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Abstract 

Hereditary tyrosinemia type 1 (HT1) is an autosomal recessive disorder of the tyrosine 

degradation pathway.  The defective fumarylacetoacetate hydrolase enzyme causes the 

accumulation of upstream metabolites such as fumarylacetoacetate (FAA), maleylacetoacetate 

(MAA), succinylacetone (SA) and p-hydroxyphenylpyruvic acid (pHPPA).  In vitro and in vivo

studies showed that the accumulation of these metabolites are detrimental to cell homeostasis, by 

inducing cell cycle arrest, apoptosis, and endoplasmic reticulum stress, depleting GSH, inhibiting 

DNA ligase, causing chromosomal instability, etc.  For in vivo studies different models of HT1 were 

developed.  Most notably was the fah deficient mouse, whose neonatally lethal phenotype is 

rescued by the administration of 2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-cyclohexanedione (NTBC).  

Although, this model most closely resembles the human phenotype with elevated tyrosine levels 

and the development of hepatocellular carcinoma (HCC), the model is not human genome based.   

Both the in vitro and in vivo studies suggested that DNA repair is affected in HT1.  

However, it is not yet clear which DNA repair mechanisms are affected and if only protein 

functionality is affected, or if expression of DNA repair proteins are also affected.   

Characteristic of HT1 is the high prevalence of HCC and the presence of liver mosaicism.  

The liver mosaicism observed in HT1 patients are the result of reversion of the inherited mutation 

to wild-type.  The general consensus is that the reversion is the result of a true back mutation.  

However, the mechanism underlying the back mutation is still unresolved.   

It was suggested that cancer develops either through a chromosomal instability mutator 

phenotype, a microsatellite instability mutator phenotype, or a point mutation instability mutator 

phenotype.  In HT1 only chromosomal instability was reported. 

The aims of this study were to contribute to the understanding of the molecular basis of the 

genetic mosaicism in hereditary tyrosinemia type 1.  More specifically, determine whether base- 

and nucleotide DNA repair mechanisms are affected and to what extent, and to determine if 

microsatellite instability is found in HT1.  To achieve these aims, a parallel approach was followed:  

i.e. to develop a HT1 hepatic cell model and to use HT1 related models and HT1 patient material.  

To assess the molecular basis of the genetic mosaicism in HT1, the comet assay, gene expression 

assays, microsatellite instability assays, high resolution melting and dideoxy sequencing 

techniques were employed.   
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Results from the comet assay showed that the HT1 accumulating metabolites, SA and 

pHPPA, decreased the capacity of cells for base- and nucleotide excision repair.  Gene expression 

assays showed that short term exposure to SA and/or pHPPA do not affect expression of hOGG1

or ERCC1.  The expression of these genes were, however, low in HT1 patient samples.  

Microsatellite instability assays showed allelic imbalance on chromosome 7 of the mouse genome, 

and microsatellite instability in the lymphocytes of HT1 patients.  Although high resolution melt and 

sequencing results did not reveal any de novo mutations in fah or hprt1, the appearance of de 

novo mutations on other parts of the genome can not be ruled out. 

To conclude, results presented in this thesis, for the first time show that in HT1 the initiating 

proteins of the base- and nucleotide repair mechanisms are affected, the gene expression of DNA 

repair proteins are low, and microsatellite instability is found in HT1.  By contributing to the 

elucidation of the mechanism underlying the development of HT1-associated HCC, and providing 

evidence for the development of a mutator phenotype, the results presented in this thesis 

contributes to the understanding of the molecular mechanisms underlying the genetic mosaicism in 

HT1.  In addition to these contributions, a hypothesis is posited, which suggests that a point 

mutation instability (PIN) mutator phenotype is the mechanism underlying the mutation reversions 

seen in HT1. 
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Samevatting 

Die onderwerp van hierdie studie is: “Die molekulêre agtergrond van die genetiese mosaïek 

in oorerflike tirosinemie (HT1)”.  Oorerflike tirosinemie tipe 1 (HT1) is 'n outosomale resessiewe 

versteuring van die tirosien-katabolisme.  Die defektiewe fumarielasetoasetaat-hidrolase ensiem 

veroorsaak dat intermediêre metaboliete soos fumarylasetoasetaat, maleïelasetoasetaat, 

suksinielasetoon (SA) en p-hidroksiefenielpiruvaat (pHPPA) ophoop.  Beide in vitro en in vivo 

studies het getoon dat die opeenhoping van hierdie metaboliete nadelig is vir sel-homeostase deur 

onder andere staking van die selsiklus, apoptose, en endoplasmiese retikulum stres te induseer, 

glutatioonvlakke uit te put, DNS-ligase te inhibeer en chromosomale-onstabiliteit te veroorsaak.  Vir 

in vivo studies is verskillende HT1-modelle ontwikkel, waarvan die belangrikste die fah-gebrekkige 

muis is, en die neonatale fenotipe van hierdie model word grootliks beskerm deur behandeling met 

NTBC.  Alhoewel hierdie model baie ooreenstem met die menslike fenotipe, met verhoogde 

tirosien-vlakke en die ontwikkeling van HCC, is die model nie op die menslike genoom gebaseer 

nie. 

