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SUMMARY: The human breast cancer cel l  l ine (T47D) has spec i f i c ,  high 
~ y  ca lc i ton in  receptors and ca lc i ton in- responsive adenylate cyclase. 
Human, salmon and / -Asu l ,  7 7eel ca lc i ton in  i nh ib i t ed  cel l  growth in a 
dose-related manner with almost equipotency. Analogues of human ca lc i ton in  
demonstrated s l i g h t  ce l l  growth . i nh ib i t i on .  We found extreme growth 
i n h i b i t i o n  with da i ly  treatment with d i b u t y ~ l  cyc l i c  AMP (10-14 M). In 
contrast to ca lc i ton in  1,25-(OH)2D3 had a biphasic e f fec t  on ce l l  growth. 
Physiological  doses (5 x I0 - I0  M) of 1,25-(OH)2D 3 st imulated growth of  
T47D, whereas treatment by supraphysiological  amounts (2.5 x 10-7 M) caused 
s i g n i f i c a n t  i n h i b i t i o n  of growth. Calc i tonin and 1,25-(OH)2D 3 appeared to 
have addi t ive e f fec ts .  

INTRODUCTION: CT receptors are found in bone ce l ls  ( I )  and renal plasma 

membranes (1,2),  s i tes  where funct ions fo r  CT have been establ ished.  But 

there have been several reports that  CT receptors are also found in t issues 

where the s ign i f icance of CT receptors is not c lear,  such as breast cancer 

ce l l  l ines (3,4) ,  bronchial carcinoma ce l l s  (5),  lymphocytes (6) and 

t e s t i c u l a r  ce l l  membrane (7).  Human breast cancer cel l  l ines (T47D, MCF 7) 

contain spec i f i c  high a f f i n i t y  CT receptors and CT responsive adenylate 

cyclase (3,4) .  In many cel ls  inc lud ing MCF 7 i t  has been reported that  

growth is negat ive ly  correlated with the levels of i n t r a c e l l u l a r  cyc l i c  

AMP (8,9,10).  We have used T47D ce l l s  to invest igate  whether CT can af fect  

the growth of human breast cancer ce l ls  in cu l ture.  In addi t ion,  we 

ABBREVIATIONS: CT, ca l c i t on in ;  hCT, human ca l c i t on in ;  sCT, salmon 
ca lc i ton in ;  eCT, eel ca lc i ton in ;  
AMP, N6, 02 ' -d ibu ty ry l  adenosine E2~ 

6-oestradio l  ; d ibu ty ry l  cyc l i c  
5'-monophosphate ; 1,25-(OH)2D3, 

I ,  25- di hydroxych ol ecal ci fe ro l .  
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extended a previous f inding showing a stimulatory ef fect  of 1,25-(OH)2D 3 on 

T47D cell  growth ( I I )  to higher doses of the hormone, alone and in 

combination with CTs. 

MATERIALS AND METHODS: 

Materials" / -Asul,7 7eCT was a a i f t  from Toyo Jozo Co., Ltd.,  Shizuoka 
Japan; synthetic hCT, Lys I I  hCT and Asn26Thr27 hCT were provlded by 
Ciba-Geigy, Basel, Switzerland; sCT (Batch CH 2244) was given by the Armour 
Pharmaceutical Co., Ltd.,  Eastbourne, U.K. and 1,25-(OH)2D3 (Ro 21-5535) 
was provided by Roche Products Ltd.,  Welwyn Garden City,  U.K. Dibutyryl 
cycl ic AMP, dibutyryl cycl ic  GMP and L-arginine HCI were purchased from 
Sigma Chemical Co., Ltd. ,  Poole, Dorset, U.K. 

Growth Experiments: T47D cel ls ,  a human breast cancer cel l  l ine,  were 
routinely grown and subcultured as previously described ( I I ) .  Cells were 
dist r ibuted to each well of Linbro multiwell dishes (well diameter 3.5 cm, 
Flow Laboratories, I rv ine,  Ayrshire, Scotland) in a volume of 2 ml (I~2 x 
105 ce l l s /we l l ) .  The medium was aspirated af ter  24~28 h incubation. The 
wells were rinsed with phosphate buffered saline and the cells incubated 
in medium containing 5% charcoal-stripped foetal ca l f  serum (12) and various 
concentrations of addit ives. Fresh calci tonin (in 20 IJl phosphate buffered 
saline) was added dai ly and the medium was changed every 3~4 days. Wells 
were extracted at d i f ferent  times for DNA measurement. 

