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CEA, ORIGINALLY described by Gold and 
Freedman [1], is an immunoreactive glyco- 
protein found in various tumour tissues [2]. 
Although high levels of CEA occur in the 
serum of patients with entodermally derived 
tumours, CEA has also been detected in pa- 
tients with other cancers and in patients with 
a variety of non-neoplastic diseases [3]. 
Several laboratories have also reported the 
presence of small amounts of CEA in various 
adult normal tissues including colon [4], 
plasma [5], saliva [6] and faeces [71 as well as 
in foetal gut and meconium. Moreover, simi- 
larity between tumour CEA and CEA from 
various normal tissues has been demonstrated 
by immunological and chemical techniques 
[4q5,8]. Recent investigations in this labo- 
ratory, reported here in preliminary form, 
have now shown that important chemical and 
immunological differences appear to exist be- 
tween the CEA active components of normal 
colon and those of tumour CEA although 
these differences have not yet been resolved 
by existing CEA assays using conventional 
antisera. 

Both our routine double antibody assay and 
the commercial Abbott CEA-EIA diagnostic 
kit have been used to show that the amount 
of CEA in perchloric acid extracts of normal 
colon tissues ranges from 2 5 ~ 4 0 n g / m g  of 
extract. The wide variation has also been 
shown by rocket electrophoresis using several 
anti-CEA antisera including our assay serum, 
absorbed 227 (Fig. 1C) and antisera "ace 36" 
and absorbed G61 donated by Drs. Todd and 
Gold respectively. The assay values for similar 
extracts of normal liver and spleen are 8.5 
and 23ng/mg, respectively, indicating that 
our assay is not sensitive to other normal 
tissue proteins or NCA. 

Rocket electrophoresis using antiserum 227 
has confirmed the established immunological 
similarity between tumour CEA and normal 
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colon CEA by showing rockets which fuse in a 
reaction of identity. In addition, this tech- 
nique has resolved an overlapping rocket with 
tumour CEA showing a second antigenic 
component which appears not to be present in 
significant amounts in the crude normal colon 
extracts so far tested (Fig. 1A). We have 
designated the normal and tumour CEA-like 
components CEA-L1 and CEA-L2 respec- 
tively. Normal colon CEA-L1 has been pu- 
rified from a CEA-rich normal colon extract 
by immunoadsorption using a Sepharose 4B- 
linked IgG fraction of a goat anti-CEA (PK- 
1G) previously absorbed (5mg/ml of serum) 
with extracts of normal liver, normal spleen, 
normal plasma and a normal colon extract 
which had a very low content of CEA. The 
IgG-bound fraction containing CEA-L1 was 
eluted with glycine-HC1 buffer at pH 2.8, 
dialysed against distilled water and finally 
concentrated by Amicon ultrafiltration. 

Purified normal colon CEA-L1 showed un- 
usual concanavalin A binding properties. 
After fractionation on a column of Con A-  
Sepharose [9] most of the CEA activity mea- 
sured by radioimmunoassay appeared in the 
unbound fraction (Table 1). The Con A 

Table 1. Fractionation qf puri.fied CEA-L1 on Con A -  
Sepharoae* 

/.tg CEA 
CEA applied 40.3 °/o CEA applied 

Fraction 1 (unbound) 19.9 49 
2A 3.2 8 
2B 8.6 21 
3 5.4 13 
4 6.3 16 

*For details see reference [9]. 

binding profile of normal colon CEA is there- 
fore quite different from that of colonic tu- 
mour CEA which has been shown by several 
workers [9 11] to bind strongly to Con A-  
Sepharose. Since the Con A binding is de- 
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penden t  on the s t ructure  of  the c a r b o h y d r a t e  
chains in CEA,  this result strongly suggests 
that  CEA,  which is a normal ly  occurr ing 
colonic glycoprote in ,  is modif ied in t u m o u r  
tissue ei ther  by  al tered glycosyltransferase ac- 
tivity or by degrada t ive  processes, the result of  
which is to increase its b inding  to Con A. O u r  
previous studies on foetal colon and me-  
conium [9] have  indicated that  most of  the 
CEA in these tissues, like that  of  no rma l  
colon, is not bound  to Con A-Sepharose .  

Fur the r  studies on normal  colon extracts  
have  shown that  hea t  t r ea tmen t  at 85°C tbr 
3 0 m i n  led to a m a r k e d  decrease in the C E A  
value as measured  by our  routine C E A  assay 
and the Abbo t t  kit (Table  2). This  effect was 
also demons t r a t ed  by rocket  electrophoresis  
using ant i serum 227 where  a considerable 
decrease in the intensity of  the rocket  of  
normal  colon ext rac t  was ob ta ined  after heat-  
ing (Figs. 1A and 1B). T h e  residual act ivi ty in 
rocket electrophoresis,  since the peak  height  is 
similar  after heat  t r ea tment ,  indicates that  
no rmal  colon contains a different, heat  stable, 
ant igen in addi t ion to CEA-L1.  T h e  t u m o u r  
c o m p o n e n t  CEA-L2  appea red  to be heat  sta- 
ble as .judged by the intensity of  the rockets 
before and  after heat  t r ea tmen t  (Fig. I B). 

