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INTRODUCTION AND BACKGROUND 

According to literature data, the prevalence of adrenal tumors 

detected during abdominal computed tomography (CT) is 

approximately 2-4 %, but autopsy studies indicate a higher 

frequency. In the majority of cases these tumors are unilateral, 

but in 10-18% of cases they involve both adrenals. The clinical 

management of patients with these adrenal tumors is 

challenging, because currently available clinical and 

histopathological methods used for evaluation have several 

limitations.  

The majority of adrenal tumors arise from the adrenal 

cortex and, using routine clinical methods, they seem to be 

hormonally inactive adenomas. According to one proposal, the  

pathogenesis of these hormonally inactive adenomas may 

involve an increased ACTH-stimulation of the adrenal cortex 

secondary to a steroid biosynthetic defect. It has been shown 

that most patients with incidentally discovered adrenocortical 

adenomas have an exaggerated plasma 17-

hydroxyprogesterone (17-OHP) response after the 

administration of ACTH. This finding, together with other 

indirect observations raised the possibility that a partial 



deficiency of the 21-hydroxylase enzyme may play an 

important role in the pathomechanism of these hormonally 

inactive adrenocortical tumors. However, this proposal has not 

been fully elucidated, as the relationship between these 

hormonal alterations and the occurrence of germline and/or 

somatic mutations of the gene coding the 21-hydroxylase 

enzyme has not been investigated in these patients.  

Due to their clinical consequences, pheochromocytomas 

arising from the adrenal medulla are of outstanding clinical 

importance. Recent studies performed in some foreign centers 

in selected groups of patients with pheochromocytomas 

suggested that a high proportion of pheochromocytomas (25-

30%) are due to hereditary syndromes (MEN 2 syndrome, 

vonHippel-Lindau syndrome, neurofibromatosis, familial 

pheochromocytoma-paraganglioma syndrome). However, the 

relationships between germline mutations and clinical 

manifestations of these genetic diseases have not been fully 

elucidated. In addition, a few studies indicated that mutation of 

genes involved in the development of hereditary 

pheochromocytomas may also play a role in the 

pathomechanism of apparently sporadic pheochromocytomas.  



AIMS 

In this research work, the presence of genetic abnormalities in 

adrenal tumors, especially in hormonally inactive 

adrenocortical adenomas and pheochromocytomas was 

determined and compared with clinical and biochemical 

findings observed in patients with these adrenal tumors. The 

research work aimed to answer the following questions:  

1. Is it possible to obtain a direct evidence for the causal 

role of 21-hydoxylase enzyme deficiency in the 

development of hormonally inactive adrenocortical 

adenomas by the determination of the most common 

disease-causing mutations of the CYP21B gene in DNA 

samples of patients with these tumors? Do these 

mutations, if exist, correspond to germline or somatic 

mutations? Do the frequency and/or the spectrum of 

mutations differ in patients with unilateral adenomas 

compared to those with bilateral tumors? 

2. Do mutations of steroid biosynthesis enzyme genes 

other than CYP21B (eg. CYP17) occur in patients with 

hormonally inactive adrenocortical adenomas? Is it 

possible to demonstrate the natural occurrence of the 



new (hypothetic) CYP17 variants, which were 

discovered by our recent in silico studies, by direct 

sequencing of the entire CYP17 gene in DNA samples 

of patients with adrenal tumors?  

3. Is it possible to obtain new clinical information by the 

comparison of the genotype and clinical phenotype of 

patients with MEN 2 syndrome, the most common 

hereditary pheochromocytoma syndrome associated 

with mutations of the RET gene? Does segregation of a 

disease-causing RET mutation and a Ser836Ser 

polymorphism (which has been detected in the general 

population and has been considered as a low penetrance 

disease-causing allele) in a large kindred alter the 

clinical fenotype? Is it possible to demonstrate the 

natural occurrence of the new (hypothetic) RET variants 

which were discovered by our recent in silico studies by 

direct sequencing of exons the RET gene associated 

with the MEN 2 syndrome?  

