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Summary. Receptor sites can be visualized by labelled 
ligands as an alternative to receptor-specific antibodies, 
as substantiated for two different receptor classes. Re- 
combinant tumour necrosis factor e (TNF) was biotiny- 
lated via amino-groups and the resultant probe was ap- 
plied to formalin-fixed, paraffin-embedded tissue sec- 
tions of 94 primary bronchial carcinomas and to normal 
peripheral lung parenchyma. In addition, monoclonal 
antibodies specific for neuron-specific enolase (NSE) 
and TNF itself were used. The biotinylated fl-galacto- 
side-specific mistletoe lectin, which exhibits dose-depen- 
dent immunomodulatory and toxic potency, and two 
probes that specifically detect certain types of sugar re- 
ceptors were employed to illustrate further the feasibility 
of using ligands for receptor localisation. The tumours 
comprised 62 small cell lung carcinomas, 10 epidermoid 
carcinomas, 11 adenocarcinomas and 11 large cell ana- 
plastic carcinomas. Expression of TNF-binding sites was 
found in 39 of the small cell lung carcinomas and in 
13 of the non-small cell lung carcinomas. Binding capaci- 
ty for the TNF-specific antibody was seen in similar 
proportions of small cell lung carcinomas and of non- 
small cell lung carcinomas. None of the normal lung 
parenchymas revealed significant staining. Binding capa- 
cities to mistletoe lectin were seen in all normal lung 
parenchymas and in nearly all cases of adenocarcinoma 
(10/11). A correlation between the expression of NSE 
and the binding capacities to TNF was detected. Endog- 
enous lectins, specific for lactose or/~-GalNAc, were dis- 
played in nearly one half of the small cell lung carcinoma 
cases (44% or 45% respectively) and in about 25% of 
the non-small cell lung carcinoma cases. 
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Introduction 

Carrier-immobilized ligands or labelled ligands that ex- 
ert receptor-binding specifity are a reasonable alternative 
to antibodies for receptor localization. This principle has 
already taken advantage of using localization of endoge- 
nous sugar receptors by neoglycoproteins (Gabius 1988, 
1991 ; Gabius et al. 1991 a; Kayser et al. 1989a, b, 1991). 
Similarly, growth factors or hormones have been la- 
belled to generate tools for this purpose (Kayser et al. 
1990a, b, c). It is, therefore, reasonable to address the 
question of whether a biotinylated cytokine enables spe- 
cific visualization of receptor sites in tissue sections. 
Moreover, it is interesting to monitor the concomitant 
presence of the cytokine by an antibody. The present 
study was performed to increase our knowledge about 
binding capacities of human lung carcinoma cells to tu- 
mour necrosis factor c~ (TNF) and to carbohydrate-ex- 
posing neoglycoproteins. The choice of two ligand class- 
es is intended to illustrate a more generalized applicabili- 
ty of this approach. In addition to the histochemical 
application of the labelled ligands the relationship of 
binding to the expression of tumour-associated proteins, 
especially to neuroendocrine markers such as neuron- 
specific enolase (NSE), to TNF and to mistletoe lectin 
is evaluated. This lectin binds /?-galactoside-containing 
glycoconjugates and is clinically of special interest due 
to its immunomodulatory potency by enhancement of 
TNF secretion (Gabius et al. 1991 b). 

TNF belongs to the family of cytokines and is in- 
volved via receptor-mediated processes in regulatory 
functions of inflammation and cellular immunity (Mc 
Call et al. 1989; Brockhaus et al. 1990; Smith and Bag- 
lioni 1989; Vilcek and Lee 1991). It was, therefore, 
especially tempting to elucidate whether biotinylated 
TNF is effective in localizing its binding sites in fixed 
tissue specimens. So far, biotinylated TNF has been 
shown to recognize specific receptor sites in native cells 
effectively (Ranges et al. 1989; Schall et al. 1990). 

We selected lung tumours for this study. In human 
lung carcinomas two main cell types can be distin- 
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guished: small cell lung carc inomas  which usually re- 
spond favourably  (a l though for  a limited time) to cyto-  
static drug regimens, and non-small  cell lung carcino- 
mas. In geneal, their g rowth  is not  reduced by cytostat ic  
therapy,  which encouraged  us to examine the influence 
o f  i m m u n o m o d u l a t o r y  agents such as mistletoe lectin 
on h u m a n  lung carc inoma growth.  Because o f  the sup- 
posed impor tance  o f  p ro te in -carbohydra te  interactions 
for cellular communica t ion  and o f  T N F  in lectin-mediat- 
ed ant i - tumoral  effects (Gabius 1991), respective recep- 
tor sites were determined in the lung cancer types. 

