
ACTA

UNIVERSITATIS

UPSALIENSIS

UPPSALA

2008

Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 356

Characterization of Endocrine
Cells and Tumours in the Stomach

APOSTOLOS V. TSOLAKIS

ISSN 1651-6206
ISBN 978-91-554-7208-5
urn:nbn:se:uu:diva-8804



����������	
 �����
��� �� ������ 
�������� �	 �� �������� �����
�� �
 �
��	������
�
�
���
�� ��� 
�������� �	������� ������� ���
������ ���  !�  ��! �� �"#$� �	� ��� ������
	� �	��	� 	� %���	�	��� &'������ 	� ������
�() *�� �����
���	
 +��� �� �	
������ �

�
�����)

��������

*�	��,��� - .)  ��!) /���������0���	
 	� �
�	���
� /���� �
� *��	��� �
 ��� 1�	����) -���

����������� ������
���) ������� �	
������� ��

���� 	� ������� ���������	�� ��	

�� ������� 	� ������ 2�3) 3 ��) ������) 4156 "7!8"$8��987 �!8�)

�
���	���	�����
8��,� &�/:( �
� ������
 ������ �
 ��� ����
 ������� ���	�� �
� �
 �������
�
�	���
� ���	��� &;�*�(� +��� ������������� +��� ������� �	 ����
	����	�������� ������	

��� ��������� �	
	���
� ���
��	����  &.�-*8 (� ������
<	�������
� �
� �������
�
������	������ &��/() *�� ����
	����	�������� ��������	
 	� ������
<	�������
 �
� ��/ �

;�*� +�� �������<�	�������� �	 ������ ������
<	�������
 �
� ���
��� ������ �����0	�� ������
���� &8��4�--( �������	
 ������������� +��� ��� �
��
��	
 	� ���
�����
� ���,��� �	� �����
���	�� �����)
�/: ����� �
 ��� ������� ���	�� ������ ������ +��� .�-*8 	
��� 	� +��� ��/

����
	���������� 	
��� 	� ���� ��
 ������� �	�� ��	���
�= ��� �
 ;�*� ��� ���
��	���� ��	���

�
� ��� �
0��� +��� ���	�� ��+��� �	8��������� �
 ��� ���� �����) '�������	��� ������
 �
�
	�������
 +��� �	8�	����0�� �
 ��� ���� ����� �
 ��� ������� ���	�� �
� �
 ��� ���	���) 4
 ���
������� ���	��� 	�����	
�� ������
<	�������
 ����� ��������� .�-*8 � ��� �
 ;�*� �����
��	���
� +��� ��+��� �	8�	����0��) ;�����
 ��������
� ����� +��� 
	
8����
	�������� �	
��/) %����� ������
<	�������
 �	
��
�����	
� �����
�� �	+ �
 �����
�� +��� ;�*��
������������ 	� ��� �������� �
����
�� 	� ����� ����� �
 ��� ���	�� �
� �
 ���	���) *�� ������
������ +��� 
	� �������<�	�������� �	 ����	�� ���
��	8����	�	����� ����������) - �����
�
�
������
	�� +�� �	+���� �
 �������	
) *�� ���	�� �������� ���� �	��� �
� ������ ������

�	
��
�����	
� �
�	 ��� ��		� ���������	
) *�� �����
� �������� ��	� ������	��� ���	����	�����
�
� �������� ��������� ��� �� �� 
	� ����� �� ����� �	
����	
� +��� ��� �	 �����������
�����)
*�� �������	
 8��4�-- +�� �
������� �
 � ��+ �����
�� +��� ;�*�� ��� ���� �
������ +��

	� ��+��� ������� �	 ���
���� �����	��)
4
 �	
�����	
� �/: ����� ��� �
 �����	��
�	�� ��	�� ���	���
� �	 .�-*8 �
� ��/

����
	����������) ;�����
 �
� 	�������
 ��� ��������� �
 ��� ���� ����� �
 ��� ������� ���	���
�
� � ��+ 	� ����� ����� ������� .�-*8 ����
	����������) ;�����
	�� �� � 
�+ �������
���	�� �
����)

���	���� �/: ������ ������
 ������ ������� �
�	���
� ���	���� .�-*8 � ������
� 	�������
�
��/� 8��4�--

��	��	�	�  � !�	��"��# �����
�� 	� ������ ������# �"��
��"� �$�"����# �������
���������# �%&'()*( �������# ����

> -�	��	�	� .) *�	��,��  ��!

4116 $3�$83 �3
4156 "7!8"$8��987 �!8�
��
#
�
#��#��#����8!!�9 &����#<<��
),�)��<���	���?��
@��
#
�
#��#��#����8!!�9(



 
 
 
 

 
 
 

 
 
 

«O���� �����	 o�
� ����
�� ��
� ����� 
���	 �
�� �����	» 
 

                                       �������
	 
 
 

«There is no benefit either from money or from anything else, 
without good health» 

     Hippocrates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To Georgina-Michaela, Clary, mum and dad 



 



 

List of papers 

This thesis is based on the following papers, which will be referred to by 
their roman numerals. 
 
 
 

I. Tsolakis AV, Stridsberg M, Grimelius L, Portela-Gomes GM, 
Falkmer SE, Waldum HL, Janson ET. Ghrelin Immunoreactive Cells 
in Gastric Endocrine Tumors and Their Relation to Plasma Ghrelin 
Concentration. J Clin Gastroenterol. 2008 Apr;42(4):381-388.  

 
II. Tsolakis AV, Portela-Gomes GM, Stridsberg M, Grimelius L, 

Sundin A, Eriksson BK, Oberg KE, Janson ET. Malignant gastric 
ghrelinoma with hyperghrelinemia. J Clin Endocrinol Metab. 2004 
Aug;89(8):3739-44.  

 
III. Tsolakis AV, Grimelius L, Stridsberg M, Falkmer SE, Waldum HL, 

Saras J, Janson ET. Obestatin/ghrelin cells in normal gastric mucosa 
and in endocrine tumours of the stomach. Submitted. 

 
 

IV. Tsolakis AV, Grimelius L, Granerus G, Stridsberg M,  Falkmer SE, 
Janson ET. Expression of histidine decarboxylase and vesicular 
monoamine transporter 2 in human enterochromaffin-like cells and 
gastric endocrine tumours. Manuscript. 

 
 
Offprints were made with kind permission from the publishers. 



 



 

Contents 

List of papers ..................................................................................................v 

Contents ....................................................................................................... vii 

Introduction...................................................................................................11 
Anatomy and histology of the gastric mucosa .........................................11 
Gastric endocrine cells .............................................................................12 

ECL cells .............................................................................................13 
Ghrelin cells.........................................................................................14 

Hyperplasia and dysplasia of gastric endocrine cells ...............................16 
Hyperplasia ..........................................................................................16 
Dysplasia .............................................................................................16 

Gastric endocrine tumours .......................................................................16 
Epidemiology.......................................................................................16 
Neuroendocrine markers......................................................................17 
Classification .......................................................................................17 
Well-differentiated gastric endocrine tumours ....................................17 
Poorly differentiated endocrine carcinomas: Small-cell and large-cell 
variants.................................................................................................18 
Clinical manifestations ........................................................................19 
Diagnostic procedures .........................................................................19 
Treatment.............................................................................................20 

Techniques ...............................................................................................21 
Immunohistochemistry ........................................................................21 
Immunoassay .......................................................................................22 

Aims of the Investigation..............................................................................23 

Patients and Methods ....................................................................................24 
Patients (papers I, II, III and IV) ..............................................................24 
Clinical data concerning the patient in paper II........................................25 
Tissue samples (papers I, II, III and IV)...................................................25 
Primary antibodies for immunohistochemistry (papers I, II, III and IV) .26 
Primary antibodies for immunofluorescence (papers III and IV).............26 
Routine staining and immunostaining (papers I, II, III and IV) ...............26 
Double immunofluorescence (papers III and IV).....................................27 



 

Morphometric analysis of immunoreactive cells (papers I, III and IV) ...27 
Plasma hormone measurements (papers I, II and III)...............................27 
U-MeImAA determination (paper IV) .....................................................28 
Immunohistochemical controls (papers I, II, III and IV) .........................28 
Correlations (paper III).............................................................................28 

Results...........................................................................................................29 
Immunohistochemical analysis (papers I, II, III and IV) .........................29 

Foci of endocrine cell hyperplasia identifiable by general and specific 
neuroendocrine markers (other than ghrelin, obestatin and HDC) in 
tumour-free mucosa .............................................................................29 
Mucosal areas of ghrelin/obestatin- and HDC-immunoreactive 
endocrine cell hyperplasia compared with VMAT-2  
immunoreactivity.................................................................................29 
Gastric endocrine tumours and their respective metastases.................30 
Double immunofluorescence (papers III and IV) ................................32 

Various hormones and tumour marker measurements .............................34 
Circulating concentrations of plasma total ghrelin (paper I), and 
obestatin (paper III) .............................................................................34 
Circulating biochemical markers (paper II).........................................34 
U-MeImAA excretion and clinical symptoms (paper IV) ...................35 

Radiology investigation and clinical course (paper II).............................35 
Immunohistochemical controls (papers I, II, III and IV) .........................36 
Correlations (paper III).............................................................................36 

Discussion .....................................................................................................37 
Paper I ......................................................................................................37 
Paper II .....................................................................................................38 
Paper III....................................................................................................39 
Paper IV ...................................................................................................41 

Conclusions...................................................................................................43 

Acknowledgements.......................................................................................44 

References.....................................................................................................47 

 



 

