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ABSTRAKT

Dédicné hyperbilirubinémie predstavuji skupinu metabolickych onemocnéni,
charakterizovanych zvySenou hladinu celkového bilirubinu nebo jeho konjugované frakce
vséru. VétSina téchto hyperbilirubinémii je dédéna autosomdlné recesivné a jsou
zenzymU metabolické drahy hemové degradace, at uZ jeho konjugace (UGT1A1) nebo
transportu (ABCC2, OATP1B1, OATP1B3). Vsechny proteinové produkty téchto geni se ucastni
nejen eliminace bilirubinu, ale take rdznych dalSich substrat(l. Studie téchto protein maji tedy
Siroky farmakogenomicky vliv. Tato studie popisuje molekularni podstatu dédic¢nych
hyperbilirubinémii u kavkazské a romské populace, srovnava klinickda a biochemicka data s
vysledky molekularni genetiky. Dale popisujeme vliv sou¢asného vyskytu variant c.-3279T>G a
g.175492 175493insTA na hladinu celkového sérového bilirubinu. Stanovili jsme vazebnou
nerovnovahu obou variant lokalizovanych v promotorové oblasti genu UGT1A1. Zaroven jsme

ovérili konzistenci populacnich dat s vysledky v literature.

Ve druhé studie jsme popsali vzacnou konjugovanou hyperbilirubinémii Dubin-Johnsonova typu
u 7 romskych rodin. Nasli jsme novou variantu v ABCC2 genu NG_011798.1:¢c.[1013_1014delTG]
a take dvojity geneticky defect — kombinaci Dubin-Johnsonova a Gilbertova szndromu. Popsali
jsme novou mutaci v genu ABCC2 a nasli spolecny haplotyp o velikosti 86 bp v blizkosti genu.
Dale jsme charakterizovali exkreci izomerl koproporpfyrinu a srovnali data pacienti s DJS a

dvojitou hereditarni Zloutenkou.

Klicova slova:

bilirubin, Zloutenka, hyperbilirubinemie, UGT1A1, ABCC2, izomery koproporfyrinu,



ABSTRACT

Inherited hyperbilirubinemias are a group of metabolic disorders, characterized by increased
levels of total serum bilirubin or its conjugated fraction. Most of these hyperbilirubinemias are
inherited autosomal recessively and are manifested in young age. Increased bilirubin reflects
the genetic disturbances in one of the enzymes of heme degradation pathway, the defect of
bilirubin conjugation (UGT1A1 gene) or its transport (ABCC2, OATP1B1, OATP1B3). All of these
proteins are involved not only in elimination of bilirubin, but various substrates; therefore the
performed studies have a great pharmacogenomics impact. We have studied the molecular
pathology of hereditary hyperbilirubinemias in Caucasian and Roma population and to compare
the clinical and biochemical results with the molecular genetic data. We described the impact
of compound defect of c.-3279T>G and g.175492_175493insTA on total serum bilirubin and
calculated the linkage disequlibrium of these two variants in promoter region of UGT1A1 gene.
We also verified, that the population distribution of both variants is in concordance with the

literature.

In our second study, we have described the rare conjugated hyperbilirubinemia Dubin-Johnson
type among 7 Roma families. We have found a novel variant NG_011798.1:¢.[1013_1014delTG]
together with the dual genetic defect — a combination of Dubin-Johnson and Gilbert's
syndrome. We have described a founder effect of the mutation in ABCC2 and found a common
haplotype of 86 bp encompassing the gene. We have also characterized the excretion of
coproporphyrin isomers in patients with DJS and compared it with those with dual hereditary

jaundice.

KEYWORDS:

Bilirubin, jaundice, hyperbilirubinemia, UGT1A1, ABCC2, coproporphyrin isomers



INTRODUCTION

Bilirubin

Bilirubin is the product of heme catabolism. In humans, a major source of bilirubin is heme
derived from hemoglobin released from senescent erythrocytes (~ 80%) (London et al, 1950).
Other sources of heme are hemoproteins such as peroxidases, catalases; or myoglobin.
Erythrocytes lifespan is about 120 days and a daily production of bilirubin is 250 — 400 mg. Even

though every eukaryotic cell is able to produce bilirubin, the majority of heme degradation

occurs in the reticuloendothelial system of spleen and liver.
Heme degradation to bilirubin occurs in several steps:

1. Heme oxidation by heme oxygenase 1

2. Reduction of biliverdin to bilirubin

3. Conjugation of bilirubin with glucuronic acid

4. Bilirubin transport

5. Bilirubin catabolism

Chemical name of bilirubin is 1,8-dioxo-1,3,6,7-tetramethyl-2,8-divinylbiladiene-a,c-dipropionic
acid. Bilirubin is a water insoluble yelowish, weekly acidic compound, having antioxidant
properties on one side and neurotoxic properties on another. Water insolubility of bilirubin
molecule is a key issue in bilirubin elimination in vivo. As none of the organisms want to store
its toxic products, the solution is in making bilirubin soluble by its conjugation with glucuronic

acid.

Inherited hyperbilirubinemias are a group of metabolic disorders, characterized by elevated
levels of total and/or conjugated bilirubin in blood. They result from the genetic disturbances in
some of the genes enconding proteins of bilirubin degradation pathway. Most of inherited

hyperbilirubinemias have autosomal recessive inheritence (Bosma et al, 1995)



Jaundice and its therapy

Jaundice appears as a clinical sign of elevated bilirubin in adults when total bilirubin > 50 and
mostly around 80 umol/L, therefore it is a clinical sign of several inherited hyperbilirubinemias
(Silbertnagl et al, 2009). It is presented as a yellowish pigmentation of skin and/or sclerae. The
most severe jaundice occurs in patients with Crigler-Najjar syndrome type |, which, without the
early treatment, can be fatal. On the other side, in patients with Crigler-Najjar syndrome type Il,
the hyperbilirubinemia and jaundice are milder. Occasionally, jaundice is presented in Dubin-

Johnson, Rotor or Gilbert™ s syndrome.

