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I n t r a m u s c u l a r  t u m o u r  chal lenge gave  rise to  a v io len t  
reac t ion  in  t he  th igh .  The  l imb  b e c a m e  w a r m  a n d  swelled 
to 2-3 • i ts  or ig inal  c i rcumference.  His to logica l ly  t he re  
was a mass ive  in f i l t r a t ion  of l y m p h o i d  ceils, pa r t i cu l a r ly  
of i m m u n o b l a s t s  (Figure).  Th i s  r eac t ion  l as ted  a b o u t  14 
days.  

Discussion. There  is no  cor re la t ion  b e t w e e n  t he  n u m b e r  
of c i rcu la t ing  t u r n o u t  cells a n d  t he  d e v e l o p m e n t  of m e t a -  
s tasesK T h o u g h  t he  fa te  of t h e  t u m o u r  cells wh ich  fail  to  
i m p l a n t  is no t  k n o w n  for cer ta in ,  i t  is r easonab le  to  
assume t h a t  t h e y  are des t royed  e i the r  in  t he  vascu la r  t ree  
or in  t h e  t issues.  I n  t h e  l a t t e r  ins tance ,  such  d e s t r u c t i o n  
would  occur  as a resu l t  of a c o n c o m i t a n t  i m m u n e  r eac t ion  

man i fes t ing  i tself  in t issues capab le  of s t rong  a n a m n e s t i c  
react ions .  

As h a s  been  shown  in  t h e  p rev ious  e x p e r i m e n t s  - 
muscle  p roduces  a s t rong  i m m u n e  response.  I t  is p r o b a b l e  
t h a t  t u m o u r  embol i  are des t royed  as soon as t h e y  ex t ra -  
v a s a t e  f rom t h e  muscle  capi l lar ies  to  elicit  a (subclinical) 
h y p e r s e n s i t i v i t y  reac t ion .  

Tissues w h i c h  show l i t t l e  or no  allergic response  are 
f r e q u e n t l y  t h e  si te  of s econda ry  t u r n o u t  sp read  e.g. bone  
or liver.  Lung ,  wh ich  is capab le  of al lergic react ions ,  can  
des t roy  large n u m b e r s  of t u r n o u t  ceils since all h a e m a t o -  
genous  t u m o u r  embo]i  pass  t h r o u g h  th i s  o rgan  w i t h o u t  
necessar i ly  se t t ing  up  m e t a s t a t i c  g r o w t h  ~. However ,  in t h e  
course of m a l i g n a n t  disease, a p o i n t  is r eached  where  t he  
capac i ty  to  m o u n t  an  allergic response  wanes  (see p rev ious  
c o m m u n i c a t i o n )  an d  w h e n  p u l m o n a r y  t i ssue  can  no 
longer  t r a p  an d  i n a c t i v a t e  large n u m b e r s  of t u m o u r  ceils. 

S imi la r  obse rva t ions  h a v e  been  m a d e  w i t h  regard  to  
o the r  diseases. Me ta s t a t i c  tubercu los i s  c an  sp read  to 
bone  e.g. spine  b u t  will n o t  affect  sp ina l  muscle.  I nc iden t -  
ally, t h i s  f ind ing  would  also rule  ou t  c i r cu la to ry  fac tors  to  
a c c o u n t  for th i s  se lect iv i ty .  Syphi l i s  involves  p rac t i ca l ly  
all t i ssues  excep t  skele ta l  muscle.  Viruses  a t t a c k  lung,  
l iver,  ne rvous  t issue,  skin,  etc. b u t  v e r y  r a r e ly  v o l u n t a r y  
muscle  t h o u g h  m y a l g i a  is a f r e q u e n t  a c c o m p a n i m e n t  of 
v i ra l  disease. 

I t  appea r s  t h a t  the re  is a n  inverse  r e l a t ionsh ip  b e t w een  
t h e  capac i t y  of a n y  one t i ssue  to  m o u n t  a n  allergic 
response  a n d  i t s  readiness  to  accep t  t u r n o u t  metas tases .  
Muscle shows l i t t l e  p r i m a r y  h o m o g r a f t  response  b u t  a 
ve ry  m a r k e d  a n a m n e s t i c  reac t ion .  Th i s  m a y  acco u n t  for 
i ts  accep tance  of a p r i m a r y  gra f t  a n d  for i ts  effect ive 
re jec t ion  of s econda ry  t u m o u r .  

