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Zusammenfassung

Zusammenfassung

Die Superfamilie der hochpolymorphen Cytochrome P450 Enzyme besteht aus 57
funktionellen Genen und 58 nicht funktionellen Pseudogenen. Diese Doktorarbeit
widmet sich der Detektion der haufigsten Spleildvarianten in den Cytochrom P450
Enzymen CYP2D6 und CYP2B6 und der Fragestellung, ob diese mechanistisch
bestimmten Punktmutationen zugeordnet werden konnen.

Fur die Untersuchung der mRNA-Transkripte in beiden Genen ist ein Mikroarray
entwickelt worden, der hoch sensitiv alternative Spleilereignisse detektiert. Der
Mikroarray wurde in allen Schritten optimiert, angefangen von der Auswahl der
Oligonukleotidsonden, des Herstellungsprozesses der Arrayplattform, dem
Umschreiben und Markieren der Target-DNA, den Hybridisierungsbedingungen als
auch der Entwicklung einer neuen Auswertemethode, die mit dem gewahlten Design
der Sonden verwendet werden kann. Um unterschiedlichste Spleilereignisse
detektieren zu konnen, wurde ein Design gewahlt bestehend aus funf verschiedenen
Sonden pro Exon: Exon-Sonden, Intron-Exon-, Exon-Intron-, Exon(n)-Exon(n+1)
(junction) und Exon(n)-Exon(n+2) (jump junction) Uberlappende Sonden. Alle Sonden
wurden zunachst mit bekannten DNA-Fragmenten validiert. Es steht am Dr.
Margarete Fischer-Bosch Institute eine umfangreiche und gut dokumentierte geno-
und phenotypisierte humane Lebersammlung zur Verfligung. Das SpleilRingmuster
von ausgesuchten Proben der Sammlung wurde mit Hilfe des entwickelten
Mikroarrays untersucht.

Es ist bekannt, dass in Allel CYP2D6*41 die Mutation 2988G>A in Intron 6 das
Spleillmuster zu einer Transkriptvariante verschiebt, in der Exon 6 fehlt. Der
entwickelte Mikroarray fur CYP2D6 bestatigte das gehaufte Auftreten dieser
alternativen SpleiRvariante in Allel CYP2D6*41 und bewies damit seine
Funktionalitat. Mit Hilfe des CYP2D6-Microarrays wurden zudem allelspezifische
SpleiBmuster bei den Tragern der haufigsten CYP2D6-Allele *1, *2, *4 und *41,
bestimmt. Es konnte beobachtet werden, dass Trager des Allels CYP2D6%41,
zusatzlich zu dem bekannten alternativen mRNA-Transkript, in denen Exon 6 fehlt,
vermehrt Transkripte besitzen, in welchen Intron 5 und 6 nicht herausgespleil3t
worden sind. Die Transkriptverteilung in Allel *7 und *2 ist vergleichbar. Beide

besitzen funf Mal mehr des funktionellen Transkriptes (NP), verglichen mit *47.
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Zusammenfassung

Somit erwiesen sich die entwickelten Splei3arrays als nutzliches Werkzeug, um nicht
nur Lebergewebe sondern auch allelspezifische SpleiRmuster zu detektieren.

Die Existenz von nicht funktionellen Pseudogenen mit hoher Homologie zu den
eigentlichen funktionellen Genen, der Cytochrom P450 Enzyme, stellt bei der
Interpretation von Daten, die von konventionellen Splei3arrays stammen, ein grof3es,
bisher wenig beachtetes Problem dar. Durch das spezifische Sondendesign, in
Kombination mit gen- bzw. pseudogenspezifischer reverser und linearer
Amplifikation, ermdglicht die entwickelte Arrayplattform erstmals, sowohl Gen als
auch pseudogenspezifisches Spleillen zu detektieren und zu unterscheiden.
Verglichen zum funktionellen Gen CYP2D6 beinhalten die mRNA Transkripte des
Pseudogen CYP2D7 haufiger Intron 5 und 6. Im Vergleich zu CYP2D6 wurden in
CYP2D7 keine erhohten Signale detektiert, die auf ein Fehlen von Exon 6 schliellen
lassen.

