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A b s t r a c t  We analysed the value of the expression of be- 
ta 1,6 branching of asparagine-linked oligosaccharide 
chains and polysialic acid of the neural cell adhesion 
molecule (NCAM) in predicting malignant behaviour in 
human insulinomas, as these glycoconjugates have been 
associated yvith invasive growth and metastatic potential. 
Fifty-three insulinomas from patients with well-docu- 
mented clinical and follow-up data were investigated. 
Lectin histochemical staining for beta 1,6 branches re- 
vealed that 11 (74%) of the 15 malignant insulinomas 
stained more strongly than normal beta cells. However, in 
as many as 23 (63.1%) of the 38 benign insulinomas with 
a disease-free follow up for 4-18 years (average 8 years), 
a staining intensity equivalent to that of malignant tu- 
mours was found. Two (13%) of the malignant insulino- 
mas and 1 of the 4 liver metastases studied were un- 
stained. None of the 53 insulinomas (and the rat RIN in- 
sulinoma) re-expressed polysialic acid as demonstrated 
by immunohistochemistry and Western blotting with the 
monoclonal antibody 735. Therefore, histochemical stain- 
ing for beta 1,6 branches and immunohistochemistry for 
polysialic acid are unlikely to be of value as prognostic 
indicators for patients with insulinomas. 
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Introduction 

Insulinomas constitute 70-75% of human pancreatic 
neuroendocrine tumours. Their biological behaviour can- 
not be predicted by conventional histopathological crite- 
ria [17, 45] with the exception of angioinvasive, poorly 
differentiated and fast-growing neoplasms. Since the ini- 
tial reports of Braunstein et al. [3] and Kahn et al. [23], 
the alpha chains of human chorionic gonadotropin 
(HCG-alpha), and less frequently, HCG-beta have been 
found to be expressed by a high percentage of malignant 
pancreatic neuroendocrine tumours [2, 18-20, 36, 50]. 
However, recent studies have shown the limited value of 
immunohistochemical staining for HCG subunits in dis- 
criminating malignant from benign neuroendocrine tu- 
monrs [14, 38]. Further studies on the ploidy status [1, 
10, 13], expression of various proto-oncogenes [21], im- 
munohistochemical detection of PCNA [37] and AgNOR 
labelling [46] have been inconclusive. 

The malignant transformation of fibroblasts and epi- 
thelial cells is accompanied by increased ~3-1,6-N-acetyl- 
glucosamine branching of N-linked oligosaccharides. A 
direct correlation between this posttranslational modifica- 
tion and tumour stage and also progression and metastasis 
formation has been demonstrated in tumour cells in vitro 
and in human tumours [6, 11, 31, 51]. Another important 
oncodevelopmental antigen is the polysialic acid (poly 
c~2,8 Neu5Ac) of the neural cell adhesion molecule, 
NCAM, which modulates the adhesive properties of this 
molecule [43, 44]. A variety of neuroendocrine tumours 
have been shown to express the poly (~2,8 Neu5Ac of 
NCAM [24-27, 30, 33, 34, 44], and the immunohisto- 
chemical staining for poly c~2,8 Neu5Ac has become im- 
portant for diagnosis since it distinguishes small cell lung 
carcinoma from the more differentiated pulmonary neuro- 
endocrine turnouts [25] formerly called carcinoids [4], 
medullary thyroid carcinoma from other types of thyroid 
cancers [26], and phaeochromocytoma from adrenocorti- 
cal carcinoma [27]. Recently, a direct correlation was 
demonstrated between poly o~2,8 Neu5Ac expression and 
both invasive and metastatic growth of human small cell 
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lung ca rc inoma  [48]. These  observat ions  p rov ided  the ra- 
t ionale  for  the present  s tudy on 53 insu l inomas  in which  
the poss ib le  predic t ive  value o f  h i s tochemica l  s taining for  
be ta  1,6 branching  and o f  immunoh i s tochemica l ly  detect-  
able po ly  c~2,8 N e u 5 A c  was evaluated.  

Materials and methods ................ 
• 

Fifty-three insulinomas from patients with hyperinsulinaemic hy- 
poglycaemia, treated at various institutions in Switzerland, Bel- 
gium and Germany were studied. Insulinomas were defined as ma- 
lignant if they showed gross infiltration of adjacent tissues, or if 
metastases were detected in lymph nodes and/or liver at surgical 
intervention. Detailed clinical data are listed in Table 1. They in- 
clude long-time follow up (particularly of patients with benign in- 
sulinomas) and immunohistochemical results for insulin, gluca- 
gon, somatostatin, pancreatic polypeptide and glycoprotein hor- 
mone c~-chain. 

Digoxigenin-conjugated PHA-L (leukoagglutinating form of 
Phaseolus vulgaris agglutinin), a specific reagent for the histo- 
chemical detection of beta 1,6 branches in asparagine-linked oli- 
gosaccharides (Fig. 1) [32], polyclonal sheep anti-digoxigenin an- 
tibodies, recombinant N-glycosidase F, and Vibrio cholerae neur- 
aminidase were all purchased from Boehringer Mannheim Bioche- 
mica (Mannheim, Germany). The mouse monoclonal antibody 
mab 735 (protein A-purified ascites), which specifically recogniz- 
es poly c~2,8 Neu 5Ac composed of at least nine ~z2,8-ketosidical- 
ly linked sialic acid residues [12, 16, 22], was kindly provided by 
Dr. D. Bitter-Suermann (Hannover, Germany). Monodisperse col- 
loidal gold with a diameter of 8 nm was prepared according to Slot 
and Geuze [49]. Sheep anti-dig antibodies and mab 735 were com- 
plexed to 8-nm gold particles as described by Sata et al. [47] and 
Lackie et al. [28], respectively. Protein A-gold (8-nm gold parti- 
cles) was prepared according to standard protocol [40, 41]. Bacte- 
riophage K1F endosialidase N (endo N) which specifically hydro- 
lyses o~2,8-1inked poly o~2,8 Neu5Ac, was isolated and purified ac- 
cording to Hallenbeck et al. [15] with modifications [39]. Both the 
bacteriophage and the E. coli strain EVE [52] were gifts from Dr. 
Eric Vimr (University of Illinois, Urbana, Ill.). A rabbit anti-rat 
NCAM antibody reactive with all major NCAM isoforms [53] was 

