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Suicide process of renal cell carcinoma cells encountering mumps virus
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Renal cell earcinoma cells praduced the substance(s) which killed them (suicide fucrar(s)) after co-culiure with mumps virus The suicide factor(x)

were heat=senntive und were degraded with tryphin Furthermare, uctinomyein D inhibited the praduction of the substancets) by cuncer eells. Con:

sidenng these facts, the substance(s) were thought (o be pratein(s) denved from de nave synthens in caneer cells [t was demanatrated that renal

cell earcinoma cells proliferated with the avtaenne leap af interleukin-6 (IL-6). Mumps virus almost ecompletely 1nhibited the IL-6 produetian 1a

several hours, Because of these two facuy, the suieide precess might be instiated in renal cell curcinoma cells after encountering mumps virus, i.e.
inhibition of the autocrine growth loop of I1L.6 follawed by the induction of an suteerine kithing loop of unknown subsiunce(s)

Renul cell carcinoma, Mumps virus, [nterleukin-é, Suicide factor

1. INTRODUCTION

From the following, we could presume that cellular
death might be derived from mechanisms existing in-
tracellulaily. Breast cancer cells which were induced to
produce Transforming Growth Factor Beta (TGF-#) by
an estrogen antagonist inhibited their own growth [1].
Steroid and Cytotoxic T lymphocytes (CTL) induced
the same intracellular processes followed by DNA
fragmentation 1n thymoma cells {2]. But details about
the mechamsms of cellular death were still unknown.

Chnically, tumor regression was observed in patients
injected with mumps virusntravenously or intiathecal-
ly [3]. However, the cellular mechanisms of tumor
regression were not examined, Direct actions of mumps
virus on cancer cells were investigated. Renal cell car-
cinomas were chosen for target cells because autocrine
growth with IL-6 was demonstrated 1n them [4]. In this
report, we show that mumps virus induced the growth
inhibitory substance(s) (suicide factor(s)) in renal cell
carcinoma cells and inhibited the production of the
autocrine growth factor, IL-6.

2. MATERIALS AND METHODS

2.1 Reagents

Human TGF-J was obtained trom Otsuka Pharmaceutical Co ,
Tokushima, Japan Recombinant interferon-a-2b (IFN-a-2b) was a
gift from Yamanouchj Pharmaceutical Co , Tokyo, Japan Inter-
fercn-@ (IFN-8) was from Danchi Pharmaceutical Co, Tokyo,
Japan Sheep anu TGF-G antiserum was from BIOTX, Texas, USA
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Gont anti human IFN-¢r antiserum was from BioNdtive AB, Sweden
Rabbit anti human IFN-2 antiserum was from LEE Biomolesular
Rescaruh Ing . USA, Rabbit ant mumps virus antiserum was provid
ed by Dr Yamanish: (Research Institute for Microbial Discase, Osaka
University, Japan) Dexamethasone was from BANYU Phar.
maceutical Co Tokyo, lapan Fetal calf serurn (FCS) was from Flow
Laboratories Inc., USA

22 Cells and mumps virus

Renal cell carcinoma cells were obtained from the patients as
described previously (4] The Urabe strain of mumps virus, 1selated
from human embryonic Kidney (HEK) cells {S] was provided by Dr K
Yamanishi (Research Institute for Microbial Diseases, Osaka Univer-
sity, Japan) Munips virus was completely inactivared by UV irradia-
tion (3min at adistance of 20 em froma UV lamp of 15 W) UVinac-
tivated mumps virus were sceded on Vero cells After 7 days, virus
replication was not detectable and ccllular degeneration was not
observed

23  Production of swcide factor(s)

Renal cell carcinoma cells were usually cultured 1in RPMI 1640
medium containing 10%% FCS for 2 days at 37°C in a humidified 5%
CO; atmosphere and then the medium was discarded and replaced by
fresh medium supplemented with 20 HAU/ml of mumps virus After
24 h culture under the same condition, we obtained the culture super-
natant For ehmunation of mumps virus particles, 1t was centrifuged
at 60000x g at 4°C for 30 mun, and finally clanified by passing it
through a 0 2 xm filter The filtrate was used for subsequent studies
of suicide factor(s) Desamethasone was also used as sumulant in-
stead of mumps virus

2 4 Characterization of suicide factor(s)

Renal cell carcinoma cells were incubated for 1 h at 37°C, alone or
with actinomycin D Actinomycin D treated, cells were thoroughly
washed and used as producers of suicide factor{s) Supernatants with
suicide factor(s) were incubated for | h at 37°C with trypsin (I
mg/ml) This dose of trypsin alone did not have any influence on the
growth of renal cell carcinoma cells

2 5 Northern blot analys:s
RNA was purified by the guanidine method and subjected to Nor-
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thern blot analysis uulizing PP dabeled Pagl=Ranil fragment of pBSF
230 dmert ¢DNA (8 glft from Dr T. Kishimete, Institnwe for
Muolecular and Cellular Blology, Osaka Universlly, Japan) uy dewenb-
ed previoutly (6] f-actin cDNA (a gift fram Dr K Yamanivhi, Kysto
Prefevtucal University of Medwgine, Japan) was uwed av 4 vontrel