The most often used therapy of jaundice is a phototherapy The principle of a phototherapy is in
use of blue light is a change of bilirubin conformation from Z (trans) to E (cis) with resultig
bilirubin isomers in ZE, EE or EZ conformation. These isomers lack internal hydrogen bonds,
therefore making bilirubin more polar and unnecessary to be conjugated with glucuronic acid.

(Mc Donagh et al 1972, Itoh et al 1985; Onishi et al 1980, Yokoyama et al 1984).

UGT1A1

UGT1A1 gene (uridine diphosphate glucuronosyltransferase) is a member of a broad enzymatic
family of uridine diphosphate glucuronosyltransferases, strongly involved in metabolism of
xenobiotics (Bosma, 1995). These enzymes protect organism from its toxic compounds by
glucuronidation — the addition of the glycosyl residue to the small molecule. Resulting product
such as bilirubin is water soluble and able to be eliminated by kidneys or by intestine. UGT1A1

mediates the conjugation of numerous substrates with glucuronic acid.

The defects in promoter regions of UGT1A1 gene result in inherited hyperbilirubinemia,
Gilbert’s syndrome (GS) (OMIM ID:143 500). GS is a hereditary, chronic, mild, benign,
unconjugated hyperbilirubinemia resulting from impaired bilirubin clearance with otherwise
normal liver function. The degree of hyperbilirubinemia is relatively mild, mostly less than 80
umol/L (4.7 mg/dL) in adults (Bosma et al, 1995). In Caucasians, the frequency of GS is 5-10%
(Owens and Evans, 1975). The most common variant is the TA insertion in the TATAA box of the

UGT1A1 called UGT1A*28 or NG_002601.2:8.[175492_175493insTA].



Rare defects in a structural part of UGT1A1 gene are associated with Crigler-Najjar syndrome |
or Il. The most severe inherited hyperbilirubinemia is Crigler-Najjar syndrome | (CNJ I) (OMIM
218 800) with the total serum bilirubin around 340-685 umol/L or higher. The defect is caused
by impaired UGT1A1, whose activity remains < 10%; Patients with CNJ | do not respond to
phenobarbital treatment. Unlike CNJ I, in CNJ Il the activity of mutated UGT1A1 is > 10 %, which

enables its inducibility. The hyperbilirubinemia is from 60-340 umol/L (Crigler and Najjar, 1952).

ABCC2 gene

Pathogenic genetic defects in ABCC2 gene result in conjugated hyperbilirubinemia Dubin-
Johnson syndrome. Dubin-Johnson syndrome (DJS; OMIM #237500) is a rare autosomal
recessive hyperbilirubinemia characterized by the absence of functional MRP2 protein at the
canalicular membrane of hepatocytes (Mor Cohen 2001). To date, more than 40 variants in
ABCC2 causing DJS have been described and several SNPs with pharmacogenomics importance

(Keitel et al, 2003, Chen et al 1999, van Zanden et al 2005).

The clinical profile of DJS comprises of: (1) Conjugated hyperbilirubinemia in blood (> 7
umol/L), (2) inverted ratio of excreted coproporphyrin isomers | to Ill in urine (> 80 % of isomer
1), (3) prolonged visualization of liver by technetium (Tc-99)-labeled hepatobiliary iminodiacetic
acid 99mTc-HIDA and, (4) abnormal deposits of melanin-like pigment in lysosomes of

hepatocytes. Liver function remains otherwise normal.

OATP1B1 and OATP1B3

The other conjugated hyperbilirubinemia is Rotor syndrome, caused by a defects in two genes
encoding transport proteins. The association of OATP1B1 and OATP1B3 with Rotor syndrome
was found by Steeg et al in 2012 (Steeg et al, 2012). Inheritance is also autosomal recessive and

the hallmark is inverted ratio of excreted coproporphyrins with a different profile than DJS.



AIMS OF THE STUDY

The aims of the study were to characterize the molecular pathology of hereditary
hyperbilirubinemias in Caucasian and Roma population and to compare the clinical and

biochemical results with the molecular genetic data.

1. To find the coincidence of c.-3279T>G variant in PBREM of UGT1A1 and UGT1A*28 allele
with TA insertion in TATAA box and its impact on serum bilirubin levels in probands with
Gilbert's syndrome and in healthy controls

2. To characterize the Dubin-Johnson syndrome on both molecular genetic and
biochemical levels; To perform a mutation analysis of ABCC2 in patients with DJS and its
effect on bilirubin elimination

3. To study the excretion of coproporphyrin isomers in patients with DJS and its
comparison with the genetic defect in ABCC2

4. To describe genetic and biochemical characteristics of Dual hereditary jaundice

MATERIAL AND METHODS

All studies were approved by Ethic Medical Committee, First Faculty of Medicine and General
Faculty Hospital, Charles University in Prague. Informed consents were sign by all attendants of
the studies.

