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Parathyroid Hormone Regulates the Expression of Rat
Osteoblast and Osteosarcoma Nuclear Matrix Proteins
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Abstract Parathyroid horrmone (PTH) alters osteoblast morphology. How these changes in cell shape modify
nuclear structure and ultimately gene expression is not known. Chronic exposure to rat PTH (1-34) [10 nM] attenuated
the expression of 200, 190, and 160 kD proteins in the nuclear matrix-intermediate filament subfraction of the rat
osteasarcoma cells, ROS 17/2.8 [Bidwell et al. (1994b): Endocrinology 134:1738-1744]. Here, we determined that
these same PTH-responsive proteins were expressed in rat metaphyseal osteoblasts. We identified the 200 kD protein
as a non-muscle myaosin. Although the molecular weights, subcellular distribution, and half-lives of the 190 and 160 kD
proteins were similar to topoisomerase Il-a and -B, nuclear matrix enzymes that mediate DNA topology, the 190 and
160 kD proteins did not interact with topoisomerase antibodies. Nevertheless, the expression of topoisomerase Il-o,
and NuMA, a component of the nuclear core filaments, was also regulated by PTH in the osteosarcoma cells. The 190
kD protein was selectively expressed in bone cells as it was not observed in OK opossum kidney cells, H4 hepatoma
cells, or NIH3T3 cells. PTH attenuated mRNA expression of the PTH receptor in our cell preparations. These results
demonstrate that PTH selectively alters the expression of osteoblast membrane, cytoskeletal, and nucleoskeletal
proteins. Topoisomerase ll-, NuMA, and the 190 and 160 kD proteins may direct the nuclear PTH signalling pathways

to the target genes and play a structural role in osteoblast gene expression.
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Acute and chronic exposures of cultured bone
cells to parathyroid hormone (PTH) selectively
alter the organization and structure of the osteo-
blast membrane and cytoskeleton [Partridge et
al,, 1994; Sato and Rodan, 1989]. PTH receptor
coupling to membrane-associated G-proteins and
effector molecules is altered upon hormone bind-
ing and continuous exposure decreases receptor
number [Nissenson et al., 1993]. Transient
changes in rat osteoblast shape, induced by a
five minute exposure to PTH, was associated
with depolymerization of actomyosin and a redis-
tribution of myosin to the perinuclear region
[Egan et al., 1991a]. In contrast, chronic expo-
sure to PTH attenuated de novo synthesis of
vimentin and alpha-actinin and decreased the
polymerized fractions of actin, alpha-tubulins
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and alpha-actinin in human osteoblasts [Lormi
and Marie, 1990].

How the PTH-induced signal cascade of
soluble messengers and cytoskeletal reorganiza-
tion alter nuclear structure and change osteo-
blast gene expression is not known. The DNA
within the eukaryotic nucleus is organized into
topological-constrained loop domains providing
the structural basis for tissue- and phenotypic-
specific gene expression [Pienta et al., 1991;
Getzenberg et al., 1990]. This organization is
mediated by the nuclear matrix [Pienta et al.,
1991; Getzenberg et al., 1990] which is operation-
ally defined as the proteinaceous substructure
that resists nuclease digestion and high-salt ex-
traction [Berezney and Coffey, 1975] and in-
cludes the lamin-nucleopore complex, a dense
fibrillogranular lattice of ribonucleoproteins and
hnRNA filaments, and the chromosome scaffold
[Razin and Gromova, 1995; Nickerson and Pen-
man, 1992; Fey et al., 1984; Mirkovitch et al.,
1984].



PTH-Responsive Nuclear Matrix Proteins 375

The nuclear matrix is a likely candidate for
ultimately transdueing extracellular signals ini-
tiated at the cell membrane into alterations of
nuclear organization and gene expression. This
nuclear scaffold is linked to the cell periphery by
the tissue matrix, the substructure of the cell
that includes components of the extracellular
matrix, cell-substrate, and cell-cell adhesion re-
ceptors, microfilaments, microtubules, interme-
diate filaments, lamins, and the nuclear matrix
[Getzenberg et al., 1990]. The nuclear matrix
plays a significant role in DNA replication [Be-
rezney, 1991], the processing and transport of
RNA transcripts [Carter et al., 1993], and tran-
scriptional regulation [Nakagomi et al., 1994].
Its protein composition and organization re-
flects and mediates changes in cellular growth,
differentiation, and transformation [Pienta et
al., 1991; Getzenberg et al., 1990; Bidwell et al.,
1994a; Dworetzky et al., 1990]. Rat osteoblast
nuclear matrix protein composition was specific
to stages of differentiation including prolifera-
tion, extracellular matrix maturation, and extra-
cellular mineralization [Dworetzky et al., 1990].
NMP2 is a 38 kD, variant AML/PEBP2/runt
domain nuclear matrix protein, expressed in rat
osteoblasts, that associates with sequence-speci-
ficity to the regulatory region of the osteocalcin
promoter [Merriman et al., 1995].

