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Effects of Glucocorticoids and Calcitonin on Parathyroid Hormone-related Protein
(PTHrP) Gene Expression and PTHrP Release in Human Cancer Cells Causing
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Glucocorticoids are widely used for the treatment of malignancy-associated hypercalcemia to delay
the occurrence of an escape phenomenon inherent in calcitonin therapy. Using parathyroid hormone-
related protein (PTHrP)-producing squamous carcinoma cells (T3M-1 and EC-GI) established in our
laboratory, we investigated the in vitro effects of glucocorticoids and caleitonin on PTHrP mRNA
expression in the cells and release of PTHrP into the cunlture medium. The PTHrP gene was
constitutively expressed in the logarithmic growth phase in both squamous carcinoma cell lines. When
these cells became superconfluent, PTHrP mRNA expression was greatly diminished in T3M-1 cells
but was not distinctly diminished in EC-GI cells. Hydrocortisone inhibited the PTHrP mRNA
expression in T3M-1 cells and EC-GI cells in a dose-dependent manner. In accordance with the
decreased expression of PTHrP mRNA, the release of immunoreactive as well as bioactive PTHyrP
also decreased in the conditioned medium of glucocorticoid-treated cells. The minimal effective
concentration of prednisolone was about 10”7 M, which is readily attainable in the serum of patients
treated with the agent. Calcitonin and indomethacin did not affect the PTHrYP mRNA expression or
PTHrP release into the medium, Calcitonin did not modulate the hydrocortisone-induced inhibition of
PTHrP production. These in vitro findings suggest that the combined use of glucocorticoids and
calcitonin plays a beneficial role in the treatment of malignancy-associated hypercalceémia, since the
steroid hormone can suppress PTHrP mRNA expression and release of bioactive PTHrP in certain
PTHrP-producing tumors.
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Hypercalcemia is occasionally a life-threatening com-
plication of malignant diseases. When radical resection of
a tumor is impossible, current therapy for malignancy-
associated hypercalcemia (MAH) includes saline hydra-
tion, forced diuresis with loop diuretics, and administra-
tion of inhibitors of bone resorption such as calcitonin
together with glucocorticoids.” Indomethacin is also
effective in some patients with MAH."

Calcitonin is a potent inhibitor of osteoclastic bone
resorption and is most widely used in patients with
MAH. However, its inhibitory effect of bone resorption is
brief because of an escape phenomenon.” ¥ To strengthen
the effect of calcitonin on osteoclastic bone resorption,
the combined use of calcitonin and glucocorticoid is
recommended.* ¥ This is based on the in vitro observa-
tion of Raisz et al.* that glucocorticoids prolong the in-

! Part of this work was presented at the 12th Annual Meeting of
the American Society for Bone and Mineral Research, Atlanta,
August 1990 (abstract 486).

5 To whom requests for reprints should be addressed.
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hibition of *Ca release induced by caleitonin. Recently,
Deftos et al” reported that calcitonin stimulates the
release of immunoreactive parathyroid hormone-related
protein (PTHrP) induced by phorbol-12-myristate-13-
acetate from PTHrP-producing cells, suggesting that the
treatment with calcitonin of patients with MAH may
aggravate humoral hypercalcemia in certain of the
patients,

Using PTHrP-producing carcinoma cells (T3M-I,
EC-GI) established from patients with hypercalcemia,®®
we have investigated the effects of glucocorticoids and
calcitonin on PTHrP mRNA expression and release of
immunoreactive and bioactive PTHrP into the culture
medium.