Am Beispiel des CYP2B6 Gens konnte gezeigt werden, dass sich die entwickelte
Mikroarrayplattform fur CYP2D6 und CYP2D7 auch auf andere Gene Ubertragen
Iasst. Alternatives Spleilen wurde in CYP2B6 bisher nicht ausfuhrlich untersucht.
Das Genprodukt von CYPZ2B6 ist ein hochpolymorphes Enzym, welches eine
wichtige klinische Rolle bei dem Verstoffwechseln einer grollen Anzahl von
Arzneimittel, wie z.B. Cyclophosphamid, Bupropion und Efavirenz, spielt. Das
haufige Allel CYP2B6*6 [c.516G>T, Q172H and c.785A>G, K262R] zeigt erniedrigte
Proteinexpression in humaner Leber und wurde erst kurzlich mit erhdhtem Efavirenz-
Plasmaspiegel in HIV Patienten in Verbindung gebracht. Der molekulare
Mechanismus fur diese Beobachtungen war bis jetzt ungeklart.

Mit dem entwickelten SpleiRarray fur CYP2B6 wurde eine neue Spleillvariante
gefunden, in der Exon 4 fehlt (SV8) sowie auffallende Transkriptunterschiede beim
Vergleich von CYP2B6*6 und *1. Dies fuhrte zu der Idee, dass alternatives Spleilen
im Allel *6 eine Rolle spielen konnte. Deswegen wurde RNA aus gut dokumentierten
humanen Lebergeweben molekularbiologisch untersucht. Es zeigte sich, dass bisher
unbekannte Spleildvarianten (SV8, SV7, SV9) existieren, die sich aber alle als
genotypunabhangig herausstellten. Das haufigste Transkript in CYP2B6*6 war
jedoch nicht das normale mRNA-Transkript (NP) mit allen neun Exons, sondern ein
alternatives Transkript, in dem Exon 4 bis 6 fehlt (SV1). SV1 trat in Leberproben mit
dem Allel*6 verstarkt auf und war zudem im Zusammenhang mit dem seltenen Allel

CYP2B6*3 (c.777C>A) verstarkt nachweisbar. Diese Beobachtungen an humanen
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Zusammenfassung

Leberproben weisen auf alternatives SpleiRen als mogliche Ursache flr erniedrigte

Genexpression bei varianten CYP2B6 Allelen hin.

Weitere Untersuchungen mit Hilfe von Transfektionsexperimenten in COS-1 und
Huh7 Zellen wurden mit Hilfe eines in dieser Arbeit klonierten CYP2B6-
Minigenkonstrukt durchgefuhrt. Das klonierte Minigenkonstrukt von CYP2B6 enthalt
alle neun Exons sowie funf ganze oder teilweise verkirzte Introns. Durch das
Einflgen von Punktmutationen in dieses Konstrukt ist es moglich, alternatives
Spleilden in Abhangigkeit von Einzelmutationen in Zellsystemen zu studieren.

Mit Hilfe der Minigenkonstrukte zeigte sich deutlich, dass allein der
Nukleotidaustausch ¢.516G>T in Allel CYP2B6*6 verantwortlich ist fur das
verschobene Spleilmuster zugunsten des Transkripts SV1 und einer verringerten
CYP2B6-Expression. Minigenkonstrukte mit dem alleinigen Nukleotidaustausch
c.785A>G oder der seltenen Mutation ¢.777C>A fuhren dagegen zu normaler bzw.
mittlerer Expression des Enzyms CYP2B6.

Zusammenfassend kann gesagt werden, dass der Mechanismus des haufigen
Allels*6 hauptsachlich auf einem pratranslationalen Mechanismus, dem alternativen

Spleil3en, als Folge einer nicht-synonymen, exonischen Mutation beruht.