Table 1 Results of PHA-L staining ( -  no staining, + fine punctate 
cytoplasmic labelling, ++ intense punctate cytoplasmic staining, 
+++ punctate cytoplasmic and intense cell surface labelling) 

Staining Benign insulinomas Malignant insulinomas Metastasis 
intensity (n=38) (n=lS) (n=4) 

- 1 (2.5%) 2 (13%) 1 
+ 14 (36.8%) 2 (13%) / 
++ 18 (47.3%) 4 (27%) /2 
+++ 5 (13.2%) 7 (47%) 1 

obtained from Dr. E. Bock (The Panum Institute, University of 
Copenhagen, Denmark). Bovine thyroglobulin, bovine serum albu- 
min and poly-L-lysine (mol. wt. 150,000) were obtained from Sig- 
ma (St. Louis, Mo.). Silver acetate, hydroquinone and glutaralde- 
hyde (25%, vacuum distilled) were from Fluka (Buchs, Switzer- 
land). All other reagents were of the highest available purity. 

The insulinomas with adjacent non-tumour pancreatic paren- 
chyma and metastatic lesions (regional lymph nodes, liver) were 
obtained at surgical intervention, fixed in 4% phosphate-buffered 
formaldehyde or Bouin's fluid and routinely embedded in paraffin. 
Paraffin blocks from formaldehyde-fixed pancreas of 19-day rat 
embryos were obtained from our archival files. The transplantable 
rat insulinoma RIN, grown either subcutaneously or in monolayer 
culture, and isolated rat pancreatic islets were kindly provided by 
Dr. C. Wollheim (University of Geneva, Switzerland). They were 
formaldehyde-glutaraldehyde double-fixed as described above and 
embedded in paraffin. 

Histochemical detection of beta 1,6 branches was performed 
using the lectin PHA-L in a two-step gold-labelling technique as 
previously described [31, 32]. 

Paraffin sections were dewaxed in two changes of xylene 
(10 min each), rehydrated through a series of graded ethanol, 
placed in PBS and processed for PHA-L lectin labelling. The sec- 
tions (paraffin and Lowicryl K4M) were conditioned with PBS 
(pH 7.4) containing 1% bovine serum albumin, 0.05% Tween 20 
and 0.05% Triton X-100 (buffer 1) for 10 rain at room tempera- 
ture, then incubated with dig-PHA-L (10 gg/ml in buffer 1) for 1 h 
at room temperature, followed by two rinses in PBS (5 rain each). 
The sections were then covered with gold-labelled anti-dig anti- 
bodies (diluted with buffer 1 to give an absorbance at 525 nm of 
0.05) for 1 h at room temperature. Following this incubation step, 
sections were rinsed in PBS twice for 5 min each, fixed with 1% 
glutaraldehyde in PBS for 20 min, briefly rinsed in PBS and sever- 
al changes of double-distilled water (5-10 min) and air dried. Sig- 
nal amplification by a photochemical silver reaction was carried 
out as previously described [31, 32]. Paraffin sections were count- 
erstained with nuclear fast red. 

Controls to demonstrate specificity of staining included omis- 
sion of the lectin, preabsorption of the lectin with various glyco- 
proteins, and pretreatment of the sections with N-glycanase or Vib- 
rio cholerae sialidase and were performed as previously detailed 
[31, 32, 42]. The staining results were evaluated independently by 
two pathologists. The following semiquantitative evaluation 
scheme was followed: 0=no staining; +=fine punctate cytoplasmic 
labelling; ++=intense punctate cytoplasmic labelling; +++=punc- 
rate cytoplasmic and intense cell surface labelling. 

For the immunohistochemical detection of poly c~2,8 Neu5Ac, 
paraffin sections were incubated with directly gold-labeled mab 
735 followed by silver intensification using silver acetate. 

Dewaxed and rehydrated sections were blocked with PBS con- 
taining 2% w/v fat-free dried milk powder for 5-10 min. Sections 
were then incubated for 1 h with gold-labelled monoclonal anti- 
body mAb 735 diluted to an absorbance at 525 nm of 0.04 (8-nm 
gold particles). The sections were then washed (2x5 min in PBS). 
Afterwards the sections were postfixed in 1% glutaraldehyde for 
20 min and well washed in water followed by silver intensification 
and counterstaining with nuclear fast red. Details of the use of endo 

Fig.  1 Schematic presentation 
of an asparagine-linked oligo- 
saccharide chain. The beta 1,6 
branch is in boldprint and 
outlined by the dashed box 
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F i g .  2 N o r m a l  h u m a n  p a n c r e a s ,  s e r i a l  p a r a f f i n  s e c t i o n s  s t a i n e d  
w i t h  a P H A - L  a n d  b g l u c a g o n  a n t i b o d i e s ,  s i l v e r - i n t e n s i f i e d  l e c t i n -  
g o l d  and  i m m u n o g o l d - l a b e l l i n g ,  r e s p e c t i v e l y .  S t r o n g  P H A - L  s t a in -  
i ng  in  an  i s l e t  (a )  c o r r e s p o n d s  to the  d i s t r i b u t i o n  o f  the  g l u c a g o n -  
i m m u n o r e a c t i v e  c e l l s  (b) .  T h e  m a j o r i t y  o f  the  e n d o c r i n e  c e l l s  t h a t  
a re  b e t a  c e l l s  s h o w  fa in t  c y t o p l a s m i c  s t a in ing .  In  a d d i t i o n ,  the  e x o -  
c r i n e  a c i n a r  c e l l s  e x h i b i t  s t r o n g  P H A - L  s t a i n i n g  o v e r  the  a p i c a l  
p o r t i o n  o f  the  c y t o p l a s m  c o n t a i n i n g  the  z y m o g e n  g r a n u l e s  

N in  c o n t r o l  i n c u b a t i o n s  to  d e m o n s t r a t e  s p e c i f i c i t y  o f  i m m u n o l a -  
b e l l i n g  fo r  p o l y  a 2 , 8  N e u  5 A c  h a v e  b e e n  d e s c r i b e d  e l s e w h e r e  [53]. 

