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Abstract 

 Pheochromocytoma may present as 

either the classic catecholaminergic 

phenotype or as one of many kinds of 

peptidergic phenotypes, including’s Cushing 

syndrome, watery diarrhea, hypokalemia, and 

achlorhydria syndrome (WDHA), 

acromegaly, or humoral hypercalcemia, or a 

combination of both phenotypes. Cushing’s 

syndrome may be caused by a 

pheochromocytoma producing 

adrenocorticotropic hormone (ACTH) or one 

producing corticotropin-releasing hormone 

(CRH). WDHA can be caused by a 

pheochromocytoma producing vasoactive 

intestinal peptide (VIP). Acromegaly may be 

due to a pheochromocytoma producing 

growth hormone-releasing hormone (GHRH). 

Humoral hypercalcemia can be due to a 

pheochromocytoma producing parathyroid 

hormone-related peptide (PTHrP). -These 

findings strongly suggest that 

pheochromocytomas can produce and secrete 

many kinds of peptide hormones, reinforcing 

the multisecretory nature of chromaffin cells. 

 Knowledge of the clinical diversity 

of pheochromocytomas is important for both 

precise diagnosis and proper management. 

Complex clinical features among these cases 

may lead to the wrong diagnosis, such as an 

atypical overlap syndrome of multiple 

endocrine neoplasias. In the case of ectopic 

GHRH syndrome, unnecessary pituitary 

surgery may be performed because 

catecholaminergic features are scanty among 

patients with this syndrome. 
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1. Introduction- /Background 

 Pheochromocytomas are tumors 

derived from chromaffin cells of the adrenal 

gland. Generally they produce excess 

amounts of catecholamines causing the 

classical syndrome known as 5Hs 

(hypertension, headache, hyperglycemia, 

hyperhydrosis, and hypermetabolism). In 

addition to catecholamines, many 

neuropeptides are known to coexist in the 

chromaffin cells of both normal and 

pheochromocytoma tissues(Ivanova and 

Dashev, 1990). Diagnosis of a case of 

full-blown catecholaminesyndrome is not 

difficult, but an increasing number of these 

tumors are diagnosed in patients with 

syndromes caused by peptide hormones 

produced by the tumor. 

 These cases include 1. Cushing’s 

syndrome caused by the adrenocorticotropic 

hormone (ACTH) produced by the tumor, 2. 

Cushing’s syndrome caused by 

corticotropin-releasing hormone (CRH) 

produced by the tumor, 3. watery diarrhea, 

hypokalemia, and achlorhydria syndrome 

(WDHA) caused by vasoactive intestinal 

peptide (VIP) produced by the tumor, 4. 

acromegaly caused by growth 

hormone-releasing hormone produced by the 

tumor,and 5. humoral hypercalcemia caused 

by parathyroid hormone-related peptide 

(PTHrP) produced by the tumor. 

 This article has two purposes. The 

first is to review the wide variety of 

peptidergic phenotypes of 

pheochromocytoma. The second is to 

facilitate a thorough method for screening of 

these peptide hormones that may help in a 

precise diagnosis and individualized 

management of the patient with 

pheochromocytoma, which is liable to be 

overlooked due to the grave symptoms 

caused by catecholamines.  

 To fulfill the above-mentioned 

purposes, I reviewed case reports of adrenal 

pheochromocytoma that 1) presented with 

clinically apparent peptidergic syndrome 

with or without classical catecholaminergic 

syndrome, 2) were diagnosed by both 

histological and immunohistological 

evaluation of the surgical specimen,and 3) in 

which the production of the relevant peptide 

by the tumor itself was definitely 

substantiated by the complete reversal of the 

peptidergic syndrome after surgical resection 

and/or peptide hormone 

immunohistochemical staining in the tumor 

tissue or metastatic deposits, and/or 

complete/partial normalization of the peptide 

hormone after tumor removal/debulking. 

 

2. Ectopic Cushing’s syndrome due to 

ACTH production of adrenal 

pheochromocytoma 

 Cushing’s syndrome comprises the 

signs and symptoms associated with 

prolonged exposure to inappropriately 

elevated levels of free plasma glucocorticoids. 

The classic features of Cushing’s syndrome 

include centripetal obesity, moon face, 

hirsutism, livid red-purple striae, and plethora. 

Skin pigmentation is common in ectopic 
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ACTH syndrome (EAS), while it is rare in 

Cushing’s disease. Skin pigmentation arises 

because of overstimulation of melanocyte 

receptors by pro-opiomelanocortin (POMC) 

derived peptides. 

 Cushing’s syndrome is classified 

into ACTH-dependent and independent 

causes. ACTH-dependent Cushing’s 

syndrome is further subdivided into 

Cushing’s disease (pituitary dependent), 

ectopic ACTH syndrome (EAS), and ectopic 

CRH (corticotropin-releasing hormone) 

syndrome.  

EAS represents around 20% of 

ACTH-dependent and around 10-% of all 

types of Cushing’s syndrome (CS) 

(Newell-Price et al., 2006). Tumoral sources 

associated with ectopic ACTH syndrome 

include small cell lung carcinoma, bronchial 

carcinoids, pancreatic carcinoids, thymic 

carcinoids, pheochromocytoma, and other 

neuroendocrine tumors Among these tumors, 

bronchial carcinoids are the most prevalent 

tumors associated with EAS (Alexandraki 

and Grossman, 2010). About 5% of EAS 

cases were caused by pheochromocytoma 

(Alexandraki and Grossman, 2010, Ilias et al., 

2005, Isidori et al., 2006, Salgado et al., 2006, 

Bhansali et al., 2009), while fewer than 1% 

of pheochromocytomas are accompanied by 

Cushing’s syndrome(Chen et al., 1995). 

 The first step in the diagnosis of 

EAS is confirmation of endogenous 

hypercortisolism using an overnight 

dexamethasone test or a low-dose 

dexamethasone test (LDDST) and the 

demonstration of a detectable or high level of 

plasma ACTH. The second step of the 

diagnosis is confirmation of ACTH 

production by the tumor using CRH 

stimulation, high-dose dexamethasone 

inhibition, inferior petrosal sinus sampling, 

and/or confirmation of reversibility of 

clinical signs and symptoms after surgical 

resection of the tumor and/or reversibility of 

hypercortisolemia after tumor removal, 

and/or confirmation of ACTH production by 

the cultured tumor cells. 

