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Introduction

Cancer is characlerized by uncontrolled cell
growth leading to invasion of surrounding tissues
and spread to other paris of body. Humans are
exposed to a variety of known carcinogens in
tobacco, the environment, diet, and alcoholic
drinks. Many genotoxic carcinogens including
polycyclic aromatic hydrocarbons(PAHs),
aromatic arnines, nitrosamines, and alkylaiing

identified. And these

environmental carcino-gens can be taken up by

agents have been

human body" and may make contact with
target tissues directly or through blood stream.
PAHs are probably the most widely distributed
class of potent carcinogens present in the human
environ-ment”, Although some carcinogens are
responsible for direct DNA damage, most of the
carcinogens such as PAH are converted to their
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Fig. 1. Microscopic features of NRCC (A), PTRCC-DMBA {B), RCC-DMBA (C), and RCC-
DMBA-TPA (D). The cells were plated and grown to confluence. The chemically

electrophilic derivatives as an ultimate carcinogen
through normal cellular metabolism. This process
is known as metaboiic activation and sometimes
oceurs in several steps. Acfivation is a normal
enzymatic process such as cyiochrome P450
system that converts a particular chemical into a
more water-soluble, but reactive form that can
then bind te cell macromolecuies such as DNA,
RNA, proteins and lipids®. 7,12-Dimethylbenz
{a)anthracene {DMBA) is one of the most
potent carcinogenic PAHs known, In the mouse
skin tumorigenesis system, mulliple papillomas
and carcinomas can be produced on the back of
mice following a single application of DMBA®.
And administration of DMBA by oral stomach
tube elicited mammary cancer or leukemia in
rats™.

Bone is a complex living tissue in which the
extracellular matrix is mineralized, conferring
marked rigidity and strength
to the skelefon. In addition to
its supportive and protective
functions, it actively partici-
pates in maintaining calcium
homeostasis in the body. Bone
is composed of several types
of cells such as osteoblasts,
osieocytes, and osteoclasts.
Also bone is composed of an
organic matrix of which Type
[ collagen constitutes appro-
ximately 95%, and that is
sirengthened by deposits of
calcium salts”. Mature bones
have an elaborate wvascular

system that supplies the cells

transformed cell lines RCC-DMBA and RCC-DMBA-TPA shown morphological

alterations from their parental counterpart, NRCC. Bar length = 100 gm.

of the marrow, bone tissue,

and periosteum., Even within
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dense cortical bone tissue, the
organizafion of wvascular canals ensures
that no cell lies more than 300
micrometers from a blood vessel®™,
Hence, serum ions are reacily accessible
to the bone celis and minerals,

It is now firmly established that
oncogenes and tumor SUppressor genes
are key molecules that have diverse
roles in signal transduction, cell
proliferation, differentiation, and
embryonic development, as well as in
cellular transformation and oncogensesis®™
¥ Among the more than 100
fransforming and tumor suppressor
genes that have been identified, only a
few have been shown to play a
significant role in the hiology of human
neoplasia, including that of bone cancers™?,
Recent advances have indicated that oncogenes
also have important roles in the confrol of bone
cell activity,

Osteosarcoma is the most comumon primary
malignant tumor of bone™. Amplification and
overexpression of several proto-oncogenes have
been demonstrafed in some spontaneous and
radiation-induced ostecsarcomas™™. The

amplification of the c¢-myc gene or

1s-21)

overexpression of its protein™®, and deregulation

of c-fos™

are frequently found in human
osteosarcormas. The tumor suppressor genes such
as pRb and pbh3, have been shown to be
important for the pathogenesis of osteosarcomas,
as evidenced by the fact that mutations in, or
inactivation of, these genes are asscciated with
deregulated cell growth and human neoplasias,

12,24~26)

including osteosarcomas Several key

molecular mechanisms have been implicated in

Fig. 2. Ultrastructural findings of NRCC (A), PTRCC-DMBA (B}, RCC-DMBA
(C), and RCC-DMBA-TPA cells (D) as shown by transmission electron
MICroscopy.

the development of osteosarcoma, but they seem
fo play a major role only in distinct clinical
subsets of tumors. The mechanisms involved in
the development of common de novo high-grade
osteosarcomas are still obscure,

