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Pancreatic endocrine carcinoma 
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Summary. In a case of pancreatic endocrine carcinoma hypercalcaemia 
without bone metastases and normal parathyroid glands prompted our 
suspicion that there was paraneoplastic production of an osteoclast acti- 
vating substance by the tumour tissue. This view was further confirmed 
by bone histology. Immunohistology post mortem revealed the produc- 
tion of PTH in the primary tumour and a liver metastasis. The usefulness 
of immunohistology in detecting paraneoplastic secretion of hormonal 
substances is discussed. 
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Paraneoplastic hypercalcaemia, a relatively common condition among para- 
neoplastic syndromes, is only rarely associated with malignant tumours of 
endocrine origin. Most commonly, this condition is associated with renalcell 
carcinoma or with carcinoma of the lung and breast (Heitz and Staub 1981 ; 
Heitz and Oberholzer 1984; Arps et al. 1984b). If the clinical features of 

tumour-induced hypercalcaemia include high serum PTH values, hypo- 
phosphataemia, and increased urinary cyclic AMP thus imitating the symp- 
toms of hyperparathyroidism, it is called "pseudohyperparathyroidism" 
(psHPT). Reliable means of diagnosis have been established using RIA 
(Riggs et al. 1971), immunohistochemical demonstration of iPTH in slices 
of tumour tissue (Palmieri et al. 1974; Dietel 1982; Arps et al. 1984b), and 
PTH production by explanted tumour cells (Greeenberg et al. 1973; Dietel 
1982; Arps et al. 1984a). 

Sometimes adenocarcinomas of the exocrine pancreas are known to pro- 
duce psHPT (Heitz and Staub 1981 ; Monno et al. 1984), however, the asso- 
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c i a t ion  o f  e n d o c r i n e  p a n c r e a t i c  t u m o u r s  wi th  p s H P T  is very  rare.  T o  o u r  
knowledge ,  on ly  one  r e p o r t  exists desc r ib ing  metas tases  o f  a p a n c r e a t i c  
islet cell c e r c i n o m a  as source  o f  p a r a n e o p l a s t i c  P T H  (Pa lmier i  et al. 1974). 
I n  the p re sen t  s tudy  we r e p o r t  the c l inical  a n d  m o r p h o l o g i c a l  f ind ings  o f  
a n o t h e r  case o f  m a l i g n a n t  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  assoc ia ted  wi th  
p a r a n e o p l a s t i c  h y p e r c a l c a e m i a  due  to ec topic  P T H  p r o d u c t i o n .  

Case report 
Clinical data. R.K., a male patient born in 1935 underwent surgery in August 1976 because 
of obstructive jaundice. The operation revealed an enlarged and indurated head of the pancreas, 
resembling a pancreatic carcinoma macroscopically. Total excision of the tumour was impossi- 
ble because the hepatic artery was encircled. Obstruction of the papilla had resulted in dilatation 
of the bile duct and hydrops of the gall-bladder. To permit the flow of bile a choledocho- 
jejunostomy with subsequent cholecystectomy was performed. In 1978 the patient developed 
diabetes which was controlled by diet and oral antidiabetics. He remained well up to April 
1979 when massive duodenal haemorrhage occurred. Iron deficiency and blood glucose levels 
up to 180 rag/100 ml were the only pathological laboratory values found. Gastro-duodenoscopy 
revealed compression of the duodenum but did not detect the source of bleeding. Mesenterico- 
graphy showed a hypervascular tumour of 10 cm in diameter in the head of the pancreas. 
After embolization performed during the arteriography the patient was dismissed without 
complaints. 

Intestinal haemorrhage occurred again in September 1980 with haemoglobin values of 
5.8 g/100 ml. The duodenum was infiltrated by turnout masses which were the source of bleed- 
ing. Coeliacography performed for a second embolization confirmed the localization of the 
turnout as previously described and additionally revealed a region in the liver suspicious of 
metastases. 

By April 1982 numerous blood transfusions had proved necessary because of intestinal 
blood loss. In 1981 the patient acquired transfusion hepatitis. Intra-abdominal tumour masses 
and liver metastases were detected by sonography. The patient had pain and an increasing 
demand for insulin. Seven months before death elevated serum calcium levels and decreased 
phosphate were noticed for the first time. In January 1983, serum calcium levels increased 
up to 4.2 retool/1 and alkaline phosphatase levels rose to 1290 U/1. The patient died in the 
same month. 

