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In the course of localization of albumin and t rans fe r r in  in success ive  ser ia l  sections through 
the mouse l iver  the two proteins were found in the same parenchymatous cells,  constituting 
a very  small  proport ion of the population. In sections through transplanted hepatomas they 
were  found in the same zones, but their  localization in individual cells did not coincide exactly. 

The l iver is the site of synthesis of most serum proteins,  including albumin, t ransferr in ,  fibrinogen, 
prothrombin,  and haptoglobin [19], but it is still not sufficiently c lear  which l iver cells produce which p ro -  
reins, whether all or  only some cells part icipate in their  synthesis,  and whether specialization among the 
cells exists o r  each cell is potentially capable of synthesizing several  se rum proteins simultaneously. The 
localization of the individual proteins in l iver  sections of var ious species of animals and man has made it 
possible to obtain certain information regarding albumin [12, 16], prothrombin [7, 9, 10], and fibrinogen 
[11, 16]. 

In this investigation the distribution of two proteins (serum albumin and transferr in)  was studied 
simultaneously in sections through the mouse liver.  

E X P E R I M E N T A L  M E T H O D  

Male mice (C3HA) aged 2-6 months, f rom the "Stolbovaya" nursery  of the Academy of Medical Sci- 
ences of the USSR were used. Transplantable strains 22a, 48, 60, and 61 of mouse hepatomas also were 
studied [1]. 

The animals were  decapitated and pieces of t issue measur ing 2 • 4 • 4 mm were  immediately fixed 
at 4~ in a mixture of 96 ~ ethanol and glacial acetic acid (99:1) overnight [16]. The pieces  were taken 
through alcohols and xylol at 4~ and embedded in paraffin wax at 56~ [20]. Serial sections were  cut to a 
thickness of 3~ on a Reichert  micro tome [6, 13]. 

A preparat ion of albumin (A) was obtained f rom the serum of adult mice (MS) by prepara t ive  e lec t ro-  
phores is  in agarose.  No contamination by foreign serum proteins  could be detected in this preparat ion by 
agar  diffusion and immunoelect rophores is .  Pure  t rans fe r r in  (Tr) was isolated f rom MS by double e lec t ro-  
phores is  in polyacrylamide gel [3]. 

Ant i se ra  (AS) against Tr  and against T-globulin (GG) were obtained by immunizing rabbits with p rep-  
arat ions of pure Tr  and GG into the popliteal lymph glands [4, 15]. AS against MS were obtained by the 
same method. 

Monospecific antibodies (AB) were obtained by means of glutaraldehyde immunosorbents  [8]. To iso-  
late AB against A, AS against MS were used together with immunosorbent  f rom purified A; to obtain anti- 
Tr -AB monospecific AS against Tr  and immunosorbents  f rom MS were used. 
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Fig. 1. Charac te r i s t i cs  of antibodies against albumin and t r ans -  
fe r r in  in agar  diffusion test:  1-16) ser ia l  double dilutions of MS 
from undiluted to 1:32,000; central  wells con ta in :  a) ant i -A-AB; 
b) an t i -Tr-AB;  c: 17) an t i -Tr -AB + A, 18) an t i -Tr -AB + A neu- 
t ra l ized by Tr,  19) antNA-AB + Tr ,  20) ant i -A-AB + Tr, neu- 
t ra l ized by A; test  sys tem for A: 21) AS, 22) AG; test system for  
Tr :  23) AS, 24) AG. 

The AB were neutral ized with a small  excess  of pure antigens (AG) under the control of the agar  dif- 
fusion test [13] which was ca r r i ed  out in a semimicro-modif ica t ion  [2]. The localization of AG in the sec-  
tions was determined by the indirect method of f luorescent  AB [21] using AB against rabbit GG labeled with 
f luorescein isothiocyanate [5, 13]. 

EXPERIMENTAL RESULTS 

Specificity of the AB used to localize AG in the sections was first verified by the agar diffusion test. 

Both anti-A-AB and anti-Tr-AB were monospecific, they each formed one precipitation line with dilutions 

of MS from undiluted to 1:32,000 (Fig. i). As an additional guarantee of their monospecificity, Tr was added 

to the anti-A-AB and A was added to the anti-Tr-AB in the quantity detected in the agar diffusion test 

(Fig. lc). 

