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Calcitonin (CT) is a  peptide hormone
synthesized  and  secreted  by  the para-
follicular {C) cells  of  the thyroid. Little is
known  about  the mechanisms  control-

ling proliferation of  C  cells  by other

humoral  factors incjuding CT, and  there
is no  report  that CT  suppresses  C ceLl

proliferation. The  effects  of  short-term

administration  of  CT  on  C cell growth
fraction were  analyzed  using  BrdU  and

CT  double  immunohistochemical  method

in the  rat thyroid. Continuous  administra-

tion of  O.4 IUIkg and  4e IUikg synthetic

salmon  CT  for 14 days induced  dose-

dependent  suppression  of  BrdU  labeling
number  of  C  cells  without  decrease of

C cell to the  total thyroid  follicular cell

ratio. These  resutts  suggest  that exoge-

nous  CT  may  induce negative  feedback
to C  cell  proliferation in the thyroid.
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1. Introduction

   Calcitonin (CT) is a peptide hormone synthesized  and

secreted  by the parafbllicular (C) cells  ofthe  thyroid [2, 18].
Besides the hypocalcemic  efTect  ofCT,  it is well  established

that CT  administration  shows  regulatory  effects on  a variety

of  hormone secretion.  Secretion of  gastrin [6], insulin [3],
GH  [16], TSH  [15], prolactin [20], and  prostaglandin [4]
were  suppressed  by the preinfusion of  CT. On  the other

hand, hormone  secretions  were  stimulated  by  CT  infusion in
the fbllowing hormones, such  as  ACTH  [14], somatostatin

[S, 1O, 17], and  beta-endorphin [14] secretions.  Auto-regula-

tion of  CT  secretion  has been suggested  as  a  feedback mech-
anism  by some  researchers  using  porcine thyroid  s]ices  [1,
21]. Morimoto  et  al, have supported  the presence ofa  nega-

tive feedback mechanism  ofCT  secretion,  when  salmon  CT
was  administered  to rat [19]. However,  little is known  about

the mechanisms  controlling  proliferation of  C cell  by CT.
Suppression of  the C cell population by  long-term adminis-

tration ofCT  was  earlier  reported  from  our  laboratory in the
rat. In that 53 week  CT  administration  study  on  rats  ancl

C  cell tumors  and  its precursor lesions were  significantly

decreased [13]. In this study,  the short-term  etTects  of  CT
administration  on  CT  synthesis  and  cell  cycle  of  C cells

ofrat  thyroid  were  analyzed.
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Il. MaterialsandMethods

Materials

   Synthetic salmon  calcitonin  (TZ-CT) was  purchased
from  Teikoku Hormone  Mig. Co. Ltd. (Tokyo, Japan).

   Sixty of  nine-week  old  male  Wistar-Imamichi rats

(lnstitute for Animal  Reproduction, Saitama, Japan) were

used.  The  aninials  were  kept in w'ire cages  on  a  standard  Iab-

oratory  diet (CE-2, CLEA,  Co., Tokyo,  Japan) and  tap water

ad  lihitttm. The  rats  were  randomly  divided into three groups
(n=20!group)/ B group were  irijected subcutaneous  treated

with  daily dose of  O.4 IUIkg CT,  C  group were  with  40
IUIkg daily for i4 days, and  A group were  given only  vehi-

cle. To monitor  cellular DNA  synthesis,  BrdU  (5-bromo-
2'-deoxyuridine; Sigma, Inc., St. Louis,, MO)  was  adminis-

tered continuously  by using  osmotic  miniature  pump  (Model
2001, ALA  Corp,, Palo Alto, CA)  from the first experimen-

tal day to the last sacrificed  day continuously  to all three

groups. Osmotic miniature  pump  was  fi11ed with  BrdU  (120
mgfml;  Sigma, lnc.). An  osmotic  miniature  pump  was  in-
serted  on  the first day ofexperiment  in the abdominal  cavity

under  anesthesia.  The  BrdU  solution  was  released  at a  rate  of

1 plthr (120 pg  BrdUfhr) for maximum  of  14 days. After one
hour ofCT  administration,  each  five anjmals  were  sacrificed

at  day 1, 3, 7, and  14 under  ether  anesthesia,  After perfusion-
fixation by 70%  ethanol  through  lefi ventricle  of  the  heart,

the thyroids  and  kidneys were  excised  fbllowing immersion
fixation in 709t6 ethanol  for 6 hr at 40C. For thyroid, double

immunostaining  of  BrdU  and  CT  was  perfbrmed, and  for
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kidney, BrdU  alone.

BrdUXCTdoubteimmunostaining

   BrdU  incorporation into proliferating cells  was  deter-
mined  immunohistochemically  on  5 pm  paraffin sections.

