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Substantial amounts of both dopamine and norepinephrine in addition to serotonin were found in a 
niesenteric metastasis of an ileal carcinoid tumor. Correspondingly, the norepinephrine-synthesizing 
enzymes were present in the tumor tissue and tyrosine hydroxylase was found in amounts substantially 
higher than the levels normally present in adrenal medullary cells. These tindings confirm that the 
carcinoid tumors belong to the APUDomas and indicate that catecholamines might play an important 
role in the pathogenesis of the carcinoid syndrome. 
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AKCINOID TUMORS are commonly thought to arise C from enterochromaffin (or argentaffin) cells. 
However, gastrointestinal tumors displaying a typical 
carcinoid pattern may produce peptides ( c ’ . g . ,  gastrin, 
pancreatic polypeptide) normally not produced by 
argentaffin cellsSy The term “carcinoid” is, therefore, 
purely descriptive and these tumors often contain cells 
other than argentaffin cells. Carcinoid tumors are most 
frequently located in the appendix, the ileum and the 
rectum.’ The enterochromaffin cells constitute the 
major site of synthesis and storage of the biogenic 
amine serotonin. Thus, an excessive production of 
serotonin is the most frequent biochemical characteristic 
of intestinal carcinoid tumors. l 3  Besides this amine, 
both bradykinin” and histaminez6 have been implicated 
in the pathogenesis of the carcinoid syndrome. Just as 
in normal enterochromaffin cells,8 the presence of 
substance P has been demonPtrated in the secretory 
granules of an intestinal carcinoid tumor.’ These 
observations are consistent with the postulated neural 
crest or neuroectodermal origin of enterochromaffin 
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Case Report 

‘4 57-lrear-old man suffered from recurrent diarrhoea for 
two years. Crohn’s disease was suspected and treated with 
salazopyrine. A laparoscopy was performed because of the 
persistence of the symptoms and because of the presence of 
a palpable mass in the abdomen. It revealed a large tumor 
in the right lower abdomen, as well as  tiny white nodules 
on the right diaphragm, dilated lymph ducts and ascites. 
The histologic examination of a biopsy taken from one of 
the nodules led to the diagnosis of a carcinoid tumor. 

Surgery was performed approximately two years after the 
appearance of the symptoms because of an imminent obstruc- 
tion of the ileum. The mesostinium of the small intestine 
contained a very large, ball-shaped metastasis with a diameter 
of about 7 cm. Two tumors (diameters, 1.2 and 1.8 cm) were 
found in the distal ileum. The distal third of the ileum and 
the right hemicolon were resected. No liver metastases and 
no retroperitoneal spread were detectable. Postoperative 
recovery was uneventful and the patient was free of symptoms 
18 months after surgery. 

Light  microscopy of the t u m o r  revealed a typical carcinoid 
tumor of type A4 infiltrating all layers of the ileal wall (Fig. I). 
There was extensive spreading of the tumor to mesenterial 
lymph nodes. There was a marked fibroblastic reaction in 
the surroundings of the tumor infiltrates. The tumor contained 
a large number of argentaffin cells. Ultrastructural studies 
were carried out on formaldehyde fixed tissue, which was 
postfixed in glutaraldehyde and osmium tetroxide. Electron 
microscopy revealed that the majority of the tumor cells 
contained polymorphous rod-like and biconcave secretory 
granules with an electron-dense core and a narrow electro- 
lucent space between the core and the limiting membrane 
(diameter of the secretory granules, 200-350 nm, Fig. 2A). 
The secretory granules were typical for the intestinal type of 
EC or  E C ,  The EC, cell has been shown to contain 
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FIG. 1. Type A carcinoid tumour. Marked fibrosis around the tumour cell clustcrs. The space between the tumour infiltrates and the stroma 
is due to tissue retraction during fixation (H & E, x333). 

serotonin as well as substance P in the normal human intestinal 
mucosaR and  in intestinal carcinoid tumors. '  We  were not 
able to demonstrate substance P-like immunoreactivity in 
this tumor.  A second, less numerous cell type contained 

round secretory granules with a small eccentric co re  and 
a prominent electrolucent space between the co re  and the 
limiting membrane (granule diameter,  200-400 nm). These 
cells somehow resembled those described for norepinephrine- 

FIG. 2. (A) Part of an EC cell (intestinal 
type or EC,) of an intestinal carcinoid 
tumour. Polymorphous secretory granules 
(diameter 200-350 nm) with an electron- 
dense core and a narrow electron- 
lucent space between the core and the 
membrane are present in the cytoplasm 
(x26,lOO). ( B )  Part of a cell containing 
round secretory granules with a very 
small eccentric electron-dense core and a 
wide electronlucent space between the  
core and the limiting membrane (diameter 
of the granules 200-400 nm) (~26 ,100) .  
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TABLE 1 .  Concentrations of Dopamine, Norepinephrine, 
Epinephrine and Serotonin* 

Lowry et ~ 1 . ' ~  using bovine serum albumin as the 
standard. 

Con c e n - 
tration 

Dopamine 
Norepinephrine 
Epinephrine 
Serotonin 

940 PP 

80 Pg 

300 ng 
Undetectable 

* Expressed per g of tumor wet weight. 

producing pheochromocytornas of the adrenal medulla.2s 
However, the cells could not be definitively classified because 
of an inadequate fixation of the secretory granules (Fig. 2B). 

