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1. Wykaz publikacji stanowigcych rozprawe

Niniejsza rozprawa doktorska pt.: "Wykorzystanie badan genetycznych w wybranych
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(2 artykutéw oryginalnych i 1 opisu przypadku) opublikowanych w miedzynarodowych
czasopismach naukowych indeksowanych w bazie PubMed oraz znajdujacych sie na liscie
Journal Citation Reports (Thomson Reuters, Clarivate Analytics).

1. Kurzynska A, Skalniak A, Franson K, Bistika V, Hubalewska-Dydejczyk A, Przybylik-
Mazurek E. Molecular analysis and genotype-phenotype correlations in patients with
classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency from
southern Poland - experience of a clinical center. Hormones (Athens). 2022
Jun;21(2):241-249. doi: 10.1007/s42000-022-00348-z. Epub 2022 Jan 26. PMID:
35079965; PMCID: PM(C9130175

punkty MNiSW: 70
impact factor: 3.419

2. Kurzynska A, Pach D, Skalniak AE, Stefariska A, Opalinska M, Przybylik-Mazurek E,
Hubalewska-Dydejczyk A. Prevalence of Selected Single-Nucleotide Variants in
Patients with Neuroendocrine Tumors — Potential Clinical Relevance. J Clin Med. 2022
Sep 21;11(19):5536. doi: 10.3390/jcm11195536. PMID: 36233401; PMCID:
PMC9573749

punkty MNiSW: 140
impact factor: 4.964

3. Kurzyniska A, Przybylik-Mazurek E, Skalniak A, Buziak-Bereza M, Brzozowska-Czarnek
A, Tomaszewska R, Hubalewska-Dydejczyk A. A rare case of aggressive, hereditary
paraganglioma associated with a pathogenic variant in SDHD. Endokrynol Pol.
2021;72(4):403. doi: 10.5603/EP.a2021.0050. Epub 2021 May 19. PMID: 34010450

punkty MNiSW: 70

impact factor: 1.569

Sumaryczna liczba punktéw MNiSW: 280

Sumaryczny impact factor: 9.952



2. Wykaz skrétow

210HD — 21-hydroksylaza

DES - rozlany system endokrynny (ang. diffuse endocrine system)

GEP NEN — nowotwér neuroendokrynny zotagdkowo-jelitowo-trzustkowy (ang.
gastroenteropancreatic neuroendocrine neoplasm)

MEN — zespdt mnogich nowotwordw gruczotéw wydzielania wewnetrznego

(ang. multiple endocrine neoplasia)

MLPA — zalezna od ligacji multipleksowa amplifikacja sond (ang. multiplex ligation-
dependent probe amplification)

NEC — rak neuroendokrynny (ang. neuroendocrine carcinoma)

NEN — nowotwodr neuroendokrynny (ang. neuroendocrine neoplasm)

NET — guz neuroendokrynny (ang. neuroendocrine tumour)

NF1 — neurofibromatoza typu 1

PPV — pozytywna wartos¢ predykcyjna (ang. positive predictive value)

SNP — polimorfizm pojedynczego nukleotydu (ang. single nucleotide polymorphism)
SV — wirylizacja prosta (ang. simple virilization)

SW — postac z utratg soli (ang. salt wasting)

TSC — zespdt stwardnienia guzowatego (ang. tuberous sclerosis complex)

VHL — zespot von Hippel-Lindau

WHO - Swiatowa Organizacja Zdrowia (ang. World Health Organisation)

WPN — wrodzony przerost nadnerczy



3. Wstep i uzasadnienie podjecia badan

Badania molekularne stanowig jedng z kluczowych i dynamicznie rozwijajgcych sie
metod diagnostycznych wspdtczesnej endokrynologii. Poszukiwanie zmian genetycznych
pozwala nie tylko na ustalenie prawidtowego rozpoznania czy przewidywanie przebiegu
klinicznego danej jednostki chorobowej, ale moze réwniez wptywaé na dobdr optymalnej
sekwencji leczenia, co ptynnie wpisuje sie w nowoczesne koncepcje rozwoju onkologii
endokrynologicznej, takie jak medycyna spersonalizowana.

Zatozeniem niniejszej rozprawy doktorskiej byto opracowanie zagadnien zwigzanych
z wykorzystaniem badan genetycznych w  wybranych rzadkich  zaburzeniach
endokrynologicznych: klasycznej postaci wrodzonego przerostu nadnerczy, guzach

neuroendokrynnych oraz przyzwojakach.

3.1 Wrodzony przerost nadnerczy — podtoze genetyczne oraz korelacja genotyp-

-fenotyp

Wrodzony przerost nadnerczy (WPN) to dziedziczone autosomalnie recesywnie
zaburzenie wywotane zmianami molekularnymi w jednym z genéw kodujgcych enzymy szlaku
sterydogenezy nadnerczowej [1]. Okoto 90% do 95% przypadkéw WPN jest spowodowanych
niedoborem 21-hydroksylazy (210HD) wynikajgcym z nieprawidtowosci molekularnych
w genie CYP21A [2]. W zalezno$ci od stopnia uposledzenia aktywnosci enzymu 210HD, WPN
moze przybiera¢ rézne formy kliniczne — ciezszg forme klasyczng oraz forme nieklasyczng,
z tagodniej wyrazonymi objawami klinicznymi. Czestos¢ wystepowania formy klasycznej
ocenia sie naod 1:14 000 do 1: 18 000 urodzen, natomiast formy nieklasycznej na 1 : 1000
0s6b i jest ona znacznie wieksza w niektdrych grupach etnicznych (np. u Eskimoséw Yupik czy
wséréd mieszkaricdw rejonu basenu Morza Srédziemnego) [2, 3].

Postac klasyczng dodatkowo mozna podzieli¢ na forme przebiegajgcg z utratg soli (SW)
oraz wirylizacje prostg (SV). W postaci SW resztkowa aktywnos$¢ 210HD jest niewielka lub nie
ma jej wcale, co skutkuje ciezkim niedoborem kortyzolu i aldosteronu oraz nadmiarem
androgendw, a objawy kliniczne pojawiajg sie juz w pierwszych dniach lub tygodniach zycia.
Posta¢ SV cechuje sie znacznym niedoborem kortyzolu i nadmiarem androgendw, ale bez
istotnego ograniczenia syntezy aldosteronu, i zwykle jest rozpoznawana we wczesnym

dziecinstwie.



Szerokie spektrum fenotypdw WPN jest zwigzane z rdézinymi typami zaburzen
molekularnych w obrebie genu CYP21A2, ktére moggy skutkowaé czesciowa lub catkowity
utratg aktywnosci 210HD. W literaturze opisano ponad 200 wariantéow patogennych genu
CYP21A2 [4, 5]. Wyniki dotychczasowych badan wykazaty, ze korelacja pomiedzy genotypem
a fenotypem wystepuje w okoto 80—-100% przypadkéw [6, 7]. Badania prowadzone przez New
i wsp. pokazaty jednak, ze zwigzek pomiedzy genotypem a fenotypem moze by¢ znacznie
mniejszy i wynosi¢ jedynie 50% [8]. Co wiecej, czestosci wystepowania poszczegdlnych
genotypow CYP21A2 wykazujg zréznicowanie etniczne. Do tej pory nie publikowano badan
charakteryzujgcych genotypy WPN oraz okreslajgcych korelacje genotyp-fenotyp w grupie

polskich pacjentéw.

3.2 Nowotwory neuroendokrynne - genetyka i rola polimorfizmow

Nowotwory neuroendokrynne (NEN) stanowig heterogenng grupe nowotworéw
wywodzacych sie z komdrek endokrynnych rozproszonych w catym organizmie i tworzacych
rozlany system endokrynny (DES). Okoto 70% nowotworéw neuroendokrynnych wywodzi sie
z przewodu pokarmowego (GEP NEN), co stanowi okoto 2% wszystkich nowotwordéw uktadu
pokarmowego [9]. Cechg charakterystyczng NEN jest zdolno$¢ do produkcji, wydzielania
i magazynowania hormondw peptydowych i amin biogennych. Guzy te mogg wykazywadé
czynnos$é hormonalng, dajgc charakterystyczny obraz kliniczny (np. zespotu rakowiaka), jednak
znaczna ich cze$é jest hormonalnie nieczynna, co istotnie opdznia rozpoznanie.

Wedtug klasyfikacji histopatologicznej WHO z 2019 roku GEP NEN obejmujg zaréwno
wysokozréznicowane guzy neuroendokrynne (NETs), klasyfikowane jako G1, G2, G3, jak
rowniez niskozréznicowane raki neuroendokrynne (NECs) [10]. Podtoze genetyczne NEN,
pomimo wielu badan, nie zostato w petni wyjasnione. Wiekszos¢ ma charakter sporadyczny,
a jedynie niewielki odsetek wystepuje w przebiegu zespotdéw genetycznych, takich jak zespot
mnogich nowotworéw gruczotéw wydzielania wewnetrznego typu 1 (MEN1), zesp6t mnogich
nowotwordéw gruczotdw wydzielania wewnetrznego typu 4 (MEN4), zespdt von Hippel-Lindau
(VHL), neurofibromatoza typu 1 (NF1), czy zespét stwardnienia guzowatego (TSC) [11].
Poniewaz czestos¢ wystepowania NEN stale rosnie (wskaznik zapadalnosci skorygowany
o wiek dla GEP-NET wzrdst 6,4 razy z 1,09 na 100 000 w 1973 r. do 6,98 na 100 000 w 2012 r.)
[12], kluczowe jest lepsze zrozumienie zmian molekularnych lezgcych u podtoza NET, co moze

sie przetozy¢ na poprawe mozliwosci diagnostyczno-terapeutycznych. Niemniej, rzadsze
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w stosunku do innych nowotworéw ztosliwych wystepowanie NET stanowito istotne
ograniczenie jesli chodzi o prowadzenie badan populacyjnych dotyczgcych polimorfizmoéw
genetycznych w NET. Do tej pory opublikowano niewiele danych na ten temat. Istnieja
natomiast doniesienia, ze polimorfizmy pojedynczych nukleotydéw moga w przysztosci
stanowi¢ marker przydatny w przewidywaniu odpowiedzi na terapie radioizotopowa

i prognozowaniu jej toksycznosci [13].

3.3 Przyzwojaki — czy rodzaj zaburzenia genetycznego warunkuje przebieg kliniczny

i dziedziczenie?

Przyzwojak (paraganglioma) to rzadki nowotwdér neuroendokrynny wywodzacy sie
z ciatek przyzwojowych uktadu przywspoétczulnego (przyzwojaki niechromochtonne) i uktadu
wspotczulnego  (przyzwojaki chromochtonne). Paraganglioma mogg by¢ zwigzane
z dziedziczonymi autosomalnie dominujgco zmianami genetycznymi w obrebie genu
kodujacego dehydrogenaze bursztynianowg (SDHD, SDHB, SDHC, SDHAF2), jak rdwniez mogg
wystepowac w zespotach uwarunkowanych genetycznie, takich jak MEN 2Ai 2B, NF1, VHL oraz
zespole Carneya. W wiekszosci przypadkow nie udaje sie jednak ustali¢ podtoza genetycznego,
paraganglioma, chociaz przyjmuje sie, ze okoto 40% z nich jest uwarunkowana genetyczne
[14]. Stale oczekujemy na wyniki dalszych badan genetycznych, ktére miatyby wartosc
predykcyjng. Wedtug aktualnie obowigzujacej klasyfikacji WHO wszystkie przyzwojaki majg
potencjat przerzutowania, ale markery pozwalajgce przewidzie¢ przebieg kliniczny wcigz nie

sg znane [15, 16].

Podsumowanie
Badania genetyczne stanowig jedno z podstawowych narzedzi diagnostycznych
wspotczesnej endokrynologii.

1. W przypadku WPN badania genetyczne pozwalajg na ustalenie rozpoznania
i przewidywanie przebiegu klinicznego. Konieczne jest oszacowanie czestosci
wystepowania poszczegdlnych genotypow CYP21A2 w grupie pacjentow z WPN
w réznych grupach etnicznych.

2. Dane literaturowe dotyczgce roli polimorfizméw w nowotworach neuroendokrynnych
sg ograniczone. Analiza wybranych polimorfizméw pojedynczych nukleotydéw moze

w przysztosci pozwoli¢ na ocene agresywnosci i odpowiedzi na leczenie.
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3. Badania genetyczne dotyczace przyzwojakéw umozliwiajg przewidywanie przebiegu
klinicznego oraz dziedziczenia. Stratyfikacja ryzyka ztosliwosci umozliwi optymalizacje

wyboru diagnostycznych metod obrazowych oraz personalizacje leczenia.

4. Cele pracy

Cele ogdlne

Niniejsza praca dotyczy wykazania roli badan genetycznych w wybranych rzadkich
chorobach endokrynologicznych. Dane z pisSmiennictwa podkreslajg istotne znaczenie badan
genetycznych w chorobach endokrynnych.

Praca byta prébg odpowiedzi na pytania czy na podstawie wykonanych badan
genetycznych mozna lepiej przewidzie¢ fenotyp oraz przebieg kliniczny choroby.
W przypadku choréb onkologicznych podjeto prébe weryfikacji dotychczasowych danych
dotyczacych zaleznosci zmian genetycznych i potencjatu przerzutowania NEN.

