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IMMUNOASSAY OF SERUM ALPHAFETOPROTEIN AND ALBUMIN REFLECTS THE 

MODE OF TISSUE PREPARATION: IMPLICATIONS FOR STEROID HORMONE 

RECEPTOR ASSAYS 

1 Daniel M. Linkie and Andrew R. LaBarbera 
Departments of Obstetrics and Gynecology and of 
Anatomy, and the Center for Reproductive Sciences 

College of Physicians and Surgeons 
Columbia University 

New York, New York 10032 

(KEY WORDS: SERUM PROTEINS IN TISSUES; SERUM PROTEINS IN RECEPTOR 
ASSAYS). 

ABSTRACT 

The effect of various modes of tissue preparation on the 
retention of distinct serum proteins was determined. Specific 
and sensitive radioimmunologic methods were used to measure serum 
alphafetoprotein(AFP)and albumin(SA) in 105,000 x g hypotonic 
soluble (cytoplasm) and hypertonic (40OmM KC1) solubilized pellets 
(nuclear extracts) from homogenates of immature rat estrogen target 
tissues. The tissue level of both serum antigens was influenced 
by the preparative method: cervical dislocation followed by organ 
isolation and a single rinse yielded the highest levels of apparent 
tissue AFP and SA while decapitation followed by exsanguination, 
organ isolation and multiple rinses resulted in the lowest levels. 
For the uterus, exposure of the uterine lumen enhanced reduction of 
serum antigen detection. The recomended procedure minimizes the 
inclusion of serum proteins which can interfere in the subsequent 
-- in vitro measurement of specific receptors in hormone responsive 
tissues. 

271 

Copyright 0 1980 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



272 LINKIE AND LA BARBERA 

INTRODUCTION 

The reduction of serum hormone binding p ro te ins  i n  t i s s u e  ho- 

mogenates and subce l lu l a r  prepara t ions  has g rea t  importance i n  the  

subsequent ana lys i s  of hormone binding t o  receptors .  The presence 

of receptors  a t  extremely low l e v e l s  is r e f l e c t i v e  of the  ove ra l l  

physiologic s t a t u s  of t he  t i s s u e  and the concentration of c i r cu l -  

a t ing  hormone. Rodents ( r a t s ,  mice, guinea pigs) i n  var ious  phys- 

i o log ic  states a r e  commonly used f o r  these  s t e r o i d  horreone recep- 

t o r  s tud ie s ;  c i r cu la t ing  sex  s t e r o i d  binding p ro te ins  the re fo re  

assume p a r t i c u l a r  importance s ince  copious and v a r i a b l e  q u a n t i t i e s  

of these  h igh-af f in i ty  binding moie t ies  ob ta in  in such spec ie s  

(1-3). As an example, immature rats and mice are charac te r ized  by 

an al-serum globul in  (a lphafe topro te in ,  AFP) derived from amniotic 

and hepat ic  t i s sues  during ges t a t ion  and from subsequent hepa t i c  

synthes is  a s  l a t e  as the  t h i r d  pos tna ta l  week (4 ) .  AFF' has  a high 

average a f f i n i t y  f o r  estradiol-176 (KdW)-8M-1) , mass abundance 

(3-3OM-g1ol-~), and a prolonged clearance rate ( t ( 4 )  % 30 h r )  which 

co l l ec t ive ly  allows competition i n  vivo with  t h e  i n t r a c e l l u l a r  es- 

trogen receptors  (ER). I n  addi t ion ,  the  use of t i s s u e s  from these  

animals f o r  i n  v i t r o  ce l l - f r ee  s t e r o i d  receptor  ana lyses  is l i k e l y  

compromised through the  inc lus ion  of v a r i a b l e  and unknown amounts 

of t h i s  and o the r  serm prote ins .  While s p e c i f i c  syn the t i c  ste- 

ro ids  may compete f o r  receptor  binding si tes,  such s t e r o i d s  a r e  

characterized by e leva ted  non-specific binding t o  serum pro te ins  (5) 

and hence a r e  of diminished value when low l e v e l s  of s p e c i f i c  
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SERUM ALF'HAFETOPROTEINS 273 

receptor obtain.  Methods of t i s s u e  prepara t ion  are the re fo re  

sought which reduce serum in ter fe rence .  

a r t i c l e  t h a t  1) the apparent t i s s u e  content of serum p ro te ins ,  

using AFP and albumin as markers, can be markedly influenced by 

the method of t i s s u e  i s o l a t i o n  and prepara t ion  and 2) t h a t  t he  

use of excess r ad io ine r t  syn the t i c  s t e r o i d s  f o r  t he  measure of re- 

ceptors i n  ce l l - f r ee  binding assays may prove a r t i f a c t u a l  given 

the  s t e r o i d  binding functions of c i r cu la t ing  serum prote ins .  

