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THE EFFECT OF RIFAMPICIN, AND TWO DERIVATIVES, ON CELLS

INFECTED WITH MOLONEY SARCOMA VIRUS

,MeTvinfCa]vin,hUrs R. Joss, Adeline J. Hackett ahd Robert B. Owens
Léboratory‘éf Chemical Biodynamics and Naval Biomedica: “

Research Laboratory, University of Ca]iférnia, Berkeley

_:‘Summarxl
o It_is'shown-that rjfampicin, and espéciaJJy its reiative
;  diﬁény1-N-benzy1-N4désmethy1 rifampicin, can inhibit focus
formation by'Moioney sarcoma virus on BALB/3T3 tissue_cu1-

- tures. At a ddse level of 10 ug/m]'DMB appears to totally
inhibit focus formation whi]é reducing virus rep1icatfon

by at ]eést a_factor of fifty and cell proTiferation by

' only'a factor of three. Thesé observations, taken to-

| gether Wfth those of others, suggest-a role for the

hybrid RNA-DNA dependent DNA po]yherése and the gene
for'ifs synthesis both in normal ¢e11 processés and in the

~transformation process.



R1famyc1n and its der1vat1ves are a group of antibiotics

“which have been deve]oped, part1cu]ar1y for use against

- mycobacter1um, and the mode of act1on 1nvo]ves the bac-

ter1a1 RNA po]ymerase (1). Fo]]ow1ng the d1scovery that |

' these drugs could also 1nh1b1t the rep11cat1on of certawn
v1ruses, part]cular1y adenov1rus and vaccinia (2,3,4), it
‘became of 1nterest to exp]ore the extent and poss1b1j deter-
| mine. the nature of this ant1v1ra] act1v1ty Toward this
1end, we obtaxned some samp]es of these mater1a]s in Apra.
of ]970 whose structures are shown in Fiaure 1.

Tnere fo]]owtd the d1scovery of the RNA- dependent DNA
pp]ymerase in oncogenic RNA virus by Temin (5) and 8a1t1—
mone (6). An extensive discussion ensued about the dis-
tribgtion ef this.enzyme (particu]ar1y in virions and.in
cells;trom a variety of tumors) and the inhibition of the
enzyme by . some of the same antibiotic derivatives (7-10).

ft'thue'becamevc1ear that the possibility was real
thateene'or more of . these'rifamycin deri?atives could
'1nh1u1t the transformation of ce]]s from the normal 1ntoe
‘the neop]ast1c state. We therefore undertook 1mmed1ate1y
to determine whether orvnotsuch a tranéfprmatﬁon:couid
~ be affected by some:of the.derivatives nhichxwe had

available.

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

. Abbreviations used: R - rifampicin; DMB-dimethyl-N-benzyl-N-
desmethy] rlfamp1c1n, Rz-rifazine; MSV-murine 'sarcoma virus
(Mo]oney) EE S '
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Sufﬁxa poésibi]ify had already beeh nggested by the
experiments of D1gge]mann and Weissmann (11) in which Rous
sarcoma v1rus transformat1on of chick f]broblast mono]ayers
had bgen inhibited by rifampicin at a 1eve] of 60 ug/ml.
The eVidéﬁce of Green, presented at the Paris meeting on

oncogenit'viruses in November 1970, suggested that some

of the derivatives of rifamycin might be moreveffeétiwe (9).

We were interested not only in the possibility of prevent-

ing the transformat1on, but, th1mate1y, of affecting the

,tranéfo}med,ce11s as well.