Diese Arbeit zeigt die Auswirkung von Punktmutationen in Spleimotiven, als auch
die klinische Bedeutung von alternativem SpleiRen bei der Aufklarung von
medikamentosen Nebenwirkungen wie im Beispiel von Efavirenz in CYP2B6*6-
Tragern. Sowohl in CYP2D6 als auch CYPZ2B6 existiert somit je ein haufiges Allel
(CYP2D6*41 bzw. CYP2B6%6), in welchem durch alternatives Splei3en die Menge an
funktioneller mRNA und damit Protein und Enzymaktivitat verringert wird. Die damit
gesicherte Erkenntnis der verursachenden Mutation stellt somit eine sichere
Grundlage dar fur die Anwendung dieses Polymorphismus in der genetischen
Diagnostik sowie der klinischen Praxis.

Xl



Abstract

Abstract

In humans the polymorphic Cytochrome P450 gene superfamily consist of 57
functional genes and 58 highly homologous pseudogenes. This study was devoted to
the detection of alternative splicing within the Cytochrome P450 enzymes 2D6 and
2B6, mapping of the most common splice variants and to draw connections to certain
single nucleotide polymorphisms (SNPs) and alleles. For both enzymes a splicing
sensitive microarray was developed. The microarray was produced and optimized in
all steps including the oligonucleotide probe design, microarray processing and target
preparation, optimization of hybridization conditions and the development of a new
data quantification method for the used probe design.

For the developed splicing platform a design was chosen based on 5 different
probes: exon-, intron-exon-, exon-intron-, junction- and jump-junction-probes to
detect the most common splicing events. All probes were evaluated with known DNA
fragments. In the Dr. Margarete Fischer-Bosch Institute there exists a collection of
well-characterized pheno- and genotyped human liver samples from patients.
Selected samples from this collection were chosen for investigation of alternative
splicing with the developed splicing microarray.

Within the CYP2D6 gene it was known that the SNP 2988G>A (allele *47) in intron 6
shifts splicing towards a variant lacking exon 6, what explains the intermediate
phenotype within allele *41. The splicing platform verified this splicing aberration in
allele *41. Using the microarry specific splicing patterns were monitored in human
liver tissue within the most common alleles of CYP2D6 *1, *2, *4 and *41. It could be
observed that within mRNA from allele *471 carriers additionally to the known
transcript variant, which is lacking exon 6, total or partial retention of intron 5 and 6
was enhanced. Transcript patterns of CYP2D6*1 and *2 were similar with 5 times
higher amount of the full functional transcript (NP), including all nine exons,
compared to allele *41. The splicing array showed to be a valuable tool not only for
detection of splicing variants in human liver tissue but additionally for detection for
allele specific splicing patterns.

The existence of highly homologous Cytochrome P450 pseudogenes, which in some
cases, as in CYP2D7 also express alternative splicing variants, results in a major

problem of interpreting the data from splicing arrays. The developed splicing platform
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Abstract

is the first existing array with which gene and pseudogene specific transcript patterns
can be monitored individually. This was achieved by using gene and pseudogene
specific probes in combination with a gene specific reverse and linear amplification
protocol of the target RNA. Within CYP2D7 mRNA a higher amount of full or partial
retention of intron 5 and 6 occurred independent of any CYP2D6 genotype.
Transcripts lacking exon 6 were not observed within CYP2D7.

The microarray platform can be easily transferred to other genes as shown for the
second gene CYP2B6. Alternative splicing in this gene was so far only reported
descriptive. CYP2B6 is a polymorphic human drug metabolizing cytochrome P450
with clinical relevance for several drug substrates including cyclophosphamide,
bupropion and efavirenz. The common allele CYP2B6*6 [c. 516G>T, Q172H and
c.785A>G, K262R] has previously been associated with lower expression in human
liver and with increased plasma levels of efavirenz in HIV patients, but the molecular
mechanism has remained unclear. With the developed splicing array for CYP2B6
allele specific splicing patterns were observed comparing CYP2B6*6 and CYP2B6*1.
This lead to the idea that alternative splicing might play an important role in allele *6.
This was investigated in more detail using RNA originating from well-documented
human liver tissue. Analysis of mRNA in this tissue demonstrated that additional
unknown splicing variants exist (SV8, SV7, SV9), which all were genotype
independent.

