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genes (12). The Rb3 gene is one of the well-studied tumor suppressor
genes (13, 14) that has been found to be mutated or inactivated in a
broad-spectrum of tumors, including retinoblastoma, osteosarcoma,
small lung cancer, and breast cancer (15). Individuals carrying an
abnormal Rb allele have a high risk of developing osteosarcoma by
exposure to radiation, indicating that the inactivation of Rb may be
one of the molecular mechanisms of carcinogenesis in human osteo
blast cells (16, 17). Here we show that nickel-transformed human
osteoblasts exhibit hypophosphorylation of the Rb gene product, but
the unphosphorylated Rb gene product in these nickel-transformed
cells was unable to bind to the SV4O large T-antigen, suggesting a loss
of functional activity. This paradox is resolved by data showing that
the transformed clones exhibited parental Rb phosphorylation when
an expression vector carrying the â€œnormalâ€•Rb gene was transfected
into the cells. It is proposed that nickel induced a mutation in the Rb
protein such that it lost its ability to be phosphorylated.

MATERIALS AND METhODS

Chemicals. NiCb2 and crystalline NiS were purchased from Alfa morgan
ics. NiS was ground in an impact grinder (Spex Industries, Metuchen, NJ)
followed by ifitration through 5-pin screens (jolyester monofilament from
Tetco Inc., Elmsford, NY) using acetone as the washing/sterilizing agent. After
drying, the NiS particles were weighed and stored in airtight containers. The
NiS particles were resuspended in a-MEM medium immediately before use
and then were sonicated to disrupt aggregated particles. This sterile suspension
was applied in different volumes to the cultured cells.

Cell Culture and Transformation Protocols. The HOS TE-85, clone F-5
cell line was obtained from American Type Culture Collection and grown in
plastic flasks (Corning Glass Co.) in a-MEM containing 10% fetal bovine
scram. For transformation, 1 X 106 HOS cells were plated in 75-cm2 plastic

flasks and treated 24 h later with 10 g.@g/mlcrystalline NIS for 24 h. The
nickel-containing media were removed, and the cells were rinsed three times
with serum-free medium. Fresh a-MEM was added and the cells were allowed
to grow to confluence. The cultures were split 1:10 and were then treated for
a second time with 2 @g/mlNiS for 24 h. After a second recovery period in

fresh media, the cultures were again allowed to reach confluency. Cells were
treated for a third time with 2 @WmiNiS for 24 h and allowed to proliferate.
After these three separate nickel treatments, the cells were plated in soft agar,
and 10 individual colonies were cloned and expanded into mass culture. It
should be noted that cultures were treated in a large number of separate
containers to avoid the possibility that any derived clones could be siblings.

To assay for anchorage-independent growth, 1 X 10@to 1 X 10@cells were
plated in 5 ml 0.3% agarose in a-MEM with 10% fetal bovine serum that was
overlaid onto a solid layer of 0.6% agarose in a-MEM with 10% fetal bovine
serum. The cultures were maintained for 2 weeks, and colonies larger than 0.1
mm (small) or 0.5 mm (large) were counted separately. The plating effi
ciency in agar was determined by dividing the number of colonies obtained per
plate by the number of cells plated.

Protein Extraction and Western Immunoblots. Exponentially growing
cells were washed with ice cold phosphate-buffered saline and lysed in an SDS
sample buffer. The cell lysates were subsequently passed through 27-gauge
needles. Protein concentrations were measured by the Lowry method using a
commercially available protein assay kit (Sigma, St. Louis, MO). Cell lysate

3 The abbreviations used are: Rb, retinoblastoma; SV4O, simian virus 40; a-MEM,

a-minimal essential medium; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel
electrophoresis; EL buffer, 50 nut 4-(2-hydroxyethyl)-i-piperazineethanesulfonic acid
(pH 7.0)-250 mMNsa-S mMEDTA-0.l% Nonidet P-40; pRb, Rb protein.
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The retinoblastoma (Rb) protein (pRb) has been StUdiedin various
crystalline NIS-transformed cell clones derived from the human osteoblast
cell line, HOS TE-85. The parental HOS cells were not able to proliferate