Chronic exposure to rat PTH (1-34) attenu-
ated the expression of 200, 190, and 160 kD
proteins in the nuclear matrix-intermediate fila-
ment and chromatin subfractions of ROS 17/2.8
cells [Bidwell et al.; 1994b]. In the present study
we determined that these same proteins were
also expressed in primary spongiosa cells of the
metaphyseal distal femur of young rats. Bio-
chemical and Western analyses indicated that
the 200 kD protein was a non-muscle myosin.
Although the molecular weights, subcellular dis-
tribution, and half-lives of the 190 and 160 kD
proteins were similar to topoisomerase II-a and
-B, nuclear matrix enzymes that mediate DNA
topology, the 190 and 160 kD proteins did not
interact with topoisomerase II antibodies. Nev-
ertheless, PTH did regulate the expression of
topoiosmerase II-a in the osteosarcoma cells.
Finally, exposure to PTH attenuated mRNA
expression of the PTH receptor in our cell prepa-
rations. These results demonstrate that PTH
coordinately reorganizes the osteoblast tissue
matrix including specific nuclear matrix pro-
teins that may mediate hormone-induced alter-

ations in nuclear structure and changes in gene
expression.

MATERIALS AND METHODS
Reagents

For immunoblotting we used antibodies to
B-actin (Sigma Chemical Company, St. Louis,
MO), NuMA and topoisomerase II-a (Oncogene
Science, Inc., Uniondale, NY), and non-muscle
myosin (Biomedical Technologies Inc., Stough-
ton, MA). The antibody to topoisomerase II-B (a
generous gift from G. Harker, VA Hospital, Salt
Lake City, UT) was a rabbit polyclonal to the
human enzyme. The peroxidase conjugates to
anti-rabbit IgG and anti-mouse IgG (Amersham
Life Science, Buckinghamshire, UK) were used
as the secondary antibodies for chemilumines-
cence detection (ECL™, Amersham).

The protease inhibitors aprotinin, leupeptin,
pepstatin, phenylmethytsulfonyl fluoride (PMSF)
(Boehringer Mannheim, Indianapolis, IN), and
benzamidine - HCI (Aldrich Chemical Co., Mil-
waukee, WI) were used in the preparation of
whole cell lysates. The hormone rat PTH(1-34)
[rPTH(1-34)] was obtained from Bachem (King
of Prussia, PA). Reagents for the extraction
buffers were obtained from Fisher Chemical Co.
(Pittsburgh, PA) and Sigma.

Cell Culture

Primary osteoblasts were derived from the
trabecular spongiosa of the distal femur me-
taphysis of young rats (Charles River Laborato-
ries, Boston, MA) [Long et al., 1995]. Briefly,
muscle and connective tissue were stripped from
femurs of male, Sprague-Dawley rats (approxi-
mately 70-90 g); the epiphysis was removed and
the subjacent 3 mm section of metaphyseal bone
resected. This section of bone was minced and
digested with trypsin for 1 h at 37°C. The re-
leased cells were pelleted and resuspended into
o-Minimum Essential Medium supplemented
with 100 IU/ml penicillin, 100 pg/ml streptomy-
cin, 25 pg/ml amphotericin, 2 mM L-glutamine
(GibcoBRL, Grand Island, NY), and 20% fetal
bovine serum (FBS) (Sigma). Cells derived from
4 femurs were seeded into a single T-150 flask or
the cells from 1 femur into a T-25 flask (Corn-
ing, Corning, NY).

The rat osteosarcoma cells, ROS 17/2.8, a
generous gift from Drs. Gideon and Sevgi Rodan
(Merck Research Laboratories, West Point, PA),
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and the OK opossum kidney cells, a gift from Dr.
James McAteer (Department of Anatomy, Indi-
ana University, Indianapolis) were grown in
Ham’s F12 (Gibco, BRL) supplemented with
2.36 g/L NaHCO,, 0.118 g/L CaCl, + 2H,0,
6.106 g/ LHEPES, 100 IU/ml penicillin, 100 p.g/ml
streptomycin, 25 pg/ml amphotericin, 2 mM
L-glutamine, and 10% FBS. The rat H4-II-E-C3,
hepatoma cells were from the American Type
Culture Collection (Rockville, MD) and grown in
D-MEM (GibeoBRL) supplemented with penicil-
lin, streptomycin, amphotericin, glutamine, and
FBS as described above. The NIH3T3 mouse
fibroblasts were obtained from Eli Lilly Co (In-
dianapolis, IN) and grown in MEM medium
(GibcoBRL) supplemented as described for
D-MEM medium. All cells were maintained in
humidified 95% air/5% CO, at 37°C.