Investigations in human liver tissue using RT-PCR and sequencing showed that the
most common transcript in CYP2B6*6 was not the normal transcript (NP) but an
alternative splicing transcript lacking exons 4 to 6 (SV1). SV1 was tightly associated
with the allele*6 and apparently also with the rare variant c.777C>A (CYP2B6*3). The
observations lead to the assumptions that alternative splicing might explain the
decreased function observed in allele CYP2B6*6.

Further investigations in this direction were performed by cloning CYP2B6 minigene
constructs including all nine exons and additional intronic regions. With site directed
mutagenesis common mutations were added into the minigene. This enables the
investigation of alternative splicing of CYP2B6 in cell systems and to draw
connections to certain SNPs. The transfection of the CYP2B6 minigene in eukaryotic
cell lines COS-1 and Huh7 demonstrated that the single nucleotide polymorphism
c.516G>T in allele CYP2B6*6 was alone responsible for aberrant splicing resulting in
high SV1 and low CYP2B6 expression phenotype. Minigenes carrying the single
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c.785A>G polymorphism or the rare c.777C>A variant resulted in normal and
intermediate expression phenotypes, respectively. In conclusion, the mechanism of
the common allele*6 involves predominantly a pretranslational mechanism resulting
in decreased enzyme expression. Aberrant splicing is leading to reduce functional
mRNA, protein and activity. These results establish the SNP c¢.516G>T, a
nonsynonymous exonic mutation, as the causal sequence variation for severely
decreased expression and function associated with CYP2B676.

This work emphasizes the role of SNPs in non-consensus splicing elements such as
exonic and intronic splicing enhancers as well as the clinical relevance of alternative
splicing in context of adverse drug reactions. In both investigated genes CYP2D6 as
well as in CYP2B6 there exists a common allele (CYP2D6*41 and CYP2B6%6,
respectively) in which aberrant splicing results in reduced amounts of functional
transcript, reduced amount of protein and enzyme activity. The findings establishes
the SNP ¢.516G>T as the causal sequence variation that can now be reliably used in
pharmacogenetic studies in various clinical settings including prediction of drug
plasma concentration, toxicity, drug effectiveness and dose adjustment.
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Introduction

1 Introduction

The human genome project started in 1990 with the first draft being completed by
2003 and completed at high confidence by 2006, when the sequence of the last
chromosome was published in Nature (Gregory et al., 2006). Very astonishing at this
time, one major result was that within the 3 billion base pairs in the human genome
only around 22000-23000 genes were found, about half the number previously
predicted by many scientists (Gregory et al., 2006; Hattori, 2005). Compared to the
genome of Drosophila melongaster with about 13000 or the small roundworm
(Caenorhabditis elegans) with 19000 genes (C.elegans Sequencing Consortium,
1989; Gregory et al., 2006; Hodgkin, 2001; Myers et al., 2000) the obvious question
arose, how the complexity of the human organism could be explained with such a
comparatively small number of genes.

In principal, the higher organisation of humans or mammals could be explained by
further complexity of genetic organisation, for example by modification of the DNA
and organisation of chromatin structure, within complex regulation of transcription
including subsequent splicing and finally translational and posttranslational
modification. Biological complexity would depend less on gene number but on the
transcripts, which are expressed largely due to epigenetic mechanisms.

15
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1.1 Complexity of gene regulation

1.1.1 Modification of DNA

Modifications within the DNA are mainly due to epigenetic mechanisms. “Epigenetic”
(coined by C.H. Waddington in 1942) describes the study of heritable changes in
gene expression or function that occur without changes in the DNA sequence itself
(Waddington, 1959). Several types of epigenetic mechanisms play a role on the DNA
level as part of the biological organisation thus increasing complexity. There are
three main types of epigenetic mechanisms on the DNA level: cytosine DNA
methylation, histone modifications and genome imprinting.