We previously established tumorigenic trans-
formed rat bone cell lines by benzo{a)pyrene
(BaP), a tobacco-related chemical carcinogens™.
In the present study, we investigated the
possibility of tumorigenic conversion of normal
bone cells by DMBA. Its activity as tumor
initiator is more than ten-fold greater than that

of BaP in mouse skin®,

Primary normal rat
osteoblast-enriched cells were exposed to DMBA,
12-0-
tetradecanoylphorbol-13-acetate (TPA).
Chemically treated (PTRCC-DMBA) and
chemically transformed cells (RCC-DMBA and
RCC-DMBA-TPA) were established and their

biclogical properties, in vifro tumorigenicity, and

alone or in conjunction with
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Fig. 3. Growth curves of NRCC, PTRCC-DMBA, RCC-DMBA, and
RCC-DMBA-TPA cells grown in MEM supplemented with
10% FBS.

expression of c-myc, c-fos, c-jun, pb3, and Rb
were studied,

Materials and Methods

Culture of primary normal rat calvarial cells
{NRCC)

19-days pregnant Sprague-Dawley rats
(Animal lzhoratory, Callege of Medicine, Seoul
National University) were anesthetized with
sodium penfobarbital (30mg/kg} intraperiton-
eally. The fetuses were removed and the
portions of calvaria containing frontal and parietal
bone were separated from the brain. Blood
residues and the periosteurn of the calvaria were
removed by an ophthalmic pincefte and washing
with Hanks balanced salt solution (HBSS,
GibcoBRI. Life Technologies Inc, Gaithersburg,
MD, USA). The calvaria samples were

transferred to a Reacti-vial (10 calvariae/vial:

Pierce, Rockford, IL, USA) with 15 ml of
enzyme solution containing of 0.1% collagenase,
0.06% trypsin and 05 mM EDTA. Bone cell
population I to V were obtained by serial
enzyme digestion as previously”™. All cells and
cell lines were maintained in MEM suppiemented
with 109 fetal bovine serum (FBS, GibcoBRL
Life Technology Inc.) and antibiotics at 37C in
humidified atmosphere of 5% CO: in air. The
cells were plated at 3 x 10° cells per 60-mm

Petri dish and grown for the various assays,

Tumorigenic transformation of cells to DMBA,
alone or in conjunction with TPA

The primary NRCC (population V) were
plated at 3 x 10° cells per 60-mm Petri dish.
When the cultures reached 70% confluency, they
were exposed to DMBA (05 wg/mi: Sigma
Chemical Co., St Louis, MO, USA)} for 20
weeks., These chemically treated cells were
designated PTRCC-DMBA. The primary NRCC
(population V) were also exposed to DMBA (0.5
pe/ml) for 40 weeks, The primary NRCC were
exposed to DMBA (05 wg/ml) for 20 weeks,
and then further exposed to DMBA (05 wug/ml)
and TPA (1.0 we/ml: Sigma Chemical Co.) for
20 weeks. These cells were named RCC-DMBA
and RCC-DMBA-TPA, respectively. DMBA and
TPA were dissclved in DMSO (Sigma Chemical
Co.) before dilution in MEM. The final
concentration of DMSO in culture medium was
0.05%.

Light microscopic and ultrastructural examinations
of cells

The cultures were washed itwice with HBSS
and fixed in situ with 25% glutaraldehyde

solution for 1 h at room temperature. After
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washing twice with 0.1 M caccdvlate buffer, the
microscopic features of the cells were
photographed.

The culiures were washed twice with HBSS,
scraped ouf with a policeman and coliected in a
glass vial, They were immediately fixed in 25%
glutaraldehvde solution in 0.3 M sodium
cacodylate buffer, pH 7.4, They were then
postfixed in 1% osmium tefroxide in 0.1 M
sodium cacodylate buffer, dehydrated in a graded
series of ethanol and embedded in Epon 812
using propylene oxide as a miscible intermediate.
Ultra-thin sections were stained with uranyl
acetate and lead citrate, and were examined
with an electron microscope (1200EXIl, JEOL,
Japan).