In soft agar medium, but they acquired this property following treatment
with crystalline NIS. The pRb was found only in the hypophosphorylated
form In 8 of 9 nickel-transformed clones examined, whereas in the paren
tel cells the pRb appeared in both phosphorylated and unphosphorylated
forms. NeitherRb gene expression nor its phosphorylation was affected by
acute nickel treatments ofHOS cells The nickel-transformed HOS clones

expressed the m*jor regulators ofRb phosphorylation, cydlin E and cdk-2,
at levels similar to those of the parental cells. In coimmunoprecipitation
assays with cell lysates from the transformed clones that exhibited the
hypophosphorylated form ofpRb, the Rb protein failed to form a complex
with simian virus 40 large T-antigen, Indicating a lack of functional
activity. When a plasmid containing the normal Rb gene was transfected

into these nickel-transformed cells, it restored the Rb phosphorylatbon
pattern observed in parental cells and the cells acquired a normal phe
notype (i.e., they were no longer able to grow in soft agar). This suggested
that a mutation was induced in nickel-transformed cells that affected the
ability ofthe Rh protein to be phosphorylated and function normally, and
this mutation allowed the human nickel-transformed cells to acquire
anchorage-independent growth.

INTRODUCTION

Nickel compounds are well-established human carcinogens (1), and
certain particulate nickel compounds induce tumors in animals by
virtually any route of exposure (2, 3). In cultured mammalian cells,
nickel compounds damage DNA, yielding chromosomal aberrations
that are most pronounced in protein-rich regions such as heterochro
matin (4â€”6).DNA strand breaks and DNA-protein cross-links are
also induced in intact cells by nickel compounds (7, 8). A high
frequency of 6-thioguanine resistance can be induced in transgenic
gpt@ Chinese hamster cell lines depending on the site of integration of
the target gene (9); however, evidence thus far indicates that there is
little structural mutation in the gpt gene. Inhibition ofgpt transcription
by nickel treatment is likely to be due to altered methylation of
flanking sequences, and recent studies have shown that nickel treat
ments decreased the expression of other genes, such as throm
bospondin, by a mechanism that involves hypermethylation of its
promoter (10).

A human osteoblast cell line has been transformed by treatment
with water-insoluble nickel compounds (11), such that the trans
formed clones exhibited both morphological alterations and increased
plating efficiency in soft agar in contrast to the parental HOS cells.
Neoplastic cell transformation is a multistep process involving the
activation of oncogenes and the inactivation of tumor suppressor
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Table I Plating efficiency ofNiS-treated HOS cells in softagarCells
I X I0@were plated in dishes containing 0.3% agar and then incubated for2weeks.

Colonies were counted, and the plating efficiencies in soft agar weredeterminedby
dividing the number of colonies obtained per plate by the number of cells plated.Theplating

efficiency value for each clone represents the mean number of coloniesscoredfrom
3 plates.Plating

efficiency in soft ColonysizeClone
agar (%)(mm)HOS

TE-850HOS1-3/SA-i
9.6 0.1 rt0.5HOS1-3/SA-2
5.8 0.10.5HOS1-3/SA-3

17.8 0.1 rt0.5HOS1-3/SA-4
50.2>0.5HOS1-3/SA-5
26.0>0.5HOS1-3/SA-6
5.0>0.5HOS1-3/SA-7

30.4>0.5HOS1-3/SA-8
32.8>0.5HOS1-3/SA-9

2.7 0.1@ 0.5HOS1-3/SA-l0
19.5 0.1 rt 0.5

ABNORMAL Rb PROTEIN IN NICKEL-TRANSFORMEDHUMAN CELLS

protein (25 @Lg)was subjected to analysis in 7.5% (for pRb) or 12% (for cyclin
Eandcdk-2)SDS-PAGEandthentransferredtonitrocellulosemembranes.
After the membranes were blocked with 3.0% bovine serum albumin fraction
V (Sigma) in 20 mMTris-137 mMNaC1-0.1%Tween-20 (pH 7.6), the mem
branes were probed with Rb, cyclin E, and cdk-2 antibody (Pharmigen, San
Diego, CA). The antigen-antibody conjugates were detected by the method of
enhanced chemiluminescence (Amersham, Arlington Heights, IL) which uti
lizes secondary horseradish peroxidase-labeled antibodies and luminol. Lumi
nol is oxidized in the reaction catalyzed by horseradish peroxidase which

produces a bightdetectable by an exposure to X-ray film (Hyperfilm-enhanced
chemiluminescence, Amersham, Arlington Heights, IL).