We demonstrate i n  t h i s  

MATERIALS AND METHODS 

Immature (19-21-day-old) female rats of t he  Sprague Dawley 

s t r a i n  (Blue Spruce Farms, Altamont, N.Y.) w e r e  decapi ta ted  and 

exsanguinated (DEX) and the  t i s sues  rap id ly  i s o l a t e d  and either 

homogenized d i r e c t l y  o r  rinsed from one t o  seven t i m e s  i n  c h i l l e d  

l O m M  T r i s  [ T r i s  (hydroxymethyl) aminomethane] ,1.5mM EDTA (ethylene 

diamine t e t r a a c e t i c  ace t a t e  disodium), pH 7.4 a t  2S0, containing 

0.1% g e l a t i n  (w/v; TEG). Uteri were e i t h e r  s l i t  along the  anti- 

mesometrial border o r  l e f t  i n t a c t .  Additional rats w e r e  k i l l e d  

by ce rv ica l  d i s loca t ion  (CD) without exsanguination and the tis- 

sues processed as above. Uterine,  p i t u i t a r y ,  l e f t  lateral  cere- 

b r a l  cor tex  and hypothalamic t i s s u e s  were a l l  placed i n  respec- 

t i ve  10 m l  r i n s e  volumes of homogenization media. 

i c  a rea  w a s  defined and l imi ted  as follows: an ter ior -opt ic  

chiasm; lateral-hypothalamic f i s s u r e s ;  posterior-mammillary 

bodies. 

t i s s u e  d i s in t eg ra to r  (Brinkmann, Westbury, N.Y.) a t  a s e t t i n g  of 

The hypothalam- 

A l l  t i s sues  were homogenized with a Polytron (PT10) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



274 LINKIE AND LA BARBERA 

6 f o r  30 sec  using c h i l l e d  homogenization buf fer .  The homogenates 

were centrifuged (105,000 x g) i n  a Sorva l l  f i xed  angle  r o t o r  (type 

65) using a Beckman L2-65B u l t r acen t r i fuge  f o r  60 minutes t o  y i e l d  

opera t iona l ly  defined cy toso l  (supernatant)  and nuc lear  ( p e l l e t )  

f r ac t ions .  The l a t t e r  were r insed  and f u r t h e r  homogenized i n  buf- 

f e r  containing K C 1  a t  400 mM and incubated a t  2' f o r  60 minutes t o  

so lub i l i ze  nuclear pro te ins .  Cent r i fuga t ion  a s  per above (105,000 

x g) f o r  60 minutes then yielded a "nuclear ex t r ac t "  (supernatant)  

and pe l l e t ed  debr i s .  Radioimmunoassays f o r  rat serum AFP and a l -  

bumin were ca r r i ed  out a s  described previously (6).  AFP and SA a r e  

reported a s  pmol/unit o r  pmol/ml wherein a un i t  is defined a s  the  

equivalent of one organ, e.g. homogenization of 5 u te r i /ml  TEG 

y ie lds  1 uterus/0.2 m l .  The molecular weights of AFP and SA were 

taken a s  72,000 and 67,000 da l tons ,  r e spec t ive ly .  

RESULTS 

Effec t  of I n  Vi t ro  Uterine Rinse Sequence and Exposure of t he  

Uterine Lumen on Subsequent AFP and SA Quan t i t a t ion  

Uter i  co l lec ted  from 21-day-old rats following decap i t a t ion  

w e r e  e i t h e r  s l i t  long i tud ina l ly  o r  l e f t  i n t a c t .  They were r insed  

zero, one or  seven times p r i o r  t o  homogenization. The amount of 

immunologically de tec tab le  cytoplasmic AFP and SA approximated 1 

and 55 pmol/unit respec t ive ly  when u t e r i  w e r e  n e i t h e r  s l i t  nor 

rinsed; a s i n g l e  r i n s e  reduced both l e v e l s  30% t o  0.7 and 37.0 

pmol/unit (Fig. 1 ) .  A more s i g n i f i c a n t  reduction (90%) o f  uter -  

ine-associated AFP could be e f fec ted ,  however, i f  t he  organ was 
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SERUM ALPHAFETOPROTEINS 275 

first  s l i t  and subjected t o  seven r i n s e s  (with b l o t t i n g  i n  between) 

p r i o r  t o  homogenization, i .e.  t o  0.1 pmol/uterus. SA concentra- 

t ions  w e r e  reduced by t h i s  procedure only 45% t o  30 pmol/unit. 