 Most of the cases of 

pheochromocytoma associated with EAS 

showed a classic catecholaminergic 

phenotype, such as hypertension, 

hyperhidrosis, palpitation, and headache, and 

were associated with increased 

catecholamines in plasma and/or urine 

(White et al., 2000, Bernardi et al., 2011, 

Chen et al., 1995, Fiebrich et al., 2009, 

Brenner et al., 2008, Danilovic et al., 2007, 

Otsuka et al., 2005, van Dam et al., 2002). 

However, some cases do not show this 

catecholaminergic phenotype (Cohade et al., 

2009, Nijhoff et al., 2009, Li et al., 2012). 

 In some cases, contralateral adrenal 

hyperplasia was detected but it was always 

resolved by unilateral tumor resection (White 

et al., 2000, Bernardi et al., 2011, Chen et al., 

1995, van Dam et al., 2002). Histological 

examination of the surgical specimen 

revealed diffuse hyperplasia of ipsilateral 

adrenocortical cells in two cases (Cohade et 

al., 2009, Roux et al., 1955). Because 

unilateral surgical resection of the tumor was 
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always successful, the adrenocortical 

hyperplasia seems to have been due to ACTH 

produced by a contra or ipsilateral tumor.  

 Pheochromocytoma usually shows 

high signal intensity on the T2-weighted MRI 

image and shows positive uptake on 

123
I-MIBG scans. However, some cases with 

EAS lacked these findings (Cassarino et al., 

2012, Ilias et al., 2005, van Dam et al., 2002). 

 No case of pheochromocytoma 

associated with EAS showing histological 

signs of malignancy was reported. In one 

case, the number of Ki67-positive cells was 

increased up to 20%, indicating malignant 

potential, but there were no overt malignant 

properties such as local invasion or 

metastasis (Li et al., 2012). Multifunctional 

neuroendocrine tumors seldom seems to be 

malignant (Wermers et al., 1996).  

 Knowledge of genetic changes in 

the tumorigenesis of pheochromosoma is 

growing very rapidly. Many germ line or 

somatic mutations or structural alterations 

affecting  known PCC 

(pheochromocytoma)/PGL (paraganglioma) 

genes have been identified. In addition to 

these founder genetic events, intratumoral 

genetic heterogeneity was also identified 

using multi-region tissue samples (Flynn et 

al., 2015). This kind of ongoing clonal 

evolution may cause additional peptide 

production among pheochromocytomas 

associated with EAS or other peptidergic 

phenotypes, although the relevant genes are 

not yet identified. In a case reported by van 

Dam et al. immunostaining for ACTH 

revealed not generalized but focal 

proliferation of 50-60 cells strongly positive 

for ACTH, also suggesting intratumoral 

heterogeneity (van Dam et al., 2002).  

 

3. Cushing’s syndrome due to CRH 

produced by adrenal pheochromocytoma 

 Corticotropin-releasing hormone 

(CRH) is known to be synthesized and 

secreted from non-hypothalamic tissues 

including the testis, gastrointestinal tract, 

adrenal medulla, and particularly the placenta 

(Sasaki et al., 1987).  

 Ectopic production of CRH is a 

very rare cause of pituitary-dependent 

Cushing’s syndrome. Tumoral sources 

associated with ectopic CRH syndrome 

include bronchial carcinoids, medullary 

thyroid carcinoma (Wajchenberg et al., 1995), 

prostate carcinoma (Carey et al., 1984), 

Ewing’s sarcoma (Preeyasombat et al., 1992), 

and pheochromocytoma. They secrete CRH 

alone (Bayraktar et al., 2006) or in 

combination with ACTH  (Muller and von 

Werder, 1992), but in cases with dual 

production of ACTH and CRH, the role of 

CRH in patients’ with Cushing’s syndrome is 

ambiguous.  

 The first step in the diagnosis of 

ectopic CRH syndrome is confirmation of 

increased serum and urinary cortisol values, 

loss of diurnal serumcortisol rhythm, and an 

increased or unsuppressed ACTH value. The 

second step is confirmation of CRH 

production by the tumor using 

immunohistochemical examination (Ruggeri 
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et al., 2009, Eng et al., 1999), RNA analysis 

(Liu et al., 1994), or measurement of the 

CRF-41 of the surgical specimens and/or 

measurement of CRF-41 of both pre-and 

postoperative plasma (Jessop et al., 1987). 

Early morning serum cortisol and 24-hour 

urinary cortisol levels were unsuppressed 

after a high-dose dexamethasone suppression 

test, although simultaneous ACTH 

production by the tumor was excluded among 

these patients (single secretor) (Ruggeri et al., 

2009, Eng et al., 1999, Bayraktar et al., 2006). 

In contrast, cortisol levels were suppressed in 

a patient in whom concomitant ACTH 

production was confirmed (dual secretor). 

The opposite behavior of both single and dual 

secretors seems strange. because 

unresponsiveness to high-dose 

dexamethasone is usually observed among 

patients with ectopic ACTH syndrome and 

not observed in eutopic (pituitary) ACTH 

syndrome (Cushing’s disease). In a patient 

with a single CRH secretor, the production of 

ACTH should be eutopic (pituitary), while in 

a dual (ACTH and CRH) secretor, it should 

be at least partially ectopic in origin.  

 Most cases of pheochromocytoma 

associated with ectopic CRH syndrome did 

not show a classic catecholaminergic 

phenotype. As a result, an MIBG scan was 

seldom performed. 

 Although most cases showed an 

increased serum ACTH level , only one case 

showed contralateral adrenal hyperplasia 

(Jessop et al., 1987). Histological 

examination of the surgical specimen 

revealed hyperplasia in the adjacent adrenal 

cortex (Liu et al., 1994, Bayraktar et al., 2006, 

Eng et al., 1999). 

 No case of pheochromocytoma 

associated with ectopic CRH syndrome 

showing histological signs of malignancy 

was reported. 