Endogenous peroxidases were  neutralized  by incubating
sections  in O.3%  Hz021methanol fbr 30 min.  DNA  was

denatured in tissue sections  by incubation in aqueous  2 N
HCi  for 60 min  at  room  temperature  (RT). Anti-BrdU  anti-

body  (Becton Dickinson, CA) (1:30 di]ution) was  applied

for 45 min  at  RT.  Biotinylated horse antimouse  IgG was

applied  and  then avidin-biotin-peroxidase  complex  was

applied  for 30 min.  Antibody  binding sites  were  visualized

using  a  O.02%  3,3-diaminobenzidine peroxidase, O.5%
cobalt-chloride  and  O.O05%  H20?/O.05 M  Tris-HCI buffer

(pH 7.6). After that, the slides  were  washed  with  O.1 M

glycinc-HCI buffer (pH 2.2) fbr 60 min  at RT  tbllowed by
CT  immunohistochemistry. For CT  immunohistochemistry
anti-synthetic  human  CT  rabbit  serum  (Dako Japan, Co.,
Kyoto, Japan) was  used  fo11owed by the second  antibody

(HRP labeled anti-rabbit  antibody,  Dako Japan). After
washing,  DAB  in PBS  solution  was  used  for visual{zation
ofthe  immunoreactions  for CT.

Evatuation ofBrdU cum"lative  labeling

   C  cell  growth  fraction was  evaluated  by counting

BrdU-positive nuclei  on  immunostained  sections  under

microscope.  Optical photomicrographs from nine  fields
of  thyroid  (approximately 200 C  cells  were  examined  fbr
BrdU  labeling) and  from  three  fields of  renal  outer  cortex

tubular epithelium  taken at  a  magnifieation  of  × 100 were

used  for counting  BrdU-positive cells.  They  were  expressed

ln  percentage.

Statisticalanalysis

   Student's t test was  used  to compare  data. AP  value  of

<O.05  was  eonsidered  statistically significant.

III. Results

   Figure 1 shows  double immunostaining  for CT  and

BrdU on  thyroid  from 40  IU  and  O IUfday for 14 days rat
thyroid. Those cells  which  have cytoplasm  positively for
DAB  (brown) and  nuclear  positively for Cobalt-DAB
(black) were  regarded  as  C  cells  which  entered  in S phase
fraction during experimental  period, while  only  nuclear

staining  was  regarded  as fo11icular ceU  in S phase fraction.
Administration of  CT  O.4 IU/kg and  40 IUlkg for 14 days
induced dose-dependent decrease of  both BrdU  labeled C
cell ratio to total C cells  (Fig. 2A). In order  to remove  the

other  unknown  factors in this experiment  such  as accuracy

of  infusion by osmotic  pump,  the BrdU  labeled C-cell to
BrdU  labeled renar  epithelial  cells  ratio  was  calculated.

The  results  also  indicated CT suppressed  the labeled C
celVrenal  cell  percentage in dose dependent manner  and  a

statistically  significant difrerence between the CT  treat-

ment  and  control  (Fig. 2B).

IV. Discussion

   The  hormone secretion  of  most  endocrine  organs  is
regulated  by a negative  feedback system  by which  synthe-
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Fig. 1. .Immunoreactivity forC'F is yisible  in cyto-

 plasm  ofC-cell,  and  BrdU  positive cells,  wh  ich entered  S phase stage  during the experiment,  are  stained  in nuclei  (arrows)z magnification,  x370.

 A: Control rat thyroid at ]4 day, B: 40 JUIkg of  CT  administratien  at 14 day.
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Fig. 2. EfTects of  various  term  administration  of  CT  on  pre]iferation efC  ce]1. Five rats each  were  treated with  O (Eill), O.4 (7ua) and  40

 (ww  ) 1Ulkg CT  daily and  simu]taneously  BrdU  was  administered  continueusly  to all  rats.  After one  hour of  CT  adrninistration,  each  animal

 was  sacrificed  at day  1, 3, 7 and  14. Cumulative  BrdU  positive C ce[1 to totai C cells ratio (A) and  BrdU positiye C cells to total C cells

 rutiolBrdU  positive renat  celjs to tetal renal  cells  (B) were  measured.  The  values  ofthe  ratios  shown  are  the average ±SD  of  five samples.

sis, secretion  of  hormone and  cell growth are  controlled.

Feedbaek regulation  mechanisms  of  C  eells  and  CT  secre-

tion have been assumed  for CT  in tissue culture  studies.

