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Receptors for polymerized albumin o n  l i v e r  cells 
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Summary. By the  use of r abb i t  p01ymerized a lbumin  labelled wi th  f luorescein i so th iocyanate ,  or coa ted  on sheep red 
blood cells, specific receptors  on r abb i t  l iver cells were demons t r a t ed .  The possible biological role of these  receptors  is 
discussed.  

A new t y p e  of au toan t ibod ies  d i rec ted  aga ins t  po lymer ized  
a lbumin  was descr ibed in some pa t i en t s  w i th  liver dys-  
func t ion  2-* and  in r abb i t s  w i t h  hepa t ic  disorders  5. The 
a lbumin  po lymers  are p repa red  e i ther  by  s p o n t a n e o u s  
ageing of a lbumin  solut ion or by  its cross l inking wi th  
g lu ta ra ldehyde  4. A lbumin  po lymers  are fo rmed in vivo 
too, as sugges ted  b y  the i r  de tec t ion  in some pathologica l  
sera 3, ~. We have  recen t ly  sugges ted  4 t h a t  the  r emova l  of 
the  a lbumin  po lymers  f rom the  c i rculat ion m a y  be per-  
fo rmed b y  specific receptors  on liver cells. We repor t  here  
some evidence  suppor t ing  th is  hypothes i s .  
Material and methods. The hepa tocy t e s  were p repa red  
f rom rabb i t  l iver according to  Hopf  e t  al. 7. The v iabi l i ty  of 
h e p a t o c y t e s  exceeded  90% (phase con t r a s t  microscopy) .  
The cell suspens ion  con ta ined  less t h a n  1% of Kupf fe r  
cells. R a b b i t  a lbumin  {RSA) was  isolated f rom serum b y  
p repa ra t ive  e lect rophores is  in agarose gel s and  found to  
be pure  by  electrophoresis .  G lu ta ra ldehyde  t r e a t m e n t  of 
R S A  s lead to the  fo rma t ion  of a soluble po lymer  (RSAP)  
wi th  a molecular  weigh t  of 680,000 da l tons  as de t e rmined  
by  gel f i l t ra t ion  on Sepharose  6B. Fluorescein isothio-  
cyana te  (FITC) conjuga tes  of R S A  and  R S A P  were  
p r epa red  by  reac t ing  20 mg m1-1 pro te in  w i th  1 mg m1-1 
F ITC for 30 min a t  37~ and  overn igh t  a t  4~ a t  p H  9.2 
in 0.1 M ca rbona te  buffer.  The molar  F ITC/p ro t e in  ra t io  
was be tween  6 (RSA) and  9 (RSAP).  
Results and discussions. F I T C - R S A P  s ta ined  more  t h a n  
90% of hepa tocy tes .  The m a j o r i t y  of f luorescent  hepa to -  
cy tes  p resen ted  r ing (figure 1C) and p a t c h y  (figure 1D) 
s ta ining.  The s t ronges t  f luorescence was not iced  on 
small-sized h e p a t o c y t e s  (figure 1A). Very  few hepa to -  
cy tes  showed cap fo rma t ion  even  a t  37~ If  t he  cell 
suspens ion  was i ncuba t ed  for 2 h a t  37~ m a n y  cells 
exh ib i t ed  progress ive  p inocytos is  (figures 1B und  E). The 
in t ens i ty  of f luorescence was  somet imes  cons iderab ly  
enhanced  if the  cells had  been incuba ted  before s ta in ing  
for 2 h a t  37 ~ (2 • 10~ cells ml-1). This  m a y  indica te  t h a t  