The nuclear content of both an t igens ,  regard less  of t h e  va r ious  

t i s s u e  manipulations, was ~0.05 pmol AlT/unit and 2.0 pmol SA/ 

u n i t  . 
Uterine AF'P and SA Content a s  a Function of t he  Mode of Animal 

Death 

A comparison of ce rv ica l  d i s loca t ion  (CD), i s o l a t i o n  of the  

u te rus  and one r i n s e  before  homogenization w a s  made wi th  decapi- 

tation-exsanguination (DEX) and seven u t e r ine  r i n s e s  i n  the  20- 

day-old rat. The r e s u l t s  a r e  shown i n  F ig .  2 i n  which the  l e f t  

panel records the  AFP and SA i n  the  t i s s u e  r i n s e s ;  t h e  r i g h t  

panel summarizes the  cytoplasmic, nuc lear  p e l l e t  r i n s e s ,  and nu- 

c l e a r  content of both serum ant igens .  Approximately 0.8 pmol 

AFP was measured i n  the  s i n g l e  r i n s e  from u t e r i  obtained from CD 

animals, whereas success ive  r i n s e s  (n=3) of ~0.8 pmol/rinse 

were evident i n  the  DEX group, thereby suggesting t h a t  addition- 

a l  AFP can be removed from u t e r i .  This observa t ion  i s  supported 

by a p a r a l l e l  r i n s e  pa t t e rn  f o r  SA (CD = 24 pmol; DEX = 16 + 19 

+ 20 pmol). The r i g h t  hand panel on Fig.  2 a l s o  ind ica t e s  t h a t  

t i s s u e  (cy toso l )  l e v e l s  of AFP were g rea t e r  i n  u t e r i  from CD 

than DEX animals, i . e .  1 .8  pmol vs. 0.6 pmol/unit. S imi la r ly ,  

SA l e v e l s  i n  u t e r ine  cy toso l  were 8 pmol/unit f o r  CD animals and 

3 pmol/unit i n  DEX animals. More AFP and SA were ev ident  i n  the  
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276 L I N K I E  AND LA BARBERA 

I r  $md/ml serum 

AFP 0.58 a lo3 
c 6o 

Albumin 0 478 x lo3 

8 024 

n 

Ib LL L O  

z 
20 I 5 

+ 
rime 0 I 7 

- slit - - 

FIGURE 1. Uter ine  cytoplasmic and nuc lear  a s s o c i a t e d  AFP and SA 
(pmolfuni t )  determined by radioimmunoassay (RIA) f o r  t h e  21-day- 
o l d  immature ra t  k i l l e d  by d e c a p i t a t i o n .  Bars i n d i c a t e  t h e  con- 
c e n t r a t i o n s  as a f u n c t i o n  of t h e  t i s s u e  d i s s e c t i o n  and r i n s i n g  
procedures. 
SA is  r e l a t i v e l y  cons tan t ,  AFP decreases  w i t h  age. 
c rease  i n  SAfAFP r e s u l t s  dur ing  t h e  c r i t i ca l  t h i r d - f i f t h  week of 
p o s t n a t a l  l i f e  i n  t h i s  s p e c i e s .  

The r a t i o  SAfAFP (pmol/ml serum) indexes animal age; 
A dramatic  i n -  

l'nuclear r inse"  (1 m l  TEG appl ied  t o  high-speed p e l l e t )  and nu- 

clear e x t r a c t  of CD than  DEX animals .  

