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Abstrakt

Predkladana prace se zabyva studiem vyznamu prodkatabolické drahy hemu,
zejména s ohledem na patogenezi, diagnostikéka léekonjugovanych hyperbilirubinémii
(zdvaZzna novorozenecka Zloutenka a Criglé¥ajjariv syndrom). Jednim z hlavnich tcil
bylo oZejmeni biologickych @inka produkti bilirubinu, které vznikaji $ fototerapii gchto
onemocgni a otestovani novychdébnych pistupi a to jak na urovni genové terapie, tak
farmakoterapie.

Novorozenecka Zloutenka je jednou z ®2jjSich komplikaci v neonatalnim obdobi.
Zlatym standardem v jeji 36¢ je fototerapie modrym stlem, jejiz pouZiti vSak e byt
doprovazeno i zavaznymi nezadoucimi efekty. Nutnodotknout, Ze fototerapie
novorozenecké Zloutenky je ¥kterych zemich naduzivana, a Ze pacienti s Crigiene
Najjarovym syndromem typu | jsou vystaveni celoiniofototerapii (pokud nepodstoupi
transplantaci jater).

Vramci pedkladané prace jsme na experimentalnfmvitro modelu studovali
biologické &inky fotoizomefi bilirubinu, které vznikaji v pibéhu terapie novorozenecké
Zloutenky. Dale jsme se za pouziti experimentalmicdeti hyperbilirubinemickych potkan
a mySi zabyvali moznostmi zavedeni vhodné genaadits kterou by bylo mozné bezpé
pouzit v I€b¢ Criglerova-Najjarova syndromu a omezit nebo zcelistranit nutnost
celozivotni fototerapie, a dalSich terapeutickycbdalit, jako jsou vymdnna transflze a
aplikace lidského sérového albuminu ®d& Criglerova-Najjarova syndromu a

novorozenecké Zloutenky.



Autoreferat

Abstract

Present work has been focused on the importancthefproducts of the heme
catabolic pathway, in particular under conditions umconjugated hyperbilirubinemias
(neonatal jaundice and Crigler-Najjar syndrome (QN¥he second part of the project was
focused on the improvement of some pharmacolo@ggroaches used in the treatment
of these diseases, as well as on studies of hitirplboducts that are formed during the
treatment by phototherapy (PT).

Neonatal jaundice is one of the most common corafdios in neonates. Currently,
there is no efficient pharmacotherapy and the rimeat with blue light is used as a gold
standard for severe neonatal jaundice. Howeveratiselute safety of PT has still not been
confirmed. In this context, it is important to ndk&t some neonatologists start the PT before
serum bilirubin levels reach the recommended vakmd that patients with CNS type |
(CNSI) are forced to be on life-long PT (unlessengoing liver transplantation).

The focus of the present project was to study bickl effects of bilirubin
photoisomers (PI) in am vitro model of the human neuroblastoma SH-SY5Y cells dna
used for studies of the neuronal metabolism. Ith&ur studies performed on animal model
of hyperbilirubinemic rats and mice, we investighte suitable gene therapy to be used
in CNSI patients with the aim to reduce or elimendhe need of PT. Finally, we have
compared the efficacy of PT, exchange transfusigi) (and human serum albumin
administration (HSA) in the therapy of CNSI and exevneonatal jaundice with respect
to determination of free bilirubin (Bf) levels armlirubin concentrations in various brain

tissue compartments in the hyperbilirubinemic Grats.
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1 Introduction

1.1 Haem catabolism

Haem plays a key role in multiple functions in theman body and is clearly essential
for life (1). Haem, or iron protoporphyrin, is aclig tetrapyrrole with the centrally bound
atom of iron (2), being ubiquitously expressedha inajority of tissues (3).