Determination of cell proliferation rate

Confluent cells in 100-mm Petri dishes were
frypsinized and counted. The cells were
suspended in MEM supplemented with 10%
FBS and 3 x 10° cells were plated onto 60-mm
Petri dishes. The number of viable cells after
{rypan blue exclusion was counted after 1, 2, 3,
4, 5 and 6 days of incubation at 37°C. There
were four cultures in each group at each time,

Determination of the ability for soft agar colony
formation

Anchorage-independent growth was assayed
for their ability to grow on semisolid agar by the
modified method of Macpherson®™. Two ml of a
mixture of 2X medium and 1.0% Noble agar
(Difco Laboratories, Detroit, MI, USA) were
poured Into a 60-mm Petri dish and allowed fo
gel. The basal layer was overlaid with 1,000
viable cells suspended in an equal volume of 2X

medium containing 40% FBS and 06% Noble

agar, The Petri dishes were then incubated at

37C for 3 weeks. Colonies being larger than 50
um i diameter were examined and counted with

the aid of an inverted microscope,

Determination of acid and alkaline phosphatase

activities

Monolayer cultures (1 x 10° cells) were
frypsinized, harvested, and homogenized by
sonication in 05 mi! of distilled water. By the
modified method of Bessy ef al®™, the activity of
phosphatase was assayved in a reaction mixture
cornposed of 15 mM p-nitrophenyl phosphate, 0.1
M sodium citrate buffer, pH 4.8 (acid
phesphatase) or 0.1 M glycine-NaOH buffer, pH
10.4 (alkaline phosphatase), 0.1 m! of 0.1%
Triton X-100 in saline, and 0.2 mi of the
homogenate, in a final volume of 06 ml, The
enzymatic reaction was allowed for 30 min in a
water bath adjusted to 37C and stopped by
adding 25 ml of 01 N sodium hydroxide, The
content of p-nitrophensl in the resuiting
supernatant was monitored at 410 nm. Protein
confent was measured by the method of Lowry
et al™, and bovine serum albumin was used as

a reference standard.

Northern analysis

To determine the transcription of c-myc, c-fos,
c-jun, ph3, Ro and PF-actin genes, cytoplasmic
poly (A" YRNA was extracted from cells using
standard procedures,

The obtained poly(A*)RNAs were resolved in
a 12% agarose-formaldehyde gel and transferred
onto nylon filters (Amersham Corp. Arlington
Heights, IL. USA). Probes used for Northern
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Fig. 4. Activities of acid phosphatase and alkaline phosphatase in rat calvarial cell
poputations {A), and cell lines (B). Acid phosphatase / alkaline

Celi lines

(Tropix Inc, Bedford, MA, USA)

27}

DHBA-TPA
as previously™. Monoclonal antibody
for p53 {PAb240) or Rb were

obtained from Santa Cruz

phosphatase ratio in rat caivarial cell populations (C) and cell lines (D).

Enzyme activity was assayed with 15 mM p-nitrophenyl phosphate in 0.1 M
sodium citrate buffer, pH 4.8 (acld phosphatase) and 9.1 M glycine-NaOH
buffier, pH 104 (alkaline phosphatase) at 37°C. The bars represent the
average standard deviation of the values obtained from 6 experiments. One

Biotechnology, Inc. (Santa Cruz, CA,
UUSA). The membrane was exposed
to Hyperfilim-MP for 4 min at room
temperature,

unit of enzyme activity was defined as that amount of enzyme which
catalyzes the transformation of 1 mol of substrate par min at 37C.

analysis were as follows: v-myc cDNA (ATCC,
Rockville, MD, USA), v-fos cDNA {ATCC), v~
jun cDNA (ATCC), pb3 cDNA (from Dr. E
Harlow, Massachusetts General Hospital Cancer
Center, Charlestown, MA, USA), Rb cDNA
(from Dr, S, Friend, Massachusetts General
Hospital Cancer Center, Charlestown, MA, USA)
and human f-actin cDNA (from Dr. L. Kedes,
Stanford University, Palo Alto, CA. USA). The
probes were labeled with [*PJdCTP (Amersham
Corp.) by megaprime labeling kit (Amersham

Results

Morphology, ultrastructural finding,
proliferation rate, and in vitro tumorigenicity

