
SUSCEPTIBILITY O F  RENAL CELLS TO SV40 673 

used as a substrate. 

1. Glock, G. E., in Biochemists’ Handbook, C. 

2. Kirkman, H. N., J. Biol. Chem., 1962, v237, 

3 .  Greiling, H., Kisters, R., Hoppe-Seylers Z. 

4. Colowick, S. P., Goldberg, E. B., Bull. Res. 

5. Salas, M., Vieula, E., Sols, A.,  J. Biol. Chem., 

6. Levy, H. R., Biochem. Biophys. Res. Comm., 

Long, ed., E. and F. Spon, Lond., 1961, p345. 

2364. 

physiol. Chem., 1965, v341, 172 .  

Counc., Israel, 1963, v l lA4,  373. 

1965, ~ 2 4 0 1 ,  561. 

1961, v6, 49. 

7. Beutler, E., Collins, Z., Scald. J. Haemat., 1965, 
v2, 343. 

8. Betke, K., Baltz, A., Maas, U., 2. Kinderheilk, 
1960, v84, 226. 

9. Isselbacher, K. J., in Metabolic Basis of Tn- 
herited Disease, Stanbury, J. B., Wynparden, J. B., 
Fredrickson, D. S., eds., McGraw-Hill, N. Y., 1960, 
p208. 

J. Lab. Clin. Med., 1964, v64, 694. 
10. Beutler, E., Baluda, M. C., Donnell, G. IF., 

~~ 

Received February 7, 1966. P.S.E.B.M., 1966, v122. 

Susceptibility of Cultured Renal Cells from Different Species of 
Subhuman Primates to Simian Virus 40.* (311223) 

RICHARD N. USHIJIMA, F. STUART SHININGER, AND CHARLES E. GARDNER 
(Introduced by A. W. Frisch) 

Department of Pathology, Oregon Regional Primate Research Center, Beaverton, and Department 
of Bacteriology, University of Oregon Medical School, Portland, Oregon 

While many animal viruses are capable of 
infecting cultured renal cells derived from a 
broad spectrum of animals, limitations as to 
host specificity are well recognized. In an 
early in vitro study, Kaplan( 1) found that 
poliovirus induced a cytopathic effect (CPE) 
in some subhuman primate cells but not in 
others. Cultured renal cells from rhesus (Ma-  
caca mulatta) and crab-eating ( M .  cynomol- 
gus) monkeys were found to be susceptible 
while those from the capuchin monkey (Ce- 
bus capucina 1 were not. Similar observations 
have been made by Sweet and Hilleman(2) 
with Simian Viru,s 40 ( S V 4 0 ) ,  a papovavirus, 
which was cytopathic to cultured renal cells 
from African green monkey (Cercopithecus 
aethiops) but not frQm rhesus except after a 
prolonged incubation period (3).  Based on 
these differences, Hsiung et  aZ(4) suggest that 
virus host range may be another criterion to 
aid in the grouping of primates. This article 
will contribute additional information to that 
previously reported ( 4 )  on those subhuman 
primates whose kidneys are either refractive 

* Publication No. 149 from Oregon Regional Pri- 
mate Research Center, supported in part by Grant 
F R  00163 of Nat. Inst. Health. 

or susceptible to CPE when infected in vitro 
with SV40. 

Materials and methods. Trypsinized kid- 
ney cells from the different species of pri- 
mate,s were grown in medium 199 (Hanks’ 
base) with 0.05% yeastolate and 10% calf 
serum. All media used throughout the experi- 
ment contained 1010 pg/ml of streptomycin 
and 100 UJml of penicillin. The SV40, ini- 
tially obtained from Dr. Fred Rapp, was pre- 
pared and titrated in primary African green 
monkey (AGM) kidney cultures. The infec- 
tive volume for monolayer tube cultures was 
0.2 ml of 10-fold serial dilution of stock virus. 

Cells grown in Falcon disposable flasks 
(No. 3017) were exposed for 2 hr to 166.7 
TCIDEio of the virus and then washed 5 times 
with 4-ml volumes of maintenance medium 
before incubation. All infected and control 
cultured cells were maintained in medium 199 
(Earle’s base) supplemented with 3% calf se- 
rum. The cultures were retained for 35 days 
with medium changes made a t  5-  to 6-day in- 
t ervals. 