Cele szczegétowe obejmowaty:

1. Okreslenie korelacji pomiedzy genotypem a fenotypem u pacjentéw z klasyczng
postacia  wrodzonego  przerostu nadnerczy, wywotang niedoborem
21-hydroksylazy w populacji pacjentéw klinicznego osrodka endokrynologicznego
w Polsce potudniowe;j.

2. Ocene wptywu wybranych wariantéw genetycznych pojedynczych nukleotyddéw na
ryzyko zachorowania oraz przebieg kliniczny guzéw neuroendokrynnych.

3. Powigzanie nietypowego przebiegu klinicznego agresywnego, dziedzicznego

paraganglioma z patogennym wariantem w genie SDHD.



5. Publikacje
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5.1
Molecular analysis and genotype-phenotype correlations in patients with
classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency

from southern Poland — experience of a clinical center

Kurzynska A, Skalniak A, Franson K, Bistika V, Hubalewska-Dydejczyk A, Przybylik-Mazurek E.

Hormones (Athens). 2022 Jun;21(2):241-249. doi: 10.1007/s42000-022-00348-z. Epub 2022
Jan 26. PMID: 35079965; PMCID: PMC9130175

punkty MNiSW: 70

impact factor: 3.419
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Abstract

Purpose The prevalence of CYP21A2 gene variants and genotype-phenotype correlations are variable among populations.
The aim of this study was to characterize CYP2/A2 gene variants in adult patients with classical congenital adrenal hyper-
plasia (CCAH) from southern Poland and to analyze genotype-phenotype correlations.

Materials/Methods A total of 48 patients (30 women and 18 men) with CCAH were included in the study. Patients were
divided into two clinical subgroups, namely, salt-wasting (SW) — 38 patients and simple virilizing (SV) — 10 patients. A
genetic analysis MLPA (multiplex ligation-dependent probe amplification) was performed in all of them. In dubious cases,
the analysis was complemented by Sanger sequencing. Genotypes were classified into five groups (depending on the residual
in vitro enzymatic activity), namely, null, A, B, C, and D, and correlated with the clinical picture.

Results Molecular defects were investigated and identified in 48 patients. The most common variant in the studied group
was I12G, followed by whole or partial gene copy deletion, and 1172N. One novel variant c¢.[878G>T] (p.Gly293Val) was
found. In nine patients, a non-concordance between genotype and phenotype was observed. Genotype-phenotype correlations
measured by positive predictive value (PPV) were as follows: 100% in group null, 90.5% in group A, and 66.7% in group B.
Conclusions CYP2]A2 variants in the studied cohort were similar to values previously reported in other countries of the
region. There was a good correlation between genotype and phenotype in the null and A groups, the correlation being con-
siderably lower in group B.

Keywords Congenital adrenal hyperplasia - CYP21A2 - Genotype-phenotype correlation - 21-hydroxylase deficiency

Introduction in different clinical forms, namely, classical, including salt-

wasting (SW) and simple virilizing (SV), and nonclassical
Congenital adrenal hyperplasia (CAH) is an endocrine dis- (NCCAH), the latter manifesting at a later age and charac-
order caused by mutations of genes coding for the synthe- terized by milder symptoms [1-3]. The incidence of CAH
sis of enzymes involved in adrenal steroidogenesis. Based  is estimated at about 1:15,000 and differs among popula-
on the type of enzyme block, several CAH types can be  tions [4]. In some ethnic groups, the reported prevalence is
distinguished. The most common type (which accounts  higher (for example, in the population of La Réunion, it is
for about 95-99% of cases) is related to mutation in the 1:2141 [5], and among Yupik Eskimos, it is 1:280 [6]). In
CYP21A2 gene, encoding 21-hydroxylase, and may result  the Caucasian population, the prevalence of the disease var-
ies from 1 in 5000 to 1 in 23,000 live births [7]. According
to the latest data, in the USA, the incidence of CAH varies
from 1:9941 to 1:28,661 live births [8]. The CYP2IAZ2 gene
is located on the short arm of chromosome 6 (6p21.3) [9].

1 Elwira Przybylik-Mazurek
elwira.przybylik-mazurek @uj.edu.pl

b Cli_niczllvDepartljwnt of Endocrinology, Jagiellonian The inactive pseudogene, CYP2IAIP, is 98% homologous
University Medical College, Krakow, Poland compared to the active form of CYP21A2 and contains vari-

° Karolinska Institute, Stockholm, Sweden ants which, when incorporated in the active gene, can lead to
3 Faculty of Medicine, Hacettepe University, Ankara, Turkey the loss of its functions. The majority of pathogenic variants
@ Springer
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(about 90-95%) occurring within CYP21A2 originate from
this pseudogene. Within the active gene, there are also de
novo variants causing only a small portion of inherited cases
of CAH [10]. Different variants in the CYP2]A2 gene can
lead to a variable degree of loss of 21-hydroxylase activ-
ity, which can result in various clinical presentations. To
date, over 200 variants with a pathogenic role have been
described [11, 12]. The majority of pathogenic variants in
the CYP21A2 gene are large conversions, large deletions,
or one of nine small variants, as follows: p.Gly111Valfs*21
(classically designated as “del8bp” or “A8bp”), exon 6
(“E6") cluster (p.[Ile237Asn; Val238Glu; Met240Lys]),
p.Leu308Phefs*6 (“F306+T"), p.GIn319Ter (“Q318X™),
p.Arg357Trp (“R356W7), p.llel73Asn (“I172N"),
p.Pro31Leu, p.Val282Leu, p.Pro454Ser, and c.293-13A/
C>G (“12G”) [13]. Molecular defects in Polish patients
with CAH have not so far been analyzed. Therefore, the
aim of our study was to identify the spectrum of variants
in adult patients from southern Poland with classical con-
genital adrenal hyperplasia (CCAH) due to 21-hydroxylase
deficiency and to analyze genotype-phenotype correlations.

Materials and methods
Study population

Forty-eight adult patients diagnosed with CCAH due to
21-hydroxylase deficiency, treated at the Department of
Endocrinology, University Hospital Medical College, Kra-
kow, Poland, between 2015 and 2019 were enrolled in this
study. In the study group, there were 30 women aged 28.20
(#+12.12) years and 18 men aged 27.70 (£8.97) years. In
total, 38 patients (79.17%) had the SW form and 10 (20.83%)
the SV form. The CCAH diagnosis was made based on the
clinical and physical examination and retrospective analysis
of the patients’ medical history. Data such as age at onset
of the disease, electrolyte disturbances, genital appearance,
previous urological surgery, evidence of hyperandrogenism,
hormonal data including 17-hydroxyprogesterone (17-OHP),
ACTH, plasma renin activity (PRA), aldosterone levels, and
treatment scheme were taken into consideration. Patients
who presented symptoms of adrenal crisis as neonates were
classified in the SW group. Patients diagnosed in early
childhood, but without salt-wasting form symptoms, were
assigned to the SV group.

This study is in compliance with the 1964 Declaration of
Helsinki and its later amendments. All patients signed an
informed consent for participation in the study; an additional
informed consent for the genetic analysis was also obtained.
The study was approved by the Ethics Committee of the Jag-
iellonian University Medical College: KBET/225/B/2013.

@ Springer
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Statistical analysis

Continuous data with normal distribution are presented as
mean value and standard deviation (SD), and non-normal
variables are reported as median and interquartile range
(IQR) (Me [Q1:Q3]). Categorical data are presented as
percentages. Due to the small size of the groups, continu-
ous data were compared using the Kruskal-Wallis test.
Categorical data were compared using the chi-square
test. A P-value below 0.05 was considered statistically
significant. To obtain a visual representation of global pat-
terns within the data, correspondence analysis was imple-
mented. Data were analyzed using Statistica 13.0.

Molecular analysis

DNA was extracted from peripheral blood samples using
the NucleoSpin Blood kit (Macherey-Nagel Inc.), accord-
ing to the manufacturer’s protocol. Genetic analysis based
on MLPA (multiplex ligation-dependent probe amplifica-
tion), with the use of the probemix SALSA MLPA P050
CAH from MRC Holland, was performed according to the
manufacturer’s recommendations, using 50 ng of the iso-
lated DNA per sample. The SALSA MLPA Probemix from
MRC Holland, which enables detection of large rearrange-
ments and seven of the most common point mutations in
one reaction mix at the same time, was used as the first
step of molecular testing of our studied group. In dubi-
ous cases, it was complemented by Sanger sequencing,
based on the method published by Xu et al. [14]. For the
long-range PCR reaction, Amplus polymerase (EurX Sp.
z 0.0.) was used according to the manufacturer’s recom-
mendations, with 200 ng DNA per 25 pl reaction volume
and betaine (Sigma-Aldrich) added to the reaction mixture
at a final concentration of 1M. The reaction was performed
on an Eppendorf Mastercycler realplex thermocycler with
an annealing temperature of 61°C and 20 sec added to each
elongation step beginning from cycle 21. After agarose
gel verification, the remaining reaction mixture was puri-
fied with NucleoSpin PCR Clean-up (Macherey-Nagel).
The sequencing PCR reaction was performed with Big-
Dye Terminator v3.1 (ThermoFisher Applied Biosystems)
and 120 ng of the purified PCR product in 10 pl reac-
tion volume. The sequencing conditions were in accord-
ance with the manufacturer’s recommendations, with an
annealing temperature of 55 °C. Products were purified by
ethanol precipitation, and pellets were resuspended in 20
pl nuclease-free water for capillary electrophoresis (ABI
3500, Applied Biosystems).

Four patients were excluded from further analysis
because it was not possible to determine the distribution
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of variants on individual alleles without performing
molecular analysis of the patients’ parents, who were not
available for testing. Genotypes were categorized into five
groups (according to the published residual in vitro activ-
ity of 21-hydroxylase, based on literature data [15, 16]),
namely, groups null, A, B, C, and D, and then compared
with the clinical presentation (excepting group C, which
was excluded from further analyses). Group null, with 0%
residual enzyme function, included patients with altera-
tions found in both alleles of CYP2/A2, causing a total
absence of enzymatic activity (deletions, gene conver-
sions, F306+T, del8bp, cluster E6, R356W, and Q318X).
Group A (0-1% residual 21-hydroxylase activity) com-
prised patients who were I12G homozygotes or heterozy-
gotes consisting of 12G and another variant, with minimal
enzymatic activity (0—1%). Homozygotic patients with the
variant I172N (approximately 2% of residual 21-hydroxy-
lase enzyme activity) or heterozygotes with the null, A,
or B group variants were assigned to group B, with 1-2%
residual enzyme activity. Genotype group C (patients with
moderately impaired 21-hydroxylase activity and with
about 20-60% preserved residual enzymatic function)
were homozygotes or heterozygotes of the milder variants.
Patients who were carriers of variants of unknown in vitro
impact on residual enzymatic activity were assigned to
genotype group D. The global representation of these
classes with different CYP21A2 variants is depicted in
Fig. 1. The presented variants are numbered according

Fig.1 CYP21A2 variants found

to reference sequences NM_000500.9 (at DNA level) and
NP_000491.4 (at protein level). Additionally, common
genetic variants are referred to in accordance with classi-
cally used designations to maintain coherence with other
literature sources.

Results

Among the group of 44 patients with CCAH (88 alleles),
CYP21A2 gene mutations were detected in all of them. A
total of 100% of the analyzed 88 alleles revealed a muta-
tion of the CYP21A2 gene. The CYP21A2 gene variants
found in our study group are shown in Fig. 2.

The most common alteration in CCAH patients was
the 12G (¢.293-13A/C>@G) variant with an allele fre-
quency of 38.63%, followed by large deletions and 1172N
(p.Ile173Asn) (32.95% and 12.5% of all alleles, respec-
tively). Other detected variants, from the most to the least
prevalent, were as follows: p.Val282Leu, SNP-113 (c.-
113G>A), Q318X (p.GIn319Ter), R356Q (p.Arg357Gln),
R356W (p.Arg357Trp), p.Trp20Ter, p.Pro31Leu, del8bp
(p.Glyl11Valfs*21), F306+T (p.Leu308Phefs*6), and
¢.738+12_738+13delACinsGT.

Genetic variant distribution among the 88 alleles
according to genotype groups null, A, B, and D is pre-
sented in Table 1.

Biplot of CAH phenotypes and genetic variants
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Fig.2 Visual representation of
data profiles — CAH genotypes
and genetic variants
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Table 1 Genetic variants among Genetic variants distribution among 88 alleles
88 alleles
Genotype null Genotype A Genotype B Genotype D P
n=12 n=42 n=22 n=12
del 9(75.0) 10 (23.8) 8(36.4) 2(16.7) < 0.001
1172N 0 0 12 (54.5) 0 < 0.001
12G 0 30(71.4) 209.1) 2(16.7) < 0.001
STOP codon 3(25.0) 0 0 0 < 0.001
other 0 2(4.8) 0 8 (66.7) < 0.001

Categorical data were compared with the chi-square test

Genotype-phenotype correlations

All genotypes were classified into four groups, as follows:
null, group A, group B, and group D. Six patients were
assigned to group null, 21 patients presented genotype A,
and 11 had genotype B, while six patients were classified
as genotype D.