MATERIALS AND METHODS

Source of tumor cells EC-GI cells were derived from a
squamous cell carcinoma of the esophagus of a 65-yr-old
man who had marked hypercalcemia.” T3M-1 cells were



established from a patient with submandibular carcinoma
who also had hypercalcemia.” These cells produced
PTHrP and developed hypercalcemia in the tumor-
bearing mice.'® "
Cell culture EC-GI or T3M-1 cells were cultured in F-12
medinm (Gibco, Grand Island, NY) supplemented with
59% fetal calf serum (FCS) (Filtron, Australia). The
media were changed twice a week. When the cells became
subconfluent, media were changed to F-12 medium con-
taining 0.2% bovine serum albumin, glucocorticoids
(Sigma Chemcal Co., St. Louis, MO), salmon calcitonin
(Sigma) and/or indomethacin (Sigma). Cells were in-
cubated for an additional 24 or 48 h.
Northern blot hybridization Total cellular RNA was
isolated essentially as described by Chirgwin et al.'” Poly
A" RNA was selected by oligo(dT)-cellulose chromatog-
raphy,” and samples of 10 zg of RNA were electro-
phoresed in an agarose gel containing 0.66 M formalde-
hyde and transferred to nylon filters (Nytran, 0.45 um
pore size, Schleicher & Schuell, Keene, NH) as suggested
by the manufacturer. For hybridization with the PTHrP
probe, the membranes were prehybridized for at least 3 h
at 60°C in 50% formamide/5X SSPE (1XSSPE is 0.15
M Na(l, 0.01 M NaH,PO,, | mM EDTA, pH 7.4)/5X
Denhardt’s solution (1XDenbardt’s solution is com-
posed of 0.02% BSA, 0.02% Ficoll, 0.02% polyvinyl-
pyrrolidone), 200 gg/ml salmon sperm DNA, and 1%
SDS. The radiolabeled cRNA for PTHrP described later
was added (5 10° cpm/ml) and allowed to hybridize at
60°C for 18-24 h in 50% formamide/5 X SSPE/2 X
Denhardt’s solution/50 pg/ml salmon sperm DNA, 50
tg/ml transfer RNA, 10 gg/ml poly(A), 19 SDS. The
filter washing was performed under a stringent condition
at 65°C in 0.2 X SSPE. Then the filters were subjected to
autoradiography. For the evaluation of the amounts of
RNA on filters, the filters were rehybridized with 3-actin
probe after stripping off the PTHrP probe as suggested
by the manufacturer. The hybridization and washing for
actin mRNA were described previously.'*'®

A c¢DNA clone, kindly provided by Dr. William L
Wood (Genentech Inc., San Francisco, CA), and con-
taining a 537-base-pair fragment encoding PTHrP'
inserted into the pSP&5 plasmid, was used as a template
for the pSP6 RNA polymerase-directed synthesis of a
*P-cRNA, as described by Melton ez al.'” The probe had
a specific activity of about 1X10° cpm/ug RNA. A rat
B-actin ¢cDNA fragment obtained from Dr. Bruce
Patterson (National Institutes of Health, Bethesda, MD)
was labeled with *P-dCTP by random primer labeling
with a specific activity of 1X10° cpm/ug DNA.
Assay for PTHrP released into the medium EC-GI cells
were cultured with F-12 medium containing 0.2% BSA,
hydrocortisone, calcitonin or indomethacin as described
in each experiment. After 24-48 h culture, the condi-
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tioned medium was collected and stored at —20°C until
assayed for immunoreactive as well as bioactive PTHrP.
Bioactive PTHrP released into the medium was deter-
mined by measuring adenylate cyclase-stimulating activ-
ity using ROS 17/2.8-5 subclonal cells as described
previously.™ Cells were grown in 24-well plastic dishes
(2 em’/well). Cyclic AMP produced in ROS 17/2.8-5
cells during a 10 min incubation was determined by using
a radioimmunoassay kit (Eiken, Japan) and data were
expressed as picomoles of cyclic AMP per well.
Immunoreactive PTHrP released into the medium was
also determined by radicimmunoassay specific for the
N-terminal region of PTHrP."”* Antiserum for the N-
terminal region of PTHrP was prepared by immunizing
rabbits with human PTHrP(1-34) conjugated to bovine
thyroglobulin. The antiserum was highly specific for the
N-terminal region of PTHrP(1-34): the antisecrum did
not recognize [Tyr'**]PTHrP(126-141) (synthesized
in Toray Research Center, Kamakura), PTH{(1-34), or
PTH(65-84) (obtained from Peptide Institute, Osaka).
[Ty’ ]PTHIP(1-34) was radioiodinated by the chlor-
amine T method. The assay buffer was 0.1 M Tris-HC]
buffer (pH 8.0) containing 0.19 BSA, 10 mM EDTA,
0.19% Tween 20 and 0.02% sodium azide. The RIA
incubation mixture consisted of 100 gl of samples or
standard PTHrP(1-34) (Peninsula Laboratory, Belmont,
CA), and 100 g1 of anti-PTHrP(1-34) antiserum (final
dilution 1:90,000). Incubation was carried out at 4°C for
24 h, followed by addition of 100 gl of ["PI][Tyr°]-
PTHP(1-34). Bound and free ['*1][Tyr°] PTHrP(1-34)
were separated by a polyethyleneglycol double-antibody
precipitation. The sensitivity of the assay was 2 pg/tube.
Data were expressed as picomoles equivalent to
PTHrP(1-34)/ml.
Effect of calcium concentration on cell growth Ca-free
F-12 medium was prepared in our laboratory. EC-GI or
T3M-1 cells were cultured in 24-well dishes (23X 10°
cells/2 cm® well). On the following day, the culture
medium was replaced with 1 ml of Ca-free F-12 medium
containing 10% FCS supplemented with various concen-
trations of calcium (0, 0.25, 0.5, 1, 2, 3, and 4 mM). The
calcium concentration of the FCS was 11 mg/dl (2.75
mM). Medium was replaced every three days. The num-
bers of cells grown in the medium with various calcium
concentrations (0.275-3.875 mM) were counted using a
Coulter counter at 2, 4, 6 and 10 days.

