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A T h y m u s  D e p e n d e n t  F u n c t i o n  of the  A d r e n a l  C o r t e x  and  i t s  R e l a t i o n  to  I m m u n i t y  

N e o n a t a l  t h y m e c t o m y  in mice  and  in some o the r  
species resu l t s  in  severe  i m p a i r m e n t  of i m m u n o l o g i c a l  
c a p a c i t y  a n d  in p a r t i c u l a r  of ce l l -media ted  i m m u n i t y .  
Also congen i t a l ly  t h y m u s l e s s  ' n u d e '  mice  show a r e m a r k -  
able  def ic iency b o t h  in t he i r  c apac i t y  to  r e s pond  to ce r t a in  
an t i gens  a n d  to  re jec t  h i s t o i n c o m p a t i b l e  t i ssues  1-4. 
Therefore ,  b o t h  t ypes  of e x p e r i m e n t a l  an ima l s  p re sen t  
cha rac te r i s t i c s  useful  for s t u d y i n g  t h e  func t ion  of t he  
t h y m u s  in t he  d e v e l o p m e n t  of t h e  i m m u n e  capac i t y  in 
on togeny .  

H o r m o n e s  f rom severa l  endocr ine  g lands  h a v e  been  
s h o w n  to exe r t  a p ro found  effect  on t he  t h y m o - l y m p h a t i c  
t issue and  on t he  i m m u n e  response.  W e  h a v e  sugges ted  
p rev ious ly  t h a t  an  i n t e r r e l a t i on  exis ts  b e t w e e n  t he  devel-  
o p m e n t  of t he  i m m u n o l y m p h a t i c  and  t h e  endocr ine  
s y s t e m  in o n t o g e n y  5-s. I n  order  to  c lar i fy  t he  n a t u r e  of 
t he  l ink  b e t w e e n  some endocr ine  g lands  a n d  t he  t h y m u s ,  
we h a v e  e x a m i n e d  t h e  poss ible  role of t he  thyro id ,  t he  
ad rena l  cor tex  a n d  of t h e  h y p o p h y s i s  in  a t h y m i c  nude  mice. 

W e  would  like to  propose  here  t h a t  1 : t h e  t h y m u s  ac ts  
as a n  endocr ine  o rgan  in on togeny ,  p r o m o t i n g  t he  differ- 
e n t i a t i o n  of o t h e r  endocr ine  g lands  and  t h a t  2: t he  im- 
munolog ica l  f unc t i on  of a m a t u r e  a n i m a l  is d i rec t ly  
d e p e n d e n t  on  t he  f u n c t i o n  of t he  t h y m u s  as an  endo-  
cr ine  g land  in ea r ly  o n t o g e n y  to  p r o m o t e  m a t u r a t i o n  of 
o t h e r  endocr ine  g lands  in ear ly  life. 

The adrenal/oetal zone and the thymus. W e  h a v e  r ecen t ly  
found  t h a t  a t h y m i c  n u d e  mice  show a n  a l t e r a t i on  of t he  
s t r u c t u r e  of t he  ad r en a l  cortex.  Y o u n g  (3- to  4-week-old) 
a n d  adu l t  (5- to  10-week-old) a t h y m i c  mice show a m a r k e d  
e n l a r g e m e n t  of t he  r e t i cu la r  zone. This  zone d i sappear s  in  
co inc idence  w i t h  t h e  precocious  'was t ing '  and  d e a t h  of 
these  mice 9. I n  n o r m a l  mice; no re t i cu la r  zone in t he  
ad r ena l  cor tex  is p re sen t  a t  b i r th .  Th i s  zone develops  later ,  
especia l ly  c o n c u r r e n t  w i t h  t h e  s t r i k ing  increase  in ad r ena l  
we igh t  wh ich  s t a r t s  a t  t he  b e g i n n i n g  of t he  second week 
and  con t inues  t h r o u g h  t he  t h i r d  week  of age, a t  wh ich  
t i m e  the re  is a v i r t ua l  cessa t ion of b o d y  growthS~ The  
fac tors  r egu la t i ng  t h e  g r o w t h  o f  th i s  zone of the  ad r ena l  
cor tex  are  no t  k n o w n  and  i ts  f unc t i on  is obscure.  

