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GENETIC GLOSSAry
Autosomal dominant inheritance: refers to disorders caused by mutated genes located on 
the non-sex chromosomes (autosomes), thereby affecting both males and females. The disease or 
mutant alleles are dominant to the wild-type alleles, so the disorder is manifest in the heterozygote 
(i.e., an individual who possesses both the wild-type and the mutant allele) and shows vertical 
transmission. This disease can also occur as a new condition in a child when neither parent has 
the abnormal gene (de novo). A person with an autosomal dominant disorder has a 50% chance 
of having an affected child. Children who do not inherit the abnormal gene will not develop or 
pass on the disease.

Mutation carrier: is used to indicate an individual who has one correct gene copy and one mutated 
gene copy. The term is used to indicate an individual with a heterozygote germline mutation 
related to a monogenetic disorder. In this situation mutation carriers are at increased risk to 
develop a certain disease. The term is also used to indicate carriers of a recessive mutation, they 
are usually not affected but they are at risk for passing on the mutated gene to their offspring. 

De novo mutation: is a genetic alteration that is present for the first time in one family member 
as a result of a variant in a germ cell (egg or sperm) of one of the parents, or a variant that arises 
during early embryogenesis.

Driver mutation: mutation that directly or indirectly confers a selective growth advantage to 
the cell in which it occurs.

Frameshift variant: is a type of mutation caused by the insertion or deletion of a number of 
nucleotides that is not divisible by three in a nucleic acid sequence. Because of the triplet nature by 
which nucleotides code for amino acids, a mutation of this sort causes a shift in the reading frame 
of the nucleotide sequence, resulting in the sequence of codons downstream of the mutation site 
being completely different from the original. Frameshift mutation often lead to a premature stop 
codon and therefore loss of function. 

Gene: is the basic physical and functional unit of hereditary information that occupies a fixed 
position (locus) on a chromosome. Genes used to be defined as stretches of DNA that contain 
instructions that are copied into RNA and then turned into proteins.

Genotype (from the Greek genos, meaning race, offspring): The complement of alleles present in 
a particular individual’s genome that give rise to the individual’s phenotype. 

Genotype-phenotype correlations: a statistical relationship that predicts a physical trait in 
a person or abnormality in a patient (phenotype) with a given mutation or a group of similar 
mutations (genotype).

Germline mutation: a heritable change in the DNA that occurred in a germ cell (a cell destined 
to become an egg or in the sperm). Germline mutations can be passed on to future generations.

Heritability / inherited: the transmission of genetic information from a parent to a child.

Heterogeneous: refers to the occurrence of clinically different types of genetic conditions due 
to mutations in the same gene.
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Heterozygous: refers to having inherited different alleles at a particular gene locus from each 
parent. 

Human genome project (HGP): international scientific effort that began in the 1980s to ‘read’ 
the order of bases (sequence) as they appear in the DNA of human chromosomes. The objective 
is to create a directory of the genes that can be used to answer questions such as what specific 
genes do and how they work.

Imaging techniques of (neuro) endocrine tumors
 > Ultrasound is primarily used in thyroid and parathyroid imaging. This technique has 

the  advantages of near-universal availability, intraoperative utility, minimal expense and 
lack of radiation. 

 > Computed tomography  (CT) is used for disease staging and surgical planning as they 
provide more anatomic detail of the tumors themselves and surrounding structures.

 > Magnetic resonance imaging (MRI) is not a first-choice imaging tool  for most endocrine 
tumor, however might be used to image curtain metastasis. 

 >  18fluoro-deoxy-glucose PET (FDG PET) is used to detect malignancy for a variety of tumor 
types, based on metabolic activity. 

 >  123I-metaiodobenzylguanidine (MIBG) is an analog of norepinephrine that is used to image 
catecholamine-secreting paragangliomas. 

 > Somatostatin receptor-based imaging techniques (e.g. OctreoScan (111In-DPTA-D-Phe-1-
octreotide) and 68Ga-DOTATATE ) are used to detect neuro-endocrine tumors, for staging, 
follow-up for disease recurrence and to select patients for peptide receptor radionuclide 
therapy (PRRT).

