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Abstract

A tumor-derived factor believed to cause hypercalcemia by
acting on the parathyroid hormone (PTH) receptor was re-
cently purified, cloned, and found to have NH2-terminal se-
quence homology with PTH. The 1-34 region of this protein
was synthesized, evaluated for its postreceptor effects on the
ROS 17/2.8 cell line, and its properties were compared to 1-34
PTH. Both 1-34 human humoral hypercalcemia factor (HCF)
and 1-34 PTH stimulated adenylate cyclase with an effective
concentration (EC)50 of - 1 nM. The extent of stimulation by
both peptides was equally enhanced by dexamethasone. They
both had a pronounced inhibitory effect on growth in the pres-
ence of dexamethasone, with an EQ5. of - 0.1 nM, reduced
alkaline phosphatase (AP) activity by 70% in the absence of
dexamethasone and by - 80% in the presence of dexametha-
sone with an ECQ. of 0.03 nM, and when present at a concen-
tration of 10 nM, reduced AP mRNA levels (estimated by
Northern analysis) by 80% in the presence or absence of
dexamethasone. Thus, in addition to similar dose-response
curves for adenylate cyclase stimulation, both HCF and PTH
produced identical postreceptor effects in ROS 17/2.8 cells.
These effects ofHCF are probably mediated by the interaction
of the tumor-derived factor with the PTH receptor.

Introduction

Hypercalcemia is a frequent complication of malignancy; the
clinical syndrome resembles hyperparathyroidism in several
aspects. Recently, a factor secreted by the tumors of patients
suffering from hypercalcemia was found to possess NH2-termi-
nal sequence homology to PTH (1-3). The tumor-derived fac-
tors stimulate kidney and bone adenylate cyclase. Presumably,
these effects occur via interaction with the PTH receptor, since
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1. Abbreviations used in this paper: AP, alkaline phosphatase; EC,
effective concentration; FBS, fetal bovine serum; HCF, human hu-
moral hypercalcemia factor.

they are inhibited by the PTH antagonist [8norleucyl, "8nor-
leucyl, 3tyrosinyl]PTH (3-34)amide (4, 5). It is therefore as-
sumed that the clinically relevant hypercalcemia is also pro-
duced by human humoral hypercalcemia factors (HCF) in-
teraction with the PTH receptor. The recent elucidation ofthe
sequence of the HCF (1, 6) made it possible to synthesize a
fragment of the factor and examine directly its effects on
PTH-responsive cells.

ROS 17/2.8 and other cells of the osteoblastic lineage pos-
sess adenylate cyclase-coupled FTH receptors which may be
involved in the bone resorptive action ofPTH (7). It has also
been suggested that not all PTH effects are produced by ade-
nylate cyclase stimulation, and that receptor-mediated
changes in intracellular calcium (8) may be involved in bone
resorption (9). Although it has been demonstrated that the
tumor-derived factors stimulate adenylate cyclase in osteo-
blastic cells, it has not been shown that they produce biological
effects similar to those of PTH. In view of these possibilities,

we examined the nature and relative efficacy of PTH (1-34)
and HCF (1-34) in promoting several different postreceptor
effects in the osteoblastic osteosarcoma cell line ROS 17/2.8.

Methods

Materials. Culture plasticware was purchased from Costar, Data
Packaging Corp. (Cambridge, MA) or Nunc/InterLab (Thousand
Oaks, CA). Culture medium and kanamycin were obtained from
Grand Island Biological Co. (Grand Island, NY) and fetal bovine
serum (FBS) was from Hazelton Systems, Inc. (Lenexa, KS). Human
PTH (1-34) was from Bachem Biochemical (Torrance, CA). Vanadyl
ribonucleoside complexes and agarose were purchased from Bethesda
Research Laboratories (Bethesda, MD). Oligo-labeling kits were from
Pharmacia Fine Chemicals (Piscataway, NJ). Proteinase K was pur-
chased from International Biotechnologies, Inc. (New Haven, CT).
[3H]Adenine was supplied by New England Nuclear (Boston, MA).
Other reagents were purchased from Sigma Chemical Co. (St.
Louis, MO).

Adenylate cyclase assay. cAMP was measured using cells labeled
with [3H]adenine as described previously (5).

Northern analysis. For Northern analysis cells were plated into 500
cm2 dishes and RNA was prepared as described by Greenberg and Ziff
(I 1). RNA was fractionated on 0.8% formaldehyde agarose gel and
transferred to nylon filters (Hybond N; Amersham Corp., Arlington
Heights, IL) by electroblotting (12). Filters were subsequently hybrid-
ized to 32P-labeled cDNA AP probe as described before (13). mRNA
levels were estimated by scanning densitometry using a densitometer
(Hoefer Scientific Instruments, San Francisco, CA).

