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Summary. S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  w e r e  f o u n d  b e t w e e n  t h e  n u c l e a r  s u r f a c e - t o - v o l u m e  r a t i o  a n d  t h e  v o l u m e t r i c  
d e n s i t y  o f  nuc leo l i ,  a s  wel l  a s  b e t w e e n  t h e  v o l u m e t r i c  d e n s i t y  of  n u c l e o l i  a n d  t h e  v o l u m e t r i c  a n d  n u m e r i c a l  d e n s i t i e s  
o f  c o m p l e x  n u c l e a r  b o d i e s  in  g o i t r e s  a n d  p a p i l l a r y  t h y r o i d  c a r c i n o m a s .  

T h e  g r o u n d - g l a s s  a p p e a r a n c e  of  t h e  n u c l e i  of  p a p i l l a r y  
t h y r o i d  c a r c i n o m a s  h a s  b e e n  r e l a t e d  t o  a p a r t i c u l a r  p h y s -  
i ca l  s t a t e  o f  t h e  c h r o m a t i n  d u r i n g  t h e  i n t e r p h a s e  3, a h y p o -  
d i p l o i d i a  of  t h e  nuc le i4 ,  a h i g h  f r e q u e n c y  of  c y t o p l a s m i c  
e v a g i n a t i o n s  i n t o  t h e  n u c l e i  5, or,  f i na l l y ,  a d e s p i r a l i z a t i o n  
o f  c h r o m a t i n ,  a p r o c e s s  w h i c h  is g e n e r a l l y  c o n n e c t e d  w i t h  
a n  i n c r e a s e  of t h e  n u c l e a r  a c t i v i t y %  O n  t h e  o t h e r  h a n d ,  
t h e  f i n d i n g  in  t h e s e  c a r c i n o m a s  of  s e v e r a l  a l t e r a t i o n s  c o n -  
c e r n i n g  t h e  f ine  s t r u c t u r e  of  nuc le i ,  n u c l e o l i  a n d  n u c l e a r  
b o d i e s  7 h a s  r a i s e d  t h e  p o s s i b i l i t y  of  t h e  i n t e r f e r e n c e  of  a 
d i s t u r b e d  R N A  m e t a b o l i s m  in  t h e i r  p a t h o g e n e s i s .  
T h e  p u r p o s e  of  t h i s  s t u d y  w a s  to  d e t e r m i n e ,  u s i n g  m o r p h o -  
m e t r i c  m e t h o d s ,  w h e t h e r  a n y  c o r r e l a t i o n  c o u l d  be  e s t a b -  
l i s h e d  b e t w e e n  t h e  c h a r a c t e r i s t i c s  of  n u c l e i  o f  t h y r o i d  
l e s i o n s  a n d  t h o s e  of  t h e  n u c l e o l i  a n d  o f  t h e  n u c l e a r  bod ie s .  
Material and methods. S u r g i c a l  s p e c i m e n s  w e r e  o b t a i n e d  
f r o m  4 p a t i e n t s  w i t h  d i f f u s e  h y p e r p l a s t i c  g o i t r e s  ( g r o u p  I),  
f r o m  3 p a t i e n t s  w i t h  p a p i l l a r y  c a r c i n o m a s  of  t h e  t h y r o i d  
( g r o u p  II )  a n d  f r o m  6 p a t i e n t s  w i t h  o c c u l t  s c l e r o s i n g  
c a r c i n o m a s  o f  t h e  s a m e  g l a n d  ( g r o u p  I I I ) .  I n  1 p a t i e n t  of  
g r o u p  I I  i t  w a s  p o s s i b l e  to  o b t a i n  s u r g i c a l  s p e c i m e n s  f r o m  
2 i n d e p e n d e n t  t u m o r s  of  b o t h  l obes  o f  t h e  g l a n d  (cases  
6 A  a n d  6B) ,  a n d  in  1 p a t i e n t  of  g r o u p  I I I  i t  w a s  p o s s i b l e  
t o  o b t a i n  t i s s u e  f r a g m e n t s  f r o m  a l y m p h  n o d e  m e t a s t a s i s  