N C A M  i m m u n o r e a c t i v e  s i tes  w e r e  d e t e c t e d  e i t he r  in  pa ra f f in  
s ec t i ons  or  in  m o n o l a y e r  cu l tu re s  o f  R I N  i n s u l i n o m a  u s i n g  r abb i t  
p o l y c l o n a l  an t i - ra t  N C A M  a n t i b o d i e s  and  the  p ro t e in  A - g o l d  tech-  

n i q u e  [41, 53].  S e c t i o n s  w e r e  b l o c k e d  w i t h  P B S  c o n t a i n i n g  2 %  w / v  
fa t - f ree  d r i e d  m i l k  p o w d e r  for  5 - 1 0  m i n  f o l l o w e d  b y  a 1 h i n c u b a -  
t ion  w i t h  the  p r i m a r y  a n t i b o d y  (500 - fo ld  d i l u t i o n  in  P B S  c o n t a i n i n g  
1% w / v  fa t - f ree  d r i ed  m i l k  powder ) .  W a s h i n g  ( 2 x 5  m i n  in  P B S )  was  
f o l l o w e d  b y  i n c u b a t i o n  w i t h  e i t he r  g o a t  an t i - r abb i t  I g G - g o l d  (absor -  
b a n c e  at  525 n m = 0 . 0 5 ,  8 - n m  g o l d  pa r t i c l e s ,  d i l u t e d  in P B S  con ta in -  
i ng  1% b o v i n e  s e r u m  a l b u m i n  and  0 . 0 5 %  o f  b o t h  Tr i ton  X 1 0 0  and  
T w e e n  20)  or  p ro t e in  A - g o l d  ( a b s o r b a n c e  at  525 n m = 0 . 0 6 ,  8 - n m  
g o l d  pa r t i c l e s ,  d i l u t e d  in  P B S  c o n t a i n i n g  1% b o v i n e  s e r u m  a l b u m i n  
and  0 . 0 5 %  o f  b o t h  Tr i ton  X 1 0 0  and  T w e e n  20). 

M o n o l a y e r  c u l t u r e s  w e r e  f i x e d  in  2 %  f o r m a l d e h y d e  ( f r e s h l y  
p r e p a r e d  f r o m  p a r a f o r m a t d e h y d e )  and  0 . 0 1 %  g l u t a r a l d e h y d e  for  
30  m i n ,  a f t e r  w h i c h  f ree  a l d e h y d e  g r o u p s  w e r e  q u e n c h e d  b y  i m -  
m e r s i o n  in  P B S  c o n t a i n i n g  50  m M  NH4C1 fo r  30  m i n  at  a m b i e n t  
t e m p e r a t u r e  f o l l o w e d  b y  i n c u b a t i o n  s t eps  fo r  the  d e t e c t i o n  o f  

T a b l e  2 C l i n i c a l  d a t a  a n d  
r e su l t s  in  p a t i e n t s  w i t h  b e n i g n  
i n s u l i n o m a s  ( Tu Diam t u r n o u t  
d i a m e t e r  in  cm,  Hist h i s t o l o g y ,  
sol s o l i d  pa t t e rn ,  trab t r a b e c u -  
l a r  pa t t e rn ,  gland g l a n d u l a r  pa t -  
te rn ,  ill, 6 s t a i n i n g  i n t e n s i t y  fo r  
b e t a  1,6 b r a n c h e s  ( see  a l s o  
T a b l e  1), HCG i m m u n o s t a i n i n g  
fo r  g l y c o p r o t e i n - h o r m o n e  a l p h a  
cha in ,  Ins i m m u n o s t a i n i n g  for  
i n s u l i n ,  gluc i m m u n o s t a i n i n g  
fo r  g l u c a g o n ,  Som i m m u n o -  
s t a i n i n g  fo r  s o m a t o s t a t i n ,  PP 
i m m u n o s t a i n i n g  fo r  p a n c r e a t i c  
p o l y p e p t i d e ,  DD d i e d  o f  
d i s e a s e ,  DOC d i e d  o f  o t h e r  
c a u s e s ,  WA w e l l  a n d  a l ive ,  NA 
no t  a v a i l a b l e )  

~ F o l l o w  up  in  y e a r s / c l i n i c a l  
s t a t e  

A g e  S e x  Tu D i a m  H i s t  ~1 ,6  H C G  Ins  G l u c  S o r e  PP  F o l l o w  up  a 

