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THE EFFECT OF RIFAMPICIN, AND TWO DERIVATIVES, ON CELLS

INFECTED WITH MOLONEY SARCOMA VIRUS

Melvin Calvin,'Urs R. Joss, Adeline J. Hackett and Robert B. Owens
Laboratory of Chemical Biodynamics and Naval Biomedica: ‘

Research Laboratory, University of Ca]ifbrni&, Berkeley

S Summary

It is shown that rifampicin, and especially its retative
‘ dimethy?-N-benzyT~N4desmethyT rifampicin, can inhibit focus
formation by Moloney sarcoma virus on BALB/3T3 tissue cul-
tures. At a dose level of 10 ug/ml DMB appears to totally
inhibit focus formation while reducing virus replication

by at least a factor of fifty and cell proliferation by

only a factor of three. These observations, taken to-
gether wfth those of others, suggest a role for the

hybrid RNA-DNA dependent DNA polymerase and the gene

for its synthesis both in normal cell processes and in the

transformation process.
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Rifamycin and its derivatives are a group of antibiotics
which have been developed, particularly for use against
mycobaéterium, and the mode of action involves the bac-
terial RNA polymerase (1). Following the discovery that
these drugs could also inhibit the replication of certain
viruseé, particularly adenovirus and vaccinia (2,3,4), it
‘became of interest to explore the extent and possibly deter-

mine ﬁhe nature of this antiviral acti&ity. Toward this
end, we obtained some samples of these materials in April
of 2975% whosa Sfructures are shown in Fiaure 1.

’ Therekfo]?owed the discovery of the RNA-dependent DNA
polymerase in oncogenic RNA virus by Temin (5) and Balti-
more (6). An extensive discussion ensued about the dis-
tribution of this enzyme (particularly in virions and in
cells from a variety of tumors) and the inhibition of the
enzyme by some of the same antibioticvderivatives (7-10).

It thus became clear that the possibility was real
that one or more of these rifamycin derivatives could
inhibit the transformation of cells from the normal into

the neoplastic state. We therefore undertook immediately

to determine whether or notsuch a tranéformation could
be affected by some - of the derivatives which we had

available.

* . The samples of rifamycin and its derivatives were kindly
supplied by Drs. P. Sensi and G. Lancini of Gruppo
Lepetit, Milan, Italy

Abbreviations used: R - rifampicing; DMB~dimethy7~N~benzyI—N-
desmethyl rifampicin; Rz-rifazine; MSV-murine sarcoma virus
(Moloney)
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Such a possibility had already been suggested by the
experiments of Diggelmann and Weissmann (11) in which Rous
sarcoma virus traanormation of chick fibroblast monoclayers
had been inhibited by rifampicin at a level of 60 ,g/ml.

The evideﬁce of Green, presented at the Paris meeting on
oncogenic viruses in November 1970, suggested that some

of the derivatives of rifamycin might be move effective (9).
We were interested‘not‘only in the possibility of prevent-
ing the transformation, but, ultimately, of affecting the

transformed cells as well.

MATERIALS AND METHODS

Ce]]'Cu1tures

BALB/3T3 cells were_kind1y sent to us by R. Gilden,

Flow Laboratories, Inc., Rockville, Md. Cultures were

grown in 250 ml plastic flasks in growth medium (GM) con-
sistinquf Eagles minimal essential medium with 10% fetal
bovine serum. Cell counts were made with a Coulter counter
after suspending the cells with’trypsinwversene and dilut-
ing in GM.

Virus Stock

’Moloney murine sarcoma virus (MSV) was obtained from
J; Moloney, Nationa] Institutes of Health, as a tumor homo-
genéte. It has been passaged four times in a Swiss-derived
high passage mouse embryo cell line and assayed for focus-

forming units (FFU) in BALB/3T3 cells. The virus pool used in

those experiments titered 8.5 x 106 FFU/m1.




Assay of MSV

i

A modification of the method described by Hart]ey and

Rowe (12) was used for the focus assay.

6

Flasks were seeded with 1=2 x 107 cells in 25 ml of

GM and incubated at 37°C for 24 hr. Following the removal

of fluids, virus was introduced iﬁ 0.5 ml of GM and allow-
"ed to adsorb on the monolayer for 90 min at 37°C. Twenty-
five ml of GM was then added and the cultures returned to
the incubator. After 3 days the cultures were fluid-changed,
and foci of transformed cells counted at day 7.

The antibiotics were dissolved in dimethylsulfoxide at

1 mg/ml.

RESULTS AND DISCUSSION

Qur first exploratory experiments defined the concen-

tration region of useful activity of the drugs in the tissue

cultures. Levels of drug above 20 ug/ml, particularly of
DMB, produced grossly visible toxic effécﬁs. It was noted
in the preliminary observations that levels df 10 pg/ml

of DMB seemed to have a profdund effect on cells which

had been transformed by Moloney sarcoma virus, by induc-
ing thém to form syncytia to a degree not observed either
with nontransformed cells br in the transformed cells with-
out the drug. This observation is being explored further.
Having defined the levels of drug usefulness, we then pro-

ceeded with the transformation experiment.
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The results of one experiment are shown in Table 1.

