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SUMMARY. Dimethylsulfoxide, previously described as an inducer of cell
differentiation, induced Epstein-Barr viral DNA synthesis but inhibited host
cell DNA synthesis in an Epstein-Barr virus producer lymphoblastoid cell linme.
The viral DNA, whose synthesis was stimulated, was hypomethylated, in con-
trast to the cellular DNA, which was highly methylated and whose synthesis
was inhibited by dimethylsulfoxide treatment of the cells. No alteration of
DNA methylation patterns was observed in treated cells. Dimethylsulfoxide
therefore appeared to selectively stimulate synthesis of previously hypo-
methylated DNA while inhibiting synthesis of methylated DNA within this
virus—-producing cell line.

INTRODUCTION. We report here the effects of dimethylsulfoxide (DMSO) omn
the replication of the human herpes virus, Epstein-Barr (EBV), in a virus-
producing cell line. DMSO has been studied extensively for its medicinal
properties (1). It is also among several compounds that induce Friend ery-
throleukemic cells to differentiate into globin-producing cells (2). n-
Butyrate, also an inducer of differentiation of Friend cells, has recently
been shown to induce EBV antigen production in EBV producer cells (3). These
reports led us to investigate the possibility of similar effects of DMSO on
EBV synthesis in a virus producer cell line.

DNA in DMSO-treated globin-producing Friend cells has been shown to be-
hypomethylated (4). Methylation of DNA has been proposed as a control me-
chanism for DNA replication and transcription, with active DNA being hypo-
methylated (5). These hypotheses have been supported experimentally by the

observations that the DNAs of herpesvirus saimiri (6), adenovirus (7) and the

Abbreviations: DMSO, Dimethylsulfoxide; EBV, Epstein-Barr virus; PBS, phos-
phate-buffered saline; TPA, 12-O-tetradecanoylphorbol 13 acetate.
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proviruses of certain retroviruses (8) are hypomethylated in cells where they
are actively replicating, and methylated when inactive. Similarly, the DNA
of actively transcribed genes such as globin genes and early functions of

adenovirus have been reported to be hypomethylated (7,9).
Our results are consistent with previous findings on DNA methylatiom.

Although DMSO apparently does not alter the methylation pattern of viral or
cellular DNA in the HR-1 cells we find that the DNA which is stimulated to
replicate (viral DNA) is hypomethylated while the host cell DNA (whose syn-

thesis is inhibited) is highly methylated in comparison.

MATERIALS AND METHODS.
Cell Culture. The HR-1 EBV producer lymphoblastoid cell line was obtained
from M. Nonoyama. Cell cultures were kept at 35°C in a humidified 5% CO»
incubator and fed once a week 1:1 with fresh medium (RPMI 1640, 5% fetal calf
serum). DMSO (Malinckrodt, spectrophotometric grade) was added to experi-
mental cultures to a finmal concentration of 200 mM (1.4%) immediately after
feeding. The DNAs of experimental and control cell cultures were labelled by
the addition of [aH]thymidine (59 Ci/mmol, Schwarz/Mann) to a final concen~
tration of 1 uCi/ml 24 h after feeding. The cells were harvested 72 h after
feeding.
Cell DNA and Density Centrifugation. 1.7 x 10% cells were harvested for each
culture and the DNA was extracted by a modification of the procedure de-
scribed by Lindahl et al. (10). The cells were pelleted, washed three times
in phosphate-buffered saline (PBS) and resuspended in 5 ml of PBS, followed
by the addition of 0.5 volumes of Sarcosyl solution (3% Sarcosyl, 50 mM Tris,
20 mM EDTA). Preincubated pronase was added to a concentration of 1 mg/ml
and the solution incubated 2 h at 50°C. Additional pronase (1 mg) was added
at 2 intervals for 4 - 6 hours and the solution incubated overnight. CsCl
and- 10 mM Tris, 1 mM EDTA buffer were added to make a total of 30 ml of solu-
tion at a demsity of 1.718 g CsCl/ml. Centrifugation was performed in a
Sorvall OTD 50 ultracentrifuge at 27,000 rpm and 21°C for 96 h, using a Beck-
man 30 rotor. The gradients were collected in 500 pl fractions which were
assayed for trichloroacetic acid-precipitable [*#]) counts as previously de-
scribed (11). Those fractions of the initial gradients corresponding to the
putative viral DNA peaks were pooled and recentrifuged in 5 ml CsCl gradients
in a Sorvall OTD 50 ultracentrifuge at 33,000 rpm and 21°C for 20 h, using a
Sorvall TV 865 vertical rotor. The gradients were fractionated and assayed
as described above except 100 ul fractions were collected.
Restriction Enzyme Digests. Hind III (Bethesda Research Laboratories) di-
gests were performed in 20 wM Tris, pH 7.8, 10 mM MgCl,, 10 mM mercaptoetha-
nol, 50 mM NaCl and 100 pg/ml gelatin in a total volume of 100 ul for 3 h at
37°C. One pg of DNA was digested with 4 u of Hind III. Msp I and Hpa II
digests (New England Biolabs; 10 u per 1 ug EBV or 5 pg cellular DNA) were
performed in 20 mwM Tris, pH 7.8, 10 mM MgCls, 10 mM mercaptoethanol at 37°C
overnight. The digests were ethanol-precipitated by the addition of 0.1
volumes of 20% sodium acetate and 2.9 volumes of 957 ethanol, pelleted in a
microfuge for 10 minutes, washed in cold 70Z ethanol and resuspended in 20 ul
resuspension buffer (10 mM Tris Borate [pH 8.3], 0.25 mM EDTA, 0.025% bromo-
phenol blue, 107 glycerol). The samples were electrophoresed in agarose
horizontal slab gels in TBE buffer (100 mM Tris Borate [pH 8.3], 25 mM EDTA)
at 12.5 mamp for 18 h and stained with ethidium bromide (1 ug/ml).
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Fig. 1. Neutral CsCl density gradients of DNA extracted from HR-1 cells.