 In three cases, rapid post-operative 

recovery  of the 

hypothalamic-pituitary-adrenal (HPA) axis 

was observed (Ruggeri et al., 2009, Bayraktar 

et al., 2006, O'Brien et al., 1992). In one of 

these cases, no hydrocortisone replacement 

therapy was necessary (Ruggeri et al., 2009). 

This atypically rapid recovery of the HPA 

axis was supposed to be due to   chronic 

CRH ‘priming’ of the anterior pituitary 

corticotrophs. 

 

4. WDHA caused by vasoactive intestinal 

peptide VIP produced by adrenal 

pheochromocytoma 

 Watery diarrhea, hypokalemia, and 

achlorhydria (WDHA) syndrome is caused 

by excessive vasoactive intestinal peptide 

(VIP) secretion. This syndrome is usually 

associated with pancreatic neuroendocrine 

tumor, but rarely can be caused by 

nonpancreatic tumors, such as bronchogenic 

carcinoma, medullary thyroid carcinoma, 

retroperitoneal histiocytoma, and adrenal 

pheochromocytoma (Said, 1976). VIP is a 

28-amino acid peptide that activates 

adenylate cyclase in intestinal cells. Cyclic 

adenosine monophosphate (cAMP) causes 

excessive intestinal secretion of water, 
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potassium, and chloride ions, leading to the 

clinical presentation of WDHA syndrome 

(Alam, 1994).  

 Since Loehry reported the first case 

of pheochromocytoma that caused WDHA 

syndrome (Loehry et al., 1975), 21 cases of 

VIP-producing pheochromocytomas 

presenting with overt WDHA syndrome have 

been reported (Jiang et al., 2014, Ende et al., 

2012, Kikuchi et al., 2012, George et al., 

2010, Ozbay et al., 2008, Ikuta et al., 2007, 

Onozawa et al., 2005, Smith et al., 2002, Van 

Eeckhout et al., 1999, Quarles Van 

Ufford-Mannesse et al., 1999, Contreras et al., 

1991, Salmi et al., 1988, Nigawara et al., 

1987, Fisher et al., 1987, Sackel et al., 1985, 

Viale et al., 1985, Cooperman et al., 1978, 

Matta et al., 1978, Pais, 1978, Trump et al., 

1977, Loehry et al., 1975).  

 Most patients presented with 

protracted episodes of severe intractable 

watery diarrhea without blood or mucus. 

Severe hypokalemia sometimes caused 

skeletal muscle damage, such as generalized 

weakness, myalgia, or even rhabdomyolysis 

(Ende et al., 2012, Onozawa et al., 2005, 

Nigawara et al., 1987, Viale et al., 1985, 

Trump et al., 1977) .  

 Among these cases, hypertension 

was seldom observed. Severe dehydration 

and vasodilator action (Said and Mutt, 1970a, 

Said and Mutt, 1970b) caused by excessive 

VIP might have masked the vasospasmic 

symptoms of catecholamines. Similarly, 

glucose intolerance is seldom observed in 

these patients.  

 Histological examination of 

resected tumors frequently showed features 

consistent with composite 

pheochromocytoma-ganglioneuroma (in 8 

out of the above-mentioned 21 cases). VIP 

expression in composite tumors is confined 

largely to the ganglioneuroma component 

(Kikuchi et al., 2012, George et al., 2010, 

Onozawa et al., 2005, Schmid et al., 1993, 

Contreras et al., 1991, Salmi et al., 1988, 

Nigawara et al., 1987).  

 Two cases of malignant tumor were 

reported. Both cases initially presented with 

classic pheochromocytoma, but the recurrent 

malignant tumors were composite 

pheochromocytoma-ganglioneuromas that 

caused WDHA syndrome (Kikuchi et al., 

2012, Nigawara et al., 1987). 

 

5. Acromegaly to GHRH produced by 

adrenal pheochromocytoma 

Acromegaly is a rare disease caused 

by growth hormone (GH) hypersecretion, 

usually by a GH-producing pituitary 

adenoma derived from somatotroph cells of 

the adenohypophysis (classic acromegaly). 

Progressive acral changes are characterized 

by large fleshy lips and nose, spade-like 

hands, frontal skull bossing, and cranial 

ridges. Regardless of the etiology, the disease 

is characterized by elevated levels of GH and 

insulin-like growth factor 1 (IGF1) with 

resultant signs and symptoms of 

hypersomatotropism.  

Growth hormone-releasing 

hormone (GHRH) is the most important 
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stimulatory peptide for the somatotrophs. It is 

usually produced by hypophyseotropic 

neurons and is secreted into pituitary portal 

vessels at the median eminence. It stimulates 

GH secretion, upregulates GH gene 

expression, and stimulates somatotroph 

proliferation.  

Acromegaly is classified into 

excess primary GH, excess extrapituitary GH, 

and excess GHRH causes. Excess GHRH 

syndrome is further subdivided as central 

(hypothalamic) and peripheral (ectopic 

GHRH syndrome)tumors. Tumor sources 

associated with ectopic GHRH syndrome 

include bronchial carcinoid, pancreatic islet 

cell tumor, small cell lung cancer, adrenal 

adenoma, medullary thyroid carcinoma, and 

pheochromocytoma (Asa et al., 1985, 

Frohman et al., 1980, Mumby et al., 2014, 

Vieira Neto et al., 2007, Roth et al., 1986). 

Among these tumors, bronchial carcinoids 

are the most prevalent tumors associated with 

ectopic GHRH syndrome (Borson-Chazot et 

al., 2012, Verrua et al., 2010). 

 The diagnosis of acromegaly 

requires demonstration of a growth hormone 

(GH) nadir during an oral glucose tolerance 

test. In patients with acromegaly, oral 

glucose fails to suppress GH. Serum IGF1 

levels are invariably high. GHRH levels are 

invariably high in patients with peripheral 

GHRH-secreting tumors but normal or low in 

patients with pituitary adenomas. Because an 

enlarged pituitary is often present in patients 

with peripheral GHRH- secreting tumors, the 

diagnosis of the syndrome is challenging. 

Differential radiologic diagnosis of 

GHRH-induced somatotroph hyperplasia due 

to classic pituitary adenoma is difficult. 

 I have found three cases of 

GHRH-producing pheochromocytoma that 

presented with acromegaly in the literature. 