Ross et aL  have  reported  that C  celL  function is regulated

by serum  Ca2' level [22]. However,  Morimoto  et  al. have

reported  that administration  of  CT  in the rat  rapidly  in-
hibited CT  secretion  [19] without  significantly  changing

plasma  Ca2' levels, and  therefbre  CT  treatment  probably
suppresses  C cell  function via  negative  feedback. We  have
reported  that long-term CT  administration  suppressed  the C
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cell population without  morphotogic  changes  of  C  cells  in
rats  [l3], and  that ipriflavone induced CT  cle novo  synthe-

ses  and  secretion  in rat  thyroid  [23],
    In the present study,  short-term  administration  of  CT
was  examined  and  showed  decreased S phasc fraction of

C  cell  in two  different doses using  immunohistochemical

method,  We  have also  found that administration  ofCT  for a
short  term  caused  dose-dependent reduction  of  CT  and  CT-
mRNA  in the  rat  thyroid  under  preparation (Takekoshi et

at.).  Whether exogenous  CT  induces negative  feedback to

the proliferation ofC  cells  directly through calcitonin  recep-

tor (CTR) on  C  cells  or  indirectly via  Ca!' or the other
factors was  not answered  by these results.

    It is reasonably  certain that CT  acts directly on  C cells

through CTR  and  causes  this suppression  ofC  cell  proiifer-
ation  because CTR  mRNA  has been  expressed  in human
medul]ary  thyroid carcinoma  tissues and  the medullary

thyroid carcinoma  ce]1  line, TT  cell  [7-9]. Izumi ei aL

have showed  that osteoclasts  on  the bone surface  express

CTR  by immunohistochemistry  [12]. It is well  known  that
down-regulation ef  CTR  expression  in the osteoclast  is
induced by  high dose CT  infusion in the osteoclast,  which

is known  as  the  
"escape

 phenomenon" of  CTR  [1 1]. CT  and

CTR  on  C cells  of  the thyroid may  serve  as  a  good  experi-

mental  mode]  to study  this escape  phenomenon ot'CTR.  Wc
hypothesized that this phenomenon  may  atso  occur  in C
cells. Further investigation wiN  be needed  to elucidate  the
detailed mechanism  between CT  and  C  cetl  proliferation.

    In this study  CT  administration  was  carried  out  only  for
14 days, this is because an  osmotjc  miniature  pump  can  only

deliver fbr up  to 14 days maximum.  A  subacute  study,

between  14 days to one  year, may  be necessary  to explain
C  cell  growth  suppression  in aeute  phase and  suppression  of

C cell tumor  in chronic  phase and  their respcctive  mecha-

nlsms.

v]-

2.

3.

4,5.

6.

References

Bell, N. H. (1970) Effects of  glucagon, dibulyry[ cyclic  3',5Lade-
nosine  monophosphate,  and  theophylline  on  calcitonin  secretion

in yitre.  J. Clin. invest. 49; 1368-1373.

Busse]ati, G. and  Pearse, A. G, E. (1967) Immunofluorescent

localization of  calcitonin  in 
"C"

 cells of  pig and  dog  thyroid.

J. ffndk)crinoL 37; 205-209,
Cantalamessa, L., Catania, A., Reschini. E. and  Peracchi, M,

(]978) lnhibitery effL}ct  of  caleitonin  on  growth  hormone and
insulin secretion  in man,  detahoiism 27; 987-992.
Ceserani, R., Coiombo,  M., Olgiati, V. R. and  Pecile, A, (l979)
Calcitonin and  prostaglandin system.  Lde  Sc'i. 2S; ]851-l 855.

Endo, T., Saito, T,, Uchida, T, and  Onaya,  T. (1988) EfTects of
somatostatin  and  serotonin  on  calcitonin  secretion  froin cu]tured
rat  parafo11icular cells.  Acta  Endoc'rinoL t 17; 214-2  l 8.

Fahrenkrug, J.. Hornum.  1. and  Rehfeld, J, F. (197S) Ett'ect of

ca]citonin  on  serum  gastric concentration  and  cempenent  pattern
in man.  X  CIin. Endoc'rinol. ildbtab.  4l; ]49-152.

 7. Frcndo. J. L.. Pichaud, F., Mourroux,  R. D., Bouizar, Z., Segond,
    N,, Moukhtar, M.  S. and  jul]ienne. A. C1994) An  isoform of  the

    human  ealciLonin  receptor  is expressed  in TT  ce]ls  and  in medu[-

    lary carcinoma  ol'  the thyroid,  FEBS  Lett. 4; 214-2 16.
 8. Frendo, J. L.. Dc]age-Mourroux,  R,, Cohen, R,, Pichaud, F.,
    Pidoux, E., Guliana, J. M.  and  Jul]ienne, A. (1998) Ca]citonin
   reccptor  mRNA  is expressed  in human  medullary  thyroid  car-

   cinema.  7Vty'roid 8; 141 147.