(A) Inictial CsCl density gradients (30 ml) were fractlonated and assayed for
acid-precipitable %% counts. HR-1 control (0—o), HR-1 DMSO-treated (o---0).
(B) Second CsCl density gradients, The DNA from the putative viral peaks

of the initial CsCl gradients was recentrifuged in 5 ml CsCl gradients in a
vertical rotor (see Materials and Methods for experimental details).

RESULTS. DNA was extracted from HR-1 EBV producer cells that had been
exposed to DMSO in culture or had been cultured as controls without the drug.
This DNA was sedimented in CsCl density gradiemts, because it has previously
been shown that the DNA of EBV has a higher GC content than does host cell
DNA and migrates to a position of greater density in neutral CsCl density
gradients (12,13). Two typical gradients representing the first round of
centrifugation (DNA from untreated and DMSO-treated cells) are shown super-
imposed in Fig. 1A. DNA from the peak of greater density in Fig. 1A repre-
sented the putative viral DNA and was further purified from host cell DNA by
a second round of CsCl centrifugation shown in Fig. 1B. There was as much as
a 5-fold increase in incorporation of [sH]thymidine into the peak of DNA of
viral density in DMSO cultures over the controls. In addition there was a
507 decrease in the amount of label incorporated into cellular DNAV(the less
dense peak) for DMSO-treated cells as compared to controls. This selective
stimulation of incorporation of [3H]thymidine into viral DNA concurrent with
a decrease in [sﬂ]thymidine incorporation into host cell DNA in a single
population of DMSO-treated cells indicated that DMSO was not working simply

by affecting levels of cellular thymidine pools.
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This increase in synthesis of DNA of viral density was due to an in-
crease in viral genomes and not an increase in high density host cell repeti-
tive sequences or highly defective viral genomes, as indicated by the results
in Fig. 2A. The DNA isolated from the portion of the CsCl gradient repre-
sented by the peak of greater demsity in Fig. 1B was digested with the re-—
striction endonuclease Hind III. The size distributions of Hind III restric-
tion fragments for DNA from both DMSO-treated and untreated HR-1 lymphocyte
host cells were very similar to each other and closely resembled Hind IIT di-
gestion patterns of viral DNA prepared in an identical manner from HR-1 cul-
tures treated with n-butyrate or the tumor promotor 12-0-tetradecanoylphorbol
13 acetate. TPA has been previously shown to stimulate EBV DNA synthe-
sis and viral production in EBV producer lymphocytes (14) (Fig. 2A, slots c
and d). This distribution of Hind III digestion fragments was also similar