Patients assigned to groups null and A were assumed to
present a SW phenotype. Patients in genotype group B (with
suspected sufficient residual 21-hydroxylase activity) were
predicted to have the SV phenotype. Patients in group C
were hypothesized to have the NCCAH clinical manifesta-
tion (but they were excluded from the study). Severe geno-
types (null and A) demonstrated a good correlation with the
expected phenotype, with positive predictive value (PPV) of
100 and 90.5%, respectively, whereas the less severe geno-
type B demonstrated a lower correlation (with PPV 66.7%).
Nine patients presented a different phenotype from what had
been expected (seven in the SW group and two in SV).

There were no differences in anthropometric data among
the groups. In our study, patients with genotypes null, A,

@ Springer
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and B were overweight, with a BMI of 27.2 + 8.0, 27.3 +
5.9, and 28.3 + 6.8 kg/m2, respectively. Age at menarche
was also comparable. Blood glucose values were higher
in group A, with a trend towards statistical significance
(P-value 0.056). The clinical and molecular data according
to genotypes are illustrated in Table 2.

Novel variant

One novel variant was found in one allele in the study group,
namely, ¢.[878G>T] (p.Gly293Val). This variant has not yet
been described in the literature. However, another variant at
this position, ¢.878G>A (p.Gly293Asp), has been associated
with CCAH and shown to result in residual enzyme activity
of < 1% [17].

We used bioinformatics tools to predict the effect of the
variant detected in our study on protein function. The iden-
tified variant, c.[878G>T], has been predicted to be del-
eterious by PROVEAN (scored —8.38 at a cutoff of —2.5)
[18] and damaging by SIFT (scored 0.000 at a cutoff of
0.05) [19]. Also according to the Bayes classifier applied in
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Table 2 Clinical and molecular data according to genotypes

Genotype null Genotype A Genotype B Genotype D 4
n==6 n=21 n=11 n==6
Male sex (N [%]) 2(33.3) 7(33.3) 3364 1 (16.7) 0.861
CCAH type (N [%]): 0.010
SV 0 (0.0 2(9.5) 4(36.4) 4(66.7)
SW 6 (100.0) 19 (90.5) 7 (63.6) 2(33.3)
Age of inclusion in the study (years)(Me [Q1; Q3]) 20.5(19.0; 26.0)  28.0(20.0;31.0) 23.0(20.0;48.0) 24.0(20.0;28.0) 0.756
Menarche (years) (Me [Q1; Q3]) 13.5(12.5;17.0)  13.0(12.0; 14.5) 12.5(11.0; 14.0) 12.0(11.0; 14.0) 0.582
Height (cm)(x + SD) 161.3 +11.7 1594+ 119 161.6 +4.9 160.2 + 10.2 0.978
BMI (kg/m2) (x + SD) 272+ 8.0 273 +59 283 +6.8 220+3.0 0.187
17-OHP serum concentration (nmol/L) (Me [Q1; Q3])  24.5 (6.0; 43.9) 28.7 (8.8; 60.5) 18.8 (14.2;60.5) 14.2 (4.8;33.0) 0.874
Fasting glucose (mmol/l) ( + SD) 45+02 48 +0.5 44 +0.6 44+04 0.056
Expected effect(N [%]): 0.164
Full blown 6 (100.0) 18 (85.7) 11 (100.0) 4 (66.7)
Carrier 0(0.0) 3(14.3) 0(0.0) 2(33.3)
Maximal residual enzyme activity: < 0.001
0% 6 (100) 1(4.8) 0 0
<1% 0 18 (85.7) 0 0
1% 0 2(9.5) 0 0
2-11% 0 0 11 (100) 0
Unknown 0 0 0 6 (100)
Treatment
Hydrocortisone (N (%]) 6 (100.0) 19 (90.5) 10 (90.9) 5(83.3) 0.802
Dexamethasone (N [%]) 6 (100.0) 15(71.4) 7(63.6) 2(33.3) 0.101
Prednisone (N [%]) 0(0.0) 7(33.3) 0(0.0) 0(0.0) 0.031
Fludrocortisone (N [%]) 6 (100.0) 17 (81.0) 8(72.7) 3(50.0) 0.213

CCAH, classical congenital adrenal hyperplasia; SV, simple virilizing; SW, salt-wasting; /7-OHP, 17-hydroxyprogesterone. Continuous data
were compared using the Kruskal-Wallis. Categorical data were compared with the chi-square test

MutationTaster, the identified variant has been predicted to
be disease-causing [20].

The clinical severity of the new variant could be deduced
from the patient’s phenotype since he had a severe alteration
(deletion of most of the gene) of the other allele.

Discussion

This study identifies the spectrum and frequencies of
CYP21A2 variants as well as genotype-phenotype cor-
relations in a group of 48 adult patients with CCAH due
to 21-hydroxylase deficiency treated in the Department of
Endocrinology at the University Hospital in Krakow, Poland.
To the best of our knowledge, our study is the first published
report on the spectrum and frequency of CYP2IA2 genetic
alterations in the Polish population. As the distribution of
CYP2IA2 variants differs between individual populations,
the results of the study may be a valuable tool in genetic
counseling not only in Polish patients with CCAH but also
in populations of the entire European area.

16

The most common genetic variant in the studied group
was 12G, followed by whole or partial gene copy deletion.
In a study of 155 CAH patients from southern Germany (92
SW and 52 SV), I2G was also mentioned as the most com-
mon genetic variant [13]. A high frequency of this alteration
was also observed by authors from Croatia [21], Turkey [22],
India [23], Cuba [24], and China [25, 26]. In previous stud-
ies from Latin American countries (Argentina [27], Brazil
[28]), and Portugal [29]), p.Val282Leu, which is the most
frequent variant in NCCAH, was defined as the most com-
mon genetic alteration. Because only CCAH patients were
enrolled in the present study, the latter variant accounted for
only 3.41% of cases. It is believed that these differences in
genotype frequencies in different countries may result from
the heterogeneity/homogeneity of the studied population and
different proportions of particular types of CAH in published
series. The most common genetic alterations reported in sev-
eral previous studies are summed up in Table 3.

In our study group, a good correlation between genotype
and phenotype was observed in group null (patients with
alterations in both alleles resulting in 0% residual enzyme
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Table 3 Most common genetic alterations reported in several previous studies

Country Study (first author) Year of Centers included Total CAH cases CCAH Most common Frequency (%)
publication in the study (CCAH and NCAH) —————  genetic alteration
SW SV

Germany Riedl S. 2019 Multicenter 538 386 98 Del/conversions  29.6
Austria
Germany Krone N. 2000 Multicenter 155 92 52 12G 30.3
Croatia Dumic KK. 2017 Multicenter 93 66 23 12G 355
Turkey Turan I. 2020 Single center 113 82 24 12G 384
India Khajuria R. 2017 Single center 55 19 30 12G 20.0
China XuC. 2019 Single 72 47 11 12G 33.0

Wang R. 2016 center 230 142 60 12G 35.0

Single center

Serbia Milacic 1. 2015 Multicenter 61 19 15 12G 18.5
Cuba Espinosa Reyes TM. 2020 Single center 31 16 12 12G 38.7
Argentina  Marino R. 2011 Multicenter 454 162 75 p.Val282Leu 26.2
Brazil De Carvalho DF. 2016 Single center 480 158 116  p.Val282Leu 26.6
Portugal Santos-Silva R. 2019 Multicenter 212 61 24 p.Val282Leu 413
Cyprus Neocleous V. 2019 Multicenter 120 11 7 p.Val282Leu 60.0
USA New ML 2013 Multicenter 1500 606 187  p.Val282Leu 239

activity) and group A (0-1% residual enzyme function).
Only in seven patients with SW and in two with SV was
there no concordance between genotype and phenotype.
Genotype-phenotype correlations measured by PPV were
as follows: 100% in group null, 90.5% in group A, and
66.7% in group B. Results of previous studies confirm a
good correlation between the genotype and the observed
CAH phenotype [26, 28, 30-33]. Previous studies reported
100% concordance in null, 80-96% in A, and about 50-87%
in B genotypes [13, 27, 34, 35]. In a huge cohort study by
New at al., based on 1507 families with CAH, a genotype-
phenotype non-concordance was observed in 50% of cases
[36]. A recent German-Austrian study, which enrolled the
largest European cohort of CAH patients from 28 centers
(538 CAH cases), has reported a poor correlation in the less
severe genotypes B (46%) and C (58%) [37].

In four patients of our study, extensive rearrangements
were detected, and numerous pathogenic variants were
found. These patients have been excluded from further anal-
ysis since it was impossible to determine the allelic distribu-
tions of these variants without performing an evaluation of
the patients’ parents, who were unavailable for genetic test-
ing. In the latter group, one novel variant has been identified.

In our study group, there were more female than male
patients. This is in agreement with previous data, according
to which a substantial proportion of male patients remain
undiagnosed [36]. In our study, adult patients were included
in whom the diagnosis of CCAH was made years ago when
neonatal screening was not available in Poland. This higher
proportion of women is typical for countries where neonatal
screening has not been routinely used. We believe that this
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trend may be reversed in future given that neonatal screening
for CAH was introduced in Poland in 2016 [38].

In all groups null, A, B, and D, the patients’ BMI was >
25 kg/m2. The tendency for obesity in CCAH accords with
the data reported in previous studies [39, 40]. Fasting blood
glucose concentration was higher in group A, with a trend
towards statistical significance. One of the largest studies
on cardiometabolic complications also demonstrated higher
frequencies of obesity and diabetes (mainly type 2) in CAH
patients [41].

One novel variant was found in one allele in the study
group, namely, ¢.[878G>T] (p.Gly293Val). By means of
bioinformatics tools, the identified variant has been pre-
dicted to be pathogenic.

The patient had a severe alteration (deletion of most of
the gene) on another allele. The clinical severity of the new
variant could be deduced from the patient’s phenotype; the
diagnosis of SW in this patient was established in the neo-
natal period, when he presented symptoms of adrenal crisis
and required glucocorticoid and mineralocorticoid therapy.

However, the small study group being a limitation of this
study, the observed non-concordance between genotype and
phenotype requires further investigation.

Due to the fact that neonatal screening has been widely
introduced in most countries, the number of patients diag-
nosed with CCAH is expected to increase in the future. The
results of the present study, and particularly the description
of the novel variant, may contribute to a better understanding
of the disease. Moreover, the presented data can be useful
for the prediction of phenotype based on genotype and may
be helpful not only in genetic counseling but also in making
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treatment decisions. The practical implication of the data
is that special attention must be paid to patients with no or
very low 21-hydroxylase activity determined by genotype,
in whom in cases of insufficient doses of corticoids or con-
comitant acute diseases adrenal crisis may occur.

Conclusions

The majority of cases in our study were characterized by a
strong genotype-phenotype correlation. Variant frequencies
of affected alleles were similar to those of data previously
reported for other countries of the region. The most common
genetic variant in the study cohort was I2G, followed by
large deletions and I172N. One novel variant, ¢.[8§78G>T]
(p-Gly293Val), has been identified and characterized by
means of bioinformatics tools.
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Abstract: Introduction: The genetic basis of neuroendocrine tumors (NETs), whose incidence is
continuously increasing, is still not fully defined. The majority of NETs are sporadic, and only a small
percentage occur as part of hereditary genetic syndromes. However, the associations of multiple
genetic variants have been found as clinically relevant in several neoplasms. The aim of this study
was to evaluate whether selected, literature-based genetic variants may have a potential role in NET
susceptibility and clinical outcome in Polish patients. Materials/methods: A total of 185 patients
recruited from one clinical center were enrolled. In the first part of the study, the molecular analysis
including four single-nucleotide variants (rs8005354 (DAD1, NM_001344 intronic T/C substitution),
152069762 (T /G substitution in the promoter region of the IL2 NM_000586), rs3731198 (CDKN2A,
NM_000077 intronic A /G substitution), and rs1800872 (C/A substitution in the promoter region
of the IL10 NM_000572)) was performed in 107 participants (49 patients with NETs with different
primary site NETs and a control group of 58 healthy adult volunteers). In the second stage, the same
single-nucleotide polymorphisms (SNPs) were assessed in 127 patients with NET and analyzed in
terms of clinical data (primary site, serum CgA concentration, and metastatic disease). Results: The
analysis of homozygotes revealed a statistically significant higher prevalence of TT homozygotes of
variant rs3731198 in the control group (p = 0.0209). In NET patients, there was a statistically significant
higher prevalence of GG homozygotes of variant rs1800872 (p = 0.003). There was a statistically
significant correlation between the rs3731198 variant and lymph node metastases (p = 0.0038 with
Bonferroni correction). Conclusions: Our study indicates that GG homozygotes of variant rs1800872
are more often observed in NET patients, while TT homozygotes of variant rs3731198 are less frequent
in this group. The rs3731198 variant may be related to an increased risk of lymph node metastasis.
Further, larger multicenter studies are warranted to evaluate the potential genetic factors of sporadic NETs.

Keywords: neuroendocrine neoplasms; single-nucleotide polymorphisms; molecular markers

1. Introduction

The genetic basis of neuroendocrine tumors (NETs), despite the rapid increase in data
in recent years, is still not fully understood. The majority of NETs are sporadic, although
there are well-known genetic syndromes coexisting with NETs, such as multiple endocrine
neoplasia type 1 (MEN1), multiple endocrine neoplasia type 4 (MEN4), von Hippel-Lindau
(VHL), neurofibromatosis type 1 (NF1), and tuberous sclerosis complex (TSC), but they
constitute merely a small percentage of all NETs. Although a hereditary background should
be considered in many types of NETs, especially in pancreatic ones [1,2], only about 10%
are associated with inherited genetic syndromes [3].

