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Summary. Biotinylated neoglycoproteins are useful to 
determine the expression of sugar receptors (lectins) 
histochemically in routinely processed tissue sections. 
Assessment of the presence of distinct receptor classes 
with specificity to/%galactosides and to c~- or/?-N-acetyl- 
galactosamine, selected on the basis of their potential 
relevance for recognition processes within the metastatic 
cascade in murine model systems, was performed for 
a common human tumour type, colorectal cancer. The 
four different types of neoglycoproteins, derived from 
covalent attachment of commercially available deriva- 
tives of/%N-acetylgalactosamine, differed only quantita- 
tively in their capacity to detect specific binding on cul- 
tured cells and tissue sections, thus posing no major 
restriction on the choice of synthetic process for histo- 
chemical efficiency of the product. Glycocytological ap- 
plication revealed specific probe binding and a regula- 
tion of level of receptor expression for a human colon 
carcinoma cell line primarily for N-acetylgalactosamine- 
specific receptors upon retinoic acid-induced differentia- 
tion. Monitoring of sections of the 12 cases of primary 
and secondary colorectal lesions invariably disclosed the 
presence of the respective receptors, the extent of cell 
labelling in primary tumours and metastases being simi- 
lar. Establishment of metastases, even in different target 
organs, is apparently not followed by a major phenotyp- 
ic variation in this feature. 
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Introduction 

The metastatic spread of neoplastic cells, initiated by 
cell detachment from the primary tumour into circula- 
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tion, and their arrest and growth in target organs de- 
pends on a variety of properties of tumour cells which 
are still not accurately defined, and on the reactions 
of various types of host cells and their microenvironment 
(Nicolson 1988; Weiss et al. 1989). In addition to the 
study of murine model systems possessing inherent dif- 
ferences in their propensity for metastasis, the thorough 
histopathological profiling of the expression of deliber- 
ately selected characterisitics in tissue sections of clini- 
cally apparent tumours may provide valuable evidence 
in discerning correlations between the presence of certain 
determinants and the establishment of secondary lesions. 
With respect to protein-carbohydrate interactions, atten- 
tion has so far been mainly focussed on the characteriza- 
tion of cellular glycoconjugates (Alhadeff 1989; Hako- 
mori 1989; Walker 1989). However, the elucidation of 
the potential significance of the putative receptors for 
these carbohydrate structures also deserves experimental 
efforts (Monsigny et al. 1988; Raz et al. 1990; Gabius 
1991). This suggestion is underscored by the interference 
of N-acetylgalactosamine with adhesion of cells from 
certain hepatocarcinoma and leukaemia lines to stromal 
cell layers or immobilized glycoproteins and the impor- 
tance of presence of a /%galactoside-specific lectin for 
metastasis formation in murine fibrosarcoma cells (Stan- 
ford et al. 1986; Gabius and Gabius 1990; Gabius et al. 
1990a; Raz et al. 1990). This line of evidence has served 
as the rationale to delineate the presence of receptor 
sites sites in primary and secondary lesions of a clinically 
common tumour type with high incidence, namely color- 
ectal adenocarcinoma, using glycohistochemistry in rou- 
tinely processed tissue sections. Neoglycoproteins can 
be prepared by various methods and so we compared 
the capacity of four types of neoglycoproteins to provide 
information on potential differences in their efficiency 
for lectin detection. In addition to the histochemical lo- 
calization of binding sites for the ligands lactose and 
N-acetylgalactosamine in tumour sections, we have also 
demonstrated the influence of chemically induced differ- 
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en t ia t ion  on the presence of  these receptors in h u m a n  
colon ca rc inoma  cells in vitro. This emphasizes the mo-  
du la to ry  effects which may  act on  this cellular property.  