The causal relationship between ectopic 

GHRH secretion by adrenal 

pheochromocytoma and acromegaly was 

confirmed biochemically, histologically, and 

surgically. The association between 

acromegaly and pheochromocytoma had 

already been observed before these case 

reports (Myers and Eversman, 1981, 

Anderson et al., 1981, Miller and Wynn, 

1971, Kahn and Mullon, 1964) but the 

association had been attributed to 

overlapping multiple endocrine neoplasia 

syndromes in the majority of the cases, even 

if the probability was negligibly low. 

Because most of these cases were reported 

before the characterization of GHRH in 1980 

by Frohman et al., the causal relationship 

between acromegaly in these patients and 

ectopic GHRH secretion  by 

pheochromocytoma could not be confirmed 

(Frohman et al., 1980).  

Among these three cases, 

catecholaminergic symptoms were scant. All 

of them were normotensive, although 

increased serum and urinary catecholamines 

were confirmed. Histopathological 

examination of the adrenal tumor revealed 

the characteristic morphology of 

pheochromocytoma. Immunohistochemical 
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staining for GHRH in the pheochromocytoma 

cells was positive.   

In the first case reported by Roth et 

al. the diagnosis was confirmed by 

postmortem examination (Roth et al., 1986). 

In the second case, transphenoidal surgery 

was initially done under the misdiagnosis of 

somatotropinoma. An adrenal 

pheochormocytoma was found after this 

surgery (Vieira Neto et al., 2007). In the third 

case, the patient was treated by 

adrenalectomy alone (Mumby et al., 2014).  

  

6. Humoral hypercalcemia caused by 

PTHrP produced by adrenal 

pheochromocytoma 

 Humoral hypercalcemia is 

frequently seen among patients with 

advanced stage cancer. Humoral 

hypercalcemia of malignancy (HHM) is 

caused by systemic secretion of parathyroid 

hormone-related peptide (PTHrP) by 

malignant tumors. PTHrP enhances synthesis 

of a ligand for receptor activator of nuclear 

factor-κ B (RANKL), leading to activation of 

bone resorption. Elevated PTHrP also 

increases renal calcium reabsorption. 

Clinical features of hypercalcemia 

are characterized by neurologic, 

gastrointestinal, cardiovascular, and renal 

disorders. Neurocognitive symptoms of 

hypercalcemia include anxiety, mood 

changes, and cognitive decline. In severe 

cases, altered states of consciousness or even 

coma may occur. Gastrointestinal symptoms 

include nausea, vomiting, anorexia, and 

constipation. Hypercalcemia may cause ECG 

abnormalities, such as a shortened QT 

interval and ST elevation. Renal 

manifestations include nephrogenic diabetes 

insipidus, distal renal tubular acidosis, and 

urolithiasis(Mirrakhimov, 2015). 

Squamous-cell cancers, renal 

cancer, ovarian cancer, malignant lymphoma, 

and breast cancer account for the majority of 

malignancies leading to HHM (Stewart, 

2005). Humoral hypercalcemia caused by 

PTHrP secretion is infrequent in benign 

neoplasm. Only three cases of humoral 

hypercalcemia caused by PTHrP-producing 

pheochromocytoma have been reported so far 

(Takeda et al., 2010)-(Bridgewater et al., 

1993)-(Kimura et al., 1990). In these cases, 

PTHrP levels were increased, while the 

parathyroid hormone (PTH) concentration 

was either undetectable or within normal 

range. Two of the three were benign 

pheochromocytomas, and the PTHrP level 

was normalized after surgery (Takeda et al., 

2010, Kimura et al., 1990). The expression of 

PTHrP in tumor cells was confirmed by 

immunohistochemistry. 

Two of the three were hypertensive, 

and elevated levels of urine catecholamines 

were confirmed. In Bridgewater’s case, the 

patient was normotensive and serum 

catecholamines were within normal 

limit(Bridgewater et al., 1993).  

Mune et al. reported that the serum 

PTHrP of patients with pheochromocytoma is 

frequently elevated (seven out of ten cases) 

irrespective of pathological hypercalcemia, 
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and that PTHrP became undetectable in all 

ten patients after surgery. Because 

α-adernoreceptor- blocking agents given as 

preoperative treatment decreased PTHrP, 

they supposed that PTHrP level was 

controlled via an α-adrenergic mechanism 

(Mune et al., 1993). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Conclusion 

       Diagnosis of pheochromocytochoma 

presented with classic catecholaminergic 

phenotype is not so difficult. But it is 

sometimes become challenging among 

patients presented with above-mentioned 

peptidergicpheno types because 

pheochromocytomas can produce and secrete 

many kinds of peptide hormones, reinforcing 

the multisecretory nature of chromaffin cells. 

Physicians should consider the clinical 

diversity of pheochromocytomas for both 

precise diagnosis and proper management. 

Screening of these peptide hormones may 

help in a precise diagnosis and individualized 

management of the patient with 

pheochromocytoma. 

  



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 10  

 

References 

1. ALAM, M. J. 1994. Chronic 

refractory diarrhoea: a manifestation of 

endocrine disorders. Dig Dis, 12, 46-61. 

2. ALEXANDRAKI, K. I. & 

GROSSMAN, A. B. 2010. The ectopic 

ACTH syndrome. Rev Endocr Metab Disord, 

11, 117-26. 

3. ANDERSON, R. J., LUFKIN, E. G., 

SIZEMORE, G. W., CARNEY, J. A., 

SHEPS, S. G. & SILLIMAN, Y. E. 1981. 

Acromegaly and pituitary adenoma with 

phaeochromocytoma: a variant of multiple 

endocrine neoplasia. Clin Endocrinol (Oxf), 

14, 605-12. 

4. ASA, S. L., KOVACS, K., 

THORNER, M. O., LEONG, D. A., RIVIER, 

J. & VALE, W. 1985. Immunohistological 

localization of growth hormone-releasing 

hormone in human tumors. J Clin Endocrinol 

Metab, 60, 423-7. 