At near confluence, cells were treated with rat
PTH(1-34) [10 nM] or the same volume of ve-
hicle (10 mM acetic acid) for the times specified
(see Results).

Cell Labelling

One hour or 24 h before harvest, cells were
transferred to MEM without methionine (Gibco-
BRL), supplemented with 100 IU/ml! penicillin,
100 pg/ml streptomycin, 25ug/ml amphoteri-
cin, 2 mM L-glutamine, 10% FBS (dialyzed
against PBS), and 25 wCi/ml of 3S-methionine
(Amersham).

Pulse-Chase Experiments

Cells were labelled for 1 h as described above.
The cultures were subsequently washed twice
with warm, unlabelled medium and then re-
turned to humidified 95% air/5% CO, at 37°C
and harvested at 0, 0.5, 1, 1.5, 2.0, and 4.0 h
post-chase. The chromatin and NM-IF fractions
were collected as described below.

Protein Extraction

Whole cell lysates were obtained by washing
the adherent cells with PBS followed by scrap-
ing with extraction buffer (8M urea, 2% NP-40,
2% B-mercaptoethanol, 0.15 pM aprotinin, 1
mM benzamidine - HCl, 5.26 uM leupeptin, 1.52
wM pepstatin, and 1.2 mM PMSF). The lysate
was clarified by brief centrifugation, snap frozen
in liquid nitrogen and stored at —80°C. Cell
fractions including the soluble and membrane-
associated proteins, the cytoskeletal proteins,

the intermediate filaments, chromatin proteins
and the nuclear matrix proteins were obtained
from a standard sequential extraction protocol
[Fey et al., 1984]. Briefly, adherent cells were
washed with ice cold PBS. Soluble and mem-
brane proteins were extracted by adding CSK
Buffer (100 mM NaCl, 300 mM sucrose, 10 mM
PIPES [pH 6.8], 3 mM MgCl,, 1 mM EGTA, 1.2
mM (PMSF), 0.5% Triton X-100). This treat-
ment was followed by extraction of the cytoskel-
etal proteins using RSB-Majik Buffer (10 mM
NaCl, 3 mM MgCl,, 10 mM Tris [pH 7.4], 1.2
mM PMSF, 1% Tween-40, 0.5% sodium deoxy-
cholate). Cells were scraped and incubated in
Digestion Buffer (50 mM NaCl, 300 mM su-
crose, 10 mM PIPES [pH 6.8], 3 mM MgCl, 1
mM EGTA, 0.5% Triton X-100, 1.2 mM PMSF,
100 pg/ml DNasel, 50 pg/ml RNA) at room
temperature for 20 min. Chromatin proteins
were extracted by the addition of ammonium
sulfate to a concentration of 0.25 M. After cen-
trifugation and removal of the supernatant
(chromatin), the nuclear matrix-intermediate
filament (NM-IF) complex was either frozen and
used for analysis or further fractionated by dis-
assembly (8 M urea, 20 mM MES [pH 6.6}, 1
mM EGTA, 0.1 mM MgCl,, 1.2 mM PMSF, and
1% 2-mercaptoethanol) and dialysis overnight
at room temperature against Assembly Buffer
(150 mM KCl, 25 mM imidiazole-HC1 [pH 7.1], 5
mM MgCl,, 0.125 mM EGTA, 2 mM dithiothrei-
tol (DTT), 0.2 mM PMSF). These conditions
promote reassembly of the intermediate fila-
ments which were separated from the solubi-
lized nuclear matrix proteins by ultracentrifuga-
tion. The nuclear matrix proteins were snap
frozen and stored at —80°C; the intermediate
filament proteins were re-solubilized in the dis-
assembly buffer and stored at —20°C.

