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SUMMARY:  The human breast cancer cell line (T47D) has specific, high
affinity calcitonin_receptors and calcitonin-responsive adenylate cyclase.
Human, salmon and / Asu »7 Jeel calcitonin inhibited cell growth in a
dose-related manner with almost equipotency. Analogues of human calcitonin
demonstrated slight cell growth ‘inhibition. We found extreme growth
inhibition with daily treatment with dibutyryl cyclic AMP (10-4 M), In
contrast to calcitonin 1,25-{0H)2D3 had a biphasic effect on cell growth.
Physiological doses (5 x 10-10 M) of 1,25-(0H)2D3 stimulated growth of
T47D, whereas treatment by supraphysiological arounts (2.5 x 10~7 M) caused
significant inhibition of growth. Calcitonin and 1,25-(0H)»D3 appeared to
have additive effects.

INTRODUCTION:  CT receptors are found in bone cells (1} and renal plasma
merbranes (1,2), sites where functions for CT have been established. But
there have been several reports that CT receptors are also found in tissues
where the significance of CT receptors is not clear, such as breast cancer
cell Tines (3,4), bronchial carcinoma cells (5), lymphocytes (6) and
testicular cell membrane (7). Human breast cancer cell lines (T47D, MCF 7)
contain specific high affinity CT receptors and CT responsive adenylate
cyclase (3,4). In many cells including MCF 7 it has been reported that
grewth is negatively correlated with the levels of intracellular cyclic

AMP (8,9,10). We have used T47D cells to investigate whether CT can affect

the growth of human breast cancer cells in culture. In addition, we

ABBREVIATIONS : CT, calcitoniny hCT, human calcitonin; sCT, salmon
calcitoning eCT, eel calcitonin; E2, B-oestradiol; dibutyryl cyclic
AMP, N6, Oé'-dibutyry] adenosine 3', 5'-monophosphate; 1,25-(0H)»D3,
1,25-dihydroxycholecalciferol.
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extended a previous finding showing a stimulatory effect of 1,25-(0H)2D3 on
T47D ce11 growth (11) to higher doses of the hormone, alone and in

combination with CTs.

MATERIALS AND METHODS:

Materials: [/ Asul,7_7eCT was a gift from Toyo Jozo Co., Ltd., Shizuoka,
Japan; synthetic hCT, Lys!1 hCT and Asn26Thr27 hCT were provided by
Ciba-Geigy, Basel, Switzerland; sCT (Batch CH 2244) was given by the Armour
Pharmaceutical Co., Ltd., Eastbourne, U.K. and 1,25-(0H)2D3 (Ro 21-5535)
was provided by Roche Products Ltd., Welwyn Garden City, U.K. Dibutyryl
cyclic AMP, dibutyryl cyclic GMP and L-arginine HC1 were purchased from
Sigma Chemical Co., Ltd., Poole, Dorset, U.K.

Growth Experiments: T47D cells, a human breast cancer cell line, were
routinely grown and subcultured as previously described (11). Cells were
distributed to each well of Linbro multiwell dishes (well diameter 3.5 cm,
Flow Laboratories, Irvine, Ayrshire, Scotland) in a volume of 2 ml (12 x
105 celis/well). The medium was aspirated after 24v28 h incubation. The
wells were rinsed with phosphate buffered saline and the cells incubated

in medium containing 5% charcoal-stripped foetal calf serum (12) and various
concentrations of additives. Fresh calcitonin (in 20 ul phosphate buffered
saline) was added daily and the medium was changed every 3v4 days. Wells
were extracted at different times for DNA measurement.