Materials and methods 

In the synthesis of labelled neoglycoproteins a batch of bovine 
serum albumin (BSA; Biomol, Hamburg, FRG) was carefully 
checked to exclude the occurrence of notable non-specific binding. 
It was treated with periodate to abrogate any intefering activity 
of trace amounts of carbohydrate contamination. It was then used 
as carrier protein for conjugation of diazonium or p-isothiocyanato 
derivatives of p-aminophenyl glycosides, or for carbodiimide-me- 
diated coupling of N-acetyl-u-galactosamine after its reaction to 
the aliphatic spacer (2,3-epoxypropane)-4-oxybutyric acid. Incor- 
poration yields of 10 _+ 2, 30 + 2 and 22 _-4- 2 carbohydrate moieties 
per carrier molecule were achieved, as described by Gabius and 
Bardosi (1991). Coupling ofp-aminophenyl 2-acetamido-2-deoxy- 
/3-o-galactopyranoside was also performed by using 1,2-diethoxy- 
cyclobutene-3,4-dione (squaric acid diester) as the coupling re- 
agent, as outlined recently by Tietze et al. (1991). Briefly, a 2-fold 
molar excess of the reagent was added to the p-aminophenyl glyco- 
side in dry ethanol and purification by silica chromatography (chlo- 
roform/methanol/water, 13/8/2) after 8 h at room temperature 
yielded the activated derivative with a yield of 70%, as ascertained 
by elementary analysis, infra-red, mass, 1H- and 13C-NMR spec- 
tra. Glycosylation of BSA was carried out for 3.5 h at room tem- 
perature at pH 9.0 with a 75-fold molar excess of reagent to carrier 
protein, affording glycoside incorporation of 14 residues per carrier 
molecule, as determined spectrophotometrically at 270 nm and 
310 nm. The neoglycoproteins and the carrier protein as a control 
to ascertain absence of binding by protein-protein interaction were 
biotinylated with biotinyl-N-hydroxysuccinimide ester Sigma, 
Munich, (FRG). 

The human colon adenocarcinoma cell line COLO 205, ob- 
tained from the American Type Culture Collection (Rockville, 
USA), was cultured in 90% RPMI-1640 medium and 10% fetal 
calf serum containing 2 mM L-glutamine and antibiotics. One of 
the differentiation-inducing reagents sodium butyrate (1 raM), all- 
t r a n s  retinoic acid (5 gM) and 12-O-tetradecanoylphorbol 13-ace- 
tate (50 ng/ml) were added as described by Gabius et al. (1990b). 
Cultured cells were carefully washed in Hank's balanced salt solu- 
tion containing 1% BSA to remove any serum components. Cy- 

tospin preparations of 5 x 104 cells were dried. These cells, or care- 
fully washed adherent cells that had been grown on coverslips, 
were fixed at 4 ~ C in 80% acetone for 10 min and washed with 
buffer (20 mM HEPES with 0.9% NaC1, 20 mM CaCI2 and 0.1% 
BSA at pH 7.5). Protein-binding sites were saturated by incubation 
with 2% BSA in buffer for 20 min at room temperature. After 
blotting off this solution the specimens were taken through a series 
of steps including incubation with the labelled probe (100 ~tg/ml), 
abrogation of endogenous peroxidase activity and signal develop- 
ment, as described by Gabius et al. (1990b). Control reactions in 
the absence of labelled probe, in the presence of an excess of com- 
petitive inhibitor as well as with biotinylated, carbohydrate-free 
carrier protein (200 gg/ml) instead of the neoglycoprotein ascer- 
tained specificity of the observed staining, were scored by two inde- 
pendent observers. 

For glycohistochemical staining tissue specimens were obtained 
at autopsy and fixed in 4% formaldehyde prior to dehydration 
and embedding at 56 ~ C. Cases 1-5 were primary adenocarcinomas 
of the large intestine; cases 6a and 7a were primary tumours with 
liver metastases in the same patient (6b, 7b); cases 8 10 were liver 
metastases from different patients; case 11 was a lung metastasis; 
and case 12 consisted of metastases to the liver (12a), lung (12b), 
peritoneum (12c), kidney (12d) and adrenal gland (12e) in the 
same patient. Sections (5 Ixm) were processed by rehydration, treat- 
ment with 1% hydrogen peroxide in methanol for 30 min, satura- 
tion of protein-binding sites, successive incubations with the la- 
belled probe (100 lag/ml in phosphate-buffered saline at pH 7.4) 
and ABC reagents as well as signal development with 3-amino-9- 
ethyl-carbazole in conjunction with appropriate specificity con- 
trols, as described by Gabius and Bardosi (1991). The staining 
of the tumour cells in the individual sections was semi-quantified 
with respect to the cell percentage within the total tumour cell 
compartment as well as with respect to the intensity, and these 
parameters were grouped into categories. 

