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I. INTRODUCTION 

 

The appropriate selection of methods from numerous 

molecular biologic techniques for studying the function and for 

understanding alterations underlying disorders of the hormonal 

regulatory system seems mandatory for accurate and rapid 

diagnosis of clinically relevant genetic abnormalities. 

Glucocorticoid receptor (GR) gene variants 

(polymorphisms) may exert an important role on the sensitivity 

to cortisol, which is responsible for the metabolic and other 

effects of the hypothalamic-pituitary-adrenal axis. Decreased or 

increased glucocorticoid sensitivity related to these 

polymorphisms may increase the risk for different disorders 

and metabolic abnormalities and, therefore, studies on possible 

associations between GR gene polymorphisms and various 

disorders or clinical parameters may have clinical relevance. 

Several methods have been developed for the detection of the 

BclI polymorphism of the GR gene, which has a high 

prevalence in Caucasian population. However, these methods 

are labour-intensive, have a high cost and need expensive 

laboratory equipments and, therefore, they are hardly 

applicable for population-based studies. 
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The efficacy of genetic screening for monogenic 

hereditary endocrine disorders is highly dependent on the 

available methods. The most commonly used technique, direct 

DNA sequencing is able to identify disease-causing mutations 

and small deletions of the gene, but heterozygous copy number 

changes including large gene deletions cannot be detected 

using this method. As an example, genetic alterations of the 

VHL gene causing the hereditary von Hippel-Lindau disease 

include both mutations and partial or complete gene deletions. 

In addition, VHL gene abnormalities may play a role in the 

pathogenesis of apparently sporadic pheochromocytomas 

(ASP), although different data have been published on the 

frequency of disease-causing VHL gene defects in 

geographically different ASP populations. 

 

II. AIMS 

 

In my work I wanted to explore the following issues:  

1. The classical methods used for the detection of the 

Bcl I polymorphism of the GR gene, which has a known 

influence on sensitivity to cortisol that mediates the metabolic 

and other effects of the hypothalamic-pituitary-adrenal axis, 

need high-cost equipments (real-time PCR) or are time-
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consuming and expensive (Southern-blot and restriction 

enzyme digestion). Additionally, Southern-blot requires 

radiation protection equipment. Therefore, my aim was to 

develop a novel allele-specific PCR method for the detection of 

the Bcl I polymorphism of the GR gene which is time-, labour- 

and cost-saving and does not need expensive laboratory 

equipments. My work also included validation experiments by 

comparing the results obtained from the novel method to those 

found with the two classical methods (DNA sequencing and 

restriction enzyme digestion) in a large number of DNA 

samples in order to prove its applicability in everyday practice. 

Finally, I wanted to determine the frequency of the 

polymorphic Bcl I allele in a large cohort of healthy Hungarian 

subjects. 

 

2. My aim was to identify disease-causing germline 

VHL gene abnormalities in patients with VHL disease and in 

their relatives, as well as in patients with ASP who were 

evaluated at the 2nd Department of Medicine, Faculty of 

Medicine, Semmelweis University between 1998 and 2008. 

Because VHL disease may be caused not only by mutations but 

also large deletions of the VHL gene, I performed direct DNA 

sequencing of the VHL gene and, in case of a negative result, I 
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applied two other methods (quantitative real-time PCR and 

multiple ligation probe amplification analysis, MLPA) for the 

detection of large deletions of the VHL gene. With the 

combined use of these techniques I wanted to develop a new 

screening program for the identification of disease-causing 

VHL gene defects which can be applied more efficiently than 

previous methods. In addition, my aim was to compare clinical 

and genetic findings obtained from Hungarian VHL patients to 

those published in recent international literature. During this 

analysis I also investigated the possibility of a genetic founder 

effect in order to clarify whether this mutation phenomenon 

could exist in Hungarian patients as reported in other European 

cohorts of VHL patients. 

 

III. PATIENTS AND METHODS 

 

Detection of the Bcl I polymorphism of the GR gene 

For the development of the novel allele-specific PCR method I 

used the DNA samples of 247 healthy Hungarian adults (60 

men and 187 women, mean age 54.5±30.5 years and 55±33 

years, respectively). Genomic DNA was isolated from 

peripheral blood lymphocytes using commercially available 

standard kits. I designed allele-specific “internal” and non-
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specific ”outer” oligonucleotide primers using Primer Premiere 

software. I separated the fragments of PCR product with 

agarose gel electrophoresis and visualised with 2% of 

ethidium-bromide staining using an ultraviolet transilluminator. 