5. BAYRAKTAR, F., KEBAPCILAR, 

L., KOCDOR, M. A., ASA, S. L., YESIL, S., 

CANDA, S., DEMIR, T., SAKLAMAZ, A., 

SECIL, M., AKINCI, B., YENER, S. & 

COMLEKCI, A. 2006. Cushing's syndrome 

due to ectopic CRH secretion by adrenal 

pheochromocytoma accompanied by renal 

infarction. Exp Clin Endocrinol Diabetes, 

114, 444-7. 

6. BERNARDI, S., GRIMALDI, F., 

FINATO, N., DE MARCHI, S., 

PROCLEMER, A., SABATO, N., 

BERTOLOTTO, M. & FABRIS, B. 2011. A 

pheochromocytoma with high 

adrenocorticotropic hormone and a silent 

lung nodule. Am J Med Sci, 342, 429-32. 

7. BHANSALI, A., WALIA, R., 

RANA, S. S., DUTTA, P., RADOTRA, B. 

D., KHANDELWAL, N. & BHADADA, S. 

K. 2009. Ectopic Cushing's syndrome: 

experience from a tertiary care centre. Indian 

J Med Res, 129, 33-41. 

8. BORSON-CHAZOT, F., GARBY, 

L., RAVEROT, G., CLAUSTRAT, F., 

RAVEROT, V. & SASSOLAS, G. 2012. 

Acromegaly induced by ectopic secretion of 

GHRH: a review 30 years after GHRH 

discovery. Ann Endocrinol (Paris), 73, 

497-502. 

9. BRENNER, N., KOPETSCHKE, 

R., VENTZ, M., STRASBURGER, C. J., 

QUINKLER, M. & GERL, H. 2008. 

Cushing's syndrome due to ACTH-secreting 

pheochromocytoma. Can J Urol, 15, 3924-7. 

10. BRIDGEWATER, J. A., 

RATCLIFFE, W. A., BUNDRED, N. J. & 

OWENS, C. W. 1993. Malignant 

phaeochromocytoma and hypercalcaemia. 

Postgrad Med J, 69, 77-9. 

11. CAREY, R. M., VARMA, S. K., 

DRAKE, C. R., JR., THORNER, M. O., 

KOVACS, K., RIVIER, J. & VALE, W. 

1984. Ectopic secretion of 

corticotropin-releasing factor as a cause of 

Cushing's syndrome. A clinical, morphologic, 

and biochemical study. N Engl J Med, 311, 

13-20. 

12. CASSARINO, M. F., AMBROGIO, 

A. G., PAGLIARDINI, L., DE MARTIN, M., 

BARRESI, V., CAVAGNINI, F. & PECORI 



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 11  

 

GIRALDI, F. 2012. ACTH-secreting 

pheochromocytoma with false-negative 

ACTH immunohistochemistry. Endocr 

Pathol, 23, 191-5. 

13. CHEN, H., DOPPMAN, J. L., 

CHROUSOS, G. P., NORTON, J. A., 

NIEMAN, L. K. & UDELSMAN, R. 1995. 

Adrenocorticotropic hormone-secreting 

pheochromocytomas: the exception to the 

rule. Surgery, 118, 988-94; discussion 994-5. 

14. COHADE, C., BROUSSAUD, S., 

LOUISET, E., BENNET, A., HUYGHE, E. 

& CARON, P. 2009. Ectopic Cushing's 

syndrome due to a pheochromocytoma: a 

new case in the post-partum and review of 

literature. Gynecol Endocrinol, 25, 624-7. 

15. CONTRERAS, L. N., BUDD, D., 

YEN, T. S., THOMAS, C. & TYRRELL, J. 

B. 1991. Adrenal 

ganglioneuroma-pheochromocytoma 

secreting vasoactive intestinal polypeptide. 

West J Med, 154, 334-7. 

16. COOPERMAN, A. M., DESANTIS, 

D., WINKELMAN, E., FARMER, R., 

EVERSMAN, J. & SAID, S. 1978. Watery 

diarrhea syndrome. Two unusual cases and 

further evidence that VIP is a humoral 

mediator. Ann Surg, 187, 325-8. 

17. DANILOVIC, D. L., BRANDAO 

NETO, R. A., D'ABRONZO, H., MENEZES, 

M. R., LUCON, A. M. & MENDONCA, B. 

B. 2007. Ectopic ACTH syndrome caused by 

pheochromocytoma: computed 

tomography-guided percutaneous ethanol 

injection as an alternative treatment. J 

Endocrinol Invest, 30, 780-6. 

18. ENDE, K., HENKEL, B., 

BRODHUN, M., SALOMON, C., LAUTEN, 

P., CONRAD, E., SEIFERT, M., STIER, A. 

& SCHARF, J. G. 2012. A 45-year-old 

female with hypokalemic rhabdomyolysis 

due to VIP-producing composite 

pheochromocytoma. Z Gastroenterol, 50, 

589-94. 

19. ENG, P. H., TAN, L. H., WONG, 

K. S., CHENG, C. W., FOK, A. C. & KHOO, 

D. H. 1999. Cushing's syndrome in a patient 

with a corticotropin-releasing

 hormone-producing

 pheochromocytoma. Endocr Pract, 

5, 84-7. 

20. FIEBRICH, H. B., BROUWERS, A. 

H., VAN BERGEIJK, L. & VAN DEN 

BERG, G. 2009. Image in endocrinology. 

Localization of an 

adrenocorticotropin-producing 

pheochromocytomausing 

18F-dihydroxyphenylalanine positron 

emission tomography. The Journal of clinical 

endocrinology and metabolism, 94, 748-749. 

21. FISHER, B. M., MACPHEE, G. J., 

DAVIES, D. L., MCPHERSON, S. G., 

BROWN, I. L. & GOLDBERG, A. 1987. A 

case of watery diarrhoea syndrome due to an 

adrenal phaeochromocytoma secreting 

vasoactive intestinal polypeptide with 

coincidental autoimmune thyroid disease. 

Acta Endocrinol (Copenh), 114, 340-4. 

22. FLYNN, A., BENN, D., 

CLIFTON-BLIGH, R., ROBINSON, B., 

TRAINER, A. H., JAMES, P., HOGG, A., 

WALDECK, K., GEORGE, J., LI, J., FOX, S. 