Once haem is released from the red blood cellss ibound to haemopexin or
haptoglobin and recycled (4) or transported to rtculoendothelial system where it is
degraded through the haem catabolic pathway imafi yellow tetrapyrrole, unconjugated
bilirubin (UCB), by the action of two enzymes, haexygenase (HMOX) and biliverdin
reductase (BLVR) (for review see (2)). This procedes place in all tissues, predominantly
in spleen, and serves for elimination of otherviteac free haem with pro-oxidant effects (5).
Main part of haem degradation takes place in rietendothelial system of spleen, bone

marrow and liver (6).

1.2 Biological effects of bilirubin

Bilirubin is one of the most powerful endogenousefradical scavengers not only for
reactive oxygen species (ROS), but also reactivegen species (RNS) and other NO-related
reactive compounds (7).

Other beneficial bilirubin actions, such as antidaxt, anti-inflammatory and
cytoprotective effects, have been then confirmedumerous studies (8-10). It has also been
proven that mildly elevated bilirubin concentrason the body could help to lower the risk
of cancer, cardiovascular diseases and other ovadstress-mediated diseases (11).

Less than 0.1 % of the concentration of UCB in plass not bound to any carrier
molecule and is called free bilirubin (Bf) (12). &rks to its lipophilic nature, this albumin-
unbound fraction has a high permeability through libid bilayer membranes, and thus is
able to cross the blood-brain barrier (13). Itedidwved that Bf is responsible for toxic effects
of bilirubin (14) and is even a better predictor &valuation of bilirubin neurotoxicity (14-
16).
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1.3 Hyperbilirubinemias

Physiological concentrations of bilirubin in plagsegxum are normally around
10umol-L* with the reference range up to gmol-LY. Once bilirubin levels in the
circulation rise above physiological concentratjolaseric discoloration of sclera, mucosal
surfaces and skin is observed.

Mildly elevated systemic bilirubin levels, such iassubjects with Gilbert syndrome,
are associated with protection from developmentvafious oxidative stress-mediated
diseases, such as atherosclerosis and cancer (&h Mhore severe hyperbilirubinemias
(usually above 34@mol-L* in newborns, and even higher in adults) could dmmpanied
with deleterious bilirubin effects, among them keterus and bilirubin-induced neurological
dysfunction being the worst complications (17).

Hyperbilirubinemias are classified according toeygf bilirubin that is elevated into
unconjugated (pre-microsomal), conjugated (postasmmal) and mixed
hyperbilirubinemias (18). A wide range of genetactbrs that may predict the incidence

of hyperbilirubinemias.

1.3.1 Neonatal jaundice

Neonatal jaundice is defined as a condition accamepawith total serum bilirubin
levels above 8fmol-L* (corresponding to 5 mg-d. (19). Almost 60 % of term and 80 %
of preterm newborns are visibly jaundiced in tliegt days of life (20-22).

The pathogenesis of neonatal jaundice is multifeadtoand is due to imbalance
between production and elimination of bilirubineafbirth (23). Among many others, factors,
such as ABO and Rhesus factor blood group incomipgtj deficiency of glucose-6-
phosphate dehydrogenase, sepsis, newborn immaturigyen breast feeding are the most
important ones (24). Neonatal hyperbilirubinemiayrtead to bilirubin accumulation in basal
ganglia and brain stem nuclei and thus lead toracbabor acute bilirubin neurotoxicity (25).

Many therapeutic approaches have been proposedtterdpted in the past for the

treatment of neonatal jaundice, but PT is stilldwdd to be the gold standard in the therapy.

1.3.2 Crigler-Najjar syndrome

CNS is another type of unconjugated hyperbilirubirge which is extremely rare (26).
It is classified, based on bilirubin levels as CNf&ald CNSII (27, 28). The liver histology
of patients suffering from CNS is without any pdtigy, and the patients have normal hepatic

metabolic function except for bilirubin glucurontestyon (29).
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CNSI is caused by the lack of hepatic bilirubin UBlBcuronosyl transferase
(UGT1A1) activity. Because of that, bile containdyotraces of bilirubin conjugates, serum
bilirubin levels are higher than 34@nol-L™". On the other hand, patients with CNSII have
some residual activity of UGT1Al. Both types of thesease are extremely rare; the
prevalence of both types reaches only 1 g&sd ,000,000 of newborn infants (30), but could
differ geographically.