The working dilution of AB was selected under the control of the reaction in the sections [13]. To 

detect A, the optimum concentration was five times less than that shown in Fig. I, while to localize Tr, un- 

diluted AB were used. The localization of A and Tr was studied in the liver sections of five normal C3HA 

males. Pieces were taken from different areas and from different lobes of the liver. In sections treated 

with AB neutralized by homologous pure AG, no specific fluorescence was observed. 

The distribution of A, Tr, and GG was determined in consecutive serial sections (Fig. 2). Since it is 

known that GG is not synthesized in the liver, it was regarded as an indicator of the nonspecific presence of 
blood serum [13]. As a rule, GG was found in connective-tissue structures - in the walls of blood vessels 

and capillaries, Kupffer cells, and blood cells. In some cases GG was also present in the parenchymatous 
cells of the liver, evidently because of their injury, accompanied by a disturbance of the permeability of the 

cell membranes. 

In sections t reated with AB against A the total intensity of f luorescencekhe parenehymatous  cells of 
the l iver was increased.  Against this background some cells showed up with much br igh ter  f luorescence in 
the cytoplasm. If in the ser ia l  sections these cells  contain no GG, they were regarded  as the specific sites 
of localization of A (~A+" cells). Such cells  were  found more  often in groups of two-to-f ive at a time, and 
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Fig.  2. Albumin, t r a n s f e r r i n ,  and 'y -g lobul in  in sec t ions  through 
mouse l ive r .  Sections t r e a t e d  with: an t i -A-AB + Tr  (a, d), an t i -  
T r - A B  + A (b, e), ant i -GG (c, f). Magnif icat ion in a, b, c 36 x, 
in d, e, f 140 x. The rec tang le  drawn in a, b, and c c o r r e s p o n d s  
to the a r e a s  in d, e, and f. 

some t imes  in whole zones,  although they could exis t  singly. No definite r e gu l a r i t y  of the i r  d i s t r ibu t ion  in 
the lobule could be found. The number  of "A+" ce l l s  and the in tens i ty  of t h e i r  f luorescence  v a r i e d  c o n s i d e r -  
ably and i r r e g u l a r l y  in the sect ions  f rom p i e c e s  taken f rom di f ferent  lobes  of the l i ve r ,  f rom different  an i -  
mals ,  and f rom different  p a r t s  of the same section; on the average  they accounted for  3-7% of the p a r e n -  
chymatous ce l l s .  A a lso  was found in the connective t i ssue ,  in the blood ce l l s ,  the p e r i p o r t a l  zones,  some 
of the Kupffer ce l l s ,  and in the wal l s  of blood v e s s e l s .  Usual ly  GG was found in the same s t ruc tu r e s ,  and 
for  this  r eason  the w r i t e r s  a r e  incl ined to a t t r ibu te  this  loca l iza t ion  to the nonspecif ic  p r e s e n c e  of blood 

s e r u m .  

During the detect ion of Tr ,  the total  in tens i ty  of f luorescence  of the pa renehymatous  ce l l s  was  much 
lower  than in the case  of A. Cer ta in  "Tr+" ce l l s  with specif ic  f l uo rescence  in the cytoplasm,  coinciding 
exact ly  with the "A+" ce l l s  in neighboring s e r i a l  sect ions ,  could be d is t inguished among them (Fig. 2). The 
connec t ive - t i s sue  s t r u c t u r e s  stood out more  sha rp ly  and r e s e m b l e d  the d i s t r ibu t ion  of GG. Nei ther  A nor 
Tr  could be r e l i ab ly  de tec ted  ih the epi the l ium of the bi le  ducts.  

It was  shown p rev ious ly  that hepatoma 22a r e t a ins  the power  of synthes iz ing A and T r  even in vi t ro  
[17]. Both p ro t e ins  w e r e  found in the sect ions  of the t r ansp lan tab le  hepatomas  studied, but absolute  co inc i -  
dence between the "A+" and "Tr+" ce l l s  was not obtained. The reac t ion  with an t i -A-AB was  more  intensive 
and covered  l a r g e r  a r e a s ,  and the number  of " T r + "  ce l l s  was  s m a l l e r ,  and they we re  more  cont ras ted ,  
but they were  found in zones with an i n c r e a s e d  content of A (Fig. 3). 