(case  l l M ) .  F o r  l i g h t  m i c r o s c o p y ,  t i s s u e  f r a g m e n t s  w e r e  
r o u t i n e l y  p r o c e s s e d .  F o r  e l e c t r o n  m i c r o s c o p y ,  t i s s u e  f r a g -  
m e n t s  w e r e  f i x e d  i n  2 %  p h o s p h a t e  b u f f e r e d  o s m i u m  
t e t r o x i d e  fo r  2 h,  d e h y d r a t e d  in  g r a d e d  e t h a n o l s  a n d  
e m b e d d e d  in  e p o x y - r e s i n .  
F r o m  e a c h  case ,  6 t i s s u e  b l o c k s  w e r e  s e l e c t e d  a t  r a n d o m .  
F r o m  e a c h  b lock ,  a s e c t i o n  of  a p p r o x i m a t e l y  1 ~ m  w a s  
s t a i n e d  w i t h  t o l u i d i n e  b l u e  a n d  u s e d  t o  d e t e r m i n e  t h e  
m e a n  d i a m e t e r  of  t h e  n u c l e i  of  t h e  cei ls  (D). D w a s  ca l -  
c u l a t e d  m e a s u r i n g  200 n u c l e a r  p ro f i l e s  f r o m  e a c h  c a s e  
w i t h  a n  e y e p i e c e  w i t h  a m i c r o m e t e r  i n c o r p o r a t e d  a t  a 
m a g n i f i c a t i o n  of  a p p r o x i m a t e l y  1250, a n d  t h e  v a l u e  t h u s  

1 This s tudy  was granted by I.N.I.C. (Projecto MbP 3). 
2 Acknowledgments. We thank Prof. D. Serrfio for reviewing the 

manuscript  and Mrs M. Bento and M. Nascimento and Miss 
M. Sameiro for their technical assistance. 

3 A. Gray and I. Dnniach, Br. J. Cancer 23, 49 (1969). 
4 S. Lindsay, Surg. Gynec. Obstetr. 131,905 (1970). 
5 V . E .  Gould, N. S. Gould and E. P. Benditt, Cancer 29, 1613 

(1972). 
6 S .D .  Fossa and O. Kaalhus, Beitr. Path. 157, 109 (1976). 
7 M . A .  Sobrinho-Sim6es and V. Gongalves, Archs Path. 98, 

94 (1974). 

Summary  of morphometric results 

Group Case No. Sex Nuclei Nucleoli Nuclear bodies 
age D ([zm) S/V ([xm -1) V~ (%) Na (No./ V~ (%) Na (No.] N'a* (No./ 

i00 bm ~) i00 ~m ~) i00 I~m 2) 

II 

III  

1 ~, 54 9.0 0.91 0.96 1.69 0.19 1.09 
2 ~, 17 8.6 0.88 1.05 1.92 0.15 0.80 
3 ~, 40 7.8 0.88 0.62 1.28 0.10 0.57 
4 9, 43 7.5 1.06 0.94 0.88 0.11 0.47 
Mean 4. SE 8.2 -t- 0.3 0.93 -4- 0.04 0.89 • 0.09 1.44 -4- 0.23 0.14 -t- 0.02 0.73 -4- 0.14 

5 ~, 51 8.4 0.92 0.85 0.71 0.18 1.42 
6A ~, 42 8.2 0.95 1.65 1.01 0.55 1.97 
6B ~, 42 8.0 0.74 1.74 1.42 0.27 1.56 
7 ~, 14 8.4 1.00 1.51 1.37 0.M 1.60 
Mean 4. SE 8.3 4. 0.1 0.90 • 0.06 1.44 4- 0.20 1.13 4- 0.17 0.39 4- 0.09 1.64 4- 0.12 

8 c~, 50 8.4 1.05 1.47 1.26 0.29 0.85 
9 ~, 65 8.2 1.07 1.72 1.51 0.55 1.91 

10 ~, 16 7.8 1.69 1.92 1.84 0.37 1.82 
11 ~, 30 8.1 1.49 2.29 1.79 0.35 1.79 
l lM ~, 30 8.3 1.32 1.73 1.37 0.65 1.40 
12 ~, 59 9.5 0.94 1.95 1.27 0.53 1.48 
13 ~, 40 9.3 1.04 1.25 0.83 0.11 0.34 
Mean 4- SE 8.5 4- 0.2 1.23 4- 0.11 1.76 4- 0.17 1.41 4- 0.13 0.41 4- 0.07 1.37 -t- 0.22 

0.0 
0.06 
0.0 
0.07 
0.03 • 0.02 

0.09 
0.59 
0.26 
0.23 
0.29 i 0.11 

0.46 
0 46 
0.42 
0.30 
0.45 
0.40 
0.17 
0.38 4. 0.11 

p-value (I vs II) n.s. n.s. p < 0.05 n.s. p < 0.05 p < 0.005 
p-value (I vs III) n.s. n.s.** p < 0.005 n.s. p < 0.02 n.s.** 
p-value (II vs III) n.s. p < 0.05 n.s. n.s. n.s. n.s. 

p <: 0.05 
p < 0.001 
n . s .  