DNA analyses Genomic DNA was extracted from 7 mL whole blood in EDTA using standard
procedures. ABCC2 gene was amplified using PCR, PP Master Mix polymerase with buffer (Top-
Bio, Prague, Czech Republic) and 2.5 pM of primer; purified (Promega A9282 kit); and
sequenced by ABI PRISM 3100 AVANT (Applied Biosystems, Big Dye Terminator 3.1 Sequencing
Kit). Primer sequences according to Slachtova et al, 2015. Fragment analysis of TA insertion of
TATA box of UGT1A1 gene was performed (rs8175347, chr2:hgl19:g.175492 175493insTA.
PBREM enhancer variant ¢.-3279T>G (rs4124874; chr2:hg19:g.172270T>G) was amplified and
assessed with RFLP as described previously (Maruo et al, 2004). All sequence variants were
annotated according to reference sequences (NG_011798.1 for ABCC2, NG_002601.2 for
UGTI1A1), and new findings were submitted to Clinvar database
(http://www.ncbi.nlm.nih.gov/clinvar).

Coproporphyrin isomers analysis. Urine samples from 8 patients with jaundice were collected
(100 mL per patient), and stored in dark at -80°C. Porphyrins and coproporphyrin isomers | and
Il were analyzed by HPLC with a fluorescence detector (excitation 405 nm, emission 620 nm),
Chromsystems column (# 44100) and kit Porphyrins in Urine (# 44000, Chromsystems).



Microarray, haplotyping and variant’s age estimation. To assess a common haplotype,
genomic DNA from 40 individuals was hybridized to Affymetrix Genome Wide Human SNP Array
6.0 according to manufacturer’s recommendation and further analysed. Genotype calling and
loss of heterozygosity in 10q24 region was determined with Affymetrix Genotyping Console
version 4.1. The genotyping data were entered in PLINK 1.07 and SNPs present on chromosome
10 were selected for further analyses. After performing standard quality checks, unphased
genotype data of the whole cohort were entered into the Genotype Visualization and
Algorithmic Tool (GEVALT) software, version 2. Phasing, linkage disequilibrium (LD) analysis and
estimation of the haplotype block structure was done utilizing the Genotype Resolution and
Block Identification using Likehood (GERBILT) algorithm. A haplotype block encompassing the
site of ¢.1013_1014delTG variant in ABCC2 gene included 21 SNPs. The age of the ancestral
variant ¢.1013_1014delTG in Slovakian Roma population was estimated using a standard Luria -
Delbriick algorithm modified by Austerlitz in Mathematica 8 using the Mathematica notebook
kindly provided by F. Austerlitz. Variant's age was estimated for a current population size of 400
000 — 450 000 Roma.

RESULTS

AIM 1 — Publication 1: Slachtova L, Kemlink D, Martasek P, Kabicek P. Does Bilirubin Level
Correspond to Interaction of c.-3279T>G and A(TA)7TAA Variants in UGT1A1 Gene? Cell Mol
Biol 2009, 55: 95-98

AIM 2, 3 and 4 — Publication 2: Slachtova L, Seda O, Behunova J, Mistrik M, Martasek P. Genetic
and biochemical study of Dual hereditary jaundice: Dubin-Johnson & Gilbert syndrome.

Haplotyping and founder effect of deletion in ABCC2 Eur J Hum Gen 2015,

Biochemical blood tests included total and conjugated serum bilirubin, ALT and AST. ALT and

AST ranged within normal levels, indicating the absence of liver damage. TBi in DJS patients was
18.8 - 72.2 umol/L with cBi 9.5 - 55.2 umol/L (Table 1). The percentage of cBi out of TBi in
patients with dual defect DJS + GS were 28 %, 38 %, 43 % and 89 % (see Table 2). The last value
89 % was found in proband F1.IV/17 on medication with following TBi/cBi: 38/33; 70/55; and
35/31 umol/L. Values of TBi and cBi of patients with the same UGT1A1 and ABCC2 haplotype
varied (Table 1).

Molecular genetic _analysis of the proband revealed the deletion in ABCC2 gene

¢.1013_1014delTG responsible for Dubin-Johnson syndrome. The causal variant is located in the

eighth exon and, via a frameshift, it leads to a premature stop codon p.(Val338Glufs14*)
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resulting in a shortened protein product. Investigation of TATA box of UGT1A1 of the same
proband showed also NG_002601.2:g.[175492_175493insTA] causing Gilbert’s syndrome.
Next, family members and probands were investigated for the defect in ABCC2 gene with the
total result of 17 homozygous patients with the deletion ¢.1013_1014delTG and 30
heterozygous carriers as evident from Figure 1. The presence of the same genetic defect in all
seven seemingly unrelated families suggested a founder effect of ¢.1013_1014delTG among the
investigated Roma families. Moreover, four patients with homozygous variant in ABCC2 gene
were also homozygous for the TA insertion in TATA box of UGT1A1 gene with a genotype
NG_011798.1:c.[1013_1014delTG]; NG_002601.2:g.[175492_175493insTA] (Table 1). All
patients with homozygous TA insertion were also homozygotes for ¢.-3279T>G variant in

PBREM.

Coproporphyrin isomers excretion. We analyzed coproporphyrin isomers in urine samples of 11

individuals: in eight patients with DJS caused by c.1013_1014delTG in ABCC2 gene and in three
heterozygous carriers. Significantly increased proportion of excreted coproporphyrin isomer |
was observed in all DJS patients with values ranging from 89-100 %. In heterozygous carriers,
the ratio of excreted isomer | was 43-57 %, compared to about 25-30 % in healthy controls
(control data from literature). No differences were found in excrection of coproporphyrin

isomers in patients with DJS compared to thouse with dual defect of DJS + GS.

Microarrays and haplotyping. The analysis of chromosome 10 genotypes in ABCC2 region

revealed a shared 86 kbp haplotype upstream and within ABCC2 gene, transmitted together
with the deletion ¢.1013_1014delTG. Furthermore, the loss of heterozygosity was found in all
homozygous patients with DJS with use of CNV analysis from Affymetrix Genotyping Console.
Loss of heterozygosity in DJS patients was in all cases in concordance with both genetic and

biochemical data.

