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t h e l i u m  cells b y  ch imio t ac t i c  a t t r a c t i o n  1~ the  l a t t e r  pre-  
sen t  a s y n c y t i a l  aspect ,  p r o b a b l y  caused  b y  lyt ic  a c t i v i t y  
of t he  fo rmer  11. Since t h e  r ims  of t he  o v a r i a n  co r t ex  in 
b i rds  are m u c h  less a d v a n c e d  in d e v e l o p m e n t  t h a n  the  
cen t r a l  pa r t s ,  i t  m a y  be  possible  t h a t  such  p h e n o m e n a  still  
occur  in  our  e x p e r i m e n t a l  condi t ions .  W h e r e  t he  cen t r a l  
p a r t  of t he  surface  of t he  qua i l ' s  o v a r i a n  cor tex  comes  in 
close c o n t a c t  w i t h  t he  co r re spond ing  cen t r a l  p a r t  of t he  
ch icken ' s  o v a r i a n  cortex,  no invas ion  of qua i l  cells in to  
t he  l a t t e r  (or v ice-versa)  can  be seen (figure 2). 

B. P a r t  of t he  co r t ex  of some t r a n s p l a n t e d  ovar ies  f rom 
16-day-old  qua i l  e m b r y o s  p e n e t r a t e s  in to  the  u n d e r l y i n g  
CAM m e s e n c h y m e .  T he  ingrowing  quai l  cell mass  m a y  
i n v a d e  even  t he  deeper  layers  of t h e  CAM mesenchyme ,  
a t  a cons ide rab le  d i s t ance  (300 vm) f rom i ts  p o i n t  of 
origin.  Severa l  cor t ica l  b u d s  m a y  deve lop  f rom a c o m m o n  
s t a lk  (figure 3). I n  the  cen t r a l  p a r t  of t he  buds ,  usua l ly  a 
l u m e n  appears .  The  l u m e n  is l ined b y  a n a r r o w  layer  of 
qua i l  oocytes  and  quai l  ep i the l ia l  cells, s epa ra t ed  f rom 
the  CAM m e s e n c h y m e  (composed of ch icken  soma t i c  cells) 
b y  t he  P A S - p o s i t i v e  b a s e m e n t  m e m b r a n e .  B e t w e e n  the  
ch i cken  soma t i c  cells of t he  CAM m e s e n c h y m e  s u r r o u n d i n g  
t he  buds ,  some qua i l  cells m a y  be  seen. These  cells are 
a c c o m p a n y i n g  o v a r i a n  s t r o m a  or m e d u l l a r y  cells. The  
b u d s  fo rmed  b y  t he  ingrowing  quai l  ova r i an  cor t ica l  cells 
h a v e  some r e semblance  to t he  acini  found  in t he  gonads  
of ga s t ropods  le. 

Deve lop ing  t r a n s p l a n t s  are  usua l ly  progress ive ly  enclosed 
in a p a r a o v a r i a n  CAM cav i ty .  Af te r  a p ro longed  so journ  
(for i n s t ance  a f te r  2 successive t r a n s p l a n t a t i o n s  on  CAM), 
t he  quai l  ge rmina l  e p i t h e l i u m  a n d  oocytes  are able  to  
s epa ra t e  t h e m s e l v e s  comple t e ly  f rom the  m e d u l l a r y  t issue, 
b y  i n v a d i n g  the  ep i the l ia l  l in ing  of th i s  p a r a o v a r i a n  CAM 
c a v i t y  (figure 4). As c o n t r a s t e d  w i t h  the  op in ion  of o t h e r  
a u t h o r s  la, 14, our  resu l t s  seem to i nd ica t e  t h a t  a n  i so la ted  
ge rmina l  e p i t h e l i u m  (comple te ly  free f rom a d h e r i n g  
ova r i an  cells) is no  longer  able  to  give rise t o /o r  to  induce  
t he  f o r m a t i o n  of m e d u l l a r y  t issue.  Our  obse rva t ions  are 
in a g r e e m e n t  w i t h  t he  conclus ions  of E r i ckson  15 t h a t  t he  
fac tors  t h a t  con t ro l  t he  d i f f e r en t i a t i on  of the  female  ge rm 
cells reside in the  co r t ex  ovari i .  
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Summary. A s y m m e t r i c  u n i t  m e m b r a n e  (AUM) is a c o m p o n e n t  of t he  l u m i n a l  m e m b r a n e  of u r i n a r y  b l adde r  in m a n y  
species. I n  n o r m a l  h u m a n  adu l t s  i t  is inconspicuous ,  b u t  i t  becomes  p r o m i n e n t  fol lowing inc iden t a l  exposure  to  t h e r a -  
peu t i c  i r r ad ia t ion .  