Morphology. At autopsy, macroscopic inspection revealed a tumour measuring 14 × 10 × 10 cm 
in the head of the pancreas with infiltration into the duodenum. The presence of multiple 
liver metastases, up to 8 cm in diameter, was verified. In spite of intensive search, skeletal 
metastases which were suspected clinically were not found. Death resulted from intestinal 
haemorrhage complicated by dramatic hypercalcaemia. Because of the hypercalcaemic state 
the parathyroid glands were inspected; all four glands were normal in size and histology 
without morphological signs of hyperparathyroidism. 

Histologically, the tumour showed the pattern of endocrine tissue with polygonal epithelial 
cells, growing in solid nests without adenoid structures (Fig. 1). The tumour cells appeared 
to be slightly atypical, uneven in size and shape and containing polymorphic hyperchromatic 
nuclei. To confirm the endocrine character of the cells, immunohistochemistry using the triple 
layer method according to Sternberger (1979) was applied. The tumour tissue was tested for 
neuronspecific enolase, which showed a positive reaction (Fig. 2). The paraffin embedded 
tissue was processed for re-embedding in Epon 812 and thin sections were obtained for electron 
microscopy (Dietel et al. 1979). The tumour cells contained typical endocrine secretory granules 
(Fig. 3) which were a further evidence for the neuro-endocrine origin of the tumour tissue. 

Because of the hypercalcaemic syndrome, slices of tissue from the primary tumour and 
one of a liver metastasis were tested immunohistologically for the presence of PTH as described 
in detail elsewhere (Dietel and H61zel 1983). In brief, a sheep anti-bovine PTH antibody 
was used with specificity for the C-terminal region of the PTH molecule (kind gift by Prof. 
Dr. R.D. H'esch and Dr. H. Jiippner, MH Hannover). Rabbit anti-sheep IgG and sheep 



Fig. 1. Photomicrograph of the pancreatic endocrine carcinoma showing polygonal cells in 
solid pattern. (H&E, final magnification x 250) 

Fig. 2. Positive immunostaining of tumour cells for neuronspecific enolase in a liver metastasis. 
(DAB-immunohistochemistry, final magnification x 175) 

Fig. 3. Electron micrograph of a tumour cell showing neurosecretory granules at the cell mem- 
brane. Inset: Higher magnification of another group of secretory granules. (final magnification 
x 10,500, inset x 21,000) 

Fig. 4. Several tumour cells positive for PTH in the primary tumour. (DAB-immunohistoche- 
mistry, final magnification x 175) 
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Fig. 5. Focal positivity for PTH in the tumour cells in a liver metastasis. (DAB-immunohisto- 
chemistry, final magnification x 175) 

Fig. 6. Vertebral bone with signs of activated metabolism: Stimulation of osteoclastic bone 
resorption and osteoid formation. (Masson-Goldner, final magnification x 175) 

peroxidase anti-peroxidase complex were used as the second and third layer, respectively. 
The immunecomplexes were visualized with diaminobenzidine. Controls performed by omitting 
the first antibody or by replacing the second antibody with normal rabbit serum remained 
negative. Immunostaining was positive in about 70% of the turnout cells expressing the typical 
irregular distribution pattern as often found in tumours with paraneoplastic hormone produc- 
tion (Figs. 4 and 5). Immunostaining for other secretory products (e-l-antitrypsin, gastrin, 
human pancreatic polypeptide, somatostatin, glucagon, serotonin, e-human chorionic gonado- 
tropin, chymotrypsin, e-l-fetoprotein, e-amylase, and calcitonin) was negative. 

In agreement with the finding of an ectopic overproduction of PTH, the histology of 
undecalcified, metacrylate-embedded bone tissue showed fibroosteoclasia with numerous acti- 
vated osteoclasts, loss of mineralized bone structure, and enlarged areas of osteoid (Fig. 6). 
This condition is often observed in primary hyperparathyroidism and represents increased 
bone turnover due to elevated PTH levels. 

Discussion 

70% o f  all pa t ien ts  wi th  h y p e r c a l c a e m i a  suffer  f r o m  m a l i g n a n t  t u m o u r s .  
The  t u m o u r - i n d u c e d  h y p e r c a l c a e m i a  m a y  be due to  mul t ip le  metas tases  
wi th  des t ruc t ion  o f  bone .  This  m e c h a n i s m  is n o w  a t t r i bu t ed  to  the presence  
o f  fac to r s  wi th  local  os teoly t ic  act ivi ty,  re leased by  the cells o f  the metas tases  
(Del l ing 1981 ; 1982). A m o n g  these, the p r o s t a g l a n d i n s  (Besarab  a n d  C a r o  
1978) a n d  so-cal led " o s t e o c l a s t  ac t iva t ing  f a c t o r s "  o f  u n k n o w n  chemica l  
s t ruc ture  (Hei tz  and  S t aub  1981) have  been  e x a m i n e d  m o s t  widely.  A l t e rna -  



Immunohistochemistry for paraneoplastically produced PTH 501 

tively, the stimulation of osteoclast activity may be due to humoral factors 
produced by the tumour or by its distant metastases outside the bone. 
Hormonal factors increasing bone resorption in this way have been identi- 
fied to be paraneoplastically secreted PTH (Riggs et al. 1971; Arps et al. 
1984a; Buckle et al. 1970) or to be derivatives of vitamin D-like sterols 
(Gordan et al. 1966). 