4. Does the occurrence of hereditary pheochromocytomas 

in a non-selected group of patients with 

pheocromocytomas examined at the 2nd Department of 



Medicine between 1995 and 2003 confirm recent 

reports showing a high frequency (25-30%) of 

hereditary pheochromocytomas? Do clinical findings, 

biochemical parameters, pathological data, and/or 

tumoral tissue catecholamine content offer help for the 

differentiation of patients with hereditary and sporadic  

pheochromocytomas?  

 

PATIENTS AND METHODS 

Patients, blood and tissue samples 

In the present work, the clinical, hormonal and 

histopathological data of patients with adrenal tumors 

examined at the 2nd Department of Medicine were analysed. 

For molecular biological studies, DNA samples isolated from 

peripheral blood and from tumoral tissue obtained during 

adrenalectomy were used.  

Plasma corticosteroid concentrations  

Concentrations of plasma corticosteroids were determined with 

radioimmunassay methods, using highly specific antisera. 

Urinary VMA and tissue catecholamine content 



Urinary VMA and tissue epinephrine, norepinephrine and 

dopamine contents were analyzed using high pressure liquid 

chromatography. 

Molecular biological studies 

The CYP21B mutations were determined using an allele-

specific PCR method. The CYP17 mutation and 

polymorphisms were studied by direct DNA sequencing. The 

RET gene was analysed using SSCP and direct DNA 

sequencing. The Vhl gene analysis was performed by direct 

DNA sequencing method. 

 

RESULTS 

Adrenocortical adenomas and CYP21B gene mutations  

The occurrence of the 8 commonly-occurring disease-causing 

CYP21B gene mutations was studied in peripheral blood DNA 

samples of 19 patients with bilateral adrenal adenomas and in 

peripheral blood and tumoral DNA samples of 31 patients with 

unilateral adrenal adenomas. The results indicated, that 

homozygous and heterozygous germline CYP21B mutations 

were present in 21.1% of patients with bilateral and in 16.1% 

of patients with unilateral adrenocortical tumors. Plasma 



ACTH-stimulated 17-OHP concentrations in patients with 

bilateral adrenal adenomas were higher than those measured in 

patients with unilateral adenomas, but the difference was not 

statistically significant. There was no correlation between 

ACTH-stimulated plasma 17-OHP and the occurrence of 

CYP21B gene mutations in these patient groups. 

 

Newly-discovered CYP17 mutation and CYP17 

polymorphisms  

When analyzing the data of patients with adrenal tumors 

examined at the 2nd Department of Medicine between 1995 and 

2003, one patient with 17-hydroxylase enzyme deficiency was 

identified. Sequencing of the CYP17 revealed a new, 

previously undescribed mutation (Arg440Cys). In addition to 

this disease-causing mutation, three previously published 

polymorphisms and two new sequence variants not resulting in 

an amino acid change which were discovered by our recent in 

silico study were identified.  

 

Mutational analysis of the RET protooncogene  



Initially, an SSCP method was used for the mutation analysis 

of exon 11 of the RET protooncogene in peripheral DNA 

samples of 86 subjects (30 subjects from 5 families with MEN 

2A syndrome, 9 subjects from a family with FMTC, 19 patients 

with sporadic MTC and 28 patients with sporadic 

pheochromocytomas). Using this method, the presence of exon 

11 mutations was shown in 12 patients from 4 families with 

MEN 2A and in 4 patients from a family with FMTC (all 

confirmed subsequently by direct DNA sequencing). However, 

in affected members of the fifth MEN 2A family, the SSCP 

analysis gave false negative results and the disease-causing 

mutation (TGC634AGC) in exon 11 of the RET gene was 

identified by direct DNA sequencing. In patients with sporadic 

MTC and in those with sporadic pheochromocytomas, the 

SSCP analysis showed no mutations in exon 11 of the RET 

gene.  