As the incidence of NETs continues to rise and the age-adjusted incidence rate has
increased 6.4 times from 1973 (1.09 per 100,000) to 2012 (6.98 per 100,000) [4], it is crucial
to better understand molecular alterations to more precisely assess the risk and predict
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the course of disease, which should significantly improve treatment effects and influence
overall outcome [5].

To date, the associations of genetic alterations involved in inflammation and apoptosis
have been confirmed for many malignancies, e.g., breast or colorectal cancer [6-9]. In the
case of NETs, its relatively low incidence has been a certain limitation for population-wide
studies on genetic alterations in NETs, but some data from literature show some of them
as potentially related to NETs [10-12]. However, in the paper by Bodei et al., SNPs were
mentioned as potential candidate factors for PRRT-related toxicity, which suggest that
research on SNPs in NETs may have a practical application in the future [13]. For this
reason, we analyzed selected genetic variants that may have a potential role in susceptibility
for NETs and then we related them to clinical outcomes to find a potentially useful tool for
the early diagnosis and optimization of NET treatment.

2. Materials and Methods

The study was divided into two parts: an analysis of selected (described below) genetic
variants in the study and the control group and an analysis of these polymorphisms in
the extended group of patients with NET in order to check whether any of those variants
may affect clinical data. The clinical and demographic data of patients and controls were
obtained from hospital records. All participants were of Polish origin.

The study involved the analysis of genetic material in terms of linking four germline
SNPs, selected on the basis of data from the literature, with NET. The investigated ma-
terial was DNA isolated from the whole peripheral blood of the participants, collected
into EDTA tubes using the NucleoSpin Blood Kit (Macherey-Nagel, Diiren, Germany).
All patients were tested for the selected SNPs with the appropriate TagMan probes and
TaqMan Genotyping Master Mix (ThermoFisher Scientific, Waltham, USA). The reactions
were prepared according to the manufacturer’s recommendations, read on a Mastercy-
cler Realplex 2 thermocycler (Eppendorf, Hamburg, Germany) and analyzed using the
incorporated data collection and analysis software (Eppendorf, Hamburg, Germany). All
genetic tests were carried out in the Genetics Laboratory of the Endocrinology Clinic at the
University Hospital in Krakow.

The molecular variants selected on the basis on the data from literature [11-13] in-
cluded: rs8005354 (DAD1, NM_001344 intronic T/C substitution), rs2069762 (A /C substi-
tution in the promoter region of the IL2 NM_000586), rs3731198 (CDKN2A, NM_000077
intronic T/C substitution), and rs1800872 (G/T substitution in the promoter region of the
IL10 NM_000572). All patients in the control group took part in a detailed interview and
physical examination to exclude a history of NET in the participant and their families, as
well as other syndromes that may be part of the MEN1 syndrome: hyperparathyroidism,
pituitary tumor, adrenal gland tumor; or part of VHL: kidney cancer, phaeochromocytoma, or
cerebral hemangiomas. Additionally, in this group, abdominal ultrasounds were performed.

In the first part of the study, the associations of the aforementioned variants with
neuroendocrine tumors were assessed and compared with those in the control group
and, subsequently, with the literature data for the European population. An additional
analysis was carried out for homozygotes in order to verify whether the lack of any allele
(less frequent or more frequent) is favorable or unfavorable in relation to the disease. The
analysis of homozygotes is synonymous with the analysis of the carriers of the other allele,
regardless of their zygosity. In the next stage, molecular variants were analyzed according
to the primary site, distant metastasis, and OS.

In the second part of the study, the group of patients with NET was extended. The
inclusion and exclusion criteria were the same as for the first case—control part of the
study. In this extended study group, the same four SNPs were assessed, and all molecular
determinations were performed analogously to the procedure described above.

Next, the associations between genetic variants and clinical data (primary site, serum
CgA concentration, and metastases) were analyzed.
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2.1. Ethical Issues

This study was carried out in compliance with the 1964 Helsinki Declaration and its later
amendments. All participants signed an informed consent upon enrolment (an additional
informed consent was obtained for molecular analysis). The study was approved by the Ethics
Committee of the Jagiellonian University Medical College: approval no. 1072.6120.250.2018.

2.2. Statistical Analysis

Statistical analyses were performed by use of Statistica v13 (TIBCO Software Inc.,
Palo Alto, CA, USA). Continuous data with normal distribution were presented as a mean
value and standard deviation (SD). Categorical data were presented as percentages. Ap-
propriate parametric or non-parametric tests were used for comparisons. OS, defined as
the time from diagnosis to death due to NET or the last known date alive, was evaluated
using the log-rank test. A p value less than 0.05 was considered statistically significant,
with Bonferroni corrections applied where appropriate.

3. Results
3.1. Study Population

A total number of 185 subjects recruited from our clinical center were enrolled in this study.

3.2. Case—Control Part of the Study

A total of 107 patients were enrolled in the case—control part of the study. The study
group comprised 49 adult Caucasian patients with NET of different primary sites. The
patients were selected randomly from a cohort of about 600 NET patients (without other
concomitant malignancies, positive family history of GEP NETs, and diagnosed MEN or
VHL syndrome) treated or followed up in our center.

The control group consisted of 58 unrelated adult patients (patients of our center, their
families and friends, as well as staff and students) with no history of NET in the themselves
and their families, as well as other syndromes that may be part of the MEN1 syndrome:
hyperparathyroidism, pituitary tumor, adrenal gland tumor; or in the composition of VHL:
kidney cancer, phaeochromocytoma, or cerebral hemangiomas.

In the NET group, there were 46 patients diagnosed with GEP NET and 3 patients
with NET of unknown primary site. The diagnosis of NET was established on the basis
of the histopathological report according to the WHO classification (2010, 2017, or 2019)
depending on the time of diagnosis. Histopathological findings were confirmed locally by
pathologists with NET expertise.

In 49 patients, the primary site, degree of histopathological differentiation, presence of
distant metastases, serum chromogranin A (CgA) concentration, and overall survival (OS) were
established. The distribution of NETs according to the primary site is presented in Table 1.

Table 1. Distribution of primary tumor locations in the group of 49 patients analyzed in the case—
control part of the study.

Site Number (All = 49) Percent (%)
Small intestine 14 28.6
Pancreas 12 245
Large intestine 12 24.5
Stomach 8 16.3
Unknown 3 6.1

The study group of NET patients involved 28 women (57%) aged 62.89 + 9.77 years,
and 21 men (43%) aged 62.10 =+ 13.31 years. Distant metastases were observed in 67.34% of
the patients, liver metastases were diagnosed in 57.14%, lymph node metastases in 44.9%,
bone metastases in 28.5%, and peritoneum metastases in 4.1%. The median serum CgA
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concentration was 7.79 nmol/L (IQR = 21.6). The median overall survival (OS) at study
time was 10 years (IQR = 6.0 years).

In 27 patients, the degree of histopathological differentiation was known. There were
15 (55.6%) patients with G1 tumors, 10 (37.0%) with G2, 1 case (3.7%) of G3 NET, and 1 case
of NEC, which was excluded from further analyses.

The control group consisted of 58 unrelated adult patients—41 women aged 47.00 +
13.77 years and 17 men aged 42.54 + 16.53 years.

Of the four variants analyzed, the minor allele of the rs3731198 variant showed a trend
toward a higher prevalence in the population of patients with NET, which was, however,
not statistically significant, p = 0.0587. The minor allele of the rs1800872 variant showed
a trend toward a lower incidence in NET patients compared to that in the control group,
p = 0.0869. On the basis of the obtained results, for each variant, the minimal number of
patients that would be required to obtain a statistically significant result of satisfactory
power (minimum 80%) was calculated (Table 2).

Table 2. Frequency of alleles in the study group, the control group, and the European population
according to the Genome Aggregation Database (gnomAD) v2.1.1 for the European (non-Finnish)

population.

MAF MATF Control MAF European Minimal No. of Patients Required

Variant Study Group Group Population p Value to Obtain a Statistically Significant

[%] [%] [%] Result of a Minimum 80% Power
rs8005354 (T > C) 42.86 33.67 37.60 0.1618 220
152069762 (A > C) 29.17 22.45 30.08 0.2615 333
rs3731198 (T > C) 15.08 7.00 13.17 0.0587 118
rs1800872 (G > T) 18.33 28.26 23.54 0.0869 142

MAF: minor allele frequency.

The analysis of homozygotes revealed a statistically significant higher prevalence of
TT homozygotes of the rs3731198 variant in the control group with p = 0.0209 and a power
of 64.52%. The group of NET patients had a statistically significant higher prevalence of
GG homozygotes of the rs1800872 variant with p = 0.0300 and a power of 58.43%. Both
correlations were, however, non-significant after the implementation of the Bonferroni
correction. The analysis of homozygotes is summarized in Table 3.

Table 3. Analysis of homozygotes.

Homozygotes of Less Frequent Allele Homozygotes of More Frequent Allele

Variant Study Group Control Group p Value Study Group Control Group p Value
Genotype Frec}uency Genotype Fre?uency Genotype Freguency Genotype Frec}uency

(%) (%) (%) (%)
“55?%3;54 cc 127 cc 816 04414 T 26.98 T 1082 04414
m2069762 ¢ 5.00 cc 612 02615 AA 46.67 AA 6122 01297

(A/C)

f5(3T7 3‘398 cC 0.00 cC 2.00 0.2595 TT 69.84 TT 88.00 0.0209
rs(gg(%sin TT 333 T 217 0.7213 GG 66.67 GG 45.65 0.0300

There was no statistically significant correlation of the studied variants with the
primary focus or distant metastases.

25



J. Clin. Med. 2022, 11, 5536

50f9

3.3. Analysis of the Extended NET Patient Group

This part of the study involved 127 patients with the diagnosis of NET with a different
primary site, established on the basis of the histopathological report according to the WHO
classification (2010, 2017, or 2019) depending on the time of diagnosis. Histopathological
results were also confirmed locally by pathologists with an experience in the field of NETs.
The primary site, degree of histopathological differentiation, presence of distant metastases,
serum CgA concentration, and OS were established. The distribution of NETs according to
the primary site is presented in Table 4.

Table 4. Distribution of primary tumor locations in the group of 127 patients analyzed in the main
part of the study.

Site Number (All = 127) Percent (%)
Small intestine 44 34.6
Pancreas 37 29.1
Unknown 20 15.8
Large intestine 15 11.8
Stomach 11 8.7

The group included 68 women (54%) and 59 men (46%). The mean age was 64.0 £ 11.4
years (in the group of women, the mean age was 65.1 + 10.2 years; in the group of men, it was
62.6 £ 12.7 years). Distant metastases were present in 84.5% of the patients, liver metastases
were confirmed in 73.4%, lymph node metastases in 55.9%, and bone metastases in 18.1%.

The median CgA serum concentration was 8.5 nmol/L (IQR = 26.6). There were no
differences between the group of women and men: p = 0.6098. In total, 90 patients (70.9%),
53 women and 37 men, were alive at the time of the study; 36 patients (28.3%), 14 women
and 22 men, were deceased, and deaths were more frequent among men (p = 0.0472). The
median OS at study time was 7 years (IQR = 5), 6.5 years (IQR = 5.75) in men and 7 years
(IQR = 5) in women.

In 92 subjects, data on the degree of histopathological differentiation were available. There
were 39 (42.4%) patients with G1 tumors, 50 (54.3%) with G2, and 3 (3.3%) cases of G3 NET.

Small-intestine NETs were more common in men: p = 0.0246 (Fisher’s exact two-sided
test), while gastric NETs were more frequent in women: p = 0.0097. Gastric NETs did not
result in liver metastases: p = 0.0001 or lymph node metastases: p = 0.0106, while NETs of
unknown primary site metastasized to the liver: p = 0.0402 and small-intestine NETs gave
rise to nodal metastases: p = 0.0024 (Fisher’s exact two-sided test).

The genetic variants assessed in NET patients are summarized in Table 5.

Table 5. Genetic variants assessed in NET patients.

Variant N0 ROl oo llte | Heterozygote 4 omOBRE N emative Allele.
. T/T T/C c/C )
¥E800B351 122496.1%) 41 (32.3%) 69 (54.3%) 12 (9.4%) B8 %)
. A/A A/C c/C )
152069762 122 (96.1%) S I S0 69 (54.3%)
/T T/C c/C
153731198 126 (99.2%) ST 0520 05 33 (26.0%)
. e G/T /T )
151800872 121 (95.3%) S 0 55 68 (53.5%)
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3.4. Association of Clinical Data on Genetic Variants in the Extended NET Patient Group

The variants did not differ between the sexes.

Correlation of variants with CgA: after applying the correction for multiple compar-
isons, none of the results were within the range of statistical significance.

There was no statistical significance between the primary focus and the number of
rarer alleles.

Correlation between distant metastases and the number of rarer alleles (Table 6): there
was an association between variant rs3731198 and lymph node metastasis (p = 0.0038 with
Bonferroni correction, with a power of 59.97%).

Table 6. Correlation between the distant metastasis and the number of rarer alleles.