 >  99mTc-sestamibi scintigraphy is a radiotracer imaging techniques for preoperative location 
of parathyroid tumors. 

Micro RNAs (miRNAs): are a small non-coding RNA molecules that functions in RNA silencing and 
post-transcriptional regulation of gene expression. 

Missense mutation: is a single-nucleotide substitution (e.g., C to T) that results in an amino acid 
substitution (e.g., histidine to arginine). Also referred to as non-synonymous variant. 

Mutually exclusive mutational patterns: refers to the situation that mutations in two different 
genes do not occur simultaneously or occurs very rarely together in the same patient. Major 
driving oncogenes are commonly mutually exclusive.

Nonsense mutation: is a single-nucleotide substitution (e.g., C to T) that results in a stop codon. 
Also referred to as non-synonymous variant.

Oncogene: is a gene that, when activated by mutation, increases the selective growth advantage 
of the cell in which it resides.

Penetrance: refers the proportion of individuals carrying a particular gene mutation (genotype) 
that also express an associated disorder (phenotype). Penetrance less than 100%, is referred to as 
reduced or incomplete penetrance.
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Phenotype (from the Greek  phaino-, from  phainein, meaning to show): the physical and/or 
biochemical characteristics of a person, determined by their genotype and/or environment.

Polygenic: condition or characteristic that is caused by many different genes acting together.

Polymorphisms / benign variant: DNA variant that is observed in natural populations and do not 
cause any harm to the individual. A gene locus is in general defined as polymorphic if a allele has 
a frequency of 0.01 (1%) or more.

Prediction software: is used to analyze the effect of a gene mutation. Often used is the Alamut 
software (Interactive Biosoftware, Rouen, France), which incorporates e.g. Align GvGD, SIFT, and 
PolyPhen2.
 > Align GvGD is a web-based program that combines the biophysical characteristics of amino 

acids and protein multiple sequence alignments. 
 > SIFT (Sorting Intolerant From Tolerant) predicts whether an amino acid substitution affects 

protein function based on sequence homology and the physical properties of amino acids. 
 > PolyPhen-2 (Polymorphism Phenotyping v2) predicts possible impact of an amino acid 

substitution on the structure and function of a human protein using straightforward 
physical and comparative considerations. 

Public genomic databases: aggregate and harmonize exome sequencing data from a variety of 
large-scale sequencing projects as part of various disease-specific and population genetic studies 
(i.e. Exome aggregation consortium [ExAC], The Cancer Genome Atlas [TCGA], and Genome of 
the Netherlands [GoNL]). 

Predisposition: refers to having genetic factor(s) that may make an individual more likely to 
develop a particular condition than the general population.

Preimplantation genetic diagnosis (PGD): is an adjunct to the IvF process where the embryo 
undergoes genetic testing before it is transferred (implanted) into to uterus.

Pre-symptomatic testing: determines if a person, who does not have any symptoms of 
the condition at the time, has inherited the mutation (present in their family). 

Proband: is the person that serves as the starting point for the genetic study of a family, also 
referred to as index patient.

Pseudogenes: are characterized by a combination of homology to a known gene but loss at least 
some functionality. High-sequence similarity between pseudogenes and their functional partners 
poses a challenge for interpretation of sequencing data. Next-generation sequencing reads are 
usually few hundred bases in length and cannot be accurately aligned to either in the pseudogene or 
the real gene. Sequencing errors might cause mismapping of the variable pseudogene sequences 
(not under selective pressure, hence, they accumulate more variations) and interference with 
the results obtained for the real gene. Due to high degree of sequence similarity, it is difficult to 
design Sanger sequencing primers that would not cross-react with pseudogene sequences.

Sanger sequencing: is the gold standard for determining the nucleotide sequence of DNA. This 
method is based on the selective incorporation of chain-terminating dideoxynucleotides by DNA 
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polymerase during in vitro DNA replication. It is the most widely used method for the detection 
of single nucleotide variants (SNvs), often in single genes.

Spice site mutation: occur in the small regions of genes that are juxtaposed to the exons and 
direct exon splicing. Mutations in these regions may lead to retention of large segments of intronic 
DNA by the mRNA, or to entire exons being spliced out of the mRNA. These changes could result 
in production of a nonfunctional protein.