Protein Analysis

Protein extracts were analyzed by 1-D SDS/
PAGE and the gels developed by fluorography or
by Western blotting (21). Measurements of total
protein were made using the Coomassie Plus
Protein Assay Reagent (Pierce, Rockford, IL).
For immunoblotting, proteins were transferred
onto a PVDF membrane (Millipore Corp., Bed-
ford, MA) by the semi-dry method [Ausubel et
al., 1987]. Blocking and antibody incubation con-
ditions depended on the particular antibody (see
Results). Immunoblots were developed using
chemiluminescence (ECL™, Amersham).
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Rigor Experiment

The 35S-methionine-labelled nuclear matrix-
intermediate filament (NM-IF) pellets from ROS
17/2.8 cells were resuspended in 250 pl of Rigor
Buffer (75 mM KCl, 10 mM imidazole [pH 7.2], 2
mM EGTA, 2 mM MgCl;, 1 mM NaNy). To these
suspensions, 10 pl of 100 mM ATP or water
(control) was added. The control and ATP-
treated suspensions were placed on ice for 15
min, then centrifuged. The supernatant was
removed and 62.5 pl of glycerin was added (20%
of total volume) before snap-freezing in liquid
N, and storing at —80°C. Pellets were resus-
pended in 100 pl of 8M urea and stored at
—20°C. These fractions were analyzed by 1-D
SDS/PAGE and developed by fluorography [Au-
subel et al., 1987].

Molecular Weight and Densitometry Analyses

Protein bands detected by 3°S-autoradiogra-
phy, or antibody/chemiluminescence, were ana-
lyzed for intensity, area, and molecular weight
using the gel documentation system Foto/ana-
lyst II and the software Collage™ (Fotodyne
Inc., Hartland, WI). Images of protein signals
were obtained with a CCD camera and stored as
a TIFF file on an Apple Maclntosh Centris 650.
The reported molecular weights of our un-
known proteins are approximations based on
migration against calibration standards and fit-
ting the data to various regression models (lin-
ear, quadratic, cubic, logistic, and cubic spline).

Northern Analysis

Total cellular RNA from hormone-treated and
control cells was isolated by lysing the cells with
RNAzol™ B (CINNA/BIOTEX Laboratories,
Inc. Houston, TX) and then extracting the ly-
sate with chloroform. Aliquots of equal amounts
of RNA (20 pg) were denatured and electropho-
resed on a 1% agarose/6.6% formaldehyde gel
and transferred onto a nylon membrane (Hy-
bond-N™, Amersham). The RNA was cross-linked
to the blot with UV light and the membrane
prehybridized in Rapid-hyb Buffer (Amersham)
for 2 h at 65°C. Hybridizations were performed
using randomly primed [«a-32P]deoxy-CTP-
labeled cDNA probes (SA > 1 x 10° dpm/pg) of
rat PTH receptor. Human glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was used to nor-
malize the signals from these probes. The mem-
branes were hybridized with the probes for 2 h
at 70°C in the rapid-hyb Buffer. Subsequent to

hybridization the blots were washed with 2 X
SSC/0.1% SDS at room temperature for 1 h,
followed by two 15 min washes with 0.2 X
SSC/0.1% SDS at 65°C with a final wash with
2 x SSC at room temperature for 5 min. Blots
were autoradiographed overnight at —80°C us-
ing Kodak X-AR film with intensifying screens.

RESULTS

Nuclear Matrix-Intermediate Filament Proteins
of Osteoblasts and Osteosarcoma Cells

The 1-D SDS/PAGE profiles of 35S-methio-
nine-labelled nuclear matrix and nuclear matrix-
intermediate filament proteins of confluent ROS
17/2.8 osteosarcoma cells and primary osteo-
blasts were similar (Fig. 1). The 200 and 190 kD,
PTH-responsive proteins, originally described
in ROS 17/2.8 cells [Bidwell et al., 1994b]}, were
also present in the primary osteoblasts. Osteosar-
coma cells and osteoblasts chronically labelled
with 35S-methionine for 24 h exhibited the 200
kD protein but not the 190 kD protein. The 200
kD protein was observed in the nuclear matrix-
intermediate filament and intermediate fila-
ment fractions of our cell preparations but did
not partition into the isolated nuclear matrix
fractions of the osteosarcoma cells or osteo-
blasts, indicating that this protein was excluded
from the nucleus. The 190 kD protein was recov-
ered in the isolated nuclear matrix, intermedi-
ate filament, and nuclear matrix-intermediate
filament fractions. Chronic PTH (72 h, 10 nM)
attenuated the expression of the 200 kD protein
to <50% of controls and downregulated the 190
kD protein several-fold in both cell preparations
as measured by densitometry. In the osteo-
blasts, however, although the 190 kD band(s)
recovered in the nuclear matrix fraction was
downregulated by PTH, the 190 kD band(s) ex-
hibited in the nuclear matrix-intermediate fila-
ment fraction was refractive to hormone expo-
sure (Fig. 1B).