The main treatment option is PT needed throughmaitwthole life; the only curative
option is the liver transplantation (31) which ged mainly in patients with CNSI. Due to low
availability of the liver grafts, as well as invasness of this therapeutic approach, there is
still need for searching of alternative treatmeptian. These include, for instance gene
therapy (31), or approaches focused on interruggf@nterohepatic cycling of bilirubin (32).

A natural animal model for the CNS is representgdhe hyperbilirubinemic Gunn
rats identified by Gunn in 1934 (33).

1.4 Treatment options in unconjugated hyperbilirubnemias

Unconjugated hyperbilirubinemia is a treatable mmeenon. Current clinical practice
for treatment neonatal jaundice is PT and/or ET).(Bdthe treatment of CNS, long-term PT
(12 and more hours per day) and liver transplammais being used (31). A wide range
of other treatment options have been proposed esigd under experimental as well as

clinical conditions, but most of them did not predento clinical use.
1.5 Bilirubin-derived products

1.5.1 Bilirubin photoisomers

By the action of blue or blue-green light used dgPT of neonatal jaundice, bilirubin
is transformed into its structural and geometrpabtoproducts which are called bilirubin Pl
(35). Configurational isomerisation of bilirubina@s to the formation of ZE- and EZ-
bilirubin, this change is reversible and much fa#itan the structural isomerisation that leads
to irreversible change of bilirubin into E- and @irubin (36). These bilirubin products are
more polar and could be easier excreted from tly (&7).

The photoreactivity of bilirubin has been studi@éate 1970’s, the first review on this
topic wrote Lightner in 1977 (38). Exact structuret bilirubin Pl were established
by McDonagh et al. (39) and Onishi et al. (40). Baauthors have concluded that
Z-lumirubin is the most important bilirubin P1 (40\lthough it is generally believed, that
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bilirubin Pl are non-toxic, the data on their pdiain biological activity and proper
mechanisms are still lacking.
Bilirubin PI could be detected by high-performanicpiid chromatography (HPLC)

(41, 42) in bile, serum and urine, but none of ¢heethods is being used in clinical practice.

1.5.2 Bilirubin oxidation products

Bilirubin may act as an antioxidant by scavengiegctive oxygen species; in this
process and during PT of neonatal jaundice bilirubiidative metabolites are formed (43).
These metabolites are divided into tripyrrolic {yains), dipyrrolic (propent-dyo-pents) and

monopyrrolic (bilirubin oxidation products) degraida products.

2 Hypothesis and Aims

First part of this work was focused on clarificatiof effects of compounds formed
from bilirubin during PT, which are known as bilma PI. Second part of our investigations
was oriented on searching new therapeutic appreactte severe unconjugated
hyperbilirubinemias typical for CNS and neonatalndice. Therapeutic approaches were
divided into gene therapies and the role of HS#mtreatment of neonatal jaundice.

Because of the lack of commercially available stadsl of bilirubin PI, ZE-/EZ-
bilirubin and lumirubin, there is still no consesswith respect to their potential toxicity. Goal
of our paper calledThe biological effects of bilirubin photoisomers” was to isolate
bilirubin PI in pure forms and to test their potahtbiological effectsin vitro on human
neuroblastoma SH-SY5Y cells.

Main goal of the paper namé®hoto-isomerization and oxidation of bilirubin
in mammals is dependent on albumin binding’'was to study binding sites for bilirubin and
its derivatives in the structure of HSA by usingthoels of circular dichroism, fluorescence
spectroscopy and molecular modelling.