Results. As shown in Table I, cultured re- 
nal cells from different species of animals 
demonstrated varying degrees of susceptibil- 
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TABLE: I. Effect of SV-10 on Cultured Renal Cells f rom Different Xpccics of Primates. 

(- Days of incubnt,ion -------> 

Species of niiini:ils 
s o .  of F i rs t  culture I m t  culture Xcan  t i ter  

niiim:ils sliuwiiig CPF, sliowing CPF: TCID,,/0.2 1111 

Ccrcopithccirs aefhiops,  African green 2 
Ccl-copitliceits niitis, Sykes' nionkey 2 
Ccmocebus atjys, sooty niaiigabcy S t  
Pnpio cynoccphalus, yellow baboon: 1 
Papio sp., baboon$ 2 

Lagofl tr iJ  sp., woolyQ 1 
Sa i r n  iyi sciri rca ,  sqiiirrc.1 

M(r,caca n ~ m c s t r i n u ,  pigtail ni:icaque 2 

3 
Tamnrimus ?rig~icoZlis, blnc*k :iii(l red 1 

Galngo crassicnicdnf i t s ,  greater bus1ib:iby 2 
t:iiiinrin 

Pcroclicfirii.9 pot to ,  potto 1 
h'ycticrbirs cozrc(~ng, slow loris 3 
Lor  is f a~tlrgraclus, slentlcr 1 ori Y 
T,cm ?o' nio?tgoz, iiiongoosr leniur 
L c r n  11 r cu t f (1 , ri iig - t :I i lc rl leniii I' 

1 
2 
1 

7 

14 
8 

10 
0 
0 
0 
0 

1 

20 I I  
0 

14 1 0 7 . 7  
30* 106.8 
23 106.0 
18 106.2 
30 105.0 

0 
0 
0 
0 

* Tncubatrd for  :I total  of 4.5 (laps with 110 additioiinl iiicreasc in titer. 
t Oiie aiiiinal coiit:iiiiiiintctl with a la tent  virus. 
$ Thirty-clay cultures beg:in to iiidicatc prcseiice of a viral contnniiiiniit. Endpoilit of 18 

Q Species unknown. Recorcls f 1-0111 w l i c ~ c  nniin:rl t r a p y v l  i iot  avnilablc. 
( I  I n  lo-' dilution tubes only. 

cluys used in  the cnlculntioii. 

ity to ,51740. CPE was first observed in the 
AGM kidney cultures 5 days after infection 
with the lowest dilution of the virus. In  the 
higher dilutions, the last tube showing CPE 
was observed 14 days after infection. 

The cells from Sykes' monkey (Cercopithe- 
cus .;nziftis) with 72 chromosomes ( 5 )  , closely 
related to AGM with 60 chromosomes, re- 
quired 14 days for the initial indication of 
CPE and 30 days for a demonstrable CPE 
with the lowest infective dose. Other tube 
cultures incubated for an additional 15 days 
did not develop CPE. Whereas the titer of 
the stock virus was calculated as 107.T 
TCID,,/0.2 ml on AGM cells, the titration 
with Sykes' monkey kidney cells was nearly 
10-fold less. Microscopically, the course of 
infection between AGM and Sykes' monkey 
cells was indistinguishable. 

Cells from sooty mangabey (Cercocebus 
a tys ) ,  yellow baboon (Papio cynocephalus) 
and the unknown baboon species were also 
found to be receptive to the lytic action of 
SV40. Although the initial CPE was observed 
after a shorter incubation period in these ani- 
mals than in the Sykes, the susceptibility ra- 
tio was less as evidenced by the titration in- 

but were not as extensive as those observed 
in infected AG or Sykes' monkey kidney 
cells. 

The  unclassified viral agent which was de- 
tected in 30-day-old cultures may have af-  
fected the endpoint titration for the yellow 
baboon. Since 3 of 4 control tubes of the yel- 
low baboon kidney cultures began to show 
evidence of viral infection a t  30 days, the 18- 
day endpoint was taken as the last tube show- 
ing CPE induced by SV40 infection. 