RESULTS

PTHrP gene expression in T3M-1 and EC-GI cells at
various cell densities As shown in Fig. 1, PTHrP gene
was mainly expressed in the logarithmic phase of cell
growth in T3M-1 and EC-GI cells. Both cell lines ex-
pressed four mRNA bands, the sizes of which cor-
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Fig. 1. Northern blot analysis of T3M-1 or EC-GI cell-

derived mRNAs from cells at different cell densities. T3IM-1
cells and EC-GI cells were cultured with F-12 medium
supplemented with 109 FCS. When these cells became subcon-
fluent, confluent or superconfluent, the medium was replaced
with F-12 medium supplemented with 0.2% BSA, and the cells
were cultured for an additional 48 h. Then, poly(A) RNA
was prepared as described in “Materials and Methods.” The
upper panel shows the Northern blot analysis of poly(A) 'RNA
(10 ug) from T3M-1 or EC-GI cells at different cell densities,
using a PTHrP antisense RNA probe. The lower panel shows
the same membrane rehybridized to a S-actin probe.
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responded to those reported previously.”” In T3M-1
cells, PTHrP gene expression was greatly diminished
after the cells had reached confluency, whereas EC-GI
cells expressed a considerable amount of PTHrP mRNA
even when the cells became superconfluent. Therefore,
we performed all the following experiments in the loga-
rithmic growth phase.

Release of immunoreactive and bioactive PTHrP into the
medium PTHrP levels in the conditioned medium of
EC-GI cells, determined by RIA specific for the N-
terminal region of PTHrP, increased gradually after 4 h
incubation (Fig. 2). T3M-1 cells also secreted im-
munoreactive PTHrP into the medium, but to a smaller
extent compared with EC-GI cells. In accordance with
immunoreactive PTHrP levels in the medium, adenylate
cyclase-stimulating activity in the conditioned medium
also increased in a time-dependent manner, suggesting
that EC-GI cells as well as T3M-1 cells secrete bioactive
PTHrP into the medium.

Effects of hydrocortisone on PTHrP gene expression and
production When T3M-1 cells or EC-GI cells were
cultured with medium containing various concentrations
of hydrocortisone, the steroid dose-dependently inhibited
PTHrP gene expression in both cell lines (Fig. 3, upper
panel). Hydrocortisone had no effect on the level of
[-actin mRNA used as an internal control (Fig. 3, lower
panel).

In accordance with inhibition of PTHrP mRNA ex-
pression, hydrocortisone also inhibited the release of
immunoreactive as well as bioactive PTHrP into the
medium (Fig. 4). The minimal effective concentration
was 10 7 M. Hydrocortisone (10 10 ® M) did not
affect cell growth of EC-GI or T3M-1 cells (data not
shown).