For validation of the novel method I determined the Bcl I 

polymorphism in 50 randomly selected DNA samples with the 

classical restriction enzyme digestion (New England Biolabs, 

Bcl I enzyme) and with the gold standard direct DNA 

sequencing (LI-COR 4000L automated infrared DNA 

sequencer). 

To explore whether genotype distribution and allele 

frequency among the 247 individuals meets the requirements of 

Hardy-Weinberg-equilibrium I used chi-square test with SPSS 

for Windows 12.0.1 software. 

 

Patients with VHL disease or ASP  

I analysed clinical data and DNA samples of 7 unrelated VHL 

families with 35 members and 37 unrelated histologically 

proven unilateral ASP patients who were evaluated at the 2nd 

Department of Medicine, Semmelweis University between 

1998 and 2008. Initial screening included medical history, 

physical examination, abdominal ultrasonography, computed 

tomography (CT) or magnetic resonance imaging (MRI), brain 
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and spinal cord MRI, 131-meta-iodinebenzylguanidine 

(MIBG)-isotope scan, ophthalmologic examination, and 

laboratory tests which included routine biochemical testing and 

24h urinary catecholamine metabolite determination. All 

patients underwent genetic counselling, and clinical as well as 

genetic screening was performed in all relatives who agreed the 

screening tests. 

 

Patients with VHL disease 

The index patients and their mutation carrier relatives were 

categorised into VHL subtypes based on their clinical findings 

and according to the international guidelines. During the 

follow-up no newly detected VHL-associated tumors were 

found in these families and, therefore, no reclassification was 

needed. 

 

Patients with ASP 

There were 17 men (age, mean±SD, 40.6±15.4; range, 12–67 

years) and 20 women (age, mean±SD, 37.7±14.4; range, 19–63 

years). Patients with bilateral and familial pheochromocytomas 

and those with personal or family history of syndromic disease 

(VHL, multiple endocrine neoplasia type 2, neurofibromatosis 

type 1, and familial paraganglioma syndromes) were excluded. 
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Clinical screening for other VHL-associated tumours was 

performed but no other manifestations were found. 

 

Genetic screening for VHL gene mutations 

Genomic DNA was isolated from peripheral blood 

lymphocytes using commercially available standard kits. Using 

an optimised PCR with newly designed oligonucleotide 

primers (Primer 3 software) I amplified the corresponding VHL 

gene exons with their splice regions. After purification of the 

PCR product direct DNA sequencing was performed (Applied 

Biosystems 310 Genetic Analyzer). When direct DNA 

sequencing showed no mutation I applied two additional 

methods for the detection of VHL gene large deletions; a 

SYBRGreen chemistry based novel, real-time PCR method 

(Power SYBRGreen PCR Master Mix; Applied Biosystems 

7500 Fast Real Time PCR) and multiple ligation probe 

amplification (MLPA) (SALSA MLPA kit; Applied 

Biosystems 310 Genetic Analyzer) as a reference method. For 

the evaluation of the MLPA results I applied Peak Scanner and 

MS-Excel software. With the use of the latter two methods 

large gene deletion was diagnosed when the test results were 

under 60% and 55%, respectively, depending on the 

manufacturer’s instructions. 
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IV. RESULTS 

 

The novel allele-specific PCR method included generation of 

an internal control fragment and specific wild-type or mutant 

fragments, or both corresponding to wild-type or heterozygous 

or homozygous polymorphic BclI alleles, respectively. The 

novel PCR, restriction enzyme digestion and direct DNA 

sequencing gave identical result in each of the 50 randomly 

selected DNA samples. There were 100 homozygous wild, 124 

heterozygous and 23 homozygous polymorphic genotypes 

among the 247 individuals examined and the frequency of the 

polymorphic allele was 0,344 (q=0.344). Based on the Hardy-

Weinberg-equilibrium the measured and calculated genotype 

distribution was compared with chi-square test and the results 

indicated no significant differences between the measured and 

calculated values (0.8122. <5.9915, df=2, alpha=0.05). The 

measured genotype distribution was concordant with the 

expected population distribution and the frequency of the 

polymorphic allele was similar to the reported in other 

Caucasian populations (mean 36.2 %, between 28.9 – 55 %). 

