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Occurrence of immunoreact ive  thyroglobulin in the parafollicular cells of dogs 

Y. K a m e d a  and  A. I k e d a l  
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Summary. W h e n  the  can ine  t h y r o i d  g land  was s t a ined  b y  immunof luo rescence  a n d  i m m u n o p e r o x i d a s e  m e t h o d s  us ing  
u n d i l u t e d  t h y r o g l o b u l i n  an t i s e rum,  a cons ide rab ly  s t ronger  i m m u n o r e a c t i v i t y  was revea led  in t h e  parafo l l ieu la r  cells 
t h a n  in t he  colloid drople t s  and  fol l icular  cells. Af te r  induced  h y p e r c a l c e m i a  an d  a n t i t h y r o i d  d rug  t r e a t m e n t ,  t he  im- 
m u n o r e a c t i v i t y  of t he  para fo l l i cu la r  cells coincid ing w i th  the  m o v e m e n t  of secre tory  granules  c o n t a i n i n g  ca lc i ton in  
was consp icuous ly  decreased.  An  app l i ca t ion  of d i lu ted  se rum (above  1 : 10) p roduced  a s t rong  reac t ion  in t h e  colloid. 

The  m a m m a l i a n  t h y r o i d  g land  conta ins ,  besides  fol l icular  
cells, pa ra fo l l i cu la r  or C cells wh ich  secrete  ca lc i ton in-  
s e rum ca lc ium lower ing  po lypep t ide  ho rmone .  The  pa ra -  
fol l icular  cells are der ived  f rom an  u l t i m o b r a n c h i a l  b o d y  
wh ich  becomes  i nco rpo ra t ed  in to  the  t h y r o i d  du r ing  fe ta l  
life. I n  his  v iew of A P U D  concept ,  Pea r se  ~ p o s t u l a t e d  
t h a t  t he  parafo t l i cu la r  cells, as well  as t he  cells of the  
u l t i m o b r a n c h i a l  b o d y  wh ich  r ema ins  s e p a r a t e d  f rom t h e  
t h y r o i d  in lower ve r t eb r a t e s ,  m i g h t  be offshoots  f rom t h e  
neu ra l  crest .  In  a n y  case, t he  para fo l l i cu la r  cells h a v e  been  
cons idered  an  i n d e p e n d e n t  cell l ine h a v i n g  a d i f fe ren t  
func t ion  and  origin f rom the  fol l icular  ceils. I n  s cann ing  
e lec t ron  microscopica l  a p p e a r a n c e  of vascu la r  cas ts  pre-  
p a r e d  w i t h  m e t h y l  m e t h a c r y l a t e  a, t he  b lood capi l lar ies  of 
pa ra fo l l i cu la r  and  foll icular  cells are closely a n a s t o m o s e d  4. 
W h y  are t he  parafo l l i cu la r  cells, wh ich  h a v e  a func t i on  
a n d  origin d i f fe rent  f rom t h e  fol l icular  cells, so i n t i m a t e l y  
d ispersed t h r o u g h o u t  t he  t h y r o i d  ? W e  found  b y  im- 
m u n o h i s t o c h e m i c a l  me thods ,  du r ing  inves t iga t ion  of t h e  
t h y r o i d  in dogs, t h a t  the  para fo l l i cu la r  cells revea led  
thy rog lobu l in - l i ke  i m m u u o r e a c t i v i t y  in  a d d i t i o n  to calci- 
to nin.  
Materials and methods. T h y r o g l o b u l i n  was p r e p a r e d  f rom 
dog t h y r o i d  t i ssue  accord ing  to a modif ied  m e t h o d  of Ui  
and  Taru tan iS ,  in which  pur i f i ca t ion  was pe r fo rmed  on a 
co lumn of S e p h a d e x  G-200 in s t ead  of D E A E  cellulose as 
descr ibed  b y  Berg  6. The  pur i f ied  t h y r o g l o b u l i n  an t i g en  
was in jec ted  s.c. in F r e u n d ' s  comple te  a d j u v a n t  (Difco) 
in to  t he  b a c k  of t he  neck  of J a p a n  wh i t e  r abb i t s .  Af te r  4 
in jec t ions  a t  week ly  in te rva ls ,  t he  b lood-sera  samples  
were collected.  Calc i tonin  was also e x t r a c t e d  f rom dog 
t h y r o i d  accord ing  to the  m e t h o d  of Po r t s  e t  al.7. B y  means  