Somatic mutation: occur in any non–germ cells such as those that initiate tumorigenesis. Somatic 
mutations cannot be passed on to future generations. 

Syndrome: group of characteristics and/or symptoms that occur together in a recognizable pattern.

Structural genomic variant: includes any genetic variant that alters chromosomal structure, 
including inversions, translocations, duplications and deletions. Duplications and deletions, 
collectively known as copy number variation are the most common form of structural variation 
in the human genome.

Synonymous vs non-synonymous: a synonymous change in the DNA sequence does not result 
in the change in the amino acid sequence, e.g. GTT>GTC both code for valine. A nonsynonymous 
change does results in the coding of a different amino acid e.g. GTT>GAT results in val>Asp. These 
nonsynonymous changes include missense, nonsense, frameshift, splice site, and indel mutations. 

Tumor suppressor gene: makes a protein that helps control cell growth. Inactivating mutations 
in tumor suppressor genes increases the selective growth advantage of the cell in which it resides 
and therefore may lead to cancer. 

Variant pathogenicity classification (according Plon et al. 2013): intended to improve the clinical 
utilization of genetic testing results, to maximize the opportunity to learn more about variants 
for the benefit of other families and to minimize the risk of incorrect interpretation of variants in 
the clinical setting.

Class Description

Probability 
of being 
pathogenic

DNA-test  / surveillance
at-risk asymptomatic relatives

Research Testing of 
Family Members

5 Pathogenic >0.99 DNA test and full surveillance Not indicated

4 Likely Pathogenic 0.95–0.99 DNA test* and full surveillance May be helpful to 
further classify variant

3 Uncertain 
significant (vUS)

0.05–0.949 No DNA test* and surveillance based on 
family history (and other risk factors)

May be helpful to 
further classify variant

2 Likely Benign 0.001–0.049 No DNA test* and  treat as “no 
mutation detected” for this disorder

May be helpful to 
further classify variant

1 Benign <0.001 No DNA test* and treat as “no mutation 
detected” for this disorder

Not indicated

*Consider continuing to test probands for any additional testing modalities available for the disorder in question
Table adjusted from Plon  et al. Hum Mutat. 2008
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Whole exome sequencing: technique for sequencing all of the protein-coding region of genes in 
a genome (known as the exome). Humans have about 20.000 genes with in total 180.000 exons, 
constituting about 1% of the human genome. 

Whole genome sequencing: process of determining the complete DNA sequence of an organism’s 
genome at a single time, including the protein-coding and non-coding regions. For a human, a 
whole genome is approximately 3 billion base pairs, haploid—so 6 billion base pairs to capture the 
whole diploid complement per cell. Non-coding DNA is not part of an active gene that contains 
a code for making a protein, also referred to as ‘junk DNA’. Recent evidence shows that at least 
some non-coding DNA is involved in biological processes such as regulation of gene expression 
and chemical signaling among cells.
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ATC anaplastic thyroid carcinomas

CBME ciliary body medullo-epithelioma

CMv-PTC cribriform-morular variant

CN cystic nephroma

DTC differentiated thyroid carcinoma

FAP familiar adenomatous polyposis

FDA food and drug administration 

FFPE formalin-fixed, paraffin-embedded

FIHP familiar isolation hyperparathyroidism

FMNTC familial non-medullary thyroid carcinoma

FMTC familial medullary thyroid carcinoma

FTC follicular thyroid carcinoma

FvPTC follicular variant of PTC

GIST gastrointestinal stromal tumor

HCC hürthle cell carcinomas

HE hematoxylin-and-eosin

HNPGL head and neck paraganglioma

HPT hyperparathyroidism

HPT-JT hyperparathyroidism–jaw tumor

IHC immunohistochemistry

LOH loss of heterozygosity

LOvD leiden open variation database 

MAPK mitogen-activated protein kinase

MEN multiple endocrine neoplasia

MNG multi nodular goiter

mTOR mammalian target of rapamycin

NET neuroendocrine tumor

NGS next-generation sequencing

NIFTP noninvasive follicular thyroid neoplasm with papillary-like nuclear features