With genome imprinting the diploid euchromatic chromosome gets heterochromatic
so that imprinted genes are only expressed from one parental allele. This mechanism
is based on methylation and histone modification so more or less comprising the two
other mechanisms (Wood and Oakey, 2006). Within the nucleus DNA does not exist
naked but wrapped around histone octameres. Histone modification shows
modulation effects on gene expression or gene silencing and can be altered by
acetylation, phosphorylation, ubiquitination as well as methylation in accessible and
inaccessible regions. This has direct effects on the transcriptional regulation (He and
Lehming, 2003). DNA methylation on so-called CpG islands within the promoter
region usually silences gene expression. It is known that disease can be associated
with a different methylation pattern. For example the cancer epigenome differs from
the genome by specific methylation pattern. Changes are encoded by genes like
DNA methyltransferases (DNMT), methyl-CpG-binding domain (MBD) proteins,
histone acetyltransferases (HAT), histone deacetylases (HDAC), histone
methyltransferases (HMT) and histone demethylases (Esteller, 2007; Miremadi et al.,
2007).

1.1.2 Regulation of transcription

Transcription is the mechanism by which RNA is synthesised by RNA polymerase
using DNA as template. RNA synthesis was first discovered in 1962 by Yanofsky
(1962) and Giacomoni (1964). Transcription can be regulated by specific
transcription factors and cofactors that alter the specificity of the RNA polymerase for

a given promoter or a transcription start site. Repressors bind to sequences next to
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the promoter and this way prevent formation of the initiation complex. Enhancers are
sites on the DNA on which activators, the opponents to the repressors, aid to build
the initiation complex or change the secondary structure of the DNA so that
transcription is supported. Within an inducible system no gene expression takes
place unless a special molecule called inducer is presente or binds to the DNA. The
induction of many CYPs including CYP3A4, CYP2B6 as well as CYP1A1 occurs by
ligand activation of key receptor transcription factors including the pregnant X-
receptor (PXR), the constitutive androstane receptor (CAR) and the aryl hydrocarbon
receptor (AhR) (Faucette et al., 2006; Faucette et al., 2007; Smith et al., 2005;
Tompkins and Wallace, 2007; Wang et al., 2004). Within a repressible system
expression takes place except a molecule is present or binds to the DNA. This
mechanism is less frequent in cytochrome P450 family but is described for example
in CYP27B1 which expression is negatively regulated via vitamin D response
element (Turunen et al., 2007).

Mutations within the promoter region or within regulating elements can alter the
binding of inducers, repressors or formation of the transcription complex at the start
side and so influence the expression. Additionally multiple transcription initiation

complexes for one gene are possibly increasing protein diversity (Quelle et al., 1995).

1.1.3 Posttranscriptional modification

Posttranscriptional mechanisms that increase protein diversity include capping,
polyadenylation, pre-mRNA editing (Maas et al., 2006), and alternative splicing. As
soon as transcription started at the 5’end the capping enzyme complex bound to
RNA polymerase begins the capping process. A guanine nucleotide is connected via
an unusual 5’ to & triphosphate linkage and will be methylated on the 7’ position
directly after capping by a methyl transferase (Blencowe, 2006). Transcription
termination in eukaryotes involves cleavage of the new transcript 10 - 15 nucleotides
behind a polyadenylation sequence AAUAAA and addition of 50 -150 adenosines at
the 3’tail. 5’capping as well as 3’polyadenylation is necessary for export from the
nucleus, provides significant resistance to 5exonucleases and specially the 5'cap
structure initiates the 5’proximal intron excision (Colgan and Manley, 1997; Lewis et
al.,, 1995; Wahle and Ruegsegger, 1999). Furthermore pre-mRNA adenosine to
inosine editing catalysed by adenosine deaminases can entail further changes in
protein structure and function (Maas et al., 2006).
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All those described posttranscriptional mechanisms alter and influence pre-mRNA
splicing which is considered to be the most important source of protein diversity in
vertebrates with 40-70% of all human genes having alternative splicing transcripts
(Graveley, 2001; Johnson et al., 2003; Modrek and Lee, 2002; Modrek et al., 2001).
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1.2 Splicing