The PTRCC-DMBA cells were morphologi-
cally similar to its normal counterpart, but RCC-
DMBA and RCC-DMBA-TPA cells showed
morphological alterations from its normal
counterpart {Fig. 1}, Primary NRCC were
pleomorphic in shape, and the rather invaginated,
euchromatin-rich nuclei with marginated nucleoli
were eccenfrically located. The cytoplasm had

weli-developed rough endoplasmic reticulum with

522

CfEHR |l ARE 17| A3 7 X 7E 199,




some dilation. Round or oval mitechondria were
scattered throughout the cytopiasm. Golgi
apparatus were less prominent and were situated
near the cytocenter of the cells, The cyloplsm
confained a few vacuoles variable in size,

The many finger-like microvilli on the cell
surface were observed. Alse ultrastructural
characteristics of PTRCC-DMBA, RCC-DMBA,
and RCC-DMBA-TPA cells were similar to
NRCC (Fig. 2). Therefore, in spite of careful
examinations, there was much difficulty in
drawing meaningful positive correlations between
the ultrastructural characteristics of the cells and
the degree of their tumorigenicities,

The chemically transformed cells proliferated
well in MEM supplemented with 10% FBS.
Population doubling times of the NRCC,
PTRCC-DMBA, RCC-DMBA, and RCC-
DMBA-TPA cells were approximately 44, 37, 32,
and 29 h, respectively (Fig, 3).

NRCC and PTRCC-DMBA cells did not
proliferate in the semi-solid soft agar, indicating
the lack of ability of anchorage independency of
these cells, The chemically transformed cell lines
(RCC-DMBA and RCC-DMBA-TPA),
however, grew in the soff agar with coleny~
forming efficiencies of 7.6 to 4.2%, indicaling
the ability of anchorage independency of these
cells (Table 1).

Acid and alkaline phosphatase activities and its
ratio

To characterize the nature of the cell populations
isolaied from fetal rat calvaria, acid and alkaline
phosphatase activities and its ratio were studied,
Cells released early during the digestion period
{populations 1 and II) have been shown to
possess high acid phosphatase {ACP} activity

PTRCC—DMBA
RCC—DMBA
RCC—DMBA~TPA

NRCC

Fig. 5. Transeription of ¢-myc, c-jun, and c-fos genes from
cells grown in MEM supplemented with 1095 £BS. (A)
Northern blot hybridization of cellular polyadenylated
RNAs to “P-labeled v-myc cDNA; (B) Northern blot
hybridization of cellular polyadenylated RiNAs to “P-
labeled v-jun cONA; (C) Northern biot hybridization of
cellular polyadenylated RNAs to “P-labeled v-fos c¢DNA.
The polyadenylated RNAs were electrophoresed,
transferred to a nylon filter and hybridized to
radiclabeled v-myc cDNA. After autoradiography, the
probe was stripped off the filter for rehybridization to
the next rediolabeled probe.

and low alkaline phosphatase (ALP) activity
usually attributed to osteoclast, whereas those
released in the late stages of digestion
(population IV and V) have been shown low
ACP activity and high ALP activity {Fig. 4A).
All cells derived from population V' by treatment

of chemicals have been shown fo possess low

LYl |RHOIARE BIA| A3 7 M7 1999, 523




A

Kh
3.9+

-egRe
0.9~

20_’?" @--5-actin

kDa

PTRCC—~DMBA
RCC-DMBA
RCC~DMBA~—TPA

NRCC

87—~

g
S °

68—~

R o "

w— - g~ P53
43~ -

Fig. 6. Expression of p&3 in cells or cell lines. (A} Northern
blot hybridization of celiular polyadenylated RNAs to
#p-labeled pS3 cDNA; {B) Western blot analysis of
p53 protein expression from the cells and cell lines.

ACP activity and high ALP activity (Fig, 4B),
and very low ACP/ALP ratio {Fig, 4D) usually
attributed to osteoblasts. However, cells released
early during the digestion {population [ - IT)
showed markedly higher ratio of ACP/ALP
than those in the cell population IV and V (Fig.
4C).