Zusammen/assung. Die  Ursache  der  Se l t enhe i t  h g m a t o -  
gener  T u m o r m e t a s t a s e n  im Muskelgewebe  wurde  u n t e r -  
such t  u n d  festgestel l t ,  dass  weder  <~ B o d e n b e s c h a f f e n h e i t  ~> 
noch  <~h/imodynamische Faktoren~> auf  die Metas ta t i s i e -  
r u n g  Einf luss  haben ,  sonde rn  dass  ledigl ich die F~ihigkeit 
des Muskelgewebes  zu besonders  i n t e n s i v e r  a l lergischer  
R e a k t i o n  daffir  v e r a n t w o r t l i c h  ist. 
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Leg muscle of immune rat, 2 days alter tumour inoculation. The 
muscle is heavily infiltrated with lymphoid cells, particularly im- 
munoblasts which stain dark red with pyronin and appear black on 
this photograph. Methyl green-pyronin, • 310. 
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Differential Response of Bone Marrow and Extramedullary Adipose Cells to Starvation 

I n  man,  as in  some o t h e r  m a m m a l i a n  species, m u c h  of 
the  b o n y  cavi t ies  are filled w i t h  adipose  t i ssue  ( f a t ty  
marrow) .  Hemopo ie t i c  m a r r o w  (red mar row)  also con ta ins  
a va r i ab l e  n u m b e r  of f a t  cells 1. S imi lar i t ies  in l ip id  chem-  
ical compos i t ion  ha s  led to t he  a s s u m p t i o n  t h a t  t h e  fa t  
con t a ined  w i t h i n  bone  is a t yp i ca l  wh i t e  adipose  t i ssue  
such  as t h a t  found  in e x t r a m e d u l l a r y  sites~,K Th i s  
a s s u m p t i o n  m a y  no t  be  t rue .  To t e s t  t he  h y p o t h e s i s  t h a t  
t he  m e d u l l a r y  adipose  t i ssue  m a y  differ  in i ts  me tabo l i c  
cont ro l  f rom e x t r a m e d u l l a r y  wh i t e  ad ipose  t issue,  an  
e x p e r i m e n t  was u n d e r t a k e n  in r a b b i t s  to  d e t e r m i n e  t h e  

s t r u c t u r a l  changes  in  m e d u l l a r y  an d  e x t r a m e d u l l a r y  
adipose  cells in  response  to  s t a rva t ion .  The  s t r u c t u r a l  
changes  associa ted  w i t h  l ipid mob i l i za t i on  f rom ex t ra -  
m e d u l l a r y  wh i t e  ad ipose  t i ssues  are well recognized ~-6. 

Materials and methods. New Zea land  wh i t e  r a b b i t s  
(2.5-3 kg) were m a i n t a i n e d  ill s epa ra t e  cages u n d e r  
n o r m a l  l a b o r a t o r y  cond i t ions  ( a m b i e n t  t e m p e r a t u r e  
25 ~ T ap  w a t e r  was  al lowed ad  l i b i t u m  b u t  all  food was 
wi thhe ld .  Af te r  10 days  s t a r v a t i o n  t he re  was all ave rage  
w e i g h t  loss of 2 2 0 ,  The  an i ma l s  b e c a m e  i r r i t ab le  and  
hype r reac t ive .  Tissue f rom t h e  e p i d i d y m a l  f a t  p a d  and  
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the  d i s t a l  end  of t h e  t i b i a l  c a v i t y  (where t h e  m a r r o w  is 
a h n o s t  comple t e ly  fat)  was e x a m i n e d  pr ior  to  and  1, 2, 5 
a n d  10 days  a f t e r  the  i n i t i a t i on  of s t a rva t i on .  The  t issues  
were f ixed in s i tu  in  p h o s p h a t e - b u f f e r e d  OsO 4 (pH 7.4) for 
10 rain.  Smal l  b locks  were t h e n  t r a n s f e r r e d  to  f resh 
f ixa t ive  for 2 h, t h e n  d e h y d r a t e d  a n d  e m b e d d e d  in  Epon .  
Sect ions  were m a d e  w i t h  a d i a m o n d  knife, s t a ined  w i t h  
u r a n y l  a ce t a t e  a n d  lead c i t r a t e  a n d  s tud ied  in  a n  e lec t ron  
microscope.  Th i cke r  sect ions  were cu t  w i t h  a glass knife,  

s t a ined  w i t h  a lka l ine  to tu id ine  b lue  an d  s tud ied  b y  l igh t  
microscopy.  