The mechanism of splicing is used to remove intron regions from pre-mRNA and
junction exon regions. The mean human exon is 150 bp, the average intron is 3500
bp long (Deutsch and Long, 1999). The mechanism of intron excision takes place in
the nucleus and is carried out by a multicomponent ribonucleoprotein complex — the

splicosome.
1.2.1 Splicosome

The splicosome consists of five splicosomal small nuclear RNAs (snRNA) (U1, U2,
U4/U6 and U5) and a large number of proteins including so called ‘Sm-’ core
proteins, serine-arginine dipeptid family (SR-proteins) and further associated factors.
Additional proteins are also found within this complex but their functions are not
clear. The splicosome recognizes the splicing donor (exon n/ 5-intron) and the
splicing acceptor (intron-3’/ exon n+1). Within the splicosome two trans esterifications
take place to produce the mature mRNA and excise the intronic region as lariat
(Cartegni et al., 2002; Graveley, 2000).

1.2.2 Mechanism of splicing

Splicing consists of 4 main steps termed E, A, B and C. The nuclear pre-mRNA
introns have in common only GU...AG/GURAGU nucleotides at 5’ and 3’ ends.

In the E-complex (E for early) U1 snRNA is bound to the & splice site, U2AF
(AF=auxiliary factor) to the poly-pyrimidine tract and 3’AG and SF1/mBBP to the
branchpoint (YNYURAC) sequence of the intron. The complex contains additional
members of the SR protein family which recognize and bind on pre-mRNA
sequences called exonic or intronic splicing enhancer (ESEs or ISEs) and silencer
(ESSs or ISSs) (Black, 2003; Graveley, 2000; Maniatis and Tasic, 2002).

In the second step ATP is required to form the A complex in which U2 snRNP binds
and defines the branchpoint (Michaud and Reed, 1991). The splicosome is
assembled (B-complex) when U4/U6 and U5 snRNP joins the A complex and U5
snRNP recognized the 3’splice site (Chiara et al.,, 1997; Chua and Reed, 2001).
Between complex E and B the intron ends are brought together to form a lariat (figure

1).
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The mature splicosome (C-complex) now performes two rounds of catalysis to
produce mRNA and the intronic lariat (Lewis et al., 1995; Michaud and Reed, 1991).
Components that undertake the transesterification have not been directly identified.
What is known is that first a free OH group (provided by an adenine nucleotide)
attacks the exon-intron junction (of the donor) in a first transesterification reaction
(Query et al., 1996). An intermediate called lariat is formed (figure 1). The second
splicing reaction follows rapidly. Binding of U5 snRNP to the 3'splice site is
necessary for this reaction. The OH created at the 3’ end of exon 1 attacks the intron-
exon junction (of the acceptor). This results in the mature mRNA and the intronic
lariat which gets degraded. The splicosome is then disassembled (Lewis et al., 1995;
Sharp, 1994).

Exon 1 @ GU =—— YNYURAC —Py— AG@) Exon?2
T branchpoint  pyrimidin tract T

acceptor l donor

round 1 lariat (b
4
Exon 173°'OH + YNYURAC—Py—AG @ Exon 2

round 2

lariat U
Exon 1€ Exon2 + (b
YNYURAC=——Py— AG

Figure 1: The mature splicosome (C-complex) undertakes two rounds of catalysis to produce

mRNA and the intronic lariat.

1.2.3 Alternative splicing

Alternative splicing is a mechanism joining different 5’ and 3’ sites compared to the
conservative splicing process. Thus multiple mRNA species are resulting encoding
for proteins showing similar, converse or no function. A splicing error that adds or
removes a single nucleotide will disrupt the open reading frame of an mRNA.
Aberrant splicing generates variability that can insert or remove amino acids, shift the
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reading frame, introduce termination codons, affect gene expression by removing or
insertion of regulation elements for mRNA stability or protein localization (Faustino
and Cooper, 2003).