48  M 1.5 so l  + - + - - - 1 5 / W A  
32 M 1.5 so l  + +  (+) + - - (+) 1 3 / W A  
56 F 1.5 t r ab  + / + +  - + (+) - - 1 3 / W A  
37 F 2 so l  + +  - + - - - 1 2 / W A  
24  F 1.5 so l  + +  + + (+) - (+) 1 2 / W A  
59 M 1.5 so l  + + +  - + + (+)  (+) 1 1 / W A  
40  M 2 so l  ++  - + (+) - - 1 0 / W A  
57 F 2 so l  ++  - + + - - N A  
56  F 1.5 so l  + +  - + - - - 7 / W A  
39 M 1.5 so l  + - + - - - 8 / W A  
54 F 1.5 so l  + - + - - - 7 / W A  
45 F 2 t r ab  + +  - + - - - 8 / W A  
41 M 0 .8  t r ab  + - + - - - 7 / W A  
66 F 2 so l  ++  - + - - - 1 0 / W A  
77 M 2 t rab  + - + + (+) (+) 6 / W A  
51 F 1 so l  ++  - + - - - 9 / W A  
62  F 0.8 t rab  + - + - - - 9 / W A  
43 M 1 so l  + + / + + +  - + - - - 8 / W A  
21 M 1 t r ab  + / + +  - (+) - - - 9 / W A  
40  F 1.5 t r ab  + +  + + - + - 1 /WA 
63 M 1 sot  + +  - + - (+) - 3 / W A  
69 F 1.2 so l  + - + - + (+) 7 / W A  
29 F 1.2 so l  + +  - + - - - 7 / W A  
21 F 1.2 so l  ++  - + - - (+) 6 / W A  
72  M 0.8 so l  + + +  - + - + - 6 / W A  
46 F 2 t rab  ++  - + - - - 6 / W A  
27 F 2.5 so l  + + +  - + - (+) - 6 / W A  
27 F 0.8 so l  + - + - + - 5 / W A  
30  M 2 t rab  + + +  - (+) - - - 5 / W A  
57 M 2.5 t rab  + +  - + - - - 0 . 1 / D O C  
20  M 0.8 t rab  + - (+) - - - 4 / W A  
50  M 2 so l  + + / + + +  - (+) - - - 4 / W A  
65 F 1.5 t rab  + + +  - + - - - 4 / W A  
88 F 1 t rab  + +  - + - - - 1 8 / D O C  
63  M 0 .9  g l a n d / s o l  + - + - - - N A  
74  F 1.2 g l a n d  - - + - - + N A  
22  F 1.5 g l a n d  + - + - - - N A  
48  M 1.5 so l / t r ab  + - + + + + N A  



200 

Table 3 Clinical data and 
results of the patients with 
malignant insulinomas 

a Follow up in years/clinical 
state 

Age Sex Tu Diam Hist ~1,6 HCG Ins Gluc Som PP Follow up a 

76 F 3 sol +++ (+) (+) + (+) + 0.5/DOC 
62 F 8 tab ++ - + + - + 10/WA 
57 M 8 tab +++ - (+) + (+) (+) NA 
56 M 10 sol ++/+++ - + - (+) - 4/WA 
66 F 4 sol +++ (+) + - - + 10.1/DOC 
71 F 6 sol +++ - + - - + 0.1/DOC 
55 M 2 tab ++ - + - + - 9/WA 
54 M 5 sol +++ + (+) (+) - + 5/WA 
73 F 3 sol +++ (+) + (+) - + 7/DD 
60 M 2 sol +++ + + + - + 1/DD 
69 M 12 sol/trab + + + - - - 0.1/I)OC 
68 M 5 sol/gland + + + + + + NA 
65 F 2.4 trab - + + + + + 6/WA 
73 F 1 trab - + + + + + 1/WA 
56 M 3.5 trab ++/+++ + + + + + NA 

NCAM immunoreactive cell surface sites as described above with- 
out silver intensification. Labelled cell cultures were postfixed in 
1% osmium tetroxide for 30 min followed by embedding in Epon 
812. Thin sections were prepared, counterstained with lead and 
uranyl acetate and examined under the electron microscope. 

Fig. 3 Malignant insulinomas (Ins) may be unreactive (a) or in- 
tensely stained (b) when incubated with PHA-L. e A PHA-L un- 
reactive malignant insulinoma, together with a partially invaded 
(open arrows), PHA-L-positive nerve (asterisks). Note the PHA- 
L staining of the stroma and capillaries (open arrow in a) in the 
unreactive malignant insulinomas (a,e). The arrowheads in a and 
b indicate the border to the exocrine pancreatic parenchyma, the 
latter being intensely stained. Note that there is no accentuation 
of PHA-L staining in the invasion front of the malignant insuli- 
noma shown in b or the angioinvasive tumour cell complexes of 
another malignant insulinoma (arrow in d) 

For immunoblotting homogenates were prepared from deep- 
frozen tissues (insulinomas, normal pancreas, brain of 18-day rat 
embryos) and from isolated rat pancreatic islets and monolayer 
cultures of the rat insulinoma RIN. Samples were homogenized in 
PBS containing 1% Triton X-100, 0.15 mM PMSF and 1% aproti- 
nin. SDS-PAGE using 3-10% polyacrylamide gradient gels and 
immunoblotting using directly gold-labelled mAb 735 and anti- 
NCAM antibodies was performed as previously described [28, 
53]. Pretreatment of embryonic rat brain homogenates with endo- 
neuraminidase N was performed as previously described [53]. 

Results 

In  n o r m a l  h u m a n  p a n c r e a t a ,  s t a i n i n g  w i t h  P H A - L  w a s  

o b s e r v e d  in  b o t h  i s le t s  and  e x o c r i n e  ac i n a r  ce l l s  a n d  fi- 

b r o b l a s t s ,  l y m p h o c y t e s ,  r ed  b l o o d  ce l l s  and  v a s c u l a r  en-  
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dothelium (Fig. 2). Strongly PHA-L-positive cells in the 
islets corresponded to glucagon-producing alpha cells 
(cf. Fig. 2a,b). Insulin-producing beta-cells exhibited 
weak cytoplasmic staining (Fig. 2a) and cells with secre- 
tory granules typical of somatostatin-producing delta 
cells were not labelled (not shown). 

