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BK virus, a human papovavirus originally 
isolated from urine (I), is capable of inducing 
cell transformation in vivo and in vitro. In 
hamsters, the virus resembles simian virus 40 
(SV40) in producing sarcomas following sub- 
cutaneous (sc) inoculation (2-4) and choroid 
plexus papillomas following intracerebral in- 
oculation (5 ,6 ) ,  although with a single excep- 
tion (6), the frequency of tumor induction 
with BK virus has been less than that with 
SV40 (7, 10). In individual reports, BK virus 
has been found to transform hamster (1 1-13) 
and rat (4) cells in vitro. Hamster cells trans- 
formed in vivo ( 5 )  or in vitro (13) by BK virus 
appear less oncogenic in hamsters than SV40 
transformed cells. Human cells have been 
reported to develop persistent infection with- 
out definite transformation (14). The present 
study compares the effect of inoculations of 
rat, hamster, monkey and human cells with 
BK virus at high multiplicity and describes 
the biologic properties of resultant lines of 
transformed rodent cells. 

Materials and methods. Virus. BK virus, 
originally isolated by Gardner (1) was ob- 
tained from Dr. Keerti Shah. Virus was prop- 
agated in cultures of human fetal skin and 
muscle (HFSM) and supernatant fluids were 
concentrated 100 fold by centrifugation at 
100,OOOg. Stock virus had a titer of 100,000 
hemagglutinating units (HAU). 

Preparation of cell cultures. Newborn ham- 
ster kidneys (NHK), fetal rat lungs (FRL), 
and rhesus monkey choroid plexus were 
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washed with Hanks' basic salt solution, 
minced and transferred to Falcon flasks in 3 
ml of Eagle's Minimal Essential Media 
(MEM) with 20% fetal calf serum and 0.5% 
gentamicin. In addition, the fetal rats (FR) at 
late gestation were decapitated and minced. 
The minced fetal tissue was filtered through 
sterile gauze, agitated for 30 min at 37" in 50 
ml of 0.05% trypsin solution, centrifuged for 
10 min at 2000 rpm, and resuspended in 3 ml 
of MEM with 20% fetal calf serum and 0.5% 
gentamicin. Human colloid cyst cells were 
derived from a cerebral tumor explanted into 
tissue culture. HFSM and human embryonic 
kidney (HEK) cells were obtained commer- 
cially. All cell cultures beyond the first pas- 
sage were grown in MEM with 10% fetal calf 
serum and 0.5% gentamicin and maintained 
in MEM with 0.2% fetal calf serum and 0.5% 
gentamicin. 

Infection of cell cultureyasks. Subconfluent 
flasks of each cell culture were inoculated 
with 50,000 HAU concentrated BK virus 
stock, incubated for 2 hr at 37", overlaid with 
growth medium, grown to confluence, and 
subcultured at ratios of 1 to 6. Cells were 
seeded overnight in growth medium, changed 
to maintenance media, and observed daily 
thereafter for islands of transformed cells. 

Histologic and ultrastructural studies. Cell 
cultures for electron microscopy were pel- 
leted, fixed in 3.5% glutaraldehyde and 
embedded in epon. Sections were stained 
with uranyl acetate and lead citrate. Sections 
of transplanted tumors were fixed in 10% 
formalin, embedded in paraffin, and stained 
with hematoxylin and eosin. 

Fluorescent antibody studies. Antiserum to 
tumor (T) antigen was obtained from ham- 
sters bearing transplanted SV40-induced sc 
tumors. Antiserum to BK virus viral (V) an- 
tigen was prepared in rabbits given 250 HAU 
of virus iv at weekly intervals for 6 weeks and 
bled 10 days after the final injection. Cover- 
slip cultures were fixed in cold acetone, in- 
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cubated with appropriate sera and stained 
with fluorescein-conj ugated goat anti- ham- 
ster or anti-rabbit globulin. SV40-trans- 
formed hamster cells and BK infected human 
embryonic kidney cells were used as positive 
controls for T and V antigen respectively. 
Normal human embryonic kidney or fetal 
hamster cells were used as negative controls. 
Normal rabbit and hamster sera served as 
serum controls. 

Hemagglutination (HA). Cell cultures were 
prepared and tested for HA activity after 
treatment with receptor destroying enzyme 
(RDE) as described below. Doubling dilu- 
tions of each sample were prepared in phos- 
phate-buffered saline. An equal volume of 
O.S% human type 0 red blood cells was mixed 
with each dilution and samples were incu- 
bated at 4" for 4 hr. 