Estimation of variant’s age. Age of ancestral variant c.1013_1014delTG was estimated using the

Luria-Delbriick algorithm modified by Austerlitz. Population size of Slovakian Roma inhabitants
was set at 400 000 — 450 000 (Sproch, 2013) and the frequency of disease allele was estimated
between 0.01 — 0.001. Using these data, our results show that the variant originated 7.1-7.4

generations ago, which corresponds to 177.5 — 185 years ago.
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DISCUSSION

VL.I. Aim 1, Paper 1 - Does Bilirubin Level Correspond to Interaction of ¢.-3279T>G and
A(TA)7TAA Variants in UGT1A1 Gene?

Functional studies show, that promoter variant c.-3279T>G, as well as A(TA)7TAA decrease the
transcription of UGT1A1 up to 60 %, resulting in consequently reduced glucuronidation of
bilirubin and affecting its elimination as a toxic product (Bosma et al, 1995, Sugatani et al,
2002). Therefore, coincidence of both variants should lead to significant increase of
hyperbilirubinemia. Combined genetic defect affecting glucuronidation of bilirubin and its
elimination was described on the compound defects of A(TA)7TAA and other variants, located

in a coding region of UGT1A1 (Kamisako, 2004).

In our cohort of 101 patients and 84 controls from general Caucasian population we have
studied the impact of coincidental occurrence of both genetic defect located in promoter
region of UGT1A1 on serum bilirubin and calculated the linkage disequlibrium of both variants.
It is important to highlight, that presented data are describing genetic defects in Caucasian
population. In Japanese population, the prevalent variant causing Gilbert's syndrome is G211A

(Koiwai et al, 1995).

The frequency of [(TA)7] allele in healthy controls was 32%, which responds to the data from
literature (Bosma et al, 1995, Jirsa et al, 2006). Regarding c.-3279T>G variant, frequency of this
variant was 39% among healthy population. As expected, significantly higher incidence of both
variants was found in patients with GS — 99 % carried variant ¢.-3279T>G variant and 97 % had
[(TA)7] allele. The linkage between both variants in controls was D’=0.79, r? = 0.47 compared to
linkage in patients with GS D" = 1, but r?was very low (0.32). The ODDs ratio of c.-3279T>G
variant and Gilbert’s syndrome was OR 34.42, confirming the strong association of PBREM

promoter variant and GS.

The linkage of c.-3279T>G and A(TA)7TAA in promoter region of UGT1A1l was previously
suggested by Maruo et al (Maruo et al, 2004), who postulated the hypothesis, that the

presence of both variants is necessary for the manifestation of Gilbert's syndrome. However,
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next study conducted by Czech authors lJirsa et al on a larger cohort showed, that even when
the linkage of both variant is strong, it is not necessary for clinical manifestation of GS (Jirsa et

al, 2006).

The effect of both promoter variants ¢.-3279T>G and A(TA)7TAA in UGT1A1 on serum bilirubin

is summarized in Table 2 (Slachtova et al, 2009).

T T/G G/G
6/6 8,37 (+2,31) 8,47 (0,81) 13
6/7 8,48 (+3,66) 10,58 (+4,39) 13,62 (+3,15)
7/7 0 12,3 (+4,53) 0

With the development of molecular genetic techniques, current data confirm the importance of
various genetic defects on glucuronidation or bilirubin elimination. Several studies based on
haplotyping techniques show the importance of genotyping variants involved in
glucuronidation and elimination of toxic compounds. Bilirubin is transformed into its soluble
form solely by UGT1A1. However, importance of haplotyping doesn’t involve the elimination of
only bilirubin, but especially the clearance of other toxic compounds as the UGTs are the

general drug metabolizing enzymes (Lankisch 2009).

VLII. Aim 2 — Paper 2 - To characterize the Dubin-Johnson syndrome on both molecular
genetic and biochemical levels; To perform a mutation analysis of ABCC2 in patients with DJS

and its effect on bilirubin elimination.

In literature, DJS has been characterized in a cohort of 101 Israeli patients, collecting
biochemical, clinical and family history data (Shani et al, 1970). However, there is no study
describing the defects on molecular genetic data, the relationship of mutations in ABCC2,

impact of the mutated protein on direct excretion of bilirubin or coproporphyrin isomers.

Our study describes the biochemical and molecular genetics relationship on 56 investigated

members from 7 Slovakian Roma families, which is the largest cohort described in Europe up
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today. Our data suggest the common ancestral mutation allele with the origin of 178-185 years
ago. In the beginning of our study, we hoped to obtain more variable cohort with various
mutations, analyse the impact of the protein damage on cellular level and compared the data
within the cohort. However, when analysing our data, we found, that the high incidence of rare
Dubin-Johnson syndrome is caused by the effect of one founder mutation, and that all
probands share the common haplotype of 86 kbp encompassing ABCC2 gene. According our
results and in concordance with literature, conjugated bilirubin is presented in all DJS patients
with homozygous presence of ¢.1013_1014delTG had elevated cBi (9-55 umol/L) as well as TBi
(19-72 umol/L). (Slachtova et al, 2015, Dubin and Johnson, 1952); however it is clear that the
bilirubin levels are fluctuating even within the same haplotype, suggesting that bilirubin
elimination does not reflect only the genotype, but also the influence of environmental factor,

age of the probands or nutrition.

Table 1 A shared haplotype within the probands with DJS.