* Number  of complex nuclear bodies (types III  and IV of Bouteille et al. 1~ per unit  area of the nuclear profile. ** p < 0.1. 
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ob ta ined  was cor rec ted  according  to Bach  8. F r o m  each 
block, a silver u l t r a th in  sect ion was double  s ta ined  wi th  
u rany l  ace ta te  and lead c i t ra te  and  mic ropho tog raphed  
a t  a p r i m a r y  magni f ica t ion  of 4000. The exac t  final 
magni f ica t ion  for each set  of e lectron micrographs  was 
ca l ib ra ted  by  means  of a ca rbon  gra t ing  replica;  as an 
ex t r eme  var ia t ion  of less t h a n  5% of the  mean  was  found,  
all the  calculat ions were made  using only  the  mean  value 
( •  12,000). F r o m  each u l t r a th in  section,  5 electron mi- 
c rographs  were recorded;  fields were chosen a t  r a n d o m  
and  those  no t  con ta in ing  nuclear  profiles of thy ro id  cells 
were discarded.  A double  quadra t i c  la t t ice  t e s t  sy s t em of 
400 po in t s  and  225 cm 2 was  used to  calculate  the  f rac t ions  
of the  nuclear  vo lume occupied by  nucleoli and by  nuclear  
bodies  (Vv), the  sur face- to-volume rat io  of nuclei  (S/V) 
and  the  n u m b e r  of nucleolar  and nuclear  bodies profiles 
per  un i t  area of nuclear  profiles (Na). In  order  to deter-  
mine all these  pa ramete r s ,  the  t echn iques  descr ibed by  
Weibel  and  13olender 9 were used;  no correct ions  were 
made  concerning Holmes  effect.  The classification of the  
nuclear  bodies was m a d e  according to 13outeille e t  al. ~~ In-  
d iv idual  m o r p h o m e t r i c  da t a  were averaged and SD and  
SE were calculated.  In  order  to compare  the  results ,  Stu- 
den t ' s  2-sided t es t  was used ; 2 means  were considered sig- 
n i f icant ly  d i f ferent  if t he  p robab i l i t y  of error  (p) was 
smaller  t h a n  0.05. 
Results and discussion. At  the  opt ic  level, mos t  of the  
nuclei of t he  carc inomas  d isp layed  a ground-glass  ap- 
pearance  and  con ta ined  p r o m i n e n t  nucleoli, while those  
of goitres had  coarse ck roma t in  and  rarely con ta ined  
p r o m i n e n t  nucleoli.  
The  s ta t i s t ica l  analysis  of the  resul ts  ob ta ined  in the  
m o r p h o m e t r i c  s t u d y  is summar i zed  in the  table  and shows 
several  s ignif icant  differences be tween  the  nuclei  of the  
goitre group and  those  of b o t h  types  of thy ro id  carcino- 
mas,  as well as a s igni f icant ly  h igher  sur face- to-volume 
rat io  of the  sclerosing ca rc inoma nuclei in compar i son  
wi th  those  of com mon  papi l l a ry  carcinomas.  Fur the rmore ,  