Results 

Three types of  neoglycoprote in  were synthesized by 
c o m m o n  protocols  and  we prepared  ano ther  type of  gly- 
cosylated carrier pro te in  by using squaric acid diester 
as coupl ing  reagent.  The p repa ra t ion  of  the act ivated 
ca rbohydra te  derivative tha t  was used in the con juga t ion  
step was mon i to red  by  spectrometr ic  analyses, as docu- 
mented  in F i g . / .  The three types of /%N-acetylgalactos-  
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Fig, 1. laC-NMR spectrum ofp- 
(4-ethoxycyclobut-l-ene-2,3-dione- 
l-amido)phenyl 2-acetamido-2- 
deoxy-/~-o-galactopyranoside. 
Resonances of carbon atoms are 
denoted 



Table 1. Binding of neoglycoproteins to fixed human COLO 205 colon tumour cells, treated with differentiation-inducing reagents 
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Chemical lac" e-galNAc fl-galNAc galNAc 
treatment BSA22 

BSAlo a BSA3o BSAlo BSA3o BSAlo a BSA14 BSA3o 

Without 4 4 4 + 4 / +  4 (+) /+  4 4 (+) /+  (+) /+  
treatment 
1 mM 
sodium + / + + + / + + + + + + + + 
butyrate 
5 gM reti- 4 / 4 4  + + 4 +  + +  + + / 4 4 4  + +  4 +  4 + / + + 4  
noic acid 
50 ng/ml 4 + 4 + 4 4 4 / 4  + + + 4 + 4 4 + 4 
TPA c 

The staining intensity with the individual biotinylated probes and the ABC reagents is divided into four categories from (+) to 4 + 4 
" The neoglycoprotein is designated by its carbohydrate part (lactose or N-acetyl-D-galactosamine) and its incorporation yield 
b al l - trans retinoic acid 
c 12-O-Tetradecanoyl phorbol 13-acetate 
d From Gabius et al. (1990b) 

amine-containing neoglycoprotein with aromatic  linkers, 
derived f rom coupling the appropriately derivatized p- 
aminophenyl  glycoside, were compared in their histo- 
chemical efficiencies to neoglycoproteins that either con- 
tained the c~-anomer or lactose, immobilized as diazon- 
ium derivative of  the p-aminophenyl  glycoside or N-ace- 
tylgalactosamine in C6 linkage to an aliphatic spacer. 
These probes were used in the following studies for de- 
tection of  specific binding sites in human  colorectal can- 
cer cells in vitro and in situ. 

The measurements with the panel of  labelled neogly- 
coproteins on cultured colon adenocarcinoma cells were 
performed to ascertain the presence of specific binding 
sites in vitro, the assess the efficiency of  the different 
types of  neoglycoprotein for receptor localization and 
to moni tor  the response to chemically induced differenti- 
ation. In each case, specific binding was detected (Ta- 
ble 1). Control  reactions with carbohydrate-free biotiny- 
lated carrier protein and competitive inhibition with la- 
bel-free neoglycoprotein irrespective of  the type of  syn- 
thesis ascertained the inherent specificity. Whereas the 
extent of  receptor expression was similar in the case of  
the lactosylated marker  in the absence and in the pres- 
ence of the differentiation-inducing agents, a pro- 
nounced increase was noted for ~-N-acetylgalactos- 
amine-specific binding after t reatment with retinoic acid 
(Table 1, Fig. 2). Only slight differences were notable 
with the different types of  neoglycoprotein. These results 
encouraged us to evaluate the extent of  staining of  tu- 
mour  cells in tissue sections semi-quantitatively. 