Extraction and V~asurement of DNA: The procedure was ~odified from the 
extract ion method of Patterson (13) and the Burton assay (14). Cell 
monolayers were washed 3 time_s with cold phosphate buffered saline (2 ml/ 
wel l)  and rinsed with chi l led 0.2 M HCI04 (I ml/wel l) .  Cold 0.2 M HClO 4 
(I ml/well) was added again, l e f t  to stand for I0 rain at 4oc, and then 
aspirated. Cells were incubated in 0.3 M NaOH for 1 h at 37oc and 
transferred to polypropylene tubes cooled on ice. Cold 1.0 M HClO 4 
(I ml/tube) was added, the tubes were l e f t  on ice for I0 min, vortexed, 
and centrifuged for I0 rain at 9500 x g at 4oc. The pe l le t  was washed with 
cold 0.2 M HCIO 4 (2 ml/tube), centrifuged for I0 Fin at 9500 x g at 4oc 
and resuspended in 1.5 NI HClO 4 (I ml/tube). These samples were kept at 
-20oc unt i l  assayed. DNA standards (0~80 ~g/ml) were prepared in 
t r i p l i ca te  by serial d i lut ions of highly polymerized ca l f  thymus DNA in 
1.5 M HCI04. Samples and standards were heated at 70°C in a shaking water 
bath for 30 min. They were cooled on ice and 0.6 ml Burton reagent (14) 
was added. The tubes were l e f t  for 14 h at room temperature in the dark 
and centrifuged for I0 rain at 9500 x g at 4oc. Absorbance (600 nM) was 
measured using a Unicam SP 1800 spectrophotometer. DNA from s ix  wells 
was assayed for each treatment condition and the data analysed bv 
Student's t test.  

RESULTS: Daily addition of _/-Asu I'7_TecT produced a s ign i f icant  dose- 

related inh ib i t ion  of T47D cell growth, as assessed by DNA content, af ter  

both 6 and 13 days of treatment (Fig. I ) .  In contrast E 2 stimulated cel l  

growth at both time points. This experiment has been repeated with the 

same results on two additional occasions. In further experiments, af ter  
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Effects of /'Asu 1,7_TeCT on the growth of T47D cells. 
Cells were grown in ~ultiwell dishes as described in METHODS. 
/-Asul,7 7eCT, dissolved in phosphate buffered saline, or 
vehicle alone, was added daily (20 lal/well) to give the f inal 
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. 

6 days both hCT and sCT had s imi la r  i nh ib i t o r y  ef fects on DNA synthesis 

as Z-AsuI'7_TeCT, whereas analogues of  hCT, Lys I I  hCT and Asn26Thr 27 hCT, 

produced less marked inh ib i t i on  of ce l l  growth (Fig. 2). Though 10 -6 M 

dibutyry l  cyc l ic  AMP was without e f f ec t ,  a higher concentration (10 -4 M) 

produced even greater suppression (reduced to 42% of control) and s imi la r  

i nh ib i t i on  was seen with L-arginine (I mg/ml) (Fig. 3). Growth arrest was 

also observed with these treatments a f te r  13 days (data not shown). 

Subsequently the time course of the e f f e c t  of  CTs and dibuty .ryl cyc l ic  

AMP was studied: consistent i nh ib i t i on  of ce l l  erowth was seen by hCT, sCT 

and 10 -4 M dibutyryl  cyc l ic  #,MP (Fig. 4). The ~ost prominent suppression 

of DNA synthesis by CTs and dibutyry l  cyc l ic  AMP was observed from day 4 
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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<O.O05, **P<O.OOl versus 
control value. 

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<O.OOl versus control value. 
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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 cel ls were considered to be in the logar i thmic 

phase of growth, lO -8 M E 2 s i g n i f i c a n t l y  st imulated ce l l  growth at each 

time point .  

In contrast to CTs, near physiological  concentrations (5 x lO -lO M) 

of 1,25-(OH)2D 3 had st imulatory e f fects  on the growth of  T47D human breast 

cancer cel ls as previously reported ( l l ) .  The ef fects  of concomitant 

incubation with sCT (3 x 10 -8 M) were addit ive (Fig. 5). Supraphysiological 

dcses (2.5 x 10 -7 M) o f  1,25-(OH)2D 3 caused a profound inh ib i t i on  of cel l  

growth (51% of cont ro l ) ,  and in combination with sCT (3 x 10 -8 M) almost 

complete suppression of the DNA synthesis was observed. 

