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SUMMARY 

Carcinoembryonic a n t i g e n  /CEA/ was l a b e l l e d  wi th  iodine-125 
2sir.g l ac tope rox idase .  The rad iochemica l  y i e l d  of /1251/CEA w a s  
about 254 a t  t h e  s p e c i f i c  a c t i v i t y  of about  3OpCi/pg / I .  IMBq/pg/. 
The percentage  b inding  of /1251/CEA wi th  s p e c i f i c  anti-CEA serum 
was determined i n  l y o p h i l i z e d  samples du r ing  s to rage .  The 
obta ined  /1251/CEA p r e p a r a t i o n s  can be u t i l i z e d  i n  radioimmuno- 
a s say  k i t s  f o r  a t  l e a s t  two months. 
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INTRODUCTION 

Carcinoembryonic a n t i g e n  /CEA/ i s  a g lycopro te in  w i t h  

molecular  mass of  200 000 d a l t o n s .  The CEA molecule c o n t a i n s  

only about 2% w/w of t y r o s i n e  and about 1% w/w of h i s t i d i n e  

r e s i d u e s  which can be i o d i n a t e d  / I / .  

The l a b e l l e d  a n t i g e n  i s  used as  a marker f o r  t h e  r ad io -  

immunological de t e rmina t ion  of CEA. I nc reased  l e v e l  of CEA i n  

human blood serum may acconipany some n e o p l a s t i c  d i s e a s e s  /2/, 
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Label led  CEA i s  g e n e r a l l y  p repa red  by r a d i o i o d i n a t i o n  i n  

the presence  of chloramine T / 3 -9 / .  I n  t h i s  work t h e  enzymatic  

method o f  l a b e l l i n g  / l O , l l /  w a s  app l i ed .  The r e a c t i o n  c o n d i t i o n s  

of l a b e l l i n g  CEA wi th  iodine-125 were e s t a b l i s h e d  and t h e  r a d i o -  

immunological p r o p e r t i e s  of t h e  p roduc t  d u r i n g  s t o r a g e  were 

s t u d i e d .  

!.la t e r i a l  s 

Inmunological  r e a g e n t s  were provided  under  t h e  Na t iona l  

Cancer Programme / 7 2 / .  CEA was i s o l a t e d  from human h e p a t i c  

r ie t3stZses  of c o l o n i c  carcinoma /13/ a t  t h e  Nedica l  Academy i n  

Nroc2aw and was used i n  phosphate  b u f f e r  s o l u t i o n .  Goat a n t i - C E A  

serurr ,  horse  an t i - IgG/goat /  serum and normal g o a t  serum were 

nroduced a t  t h e  k g r i c u l t v r a l  Academy i n  Wrocaaw. The CEA and 

nn.ti-CEA serum were t e s t e d  by radioim.unoassay /9/  a t  t h e  Medical 

School i n  Poznafi by comparison wi th  F i r s t  B r i t i s h  CEA S tandard  

and anti-CEA 6G3 serum from Ches te r  i3eat ty  Cancer i ieseaxch 

I n s  t i  Lute showing s i m i l a r  immunoresc t iv i ty  . 
Na1251 /IMS.300/ was s u 2 p l i e d  by The Radiochemical Cen t re ,  

Anersham. Laotoperoxidase ,  B z r a d e  /LPO/ was supp l i ed  by 

Calbiochem, USA and used i n  phosphate  b u f f e r .  Bovine serum 

albuniin,  C o b ’ s  f r a c t i o n  V, was ob ta ined  from Biomed, Krak6w. 

Sepiiadex G-200 and Sephacryl  5-200 Super f ine  s u p p l i e d  by 

P h s r r a c i a ,  Uppsa la  were used as g e l  f i l t r a t i o n  media. 