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 12  

 

B., GILL, A. J., MCARTHUR, G., HICKS, 

R. J. & TOTHILL, R. W. 2015. The genomic 

landscape of phaeochromocytoma. J Pathol, 

236, 78-89. 

23. FROHMAN, L. A., SZABO, M., 

BERELOWITZ, M. & STACHURA, M. E. 

1980. Partial purification and characterization 

of a peptide with growth hormone-releasing 

activity from extrapituitary tumors in patients 

with acromegaly. J Clin Invest, 65, 43-54. 

24. GEORGE, D. J., WATERMEYER, 

G. A., LEVIN, D., EPSTEIN, D., ROSS, I. L., 

SCHOLZ, B. U., SETSHEDI, M., 

LOCKETZ, M., DITTRICH, C., SHAW, J. 

& KRIGE, J. E. 2010. Composite  

adrenal 

phaeochromocytoma-ganglioneuroma 

causing watery diarrhoea, hypokalaemia and 

achlorhydria syndrome. Eur J Gastroenterol 

Hepatol, 22, 632-4. 

25. IKUTA, S., YASUI, C., 

KAWANAKA, M., AIHARA, T., YOSHIE, 

H., YANAGI, H., MITSUNOBU, M., 

SUGIHARA, A. & YAMANAKA, N. 2007. 

Watery diarrhea, hypokalemia and 

achlorhydria syndrome due to an adrenal 

pheochromocytoma. World J Gastroenterol, 

13, 4649-52. 

26. ILIAS, I., TORPY, D. J., PACAK, 

K., MULLEN, N., WESLEY, R. A. & 

NIEMAN, L. K. 2005. Cushing's syndrome 

due to ectopic corticotropin secretion: twenty 

years' experience at the National Institutes of 

Health. J Clin Endocrinol Metab, 90, 

4955-62. 

27. ISIDORI, A. M., KALTSAS, G. A., 

POZZA, C., FRAJESE, V., 

NEWELL-PRICE, J., REZNEK, R. H., 

JENKINS, P. J., MONSON, J. P., 

GROSSMAN, A. B. & BESSER, G. M. 2006. 

The ectopic adrenocorticotropin syndrome: 

clinical features, diagnosis, management, and 

long-term follow-up. J Clin Endocrinol 

Metab, 91, 371-7. 

28. IVANOVA, R. S. & DASHEV, G. I. 

1990. Neuroendocrine features of adrenal 

pheochromocytomas: histological and 

immunocytochemical evaluation. Neoplasma, 

37, 219-24. 

29. JESSOP, D. S., CUNNAH, D., 

MILLAR, J. G., NEVILLE, E., COATES, P., 

DONIACH, I., BESSER, G. M. & REES, L. 

H. 1987. A phaeochromocytoma presenting 

with Cushing's syndrome associated with 

increased concentrations of circulating 

corticotrophin-releasing factor. J Endocrinol, 

113, 133-8. 

30. JIANG, J., ZHANG, L., WU, Z., AI, 

Z., HOU, Y., LU, Z. & GAO, X. 2014. A 

rare case of watery diarrhea, hypokalemia 

and achlorhydria syndrome caused by 

pheochromocytoma. BMC Cancer, 14, 553. 

31. KAHN, M. T. & MULLON, D. A. 

1964. PHEOCHROMOCYTOMA 

WITHOUT HYPERTENSION. REPORT OF 

A PATIENT WITH ACROMEGALY. Jama, 

188, 74-5. 

32. KIKUCHI, Y., WADA, R., 

SAKIHARA, S., SUDA, T. & YAGIHASHI, 

S. 2012. Pheochromocytoma with histologic 

transformation to composite type, 



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 13  

 

complicated by watery diarrhea, hypokalemia, 

and achlorhydria syndrome. Endocr Pract, 18, 

e91-6. 

33. KIMURA, S., NISHIMURA, Y., 

YAMAGUCHI, K., NAGASAKI, K., 

SHIMADA, K. & UCHIDA, H. 1990. A case 

of pheochromocytoma producing parathyroid 

hormone-related protein and presenting with 

hypercalcemia. J Clin Endocrinol Metab, 70, 

1559-63. 

34. LI, X. G., ZHANG, D. X., LI, X., 

CUI, X. G., XU, D. F., LI, Y., GAO, Y., YIN, 

L. & REN, J. Z. 2012. Adrenocorticotropic 

hormone-producing pheochromocytoma: a 

case report and review of the literature. Chin 

Med J (Engl), 125, 1193-6. 

35. LIU, J., HEIKKILA, P., 

VOUTILAINEN, R., KARONEN, S. L. & 

KAHRI, A. I. 1994. Pheochromocytoma 

expressing adrenocorticotropin and 

corticotropin-releasing hormone; regulation 

by glucocorticoids and nerve growth factor. 

Eur J Endocrinol, 131, 221-8. 

36. LOEHRY, C. A., KINGHAM, J. G. 

& WHORWELL, P. J. 1975. Watery 

diarrhoea and hypokalaemia associated with 

a phaeochromocytoma. Postgrad Med J, 51, 

416-9. 

37. MATTA, M. K., PROROK, J. J., 

TRIMPI, H. D., SHEETS, J. A., STASIK, J. 

J., JR. & KHUBCHANDANI, I. T. 1978. 

WDHA syndrome caused by 

pheochromocytoma: report of a case. Dis 

Colon Rectum, 21, 297-301. 

38. MILLER, G. L. & WYNN, J. 1971. 

Acromegaly, pheochromocytoma, toxic 

goiter, diabetes mellitus, and endometriosis. 

Arch Intern Med, 127, 299-303. 

39. MIRRAKHIMOV, A. E. 2015. 

Hypercalcemia of Malignancy: An Update on 

Pathogenesis and Management. N Am J Med 

Sci, 7, 483-93. 

40. MULLER, O. A. & VON 

WERDER, K. 1992. Ectopic production of 

ACTH and corticotropin-releasing hormone 

(CRH). J Steroid Biochem Mol Biol, 43, 

403-8. 

41. MUMBY, C., DAVIS, J. R., 

TROUILLAS, J. & HIGHAM, C. E. 2014. 

