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Localisation of CEA, p-HCG, SP1, 
and keratin in the tissue of lung carcinomas 
An immunohistochemical study 
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Summary. One hundred and twenty seven cases of lung tumors were 
studied by the immunoperoxidase technique for the presence of CEA 
and/?-HCG. Twenty-nine of these tumors were additionally stained for 
keratin and SP1. CEA and SPI could be demonstrated in 80% of the 
studied cases, while fl-HCG was found in only 9%. SPI revealed an 
almost identical staining pattern to CEA and keratin was found only 
in squamous cell carcinomas. The tissue positivity of none of these three 
markers correlated with tumor size, lymphnodal involvement or histolog- 
ical type. 
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Introduction 

Since the discovery of carcinoembryonic antigen (CEA) in colonic tumor 
patients' sera, by Thomson et al. (1969), the antigen has also been detected 
in the sera of patients with non-gastro-intestinal tract tumors, including 
lung tumors (Vincent et al. 1975). Human chorionic gonadotropin (HCG) 
and pregnancy specific-fll glycoprotein (SPI) (Bohn 1971) which are nor- 
mally produced by the placenta, have been demonstrated in the sera of 
patients with trophoblastic (Seppälä et al. 1978) and non-trophoblastic tu- 
mors (Würz et al. 1979; Searle et al. 1978; Braunstein et al. 1973). Utilising 
the immunoperoxidase technique, CEA and/~-HCG have also been demon- 
strated in the tissues of lung tumors. However, there are varying results 
concerning CEA tissue positivity, the incidence was reported to be highest 
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in  a d e n o c a r c i n o m a s  a n d  l o w e s t  in a n a p l a s t i c  c a r c i n o m a s  ( P a s c a l  et  al.  1977; 
F o r d  et  al.  1981). T h e  resu l t s  a r e  d i f f i cu l t  to  c o m p a r e ,  b e c a u s e  d i f f e r en t  
c l a s s i f i c a t i ons  a n d  d i f f e r en t  i n t e r p r e t a t i o n  c r i t e r i a  o f  C E A  p o s i t i v i t y  in  k e r a -  
t i n i z ing  a r e a s  o f  s q u a m o u s  cell  c a r c i n o m a s  have  been  used .  

T o  da t e ,  m o s t  a u t h o r s  w h o  have  d e m o n s t r a t e d  H C G  a n d  C E A  in l u n g  
c a r c i n o m a s  h a v e  o n l y  s t a t e d  the  f r e q u e n c y  o f  p o s i t i v i t y  o f  these  m a r k e r s ,  
w i t h o u t  g iv ing  a c o m p a r a t i v e  d e s c r i p t i o n  o f  the i r  l o c a l i s a t i o n  in  the  t u m o r  
t issues  o r  cells.  T h e  a i m  o f  th is  s t udy ,  t he re fo re ,  was  to  c o m p a r e  C E A ,  
SP1,  a n d  f l - H C G  p o s i t i v i t y  in  the  l u n g  t u m o r  t i ssue  in  r e l a t i o n  to  t u m o r  
s t age  a n d  h i s t o l o g i c a l  c l a s s i f i ca t ion ,  a n d  to  e s t a b l i s h  the  site o f  p r o d u c t i o n  
o f  these  a n t i g e n s  b y  c o m p a r i n g  the i r  s t a i n i n g  p a t t e r n .  A d d i t i o n a l l y ,  a n  an t i -  
k e r a t i n - a n t i s e r u m  was  u s e d  to  c lass i fy  the  t u m o r s  b e t t e r  a n d  to  c o m p a r e  
k e r a t i n  a n d  C E A  s ta in ing .  

Material and methods 

Tumors. Tissue samples of 127 lung carcinomas were obtained either surgically or by biopsy 
from patients treated at the "Robert-Koch-Hospital" of the University of Freiburg i. Br. 
over the last few years. The formalin-fixed and paraffin embedded tissues (obtained from 
the Institute of Pathology of the University) were sectioned at 5 gin. 

The histological diagnosis of the tumors was made independently by two of the investiga- 
tors on HE, PAS, and ErG stained sections. The classification according to the World Health 
Organization (WHO 1981) was as shown in Table 1. 

Antisera. All tumors were stained for CEA and fl-HCG, while only 29 of them were stained 
additionally with SP1- and keratin-antisera and monoclonal CEA antibodies (Mab). The poly- 
clonal CEA-,/?-HCG-, and SPl-antisera and the peroxidase labelled anti-rabbit serum were 
purchased from Dakopatts (Denmark), the keratin-antiserum from Immulok Inc., California 
(USA). The monoclonal CEA-antiserum was produced in mice by our own group as described 
previously (Grunert et al. 1982). 

