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Thymus,  Peripheral Lymphoid Tissues and 
Immunological Responsiveness of the Pituitary 

Dwarf Mouse 

Previous  histological  and autoraxtiographic s tudies f rom 
this  l abora to ry  have  shown t h a t  in the  p i t u i t a r y  dwar f  
mouse  there  exists  a t h y m i c  def ic iency wi th  an  ear ly  
t h y m i c  involu t ion  and a decreased produc t ion  of l ympho-  
cytes ~-8 thus  indica t ing  the  need of more detai led mor-  
phological  s tudies of the  an t ibody-produc ing  organs and 
of thei r  re la t ionships  wi th  the  immunologica l  capaci ty .  In  
this  p re l iminary  paper,  we repor t  his tological  and au to-  
radiographic  inves t iga t ions  on thymus ,  spleen, l y m p h  
nodes and bone marrow,  and immunolog ica l  s tudies on 
the  an t ibody-p roduc ing  cells of the  spleen. 

Experimental. 40 mice of the  Snel l -Bagg s t ra in  wi th  
he red i t a ry  recessive p i t u i t a ry  dwarfism, and 29 normal  
l i t te r  mates  were used for h is to logy and rad ioau tography .  
The  an imals  were kil led a t  different  ages be tween  21 and 
61 days  of age. At  the  t ime  of sacrifice to ta l  body,  t h y m u s  
and  spleen weights  were  recorded.  Carney-f ixed  mater ia l  
I t e m  thymus ,  spleen, per iphera l  and mesente r ic  l y m p h  
nodes, Paye r ' s  pa tches  and s ternal  bone m a r r o w  was 
s ta ined wi th  hematoxyl in -eos in  and methy l -g reen  pyre -  
nine. A group of dwarfs and normal  l i t t e r  ma tes  received 
an i.p, in jec t ion  of 0.8 pc of thymid ine-HS/g  of body  
weight  24 h before sacrifice, and the  % n u m b e r  of 
labelled nuclei  was de te rmined  in t h y m u s  sect ions as pre-  
v ious ly  repor ted  i - ,  

A second expe r imen t  concerned an  inves t iga t ion  of  t he  
immunologicM responsiveness  of dwarfs  in compar ison  to  
t h a t  of the  normal  mice, as  judged  by  the  capac i ty  to 
produce  an t ibody-p laque - fo rming  cells according to the  
t echn ique  of JERNE e t a l . * .  

Seven  40-day-old dwarf  animals  and 5 normal  l i t te r  
mates  were chal lenged wi th  an  i.p. in jec t ion  of 0.1 ml  of 
a suspension of sheep red cells in saline conta in ing  
4 . 1 0 ~  cetls/ml. 4 days  a f te r  chal lenge the  mice were 
kil led and the i r  spleens r emoved  to assay the  n u m b e r  of 
an t ibody-p laque- fo rming  cells pe r  mill ion spleen cells. 
An i.p. in jec t ion  of 0.8 pc of t h y m i d i n e - H  s was also g iven  
24 h before sacrifice for addi t iona l  au to rad iograph ic  
s tudies  of t h y m u s  and per iphera l  l ympho id  tissues. 

Results and discussion. The  body  weigh t  and  b o t h  the  
abso lu te  and re la t ive  weights  of t h y m u s  and spleen of the  
dwarf  animals  were found to  be cons is ten t ly  lower t h a n  
those of the  normal  l i t te r  mates  (Table I), and a t  inspec- 
t ion the  per iphera l  and mesenter ic  l y m p h  nodes and the  
Payer ' s  pa tches  appeared  smal l  and atrophic .  His to-  
logical examina t i on  of  the  t h y m u s  revealed  in dwarfs  an  
ear ly  invo lu t ion  w i t h  marked  loss of l ymphocy te s  and 
ev i d en t  fibrosis in 11 ou t  of 40 an imals ;  in animals  which 
stil l  had  an appreciable  t h y m u s  we found a much  th inne r  
cor tex  and  a p redominance  of t he  medu l l a  w i th  a larger  
n u m b e r  of Hassal ' s  bodies. The  mean  % of labelled t h y m i c  
nuclei  in the  dwar f  mice was marked ly  lower (and mos t ly  
so in the  ou te r  cortex) t h a n  t h a t  of t he  normal  an imals  in 
al l  age groups;  in those  showing  ex t r eme  t h y m i c  involu-  
t ion,  no evidence of label l ing was found.  