One c o m p o n e n t  of t he  l um i na l  m e m b r a n e  of n o r m a l  
b l a d d e r  u r o t h e l i u m  is ' a s y m m e t r i c  u n i t  m e m b r a n e '  (AUM) 
plaques .  These  p l aques  are p r e s en t  in  m a n y  species 2. T h e y  
are found  in h u m a n s  d u r i n g  chi ldhood,  b u t  are r e l a t ive ly  
inconsp icuous  in adu l t s  3. The  c u r r e n t  r epo r t  descr ibes  
a n  increase  in A U M - p l a q u e s  in a reas  of n o r m a l  a p p e a r i n g  
u r o t h e l i u m  of adu l t s  who h a v e  been  i r r ad i a t ed  for t r ans i -  
t i o n a l  cell c a r c i n o m a  elsewhere  in t he  u r i n a r y  b ladder .  
Materials and methods. Biopsies  of h i s to log ica l ly  n o r m a l  
a p p e a r i n g  u r o t h e l i u m  were o b t a i n e d  d u r i n g  su rge ry  f rom 
2 ca tegor ies  of p a t i e n t s :  a) 7 a d u l t  p a t i e n t s  w i t h o u t  a 
h i s t o r y  of b l a d d e r  i r r ad i a t i on ;  4 who h a d  ben ign  lesions, 
i.e. u r e t h r a l  o b s t r u c t i o n  or b e n i g n  p ros t a t i c  hype rp la s i a ,  
a n d  3 who  h a d  t r a n s i t i o n a l  cell c a r c inomas  e lsewhere  in 
t h e  b l a d d e r ;  a n d  b) 7 a d u l t  p a t i e n t s  who  h a d  h is tor ies  
of i r r a d i a t i o n  for t r a n s i t i o n a l  cell ca rc inomas .  T he  7 ir- 
r a d i a t e d  p a t i e n t s  h a d  rece ived  5000 R to t he  b ladder .  
One was i r r a d i a t e d  a m o n t h  a n d  a half ,  four  3 m o n t h s ,  
one 4 m o n t h s  a n d  one 4 years  p r io r  to  t he  b iopsy.  W e  
also e x a m i n e d  h is to logica l ly  n o r m a l  b l adde r  u r o t h e l i u m  
o b t a i n e d  a t  t he  au tops ies  of 3 h u m a n  n e o n a t e s  who  were 
free of g e n i t o u r i n a r y  disease a n d  were n e v e r  i r r ad ia t ed .  
The  spec imens  were cu t  in to  1-2 m m  a t i ssue  b locks  and  
f ixed in cold 2% g l u t a r a l d e h y d e  in 0.1 M cacody la t e  
buffer ,  p i t  7.4, for 1 h. T h e y  were pos t - f ixed  in 0.1 M 