The two ma jo r  groups  o f  lung carc inomas  show some 
similarities in respect o f  their h i s tomorphologica l  ap- 
pearance:  small cell lung carc inomas and, less frequent-  
ly, large cell lung carc inomas  usually grow wi thout  dense 
in f l ammatory  infiltrates in contras t  to epidermoid carci- 
nomas  and adenocarc inomas  (Kayser et al. 1986). Small 
cell lung carc inomas and large cell carc inomas  usually 
conta in  large areas o f  infarct-like necrosis. Small cell 
carc inomas  and  adenocarc inomas  usually show multiple 
micrometastases  in close connect ion  with the b o u n d a r y  
o f  the t umour  mass. These findings encouraged  us to 
moni to r  cellular determinants  such as receptors for  
T N F ,  ca rbohydra tes  or  i m m u n o m o d u l a t o r y  agents to 
uncover  histochemical  differences. 

Materials and methods 

Commercially available recombinant tumor necrosis factor ~ (kind- 
ly provided by Eurocetus, Amsterdam) was biotinylated with bio- 
tinyl-N-hydroxysucchinimide ester, as described for neoglycopro- 
teins or epidermal growth factor (Kayser et al. 1989a, 1990a, b). 
fl-N-acetyl-o-galactosamine (fl-GalNAc) and lactose were chemical- 
ly attached to bovine serum albumin and the product was biotiny- 
lated, as described (Kayser et al. 1989 a). The toxic and immunomo- 
dulatory fl-galactoside-specific lectin from mistletoe (ML-I) was 
purified as previously described (Gabius 1990) and biotinylated 
under activity-preserving conditions as reported recently (Gabius 
et al. 1991a). The monoclonal antibodies against TNF and the 
gamma subset of the NSE were obtained from Boehringer, Mann- 
helm, FRG and Biotrend, K61n, FRG~ respectively. The biotinylat- 
ed probes and the monoclonal antibodies were applied to 4-6 gm 
thick histological sections of formalin-fixed (buffered formalin, 
pH 6.9-7.3), paraffin-embedded tissues. The sections were incubat- 
ed in 0.1% methanolic hydrogen peroxide for 30 min after deparaf- 
fination and rehydration. The non-specific background staining 
caused by protein-protein interactions was minimized by treatment 
with 1% carbohydrate-free bovine serum albumin (BSA) in TRIS- 
buffered saline after equilibration with 0.1 M TRIS buffer (pH 7.4). 

The sections were incubated with the biotinylated probes and with 
the monoclonal antibodies at a concentration 10 gg/ml at room 
temperature for 60 min in TRIS buffer. Biotinylated TNF was 
also applied in the presence of ovalbumin to reduce any binding 
to high-mannose glycopeptides, described for its native and dena- 
turated form (Moonen et al. 1988; Muchmore et al. 1990). After 
thorough washin in 0.1 M TRIS buffer (pH 7.4) positive reaction 
of the biotinylated probes and monoclonal antibodies was visual- 
ized by application of the avidin-biotin complex (Camon, Wiesba- 
den) or a second biotinylated antibody and the development of 
the chromogenic product from the substrates diaminobenzidine 
and hydrogen peroxide. Finally, the sections were counterstained 
with haematoxylin and mounted. The sections comprised biopsy 
and surgical specimens of 62 small cell lung carcinomas, 10 epider- 
mold carcinomas, 11 adenocarcinomas, 11 large cell anaplastic car- 
cinomas and 10 cases with normal lung parenchyma. The cell type 
of the cases was classified according to the rules of the WHO. 
Positive and negative controls were performed as usual (Kayser 
et al. 1990a). The specificity of the binding to the labelled ligands 
was controlled by competition reactions with the unlabelled ligands 
(ratio 1 : 50, labelled : unlabelled ligand). Further controls included 
the application of labelled carbohydrate-free carrier protein (BSA) 
with and without added unlabelled TNF, running the protocol 
under identical histochemical conditions. Cases were considered 
positive only if dark brown staining was observed in all the tumour 
cells or lung parenchymal cells or at least in clusters of them. 