In  h u m a n s ,  t he  foeta l  ad r ena l  gland,  t he  we igh t  of 
wh ich  is p r o p o r t i o n a t e l y  10 to 20 t imes  h igher  t h a n  t h a t  
of the  adu l t  gland,  is la rgely  composed  of a clear  r e t i cu la r  
zone which  invo lu tes  b y  necrosis  a f te r  b i r t h  as. The  re t i cu la r  
zone of the  ad rena l  cor tex  of t he  h u m a n  foetus,  k n o w n  as 
t he  ' foe ta l  zone' ,  can  well  be  c o m p a r e d  to the  r e t i cu la r  

zone a p p e a r i n g  and  increas ing  in the  ad rena l  cor tex  of t he  
mouse  a f t e r  b i r th .  Also t he  func t ion  of th i s  zone in t h e  
ad r ena l  cor tex  of t he  h u m a n  foetus  is u n k n o w n  ~. 

I n  r a t  foetuses a re t i cu la r  zone is v is ible  in t he  ad r ena l  
cor tex  a l r eady  a t  16 days  of gestation13, ~. This  zone 
enlarges  s teadi ly ,  t o g e t h e r  w i t h  t he  o the r  zones of t he  
cortex.  At  b i r th ,  as in h u m a n s ,  the re  is a v e r y  m a r k e d  
decrease  in cor t ical  v o l u m e  m a i n l y  due  to  sh r inkage  of t he  
cells of t he  zona fasc icu la ta  a n d  ret icular is .  However ,  
whi le  t he  cells of t he  fasc icu la ta  on ly  shr ink ,  t he  cells of 
the  re t icu lar i s  g radua l ly  d isappear .  This  is s imi la r  to  t he  
h u m a n  foetus  a t  b i r th .  Therefore  t h e  re t icu la r i s  of t he  
ad rena l  cor tex  of t he  r a t  foetus  can  be  c o m p a r e d  to  t he  
foeta l  zone of t he  ad r ena l  co r t ex  of t h e  h u m a n  embryo .  

The  n a t u r e  and  s ignif icance of these  morpholog ica l  
changes  in t he  func t i on  of t he  ad rena l  g land  are obscure  
as is also t he  func t ion  of the  re t i cu la r  zone of t h e  ad rena l  
cor tex  in m a m m a l s .  C o n t r a r y  to t he  zona  fasc icu la ta  and  
s imi la r ly  to  t he  zona  glomerulosa,  t he  zona  re t icu la r i s  
does no t  seem to  be  d e p e n d e n t  on h y p o p h y s i a l  h o r m o n e s  
for i ts  g rowth  and  iunc t ion .  R a t h e r  i t  seems to depend  on  
some o the r  u n k n o w n  fac tors  which  also affect  t he  func t ion  
a n d  s t r u c t u r e  of t he  ad rena l  cor tex  in on togeny ,  inc lud ing  
t h a t  of t he  foeta l  zone of t he  h u m a n  ad rena l  gland.  I t  is 
our  p roposa l  t h a t  such  fac tors  are a t  leas t  to  some e x t e n t  
der ived  f rom the  t h y m u s  (see fol lowing sec t ion  and  our  
p rev ious  p a p e r  ~.) 