Beide in vitro en in vivo studies dui daarop dat DNS-herstel benadeel word in HT1, maar dit 

is egter nog nie duidelik watter DNS-herstelmeganismes geraak word nie, en of slegs 

proteïenfunksie, of uitdrukking van DNS-herstelproteïene ook geraak word nie. 

Kenmerkend van HT1 is die hoë voorkoms van hepatosellulêre karsinoom (HCC) en die 

teenwoordigheid van ‘n lewermosaïek.  Die lewermosaïek wat in HT1 pasiënte waargeneem word, 

is die gevolg van die omkeer van die oorgeërfde mutasie tot die wilde-tipe.  Die algemene 

konsensus is dat hierdie omkeer die resultaat is van 'n ware terugmutasie.  Die meganisme 

onderliggend hieraan is egter nog onbekend. 

Die algemene oortuiging is dat kanker kan ontwikkel óf deur ‘n chromosomale-onstabiliteit 

gegenereerde mutasie-fenotipe óf 'n mikrosatelliet-onstabiliteit genereerde mutasie-fenotipe.  In 

HT1 is daar al chromosomale-onstabiliteit waargeneem, maar nie mikrosatelliet-onstabiliteit nie. 

Die doel van hierdie studie was om by te dra tot die ontrafeling van die molekulêre basis 

van die genetiese mosaïek wat voorkom in tirosinemie tipe 1.  Meer spesifiek, om vas te stel of 

basis- en nukleotied DNS-herstelmeganismes beïnvloed word en tot in watter mate, en om te 

bepaal of mikrosatelliet-onstabiliteit in HT1 waargeneem word.  Om hierdie doelwitte te bereik is 'n 

parallelle benadering gevolg.  Aan die een kant is 'n HT1 hepatiese sel model ontwikkel deur RNS-

tussenkoms tegnologie, en aan die ander kant is van HT1-verwante modelle en HT1-
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pasiëntmateriaal gebruik gemaak.  Om te molekulêre basis van die genetiese mosaïek in HT1 te 

bepaal is die volgende analises uitgevoer: die komeet analise, geenuitdrukking analise, 

mikrosatelliet-onstabiliteit analise, hoë resolusie smelt, en volgordebepalings. 

Resultate van die komeet analise het getoon dat die HT1-akkumulerende metaboliete, SA 

en pHPPA, die vermoë van selle vir basis- en nukleotied DNS-herstel verlaag.  Geenuitdrukkings 

analises het getoon dat die korttermyn blootstelling aan SA en/of pHPPA nie die uitdrukking van 

hOGG1 of ERCC1 beïnvloed nie.  Die uitdrukking van hierdie gene is egter aansienlik verlaag in 

HT1-pasiëntmateriaal.  Mikrosatelliet-onstabiliteit analises het getoon dat alleliese-wanbalans in 

chromosoom 7 van die muis genoom, en mikrosatelliet-onstabiliteit in die limfosiete van HT1-

pasiënte voorkom.  Alhoewel in die hoë resolusie smelt en volgordebepalings resultate de novo

mutasies in fah of hprt1 nie waargeneem is nie, kan die voorkoms van de novo mutasies in ander 

dele van die genoom nie uitgesluit word nie. 

Die resultate wat in hierdie proefskrif vervat is, wys vir die eerste keer dat in HT1, basis- en 

nukleotied DNS-herstelmeganismes geraak word, die geen uitdrukking van DNS-herstelproteïene 

verlaag is, en dat mikrosatelliet-onstabiliteit in HT1 waargeneem word.  Deur by te dra tot die 

toeligting van die meganismes onderliggend aan die ontwikkeling van HT1-verwante HCC, en die 

verskaffing van bewyse vir die ontwikkeling van 'n mutasiegenererende fenotipe, dra die resultate 

by tot die begrip van die molekulêre meganismes onderliggend aan die genetiese mosaïek gesien 

eie aan HT1.  Bo en behalwe vir hierdie bydraes, is 'n hipotese gemaak dat ‘n puntmutasie-

onstabiliteit (PIN) mutasiegenererende fenotipe die meganisme onderliggend is aan die mutasie 

omkerings wat in HT1 mag plaasvind. 
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