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ABSTRACT

Murine JB6 epidermal cells can be irreversibly transformed into
tumorigenic cells by the tumor promoter, 12-0-tetradecanoylphorbol-13-

acetate. One feature of this transformation is induction of the synthesis
and secretion of the phosphoprotein osteopontin (also called secreted
phosphoprotein 1 and previously referred to as transformation-related

phosphoprotein, 2ar, bone sialoprotein 1, or M, 44,000 bone phospho
protein), an arginylglycylaspartic acid-containing cell adhesion glycopro-

tein the expression of which has been implicated in tumorigenesis and
metastasis. Since la,25-dihydroxy vitamin I)., i-alni rio), also transforms

JB6 cells and, in other cell types, regulates osteopontin synthesis, we
hypothesized that calcitriol-mediated transformation of JB6 cells would

also cause induction of osteopontin synthesis and secretion.
Metabolic labeling with ' I'O4 of near confluent JB6 cells (clone 41.5a)

treated with calcitriol (0.1-100 ng/ml) for up to 48 h revealed only a

minimal production of osteopontin, which is the major phosphoprotein
secreted by 12-O-tetradecanoylphorbol-13-acetate-treated cells. Similar
treatment followed by labeling with |';S|methionine showed a substantial

dose-dependent increase in the synthesis and secretion of osteopontin.

This induction was not associated with increased cell proliferation or with
cell transformation, as assayed by anchorage-independent growth. Cal-
citriol-treated cells were morphologically indistinguishable from control
cells, while ll-O-tetradecanoylphorbol-O-acetate-treated cells acquired
a distinctive morphology. No induction of osteopontin was found with 25-
hydroxyvitamin Di or 24/?,25-dihydroxyvitamin I>..

These results show that calcitriol induces the synthesis and secretion
of a nonphosphorylated form of osteopontin, in a cell type which normally-

makes little or none of this protein, and that the induction is not correlated
with the tumorigenic transformation of these cells.

INTRODUCTION

Osteopontin is a phosphorylated glycoprotein isolated from
the extracellular matrix of rat bone (1,2) and from bones of
other species, such as bovine (3), human (4), porcine (5), and
chicken (6). Rat osteopontin is highly acidic and contains 12
residues of phosphoserine and 1 of phosphothreonine, lOsialic
acid residues, a sequence of 9 consecutive aspartic acid residues,
5-6 CMinked oligosaccharides, 1 A'-linked oligosaccharide, and
a functional cell-binding RGD' sequence (1,7, 8). The function

of the protein is not known, although it is postulated to have
roles in mineralization and/or bone rÃ©sorption.For example, a
recent electron micrograph study by Reinholt Ã©tal.(9) indicated
that osteopontin might anchor osteoclasts to bone surfaces.
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perhaps mediated by binding of the RGD sequence to an
integrin (possibly a vitronectin receptor) on the cell surface.
The role of osteopontin, however, is not confined to bone, since
it has been found in other tissues, such as kidney, placenta,
uterus, neurosensory cells of the ear, and also blood and milk
(10-16).

Besides its synthesis by normal tissues, osteopontin is also
secreted by many transformed fibroblastic and epithelial cells
and is even found at elevated levels in plasma of patients with
metastatic carcinomas (16-20). Recent work by Craig et al. (17,
21) has shown that transformation of NIH 3T3 cells with the
T24-H-/US oncogene yields cells with enhanced secretion of
osteopontin, a finding which was positively correlated with
increased metastatic potential. Senger et al. (reviewed in Ref.
18) have examined numerous matched pairs of normal and
transformed rodent cells for osteopontin expression. They
found that elevated secretion of osteopontin was positively
correlated with tumorigenic transformation, regardless of how
the cells were transformed. Furthermore, Senger et al. (16) have
found 4-10-fold elevations in blood levels of osteopontin in
patients (10 of 13 cases) with a variety of carcinomas. Thus,
the tumorigenic transformation of many cell types, which nor
mally express little or no osteopontin, results in the expression
and secretion of this cell adhesion protein.