Abbreviations 

11C-5-HTP 11C-5-hydroxy-L-tryptophan 
18FDG 18F-labelled deoxyglucose 
A-CAG Type A chronic atrophic gastritis  
ACS Atypical carcinoid syndrome 
ACTH Adrenocorticotropic hormone 
BMI Body Mass Index 
CA 19-9 Carbohydrate antigen 19-9 
CEA Carcinoembryonic antigen 
CgA Chromogranin A 
CT Computerized tomography 
ECL Enterochromaffin-like 
ECL-CC Enterochromaffin-like cell carcinoid 
EPOS Enhanced polymer one step 
F Female 
GET Gastric endocrine tumour 
GH Growth hormone 
GHS-R Growth hormone secretagogue receptor 
HCl Hydrochloric acid 
HDC Histidine decarboxylase 
IR Immunoreactive 
LC Large-cell 
M Male 
MeImAA Methyl Imidazole Acetic Acid 
MEN 1 Multiple endocrine hyperplasia type 1 
PET Positron emission tomography 
PDEC Poorly differentiated endocrine carcinoma 
SC Small-cell 
SRS Somatostatin receptor scintigraphy 
SS Somatostatin 
SSTR Somatostatin receptor 
U-MeImAA Urinary-Methyl Imidazole Acetic Acid 
VMAT-2 Vesicular monoamine transporter 2 
ZES Zollinger-Ellison syndrome 



 

 



 11

Introduction 

Anatomy and histology of the gastric mucosa 
The stomach is a mixed exocrine/endocrine organ where the bolus of food 
received is further macerated and partially digested. The gastric mucosa 
consists of columnar epithelium, mucosal glands, lamina propria and muscu-
laris mucosa (1). Functionally, the gastric mucosa is divided into the proxi-
mal oxyntic gland area (fundus and corpus) and the distal antral-pyloric 
gland area. The oxyntic mucosa, comprising about 80% of the stomach, se-
cretes hydrochloric acid (HCl); the distal part (antrum and pylorus) synthe-
sizes, stores and secretes gastrin. The functional units of the stomach are the 
gastric glands, three to seven of which empty into the bottom of a single 
gastric pit. The gastric pit is an invagination of the surface epithelium and 
occupies about 20-30% of the oxyntic mucosa. A short duct-like segment, 
called the neck, is interposed between the secretory portion and the gastric 
pit (1). The oxyntic gland consists of chief (zymogenic) cells, parietal cells, 
mucous neck cells and endocrine cells. The chief cells (Fig. 1), located 
mainly in the deeper part of the glandular crypts, produce enzymes (pepsi-
nogen, and lipase) (1). The parietal cells (Fig. 1), which are the predominant 
cell type, are present mainly in the upper half, secrete HCl and produce the 
intrinsic factor. The mucous neck cells, located in the gastric neck, secrete 
small amounts of soluble mucus differing from that produced by the surface 
epithelial mucous cells. Finally, endocrine cells are found mainly in the 
lower third of gastric glands. All these cell types derive from stem cells lo-
cated in the neck region. Some of these move upward to replace the pit and 
surface mucous cells, and others downwards to differentiate into chief cells, 
parietal cells, mucous cells, or gastric endocrine cells (1).  
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Figure 1. Haematoxylin/eosin stained lower third of normal human oxyntic 
mucosa. Parietal and chief cells are seen. 

Gastric endocrine cells 
In the human gastric mucosa, five different endocrine cell types have been 
identified and characterized (2-4). They are either of “closed” or “open”  
type (5, 6). The “closed” cell type is thought to be involved in paracrine, 
neurocrine and/or endocrine regulatory mechanisms (2, 7). The “open” type 
has apical cytoplasmic extensions projecting into the glandular lumen with 
short microvilli. These microvilli represent the anatomical cornerstone for 
the endocrine cell response to stimuli from the gastric gland content (2).  

Gastrin was the first peptide hormone to be detected in cells of the gastric 
mucosa, called “G” cells (8), which are mainly localized in the antral-pyloric 
mucosa. Later, the discovery of argyrophilic, histamine-storing cells in the 
murine stomach led to the identification of another endocrine cell type, the 
enterochromaffin-like (ECL) cell (9). This type comprises the largest endo-
crine cell population of the oxyntic mucosa, followed by the recently de-
scribed ghrelin cells which are ultrastructurally consistent with the previ-
ously described P/D1 cell type (4). Somatostatin (SS) producing D cells and 
serotonin-producing enterochromaffin cells are present throughout the gas-
tric mucosa (10). The volume density of all endocrine cells in the normal 
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human oxyntic mucosa accounts for about 1.5% of the total mucosal epithe-
lial volume (10).  

ECL cells 
The ECL cells are located in the lower third of the oxyntic mucosa, close to 
the parietal cells (11) and comprise 40-50% of all human gastric endocrine 
cells (12). They display an argyrophil reaction with the Grimelius (13) and 
Sevier-Munger (2) staining procedures, and they also show chromogranin A 
(CgA) immunoreactivity (14, 15). These cells, 8-10 �m in diameter, contain 
numerous secretory granules (16-24). ECL cells have traditionally been con-
sidered to secrete histamine. It has been postulated that the histamine-
containing cells can be visualized indirectly by an antibody raised vs. a pro-
tein involved in the transport of histamine into the granules, called vesicular 
monoamine transporter 2 (VMAT-2) (25, 26). But this transporter protein is 
also reported to be expressed in ghrelin cells (4), i.e. this marker does not 
seem to be specific for ECL cells.  Hitherto, no specific peptide hormone 
produced by ECL cells has been identified. 
 

Histamine 
Histamine is synthesized by enzymatic decarboxylation of the amino acid 
histidine by histidine decarboxylase (HDC) (27), and then stored in secretory 
granules until its release (17, 28). At present, there is no commercial anti-
body available against histamine for its immunohistochemical identification 
in ECL cells in routine formalin-fixed sections, because its preservation re-
quires a specific fixation procedure (14). Histamine is degraded in various 
ways. In man, the major pathway (responsible for metabolism of 40-60% of 
histamine) involves methylation and oxidative deamination producing 1,4-
methyl imidazole acetic acid (MeImAA), which is excreted into the urine. A 
small portion of histamine (4-8%) can be methylated and excreted as me-
thylhistamine. Some 20-40% of histamine is not methylated, and produces 
the metabolite imidazole acetic acid, which is mainly conjugated to ribose. A 
very small proportion of histamine (1-3%) is excreted unmetabolized (29).  

ECL cells express the cholecystokinin-B/gastrin receptor (30) which acts 
as target for the homonymous hormones and plays an important role in gas-
tric acid release. In addition, gastrin has trophic effects on ECL cells both in 
humans and in experimental models (31-33). Besides gastrin, Helicobacter 
pylori infection with consequent inflammation has been suggested to induce 
ECL cell growth. These bacteria contain lipopolysaccharide, which may 
stimulate ECL cell histamine release and ECL cell proliferation (34).  
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ECL cells and gastric acid release 
It has been thoroughly described that, in addition to other factors, gastrin is 
released in response to aromatic amino acids in the lumen of the antrum  and 
reaches the ECL cells via the vascular system (35). Gastrin induces gastric 
acid secretion by stimulating ECL cells via the cholecystokinin-B/gastrin 
receptor. When activated by gastrin, ECL cells respond by activating HDC 
and by increasing its messenger ribonucleic acid as well as by increasing the 
production and release of histamine (36-38). Simultaneously, the gene ex-
pression of VMAT-2 is stimulated (39) and the CgA promoter is activated 
(40). Histamine is synthesized and then stored in secretory granules until its 
release (17, 28). Once released, histamine interacts with histamine 2 recep-
tors on parietal cells (41); thus, this amine serves as the most important di-
rect stimulus for parietal cells to secrete gastric acid.  

Ghrelin cells 
Ghrelin cells were first described in rodents (42, 43), as having an ovoid 
shape and containing numerous round secretory granules. Human ghrelin 
cells are electronmicroscopically characterized by round, solid or thin-haloed 
secretory granules with a mean diameter of 147±30 nm in aldehyde-osmium 
preparations (4). These granule features have previously been described for 
the human P/D1 cells (2, 10, 44, 45). In the human oxyntic mucosa, ghrelin 
cells account for approx. 20-30% of the endocrine cell population (4, 10, 43) 
and are the second most frequent endocrine cell type after the ECL cell.  

Ghrelin cells are described to be CgA- and VMAT-2-IR (4, 43), and are 
of both “closed” and “open”  type (46). Ghrelin-IR cells are abundant in the 
stomach decreasing gradually in number along the gastrointestinal tract (4, 
42, 43, 47). This cell type has been identified in pancreatic islets and is be-
lieved to represent a novel endocrine cell entity (48). 

Ghrelin 
The name ghrelin derives from the ghre root which in Proto-Indo-European 
languages means grow (42). Ghrelin is a 28-amino-acid peptide initially 
revealed to be an endogenous ligand for the growth hormone secretagogue 
receptor (GHS-R) (42) and to stimulate growth hormone (GH) release (42) 
via the 1a receptor subtype (49). The hormone exists mainly in two forms: 
the n-octanoylated at serine 3 and the unacylated (des-acyl) ghrelin (50). The 
acylated form of ghrelin was initially thought to be responsible for the bio-
logical acivity (51). However, des-acyl ghrelin has also been shown to play 
various roles, e.g. in adipogenesis, lipolysis, glucose homeostasis, cell pro-
liferation, apoptosis, cardiovascular function and even food intake (52, 53).  