The PTH-responsive 160 kD protein, previ-
ously observed, in the nuclear matrix-intermedi-
ate filament and chromatin subfractions of the
ROS 17/2.8 cells [Bidwell et al., 1994b], was
detected in the isolated nuclear matrix fraction
(Fig. 1A) but could not be clearly distinguished
in the nuclear matrix-intermediate filament or
nuclear matrix fractions of the osteoblasts (Fig.
1B). This protein band may have been cbscured
by other osteoblast protein bands in this frac-
tion since the 160 kD protein was observed in
the chromatin fraction of these cells (see below).
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Fig. 1. 1-D SDS/PAGE (4% gel) profiles of 3*S-methionine-
labelled, PTH-responsive nuclear matrix (NM), intermediate
filament (IF), and NM-IF proteins of (A) ROS 17/2.8 osteosar-
coma cells and (B) primary spongiosa osteoblasts [25,000
dpm/iane]. Cells were labelled 1 or 24 h prior to harvest (25

The 160 kD protein was not observed in osteosar-
coma cells or osteoblasts chronicaily labelled
with 35S-methionine for 24 h (Fig. 1). Consistent
with the earlier study [Bidwell et al., 1994b], the
160 kD protein was downregulated several fold
by chronic PTH exposure.

200 kD PTH-Responsive Protein

Based on the partitioning of the 200 kD pro-
tein into the intermediate filament fraction (Fig.
1A) we tested whether it was an ATP-dissociable
protein, consistent with actin-binding proteins
such as myosin. The nuclear matrix-intermedi-
ate filament pellet of the ROS 17/2.8 cells was
resuspended in Rigor Buffer and either ATP (4
mM final concentration) or an equal volume of
water was added. Following incubation (4°C)
and centrifugation, the pellets and supernatants
were analyzed 1-D SDS/PAGE. The addition of
ATP induced the partitioning of the 200 kD
protein and a protein of ~ 80 kD into the super-
natant fraction (Fig. 2A). Western analysis of
the nuclear matrix and intermediate filament

-200 kD

-97.4 kD
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B. Osteoblasts
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NM-IF NM  NM-IF
C PTH C PTH C PTH

wCi/mly. The cells were treated with rat PTH[1-34] (10 nM) or
the same volume of vehicle (10 mM acetic acid) for 3 succes-
sive 24 h cycles. The 200, 190, and 160 kD proteins are marked
with single, double, and triple arrowheads, respectively.

fractions of ROS 17/2.8 cells, using an antibody
to a nonmuscle myosin, resulted in a 200 kD band
that resembled the subcellular distribution and
PTH-responsiveness of the 200 kD protein band
on the gels of the 35S-methionine-labelled pro-
teins (Fig. 2B). Western analysis of the nuclear
matrix-intermediate filament extracts from the
osteoblasts yielded similar results (Fig. 2B).

190 and 160 kD PTH-Responsive Proteins

The absence of the 190 and 160 kD protein
bands in extracts from osteosarcoma cells and
osteoblasts chronically labelled with 35S-methio-
nine for 24 h before harvest (Fig. 1) indicated
these were low-abundant proteins with half-
lives of less than 24 h. Since the 190 and 160 kD
proteins were present in the chromatin frac-
tions of both the osteosarcoma cells and osteo-
blasts, we used this larger and more concen-
trated fraction to further characterize the
turnover of these proteins. Pulse-chase experi-
ments revealed that both the 190 and 160 kD
proteins had half-lives of approximately 1 h in
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Fig. 2. A: Rigor experiment. 3°S-methionine-labelled nuclear
matrix-intermediate filament pellets from ROS 17/2.8 cells were
resuspended in 250 pl of Rigor Buffer. To these suspensions 10
wl of 100 mM ATP or water (control) was added. The control
and ATP-treated suspensions were placed onice for 15 min, then
centrifuged. The pellet and supernatant fractions were electro-
phoresed on a 10%, low pH (8.6) gel and developed by fluorog-
raphy. The 200 kD protein and an 80 kD protein are ATP-
dissociable (marked by the asterisks). B: Western analysis of the
subfractions of ROS 17/2.8 (intermediate filaments, 4 g pro-
tein/lane) and rat osteoblasts (nuclear matrix-intermediate fila-
ment, 25 pg/lane) using a non-muscle myosin (1:5,000, pri-
mary antibody; 1:1,000, secondary antibody). Cells were treated
with PTH as described in Figure 1A,B. Representative of three
different experiments. PTH exposure attenuated the myosin
antigenic signal ~50%, as measured by densitometry, in both
the osteosarcoma cells and the osteoblasts, although this varied
from 15-100% between cell cultures. No myosin was detected
in the isolated nuclear matrix fractions (data not shown).

the ROS 17/2.8 cells (Fig 3A). The results of the
experiments with the osteoblasts were more com-
plex. Although no signal for these proteins were
detected in chronically labelled cells, pulse-
chase experiments yielded results indicating half-
lives between ~1 h (Fig. 3B) and 4 h.