Immunohistochemical techniques. The tissue sections were deparaffinized and endogenous perox- 
idase activity was blocked with 1% hydrogen peroxidase in absolute methanol (30 min). To 
reduce background staining, the sections were incubated for 30 min with 5% ovalbumin. Be- 
tween each incubation step the sections were washed with Tris buffered saline, pH 7.4. The 
incubation with the first antiserum was performed for one hour, and with the second peroxidase 
labelled antiserum for 30 min at room temperature. Peroxidase activity was developed by 
DAß with 0.012% hydrogen peroxide. The sections were counterstained in Mayer's haemalaun, 
dehydrated and mounted in Entellan. The commercial CEA-antiserum had to be absorbed 
with a normal lung extract to prevent cross-reaction with NCA (von Kleist, S. et al. 1972). 
The other antisera were used unabsorbed, all at a dilution of 1/30, except for the Mab-anti- 

Table 1. Histological classification of the cases studied 

Diagnosis No. of cases 

Squamous cell carcinoma 51 
Sma11 cell carcinoma 37 
Adenocarcinoma 25 
Large cell carcinoma 11 
Adenosquamous carcinoma 2 
Carcinoid 1 
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CEA. In addition to the staining with the polyclonal anti-CEA serum, 29 sections were incu- 
bated with the monoclonal antiserum directed against one CEA specific determinant. 

In order to check for a possible interference between the CEA-antiserum and keratin, 
sections were first incubated with a keratin-antiserum raised in rabbits, and then with the 
monoclonal CEA antibody. If there was any interference between keratin and CEA-antiserum, 
CEA staining should be inhibited. 

Sections of human colon tumors served as positive controls for CEA staining and sections 
of human placenta for both fl-HCG and SP]. The keratin positivity was controlled by compar- 
ing it with the keratinizing areas of the HE stained sections in serial slides. Sections of each 
tumor which were incubated with the homologous normal serum instead of the specific antise- 
rum, served as negative controls for all markers. Furthermore, the absorption of the CEA- 
antiserum with CEA (prepared from liver metastases of a colon carcinoma), of the SPJ- 
antiserum with SP1 (kindly provided by Dr. Bohn, Behringwerke), and of the fl-HCG-antiserum 
with ~-HCG (Boehringer, Mannheim, FRG) abolished positive staining of the control sections. 

Results 

In the lung tumor tissues studied, CEA and SP1 were demonstrated in 
80%, while/~-HCG was found in only 9%. SP1 revealed an almost identical 
staining pattern to that of  CEA in the 29 tumors studied, and of the 29 
tumors stained with anti-keratin-serum, only the 14 squamous cell carcino- 
mas were positive. The tissue positivity of  none of  the three markers corre- 
lated with tumor size, lymph-nodal involvement or histological type. 

CEA 

If the different histological tumor types were analyzed, the highest incidence 
of positive CEA staining was seen in adenocarcinomas (100%), in which 
the staining intensity was also highest. 

CEA could be detected in almost every tumor cell with an intense positi- 
vity at the luminal border of  highly differentiated bronchoalveolar carcino- 
mas, and a diffuse intracytoplasmic staining was seen in moderately or 
poorly differentiated carcinomas. 

In squamous cell carcinomas the stain was mainly restricted to the 
centers of  the epidermoid cell nests, which often showed keratinization. 
We could also label these keratinizing areas with an anti-keratin-serum 
and found a similar staining pattern to CEA. But CEA was also detected 
in cells surrounding these areas and even in some squamous cell carcinomas 
which were not keratinized. However, in these few cases the pattern was 
different, with more intense intracellular staining and a larger part of  the 
tumor staining positive (Fig. 1 and 2). 

In the 14 squamous carcinoma cases pre-incubated with an antikeratin- 
antiserum, and then incubated with a monoclonal anti-CEA-antiserum, the 
staining intensity of  CEA was not diminished. 

In large cell carcinomas CEA could be detected with the same frequency 
as in squamous cell carcinomas (91%, 10/11 cases). In all these tumors 
the CEA location was intracellular with many of the cells showing a positive 
stain along the whole outer cell border. Small cell carcinomas were only 
in 48% positive with no characteristic staining pattern. 
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Fig. 1. C E A  staining in keratinizing areas of  a squamous  cell carcinoma. N o  counterstaining 
x 400 

Fig. 2. CEA staining in a non-kerat inizing area of  a squamous  cell carc inoma (another  carcino- 
ma as Fig. 1). N o  counterstaining x 400 
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Fig. 3. Frequency of CEA and fl-HCG in 
different lung carcinomas (n total 
number of cases) 
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HCG 