AP assay. AP activity was measured as described previously (10).
Briefly, cell media were removed, cells were washed two times with
calcium-magnesium free HBSS, and disrupted with 10 mM Tris HCI,

924 S. B. Rodan, M. Noda, G. Wesolowski, M. Rosenblatt, and G. A. Rodan

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/88/03/0924/04 $2.00
Volume 81, March 1988, 924-927



0.5 mM MgC12, and 0.1% Triton X-100 (pH 7.4). AP activity was
measured in the sonicated homogenate. Homogenate protein was
measured by the method of Spector (14) using BSA as the standard.

Peptide synthesis. The peptide HCF-1-34)NH2 was synthesized
with the help ofHCF modifications ofthe Merrifield solid-phase tech-
nique (15) using a synthesizer (430A; Applied Biosystems, Inc., Foster
City, CA). The peptide was then purified by gel filtration followed by
preparative HPLC. The peptide, after chemical analysis, was found to
be authentic and of high purity (> 99%) by HPLC, amino acid analy-
sis, Edman sequence analysis, fast atom bombardment mass spectrom-
etry, and proton nuclear magnetic resonance (16).

Results

Fig. 1 shows dose-dependent stimulation of cAMP accumula-
tion by HCF and PTH in cells grown in the presence of dexa-
methasone and the respective controls. The effective concen-
tration (EC)50 for adenylate cyclase stimulation was the same
(- 1 nM) for either peptide with or without dexamethasone
treatment. However, in the absence of dexamethasone, HCF
was slightly more stimulatory compared with PTH. In the
presence of dexamethasone, this difference disappeared and
the dose-response curves of the two peptides overlapped (Fig.
1 B).

Fig. 2 depicts the growth curve of 17/2.8 cells treated with
dexamethasone in the presence and absence ofHCF and PTH.
As previously shown (10), dexamethasone (30 nM) inhibited
the growth of ROS 17/2.8 cells by - 45%. In the presence of
dexamethasone, HCF and PTH (10 nM) inhibited growth by
an additional 60%.

The growth inhibitory effects of HCF and PTH were dose
dependent (Fig. 3). In the absence of dexamethasone, neither
peptide inhibited growth of ROS 17/2.8 cells. In the presence
ofdexamethasone both peptides inhibited growth with an EC50
of- 0.1 nM.

We next compared the effects of HCF and PTH on AP
activity (Fig. 4). Both HCF and PTH inhibited AP activity in a
dose-dependent manner by 70% in the absence of dexametha-
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Figure 2. Growth curve
ofROS 17/2.8 cells
treated with dexametha-
sone, HCF, and PTH.
ROS 17/2.8 cells were

< plated in 24 multi-well
dishes at 5000/cm2 in 1
ml F- 12 medium con-

° taining 5% FBS. 1 d
after plating, dexameth-
asone (o) (30 nM), eth-
anol (0.0025%) (.),
dexamethasone + PTH
(10 nM) (&), and dexa-
methasone + HCF (10
nM) (A) were added to
each well. Cultures were
fedond 1, 2, 3,4,and
6. Cells were trypsin-
ized, and cell number
was determined using a
counter (Coulter Elec-
tronics, Inc., Hialeah,
FL) at the indicated
times. Data are the
mean values of three

10 wells from one of two
similar experiments.

sone and by 83% in dexamethasone-treated cells with the same
EC50 of 0.03 nM.

Northern analysis showed that HCF and PTH (both at 10
nM) inhibited AP mRNA (2.5 kb band) by about 80% after 3 d
of treatment (Fig. 5). Dexamethasone increased AP mRNA
four- to fivefold. PTH and HCF reduced the dexamethasone-
enhanced mRNA levels by 80%.

Discussion

Our studies demonstrate that all the biological effects pro-
duced in this investigation by 1-34 human PTH in the PTH-
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Figure 1. The effect of dexamethasone on PTH and HCF stimula-
tion of adenylate cyclase in ROS 17/2.8 cells. ROS 17/2.8 cells were
plated at 20,000/cm2 in F-12 medium containing 5% FBS. 3 d after
plating dexamethasone (30 nM) (B) or vehicle (0.0025% ethanol) (A)
was added for 4 d. Adenylate cyclase was estimated in whole cells as
described in Methods. Cells were incubated for 5 min with the indi-
cated concentrations of PTH (-) or HCF (o) in the presence of I
mM isobutylmethylxanthine. Values are the mean ± SD of triplicate
wells from one of four similar experiments.

o-11 o-10 1
-9

10 10-1P 10
Peptide (M)