In both the osteosarcoma and osteoblast cell
preparations we occasionally observed a protein
band that migrated just below the 190 kD pro-
tein. Also, two protein bands were frequently
observed at ~160 kD. Whether these bands
represent variants of the same protein or differ-
ent proteins is unclear.

Synthesis of the 190 and 160 kD proteins,
determined by metabolic labelling of cells with
35S-methionine for 1 h, was downregulated in
response to acute hormone exposure (Fig 4).
These protein bands were decreased to 50% of
the control within the first hour of hormone
exposure, as measured by densitometry (Fig. 4).

The molecular weights, subcellular distribu-
tion, and half-lives of the 190 and 160 kD pro-
teins were similar to the nuclear matrix proteins
topoisomerase I1-a (170 kD), -8 (180 kD), and an
a-related isoform (160 kD) involved in mediat-
ing DNA topology [Heck et al., 1988]. To deter-
mine if these proteins were isoforms of topoisom-
erase 1I, we used Western analysis to probe
chromatin fractions of ROS 17/2.8 osteosar-
coma cells and the osteoblasts for topoisomerase
II-a and -B. PTH exposure upregulated the ex-
pression of antigens of 170 and 160 kD in the
ROS 17/2.8 cells by ~ 2-fold and 2—3-fold, respec-
tively, as measured by densitometry (Fig. 5A).
We could not consistently detect topoisomerase
IT-a in the osteoblasts by immunoblotting. Topo-
isomerase II-B expression was not modulated by
PTH in either the osteosarcoma cells or the
osteoblasts (Fig. 5B). These resuits indicated
that neither the 190 nor 160 kD 35S-methionine-
labelled proteins cross-reacted with our antibod-
ies to topoisomerase II.

Previously, we demonstrated that an anti-
body to NuMA, a 236 kD structural protein of
the nuclear matrix, recognized a protein at ~ 220
kD in the whole cell lysates of human osteo-
blasts but revealed a band at ~200 kD in the
nuclear matrix fraction of these cells [McCabe et
al., 1996]. To determine if the 190 kD protein
was immunoreactive with this antibody to
NuMA, we performed Western analysis of whole
cell lysates, nuclear matrix, intermediate fila-
ment, and chromatin fractions from ROS 17/2.8
cells and the osteoblasts. Similar to cur findings
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Fig. 3. Pulse-chase experiments for the 190 and 160 kD
proteins. ROS 17/2.8 cells (A) and rat osteoblasts (B) were
labelled with 33S-methionine (25 uCi/ml) for 1 h, chased with
unlabelled medium, and harvested at the time points indicated.
Osteosarcoma and osteoblast chromatin fractions (25,000 and
75,000 dpm/lane, respectively) were electrophoresed on 5%
gels and developed by fluorography. The 190 and 160 kD

with the human osteoblasts, this antibody recog-
nized a protein band at ~220 kD in the whole
cell lysates and a doublet at ~200 kD in the
nuclear matrix fraction of the ROS 17/2.8 cells
(Fig. 5C). NuMA was also recovered in the inter-
mediate filament and chromatin fractions. Expo-
sure to PTH upregulated the expression of
NuMA in the ROS 17/2.8 cells by ~ 2-fold as
determined by densitometry. We could not con-
sistently detect NuMA in the osteoblasts by
immunoblotting. Finally, PTH did not modulate
the expression of B-actin in either the ROS
17/2.8 cells (Fig. 5D) or the osteoblasts (data not
shown).