Extraction and Measurement of DNA:  The procedure was rodified from the
extraction method of Patterson (13) and the Burton assay (14). Cell
monolayers were washed 3 times with cold phosphate buffered saline (2 ml/
well) and rinsed with chilled 0.2 M HC104 (1 ml/well). Cold 0.2 M HC10g
(1 ml/well) was added again, left to stand for 10 min at 40C, and then
aspirated. Cells were incubated in 0.3 M NaCH for 1 h at 370C and
transferred to polypropylene tubes cooled on ice. Cold 1.0 M HCI104

(1 ml/twe) was added, the tubes were Teft on ice for 10 min, vortexed,
and centrifuged for 10 min at 9500 x g at 40C. The pellet was washed with
cold 0.2 M HC104 (2 mi/tube), centrifuged for 10 min at 9500 x g at 40C
and resuspended in 1.5 M HC104 (1 ml/tube). These samples were kept at
-200C until assayed. DNA standards (0v80 ug/ml) were prepared in
triplicate by serial dilutions of highly pclymerized calf thymus DNA in
1.5 M HC104. Samples and standards were heated at 70°C in a shaking water
bath for 30 min. They were cooled on ice and 0.6 m1 Burton reagent (14)
was added. The tubes were left for 14 h at room temperature in the dark
ancd centrifuged for 10 min at 9500 x g at 40C. Absorbance (500 nM) was
measured using a Unicam SP 1800 spectrophotcmeter, DNA from six wells

was assayed for each treatment condition and the data analysed by
Student's ¢ test.

]’7_7eCT produced a significant dose-

RESULTS: Daily addition of / Asu
related inhibition of T47D cell growth, as assessed by DNA content, after
both 6 and 13 days of treatment (Fig. 1). In contrast E2 stirulated cell
growth at both time points. This experiment has been repeated with the

same results on two additional occcasions. In further experiments, after
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Effects of / Asuls7 7eCT on the growth of T47D cells,

Cells were grown in multiwell dishes as described in METHODS.
{"Asuls7_7eCT, dissolved in phosphate buffered saline, or
vehicle alone, was added daily (20 ul/well) to give the final
concentrations shown. Oestradiol was used as a positive
control. After 6 and 13 days of treatment cells were
extracted in situ for DNA assay. Each bar represents the
mean + SE of six wells, *P<0.05, **P <0.005 versus control
cultures.

both hCT and sCT had similar inhibitory effects on DNA synthesis

W et and Asn®1hr27 her,

produced less marked inhibition of cell growth (Fig. 2). Though 10'6 M

dibutyryl cyclic AMP was without effect, a higher cencentration (]O'4 M)

produced even greater suppression (reduced to 42% of control) and similar

inhibition was seen with L-arginine (1 mg/ml1) (Fig. 3).

Growth arrest was

also observed with these treatments after 13 days (data not shown).

Subsequently the time course of the effect of CTs and dibutyrvl cyclic

AMP was studied: consistent inhibition of cell crowth was seen by hCT, sCT

and 1074

M dibutyryl cyclic AMP (Fig. 4).

The most prominent suppression

of DNA synthesis by CTs and dibutyryl cyclic AMP was observed from day 4
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Fig. 2 Effects of sCT, hCT and analogues of hCT on growth of T47D
cells after 6 days treatment. Each DNA value represents the
mean + SE of 6 replicates. *P<0.005, **P <0,001 versus
control value.

Fig. 3 Effects of dibutyryl cyclic AMP and L-arginine on growth of
T47D cells after 6 days treatment. Each bar is shown as
mean + SE of 6 replicates. *P<0,001 versus control value.
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Fig. 4 Time course of the effects of sCT, hCT, dibutyryl cyclic AMP
and oestradiol on growth of T47D cells. Each point shows
the mean value of DNA content of 6 replicates.

to day 12 of treatment when cells were considered to be in the logarithmic
phase of growth. ]0'8 M E? significantly stimulated cell growth at each

time point.