Normalization o/ adrenal glands o/ nude mice by trans- 
plantation o/ normal adrenals. I n  order  to  i nves t i ga t e  
w h e t h e r  t h e  s t r u c t u r a l  a b n o r m a l i t y  of t he  ad rena l  cor tex  
of t he  a t h y m i c  nude  mice m i g h t  be  cor rec ted  b y  i m p l a n t a -  
t i on  of t he  t h y m u s  or of n o r m a l  ad r ena l  glands,  t h y m u s  
a n d / o r  ad rena l  g lands  f rom n o r m a l  ha i red  y o u n g  mice 
(4- to  8-week-old) were t r a n s p l a n t e d  in to  t h e  ax i l l a ry  
cav i t ies  of young  adu l t  n u d e  rec ip ien ts  (4- to  6-week-old).  
2 or 3 weeks a f te r  t h e  i m p l a n t a t i o n ,  t he  an ima l s  were 
kil led and  t he  i m p l a n t e d  t h y m u s e s  or ad rena l  g lands  and  
t he  ad rena l s  of t he  rec ip ien ts  e x a m i n e d  his tological ly .  

I m p l a n t a t i o n  of b o t h  the  n o r m a l  t h y m u s  and  n o r m a l  
ad r ena l  g lands  in to  t he  nude  mouse  resul t s  in  normal i -  
za t ion  of t he  s t r u c t u r e  of t he  ad r ena l  cor tex  of t he  
rec ip ien t  nudes.  I m p l a n t a t i o n  of t h e  t h y m u s  only  does 
no t  resu l t  in  a regress ion of t he  w i d t h  of t he  en la rged  
re t i cu la r  zone, whi le  nude  mice t r a n s p l a n t e d  w i t h  2 
ad r ena l  g lands  f rom n o r m a l  donors  show a n o r m a l  s t ruc-  
t u r e  of t he i r  ad rena l  cortex.  Therefore,  t he  ad rena l  g lands  

I Adenohypophysis ~ t,~ Adul t  Adrenal Cortex J 

I I / r  . . . .  ~ - -  - - - 7  
I . I / Factors promoting I 
t / / immune maturation? I 

t I, _ J  
TJ ~ / 

Thymus ~ - ~  Foetal Adrenal Cortex 
(Hormones?)  7---I (Thymus-dependent zone) 

\ 

_ _ _.'~_ . . . .  
r- 1 
I Inhibitors of / 
I immune maturation? I 
t 3 

Proposed relationship betweeu thymus and adrenal cortex in onto- 
~eny. 

1 E. M. PANTELOURIS, Nature, Lond. 217, 370 (1968). 
2 j .  RYGAARD, Acta path. mierobiol, scan& 77, 761 (1969). 

J. RYG~.ARD and C. O. POVLSEN, Acta path. microbioi, scand. 77, 
758 (1969). 

4 H. I% XcVORTIS, Clin. exp. hnmun. 8, 305 (1971). 
5 W. PIERPAOLI and E. SORKIN, Nature, Loud. 215, 834 (1967). 
6 W. PIERPAOLI and E. SORKIN, Antibiotics et Chemotherapia (Ed. E. 

SORKIN, Karger, Basel 1969), vol. 15, p. 122. 
7 W. PIERPAOLI, N. FABRIS a n d  E. SORKIN, in Hormones and the 

Immune Response. Ciba Foundation Study Group No. 36 (Ed. 
G. E. W. WOLSTENHOLgE a n d  JULIE KNIGHT, Churchi l l ,  L o n d o n  
1970), p. 126. 

8 W. PIERPAOLI, ELENA BIANCHI a n d  E. SORKIN, Clin. exp. h n m u n .  
9, 889 (1971). 

9 W. PIERPAOLI and E. SORKIN, Nature Lond., ill press. 
10 FLORENCE MOOG, C. J .  BENNETT and C. ~. DEAN JR. Anat. Rec. 

720, 873 (1954). 
11 j .  T. LANMAN, Endocrinology 61, 684 (1957). 
12 j .  T. LAN~AN, Medicine 32, 389 (1953). 
la j .  g .  JOSIMOVICH, A. J .  LADMAN a n d  HELEN WENDLER DEANE, 

Endocrinology 54, 627 (1954). 
I~ ARNOLDA ~r V. VAN DORP a n d  HELEN WENDLER DEANE, A n a t .  

Rec. 707, 265 (1950). 