Sequencing of exons 10, 11, 13, 14, 15 and 16 of the 

RET gene was performed in 72 subjects from 10 families with 

MEN 2 syndrome (7 MEN 2A and 3 FMTC). Mutations were 

most frequently detected in exon 11 at codon 634 (6 families).  



In exon 10, two different mutations were identified 

(TGC609TAC and TGC609TCC) in two families with MEN 

2A syndrome. In family members having the TGC609TCC 

mutation, the clinical data indicated the presence of 

pheochromocytomas in 3 patients who also had medullary 

thyroid cancers. The presence of  pheochromocytomas in these 

3 family members was described as a new clinical phenotype 

associated with the TGC609TCC mutation. 

Genetic analysis of the RET gene in a large kindred 

with FMTC consisting 4 generations and 80 members indicated 

the co-existence of a known, disease-causing mutation 

(GTG804TTG, Val804Leu) and a AGC836AGT (Ser836Ser) 

polymorphism. It was shown that the mutation and the 

polymorphism were located on separate alleles, which 

permitted us to study the effect of co-segregation of the 

mutation and polymorphism on the clinical phenotype. A 

detailed analysis of clinical data revealed, that as shown in 

most exon 14 mutations, the clinical course of FMTC in the 

affected members was relatively mild, and that co-segregation 

of the Val804Leu mutation and the Ser836Ser polymorphism 

failed to aggravate the clinical signs or the course of FMTC.  



In addition to the Ser836Ser polymorphism, other 

sequence polymorphisms of the RET were also identified in 

DNA samples of patients with MEN 2 syndrome. In exon 13, a 

previously-described polymorphism not resulting in an amino 

acid change was detected in both homozygous and 

heterozygous forms (CTT769CTG, Leu769Leu). It should be 

noted, that the presence of a new sequence variant discovered 

recently by our in silico approach (TCC904TCG, Ser904Ser) 

was also detected in a patient with sporadic 

pheochromocytoma. 

 

Hereditary and sporadic pheochromocytomas 

The determination of the relative frequency, and clinical and 

biochemical features of hereditary and sporadic 

pheochromocytomas was based on data obtained from 609 

patients with adrenal tumors, who were investigated at the 2nd 

Department of Medicine between 1995 and 2003. Of the 609 

patient, 41 patients (6,7%) were identified as having 

pheochromocytomas. Of the 41 patients with 

pheochromocytomas, 13 patients had hereditary syndromes (7 

patients with MEN 2A syndrome confirmed with the presence 



of RET mutations, 2 patients with vonHippel-Lindau syndrome 

confirmed with the presence of Vhl gene mutations and 4 

patients with neurofibromatosis type 1 diagnosed on the basis 

of specific clinical presentation). Hereditary 

pheochromocytomas corresponded to 28% of all 

pheochromocytomas? this frequency is similar to recent studies 

but it differs from earlier reports suggesting an about 10% 

frequency of hereditary pheochromocytomas. Our study also 

showed that the size of hereditary pheochromocytomas was 

somewhat higher than the size of sporadic 

pheochromocytomas, bilateral tumors were detected more 

frequently in hereditary cases, and malignancy was observed 

only in sporadic cases. Clinical data of hereditary and sporadic 

cases indicated that except a significantly higher systolic blood 

pressure in patients with sporadic pheochromocytomas, the 

clinical and biochemical parameters were similar in both 

groups of patients. Urinary catecholamine excretion was also 

similar in both groups. Epinephrine and norepinephrine content 

in tumoral tissues showed a great variability among patients in 

both groups, without clear-cut correlation between tissue 

catecholamine content and clinical signs or symptoms.  