In the insulinomas, a wide variation in the intensity of 
PHA-L staining was observed (Tables 1-3, Figs. 3, 4). Of 
the 38 clinically benign insulinomas, 23 (63.1%) exhibit- 

Fig. 5 Consecutive serial paraffin sections of normal human 
pancreas (a,b) and a malignant insulinoma (e,d); immunogold- 
silver staining. The islets of Langerhans (a) and the insulinoma 
(e) exhibit immunostaining for NCAM. The exocrine parenchy- 
ma (a) and the tumour stroma (e) are unreactive. No immunore- 
activity for polysialic acid is detectable in the islets of Langer- 
hans and the exocrine parenchyma (b) or in the insulinoma (d) 

Fig. 4 Liver metastases of malignant insulinomas (Ins) may be a 
intensely stained by PHA-L or b unreactive, e Absence of PHA- 
L staining in a liver metastasis can be clearly seen at higher mag- 
nification, whereas the capillaries (arrowheads) are positive 

ed lectin staining that was more intense than that of nor- 
mal beta cells (Tables 1, 2). In the group with clinically 
benign insulinomas, patients were alive and disease free 
for 4-18 years of follow up (average 8 years). The 15 
clinically malignant insulinomas included 11 (74%) that 
were histochemically strongly positive for [3 1,6 branches 
(Fig. 4a, Tables 1, 3). Notably, 2 (13%) were histochemi- 
cally unreactive for [3 1,6 branches (Fig. 3a) but HCG-al- 
pha positive, and 2 (13%) showed a weak cytoplasmic 
staining equal to that observed for beta cells in normal is- 
lets. It should be noted that the stroma and capillary en- 
dothelia and also the surrounding exocrine pancreas of 
the histochemically negative benign and malignant insu- 
linomas were reactive for [3 1,6 branches (Fig. 3a). Figure 
3c shows a stained peripheral nerve that is partially invad- 
ed by unstained insulinoma cells. Of the 11 clinically ma- 
lignant and intensely ~ 1,6 branching positive insulino- 
mas, 5 were immunohistochemically unreactive for HCG- 
alpha (Table 3), Variability in the intensity of staining for 
beta 1,6 branching was observed but was not consistent 
with the tumour invasion front, vascular invasion, or par- 
ticular morphological features of the insulinomas 
(Fig. 3d). The studied metastases did not exhibit a consis- 
tent pattern (Fig. 4). In particular, one was unstained by 
PHA-L although the surrounding liver parenchyma exhib- 
ited strongly stained capillaries (Fig. 4c). 

In normal adult human pancreas, immunostaining for 
NCAM was detectable in all cells of the islets of Langer- 
hans and pancreatic nerve fibres, but undetecable in the 
exocrine acinar cells (Fig. 5a). Immunoreactivity for poly 
c~2,8 Neu5Ac was undetectable in the pancreas except for 
nerve fibres (Fig. 5b). Specimens of human embryonic 
pancreas were not available for study, but in pancreata 
from 19-day embryonic rats, NCAM immunostaining 
was observed in the exocrine and endocrine pancreas, 
which is consistent with previously published data [29]. 
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Fig. 6 Western blot analysis. L ane  a 18-day rat embryonic brain 
exhibits the typical high molecular weight (_>250 kDa) broad 
band of polysialic acid; directly gold-labelled mab 735. Lane  b 
18-day rat embryonic brain, pretreatment with endo N to remove 
polysialic acid reveals the typical NCAM isoforms; rabbit anti- 
NCAM antibodies followed alkaline phosphatase conjugated sec- 
ondary antibodies. Lane  c adult normal human pancreas shows a 
120 kDa and a 140 kDa NCAM isoform without pretreatment by 
endo N. This demonstrates absence of polysialic acid on NCAM, 
since its presence would result in a broad, high-molecular-weight 
band as seen in lane  a. L ane  d human insulinoma exhibits a 140- 
kDa nonpolysialylated NCAM. L ane  e isolated rat islets with a 
140-kDa nonpolysialylated NCAM. L a n e s  f and  g subcutaneous- 
ly grown tumour and monolayer, respectively, of rat insulinoma 
RINm5E Nitrocellulose stripes shown in lanes  c - e  were incubat- 
ed with anti-NCAM antibodies followed by alkaline phosphatase. 
conjugated secondary antibody as detailed in Materials and 
methods; no endo N treatment 

All benign and malignant insulinomas showed immu- 
nostaining for NCAM (Fig. 5c) but none for poly o~2,8 
Neu5Ac (Fig. 5d), which was confirmed by Western 
blot analysis (Fig. 6). The 120- and 140-kDa NCAM 
protein isoforms were detectable in normal pancreas 
(Fig. 6, lane c) and a 140-kDa NCAM isoform, in the 
insulinomas (Fig. 6, lane d). Similar results were ob- 
tained with isolated rat islets and the transplantable rat 
insulinoma RIN (Fig. 6, lanes e-g). For comparison, 
embryonic rat brain was studied, which exhibited a 
broad band of high molecular mass typical of poly- 
sialylated NCAM (Fig. 6, lane a) [43, 44, 53] which 
could be resolved in distinct NCAM protein isoform 
bands by enzymatic removal of poly c~2,8 Neu5Ac with 
endo N (Fig. 6, lane b) [35, 53]. 

Discussion 

In the present study we investigated two carbohydrate 
antigens, beta 1,6 branches and poly o~2,8 Neu5Ac, to as- 
sess their value in predicting malignancy in 53 human in- 
sulinomas. The rationale for this investigation was based 
on observations that increased cellular expression of beta 
1,6 branching was directly associated with the acquisi- 
tion of metastatic potential of certain tumour cell lines 
[7-9]. The poly c~2,8 Neu5Ac of NCAM has also been 
shown to be useful in the immunohistochemical classifi- 
cation of various neuroendocrine tumours and tumours 

of other origins [44, 45] and to be associated with inva- 
sive and metastatic growth [48]. 