Fig. 2. Measurement of PTHrP released into cul-
ture medium. After EC-Gl and T3M-1 cells
became subconfluent, the media were changed to
F-12 medium containing 0.2% bovine serum albu-
min and the cells were cultured for 36-60 h. Con-
ditioned media at the indicated incubation period
were stored at — 20°C until assayed for bioactive
and immunoreactive PTHrP. Open columns show
the cyclic AMP produced in ROS 17/2.8-5 cells
during 10-min incubation. Solid lines show the
concentration of PTHrP in the media conditioned
by EC-GI cells (left) and T3M-1 cells (right).
PTHrP was determined by RIA specific for the
0 N-terminal region of PTHrP. Data are means * SE
of quadruplicate cultures.
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Fig. 3. Effect of hydrocortisone on PTHrP mRNA expres-

sion. After EC-GI and T3M-1 cells became subconfluent, the
cells were cultured with F-12 medium supplemented with 0.2%
BSA and various concentrations of hydrocortisone for 2 days.
Then, mRNAs were prepared as described in “Materials and
Methods.” The upper panel shows the Northern blot analysis of
total RNA (10 pzg) from T3M-1 (left) or EC-GI (right) cells
using a PTHrP antisense RNA probe. The lower panel shows
the same membrane rehybridized to a S-actin probe. Hydrocor-
tisone concentrations were 0 (lane 1), 10 * M (lane 2), 10%M
(lane 3), 107 M (lane 4) and 10 ® M (lane 5).
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Fig. 4. Effect of hydrocortisone on PTHrP release. After

EC-GI cells became subconfluent, the cells were cultured with
F-12 medium supplemented with 0.29% BSA and various con-
centrations of hydrocortisone. After 48-h culture, conditioned
medium was stored and the adenylate cyclase-stimulating activ-
ity was determined in PTH-responsive ROS 17/2.8-5 cells
(open column}. Immunoreactive PTHrP concentration in the
conditioned medium was determined by radioimmunoassay
specific for the N-terminal region of PTHrP (@ — @), Data are
means t SE of quadruplicate cultures. * P<0.05.
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Table I. Effects of Steroid Hormones on PTHrP Release from
EC-GI Cells
Concentration iPTHrP
(M) (pg/ml)
Unconditioned medium <10
Conditioned medium
Control (—) 113+7.5
Hydrocortisone 10°° 112410
107 63+3.2*
10°¢ 61+8.1*
Prednisolone 1078 111+5.2
1077 63+3.2%
107° 58 +3.3*
173-Estradiol 107° 93+3.8
Testosterone 10°° 92+2.0

When EC-GI cells became subconfluent, the cells were cultured
with F-12 medium supplemented with 0.2% BSA and steroid
hormones. After 48-h culture, immunoreactive PTHrP
(iPTHrP) concentration was determined by a radioimmuno-
assay specific for the N-terminal region of PTHrP. iPTHrP
was expressed as pg/ml equivalent to PTHrP(1-34). Data are
means ~ SE of triplicate cultures. * P<0.01.
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Fig. 5. Combined effects of hydrocortisone and calcitonin on
PTHrP release. When EC-GI cells became subconfluent, the
cells were cultured with F-12 medium supplemented with 0.2%
BSA, hydrocortisone (107 or 107 M), and/or salmon
calcitonin (1077 M) for 2 days. After 48-h culture, the condi-
tioned media were assayed for adenylate cyclase-stimulating
activity using ROS 17/2.8 cells. Data are means = SE of qua-
druplicate cultures. NS: not significant, * P<0.05.
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Prednisolone (1077 M) also elicited a similar inhibi-
tory effect on PTHrP release from EC-GI cells in a dose-
dependent manner, whereas estrogen and androgen had
no effect on PTHrP release even at 107° M (Table I).
Combined effects of hydrocortisone and calcitonin on
PTHrP production We next examined the combined
effects of hydrocortisone and calcitonin on release of
PTH-like activity in EC-GI cells, Hydrocortisone
significantly inhibited PTHrP release at 1077 M (Fig. 5).
Calcitonin (10”7 M) had no effect on PTHrP release.
Consistent with these findings, calcitonin did not affect
PTHrP gene expression in EC-GT cells (data not shown).
Furthermore, calcitonin did not modulate the decreased
PTHIrP release induced by hydrocortisone (Fig. 5).
Effect of indomethacin on PTHrP production in EC-GI
cells Indomethacin at 107° M showed no effect on
PTHrP production in EC-GI cells (data not shown).
Effect of calcium concentration of the medium on tumor
cell growth Since cell growth of certain PTHrP-produc-
ing tumor cells is stimulated in a hypercalcemic
medium,” cell growth of T3M-1 and EC-GI cells was
investigated in medium containing 0.25-3.875 mM cal-
cium concentration. Cell growth was not stimulated by
high calcium concentration.