Many model systems have been used to study the tumorigenic
transformation of cells. For this study we have chosen to use
the JB6 lines of mouse epidermal cells which were developed
by Dr. N. H. Colburn for studies of tumor promotion. She has
shown that the parental, nonclonal cells, as well as several
clonal lines of these cells, are promotable, i.e., irreversibly
transformed into tumor cells by treatment with the tumor
promoter, TPA (22-24). More recently, Denhardt et al. (25,
26) have shown that TPA treatment of JB6 cells causes a large
increase in 2ar (now referred to in murine systems as SPP)
mRNA, probably via protein kinase C activation. They also
have shown that SPP is the mouse homologue of rat osteopon
tin, exhibiting 87 and 84% homology at the nucleotide and
amino acid levels, respectively. Furthermore, antiserum against
rat osteopontin specifically immunoadsorbs SPP produced by
TPA-transformed JB6 cells (17, 20).

Parental JB6 cells are also transformed by ltv,25-dihydroxy-
vitamin D.,, calcitriol, in a dose-dependent, metabolite-specific,
and receptor-mediated manner (27). Since we and others have
shown previously that osteopontin expression in bone cells is
regulated by calcitriol (12, 28, 29), we were interested in ex
amining the possibility that osteopontin induction is also as
sociated with calcitriol-induced transformation of JB6 cells.
The potential importance of calcitriol regulation of osteopontin
expression is underscored by the recent discovery of a high-
specificity vitamin D response element in the promoter of the
mouse osteopontin gene (30).

We report here that treatment of a promotable clone of JB6
cells (clone 41.5a) with calcitriol results in the induced synthesis
and secretion of a nonphosphorylated form of osteopontin. The
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only other source of nonphosphorylated osteopontin known is
in cultures of NRK cells. Studies with these cells, which also
make phosphorylated osteopontin, suggest that these two forms
of osteopontin have different functional roles (31, 32). We also
found that calcitriol-treated JB6 C141.5a cells did not undergo
morphological changes and did not exhibit anchorage-inde
pendent growth, as do TPA-treated C141.5a cells.

MATERIALS AND METHODS

Materials. MEM and antibiotics were from Mediatech, Inc., Hern-
don, VA. Fetal bovine serum was from HyClone Laboratories, Inc.,
Logan, UT. Trypsin (0.25%), phosphate-free Dulbecco's modification
of MEM and also leucine-, lysine-, and methionine-free Dulbecco's

modification of MEM were obtained from Irvine Scientific, Santa Ana,
CA. la,25-Dihydroxyvitamin D3, 25-hydroxyvitamin D3, and 24fl,25-
dihydroxyvitamin D3 were a generous gift from Dr. M. Uskokovic of
Hoffman La-Roche, Inc. TPA and Pansorbin were purchased from
Calbiochem, San Diego, CA. Carrier-free 32PO4(8 mCi/ml) was from
Amersham Corp. [35S]Methionine (1101 Ci/mmol) was from ICN
Radiochemicals, Irvine, CA. Safety-Solve was from Research Product
International Corp., Mount Prospect, IL. Acrylamide was from Boeh-
ringer-Mannheim Biochemicals, Indianapolis, IN. /V,A"-Methylenebi-
sacrylamide was from Bio-Rad Laboratories, Richmond. CA. X-Omat
A.R. film was from Eastman Kodak Company, Rochester, NY. Protein
A-Sepharose 6MB, trichloroacetic acid, DMSO, phenylmethylsulfonyl
fluoride, 6-aminocaproic acid, PPO, thimerosal, and bisbenzimide
(Hoechst No. 33258) were obtained from Sigma, St. Louis, MO.

Cell Line. JB6 C141.5a cells, kindly provided by Dr. N. H. Colburn
of the National Cancer Institute, Frederick, MD, were maintained in
MEM supplemented with 5% heat-inactivated fetal bovine serum and
0.5% antibiotics. Cells were subcultured before reaching confluence.
For experimental purposes, cells were seeded in 24-, 12-, or 6-well
plates. Cells were checked monthly for Mycoplasma contamination by
DNA fluorochrome staining (33). No Mycoplasma contamination was
detected throughout the period of the experiment.