0.05M phosphate  b u f P e r  of pH 7.5 /PB/ aas p repa red  u s i n g  

r e a g e n t s  ob ta ined  from FOCII, Gl iwice.  
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Met hods 

L a b e l l i n g  was c a r r i e d  out  i n  a glove box us ing  a c y l i n d r i c a l  

po lys ty rene  v e s s e l  1.5cm high  and l.Ocm i n  d iameter  a t  room 

tempera ture .  The r e a c t i o n  s o l u t i o n  was s t i r r e d  wi th  a nlagnetic 

s t i r r e r  . 
P u r i f i c a t i o n  of t he  l a b e l l e d  /1251/CEA was performed by 

g e l  permeation us ing  chromatographic  columns of dimensions of 

0.9x55cm. Label led  p roduc t s  were e l u t e d  wi th  PB s o l u t i o n  

con ta in ing  0.3% VI/V bovine serum albumin and 0.1% w/v sodium 

az ide .  F r a c t i o n s  of lcm' were c o l l e c t e d  a t  e l u t i o n  r a t e s  of 
6cm 3 /h and 12cm 3 /h  f o r  Sephadex G-200 and Sephacryl  S-200, 

r e s p e c t i v e l y .  

Kadiochemical y i e l d  of t h e  l a b e l l i n g  r e a c t i o n  was 

determined by t h e  paper chromatography technique  us ing  amonium 

s u l p h a t e  as so lven t  /14/. The same a n a l y t i c a l  t echnique  was 

u t i l i z e d  f o r  t h e  de t e rmina t ion  of i no rgan ic  iod ide  i n  f i n a l  

p r e p a r a t i o n s .  

S p e c i f i c  a c t i v i t y  of t h e  l a b e l l e d  product  was c a l c u l a l e d  

froin t h e  mass of CEA, t h e  r a d i o a c t i v i t y  of Na1251 and t h e  

rad iochemica l  y i e l d  or t h e  i o d i n a t i o n  r e a c t i o n .  

Sanples  of t h e  p u r i f i e d  / '251/CEA o f  a r a d i o a c t i v i l y  of 

a b o u t  5pCi /0.2NBq/ i n  PB s o l u t i o n  con ta in ing  0.3% w/v bovine 

serum albumin and 0.1% w/v sodium a z i d e  were f rozen  i n  d r y  i c e  

and then  l y o p h i l i z e d .  

Immun o r  e 3 c t i v i t y o f t h e / I/ CE A prep  a r  a t  i o n s  were 

determined by double an t ibody radioimmunoassay /9 /  us ing  goa t  

anti-CEA serum of a t i t e r  i n  the  range l /100 000 - 1/50 000 

d i l u t e d  wi th  PB s o l u t i o n  con ta in ing  0.3% w/v hovine serum 
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albumin, 2.5% v/v normal goa t  serum and 0.15 w/v sodium az ide  

and p r e c i p i t a t i o n  horse  ant i - IgG/goat /  serum of a t i t e r  1/1 

d i l u t e d  wi th  the  above b u f f e r  wi thout  normal goa t  serum. The 

r a d i o a c t i v i t y  was measured i n  a well type  au tomat ic  gamma 

counter  / L a  Rack-Gamma/. 

The immunoreact ivi ty  was expressed as a percen  Lage r a t i o  

of  t h e  p r e c i p i t a t e  r a d i o a c t i v i t y  t o  t h e  t o t a l  r a d i o a c t i v i t y  o f  

/1251/CCA. Blank va lue ,  i .e .  t h e  r a d i o a c t i v i t y  p r e c i p i t a t e d  wi th  

t h e  p r o t e i n s  i n  the  absence of an t i s e rum was I-3%. Standard 

d e v i a t i o n  of t h e  a n a l y t i c a l  procedure w a s  I;:. 

RESULTS 

Labe 11 ing 

The c o n d i t i o n s  of t h e  i o d i n a t i o n  procedure desc r ibed  

below were based p a r t l y  on our  previoLis exper ienco  concerning 

t h e  enzymatic l a b e l l i n g  of s e v e r a l  p r o t e i n s  /15/.  