Variant; More Liver Metastases Lymph Node Metastases = Bone Metastases
Frequent > Rarer Allele p Value p Value p Value
1rs8005354; T > C 0.7990 0.8918 0.9104
1s2069762; A > C 0.7310 0.1940 0.8124
1s3731198; T > C 0.1008 0.0038 0.8028
rs1800872; G > T 0.3022 0.7918 0.9484

The tested variants showed no differences in the survival test (log-rank) (Supplemen-
tary Materials Table S1) or in the stage of disease assessed as localized /regional /advanced
(Supplementary Materials Table S2).

4. Discussion

The results of the study showed that, among the analyzed variants, the rs3731198
(CDKN2A) variant showed a trend toward a higher prevalence in NET patients, whereas
rs1800872 (IL10 promoter) showed a trend toward a lower prevalence. None of the other
variants examined, rs8005354 (DAD1) and rs2069762 (IL2 promoter), were associated with
NET risk. The analysis of homozygotes involved a statistically significant higher prevalence
of TT homozygotes of the rs3731198 variant in the control group. There was a statistically
significant correlation between the rs3731198 variant and lymph node metastases, which
can be valuable in predicting the clinical course in patients with NET. In NET patients,
there was a higher prevalence of GG homozygotes of the rs1800872 variant.

Despite advances in NET knowledge, the genetic factors responsible for the develop-
ment of sporadic NETS are still under investigation. Moreover, further research is needed
to accurately define the genomic landscape of sporadic NETs in order to estimate possible
targetable molecular alterations and to identify predictive and prognostic markers. For
that reason, we aimed to investigate whether common genetic variants of the genes in-
volved in the inflammatory response, cell cycle control, and DNA repair mechanism may
contribute to the risk of sporadic NETs. Analyzed variants were selected based on litera-
ture data indicating their potential association with NET development: rs3731198 [10,12],
rs8005354 [10], and rs2069762 [11] or linking chosen variants to cancer susceptibility in
general: rs2069762 [14] and rs180072 [15]. Our study did not confirm any associations of
the studied SNPs with the incidence of NET; however, in the rs3731198 variant, there was a
trend toward a higher prevalence in patients with NET and increasing the sample size to
118 patients would probably lead to such a result. However, due to the younger age of the
control group and the corresponding lower risk of disease, this result should be treated
with caution. The analysis of homozygotes revealed a lower incidence of TT homozygotes
of that variant in NET patients. The variant rs3731198 is located in the CDKN2A/CDKN2B
gene region, which is an important tumor suppressor gene involved in cell cycle regulation.
Previously published papers demonstrated that this variant is associated with the risk of
pancreatic NETs—first independently [11] and then in co-analysis with other variants with
linkage imbalance [13]. In our study, there was association between rs3731198 and lymph
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node metastasis, which remains in concordance with other studies. The study of Roy et al.
indicated that alterations in CDKN2A may contribute to the metastasis of pancreatic NETs [16].

The rs1800872 variant in the anti-inflammatory gene IL10 decreases gene transcription.
The association of this variant with neoplasms has been the subject of several studies.
In a Chinese study, IL10 rs1800872 was associated with an increased risk of esophageal
cancer [17]. A meta-analysis published in 2021 confirmed the association between the
rs1800872 variant and the risk of cervical cancer [18]. Several other meta-analyses have
shown the association between this variant and the risk of breast cancer [19,20]. Our study
found a trend toward a lower occurrence in NET patients compared to that in the control
group. In the study group, there was a higher prevalence of GG homozygotes of that variant.

The rs8005354 is an intronic variant of the DADI gene. DAD1 has been identified as
a regulator of apoptosis [21]. In animal model studies, deletion of DAD1 in the hamster
TSBNY7 cell line was shown to induce apoptosis [22], and the absence of DAD1 was as-
sociated with increased apoptosis in mice [23]. This marker has been studied in various
diseases to search for connections with this gene. It has not been linked to any disease in
clinical databases, but it has been correlated in the literature with sporadic NETs [11]. Kulke
et al. reported that DADI may play a potential role in the tumorigenesis of small-intestinal
NETs [24]. Our study did not confirm any associations of this variant with the incidence of NET.

IL2 is a pro- and anti-inflammatory cytokine involved in the cellular immune re-
sponse [25]. Previous studies on rs2069762, which is located in the promoter region of
the IL2 gene, have not been conclusive. Data have shown that this variant is involved in
increased susceptibility to nasopharyngeal [26] and oral cancer [27], and literature data
have shown that this variant was associated with gastric cancer [28] and breast cancer [6].
A study from 2021 confirmed that the IL2 gene variants rs2069762 and rs2069763 could
be involved in the development of non-Hodgkin lymphoma (NHL) [29]. On the other
hand, a meta-analysis from 2015 indicated that the variant IL2 rs2069762 was not associated
with cancer risk [30]. The paper by Berkovi¢ et al. showed that the IL-2 -330 T/G variant
(rs2069752) may have a potential role in susceptibility to GEP NETs [12]. Our study did not
show any associations of this variant with NET incidence.

The largest genome-wide association study in a group of NET patients that has been
performed until now comprised more than 800 cases and more than 4500 controls. The
authors identified no potential risk associations in the cohort overall, but in the small-
intestine NET subgroup, they identified risk associations with three SNPs on chromosome
12 [31]. There are public databases that link genetic and clinical data, such as NCBI ClinVar,
but they mainly only consider the association of genetic variants with the risk of the disease
or response to treatment but not the course of the disease. For that reason, at this moment,
to our best knowledge, none of them gives a possibility to verify our results.

The main limitation of our study is the small sample size. It should be noted that, due
to the limited number of study participants, the power of our analysis was only about 60%.
In addition, the varied number of patients, for whom good-quality genotyping results were
obtained, might have also influenced the p value. Therefore, it would be valuable in the
future to analyze those variants in additional patient groups and to include these results in
meta-analyses. Due to the rarity of NETs, other larger multicenter studies are warranted to
evaluate the potential genetic factors of sporadic NETs.

5. Conclusions

Among the tested SNPs, the rs3731198 variant showed the highest prevalence in
NET patients.

Presence of the rs3731198 variant was associated with the highest risk of lymph node
metastases. GG homozygosity of the rs1800872 variant was associated with a higher
incidence of NET, while TT homozygosity was rarest in this group. The rarity of patients
with NETs did not allow us to achieve a sufficient power value; however, our results might
serve as an indication for future studies on this topic.
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Table S1. Statistics of survival analyses in the group of NET patients.

rs8005354

Mean age of patients at

time of admission [years+ P value M"‘“""I:‘e’::zl“' fime g 95% CI) L"f,':l:':" P
std.dev] -
Without minor allele 63.7+11.8 12
Minor allele carriers 837114 0.9926 13 1.24(060-256) 05822
rs2069762
Mean age of patients at time . . .
of admission [years + Pvalue MEd‘a”["‘;;‘r’;;a' Hme YR (95% CI) Log-rank p value
std.dev] ¥
Without minor allele 64.9 £10.6 12
Minor allele carricrs 629+ 11.9 0.3329 12 093(045-183) 08381
rs3731198
Mean age of patients at time . . .
of admission [years + P value Medlar}sz;;;al Hime HR (95% CI) Log-rank p value
std.dev] ¥
Without minor allele 636+ 11.0 13
Minor allele carriers 655+ 124 04330 12 086 (043174 08550
rs1800872
Mean age of patients at time . .
of admission [years + P value Medien sz;:;“' time HR (95% CI) Log-rank p value
std.dev] [years]
Without minor allele 63.0+11.0 12
Minor allele carriers 6412119 f.cose 13 141059285 03310

Table S2. Comparison of the risk of locoregional or distant metastasis presence depending on the presence of the rarer allele (to confirm statistical significance

expected p value after the implementation of the Bonferroni correction <0.0125).

variant p value
rs8005354; T>C p=0.80637
152069762; A>C p=0.04369
rs3731198; T>C p=0.07644
rs1800872; G>T P=0.54011
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Paragangliomas are rare neuroendocrine neoplasms that
arise from the chromaffin tissue. Tumours originating
from the sympathetic nervous system are located within
the adrenal medulla (pheochromocytomas) or sympa-
thetic ganglia in the neck, chest, abdomen, and pelvis,
and they usually produce catecholamines, while tumours
arising from the parasympathetic nervous system are
commonly found in the head, neck, and mediastinum
and are usually non-secreting. Almost 40% of paragan-
gliomas have a genetic background [1]. They can be as-
sociated with autosomal dominantinheritance mutations
in one of the genes encoding succinate dehydrogenase
(SDHB, SDHD, SDHC, SDHA, SDHAF2) or can coexist
in genetically determined endocrine syndromes such as
MEN type 2A and 2B, NF1, or VHL. Additional genes
predisposing to hereditary pheochromocytoma are
still being discovered that should be investigated when
searching for the genetic cause of pheochromocytoma in
affected families. Each of the mutated genes is associated
with the specific characteristics of clinical features of the
pheochromocytoma they are responsible for. Therefore,
usually, the clinical picture may be an indicator of the
gene that should be searched for pathogenic variants in
a given patient and their family.

Herein, we present a rare case of a patient with an ag-
gressive, metastatic, hereditary paraganglioma associ-
ated with a pathogenic variant in SDHD and an atypical
clinical outcome.

A 69-year-old woman with a history of arterial hy-
pertension and hypothyroidism (after treatment with
1-131 due to hyperthyroidism) was admitted to the
Department of Endocrinology in 2015 because of bone
metastasis of neuroendocrine cancer from an unknown
primary lesion. The patient had undergone removal of

the paraganglioma of the right carotid artery in 2008,
and she had had surgical treatment of an L3 vertebra
fracture in 2015. During the hospitalisation, biochemical
data showed a significantly increased concentration of
chromogranin A 93.6 ng/mL (0-6) and increased excre-
tion of 3-methoxytyramine 15821.6 ug/24 h (N: 0-220)
in 24-hour urine collection.

The material collected from the L3 vertebral me-
tastasis was re-examined (a diagnosis of metastatic
neuroendocrine cancer was included in the primary
histopathological report), and the diagnosis of meta-
static paraganglioma was established. The tumour cells
expressed synaptophysin and had a Ki-67 index at 9%,
and no expression of somatostatin receptors was found
in the neoplastic cells. An active metabolic recurrence of
paraganglioma in the area of bifurcation of the common
carotid artery (Fig. 1)/mandibular angle on the right
side, with massive dissemination to the skeletal system
(Fig. 2) and the involvement of the chest lymph nodes,
were visualised in "F-fluorodeoxyglucose positron
emission tomography/computed tomography (["F]
F-FDG PET-CT) (07.12.2015).

In Todine-131-meta-iodobenzylguanidine ([**'I]I-
-MIBG) scintigraphy (23.12.2015), tracer uptake in the
lower jaw area on the left side, on the neck in the thyroid
gland topography to the right of the midline of the body,
and xiphoid process of the sternum in the thoracic spine
and the plate of the right iliac bone were found (Fig. 3).

The molecular analysis revealed an uncommon
variant, ¢.34G>A (p.Gly12Ser), in the SDHD gene. At
that time point, this variant was of unknown clinical
significance. The detected variant occurred as a homo-
zygote in Sanger sequencing analysis. Therefore, the
genetic investigation was complemented by multiplex
ligation-dependent probe amplification (MLPA), result-
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Figure 1. PET/CT imaging with 18F FDG shows local recurrence
of paraganglioma. The arrow shows an active metabolic area of
paraganglioma in the area of bifurcation of the common carotid
artery/mandibular angle on the right side. (Department of
Endocrinology Medical College Jagiellonian University Krakow,
Poland)

Figure 2. PET/CT imaging with 18F FDG. The arrows show
an active metabolic area of paraganglioma in the area of vertebral
column and sacroiliac bone. (Department of Endocrinology
Medical College Jagiellonian University Krakow, Poland)

ing in the detection of a pathogenic alteration — an ex-
tensive gene deletion (encompassing exons 1-3) on one
allele. Currently, the c.34G>A (p.Gly12Ser) variant is
classified as benign or probably benign in the NCBI
ClinVar database.

The patient was referred for therapy with iodine-la-
belled MIBG but unfortunately died due to dissemination.

Genetic testing was performed in the patient’s fam-
ily members. Her son inherited the extensive deletion,
but because SDHD mutations are paternally inherited
[2, 3], it should not be evident clinically. The molecular
analysis was also conducted in his 2 children: genetic
alterations were excluded in the case of his son but
confirmed in the case of his daughter — the same
extensive gene deletion (encompassing exons 1-3)
with a high probability (approximately 80%) of caus-

34

Figure 3. SPECT/CT imaging with
1311-MIBG. Accumulation of a tracer in
the lower jaw area on the left side, on the
neck in the thyroid gland topography to
the right of the midline of the body, and
xiphoid process of the sternum in the
thoracic spine and the plate of the right.
(Department of Endocrinology Medical
College Jagiellonian University Krakow,
Poland)

ing symptoms of the paraganglioma syndrome. The
daughter — a 20-year-old woman — was diagnosed
with alesion in a sternum indentation a few weeks ago
and is now undergoing a diagnostic process.