Results. T h e  e p i d i d y m a l  adipose  t i ssue  showed  irreg-  
ular i t ies  a n d  p ro jec t ions  a t  t h e  surface of t h e  cells as 
ear ly  as 1 d a y  a f t e r  t h e  i n i t i a t i o n  of s t a rva t ion .  13y day  
2 m a n y  p inocy t i c  vesicles h a d  appea red  in t h e  pe r iphe ra l  
r i m  of cy top lasm.  Af te r  5 days  these  f ind ings  were more  
ex tens ive .  I n  add i t ion ,  t h e  cen t r a l  f a t  globules h a d  los t  
t h e i r  h o m o g e n e i t y  an d  d i sp layed  a ' f luffy '  a p p e a r a n c e  
sugges t ing  fa t  mobi l i za t ion .  Cell size s h r u n k  a n d  t he  
sh r inkage  could be  m e a s u r e d  b y  d e t e r m i n i n g  the  d i s t ance  
b e t w e e n  t h e  cell m e m b r a n e  a n d  t h e  basa l  m e r n b r a n e  as 
t h e  l a t t e r  does n o t  confo rm to t h e  d imin i shed  cell size. 
A n  ex tens ive  s y s t e m  of s m o o t h  endop lasmic  r e t i cu lum 
a n d  some dense  bodies  could  be  seen w i t h i n  t h e  cy top lasm.  
]By d a y  10, m o s t  of t h e  cells h a d  become  sp ind le - shaped  
an d  now c o n t a i n e d  on ly  smal l  d rople t s  of fa t  a n d  some 
dense  bodies  (Figure A). I n  c o n t r a s t  to  these  f indings ,  
m a r r o w  adipose  cells showed no d iscern ib le  changes  
d u r i n g  t h e  per iod  of s t a r v a t i o n  a n d  cell size r e m a i n e d  
unchanged .  The  cen t r a l  f a t  globules  r e t a ined  t h e i r  
h o m o g e n e i t y  a n d  t h e  c y t o p l a s m  d i sp layed  no  ev idence  to  
sugges t  fa t  mob i l i za t i on  (Figure B). 

Discussion. T h e  fa i lure  of m a r r o w  adipose  t i ssue  to 
mobi l i ze  f a t  in  response  to  10 days  of s t a r v a t i o n  in t h e  
face of fa t  mob i l i za t i on  f rom e x t r a m e d u l l a r y  adipose  
tissue, m a y  po in t  to  i n h e r e n t  differences in t h e  me tabo l i c  
response  of these  2 t i ssues  to  shor t  t e r m  s t a r v a t i o n ;  on  t he  
o t h e r  h a n d ,  t h e  dif ference obse rved  m a y  be  accoun ted  
for b y  t h e  fac t  t h a t  m e d u l l a r y  ad ipose  t i ssue  is c o n t a i n e d  
w i t h i n  a rigid,  non -expans i l e  cav i ty ,  a s i t ua t i on  t h a t  m a y  
s o m e h o w  inf luence  i t s  response.  A n y  change  in t h e  
vo lume  of a adipose  cells w i t h i n  t h e  b o n y  c a v i t y  m u s t  be  
rec ip roca ted  b y  a co r re spond ing  change  in  t h e  vo lume  
of t h e  r e m a i n i n g  e l ement s  (e.g. hemopo ie t i c  t issue).  
Mar row adipose  cells do undergo  d e g r a d a t i o n  w h e n  
hemopoie t i c  t i ssue  e x p a n d s  in response  to  e x p e r i m e n t a l  
hemolys i s  7. I t  is possible  t h a t  m a r r o w  adipose  t i ssue  is 
f unc t iona l ly  d i s t i nc t  f rom i ts  e x t r a m e d u l l a r y  c o u n t e r p a r t ;  
i ts  p r i m a r y  func t ion  be ing  t h e  r egu la t ion  of t h e  i n t e n s i t y  
of hemopoies i s  r a t h e r  t h a n  ti le conse rva t ion  of energy;  i ts  
d e v e l o p m e n t  an d  d e g r a d a t i o n  be ing  cont ro l led  b y  fac tors  
r e l a t ed  to t h e  r egu la t ion  of hemopoies i s  r a t h e r  t h a n  b y  
fac tors  t h a t  re la te  to  t h e  n u t r i t i o n a l  s t a t u s  of t h e  bodyS. 

Epididymal and marrow adipose tissue after 10 days starvation. 
A) Epididymal adipose cells show almost complete loss of lipid 
from their central fat globules. As a result, cell size shrinks. Only a 
smalI fat vacuole (L), displaying a 'fluffy' appearance, remains in the 
vicinity of the nucleus (N). B) In contrast, bone marrow adipose cells 
do not undergo lipid mobilization. Pinocytic vesicles and an extensive 
system of smooth endoplasmic reticulum do not appear in the cell. 
The central Iipid vacuole is retained and maintains its homogeneous 
appearance (both figures • 17,500). 

Zusammen/assung. Nachweis ,  dass  ex t r amedu l l~ re s  
Fe t tgewebe  im H u n g e r z u s t a n d  mobi l i s ie r t  wi rd  w~ihrend 
das  F e t t g e w e b e  des K n o c h e n m a r k s  s t a t i o n e r  ble ibt ,  
was  die p r imgre  F u n k t i o n  des v o m  Energ ies tof fwechse l  
u n a b h g n g i g e n  K n o c h e n f e t t g e w e b e s  un te r s t i i t z t .  
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