HCG was detected in only 12 of the 127 tumors. Interestingly, it never ap- 
peared in small cell carcinomas. The highest incidence was seen in large 
cell carcinomas (36%) (Fig. 3). In these 12 positive cases. 4 characteristic 
staining patterns were revealed: 
- 3 tumors (No. 1-3, Table 2), all of  different histological types, showed 
fl-HCG intracytoplasmatically in spindle-form near the nucleus (Fig. 4). 
Most cells of  these tumors were fl-HCG positive and in the same cells 
CEA could also be detected with its characteristic staining pattern. 
- In 3 further carcinomas (No. 4-6, Table 2), fl-HCG was found in fine 
granular deposits throughout the whole cytoplasm of some undifferentiated 
cells being arranged in clusters. They were, however, not stainable for CEA, 
and had no contact with the CEA positive differentiated cell formations 
(Fig. 5). 
- In a third group of tumors (No. 7-9, Table 2), up to 80% of all cells 
were positive for CEA, while fl-HCG was located in only a few single cells 
( ~ 1 % )  spread throughout the tumor. These cells were in differentiated 
formations, i.e. squamous or adenoid structures, and did not differ morpho- 
logically from the main bulk of neighbouring cells. 
- In 2 other tumors (No. 10, 11, Table 2), fl-HCG could be found in a 
group of undifferentiated cells, which also stained positive for CEA. How- 
ever, these cell formations were only a small part of  the CEA positive 
staining tumor cells. 
The only carcinoid studied showed up to 70% fl-HCG positive cells, while 
CEA was seen in only 10% of the tumor in different cells (Table 2). 
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Fig. 4. Spindle-shaped fl-HCG in cells of an adenocarcinoma. HE counterstaining x 400 

Fig. 5. fl-HCG staining of undifferentiated cells in adenocarcinoma. No counterstaining x 500 
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Table 2. Characteristics off l -HCG positive lung tumors 
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No. AGE/years m/f  TNM-Stage Histological Type 

1 64 m T1NoM o Large cell carcinoma 
2 56 m T3N1M x Adenocarcinoma 
3 65 m T3N2M x Squamous cell carcinoma 
4 56 m T2NoM o Large cell carcinoma 
5 50 f T3N1M x Large cell carcinoma 
6 66 f TxNxM X Adenocarcinoma 
7 63 m T2NoM o Adenocarcinoma 
8 51 m T2NoM o Squamous cell carcinoma 
9 75 m TxNxM x Adenocarcinoma 

10 58 m T3N2M x Squamous cell carcinoma 
11 58 f T2NoM o Large cell carcinoma 
12 54 m T2N1M o Carcinoid tumor 

Discussion 

In the 127 lung tumors studied CEA was detected with a high incidence 
in adenocarcinomas (100%), in squamous cell carcinomas (90%), and in 
large cell carcinomas (91%). 

As CEA staining in squamous cell carcinomas was often restricted to 
the epidermoid cell nests and almost identical to the keratin staining, we 
preincubated sections of 14 squamous cell carcinomas with a polyclonal 
anti-keratin serum and then we stained them with the monoclonal CEA 
antibody. The staining intensity of CEA was not diminished. Therefore 
we consider that there is no interference between CEA and keratin, but 
a parallel expression of these two substances in squamous cell carcinomas. 
Hence we cannot confirm the suggestion of Pascal et al. (1977) that CEA 
positivity in keratinizing areas of squamous cell carcinomas is due to cross- 
reactivity of CEA with keratin or a keratin precursor. The CEA staining 
pattern of the adenocarcinomas with the intracytoplasmic and luminal 
border staining was similar to that described by Hill et al. (1979). With 
regard to the high overall incidence of CEA positivity (i.e. 80%) our results 
are in good correlation with those of Ford et al. (1981) and Gropp et~al. 
(198]). 

The same staining pattern was also seen with SP1 staining. However, 
the staining intensity of SPI was weaker and the background staining higher. 
We believe that additional staining of lung tumors with SP1 antiserum 
is not advantageous. 

Although SP] and fl-HCG are normally produced by the same cells 
of  the placenta, in lung tumors they show a different staining pattern, 
B-HCG sometimes being produded in totally different cells. 

HCG was localized immunohistologically by the immunofluorescence 
technique in lung tumor tissue for the first time by Becker et al. (1968) 
and Cottrell et al. (1968). However, the reacting cell was not identified. 
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Furthermore, reports concerning fl-HCG in lung cancers differ widely: while 
Nishiyama et al. (1980) reported 20% positive lung tumors (7/35) of differ- 
ent histological types, Wilson et al. (1981) demonstrated fl-HCG production 
in 84% of the 61 tumors studied. In comparison with these reports, the 
incidence of our fl-HCG positive cases was rather low (12/127), i.e. 9%. 
Only the great incidence of fl-HCG in large cell carcinomas could be con- 
firmed (36%). While each histological type has its own characteristic CEA 
staining pattern, for p-HCG there were four different staining patterns, 
independent of the histological diagnosis. In contrast to Gropp et al. (1981) 
we could not detect/~-HCG in small cell carcinomas. 

In our study all tumors with/~-HCG positivity were also stainable for 
CEA, but not always in the same cells. In some tumors there are clusters 
of inconspicuous undifferentiated tumor cells, producing only /~-HCG. 
These cells are small and do not resemble the syncitiotrophoblastic-like-giant 
cells of germ cells tumors. 

Tissue positivity of none of the three markers correlated with tumor 
size and lymph-nodal involvement. Further studies will show whether CEA 
together with fl-HCG can act as markers with prognostic significance. 
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