Genetic alterations in the SDHD gene account for
approximately 9% of all pheochromocytoma/para-
ganglioma cases [1]. Paragangliomas associated with
SDHD variants develop most often in head and neck
locations, they are usually benign tumours, and the risk
of metastatic disease in carriers is approximately 5-7%
[4, 5]. The above case was characterised by an atypi-
cally aggressive clinical course with relapse and distant
metastasis 7 years after the initial diagnosis.
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6. Podsumowanie wynikéw i wnioski

Artykut numer 1: Molecular analysis and genotype-phenotype correlations in patients with
classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency from southern

Poland - experience of a clinical center

Do badania zostato wtgczonych 48 pacjentéw z klasyczng postacig WPN (38 oséb
z postacig z SW i 10 z SV). U wszystkich pacjentéw przeprowadzono analize genetyczng
metodg MLPA (multiplex ligation-dependent probe amplifcation), z uzyciem sondy SALSA
MLPA PO50 CAH firmy MRC Holland, ktéra umozliwia wykrywanie duzych rearanzacji i siedmiu
najczesciej wystepujgcych mutacji punktowych w jednej mieszaninie reakcyjnej.
W przypadkach, w ktérych nie wykryto zmian molekularnych metodg MLPA, diagnostyke
uzupetniono o sekwencjonowanie metodg Sangera. Czterech pacjentdw zostato wykluczonych
z dalszej analizy, poniewaz nie byto mozliwe okreslenie rozktadu allelicznego wariantéw bez
wykonania analizy molekularnej u rodzicow.

W badanej grupie 44 pacjentow z klasyczng postacig WPN (tgcznie 88 alleli), zmiany
molekularne w genie CYP21A2 stwierdzono w 100% analizowanych alleli. Najczestszym
wykrytym wariantem byt 12G (c.293-13A/C>G), ktéry wykazano w 38,63% wszystkich
zbadanych alleli, nastepnie wystepowaty duze delecje i wariant 1172N (p.lle173Asn)
(odpowiednio 32,95% i 12,5% badanych alleli). Pozostate wykryte warianty to: p.Val282Leu,
SNP-113 (c.- 113G>A), Q318X (p.GIn319Ter), R356Q (p.Arg357GIn), R356W (p.Arg357Trp),
p.Trp20Ter, p.Pro31leu, del8bp (p.Glyl11Valfs*21), F306+T (p.Leu308Phefs*6)
i c.738+12_738+13delACinsGT.

Otrzymane genotypy podzielono na pieé grup (w zaleznosci od resztkowej aktywnosci
enzymatycznej 210HD) [17, 18], a nastepnie skorelowano z obrazem klinicznym. Grupa null,
z 0% resztkowg funkcjag 210HD, obejmowata pacjentéw z zaburzeniami molekularnymi
stwierdzonymi w obydwu allelach genu CYP21A2, powodujgcymi catkowity brak aktywnosci
enzymatycznej (delecje, konwersje, F306+T, del8bp, klaster E6, R356W i Q318X). Grupe A
(0-1% resztkowej aktywnosci 210HD) stanowili pacjenci bedacy homozygotami 12G lub
heterozygotami sktadajgcymi sie z 12G i innego wariantu, z minimalng aktywnoscia

enzymatyczng (0—1%). Pacjenci bedgcy homozygotami wariantu 1172N (okoto 2% resztkowej
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aktywnosci enzymu 210HD) lub heterozygotami 1172N z wariantami null lub A, zostali
przypisani do grupy B, z 1-2% resztkowgq aktywnoscig enzymu. Pacjenci, ktérzy byli nosicielami
wariantéw o nieznanym wptywie na resztkowg aktywnos$é enzymatyczng in vitro, zostali
przydzieleni do grupy genotypowej D.

W badaniu wykazano dobrg korelacje pomiedzy genotypem a oczekiwanym
fenotypem w grupach z zerowg aktywnoscig 210HD (null) i grupie z aktywnos$cig enzymu
wynoszgcg 0-1% (A), z PPV odpowiednio 100% i 90,5%, natomiast korelacja byta znacznie
nizsza w grupie z aktywnosciag 1-2% (grupa B) i wynosita 66,7%. U dziewieciu pacjentéw
stwierdzono niezgodnos¢ genotyp-fenotyp.

W badanej grupie zidentyfikowano jeden nowy wariant CYP21A2 c.[878G>T]
(p.Gly293Val), dotychczas nieopisywany w literaturze. Do oceny wptywu wykrytego wariantu
na funkcje biatka wykorzystano narzedzia bioinformatyczne. Zidentyfikowany wariant
c.[878G>T] zostat oceniony jako uszkadzajgcy przez PROVEAN [19] i SIFT [20]. Réwniez zgodnie
z klasyfikatorem Bayesa stosowanym w MutationTaster wariant ten zostat uznany za
chorobotwérczy [21].

Badanie wykazato dobrg korelacje pomiedzy genotypem a fenotypem w grupie
pacjentdéw z zerowq aktywnoscig 21-hydroksylazy (null) i w grupie z aktywnoscig wynoszgca
0—-1% (A) . Czestosci wariantéw genu CYP21A2 byly zblizone do danych wczes$niej opisywanych
dla innych krajow regionu. Najczestszym wariantem genetycznym w badanej kohorcie byt 12G,
a nastepnie duze delecje i wariant 1172N. W badanej grupie zidentyfikowano jeden nowy
wariant — c¢.[878G>T] (p.Gly293Val), ktéry za pomocg narzedzi bioinformatycznych

scharakteryzowano jako patogenny.
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Artykut nr 2: Prevalence of selected single-nucleotide variants in patients with

neuroendocrine tumors — potential clinical relevance

Pomimo postepu wiedzy o nowotworach neuroendokrynnych, czynniki genetyczne
odpowiedzialne za rozwdj sporadycznych NET nadal stanowig przedmiot badan. Wciaz
poszukuje sie markerow molekularnych, ktére miatyby wartos¢ prognostyczng i/lub
predykcyjna.

Celem pracy byfta ocena wybranych wariantéw pojedynczych nukleotydéw gendow
zaangazowanych w odpowiedz zapalng, kontrole cyklu komoérkowego i mechanizmy naprawy
DNA, w aspekcie wystepowania sporadycznych NET oraz ich przebiegu klinicznego. W pracy
Bodei i wsp. [13] polimorfizmy pojedynczych nukleotydéw zostaty wymienione jako
potencjalne czynniki moggce miec zastosowanie w przewidywaniu toksycznosci zwigzanej
z radioterapig izotopowa, co sugeruje, ze przedstawione badanie moze mie¢ w przysztosci
implikacje praktyczne.

Do badania zostato wigczonych 185 pacjentéw. W pierwszej czesci przeprowadzono
analize molekularng czterech wariantdw pojedynczego nukleotydu: rs8005354 (DADI,
NM_001344 substytucja intronowa T/C), rs2069762 (substytucja T/G w regionie promotora
IL2 NM_000586), rs3731198 (CDKN2A, NM 000077 substytucja intronowa A/G) oraz
rs1800872 (substytucja C/A w regionie promotora /L10 NM_000572) u 107 uczestnikéw (49
pacjentéw z NET o réznym punkcie wyjscia oraz 58 oséb z grupy kontrolnej). W drugim etapie
badania oceniono te same polimorfizmy pojedynczych nukleotydéw u 127 pacjentow z NET
i przeanalizowano w odniesieniu do danych klinicznych (ognisko pierwotne, stezenie CgA
w surowicy i wystepowanie przerzutéw). Analizowane warianty zostaty wyselekcjonowane
w oparciu o dane literaturowe wskazujgce na ich potencjalny zwigzek z rozwojem NET:
rs3731198 [22, 23], rs8005354 [22] i rs2069762 [24] lub taczace wybrane warianty
z podatnoscig na inne nowotwory: rs2069762 [25] i rs180072 [26].

Wszyscy pacjenci zostali przebadani pod katem obecnosci wybranych SNP przy uzyciu
odpowiednich sond TagMan i TagMan Genotyping Master Mix.

Analiza homozygot wykazata istotng statystycznie wiekszg czestos¢ wystepowania
homozygot TT wariantu rs3731198 w grupie kontrolnej (p = 0,0209). W grupie pacjentow
z NET stwierdzono istotng statystycznie wyzszg czesto$é wystepowania homozygot GG

wariantu rs1800872 (p = 0,003). Ponadto wykazano istotng statystycznie korelacje pomiedzy
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wariantem rs3731198 a wystepowaniem przerzutow do weztdw chtonnych (p = 0,0038
z korekta Bonferroniego).

Badanie wykazato, ze homozygoty GG wariantu rs1800872 s3 czesciej obserwowane
u chorych z NET, natomiast homozygoty TT wariantu rs3731198 wystepujg w tej grupie
rzadziej. Wariant rs3731198 moze by¢ zwigzany ze zwiekszonym ryzykiem wystgpienia

przerzutéw do weztéw chtonnych.
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Artykut nr 3: A rare case of aggressive, hereditary paraganglioma associated with

a pathogenic variant in SDHD

Zmiany genetyczne w genie SDHD odpowiadajg za okoto 9% wszystkich przypadkow
pheochromocytoma/paraganglioma [14]. Paraganglioma zwigzane z wariantami SDHD
rozwijajg sie najczesciej w obrebie gtowy i szyi, zwykle cechujg sie tagodnym przebiegiem
klinicznym, a ryzyko wystgpienia choroby przerzutowej u nosicieli wynosi okoto 5-7% [16].
W pracy przedstawiono przypadek pacjentki z dwoma wariantami w obrebie genu SDHD. Na
jednym allelu zostat wykryty wariant w postaci rozlegtej delecji genu (w obrebie eksonéw
1-3), natomiast na drugim allelu rzadki wariant, c.34G>A (p.Gly12Ser), ktéry do niedawna
oznaczony byt jako majgcy , niepewne znaczenie kliniczne”, a aktualnie jest klasyfikowany
w bazie NCBI ClinVar jako ,tagodny lub prawdopodobnie tagodny”. Przedstawiony przypadek
cechowat sie agresywnym przebiegiem, wystgpieniem wznowy i przerzutéw odlegtych okoto

7 lat od pierwotnego rozpoznania.

Podsumowanie ogdlne

Coraz szersze portfolio testéw genetycznych wykorzystywanych we wspodtczesnej
endokrynologii pozwala na poprawe mozliwosci diagnostycznych, a w niektérych sytuacjach
rowniez predykcyjnych.

Badania genetyczne w wielu jednostkach chorobowych stanowig dzisiaj decydujgce
narzedzie w optymalizacji procesdw diagnostycznych i personalizacji leczenia. Poszukiwania
zaburzen molekularnych w rzadkich chorobach endokrynologicznych przyblizajg nas nie tylko
do lepszego zrozumienia patomechanizmu ich powstawiania, ale i przewidywania przebiegu

choroby i odpowiedzi na leczenie.
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7. Streszczenie pracy w jezyku polskim

Wstep

Badania molekularne stanowig jedng z kluczowych i niezwykle dynamicznie
rozwijajgcych sie metod diagnostycznych wspétczesnej endokrynologii. Poszukiwanie zmian
genetycznych pozwala nie tylko na ustalenie prawidtowego rozpoznania czy przewidywanie
przebiegu klinicznego danej jednostki chorobowej, ale moze réwniez stwarza¢ mozliwosci
terapii, zwtaszcza w dobie medycyny spersonalizowane;.

Zatozeniem niniejszej rozprawy doktorskiej byto opracowanie zagadnien zwigzanych
z wykorzystaniem badan genetycznych w kilku wybranych rzadkich zaburzeniach
endokrynologicznych: klasycznej postaci wrodzonego przerostu nadnerczy, guzach

neuroendokrynnych oraz przyzwojakach.

Cele pracy
1. Okreslenie korelacji pomiedzy genotypem a fenotypem u pacjentéw z klasyczng
postacia wrodzonego  przerostu nadnerczy, wywotang niedoborem
21-hydroksylazy.
2. Ocena wptywu wybranych wariantéw genetycznych pojedynczych nukleotyddw na
ryzyko zachorowania oraz przebieg kliniczny guzéw neuroendokrynnych.
3. Powigzanie rzadkiego przypadku agresywnego, dziedzicznego paraganglioma

z patogennym wariantem w genie SDHD.

Materiaty i metody

Do pierwszego badania, dotyczacego podioza genetycznego wrodzonego przerostu
nadnerczy i korelacji genotyp-fenotyp, wtgczono 48 pacjentéw (30 kobiet i 18 mezczyzn
z klasyczng postacig WPN (38 z utratg soli i 10 z wirylizacjg prostg). U wszystkich pacjentow
zostata przeprowadzona analiza molekularna genu CYP21A2 metodg MLPA, przy negatywnym
wyniku MLPA diagnostyke byta uzupetniona o sekwencjonowanie. Otrzymane genotypy
podzielono w zaleznosci od aktywnoSci resztkowej 21-hydroksylazy, a nastepnie poréwnano
z fenotypem klinicznym.