Immunoprecipitation. Exponentially growing cells (1 X 106)were radio
labeled with (32P)orthophosphate and lysed in an EL buffer. Cell lysates were
then clarified by centrifugation at 14,000 rpm and incubated with polyclonal
anti-pRb antibody-agarose conjugates (Oncogen Science, Uniondale, NY) for
2 h at 4Â°C.The proteins extracted from the immunoprecipitates were analyzed
by autoradiography following separation in 7.5% SDS-PAGE. In the coimmu
noprecipitation experiment with SV4O large T-antigen, cells were labeled with
35S-cysteine and 35S-methionine for 4 h and lysed in EL buffer. The cell lysates
were incubated with 100 ng/ml immunoaffinity-purified 5V40 large T-antigen
(28; generousgifts of Dr. Y-S. Seo, Memorial Sloan Kettering CancerCenter)
for 1 h, followed by immunoprecipitation with anti-5V40 large T-antigen
antibody. The conditions for immunoprecipitation were as follows: the equiv
alent of 5 @Lganti-SV4O large 1-antigen monoclonal antibody (Pharmigen, San

Diego, CA) in the form of a protein A agarose conjugate (Schleicher and
Schuell, Keene, NH) was mixed with the cell extract and incubated for 2 h at
40 with rocking. Immunoprecipitates were washed 5 times in ice-cold EL

buffer and extracted by boiling in SDS sample buffer (75 mr@iTris-2% SDS-5%
glycerol-0.01% bromphenol blue-2% j3-mercaptoethanol). The released pro
teins were separated in 7.5% SDS-PAGE and analyzed by autoradiography.

Transfection of a Nickel-transformed Clone with an Rb Expression
Vector. Cells (3 x l0@)which were seeded into 100-mm tissue culture dishes
and 10 i.@gofthe Rb expression vector pLRbRNL obtained from the American
Type Culture Collection was transfected using a calcium phosphate mamma

han transfection kit (Strategene, LaJolla, CA). This vector allows for the

expression of a normal Rb protein. The cultures were maintained in a-MEM

media containing 10% fetal bovine serum supplemented with 400 @g/mlof
0418 to select for positive transfectants. G418-resistant colonies were isolated
after 2 weeks of selection, and the status of pRb phosphorylation was examined

in each clone.

RESULTS

Table 1 shows the various parental and nickel-transformed clones
that were analyzed in this study and defines them with respect to their
plating efficiency in soft agar and colony size. Note that normal HOS
TE-85 cells do not form colonies in soft agar, whereas after treatment

with NiS, various clones arise that are able to grow to a large size in
agar. The observed variation of plating efficiency within the multiple
plates scored for each clone was significantly lower than the variation
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Fig. 1. Phosphorylation of pRb-1 in parental and nickel transformed clones. Top,
immunoblot analysis. Cellular proteins were extracted from HOS TE-85 cells and from
nickel-transformed clones. Protein was separated on 7.5% SDS-PAGE, transferred to
nitrocellulose, and incubated with an anti-pRbl monoclonal antibody. Bottom, immuno
precipitation analysis. Anti-pRbl was utilized to capture cellular Rb protein containing
with 32P.
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Fig. 2. Cyclin E expression in parental HOS and nickel-transformed clones. Cellular
proteins extracted from HOS TE-85 cells and transformed clones were immunoblotted to
nitrocellulose after separation on 12% SDS-PAGE and incubated with an anti-cyclin E
monoclonal antibody (Pharmigen 14591A).

between clones. There is a barge variation in the plating efficiencies of
the 10 nickel-transformed clones. Judging from the number of soft
agar colonies obtained in three separate NiS experiments, we can
estimate that the frequency of acquisition of anchorage-independent

growth was in the order of i03.
Fig. 1 (top) shows a Western blot of protein from parental and

nickel-transformed clones reacted with an Rb antibody (G3â€”245;
Pharmigen, San Diego, CA) that recognizes an epitope between amino
acids 300 and 380 of the human Rb protein. The parental HOS TE-85
cells expressed two forms of pRb, a slower migrating phosphorylated
form (pRb 1 12â€”120) and a faster migrating hypophosphorylated Rb

protein (jRb 110). With the possible exception of clone SA-9, all of
the nickel-transformed clones exhibited a similar quantity of pRb, but
the protein was predominantly in the faster migrating hypophospho
rylated form (jRb 110). The shift in the electrophoretic mobility of
pRb detected by the anti-pRb antibody in Western blot analysis has
been consistently observed in several replicate experiments.