of O u c h t e r l o n y  t e s t  (figure 1), 1 -d imens iona l  an d  2- 
d imens iona l  (Laurel l  me thod)  immunoe lec t rophores i s ,  i t  
was ver i f ied  t h a t  a n t i b o d y  aga ins t  pur i f ied  t h y r o g l o b u l i n  
r eac ted  on ly  to t h y r o g l o b u l i n  a n d  n o t  to  calc i tonin .  
For  i m m u n o h i s t o c h e m i c a l  me thods ,  t h y r o i d  g lands  ob-  
t a i n e d  f rom normal ,  ch ron ica l ly  hyperca lcemic  (daily in- 
j ec t ion  of 300,000 I U  of v i t a m i n  D a a n d  0.5% CaC12 in 
d r i n k i n g  w a t e r  for 20-30 days) an d  chron ica l ly  an t i -  
t h y r o i d  d r u g - t r e a t e d  (0.3-0.5~ t h i o u r e a  in d r ink ing  
w a t e r  for 1-4  mon ths )  dogs were f ixed in Carnoy 's ,  buf-  
fered (PBS) formal in ,  Bo u i n ' s  an d  G P A  (25% g lu ta ra l -  
dehyde ,  1 vol., s a t u r a t e d  aqueous  so lu t ion  of picric acid,  
3 vol., an d  acet ic  acid to  give 1~o ) so lu t ions  a t  4~ Af te r  
d e h y d r a t i o n ,  t h e  t issues were e m b e d d e d  in pa ra f f in  a n d  
cu t  in to  4 5 btm th ick .  Sect ions  were f i rs t  i n c u b a t e d  a t  
r oom t e m p e r a t u r e  w i t h  a n t i - t h y r o g l o b u l i n  a n t i s e r u m  for 
30 rain,  t h e n  w a s h e d  in P B S  (0.15 M sod ium chlor ide  in 
0,01 M p h o s p h a t e  buffer ,  p H  7.2). Fo r  immunof luo res -  
cence s ta in ing ,  t h e  sect ions  were r e i n c u b a t e d  for 30 m i n  
w i t h  f luorescein i so th iocyana t e  label led  sheep a n t i - r a b b i t  
IgG (Medical  a n d  Biological  Labora to r i e s ,  J apan )  w h i c h  
was pur i f ied  on  a co lumn of S e p h a d e x  G-50 and  a b s o r b e d  
w i t h  ace tone-dr ied  l iver  p o w d e r  pr ior  to  use, r insed  in 
P B S  an d  m o u n t e d  in buf fe red  po lyv iny l  alcohol. Fo r  im-  
m u n o p e r o x i d a s e  s ta in ing,  t h e  sect ions  were r e i n c u b a t e d  
in goa t  a n t i r a b b i t  IgG for 15 min,  r insed in P B S  an d  s u b -  
s e q u e n t l y  in pe rox idase -an t ipe rox idase  complex  8 for 
30 min.  Af te r  wash ing  w i t h  PBS,  the  pe rox idase  r eac t ion  
was deve loped  w i t h  50 m g  of d i a m i n o b e n z i d i n e  in 100 ml  
of 0.05 M Tris  HC1 buffer  (pH 7.6) c o n t a i n i n g  1 ml  of 1~ 
H 2 0  2. The  specif ici ty  of the  2 i m m u n o h i s t o c h e m i c a l  s t a in -  
ing m e t h o d s  was t e s t ed  b y  rep lac ing  t h e  i m m u n e  se rum 
w i t h  p r e - i m m u n e  se rum an d  a b s o r b i n g  the  i m m u n e  
se rum b y  c rude  thy rog lobu l in .  
Results. In  b o t h  immunof luo rescence  a n d  i m m u n o p e r o x i -  
dase h i s t o c h e m i s t r y  us ing  u n d i l u t e d  a n t i - t h y r o g l o b u l i n  
an t i se rum,  the  s t ronges t  r eac t ion  t h r o u g h o u t  the  t h y r o i d  
was found  in cells wh ich  were readi ly  ident i f ied  as pa ra -  
foll icular  cells on  t h e  basis  of the i r  locat ion,  shape  a n d  
size as well as the  fea tu re  of t he i r  nuc leus  (figure 2). The  
i m m u n o r e a c t i v i t y  of the  fol l icular  ceils an d  colloid d rop-  
lets was  m u c h  lower t h a n  t h a t  of t h e  parafo l l i eu la r  cells. 
F u r t h e r m o r e ,  t h e  r eac t ion  was conf i rmed  in the  pa ra -  