to that previously reported for HR-1 virion DNA (15).
We observed no difference in cell viability between DMSO-treated cul-

tures and controls as measured by the trypan blue exclusion technique. After
72 h incubation of HR-1 cells with DMSO there was typically a 157 decrease in
cell density as compared to a 157 increase in non-treated controls. The
volume of cell culture harvested was adjusted such that the same number of
cells were harvested for DMSO~treated cultures as controls. The isolated
host cell DNA from untreated control [*H]thymidine-labeled cultures had a
specific activity 2.5 times greater than that of the DMSO-treated cultures.
The inhibition of cellular DNA replication is a well-documented effect of
DMSO and a similar lag in growth has been observed in the Friend erythroleu-
kemic cell system (16). Our observation that DMSO inhibits cellular DNA
replication is also consistent with the recent finding that inducers of
Friend cell differentiation inhibit lymphocyte mitogenesis at similar dos-

ages (17).
We compared the methylated state of viral DNA from DMSO-treated cultures

to that of untreated HR-1 cultures using the restriction enzymes Msp I and

Hpa I1. Hpa II, the isoschizomer of Msp I, cuts DNA at CCGG sites only if
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Fig. 2. Restriction enzyme digests of intracellular EB viral DNA. (A) The
Hind III digestion fragments were separated by electrophoresis in a 0.4%
agarose horizontal slab gel. Hind IIT fragments of: a) DNA from untreated
control culture taken from the major DNA peak of gradient shown in Fig. 1B;
b) DNA from DMSO-treated culture taken from major DNA peak of gradient shown
in Fig. 1B; c) DNA isolated in the same manner as that in slot b except 3 mM
n-butyrate was added to cell culture instead of DMSO; d) DNA isolated in the
same manner as that in slot b except 10~° M TPA was added to cell cultures
instead of DMSO. Molecular weights (kilobases) are based on coelectrophor-
esed Hind III fragments of DNA. (B) EB viral DNA and HR-1 cellular DNA
were digested with Msp I or Hpa II restriction endonuclease. The DNA frag-
ments were separated by electrophoresis im a 1.07% agarose horizontal slab
gel. EB viral DNA from untreated HR-1 cultures digested with a) Msp I and
b) Hpa II; EB viral DNA from DMSO (200 mM)-treated cultures digested with

c) Msp I and d) Hpa II; HR-1 cell DNA from untreated cell cultures digested
with e) Msp I and f) Hpa II; HR-1 cell DNA from DMSO (200 mM)-treated cul-
tures digested with g) Msp 1 and h) Hpa II,

the internal C is not methylated, while Msp I cuts at this sequence irrespec-

tive of DNA methylation (18,19). Fig. 2B shows that the Msp I and Hpa II

restriction patterns obtained are similar whether viral DNA is from DMSO-
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treated or untreated cells. Thus productively replicating viral DNA obtained
from HR-1 producer cells is hypomethylated at CCGG sites regardless of stimu-
lation of viral synthesis by DMSO. The host cell DNA from DMSO-treated and
untreated control cultures is in contrast highly methylated since it is cut
by Msp I but is resistant to Hpa II digestion, as shown in Fig. 2B slots e -

h.

DISCUSSION. We observed that incorporation of [°H]thymidine into EB
viral DNA in transformed lymphocytes was stimulated by treatment of the cells
with DMSO while inmcorporation of label into host cell DNA was inhibited, in-
dicating that the processes of viral and cellular DNA synthesis in these cell
populations were independent. These data were consistent with previous find-
ings in another viral system, namely that DMSO induced Friend leukemic viral
replication in certain subclones of Friend cells (20). Our data show that
productively replicating EBV DNA in the control cell population is hypomethy-
lated while the cellular DNA is highly methylated, at least at CCGG sequences.
One explanation for our data is that DMSO is selectively inducing synthesis
of previously hypomethylated populations of DNA within these cells while
inhibiting the synthesis of previously methylated DNA populations. Hypo-
methylation may be a common feature of the DNA that is preferentially
replicated or transcribed as a result of DMSO induction. Further examination
of the effects of DMSO and other inducers of differentiation on EBV-infected
human lymphoblastoid cells will be useful in studying the relationships be-

tween viral production, DNA methylation and transformation.
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