In order to confirm the lack of phosphorybation of the pRb in the
nickel-transformed cells, the quantity of radioactive phosphate incor
porated into the Rb protein of normal or nickel-transformed clones
was studied. Again, with the possible exception of clone SA-9, all of
the nickel-transformed clones tested exhibited significantly lower
amounts of 32P incorporated into pRb relative to parental HOS cells
(Fig. 1, bottom). This lack of phosphorybation may have been the
result of an abnormality of cyclin-associated kinase systems which are
responsible for the phosphorylation of pRb (18). Cycbin E-cdk-2 has
been associated with pRb phosphorybation in G1/S of the cell cycle
(19). We did not find differences of expression of cyclin E in parental
or nickel-transformed HOS clones (Fig. 2), nor were there differences
in the levels of cdk-2 (Fig. 3). These data suggested that the lack of
phosphorylation of pRb was not due to an abnormality of the cyclin
associated kinase system but was possibly due to the pRb itself.

To investigate whether the Rb protein was functionally active in
nickel-transformed cells, we examined its interaction with the SV4O
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Table 2 I@ffec'iof transfeclion of normal Rb gene on the ability Qfnickel-transformedcells
to grow in softagarCells

transfected with Rb expression vector pL.RbRNL, were grown in 6418-contain
ing medium for 14 days and 6418-resistant colonies were isolaled and expanded in
culture. Cells 2 x l0@were plated on 0.3% agar medium, and the number of colonieswasscored

after 14 days of incubation at 37'C. SA-3. nickel-transformed recipient cells. SM
G418R-RbfRb, 6418-resistant clones expressing (Rb) 01 not expressing (Rb )thetransfected

3.7-kilobase normal Rhgene.Cell

line Colony no/plate (it = 3) Plating efficiency(%)SA-3

293Â±19.714.7SAl
6418R-Rb@ 272 Â±51.013.6SM
G4l8R-Rb@ 4 Â±2.9 0.6

ABNORMAL Rb PROTEIN IN NICKEL-TRANSFORMEDHUMAN CELLS

Met oncogene in nickel-transformed HOS cells revealed no such
.@ activation (22).

@ We show here that the Rb protein exhibited striking and interesting

changes in its apparent functioning in nickel-transformed HOS cells.
While nickel-transformed cells exhibited predominantly the hypo

phosphorylated form of Rb protein, in contrast to wild-type cells
______ which had both phosphorybated and unphosphorylated Rb, the Rb

protein in nickel-transformed cells was not functional with respect
to its ability to interact with the SV4O large 1-antigen. It is
generally believed that the binding of Rb protein to the SV4O large
T-antigen is indicative of a functionally active protein (23, 28), and
nickel-transformed cells clearly did not exhibit functional Rb pro
tein despite its hypophosphorylation. @Ã§pressionof the cyclins E
and cdk2 kinase in the nickel-transformed cells was not different
from that in wild-type cells.

We have demonstrated that the transfection of a normal Rb gene
into nickel-transformed cells restored a â€œnormalpattern of Rb
phosphorylation.â€• While this does not prove that the Rb protein in
nickel-transformed cells did, in fact, have a mutation affecting its
ability to be phosphorylated, these data strongly suggest this pos
sibibity. Confirmation of this will require mapping of the Rb
protein or sequencing the Rb gene in the nickel-transformed cells
to determine whether in fact there was a mutation that affected the
ability of Rb to be phosphorylated. It should be noted that the
entire complementary DNA must be sequenced in nickel-trans
formed cells since the mutation may not necessarily reside at or
adjacent to a phosphorybation site.