 9, Frcndo. J. L., Delage-Mourroux,  R., Cehen, R., Pichaud, F.,

    Pidoux, E,, Guliana, J, M. and  Jullienne, A. (]998) Calcitonin

   receptor  mRNA  expression  in TT  ee[]s: effect  ot' dexamethasone.

    ,WbL CelL Endoei'inol. 30; 37-43.
10. Hargis, G. K., Wil]iams, G. A,, Reynolds, W. A., Chertew, B. S,,

    Kukreja, S. C., Bowser, E. N. and  Henderson, W.  J. (1978) Effeet
   ol'  somatostatin  on  parathyroid hornione and  ealcitonin  sccretion.

   Endoct'inology 102; 745-750,

1 1. Heersche, J, N. {1992) Ca]citonin effects  en  ostcoclastic  reserp-

   tion/ the  
"eseape

 phenomenon"  revisited. Bone ,V)'ner.  I6; 174-
    177,12.

 Izumi, N., Arnizuka. N.. Sakakura, Y,, Irie, K.. Yajima, T. and
   Ozawa.  H. (2001) LmmunohistoehernicaHocalizatien  of  calcito-

   nin  receptor  in mouse  tibiae, ricta Histochem. Cbetochem. 34;
   363-369,
13, Kakudo,  K.. Itoh, J,, Takekoshi, S. and  Watanabe,  K. (1989)
   Erfects ef  synthetic  sa]mon  caleitonin  on  C  cells  of  the  thyreid,

   Acta Pathol. .ipn. 39; S45-5SO,
14. Laurian, L., Oberman, Z., Grat E,, Gilad, S.. IIoerer, E. and

   Simantov. R. (]986) Calcitonin induced increase in ACTII,

   beta-endorphin and  cortisol  secretion,  Horm.  iVktab.  Res. 18;
   268-271.

15. 1.eicht, E.. Biro, G. and  Weinges, K. F. (1974) inhibition of

   releasing-hormonc-induced  secretion  of  TSH  and  LH by calcito-
   nin.  M)rm  detah.  Res. 6; 410414.
I6, Lektninc, F., Lausson, S., Pidoux, E., Segond, N., Roos, B.,

   Treilhou-LahMe.  F. and  Jeanne, A, (1999) Influence of  laminin
   substratunn  en  cell pro]iferation and  CALC  1 gene  expression  in
   medullary  thyroid  carcinoma  C  eelHines.  .4dbt. CelL Enclocrinol.
   2S;181-l89.
17. Linehan. W.  M., Ceoper, C, W., Bolman,  R. M. 3rd and  Wells, S.

   A. Jr. (1979) Inhibitien of  in vive  secretion  of  ca]citonin  in the

   pig by somatostatin,  Endot'inologr, 104; [602-1607.
tg, Matsuzawa,  T. (1966) Experimental inerphological  studies  on  the

   para fo1licular cclls ofthe  rat thyroid g]and. with  special  reference

   to the  sourcc  ofthyroealcitonin,Arch.  H)'stoL lpn. 27; 521-544,
19. Morin]oto, S., Birge, S. J., Fausto, A. and  Avieli, L. V. {1984)
   Inhibition of  ealc{tonin  secretion  by exogenous  ealcitonin  in the

   rat.  Endoci'inotogy, 1 15; 60-64.

2e. Oligiati, V. R., Guidobono, F. Luisctto. G., Netti, C., Bianchi, C.
   and  Peeile, A, (1981) CaJcitonin inhibition of  physiological and

   stimulated  prolactin secretion  in rats. Life Sci. 29; S85-594.
21. 0rme,  A.  L  and  Pento, J, T, (1976) Evidence of  calcitenin  in-
   duced inhibition of  caicitonin  secretion  in porcine thyroid s]ices.

   Proc. Soc. L/ip. BioL Mbd.  ]5 t; HO-1  12,

22. Ross, A. J. 3rd, Cooper, C, W., Ramp,  W.  K. and  Wells, S. A, Jr.
   (I980) Lack  ofdirect  efi'ects of  calcitonin  and  parathyroid hor-

   mone  on  in yitro secretion  ofone  another  from rat thyroid  glands.
   Proe. Soc. Eip. BioL Med.  163;315-321,

23. Watanabe,  K., Takekoshi, S, and  Kakudo, K. (1992) Effects of

   ipriflavone on  calcitonin  synthesis  in C cells of  the rat thyroid.

   (lalcifl b'ssue lnt. 5l (Suppl 1); S27-29,

NII-Electronic  