AFP and SA Levels  i n  Various Tissues  of t h e  Immature Rat Fol lowing 

Cerv ica l  Dis loca t ion  and One Tissue  Rinse 

The conten t  of AFP and SA i n  t h e  c y t o s o l  and nuc lear  e x t r a c t s  

of t h e  hypothalamus, p i t u i t a r y ,  and b r a i n  c o r t e x  as w e l l  a s  u t e r u s  

were determined f o r  t h e  19-day-old rat (Fig.  3) .  These t i s s u e s  

were obta ined  i n  t h e  least  f a s t i d i o u s  manner, i .e .  CD w i t h  one 

r i n s e .  This  procedure y ie lded  t h e  h i g h e s t  l e v e l  of AFP i n  u t e r i n e  
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SERUM ALPHAFETOPROTEINS 277 

I 

'1 
DEX 

1 3 5 7  CYT NUCR NUC 

FIGURE 2.  Lef t  panel: AFP and SA levels (per 10  m l  Tris - EDTA - 
0.1% g e l a t i n  buf fer )  i n  the  r i n s e ( s )  of u t e r i  obtained from 20-day- 
o ld  rats k i l l e d  by c e r v i c a l  d i s loca t ion  (CD) or decap i t a t ion  fo l -  
lowed by exsanguination (DEX). 
fou r th  - seventh r i n s e  of DEX u t e r i  w e r e  below the  level of detec- 
t a b i l i t y  (given the  volume assayed) for t h e i r  r e spec t ive  RIA.  
Right panel: 
p e l l e t  r i n s e ,  and p e l l e t  e x t r a c t  (pmol/unit) f o r  animals k i l l e d  by 
e i t h e r  CD or DEX. 

The l e v e l s  of AFP and SA i n  t h e  

Comparison of AJ?P and SA content of u t e r i n e  cytosol 

SA/AFP day 20 < day 21. 

cy toso l  (5.0 pmol/unit) as we l l  a s  nuclear-associated AFP (0.17 

pmol/unit). 

range of 5-10 pmol/unit w a s  obtained f o r  nuclear e x t r a c t s .  

SA i n  the  cy toso l  approximated 22 pmol/unit while a 

Cytosol 

of hypothalamus, p i t u i t a r y ,  and ce reb ra l  cor tex  had AFP l e v e l s  of 

0.17, 0.10 and 0.30 pmol/unit, respec t ive ly ;  nuclear-associated 

AFP w a s  0.08, 0.07 and 0.11 pmol/unit for t hese  same t i s s u e s .  SA 

i n  the  cy toso l  and nuc lear  e x t r a c t s  of t he  hypothalamus, p i t u i t a r y ,  

and ce reb ra l  cor tex  ranged from 5-11 pmol/unit. 
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pmol I m l  n r u m  
2 . 30 z 
m 25 Albumin c] 522 1IO3 
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FIGURE 3 .  Cytoplasmic and nuclear assoc ia ted  AFP and SA f o r  t he  
u te rus ,  hypothalamus, p i t u i t a r y ,  and b ra in  cor tex  of t h e  19-day- 
o ld  r a t  (pmol/unit). Animals were k i l l e d  by ce rv ica l  d i s loca t ion  
and the  t i s s u e s  r insed  but once. SA/AFP day 19 < day 20 day 21. 

DISCUSSION 

The present s tud ie s  were designed t o  inves t iga t e  the  ex ten t  

t o  which the  method of prepara t ion  of a t i s s u e  can inf luence  t h e  

inc lus ion  of serum i n  c e l l u l a r  e x t r a c t s .  The r e s u l t s  may be ex- 

t rapola ted  to  s t e r o i d  hormone analyses where the  des i red  measure 

of  s p e c i f i c  c e l l u l a r  receptor i s  af fec ted  by serum p ro te ins .  An 

optimal method f o r  ob ta in ing  rodent u t e r i ,  i n  which estrogen re -  

ceptor analyses a re  sought, i s  decapi ta t ion  and exsanguination 

followed by rapid organ removal, exposure of the lumen, and mul- 

t i p l e  r in ses  with c h i l l e d  bu f fe r  (Fig. l ) .  This method s i g n i f i -  

can t ly  reduces the  t i s s u e  content of  p o t e n t i a l l y  compounding 

serum estrogen binding pro te ins  i n  subsequent estrogen receptor  

analyses.  This approach can be extended t o  o ther  estrogen-res- 

ponsive t i s sues  whose i n t r a c e l l u l a r  receptor  dens i ty  i s  much less 
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SERUM ALPHAFETOPROTEINS 279 

than t h a t  of the  uterus,  e.g. p i t u i t a r y ,  hypothalamus, p inea l .  