3. RESULTS AND DISCUSSION

Various concentrations of mumps virus which induce
regression of tumor in ¢linical use were added to the
culture of renal cell carcinoma cells (Fig, 1). After 72h
culture, 100 HAU/mI of mumps virus led to complete
cellular death. Mumps virus inactivated by UV irradia-
tion had almos ihi. Jari. dose response curve as the
native virus. This result shoaws that the cytotoxicity of
mumps virus did not need the intraceliular viral pro-
liferation. At various intirvals, 20 HAU/m! of mumps
virus was added to renal ceil carcinoma cells, After 24
h, most cells were vinbie. With each culture superna-
tant, from which mumps virus particles were elimi-
nated, renal cell carcinoma cells were cultured for 72 h
(Fig. 2). In the culture supernatant, cytotoxic soluble
factor(s) which killed renal cell carcinoma cells (suicide
factor(s)) appeared after 12 h, After 24 h, the culture
supernatant included suicide factor(s) which had almost
85% lethality against cancer cells. Addition of rabbit
anti mumps virus antiserum which completely neutra-
lizes 20 HAU/m! of mumps virus had no effect on the
cytotoxicity of the culture supernatant against renal cell
carcinoma cells (data not shown). So, the cytotoxicity
of the culture supernatant was not due to virus particles
which might be contaminated. Cellular death by virus
particles was caused by suicide factor(s) which the
cancer cells themselves produced. When renal cell cat -
cinoma cells treated with actinomycin D (an inhibitor of
protein synthesis) were co-cultured with mumps virus,
the culture supernatant after 24 h contained a small
amount of suicide factor(s) (Table I), This showed that
suicide factor(s) were metabolites produced by renal cell
carcinoma cells. On the other hand, suicide factor(s)
were not detectable in culture supernatant co-cultured
with dexamethasone (1 mM), which had almost the
same cytotoxicity as 20 HAU/ml of mumps virus
(Fig. 2). It showed that suicide factor(s) were the
substance(s) specifically produced in renal cell car-
cinoma cells encountering mumps virus. Physico-
chemical characteristics of suidice factor(s) are shown
in Table I. Suicide factor(s) were stable when the culture
supernatant was maintained at low temperature or at
56°C for 30 min, There was, however, a great loss of
cytotoxicity at 70°C for 30 min and at 100°C for § min.
Suicide factor(s) were not dialysable by using a dialysis
tube with a molecular cut off of 10000 Da. When
suteide factor(s) were treated with trypsin prior to an
assay, subsequent lethal effect on renal cell carcinoma
cells was reduced by 63%. Together with the result of
the above experiment using actinomycin D, these results
demonstrated that suicide factor(s) may have a protein
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fig 1 Inlubiory effect of mumps virus on the In vitre growth af

renal cell careinoma cells. Renal cell carcinoma cells () x 16'7well)
were cultured 1n the presence of 10% FCS with various concentrations
of native virus (3) or UV irradinted mumps virux (@), or in their awn
wulture supernatants free of virus stimulated with varlous cancentra.
tions of nutive mumps virus for 24 h (A) After 72 h, the number of
recovered eells was determined The data show percentage against the
number under the conditions without the effect of mumps virus and
represent the mean of inplicate cultures

nature and their molecular weight may be larger than
10000 Da. In Fig. 1, the cytotoxicity of the culture
supernatant was blott¢d, which was harvested after 24
h sumulation with various concentrations of mumps
virus. The extent of cytotoxicity was lower than in the
case 1n which native or inacuivated mumps virus par-
ticles were added directly to renal cell carcinoma cells,
To understand this reason, the production of IL-6
which was an autocrine growth factor in renal cell car-
cinoma cells was examined Fig. 3A shows IL-6 mRNA
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Fig 2 Kinetics of production of suicide factor(s) in renal cell car-
cinoma cells with mumps virus At various intervals, renal cell car-
cinoma cells were stimulated with mumps virus (20 HAU/ml) (O), or
dexamethasone (1 mM) (@) The culture supernatant with elimination
of mumps virus by centrifugation or dexamethasone by dialysis were
added to the culture of renal cell carcinoma cells Atter 72 h, the
number of recovered cells was determined The data represent the per-
cent survival as shown in Fig 1 and the mean ot triplicate cultures
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Table |
Physica-ehemicul eharagtetistics of swicide Factor(y)

Traatment % survivall % [nhibition’
No [remiment n) o
Dialysix 4.7 o]
Heuting wt 36°C for 30 min 19.7 0
Heating at 70°C fer X0 min 1000 100
Hewting a1 100°C for § min 55,1 16
Ineubation at = 20°C ror | manth 322 o
Trypsin ¢} mgsmby 769 43
Derlved fram Actinamycin D