Expression of c-mye, c-jun, and ¢-fos

Expression of 24 kb c~myc messages in
NRCC and PTRCC-DMBA cells was similar to
each other, but the amount of this gene

transcription was notably higher in the

chemically transformed cell lines than other cells
(Fig. 5A). Since the alteration in c-myc
transcripts was observed, we further investigated
on the ¢-jun and c-fos transcript levels, All cells
expressed two c—jun transcripts with sizes of 3.2
kb and 27 kb, and ¢-fos with 2.2 kb transcripts.
Interestingly, the amount of the c-jun and c~fos
transcripts was high in normal and PTRCC-
DMBA cells, but markedly reduced when the
normal cells were transformed to tumorigenic
cells (Fig, 5B and 5C).

Analysis of p53 and Rb

Two pb3 transcripts with sizes of 1.9 kb and
16 kb were expressed from chemically treated
(PTRCC-DMBA) and chemically transformed
cells (RCC-DMBA and RCC-DMRA-TPA),
whereas only 1.9 kb p33 transcripts were
expressed in NRCC (Fig, 6A), RCC-DMBA and
RCC-DMBA-TPA lines transcribed notably
higher amount of pb3 transcripts than did
NRCC. Western blot analysis showed that p53
protein levels in the RCC-DMBA cells were
similar o NRCC but nofably lower in the other
cells than these in NRCC (Fig. 6B).

The leveis of Rb transcripts in the NRCC and
PTRCC-DMBA cells were similar to each cther
and significantly higher than the level in RCC~
DMBA-TPA. However, the RCC-DMBA cells
contained similar level of Rb meassages when
compared to NRCC (Fig. 7A). The levels of
pl10® in the PTRCC-DMBA and RCC-DMBA
cells were similar, but they were notably and
significantly lower than those in NRCC (Fig.
7B). Further, the pll(™ expression was almost
negligible in the RCC-DMBA-TPA cells,

Discussion
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We investigated the possibiity of turnorigenic

transformation of normal bone cells by DMBA, a
potent chemical carcinogen. In our data,
malignant transformation of rat bone cells result
from exposure fo DMBA, alone or in conjunction
with TPA. It is evidenced by the ability to
grow in soft agar (Table 1), morphological
alterations (Fig. 1), and rapid growth (Fig. 3).
The resuits indicate that bone cells can be
malignantly transformed by exposure of DMBA,
A previous study reported that chemical
carcinogens participated in osteosarcoma
oncogenesis in human™ and rat™. In the present
study, primary NRCC (population V) were used
in the transformation assay. There are many
evidences that NRCC (population V) has
ostecblastic characteristics such as high ALP
activity and low ACP activity™™. Primary
NRCC, chemically ireated, and chemically
transformed cells have been shown to possess
high ALP activity and very low ACP/ALP
ratio, These results indicate that the PTRCC-
DMBA, RCC-DMBA, and RCC-DMBA-TPA
cells may originate from osteoblasts,

It is now widely accepted that proto-oncogenes
and tumor suppressor genes play major roles in
carcinogenssis and their mutations are important
in tumor development, Proto-oncogenes are
normal, regulatory genes whose activity is
increased as a consequence of genetic alteration,
Several proto-oncogenes such as myc or fos are
implicated as having a role in distinct groups of
bone cancers. In our data, chemically
transformed cells expressed a nofably higher level
of ¢c~-myc messages compared to their normal
counterpart. The expression of c-myc is closely
associated with proliferation status of cells® and
frequently deregulated in cancer cells™. And in
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Fig. 7. Expression of Rb in celis or cell lines. {A) Northern
blot hybridization of cellular polyadenylated RNAs to
#>-labeled Rb cONA; (B) Western blot analysis of
Rb protein expression from the cells and cell lines,

neoplasia, amplification or overexpression of the
c-myc protein has been associated with more
aggressive variants of the fumors, hormonal
independence, and in general, poor ocufcome™.
Therefore, this result indicates that
overexpression of c-myc may be involved in the
neoplastic transformation of normal bone cells,
Qur dafa show that the levels of c-jun and c-fos
transcripis were notably decreased in chemically
transformed cells, The c-fos gene is a2 homology
of the viral transforming gene of the FBIJ and