MATERIALS AND METHODS

Ce]] Cu]tures
 BALB/3T3 cells were k1nd1y sent to us by R. Gilden,

FTow:Laborator1es, Inc., Rockv111e, Md. Cultures were

grown in 250:m1 plastic flasks in growth medium (GM) con-

sisting of Eagles minimal essential medium with 10% fetal

'boviﬁe_serum. Cell counts were made with a Coulter counter
vafter'suspending the cells with trypsin-versene'and dilut-
ing in GM. |

Virué Stock

_ Mo]oney mur1ne sarcoma v1rus (MSV) was. obtalned from

Mo]oney, National Inst1tutes of Health, as a tumor homo-
genate. It has been passaged four times in a Swiss-derived
high passage mousé embryo cell line and assayed for focus-
forming units (FFU) in BALB/3T3 cells. The virus pool used in

6

thinse experiments titered 8.5 x 10° FFU/mI.
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Assay of MSV f‘

A mod1f1catlon of the method descr1bed by Hartley and

Rowe' (]2) was used for the focus assay.
6

Flasks were”seeded-w1th 1-2 x 10 ce]]s in 25 ml of ' ’

Y

'GM,and_intubated at 37°C for 24 hr Fo]]owing:the removal
of fluids, virus was 1ntroduced in 0.5 m] 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 fncubator After 3 days the cultures were fluid- chanqed
and foci of transformed cells counted at day 7.

Tne antibiotics were disso]ved in dimethy]su]foxide at

].mg/mT.

" RESULTS AND DISCUSSION

Our flrst exp]oratory exper1ments defined the concen-
“tration reg1on of usefu] activity of the drugs in the tissue
cultures. Levels .of drug above 20 ug/ml, particularly of
DMB,_produced.gross]y,visib]e toxic_effeots. It was noted

in tne.pre]fminary observations that levels of 10 pg/ml

of DMB seemed to have a profound effect.on cells which

By nad been transformed by Mo]oney sarcona virus,vby indoc-‘

ing them to form syncytia to a deoree not observed either .

_w1th nontransformed cells or 1n the transformed cells w1th- | ..
out the druq This observation is being exp]ored further.
Having defined the levels of drug usefulness, we then pro-

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

It is qu1te clear that the ODKB compound 1s a potuni in-
nibitor of the transformation process at 10 ug/ml. No

foci were visible 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

inhibition of virus replication. A more explicit and

_broader experiment was then performed, using a single

dose of drug at a concentration of 10 wg/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

is the DMB compound which totally inhibits 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

pd]ymerase (13), is in no way affected by this drug in

its ability to replicate on BALB/3T3 cell tiSSue culture.

8

A 48 hr control showed 1.9 x 10° plaque forming units/m]

(PFU), while the system.containing 10 pg/m1'of DMB showed

2.2 x 10% PFU/m1.

'.If is:also important to note that Ce]1.pr6]iferation
itse]f”ié somewhat inhibited at this 1éve1; a]though_on]y"_
of thé order of Sixty pércent. It is un1ike1y that a net

increase in cell number occurred during the 24 hour period

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



Table J"" | | |
: Inh1b1t1on of focus format1on and MSV repllcatlon by r1famp1c1n

and 1ts dlmethylbenzy] der1vat1ve'

‘*Fé}bup" d: ,F”; : virus yielad: per.” FFU”per‘Q%,?FU'of
: . | flask x 104 flask  control’

e

CRe B aor w0 1200
:,“,;w.\;an1b.;anaf;g w683 56

;BALB/3T3 cultures, séeded with 1x1o6 cells. 24 hr‘previou31y
"-were 1nfected w1th approx1mate]y 1200 FFU/f]ask Fol]ow1nq
-‘ia 90 m1n adsorptlon per1od, fresh]v prepared r1famp1c1n (R)
.]or DMB were added at 5 and’ 10 ug/ml 1n GM At 3 days post-;"
j‘1nocu1at1on, the cu]tures ‘were flu1d chanaed with the same