Cultured kidney cells from pigtail macaque 
(Macaca nenzestrina), woolly monkey (Lago- 
thrix s ~ . )  , squirrel monkey (Saimiri sciurea), 
black and red tamarin (Tamarimus nigricol- 
Zis) , greater bushbaby (GaEago crassicauda- 
tus ) ,  potto (Perodicticus pot to) ,  slow loris 
(il'ycticebus coucang) , slender loris (Loris 
tardigradus), and ring-tailed lemur (Lemur 
catta) exposed to SV4O did not undergo de- 
generation within the 35-day incubation peri- 
od. Only cells from the mongoose lemur 
(Lemur mongoz) infected with 10-1 dilution 
of the stock virus showed signs of infection 
and then only after the 20th day. Vacuo- 
lated cells progressively increased in the 
monolayer from the 30th day. 

dex of the stock virus. Vacuoles were seen in 
several infected cells throughout the culture 

Neutralization tests of fluid medium from 
CPE flask cultures against SV40 antiserum 



SUSCEPTIBILITY OF RENAL CELLS TO SV40 67 5 

did not reveal the presence of other viruses 
capable of infecting AGM kidney cells. 

Discussion. Of all the primates tested, it 
is evident that the renal cultures from the 
African green monkey are still the most suit- 
able indicator cell to titrate SV40. The data 
in Table I show that cultures from the Sykes’ 
monkey require a longer incubation period 
and are less sensitive to the lytic properties 
of the virus. I t  would be of interest to com- 
pare the degree of susceptibility to SV40 of 
other species within the genus Cercopithecus. 
These would include C. mona with 66 chro- 
mosomes and C. cephus with a tentative count 
of 54 chromosomes ( 5 ) .  In  this regard, Sweet 
and Hilleman(2) have reported that SV40 
was highly cytopathic to cells from the patas 
(Erythrocebus patas) monkey, an animal 
closely related to Cercopithecus (6).  

The sooty mangabey, from Guinea Coast 
of West Africa, and the baboons, also from 
Africa, exhibited a similar degree of sensitiv- 
ity. Steinbaugh and Melnick( 7 )  reported 
that kidney cells from the dog-faced baboon 
(Papio doguera) infected with SV40 produced 
plaques under an overlay medium. Easton 
(3) noted that normal rhesus kidney cells 
ultimately degenerated from about 60 days 
after infection. I t  therefore appears that a t  
least a qualitative similarity exists in suscep- 
tibility to the virus by cultured renal cells of 
the Cercopithecinae with the African animals 
being more sensitive. Although the infected 
pigtail macaque cells were not retained for 
longer than 35 days, SV40 was present in a 
lob5 dilution of the culture fluid taken on 
the 30th day of infection. 

As to whether cultured cells from the other 
animals were able to synthesize SV40 has not 
been fully investigated except for cells from 
the tamarin, slow loris, ring-tailed lemur and 
bushbaby. Samples of 30th-day culture fluid 
from infected cells of these 4 species of ani- 
mals that were diluted to 10-1 and added to 
BSC-1 cells failed to induce CPE. I t  is in- 
teresting to note that infected cultures de- 
rived from rabbit, mouse and porcine(8), as 
well as chick embryo and HeLa cells(9), 
continued to release infectious virus for a con- 
siderable length of time after infection. 

gascar tested, only the mongoose lemur 
showed sensitivity. This may be a species 
specific phenomenon not characteristic of the 
other lemurs. For example, Hsiung and Mel- 
nick(l0) have found that kidney cells of the 
yellow baboon were resistant to CPE by 
ECHO type 1 virus, whereas cells from the 
drill baboon were highly susceptible. 

At the moment precautions must be taken 
not to utilize cellular degeneration imposed 
by a viral infection as a definitive criterion 
for primate classification. Conclusions may 
be arrived at  only when all species in a given 
genus are adequately tested, but on the in- 
formation available a t  present, it appears that 
primatologists may be able to include viral 
susceptibility as another basis to reinforce 
and expand the present system of primate 
classification. 

Summary. Kidney cells from several differ- 
ent species of subhuman primates were cul- 
tured and infected with SV40. The cells were 
observed for 35 days, and the course of infec- 
tion was studied. Cells from Cercopithecus 
mitis, Cercocebus atys, Papio cynocephalus 
and an unknown species of baboon were sus- 
ceptible to the lytic effect of SV40 but were 
not quantitatively as sensitive as those from 
Cerco pithecus aet hiops. 

The technical assistance of Beverly Cole is ac- 
kno wledged. 
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