1/1 1/2 /1 /s
father mother  daughter son
rs2756115 T cC T cC C C C C
rs17112219 G G G G G G G G
rs3184991 T T T T T T T T
rs2093354 A A A A A A A A
rs2804412 G G G G G G G G
rs2804409 T T T T T T T T
rs2756095 A A A A A A A A
rs7176201 C cC C cC C C C C
rs4919395 G A G A A A A A
rs2756103 A cC A c C C C C
rs4148389 A G A G G G G G
rs17222744 A A A A A A A A
rs2804398 A T A T T T T T
rs2756109 T T T T T T T T
rs11816875 G G G G G G G G
rs2804397 G G G G G G G G
c.1013_1014delTG W * W * * * * *
rs2273697 A G A G G G G G
rs2002042 C C C cC C C C C
rs4148396 C T C T T T T T
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rs4148399 T G T G G G G G
rs7476245 G G G G G G G G
VL. Il = Aim 3 and 4 — Paper 2 To study the excretion of coproporphyrin isomers in patients

with DJS and to compare it with the genetic defect in ABCC2; to describe genetic and

biochemical characteristics of Dual hereditary jaundice

Coproporphyrin isomers in urine are excreted as isomers | — IV with the most significant isomers
| and lll. In healthy adults, the proportion of coproporphyrin isomer Il in urine is ~ 70-80 %,
compared to ~ 20-30 % in DJS patients, who excrete about 80-97 % of coproporphyrin I. Under
normal conditions, excretion of coproporphyrin isomers depends on maturation of
hepatobiliary system and changes within the first days of newborn’s life (Koskelo et al, Kondo et

al 1976).

In our study, we have investigated coproporphyrin isomers in 8 patients with DJS caused by
€.1013_1014delTG in ABCC2 and all of them showed shifted ratio excreted coproporphyrin
isomers in urine (89-100 %, Table 2). Several studies show up to > 90 % predominance of
coproporphyrin | in urine of patients with DJS, but no data shows results of 100 % (Ben Ezzer et
al, 1973, Shani et al, 1970). Our patient with 100% excretion of isomer | was one year old boy
with total serum bilirubin 50 umol/L and its conjugated fraction 21 umol/L. Coproporphyrin
isomers were analysed from two independent samples with the same result. Unafected
heterozygotes secrete about 40% of isomer | compared to 20-30 % of isomer | in healthy
controls. Average percentage of isomer | in our DJS carriers was 43-57 %, which is in
concordance with a data from literature. Surprisingly, excretion pattern of coproporphyrin
isomers in four patients with dual hereditary jaundice was the same as in other DJS patients
with no defect in UGT1A1 Patients with dual defect of NG_011798.1:c.[1013_1014delTG];
NM_000463.2:c.[-54_-53insTA] had the ratio of coproporphyrin |1 92, 97, 99 and 100 % ,
compared to 89, 93, 96 and 98 % in DJS patients with only heterozygous
NG_002601.2:8.175492_175493insTA and 89 % in DJS patient with the wild type UGT1A gene.
This data suggest, that the excretion of coproporphyrin isomers depends not only on genotype

of the patients but also on the other factors.
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Dual hereditary jaundice has been described in a single case by other Czech authors. Our study
aimed to collect more data on this rare condition, affecting both conjugation and transport of
the bilirubin. In our study we are describing four DJS + GS patients. Supposed effect on the ratio
of conjugated and excreted bilirubin is decreased amount of cBi available for its transport;
therefore the percentage of cBi from TBi is < 50 % in DJS + GS compared to > 50 % in DJS only.
We found a ratio of conjugated bilirubin fraction of 28 %, 38 %, 43 % and 89 %. The last value of
89 % is from a probands whose data were collected under medication, probably affecting the

bilirubin clearance (Slachtova et al, 2015).

CONCLUSIONS

Inherited hyperbilirubinemias are the metabolic disorders, mostly manifested in children;
therefore their early diagnosis and adequate therapy is of great interest. Currently, there are
known all genes responsible for the protein defects, resulting in an increased levels of bilirubin
circulated in a blood stream. However, thanks to the rarity of some of hyperbilirubinemias, the
estimation of the diagnosis still may take years. The importance of the knowledge of such a
disorder is especially in avoiding certain pharmacotherapy, whose effect may change a mild
condition to a life threating consequences. During other studies, we would like to highlight

several recommendation:

e early molecular diagnosis testing should be taken into account already in non-typical
jaundice of newborns

e the molecular genetics testing should consider the population specifics and medical
history should already include this information

e as all of the proteins associated with inherited hyperbilirubinemias are also very
important entities in biotransformation of toxic compounds and drug metabolizing
enzymes, molecular genetic testing should be regularly performed before indication
specific pharmacotherapy. Namely in a treatment of oncologic patients or in young

adolescents taking hormonal contraceptives.
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e genetic counselling in enclosed population with the risk of founder effect mutations
about the increased risk of transmission of recessive disorders in consanguineous

marriages.

Genetic and biochemical part of our study of inherited hyperbilirubinemias raised following

guestions to be study:

e what factors, except the genetic ones are affecting the excretion of coproporphyrin
isomers?

e what is the cause of inverted ratio of excreted coproporphyrin isomers in patients with
DJS and RS?

e in case of Dubin-Johnson syndrome, what is the importance of localization of the

mutation in ABCC2 on excretion of coproporphyrin isomers?