It is estimated that about 23000 human genes exist, of which 40-70% show
alternative transcripts (Brett et al., 2000; Johnson et al., 2003; Kan et al., 2005;
Mironov et al., 1999; Modrek et al., 2001). Studies have identified about 30000
alternative spliced transcripts doubling the number of gene products (Lee and Roy,
2004) within humans. Organisms showing less complexity have reduced numbers of
alternative splicing events with 40% of Drosophila genes showing one or more
alternative exons, the worm Caenorhabditis elegans showing a lack of splicing and S.
cerevisae has only several known regulated splicing events (Blencowe, 2006;
Hodgkin, 2001; Kim et al., 2004; Stolc et al., 2004). Alternative splicing of pre-mRNA
is one of the biological functions to increase diversity and is a regulatory component
as different splicing transcripts can be seen in various tissues (Graveley, 2001;
Johnson et al., 2003). Numerous binding proteins influence positively or negatively
the use of splicing sites by binding to recognition sites in the exon or intron region
(Black, 2003; Cartegni et al., 2002). These splicing signals can be targeted by
mutations. It was found that around 15% of point mutations, which lead to genetic
diseases cause alternative splicing defects (Krawczak et al., 1992). The significance
is supported by the annotation of around 54000 mutations in the Human Gene
Mutation Database (http://www.hgmd.org/). Effects on splicing can be split up in cis
and frans splicing. Cis elements affect splicing on one gene and trans elements
affect splicing on multiple genes by disrupting components of the splicing machinery
(Novoyatleva et al., 2006).

The most common type of alternative splicing involves alternative cassette exons,
which accounts for around one third of all aberrant splicing events (figure 2a).
Second frequent are alternative 5’ and 3’ splice sites responsible for at least one
quarter of all known aberrant splicing events (figure 2b). Alternative upstream or
downstream exons are also quite frequent with 10 and 6% of all splicing events
(figure 2c). Fourth most common are retained introns (figure 2d) (Blencowe, 2006;
Van Gelder et al., 1990).
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(a) alternative cassette exon, 31.1% (c) alternative upstream,10.1% or downstream
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Figure 2: Representation of aberrant splicing events found within the human genome. Data

taken and modified from a study performed by Watahiki et al. (2004).

1.2.4 Alternative splicing within pseudogenes

Pseudogenes are sequences that have close similarities to one or more paralogous
functional genes and that presumably lack a functional product. Up to 15000
pseudogenes were found in the human genome in recent studies (Bischof et al.,
2006; Khelifi et al., 2005; Yao et al., 2006; Zhang et al., 2006). Most pseudogenes
are thought to be transcriptional silent but transcribed pseudogenes have also been
identified (Balakirev and Ayala, 2003; Nelson et al., 2004; Zhang and Gerstein, 2004;
Zhang et al.,, 2003). In a recent study it was found that roughly 14-16% of all
pseudogenes from databases Vega and Ensemble have supporting expression
evidence (Yao et al., 2006). As pseudogenes are usually not translated they are not
subject to selection and hence reflect the pattern of naturally occurring mutations.
These spontaneous mutations can lead to additional splicing variants in the
pseudogenes not present in the gene. So far no comprehensive investigations were
preformed comparing splicing patterns from genes and corresponding pseudogenes.
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1.2.5 Human disease and adverse drug reaction (ADR) caused by alternative
splicing

Alternative splicing can lead through previously described mechanisms to disease or
adverse drug reactions. By disruption of a constitutive splice site the effect is often
loss of function of the alternative spliced mRNA. In about 25-35% of all cases
alternative splicing introduces premature termination codons (PTCs) (Novoyatleva et
al., 2006). This leads in most cases to nonfunctional protein or loss of function due to
nonsense-mediated decay (NMD). That can either lead to total loss of translation of
this protein or to a change of the gene specific splicing patterns. Changing of splicing
patterns of mRNA transcripts can have effects on tissue, developmental stages and
increased or decreased enzyme activity of a translated enzyme.