Unequivocal demonstration of ectopic PTH secretion is difficult bio- 
chemically because elevation of blood PTH levels results in identical serolo- 
gical changes regardless of its source. A paraneoplastic PTH syndrome can 
be presumed to be present when one or more of the following criteria are 
met: 

(1) hypercalcaemia (Riggs et al. 1971) and/or elevated iPTH levels in 
the patient's serum (Besarab and Caro 1978; Buckle et al. 1970) in combina- 
tion with arterial-venous gradient of iPTH across the tumour (Besarab and 
Caro 1978; Rees 1975; Dietel 1982); 

(2) PTH reactivity of tumour cells in immunohistochemistry (Tashjian 
et al. 1964; Buckle et al. 1970; Rees 1975; Samaan et al. 1976; Arps and 
Dietel 1984) and characteristic bone lesions in about 50% of the cases; 

(3) presence of PTH in cell free extracts from the tumour tissue (Palmieri 
et al. 1974; Arps et al. 1984a; Arps and Dietel 1984) and/or in vitro produc- 
tion of PTH by the tumour in tissue or cell culture (Greenberg et al. 1973 ; 
Dietel 1982; Arps et al. 1984a; 1984b). 

In the case presented a pancreatic endocrine carcinoma had been diag- 
nosed by conventional histology. The diagnosis was confirmed by immuno- 
histological detection of neuron specific enolase and electrone microscopical 
demonstration of secretory granules. The patient died in deteriorated hyper- 
calcaemia. At autopsy, the lack of bone metastases and the demonstration 
of four macroscopically and histologically normal parathyroid glands 
prompted the search for paraneoplastic PTH production by the tumour. 
This was substantiated by immunohistochemistry performed on tissues from 
the primary and a liver metastasis showing a large number of positive cells. 
Thus, two of the criteria for the demonstration of a paraneoplastic PTH 
syndrome are met in the case investigated. 

The histogenetic origin of the tumour from endocrine tissue was demon- 
strated by positive immunostaining for neuron specific enolase (K16ppel et al. 
1983; Marangos 1985). The endocrine nature was additionally demonstrated 
by electrone microscopical visualization of endocrine secretory granules. 
Supporting evidence for ectopic PTH production by the pancreatic endo- 
crine carcinoma was provided by bone histology. The morphological analy- 
sis of osseous tissue disclosed distinct fibroosteoclasis as found in cases 
of hyperparathyroidism. For the relatively late onset of clinically overt dis- 
turbances of calcium homeostasis the following explanation is feasible: 

Relatively slow tumour growth in combination with recurrent therapeu- 
tic reduction of tumour mass (surgery, embolization) resulted in a history 
of six years of cancer. This may be a hint for the fact that during a long 
time only few vital tumour cells had been present. Of these only a small 
percentage was able to produce PTH, a fact that leeds to a further reduction 
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of  the amount of  PTH secreted. Thus, increase of  C a  2 + and PTH in the 
serum led to clinically overt pseudohyperparathyroidism only during the 
last seven month. Clinical interpretation of  the hypercalcaemia to be based 
on skeletal metastases prevented the evaluation of  serum PTH levels. 

The case presented serves as an example of the usefulness of  immunohis- 
tochemistry in disclosing tumour-associated hypercalcaemia as paraneoplas- 
tic. With the use of  this immunological method paraneoplastic hypercalcae- 
mia can be distinguished from parathyroid disease or other causes of  hyper- 
calcaemia. Immunohistochemistry of  hormonal factors may become a rou- 
tinely used diagnostic tool in cases of  suspected paraneoplastic syndromes. 