LIST OF ORIGINAL PUBLICATIONS
Publications related to the PhD thesis
The PhD thesis is based on two papers published in journals with impact factor

1. Slachtova L, Kemlink D, Martasek P, Kabicek P. Does Bilirubin Level Correspond to Interaction
of ¢.-3279T>G and A(TA)7TAA Variants in UGT1A1 Gene? Cell Mol Biol 2009, 55: 95-98 (IF
2009 =1, 154)

2. Slachtova L, Seda O, Behunova J, Mistrik M, Martasek P. Genetic and biochemical study of
Dual hereditary jaundice: Dubin-Johnson & Gilbert syndrome. Haplotyping and founder
effect of deletion in ABCC2 Eur J Hum Gen 2015, paper accepted, (IF 2015 = 4,349)

Publications not related to the PhD thesis, published in journals with IF

Boraska, Franklin, Floyd et al; A genome-wide association study of anorexia nervosa, Mol
Psychiatry. 2014 Feb 11

Huckins LM, Boraska V, Franklin CS, Floyd JA, Southam L; GCAN; WTCCC3, Sullivan PF, Bulik
CM, Collier DA, Tyler-Smith C, Zeggini E, Tachmazidou |I; GCAN; WTCCC3. Using ancestry-
informative markers to identify fine structure across 15 populations of European origin. Eur )
Hum Genet. 2014 Oct;22(10):1190-200

17



Slachtova L, Kaminskd D, Chval M, Kralik L, Martasek P, Papezova H: Stress perception and
(GT)n repeat polymorphism in HO-1 gene are both risk factors in eating disorder
development. Folia Biologica, Folia Biol 2013;59(6):233-9.

Martaskova D, Slachtova L, Kemlink D, Zéhordkova D, PapeZova H. Polymorphisms in
Serotonin-Related Genes in Anorexia Nervosa. The First Study in Czech Population and Meta-
analyses with Previously Performed Studies. Folia Biologica 2009; 55:192-7

Abstracts:

Slachtova L, Lohse M, Johnson S, Veeraraghavan S. Biophysical biochemical and functional
studies of a novel fungal TEC1 paralog. In Biophysical Journal, vol. 108, issue 2, p. 5103,
February 7-11th, Baltimore, MD, USA

Slachtova L, Bulant J, Chval M, Martasek P, Papezova H. What is the role of BDNF in anorexia
nervosa? X. Mezinarodni interdisciplindrni konference o poruchach pfijmu potravy a obezité,
26.—28. 3. 2015, Praha

Huckins L, Hatzikotoulas K, Thornton L, Southam L, GCAN, Collier D, Sullivan P, Bulik CM, Zeggini
E. Core-exome Chip study of low-frequency variants identifies genome-wide significant hits
associated with anorexia nervosa. In ASHG 2014, October 18-22th, San Diego, USA

Huckins L, Mitchell K, Thornton L, WTCCC3, GCAN, Collier D, Sullivan P, Bulik CM. Probing the
shared polygenic underpinnings of anorexia nervosa and five other major psychiatric disorders.
In XXIst World congress of psychiatric genetics, October 17 — 21th, 2014, Boston, USA

Papezova H, Slachtova L, Yamamotova A, Kaminska D, Chval M, Martasek P. Geneticke
modulatory v poruchach prijmu potravy, X. Sjezd Psychiatricke spolecnosti, 12. — 15. 6. 2014
Spindleruv mlyn

Slachtova L, Seda O, Mistrik M, Behuriova J, Martasek P. Haplotype study of double jaundice —
Dubin Johnson and Gilbert syndrome in Roma families. Founder effect, dating an ancestral
mutation in ABCC2 and biochemical impact on bilirubin metabolism, IV. Student scientific
conference, 28. 4. 2014 Ostravska univerzita v Ostraveé, Lékarska fakulta

Slachtova L, Baxova A, Martasek P De novo mutation c.545T>C within WNT5A gene in mother
with autosomal dominant form of Robinow syndrome, Mutation Detection 22.nd — 26" April
2013, Lake Louise, Canada

H. Papezova, L. Kralik, L. Slachtova, D. Martaskova, M. Chval, P. Martasek Haem oxygenase 1
promoter polymorphism (GT) in Anorexia and Bulimia nervosa, World Congress of Biological
Psychiatry, 23. —27. 6. 2013, Kyoto, Japan

Slachtova L, Papezova H, Chval M, Martasek P. Eating, body and weight concerns associated
with BDNF Val66Met, 9t International Eating Disorders and Obesity Conference, 21. — 23. 3.
2013, Prague

Farrag S.M., Kugerova J., Slachtova L., Puchmajerova A., Sperl J.,Martasek P. Erythropoetic
protoporphyria: Novel mutation in the ferrochelatase gene in a Czech family. The prevalence of
a common single-nucleotide polymorphism that contributes to the genetic predisposition of the

18



disease, study in the Czech population.16™ Conference of DNA Diagnostics, 28. — 30.11. 2012,
Brno

Slachtova L, Kucerova J, Sperl J, Bonkovsky HL, Martasek P. Red & Yellow, Hereditary
coproporphyria and Gilbert’s syndrom coexistence. Two sides pathway communication. Gordon
Research Conference, Tetrapyrroles, 21. —28. 7. 2012 Newport, RI, USA

Slachtova L, Yamamotova A, Uhlikovd P, Martaskova D, Papezova H. Klinické a genetické
koreldty vnimdni vlastniho téla u pacientek s poruchami prijmu potravy, 53.
Psychofarmakologicka konference, 5. — 9. ledna 2011, Lazné Jesenik (2. misto — Nejlepsi poster)

Skopova J, Slachtova L, Akutni jaterni porfyrie s psychiatrickou symptomatikou a rizika poddvdni
nékterych farmak na provokaci akutniho zdchvatu, 53. Psychofarmakologicka konference, 5. —
9. ledna 2011, Lazné Jesenik

