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Case report 

Morphology of a GHRH producing pancreatic islet 
cell tumour causing acromegaly 

W. Saeger, H.M. Schulte, and G. Kl6ppel 
Department of Pathology of the Marienkrankenhaus Hamburg, Department of Medicine, 
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of Germany 

Summary. A 54 year old woman suffered from acromegaly due to a 
pancreatic islet cell tumour producing G H R H .  The tumour was demon- 
strated on CT scan. The diagnosis was established from elevated plasma 
levels of  G H R H ,  G H  and prolactin, and by the lack of  signs of a pitu- 
itary adenoma in trans-sphenoidal surgery. Acromegaly was cured by 
turnout removal. Light microscopically, the turnout showed a medullary 
and microlobular pattern. The cells were large and often cuspidal. Small 
granules were found in semi-thin sections. Small aggregations of  amyloid 
fibres were seen, mostly around capillaries. Immunocytochemistry re- 
vealed G H R H ,  NSE, neurotensin, serotonin, VIP and PP. S 100 was 
positive only in nerve fibres. Staining for GH, ACTH,  calcitonin, ~- 
HCG,  /%HCG, insulin, glucagon, gastrin, substance P, bombesin and 
somatostatin was negative. Ultrastructure showed oval partly lobulated 
nuclei with small nucleoli, moderate amounts of  rough endoplasmic re- 
ticulum, many free ribosomes, some large Golgi fields and small numbers 
of  secretory granules measuring 150 nm or, in a few cells, 650 nm. 

Only 4 other cases of  pancreatic endocrine tumours causing acrome- 
galy by ectopic G H R H  secretion are described in the literature and 
these were similar to our case in many respects. 

Key words: G H R H  - Immunohistology - Pancreatic endocrine turnout 
- Acromegaly 

Introduction 

Acromegaly results from excess release of  growth hormone (GH), usually 
due to a GH-secreting pituitary adenoma (Table 1). Non-pituitary endocrine 
tumours associated with the clinical feature of  acromegaly are rare; so far 
20 cases have been reported in the literature (Table 1). All of  these tumours, 
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Table 1. Causes of acromegaly 

W. Saeger et al. 

Origin Type of Pituitary Other Relative 
over- endocrine frequency 
production disorders 

References 

Pituitary tumours 
Adenoma GH 

Carcinoma GH 

Unchanged or Very 
decreased number of frequent 
paraadenomous 
GH cells 

Alterations of para- Very rare 
adenomous pituitary (2 cases) 
not reported 

Saeger et al. 
(1986) (review) 

Ogilvy and 
Jakubowski 
(1973) 

Islet cell tumours 
of pancreas GH 

GHRH 
Changes not reported 1 case 1 case 
GH cell hyperplasia Zollinger- Very rare 

Ellison (5 cases) 
syndrome 
1 case 
multi- 
hormonal 

Melmed et al. 
(1985) 
see Table 3 

Carcinoid of 
bronchus GHRH 

duodenum GHRH a, 
ACTH, 
GH in 
metastases 

rectum GHRH" 

GH cell hyperplasia Cushing's Very rare Scheithauer 
syndrome (8 cases) et al. (1984) 

(review) 

GH cell hyperplasia 1 case Leveston et al. 
(1981) 

Clinical finding of 1 case Buse et al. 
adenoma (1961) 

Hypothalamic GHRH GH cell adenoma Very rare Asa et al. 
gangliocytoma (6 cases) (1984) 

" Supposed, not demonstrated 

which were found  in the lung, the d u o d e n u m ,  the pancreas ,  the r ec tum 
and  the h y p o t h a l a m u s  p roved  to be neuroendocr ine  neoplasms.  