In case of CNSI, patients need long-term PT or ltv@nsplantation. As an alternative
approach, a gene therapy is considered a promtsgagment tool. The aim of our study
entitled“Sustained reduction of hyperbilirubinemia in Gunn rats after adeno-associated
virus-mediated gene transfer of bilirubin UDP-glucuonosyltransferase isozyme 1Al
to skeletal muscle”was to investigate the preclinical safety andcaffy of muscle-directed
deficient gene transfer mediated by adeno-assaciatal (AAV) vectors for the therapy of
CNSI.
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Study namedLife-long correction of hyperbilirubinemia with a neonatal liver-
specific AAV-mediated gene transfer in a lethal mose model of Crigler-Najjar
syndrome” was focused on assessment of the therapeutid effélce AAV vector injection
as well as comparison of the efficacy of liver wsrsskeletal muscle specific transgene
expression. For this investigation Ugtl mutant miege used.

Helper-dependent adenoviral (HDAd) vectors shou& rhore suitable for gene
therapy than adenoviral vectors (44). In our pdpaproved efficacy and reduced toxicity
by ultrasound-guided intrahepatic injections of heper-dependent adenoviral vector
in Gunn rats” we tested their effects on the expression of UGIL1We studied the effect
of the vector dosage on the expression of UGT1Ad searched for that one that would be
free of toxicity, but still able to reduce bilirublevels.

Another approach to treatment of unconjugated Hyjerbinemias lies
in pharmacotherapy. The most logical option isatiministration of HSA to increase its pool
in the circulation and thus reduce Bf responsilae rfeurological damages (12). The aim
of a study entitledBeyond plasma bilirubin: The effects of photothergpy and albumin
on brain bilirubin levels in Gunn rats” was to evaluate the effect of HSA treatment, Pd" an
combination of these two therapeutic approachesirie and chronic models of unconjugated
hyperbilirubinemia.

In the study‘Albumin administration protects against bilirubin- induced auditory
brainstem dysfunction in Gunn rat pups” we focused on the potential therapeutic role
of HSA administration in a rat model of acute hypknubinemia inducted by haemolysis or
bilirubin-albumin displacement.

In addition to PT, ET is the other treatment optfon neonatal jaundice. Our goal
in “Optimizing exchange transfusion for severe unconjgated hyperbilirubinemia:
Studies in the Gunn rats”was to optimize the conditions of ET in Gunn &atsl compare its
efficacy with PT, HSA administration and the condtiaon of each of them with ET.

Because we found out that HSA administration ise &bl decrease bilirubin levels
in circulation as well as in selected organs, wefopmed a study entitledAlbumin
administration prevents neurological damage and ddh in a mouse model of severe
neonatal hyperbilirubinemia”, in which we treated mutardgtl mice with repeated HSA
doses without PT. We wanted to show whether dallyinistration of HSA could prevent

bilirubin induced neurotoxicity in our murine model
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3 Materials and Methods

Purification of bilirubin

Commercial bilirubin (Applichem, Germany) was pigtf prior the usage according
the modified McDonagh’s method (45).

Isolation of tissue bilirubin

Bilirubin was isolated from tissues by the meth@daading to Zelenkat al. (46).
Homogenized tissue was extracted by methanol/cfdordhexan (40/20/4 viviv) with
mesobilirubin as an internal standard. Extractedpda was concentrated into small droplet
of carbonate buffer (pH 10) and subsequently ardlysy HPLC.

Isolation of bilirubin Pl

Mixture of bilirubin PI from samples of serum weselated according to McDonagh
(47) with 0.1 mol- [* di-n-octylamine acetate in methanol and analysedBLC.

Bilirubin PI per sewere isolated by modification of methods of Stdllal. (48, 49)
and Bonnetet al. (50). Prepared mixture of all bilirubin photodexriives was separated and

isolated by thin layer chromatography (TLC).
Isolation of mono- and bisglucuronosyl conjugates

Bilirubin conjugates were isolated from bile acdngdto Spivak and Carrey (51) and

their amounts were determined by HPLC.
HPLC
All HPLC analysis were performed on HPLC system l&gti 1200 (CA, USA)

equipped with a diode-array detector.