Slachtova L, Martaskova D, Martasek P, Yamamotova A, Papezova H. Body and Brain.
Pathologic Body perception and BDNF polymorphism in patients with eating disorders, The 2nd
INTACT Symposium, 3. —5. March 2011, Prague

Skopova J, Slachtova L, Kuéerova J, Martasek P. Porfyria variegata manifestujici se jako
psychiatrické onemocnéni a rizikové poddvdni nékterych psychofarmak, 26. pracovni dny
dédi¢né a metabolické poruchy 11. —13. kvétna 2011, Mikulov

Papezova H, Slachtova L, Martaskova D, Yamamotova A, Martasek P. Pathologic self-perception
and G196A polymorphism in BDNF gene in patients with eating disorders, 10th World congress
of Biological Psychiatry, 29 May — 2 June 2011, Prague

Bulik C, Collier D, Zeggini E, Sullivan P, G. Consortium, WTCCC3. WTCC3 and GCAN: A
genomewide scan for anorexia nervosa. XIXth World Congress of Psychiatric Genetics, Genes to
Biology, 10 — 14 September 2011, Washington DC, USA

Slachtova L, Martaskova D, Yamamotova A, Martasek P, Papezova H. Clinical and Genetic
Correlates of Body Perception in Patients with Eating Disorders. The 15th World Congress of
Psychiatry, 18 - 22 September 2011, Buenos Aires, Argentina

Slachtova L, Behuriovd J, Mistrik M, Martasek P. Dédi¢né hyperbilirubinémie v rémské populaci
na Slovensku. XXII. Izakovi¢lv memoridl, 6. — 7. fijna 2011, SpiSska Nova Ves, Slovensko

Collier, DA, Bulik CM, Sullivan PF, Wellcome Trust Case Control, GCAN, Genetics of anorexia
nervosa, European Neuropsychopharmacology, 2010, 20: S190-S190

Slachtova L, Martaskova D, Kemlink D, Papezova H, Martasek P. Serotonin-related Genes in
Anorexia Nervosa. Meta-analyses and Czech Population Study, Journal of Inherited Metabolic
Disease 2010; Suppl 1, vol. 33:166-166

Martaskova, D Slachtova, L, Papeiovd, H. Genetické determinanty anorexia nervosa a
polymorfismus genu HSP70, Psychiatrie pro praxi. 2009, ro¢€. 10, Suppl. B, s. 27

Pape’ovd H, Martaskova D., Slachtova L., Zahorakovd D. Anorexia nervosa - genetické
determinanty a vlivy okoli (polymorfizmus serotoninového receptoru a transportéru).
Psychiatrie. 2009, ro¢€. 13, Suppl. 2, s. 10. 10.-13. ¢ervna 2009 Luhacovice

19



Slachtova L. Bilirubin levels and interaction of c.-3279T>G and A(TA)7TAA variants in Gilbert’s
syndrome 24. 24. pracovni dny DEDICNE METABOLICKE PORUCHY, 13. — 15. kvétna 2009, Hotel
Priessnitz Lazné Jesenik

Martaskova D, Slachtova L, Kemlink D, Zahorakova D, Marasek P, Papezova H. Polymorphisms In
Serotonin-Related Genes In Anorexia Nervosa. The First Study in Czech Population and Meta-
analyses with Previously Performed Studies, 1st Intact symposium 11. — 15th November 2009,
Braga, Portugal

Slachtova L, Kemlink D, Martasek P, Kabicek P. Bilirubin Levels and Interaction of c.-3279T>G
and A(TA)7TAA Variants in Gilbert’s syndrome, ICMS 7th — 10th May 2009, Sofia, Bulgary

Slachtova L, Kabi¢ek P. Hereditdrni hyperbilirubinémie u adolescentt, Cesko — Slovenska
Pediatrie, 2008; 7 — 8 (63), p. 384

Barnincova L, Behunova J, Martasek P. Mixed Congenital Hyperbilirubinemia: Genetic Study of
Dubin-Johnson Syndrome and Gilbert’s Syndrome in a Large Family from Slovakia. European
Journal of Clinical Investigation, vol. 38, pg 8, Suppl 1, Apr 2008

Barnincova L, Behunova J, Martasek P. Defects in ATP Dependent Canalicular Transporter
ABCC2. Mutation Study of ABCC2 Gene in a Large Family with Dubin-Johnson syndrome. FASEB
J.22:813.6

Barnincova L, Prochazkova J, Tomkova M, Kral A, Zeman J, Martasek P. Red and Yellow, Defects
on the Heme Pathway. Hereditary Coproporphyria and Gilbert’s Syndrome in a Czech Family. In
Program and Abstracts , 22nd Session of genetic and metabolic disorders, 16 -18 May
Pruhonice, Czech Republic

Martaskova D, Slachtova L, Papezova H. Anorexia Nervosa — Search for Genetic Determinants
and HSP 70 Gene Polymorphism, 1st International Conference of the Cyprus Society of Human
Genetics, Cyprus, 3 -4.10.2008

Barnincova L, Behunova J, Martasek P., Dubin-Johnsoniv a Gilbertiv syndrom ve Slovenské
populaci, prvni popis soucasné homozygozity, XX|. Biochemicky sjezd, Ceské Budéjovice 14 —
17.9. 2008, Sbornik abstrakt

Barnincova, L., Prochazkova, J., Flachsova, E., Martasek, P. Porphyria Variegata — Diagnostics
and Treatment Difficulties. In: Program and abstracts. An international conference on porphyrin
metabolism and the porphyrias. Nizozemsko, Rotterdam, 29.4.-3.5.2007.