'-dmed1um Foc1 appear1nq 1n the cu]tures at day 6 were counted

“fi5and expressed as FFU/f]ask In add1t1on, the supernatant

CUfludd was assayed for the y1e1d of 1nfect1ous v1rus The

"“f1gures are an average of 2 f]asks per group

*Uv Jh11e we saw no 1dent1f1ab1e foc1 theremmayrhaYe?beend

h*ﬂu .oo fnall to rcconn1ze

o
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Table 2

vira]"rep]ibatidn in BALB/3T3 cells infected with Moloney sarcoma

virus
No. of cells !  Yield MSV
per flask % of FFU per % FFU ofl (FFU)
Group (x 10° ) control | flask |control ‘per flask per cell
(x 10%)
Uninfected ?
: contro] 9.9 100 -- -- --
Infected :
~control 8.4 100 446 100 I 53 .06
- . o
R 5.9 60 .- .. ..
R & MSV 6.4 76 | 201 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.
'ant1bjot1cs were added_to the growth med1a‘(1nc1ud1ng fluid
cat a final.cdncentration of 10 pg/ml.
'natanttf]uid°was'aSsayed for yield of infectious virus, and
_number-of cells per flask was counted at day 7.
from. the last of 8 separate experiments conducted.

FFU were counted,

"These data
While the:

the

figures varied between exper1ments, the: data have fol]owed a

'cons1stent pattern

* SeefTabIe 1.

The .
change)
super-
the
are .



three?told increase in cell numbered measured at, day 7°
'probab1y occurred after introduction of the drua and th1si

4 FFU were produced in.

“1is supported by the fact that 10
-these cultures Whether the 1nh1b1tory action of DMB on
,Qfocus format1on and product1on of 1nfect1ous v1rus is |
so]e]y a functlon of the reduced number of ce]]ular d1v1-'

51ons 1s not yet c]ear S1nce cell number has 1ncreased

- three fo]d, even in the presence of the strongest focus

1nh1b1tor (DMB) wh11e focus format1on has apparent]y been

' tota]]y 1nh1b1ted it wou]d appear that th]S is not the
case S1nce the drug was added on]y 24 hours after 1n1t1a1
'seed1ng, thjs'three-fo1d,mu]t1p]1cat1on would nothave hadz

.'ttme'toftake p]acevtndthat.short period, fo]iowing an

inoculatton7wtthvtrypsinized ce]is (14) A more deta1]ed

'exp]oration'of'this eftect both in t1me and in quant1ty,

1must be made and eventua]]y related to the. mo]ecu1ar effects'

of the drug ‘on the enzyme involved.

’vIt is 1nterest1nq to note in this. connect1on that.
‘Todaro has recent]y reported the presence 1n the nontrans¢
"~ formed BALB/3T3 cells of a sma]] amount of enzyme wn1ch
'resnonded to the rADT temp]ate (]5) Th1s in itself might

be enough to account for our observatlon of reduced ce]]

; mu]t1p11cat1on in ‘the presence of the drug How<ver, it

'.1s a]together 11ke1y that other cruc1a] enzymes are also
1nh1b1ted which m1qht participate in this reductlon in the

~ce1] mu]t1p11cat10n in the un1nfected ‘case.

Ji
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Another 1nterest1ng observation reported bv Spiegel-
man (16) 1s that a monocyt1c 1eukem1a ‘carried in an as-
citic form in a rat and 1nduced by treatment w1th d1methy1-

benzenthracene has an enzyme very 51m11ar 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-DNAsdependent DNA poTymerase enzyme may be commonbto
those3eeTls which are growing and dividing rapid]y.tin

fact, 1t may be an especially facile supplementary route

for rep]ac1ng DNA via the DNA to RNA to DNA route, par-

t1cu1ar1y‘1n view of the quest1ons wh1ch are be1ng rais-

ed regarding the function of the Kornberg enzyme in DNA

'_rep11cat1on (19).

A1l of th1s tends 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, theng may be'triggered-either by chemicals,

perhaps even by radiation, and by virus,'with*the last

“one poss1b1y 1ntroducing new 1nformat1on into the ce]] as

we]] It remains to be seen how far such hypotheses

“can be deve]oped in molecu]ar terms.
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