Antisera  which reacted poorly  with the heat  
labile CEA and normal  colon CEA-L1 but  
still re ta ined precipi t in  act ivi ty with heat  sta- 
ble t u m o u r  CEA-L2  were p roduced  by im- 
munis ing rabbi ts  with C E A  which had  been 
heat  t reated in phospha te  buttier at p H  6.8 at 
85°C for 30min .  O n e  hundred  /.zg of  heat  
t reated C E A  in comple te  Freund ' s  ad juvan t  
was used to inmmnise  each rabb i t  and a 
similar  booster  given after 40 days. T h e  anti-  
serum designated 241, absorbed ( 2 0 m g / m l  of  
se rum)  with no rma l  liver, spleen, p la sma  and 
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norma l  colon which was low in CEA, pro- 
duccd a react ion of  identi ty in i m m u n o d i f  
fusion with various convent ional  an t i -CEA 
antiscra when tested against  turnout  CEA 
(Fig. 2A). However ,  immunodiffus ion and 
rocket electrophoresis showed ant i serum 241 
to have  a more  restricted specificity than 
m a n y  convent ional  ant isera which we haw" 
tested. Ahhough  ant i serum 241 retained ac- 
tivity with t umour  CEA.  a single weaker  
rocket  was produced  and only a very weak 
react ion was observed between an t i se rum 241 
and the crude extracts of  normal  colon (Figs. 
2B and 2C). This  lat ter  react ion however ,  
m a y  be due to the presence of small amounts  
of  heat  stable CEA-L2  in normal  colon or to 
the presence of low titre a n t i - C E A - L l  in 
ant i serum 241. T h e  use of  an t i serum 241 tbr 
CEA rad io immunoassay  is current ly  being in- 
vestigated in this labora tory .  

In conclusion it appears  that  no rmal  colon 
CEA-ac t ive  glycoprotc in  is largely a heat  la- 
bile mater ia l  which does not b ind to con- 
canaval in  A, bul which shares an ant igenic 
de t e rminan t  with colonic t umour  CEA. Colon 
t umour  CEA on the other  hand contains in 
addi t ion to this de te rminan t ,  an ant igen 
which is heat stable. Certain convent ional  
an t i -CEA antisera are clearly able to react  
with both ant igenic components ,  however  
whe ther  CEA immunoassays  in general  arc 
able to measure  both componen t s  remains  to 
bc established. 
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Table 2. Heat lability of CFA as measured by radioimmunoasscff* 

Extract (freeze-dried) 

1)ouble antibody R1A 

Control Heat-treated 

Abbott EIA kil 

Control Heat-treated 

Nor ln&]  c o l o n  c r u d e  e x t r a c t  

(0.3 mg/ml) 206t 139 236 148 
Normal colon Con A 

unbound fi'action 39 14 30 8 
Normal colon 

immunopuritied 17 5 36 13 
Normal spleen 

( l 0.0 mg/ml) 9 8 24 15 

*Full details of this study to bc reported. 
tCEA (ng/ml of extract). 
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F~. 1. Rocket electrophoresis in agarose gel containing anti-CEA antiserum 227 (1%). (A) shows the two CEA-like components L1 
and L2 in tumour CEA (wells 1 and 3) and component L1 in the normal colon extract (well 2). Well 4 shows a residual precipitin 
reaction 2iven by the normal colon extract after heat-treatment. (B) shows the rockets of tumour CEA beJbre (wells 1 and 5) and after 
keat-lreatment (wells 4 and 6) and rockets o/" normal colon extract beJbre (well 2) and after heat-treatment (well 3). (C) demonstrates the 

quantitative variation o]" CEA active glycoprotein in 6 diJ.'/'erent extracts of normal colon. 
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Fig. 2. (A) Identity ol~ immunod(t]h,~ion betz~een tumour CEA (centre well) 
and the jbllowing anti-(;E,1 antirera: "ace" 36 (zcell 1), (;61 (well 2), 241 
(well 3) and 227 (well 4). ~B ) hnmut~od(]jhsion ~kozt btg identilr ~!/" reaction 
between anti-CEA G6] (z~ell !) and anti.~erum 241 (well 3) against tumour 
CFA (well 2). ,~})te the re~hieted reaction given betzceen antiserum 241 a~d 
normal colon extract (well 4). (C) Rocket eleetrophoresis in agaro~e gel 
containing antiserum 21-1 I1 "i,) eh'mon,~trating a single rocket with tumour flEA 

(well 2) andJailure to reaet z~ith ~m~mal (olon extract (well 1 ). 
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