the  cells have  in v ivo  loosely a t t a ch ed  a lbumin  on the i r  
surface which  is lost  dur ing  the  incubat ion  at  37~ No 
s ta in ing  was observed  wi th  F I T C - R S A ,  even a t  h igh 
doses of the  l igand (2 mg 107 cells -1 (figure 1F)). The 
s ta in ing  wi th  F I T C - R S A P  was no t  reduced  by  prel imi-  
n a r y  incuba t ion  of cells w i th  non- f luorescen t  R S A  (1 mg  
107 cells-i)  while a p p r o x i m a t e l y  70 % inhibi t ion of s ta in ing  
was  recorded wi th  non- f luorescen t  R S A P  (1 mg 107 
cells-i) .  No s ignif icant  s ta in ing  of r abb i t  alveolar  macro-  
phages  or blood l y m p h o c y t e s  was recorded e i ther  w i th  
F I T C - R S A  or wi th  F I T C - R S A P .  No b inding  of glutar-  
a ldehyde  po lymer ized  r abb i t  IgG on r abb i t  h e p a t o c y t e s  
was found (unpubl ished results).  These results  show t h a t  
the  b ind ing  of F I T C - R S A P  to h e p a t o c y t e s  is specific. 
The abi l i ty  of l iver cells to b ind  exclusively F I T C - R S A P  
was verif ied b y  a rose t te - fo rming  technique ,  using as 
indica tor  cells sheep e ry th rocy t e s  coa ted  wi th  R S A P  
(EAP).  E A P  were p repa red  according to the  m e t h o d  
previous ly  descr ibed for h u m a n  a lbumin  4. E r y t h r o c y t e s  
t r ea t ed  wi th  g lu ta ra ldehyde  (E) were used as control .  
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Fig. 1. Fluorescent staining of rab- 
bit hepatocytes with FITC-RSAP 
( • 400). A. Ring staining; B. pino- 
cytosis (early process) ; C. brocken 
ring staining; D. patchy staining; 
E. pinocytosis (late process); F. 
negative cells (treated with FITC- 
RSA). To 3-5.10 s cells, suspended 
in 0.4 ml TC-199 medium contain- 
ing 2% bovine serum albumin, 
0.1 ml of FITC-RSAP (5 mg In1-1) 
was added and the mixture was 
incubated at 4~ for 45 min. The 
cells were washed 3 times with 
cold medium containing or not 
sodium azide (1 mg m1-1) and fi- 
nally resuspended in 0.2 ml medi- 
um. Cells were examined in sus- 
pension under coverslip with ul- 
traviolet light. More than 200 
cells were examined and scored in 
each preparation. 
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R a b b i t  h e p a t o c y t e s  fo rmed  a s ignif icant  percen tage  of 
rose t tes  wi th  E A P  (48.1 -~ 2.1) while wi th  E the  cells 
fo rmed 5 t imes  less rose t tes  (9.9 • 0.8). The ma jo r i t y  of 
cells have  mul t ip le  E A P  over  the  surface or a round  the  
m e m b r a n e  (figures 2 A and  C). Few cells showed cap-like 
locat ion of E A P  (figure 2B). The cells a t t ach ing  less 
t h a n  6 E A P  or E were considered as nega t ive  (figure 2D). 

Fig. 2. Photomicrographs of rosettes formed by EAP ( • 400). A. Cell 
with ring-like distribution of EAP; B. cell with cap-like distribution 
of EAP; C. cell with multiple EAP over the cell surface; beneath 
this cell a negative hepatocyte can be seen; D. 2 negative cells. To 
l0 s hepatocytes suspended in 0.1 ml of TC-199 medium containing 
2% bovine serum albumin, 0.05 ml of EAP or E (109 cells m1-1) was 
added in a small plastic tube. The mixture was centrifuged at 4 ~ for 
10 rain at 250 g, and further incubated for 1 h at 37 ~ After adding 
0.35 ml medium, the deposit was gently resuspended, fixed for 10 
min with 0.2 ml 2% buffered formaldehyde and further treated with 
0.1 ml 0.2% buffered toluidine blue. After 10 min more than 200 
cells were counted. 