2. There has been no comprehensive study on VHL 

gene mutations in patients in VHL disease and ASP in 
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Hungary. In my work I identified 7 different disease-causing 

VHL gene defects in the 7 VHL families and 3 further disease-

causing VHL gene mutations among the 37 unrelated ASP 

patients (8.1 %) evaluated at the 2nd Department of Medicine, 

Semmelweis University. Based on clinical evaluation 5 

families were categorised into VHL type 1 while 2 families 

into VHL type 2. Of the 10 identified disease-causing gene 

defects DNA sequencing indicated one nonsense (R161X), 6 

missense mutations (L158V, R167Q, S80I, L63P, Y156C and 

R167G) and 1 small deletion (354_355delCT) while the new 

real-time PCR and MLPA methods showed the presence of 2 

large gene deletions (exon 2 and exon 3). Additionally, I 

detected a benign gene variant of the VHL gene (P25L) in one 

family. Real-time PCR melting temperature analysis showed a 

single high peak indicating the high specificity of the method. 

The VHL gene mutations detected in our patients were spread 

throughout the whole gene, and none of them were present in 

more than one family. With the analysis of genotype-

phenotype correlations the nonsense mutation, the 2 basepair 

small deletion and the two large gene deletions which lead to 

truncated VHL protein were only found in VHL type 1 while 

missense mutations were mainly, but not exclusively detected 

in VHL type 2B and 2C. This mutational spectrum in 
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Hungarian VHL patients does not differ significantly from 

those observed in Western, Japanese, or Chinese VHL 

kindreds. In one of the largest studies 6 mutation hot spots 

were identified and two of them (R161X and R167Q) were 

found in our patient cohort. 

In my work including 37 patients with unilateral ASP I 

have found 3 germline VHL gene mutations (8.1%). Each of 

the three patients had a different mutation (L63P, Y156C and 

R167G) and based on this finding the possibility of founder 

effect could be excluded. These mutations were described as 

disease-causing mutations in patients with VHL disease. 

 

 

V. CONCLUSIONS 

 

I developed a novel, simple allele-specific PCR method for the 

detection of the Bcl I polymorphism of the GR gene which has 

known influence on the sensitivity to cortisol that mediates the 

metabolic and other effects of the hypothalamic-pituitary-

adrenal axis. I confirmed the results obtained from the novel 

allele-specific PCR in a large number of DNA samples with 

two classical method (restriction enzyme digestion and direct 

DNA sequencing). While preserving the high sensitivity of 
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earlier techniques, this novel method is time- and labour-saving 

with a relatively low cost and it does not need robust laboratory 

or radiation protection equipments. I found that the frequency 

of the polymorphic allele was 34.4 % in healthy Hungarian 

individuals, which is similar to data published in other 

Caucasian populations. 

I performed the first comprehensive study for the 

detection of disease-causing VHL gene defects in 35 members 

from 7 families with VHL disease and 37 unrelated, unilateral 

ASP patients who were evaluated at the 2nd Department of 

Medicine, Faculty of Medicine, Semmelweis University 

between 1998-2008. Apart from the point mutations and small 

gene deletions which were identified with direct DNA 

sequencing, I detected large deletions of the VHL gene using 

quantitative real-time PCR and MLPA methods. The combined 

use of these methods proved to be a useful screening procedure 

for a more efficient detection of disease-causing genetic defects 

in the index patients and their relatives. I found disease-causing 

VHL gene defects in each of the 7 VHL families and I 

identified 3 disease-causing VHL mutations among the 37 

unrelated unilateral ASP patients. The 10 disease-causing gene 

defects included one nonsense (R161X), 6 missense mutations 

(L158V, R167Q, S80I, L63P, Y156C and R167G), one small 
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deletion (354_355delCT) and 2 large gene deletions. These 

mutations were spread throughout the whole gene, and none of 

them were present in more than one family. With the analysis 

of genotype-phenotype correlations the nonsense mutation, the 

2 basepair small deletion and the two large gene deletions 

which lead to truncated VHL protein were only found in VHL 

type 1 while missense mutations were mainly, but not 

exclusively detected in VHL type 2B and 2C. This mutational 

spectrum in Hungarian VHL patients does not differ 

significantly from those observed in Western, Japanese, or 

Chinese VHL kindreds. Except a small deletion 

(354_355delCT) each of the 10 disease-causing VHL gene 

defects were previously described in the international literature. 