Consistent with the expression of GHS-R in different organs (54, 55) 
ghrelin carries out a wide variety of endocrine and non-endocrine functions 
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(52). Ghrelin plays an important role in energy balance by enhancing appe-
tite and food ingestion (56, 57). It stimulates short-term food ingestion more 
effectively than any known molecule except neuropeptide Y, with which it is 
roughly equipotent (56). Plasma ghrelin levels increase immediately before 
each meal and are lowest within one hour after eating (58-60).  

Ghrelin has been postulated to act as an anti-incretin. It stimulates secre-
tion of GH (61-63), cortisol (61-63), epinephrine (63) and glucagon (64), but 
it suppresses adiponectin (65). Besides these indirect actions, ghrelin inhibits 
insulin secretion in vitro and in vivo (66-71). Ghrelin has also been attrib-
uted other endocrine functions such as induction of adrenocorticotropic hor-
mone (ACTH) and prolactin release (61, 62, 72). Experiments in animals 
have shown that administration of ghrelin stimulates gastric motility (73, 
74), and circulating ghrelin levels are correlated with gastric emptying time 
in humans (58). Controversial results have been reported however about its 
action on gastric acid secretion. Some researchers have suggested that ghre-
lin has a stimulatory effect on gastric acid secretion which is mediated by 
gastrin (75) or by vagal stimulation (74, 76), whereas others have postulated 
that ghrelin does not have these functions (73, 77). Furthermore, evidence of 
a cardiovascular function of ghrelin has been found (63, 78-80). Ghrelin 
secretion is suppressed by SS (81). 

Soon after the discovery of ghrelin and its receptor, interest increased 
concerning their potential expression and effect in endocrine tumours. Sub-
sequently, expression of the hormone and its receptor has been observed in 
both endocrine gastroenteropancreatic (82-86) and other endocrine tumours 
(87-89), by means of different techniques. 

Obestatin 
A 23-amino-acid peptide called obestatin, encoded by the same gene as 
ghrelin, was described in 2005 (92). The effects of this peptide hormone 
were initially thought contrary to those of ghrelin by suppressing food inges-
tion resulting in bodyweight loss (90). In the initial report it was stated that 
obestatin inhibited jejunal contraction and in general counteracted the ac-
tions of ghrelin when both peptides were co-administered, even though these 
peptides derive from the same precursor (90).  

The biological activity of obestatin depended on amidation of its carboxyl 
terminus, and the effects were said to be mediated via a receptor protein, 
GPR-39, belonging to the ghrelin receptor subfamily (90). However, contro-
versial results about obestatin’s effects on food intake and gastrointestinal 
motility have since been reported (91-96), and even the interaction between 
obestatin and GPR-39 has been strongly debated (94, 97, 98).  

In experimental animals, the circulating concentrations of obestatin do not 
strictly correlate with ghrelin levels. After gastric bypass surgery, ghrelin 
concentrations are almost unchanged whereas obestatin levels are reduced 
(99), and after a 24-hour fast, ghrelin levels increase and obestatin decrease 



 16 

(100). In man, it has been suggested that obestatin may influence long-term 
bodyweight regulation and that preprandially ghrelin/obestatin ratio may be 
involved in the pathophysiology of obesity (101, 102). Immunohistochemi-
cal studies in rats have shown that, in ghrelin cells of the gastrointestinal 
tract and pancreas, obestatin and ghrelin are co-localized; these cells co-
express VMAT-1 and -2 (103). 

Hyperplasia and dysplasia of gastric endocrine cells 
Hyperplasia 
G-, ECL- (104, 105) and SS-cell (106) hyperplasia can occur in the gastric 
mucosa. G- and ECL-cell hyperplasia is a frequent finding in patients with 
type A chronic atrophic gastritis (A-CAG). A similar pathophysiological 
cause, i.e. hypergastrinaemia occurring due to gastrin-producing tumour(s) 
causing the Zollinger Ellison syndrome (ZES), with or without MEN 1,  can 
also induce ECL cell hyperplasia (107-109). Four different patterns of endo-
crine cell hyperplasia exist: diffuse, linear, nodular and adenomatoid (104). 

Dysplasia 
Dysplastic or pre-carcinoid ECL cell lesions are between 150 and 500 nm in 
size; these small lesions are disseminated in the mucosa and they escape 
endoscopic observation. The atypia of the cells is usually slight (108). Even 
though these lesions may be precursor lesions of ECL cell carcinoids (ECL-
CCs) they do not infiltrate beyond muscularis mucosa (104, 105, 108, 110). 
Nodules that become larger than 0.5 mm are classified as microcarcinoids 
(108). 

Gastric endocrine tumours 
Epidemiology 
Askanazy reported the first case of a gastric endocrine tumour (GET) in 
1923 and only a few cases appeared in the medical literature up to 1960 
(111, 112). The published incidence of these tumours ranges between 3 and 
41% of all gastrointestinal neuroendocrine tumours (113). In recent studies, 
the increased incidence suggests an increasing awareness by physicians of 
such lesions, advances in the endoscopic investigation of the stomach, spe-
cific laboratory tests and histopathological techniques. According to the 
large database analysis of cases from 1992 to 1999 in the National Cancer 
Institute’s Surveillance, Epidemiology, and End Results, GETs comprise 
8.7% of all gastrointestinal endocrine tumours (114). 
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Neuroendocrine markers 
The diagnosis of GETs can be based on histological features, argyrophil 
reaction with both Grimelius and Sevier-Munger methods, and ultrastruc-
tural findings of intracytoplasmic electron-dense secretory granules in tu-
mour tissues (115). Furthermore, immunohistochemical staining using anti-
bodies vs. CgA, synaptophysin and VMAT-2, are included for diagnosing 
these tumours (107, 115, 116).  Expression of mRNA coding for these pro-
teins can also be identified in the tumours by polymerase chain reaction or in 
situ hybridization techniques.  

Classification 
According to the World Health Organisation (WHO) 2000 classification, 
GETs are divided into well-differentiated (types I, II, III ECL-CCs and the 
non-ECL-CCs) and poorly differentiated endocrine carcinomas (PDECs).  

Well-differentiated gastric endocrine tumours 
Type I ECL-CCs 
Type I ECL-CCs represent the majority of GETs, with a female preponder-
ance (M:F ratio 1:2.5) (108). The tumours develop in <1% of patients with 
A-CAG. Patients with type I ECL-CCs may also present with pernicious 
anaemia or other autoimmune diseases (109). Tumours of this type are usu-
ally small, often multiple and have relatively uniform cells arranged in small 
clusters or trabecules (108, 117). Most lesions are located in the mucosa, 
sometimes also in the submucosa, but only rarely with deeper invasion into 
the gastric wall (107-109). Endocrine cell hyperplasia (ECL- and G-cell) is a 
constant feature and dysplastic lesions are frequently observed in the sur-
rounding gastric mucosa (104, 108, 118). This tumour type is considered 
rarely to give rise to metastases. However, angio-invasion, lymph node- and 
distant metastases have been reported, but only in a few cases (107). 

Type II ECL-CCs 
Type II ECL-CCs (M:F ratio 1:1) account for 6-8% of all GETs. They de-
velop in patients with hypergastrinaemia due to gastrin-producing tumour(s) 
causing the ZES. Such tumours may be present with or without the MEN-1 
syndrome (107-109, 119, 120). The gastric tumours, usually multiple, are 
associated with ECL cell hyperplasia, with or without dysplasia (118). In 
contrast to the type I ECL-CCs, the peritumorous mucosa shows no features 
of A-CAG (108). Type II ECL-CCs are located mainly in the corpus-fundus 
area but can also be found in the antrum (121). This tumour type is regarded 
as more malignant than type I (107-109, 122). Patients with ZES associated 
with MEN 1 run a 20-30% risk of developing type II ECL-CCs, whereas 
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patients with sporadic ZES develop gastric carcinoids in 0-1% of cases (118, 
123).  

Type III ECL-CCs 
The type III ECL-CCs are also called “sporadic” due to the absence of any 
specific gastric pathology (no association with hypergastrinaemia) (108). 
They constitute approximately 13-23% of all GETs and are observed mainly 
in males (M:F ratio 2.8:1) (108, 109). They are usually solitary but multiple 
lesions have been described (108, 109, 118, 124). At diagnosis, most of the 
tumours are large and have metastasized. Thus, they are regarded as the most 
malignant of the three ECL-CC types (107-109). Even minute endocrine 
tumours of type III ECL-CCs have been reported to give rise to regional 
lymph node metastasis (125).  

Non ECL-CCs 
The non-ECL-CCs constitute a group of uncommon tumours that can present 
with symptoms related to the hormone they produce. Serotonin- (107, 126), 
gastrin- (127), SS- (128), and ACTH-producing tumours (129, 130) are ex-
amples that have been described. 

 

Poorly differentiated endocrine carcinomas: Small-cell and 
large-cell variants 
The PDECs are subdivided into small-cell (SC) and large-cell (LC) variants 
based on the same pathology criteria used for classifying their pulmonary 
counterparts (131). The PDECs are rare, aggressive lesions often containing 
necroses, bleedings and infarcts (107). They reveal frequent mitoses and a 
high Ki67 proliferation index (107).  

Small-cell PDECs 
These lesions correspond to SC carcinomas of the lung and constitute the 
most aggressive GETs (132). The tumour cells have little cytoplasm, a dif-
fuse growth pattern, often with “crush” artefacts, and appear with a stroma-
poor component. They account for 6% of the GETs with a 2:1 M:F ratio 
(108). 