Tissue bilirubin was determined by an HPLC methocbeding to Zelenkat al. (46)
using an analytical column Luna C8 (4.6 mm x 150, mparticles 3um/100 A; Phenomenex,
CA, USA) and a mixture of water/methanol/tetrabatyinonium hydroxide as a mobile

phase. The signal was stored at 440 nm with 55@s1the reference wavelength.

Analysis of bilirubin Pl was performed by a modifisnethod according to McDonagh
et al. (47) on the Poroshell SB-C18 column (4.6 mm x &8, 2.7um particles; Agilent,
CA, USA) with the mobile phase composed of 0.1 indl-di-n-octylamine acetate
in methanol and water in a different ratio (92:8 99:10, v/v). The signal was stored
at 453 nm.
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Analysis of bilirubin Pl and conjugates was perfednby a modified method
according Spivak and Carey (51) on the Purosphefl®&Polumn (4 mm x 250 mm, ;Bn
particles; Merck, Germany) with gradient elutionroéthanol into 1 % ammonium acetate
(pH 4.5). The signal was stored at 450 nm.

Mass spectroscopy (MS)

MS analyses of bilirubin Pl were performed on Esz3000 mass spectrometer
(Bruker Daltonics, Germany) coupled with electragpronisation. The measurement was
provided in a negative mode. The masses were sganrtbe range between 50 and 800 m/z.
The capillary exit was set at -106.7 V.

TLC

TLC was used for preparation of pure bilirubin FRhoto-irradiated mixture
of bilirubin was dissolved in methanol/chloroforix, v/v) and injected onto silicagel plate
(Kieselgel 60; Merck, Germany). The plate was dgpetl in a mobile phase composed
of chloroform/methanol/water (40:9:1, v/viv).

Determination of Bf

Effect of bilirubin PI on Bf levels was studied byperoxidase method (14). For the
determination of Bf in brains, correction of tissb#irubin and tissue albumin was used.
Protein from the brain was isolated according tiedsonet al. (52) and the albumin content

was determined by an ELISA kit for rat alboumin (B28Ra, USCN, TX, USA).

Cell cultures
The effect of bilirubin Pl was tested on human pbélastoma cell line SI$Y5Y

(ATCC, USA) used as a standard model for studiesmetabolism of neuronal cells.

Cells were exposed to a medium containing bilirug@4 umol- L), bilirubin and
bilirubin P1 (24 umol-L* UCB + 5, 15 or 30 % PIs), pure bilirubin Pls (5, dr 30 %) and
DMSO prior performing viability tests, mMRNA and FS&Gnalysis.

Cell viability was determined by different metho®4TT and XTT were used as the
standard screening methods. In addition, more ateuituorescent CellTiter-Blue Assay

(Promega, USA) and luminescent CellTiter-Glo (PrgendJSA) were used, as well.
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Gene Expression Analysis

Cells were seeded onto 6-well and treated as destebove for 4 and 24 hours. RNA
was isolated by using PerfectPure RNA Cell kit {Bfer USA) and transcribed by High-
Capacity cDNA reverse transcription kit (Life Techogies, USA).

Real time polymerase chain reaction (RT-PCR) wakpaed on ViiA 7 instrument
(Applied Biosystems, USA) in SYBR Green Master Mipplied Biosystems, Foster City,
CA, USA), and 200-1000 nM of forward and reversémprs. Data were normalized

to hypoxanthine phosphoribosyl transferase levdlexpressed in percentage to control.

4 Results and Discussion

This Thesis was focused on the evaluation of theces of bilirubin and its isomers
that are produced during PT of neonatal jaundicevels as on different therapies for the
treatment of unconjugated hyperbilirubinemia.