Consistent with an identity distinct from topoi-
somerase II or NuMA, the 190 kD protein exhib-
ited a more limited tissue distribution as com-
pared to the nearly ubiquitous expression of
these known nuclear matrix proteins [Juenke
and Holden, 1993; Zeng et al., 1994]. The 190
kD protein was not observed in the chromatin or
nuclear matrix-intermediate filament fractions
of H4 rat hepatoma cells, NTH3T3 mouse fibro-
blasts, or OK opossum kidney cells (Fig. 6). We
did detect, however, a protein band in the NM-IF
fractions of the H4 and NIH3TS3 cells that mi-

B. Osteoblasts
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proteins are marked with double and triple arrowheads, respec-
tively. The osteosarcoma results are representative of three
different experiments. Although no signal for the 190 and 160
kD proteins were detected in chronically labelled osteoblasts,
pusle-chase experiments yielded results indicating halr-lives
between ~ 1 h (shown here) and 4 h.

grated just below the 190 kD protein (Fig. 6B).
The 160 kD protein was observed in the nuclear

matrix-intermediate fractions of the H4 and the
NIH3TS3 cells.

PTH Receptor

To confirm that PTH regulated the expres-
sion of membrane proteins in our cell prepara-
tions we performed Northern analysis for PTH
receptor mRNA in cells treated with hormone or
vehicle. In confluent ROS 17/2.8 cells and osteo-
blasts, exposure to rPTH (1-34) (72 h, 10 nM)
downregulated receptor mRNA expression by
~60-70% of controls as measured by densitom-
etry (Fig. 7).

DISCUSSION

PTH selectively regulated the expression of
membrane, cytoskeletal, and nuclear matrix pro-
teins in both rat osteosarcoma cells and osteo-
blasts derived from the primary spongiosa of the
metaphyseal distal femur of young rats. These
data suggest that PTH coordinately integrates
changes in osteoblast architecture through the
tissue matrix, culminating in specific alterations
in nuclear structure.
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Fig. 4. The 190 and 160 kD protein response to acute PTH
exposure. ROS 17/2.8 cells were exposed to rat PTH(1-34) [10
nM] for the times indicated and labelled for 1 h before harvest
as described in Figure 1. Chromatin fractions, 25,000 dpm/lane
(5% gel). The 190 and 160 kD proteins are marked with double
and triple arrowheads, respectively. The synthesis of these
proteins was attenuated by 50% within the first hour of hor-
mone exposure as measured by densitometry. Note that there is
a band just below the 190 kD protein band that is more clearly
seen after a few hours of PTH exposure.

The 200 kD protein was identified as a non-
muscle myosin. This is consistent with the mo-
lecular weight of the protein, its exclusion from
the isolated nuclear fraction, its dissociation
from the nuclear matrix-intermediate filament
insoluble pellet with ATP, and Western analy-
sis. Subtle differences in cell density between
our cultures may have caused the variability in
the magnitude of the PTH-induced decrease in
myosin since cell density affects myosin and
actin expression in cultured osteoblasts [Egan et
al., 1991b].

PTH induced a decrease in myosin, in the
Triton-X insoluble pellet of fetal rat calvarial
osteoblasts, within 5 min of exposure [Egan et
al., 1991a]. Myosin began returning to control
levels at 10 min but remained below pretreat-
ment levels for at least 6 h [Egan et al., 1991a].
No PTH-induced downregulation of myosin was
observed in the ROS 17/2.8 cells at 8 h of
hormone exposure [Bidwell et al., 1994a] sug-
gesting that PTH can effect both transient and
stable changes in myosin organization. Whether
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Fig. 5. Western analyses of ROS 17/2.8 cellular subfractions
from cells treated with PTH or vehicle as described in Figure 1.
A: Analysis for topoisomerase Il-« in chromatin fraction, 50 pg
protein/lane (1:1,000 primary and secondary antibodies). Treat-
ment with PTH resulted in 2-fold increase in the top band and
~2-3-fold increase in the lower band as measured by densitom-
etry. The top band [~ 170 kD] is topo ll-a (as determined by a
yeast positive control, data not shown), the second band may
be topo ll-a-related protein [ ~ 160 kD1. B: Analysis for topo II-B
in chromatin fraction, 50 ug protein/lane (1:500 primary anti-
body, 1:15,000 secondary antibody). Two bands observed at
~180 and ~ 100 kD. PTH had no effect on the expression of
this protein. C: Analysis for NuMA in whole cell lysates [W.C.,
25 ug protein/lane] and the nuclear matrix fractions [NM, 10
ug protein/lane] (1:1,000 primary and secondary antibodies).
The antigen in the whole cell lysates exhibited a molecular
weight of ~220 kD whereas the antigen in the NM fraction was
~200 kD. PTH upregulated expression of NuMA by ~2-fold as
measured by densitometry. D: Analysis for B-actin in whole cell
lysates, 10 pg protein/lane (1:100,000 primary antibody,
1:1,000 secondary antibody). PTH exposure did not modulate
B-actin expression. All blots are representative of three different
experiments.