Results 

The staining behaviour  o f  the probes  applied for differ- 
ent lung carc inomas  and normal  lung pa renchyma  is 
summarized in Table 1. As seen in a previous s tudy 
(Kayser et al. 1990c) 60 70% of  the small cell lung carci- 
nomas  and 10 20% o f  the non-small  cell lung carcino- 
mas showed positive staining with the NSE-specific anti- 
body.  Lactose-specific binding capacities were seen in 
35-45 % of  the undifferent iated or  anaplastic carc inomas 
(small cell and large cell carcinomas)  and in only 15 
25% o f  the more  differentiated tumours  (adenocarcino-  
mas and epidermoid carcinomas).  N o  major  differences 
between the different cell types were evaluated for  the 
staining o f  the f l-GalNAc-specific probe.  The mistletoe 
lectin-specific binding sites were observed in all cases 
with normal  lung pa renchyma  and in a high percentage 
o f  the t umour  cases. Presence of /~-galactoside-contain-  
ing glycoconjugates  in addi t ion to potential  receptor  
sites, localized by the neoglycoprotein ,  is thus ascer- 
tained. The staining was usually s trong and homoge-  
neous. Notably ,  biot inylated T N F  bound  specifically to 
the sections. TNF-b ind ing  sites, detected by the biotiny- 

Table 1. Expression of receptors specific 
for tumour necrosis factor ~ (TNF), lac- 
tose (Lac), mistletoe lectin (ML-1) and (fl- 
GalNAc) as well as expression of neuron- 
specific enolase (NSE) and TNF in prima- 
ry lung carcinomas (%) 

Cell type Probe applied 

TNF-Bio TNF-Ab NSE Lac ML-1 fl-GalNAc 

Normal lung (n = 10) 0 0 0 0 100 10 
Small cell carcinoma 01 = 62) 63 * 73 63 * 44 56 45 
Epidermoid carcinoma (n=10) 60 30 20 20 50 20 
Adenocarcinoma (n = 11) 45 45 18 * 18 91 36 
Large cell carcinoma (n= 11) 18" 36 18" 36 64 18 

TNF-Bio, biotinylated TNF; TNF-Ab, antibody against TNF 
* Statistically significant (p < 0.05, chi-square test) 
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Fig. 1. Microphotograph of a small 
cell lung carcinoma showing positive 
staining for biotinylated TNF. PAP, 
x 420 

Fig. 2. Microphotograph of a small 
cell lung carcinoma showing positive 
staining for TNF-specific antibody. 
PAP, x 280 

lated cytokine, were seen in the cytoplasm but seldom 
in the nucleus (Fig. 1). Presence of ovalbumin did not 
affect binding, excluding any contribution of carbohy- 
drate recognition by TNF to the extent of observed 
staining. TNF itself was usually present in the cyto- 
plasm, as shown with the antibody (Fig. 2). The staining 
with the biotinylated ML-1 was intense, as shown in 
Fig. 3. In view of the lectin-dependent increase of secre- 
tion of cytokines by mononuclear cells it is interesting 
to note that intra-tumour mononuclear inflammatory 
ceils with strong positive staining to ML-1 were often 
observed. 

The coexpression of NSE, detected immunohisto- 
chemically, in relation to the other probes applied is 
given in Table 2. About 80% of NSE-positive tumours 
reacted positively to the TNF antibody, compared with 
only 45% of the NSE-negative turnouts. No significant 
differences could be observed with respect to ML-1, and 
the/~-GalNAc and Lac-carrying probes. 

A high proportion of carcinomas with demonstrable 
TNF-binding sites appeared to show intra-tumour TNF 
(Table 3). However, nearly 50% of the tumours without 
detectable TNF-binding sites appeared to express TNF. 
The percentages of the obtained coexpression to the 
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Fig. 3. Microphotograph of a small 
cell lung carcinoma showing positive 
staining for biotinylated mistletoe 
lectin. PAP, x280 

Table 2. Coexpression of NSE in relation to the expression of TNF 
and the receptors for TNF, Lac, ML-1 and/~-GalNAc (%1) 

Positive to 

Lac /%GalNAc ML-1 TNF-Bio TNF-Ab 

NSE positive 44 49 58 69 78 
(n = 45) 
NSE negative 31 29 63 43 45 
(n = 49) 

Table 3. Coexpression of TNF-specific receptors in relation to the 
expression of NSE, TNF and to the expression of receptors specific 
for Lac, ML-1 and ~-GalNAc (%) 

Positive to 

Lac /~-GalNAc M L - 1  NSE TNF-Ab 

TNF-receptor 
positive 
(n = 52) 
TNF-receptor 
negative 
(n = 42) 

58 60 65 60 73 

12 12 48 24 45 

other structures, detectable with the applied probes, are 
given in Table 3. No differences could be observed be- 
tween small cell lung carcinomas and non-small cell lung 
carcinomas. 