Characterization of transformed cells. Is- 
lands of cells were trypsinized and cells trans- 
ferred to Linbro plates. Cells were grown to 
confluence and passed to Falcon flasks. Cells 
were tested for the presence of T and V 
antigens, for their ability to grow after mul- 
tiple subcultivations, to grow in serum-free 
medium, and to form colonies in soft agar 
(15). Ability of cells to form clones from 
single cells was evaluated by diluting cell 
suspensions to a concentration of 2 cells per 
0.2 ml and seeding 0.2 ml into individual 
wells of a microtiter plate (16). Microtiter 
plates were examined at 2 and 12 hr. Wells 
containing single cells were observed until 
confluent monolayers had formed, and then 
subcultivated into larger flasks or onto cover- 
slips. 

Virus rescue. NHK cells at passages 5 and 
15 and FR and FRL cells at passages 12 and 
15 were fused to permissive human epithelial 
cells (colloid cyst and HEK) using inactivated 
Sendai virus (17). Cultures were maintained 
for 3 weeks, frozen, thawed, and sonicated 
for 2 min in an ice bath. RDE was added at 
a concentration of 0.5 ml per 2 ml of suspen- 
sion and the samples were incubated over- 
night at 37". RDE was inactivated at 56" for 
20 min. Five blind passages were made onto 
both colloid cyst and human embryonic kid- 
ney cells. RDE-treated cell suspensions were 
evaluated for HA activity at each passage 
level. 

Results. Rodent cells. Four islands of cells 

with altered growth patterns appeared in 6 
flasks of NHK cells approximately 6 weeks 
after inoculation with BK virus. One island 
of surviving cells was found in 6 flasks of FR 
cells and 2 in 6 flasks of FRL cells at 6 weeks. 
Cell lines were established from two colonies 
of NHK cells, (NHK-1 and NHK-2), one of 
FR cells, and one of FRL cells. Fluorescent 
antibody staining of coverslip preparations of 
NHK cells, FR cells and FRL cell lines 
showed T antigen in 90-100% of the cells at 
multiple passage levels. V antigen was not 
detected (Table I). 

All 4 cell lines grew rapidly to form dense 
cell layers characterized by cellular pleomor- 
phism and numerous multinucleated giant 
cells. Cells could be subcultivated at least 30 
times without evident changes in growth or 
morphology. At least 6 clones were derived 
from each cell line and prepared as coverslip 
cultures. All clones showed T antigen in 
90-100% of the cells and no V antigen. Cul- 
tured cells grew well in 0.2% fetal calf serum 
but did not survive in serum-free media. No 
growth occurred in soft agar with NHK-2 
cells, but colonies formed from 12.5% of 
NHK-1 cells, 15% of FR cells, and 51% of 
FRL cells. Electron microscopic examination 
failed to show viral particles in any of the cell 
lines. 

After fusion with colloid cyst cells or HEK 
cells, NHK and FRL cells failed to yield virus 
detectable by hemagglutination. Virus was 
recovered after fusion of FR cells to HEK 
and colloid cyst cells as determined by he- 
magglutination and electron microscopy 
showing papovavirus virions. 

Oncogenicity of transformed rodent cells for  
hamsters. Cell suspensions from two NHK 
cell lines at passage level 18 and FR and FRL 
cells at passage level 16 were inoculated into 
hamsters. Newborn and weanling hamsters 
received 2 x lo6 NHK cells sc and adult 
hamsters lo7 NHK, FR or FRL cells into the 
left cheek pouch. One-half of the newborn 
hamsters in each group also received serial 
injections of rabbit anti-hamster thymocyte 
serum (ATS) as described previously (5). An- 
imals were observed for 6 months. 

Only BK virus-transformed NHK cells in- 
duced tumors (Table 11). Furthermore, ma- 
ture hamsters developed tumors only after 
cheek pouch inoculation. Newborn hamsters 
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TABLE I. CHARACTERISTICS OF RODENT CELL LINES TRANSFORMED in vitro BY BK VIRUS. 

Antigens in cell lines Growth characteristic of cells 

Cell type 

Trans- T V 
formed cell 

lines 

Number of Minimal se- Growth Cells onco- 
subcultiva- rum re- in soft enic for Virus 

tions auired agar" iamsters rescue 

Hamster 
Kidney 
Rat 
Fibroblast 
Rat 
Epithelial 

NHK I 90-100% 0% 
NHKII  90-100% 0% 
FRL 90-100% 0% 

FR 90-100% 0% 

30 0.2% 12.5% Yes No 
30 0.2% 0% Yes No 
30 0.2% 5 1% No No 

30 0.2% 15% No Yes 

I' Figure indicates per cent of cells seeded forming colonies. 