Fig. 1. Ouchterlony double diffusion in 1.5% agar and Tris-Na~- 
EDTA-boric acid buffer, pH 8.4. Antiserum reacts against thyro- 
globulin but not calcitonin. Center well contains purified anti-thyro- 
globulin antisermn; T, thyroid homogenate in 0.9% NaC1; Tg, crude 
thyroglobulin; Tg', purified thyroglobulin; S, dog serum; P, pitu- 
itary homogenate in 0.9% NaC1; C, calcitonin. 
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follicular cell complexes  9, "probable r e m n a n t s  of the  ulti-  
mobranch ia l  body,  consis t ing of the  parafol l icular  cell mas-  
ses (figure 3). The parafol l icular  cells in the  complexes  
were in var ious  stages of d i f ferent ia t ion  and the  immuno-  
reac t iv i ty  var ied similarly f rom cell to cell. The undif-  
fe ren t ia ted  cells*~ in the  complex  did not  react .  Reac t ions  
were observed in the  cy top lasm of the  parafol l icular  cells 
and not  in the  nucleus. 
Af ter  chronical ly induced hyperca lcemia  or chronic in- 
ject ion of the  an t i thyro id  drug, the  parafol l icular  cells 
d isplayed a more  or less severe deple t ion  of the  secre tory  
gr~mules 11,12 which could be revealed by  silver impreg-  
nat ion,  HCl-basic dye  and l ead-hematoxy l in  stainings.  
The react ions  of the  immunof luorescence  and immuno-  
peroxidase  h i s tochemis t ry  in these exper imen ta l  con- 

di t ions  ent i re ly  coincided wi th  the  m o v e m e n t  of the  secre- 
t o ry  granules revealed by  the  s ta in ing methods .  In  chro-  
nic hyperca lcemia  the  i m m u n o r e a c t i v i t y  a lmos t  com-  
ple te ly  d i sappeared  f rom the  parafol l icular  cells (figure 4), 
and in h y p o t h y r o i d e a  it was fa int  (figure 5). A di lu ted  
se rum (above 1:10) p rovoked  a s t rong react ion in t he  
colloid droplets ,  especial ly a t  the  margin  of the  luminal  
colloid, which was the  main  locus of the  thyroglobul in  
iodinat ion.  In  bo th  immunof luorescence  and i m m u n o -  
peroxidase  stainings,  no reac t ion  was observed in t he  

9 Y. Kameda, Arch. histol, jap. 33, 115 (1971). 
10 Y. Kameda, Arch. histol, jap. 36, 89 (1973). 
11 Y. Kameda, Arch. histol, jap. 32, 179 (1970). 
12 Y. Kameda, Arch. histol, jap. 36, 205 (1974). 