Discussion 

T N F  belongs to the family of  cytokines and is a polypep- 
tide mediator that induces signal mediation. T N F  is pro- 
duced by activated macrophages; however, its produc- 

tion by different cell types, such as astrocytes or endo- 
thelial cells, has also been demonstrated (McCall et al. 
1989; Schall et al. 1990; Vilcek and Lee 1991). TNF  
was originally discovered in trials to treat cancer patients 
by infecting them with bacteria (Carswell et al. 1975). 
It induces large areas of  necrosis in tumours, trans- 
planted into nude mice. Histologically, it is well known 
that small cell lung carcinomas in particular often reveal 
large areas of  infarct-like necrosis. Our data reveal a 
remarkable relationship of  the presence of TNF-binding 
sites to the cell type: small cell lung carcinomas and 
epidermoid carcinomas exhibit detectable binding sites 
to T N F  in about 60 70% of the tumours. This differs 
from the findings in large cell carcinomas and adenocar- 
cinomas (18% and 45% respectively). The specific anti- 
body applied against T N F  showed a positive staining 
in more than 70% of  the small cell lung carcinomas, 
and in only 12/32 (38%) cases of  the non-small cell lung 
carcinomas. Only 3/10 epidermoid carcinomas revealed 
a presence of  T N F  within the tumour cells. The presence 
of  binding sites to T N F  is strongly associated with the 
presence of  the T N F  protein in the tumour cells (73% 
of the cells with detectable TNF-binding sites showed 
intracellular TNF);  however, about 25% of  the tumours 
with TNF-binding sites were apparently devoid of  de- 
tectable intracellular TNF.  In addition, 45% of  the tu- 
mour cells without detectable TNF  (Table 3). Thus, there 
is a close, however, not complete overlap between the 
presence of  immunologically detectable intracellular 
T N F  and the binding sites, visualized by biotinylated 
TNF.  

A similar correlation of  expression was observed be- 
tween TNF-binding sites and the staining behaviour of  
NSE antibody. This association between TNF-binding 
sites and immunologically reactive NSE holds true for 
small cell lung carcinomas and non-small cell lung carci- 
nomas. Although no association of  the expression of 
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neuroendocr ine  features and the survival o f  patients was 
observed,  there is evidence that  small cell lung cancers 
with neuroendocr ine  features show a better response to 
therapeut ic  drug regimes followed by  a p ronounced  drug 
resistance after t umour  relapse, when compared  with 
their non-neuroendocr ine  counterpar ts  (Kayser et al. 
1991). The close associat ion o f  NSE-s ta in ing  behaviour  
and TNF-b ind ing  sites m a y  indicate tha t  immunore -  
sponse mechanisms may  be involved to explain this ob- 
servation. 

It  is also no tewor thy  that  a close associat ion o f  the 
expression of  TNF-b ind ing  sites and lactose-specific en- 
dogenous  lectins is apparen t  (Table 3). All non-smal l  cell 
lung carcinomas,  showing lactose-specific endogenous  
lectins, revealed TNF-b ind ing  capacity,  detectable by 
our  technique. Only  the small cell lung carc inoma in- 
cluded a few turnouts  (6/29) which stained positively 
for biot inylated lactose-specific neoglycoprote in  and 
negatively for biot inylated T N F .  Endogenous  lactose- 
specific lectin is usually no t  detectable at the probe  con- 
centra t ion applied with this technique in normal  lung 
parenchyma,  and is seen less frequently in h u m a n  lung 
carc inomas  than maltose-,  mannose-  or  fucose-specific 
sugar  receptors (Kayser et al. 1989b). 

A few cases were found  that  were devoid o f  binding 
sites to biotinylated M L - I .  The staining behaviour  o f  
the in t ra - tumour  mononuc lea r  in f l ammatory  cells was 
usually s tronger than that  o f  the normal  lung parenchy-  
m a  and o f  the t u m o u r  cells (Fig. 3). The da ta  are in 
agreement  with previous reports about  the non-specific 
act ivat ion o f  immune  variables like serum levels o f  cy- 
tokines by applicat ion o f  n a n o g r a m  quantities o f  ML-1 
(Gabius 1991; Gabius  et al. 1991b). 

F r o m  the technical point  o f  view, histochemical  appli- 
ca t ion o f  biot inylated T N F  is o f  similar value to that  
o f  epidermal growth  factor  (EGF).  Kayser  et al. (1990a, 
b) have demons t ra ted  that  biot inylated E G F  is a useful 
histochemical  probe  for analysis o f  EGF-specif ic  binding 
sites. In contras t  to the applicat ion o f  EGF- recep to r -  
specific monoc lona l  antibodies, biot inylated E G F  de- 
tects all binding sites (including the EGF-specif ic  recep- 
tors) independent  o f  the mammal i an  species o f  the tissue. 
The same statement  holds true for  the appl icat ion o f  
biot inylated T N F ,  which is easy to pe r fo rm on formalin-  
fixed, paraf f in-embedded tissue. Our  repor t  extends the 
use o f  biotinylated T N F  for  receptor  detect ion f rom na- 
tive cells, as reported recently by Ranges  et al. (1989), 
to fixed h u m a n  lung material.  
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