¢} ap/ml) treatment’ 29 24
Derived from Actinemyin D

¢S pp/ml) trearment’ 70.4 82

Supernatants cantaining suicide factor(s) produced by ¢aculture of
renal vell carainama cells with mumps virus (20 HAU/mi) far 24 h
were treated ux shawn and were added to the culure of renal eell ¢ar-
cinoma cells,

' Supernalants were denved from renal cell earcinoma vells pretreated
with actinomyein D For an our ¥ % Survival was caleulated by the
farmula: pereent survival = (the number of recovered cells in the
cubture supernatant with each treatment/the number of recovered
vells 1n control wulture medium) = 100 Values represent the mean of
tiphicate cultures, * @ [nhibstion was caleulated by the formula pers
centinhibiuion s [(pereent survival with (reatment - pereent survinal
with no treatment)Z(100 = percent survival with ne treatnent)) x
100

C 2h ¢h 8h

C 2h e6h 8h
g 3 Kinetics of expression of IL-6 mRNA in renal cell carcinoma
cells cultured with mumps virus Renal cell carcinoma cells were
¢uliuréd with mumps vifus (20 HAU/ml) at various intervals Expres-

ston of IL-6 mRNA (g, 3A)or £actin mRNA (Fig 3B) in renal cell
carcinoma cells are shown by Northern blot analysis
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in renal gell ¢arcinoma celix by utilizing Northern blot
hybridization afier adjustment of eell numbers ar RNA
contents, Renal rell carcinoma ¢ells ingreased [L..6 pro-
duction after 1 or 2 h stimulation with mumps virus,
But therealter, the production of I1.-6 was barely detee-
table. This rexult showed that the break of the growth
meehanism in renal ecll carcinoma cells took place at an
carly period of stimulation with mumps virus. Because
mRNA of #-actin did not change (k1. $B), the predue-
tion of IL-6 was specifically inhibited, These results
demonstrated that intracellutar metabolism was related
to cellular death, i.e. early inhibition of the production
of IL.-6 (nutocrine growth factor) is followed by the pro-
duction of suicide factor(s). It has been demonsirated
that TGF-g, which was produced by breast cancer cells
treated with an estrogen antagonist, was able to inhibit
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Fig 4 Effect of ani TGF-§ anuserum, anti IFN-a antiserum and ant
IFN-@ anuiserum on the cytotoxicity of suicide factor(s) Senially
diluted anti TGF.# anuserum (Fig 4a), anti IFNa anuserum
(Fig 4b)and ant1 IFN-# antiserum (Fig 4c) were added to the culture
of renal cell carcinoma cells with suicide factor(s) (10-fold dilution)
(O), TGF-4 (3 ng/ml) (x), IFN-a (3000 U/ml) (A), or IFN-8 (5000
U/ml) (&) Afrter 72 h, the number of recovered cells was determined
The daia represent the percent survival as shown in Fig 1 and the
mean of triplicate cultures
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the growth of breast cancer cells [1]. It has alxo been
reporied that renal cell earcinoma cells could produce
TGF-2 and that TGF-2 inhibited the growth of renal
cell careiroma cells [7.8). On the other hand, 1FN-r and
IFN-g can induce tumor regression in some patients
with renal cell carcinomas and inhibit the growth of
renal cell carcinoma celly or cell lines [9,10]. These
reports suggest that the suicide faetor(s) were assoclated
with TGF-8, IFN-er and [FN-§ In our preliminary ex.
periments, mumps virus barely induced TGF-8, [FN=«
and IFN-2 in renal cell carcinoma cells. To ascertain
whether TGF-#, [FN-a and IFN-# are not involved in
the suicide process, anti TGF-# antiserum, anti [FN-«
antiserum and anti [FN-# antiserum were added to the
supernatants with the suicide factor(s) and a cytotoxici.
ty assay was performed. Asshown in Fig. 4, anti TGF-4
antiserum, anti IFN-a antiserum and anti IFN-2 an.
tiserum failed to recover the cell growth of renal cell
carcinoma cells in the culture supernatant with suicide
factor(s) (10-fold dilution), although their antiserums
were able to block the cytotoxicity of TGF-6 (3 ng/ml),
[FN-a (3000 U/ml) or [FN-£ (5000 U/ml) which was to
the same extent as suicide factor(s) (10-fold dilution)
These results suggest that TGF-8, IFN-a and IFN-#2 are
scarcely involved in the suicide process Therefore,
unknown substance(s) might be candidates for suicide
factor(s). Dexamethasone inhibited the production of
IL-6 as soon as it was added to the culture of renal cell
carcinoma cells (data not shown), and led to cellular
death. However, dexamethasone never induced the pro-
duction of suicide factor(s). Thus, it was demonstrated
that various intracellular mechanisms induce the com-
mon phenomenon, cellular death. It remains to be
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elucidated what subxtance(s) are suiclde fuctar(x) in this
report. Further study of cellular death at a molecular
level wil! provide a useful tool for the regrexsion of
tumeor groath,
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