Fig. 2 5. The dog thyroid gland stained with immunoperoxidase method using undiluted anti-thyroglobulin antiserum. Fixed in Bouin. 
2 Normal dog thyroid. Fine immunoreactive granules fill the cytoplasm of the parafollicular cells. F, follicle. • 800..~ The parafollicular 
cell complex. Variably intense immunoreactivity corresponds to variable developinental stages of the parafollicular cells. • 300. z/ Dog after 
combined administrations of calcium and vitamin 1):~ for 20 days. The enlarged paraiollicular cells display conspicuous decrease of immuno- 
reactive granules, especially at capillary side. Note 2 mitotic parafollicular cells (arrows). F, follicle. • 1000.5 Dog treated with thiourea for 
2 months. Some of the parafollicular cells (P) show roughly dispersed immunoreactive granules and enlarged cytoplasm. F, follicle. • 1000. 
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t h y r o i d  w h e n  t h e  a n t i - t h y r o g l o b u l i n  a n t i s e r u m  was ab-  
so rbed  w i t h  t h y r o g l o b u l i n  or rep laced  b y  n o r m a l  r a b b i t  
se rum.  Ne i t he r  was  a r eac t ion  e v i d e n t  in  o the r  t i ssue  such  
as p a r a t h y r o i d ,  an t e r i o r  a n d  pos te r io r  lobes of p i t u i t a r y  
a n d  pa r s  tube ra l i s  a f t e r  i n c u b a t i o n  w i t h  t he  an t i s e rum.  
Discussion. F r o m  t h e  la te  1950's  to  ea r ly  1960's, n u m e r -  
ous immnnof luo re scence  s tud ies  us ing  a n t i - t h y r o g l o b u l i n  
a n t i s e r u m  were pe r fo rmed  on  t h e  thyro id .  However ,  s ince 
t h e  ex is tence  of pa ra fo l l i cu la r  cells in  t h e  t h y r o i d  was  n o t  
no t iced  b y  p rev ious  inves t iga to rs ,  t h e r e  was no  r e p o r t  
on  t he  i m m u n o r e a c t i v i t y  of these  ceils to  a n t i t h y r o g l o -  
bul in .  The  p r e s e n t  s t u d y  is t he  f i rs t  to  d e m o n s t r a t e  t h a t  
t he  para fo l l i cu la r  ceils c o n t a i n  thyrog lobu l in - l ike  or 
immuno log ica l ly  s imi la r  p ro te in ,  wh ich  seems to  i m p l y  
a close m e t a b o l i c  r e l a t i onsh ip  be tween  the  parafo l l i cu la r  
a n d  fol l icular  cells. 
I t  is we l l -known t h a t  t h e  t h y r o i d  g land  shows conspic-  
uous  hype rp l a s t i c  changes  fol lowing t he  app l i ca t ion  of 
a n t i t h y r o i d  drugs.  One of t he  a u t h o r s  12 p rev ious ly  found  
t h a t  t h e  in jec t ion  of t h i o u r e a  for  l - 4  m o n t h s  causes  cyto-  
logical changes  n o t  on ly  in t he  fol l icular  b u t  also in t h e  

para fo l l i cu la r  cells of t h e  can ine  t h y r o i d :  decrease  in 
sec re to ry  granules ,  en la rged  cell bodies  a n d  d i la t ion  of 
c i s te rns  of r o u g h  endop la smic  re t i cu lum.  The  s ignif icance 
of t he  parafo l l i cu la r  cell r e ac t i on  to  a n t i t h y r o i d  d rug  
could n o t  be  exp la ined  a t  t h a t  t ime.  However ,  if t h e  syn-  
thes is  of t h e  t hy rog lobu l in - l i ke  s u b s t a n c e  t akes  place  in 
rough  endop lasmic  r e t i cu lum,Golg i  complex  sys t em of 
t he  para fo l l i cu la r  cells a n d  if i t  is a f fec ted  b y  t he  an t i -  
t h y r o i d  drug,  t h i s  pa ra fo l l i cu la r  cell reac t ion ,  s imi lar  to  
t h a t  of t he  fol l icular  cells, m i g h t  well  be  a c o u n t e d  for. 
I t  has  been  r epo r t ed  r ecen t l y  t h a t  va r ious  po lypep t ide  
h o r m o n e s  m a y  be  syn thes ized  b y  way  of p r o h o r m o n e s , a s  
in  t he  case of p ro insu l in  a n d  insul in.  N e u r o p h y s i n s  as- 
soc ia ted  w i t h  oxy toc in  and  vasopress in  in  neu rosec re to ry  
g ranu les  h a v e  been  k n o w n  as car r ie r  p ro te ins .  Thus ,  t h e  
ex is tence  of i nac t i ve  p ro te ins  in add i t i on  to ac t ive  poly-  
pep t ide  h o r m o n e  ha s  been  a t t r a c t i n g  more  and  more  a t -  
t e n t i o n  i n  d i f fe ren t  po lypep t i de  ho rmone - sec re t i ng  ceils. 
I t  will be  necessa ry  to e luc ida te  the  cell-biological signif- 
icance of t he  thy rog lobu l in - l ike  i m m u n o r e a c t i v i t y  in  t he  
para fo l l i cu la r  cells as well  as i ts  r e l a t ion  to calci tonin.  

