, a latently
infected, virus nonproducer, was clearly demonstrated. This
observation is consistent with those made by others (18-20).
Such an interaction is also applicable to one other latent virus
system.6

The temporal characteristics of phorbol esters and SB in
inducing EBV enzymes were not examined in the past and
could lend insight into mechanisms involved in the inductive
process. Our results suggest that a prolonged intracellular effect
of phorbol esters is required for TPA-SB-mediated enzyme
induction (Fig. 4). The superiority of shorter TPA exposure to
longer ones in inducing the EBV enzymes may relate to toxicity
of TPA (Fig. 4). This also could explain why 48-h exposure to
TPA followed by SB could not induce virus enzymes in Raji
cells. The critical period of Raji cells in terms of commitment
to the synthesis of virus enzymes occurred approximately 10-
24 h postphorbol ester treatment (Fig. 5), whereas the synthesis
of virus RNA and enzymes predominantly occurred between 24
and 36 h posttreatment. When the experiment was performed
in the continuous presence of PDB but with varied time of
exposure to SB, the same critical commitment period (i.e., 10-
24 h post-SB treatment) was observed (data not shown). Using
NPC serum as a probe for EBV proteins, it was found that
other immunologically detectable EBV proteins were also in
duced in parallel with enzyme induction (data not shown). SB
has been found to delay entry of the cell into the S-phase in
one cell system (45) and to inhibit proliferation of other types
of cells in GÃ¬and Ga (46, 47). The critical commitment phase
for cells in inducing these virus proteins by phorbol esters and
SB does not appear to be related to their effects on cell cycle
progression since a gradual increment of enzyme induction by
TPA-SB treatment was not observed.

The putative cellular receptor for phorbol esters was sug
gested to be PKC (34, 35). Activation of PKC could elicit a
multitude of cellular effects, among which is included the
phosphorylation of at least 45 protein substrates (for a review,
see Ref. 48). The results described in this manuscript suggest
that induction of EBV enzyme activities by phorbol esters and
SB in Raji cells also involves PKC activation. We are currently
evaluating the changes in the phosphorylation pattern of pro
teins in Raji cells following TPA-SB exposure.

' Unpublished results.

During the course of these studies, it was reported that
EA(D), as detected by the indirect immunofluoresence method,
was induced in Raji cells treated with either TPA, the calcium
ionophore, A23187, or the synthetic diacylglycerol, OAG (49).
Under similar treatment conditions, we did not detect induction
of EA(D) in Raji cells with the immunoblot (Western) method
using a monoclonal antibody to EA(D). Furthermore, the in
duction of EBV POL and DNase activities or other immuno
logically detectable EBV proteins (using pooled NPC serum as
an antibody source) was not observed under these conditions.
This discrepancy could relate to differences in the immunolog-
ical methodologies used and/or the rapid cellular metabolism
of OAG. In addition, differences in the clones of Raji cells used
could confuse this issue.

It has been suggested that changes in the methylation state
of DNA may be associated with alterations in gene expression
(for a review, see Ref. 50). SB treatment of cells has been
reported to result in both hypo- and hypermethylated DNA
(39-41). We examined the methylation state of EBV DNA in
Raji cells and as a function of TPA-SB treatment and found
that EBV DNA of Raji cells is neither hyper- nor hypomethyl-
ated (Fig. 7). Furthermore, no change in the methylation pat
tern of EBV DNA was observed after treatment with either SB,
TPA, or their combination. Thus, transcriptional activation of
EBV DNA mediated through an alteration in its methylation
state is not likely. Other effects of SB, such as alterations in
the acetylation state of histones (51, 52), could be involved in
this process. Since the effect of TPA in the inductive process
may be activation of PKC and that of SB on protein acetylation,
it is possible that the mechanism of induction by these agents
could involve an activation-derepression scheme. Specifically,
TPA could provide an "activator" effect on the EBV genome

through PKC, and SB could repress normally present host/
viral control mechanisms through, for example, protein acety
lation; this hypothesis requires further investigation.

The possible use of this Raji cell system as a model system
for evaluation of compounds capable of eliminating the viral
genome from or preventing EBV transcription in infected cells
and in studies of extrachromosomal DNA replication should
be entertained. Furthermore, since TPA is a tumor promoter,
this system may also provide a framework for studies on the
promotion phases of xenobiotic-mediated carcinogenesis,
which was previously alluded to by others (53) using EA(D)
induction as a probe for studies of the possible association of
virus activation with this carcinogenic process, and for evalua
tion of anti-promoter substances.
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