Materials and Methods 

One gram of tumor tissue was homogenized in 6 ml 
of 5 mM Tris-HC1 buffer, pH 7.4, containing 0.1% 
Triton X-100. The homogenate was spun at  15,000 x g 
for 20 minutes and the supernatant fraction used for 
the following assays. 

Serotonin was determined according to the method 
of Lovenberg and Engelman,lS 5-hydroxyindoleacetic 
acid (5  HIAA) according to the method of Sjoerdsma 
et (11. 23 Dopamine, norepinephrine and epinephrine 
were measured by a radioenzymatic method.:< The 
activity of tryosine hydroxylase (TH) was assayed by 
the method of Levitt et ~ 1 . ' ~  as modified by Mueller 
et ( 1 1 . ' ~  using 100 pl of enzyme preparations, 15 p M  
substrate (L-tyrosine) and 720 pM cofactor (6,7 di- 
methyl-5,6,7,8-tetrahydropteridine x HCI). The activity 
of dopamine p-hydroxylase (DBH) was assayed in 50 pl 
of the enzyme preparation by the method of Molinoff 
et a1.l; with modifications described by Oesch et U ~ . , ~ O  

using phenylethylamine as substrate (1 mM) and an 
optimal concentration of CuSO, in order to inactivate 
endogenous inhibitors. Dopa decarboxylase (DDC) ac- 
tivity was determined according to HAkanson and 
Owman; and Oesch et The concentration of L-"- 
DOPA in the assay was 1 nm, the pyridoxal phosphate 
concentration was 0.24 nrn. 

The tissue supernatant was dialyzed 24 hours against 
50 mM Tris-HCI buffer, pH 7.4, prior to the enzyme 
assays. Under these conditions, enzyme rates were 
linear with time and with the amount of sample used. 
Protein concentrations were determined according to 

TABLE 2 .  Levels of Norepinephrine-Synthesizing 
Enzyme Activities* 

Level 

Tyrosine hydrowylase (TH) 14.54 nmol 
Dopa dccarboxylase (DDC) 23.45 nmol 
Dopamine-p-hydroxylase (DBH) 8 .33  nmol 

* Expressed as product formedihrimg of protein. 

Results 

The patient presented with a typical carcinoid syn- 
drome and showed the classic biochemical characteris- 
tics of an intestinal carcinoid: the preoperative serum 
concentration of serotonin was 300 ng/ml (1.7 pmol/l), 
the urinary excretion of HIAA was 23.3 mgi24 hr (121.6 
pmo1/24 hr). Moreover, the serotonin concentration 
was 80 pg/g tumor (0.45 pmol/g) (Table 1) .  The HIAA 
excretion dropped to 2.5 mg/24 hr (13.1 pmo1/24 hr) 
one month after the operation. 

The catecholamine determination revealed the pres- 
ence of both dopamine and norepinephrine, whereas 
epinephrine was undetectable with the assay method 
used (Table 1). Surprisingly, the dopamine concentra- 
tion was several orders of magnitude higher than the 
serotonin and norepinephrine concentrations. The 
determination of the norepinephrine-synthesizing en- 
zymes confirmed this finding by disclosing a very high 
specific activity of TH which converts tyrosine to 
L-DOPA and of DDC which transforms L-DOPA to 
dopamine, as well as the presence of DBH which 
converts dopamine to norepinephrine (Table 2). 

Discussion 

The biochemical analysis of an intestinal carcinoid 
tumor revealed the simultaneous occurrence of dopa- 
mine, norepinephrine and serotonin. Particularly dopa- 
mine was present in substantial amounts. Correspond- 
ingly, the activity of TH was elevated, disclosing levels 
higher than those commonly found in adrenal medullary 
cells.21 

This tumor thus not only contained the enzyme re- 
sponsible for amine decarboxylation but it also produced 
the corresponding amines. It therefore belongs to the 
group of the APUDomas. APUDomas arise from cells 
of the APED (Amine Precursor Uptake and Decarbox- 
ylation) cell series. This system consists of cells sharing 
common cytochemical properties, ultrastructural fea- 
tures and producing biogenic amines as well as pep- 
tides.22 We have now demonstrated the simultaneous 
presence of dopamine, norepinephrine and serotonin, 
as well as of the norepinephrine-synthesizing enzymes 
in an ileal APUDoma. However, these results do not 
enable us to decide whether serotonin and the catechol- 
amines were present in the same cells or even within 
the same granules or whether they were produced by 
different cells of the tumor. 

So far, biochemical work on carcinoid tumors has 
been mainly concerned with serotonin, kallikrein and 
histamine. Only a few studies have dealt specifically 
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with catecholamines. Norepinephrine and epinephrine 
were identified in a carcinoid tumor of the bronchus" 
and serotonin, norepinephrine and epinephrine in a 
carcinoid tumor of the stomach.2 Additionally, relatively 
high amounts of norepinephrine were found in the urine 
of a patient with a presumptive carcinoid tumor of the 
breast.12 An endogenous catecholamine production by 
the carcinoid tumor might be of clinical importance, 
since intravenously administered epinephrine and 
norepinephrine are known to promote bradykinin secre- 
tion by carcinoid tumors with concomitant f l ~ s h i n g . ~ J ~  
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