In our paper entitleiThe biological effects of bilirubin photoisomers” we isolated
bilirubin PI — ZE-/EZ-bilirubin and lumirubin — itheir pure forms, and tested their biological
effectsin vitro on human neuroblastoma SH-SY5Y cell line. We foandthat albumin had
a binding site for lumirubin that was differentinathat for bilirubin and it was located in the
subdomain IB. Lumirubin had much lower binding dans than bilirubin for albumin and it
did not affect concentration of Bf. In comparis@nhilirubin, bilirubin PI did not influence
the viability of studied cell line and were notalib change the expression of genes involved
in the its cell cycle regulation or the haem calialmathway.

In the study“Photo-isomerization and oxidation of bilirubin in mammals is
dependent on albumin binding” the binding sites for bilirubin, its derivatives
(mesobilirubin, bilirubin ditaurate), Pl and oxigat products (lumirubin, biliverdin and
xanthobilirubic acid) were characterized on HSAngsa combination of circular dichroism,
fluorescence spectroscopy and molecular modellieghods. We discovered that bilirubin
and its products bound to two independent binditgg s

Goal of our study entitledSustained reduction of hyperbilirubinemia in Gunn
rats after adeno-associated virus-mediated gene tnafer of bilirubin UDP-
glucuronosyltransferase isozyme 1ALl to skeletal male” was to evaluate the role of gene
therapy as a potential treatment option for CNS. Bgtlal expressing AAV vector was

injected directly into muscles of Gunn rats. Bystimethod, the concentration of serum
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bilirubin sustained lowered for at least one yeaniqul. We also analysed urine and bile and
we found there higher elimination of bilirubin mietdic products.

In the paper etitledLife-long correction of hyperbilirubinemia with a neonatal
liver-specific AAV-mediated gene transfer in a letlal mouse model of Crigler-Najjar
syndrome” we studied the effect of gene transfer of therlsecific AAV vector encoding
the hUGT1Algene in the lethal mouse model for CNS. Upon tleeessful application we
were able to see the therapeutic effect for theerede¢d period of 17 months. We also
compared the efficacy of the vector's applicatiatoiliver versusskeletal muscle. In case
of liver-targeted application, expression dfjtlal increased for 5-8% of the expression
of normal healthy liver and we observed significdatrease of bilirubin. On the other hand,
application of the vector that should target thelstal muscle was not able to decrease
bilirubin levels even though th&Jgtlal expression rose to 20-30% of normal liver
expression. The reason of the observed differeraa the previous study could lie in the
application approach (intravenous injection of netspecific vectons. direct intramuscular
application).

Different type of gene therapy was used in our wenktled“Improved efficacy and
reduced toxicity by ultrasound-guided intrahepatic injections of helper-dependent
adenoviral vector in Gunn rats”. We used helper-dependent adenoviral (HDAd) vettiar
did not contain viral coding sequences in comparigpabove used adenoviruses, and thus
could provide stable and long-term expression & WGT1AL gene. We compared the
efficacy of different application modalities on tregluction of hyperbilirubinemia, which was
the highest when using the ultrasound-guided iefpatic application of HDAd vector in the
concentration 1% vp/kg.

In our paper entitledBeyond plasma bilirubin: The effects of photothergy and
albumin on brain bilirubin levels in Gunn rats” we tried to clarify whether HSA
application may improve in the treatment of neongandice or CNS. We compared the
effect of a single HSA application on the serumirtdin, Bf and tissue bilirubin
concentrations with the usage of PT and combinationoth approaches. We observed that
single HSA application is able to significantly irase the efficacy of PT.