TABLE 11. ONCOGENICITY OF BK VIRUS, TRANSFORMED CELL LINES FOR HAMSTERS. 

First ap- 
pear- 

ance of 
tumor ::- p t $ f  a!$%- Histologic de- 

Age of Route of inoc- No. of Anti-thymocyte se- ham- ocula- scription of tu- 
Cell line animals ulation cells rum treatment tumors sters tion) mors 

NHK Weanling 
Line 1 

Adult 

Newborn 

Newborn 

NHK Weanling 
Line 2 

Adult 

Newborn 

Newborn 

FR Adult 
FRL Adult 

sc 

Cheek pouch 

sc 

sc 

sc 

Cheek pouch 

sc 

sc 

Cheek pouch 
Cheek pouch 

2 x lo6 

10; 

2 x 10" 

2 x lo6 

2 x 10" 

1 o7 
2 x lo6 

2 x 10" 

1 o7 
1 o7 

None 

None 

None 

Days 1, 2, 5, 10 

None 

None 

None 

Days 1, 2, 5, 10 

None 
None 

0/5 

4/9 

3/9 

15/15 

0/5 

3/9 

3/10 

7/9 

0/5 
0/7 

94 Spindle cell sar- 

68 Spindle cell sar- 

27 Spindle cell sar- 

coma 

coma 

coma 
- - 

174 Spindle cell sar- 
coma 

108 Spindle cell sar- 
coma 

46 Spindle cell sar- 
coma 

- 

had higher tumor incidence and shorter la- 
tency when treated with ATS. All tumors 
were composed of spindle-shaped cells with 
oval, often vesicular nuclei, prominent nu- 
cleoli, and poorly demarcated cytoplasm. 
Frequent mitotic figures were present in 
many, but not all sections, as were occasional 
multinucleated giant cells. A small amount of 
collagen was present between tumor cells. 
Virtually all sections contained areas of co- 
agulative necrosis and/or hemorrhage, and a 
few sections contained foci of calcification. 
Local invasion of skeletal muscle and fat by 
tumor cells was observed, but there was no 
evidence of distant metastasis. Cultures de- 
rived from transplanted tumors showed T 
antigen in 90-100% of cells and no V antigen. 

Serum of hamsters bearing tumors produced 
intranuclear fluorescence when reacted with 
homologous tumor cells or with cultured cells 
transformed by BK, SV40 of JC v i ru~es ,~  but 
not with control cells. 

Monkey cells. Primary rhesus monkey cho- 
roid plexus cells could be subcultivated only 
with difficulty and did not survive more than 
three subcultivations. Inoculation of these 
cultures with BK virus caused no cytopathic 
effect (CPE) and did not alter growth char- 
acteristics. No T or V antigen could be dem- 
onstrated in inoculated cells, and no virus 

Hamster cells transformed by JC virus were kindly 
provided by Dr. Billie Padgett, Department of Microbi- 
ology, University of Wisconsin, Madison. 



440 BK VIRUS IN RODENT A N D  PRIMATE CELLS 

could be identified by hemagglutination. 
Human cells. Cultures of both HEK and 

colloid cyst cells inoculated with BK virus 
developed focal CPE consisting of cytoplas- 
mic vacuolation and lysis; CPE appeared at 
day 10- 14, with loss of all cells by day 2 1-24. 
When cells were subcultivated prior to the 
appearance of CPE and were serially pas- 
saged to maintain low cell density, CPE and 
cell lysis were retarded but involved all cells 
by 5-8 weeks, Cultures of HFSM cells inoc- 
ulated with BK virus slowly developed CPE 
and virus was detected by HA through the 
third subcultivation, but not thereafter. Cov- 
erslip cultures of HFSM cells at passage levels 
5-8 after inoculation showed T antigen in 
15-2096 of the cells but did not have V anti- 
gen. Electron microscopic examination of 
HFSM cells at passage level 5 failed to show 
virus particles in any cell. HFSM cells at 
passage levels 5-8 grew slowly in 10% fetal 
calf serum, would not grow in 0.2% fetal calf 
serum or in soft agar, and could not be cloned 
from single cells. Although three foci with 
piling up of cells developed at passage level 
6, cells from these foci could not be subcul- 
tivated, and no flask of HFSM cells could be 
maintained beyond the eight passage level 
after inoculation. 