NMTC non-medullary thyroid carcinoma

PA parathyroid adenoma

PC parathyroid carcinoma

PDTC poorly differentiated thyroid carcinoma

PGL paragangliomas

PHEO pheochromocytoma

pHPT primary hyperparathyroidism

PPB pleuropulmonary blastoma

LIST OF ABBrEvIATIONS
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PTC papillary thyroid carcinoma

RAI radioactive iodine

RAI-R radioactive iodine refractory

RCC renal cell carcinoma

SDH succinate dehydrogenase

SLCT sertoli-leydig cell tumor ovarian

SPGL sympathetic paraganglioma

TC thyroid cancer

TCGA the cancer genome atlas 

vUS variant of uncertain significance

WES whole exome sequencing

WGS whole genome sequencing
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Medical Center (several oral presentation)

2014-19

Science and Society meeting ZonMw, Utrecht, the Netherlands (invited speaker). 2017

Introduction day Biomedical Science students, 2018, Leiden, the Netherlands (invited 
speaker).

2018

Research lunch meeting Biopharmaceutical Science students, 2018, Leiden, 
the Netherlands (invited speaker).

2018

Adrenal Masterclass, 2019, Amsterdam, the Netherlands (invited speaker). 2019

DNA lab day for biology and chemistry teachers, 2019, Delft, the Netherlands (invited 
speaker).

2019

Teaching

Hereditary cancer course, Medicine, second year students 2014-19

Critical appraisal of a topic course, Medicine, third year students 2014-19

Student internship projects guidance 2014-19

Public science projects 

Lowlands Science 

 > Thrill-seeking gen (DRD4) [in Dutch] (zie fragment New Scientist op YouTube)
•	 [in	Dutch]	Galileo	(zie fragment op YouTube)
•	 [in	Dutch]	Klokhuis	(kijk terug via NPO)

 > DNA dating [in Dutch] (zie fragment op YouTube)

2015

2017

Science Battle 2017-19

Face of Science, Royal Netherlands Academy of Arts and Sciences

 > Schildkliekanker bij kinderen [in Dutch] (zie fragment op YouTube)
2018-19

Public lectures

[in Dutch] ‘Leve adventure DNA’, Cafe Scientifique, Amsterdam 2016

[in Dutch] ‘Zit de voorkeur voor hutspot, haring en bier in je genen?’, Leiden 2016

[in Dutch] ‘Heeft u het in zich om ooit Olympisch goud te winnen?’ Wetenschapsdag 
LUMC, Leiden

2016
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‘Exploring the genetic background of pediatric thyroid carcinoma using whole genome 
sequencing’ FameLab, Leiden, the Netherlands

2017

[in Dutch] ‘Leve Adventure DNA!’ Wereld DNA dag, Corpus, Leiden 2017

[in Dutch] ‘DNA-daten’, Wetenschapsdag LUMC, Leiden 2017

[in Dutch] ‘Is DNA daten, het daten van de toekomt?’, Nacht van Kunst en Kennis, 
Leiden

2017

[in Dutch] DNA en Sport; Kun jij olympisch goud winnen?, Corpus, Leiden 2018

‘your DNA in the cloud’, TEDx Leiden University, Den-Haag, the Netherlands   
(see fragment on YouTube)

2018

[in Dutch] ‘Talkshow van de Toekomst – voortplanting’, Tivoli vredenburg, Utrecht
(zie fragment op youTube)

2018

[in Dutch] Is DNA daten, het daten van de toekomt?, Expeditie Next Festival, Rotterdam 2019
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DANKWOORD

dANkwOOrd
In de laatste woorden van dit proefschrift wil ik graag iedereen die heeft bijgedragen hartelijk 
bedanken, in het bijzonder de betrokken patiënten en families. 

Het verschil in werkwijze en persoonlijkheid van mijn promotoren kon bijna niet groter. Ik wil 
graag veel dank uitspreken voor de manier waarop jullie op eigen wijze hebben bijgedragen aan 
mijn persoonlijke- en wetenschappelijke ontwikkeling. 