Of the 53 insulinomas in our study, 72% appeared to 
be benign on the basis of morphological criteria at sur- 
gical intervention and showed a clinical course consis- 
tent with the initial diagnosis. In these tumours, the in- 
tensity of histochemical staining for beta 1,6 branches 
was highly variable. Most notably, 23 (63.1%) of the 
benign insulinomas presented more intense staining 
than normal pancreatic beta cells and their staining in- 
tensity equalled that of some malignant insulinomas. 
Only 14 of the benign insulinomas (34%) showed the 
same staining intensity as normal pancreatic beta cells. 
All 15 malignant insulinomas displayed unequivocal 
criteria of malignancy at surgery. As in the benign insu- 
linomas, however, a high staining variability was ob- 
served. Two of the malignant insulinomas (13%) were 
unreactive and the staining of 2 others (13%) was equal 
in intensity to that of normal pancreatic beta cells. 
These findings are at variance with previous work on 
colon and breast carcinomas [8, 11], in which the carci- 
noma cells were consistently more intensely stained 
with PHA-L than the cells of the corresponding normal 
tissue and the benign (preneoplastic) lesions. A study 
on oesophageal carcinomas showed most intense PHA- 
L staining at the invasion front [51]. No such staining 
pattern has been identified for insulinomas, however. 
This also holds for the liver metastases from malignant 
insulinomas we studied, which did not show a consis- 
tent PHA-L staining profile. We were therefore unable 
to relate the histochemical staining for beta 1,6 branch- 
es in insulinomas to their biology. This agrees with a 
recent study on breast carcinomas, which indicates that 
PHA-L histochemical staining may not be predictive of 
either the disease-free interval or the overall survival of 
the patients [5]. 

None of the insulinomas stained for poly c~2,8 
Neu5Ac of NCAM, although NCAM protein was detect- 
able. Hence, poly (~2,8 Neu5Ac is expressed in the de- 
veloping pancreas in the fetus, but not in insulinomas. 
This is in agreement with results of previous studies 
[24-27, 30, 33, 44, 48] demonstrating consistent NCAM 
protein expression in neuroendocrine tumour types but 
highly variable poly 0~2,8 Neu5Ac immunolabelling pat- 
terns. For example, medullary thyroid carcinoma, small 
cell lung carcinoma and phaeochromocytoma were posi- 
tive for both poly a2,8 Neu5Ac and NCAM protein, 
whereas neuroendocrine tumours (carcinoids) of the lung 
and gastrointestinal tract were unreactive for poly c~2,8 
Neu5Ac. Such differential poly o~2,8 Neu5Ac expression 
is helpful in discriminating between neuroendocrine tu- 
mours. However, the reason for the differences in poly 
c~2,8 Neu5Ac expression among the neuroendocrine tu- 
mour is not known. 

We conclude from our study that histochemical stain- 
ing for beta 1,6 branches and immunohistochemistry for 
poly c~2,8 Neu5Ac are of no value in predicting the bio- 
logical behaviour of insulinomas. 



203 

Acknowledgements We thank Norbert Wey for the photographi- 
cal work and Drs. D. Bitter-Suermann (Hannover, Germany), E. 
Bock (Copenhagen, Denmark), E. Vimr (Urbana, Ill., USA) and C. 
Wollheim (Geneva, Switzerland) for kindly providing various re- 
agents and materials. This work was supported by the Sassella 
Stiftung, Ztirich and the Kamillo Eisner Stiftung, Hergiswil, Swit- 
zerland. 

References 

1. Alanen KA, Joensuu H, Klemi PJ, Matin A, Alavaikko M, 
Nevalainen TJ (1990) DNA ploidy in pancreatic endocrine tu- 
rnouts. Am J Clin Pathol 93:784-788 

2. Blackman MR, Weintraub BD, Rosen SW, Kourides IA, 
Steinswascher K, Gail MH (1980) Human placental and pitui- 
tary glycoprotein hormones and their subunits as tumor mark- 
ers. A quantitative assessment. J Natl Cancer Inst 65:81-93 

3. Braunstein GD, Vaitukatis JL, Carbone TT, Ross GT (1973) 
Ectopic production of human chorionic gonadotrophin by neo- 
plasms. Ann Intern Med 78:39-45 

4. Capella C, Heitz PU, H6fler H, Solcia E, K16ppel G (1994) 
Revised classification of neuroendocrine tumors of the lung, 
pancreas and gut. Digestion 55 [Suppl]: 11-23 

5. Chammas R, Cella N, Marques LA, Brentani PR, Hynes NE, 
Franco LEF (1994) Letter to the editor. Cancer Res 54:306-307 

6. Debray H, Qin Z, Delannoy R Montreuil J, Dus D, Rad- 
ziskowski C, Christensen B, Kieler J (1986) Altered glycosy- 
lation of membrane glycoproteins in human uroepithelial cell 
lines. Int J Cancer 37:607-611 

7. Dennis JW (1992) Changes in glycosylation associated with 
malignant transformation and tumor progression. In: Fukuda 
M (ed) Cell surface carbohydrates and cell development. CRC 
Press, Boca Raton, Fla, pp 161-194 

8. Dennis JW, Lafert6 S (1989) Oncodevelopmental expression 
of -GlcNac~l-4Manal-6Man~l-branched asparagine-linked 
oligosaccharides in murine tissues and human breast carcino- 
mas. Cancer Res 49:945-950 

9. Dennis JW, Laferte S, Waghorne C, Breitman ML, Kerbel RS 
(1987) Beta 1-6 branching of Ash-linked ligosaccharides is di- 
rectly associated with metastasis. Science 236:582-585 

10. Donow C, Baisch H, Heitz PU, K16ppel G (1991) Nuclear 
DNA-content in 27 pancreatic endocrine tumors: correlation 
with malignancy, survival and expression of glycoprotein-hor- 
mone alpha-chain. Virchows Arch [A] 419:463-468 