Metabolic Radiolabeling of Cell Culture. JB6 C141.5a cells were
seeded at 20,000 cells/cm2 and grown to near confluence. Cell density

was determined before incubation with calcitriol or TPA for 24 or 48
h. During the last 4 h of drug incubation, cells were incubated for l h
with either phosphate-free or methionine-free medium and then with
32PO4(100 MCi/ml) or [35S]methionine (100 MCi/ml), respectively, for

the next 3 h. Medium was collected and diluted with an equal volume
of protease/phosphatase inhibitors (10 mM levamisole, 20 m\i phenyl
methylsulfonyl fluoride, and 200 mM 6-aminocaproic acid) prior to
trichloroacetic acid precipitation of total secreted protein or diluted
with an equal volume of immunoabsorption buffer (0.4 M NaCl-5 mivi
EDTA-1% Nonidet P-40-0.02% NaN3 in 50 mM Tris-HCl, pH 8.0)
(1). In some experiments, the washed cell layer was extracted with
immunoadsorption buffer for 15 min at 4Â°Cprior to immunoadsorption

as described below.
Immunoadsorption. The procedures used have been described previ

ously (1). Briefly, the radiolabeled medium or cell layer extract was
incubated for 2 h at 4Â°Cwith 50 n\ of 10% Pansorbin (a preparation of

heat-killed, formalin-fixed Staphylococcus aureus) or protein A-Sepha-
rose 6MB to which preimmune serum had been adsorbed (all following
procedures were done at 4Â°Cunless noted otherwise). After centrifu-

gation, 20 n\ of anti-osteopontin antiserum [raised against highly pu
rified osteopontin from rat bone (1) and previously shown to specifically
immunoprecipitate SPP (20)] were incubated with the supernatant for
4 h followed by an overnight incubation with 100 Â¿ilof 10% Pansorbin
or protein A-Sepharose. The sample was centrifuged and the pellet was
washed 3 times with 0.25% deoxycholate-0.1% Nonidet P-40-0.15 M
NaCl-0. l M Tris-HCl (pH 7.4), twice with phosphate-buffered saline,
and once with glass-distilled water. Reducing electrophoresis sample
buffer (5% mercaptoethanol-2% SDS in 0.1 M Tris-HCI, pH 6.8) was
added to the washed pellets and heated at 90Â°Cfor 5 min. Samples

were then centrifuged and supernatants were analyzed by SDS-PAGE

on 10% polyacrylamide gels (34, 35). Radiolabeled samples were run
alongside molecular weight standards consisting of phosphorylase a
(M, 94,000), bovine serum albumin (M, 67,000), ovalbumin (M,
43,000), carbonic anhydrase (M, 30,000), soybean trypsin inhibitor (M,
20,000), and Â«-lactalbumin(M, 14,400). Gels were stained with Coom-
assie Brilliant Blue, destained in 10% acetic acid and 10% methanol,
and then dried for autoradiography or treated for fluorography (36).

Anchorage-independent Growth in Agar. The methodology of the
assay has been described previously (37). Briefly, 10,000 cells were
suspended in 1.5 ml of 0.3% agar medium and plated onto a base layer
of 0.5% (7 ml) of agar in 60-mm Petri dishes. In studying the effect of
TPA or calcitriol on colony formation, drugs were added to both 0.3%
and 0.5% agar layers. Dishes were incubated for 14 days at 37Â°Cin a

humidified atmosphere of 5% COi in air. Clusters of at least 10 cells
were considered colonies. In every experiment, each dose of drug was
tested in triplicate.

Statistical Evaluation. The results were expressed as mean Â±SEM.
The cell growth data were analyzed for statistical significance by one
way analysis of variance at 24 and 48 h. Tukey's honestly significant

difference was used to find which means were significantly different
from control.

RESULTS

Since Craig et al. (20), have shown that osteopontin, or SPP,
is the major phosphorylated protein secreted by JB6 cells after
transformation with TPA we elected to use "PO4 labeling in

initial experiments to detect the induction of this protein by
calcitriol treatment. Cells approaching confluence were treated
with TPA or calcitriol, each at 10 ng/ml, for 48 h and labeled
with 32PO4 during the last 3 h. Fig. \A shows the results