Prof. Hes, introduceerde mij in het onderzoeksveld van de endocriene tumoren. Beste Frederik, 
ik heb veel geleerd van jou gestructureerde werk en diplomatieke talent in samenwerken. Ook 
veel dank voor het verbeteren van mijn stukken, de samenvoegingen en koppelwoorden, ik leer 
het waarschijnlijk nooit. Merci beaucoup!

De verzameling bijzondere casus op de kamer van Prof. Morreau, was de basis van dit 
proefschrift. Beste Hans, jouw inhoudelijke kennis en vermogen om vrij te associëren hebben 
een grote bijdrage geleverd aan mijn wetenschappelijke ontwikkeling. Jouw deur stond altijd voor 
mij open. 

Prof. Links, kwam mijn promotieteam versterken na de toekenning van een KiKa-subsidie. 
Ons telefonisch overleg begon met: “Je staat op de speaker en de deur is dicht”. Lieve Thera, 
eigenlijk hadden we de deur open moeten houden, zodat de hele gang mee kan genieten van 
jouw energieke en positieve inbreng. 

Onderzoek naar zeldzame endocriene tumoren vraagt inzet en expertise vanuit verschillende 
disciplines. Graag wil ik alle 43(!) coauteurs bedanken voor hun bijdragen aan de verschillende 
manuscripten. Special thanks to Prof. William Foulkes and Leanne de Kock; it was great to work 
with you and many thanks for the very welcome feeling at your department at Montreal, Canada. 

Grote dank gaat uit naar klinisch genetici, pathologen, A(N)IOS, PhD’s, mede-onderzoekers, 
analisten, studenten en secretariële ondersteuning van de afdelingen klinisch genetica 
en pathologie. Daarnaast wil ik de collega’s van het Centrum voor Endocriene Tumoren Leiden, 
de afdelingen endocrinologie, heelkunde, KNO, oncologie, radiologie, nucleaire geneeskunde, 
klinische chemie hartelijk danken voor de prettig samenwerking. Tevens wil ik de leden van de 
WKO en SKION kinder-onco-genetica werkgroep bedanken voor jullie hulp bij het verzamelen 
van gegevens en het opstellen van de richtlijnen.  

Ik heb aan zoveel leuke, unieke publieksprojecten mee mogen werken, waarvoor ik 
een aantal mensen in het bijzonder wil bedanken. Christi, bedankt voor jou vertrouwen. Johan 
en Marjolein, bedankt voor de fijne en inspirerende samenwerking rond ‘Lowlands Science’ 
en de andere projecten met LeveDNA! Suzanne, René, Patrick en Richard dank voor de organisatie 
en ondersteuning van de ‘Science Battles’. NEMO kennislink en de KNAW bedankt voor het ‘Face 
of Science’ project. Tevens dank aan de afdeling communicatie van het LUMC voor de fijne 
samenwerking en ondersteuning. 

Lieve vrienden, vriendinnen, oud-huisgenoten en bestuursgenoten bedankt voor de nodige 
ontspanning. Ik kijk met veel plezier terug naar onze uitjes, borrels, weekendjes weg en onze 
bijzondere vakanties naar o.a. Zuid-Afrika, Guatemala en Colombia. 

Speciale dank gaat uit naar mijn paranimfen die mij op deze bijzonder dag willen ondersteunen. 
Lieve Stef, vele uren hebben wij gepraat over werk en andere onderwerpen aan onze eettafel. Ik 
zie uit naar jou promotie. Lieve Sara, ik heb me wel eens afgevraagd; hoe kunnen wij nou 50% van 
ons DNA gemeenschappelijk hebben? Wij hebben onze eigen weg gekozen, wegen die zich de 
laatste tijd meer een meer lijken te kruizen. Ik ben trots op jou! 

Lieve papa en mama, ik was twee jaar oud toen ik zei ‘zelf doen’, nu 30 jaar later zeg ik nog 
steeds ‘zelf doen’. Dankzij jullie onvoorwaardelijke vertrouwen, steun en liefde heb ik mijn eigen 
keuzes en eigen fouten kunnen en mogen maken. Ik ben jullie heel erg dankbaar.
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