It is quite clear that the DVB conpound 1s & potuni n-
hibitor of’the transformation process at 10 ug/ml. Mo

foci were visibie even though the control shows over

1000 foci/flask. It is also clear that the drug exhibits
a slight inhibition of focus formation as well as some
inhibitian of virus replication. A more explicit and
brdadér'experiment was then performed, using a single

dose df drug at a concentration of 10 uwg/ml, the results
of which are shown in Table 2. Here it is again quite
clear that the most potent drug we have so far studied

{s the’DMB compound which totally 1inhibits focus forma-
tion at 10 ug/ml. That not all RNA viruses are subject

to this inhibition is demonstrated by the fact that
vesicular stomatitis virus, which is not oncogenic but
cytolytic and does not carry the R-DNA dependent DNA
polymerase (13), is in no way affected by this drug in

its ability to replicate on BALB/3T3 cell tissue culture,.
A 48 hr control showed 1.9 x 108 plaque forming units/ml
(PFU), while the systemvcontaining 10 pg/ml of DMB showed
2.2 x 10% PFU/mI.
[t is also important to note that cell proliferation
~itself is somewhat inhibited at this level, although only
of the order of Sixty percent. It is unlikely that a net

increase in cell number occurred during the 24 hour period

between seeding (14) and introduction of the drug. The



Table 1
Inhibition of focus formation and MSV replication by rifampicin

and its dimethylbenzyl derivative

Group Virus yield per FFU per % FFU of
, flask x 104 flask control
,Antibidtic ug/ml (FFU)
None ' 308 . 1215 100
R : 5 : 401 1490 120
| 10 | 141 | 683 56
DMB 5 | 11 | 240 20
10 .09 0o <1

BALB/3T3 cultures, seeded with 1x106,ce11s 24 hr previously
were ihfected with abproximately 1200 FFU/flask. Following

a 90 min adsorption period, freshly prepared rifampicin (R)
or DMB were added at 5 and 10 ug/m1l in GM. At 3 days post-
inoculation, the cultures were fluid-changed with the’same
medium. Foci appearing in the cultures at day 6 were counted
and expressed as FFU/flask. In addition, the Supernatant
fiuid’wa$ assayed’for the yie]d of in%ectious virus. The

figures are an average of 2 flasks per group.

* ¥hile we saw no identifiable foci, ther2 may have been

© teo small to recoanize.
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Table 2

Effect of rifampicin and two of its derivatives on cellular and

viral rep]itatian in BALB/3T3 cells infected with Moloney sarcoma

virus
No. of cells § Yield MSV
per flask| % of FFU per|% FFU of | (F’iu)
Group (x 106) control flask |control 'per flask per cell
(x 10%) |
Uninfected
control 9.9 100 - - -
Infected
control 8.4 100 446 100 | 53 .06
|
, ]
R 5.9 60 - - -
R & MSV : 6.4 76 207 L5 10 015
Rz : 6.3 63 -~ .- -
Rz & MSV ‘ 5.8 - 69 332 75 69 0.1
DMB ' 3.1 32 - - -
DMB & MSV | 3.5 46 0" <1 1 .003

The same procedure as described in Table 1 was utilized to infect
BALB/3T3 cultures with an estimated dose of 500 FFU of MSV. The
antibiotics were added to the growth'media (including fluid change)
at a final concentration of 10 pg/ml. FFU were counted, the super-
natant fluid was assayed for yield of infectious virus, and the
number of cells per flask was counted at day 7. These data are
from the last of 8 separate experiments conducted. While the
figures varied between experiments, the data have followed a
consistent pattern.

* See Table 1.



three-fold increase in cell numbered measured at day 7
probably occurred after introduction of the druag and this .
is supborted,by the fact that 104 FFU were produced 1in
these cuitures. Whether the inhibitory action of DMB on
focus formation and production of infectious virus 1is
so1e?y a function of the reduced number of cellular divi-
sions is not yet clear. Since cell number has increased
thhee~f01d, éven in the presence of the strongest focus
inhibiter (DMB) while focus formation has apparently been
totally inhibited, it wou}d appear that this is not the
case. Since the drug was added only 24 hours after initial
seeding, this three-fold multiplication would nothave had
time to take place in that short period, following an
inoculation with trypsinized cells (14). A more detailed
exp]oratfon‘of this effect, both in time and in quantity,
must be'made and eventually related to the molecular effécts
Of'thefdrug on the enzyme involved.

» It is interesting to note in this connection that
Todaro has recently reported the presence in the nontrans-
formed BALB/3T3 cells of a small amount of enzyme whiéh
responded to the rADT template (15). This in itself might

be enough to account for our observation of reduced cell

multiplication in the presence of the drug. Howcver, it
is altogether likely that other crucial enzymes are also

inhibited which might participate in this reduction in the

cell multiplication in the uninfected case.
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Another interesting observation reportéd by Spiegel-
man (16) is that a monocytic leukemia carried in an as-
citic form in a raf and induced by treatment with dimethyl-
benzanthracene has an enzyme very similar to the one found
in human leukemic cells. Spiegelman has also reported the
presence of a similar activity in a variety of embryonic
tissue (17,18). - It seems that this hybrid double-stranded
,R~DNA?dependent DNA polymerase enzyme may be common to
those cells which are growing and dividing rapidly. In
fact, it may be an especially facile supplementary route
for replacing DNA via the DNA to RNA to DNA route, par-
ticularly in view of the questions which are being rais-
ed regarding the function of the Kornberg enzyme in DNA
replication (19).

A1l of this ténds to support the notion of a gene
for this‘enzyme, and for other aspects of transformed
cells, which may very well be present in an unexpressed
form in what we believe to be normal cells (20). Expression
of such genes, then, may be triggered either by chemicals,
perhaps even by radiation, and by virus, with the last
one possibly introducing new information into the cé11 as
well. It remains to be seen how far such hypotheses

can be developed in molecular terms.
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