Uterine,  hypophyseal, b ra in  and hypothalamic cy toso ls  from the  i m -  

mature r a t  have a l s o  been analyzed by immunoassay f o r  AFP and SA 

following sucrose dens i ty  grad ien t  f r ac t iona t ion ;  both serum 

pro te ins  were present  and migrated a t  4.2-4.3s ( 3 ) .  An a d d i t i o n a l  

preliminary procedure of i n  s i t u  t i s s u e  o r  whole animal per fus ion  

should enhance removal of serum from a l l  organs, inc luding  the  non- 

tubular,  and thereby augment the  out l ined  t i s s u e  prepara t ion  

method. 

Figure 2 i nd ica t e s  t h a t  mul t ip le  r i n s e s  e f f e c t i v e l y  reduced 

serum pro te in  l e v e l s  i n  the  t i s s u e s ;  however, t he re  appeared t o  be 

no add i t iona l  removal a f t e r  the t h i r d  r i n s e  which suggests t h e i r  

entrapment i n  an ex t ravascular  compartment. Indeed, serum albumin 

is found i n  the  ex t ravascular -ex t race l lu la r  and c e l l u l a r  compart- 

ments of such u t e r i  when s tudied  by a s p e c i f i c  peroxidase l a b e l l e d  

antibody procedure ( 6 ) .  It i s  a l s o  noteworthy t h a t  sex  hormone 

binding g lobul in  (SHBG), a serum es t rogen  and androgen binding 

p ro te in  i n  the  human and monkey, has a l s o  been loca l i zed  i n  the  

cytoplasm of u t e r ine  endometrial c e l l s  and c e l l s  of t h e  es t rogen  

responsive MCF-7 tumor c e l l  l i n e  (7) thereby supporting biochemical 

da ta  t h a t  serum pro te ins  cannot be t o t a l l y  eliminated from t i s s u e  

f r ac t ions  and hence may pose p o t e n t i a l  competitive in t e r f e rence  i n  

receptor assays .  

k i l l i n g  by ce rv ica l  d i s loca t ion  and a l imi ted  (one) r i n s e  proce- 

dure. 

Figure 2 c l e a r l y  ind ica t e s  the  l i m i t a t i o n s  of 

The immunologically detected AFP i n  u t e r ine  cy toso l  from t h e  
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280 LINKIE AND LA BARBERA 

19-day-old rat (Fig. 3) approximated 5 pmolfunit .  This experiment 

u t i l i z e d  a t i s s u e  prepara t ion  method commonly employed i n  es t rogen  

receptor  s tud ie s  (8).  Since the  average Kd of AFP f o r  e s t r ad io l -  

176  is 1~ 10-8M-l (1,9),  a t  least 10-20 pmol are estimated t o  com- 

pe te  equally with receptor  (10) assuming t h a t  1) both AFT and re- 

ceptor have a s i n g l e  s t e r o i d  binding s i te  and 2) a l l  immunologi- 

c a l l y  detected AFP competes equally wi th  receptor .  The immuno- 

l o g i c  assessment of AFP may of course not  bear d i r e c t l y  on a mech- 

anism of es t rogen  ac t ion  s i n c e  an t igen ic  determinants need not cor- 

r e l a t e  with an  es t rogen  binding func t ion  (11). The evidence f o r  

heterogeneity of ra t  AFP (12,13) and d i f f e rences  i n  the  a f f i n i t y  

of AFP isoforms f o r  e s t r a d i o l  f u r t h e r  compound t h i s  r e l a t ionsh ip .  

On the  other hand, cytoplasmic receptor  from mature r a t  u t e r i  

t h a t  has bound e s t r a d i o l ,  when s tudied  i n  v i t r o  I n  d i a l y s i s  

aga ins t  various d i l u t i o n s  of sera from t h e  immature r a t ,  binds 

s i g n i f i c a n t l y  l e s s  s t e r o i d  a s  t h e  concentration of AFP increases  

(da ta  not shown). 

i n  v i t r o  incubation of immature rat u t e r i  a t  s a t u r a t i o n  l e v e l s  of 

e s t r a d i o l  with s e r a  from animals of d i f f e r e n t  ages (14). Al- 

bumin can be expected t o  compete wi th  receptor  f o r  s t e r o i d  but  

a t  a concentration f a r  i n  excess ( 1  x lo6 pmol/unit) of t h a t  mea- 

sured i n  these s tud ie s .  