Recently,  pept ides with G H  releasing activity were isolated f r o m  pancre-  
atic endocr ine  t umour s  associated with ac romega ly  (Gui l lemin et al. 1982; 
Rivier  et al. 1982). The  m o s t  po ten t  pept ide  was the G H  releasing h o r m o n e  
( G H R H - 4 4 ) ,  while two shor ter  f ragments ,  G H R H - 4 0  and G H R H - 3 7 ,  
showed a reduced bioact ivi ty (B6hlen et al. 1983). Fur the r  evidence tha t  
the G H R H  had  caused ac romega ly  by  s t imulat ing the G H  cells o f  the pi tu-  
i tary and  inducing G H  cell hyperp las ia  (Thorner  et al. 1982) was given 
by the d i sappearance  o f  the acromegal ic  synd rome  af ter  t u m o u r  r emova l  
and  the demons t r a t i on  o f  G H R H  immunoreac t iv i ty  in the pancrea t ic  tu- 
mour s  (Cap lan  et al. 1978; Berger et al. 1984). 
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T o  o u r  k n o w l e d g e  o n l y  4 p a n c r e a t i c  e n d o c r i n e  t u m o u r s  w i t h  G H R H  
p r o d u c t i o n  a n d  a c r o m e g a l y  h a v e  b e e n  d e s c r i b e d  in  the  l i t e r a t u r e  to  d a t a  
( C a p l a n  et  al.  1978; Be rge r  e t  al .  1984;  K o v a c s  et  al.  1984;  W i l s o n  et  al .  
1984). W e  p r e s e n t  the  f i f th  case  w h i c h  is a p p a r e n t l y ,  the  f i rs t  r e p o r t e d  in 
G e r m a n y .  

Case report 

The patient, a 54-year old woman presented with the typical clinical features of acromegaly 
and showed elevated plasma levels of GH, prolactin and somatomedin-C. Tomography of 
the sella did not reveal any abnormalities, but CT scan seemed to demonstrate enlargement 
suggesting a pituitary tumour. Since subsequent bromocriptine treatment failed to reduce the 
patients symptoms, trans-sphenoidal surgery was performed which led to the removal of what 
was believed to be turnout tissue. This specimen, however, contained parts of the neurohypoph- 
ysis but only very small parts of the adenohypophysis which did not permit adequate studies. 
By GHRH radioimmunoassay the diagnosis of an ectopic source of GHRH was established 
and a 10 cm mass was demonstrated by CT scan in the head of the pancreas. Removal of 
the turnout resulted in a complete remission of the clinical and biochemical features of acrome- 
galy (for details on the clinical and hormonal data of this case see Schulte et al. 1985). 

Licht microscopical examination of the pancreatic tumour showed carcinoid-like tissue 1 
(Institute of Pathology of the University of Essen). 

Methods 

Immediately postoperatively, large parts of tumour tissue were frozen for further studies. 
For morphological investigations specimens were thawed in 3% glutaraldehyde for fixation. 
For light microscopy and immunohistology tissue was embedded in paraffin after post-fixation 
in Bouin's solution. For electron microscopy small pieces were post-fixed in osmium tetroxide 
and embedded in Epon 812. 

Anti-GHRH was generated against GRF 1-44 amide in female New Zealand white rabbits 
using GRF conjugated to BSA by the carbodiimide reaction (Schulte et al. 1985). The antibody 
did not cross react with GH, somatostatin, GHRH, CRF, and TRH. The immunocytochem- 
istry was performed on deparaffinised consecutive sections (5 g) using the peroxidase-anti- 
peroxidase (PAP) or the avidin-biotin-complex method (ABC) with the following antibodies: 
anti-GHRH (dilution 1:10, PAP), anti-NSE (Dakopatts, Glostrup, Denmark, dilution 1:10, 
PAP), anti-neurotensin (tmmunonuclear, Stillwater, USA, 1:3,000, ABC), anti-S 100 (Dako- 
patts, 1 : 20, PAP), anti-serotonin (Immunonuclear, 1 : 5,000, ABC), anti-VIP (Immunonuclear, 
1:5,000, ABC), anti-HPP (Dr. R.F. Chance, 1 : 10,000, ABC), anti-GH (Kabi, Munich, F.R.G., 
1:100, PAP), anti-ACTH (Dakopatts, 1:200, PAP), anti-calcitonin (Immunonuclear, 1:3,000, 
ABC), anti-~-HCG (own, 1 : 5,000, ABC), anti-fl-HCG (Hybritech-Camon, Wiesbaden, F.R.G., 
1 : 1,000, ABC), anti-insulin (Novo-Res., Copenhagen, Denmark, 1 : 5,000, ABC), anti-glukagon 
(Milab, Malta6, Sweden, 1:6,400, ABC), anti-gastrin (own, 1:7,000, ABC), anti-substanz P 
(Sera-Lab, Camon, Wiesbaden, F.R.G. 1:1,000, ABC), anti-somatostatin (Immunonuclear, 
1 : 5,000, ABC). 