11. Fernandes B, Sagman U, Auger M, Demetrio M, Dennis JW 
(1991) [31-6 branched oligosaccharides as a marker of tumor 
progression in human breast and colon neoplasia. Cancer Res 
51:718-723 

12. Frosch M, G6rgen I, Boulnois GJ, Timmis KN, Bitter-Suet- 
mann D (1985) NZB mouse system for production of mono- 
clonal antibodies to weak bacterial antigens: isolation of an 
IgG antibody to the polysaccharide capsules of Escherichia 
coli K1 and group B meningococci. Proc Natl Acad Sci USA 
82:1194-1198 

13. Graeme-Cook F, Bell DA, Flottner TJ, Preffer F, Pastel-Levy 
C, Nardi G, Compton C (1990) Aneuploidy in pancreatic insu- 
linomas does not predict malignancy. Cancer 66:2365-2368 

14. Graeme-Cook F, Nardi G, Compton CC (1990) Immunocyto- 
chemical staining for human chorionic gonadotropin subunits 
does not predict malignancy in isulinomas. Am J Clin Pathol 
93:273-276 

15. Hallenbeck PC, Vimr ER, Yu B, Bassler B, Troy FA (1987) 
Purification and properties of a bacteriophage-induced Endo- 
N-acetylneuraminidase specific for poly-c~-2,8sialosyl carbo- 
hydrate units. J Biol Chem 262:3553-3561 

16. H~iyrinen J, Jennings H, Raft HV, Rougon G, Hanai N, Ger- 
ardy-Schahn R, Finne J (1995) Antibodies to polysialic acid 
and its N-propyl derivative: finding properties and interaction 
with human embryonal brain glycopeptides. J Infect Dis 171: 
1481-1490 

17. Heitz PU (1984) Pancretic endocrine tumors. In: K16ppel G, 
Heitz PU (eds) Pancreatic pathology. Churchill Livingstone, 
New York, pp 206-232 

18. Heitz PU, Kasper M, K16ppel G, Polak JM, Vaitukaiti JL 
(1983) Glycoprotein-hormone a-chain production by pancre- 
atic endocrine tumors: a specific marker of malignancy. Immu- 
nocytochemical analysis of tumors of 155 patients. Cancer 51: 
277-282 

19. Heitz PU, Herbay G von, Kl6ppel G, Komminoth P, Kasper 
M, Htifler H, Mtiller KM, Oberholzer M (1987) The expres- 
sion of subunits of human chorionic gonadotropin (hCG) by 
nontrophoblastic, nonendocrine, and endocrine tumors. Am J 
Clin Pathol 88:467-472 

20. Heyderman E, Chapman DU, Richardson TC, Calvert I, 
Rosen SW (1985) Human chorionic gonadotropin and human 
placental lactogen in extragonadal tumours. Cancer 556: 
2674-2682 

21. H6fler H, Ruhri C, Ptitz B, Winsberger G, Hauser H (1988) 
Oncogene expression in endocrine pancreatic tumors. Vir- 
chows Arch [B] 419:463-468 

22. Husmann M, Roth J, Kabat EA, Weigerber C, Frosch M, Bit- 
ter-Suermann D (1990) Differential binding to polynucleotides 
and DNA of a murine IgG and a human IgM monoclonal anti- 
body, both reactive with poly c~ (2-8) N-acetylneuraminic ac- 
id. J Histochem Cytochem 38:209-215 

23. Kahn RC, Rosen SW, Weintraub BD, Fajans SS, Gorden P 
(1977) Ectopic production of chorionic gonadotrophin and its 
subunits by islet-cell tumors. A specific marker for malignan- 
cy. N Engl J Med 297:565-569 

24. Kibbelaar RE, Moolenaar CEC, Michalides RJAM, Bitter- 
Suermann D, Addis B J, Mooi WJ (1989) Expression of the 
embryonal neural cell adhesion molecule N-CAM in lung 
carcinoma. Diagnostic usefulness of monoclonal antibody 
735 for the distinction between small cell lung carcinoma 
and non-small cell lung carcinoma. J Pathol (Lond) 159: 
23-28 

25. Komminoth P, Roth J, Lackie PM, Bitter Suermann D, Heitz 
PU (1991) Polysialic acid of the neural cell adhesion molecule 
distinguishes small cell lung carcinoma from carcinoids. Am J 
Pathol 139:297-304 

26. Komminoth E Roth J, Saremaslani R Matias-Guiu X, Wolfe 
HJ, Heitz PU (1994) Polysialic acid of the neural cell adhesion 
molecule in the human thyroid: a marker for medullary thyroid 
carcinoma and primary C-cell hyperplasia. Am J Surg Pathol 
18:399-411 

27. Komminoth E Roth J, Schr6der S, Saremaslani P, Heitz PU 
(1995) Overlapping expression of immunohistochemical mark- 
ers and synaptophysin mRNA in pheochromocytomas and ad- 
renocortical carcinomas. Implications for the differential diag- 
nosis of adrenal gland tumors. Lab Invest 72:424-431 

28. Lackie PM, Zuber C, Roth J (1990) Polysialic acid and N- 
CAM expression in embryonic rat kidney: mesenchymal and 
epithelial elements show different patterns of regulation. De- 
velopment 110:933-947 

29. Lackie PM, Zuber C, Roth J (1994) Polysialic acid of the neu- 
ral cell adhesion molecule (N-CAM) is widely expressed dur- 
ing organogenesis in mesodermal and endodermal derivatives. 
Differentiation 57:119-131 

30. Langley OK, Aletsee-Ufrecht MC, Grant NJ, Gratzl M (I989) 
Expression of the neural cell adhesion molecule NCAM in en- 
docrine cells. J Histochem Cytochem 37:781-791 