852 Specialia EXPERIENTIA 28/7 

of n o r m a l  mice seem to p roduce  some factor(s)  wh ich  com- 
pensa t e  for t he  def ic iency of t he  ad rena l  cor tex  of t he  nude  
mice. The  re t i cu la r  zone of t he i r  glands,  wh ich  is en la rged  
p r o b a b l y  in t he  sense of a c o m p e n s a t o r y  h y p e r t r o p h y  or  
hyperp las ia ,  regresses to  a n o r m a l  width .  As r epo r t ed  in  a 
p rev ious  p a p e r  9, i m p l a n t a t i o n  of t he  n e o n a t a l  t h y m u s  
in to  n e w b o r n  n u d e  mice  p r e v e n t s  such  a l t e ra t ions  of t he  
ad r ena l  cortex.  T h u s  t he  n e o n a t a l  t h y m u s  in mice seems 
to con t ro l  t h e  d i i f e r en t i a t i on  of a ' t h y m u s - d e p e n d e n t  
zone of t he  ad rena l  cor tex ' ,  b u t  once t he  a l t e r a t i on  of t he  
cor tex  is es tabl ished,  i m p l a n t a t i o n  of t he  a d u l t  t h y m u s  
in to  adu l t  an ima l s  c a n n o t  induce  a reversa l  of t he  a l tera-  
t ion.  I n  th i s  case, on ly  t he  same  fac tors  wh ich  are p re sen t  
in  t he  n o r m a l  adrena l s  seem to  be  able  to  reverse  t he  
e n l a r g e m e n t  of t he  re t i cu la r  zone of t he  i m m a t u r e  adrena l s  
of t he  nude  mouse.  As discussed above,  t he  ad r ena l  cor tex  
of t he  mouse  in t h e  p o s t n a t a l  t i m e  can  be  c o m p a r e d  to 
t h a t  of t he  h u m a n  foetus  where  t he  r e t i cu la r  zone is 
e x t r e m e l y  developed a n d  d i sappears  sudden ly  a t  b i r th .  
I n  our  case, i t  appea r s  t h a t  t he  t h y m u s  in t he  mouse  
produces  fac tors  in  o n t o g e n y  wh ich  p r o m o t e  matura t ion .  
of t he  a d r e n a l  g lands  in coincidence w i t h  m a t u r a t i o n  of 
t he  i m m u n e  capac i ty .  I t  is the re fore  p r o b a b l e  t h a t  some 
ad ren a l  factors,  p roduced  in t h a t  sec t ion  of t h e  adu l t  
ad r en a l  cor tex  wh ich  was t h y m u s - d e p e n d e n t  for i ts  
m a t u r a t i o n ,  are p r o m o t i n g  t h e  immuno log i ca l  m a t u r a t i o n  
of i n c o m p e t e n t  t h y m u s - d e r i v e d  or bone  m ar r ow - de r ived  
lymphocy te s .  

Endocrinological and immunological implications. The  
t h y m u s  is cons idered  as t he  o rgan  where  f o r m a t i o n  of t he  
l y m p h o c y t e s  wh ich  are respons ib le  for ce l l -media ted  
i m m u n i t y  occurs. This  t y p e  of i m m u n e  response  is pa r t i -  
cu la r ly  def ic ient  in  t he  congen i ta l ly  a t h y m i c  mice. As 
ce l l -media ted  i m m u n i t y  in  mice  a t  b i r t h  is m u c h  less 
deve loped  t h a n  in h u m a n s  and  t i le  absence  of t he  t h y m u s  
in a t h y m i c  nude  mice seems to be  respons ib le  for t he  
e x t r e m e  e n l a r g e m e n t  of t he  re t i cu la r  zone of t he  ad r ena l  
cortex,  a co r re l a t ion  b e t w e e n  t h e  t h y m u s ,  t he  foeta l  or 
i m m a t u r e  ad rena l  cor tex  a n d  t he  d e v e l o p m e n t  of t he  
i m m u n e  capac i ty  in o n t o g e n y  is l ikely to exist .  I n  agree- 
m e n t  w i t h  this ,  we h a v e  found  t h a t  t he  ad rena l  a l t e r a t ions  
in  t he  a t h y m i c  mice  can  be  p r e v e n t e d  b y  n e o n a t a l  i m p lan -  
t a t i o n  of t h e  t h y m u s  9. This  suggests  t h a t  t i le  t h y m u s  in 
o n t o g e n y  is r egu la t ing  the  d e v e l o p m e n t  of some zones of 
t he  ad rena l  gland.  These  zones m i g h t  p roduce  factors,  
some of which  f i rs t  m a y  p r e v e n t  and  la te r  on  p romote ,  t h e  
d i f f e ren t i a t ion  of l y m p h o c y t e s  to  i m m u n o c o m p e t e n t  
cells. These  fac tors  are  p r o b a b l y  p roduced  b y  t he  re t icu-  
lar  or foeta l  zone of t he  i m m a t u r e  ad rena l  g lands  a n d  b y  
t he  m a t u r e  ad rena l  g lands  of a d u l t  an ima l s  (Figure).  