SUMMARY AND CONCLUSIONS 

Germline mutations of the CYP21B gene causing partially 

decreased 21-hydroxylase activity and subsequently increased 

ACTH secretion may play a role in the pathomechanism of at 

least some hormonally inactive incidentally discovered adrenal 

tumors, which represent the most common clinical type of 

adrenal tumors. The frequency and spectrum of the most 

common CYP21B mutations in unilateral and bilateral 

adenomas are different. The lack of close relationship between 

the presence of CYP21B mutations and ACTH-stimulated 

plasma 17-OHP concentrations, a clinical marker of 21-

hydroxylase deficiency, in several patients with hormonally 

inactive adrenal adenomas indicates, that the role of CYP21B 

mutations in tumor formation may involve mechanisms 

independent of ACTH-induced changes in 17-OHP secretion.  

Our study indicated, that in addition to CYP21B 

mutations, CYP17 mutation may be rarely involved in the 

pathomechanism of adrenal tumors (1 of 609 cases). 

Sequencing of all exons of CYP17 in germline DNA of a 

patient with bilateral adrenal adenomas revealed a previously 

undescribed disease-causing mutation of the CYP17 gene 



(Arg440Cys) and 5 different CYP17 polymorphisms, of which 

two polymorphisms were described by our recent in silico 

approach. These findings confirm the usefulness of in silico 

studies to search for novel CYP17 variants.  

When using the SSCP method for screening of RET 

gene mutations, which are associated with the most frequent 

hereditary pheochromocytoma syndrome (MEN 2A syndrome), 

it was found that this method gave a false negative result in 

case of TGC634AGC mutation of exon 11 of the RET gene. In 

contrast to data previously published in the literature, our study 

showed that mutation at codon 609 of exon 10 of the RET gene 

can be associated with pheochromocytomas. This observation 

has particularly important clinical implications, because it 

seems obvious that patients who have mutation at codon 609 of 

exon 10 of the RET gene should be screened for 

pheochromocytomas. Our studies on a large kindred with 

FMTC consisting 4 generations and 80 members indicated that 

co-segregation of a low-penetrance RET sequence-variant, 

AGC836AGT (Ser836Ser) (which is presumably involved in 

the pathomechanism of sporadic medullary thyroid cancer), 

and a known disease-causing RET mutation (GTG804TTG, 



Val804Leu) did not aggravate the relatively low-risk disease 

phenotype characteristic in most patients with Val804Ser 

mutation. Therefore, these results do not seem to support the 

hypothesis that similar to sporadic medullary thyroid cancer, 

the Ser836Ser polymorphism may have an impact on the 

pathomechanism of FMTC. Finally, our studies confirmed the 

natural occurrence of a new TGC904TCG (Ser904Ser) 

polymorphism, which was recently described by our in silico 

approach in a DNA sample obtained from a patient with a 

sporadic pheochromocytoma, indicating the usefulness of this 

approach to search for novel RET variants.  

Our systemic studies on the occurrence of MEN 2A 

syndrome caused by RET mutations, vonHippel-Lindau 

syndrome caused by Vhl mutations and type 1 

neurofibromatosis among all patients with pheochromocytomas 

investigated at the 2nd Department of Medicine between 1995-

2003 showed that hereditary pheochromocytomas represent 

28% (13 of 41 cases) of all pheochromocytomas. These results 

obtained from a non-selected patient group confirm the results 

of some international centers showing that hereditary 

pheochromocytomas represent a high proportion among all 



pheochromocytomas. Our study also showed that bilateral 

tumors were more frequent among hereditary 

pheochromocytomas, while malignancy was detected only in 

sporadic cases. Also, the systolic blood pressure was higher in 

patients with sporadic pheochromocytomas than in hereditary 

pheochromocytomas, but other clinical and laboratory 

parameters (including mean age, presentation symptoms, pulse 

rate, fasting serum glucose concentration, urinary 

catecholamine metabolite excretion, and tissue catecholamine 

concentrations) failed to reveal significant differences between 

hereditary and sporadic tumors. Thus, these findings indicate, 

that clinical and laboratory parameters do not offer a great help 

to differentiate between patients with sporadic and hereditary 

pheochromocytomas. 
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