The  germinM centres in the  splenic nodules f rom dwar f  
mice were less p rominen t  t h a n  those f rom normal  l i t te rs ;  
this  was pa r t i cu la r ly  t rue  for t he  an imals  w i th  marked  
involu t ion  of the  thymus .  The  mos t  s t r ik ing differences in 
the  splenic nodules  of dwarfs were t he  h y p o t r o p h y  of the  
lympho id  t issue sur rounding  the  small  ge rmina l  centres  
and  the  lower numbers  of the  large pyron inophy l i c  cells 
and p lasma cells d i s t r ibu ted  a round  the  splenic nodules.  

The  germina l  centres  of the  per ipheral  and mesenter ic  
l y m p h  nodes and  of t he  Paye r ' s  pa tches  of the  dwarfs  ap'- 

peared  to be e x t r e m e l y  reduced, b o t h  in size and number .  
Fur the rmore ,  in the  animals  showing clear-cut  signs of 
t h y m i c  involut ion ,  loss of small  lymphocytes ,  prol ifera-  
t ion  of re t icu lar  t issue and lack of pyron inophyl ic  cells 
and  p lasma cells in t he  medul l a ry  cords were the  main  
findings.  

The  bone mar row f rom dwar f  an imals  showed var iab le  
changes  rang ing  f rom a modera t e  decrease of  granulo-  
poie t ic  and e ry thropoie t ic  ac t iv i ty  to a severe cel lular  
deplet ion.  Also the  megaka ryocy te s  appeared  to be  in 
low numbers .  

Table I. Body, thymus and spleen weight of normal litters and dwarf 
mice sacrificed between 21 and 61 days of life 

No. Body Thymus weight Spleen weight 
of weight mg % mg % 
mice (g) body body 

weight weight 

Normal 29 14,946 65.9 0,44 104.1 0,691 
Dwarf 40 4.801 10.4 ~ 0,20~ 9.9 0,206 

11 animals without any appreciable thymie residue were excluded. 

Table II. Level of antibody-producing spleen cells after a primary 
i,p, injection of sheep red cells in normal litters and pituitary dwarf 

mice at 40 days of age 

Body Thymus Spleen Total Plaque- 
weight weight weight celts/spleen forming 
(g) (rag) (mg) cells]10 s 

spleen 
cells 

Normal 

1 10.808 55 101 78.0 • 10 s 238.5 
2 9.523 44 89 53.6.106 298.5 
3 10.103 44 100 44.6- 10 e 340.8 
4 11.088 54 91 63.2 • 108 234,I 
5 17.650 81 155 126.8 • 106 272,8 

Dwarf 

1 7.108 12 24 25,6 ' 106 178,1 
2 4.848 + ~ i 1 8.6 • 106 18,6 
3 5.153 8 15 8.2 • 106 78.4 
4 5.368 5 10 4.6 • 106 52.1 
5 4.158 8 16 8.0 • l0 s 20.0 
6 3.758 ~ 8 3.2' l0 s 25,0 
7 3.305 ~ 11 1.15,106 52,1 

Animals without grossly appreciable thymus residue. 
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Fig. 1. Agar plate from a normal mouse. Note the high number of 
plaques produced by the antibody-forming ceils of the spleen 4 days 
after receiving a primary Lp. injection of 4 • 10 7 sheep erythrocytes. 

Fig. 2. Agar plate from a dwarf mouse. For comparison with Figure 1 
note the extremely low number of plaques produced by the antibody- 
forming cells of the spleen 4 days after receiving a primary i.p. 

injection of 4 • 10 ~ sheep erythrocytes. 