it  shows t h a t  the  increased vo lumet r ic  dens i ty  of nucleoli  
in carcinomas,  when  compared  wi th  goitres,  does no t  
depend  on an increased n u m b e r  of nucleoli,  bu t  on an 
increase of the i r  indiv idual  volumes,  which  is in keeping 
wi th  the i r  p rominence  in l ight  microscopy.  
The s ignif icant  pos i t ive  corre la t ion (r = 0.555; p < 0.05) 
t h a t  was found be tween  the  sur face- to-volume rat io of the  
nuclei and the  vo lumet r ic  dens i ty  of the i r  nucleoli, ma tches  
Burns  e t  al. 11 s t a t e m e n t  abou t  the  close re la t ionship  
be tween  the  size of t he  nuc leo-cytoplasmic  con tac t  and 
the  degree of nucleol0-cytoplasmic  in teract ion,  and  poin ts  
to  increased nuclear  and  nucleolar  ac t iv i t ies  in papi l la ry  
thy ro id  carcinomas.  
Signif icant  posi t ive  corre la t ions  (r = 0.701; p < 0.005 
and r = 0.770; p < 0.001) were also found  be tween  the  
vo lumet r ic  dens i ty  of nucleoli  and  the  volumetr ic  dens i ty  
of nuclear  bodies,  as well  as be tween  the  volumetr ic  
dens i ty  of nucleoli  and  the  n u m b e r  of complex  nuclear  
bodies per  uni t  area  of nuclear  profiles. Since i t  is known 
t h a t  the  cent ra l  core of complex  nuclear  bodies  is made  
of r ibonucleoprote ins  12, these  f indings also po in t  to an 
increased nucleolar  ac t iv i ty  in pap i l l a ry  thyro id  carcino- 
mas,  a l though  t h e y  do no t  rule out  the  hypo the t i ca l  in- 
v o l v e m e n t  of a d i s tu rbed  R N A  metabo l i sm in the i r  
pa thogenes i s  7. 
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Summary. In  quai l /ch icken  ovar ian  cor tex  assoc ia t ions ,  grown on chicken chorioal lantoic  m e m b r a n e  (CAM), epithelial  
and /o r  ge rm ceils f rom the  quail  ova ry  m a y  invade  the  cor t ical  r im of the  chicken ovary.  In  cer ta in  exper imenta l  
condi t ions ,  ovar ian  cort ical  cells m a y  leave a t r a n s p l a n t e d  ovary  and grow over  or invade  the  m e s e n c h y m e  of the  sur- 
rounding  CAM. So a germinal  ep i the l ium comple te ly  free f rom o ther  ovar ian  cell groups  can be obta ined .  

In  a recen t  s tudy2 we have  found exper imen ta l  evidence 
tha t ,  in t he  embryon ic  J apanese  quai l  ova ry  ( t r ansp lan ted  
on CAM), surface epi thel ia l  cells p e n e t r a t e  in to  t he  ovi- 
gerous cords  and  f inal ly  give rise to the  d e v e l o p m e n t  of 
follicle cells. The p resen t  inves t iga t ion  d e m o n s t r a t e s  t h a t  
t he  p e n e t r a t i o n  potent ia l i t ies  of th is  surface ep i the l ium 
and /o r  its der iva t ives  are no t  necessar i ly  l imited to its 
own cor tex.  
Material and methods. A. Quai l -chicken ovar ian  cor tex  
associa t ions:  left  ovar ies  of 9- to l 1-day-old chicken or 
J apanese  quai l  embryos  were used for this  s tudy .  F i r s t  
the  quai l  ovary,  w i th  i ts  cor t ical  side d i rec ted  upwards ,  is 
t r a n s p l a n t e d  on the  CAM of an 8- to 9-day-old chicken 
embryo ,  according to  t h e  t echn ique  of Harr isK 1 d a y  
later,  a chicken ovary  of the  same age is placed crosswise 
over  the  quai l  ovary,  t ak ing  care t h a t  p a r t  of t he  ovar ian  
co r t ex  of b o t h  ovar ies  r emains  in close contac t .  

13. Quail ovar ian  co r t ex  in con tac t  w i th  the  chorionic 
ep i the l ium of chicken CAM: ovaries (with the i r  cort ical  
side downwards)  f rom 16-day-old quail  embryos  or pa r t s  
f rom 9-day-old quail  ovaries,  a l ready  grown for more  than  
1 week on CAM, are g ra f ted  on the  CAM of 8-day-old 
chicken embryos .  7-10 days  later,  graf ts  f rom b o t h  ex- 
pe r imen ta l  group A and  13 were excised and f ixed in acetic- 
alcohol (1:3) for 1 h. Af te r  embedd ing  in paraff in ,  the  
t r ansp lan t s  were sec t ioned a t  7 ~zm thickness .  Af te r  de- 
paraf f ina t ion ,  the  sect ions  were s ta ined  wi th  the  PAS 
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