In the follow-up study entitletAlbumin administration protects against bilirubin-
induced auditory brainstem dysfunction in Gunn ratpups” we assessed the effect of HSA
application on the parameters of the auditory systeing impaired in severe neonatal
jaundice. We used electroencephalography to détedhstem auditory evoked potentials

(BAEPSs). Using an animal model of unconjugated hytlieubinemia, we demonstrated that

10
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the HSA treatment is neuroprotective and protegiirst bilirubin-induced BAEPs. This
treatment also tended to reduce Bf in brain.

In our study entitledOptimizing exchange transfusion for severe unconjgated
hyperbilirubinemia: Studies in the Gunn rats” we focused on the evaluation of different
modalities for treatment of neonatal jaundice, sasT, HSA and their combinations. After
successful establishment of the ET model in Gurts, ne found out that this method is
highly effective in decreasing bilirubin as well 86 concentrations. Both PT and HSA
treatments were found to potentiate the effectaf @ur optimizedn vivo animal model for
ET should be helpful in further studies investiggtireatments of acute hyperbilirubinemias.

In our paper entitledAlbumin administration prevents neurological damage and
death in a mouse model of severe neonatal hyperbibinemia” genetically modified mice
lacking theUgtl gene were used to assess therapeutic potenttdEAf Mice were treated
with intraperitoneal application of HSA of differiedoses every 24 or 48 hours immediately
after birth. Lower Bf levels in comparison to caisrwere detected in the circulation of mice
treated by HSA. The treated group had higher te¢alm bilirubin, but on the other hand,
significantly lower tissue bilirubin concentrationgre found in comparison to controls. Our
data indicate that the effect of HSA treatment ighly dependent on its dosage and
frequency. Hence, this type of treatment seemtaseful in patients with extreme neonatal
jaundice or CNS.

5 Conclusion

We have successfully isolated bilirubin Pl in pfwems and clarified some of their
biological effectsin vitro. Our data suggests that bilirubin Pl are not rasjibe for rare
complications that could accompany PT of neonaahglice. We have mapped the binding
sites for bilirubin and its derivatives in the molée of HSA.

In the second part of our studies we focused ondineeclopment of new gene
therapeutic approaches for treatment of severe CW8Icompared the efficacy of different
doses of AAV or HDAd vectors and we compared muscld liver specific and directed
treatments. In all our models we were able to ssgfadly increase the activity of UGT1Al
enzyme and to lower systemic hyperbilirubinemiailtesy in protection of brain from severe
damage. The liver-directed gene therapy seems t@ Ipeomising therapeutic approach
for CNS; nevertheless, clinical trials are neeaedanfirm our preclinical data.

In the last part of this work we establishedirmwivo model for ET and compared the

efficacy of ET, PT and HSA administration. ET istimost effective way how to treat

11
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neonatal jaundice. However, due to high risk of taddy we propose HSA administration
to be a safer way of treatment. Based on our mesulis evident that HSA can serve as
a supportive therapeutic option to increase thea¥ of PT.

12
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6 List of abbreviations

AAV ... adeno-associated viral vector

BAEPs ... brainstem auditory evoked potentials

Bf ... free bilirubin

BLVR ... biliverdin reductase

cDNA ... complementary deoxyribonucleic acid

CNS (CNSI, CNSII) ... Crigler-Najjar syndrome (typél)
ELISA ... enzyme-linked immunosorbent assay

ET ... exchange transfusion

HDAd ... helper-dependent adenoviral vector

HMOX ... haem oxygenase

HPLC ... high-performance liquid chromatography
HSA ... human serum albumin

MS ... mass spectroscopy

MTT ... 3-(4,5-dimethylthiazol-2-yl)-2,5-diphendttazolium bromide
Pl ... photoisomers

PT ... phototherapy

RNA ... ribonucleic acid

RNS ... reactive nitrogen species

ROS ... reactive oxygen species

RT-PCR ... real time polymerase chain reaction

TLC ... thin layer chromatography

UCB ... unconjugated bilirubin

UGT1AL ... uridindiphosphate glucuronosyl transsera
XTT ... 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2idtrazolium-5-carboxanilide
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