Results 

T h e  t u m o u r  w h i c h  h a d  been  r e m o v e d  f r o m  the  h e a d  o f  the  p a n c r e a s ,  
w e i g h e d  300 g a n d  m e a s u r e d  10 c m  in m a x i m a l  d i a m e t e r .  T h e  m a s s  was  
f i r m  a n d  ye l l owi sh .  M e t a s t a s e s  to  the  l y m p h  n o d e s  o r  the  l iver  were  n o t  
o b s e r v e d .  

O n  l i gh t  m i c r o s c o p y  the  t u m o u r  t i ssue  s h o w s  a m e d u l l a r y  a n d  m i c r o l o -  

i We thank Prof. Dr. L.-D. Leder for his kind permission to study this case in more details 
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Fig. 1. GHRH producing pancreatic tumour: solid pattern, differently large cells with moder- 
ately pleomorphic nuclei. Strong reaction with anti-GHRH in some tumour cells, anti-GHRH- 
PAP-hematoxylin. x 440 

bular pattern. The anastomosing solid tumour complexes are incompletely 
separated by sparse connective tissue with many capillaries. There is consid- 
erable cellular pleomorphism with many polygonal cells showing a slightly 
acidophilic cytoplasm and round to oval nuclei. The smaller cells have in- 
distinct cell borders and small nuclei with condensed chromatin. Mitotic 
figures and cell necroses are uncommon. The cytoplasm fails to stain with 
PAS, but some PAS positive reaction products are found in the intercellular 
space. Secretory granules are identified only in semi-thin sections of epon 
embedded tissue. Congo red staining and subsequent polarizing microscopy 
revealed small starshaped or needle-shaped depositions of amyloid in the 
perivascular and intercellular spaces with strong birefringence. 

GHRH immunoreactivity was found in about 80% of the tumour cells, 
approximately 5% reacting strongly (Fig. 1). Next most frequent were cells 
which stained positive for neurotensin and serotonin. Neuron specific eno- 
lase (NSE), vasoactive intestinal polypeptide (VIP) and pancreatic polypep- 
tide (HPP) were found only in scattered cells. Growth hormone, corticotro- 
pin, calcitonin, c~-HCG, fl-HCG, insulin, glucagon, gastrin, substance P 
bombesin and somatostatin were negative. S 100 protein (Fig. 2) was dem- 
onstrated in small cells encasing tumour cell complexes. These cells probably 
correspond to Schwann' cells. 

On electron microscopy (Fig. 3) the tumour cells revealed the characteris- 
tics of neuroendocrine tissue. Almost every cell contained secretory granules 
in varying frequencies. The granules measured 100-200 nm in diameter hav- 
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Fig. 2. GHRH producing pancreatic tumour: S 100-reactivity in fibres (S) encasing turnout 
cell complexes, anti-S 100-PAP. x 125 

Fig. 3. GHRH producing pancreatic tumour: sparse small and large secretory granules, scat- 
tered mitochondria, many microtubules, nucleus (N) uranyl acetate-lead citrate, x 12,730 
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ing a dense core and occasionally a narrow halo. In a few cells large secretory 
granules measuring about 650 nm were present. Exocytoses were not ob- 
served. The Golgi fields were well developed. The membranes of rough 
endoplasmic reticulum were short or medium-long. Free ribosomes were 
partly abundant. The mitochondria varied in number showing oval struc- 
tures and lamellar cristae. Lysosomes were sparse and small. Cytofilaments 
were sparse. The nuclei were oval or partly lobulated with finely dispersed 
heterochromatin and small nucleoli. 

Discussion 

It has been shown that pancreatic endocrine tumours are capable of produc- 
ing G H R H  (Bostwick et al. 1984). In three cases, the sustained hypersecre- 
tion of G H R H  from pancreatic endocrine tumours had caused acromegaly 
(Berger et al. 1984; Kovacs et al. 1984; Wilson et al. 1984) (Table 2). In 
a fourth case which was observed prior to the isolation and characterisation 
of GHRH,  it is quite likely that the pancreatic tumour had also produced 
G H R H  because its removal completely abolished the clinical features of 
acromegaly in this patient (Caplan et al. 1978). 