The  func t ion  of t he  t h y m u s  in o n t o g e n y  m i g h t  be  t h a t  
of p r o m o t i n g  t he  d i f f e r en t i a t i on  of t he  ad rena l  g land  f rom 
the  foe ta l  to  t he  adu l t  s t r u c t u r e  and  func t ion .  Th i s  change  
of t h e  t h y m u s - d e p e n d e n t  ad rena l  f unc t i on  in n e o n a t a l  a n d  
p o s t n a t a l  life does p r o b a b l y  depend  on  a change  of fac tors  
re leased b y  t h e  ad rena l  glands.  The  fac t  t h a t  young  nude  
mice  are u n a b l e  to  re jec t  sk in  graf ts  in sp i te  t h a t  t he  
n u m b e r  of t he i r  pe r iphe ra l  l y m p h o c y t e s  can  st i l l  be  up  to 
50 -60%,  seems to i nd i ca t e  t h a t ,  n o t  t he  n u m b e r ,  b u t  t he  
func t ion  a n d  t he  capac i ty  of t i le l y m p h o c y t e s  is i m p o r t a n t  

for t he  a n i m a l  to  m o u n t  a ce l l -media ted  i m m u n e  reac t ion .  
The  absence  of t h e  t h y m u s  in t he  nude  mice  p r e v e n t s  t h e  
m a t u r a t i o n a l  changes  in t he  ad r ena l  cor tex  to occur  a n d  
t h e i r  ce l l -media ted  i m m u n e  respons iveness  r ema ins  as de- 
f ic ient  as in  n e w b o r n  mice. Therefore ,  absence  of t h e  t h y -  
mus  m a y  p ro long  the  foe ta l  s t a t e  of i m m a t u r i t y  of cel lular  
i m m u n i t y  because  t he  d i f f e r en t i a t i ve  ac t ion  of t h e  neo-  
n a t a l  t h y m u s  on t he  a d r e n a l  g l and  c a n n o t  be  exer ted  a n d  
t he  ad rena l  cor tex  c a n n o t  p roduce  t he  factor(s)  w h i c h  are  
necessa ry  to p r o m o t e  t he  t r a n s f o r m a t i o n  of t he  l y m p h o -  
cyte  f rom a n  u n r e a c t i v e  to  a ful ly  i m m u n o r e a c t i v e  cell. 
The  above  d a t a  to  sugges t  t h a t ,  no t  on ly  t he  absence  
of t he  t h y m u s  in nude  mice,  b u t  poss ib ly  t he  lack of dif- 
f e r en t i a t i on  of t he  t h y m u s - d e p e n d e n t  zone of t he  ad r ena l  
cor tex  is respons ib le  for t h e i r  def ic iency in cel lular  i m m u -  
n i ty .  