Do drugiego badania analizujgcego wybrane polimorfizmy pojedynczych nukleotyddéw
w nowotworach neuroendokrynnych witgczono 185 pacjentéw. W pierwszym etapie pracy
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analizowano czestos¢ wybranych wariantéw molekularnych: rs8005354 (DAD1, NM_001344
substytucja intronowa T/C), rs2069762 (substytucja T/G w regionie promotora /L2
NM_000586), rs3731198 (CDKN2A, NM_000077 substytucja intronowa A/G) oraz rs1800872
(substytucja C/A w regionie promotora /L10 NM_000572) w grupie badanej, obejmujacej 49
pacjentéw z NET o rdéznych punktach wyjscia oraz w grupie kontrolnej, liczacej 58 osdb.
W kolejnej czesci te same warianty analizowano w kontekscie danych klinicznych w grupie 127
pacjentéw z NET (punkt wyjscia guza neuroendokrynnego, stezenie chromograniny
A i wystepowanie przerzutéw).

W trzeciej pracy, bedacej opisem przypadku, przedstawiono przypadek pacjentki

z wariantami w obydwu allelach genu SDHD i agresywnym przebiegiem klinicznym.

Wyniki

W pierwszym badaniu, dotyczagcym WPN, zmiany molekularne w genie CYP21A2
wykazano w 100% analizowanych alleli. Najczestszym wykrytym wariantem byt 12G (c.293-
13A/C>G) stwierdzony w 38,63% wszystkich przebadanych alleli. Duze delecje dotyczyty
32,95% alleli, a wariant 1172N (p.llel73Asn) 12,5%. Badanie wykazato dobrg korelacje
pomiedzy genotypem a oczekiwanym fenotypem w grupach zzerowa aktywnoscig 21-
hydroksylazy (null) igrupie z aktywnosciag wynoszacg 0-1% (A), PPV odpowiednio 100%
i 90,5%. Korelacja byta znacznie nizsza w grupie z aktywnoscig 1-2% (grupa B) — 66,7%. U
dziewieciu pacjentdw stwierdzono niezgodnos$¢ genotyp-fenotyp. W badanej grupie
zidentyfikowano jeden nowy patogenny wariant CYP21A2 c.[878G>T] (p.Gly293Val),
dotychczas nieopisywany w literaturze.

W drugim badaniu analiza homozygot udowodnita wiekszg czestos$é wystepowania
homozygot TT wariantu rs3731198 w grupie kontrolnej (p = 0,0209). U pacjentéow z NET
stwierdzono wyzszg czestos¢ wystepowania homozygot GG wariantu rs1800872 (p = 0,003).
Ponadto wykazano istotng statystycznie korelacje pomiedzy wariantem rs3731198
a przerzutami do weztéw chtonnych (p = 0,0038).

W trzeciej pracy scharakteryzowano warianty genu SDHD na podstawie przypadku
klinicznego. W obrebie jednego allelu wykryto wariant w postaci rozlegtej delecji genu

(eksonéw 1-3), na drugim allelu zidentyfikowano rzadki wariant, c.34G>A (p.Gly12Ser).
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Whioski

1. Przeprowadzone badania pozwolity na scharakteryzowanie genotypow klasycznej
postaci WPN pacjentéw z Polski pofudniowej. Udowodniono wysokg korelacje
genotyp-fenotyp w grupach z zerowgq aktywnoscia 21-hydroksylazy oraz z aktywnoscia
wynoszgcg 0-1%. Zidentyfikowano i scharakteryzowano nowy patogenny wariant
genu CYP21A2.

2. Wykazano, ze homozygoty GG wariantu rs1800872 wystepujg czesciej u pacjentéw
z NET, a homozygoty TT wariantu rs3731198 sg w tej grupie rzadsze. Wariant
rs3731198 moze sie wigzac z ryzykiem wystgpienia przerzutéw do weztéw chtonnych.

3. Opis przypadku zwrécit uwage na rzadki przypadek agresywnego przebiegu

paraganglioma zwigzanego a patogennym wariantem SDHD.
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8. Streszczenie pracy w jezyku angielskim

Introduction

Molecular testing is one of the key and rapidly developing diagnostic methods in
modern endocrinology. Searching for genetic alterations not only makes it possible to
establish the proper diagnosis or predict the clinical course of a given disease entity, but can
also provide opportunities for therapy, especially in the era of personalized medicine.

The purpose of this dissertation was to address issues related to genetic testing in
selected rare endocrine disorders: the classical form of congenital adrenal hyperplasia,

neuroendocrine tumors, and paragangliomas.

Objects of the study
1. Determine the correlation between genotype and phenotype in patients with the
classical form of congenital adrenal hyperplasia caused by 21-hydroxylase
deficiency.
2. Assess the significance of selected single nucleotide genetic variants in the
susceptibility and clinical course of neuroendocrine tumors.
3. Linking a rare case of aggressive hereditary paraganglioma with a pathogenic

variant in the SDHD gene.

Materials and Methods

Forty-eight patients (30 females and 18 males) with the classical form of CAH (38 with
salt wasting and 10 with simple virilization) were included in the first study, on the genetic
basis of CAH and genotype-phenotype correlations. Molecular analysis of the CYP21A2 gene
using MLPA was performed in all patients; in cases with a negative MLPA result, the diagnosis
was complemented by sequencing. The obtained genotypes were classified according to the
residual 21-hydroxylase activity and then compared with the clinical phenotype.

For the second study, which analyzed selected single nucleotide polymorphisms in
neuroendocrine tumors, 185 patients were included. In the first stage of the study, the
prevalence of selected molecular variants, rs8005354 (DAD1, NM 001344 intronic T/C
substitution), rs2069762 (T/G substitution in /L2 promoter region NM_000586), rs3731198
(CDKN2A, NM_000077 intronic A/G substitution), and rs1800872 (C/A substitution in /L10
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promoter region NM_000572) was analysed in a study group of 49 NET patients and a control
group of 58 subjects. In the next part, the same variants were analyzed in the context of clinical
data on an extended group of 127 NET patients (primary site, serum chromogranin A
concentration and metastasis).

The third paper, which is a case report, presents the case of a patient with variants in

both alleles of the SDHD gene and an aggressive clinical course.

Results

In the first study on classical CAH, molecular alterations in the CYP21A2 gene were
identified in 100% of the alleles analyzed. The most common variant detected was 12G (c.293-
13A/C>G) - 38.63% of all alleles tested. Large deletions affected 32.95% of alleles and the
172N variant (p.lle173Asn) affected 12.5%. The study showed a good correlation between
genotype and expected phenotype in the groups with zero 21-hydroxylase activity (null) and
the group with activity of 0-1% (A), PPV 100% and 90.5%, respectively. The correlation was
much lower in the group with 1-2% activity (group B) - 66.7%. Nine patients had non-
concordance of genotype and phenotype. In the study group, a new pathogenic variant of
CYP21A2 c.[878G>T] variant (p.Gly293Val), previously not reported in the literature, was
identified and characterized.

In the second study, homozygote analysis proved a higher frequency of TT
homozygotes of the rs3731198 variant in the control group (p = 0.0209). NET patients showed
a higher frequency of GG homozygotes of the rs1800872 variant (p = 0.003). There was a
statistically significant correlation between the rs3731198 variant and lymph node metastasis
(p =0.0038).

In the third study, variants of the SDHD gene were characterized based on a clinical
case. Within one allele, a variant was detected in the form of extensive deletion of the gene

(exons 1-3), and a rare variant, c.34G>A (p.Gly12Ser), was identified in the other allele.

Conclusions
1. The study allowed us to characterize the genotypes of the classical CAH in patients
from southern Poland. A high genotype-phenotype correlation was shown in groups
with zero 21-hydroxylase activity and with 0-1% activity. A new variant of the CYP21A2

gene has been identified and characterized by means of bioinformatic tools.
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2. The study showed that GG homozygotes of the rs1800872 variant are more common
in NET patients, while TT homozygotes of the rs3731198 variant are less common in
this group. The rs3731198 variant may be associated with a risk of lymph node

metastasis.

3. The case report highlighted a rare case of aggressive paraganglioma associated with a

pathogenic variant of SDHD.
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OSWIADCZENIE

Jako wspélautor pracy: "Molecular analysis and genotype-phenotype correlations in patients
with classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency from southern Poland -
experience of a clinical center.” odwiadezam, iz maj whasny wklad merytoryceny w preygotowanie,
przeprowadzenie i opracowanie badaf oraz prredstawienie pracy w formie publikacji polegal na
krytyeznym przegladzie preygotowanego artykulu pod katem istotnej zawartosei intelektualnej.

Jednoczesnie wyrazam zgode na przediozenie ww, pracy przez lek. Anng Kurzynsks jako czgsc
razprawy doktorskiej w formie spijnego tematycenie zbioru artykutéw  opublikowanych
w czasopismach naukowych.

Oiwiadczam, iz samodzielna i moizliwa do wyodrebnienia czgsé ww. pracy wykazuje
indywidualny wkiad lek. Anny Kurzynskiej polegajacy na: opracowaniu koncepeji badan, zbieraniu
danych, opracowaniu i interpretacji wynikéw tej pracy, przy gotowaniu manuskeyptu.

|WC.W ﬁ"m.
(podpis wspdlautora)
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Krakow, 08.11.2022 .
dr hab. n. med. Elwira Przybylik-Mazurek

Katedra i Klinika Endokrynologii CMUJ

OSWIADCZENIE

Jako wspdtautor pracy: "Molecular analysis and genotype-phenotype corvelations in patients
with classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency from southern Poland -
experience of a clinical center.” oéwiadezam, iz moj wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji polegal na
opracowaniu koncepcji badan, udziale w analizie i interpretacji danych, krytycznym przegladzie
przygotowanego artykutu pod katem istotnej zawartosei intelektualnej.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Anng Kurzynska jako czgs¢
rozprawy doktorskiecj w formie spdjnego tematycznie zbioru artykuléw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgsé ww. pracy wykazuje
indywidualny wkiad lek. Anny Kurzynskiej polegajacy na: opracowaniu koncepcji badan, zbieraniu
danych, opracowaniu i interpretacji wynikow tej pracy, przygotowaniu manuskryptu.

&l = £D s =
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{podpis wspofautra)

51

(
o



Krakéw, 08.11.2022 1.

Dr n med. Anna Skalniak
Katedrz i Klinika Endokrynologii CMUT

OSWIADCZENIE

Jako wspolautor pracy: "Molecular analysis and genotype-phenofype correlalions in patienis
with classical congenital adrenal hyperplasia due to 21-fydroxylase deficiency from sowthern Poland
- experience of a clinical center." ofwiadezam, iz moj whasny wklad merytorvezny w preygotowanie,
przeprowaidzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji polegal na
analizie danych i pomocy w preygotowywaniu artykuiu,

Jednoczesnie wyrazam zgode na przedloenie ww. pracy przez lek. Anne Kurzyriska jako
ceesé rozprawy doktorskiej w formie spdjmego tematycznie zbioru ariykuléw opublikowanych
w czasopismach naukowych.

Ofwiadcezam, i samodzielna i mozliwa do wyodrgbnienia czgsc ww. pracy wykazuje
indywidualny whiad lek. Anny Kurzyfiskiej polegajacy na: opracowaniv koncepeji badar, zbieraniu
danych, opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu.

" (podpis wspolautora)
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Place/date. .S

MD Kim //famson', Karolinska Unessitetet

i
(title, name and surname, affiliation)

Co-authorship statement

As a co-author of the publication: Molecular analysis and genotype-phenotype correlations in
patients with classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency from
southern Poland - experience of a clinical center. Hormones (Athens). 2022;21(2):241-249.
doi:10.1007/542000-022-00348-z

1 declare that my own substantial contribution to this publication consists of:
- validation of a research method (CYP2/42 sequencing).
Hereby, I agree to submit the above-mentioned publication by MD Anna Kurzynska
as part of a doctoral dissertation in the form of a thematically coherent collection of articles published
in scientific journals.
I declare that an independent and identifiable part of the abovementioned publication shows
individual contribution of MD Anna Kurzyfiska consisting of:
- development a research concept
- data collection
- interpretation of results
- preparation of manuscript

- review and editing of manuscript

(co-author's signature)
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Ankara, Turkey 21/09/2022

Viola Bistika M. D.
Baskent University Hospital

Co-authorship statement
As a co-author of the publication: Molecul lysis and genotype-phenotype correlations in
tients with classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency from

¥

southern Poland - experience of a clinical center. Hormones (Athens). 2022;21(2):241-249.
d0i:10.1007/542000-022-00348-z

I declare that my own substantial contribution to this publication consists of:
- validation of a research method (CYP2/A2 sequencing).
Hereby. I agree to submit the above-mentioned publication by MD Anna Kurzynska
as part of & doctoral dissertation in the form of a thematically coherent collection of articles published

in scientific journals.
I declare that an independent and identifiable part of the abovementioned publication shows

¥

individual contribution of MD Anna Kurzyiska consisting of:
- development a research concept

- data collection

- interpretation of results

- preparation of manuscript

- review and editing of manuscript

|
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Krakéw, 08.11.2022 r.

lek. Anna Kurzynska
Katedra Endokrynologii CMUJ

OSWIADCZENIE

Jako wspétautor pracy: "Molecular analysis and genotype-phenotype correlations in patients
with classical congenital adrenal hyperplasia due to 21 -hydroxylase deficiency from southern Poland
- experience of a clinical center.” o$wiadczam, iz méj wiasny wktad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na:
opracowaniu koncepcji badan, zbieraniu danych, opracowaniu i interpretacji wynikéw tej pracy,

przygotowaniu manuskryptu.