Discussion. In the present study BK virus 
produced multiple transforming events in ro- 
dent cells, without evidence of replication of 
infectious virus. Primary rhesus monkey cho- 
roid plexus cells appeared insusceptible to 
BK virus infection. Of the three human cell 
types studied, the two epithelial cell types, 
colloid cyst cells and HEK, underwent lytic 
infection without evidence of cell transfor- 
mation. The fibroblastic HFSM cells also 
developed CPE, but a small percentage 
(15-20%) of surviving cells showed T antigen 
and contained no viral particles as judged by 
hemagglutination or electron microscopy. 
The presence of T antigen suggests the pres- 
ence of at least a portion of the viral genome 
in these cells. However, the inability of these 
cells to survive subcultivation to passage lev- 
els greater than control cells, to grow in low 
serum concentrations, or to survive in soft 
agar indicate that the cells were not truly 
transformed. 

The in vitro transformation of rodent cells 
observed here is in agreement with previous 

reports (4, 11-13). The effect of BK virus on 
simian cells appears to be more variable. BK 
virus has been shown to cause lytic infection 
in cultures of fetal rhesus and cynomolgus 
monkey glial cells*, but did not lyse or trans- 
form primary African green monkey kidney 
cells or monkey choroid plexus cultures in 
this study. Furthermore, although BK virus 
was initially cultivated in a continuous line 
of green monkey kidney cells (Vero) (l), its 
growth in these cells is less efficient than in 
most human cells. 

In human cells, BK virus usually produces 
lytic infection without evidence of transfor- 
mation. Our results with HFSM cells inocu- 
lated with BK are similar to the findings 
reported by Shah et al. (14) that human fore- 
skin fibroblasts inoculated with UV-irradi- 
ated BK virus expressed T antigen but failed 
to fulfill other criteria for transformation. 

In our study, virus could be rescued from 
only one of four transformed rodent cell lines, 
and our results are similar to previous reports 
in which virus could not be rescued (3) or 
could be rescued from only occasional lines 
of tumor cells (4, 7). The infrequency with 
which BK virus has been recovered from 
transformed cells might suggest that the viral 
genome is not readily excised from the host 
genome during cell fusion. However, virus 
can be readily rescued from cells transformed 
by BK viral DNA (18), suggesting that the 
failure to rescue virus from cells transformed 
by virions may indicate instead the lack of 
complete viral genomes in these cells. In both 
our study and a previous report (4), BK virus 
could be recovered only from rat cells and 
not hamster cells. This finding is of interest 
in that rat embryo cells are among the few 
cell types from which recovery of infectious 
virus has been reported after transformation 
by polyoma virus (19). 

Although BK virus readily transformed ro- 
dent cells in vitro, transformed cells were 
poorly oncogenic for hamsters. Transformed 
cells produced tumors in newborn hamsters 
uniformly only with immunosuppression, 
and would grow in adult hamsters only if 
inoculated into the cheek pouch, an immu- 
nologically privileged site (20,2 1). These data 
complement our results from a BK-induced 
choroid plexus papilloma ( 5 )  in supporting 
the hypothesis that the poor oncogenicity of 
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BK virus in vivo may represent, at least in 
part, an immunological recognition and re- 
jection of cells transformed by BK virus. 

Summary. The effect of BK virus at high 
multiplicity was studied on cultures of ham- 
ster, rat, monkey, and human cells. BK virus 
induced multiple transforming events in cells 
of both rodent species. Rhesus monkey cho- 
roid plexus cells were insusceptible to the 
virus. Epithelial and fibroblastic human cell 
strains developed lytic infection. Fifteen to 
20% of the fibroblastic cells (skin and muscle) 
contained T antigen at later passage levels 
when no evidence of productive infection 
could be detected; these cells did not, how- 
ever, meet other criteria for transformation. 
Transformed rodent cells exhibited T antigen 
in 90-100% of cells. BK viral particles could 
be rescued from only one line of transformed 
rat cells. BK virus-transformed rat cells could 
not be transplanted, and the transformed 
hamster cells were poorly oncogenic for new- 
born and adult hamsters unless cheek pouch 
inoculation or immunosuppression was used, 
suggesting that the poor oncogenicity re- 
ported for BK virus in vivo may reflect im- 
mune recognition and rejection of trans- 
formed cells by the host. 
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