DISCUSSION

Using two PTHrP-producing cell lines derived from
patients with MAH, we demonstrated that glucocor-
ticoids directly decreased PTHrP mRNA expression.
Our data are in accordance with a report that glucocor-
ticoid decreased PTHrP mRNA levels in a human
carcinoid cell line (NCI-H 727).%* Furthermore, we have
demonstrated that a decrease in PTHrP mRNA expres-
sion was accompanied by a decreased release of im-
munoreactive as well as biologically active PTHrP in the
culture medium. The minimum prednisolone concentra-
tion in the medium necessary to inhibit PTHrP mRNA
expression (1077 M) is readily attainable in patients
treated with a therapeutic dose of glucocorticoids.*”

Recently, Deftos et al” reported that calcitonin
stimulated immunoreactive PTHrP release from BEN
ceils, a lung cancer cell line from which PTHrP cDNA
was originally cloned.”® In contrast to BEN cells,
caleitonin did not affect PTHrP mRNA expression or
PTHrP release in EC-GI cells as well as T3M-1 cells.
Furthermore, calcitonin did not modulate the decreased
PTHrP release induced by glucocorticoid. These in vitro
findings suggest that glucocorticoids may have dual
effects in the treatment of MAH. As is well known,
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ghicocorticeid enhances the inhibitory effect of calcitonin
on osteoclastic bone resorption and delays the develop-
ment of the escape phenomenon.”® In addition, the
agent decreases to some extent the PTHrP release from
PTHrP-producing tumors.

Previously, we reported that potent PTH-like activity
was detected in the conditioned medium of EC-GI cells
but no such activity was detectable in that of T3M-1
cells."* Using Northern blot hybridization, however,
we demonstrated that the PTHrP mRNA. expression is
largely dependent on the cell growth phase, particularly
in T3M-1 cells, in which the PTHrP mRNA was abun-
dant in the logarithmic phase but hardly detectable in
the superconfluent phase. This is why we could not
demonstrate PTH-like bioactivity in the conditioned
medium of T3M-1 cells in the preliminary report,* since
the conditioned medium was always collected in the
superconfluent phase.

Recently, Shirakawa et al*® claimed that adult T cell
leukemia cells (MT-2), which produce PTHrP and IL-
1a,”>* proliferate more rapidly in culture medium con-
taining a high caleium concentration (2-5 mM). Both
squamous carcinoma cells used in this series of experi-
ments also produce PTHrP and IL-1,'* 'V both of which
synergistically stimulate bone resorption in vitre and
elicit marked hypercalcemia in vivo.” However, unlike
MT-2 cells, neither EC-GI cells nor T3M-1 cells pro-
liferated more rapidly in the high calcium medium.

In summary, although the chief beneficial effect of
glucocorticoids in the treatment of patients with MAH is
to prolong the inhibition of osteoclastic bone resorption
induced by calcitonin, we have demonstrated that
glucocorticoids also directly decrease PTHrP mRNA
expression and release of bioactive PTHrP in certain
PTHrP-producing tumor cells, suggesting additional
beneficial effects in attenuating humoral hypercalcemia.
These results provide a rational basis for the treai-
ment of MAH patients with calcitonin together with
glucocorticoids.
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