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Gastroenteropancreatic Neuroendocrine Tumours 
Contain a Common Set of Synaptic Vesicle 

Proteins and Amino Acid Neurotransmitters 
G. Ahnert-Hilger, K. Grube, L. Kvols, I. Lee, E. Miinch, E.-O. Riecken, 

L. Schmitt and B. Wiedenmann 

Human neuroendocrine tumours of the gastroenteropancreatic system contain major integral membrane proteins 
of small synaptic vesicles of neurons, together with characteristic membrane polypeptides of large dense-core 
vesicles of neurons and neuroendocrine cells. The membrane polypeptides characteristic for small synaptic and 
large dense-core vesicles are detected in pheochromocytomas (n = 6), functional (n = 6) and non-functional 

(n = 6) foregut, and midgut carcinoids (n = 17). All gastroenteropancreatic turnouts contain large amounts of 
amino acid neurotransmitters, i.e. glycine and glutamate. y-Aminobutyric acid, however, is only found in some 
foregut carcinoids. Thus, neuroendocrine gastroenteropancreatic tumours possess a vesicle type with a content 
and membrane composition similar to small synaptic vesicles of neurons. 
EurJ Cancer, Vol. 29A, No. 14, pp. 1982-1984,1993. 

INTRODUCTION 
The regulated secretion of neurotransmitters via small synaptic 
vesicles was considered to be restricted to neurons. Recently, a 
similar vesicle type was discovered in neuroendocrine (NE) cells 
[l, 21, which probably releases amino acid neurotransmitters 
such as y-aminobutyric acid (GABA) by a regulated pathway [3, 

41. 
Assuming a strong relationship between neuronal small synap- 

tic vesicles (SSV) and a similar type of vesicle in NE cells of the 
gastroenteropancreatic (GEP) system, major integral membrane 
proteins of SSV in addition to synaptophysin [5, 61 should be 
present together with considerable amounts of amino acid 
neurotransmitters like glycine, GABA, and glutamate in NE 
GEP tumours. 

MATERIALS AND METHODS 
Cells and tissues 

PC 12 cells [l] and BON cells [7] derived from a rat pheochro- 
mocytoma and a human carcinoid, respectively, were cultivated 
as described. Human tumour tissue was obtained from patients 
during tumour resection and used in accordance with the 
standards set by the ethics committees of the University of 
Heidelberg and the Freie Universitlt Berlin. 

Immutwjluorescence microscopy 
Cryostat sections of frozen tissues and cultured cells were 

processed and analysed as described [5]. 

Antibodies 
Antibodies against various intermediate filament proteins 

were obtained from Boehringer Mamrheim (Mannheim, 
Germany). Polyclonal antibodies against desmin were purchased 
from Bioscience Products (Emmenbriicke, Switzerland) and a 
monoclonal antibody against glial fibrillary acidic protein 
(GFAP) was obtained from Progen (Heidelberg, Germany). A 
monoclonal antibody SY38 against synaptophysin was used as 
given [l, 51. A monoclonal antibody against protein S.V.2 was 
provided by Dr E. Schweitzer (UCLA Medical School, U.S.A.) 
[8]. Polyclonal antibodies against the synaptotagmins (~65) were 
provided by Dr T. Siidhof (University of Texas, Dallas, U.S.A.) 
[9]. A monoclonal antibody against the synaptobrevins (~18) and 
polyclonal antibodies against protein p29 (~29) were provided by 
Dr R. Jahn (Yale University, New Haven, U.S.A.) [lo, 111. 
Polyclonal antibodies against dopamine-P-hydroxylase (DBH) 
were generated by immunising rabbits with purified bovine 
chromafhn granule membranes. Using the homogenate from 
bovine adrenal medulla, the antibody only reacted with a 
polypeptide of 75 kDa. Murine monoclonal antibody DCV 
against cytochrome b561 (DCV) was obtained by immunising 
mice with total bovine chromaffin granule membranes. In 
western blotting it recognises a polypeptide ofM, = 26 kDa. 

Determination of amino acid neurotransmitters was as pre- 
viously described [3]. 

RESULTS 
Human pheochromocytoma tissues (n = 6), as well as the rat 

pheochromocytoma cell line PC 12, showed strong immunos- 
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detected in the tumour cells. No differences in immunocytoch- 
emical staining patterns for polyypeptides specific for SSV, 
LDCV and intermediate filaments were observed between func- 
tional and non-functional foregut carcinoids. Intermediate fila- 
ment typing demonstrated that the majority of tumours were 
only positive for cytokeratins. A coexpression with vimentin and 
neurofilament protein was occasionally found. 