In previous studies, nickel-induced transformation of mammalian
cells has been associated with the loss of senescence gene activity (24)
and with alterations in the transcriptional control of specific genes,
such as thrombospondin (10). Here we report another way by which
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Fig. 4. SV4O 1-antigen binding of pRb-1 from HOS parental cell and nickel-trans.
formedclones.35S-cysteineand .metbionine4abeledcellularextractsfromHOSTE-85
cells and nickel-transformed clones were incubated with (A) or without (B) purified SV4O
T-antigen and immunoprecipitated with a monoclonal antibody (Pharmigen 1411lA) that
recognizedSV4OlargeT-antigen.

large T-antigen. 35S-cysteine and -methionine-labeled extracts from
parental and nickel-transformed cells were incubated with purified
SV4O large T-antigen. The protein complexes were precipitated with
anti-SV4O barge T-antigen antibody conjugated with protein A aga
rose. Fig. 44 shows that only the pRb from parental cells and to a
smaller extent that from clone SA-9 (the only ebone with Rb phos
phorylated properties similar to parental cells) were able to form
complexes with SV4O large T-antigen, The pRb from SA-3, SA-6, and
SA@8 were unable to form such complexes with SV4O T-antigen,
indicating a loss of functional activity. Fig, 411shows the reaction of
anti-SV4O large T-antigen antibody with cell lysates in the absence of
exogenously added large T-antigen as a control,

To resolve the apparent paradox between our observation that the
nickel-transformed cells exhibited a predominantly hypophosphory
lated form of pRb, which is thought to be the active tumor suppressor
form, and yet these nickel-transformed cells exhibited a functionally
Inactive form of pRb with respect to Its binding to an SV4O large
T@antigen, we transfected these nickel-transformed cells with an ex
pression vector carrying the normal pRb gene to study whether the
distribution of both phosphorylated and unphosphorylated Rb would
be restored (Fig, 5), Whereas the nickel-transformed cells predomi
nantby exhibited the hypophosphorylated form of pRb following trans
fection with the normal Rb gene, these cells regained both phosphor
ylated and unphosphorylated forms of pRb@The nickel-transformed
cells that were transfected with the normal Rb protein were no longer
able to proliferate In soft agar (Table 2). The expression of the
transfected Rb gene was confirmed by Northern blot detection of its
unique mRNA transcript size (3,7 kilobases) compared with the
endogenous form of Rb mRNA (4.7 kilobases, Fig. 6).

DISCUSSION

The human osteosarcoma HOS TE-85 cell line has been utilized in
the past to study chemical induced transformation, When the alkylat@
lagagent,N-methyl-N'.'nitro-N@nitrosoguanIdine,wasused,thiscell
line has been shown to undergo transformation with an enhanced
capacity to grow in soft agar (20), ThIs transformation was associated
with the activation of the Met oncogene (21). A similar study of the

Cl)
0

Fig. 5. Phoaphorylation of exogenous functional pRh-l in nickel-transformed clones.
lbs and a Ni@transformedclone, SA-3, were transfectedwith pLRbRNL,and G415-
resistant colonies were isolated. Cellular proteins extracted from G4l5-resistant colonies
wereimmunoblotledtonitrocelluloseafterseparationon 7.5%SDS-PAG13andincubated
with an anti-pRbl monoclonal antibody.
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Fig. 3. cdk-2 expression and activation in parental HOS and nickel-transformed clones.
Cellular proteins extracted from HOS TE-85 cells and transformed clones were immu
noblotted to nitrocellulose after separation on 12% SDS-PAGE and incubated with an
anti-cdk-2 polyclonal antibody (Pharmigen 14736E). Cdk-2@,fast cdk-2 form.

A

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/54/10/2751/2453374/cr0540102751.pdf by guest on 19 M

ay 2023



ABNORMAL Rb PROTEIN IN NICKEL-TRANSFORMEDHUMAN CELLS

3. Sunderman, F. W., Jr. Carcinogenic effects of metals. Fed Proc., 37: 40â€”46,1978.
4. Nishmura, M., and Umeda, M. Induction of chromosomal aberrations in culture

mammalian cells by nickel compounds. Mutat. Rca., 68: 337â€”349,1979.
5. Larramendy, M. L., Popescu, N. C., and Dipaolo, J. A. Induction by inorganic metal

salts of sister chromatid exchanges and chromosomal aberration in human and Syrian
hamstercellstrains.Environ.Mutat.,3: 595â€”606,1981.