Based on my results, VHL gene testing is recommended not 

only in patients /family members with VHL-disease but also in 

patients with ASP. 



 14 

PUBLICATIONS RELATED TO THE THESES 

 

1. Gergics P, Patocs A, Majnik J, Balogh K, Szappanos 
A, Toth M, Racz K: Detection of the Bcl I 
polymorphism of the glucocorticoid receptor gene by 
single-tube allele-specific polymerase chain reaction 
Journal of Steroid Biochemistry and Molecular Biology 
2006; 4-5: 161-166 
IF: 2,825 

2. Gergics P, Patocs A, Toth M, Igaz P, Szucs N, Liko I, 
Fazakas F, Szabo I, Kovacs B, Glaz E, Racz K: 
Germline VHL gene mutations in Hungarian families 
with von Hippel-Lindau disease and patients with 
apparently sporadic unilateral pheochromocytomas 
European Journal of Endocrinology 2009; 3: 495-502 
IF (2008): 3,791 

3. Gergics P, Tőke J, Szilágyi Á, Szappanos Á, Kender Z, 
Barta G, Tóth M, Igaz P, Rácz K, Patócs A: A nagy 
géndeléciók kimutatásának módszerei és alkalmazásuk 
egyes örökletes betegségekben 
Orvosi Hetilap 2009;  



 15 

PUBLIATIONS NOT CLOSELY RELATED TO THE 

THESES 

 

1. Adler I, Barsi P, Czirjak S, Varga I, Gergics P, Jakab 
C, Racz K: Rapid re-enlargement of a 
macroprolactinoma after initial shrinkage in a young 
woman treated with bromocriptine 
Gynecological Endocrinology 2005; 6: 317-321 
IF: 0,852 

2. Balogh K, Hunyady L, Patócs A, Valkusz Z, Bertalan 
R, Gergics P, Majnik J, Tőke J, Tóth M, Szücs N, Gláz 
E, Fűtő L, Horányi J, Rácz K, Tulassay Z: Az 1-es 
tipusú multiplex endokrin neoplasia klinikai tünetei, 
diagnózisa és kezelése. A genetikai vizsgálatok hazai 
tapasztalatai 
Orvosi Hetilap 2005; 43: 2191-2197 

3. Patocs A, Liko I, Varga I, Gergics P, Boros A, Futo L, 
Kun I, Bertalan R, Toth S, Pazmany T, Toth M, Szucs 
N, Horanyi J, Glaz E, Racz K: Novel mutation of the 
CYP17 gene in two unrelated patients with combined 
17alpha-hydroxylase/17,20-lyase deficiency: 
demonstration of absent enzyme activity by expressing 
the mutant CYP17 gene and by three-dimensional 
modeling 
Journal of Steroid Biochemistry and Molecular Biology 
2005; 3: 257-265 
IF: 2,866 

4. Gergics P, Czirják S, Mondok Á, Tóth M, Varga I, 
Rácz K, Tulassay Z: Vízszerű orrfolyás vagy nasalis 
agyvízcsorgás? Acromegaliát okozó hypophysisdaganat 
tanulságos esete 
Magyar Belorvosi Archívum 2006; Supplementum 2: 
139-143 



 16 

5. Majnik J, Patócs A, Balogh K, Luczay A, Török D, 
Szabó V, Borgulya G, Gergics P, Szappanos A, 
Bertalan R, Belema B, Tőke J, Sereg M, Nagy ZZ, 
Sólyom J, Tóth M, Gláz E, Rácz K, Németh J, Fekete 
G, Tulassay Z: A glükokortikoidreceptor gén 
szekvenciavariánsai és jelentőségük a glükokortikoidok 
iránti érzekenység meghatározásában 
Orvosi Hetilap 2006; 44: 2107-2115 

6. Majnik J, Patocs A, Balogh K, Toth M, Gergics P, 
Szappanos A, Mondok A, Borgulya G, Panczel P, 
Prohaszka Z, Racz K: Overrepresentation of the N363S 
variant of the glucocorticoid receptor gene in patients 
with bilateral adrenal incidentalomas 
Journal of Clinical Endocrinology and Metabolism 
2006; 7: 2796-2799 
IF: 5,799 

7. Patocs A, Klein I, Szilvasi A, Gergics P, Toth M, 
Valkusz Z, Forizs E, Igaz P, Al-Farhat Y, Tordai A, 
Varadi A, Racz K, Esik O: Genotype-phenotype 
correlations in Hungarian patients with hereditary 
medullary thyroid cancer 
Wiener klinische Wochenschrift 2006; 13-14: 417-421 
IF: 0,804 