DISCUSSION: The ef fects  of CT in breast cancer cel ls are presumed to be 

acco~olished via i t s  receptors, through increased cyc l ic  AMP which t r iggers 

the act ivat ion of protein kinase and phosphorylation of spec i f i c  prote ins,  
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Effects of physiological and supraphysiological concentrations 
of 1,25-(OH)2D 3 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 modifying the i r  b io log ica l  ac t i v i t y .  Therefore th is mechanis~ may 

play a part in the i nh ib i t o ry  ef fects ef CTs on T47D cel l  growth (3,4). 

This suggestion is supported by the i nh ib i t o ry  e f fects  observed with 

10 -4 N dibutyry l  cy l i c  AMP. Since a s imi la r  concentration o f  dibutyryl  

cyc l ic  GMP was without e f f ec t  (data not shown), the i nh ib i t i on  produced by 

d ibutyry l  cyc l ic  AMP was not due to the butyr ic  acid produced from these 

d ibutyr ic  con;pounds. L-arginine also i nh ib i t s  cel l  growth o f  T47D. 

Cho-Chtmg et  al (15) reported a s imi la r  growth arrest with L-arginine in 

MCF 7 cel ls and found that i t  was accompanied by a sharp increase in 

NAD-dependent ADP-ribosylation of the men~rane proteins and N~D-dependent 
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act ivat ion of adenylate cyclase. Thus the growth i n h i b i t i o n  of T47D ce l ls  

produced by CTs, d ibutyry l  cyc l ic  AMP and L-arginine may a l l  be mediated 

via increased cyc l ic  /~MP. 

The T47D cel ls  were not synchronized in our experiments but the most 

prominent i n h i b i t o r y  ef fect  on ce l l  growth with CTs was observed in the 

logari thmic phase when the ce l l  population in C l phase is increased (16). 

In contrast i nsu l i n  and ECF, ce l l  growth s t imulants ,  have been suggested 

to enhance the traverse of ce l ls  through G 2 phase and mitosis (17). 

HCT, sCT and /_-P,su I'7_TecT were a l l  almost equipetent in t h e i r  

suppression of T47D cel l  growth. This contrasts with the f indings that  

hCT competes less e f f ec t i ve l y  for  1251-sCT binding in breast cancer ce l ls  

and also is  a less potent s t imu la tor  of adenylate cyclase a c t i v i t y  in th is  

system (4). The discrepancy with the binding studies may be explained by 

the heterologous label employed. In the adenylate cyclase experiments a 

broken cel l  preparation was used and i t  is l i k e l y  that  the less stable 

human analogue would be more qu ick ly  broken down than i t s  eel and salmon 

counterparts. The lower b io log ica l  a c t i v i t y  of  mammalian CTs is usual ly 

a t t r ibu ted  to faster  breakdown (18). 

1,25-(OH)2D 3 has spec i f i c  receptors in T47D cel ls  and causes 

s t imulat ion of ce l l  growth at near phys io log ica l  concentrations ( I I ) .  

However, higher concentrations have a markedly i n h i b i t o r y  e f fec t .  This 

biphasic response is s im i l a r  to tha t  reported fo r  oestrogen in MCF 7 cel ls  

(12). Cho-Chung has shown antagonist ic  in terac t ions  between cyc l i c  AMP 

and oestrogen in the growth control of hormone dependent mammary tumours 

(19). In his experiments, the nuclear t ranslocat ion of the cyc l i c  AMP 

binding pro te in ,  the regulatory subunit  of protein kinase, type I I ,  was 

inverse ly  related to the nuclear t rans locat ion of oestrogen receptors, 

during growth and regression of the tu~ours. He postulated that the 

in te rac t ion  between cyc l i c  AMP and oestrogen may occur at a nuclear level 

via spec i f i c  actions on nuclear protein phosphorylat ion. I t  is  of  i n te res t  
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to speculate that s imi lar  interact ions may occur between CT and 1,25-(OH)2D 3 

in the growth control of T47D cel ls.  However, i t  should be noted that our 

experiments show that e i ther  hcrmone is capable of producing i ts  effects 

in the absence of the other. 

The in Wvo consequences of these results are unknown and need to be 

investigated in a CT and 1,25-(OH)2D 3 receptor positive, animal tumour 

model. One poss ib i l i t y  is that the t rans ient  hypocalcaemic action of CT 

in breast cancer with bone metastases (20) may be due in part to a direct 

action on the tumour cel ls themselves. 
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