Equal  volumes /0.02crn 3 / of PB, CEA,  LPG, H2U2 and Wa 1251 

s o l u t i o n s  were success ive ly  p laced  i n  a r e a c t i o n  v e s s e l .  The 

molar amounts of t h e  r e a g e n t s  in t h e  r e a c t i o n  mixture  of t o t a l  

volume 0 . 1 ~ ~ 3  were as fol low: CEA - I Q Q ~ ~ V  /2.0x10-55/, LFO - 

20pM / 1 . 6 ~ 1 0 - ~ g / ,  Ii202 - 2OOOpM /6.9xlO-'g/, and N a 1 2 5 1  - 
800-7300pM / I  . 2 - 1 . 9 ~ 1 0 - ~ g / .  The amount o f  Na1251 corresponJcd 

t o  1.5-2.6mCi /59-96MBq/ of iodine-125 a c t i v i t y .  

It was observed t h e t  when t h e  m o u n t  of Z202 w a s  only. 

1OOOpM t he  rad iochemica l  y i e l d  o f  / 1 2 5 1 / C E A  was twofold smal le r  

than  t h a t  a t  2000pM 1-1232 concen t r a t ion .  However, i f  t h e  amount 

of H202 w a s  i nc reased  up t o  4000pM t h e  rad iochemica l  y i e l d  

remained cons tun t .  



f1251jl CEA 1801 

The r e a c t i o n  *as stopped a f t e r  3min b y  a d d i t i o n  o f  0.02cm3 

of 1% w/v c y s t e i n e  i n  PB. The mixture  was then  d i l u t e d  wi th  

0.5cm’ of PB s o l u t i o n  con ta in jng  0.1% w/v sodium az ide .  

It was observed t h a t  t h e  i o d i n a t i o n  of C E A  under t h e  

employed c o n d i t i o n s  proceeded quick ly .  Most of C E A  r e a c t e d  

du r ing  the  f i r s t  minute of t h e  r e a c t i o n  time. The y i e l d  a f t e r  

3min was only about  5% h ighe r  than t h a t  a f t e r  1min. 

The molar concen t r a t ion  of C E A  i n  the  r e a c t i o n  mixture  

was r e l a t i v e l y  low. The rad iochemica l  y i e l d  under  employed 

cond i t ions  was i n  t h e  range 23-28%, whereas t h e  corresponding 

spec iE ic  a c t i v i t y  of / l 2 ? 1 / C E A  was 21-37pCi/pg /0.8-1.4MBq/pg/. 

P u r i f i c a t i o n  

/ 1 2 5 1 / C E A  was p u r i f i e d  by g e l  permeat ion chromatography. 

A t y p i c a l  chromatogram of r a d i o i o d i n a t i o n  mixture  on a Sephadex 

column i s  p resen ted  i n  F i g . l .  

60 I 
40 - 

20 - 

L 
I I 

rl -7 

10 20 30 40 emf 

Fig.1 Column chromatogram of an i o d i n a t i o n  mixture  
on Sephadex G - 2 0 0  
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/ 1 2 5 1 / C E A  was e l u t e d  as t h e  f i r s t  peak  w h i l e  12*1- as t h e  

l a s t  one. It was found t h s t  t h e  small peak  between them was n o t  

i n m u n o r e a c t i v e ,  presumably c o r r e s p o n d i n g  t o  i o d i n a t e d  LPO and 

d e g r a d a t i o n  p r o d u c t s  of CEA. 

The i m u n o r e a c t i v i t y  of i n d i v i d u a l  f r a c t i o n s  of t h e  

/ 1 2 5 1 / C Z A  peak as de termined  by radioimmunoassay i s  p r e s e n t e d  

i n  Table  1 ,  It can  be s e e n  from comparison of  Table  1 and Fig.1 

T a b l e  1. The i m m u n o r e a c t i v i t y  of i n d i v i d u a l  f r a c t i o n s  of 
t h e  /1251/CEA peak e l u t e d  from a Sephadex G-ZOO column 

F r a c t i o n  No. 12 13 14 15 16 

Bound' $ 48.0 57.9 61.5 56.5 39.6 

' to  m t i - C B A  s e r u n  o f  a t i t e r  1/50 000 

t h a t  t h e  t h r e e  f r a c t i o n s  of h i g h  r a d i o a c t i v i t y  show similar 

iminuno.reactivity . Bence, t o  o b t a i n  / 1 2 5 ~ / ~ ~ ~  p r e p a r a t i o n  t h e  

f r a c t i o n  of t h e  h i e h e s t  r a d i o a c t i v i t y  /KO. 14/ was combined 

wl.th t h e  s d j a c e n t  ones  /Nos.l3 a.nd 15/ .  The p e r c e n t a g e  b i n d i n g  

of  f r e s h  / 1 2 5 1 / C E A  p r e p a r a t i o n s  t o  e x c e s s  anti-CEA serum of a 

t i t e r  1/100O was a b o u t  907;. 