As shown in Table  I I  and in Figures,  1 and 2, the  capac-  
i ty  to  produce  p laque- fo rming  cells in dwarfs  wi th  t h y m i c  
and per iphera l  l ympho id  t issue invo lu t ion  was m a r k e d l y  
impaired.  I n  6 ou t  of  7 + an imals  t he  i m p a i r m e n t  was wel l  
ev iden t ;  i t  should be no ted  t h a t  the  on ly  dwar f  mouse  
showing a reasonably  h igh  level  of p laque- fo rming  cells 
was an  an imal  whose t h y m u s  stil l  showed his tological  
and au to rad iograph ic  ev idence  of ac t ive  funct ion,  and 
per ipheral  l ympho id  t issues wi th  less marked  a t rophy .  

The  possible act ion exer ted  b y  the  t h y m u s  on o ther  
lymphoid  organs has been ex tens ive ly  inves t iga ted ,  mos t ly  
by  s tudy ing  the  effect of comple te  t h y m i c  r emova l  in 
new-born  mice. These studies showed a marked  fai lure 
to gain weight ,  general ly  followed by  wast ing  s y m p t o m s  
and p r e m a t u r e  dea th  5. I t  has  also been shown t h a t  there  
is f requen t ly  a t e rmina l  per ipheral  l y m p h o c y t e  deficit ,  
toge ther  w i th  a reduc t ion  in the  l y m p h o c y t e  popula t ion  
of the  per ipheral  l ympho id  organs e,7, and an i m p a i r m e n t  
of several  immunologica l  capaci t ies  5,T-la. Tak ing  these 
da t a  toge the r  wi th  t he  fac t  t h a t  the  dwarf  mice of our  
s t ra in  h a v e  a life span l imi ted to 45-65 days,  and wi th  
our  expe r imen ta l  observa t ions  showing in these animals  
an ear ly  t h y m i c  involut ion ,  a deficien6y in the  p roduc t ion  
of t h y m i c  lymphocy tes ,  a marked  a t r o p h y  of the  pe r i -  
phera l  l ympho id  t issues and  a severe  i m p a i r m e n t  of the  
capac i ty  to  produce  an t ibody-p laque - fo rming  cells in 
response to an  in jec t ion  of sheep red  cells, i t  appears  
reasonable  to  suggest  t h a t  this  condi t ion  resembles  t he  
syndrome  seen in mice t h y m e c t o m i z e d  shor t ly  a f te r  bir th.  

I n  conclusion,  our  results,  showing an ex t r em e  a t rophy  
of t he  per iphera l  l ympho id  sys tem associated w i t h  a 
marked  decline in immunolog ica l  c apac i t y  mos t ly  in  
dwarfs  w i th  m a r k e d  invo lu t ion  of the  t hymus ,  f i t  well  
w i th  t he  genera l ly  accepted  assumpt ion  of t he  i m p o r t a n t  
role p layed  by  these  organs in the  i m m u n e  response.  T h e y  
also seem to conf i rm the  assert ion x°'*~-*4 t h a t  t h y m i c  
func t ion  is no t  only  invo lved  in es tabl ishing the  immuno-  
logical po ten t i a l  dur ing ear ly  life, b u t  is also s t r ic t ly  re- 
la ted to the  ma in tenance  of an  adequa te  prol i fera t ion  of 
i m m u n e - c o m p e t e n t  cells dur ing adul t  life. 

Riassunto. L ' a u t o r e  ha  s tud ia to  la morfologia  del siste- 
m a  l inforet icolare e lo s t a t e  di  r ea t t i v i t~  i m m u n i t a r i a  del  
t o p e  Snet l /Bagg con nan ismo eredi tar io  preipofisario.  ~; 
s t a t e  r i scon t ra ta  una  no tevo le  ipoplasia  di t u t t o  il s i s t ema  
l inforet icolare ed una  severe  d iminuz ione  del la  capacitA 
an t icorpopoie t ica  la  cui cause  v iene  f a t t a  r isalire con ogni  
probabil i tA al g rave  s t a t e  di def ic i t  t imico  congeni to .  Si 
p rospe t t a  t h e  il t o p e  nano  ipofisario s i r  po r t a to re  di  una  
s indrome ana loga  a quel la  spe r imentMmento  i ndo t t a  me-  
d ian te  t i m e c t o m i a  neonata le .  
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