As already described for the cultured tumour  cells, 
control reactions were performed as illustrated in Fig. 3. 
The comparison of  the staining intensity of  the different 
cases revealed heterogeneity (Table 2). The e-anomer-  
containing labelled probe bound to the cells to a greater 
degree than carrier proteins with the /%anomer  or lac- 
tose. The type of synthesis had no major  influence on 
the performance of  the neoglycoprotein, the labelled 
product  f rom coupling by diazotization yielding the rela- 
tively highest staining intensity. A similar staining distri- 

Fig. 2. Glycocytological staining of cytospin preparations of cul- 
tured human colon adenocarcinoma cells a without and b after 
prior treatment with retinoic acid by subsequent application of 
c~-N-acetylgalactosaminylated (BSA-biotin), carrying 10 carbohy- 
drate residues per carrier molecule, ABC reagents and the sensitive 
colour development system. Counterstaining was performed with 
a haemalaum and b Kernechtrot. x 1200 

bution was observed for pr imary and secondary tu- 
mours.  Notably,  this similarity extended to the pat tern 
of  cells of  metastatic foci to different target organs (Ta- 
ble 2, Fig. 3). 
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Fig. 3. Light micrographs of sections of a a primary adenocarcino- 
ma of the large intestine and b its liver metastasis, referred to 
as cases 7a and 7b in Table 2, after incubation with biotinylated 
fl-galNAc-exposing BSAlo. Sections of c a lung and d an adrenal 
cortex metastasis, referred to as cases 12b and 12e in Table 2, 
after incubation with biotinylated e-galNAc-exposing BSA~o and 

ABC reagents as well as after haematoxylin counterstaining. Con- 
trol reactions after incubation of sections of the adrenal cortex 
metastasis e with biotinylated c~-galNAc-exposing BSAlo in the 
presence of an excess of competitive inhibitor, or f with biotinylated 
carbohydrate-free carrier protein and otherwise identical treat- 
ment. x 375 

Discussion 

The  na tu r e  o f  the  m o l e c u l a r  p rope r t i e s  tha t  charac te r ize  
the  me ta s t a t i c  p h e n o t y p e  a n d  tha t  m a y  be i n s t rumen ta l  
in de t e rmin ing  the p r o p e n s i t y  for  metas tas i s  f o r m a t i o n  

are  still i l l -defined.  I t  is w i thou t  ques t ion  tha t  mur ine  
m o d e l  systems faci l i ta te  mean ingfu l  exper iments  tha t  are  
des igned to cor re la te  presence o f  cer ta in  de t e rminan t s  
wi th  e s t ab l i shment  o f  metas tases .  However ,  the analys is  
o f  metas tas i s  f o r m a t i o n  in the cl inical  s i tua t ion  is re- 



Table 2. Binding of neoglycoproteins to tumour cells of primary or metastatic lesions of colon carcinomas 
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Case Age P Stage lac- a- fl-galNAc 
BSAlo galNAc- 

T N M BSAlo BSAlo BSAt4 BSA3o 

galNAc- 
BSA22 

1 84 4 3 1 IV 4/2 
2 76 3 2 0 III 4/1 
3 74 3 0 0 II 4/2 
4 82 3 0 0 II 4/1 
5 56 2 0 0 I 4/2-3 
6a 61 4 2 1 IV 4/1 
6b 4/1 
7a 65 3 0 1 IV 4/3 
7b 4/3 
8 69 3 0 1 IV 4/2 
9 7O 4 2 1 IV 4/3 

10 49 3 2 1 IV 4/2 
11 72 4 3 1 IV 4/2 
12 a 46 4 3 1 IV 4/3 
12b 4/2 
12c 4/1 2 
12d 4/~3 
12e 4/2 