acute and chronic exposure to hormone results
in distinet myosin architectures mediating differ-
ent changes in gene expression is not known.
Although the 190 and 160 kD proteins were
not topoisomerase II or NuMA, that PTH regu-
lated expression of topoisomerase II-a is signifi-
cant because it couples PTH-induced changes in
cell shape to alterations in DNA topology. Topoi-
somerases organize DNA into cell type- and
phenotype-specific loop domains which contrib-
ute to gene expression, including the specificity
of cell response to a given hormone [Pienta et
al., 1991). These enzymes are involved in tran-
scription, replication, recombination, and chro-
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Fig 6. 1-D SDS/PAGE (5%) of labelled (A) chromatin and (B)
NM-IF fractions of ROS 17/2.8 osteosarcoma cells, OK opos-
sum kidney cells, NIH3T3 mouse fibroblasts, and H4 rat hepa-
toma cells. Cells were labelled 1 h prior to harvest as described
in Figure 1. 25,000 dpm/lane. The 190 and 160 kD proteins are
marked with double and triple arrowheads, respectively. Repre-
sentative of two experiments.

A. ROS 17/2.8 B. Osteoblasts

C PTH C PTH

GAPDH

PTH
Receptor

Fig. 7. Northern analysis for rat PTH receptor and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) in (A) ROS 17/2.8
osteosarcoma cells and (B) rat osteoblasts. Cells were treated
with PTH or vehicle as described in Figure 1. Exposure to
hormone downregulated receptor mRNA expression by ~ 60—
70% of controls as measured by densitometry; 20 ug RNA/lane.
Representative of three experiments.

mosome segregation [Wigley, 1995]. Topoisom-
erase II-o and -B are most highly expressed in
rapidly proliferating cells and cells that have
reached the plateau phase of growth, respec-
tively [Wigley, 1995; Giaccone, 1994]. Recent
evidence indicates that the p-isoform is involved

in terminal differentiation [Watanabe et al.,
1994; Capranico et al., 1992]. Thus, topoisomer-
ase Il enzymes may mediate the transition from
a nuclear architecture supporting proliferation
to one sustaining differentiation.

Similarly, PTH regulation of NuMA expres-
sion may alter osteoblast nuclear architecture.
NuMA, a component of the nuclear core fila-
ments, plays a structural role in nuclear organi-
zation during interphase but organizes the
microtubules of the mitotic spindle during
mitogenesis [Zeng et al., 1994]. NuMA contains
p34cdce2 phosphorylation sites that mediate asso-
ciation with the mitotic spindle [Compton and
Luo, 1995] and it may have been different phos-
phorylation states of this protein, induced dur-
ing extraction, that caused the shift in NuMA
mobility on our Western blots.

The functional significance of the 190 and 160
kD proteins remains to be established. The 190
kD protein may be an isoform of topoisomerase
II not recognized by our antibody, perhaps repre-
senting an osteoblast-specific form of the en-
zyme. A B-cell-specific, topoisomerase II-related
protein may act to modulate torsional stress in
the immunoglobulin p heavy chain promoter
[Webb et al., 1993]. The 190 and 160 kD pro-
teins may be cell cycle-regulated in osteoblasts
and not in the osteosarcoma cells, consistent
with the variable pulse-chase results with the
primary spongiosa cells. The subfraction distri-
bution of these proteins indicate they may ei-
ther shuttle between the nuclear scaffold and
chromatin or be ribonuclear proteins released
from the nuclear matrix by RNAse A digestion.
That the 190 kD band in the osteoblast nuclear
matrix-intermediate filament fraction was re-
fractive to PTH suggests that the hormone in-
duced a redistribution of this protein from the
nucleus to the perinuclear space. Alternatively,
there may be multiple 190 kD proteins in our
cell fractions.

These data demonstrate that PTH-induced
downregulation involves a reorganization within
the osteoblast nucleus. This may include a lock-
down of target genes preventing transcriptional
activation [Bodnar et al., 1989]. Also, the re-
sponse of the 190 and 160 kD proteins to acute
hormone exposure indicates that PTH-induced
changes in osteoblast nuclear structure can oc-
cur rapidly, consistent with rapid cytoskeletal
reorganization [Egan et al., 1991a].

The integration of PTH-induced mobilization
of second messengers and changes in osteoblast
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shape comprise the signal transduction cascade
responsible for changes in gene expression. To-
poisomerase II, NuMA, and the 190 and 160 kD
proteins, may direct the nuclear PTH signalling
pathways to the genes and mediate the struc-
tural elements of the transcriptional response.
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