Figure 3. Dose-dependent inhibition of growth by HCF and PTH in
the presence of dexamethasone. ROS 17/2.8 cells were plated at
5000/cm2 in 24 multi-well dishes in 1 ml medium containing 5%
FBS. 3 d after plating, dexamethasone (30 nM) was added with or
without PTH (-) or HCF (o). Cultures were refed on day 3 and
counted on day 6. Data are the mean values of three culture wells
from one of two similar experiments.
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Figure 4. Dose-dependent inhibition ofAP by HCF and PTH in the
presence and absence of dexamethasone. ROS 17/2.8 cells were
plated at 20,000/cm2 in F-12 medium with 5% FBS in 24-well multi-
dishes. 4 d later dexamethasone (30 nM) or ethanol (0.0025%) were
added either with HCF (o) or PTH (e) at the indicated concentra-
tions. AP activity and protein concentration were determined after 3
d of treatment. Data are the mean ± SD of determinations from trip-
licate wells from one oftwo similar experiments.

sensitive rat osteosarcoma ROS 17/2.8 cells were also pro-
duced by 1-34 HCF. Moreover, the dose-response curves gen-
erated for the postreceptor effects were virtually overlapping in
all instances for both synthetic peptides used in this study.

The HCF preparation was slightly more potent in stimulat-
ing adenylate cyclase, as previously observed by Moseley et al.
(1) in UMR 106 cells. However, dexamethasone treatment,

1 2 3 4 5 6 FigureS. Northern blot
analysis ofmRNA for AP.
ROS 17/2.8 cells were
plated at 20,000/cm2 in

50 c2dishes. 3 d later,
28S~~~~~~~ cells were treated for an ad-

ditional3 d as described
below. Total RNA was ex-

1 8S tracted, and equivalent
amounts ofRNA (10 Mg)
were electrophoresed in
agarose/formaldehyde gels,
blotted to nylon filters and
hybridized with the cDNA

probe for rat AP. Lane 1, F-12 medium containing 5% FBS and eth-
anol (0.0025%) + 0.001% acetic acid, 0.001% BSA; lane 2, 10 nM
HCF; lane 3, 10 nM PTH; lane 4, 30 nM dexamethasone; lane 5,
dexamethasone + HCF; lane 6, dexamethasone + PTH. The AP ac-
tivities were measured for each lane and were 1.8, 0.8, 0.9, 8.5, 1.3,
and 2 Amol/min per mg protein, respectively. This is one oftwo sim-
ilar experiments.

which was shown to increase the level of G, (cholera toxin-
stimulated NAD-ribosylation of G protein) in ROS 17/2.8
cells (17), equalized the dose-response curves for the two pep-
tides. All biological effects were seen at lower concentrations
than those required for adenylate cyclase stimulation. For ex-
ample, the EC50 for AP inhibition was 30 pM; for adenylate
cyclase stimulation, it was around 1 nM. This phenomenon is
frequently observed in hormonal systems, and is commonly
attributed to "spare" receptors (18), a relatively small amount
ofcAMP suffices to produce the full biological effect.

HCF and PTH inhibited the growth of ROS 17/2.8 cells
only in the presence ofdexamethasone. This is ofinterest since
dexamethasone treatment was shown to be needed for PTH-
stimulation of cAMP-dependent protein kinase in these cells
(19) and the activation of protein kinase isoenzyme I is be-
lieved to play a role in cell proliferation (20). PTH was shown
to stimulate predominantly the isoenzyme I of cAMP-depen-
dent protein kinase (21) and to inhibit growth (22) in the
osteogenic sarcoma cell line UMR 106.

AP is a major osteoblastic marker. The level ofthis enzyme
in ROS 17/2.8 cells was shown to increase with dexametha-
sone treatment and decrease in response to PTH (10). North-
ern analysis indicated that these changes were accompanied by
parallel changes in AP mRNA. HCF produced effects identical
to PTH on AP activity and AP mRNA. PTH and HCF inhib-
ited AP to the same extent (- 70-80%) and with the same
EC50 in the presence and absence of dexamethasone. This is
consistent with previous findings showing that glucocorticoid
potentiation of adenylate cyclase stimulation and of other
PTH effects in calvarial osteoblasts (23) and osteosarcoma
cells (24) did not alter hormone affinity.

In conclusion, we have shown that a chemically synthe-
sized fragment of HCF produces a profile of postreceptor ef-
fects identical to PTH in ROS 17/2.8 cells. Furthermore, the
potency ofHCF across the spectrum of effects studied is com-
parable to PTH. These findings support the hypothesis that
HCF produces PTH-like effects on bone and that these effects
are mediated via interaction with the PTH receptor.
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