obtained from an autoradiogram of a SDS-PAGE gel of the
trichloroacetic acid precipitable proteins secreted into the me
dium. Fig. \A, Lane 3 clearly shows that TPA induced osteo
pontin phosphorylation, represented by three bands of phos-
phoproteins with apparent molecular weights of 56,000,
58,000, and 62,000. Lanes 1, 2, and 4 show that treatment with
calcitriol, ethanol, or DMSO (the solvent controls for calcitriol
and TPA, respectively) only minimally induced the synthesis of
these or any other secreted phosphoproteins. Antiserum raised
against rat bone osteopontin recognized all of the phosphorylat
ed bands induced by TPA in JB6 cells, as reported previously
by Craig et al. (20) (Fig. \B, Lane 2). Only minimal amounts
of these phosphoproteins were detected in ethanol (DMSO
gave similar results, data not shown) or calcitriol-treated sam
ples (Fig. IB, Lanes 1 and 3, respectively). Since Nemir et al.
(31) previously demonstrated that a phosphorylated form of
this protein, referred to as pp69, produced by NRK cells can
bind to cell layers, we examined cell layer extracts of TPA- and
calcitriol-treated cells by immunoadsorption and were unable
to detect any osteopontin (data not shown).

Because the induction of osteopontin by calcitriol might be
time or dose dependent, we treated the JB6 C141.5a cells with
varying doses of calcitriol (0.1-100 ng/ml) for 24 or 48 h. The
cells were labeled with "PO4 during the last 3 h of culture. The

medium was collected and the proteins were precipitated with
trichloroacetic acid and analyzed by SDS-PAGE and autoradi
ography (Fig. 2). A relatively long exposure (46 h) was required
to visualize any bands on the film. Faint bands at about M,
56,000 and 58,000 were seen after 24 and 48 h of treatment.
There seemed to be a slight dose-dependent increase in the
intensity of the bands with increasing calcitriol concentration.

To determine if this increase was a specific effect on osteo
pontin or was due to an overall increase in the biosynthesis of
secreted proteins, we treated the JB6 C141.5a cells with 0.1-
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1234 B I 2 3
Fig. 1. SDS-PAGE of "PCMabeled pro

teins induced by TPA or calcitrici.A, trichlo-
roacetic acid-precipitated proteins secreted by
cells incubated with 10 ng/ml calcitrici (Lane
1), 0.001';; ethanol (Lane 2). 10 ng/ml TPA

(Lane 3), or 0.00KÂ¿ DMSO (Lane 4) for 48
h. JB6 C141.5a cells were labeled and har
vested as described in "Materials and Meth
ods." The precipitatale proteins were washed

and dissolved in nonreducing sample buffer,
heated, and subjected to SDS-PAGE on a 109Ã•
polyacrylamide gel. B, anti-osteopontin ad
sorbed samples from medium of cells incu
bated with 0.001rr ethanol (Lane /). 10 ng/ml

TPA (Lane 2), and 10 ng/ml calcitriol (Lane
3) for 48 h. Imniunoadsorbed samples were
dissolved with reducing sample buffer, heated,
and centrifugcd and aliquots of supernatant
were analyzed by SDS-PAGE. The number of
cpm loaded was calculated to correspond to
equal cell numbers. The gel was stained with
Coomassie Brilliant Blue for detection of mo
lecular weight standards. After destaining. the
dried gel was autoradiographed. The amount
of cpm loaded for B (186.000 cells) corre
sponds to about 4.5-fold more cells than that
of.-< (40,000 cells). Exposure time was 16 h in
cassettes without intensifying screens. K,
thousands.
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Fig. 2. "PO4 labeled proteins induced by varying doses of calcitriol after 24
and 48 h of treatment. Trichloroacetic acid-precipitated samples at 24 h (Lanes
1-5) and 48 h (Lanes 6-10). Lanes I and 6, controls (0.01% ethanol): Lanes 2
and 7, 0.1 ng/ml calcitriol; Lanes 3 and S, l ng/ml calcitriol: Lanes 4 and 9, 10
ng/ml calcitriol: Lanes 5 and 10. 100 ng/ml calcitriol. The amount of cpm loaded
corresponds to 33,000 cells. Film was exposed for 46 h in cassette without
intensifying screens. A', thousands.