Large-cell PDECs 
These tumours have almost the same malignant potential as SC-PDECs (132, 
133). As their name suggests, they consist of large cells having abundant 
cytoplasm. The nuclei are more vesicular, often with nucleoli which can be 
prominent (131). The tumours have an organoid morphology, often showing 
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pseudorosettes and palisading patterns against the stroma. These tumours 
usually have a stroma-rich component (108). 

Clinical manifestations 
The clinical presentation of GETs is often non-specific and many lesions are 
detected incidentally during gastroscopy. Endoscopic screening of patients 
with pernicious anaemia can reveal type I ECL-CCs, whereas in cases of 
ZES, type II ECL-CCs can be discovered upon investigation of the patients’ 
ulcer disease (134). Besides the incidental presentation, a subgroup of GETs 
cause symptoms due to their local effects, e.g. abdominal pain, nausea, vom-
iting, intermittent gastric outlet obstruction, or even gastric haemorrhage 
(112, 135).   

Atypical carcinoid syndrome 
Endocrine symptoms due to hormone production are an uncommon presenta-
tion of GETs. Rare cases of ECL-CC have been reported to be related to the 
atypical carcinoid syndrome (ACS), in which histamine plays a major role 
(29, 112, 136-141). In some of these patients, when urinary- (U-) MeImAA 
was estimated, concentrations were found to be increased (29, 138, 139, 
141). The manifestations of this syndrome include generalized and pro-
longed patchy, bright red flushing, facial oedema, lacrimation, headache, and 
bronchoconstriction. Pentagastrin can provoke the syndrome in these pa-
tients, whereas SS and antihistaminics exhibit an inhibitory effect (139, 142, 
143). 

Diagnostic procedures 
Endoscopy and imaging 
The cornerstone for diagnosing GETs remains gastroscopy with biopsy of 
identified lesions (144). The inspection of gastric mucosa that may appear 
atrophic due to A-CAG or hypertrophic with multiple ulcers due to ZES can 
be useful for an initial classification of the tumour(s). Multiple biopsies from 
the polyps, as well as from non-tumorous oxyntic and antral mucosa are 
highly recommended for identifying areas of A-CAG, intestinal metaplasia 
and antral G-cell hyperplasia in type I ECL-CCs (144). Endoscopic ultra-
sound may prove useful to determine the depth of invasion through the vari-
ous layers of the gastric wall and even to identify regional lymph node in-
volvement. This technique also has the advantage of enabling biopsy taking 
via fine needle aspiration. Barium contrast studies are useful in the incidental 
detection of polypoid lesions but have no use in identifying submucosal le-
sions. Transabdominal ultrasound, computerized tomography (CT), and 
magnetic resonance imaging are used to detect metastatic disease. The loca-
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tion and metastatic spread of somatostatin receptor (SSTR) expressing le-
sions can be revealed by somatostatin receptor scintigraphy (SRS) (145). 
11C-5-hydroxy-L-tryptophan (11C-5-HTP) positron emission tomography 
(PET) can be used to detect well-differentiated tumour lesions, whereas 18F-
labelled deoxyglucose- (18FDG-) PET is better for identifying poorly differ-
entiated tumours (146). 

Laboratory tests 
Determination of gastrin concentration in the blood is mandatory in patients 
with GETs. Types I and II ECL-CCs will be accompanied by elevated basal 
serum gastrin concentrations. Patients with type I ECL-CCs will also have 
high gastric pH due to achlorhydria, in contrast to the low gastric pH found 
in type II cases because of gastrin-secreting tumour(s). In type III ECL-CCs 
and in PDECs, gastrin concentrations are within the normal reference range. 
CgA concentrations should also be determined as it appears to be a valuable 
tumour marker for all types of ECL-CCs (147-150). For the PDECs, deter-
mination of general tumour markers (carcinoembryonic antigen, carbohy-
drate antigen 19-9 etc.) can be of value. 

Treatment 
Endoscopic/surgical 
According to the European Neuroendocrine Tumour Society guidelines, 
follow-up with endoscopy and tumour biopsy suffice for lesions <1 cm in 
diameter found in patients with types I and II ECL-CCs. For larger tumours, 
endoscopic mucosa resection is recommended for up to six polyps that do 
not involve muscularis propria. For the remaining patients, local surgical 
tumour resection should be performed. In cases of malignant development or 
recurrence despite local surgical resection, partial or total gastrectomy with 
lymph node dissection is recommended (144). In some cases of type I ECL-
CC, antrectomy may be recommended, whereas excision of gastrinomas in 
type II ECL-CCs has been reported effective. Both treatments aim to inhibit 
the chronic gastrin stimulation of ECL cells which promotes tumour devel-
opment (151-153). In type III tumours, surgical treatment should not differ 
from that of adenocarcinomas (144).  

Medical 
Biotherapy using a combination of SS analogues with interferon, or treat-
ment with SS analogues alone, has been shown to be effective against vari-
ous types of ECL-CCs, though no consensus exists about their use (154-
157). SS analogues are recommended for functioning tumours (138, 139). 
Various cytotoxic regimens have been used to treat metastatic type III ECL-
CCs, and the choice of treatment schedule may depend on tumour prolifera-
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tion (144). Platinum-based treatment is indicated for the PDECs. Peptide 
receptor radionuclide treatment may be a promising alternative for metasta-
sizing or inoperable ECL-CCs, but a positive SRS is required prior to its use 
(144). 

Techniques 
Immunohistochemistry 
Introduction of immunohistochemistry for histopathological diagnosis im-
proved the possibility to characterize tumours and other lesions in various 
organs and tissues. This technique was introduced by Coons et al. who pre-
sented a direct staining method, i.e. the primary antibodies were directly 
conjugated to the antigen (158). Over the years the simple direct technique 
has been refined and replaced by more sensitive methods such as the en-
hanced polymer one step (EPOS) immunostaining method, where a large 
number of primary antibody molecules and peroxidase enzymes are attached 
to a dextran polymer called “backbone”. With the introduction of the indirect 
(sandwich) method the immunostaining technique became more sensitive. In 
the indirect method only the secondary antibody (but not the primary) is 
labelled. The secondary antibody is directed at the immunoglobulin from the 
species in which the primary antibody was raised. The immunohistochemical 
technique was further improved by the introduction of peroxidase-
antiperoxidase (159), avidin-biotin complex (160, 161) and biotin-
streptavidin methods. By using tyramine amplification technique and a 
polymer-based detection system, the sensitivity of the method was further 
improved (162). A relatively new indirect method based on the dextran tech-
nology employed in the EPOS method labelling system has been introduced. 
In this system the “backbone” is attached to a secondary antibody instead of 
the primary. The most frequently used chromogens for light microscopy are 
diaminobenzidine and 3-amino 9-ethylcarbazole.  

When using double or triple immunofluorescence technique, two or three 
proteins can be identified at the same time in the same cell. Several fluoro-
phores are available for fluorescence microscopy and these can be visualized 
at different wavelengths (158, 163, 164).  

Both polyclonal and monoclonal antibodies are used for histopathological 
diagnostic purposes. The polyclonal antibodies are usually directed at two or 
more epitopes of a protein molecule, the monoclonal to a single specific 
region. 

During formaldehyde fixation, a variety of reactions between the fixative 
and tissue proteins can occur, often with the formation of cross-links be-
tween protein end-groups, e.g. the fixative may react with amino groups of 
the proteins to form Schiff bases. The chemically modified protein may 
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“mask” certain epitopes, causing a false-negative immunostaining. Many of 
the reactions between proteins and formaldehyde are reversible; others are 
irreversible. Thus, treatments intended to break the cross-linking bonds in-
troduced in the protein by formaldehyde can be used before staining, e.g. by 
heating the sections in retrieval solution (usually in a microwave oven) the 
epitopes can be “unmasked”, i.e. they become available to react with the 
antibody in question (165). 

Immunoassay 
This method was proposed by Yalow and Berson in 1959 (166). An 
immunoassay is a biochemical test that measures the concentration of a 
substance in a biological liquid, using the reaction of an antibody or 
antibodies to its antigen. To quantify the results, the response of the fluid 
being measured is compared with standards of a known concentration. 
Detecting the quantity of the substance in question can be accomplished by a 
variety of methods. One of the most common is to label either the antigen or 
antibody. The label may consist of an enzyme (enzyme immunoassay), 
radioisotopes such as 125I [radioimmunoassay (RIA)], or fluorescence 
(fluorescence immunoassay). Other immunoassays use luminescence, 
absorbance, etc. The immunoassays can be competitive or non-competitive. 
In a competitive immunoassay, the antigen in the unknown sample competes 
with labelled antigen to bind with antibodies. The amount of labelled antigen 
bound to the antibody site is then measured. In this method, the response will 
be inversely proportional to the concentration of antigen in the unknown 
sample. This is because the greater the response, the less antigen in the 
unknown sample is available to compete with the labelled antigen. In non-
competitive immunoassays, also referred to as "sandwich assays", the 
antigen in the unknown sample is bound to the antibody site, then labelled 
antibody is bound to the antigen. The amount of labelled antibody on the site 
is then measured. Unlike the competitive method, the results of the non-
competitive method will be directly proportional to the concentration of the 
antigen. This is because labelled antibody will not bind if the antigen is not 
present in the unknown sample.  
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Aims of the Investigation 

The specific aims of this thesis were to characterize: 
 

� human GETs and the surrounding mucosa, with respect to the occur-
rence of ghrelin-IR cells, and to establish the relationship between 
ghrelin-IR cells and circulating concentrations of total ghrelin, and 
of gastrin.  

 
� a patient with grossly elevated levels of ghrelin associated with a 

metastasizing GET displaying a high incidence of ghrelin-IR cells. 
 