FBR-murine sarcoma viruses. The fos protein,
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together with other related proteins such as jun,
interacts with the AP-1 iranscription complex. It
seems that the c-fos gene plays an important
role in differentiation and organogenesis of

specific cell types™V

. In skeleton, overexpression
of the c-fos gene is an infegral element of
osteoblastic differentiation and early bone

formation™

. The reason for the underex-pression
of c-jun and c-fos in these cells {s presently
unknowr, Although transforming effects of c-fos
on osteoblasts and chondroblasts have hbeen
documented in several experimental studies, its
role as a primary transforming factor in
# In fact,

downregulation of the ¢c-fos and ¢-jun expression

osteosarcoma is  unclear

has been reported in previous studies™"®,
Proto-oncegenes znd tumor suppressor genes
cooperate in the genesis of cancers. The pbh3
gene produci is a 53 kDa nuclear
phosphoprotein®™, It was established that the
wild-type protein acts a tumor suppressor gene,

negatively regulating the cell cycle™™

and its
mutations have been documented in a wide
range of fumors. Indeed, The pb3 gene is one of

the most frequently altered genes in various

human cancers™, Our results showed that the

po3 transcripts expressed from NRCC were 19
kb, whereas pb3 mRNAs expressed from
chemically treated and chemically transformed
cell lines were 1.9 kb and 1.6 kb, The expression
of 16 kb mRNA from the cells might be due to
failure of the RNA splicing, but the mechanism
of generation of 1.6 kb pb3d mRNA and its
function in these cells are unknown af present,
Also, the pb3d transcripts expressed from
chemically transformed cells were higher that
those in NRCC, Interestingly, however, pb3
protein levels in the RCC-DMBA-TPA cells
were notably lower than the levels in NRCC,
But these levels in RCC-DMBA were similar to
NRCC. Because monoclonal antibody PAB240
detected both wild-type and mutant pb3 protein
under denaturing conditions, it is presently
unknown whether the pb53 proteins in chemically
treated and chemically ftransformed cells were
wild-type or mutant pb3. In bone tumors, altered
gene, overex- pressed pb3 profein, or both are

frequent  findings in  osteosarcoma™®"
Overexpression or alterations of pb3 can be

decumented in approximately 30% of high-grade

Table 1. Characteristics of rat calvaria cells transformed by DMBA

Cells ot cell lines Primary Transformation step Soft agar colony
formation {%}*
NRCC + None
PTRCC-DMBA - DMBA None
RCC-DMBA** - DMBA 7.6
RCC-DMBA-TPA* - DMBA + TPA 4.2

* Cell suspensions were plated on 0.3% soft agar medium containing 20% fetal bovine serum, and colonies larger
than 50 m in diamefer were counted after 21 days incubation at 37°C from 60-mm Petri dishes receiving 1,000

cells each. Three separafe experiments were averaged.

*# RCC-DMBA and RCC-DMBA-TPA are chemically transformed tumorigenic cells derived from the NRCC as

described in the text.
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conventional osteosarcomnas™.

Rb gene codes for a 110-kDa nuclear protein,
which has a tumeor suppressor activity. Its loss of
furiction is a causal event in retincblastoma, and
moreover, loss has also been noted in a
proportion of common cancers such as those of
lung, prostate, and breast™. Qur results show
that the chemically treated and chemically
transformed cell lines underexpressed Rb protein
compared with normal cells, Especially, RCC-
DMBA-TPA negligibly expressed the Rb
protein, The reason for underexpression of Rb
protein is unknown at present, but the alterations
that compromise the function of the Rb gene are
thought fo be principal factors in osteosarcomas

that develop in association with retinobla-

54.58)

stoma And approximately 40% of the
osteosarcoma showed apparent structural changes
in the Rb gene®™. Furthermore, the amplification
of the c-myc gene or overexpression of its
protein is frequently found in osteosarcorna™®.
And if c-myc amplification is associated with
the Rb gene alteration, osteosarcoma shows an
increased level of clinical aggressiveness™. In the
present study, the results indicate that malignant
transformation of rat hone cells can be caused
by DMBA. It also demonsirates that
overexpression of c-myc messages, fogether with
the downregulation of p53 and Rb proteins, may
be associated with malignant progression of rat

bone cells,
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