The lower pe rcen t  of hepa tocy t e s  b ind ing  E A P  (50%) 
t h a n  t h a t  of ceils s t a ined  wi th  F I T C - R S A P  (90%) m a y  
be due  to  the  d i f fe rent  size of E A P  (5 [xm) and hepa to -  
cytes  (30 vm), p r even t ing  some h e p a t o c y t e s  to  form E A P  
rose t tes  dur ing  cent r i fugat ion .  Rose t t e  fo rmat ion  be tween  
h e p a t o c y t e s  and E A P  was inh ib i t ed  if the  cells were 
previous ly  t r ea t ed  wi th  R S A P .  The a m o u n t  of R S A P  
which  was able to inh ib i t  rose t te  fo rma t ion  by  50% is 
lower t h a n  10 ~xg 10 * cells -1. No s ignif icant  inhib i t ion  of 
rose t te  fo rmat ion  was recorded wi th  R S A  (2 mg RSA 
10 ~ cells-I).  
The resul ts  p resen ted  here seem to show t h a t  on r abb i t  
h e p a t o c y t e s  m e m b r a n e  there  are receptors  specific for 
the  f ixa t ion  and  fu r the r  man ipu la t ion  of the  po lymer ized  
a lbumin.  The lack of the  b ind ing  of R S A  and  R S A  
inabi l i ty  to inh ib i t  t he  f ixat ion of R S A P ,  as de tec ted  
by  f luorescence or by  rose t te  format ion ,  suggest  t h a t  
these  specific receptors  are able to  d iscr imina te  be tween  
tile d i f ferent  molecular  forms of the  a lbumin.  The receptor  
for a lbumin  on l iver  cell m e m b r a n e  funct ions  as a b inding  
site for in vivo po lymer ized  a lbumin  conferr ing to  these 
cells the  abi l i ty  to  r emove  the  worn -ou t  polymer ized  
molecules f rom the  c i rculat ion of the  normal  organism. In  
th is  way  the  h e p a t o c y t e s  would be able to select  for 
ca tabol i sm the  po lymer ized  a lbumin  f rom the  na t ive  one: 
A similar  mechan i sm of IgG ca tabol i sm by  macrophages  
was sugges ted  9, and some evidence t h a t  IgG f ixat ion and 
degrada t ion  proceed only  af ter  the  aggregat ion  of the  
molecules was p resen ted  10. The l iver damage  affects  the  
abi l i ty  of h e p a t o c y t e s  to  r emove  the  po lymer ized  albu- 
min f rom the  circulat ion,  therefore  raising its level in 
serum. The po lymer ized  a lbumin by  i ts  new ant igenic  sites 
is po ten t i a l ly  able to  induce the  fo rma t ion  of specific 
au toant ibodies .  
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Summary. 4000 rads  of mixed  g a m m a  neu t ron  rad ia t ion  admin i s t e red  to rhesus  monkeys  released a s ignif icant  amo un t  
of h i s t amine  in to  the i r  circulat ion.  W h e n  tile monkeys  were t r ea t ed  wi th  a mast-cel l  h i s t amine  deple te r  (compound 
48/80) for 4 days  and  t h e n  i r radia ted ,  no increase in c i rculat ing h i s t amine  was seen. W h e n  48/80 was given 20 min after  
i r radia t ion,  only  a sl ight  increase in h i s tamine  was seen, ind ica t ing  t h a t  4000 rads  had  released mos t  of the  mast-cel l  
h i s t amine .  

Increased  blood h i s t amine  levels following ionizing 
rad ia t ion  have  been repor ted  in ra t s  and man~-4. These 
increased h i s t amine  levels appear  to  correlate  well w i th  
hypo tens ion  4 as well as w i th  a reduc t ion  in the  n u m b e r  of 
t issue m a s t  cells s. Because ionizing rad ia t ion  does cause 
d i s rup t ion  of m a s t  cells, the  suggest ion has been made  
t h a t  mast-cel l  h i s t amine  release could be responsible  for 
t he  observed hypo tens ion  4. 
These e x p e r i m e n t s  have  been  des igned to show a) the  
a m o u n t  of h i s t amine  released by  4000 rads  of ionizing 
radia t ion,  b) t he  a m o u n t  of h i s t amine  which  is blocked 
f rom recep tor  si tes by  an an t ih i s tamine ,  c) w h e t h e r  the  

released h i s t amine  is of mast -ce l l  or n o n m a s t  origin, and 
d) w h e t h e r  the  h i s t amine  released could be responsible 
for the  observed hypo tens ion .  These exper imen t s  were 
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