� human GETs and their surrounding mucosa, with respect to the oc-
currence of obestatin-IR cells, to establish their relationship to the 
expression of ghrelin and VMAT-2, and to measure plasma concen-
trations of obestatin in some of these patients and correlate the find-
ings to clinico-pathological parameters. 

 
� human GETs and the surrounding mucosa, with respect to HDC-IR 

cells in relation to the occurrence of VMAT-2- and ghrelin-IR cells, 
and to relate the  immunohistochemical expression of this enzyme in 
the tumours, to patients’ U-MeImAA excretion and the clinical 
symptoms. 
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Patients and Methods 

Patients (papers I, II, III and IV) 
GETs (Table 1) from 64 patients (Table 2), and metastases from 22 of the 
cases, were collected from the Pathology Laboratories at Uppsala University 
Hospital, Sweden and St. Olav’s University Hospital in Trondheim, Norway. 
48, 63 and 64 cases were investigated respectively in papers I, III and IV, 
while one patient was described in paper II. The 64 tumours were classified 
according to the WHO classification scheme (108) and divided into type I 
(n=37), type II (n=3), type III ECL-CCs (n=10), non-ECL-CC (n=1), ghreli-
nomas (n=2), and PDECs (n=11). The PDECs included seven LC- and four 
SC-PDECs. Two LC- and one SC-PDECs demonstrated VMAT-2 immuno-
reactivity in more than half of the neoplastic cells and were therefore desig-
nated as type III ECL-CCs in paper I. However, in papers III and IV, the 
latter tumours were classified according to the WHO scheme and were there-
fore designated as PDECs. The total of 22 cases (16, 1, 21 and 22 respec-
tively in papers I, II, III and IV) from which the metastases were examined 
included the following primary diagnosis: type I (n=3), type II (n=1), type III 
(n=7) ECL-CCs, ghrelinomas (n=2), and PDECs (n=9). 
 
 
Table 1. Tumour characteristics 

  Tumour type   n   Tumour size  
(mm)   Metastases   Localization 

Type I ECL-CCs   37   1-50   LNs, Liver   Fundus, Corpus,   
  Antrum 

Type II ECL-CCs   3   0.5-25   LNs   Fundus, Corpus,  
  Antrum 

Type III ECL-CCs   10   7-55   LNs, Liver, 
  Omentum, Epidermis 

  Fundus, Corpus,  
  Antrum 

Non-ECL-CC   1   35   LNs, Liver   Corpus, Antrum 

Ghrelinomas   2   35-40   LNs, Liver   Corpus 

PDECs   11   10-100   LNs, Liver, Omentum,    
  Epidermis, Adrenal   Fundus, Corpus 

Total number   64    
LNs, Lymph nodes. 
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Table 2. Characteristics of patients with GETs 

  Tumour type   n   Median age (years) 
  [range]   M:F ratio 

 

Type I ECL-CCs   37   65 [29-80]   13:24 

Type II ECL-CCs   3   48 [47-49]   1:2 

Type III ECL-CCs   10   61 [23-77]   5:5 

Non-ECL-CC   1   71   0:1 

Ghrelinomas   2   55 [47-63]   2:0 

PDECs   11   58 [39-77]   8:3 

Total number   64   

 

Clinical data concerning the patient in paper II 
A 46-year-old man suffering from hypertension, inconsistent diarrhoea and 
sweating underwent gastroscopy because of occult gastrointestinal bleeding, 
and a gastric tumour in the corpus region was diagnosed. Biopsies were col-
lected at diagnosis and after 12 months. The patient was thoroughly investi-
gated with CT, SRS, and PET with 18FDG and 11C-5-HTP as tracers and he 
was followed until his death. 
 

Tissue samples (papers I, II, III and IV) 
All the specimens (biopsy samples and operation material) were fixed in 
10% buffered neutral formalin and routinely processed to paraffin wax. Con-
secutive sections, approx. 4 μm thick, were attached to positively charged 
glass slides (Superfrost® Plus; Menzel Gläser, Braunschweig, Germany), 
deparaffinized in xylene and rehydrated in distilled water.  
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Primary antibodies for immunohistochemistry (papers I, 
II, III and IV) 
The primary antibodies used were: mouse monoclonal antibodies vs. cy-
tokeratin (M3515, DakoCytomation, Glostrup, Denmark), CgA (LK2H10, 
Boehringer, Mannheim, Germany), SV2 (15E11, NovoCastra, Newcastle 
upon Tyne, UK), and serotonin (M0758, DakoCytomation, Denmark), as 
well as rabbit polyclonal antibodies vs. synaptophysin (A0010, DakoCy-
tomation), somatostatin (A0566 DakoCytomation), VMAT-2 (AB1767, 
Chemicon International, Temecula, CA, USA), human ghrelin (H-031-30, 
Phoenix Pharmaceuticals Inc, Belmont, CA, USA),  recombinant HDC 
raised in E. Coli (B 260-1, Euro-Diagnostica, Malmö, Sweden), and calci-
tonin, gastrin releasing peptide and Ki67/MIB-1 (A0576, A0429 and M7240 
respectively, DakoCytomation). Furthermore, we generated a specific rabbit 
antibody vs. human obestatin. 
 

Primary antibodies for immunofluorescence (papers III 
and IV) 
The primary antibodies used were polyclonal: chicken anti-ghrelin (a-a 17-
28, Y-031-44, Phoenix Pharmaceuticals Inc), rabbit antibody vs. recombi-
nant HDC raised in E. Coli (B 260-1, Euro-Diagnostica), a non-commercial 
rabbit anti-obestatin, and goat anti-VMAT-2 (C-20, sc-7721, Santa Cruz 
Biotechnology®, Santa Cruz, CA). 
 

Routine staining and immunostaining (papers I, II, III 
and IV) 
The sections were stained with haematoxylin-eosin or immunostained using 
either a non-biotin amplification-detection system (NBA; Zymed Laborato-
ries Inc., San Francisco, CA) with a fluorescein-labelled secondary antibody 
and a tertiary horseradish peroxidase-labelled anti-fluorescein antibody, or  
the indirect system kit based on the dextran technology employed in the 
EPOS immunostaining method (DakoCytomation, EnVision®+ System-
HRP, K4010 for primary rabbit antibodies and K4006 for primary mouse 
antibodies). Diaminobenzidine was used as chromogen. Before immu-
nostaining, the sections were microwave treated for 2x5 min at 750W. The 
retrieval solutions used were either citrate buffer (pH 6.0) or Tris buffer sa-
line (pH 8.0).  
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Double immunofluorescence (papers III and IV) 
For double immunofluorescence staining, the sections were microwave 
treated for 2x5 min at 750W in Tris buffer saline, pH 8.0; and then incubated 
overnight with a cocktail of two primary antibodies (chicken, goat, or rabbit) 
at 4�C. The secondary antisera (with specificity vs. chicken, goat, or rabbit 
immunoglobulins) were either tagged with a fluorescent chromogen, or 
biotinylated.  Incubation time was 30 min at room temperature. When a sec-
ondary biotinylated antibody was applied, a further 30 min incubation was 
performed using streptavidin coupled to a fluorophore. As fluorescent chro-
mogens, fluorescein isothiocyanate, rhodamine, and Texas Red were used. 
TRITC and Texas Red chromogens give rise to red fluorescence, fluorescein 
isothiocyanate to green. 
 

Morphometric analysis of immunoreactive cells (papers 
I, III and IV) 
The density of IR cells in the gastric mucosa was estimated by light-
microscopy at a magnification of X400. The density, expressed as the num-
ber of IR cells in one mm2 mucosa, was calculated using a square grid in one 
of the oculars. The occurrence of IR cells was determined in corresponding 
areas of randomly selected gastric glands, using consecutive 4-�m-thick 
sections.  
 

Plasma hormone measurements (papers I, II and III) 
Circulating total ghrelin was measured in blood collected from 21 patients 
(paper I), and obestatin was determined in 31 patients (paper III), after an 
overnight fast and before treatment was initiated. Furthermore, in the patient 
described in paper II, samples were also collected during follow-up and ana-
lysed for both total and active ghrelin. The assays for total and active ghrelin 
were performed using commercial kits (Linco Research Inc., St Louis, MO, 
USA). In paper II the reference range for total ghrelin was initially desig-
nated <5 �g/L and for active ghrelin <0.1 �g/L. After collecting samples 
from a large number of healthy individuals we revised the reference range to 
<2 �g/L for papers I and III. The non-commercial obestatin antibody was 
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also used to determine obestatin concentrations (reference range <2.0 
nmol/L). In papers II and III, several other assays were performed using 
commercial kits, except for chromogranin B which was measured by an in-
house method as previously described (167).  
 

U-MeImAA determination (paper IV) 
In 27 patients, U-MeImAA excretion was measured in urine collected during 
24-h, before treatment was initiated. U-MeImAA determination was per-
formed using high performance liquid chromatography with UV detection 
(168). The reference range was 0.4-2.4 mmol/mol creatinine.  
 

Immunohistochemical controls (papers I, II, III and IV) 
Specimens from fundus, corpus and antrum mucosa of six adult patients 
were obtained from the stomach removed peroperatively for gastric adeno-
carcinoma. The specimens examined originated from macro- and micro-
scopically normal gastric mucosa located at least 3 cm from the neoplasm. 
The antibody specificity tests included omission of the primary antiserum 
and replacement of the antibody by non-immune serum at the same dilution 
and in the same diluent. Neutralization tests were performed for the ghrelin, 
obestatin and VMAT-2 antibodies. 
 