100 ng/ml of calcitriol for 24 or 48 h and then labeled nascent
proteins with [<5S]methionine. Radioactivity in trichloroacetic

acid precipitates of medium was taken as a measure of total
secreted protein. We found that total secreted protein did
increase slightly with increasing doses of calcitriol incubated

for 24 h, with a maximal stimulation of approximately 3-fold
at the 100 ng/ml dose. SDS-PAGE of these samples followed
by fluorography revealed a significant increase in a band mi
grating at the position of osteopontin (Fig. 3, Lanes 7-5).
Immunoadsorption assay of these samples verified that the band
was osteopontin (Fig. 3, Lanes 6-10). Densitometric analysis
of the fluorogram of Fig. 3/1 indicated a dose-dependent in
crease in the amount of this protein synthesized and secreted
with a maximal stimulation of 13-fold at 100 ng/ml (Fig. 4).
Fig. 5 shows a control experiment in which cells were treated
for 24 h with TPA or calcitriol, each at 10 ng/ml, labeled with
["Sjmethionine, and the medium was analyzed by immunoad-
sorption assay. Fluorography of SDS-PAGE gels verified that
calcitriol stimulated an increase in osteopontin synthesis and
that TPA, as expected, did likewise.

It was noted that changes in the levels of synthesis of other
secreted proteins occurred due to calcitriol treatment, but to
date we have not further examined these proteins. Notice should
also be taken of the solid phase immunoadsorbent, Pansorbin
(a commercial preparation of S. aureus), used in these experi
ments. This reagent is known to bind fibronectin via a cell
surface receptor (38). Thus a high molecular weight band is
apparent on our fluorograms of [15S]methionine-labeled sam

ples treated with this reagent. We confirmed the identity of this
band as fibronectin by immunoadsorbing it with a monospecific,
polyclonal antiserum against fibronectin (a generous gift of Dr.
John Couchman, University of Alabama at Birmingham, Bir
mingham, AL) and using protein A-Sepharose 6MB (which
does not bind fibronectin) as the solid phase immunoadsorbent
(data not shown).

We evaluated two other metabolites of vitamin D with regard
to their ability to stimulate the synthesis of osteopontin.
24A,25-Dihydroxyvitamin D, and 25-hydroxyvitamin D, were
tested at 10 ng/ml. Neither of these metabolites had an effect
on osteopontin synthesis, as shown in Fig. 6.

We routinely examined the JB6 C141.5a cells by phase
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Fig. 3. SDS-PAGE of [35SJmethionine-la-

beled proteins secreted after treatment with
varying doses of calcitriol. In A. cells were
incubated with 0.1-100 ng/ml of calcitriol for
24 h and labeled with ["Sjmethionine; medium
collected as described in "Materials and Meth
ods." Lanes 1-5 are samples from trichloroa-

cetic acid precipitation for total protein deter
mination and Lanes 6-10 are samples from
immunoadsorption. Lanes 1 and 6, Lanes 2
and 7, Lanes 3 and 8, Lanes 4 and 9, and Lanes
5 and 10 are samples treated with 0.01%
ethanolorO.l. 1, 10. or 100 ng/ml of calcitriol.
respectively. The amount of cpm loaded for
each lane was calculated to equal 38.000 cells.
Film was exposed to radioactivity for 68 h in
cassettes without intensifying screens. In B,
lanes correspond to the same doses of calcitriol
treatment as those in A except cells were in
cubated with the drugs for 48 h. The amount
of cpm loaded for each lane corresponds to
48,800 cells. Film was exposed to radioactivity
for 68 h in cassettes without intensifying
screens. FN, fibronectin (see "Results"). K,

thousands.

123456789 IO B 12345 6789 IO
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Fig. 4. Densitometric analysis of osteopontin induction in JB6 cells. Plot of
peak area of osteopontin [from total protein Lanes 1-5 (O) and immunoadsorbed
(O) osteopontin Lanes 6-10} versus calcitriol concentration [control contains
0.002 ng/ml of calcitriol in addition to 0.01% of ethanol]. Cells were incubated
with calcitriol for 24 h.

contrast microscopy during treatment with TPA or calcitriol.
Cells treated with TPA underwent substantial changes in their
morphology (Fig. Ib) compared to control (Fig. la) or calci-
triol-treated (Fig. 7c) cells, which were indistinguishable from
one another. The retraction of the cell body and the concurrent
appearance of long podia are changes typical of these cells when
treated with TPA (39).