I s o l n t i o n  of /Iz5I/CEA from t h e  r e a c t i o n  m i x t u r e  was a l s o  

performed usi-ng a S e p h a c r y l  column /P ig .2 / .  The f i r s t  peak  

ellLted :vas i d e n t i f i e d  as / 1 2 5 1 / C E A  w h i l e  t h e  las t  one as '**I-. 

The two peaks  i n  between s e r e  n o t  i m u n o r e a c t i v e  t o  anti-CEA 

serum. i t  can be s e e n  t h a t  t h e  r e s o l u t i o n  a c h i e v e d  011 S e p h a c r y l  

/Fig.2/ i s  b e t t e r  as compared t o  Sephadex / l ? i ~ . l / .  Noreover ,  

t h e  e l u t i o n  r a t e  on S e p h a c r y l  u n d e r  a t m o s p h e r i c  p r e s s u r e  i s  

t w i c e  RS f a s t  as on Sephadex r e s u l t i n g  t h e r e b y  i n  a Z h o r t e r  

p u r i f i c a t i o n  t i m s .  N e v e r t h e l e s s ,  n o  s i e n i f i c a n t  d i f f e r e n c e  i n  

t he i m m u n  o r e  a c t i v i t y b e t w e en t he / I/ CE A p r e p  a r  a t i o n s  p u r  i f i. e d 



?2511 CEA 

on bo th  types  of columns w a s  observed. 

-. R - 
1803 

10 20 30 40 50 *3 

Fig.2 . Column chromatogram of an i o d i n a t i o n  mixture  
on Sephacryl  S-200 

Stability 

The l y o p h i l i z e d  /1251/CEA p r e p a r a t i o n s  o f  a s p e c i f i c  

a c t i v i t y  i n  t h e  range  2 2 - 3 7 ~ C i / ~ g  /O.e-I .4hlBq/pg/ were s t o r e d  

f o r  s e v e r a l  weeks. The immunoreact ivi ty  o f  /1251/CSA dur ing  

s t o r a g e  was determined by radioimmunoassay a t  t h e  came d i l u t i o n  

of anti-CEA serum. The samples were r e c o n s t i t u t e d  wi th  PB 

c o n t a i n i n g  0.3% w/v bovine serum albumin j u s t  be fo re  a n a l y s i s .  

A s  i t  i s  shown' i n  F ig .3  t h e  f r a c t i o n  of t h e  o r i g i n a l  b ind ing  

decreased  s lowly ach iev ing  va lues  0.8 and 0.6 a f t e r  one and two 

months, r e s p e c t i v e l y .  No d i f f e r e n c e s  were observed between t h e  

samples s t o r e d  a t  4 O C  and those  s t o r e d  a t  room tempera ture .  The 

con ten t  of i n o r g a n i c  i o d i n e  i n  t h e s e  p r e p a r a t i o n s  a f t e r  two months 

of s t o r a g e  inc reased  t o  about  1 5 x  /Fig.4/ .  The /1251/CEA was a l s o  

used as a marker i n  rout i lze  rad io inmmoassay  for even more than  
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two months.  