cacody la t e  buffer  w i t h  1% o s m i u m  te t rox ide ,  d e h y d r a t e d  
t h r o u g h  g raded  e t h a n o l  so lu t ions  a n d  e m b e d d e d  in E p o n  
812. 50-70 Ilm t h i n  sect ions  were cu t  for e lec t ron  mi-  
c roscopy  on  an  L K B  8801 A u l t r a m i c r o t o m e .  T h e y  were 
s t a ined  w i t h  u r a n y l  a ce t a t e  and  lead c i t r a t e  and  p h o t o -  
g r a p h e d  w i t h  a Ph i l ips  E M  300 e lec t ron  microscope.  I n  
add i t ion ,  g lu t a r a ldehyde - f i xed  1-2 m m  8 t issue b locks  f rom 
2 i r r ad i a t ed  b l adde r s  were soaked in 20% glycerol  in 
0.1 M Mil lonig 's  p h o s p h a t e  buf fe r  a n d  t h e n  freeze- 
f r ac tu r ed  a t  -100~  in a Balzers  mode l  B A F  301 M 
freeze-e tch  mach ine ,  b y  t h e  m e t h o d  of Moor  and  Miihle- 
t h a l e r  4. 
Results and discussion. The  l umina l  m e m b r a n e s  of super-  
ficial u ro the l i a l  cells of n e w b o r n  h u m a n s  con t a in  a b u n d a n t  
AUM-p laques  wh ich  are morpho log ica l ly  iden t ica l  to  
those  descr ibed  in o the r  species 3. As is t yp i ca l  of AUM- 
p laques  in general ,  t h e  h u m a n  AUM-p laques  are 12 n m  
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th ick ,  w i th  an  o u t e r  leaf let  t h a t  is t h i cke r  b u t  less def ined  
t h a n  t h e  inner  one. A U M - p l a q u e s  are jo ined b y  s y m m e t r i c a l  
i n t e r p l a q u e  m e m b r a n e  wh ich  is a p p r o x i m a t e l y  10 n m  in 
t h i cknes s .  Th e  c y t o p l a s m  of t he  superf ic ia l  cells con t a in s  
d i la ted  fus i fo rm vesicles,  wh ich  are pa r t i a l l y  l ined b y  
AU1V[-plaques. Th e  l u m i n a l  m e m b r a n e  in h u m a n  adu l t s ,  in 
c o n t r a s t  to  t h a t  f o u n d  in i n fan t s ,  cons is t s  a l m o s t  en t i r e ly  
of i n t e r p l a q u e  m e m b r a n e  and  is devoid  of A U M - p l a q u e s  
(figure 1). Th e  p a u c i t y  of l u m i n a l  m e m b r a n e  AU1V[- 

p l a que s  in a d u l t  h u m a n s  a n d  the i r  a b u n d a n c e  in the  
u r i n a r y  b l a dde r s  of h u m a n  i n f a n t s  a nd  of r e l a t ive ly  s h o r t  
l ived species  2, sugge s t s  t h a t  loss of p l a q u e s  in h u m a n  
a d u l t s  m a y  be re la ted  to t he  a g ing  process.  I n t e r e s t i ng ly ,  
c ha nge s  in o the r  special ized m e m b r a n e  c o m p o n e n t s  of 
o the r  cell t y p e s  h a v e  also been  a s soc ia t ed  w i th  a g ing  
in vivoS, G as  well  as  in v i t ro  7. H ow e ve r ,  o the r  f ac to r s  
suc h  as d ie t  8 m a y  c o n t r i b u t e  to  t he  loss of A U M - p l a q u e s  
in h u m a n  adu l t s .  

Fig. 1. Luminal surface of superficial cells in urinary bladder of a 'control' adult human. The patient was a 21-year-old female with congenital 
incomplete urethral stenosis and mild bladder obstruction. Bladder urothelium was esse~tialty normal on histological examination. The luminal 
membrane is devoid of AUM-plaques and th e cytoplasmic vesicles are lined by symmetric unit membrane. The superficial cells are joined 
together by a zonula occludens (ZO), a zonula adherens (ZA), and a macula adherens (MA) cell junction. • 86,000. 

Fig. 2. Luminal Urothelial cells in normal urothelium from a patient 4 years post irradiation. The pat/eat had a transitional cell carcinoma 
surgically removed from a distant site in the bladder prior to irradiation. Luminal membrane is characterized by the presence of AUM- 
plaques, which are also components of the wall of cytoplasmic vesicles (V). The cells are joined by a zonula occ|udens (ZO) cell junction. 
• 86,000. Insert: Higher magnification of luminal and vesicular AUM-plaqnes. • 143,000. 
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Fig. 3. Freeze fracture replica of an area of normal urothelium from a patient 4 months post irradiation. The patient had an invasive, poorly 
differentiated transitional cell carcinoma elsewhere in the bladder at the time of biopsy. EF face of luminal membrane is characterized by the 
presence of AUM-plaques, which contain arrayed particles and smooth interplaque areas, x 87,500. Insert: EF face of a fusiform vesicle (V) 
with AUM-plaque. 87,500. 