The growth of adherent JB6 C141.5a cells after 24 or 48 h
of treatment with 0.1-100 ng/ml of calcitriol was examined
(Fig. 8). No statistically significant differences were seen after
24 h of treatment, although the slight increase in cell number
with 0.1 ng/ml of calcitriol at 24 h was a consistent observation.
However, after 48 h of treatment with 1.0 ng/ml or more, we
found an inhibition of proliferation which was dose dependent.

We also examined the ability of JB6 C141.5a cells, treated
with TPA or calcitriol, to grow in agar (Fig. 9). As expected,
cells treated with TPA exhibited dose-related anchorage-inde
pendent growth (24) while, somewhat surprisingly, calcitriol-
treated cells did not grow in soft agar.

DISCUSSION

Several recent studies have suggested a strong positive cor
relation between osteopontin expression and tumorigenesis/
metastasis (16-21). Putative roles for osteopontin in these

I 2 3

- â€” â€” <-FN

94Kâ€”

67Kâ€”

43Kâ€”

30K â€”

20Kâ€”

Fig. 5. Immunoadsorption and SDS-PAGE of [15S]methionine-labeled secreted

proteins after treatment with TPA or calcitriol. Cells were incubated with 0.001%
ethanol as vehicle (Lane I) (control for TPA was not included because DMSO
gave results similar to those for ethanol). 10 ng/ml of TPA (Lane 2), or 10 ng/
ml of calcitriol (Lane 3) for 48 h. The number of cpm loaded equals 110.000
cells. The film exposure time was 28 h without intensifying screens. K, thousands;
FA', fibronectin.

processes are promotion of adhesion of tumorigenic cells at
metastatic sites or facilitation of release of cells from primary
tumor sites (21). Each of these possibilities could be mediated
by the R-G-D cell adhesion site in osteopontin and an appro
priate integrin on the cell surface. One recent report has pro
vided indirect evidence that osteopontin may be recognized by
the vitronectin receptor (9), an integrin which may have a role
in tumor cell invasion (40). However, in our current studies the
correlation between osteopontin expression and tumorigenesis
does not hold, for we found that even though calcitriol induced
osteopontin expression in JB6 C141.5a cells, these cells were
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2345678

20Kâ€”

Fig. 6. Induction of nonphosphorylated osteopontin by vitamin D metabolites
analyzed by SDS-PAGE. JB6 C141.5a cells were incubated for 24 h with 0.001"t
ethanol (Lanes I, 5). 10 ng/ml calcitrici (Lanes 2, 6). 10 ng/ml of 25-hydroxy-
i ii.nriiii Dj (Lanes 3, 7). or 10 ng/ml 24/?,25-dihydroxyvitamin D, (Lanes 4, 8)
and labeled with ["S]melhionine as described above. Lanes 1-4, samples from
trichloroacctic acid precipitation: Lanes 5-8. samples from immunoadsorption.
The amount of cpm loaded corresponds to 60,000 cells. Film was exposed for 48
h in cassette without intensifying screens. Protein A-Sepharose 6MB was used as
the solid phase immunoadsorbent; therefore fibronectin was not adsorbed. Ab
scissa, molecular weight in thousands (K).

not transformed, at least by the criterion of anchorage-inde
pendent growth. Also, calcitriol-treated cells did not undergo
morphological changes, in contrast to these cells when treated
with TPA, an agent which caused transformation and induced
changes in cellular morphology. The lack of calcitriol-induced
changes in morphology in JB6 C141.5a cells also contrasts with
results in other cell types, such as Ml cells and HL-60 cells,
which undergo differentiation and, consequently, morphologi
cal changes after calcitriol treatment (41, 42).

In this study we show that a clonal epidermal cell line, JB6
C141.5a, can be induced by calcitriol, in a dose-dependent and
metabolite-specific manner, to synthesize and secrete large
amounts (up to 1% of total secreted [<5S]methionine labeled

proteins) of osteopontin. This finding confirmed, in part, our
basic hypothesis which was based on work by Hosoi et al. (27)
who showed that JB6 cells contain calcitriol receptors and on
our work and that of others ( 12, 28, 29), which has shown that
calcitriol regulates osteopontin biosynthesis. What was unex
pected about our present results is that such osteopontin was
not labeled with Ã•2PO4and is, therefore, not phosphorylated.