Phaeochromocytoma and Acromegaly: a 

unifying diagnosis. Endocrinol Diabetes 

Metab Case Rep, 2014, 140036. 

42. MUNE, T., KATAKAMI, H., 

KATO, Y., YASUDA, K., MATSUKURA, S. 

& MIURA, K. 1993. Production and 

secretion of parathyroid hormone-related 

protein in pheochromocytoma: participation 

of an alpha-adrenergic mechanism. J Clin 

Endocrinol Metab, 76, 757-62. 

43. MYERS, J. H. & EVERSMAN, J. J. 

1981. Acromegaly, hyperparathyroidism, and 

pheochromocytoma in the same patient. A 

multiple endocrine disorder. Arch Intern Med, 

141, 1521-2. 

44. NEWELL-PRICE, J., BERTAGNA, 

X., GROSSMAN, A. B. & NIEMAN, L. K. 

2006. Cushing's syndrome. Lancet, 367, 

1605-17. 

45. NIGAWARA, K., SUZUKI, T., 

TAZAWA, H., FUNYU, T., YAGIHASHI, 

S., YAMAYA, K., TERAYAMA, Y. & 

YAMAGUCHI, K. 1987. A case of recurrent 



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 14  

 

malignant pheochromocytoma complicated 

by watery diarrhea, hypokalemia, 

achlorhydria syndrome. J Clin Endocrinol 

Metab, 65, 1053-6. 

46. NIJHOFF, M. F., DEKKERS, O. 

M., VLEMING, L. J., SMIT, J. W., ROMIJN, 

J. A. & PEREIRA, A. M. 2009. 

ACTH-producing pheochromocytoma: 

clinical considerations and concise review of 

the literature. Eur J Intern Med, 20, 682-5. 

47. O'BRIEN, T., YOUNG, W. F., JR., 

DAVILA, D. G., SCHEITHAUER, B. W., 

KOVACS, K., HORVATH, E., VALE, W. & 

VAN HEERDEN, J. A. 1992. Cushing's 

syndrome associated with ectopic production 

of corticotrophin-releasing hormone, 

corticotrophin and vasopressin by a 

phaeochromocytoma. Clin Endocrinol (Oxf), 

37, 460-7. 

48. ONOZAWA, M., FUKUHARA, T., 

MINOGUCHI, M., TAKAHATA, M., 

YAMAMOTO, Y., MIYAKE, T., 

KANAGAWA, K., KANDA, M. & 

MAEKAWA, I. 2005. Hypokalemic 

rhabdomyolysis due to WDHA syndrome 

caused by VIP-producing composite 

pheochromocytoma: a case in 

neurofibromatosis type 1. Japanese journal 

of clinical oncology, 35, 559-563. 

49. OTSUKA, F., MIYOSHI, T., 

MURAKAMI, K., INAGAKI, K., TAKEDA, 

M., UJIKE, K., OGURA, T., OMORI, M., 

DOIHARA, H., TANAKA, Y., 

HASHIMOTO, K. & MAKINO, H. 2005. An 

extra-adrenal abdominal pheochromocytoma 

causing ectopic ACTH syndrome. Am J 

Hypertens, 18, 1364-8. 

50. OZBAY, A., OBUKHAU, A., 

BUHL, L., BRONDT HARTLEV, L. & 

LOGSTRUP POULSEN, P. 2008. Adrenal 

pheochromocytoma producing vasoactive 

intestinal peptide and masking hypertension. 

Horm Res, 70, 188-92. 

51. PAIS, S. O. 1978. Angiographic 

demonstration of a vasoactive intestinal 

polypeptide-secreting pheochromocytoma in 

a patient with WDHA syndrome. AJR Am J 

Roentgenol, 130, 172-4. 

52. PREEYASOMBAT, C., 

SIRIKULCHAYANONTA, V., 

MAHACHOKELERTWATTANA, P., 

SRIPHRAPRADANG, A. & 

BOONPUCKNAVIG, S. 1992. Cushing's 

syndrome caused by Ewing's sarcoma 

secreting corticotropin releasing factor-like 

peptide. Am J Dis Child, 146, 1103-5. 

53. QUARLES VAN 

UFFORD-MANNESSE, P., CASTRO 

CABEZAS, M., VROOM, T. M., VAN GILS, 

A., LIPS, C. J. & NIERMEIJER, P. 1999. A 

patient with neurofibromatosis type 1 and 

watery diarrhoea syndrome due to a 

VIP-producing adrenal phaeochromocytoma. 

J Intern Med, 246, 231-4. 

54. ROTH, K. A., WILSON, D. M., 

EBERWINE, J., DORIN, R. I., KOVACS, K., 

BENSCH, K. G. & HOFFMAN, A. R. 1986. 

Acromegaly and pheochromocytoma: a 

multiple endocrine syndrome caused by a 

plurihormonal adrenal medullary tumor. J 

Clin Endocrinol Metab, 63, 1421-6. 



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 15  

 

55. ROUX, G., MARCHAL, G. & 

LOUBATIERES, R. 1955. [Not Available]. 

Mem Acad Chir (Paris), 81, 847-52. 

56. RUGGERI, R. M., FERRAU, F., 

CAMPENNI, A., SIMONE, A., BARRESI, 

V., GIUFFRE, G., TUCCARI, G., 

BALDARI, S. & TRIMARCHI, F. 2009. 

Immunohistochemical localization and 

functional characterization of somatostatin 

receptor subtypes in a corticotropin releasing 

hormone- secreting adrenal 

phaeochromocytoma: review of the literature 

and report of a case. Eur J Histochem, 53, 

1-6. 

57. SACKEL, S. G., MANSON, J. E., 

HARAWI, S. J. & BURAKOFF, R. 1985. 

Watery diarrhea syndrome due to an adrenal 

pheochromocytoma secreting vasoactive 

intestinal polypeptide. Dig Dis Sci, 30, 

1201-7. 

58. SAID, S. I. 1976. Evidence for 

secretion of vasoactive intestinal peptide by 

tumours of pancreas, adrenal medulla, 

thyroid and lung: support for the unifying 

APUD concept. Clin Endocrinol (Oxf), 5 

Suppl, 201s-204s. 