The luminal  m e m b r a n e  in his tological ly normal  areas 
of uro the l ium,  f rom adul t  pa t i en t s  who received to ta l  
b l adder  i r radia t ion  for t rans i t iona l  cell carc inoma else- 
where  in t he  b ladder ,  con ta ins  AUM-plaques  in abundance .  
In  cont ras t ;  AUM-plaques  are absen t  in areas of no rma l  
appear ing  u ro the l ium from similar  pa t i en t s  who have  
n o t  been  i r radia ted .  In  add i t ion  to the  m a n y  AUM- 
p laques  found in t he  luminal  m e m b r a n e  of i r rad ia ted  
pa t i en t s  (figure 2), t he  cy top l a sm of the  superficial  cells 
is r ich in fusi form vesicles which  have  AUM-plaques  as 
a c o m p o n e n t  of the  vesicle wall  (figure 2, insert) .  Similar  
vesicles are no t  p re sen t  in the  non i r r ad ia t ed  urothel ium.  
Freeze- f rac tur ing  of i r r ad ia ted  adu l t  u ro the l ium dis- 
closes polygonal  p laques  of var ious  sizes packed wi th  
par t ic les  6 n m  in d i ame te r  (figure 3) on the  extracel lu lar  
f rac ture  face (EF). They  cor respond to the  AUM- 
p laques  9,10, while t he  re la t ive ly  smoo th  areas cor respond 
to  t he  symmet r i c  in te rp laque  membrane .  The pro to-  
p lasmic  f rac ture  face (PF) displays  the  c o m p l e m e n t a r y  
po lygona l  p laques  which  ins tead  of p i ts  have  fine granules.  
E F  f rac ture  of t he  fusiform vesicles discloses areas of 
packed  par t ic les  (figure 3, insert)  s imilar  to those  seen 
in t he  luminal  surface. We  have  no t  observed the  p laques  
in f reeze-fracture  replicas of non i r rad ia ted  adul t  uro- 
the l ium.  
Lumina l  m e m b r a n e  AUM-plaques  are normal  componen t s  
of fully d i f fe ren t ia ted  b ladder  u ro the l ium in m a n y  species 8, 
including h u m a n  in fan t s  3. The p laques  are formed wi th in  
t he  Golgi complex  n,~2 and  are bel ieved to  serve as 
m e m b r a n e  a t t a c h m e n t  si tes for tonof i l aments  wi th in  
luminal  cells~. AUM-plaques  are marked ly  reduced in 
n u m b e r  in u r inary  b ladder  u ro the l ium in adul t  humans .  
X- i r r ad ia t ion  inf luences cell d i f ferent ia t ion  as has been  
shown in s tudies  on neu rob l a s toma  ceils which undergo 
i r reversible  d i f fe ren t ia t ion  in v i t ro  following i r rad ia t ion  1~. 
I n  vivo,  X- i r rad ia t ion  res tores  in invasive ur inary  b ladder  
ca rc inoma  ceils, t he  blood group isoant igens is, which  are 

a cons t i t uen t  of t he  cell m e m b r a n e  surface coa t lL  
Fur the rmore ,  X- i r rad ia t ion  is known to increase the  
a m o u n t  of Golgi complex  18, and  its p roduc t s  ~9. This was 
sugges ted  to  be the  key  organel le  in somat ic  regenera t ion  
in the  r ep lacemen t  of in jured m e m b r a n e  s t ruc tures  2~ 
Since AUM-plaques  are assembled  wi th in  the  Golgi com- 
plex, i t  .is likely t h a t  AUM-plaque  fo rmat ion  in adul t  
h u m a n  u ro the l ium following X- i r rad ia t ion  is the  resul t  
of Golgi complex  s t imulat ion.  Our observa t ions  also sug- 
gest  t h a t  loss of AUM-plaque  fo rma t ion  by  the  Golgi 
complex  m a y  be a normal  p a r t  of the  aging process.  
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