Androgen dependency of hepatic hydroxysteroid dehydrogenases  in the rat: 
Prepubertal responsiveness  and unresponsiveness  towards exogenous  testosterone 1 
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Summary. The  p r e p u b e r t a l  r espons iveness  of 3 t yp i ca l  a n d r o g e n - d e p e n d e n t  e n z y m e  act iv i t ies ,  n a m e l y  20-ketoreductase ,  
3e- a n d  Aa-3 /~-hydroxys te ro id .dehydrogenase ,  t owards  a large dose of t e s t o s t e rone  was inves t iga ted .  The  a n d r o g e n  
i nduced  the  a c t i v i t y  of t he  3e -enzyme p r e p u b e r t a l l y  in b o t h  sexes. 

A phase  of sexua l  indifference,  l a s t ing  f rom day  1 to 30 
of life, is obse rved  in t h e  on togenes i s  of t he  sexua l ly  dif- 
f e r en t i a t ed  e n z y m e  ac t iv i t i es  of hepa t i c  s teroid  m e t a b -  
ol ism 2-4. A n d r o g e n  or o e s t r o g e n - d e p e n d e n c y  becomes  
a p p a r e n t  on ly  a f t e r  th i s  p h a s e  has  been  comple t ed  (for 
c r i t e r i a  of a n d r o g e n  or oes t rogen  d e p e n d e n c y  see L a x  
e t  al. a n d  G h r a f  e t  a l ) ,6) .  In  order  to  t e s t  w h e t h e r  th i s  
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Prepubertal responsiveness of NAD-dependent microsomal 3c~-hydro- 
xysteroid dehydrogenase activity of rat liver towards exogenous 
testosterone (T); (--),. untreated animals; ( - - - ) ,  treated animals. 
Bars represent means 2- SD. 

p r e p u b e r t a l  ind i f fe rence  is due  to  e i the r  insuff ic ient  levels 
of c i rcu la t ing  and rogen  or a n d r o g e n  unrespons iveness ,  3 
typ ica l  a n d r o g e n - d e p e n d e n t  e n z y m e  ac t iv i t i es  were in- 
ve s t i ga t ed  a f t e r  a d m i n i s t r a t i o n  of a large dose of t e s to -  
s te rone  be tween  day  10 and  13 of life. 
Material and methods. Male a n d  female  r a t s  of the  s t r a i n  
C h b b :  T H O M  w i t h  i n t a c t  gonads  were used. B e t w e e n  
d a y  10 a n d  13 of life, t r e a t e d  an ima l s  were a d m i n i s t e r e d  
2 doses of T e s t o v i r o n - D e p o t  | s.c. (cor responding  to  a 
t o t a l  a m o u n t  of 100 mg tes tos te rone)  and  the  ac t iv i t i es  
of the  fol lowing mic rosomal  l iver  enzymes  were t e s t ed  on  
d a y  15, 20, 25 a n d  30: N A D - d e p e n d e n t  3a -hyd roxys t e ro id  
d e h y d r o g e n a s e  7, N A D P - d e p e n d e n t  zl4-3fi-hydroxysteroid 
d e h y d r o g e n a s e  8 and  N A D P - d e p e n d e n t  20-ke to reduc tase  2. 
Microsomal  p ro t e in  was e s t i m a t e d  b y  t he  m e t h o d  of 
Lowry  et  al. ~ The  degree of s ignif icance be tween  2 m e a n  
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