6. Sen, P., andCosta, M. Inductionof chromosomaldamagein Chinesehamsterovary
cells by soluble and particulate nickel compounds: preferential fragmentation of the
heterochromatin long arm of the X-chromosome by carcinogenic crystalline NiS
particles. Cancer Res., 45: 2320-2325, 1985.

7. Ciccarelli, R. B., Hampton, 1. H., and Jennette, W. Nickel carbonate induces DNA
protein crosslinks and DNA strand breaks in rats kidney. Cancer Left., 12: 349-354,
1981.

8. Patierno, S. R., and Costa, M. DNA-protein crosslinks induced by nickel compounds
in intactcells.(1cm. Biol.Interact.,55: 75-91, 1985.

9. Kargacin,B.,Klein,C. B.,andCosta,M.Mutagenicresponsesof nickeloxidesand
nickel sulfides in Chinese hamster V79 cell lines at the xanthine-guanine phospho
ribosyl transferase locus. Mutat. Res., 300: 63â€”72,1993.

10. Salnikow,K@,Cosentino,S., Klein,C., and Costa,M. The lossof thrombospondin
transcriptional activity in nickel-transformed cells. Mol. Cell. Biol., 14: 851â€”858,
1994.

11. IAn,X., and Costa, M. Transformationof humanosteoblaststo anchorage-indepen
dent growth by insoluble nickel particles. Environ. Health Perspect., in press, 1994.

12. Bishop, J. M. The molecular genetics of cancer. Science (Washington DC), 235:
305â€”311,1987.

13. Friend, S. H., Horowitz, J. M., Gerber, M. R., Wang, X-F., Bogenmann, E., Li, F. P.,
and Weinberg, R. A. Deletions of a DNA sequence in retinoblastoma and mesenchy
mal tumors: organization of the sequence and its encoded protein. Proc. NatI. Acad.
Sci. USA, 84: 9059â€”9063,1987.

14. Horowitz,J. M., Park,S. H., Bogenmann,E., Cheng,J. C., Yandell,D. W., Kaye,F.,
Minna, J. D., Dryja, T. P., and Weinberg, R. A. Frequent inactivation of the
retinoblastoma anti-oncogene is restricted to a subset of human tumor cells. Proc.
Natl. Acad. Set. USA, 87: 2775â€”2779,1990.

15. Stanbridge, E. J. Human tumor suppressor genes. Annu. Rev. Genet., 24: 615â€”657,
1990.

16. Roarty, J. D., McLean, I. W., and Zimmerman, L E. Incidence of second neoplasms
in patients with bilateral retinoblastoma. Ophthalmology, 95: 1583-1587, 1988.

17. Shew, J., Ling, N., Yang, X., Fodstad, 0., and Lee, W. Antibodies detecting abnor
malities ofthe retinoblastoma susceptibility gene product (pp110'@)in osteosarcomas
and synovial sarcomas. Oncogene Res., 1: 205â€”214,1989.

18. Motokura, T., and Arnold, A. Cyclins and oncogenesis. Biochim. Biophys. Acts,
1155: 63â€”78,1993.

19. Un, B. T-Y., Gruenwald,S., Mona, A. 0., Lee, W-H., and Wang, J. Y. J. Retino
blastoma cancer suppressor gene product is a substrate of the cell cycle regulator cdc2
kinase. EMBO J., 10:857-864,1991.

20. Rhim, J. S., Park, D. IC, Arnstein, P., Huebner, R. J., Weisburger, E. IC, and
Nelson-Rees, W. A. Transformation of human cells in culture by N-methyl-N'-nitro
N-nitrosoguanidine. Nature (Lond.), 256: 751â€”753,1975.

21. Cooper, C. S., Park, M., Blair, D. G., Tainsky, M. A, Huebner, K, Croce, C. M., and
Vande Woude, 6. F. Molecular cloning of a new transforming gene from a chemi
cally transformed human cell line. Nature (Lond.), 311: 29â€”33,1984.