In contrast to CTs, near physiological concentrations (5 x 10'10 M)
of ],25-(OH)2D3 had stimulatory effects on the growth of T470 human breast
cancer cells as previously reported (11). The effects of concomitant
incupation with sCT (3 x 10-8 M) were additive (Fig. 5). Supraphysiclogical
deses (2.5 x 10'7 M) of 1,25-(OH)2D3 caused a prcfound inhibition of cell
growth (51% of control), and in combination with sCT (3 x 10~8 M) almost

complete suppression of the DNA synthesis was observed.

DISCUSSION:  The effects of CT in breast cancer cells are presumed to be
accomplished via its receptors, through increased cyclic AMP which triggers

the activation of protein kinase and phosphorylation of specific proteins,
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Fig. 5 Effects of physiclogical and supraphysiological concentrations

of 1,25-(0H)2D3 on DNA contents of T47D cells with or without
addition of sCT. Each bar represents the mean + SE of
6 replicates. Oestradiol was used as positive control.

thereby mocifying their biological activity. Therefore this mechanisr may

play a part in the inhibitory effects cf CTs on T47D cell growth (3,4).

This suggestion is supported by the inhibitory effects observed with
10'4 M dibutyryl cylic AMP. Since a similar concentration of dibutyryl
cyclic GMP was without effect (data not shown), the inhibition produced by
dibutyryl cyclic AMP was not due to the butyric acid produced from these
gibutyric conpounds. L-arginine also inhibits cell growth of T47D.
Cho-Chung et al (15) reported a similar growth arrest withAL-arginine in
MCF 7 cells and found that it was accompanied by a sharp increase in

NAD-dependent ADP-ribosylation of the membrane proteins and NAD-dependent
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activation of adenylate cyclase. Thus the growth inhibition of T47D cells
produced by CTs, dibutyryl cyclic AMP and L-arginine may all be mediated

via increased cyclic AMP,

The T47D cells were not synchronized in our experiments but the most
prominent inhibitory effect on cell growth with CTs was observed in the
logarithmic phase when the cell pcpulation in €, phase is increased (16).
In contrast insulin and EGF, cell growth stimulants, have been suggested

to enhance the traverse of cells through G2 phase and mitesis (17).

1,7

HCT, sCT and / Asu *’ 7eCT were all almost equipctent in their

suppression of T47D cell growth. This contrasts with the findings that

hCT corpetes less effectively for 125

I-sCT binding in breast cancer cells
and also is a less potent stimulator of adenylate cyclase activity in this
system (4). The discrepancy with the binding studies may be explained by
the heterolocous label employed, In the adenylate cyclase experiments a
broken cell preparation was used and it is likely that the less stable
human analogue would be more quickly broken down than its eel and salmon

counterparts. The Tlewer bicological activity of mammalian CTs is usually

attributed to faster breakcown (18).

1,25—(0H)ZD3 has specific receptors in T47D cells and causes
stimulation of cell growth at near physiological concentrations (11).
However, higher concentrations have a markedly inhibitory effect. This
biphasic response is similar to that reported for cestrogen in MCF 7 cells
(12). Cho-Chung has shown antagonistic interactions between cyclic AMP
and oestrogen in the growth control of hormone depencent mammary tumours
(19). In his experiments, the nuclear translocation of the cyclic AMP
binding protein, the regulatory subunit of protein kinase, type II, was
inversely related to the nuclear translocation of oestrogen receptors,
during growth and regression of the tumours. He postulated that the
interaction between cyclic AMP and cestrogen may occur at a nuclear level

via specific actions on nuclear protein phosphorylation. It is of interest

241



Vol. 110, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

to speculate that similar interactions may occur between CT and 1,25—(OH)?D3
in the growth contrel of T47D cells. However, it should be noted that our
experiments show that either hcrmone is capable of producing its effects

in the absence of the other.

The 7n vivo consequences of these results are unknown and need to be
investigated in a CT and 1,25—(OH)ZD3 receptor positive animal tumour
model. One possibility is that the transient hypocalcaeric action ¢f CT
in breast cancer with bone metastases (20) may be due in part to a direct

action on the tumour cells themselves.
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