Correlations (paper III) 
A possible correlation between the expression of the incidence of obestatin-
IR tumour cells and plasma obestatin concentration was investigated. Fur-
thermore, the data for obestatin expression in the neoplastic tissue, and 
plasma obestatin concentration were correlated with various clinico-
pathological parameters of each patient, using linear regression. 
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Results 

Immunohistochemical analysis (papers I, II, III and IV) 

Foci of endocrine cell hyperplasia identifiable by general and 
specific neuroendocrine markers (other than ghrelin, obestatin 
and HDC) in tumour-free mucosa  
Foci of endocrine cell hyperplasia IR to CgA, synaptophysin and VMAT-2 
were identified in peritumorous mucosa of types I and II ECL-CCs. The 
hyperplasia patterns, classified as described elsewhere (104), and appeared 
as diffuse, linear, nodular, or adenomatoid. In these foci, only a few sero-
tonin-IR cells were detected; rarely somatostatin-IR cells. 

In some type III ECL-CCs and PDECs, slight endocrine cell hyperplasia 
of the diffuse pattern was present, and in occasional foci a localized linear 
pattern was also seen. Endocrine cell hyperplasia was not observed in the 
peritumorous mucosa of the non-ECL-CC, or the ghrelinomas. 
 

Mucosal areas of ghrelin/obestatin- and HDC-immunoreactive 
endocrine cell hyperplasia compared with VMAT-2 
immunoreactivity 
In all type I (but two cases of predominant intestinal metaplasia) and type II 
ECL-CCs, foci of endocrine cell hyperplasia revealing ghrelin/obestatin and 
VMAT-2 immunoreactivity were present in the mucosa adjacent to the tu-
mour. Diffuse, linear, and nodular hyperplasia patterns of ghrelin/obestatin-
IR cells were seen (Fig. 2). In some foci, ghrelin/obestatin-IR cells predomi-
nated; in others, VMAT-2-IR cells. In a third type of endocrine cell hyper-
plasia the distribution pattern of ghrelin/obestatin-IR cells indicated co-
localization with VMAT-2-IR cells. In the tumour-free mucosa surrounding 
some cases of type III ECL-CCs and PDECs, slight diffuse ghrelin/obestatin-
IR cell hyperplasia pattern was observed, focally linear. Some of these cells 
also indicated co-expression of VMAT-2, whereas others were negative for 
the transporter protein. No ghrelin/obestatin-IR endocrine cell hyperplasia 
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was seen in the peritumorous mucosa of the non-ECL-CC or the ghrelino-
mas. 

In the multiple foci of endocrine cell hyperplasia identified by VMAT-2 
immunoreactivity, in types I and II ECL-CCs, a few cells were HDC-IR or 
the foci lacked HDC immunoreactivity altogether. The converse occurred in 
a few scattered foci with various hyperplasia patterns of HDC-IR cells. The 
non-ECL-CC also showed a focally diffuse pattern of HDC cell hyperplasia. 
In the remaining tumour types, no foci of endocrine cell hyperplasia express-
ing HDC were seen.  
 

Figure 2. Mucosa adjacent to a type I ECL-CC immunostained for obestatin, dis-
playing multiple foci of endocrine cell hyperplasia. 

Gastric endocrine tumours and their respective metastases 
(The immunohistochemical results are summarized in Table 3) 
 
CgA, synaptophysin and VMAT-2 showed almost identical sensitivity in 
identifying well differentiated endocrine tumours, except for ghrelinomas, 
which did not express VMAT-2. Furthermore, the ghrelinoma analysed in 
paper II displayed CgA and SV2 immunoreactivity in about half of the tu-
mour cells, whereas virtually all neoplastic cells were cytokeratin-IR, con-
firming an epithelial origin. The tumour cells of the ghrelinoma patient, were 
non-IR to serotonin, calcitonin, and GRP. The proliferation index 
(Ki67/MIB-1) was about 12% both in the primary tumour and in metastasis. 
A similar immunostaining pattern was seen in the biopsies taken 12 months 
after treatment initiation, apart from the presence of a minor tumour cell 
population displaying VMAT-2 immunoreactivity in both the primary tu-
mour and the liver metastasis.  

The best marker for identifying PDECs was synaptophysin. Few neoplas-
tic cells were IR to serotonin and SS in types I, II and III ECL-CCs, whereas 
the non-ECL-CC and the PDECs were non-IR for these hormones.  
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Ghrelin/obestatin-IR cells were identified in the neoplastic cells of all types 
of well-differentiated GETs examined. All PDECs proved negative for these 
hormones. The neoplastic ghrelin/obestatin-IR cells were more numerous in 
type I ECL-CCs (Fig. 3A) than in type II; only rarely were ghrelin/obestatin-
IR cells seen in type III neoplasms. Few type I ECL-CCs contained more 
than 10% ghrelin/obestatin-IR tumour cells. The two ghrelinomas expressed 
ghrelin and obestatin in virtually all neoplastic cells (Fig. 3B). 

A proportion of well-differentiated GETs (Fig. 3C) and PDECs displayed 
HDC immunoreactivity in variable relative incidence, but the ghrelinomas 
and the non-ECL-CC were non-IR to the enzyme.  

A similar frequency and distribution pattern of IR cells, of the various 
neuroendocrine markers examined, was observed in the metastases exam-
ined. An exception was HDC immunoreactivity, more frequently detected in 
types II and III ECL-CCs. 
 
 
Table 3.  Ghrelin/obestatin, VMAT-2, and HDC immunoreactivity in GETs 

  Tumour type   n   Ghrelin/ 
  obestatin   VMAT-2   HDC 

 

Type I ECL-CCs   37   10% [1-80]  90% [80-100]   Occasional 
 [0-50] 

Type II ECL-CCs   3   Occasional  
 [0-2]  95% [90-100]   Occasional 

 [0-10] 

Type III ECL-CCs   10   Occasional  
 [0-1]  95% [90-100]   Occasional 

 [0-30] 

Non-ECL-CC   1   5%   >95%   Non-IR 

Ghrelinomas   2   90% [80-100]   Non-IR   Non-IR 

PDECs   11   Non-IR   Occasional 
 [0-70] 

 Occasional 
 [0-60] 

Total number   64    
Occasional, <3%; The respective range is given in brackets. 
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Figure 3. (A) Type I ECL-CC immunostained for obestatin. The neoplastic cells 
display immunoreactivity in varying intensity. (B) Gastric ghrelinoma immu-
nostained with ghrelin; virtually all tumour cells are ghrelin-IR. In the peritumorous 
mucosa, occasional IR cells (arrows) without signs of endocrine cell hyperplasia are 
visible. (C) Type I ECL-CC with occasional HDC-IR cells. 

Double immunofluorescence (papers III and IV) 
Ghrelin and obestatin co-localized in normal gastric mucosa (Fig. 4A), in 
foci of endocrine cell hyperplasia, as well as in tumour tissue. Only occa-
sional ghrelin/obestatin-IR cells co-expressed VMAT-2 in the normal gastric 
mucosa or in foci of endocrine cell hyperplasia (Fig. 4B), whereas all the 
ghrelin/obestatin-IR cells displayed VMAT-2 immunoreactivity in the tu-
mours (Fig. 4C).  
About one-third of HDC-expressing cells in the normal gastric mucosa were 
VMAT-2-IR (Fig. 4D, E). In foci of hyperplasia identified by the HDC anti-
body, occasional cells co-expressed the transporter protein, whereas most of 
the HDC-IR neoplastic cells were also VMAT-2-IR. 
 
Figure 4. (A) Normal human gastric mucosa, double immunostained for obestatin 
(green) and ghrelin (red). Co-localization (yellow) implies that obestatin and ghrelin 
are expressed in the same cell. (B) Peritumorous mucosa of a type I ECL-CC with 
foci of endocrine cell hyperplasia double immunostained with ghrelin (green) and 
VMAT-2 (red). There is no co-localization of the hormone with the transporter 
protein. (C) Type I ECL-CC, double immunostained with obestatin (green) and 
VMAT-2 (red). A few obestatin-IR cells are evident, whereas virtually all tumour 
cells are immunostained with VMAT-2. Co-localization (yellow) implies that obes-
tatin and VMAT-2 are present in the same tumour cells . (D and E) Normal human 
gastric mucosa, double immunostained with VMAT-2 (green) and HDC (red). No 
co-localization is evident in (D). The cell illustrated in (E) shows both VMAT-2 and 
HDC immunoreactivity in different areas of cytoplasm.  
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Various hormones and tumour marker measurements 
Circulating concentrations of plasma total ghrelin (paper I), and 
obestatin (paper III)  
Total ghrelin concentrations were within the range of the reference interval 
(<2 �g/L), in all patients investigated. Among the 31 patients in whom obes-
tatin concentrations were determined, only six had a slightly increased hor-
mone concentration (Table 4). 

Table 4. Clinical, biochemical and tumour characteristics of the patients with in-
creased concentration  of obestatin 

  Age (yrs) 
  /Gender 

  BMI 
  (kg/m2) 

  Obestatin 
  (nmol/L) 

  Total 
  ghrelin 
  (μg/L) 

  CgA 
  (nmol/L) 

  Gastrin 
  (pmol/L) 

 Obestatin 
 IR cells 

  Diameter 
  (mm) 

 

Type I ECL-CCs 
 

  55/F   NE   2.32   0.68   7.5   546   1%   23 
  71/F   31.2   4.48   0.74   14.7   1050   1%   15 
  52/M   22.6   2.38   1.08   15.1   452   50%   10 
  47/F   37.4   2.93   0.93   4.1   214   80%   2 

 
Malignant ghrelinoma 

 

  47/M   32   3.51   2100   19.4   42   100%   40** 
        

PDEC 
 

  46/M   19.5   3.55   0.52   92   33   Non-IR   100** 
NE, Not evaluated; Obestatin, reference range <2 nmol/L; Total ghrelin, reference range <2 
�g/L; CgA, reference range <4 nmol/L; Gastrin, reference range <60 pmol/L; Diameter, the 
largest dimension of the tumour is given; **, Metastases. 