22. Kumar, S., Rani, A. S., Qu, D. 0., Sidhu, M. K., Panagakos, F., Shah, V., Klein,
K. M., Brown, N., and Pathak,S. Transformationof immortal,non-tumorigenic
osteoblast-like human osteosarcoma cells to the tumorigenic phenotype by nickel
sulfate. Carcinogenesis (Lond.), 14: 947â€”953,1993.

23. Hu, 0., Dyson, N., and Harlow, E. The regions of the retinoblastoma protein needed
for binding to adenovirus EIA or SV4O large T antigen are common sites for
mutations. EMBO J., 9: 1147â€”1155,1990.

24. Klein, C. B., Conway, K, Wang, X. W., Bhamra, R. K, Un, X., Cohen, M. D.,
Annab, L, Barrett, J. C., and Costa, M. Senescence of nickel-transformed cells by an
X-chromosome: possible epigenetic control. Science (Washington DC), 251: 796â€”
799, 1991.

25. Goodrich, D. W., and Lee, W. H. Molecular characterization of the retinoblastoma
susceptibility gene. Biochim. Biophys. Acts, 1155: 43â€”61,1993.

26. Qian, Y., Luckey, C., Horton, Y., Easer, M., and Templeton, D. J. Biological function
of retinoblastoma protein requires distinct domains for hyperphosphorylation and
transcription factor binding. Mol. Cell. Biol., 12: 5363â€”5372,1992.

27. Huang, S., Wang, N. P., Tseng, B. Y., Lee, W. H., and Lee, E. H. H. Two distinct and
frequently mutated regions of retinoblastoma protein are required for binding to SV4O
T antigen. EMBO J., 9: 1815-1822, 1990.

28. Bullock, P. A., Seo, Y. S., and Hurwitz, J. Initiation of simian virus 44) DNA
replication in vitro: pulse-chase experiments identify the first labeled species as
topologically unwound. Proc. Natl. Acad. 5th. USA, 86: 3944â€”3948,1989.

29. Kaye, F. J., Kratzke, R. A.. Gerster, J. L, and Horowitz, J. M. A single amino acid
substitution results in a retinoblastoma protein defective in phosphorylation and
oncoprotein binding. Proc. NaIl. Acad. Sci. USA, 87: 6922-6926, 1990.

30. Templeton, D. J., Park, S. H., Lanier, L and Weinbeg, R. A. Nonfunctional mutations
of the retinoblastoma protein are characterized by defects in phosphorylation, viral
oncoprotein association, and nuclear tethering. Proc. Natl. Acad. Sci. USA, 88:
3033â€”3037,1991.

2754

Rb (4.7kb)

Rb (3.7kb)

Fig. 6. Northern blot analysis ofRb gene expression in Ni-transformed cells transfected
with the expression vector carrying normal Rb gene. Polyadenylated RNA (5 p@g)isolated
from parental HOS TE-85 cells and two G418-resistant clones obtained after transfection
with pLRbRNL vector were analyzed with complementary DNA probes for human
Rb gene. The difference in size of endogenous [4.7 kilobases (kb)] and transfected
(3.7 kilobases) Rb gene transcripts provided a basis for discrimination between these
two genes.

nickel may exert its carcinogenic potential by targeting tumor sup
pressor genes such as the retinoblastoma gene whose function is
regulated by phosphorylation. Since acute nickel treatment did not
induce any apparent alterations in the phosphorylation patterns of pRb
(data not shown), we concluded that the lack of phosphorybation of
pRb in nickel-transformed clones is not a direct effect of nickel. The
inactivation of Rb has been shown to occur by point mutation or
deletion (25); however, phosphorylation of Rb protein is also one
mechanism by which the pRb becomes less active. There are numer
ous phosphorylation sites involved in altering the functional capacity
of the Rb protein (26). Our study shows that the absence of phos
phorylation of the Rb gene may not necessarily indicate an enhanced
tumor suppressor activity since nickel-transformed cells exhibited
under phosphorylated pRb and loss of its functional activity. The Rb
protein in the nickel-transformed cells, by virtue of what appears to be
mutation in the gene, cannot be phosphorylated. This is the first study
to show that a chemical carcinogen such as NiS induced a mutation in
the Rb gene that affected its ability to be phosphorybated, although
other studies have shown that cancer cells exhibit mutations of the Rb
gene that result in the inhibition of pRb phosphorylation (29, 30).
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