Average of 4.0/ 
staining 2.0 

4 
4 
4 
4 
4 
4 
4 

4 
4'4 
4'4 
4'4 
4'3 
43 
44 
43 
43 4 
4/3-4 
4/4 

2.0/ 
3.2 

'3 
'2 
'3 4 
'2 
'3 
'2 
'2 
'4 

4/2 3/1 2/1 4/2 
4/1 4/1 4/1 4/2 
4/2-3 4/1 2 4/1-2 4/3 
4/1 4/1-2 3/1 4/1-2 
4/2 4/2 4/1 4/2 
3/1 3/1 2/1 4/1 
4/1 4/1 2/1 4/1-2 
4/3 4/3 4/2 4/3 
4/3 4/3 4/2 4/4 
4/3 4/2 4/1 4/3 
4/3 4/3 4/2 4/3-4 
4/2 3/1 4/1 4/2 
4/2 4/2 4/1 4/3 
4/2 4/3 4/3 4/3 
4/2 4/1 2 4/2 4/3 
4/2-3 4/1-2 4/1 4/3 
4/2 4/2-3 4/2 4/3 
4/3 4/3 4/3 4/3 

3.9/ 3.8/ 3.6/ 4.0/ 
2.1 1.9 1.5 2.6 

Cytoplasmic staining is evaluated by the percentage of positive 
cells (first value: 1, 0 5%; 2, 5 20%; 3, 20-50%; and 4, 50-100%) 
and by the individual staining intensity (second value: 1, weak, 

but significant staining; 2, medium staining; 3, strong staining; 
and 4, very strong staining). The neoglycoprotein is designated 
by its carbohydrate part and its incorporation yield 

stricted to histopathological monitoring, unless other 
host organisms for human cancer cells like nude mice 
are used. Obviously, the series of  events occurring during 
spread f rom an inherently heterogeneous tumour  mass 
in the post-delivery phases of  dissemination can exert 
modula tory  influences on the phenotype,  rendering 
clear-cut correlations more difficult. It  is noteworthy 
that  the impact  of  microenvironmental  factors on lectin 
expression has already been determined in a murine 
model  system (Glaves e ta l .  1989; Vidal-Vanaclocha 
et al. 1990). Plant lectins have proved valuable in reveal- 
ing instability of  defined characteristics during tumour  
outgrowth (Chan et al. 1985; Stanford et al. 1986). In 
studies with plant lectins on human  colon cancer, no 
constant  pat tern of  ligand expression has been disclosed 
(Kel lokumpu 1986; Hohenberger  et al. 1990). Overall, 
it appears  reasonable to state that an unequivocal de- 
cision on definite properties of  the actual metastatic phe- 
notype presents a formidable problem. Clinically, how- 
ever, assessment of  features that are present in pr imary 
and secondary lesions without necessity for concurrent 
p roof  of  functional importance can be helpful for thera- 
peutic and imaging approaches (Esteban and Battifora 
1990). They may include cytoplasmic epitopes (Dairkee 
and Hacket t  1989). Based on this reasoning we profiled 
the expression of  two purposefully chosen sugar receptor 
classes in tumour  cells and tissue sections by biotinylated 
neoglycoproteins. Among  the four types of  methods for 
carbohydrate  conjugation, no major  influence on stain- 
ing intensity following application of  their products  was 
apparent ,  thus posing no processing restrictions on the 
selection of the procedure that  invariably started with 

commercially available derivatives. Similarly, we only 
included routinely processed tissue specimens to ensure 
continuing studies with no imposed restrictions concern- 
ing the preparat ion of  pathological material.  The in vitro 
study revealed a modula tory  impact  of  retinoic acid- 
induced differentiation on the feature monitored.  This 
was consistently present in a high percentage of  tumour  
cells within the histological cases investigated. Broad 
phenotypic variat ion between malignant  cells in pr imary 
and metastat ic lesions on the histochemical level, defined 
by the tools employed, could be excluded. Since varia- 
tion on the level of  purified proteins with specificity to 
fl-galactosides has been reported for xenografted tumour  
material  of  pr imary and secondary colon tumours  (Ga- 
bius et al. 1989), refinements of  the ligand structure of  
the neoglycoproteins by cus tom-made chemical synthesis 
is now desirable. This will enable the further character-  
ization of  the properties of  the detectable binding sites 
in pr imary and secondary tumours,  in normal  tissue, 
and in benign or premalignant  lesions. 
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