A very similar irmnunohistochemical pattern was observed in 

midgut carcinoids, however, only cytokeratins were present 
(Table 1). The immunohistochemical data were substantiated 
by an immunoreplica analysis using vesicles purified by sucrose- 
gradient centrifugation. Vesicles from pheochromocytoma con- 
tained proteins S.V.2, ~65, ~38, p29 and ~18. Vesicles from 
foregut carcinoids reacted strongly with antibodies against pro- 
teins S.V.2, p38 and p18 but weakly with antibodies against 
proteins ~65 and ~29. Vesicles from midgut carcinoids reacted 
strongly only with an antibody against synaptophysin and weakly 
with antibodies against proteins S.V.2 and the synaptotagmins 
(not shown). 

In contrast to immunohistochemistry, some SSV marker 
polypeptides could not always be detected within the same 
tumour by immunoblotting. The large content of connective 
tissue, characteristic of NE tumours, as well as the a high 
protease content of these tumours (especially of those localised 
in the pancreas), may be responsible. Quantitative analysis of 
the main SSV markers, protein S.V.2 and synaptophysin by dot 
blot immunoassay [ 121 with purified synaptic vesicles from rat 
brain as standard revealed that all tumours tested and the 
respective tumour cell lines contain measurable amounts of 

S.V.2 (between 0.3 and 2 nglp,g prorein) and synaptophysin 
(between 1.4 and 4.9 ng/p,g protein). 

Tumour tissue of the GEP system and the two cell lines PC 12 
and BON contained the neurotransmitters glutamate and glycine 
in larger amounts than rat brain. GABA was only present in 
about half of the foregut carcinoids (Table 2). In tumours of 
non-NE origin, only small amounts of glycine and glutamate, 
but no GABA, were detected (data not shown). 

DISCUSSION 
NE tumours of the GEP system contain a second type of 

regulated secretory vesicle resembling neuronal SSV: 

(i) Major integral membrane proteins of SSV are expressed in 
35 NE tumours of the GEP system, as demonstrated 
by immunohistochemical and supported by biochemical 
analyses. Probably all NE cells and tumours of the GEP 
system contain SSV membrane proteins, 

(ii) NE tumour tissues of the GEP system and the pancreatic 
cell lines BON (human) and AR42J (rat) [3] contain large 
amounts of amino acid neurotransmitters. The amino acids 
may, at least in part, be stored in vesicles similar to SSV of 
neurons [4]. GABA was only detected in tumours derived 
from the foregut (mainly NE cells of the stomach, pancreas 
and duodenum), but not in tumours originating in the 
midgut (mainly NE cells of jejunum and ileum) or in 
pheochromocytomas. Accordingly, extraneuronal GABA 
was only found in NE cells of the foregut, namely in 
normal and neoplastic p-cells of the pancreas [13-151. 
Thus, the synthesis of certain amino acid transmitters in 

Table 1. Immunocytockemical detection of marker proteins specific for membranes of small neuroendocrine (NE) vesicles, large he-core 
vesicles (LDCV), and for intermediate filaments in turnour cell lines and human turnour tissues of the GEP system 

NE vesicles LDCV Intermediate filaments 
Dopamine-P- 
hydroxylase Cytochrome 

S.V.2 ~65 p38 p29 ~18 (DBH) b561 Cytokeratin Vimentin NFP GFAP Desmin 

A. Pheochromocytoma 
Cell line 

(PC 12) ++ +++ +++ ++ 
Tumour tissues ++ + +++ - 
(n = 6or5) 616 516 616 315 

++ 

316 

++ + +++ _ + - ++ 
+++ + +++,- +++ ++ - - 
616 516 216; 416 616 516 416 516 

+ (+) + + + ++ 

B. Foregut carcinoid 
Cell line 

(BON) 
Tumour tissues 
Functional 

Gastrinomas 
(n = 5) + ++ +++ ++ 

515 515 5J5 415 
Vipoma(n= 1) + + ++ - 

Non-functional + + +++ + 
(n = 6) 6J6 516 616 3J6 

++ 
5J5 
+ 

4J6 

f-t + 
5J5 515 
_ _ 

+ fi 
4J6 5J6 

C. Midgut carcinoid 
Functional + + +++ ++ + +++ ++ 

14J16 14J16 
_ ++ 

(n = 16) 14J16 15J16 15116 12J16 12J16 
Non-functional + ++ +++ - ++ 
(n = 1) 

_ ++ +++ _ _ _ 

++ - + - _ 
515 3J5 415 5J5 5J5 
+ + _ 

++ - - _ - 
616 516 416 6J6 5J6 

++ - - 
16116 14J16 16116 16Jl6 15116 
++ - _ 

Immunofluorescence microscopy was performed as described [ 1, 51. Antibodies were the same as given in Materials and Methods. The intensity of 
reaction was assessed as follows: + + + very strong; + + strong; + less strong; - no positive staining. NFP, neurofilament protein. 
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Table 2. Neurotransmitter content of neuroendocrine tumours of the GEP system 
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