P3 n cc 

pr 
60 days 

3 
0 30 

F i g . 3  Immunoreac t iv i ty  of /12 ' I /CEA d u r i n g  s t o r a g e  a t  4OC 
/For  comparison,  t h e  sample o f  a s p e c i f i c  a c t i v i t y  
22pCi/pg was s t o r e d  a t  room t e m p e r a t u r e /  

10 

0 30 60 days 

Fig .4  I n c r e a s e  o f  i n o r g a r i i c  i o d i n e  c o n t e n t  d u r i n g  
storage a t  4 ' ~ .  /See n o t e  t o  ~ i g . 3 /  

DISCUSSION 

In our e x p e r i m e n t s  t h e  a v e r a g e  number of i o d i n e  atoms 

i n c o r p o r a t e d  i n t o  CEA molecule  by t h e  LPO method w a s  a b o u t  3 

as estimated from t h e  s p e c i f i c  a c t i v i t y  of t h e  p r o d u c t .  
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The /1251/CEA r e t a i n e d  0.6 of  i t s  o r i g i n a l  im-nuno lo~ ica l  a c t i v i t y  

a f t e r  two months. The product  ob ta ined  by t h e  enzgl i~at ic  method 

w a s  n o t  d i r e c t l y  coinpared w i t h  t h a t  i o d i n a t e d  by t h e  convsnt iona l  

chloramine T technique .  However, 1 i t e r a . t u r e  d a t a  show tha t  t h e  

o r i g i n a l  immunoreact ivi ty  of  t h e  /'251/CEA prepared  by the  

chloramine T method dec reases  f a s t e r  than o f  t h e  product  l a b e l l e d  

by the  LPO method descr ibed  here .  The /1251/CEA s o l u t i o n  obta ined  

by t h e  ch lo ran ine  T method, p u r i f i e d  by g e l  p e r m a t i o n  chronato-  

graphy and s t o r e d  a t  -2OOC can be used i n  radicimiiunoassay €or 

only two weeks /9/. The s h e l f - l i f e  of  a v a i l a b l e  commercial k i t s  

c o n t a i n i n g  l y o p h i l i z e d  /1251/CEA l a b e l l e d  by t h e  same technique  

and p u r i f i e d  by e l e c t r o p h o r e s i s  on polyacrylamide g e l  i c  f o u r  

weeks /16/ and accord ing  t o  t h e  i n s t r u c t i o n  shee t  i t s  pe rcen t  

b ind ing  dec reases  from 302  t o  I%,  i . e .  t o  0.5 of t h e  o r i g i n a l  

va lue ,  a i t e r  f i v e  weeks c?f s t o r a g e  a t  2-6OC.  

The p r e p a r a t i o m  obta ined  by t h e  LPO method a r e  s t a b l e  a l s o  

a t  room temperaturc .  This  i s  of advantage for use  i n  co ,mcrc i a l  

k i t s  because e l e v a t e d  t e n p e r a t u r e s ,  e.g. du r ing  t r a n s p o r t a t i o n ,  

should not  a f f e c t  t h e  p r o p e r t i e s  o f  t he  r ad io imunoassay .  

S t a b i l i t y  o f  t h e  /1251/CdA l a b e l l e d  by t h e  LPO method nay 

be due t o  m i l d  cond i t ions  0.C enzymatic i o d i n a t i o n  because of t h e  

l a c k  i n  t h e  r e a c t i o n  mixture  of agyres s ive  chemical s p e c i e s  which 

can damage t h e  p r o t e i n  be ing  l a b e l l e d .  On t h e  o t h e r  hand, l onge r  

s h e l f - l i f e  of t h e  p r e p a r a t i o n s  may be caused by d i f f e r e n t  l oca -  

t i o n  of i od ine  atoms i n  /1251/CEA molecule, p a r t i c u l a r l y  wi th  

r ega rd  t o  t h e  molecular  f ragments  be ing  immunologically a c t i v e .  

The enzymatic l a h e l l  i n g  proceeds probably through l a r g e  enzyme- 

iod ine  complex /17/ which ca.n n o t  r e a c t  wi th  t y r o s i n e  and 



h i s t i d i n e  groups l o c a t e d  i n t e r n a l l y  the  p r o t e i n  molecule due t o  

s t e r i c  h indrance .  

The a u t h o r s  a r e  indehted  t o  M r .  Adam Chrxanowski for h i s  

s k j. 11 ed t e c h n i c  a1 a s  s i  stance.. 

This  work was performed under  t h e  c o n t r a c t  No.0227 of t h e  

Nat iona l  Cancer Programme. 
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