 

Circulating biochemical markers (paper II) 
Before the treatment was initiated, increased circulating concentrations of 
total ghrelin (2100 �g/L, reference interval <5 �g/L) and active ghrelin (28 
�g/L, reference interval <0.1 �g/L) were detected. Circulating concentrations 
of GH and Insulin-like Growth Factor-1 were within the normal range, con-
sistent with the absence of clinical features of acromegaly. Furthermore, 
gastrin, ACTH, cortisol, glucagon and pancreatic polypeptide were also 
within reference ranges. At follow-up, increasing concentrations of total and 
active ghrelin, calcitonin, CgA and B were identified. 
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U-MeImAA excretion and clinical symptoms (paper IV) 
Four of 27 patients had increased U-MeImAA excretion (Table 5). One pa-
tient with a type II ECL-CC experienced occasional flushes and one patient 
with type III ECL-CC suffered from ACS. The remaining two patients with 
increased U-MeImAA levels had PDECs but no symptoms related to hyper-
histaminaemia. 
 

Table 5. Clinical and tumour characteristics in the subgroup of patients with in-
creased U-MeImAA excretion 

  Age (yrs)   
  /Gender 

  VMAT-2-IR    
  tumour cells   

  (primary) 

  HDC-IR   
  tumour cells  

  (primary) 

  HDC-IR   
  tumour cells  
  (metastases) 

  U-MeImAA 
  (mmol/mol   
  creatinine) 

 Clinical 
  symptoms 

 

Type II ECL-CC 
 

  49/F   >90%   10%D, L   40%   9.0   Flush 

      
Type III ECL-CCs 

 

   62/M   >90%   20%   40%   18.2   ACS 
  77/F   >90%   1%   40%   40.8   No 

      
PDEC 

 

  61/F   60%   15%   15%   2.9   No 

U-MeImAA, reference range 0.4-2.4 mmol/mol creatinine; D, Diffuse and L, Linear pattern of endo-
crine cell hyperplasia in the mucosa adjacent to the tumour.  

 

Radiology investigation and clinical course (paper II) 
At diagnosis, the patient had liver and lymph node metastases, revealed by 
CT of the abdomen. At referral, he was in good clinical condition and his 
BMI was 32 kg/m2. SRS showed an intense tracer uptake in both the liver 
metastases and in the primary tumour in the stomach. PET with 18FDG as 
tracer also showed a pronounced uptake in all tumour locations (and irregu-
lar unspecific uptake with 11C-5-HTP as tracer). His disease progressed de-
spite treatment with various cytotoxic regimens and 111In-Octreotide. Nine 
months after diagnosis, he developed diabetes mellitus and hypothyroidism 
(anti-thyroid peroxidise autoantibodies were within the reference interval). 
At the last follow-up, when the total/active ghrelin and calcitonin concentra-
tions culminated, the patient complained of a worsening of his diarrhoea. 
During the course of his disease, and even despite disseminated disease, the 
patient’s BMI was constantly high, yet he died due to tumour progression 15 
months after diagnosis. 
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Immunohistochemical controls (papers I, II, III and IV) 
During the antibody specificity tests the tissues examined revealed no im-
munoreactivity to the antibody in question. 
 

Correlations (paper III) 
No correlations were found when the incidence of obestatin-IR tumour cells 
or the concentration of plasma obestatin were compared with various 
clinico-pathological parameters, or when the incidence of obestatin-IR tu-
mour cells was compared with the concentration of plasma obestatin. 



 37

Discussion 

Paper I 
This study was performed to examine the expression of ghrelin-IR cells in 
GETs and in the adjacent mucosa. Furthermore, we wanted to establish if 
expression of ghrelin-IR cells in endocrine cell hyperplasia and tumour cells 
would increase plasma ghrelin concentrations. 

Ghrelin-IR cells were found in all types I and II ECL-CCs and also in 
some of type III, but incidences varied; the highest was seen in type I ECL-
CCs. These findings concur with earlier reports (82, 83, 86). The type II 
ECL-CCs contained only occasional ghrelin-IR cells. The reason for the 
difference between types I and II ECL-CCs regarding the relative incidence 
of tumour cells expressing ghrelin is unclear. Hypergastrinaemia is consid-
ered to be a common pathophysiological cause of tumour development. One 
explanation might be the differences in the oxyntic mucosa structures. Fur-
thermore, in MEN-1 patients with gastrin-producing tumours, the genetic 
background is of importance for the development of type II ECL-CCs, as 
mainly patients with the inheritable form of ZES (rarely the sporadic) de-
velop GETs (120). The few cases of type II ECL-CCs included in this study 
do not allow drawing of reliable conclusions concerning the frequency of 
ghrelin-IR cells. Ghrelin-IR cells were rarely seen in type-III ECL-CCs but 
this subcategory of tumours have a pathophysiological cause different from 
types I and II, and not yet well understood. 

In a previous electron microscopy study, the presence of cells classified to 
correspond to P/D1 cells, were described in foci of endocrine cell hyperpla-
sia in cases of A-CAG and hypergastrinaemia (169). This study supports our 
finding of ghrelin-IR cells in such foci. Furthermore, we found that ghrelin-
IR cells appear in all described patterns of cell hyperplasia, including the 
diffuse, linear, nodular, and adenomatoid patterns. When comparing the 
distribution of ghrelin-IR cells with that of VMAT-2-IR cells, in mucosa 
adjacent to types I and II tumours, three different types of endocrine cell 
hyperplasia were seen: (i) the ghrelin-IR cells predominated, with occasional 
or absent VMAT-2-IR cells; (ii) a converse immunohistochemical cell pat-
tern; and (iii) the cells expressing either the hormone or the transporter pro-
tein were almost equal in number. In cases unrelated to hypergastrinaemia, 
i.e. type III ECL-CCs and PDECs, ghrelin-IR cell hyperplasia was also dem-
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onstrated, though limited to occasional foci, thus further supporting that gas-
trin per se  is not the main initiator of ghrelin cell hyperplasia and neoplasia. 

It has been postulated that VMAT-2 is a marker for both the ECL-cell and 
the ghrelin cell (4, 26). In our results, ghrelin-IR cells occasionally express 
VMAT-2 in foci of endocrine cell hyperplasia. On the other hand, there are 
indications that all the ghrelin expressing tumour cells were IR to the trans-
porter protein. It is not certain that different types of ghrelin cells can exist in 
the gastric mucosa, i.e. one expressing VMAT-2 and another non-IR to this 
transporter protein. This needs to be studied further in order to ascertain if 
ghrelin cells constitute a single cell population or not. It is even possible that 
hyperplastic/neoplastic ECL cells acquire the ability to express ghrelin. 
ECL-CCs seem not to be a homogeneous tumour entity.  

Which factor triggers the development of ghrelin-IR cell hyperplasia is 
unclear. Gastrin has no effect on ghrelin concentrations in serum or on ghre-
lin mRNA levels in the oxyntic mucosa (47). Thus, a possible simultaneous 
trophic effect of gastrin on ECL cells and ghrelin cells can probably be ex-
cluded. 

In spite of the abundance of ghrelin-IR cells in the tumours and in foci of 
endocrine cell hyperplasia, concentrations of total ghrelin in plasma were 
within the normal reference interval in all patients. Therefore, the role of the 
ghrelin cell as a regulator in the gastric mucosa via autocrine/paracrine (not 
endocrine) function becomes more plausible. 

Paper II 
Taking into consideration that the ghrelin cell population in the gastric mu-
cosa is the major source of circulating ghrelin, we were not surprised that a 
ghrelinoma case could be identified among patients with GETs.  

Ghrelin-IR cells have been identified in a variety of endocrine tumour 
types (82-86, 89). In the present tumour virtually all tumour cells, both in the 
primary and in metastasis, showed ghrelin immunoreactivity. But the tumour 
itself did not display VMAT-2 immunoreactivity, i.e. the characteristic fea-
tures of ECL-CCs. Furthermore, no signs of A CAG were seen in the mu-
cosa adjacent to the tumour and the patient had a normal gastrin concentra-
tion.  

Previously, a patient with a malignant endocrine pancreatic tumour dis-
playing ghrelin immunoreactivity and a 50-fold increased circulating total 
ghrelin concentration has been described (85). Obviously increased plasma 
concentrations of total and active ghrelin were found in our patient with a 
metastasized GET expressing the hormone. Despite this gross increase in 
circulating ghrelin concentration, no increase in GH or IGF-1 was found and 
our patient did not exhibit any clinical signs of acromegaly. A possible ex-
planation for this phenomenon is that even though ghrelin is the most potent 
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GH secretagogue, it plays a minor role in GH secretion, revealed by the fact 
that ghrelin knockout mice have a normal bodyweight (170). Other hor-
mones known to be influenced by ghrelin were also determined in our pa-
tient, but their concentrations were within the reference interval. A possible 
explanation for that unexpected finding might be a desensitization of the 
respective receptors under a long-acting stimulant. For example, ACTH re-
lease after growth hormone secretagogue administration appears to be an 
acute effect that attenuates during prolonged treatment (171, 172). Another 
explanation might be that the active ghrelin identified by the RIA used was 
in a bio-inactive form. 