31. Li W-R Zuber C, Roth J (1993) Use of Phaseolus vulgaris 
leukoagglutinating lectin in histochemical and blotting tech- 
niques: a comparison of digoxigenin- and biotin-labeled lec- 
tins. Histochemistry 100:347-356 

32. Li W-R Zuber C, Heitz PU, Roth J (1994) Cytochemical stain- 
ing for [3 1,6 branching of asparagine-linked oligosaccharides 
of metastatic human colon carcinoma cell lines. Am J Pathol 
(Lond) 145:470-480 

33. Livingston B, Jacobs JL, Glick MC, Troy FA (1989) Extended 
polysialic acid chains (n>55) in glycoproteins from human 
neuroblastoma cells. J Biol Chem 263:9443-9448 



204 

34. Metzman RA, Warhol MJ, Gee B, Roth J (1991) Polysialic ac- 
id as a marker of both immature and mature neural tissue in 
human teratomas. Mod Pathol 4:491-497 

35. Nybroe O, Linnemann D, Bock E (1988) NCAM biosynthesis 
in brain. Neurochem Int 12:251-262 

36. ~berg K, Wide L (1981) hCG and hCG subunits as tumour 
markers in patients with endocrine pancreatic tumours and car- 
cinoids. Acta Endocrinol (Copenh) 98:256-260 

37. Pelosi G, Zamboni G, Doglioni C, Rodella S, Bresaola E, Ia- 
cono C, Serio G, Iannucci A, Scarpa A (1992) Immunodetec- 
tion of proliferating cell nuclear antigen assesses the growth 
fraction and predicts malignancy in endocrine tumors of the 
pancreas. Am J Surg Pathol 16:1215-1225 

38. Perkins PL, McLeod MK, Jin L, Fukuuchi A, Cho KJ, Thomp- 
son NW, Lloyd RV (1992) Analysis of gastrinomas by immu- 
nohistochemistry and in situ hybridization histochemistry. 
Diagn Mol Pathol 1:155-164 

39. Petter JG, Vimr ER (1993) Complete nucleotide sequence of 
the bacteriophage K1F tail gene encoding endo-N-acetylneur- 
aminidase (Endo N) and comparison to an Endo-N homolog in 
bacteriophage PK1E. J Bacteriol 175:4354-4363 

40. Roth J (1989) Postembedding labeling on Lowicryl K4 M tis- 
sue sections: detection and modification of cellular compo- 
nents. In: Tartakoff AM (ed) Methods in cell biology. Aca- 
demic Press, San Diego, pp 513-551 

41. Roth J, Bendayan M, Orci L (1978) Ultrastructural localiza- 
tion of intracellular antigens by the use of protein A-gold com- 
plex. J Histochem Cytochem 26:1074-1081 

42. Roth J, Taatjes DJ, Bitter-Suermann D, Finne J (1987) Poly- 
sialic acid units are spatially and temporally expressed in de- 
veloping postnatal rat kidney. Proc Natl Acad Sci USA 84: 
1969-1973 

43. Roth J, Taatjes DJ, Wagner R Weisgerber C, Heitz PU, Goridis 
C, Bitter-Suermann D (1988) Reexpression of poly(sialic acid) 
units of the neural cell adhesion molecule in Wilms tumor. 
Proc Natl Acad Sci USA 85:2999-3003 

44. Roth J, Zuber C, Komminoth R Scheidegger EP, Warhol M J, 
Bitter-Suermann D, Heitz PU (1993) Expression of polysialic 

acid in human tumors and its significance for tumor growth. 
In: Roth J, Rutishauser U, Troy F A I I  (eds) Polysialic acid: 
from microbes to man. Birkhfiuser, Basel Boston Berlin, pp 
335-348 

45. Roth J, Komminoth P, K16ppel G, Heitz PU (1996) Diabetes 
and endocrine pancreas. In: Damjanov I, Linder J (eds) Ander- 
son's pathology, vol 2. Mosby Year Book, St Louis, Chicago, 
pp 2042-2070 

46. Rtischoff R, Willemer S, Brunzel M, Traumann ME, Frank M, 
Arnold R, K16ppel G (1993) Nucleolar organizer regions and 
glycoprotein-hormone a chain reaction as markers of malig- 
nancy in endocrine tumours of the pancreas. Histopathology 
22:51-57 

47. Sata T, Zuber C, Roth J (1990) Lectin-digoxigenin conjugates: 
a new hapten system for glycoconjugate cytochemistry. Histo- 
chemistry 94:1-11 

48. Scheidegger El?, Lackie PM, Papay J, Roth J (1994) In vitro 
and in vivo growth of clonal lines of human small cell lung 
carcinoma is modulated by polysialic acid of the neural cell 
adhesion molecule. Lab Invest 70:95-106 

49. Slot JW, Geuze HJ (1985) A new method of preparing gold 
probes for multiple labeling cytochemistry. Eur J Cell Biol 38: 
87-93 

50. Stabile BE, Braunstein GD, Passaro E Jr (1980) Serum gastrin 
and human chorionic gonadotrophin levels in the Zollinger-E1- 
lison syndrome. Arch Surg 115:1090-1095 

51. Takano R, Nose M, Nishihira I, Kyogoku M (1990) Increase 
of ~1-6 branched oligosaccharides in human esophageal carci- 
nomas invasive against surrounding tissue in vivo and in vitro. 
Am J Pathol 137:1007-1011 

52. Vimr ER, McCoy RD, Vollger HF, Wilkison NC, Troy FA 
(1984) Use of prokaryotic-derived probes to identify poly(sial- 
ic acid) in neonatal neuronal membranes. Proc Natl Acad Sci 
USA 81:1971-1975 

53. Zuber C, Lackie PM, Caterall WA, Roth J (1992) Polysialic 
acid is associated with sodium channels and the neural cell ad- 
hesion molecule (N-CAM) in adult brain. J Biol Chem 267: 
9965-9971 