(podpis wspofautora)

55



Krakdw, 08.11.2022 r,
prof. dr hab. n. med. Alicja Hubalewska-Dydejczyk

Katedra i Klinika Endokrynologii CMUJ

OSWIADCZENIE

Jako wspolautor pracy: " Prevalence of Selected Single-Nucleotide Variants in Patients with
Newroendocrine  Tumoars-Potential Clinical Relevance.” odwiadezam, iz méj whasny whklad
merytoryczny W przygotowanie, przeprowadzenie i opracowanie badaf oraz przedstawienie pracy w
formie publikacji polegal na krytycznym presgladzie przygotowanego artyluhn pod kgtem istotne
zawartosei intelekinalne).

Jednoczednie wyrazam zgode na przedlozenic ww. pracy przez lek. Anng Kurzyniska jako czgsé
rozprawy  doktorskie] w formie spéjnego tematycznie zhioru artykuldw opublikowanych
w czasopismach naukowych,

Oéwiadezam, iz samodzielna i mozliwa do wyodrgbnienia czesé ww. pracy wykazuje
indywidualny wkiad lek. Anny Kurzyfiskiej polegajacy na: opracowaniu koncepeji badan, zbieraniu
danych, opracowaniu i interpretagji wynikéw tej pracy, przygotowaniu manuskryptu.

(podpis wspdtautora)
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Krakow, 08.11.2022r.
dr hab. n. med. Elwira Przybylik-Mazurek

Katedra i Klinika Endokrynologii CMUIJ

OSWIADCZENIE

Jako wspolautor pracy: " Prevalence of Selected Single-Nucleotide Varianis in Patients with
Newrvendocrine  Tumors-Poientiacl  Clinical  Relevance.” oSwiadezam, 12 mo) wilasny whklad
merytoryczny w preygotowanie, przeprowadzenie | opracowanie badan oraz przedstawienie pracy w
formie publikacji polegal na krytycznym przegladzie przygotowanego artykuhi pod katem istotng
zawartosel intelektualne).

Jednoczesnie wyrazam zgode na przediozenie ww, pracy przez lek. Anne Kurzynska jako czgsé
rozprawy  doktorskie] w  formie  spdnego  tematyeznie  zbioru  artykulow  opublikowanych
w ¢zasopismach naukowych,

Odwiadezam, iz samodzielna i mozliwa do wyodrebnienia czesé ww, pracy wykazuje
indywidualny wkiad lek. Anny Kurzynskicj polegajacy na: opracowaniu koncepeji badan, zbieraniu
danych, opracowaniu i interpretacji wynikow tej pracy, przygotowaniu manuskryptu.

e o (8 Gl el
(podpis wapdl um&i‘)
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Krakdw, 08.11.2022 r.
prof. dr hab. n. med. Dorota Pach

Katedra i Klinika Endokrynologii CMUJ

OSWIADCZENIE

Jako wspotautor pracy: " Prevalence of Selected Single-Nucleotide Variants in Patients with
Neurcendocrine Tumors-Potential Clinical Relevance.” o$wiadczam, iz méj wlasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji polegal na opracowaniu koncepcji badan oraz krytycznym przegladzie
przygotowanego artykutu pod katem istotnej zawartosci intelektualne;.

Jednoczeénic wyrazam zgode na przedtozenie ww. pracy przez lek. Anng Kurzynskg jako czgs¢
rozprawy doktorskiej w formie spojnego tematycznie zbioru artykuléw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgé¢ ww. pracy wykazuje
indywidualny wklad lek. Anny Kurzyniskiej polegajacy na: opracowaniu koncepceji badan, zbieraniu

danych, opracowaniu i interpretacji wynikéw tej pracy, przygotowaniu manuskryptu.
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Krakow, 08.11.2022r.

Dr n med. Marta Opalifiska
Katedra i Klinika Endokrynologii CMUJ

OSWIADCZENIE

Jako wspOlautor pracy: " Prevalence of Selected Single-Nucleoiide Varianis in Patients with
Newroendocrine  Tumors-Potential  Clinical  Relevance,” odwiadezam, 1z md) wlasny  whiad
meryioryceny w przygotowanie, przeprowadzenie i opracowanie badaf oraz przedstawienic pracy w
formie publikacji polegal na krytycanym przegladzie proypotowanego artykuty pod katem istotnej
zawarlodei intelektualngj.

Jednoczednie wyrazam zgode na przediozenie ww. pracy przez lek. Anng Kurzyriska jako czesé
rozprawy doktorskiej w formie spdjnege tematycznie zbioru artykutow opublikowanych
w czasopismach naukowych.

Oéwiadezam, iz samodzielna i mozliwa do wyodrgbnienia czesé ww. pracy wykazuje
indvwidualny whiad lek. Anny Kurzyiiskiej polegajacy na: opracowaniu koncepeji badan, zbieraniu
danych, opracowaniu i interpretacji wynikow tej pracy, przygotowaniu manuskryptu.

Oné

7 (podpis wspotautora)
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Krakow, 08.11.2022 r.

Dr n med. Agnieszka Stefanska
Oddziat Kliniczny Endokrynologii, Endokrynologii Onkologiczne|
i Medycyny Nuklearnej SU w Krakowie

OSWIADCZENIE

Jako wspdlautor pracy: " Prevalence of Selected Single-Nucleotide Variams in Patients with
Newroendocrine  Tumors-Potential  Clinical  Relevance.” odwiadezam, iz mdj whasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji polegal na zbieranin danych.

Jednoczesnie wyrazam zgode na przediozenie ww. pracy przez lek. Anng Kurzynsky jako czgdé
rozprawy  doktorskie] w formie spdjnego  tematycznie zbioru artykuléw  opublikowanych
w czasopismach naukowych.

Oéwiadezam, i samodzielna i mozliwa do wyodrebnienia czesé ww. pracy wykazuje
indywidualny whkiad lek. Anny Kurzyniskiej polegajacy na: opracowaniu koncepeji badan, zhieraniu
danych, opracowaniu i interpretacji wynikow tej pracy, przygotowaniu manuskryptu.

% mm wspélnuwrag}gt
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Krakéw, 08.11.2022 .

Dr n med. Anna Skalniak
Katedra i Klinika Endokrynologii CMUJ

OSWIADCZENIE

Jako wspolautor pracy: " Prevalence of Selected Single-Nucleofide Variants in Patients with
Neuroendocrine Tumors-Potential Clinical Relevance.” oswiadczam, iz mdj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji polegat na opracowaniu i analizie danych.

Jednoczeénie wyrazam zgode na przedfoZenie ww. pracy przez lek. Anng Kurzytiska jako czgsé
rozprawy doktorskiej w formie spdjnego tematyczmie zbioru artykutéw  opublikowanych
w czasopismach naukowych.

O$wiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy wykazuje
indywidualny wktad lek. Anny Kurzytiskiej polegajacy na: opracowaniu koncepcji badan, zbieraniu
danych, opracowaniu i interpretacji wynikGw tej pracy, przygotowaniu manuskryptu.
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(podpig wspdlautora)
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Krakow, 08.11.2022 r.

lek. Anna Kurzynska
Katedra Endokrynologii CMUJ

OSWIADCZENIE

Jako wspotautor pracy: " Prevalence of Selected Single-Nucleotide Variants in Patients with
Neuroendocrine Tumors-Potential Clinical Relevance.” o$wiadczam, iz moj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badar oraz przedstawienie pracy w
formie publikacji polegat na opracowaniu koncepcji badafi, zbieraniu danych, opracowaniu i

interpretacji wynikow tej pracy, przygotowaniu manuskryptu.

(podpis wspétautora)
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Krakow, 08.11.2022 .
prof. dr hab. n. med. Alicja Hubalewska-Dydejczyk

Katedra i Klinika Endokrynologii CMUJ

OSWIADCZENIE

Jako wspotautor pracy: "4 rare case of aggressive, hereditary paraganglioma associated with
a pathogenic variant in SDHD." o$wiadczam, iz moj whasny wklad merytoryczny w przygotowanic,
przeprowadzenie i opracowanie badaf oraz przedstawienie pracy w formie publikacji polegal na
krytycznym przegladzie przygotowanego artykufu pod katem istotnej zawartosei intelektualnej.

Jednocze$nie wyrazam zgodg na przedloZenie ww. pracy przez lek. Anng Kurzyniska jako czesé
rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykuléw opublikowanych
w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czesé ww. pracy wykazuje
indywidualny wklad lek. Anny Kurzynskiej polegajacy na: opracowaniu koncepcji pracy. zbieraniu
danych, opracowaniu i interpretacji wynikéw, przygotowaniu manuskryptu.
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Krakéw, 08.11.2022 r,
dr hab. n. med. Elwira Przybylik-Mazurek

Katedra i Klinika Endokrynaologii CMUJ

OSWIADCZENIE

Jako wspolautor pracy: "4 rare case of aggressive, hereditary paraganglioma associated with
a pathogenic variant in SDHD." odwiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji polegal na
krytyeznym przegladzie przygotowanego artykutu pod katem istotnej zawartosci intelektualnej.

Jednoczesnie wyrazam zgode na przedlozenie ww. pracy przez lek. Anne Kurzynska jako czgsé
rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykulow opublikowanych
w czasopismach naukowych.

Oé$wiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy wykazuje
indywidualny wkiad lek. Anny Kurzyfiskiej polegajacy na: opracowaniu koncepcji pracy, zbieraniu
danych, opracowaniu i interpretacji wynikéw, przygotowaniu manuskryptu.
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Krakéw, 08.11.2022 r.
Dr n med. Anna Skalniak

Katedra i Klinika Endokrynologii CMUJ

OSWIADCZENIE

Jako wspdtautor pracy: "A rare case of aggressive, hereditary paraganglioma associated with
a pathogenic variant in SDHD." oswiadczam, iz moj wiasny wkiad merytoryczny w przygotowanie,
przeprowadzenic 1 opracowanie badan oraz przedstawienie pracy w formie publikacji polegal na
opracowaniu wynikow.

Jednoczesnie wyrazam zgode na przedfozenie wiw. pracy przez lek. Ann¢ Kurzynska jako czgsé
rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykuléw opublikowanych
w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg$¢ ww. pracy wykazuje
indywidualny wkiad lek. Anny Kurzyniskiej polegajacy na: opracowaniu koncepcji pracy, zbieraniu
danych, opracowaniu i interpretacji wynikow, przygotowaniu manuskryptu.
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Krakdw, 08.11.2022 1.
Drn med. Agata Breozowska-Czarmek

Oddziat Kliniczny Endokrynologii, Endokrynologii Onkologicznej
i Medycyny Nuklearngj ST w Krakowie

OSWIADCZENIE

Jako wspilautor pracy: "4 rare case of aggressive, hereditary paraganglioma associated with
a pathogenic variant in SDHD." oéwisdezam, iz méj wlasny whiad mervioryezny w przygotowanie,
przeprowadzenie 1 opracowanie badaf oraz przedstawienie pracy w formie publikacji polegat na
opracowsaniu badan obrazowych.

Jednoczesnic wyrazam rgode na preediozenic ww. pracy przez lek. Anne Kurzyriska jako cresé
rozprawy  doktorskiej] w formie spéjnego tematyceznie zbioru artykutdw  opublikowanych
w czasopismach naukowych.

O$wiadezam, i samodzielna 1 mozliwa do wyodrgbnienia czeSé ww. pracy wykazuje
indywiduvalny whkad lek. Anny Kurzynskiej polegajacy na: opracowaniu koncepejl pracy, zbieraniu
danych, opracowanin 1 interpretacji wynikéw, preygotowanio manuskrypin.

(podpis wspdlautora) ;
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Krakow, 08.11.2022r,
Dr n med. Monika Buziak-Bereza

Oddziat Kliniczny Endokrynologii, Endokrynologii Onkologiczne]
i Medyeyny Mukleamej SU w Krakowie

OSWIADCZENIE

Jako wspdlautor pracy: "4 rare case of aggressive, hereditary paraganglioma associated with
a pathagenic variant in SDHD. " oswiadczam, iz maj wiasny wklad merytoryceny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji polegal na
opracowaniu badan obrazowych.

Jednoczesnie wyrazam zgode na przedtoZenie ww, pracy przez lek. Anng Kurzyniskg jako czgsé
rozprawy doktorskiey w  formie spdjnego  tematycznie zbioru  artykuldw  opublikowanych
w czasopismach naukowych,

Oéwiadezam, iz samodzielna 1 mozliwa do wyodrgbnienia czgéé ww. pracy wykaruje
indywidualny wkiad lek. Anny Kurzyfskiej polegajacy na: opracowaniu koncepeji pracy, zbieraniu

danych, opracowaniu i interpretacji wynikow, przygotowaniu manuskryptu.
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" (podpis wsp6lavtora)
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Krakow, 08.11.2022 r.
lek. Anna Kurzyniska

Katedra Endokrynologii CMUJ

OSWIADCZENIE

Jako wspétautor pracy: "4 rare case of aggressive, hereditary paraganglioma associated with
a pathogenic variant in SDHD." o$§wiadczam, iz mdj wlasny wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badafi oraz przedstawienie pracy w formie publikacji polegat na
opracowaniu koncepcji pracy, zbieraniu danych, opracowaniu i interpretacji wynikéw, przygotowaniu

manuskryptu.
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(podpis wspofautora)
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