References 

Arps H, Dietel M (1984) Immunocytochemical demonstration of paraneoplastically secreted 
calcium regulating hormones. The Parathyroid Conferences, Cobe, Japan: 46 

Arps H, Dietel M, Otto U (1984 a) Immunohistochemistry in detection of paraneoplastic secre- 
tion of calcium regulating hormones. Folia Histochem Cytobiol 22:173-178 

Arps H, Dietel M, Otto U (1984b) Immunohistochemical studies on the paraneoplastic secre- 
tion of calcium regulating hormones by malignant tumors. Acta Endocrinol (Kbh) Suppl 
264: 98 

Besarab A, Caro JF (1978) Mechanisms of hypercalcemia in malignancy. Cancer 41:2276-2285 
Buckle RM, McMillan M, Mallinson C (1970) Ectopic secretion of parathyroid hormone 

by a renal cell adenocarcinoma in a patient with hypercalcemia. Br Med J 4: 724-726 
Delling G (1981) Morphology of tumor osteolysis in primary and secondary bone tumors. 

In: Calcitonina e Osteolisi Neoplastiche. Amour Medicamenta SD p A, Mailand, pp 1-10 
Delling G (1982) Morphologie der Skelettmetastasen. In: Wolter D (ed) Osteolysen Pathologi- 

sche Frakturen. Thieme-Verlag, Stuttgart-New York, pp 15-24 
Dietel M (1982) Funktionelle Morphologie und Pathologic der Nebenschilddrfisen. G. Fischer- 

Verlag, Stuttgart-New York 
Dietel M, H61zel F (1983) Influence on parathyroid hormone storage in normal and adenoma- 

tous parathyroid tissue by stimulation and inhibition in vitro. J Histochem Cytochem 
31:275-284 

Dietel M, Dorn G, Montz R, Alten/ihr E (1979) Influence of vitamin Da, 1,25-dihydroxyvita- 
min Da, and 24,25-dihydroxyvitamin Da on parathyroid hormone secretion, adenosine 
3',5'-monophosphate release, and ultrastructure of parathyroid glands in organ culture. 
Endocrinology 105:237-245 

Gordan GS, Cantino TJ, Ehrhardt L, Hansen J, Lubich W (1966) Osteolytic sterol in human 
breast cancer. Science 151 : 1226-1228 

Greenberg PB, Martin TJ, Sutcliffe HS (1973) Synthesis and release of parathyroid hormone 
by a renal carcinoma in cell culture. Clin Sci Mol Med 45:183-191 

Heitz PhU, Oberholzer M (1984) Ectopic hormone production by tumors. In: DeLellis RA 
(ed) Advances of immunohistochemistry. Mason Publishing Inc, New York, pp 150-183 

Heitz PhU, Staub JJ (1981) Paraneoplastische endokrine Syndrome. In: Doerr W, Seifert 
G (eds) Spezielle pathologische Anatomie Bd. 14. Springer-Verlag, Berlin-Heidelberg-New 
York, pp 1206-1272 

K16ppel G, Girard J, Polak JM, Vaitukaitis JJ, Kaspar M, Heitz PhU (1983) Alpha-human 
chorionic gonadotropin and neuron-specific enolase as markers for malignancy and neuro- 
endocrine nature of pancreatic endocrine tumors. Cancer Detect Prev 6:161-166 

Marangos PJ (1985) Clinical utility of neuron specific enolase as a neuroendocrine tumour 
marker. In: Polak JM, Bloom SR (eds) Endocrine Tmnours. Churchill Livingstone, Edin- 
bourgh-London-Melbourne-New York, pp 181-192 

Monno S, Nagata A, Homma T, Oguchi H, Kawa S, Kaji R, Furuta S (1984) Exocrine 
pancreatic cancer with humoral hypercalcemia. Am J Gastroenterol 79:128-132 

Palmieri GMA, Nordquist RE, Omenn GS (1974) Immunochemical localization of parathyroid 



Immunohistochemistry for paraneoplastically produced PTH 503 

hormone in cancer tissue from patients with ectopic hyperparathyroidism. J Clin Invest 
53:1726-1735 

Rees LH (1975) The biosynthesis of hormones by non-endocrine tumors. J Endocrinol 
67:143-175 

Riggs BL, Arnaud CD, Reynolds JC, Smith LH (1971) Immunological differentiation of prima- 
ry hyperparathyroidism from hyperparathyroidism due to nonparathyroid cancer. J Clin 
Invest 50 : 2079-2083 

Samaan NA, Hickey RC, Sethi MR, Yang KP, Wallace S (1976) Hypercalcemia in patients 
with known malignant disease. Surgery 80:382 389 

Sternberger LA (1976) Immunocytoehemistry, 2. Ed. J. Whiley & Sons, New York 
Tashjian AH, Levine L, Munson P1 (1964) Immunochemical identification of parathyroid 

hormone in non-parathyroid neoplasms associated with hypercalcemia. J Exp Med 
119:467484 

Accepted October 18, 1985 