Ghrelin is known to stimulate appetite and increase food intake (56). Our 
patient suffered from an advanced disease, with a large primary tumour and 
several liver metastases, yet he had a BMI of 32 kg/m2 at presentation. Al-
though the tumour progressed despite every cytotoxic treatment used, he had 
a good appetite and even a high BMI at the last follow-up one year after 
diagnosis.  

At about 9 months after diagnosis, the patient developed diabetes mellitus 
with a very high blood glucose level and hypothyroidism. There was no ob-
vious medical reason for these diseases, but a possible effect of increased 
plasma ghrelin concentration cannot be excluded as ghrelin can induce hy-
perglycaemia by various pathways, among others via a direct inhibitory ef-
fect on insulin (66-71). However, the pathophysiological role of ghrelin 
needs to be further studied. 

During the last three months of his life, the patient complained of frequent 
diarrhoea, which might be explained by his gradually increasing calcitonin 
and/or ghrelin concentrations, as calcitonin can induce a marked intestinal 
secretion of water, sodium, potassium and chloride (173-175), and ghrelin 
can stimulate gastric motility, induce fasted motor activity of the gastrointes-
tinal tract and reverse gastric postoperative ileus (74, 176, 177). 

In conclusion, the present neoplasm represents a new GET entity, the first 
to be described with production and secretion of total and active ghrelin. 
Although ghrelinoma seems to be a rare tumour, in well-differentiated non-
ECL-CCs, one should consider this tumour as a possible diagnosis.  

Paper III 
In 2005, obestatin was identified as a part of preproghrelin (90). In the initial 
report, it was stated that obestatin and ghrelin are coded by the same gene, 
but they are physiologically counteractive. Against this background, we con-
sidered the importance of elucidating the pattern of obestatin- and ghrelin-
expressing cells in their main source, i.e. the gastric mucosa. The co-
expression of obestatin/ghrelin with VMAT-2 was also investigated by dou-
ble immunofluorescence technique. 
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In the normal human gastric mucosa, obestatin-IR cells were abundant 
and double immunostaining revealed co-localization with ghrelin, having the 
same cytoplasma distribution pattern, a finding also obtained in animal stud-
ies (103). The same co-localization of the two peptides was seen in foci of 
endocrine cell hyperplasia and in GETs. 

In a previous study, it was suggested that ghrelin cells express VMAT-2 
(4), based on a comparison of immunostained 2 μm consecutive sections and 
by electron microscopy with double immunogold-labelled antibodies. How-
ever, in our earlier study, we found indications that in foci of endocrine cell 
hyperplasia only a proportion of ghrelin-IR cells were also VMAT-2-IR. In 
normal human gastric mucosa, as well as in mucosa adjacent to tumours of 
types I and II ECL-CCs, only occasional obestatin/ghrelin-IR cells expressed 
this transporter protein. The disparity between the results of these two stud-
ies may be due to the different techniques used. The number of cells investi-
gated by immunoelectron microscopy was limited, compared with the over-
view of mucosa examined by the double immunofluorescence method. Even 
when using immunostained 2 μm thick consecutive sections, it would be 
difficult to evaluate accurately the co-localization of these two proteins in 
the same cell. The advantage with double immunofluorescence technique is 
that the co-localization of antigens is examined in the same cell.  

Our findings with double immunofluorescence, showed that obes-
tatin/ghrelin cells constitute a separate type of endocrine cell that does not 
share the immunohistochemical characteristics of ECL cells. This is also 
consistent with the immunostaining results in the malignant gastric ghreli-
noma which did not display VMAT-2 immunoreactivity. We suggest that 
this tumour derives from the non-VMAT-2-IR ghrelin cell type of the gastric 
mucosa. 

Obestatin concentrations, determined in 31 patients, were found within 
the reference interval, except in six patients who had slightly increased val-
ues. The concentrations were not correlated to any of the clinicopathological 
parameters examined (patients’ BMI, concentrations of gastrin, ghrelin, and 
CgA). Even the patient with the malignant ghrelinoma had only approx. a 
1.5-fold increase in circulating obestatin concentration. This disparity be-
tween ghrelin and obestatin concentrations may be explained by the possibil-
ity that obestatin was processed immediately after its release or that it was 
not identified by the antibody used in the RIA technique. 

In conclusion, obestatin and ghrelin are expressed in the same cells in 
gastric mucosa, as well as in GETs. Obestatin concentrations remain low 
irrespective of the presence of numerous obestatin-IR cells in foci of endo-
crine cell hyperplasia and in GETs. The vast majority of obestatin/ghrelin-IR 
cells cannot be identified by VMAT-2 immunostaining, as they do not ex-
press the peptide. 
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Paper IV 
In man, ECL cells constitute the most common endocrine cell type of the 
oxyntic gastric mucosa, and they are considered to synthesize histamine by 
enzymatic decarboxylation of the amino acid histidine by HDC. Histamine is 
then transported into secretory granules by means of VMAT-2 (178). MeI-
mAA is the quantitatively major metabolic end product of histamine in the 
urine and is usually increased in patients with ACS (29, 138, 139, 141). At 
present, histamine itself cannot be visualized immunohistochemically in 
formalin-fixed tissue specimens by means of any commercial antibody. 
Thus, antisera vs. HDC and VMAT-2 are used to identify ECL cells. We 
aimed to elucidate the interrelationship between VMAT-2-, HDC- and ghre-
lin-IR cells in human normal mucosa and in GETs. We also investigated if 
there was any relationship between VMAT-2 and HDC tumour immunoreac-
tivity and U-MeImAA excretion in the respective patients.  

According to our co-localization studies, about one-third of the VMAT-2-
IR cells co-expressed HDC, but numerous HDC-IR cells were non-IR to the 
transporter protein. These results imply that three subtypes of ECL cells 
exist: (i) expressing both proteins; (ii) expressing only VMAT-2; and (iii) 
expressing only HDC. The question is: does the function stage of the ECL 
cells contribute to the existence of these three subgroups? In animal models, 
it has been shown that food deprivation causes a reduction in HDC-IR cells 
(179), and our specimens were obtained per operatively or during endoscopy 
from patients fasting overnight. This may account for the absence of HDC 
immunoreactivity in the VMAT-2-IR cells. However, a substantial number 
of cells were still HDC-IR but did not express the transporter protein. The 
possible existence of other forms of VMAT-2 not yet identified could ex-
plain the lack of VMAT-2 expression in HDC-IR cells.  

Numerous foci of endocrine cell hyperplasia surrounding types I and II 
ECL-CCs were identified with the VMAT-2 antibody. HDC immunoreactiv-
ity was also identified in various hyperplasia patterns though it involved only 
limited numbers of foci. Our co-localization studies showed that the VMAT-
2-IR cells only occasionally expressed HDC in the foci of endocrine cell 
hyperplasia, but the converse also occurred. It is well established that hyper-
gastrinaemia is the pathophysiological cause of ECL cell hyperplasia, dys-
plasia and eventually neoplasia (32). The cause of this variation in frequency 
of VMAT-2 and HDC immunoreactivity in the hyperplastic foci adjacent to 
ECL-CCs is unclear. A possible explanation may be that HDC undergoes 
post-translational modification and its forms are not identified by the anti-
body used. 

All types of our GETs, including their respective metastases, expressed 
HDC, which concurs with a previous report (180). The vast majority of these 
HDC-IR cells co-expressed VMAT-2. The presence of neoplastic HDC-IR 
cells that did not do so could be attributable either to tumour cell de-
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differentiation or, these cells derive from normal HDC-IR cells that do not 
express the transporter protein. 

Ghrelin was not co-localized with HDC either in gastric mucosa or in 
GETs, suggesting that ghrelin cells differ from ECL cells, a finding seen in 
earlier ultrastructural studies (4, 12) and with double immunofluorescence 
technique using the respective antibodies (43). 

In four metastatic cases of HDC and VMAT-2 immunoreactivity, in-
creased U-MeImAA excretion were detected, though no obvious relationship 
was found with the clinical symptoms of the respective patients. The results 
from the patients with increased U-MeImAA excretion (but without hyper-
histaminaemia symptoms) imply that the respective receptors may be desen-
sitized following long-acting stimulation.  

Our results suggest that ECL cells constitute an immunohistochemically 
heterogeneous cell population. The increase in U-MeImAA levels in a group 
of patients was not related to the patients’ symptoms. 
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Conclusions 

� Ghrelin-IR cells are present in ECL-CCs, and also in the mucosa ad-
jacent to tumours forming various hyperplasia patterns. Although 
ghrelin-IR cells may be abundant in the aforementioned lesions, they 
do not give rise to increased concentration of plasma total ghrelin. 
Thus, the plasma total ghrelin concentration cannot be used as a 
marker for ghrelin-expressing ECL-CCs.  

 
� A patient suffering from a malignant gastric ghrelinoma with con-

comitant hypersecretion of total and active ghrelin was identified 
and characterized. The neoplastic cells did not display VMAT-2 
immunoreactivity, and this case represents a new gastric neuroendo-
crine tumour entity.  

 
� Obestatin and ghrelin are co-localized in the same cells and show the 

same cytoplasmic distribution pattern, in gastric mucosa and in 
GETs. Furthermore, obestatin/ghrelin-IR cells do not consistently 
express VMAT-2 and may develop into ghrelinomas.  

 
� With respect to VMAT-2 and HDC immunoreactivity, ECL cells 

constitute an heterogeneous cell fraction. No apparent relationship 
was found between increased U-MeImAA excretion and patients’ 
symptoms. 
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