We now add a fifth case of a pancreatic endocrine tumour with acrome- 
galy, which by immunocytochemistry and radioimmunoassay disclosed in- 
tensive production and secretion of GHRH. Due to the uncontrolled release 
of G H R H  from the tumour the patient had high levels of  GH and somato- 
medin C. Presumably, he had also a GH cell hyperplasia of the pituitary, 
as could be demonstrated in the case of Thorner et al. (1982), but the surgical 
specimen removed from the pituitary was too small for establishing the 
diagnosis of  a GH cell hyperplasia. Like other endocrine tumours of pancre- 
atic islets our tumour was immunocytochemically positive for NSE. In addi- 
tion to GHRH, it contained neurotensin, serotonin, VIP and HPP. S 100 
reactivity of our case is unusual for a pancreatic endocrine tumour. It could 
be explained by the existence fo scattered Schwann' cells. Berger et al. (1984) 
found positivity also for somatostatin, glucagon and hormones of the pro- 
opiomelanocortin (Table 2). The patient of Wilson et al. (1984) suffered 
from an additional Zollinger-Ellison syndrome and thus in this tumour 
gastrin was also demonstrable (Table 2). 

Some tumours of the pancreatic islets or carcinoids of the gut although 
immunohistologically positive for G H R H  do not induce acromegaly (Bost- 
wick et al. 1984), probably because the hormone is biologically inactive 
or the quantity secreted is too small. The ultrastructure of G H R H  tumours 
in acromegaly described by Caplan et al. (1978), Thorner et al. (1982), Ko- 
vacs et al. (1984) and Berger et al. (1984) was similar to our tumour (Ta- 
ble 2). Nevertheless, Caplan et al. (1978) noted more densely developed mi- 
crotubules, microfilaments and Nebenkerns which were also found by 
Thorner et al. (1982). In the tumour studied by Thorner et al. (1982) calcifi- 
cation was demonstrable. Some larger secretory granules, found by us, were 
also seen in the tumour of Caplan et al. (1978). Exocytoses were lacking 
in all these tumours. 
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Table 2. GHRH secreting pancreatic islet tumours with acromegaly (literature review of 
reported cases) 

Authors Age Tumour Dignity and Immunohistology Electron 
(years) size specialities microscopy 
s e x  

Caplan et al. 30, ~ 7.5 cm not performed 
(1978) 

Secretory granules 
100-250 nm and 
300-450 nm, 
Nebenkerns, 
many micro- 
filaments and 
microtubules 

Thorner et al. 21, ~ 5 cm Turner's GHRH" 
(1982) syndrome 
Kovacs et al. NSE b 
(1984) 

Secretory granules 
150 nm 
Nebenkerns, 
calcifications 

Berger et al. 55, d' 
(1984) 

25 cm Metastases GHRH b, HPPb, 
two con- MEA type 1 Somatostatin" 
necting multi- NSE b, Glucagon b, 
masses, hormonal /%Endorphinb, ACTHb, 
whole activities ~-Endorphin b, Lipo- 
gland tropin b 
involved 

Secretory granules 
100.150 nm 

Wilson et al. 25, ~2 ? Metastases 
(1984) Zollinger- 

Ellison 
syndrome 

GHRH b, Gastrin b 
Gastrin-releasing 
peptide b 

This report 54, 2 10 cm GHRH b, NSE a, Secretory granules 
(S 100b), 150 nm 
Neuroten- and a few 650 nm 
sin b, Serotonin b, 
VIP", HPP b 

a scattered cells positive; b more cells positive 

The G H R H  producing pancreatic endocrine tumours were identified 
by immunocytochemistry and by electron microscopy as neuroendocrine 
tumours. According to their structure and hormone content, they may be 
called "carcinoids".  However, it seems to be better to confine the term 
"carcinoid"  to the tumours of  the disseminated neuroendocrine cell system 
(K16ppel ~981 ; Heitz et al. 1982). 

Since metastases were found in two cases (Berger et al. 1984; Wilson 
et al. 1984), the tumour has a malignant potential. It should therefore be 
designated as a G H R H  producing islet cell tumour. Although it is a very 
rare lesion G H R H  producing turnouts of  the bronchus or the pancreatic 
islets have to be suspected if a pituitary adenoma cannot be demonstrated 
in cases with typical acromegaly in future. For a clear morphological diagno- 
sis GHRH-immunocytochemist ry  is essential. 
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