59. SAID, S. I. & MUTT, V. 1970a. 

Polypeptide with broad biological activity: 

isolation from small intestine. Science, 169, 

1217-8. 

60. SAID, S. I. & MUTT, V. 1970b. 

Potent peripheral and splanchnic vasodilator 

peptide from normal gut. Nature, 225, 863-4. 

61. SALGADO, L. R., FRAGOSO, M. 

C., KNOEPFELMACHER, M., MACHADO, 

M. C., DOMENICE, S., PEREIRA, M. A. & 

DE MENDONCA, B. B. 2006. Ectopic 

ACTH syndrome: our experience with 25 

cases. Eur J Endocrinol, 155, 725-33. 

62. SALMI, J., PELTO-HUIKKO, M., 

AUVINEN, O., KARVONEN, A. L., 

SAARISTO, J., PARONEN, I., POYHONEN, 

L. & SEPPANEN, S. 1988. Adrenal 

pheochromocytoma-ganglioneuroma 

producing catecholamines and various 

neuropeptides. Acta Med Scand, 224, 403-8. 

63. SASAKI, A., SATO, S., 

MURAKAMI, O., GO, M., INOUE, M., 

SHIMIZU, Y., HANEW, K., ANDOH, N., 

SATO, I., SASANO, N. & ET AL. 1987. 

Immunoreactive corticotropin-releasing 

hormone present in human plasma may be 

derived from both hypothalamic and 

extrahypothalamic sources. J Clin Endocrinol 

Metab, 65, 176-82. 

64. SCHMID, K. W., 

DOCKHORN-DWORNICZAK, B., 

FAHRENKAMP, A., KIRCHMAIR, R., 

TOTSCH, M., FISCHER-COLBRIE, R., 

BOCKER, W. & WINKLER, H. 1993. 

Chromogranin A, secretogranin II and 

vasoactive intestinal peptide in 

phaeochromocytomas and ganglioneuromas. 

Histopathology, 22, 527-33. 

65. SMITH, S. L., SLAPPY, A. L., 

FOX, T. P. & SCOLAPIO, J. S. 2002. 

Pheochromocytoma producing vasoactive 

intestinal peptide. Mayo Clin Proc, 77, 

97-100. 

66. STEWART, A. F. 2005. Clinical 

practice. Hypercalcemia associated with 

cancer. N Engl J Med, 352, 373-9. 



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 16  

 

67. TAKEDA, K., HARA, N., 

KAWAGUCHI, M., NISHIYAMA, T. & 

TAKAHASHI, K. 2010. Parathyroid 

hormone-related peptide-producing 

non-familial pheochromocytoma in a child. 

Int J Urol, 17, 673-6. 

68. TRUMP, D. L., LIVINGSTON, J. 

N. & BAYLIN, S. B. 1977. Watery diarrhea 

syndrome in an adult with 

ganglioneuroma-pheochromocytoma: 

identification of vasoactive intestinal peptide, 

calcitonin, and catecholamines and 

assessment of their biologic activity. Cancer, 

40, 1526-32. 

69. VAN DAM, P. S., VAN GILS, A., 

CANNINGA-VAN DIJK, M. R., DE 

KONING, E. J., HOFLAND, L. J. & DE 

HERDER, W. W. 2002. Sequential ACTH 

and catecholamine secretion in a 

phaeochromocytoma. European journal of 

endocrinology / European Federation of 

Endocrine Societies, 147, 201-206. 

70. VAN EECKHOUT, P., SHUNGU, 

H., DESCAMPS, F. X., LANTHIER, P., 

CASTELAIN, T., SAEY, J. P., RETTMAN, 

R., DRESE, C. & COLIN, I. M. 1999. Acute 

watery diarrhea as the initial presenting 

feature of a pheochromocytoma in an 

84-year-old female patient. Horm Res, 52, 

101-6. 

71. VERRUA, E., RONCHI, C. L., 

FERRANTE, E., FERRARI, D. I., 

BERGAMASCHI, S., FERRERO, S., 

ZATELLI, M. C., BRANCA, V., SPADA, A., 

BECK-PECCOZ, P. & LANIA, A. G. 2010. 

Acromegaly secondary to an incidentally 

discovered growth-hormone-releasing 

hormone secreting bronchial carcinoid 

tumour associated to a pituitary 

incidentaloma. Pituitary, 13, 289-92. 

72. VIALE, G., DELL'ORTO, P., 

MORO, E., COZZAGLIO, L. & COGGI, G. 

1985. Vasoactive intestinal polypeptide-, 

somatostatin-, and calcitonin-producing 

adrenal pheochromocytoma associated with 

the watery diarrhea (WDHH) syndrome. First 

case report with immunohistochemical 

findings. Cancer, 55, 1099-106. 

73. VIEIRA NETO, L., TABOADA, G. 

F., CORREA, L. L., POLO, J., 

NASCIMENTO, A. F., CHIMELLI, L., 

RUMILLA, K. & GADELHA, M. R. 2007. 

Acromegaly secondary to growth 

hormone-releasing hormone secreted by an 

incidentally discovered pheochromocytoma. 

Endocr Pathol, 18, 46-52. 

74. WAJCHENBERG, B. L., 

MENDONCA, B., LIBERMAN, B., 

ADELAIDE, M., PEREIRA, A. & 

KIRSCHNER, M. A. 1995. Ectopic ACTH 

syndrome. J Steroid Biochem Mol Biol, 53, 

139-51. 

75. WERMERS, R. A., FATOURECHI, 

V. & KVOLS, L. K. 1996. Clinical spectrum 

of hyperglucagonemia associated with 

malignant neuroendocrine tumors. Mayo Clin 

Proc, 71, 1030-8. 

76. WHITE, A., RAY, D. W., 

TALBOT, A., ABRAHAM, P., THODY, A. 

J. & BEVAN, J. S. 2000. Cushing's 

syndrome due to phaeochromocytoma 



Medical Research Archives. Vol. 5 Issue 2.February 2017. 

Peptidergic phenotypes of pheochromocytoma 

 

Copyright 2017 KEI Journals. All Rights Reserved.             Page | 17  

 

secreting the precursors of 

adrenocorticotropin. The Journal of clinical  

endocrinology and metabolism, 85, 

4771-4775. 

 