A similar observation was  reported following 

The masses of serum estrogen-binding moie t ies  i n  t h e  u t e rus  

of the  19 - 21-day-old rat  would not  appear t o  compromise receptor  

assessment but t he  po ten t i a l  Al?P competition f o r  s t e r o i d  would 

increase  with the  less mature animal s i n c e  much more AFP i s  pre- 
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s e n t  (3-30 nml /ml ) .  P i t u i t a r y  a s soc ia t ed  AFP (0.10 pmol), a t  

least  i n  the  19-day-old rat ,  could in f luence  e s t rogen  a c t i o n  

given an equiva len t  glandular  r ecep to r  dens i ty .  Since measured 

AFP (0.18 pmol; F ig .  3) approximates endogenous receptor  (10-20 

fmol) i n  the  hypothalamic region,  es t rogen  binding may be  con- 

pounded i n  vivo,  or  when subsequently assessed  i n  v i t r o .  

l a t i o n s h i p  could be important  during the  i n t r a u t e r i n e  and im-  

mediate pos tna ta l  development and d i f f e r e n t i a t i o n  per iods ,  as- 

suming t h a t  the  dramat ica l ly  e leva ted  l e v e l s  of AFP would with- 

hold s t e r o i d  from the  es t rogen-sens i t ive  i n t r a c e l l u l a r  environ- 

The re- 

ment. 

F ina l ly ,  many s t u d i e s  of s t e r o i d  r ecep to r s  i n  a v a r i e t y  of 

t i s s u e s  and i n  cel ls  i n  cu l tu re  have been conducted wi th  cel l -  

f r e e  prepara t ions  u t i l i z i n g  s a t u r a t i o n  ana lys i s  w i th  n a t u r a l  o r  

syn the t i c  hormones. 

method f o r  receptor  ana lys i s  (adsorpt ion,  f i l t r a t i o n ,  charge, 

e t c . )  when coupled wi th  an i n i t i a l  inadequate  mode of t i s s u e  pre- 

pa ra t ion  would inc lude  va r i ab le  amounts and types of  serum pro- 

t e i n s  which bind s t e r o i d s ,  e.g. AFP, SHBG, CBG, PBG, AAG, al- 

bumin. The inc lus ion  of  such s t e r o i d  binding e n t i t i e s  t heo re t i -  

c a l l y  complicates es t rogen ,  androgen, proges t in  and c o r t i c o s t e r o i d  

receptor  ana lyses  even i f  excess  r a d i o i n e r t  s t e r o i d s  are u t i l i z e d  

An improper choice of d i scr imina t ing  

because the  amount of t he  v a r i a b l e  endogenous b inde r s  and t h e i r  

a f f i n i t i e s  a r e  unknown as is  the  p a r t i t i o n  of t h e  endogenous 

and added s t e r o i d  between a l l l o w e r  a f f i n i t y  binding moie t ies  and 

the s p e c i f i c  hormone r ecep to r .  The choice of excess competing 
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s t e r o i d  is p a r t i c u l a r l y  c r i t i c a l  f o r  while  synthetic s t e r o i d s  

(e .g. -020, R2858, d i e t h y l s t i l b e s t r o l )  have proved use fu l  i n  the  

cha rac t e r i za t ion  of  r ecep to r s ,  an a s soc ia t ed  nonspec i f ic  binding 

i n  excess of the  n a t u r a l  hormone i n  some cases limits t h e i r  ap- 

p l i c a t i o n  when low levels of receptor  o b t a i n  (5). 

present  s tudy ind ica t e s  t h a t  1 )  the  l e v e l s  of such immunoassayable 

serum pro te ins  as AFP and albumin, can be used t a  monitor the  

method of t i s s u e  prepara t ion ,  2) the  ou t l ined  procedure may serve 

a s  a model f o r  o ther  serum pro te in- t i ssue  receptor  systems and 

3) s ince  many serum pro te ins  bind s t e r o i d s  both s p e c i f i c a l l y  and 

non-specif ical ly ,  any assessment of  t i s s u e  s t e r o i d  r ecep to r  con- 

Hence the  

t e n t  must d i scr imina te  between the  endogenous c e l l u l a r  binding 

s i t e  and included serum p ro te ins  t o  e f f e c t i v e l y  minimize arti- 

f a c t s  i n  receptor  quan t i t a t ion .  
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