This is in striking contrast to the osteopontin induced in these
cells by TPA (see Fig. 1) and in osteosarcoma cells by calcitriol
(28). One clear difference between the cells used in our study
and those used by Hosoi et al. (27) is that we used a clonal line
(41.5a) while they used the nonclonal parental JB6 cells which
contain both TPA-promotable and nonpromotable cells (24)
and, possibly, both calcitriol-promotable and nonpromotable
cells. The crucial feature of this clonal line is that these cells

it:

â€¢*SgÃ„i

â€¢

*â€¢

K .A:: r
â€¢:$*i&:tÃ¤R''.-**.Ã„Ã„5L*-

Fig. 7. Morphology of JB6 C14l.5a cells treated with TPA or calcitriol. a,
0.001% ethanol; b. 10 ng/ml TPA; c. 10 ng/ml calcitriol. Cells were plated at
20.000/cm2 in 35-mm Petri dishes and grown to near confluent state before

adding the drug. All drug incubations were for 48 h.
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120-

100-CU

Control (0.01%EtOH)â€¢
0.1 ng/mlriES
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Days of Drug Incubation

Fig. 8. Growth of JB6 C14l.5a cells treated with varying doses of calcitrici.
Cell number/cm2 versus days of drug incubation. Cells were plated at 20.000/cnr
in 24-well plates and grown to near confluent state. Drugs of varying doses. 0.1-
100 ng/ml, were added for 24 or 48 h. Medium and drugs were changed every 24
h. Values are representative of two independent growth experiments. Columns.
mean from duplicate wells; bars, SEM. *. P < 0.05: **. P < 0.01 (versus control

value at day 2). EtOH, ethanol.
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Fig. 9. Anchorage-independent growth of JB6 C141.5a cells in TPA or calci-
triol. Plot of colonies/10.000 cells versus drug treatment: controls [0.01 c'r DMSO/

0.01% ethanol (EtOH}}. calcitriol (0.05-500 ng/ml), or TPA (0.05-500 ng/ml).
Columns, mean from triplicate dishes: bars. SEM. Values are representative of
two independent experiments.

are TPA promotable (24, 43) as seen in Fig. 9. Our finding of
a large induction in phosphorylated osteopontin synthesis and
secretion after TPA treatment is consistent with the data of
Craig et al. (20) who used another promotable clone of JB6
cells (clone 22).

Our results showing that JB6 C141.5a cells are not calcitriol
promotable and that calcitriol induces the synthesis and secre
tion of a nonphosphorylated form of osteopontin provide
tempting grounds to speculate that these two phenomena are
causally related. However, such a relationship must remain
speculative in the absence of data resolving functional differ
ences in these forms of osteopontin. To date no data exist which
clearly delineate functional differences in osteopontin due to
differences in phosphorylation. Experiments in Mukherjee's

laboratory on NRK cells, which synthesize both phosphorylated
and nonphosphorylated forms of osteopontin, do suggest func
tional differences in these forms, but these two forms of osteo
pontin also have different glycosylation patterns that contribute
to altered functionality (31, 32).

We also found that calcitriol-induced osteopontin synthesis
is not associated with increased cell proliferation, in contrast
to the work of Smith and Denhardt (26) who found that most
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inducers of the mRNA for this protein in JB6 cells were also
mitogens that activated protein kinase C. At present it is
unknown if calcitriol is a regulator of protein kinase C in JB6
cells, although such a role is not unknown (44). Furthermore,
activation of protein kinase C by TPA has not been proved to
be a required event in the promotion of JB6 cells. For example,
Smith and Colburn (43) examined TPA-promotable and non-

promotable clones of JB6 cells and failed to find significant
differences in either protein kinase C activity or intracellular
substrate phosphorylation. Indeed, a recent study has suggested
that depletion of protein kinase C activity, rather than activa
tion, is more closely associated with promotion of JB6 cells
(45).

In much of the research on the relationship between osteo
pontin and tumorigenesis and metastasis, levels of osteopontin
expression have been monitored by Northern blot analyses of
mRNA levels or by Western blot analyses of protein levels,
neither of which reveal the state of phosphorylation of the
protein. Given the strong likelihood that functional differences
do exist between phosphorylated and nonphosphorylated osteo
pontin, we suggest that evaluation of the form of the protein
expressed under different conditions could be valuable in delin
eating the role of this protein in tumor formation or metastasis.
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