8. Balogh K, Hunyady L, Patocs A, Gergics P, Valkusz Z, 
Toth M, Racz K: MEN1 gene mutations in Hungarian 
patients with multiple endocrine neoplasia type 1 
Clinical Endocrinology 2007; 5: 727-734 
IF: 3,370 

9. Reismann P, Varga I, Patócs A, Gergics P, Tóth M, 
Szücs N, Gláz E, Rácz K, Tulassay Z: A 
hormonvizsgálatok fejlődésének 50 éve, nemzetközi 
visszatekintés és hazai tapasztalatok 
Magyar Belorvosi Archívum 2007; 5: 403-411 

10. Toke J, Czirjak G, Patocs A, Enyedi B, Gergics P, 



 17 

Csakvary V, Enyedi P, Toth M: Neonatal severe 
hyperparathyroidism associated with a novel de novo 
heterozygous R551K inactivating mutation and a 
heterozygous A986S polymorphism of the calcium-
sensing receptor gene 
Clinical Endocrinology 2007; 3: 385-392 
IF: 3,370 

11. Tóth M, Tőke J, Horányi J, Stenczer B, Patócs A, 
Balogh K, Jakab Z, Szücs N, Gergics P, Varga I, Rácz 
K, Tulassay Z: A sporadikus és familiaris 
hyperparathyreosis klinikai és laboratóriumi jellemzői 
Magyar Belorvosi Archívum 2007; Supplementum 2: 
154-159 

12. Tőke J, Tóth M, Patócs A, Bertalan R, Gergics P, 
Stenczer B, Speer G, Lakatos P, Rácz K, Tulassay Z: A 
kálcium-szenzor gén mutációvizsgálatának hazai 
tapasztalatai 
Magyar Belorvosi Archívum 2007; 5: 451-454 

13. Patocs A, Gergics P, Balogh K, Toth M, Fazakas F, 
Liko I, Racz K: Ser80Ile mutation and a concurrent 
Pro25Leu variant of the VHL gene in an extended 
Hungarian von Hippel-Lindau family 
BMC Medical Genetics 2008; 29; DOI10.1186/1471-
2350-9-29 
IF: 2,762 

14. Sallai A, Hosszu E, Gergics P, Racz K, Fekete G: 
Orolabial signs are important clues for diagnosis of the 
rare endocrine syndrome MEN 2B. Presentation of two 
unrelated cases: European Journal of Pediatrics 2008; 4: 
441-446 
IF: 1,277 

15. Sallai Á, Igaz P, Patócs A, Gergics P, Rácz K, Fekete 
G: Profilaktikus thyreoidectomia gyermekkorban 
Gyermekgyógyászat 2008; 2: 48-52 



 18 

16. Pregun I, Gergics P, Dabasi G, Igaz P, Racz K, 
Tulassay Z: Serum chromogranin A reflects regression 
of metastatic carcinoid during prolonged octreotide 
treatment 
European Journal of Gastroenterology & Hepatology 
2009; 4: 476-477 
IF (2008): 2,080 

17. Szoke D, Molnar B, Solymosi N, Racz K, Gergics P, 
Blasko B, Vasarhelyi B, Vannay A, Mandy Y, Klausz 
G, Gyulai Z, Galamb O, Spisak S, Hutkai B, Somogyi 
A, Berta K, Szabo A, Tulassay T, Tulassay Z: 
Polymorphisms of the ApoE, HSD3B1, IL-1beta and 
p53 genes are associated with the development of early 
uremic complications in diabetic patients: results of a 
DNA resequencing array study 
International Journal of Molecular Medicine 2009; 2: 
217-227 
IF (2008): 1,880 

18. Toke J, Patocs A, Balogh K, Gergics P, Stenczer B, 
Racz K, Toth M: Parathyroid hormone-dependent 
hypercalcemia 
Wiener klinische Wochenschrift 2009; 7-8: 236-245 
IF (2008): 0,857 

19. Tőke J, Patócs A, Gergics P, Bertalan R, Tóth M, Rácz 
K, Tulassay Z: Az extracelluláris kálciumkoncentráció 
érzékelése egészséges és kóros állapotokban 
Orvosi Hetilap 2009; 17: 781-790 