Barnincova, L., Behunova, J., Martdsek, P. Soucasny vyskyt dvou dédicnych forem
hyperbilirubinémii, Dubin-Johnsonova a Gilbertova syndromu v romské rodiné ze Slovenska
In: Programovy bulletin. 35. majové hepatologické dny. CR, Karlovy Vary, 9.-12.5.2007

Barnincova, L., Prochazkovs, J., Tomkova, M., Krdl, A., Zeman, J., Martasek, P. Red and Yellow,
Defects on the Heme Pathway. Hereditary Coproporphyria and Gilbert’s Syndrome in a Czech
Family. In: Program a abstrakta. 22. pracovni dny dédi¢né metabolické poruchy. CR, Priihonice,
16.-18.5.2007

20



Barnincova, L., Behunova, J., Martasek, P. Homozygous Dubin-Johnson Syndrome. A Novel
Mutation in MRP2 Gene in a Large Family from Slovakia. In: European Journal of Human
Genetics. European Human Genetics Konference 2007. France, Nice, 16.-19.6.2007.

Barnincov3, L., Behunov3, J., Martdsek,P. Vzacné formy dédi¢nych hyperbilirubinémii, Pracovni
den SPPDP CLS JEP, 28. 11. 2007, Lékaisky d&im, Praha

Kabicek, P., Barnincova L, Nové aspekty juvenilnich hyperbilirubinémii, Détské
gastroenterologické dny, 4.-6.10.2007 Hruba Skala

(Slachtova, maiden name Barnincova)

REFERENCES

Austerlitz F, Kalaydjieva L, Heyer E: Detecting population growth, selection and inherited
fertility from haplotypic data in humans. Genetics 2003; 165: 1579-86

Bosma P, et al. 1995. Genetic inheritance of Gilbert's syndrome. The Lancet 346(8970):314-315.
Bosma PJ, Chowdhury A, Bakker C et al: Genetic basis of reduced expression of bilirubin
UDP-glucuronosyltransferase 1 in Gilbert’s syndrome. N Engl J Med 1995; 333: 1171-
1175.

Crigler JF, Najjar VA. 1952.Congenital familial nonhemolytic jaundice with
kernicterus. Pediatrics. 10(2):169-179

Dubin I, Johnson FB 1954. Chronic idiopathic jaundice with unidentified pigment in liver cells:a
new clinicopathologic entity with report of 12 cases. Medicine; 33: 155.

Itoh S, Onishi S. 1985. Kinetic study of the photochemical changes of (ZZ)-bilirubin IX alpha
bound to human serum albumin. Biochemical Journal. 226:251-258.

Jirsa, M., Petrasek J. and Vitek, L., 2006. Linkage between A(TA)7TAA and -3279T_G mutations
in UGT1A1 is not essential for pathogenesis of Gilbert syndrome. Liver Int., 26: 1302-1303

Kamisako T. 2004. What is the Gilbert" s syndrome? Lesson from genetic polymorphism of
UGT1A1 in Gilbert's syndrome from Asia. J Gastroenterol Hepatol 19:955-957

Kimmel G, Shamir R: GERBIL: Genotype Resolution and Block Identification Using Likehood.
PNAS 2005; 102: 158-162

Kimmel G, Shamir R: Maximum likehood resolution of multi-block genotypes. Proc 8 Ann Int
Conf RECOMB 2004; 2-6

Koiwai O, et al. 1995. Gilbert's syndrome is caused by a heterozygous missense mutation in the
gene for bilirubin UDP-glucuronosyltransferase. Human Molecular Genetics. 4(7):1183-
1186.

21



Kondo T, Kuchiba K, Shimizu Y 1976. Coporporphyrin isomers in Dubin-Johnson syndrome.
Gastroenterology; 70: 1117-20

Koskelo P, Toivonen |, Adlercreutz H 1967. Urinary coproporphyrin isomer distribution in the
Dubin-Johnson syndrome. Clin Chem; 13: 1006-9

Lankisch TO, et al. 2009. Gilbert's syndrome and hyperbilirubinemia in protease inhibitor
therapy-an extended haplotype of genetic variants increases risk in indinavir treatment.
Journal of Hepatology. 50(5):1010-1018

London IM, West R, Shemin D, et al. 1950. On the origin of bile pigment in normal man.
The Journal of Biological Chemistry. 184:351-358

McDonagh A. F., Assisi F. 1972. The ready isomerization of bilirubin IX-a in aqueous solution.
Biochemical Journal. 129:797-800.

Onishi S, Kawade N, Itoh S, Isobe K, Sugiyama S. 1980. High-pressure liquid chromatographic
analysis of anaerobic photoproducts of bilirubin-IX alpha in vitro and its comparison
with photoproducts in vivo. Biochemical Journal. 190(3):527-532.

Owens D, Evans J: Population studies on Gilbert’s syndrome. J Med Genet 1975; 12:152-6

Purcell S, Neale B, Todd-Brown K et al 2007 PLINK: a toolset for whole-genome association and
population-based linkage analysis. Am J Hum Genet; 81: 559-75

Shani M, Seligsohn U, Gilon E, Sheba C, Adam A. 1970. Dubin-Johnson syndrome in Israel.
Quarterly Journal of Medicine. 39:549-567.

Silbernagl S, Despopoulos A 2009. Color atlas of physiology (6 ed.). Thieme. p. 252. ISBN 978-3-
13-545006-3.

Sprocha, B 2011. Prognosis of Roma population in Slovakia to year 2013. Slovakian statistics and
demography 2011; 21: 22-46

Sugatani J, et al. 2002. Identification of a defect in the UGT1Al gene promoter
and its association with hyperbilirubinemia. Biochemical and Biophysical Research
Communications. 292:492-497.

22