A n o t h e r  a r g u m e n t  is t h a t  t he  re t i cu la r  zone of t h e  
ad rena l  cor tex  wh ich  is so deve loped  in t h e  h u m a n  foe tus  
a n d  in t he  nude  mouse  is poss ib ly  secre t ing  a f ac to r  
which  inh ib i t s  i m m u n e  func t ions  of l y m p h o c y t e s  and  pre-  
ven t s ,  e.g. du r ing  foeta l  d e v e l o p m e n t  in h u m a n s ,  a n  im-  
m u n e  r eac t ion  of t h e  foetus  aga ins t  t he  m o t h e r  wh ich  
would  seem possible  on  t he  basis  of t he  d e v e l o p m e n t  of 
t he  t h y m o - l y m p h a t i c  t i ssue  in  t he  h u m a n  embryo .  A t  
b i r th ,  t h e  d r a m a t i c  d i s a p p e a r a n c e  of t he  foe ta l  zone or 
r e t i cu la r  zone would  e l im ina t e  th i s  i n h i b i t i n g  fac to r  
be ing  p roduced  a n d  t h e  h u m a n  n e w b o r n  would  become  
ful ly i m m u n o c o m p e t e n t .  F r o m  th i s  p o i n t  of view, t he  r a t  
foetus  seems to be more  s imi la r  to  t he  h u m a n  t h a n  to t h e  
mouse  foetus  13, :l. Some e x p e r i m e n t a l  work  suppor t s  th i s  
sugges t ion  15 

The  h o r m o n e s  of t he  a d u l t  ad r ena l  g land  t h a t  p r o m o t e  
d i f f e ren t i a t ion  of t he  i m m u n e  l y m p h o c y t e s  are p r o b a b l y  
some of t he  k n o w n  h o r m o n e s  of t he  ad rena l  cortex.  On t h e  
con t ra ry ,  t he  iden t i f i ca t ion  of t he  fac tors  wh ich  m i g h t  be  
p r e sen t  in  t he  foeta l  zone of t he  ad rena l  cor tex  in h u m a n s  
is necessary.  Also more  s t u d y  of t he  fac tors  in  t he  t h y m u s  
p r o m o t i n g  t h e  d i f f e r en t i a t i on  of t he  ad r ena l  g land  f rom 
the  foeta l  to  t he  a d u l t  s t r u c t u r e  a n d  func t i on  is ind ica ted .  
Thus  the  poss ib i l i ty  exis ts  to  i den t i fy  p r e s u m a b l y  ho rmo-  
na l  fac tors  wh ich  are b o t h  crucia l  for s t i m u l a t i n g  or 
p r e v e n t i n g  i m m u n e  respons iveness .  

Zusammen/assung. Es wird  vorgeschlagen ,  dass  der  
n e o n a t a l e  T h y m u s  in 1Kgusen die Di f fe renz ie rung  e iner  
foe ta len  T h y m n s - a b h / i n g i g e n  Zone der  N e b e n n i e r e n r i n d e  
zur  e rwachsenen  S t r u k t u r  u n d  F u n k t i o n  kon t ro l l i e r t .  Die 
m6gl iche  B e d e u t u n g  dieser Be funde  ftir die ho rmone l l e  
Kon t ro l l e  des I m m u n s y s t e m s  in der  Ontogenese  wi rd  
d iskut ie r t .  
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Free Flow Electrophoresis of Isolated Secretory Granules from Bovine Neurohypophyses 

R e c e n t l y  some ev idence  ha s  been  p resen ted  t h a t  t he  
secre t ion  of t he  h o r m o n e s  vasopress in  a n d  oxy toc in  f rom 
the  m a m m a l i a n  neu ra l  lobe of t he  h y p o p h y s i s  occurs  b y  
exocytosis ,  t h a t  is a fus ion of t he  m e m b r a n e  s u r r o u n d i n g  

t he  neu rosec te ro ry  granules  w i t h  t he  p l a s m a  m e m b r a n e  
of t h e  n e r v e  t e rmina l s ,  fol lowed b y  a pe r fo r a t i on  of t h e  
m e m b r a n e s ,  a l lowing t he  c o n t e n t s  of t h e  neu rosec re to ry  
g ranu le  to  leave  t h e  cell (for a rev iew see DOUGLAS e t  al.:) .  