A dec is ive  fac tor  in the loca l i za t ion  of individual  subs tances  by the immunof luorescence  method is  the 
use  of s t r i c t l y  monospeci f ic  AS and of an adequate t i s sue  f ixative which does  not modify the ant igenic i ty  of 
the substance t e s t ed  and which p r e s e r v e s  i t s  na tura l  d i s t r ibu t ion  in the t i s sues .  The spec i f ic i ty  of the AB 
used  was ve r i f i ed  suff icient ly s t r i c t l y .  The f ixat ive used, accord ing  to the l i t e r a tu r e ,  was  one of the bes t  - 
i t  was  with i ts  a id  that A was f i r s t  de tec ted i n t h e p a r e n c h y m a t o u s  ce l l s  of the l i v e r  [16], and not only in the 
s inusoids ,  the po r t a l  vein, and the advent i t ia l  connective t i s sue  [14]. Moreover ,  when this  method of f ixation 
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Fig. 3. Albumin, t r ans fe r r in ,  and 7-globul in  in sect ions through 
t ransp lan ted  hepatoma 60. Sections t r ea ted  with: an t i -A-AB + T r  
(a), a n t i - T r - A B  + A (b), an t i -GG-AB (c), 140 • 

was  used, i nc reased  synthes is  of A during regenera t ion  of the l ive r  and nephros i s  in r a t s  was shown to be 
accompanied  by an inc rease  in the number  of "A+" ce l l s  in the sect ions  [18]. 

The r e su l t s  of this  study of the distr ibution of A and T r  agree  with those published e a r l i e r  to the 
effect  that under no rma l  conditions only re la t ive ly  few pa renchymatous  ce l l s  of the l i v e r  contain A {10% 
[16]), f ibrinogen (1% [16], 5% [11]), and p ro th rombin  {10% [9, 10, 11]). However,  the w r i t e r s  cons ider  that 
the number  of "A+" and "Tr+"  cel ls  found in the p resen t  invest igat ion (3-7%} is an underes t ima te  because  
of the inadequacy" of fixation. As a rule  these  cel ls  were  at the edge of the section or  close to la rge  blood 
ve s se l s .  In the center  of the overwhelming ma jo r i ty  of sect ions,  however,  only an indistinct f luorescence  
not loca l ized  in individual cel ls  was  observed.  B r o z m a n  [12], who obtained s imi l a r  r e su l t s  a f te r  fixing 
p ieces  of l i ve r  in 10% neut ra l  formal in ,  sugges ts  that under  no rma l  conditions most  hepa tacy tes  contain A, 
and he quest ions the quali ty of  fixation. The choice of a m o r e  adequate fixative for A and T r  is  essent ia l  
for  subsequent invest igat ions.  

Of all  types  of cel ls  in which A and T r  were  found, the most  p robab le  site of the i r  synthesis  is  in the 
pa renchymatous  cel ls  of the l iver .  Even a f te r  malignant  t r ans fo rma t ion  of these  cel ls  in the cul ture  of 
mouse hepatoma 22a they sti l l  r ema in  capable  of producing A and Tr  [17]. Bes ides  the work  of P e t e r s  et al. 
[18], the consis tent  d i scovery  of A and T r  in the pa renchymatous  cel ls ,  together  with the absence  of GG, by 
cont ras t  with other s t ruc tu res ,  i s  fu r the r  support  for  the view that synthes is  of A takes  place  in these  cells.  

During a s imul taneous study of the local izat ion of A and fibrinogen, the percen tage  of cel ls  containing 
both pro te ins  was e x t r e m e l y  low [16]. On the con t ra ry ,  in the p re sen t  expe r imen t s  c lea r  coincidence of the 
local iza t ions  of A and T r  was  obse rved  in the same  cel ls  of the l i ve r  pa renchyma,  and the same tendency 
p e r s i s t e d  in hepatomas .  Ve ry  p robab ly  this r e f l ec t s  the abil i ty of the ce l l s  to produce  s eve ra l  s e r u m  p r o -  
te ins  s imultaneously.  To ver i fy  this hypothesis  it would be in te res t ing  to study the ce l lu lar  local izat ion of 
A and T r  in different  physiologica l  s ta tes  accompanied  by marked  shifts  in the i r  synthesis  [10, 11]. The 
w r i t e r s '  a t tempt  to influence the product ion :and local izat ion of A and T r  by ar t i f ic ia l  blood loss  p roved  un- 
successful .  Admittedly,  even in the case  of fibrinogen, blood loss  did not cause  a shift in the synthesis  and 
dis tr ibut ion of f ibr inogen in the sect ions  [11]. More powerful  and specif ic  agents  a re  evidently requi red  fo r  
this  purpose .  
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