For some members of the drug xenobiotic metabolizing Cytochrome P450 family
alternative splicing is described and well studied. In drug metabolism, the most
frequent null-alleles of CYP2D6 as well as of CYP2C19 harbor mutations at splice
acceptor sites that prevent the expression of full-length functional proteins leading to
the poor metabolizer phenotype in 5 to 10% of Europeans. Similarly, the
polymorphism leading to almost complete lack of expression of CYP3AS in almost
90% of Caucasians has recently been elucidated to be mainly due to a splicing
defect of the common *3 allele (Hustert et al., 2001; Kuehl et al., 2001; Toscano et
al., 2006).

In a large number of human diseases alternative splicing plays a role as put together
in the following examples: familial isolated growth hormone deficiency type I, frasier
syndrome, frontotemporal dementia and parkinsonism linked to chromosome 17
(FTDP-17), atypical cystic fibrosis and genes associated with malignant disease (in
genes such as LKB1, KIT, CDH17, KLF6 and BRCA1) (Faustino and Cooper, 2003;
Novoyatleva et al., 2006). Those examples can be explained by pre-mRNA mutations
that affect usage of an alternative splice site. The variation in this cis element leads
to a shift of the natural mMRNA or protein to the unfunctional aberrant pre-mRNA or
protein (Faustino and Cooper, 2003). Examples for diseases due to defective trans
splicing are retinitis pigmentosa, spinal muscular dystrophy and certain types of
neoplasmia and malignancy (in genes such as Ron, RAC1 and CD44) (Faustino and
Cooper, 2003; Novoyatleva et al., 2006; Srebrow and Kornblihtt, 2006). Interestingly,
it was shown that some gene transfer methods like antisense nucleic acids (siRNA or
short bifunctional oligonucleotides) and low molecular weight drugs (like

23



Introduction

benzyladenine, polyphenol, sodium butyrate, valproic acid, sodium vanadate,
indoprofen and indole derivatives) can interact with the RNA to yield increased levels
of correctly spliced pre-mRNA in certain genes as recently reviewed (Novoyatleva et
al., 2006).

1.2.6 Methods for detecting alternative splicing

There are three major ways of studying alternative splicing. The gold standard is
based on cloned cDNA sequencing (Gerhard et al., 2004; Strausberg et al., 2002).
Sequence based approaches and secondly computational analysis of alternative
splicing using cDNA and expressed sequence taq (EST) data provide evidence of a
vast number of alternative splicing isoforms. Limitations are the incompleteness and
fragmentation of the EST and genomic sequence data (Modrek and Lee, 2002).
Secondly conventional analysis of RT-PCR can be performed with the limitation that
many variants cannot be amplified, due to the placement or design of the primer
pairs.

A third method to detect alternative splicing is based on microarrays. From 2001 it
was shown that it is feasible to monitor alternative splicing events by placing
specifically designed splicing probes on microarrays (Clark et al., 2002; Hu et al.,
2001; Johnson et al., 2003; Shoemaker et al., 2001; Yeakley et al., 2002). Recently
rather comprehensive genome wide arrays were published in a limited number of
studies around the Affymetrix platform (Ule et al., 2005; Wang et al., 2003b), the
Rosetta platform (Blanchette et al., 2005; Castle et al., 2003; Johnson et al., 2003;
Pan et al., 2004) or the Exonhit platform (Fehlbaum et al., 2005). These studies
showed the capability to use microarray platforms with the focus on global detection
and quantification of transcribed segments of any expressed gene. To finally assess
the association of monitored alternative splicing transcripts, their formation via cis or
trans acting elements and their consequences for phenotypes, extensive molecular

studies are necessary.
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1.3 Microarray platforms

DNA microarray technology has its origin in Edwin Southern’s method described in
his landmark article “Detection of specific sequences among DNA fragments
separated by gel electrophoresis” published 1975 (Southern, 1975). In this
publication the sequence-specific hybridization to probe genomic DNA is described.
The next big step towards a microarray was hybridization analysis including “dot”
blots and “slot” blots (Ristaldi et al., 1989; Wu et al., 1989). Southern again was the
first to describe parallel in situ immobilisation of oligonucleotides as means of
generating an oligonucleotide array on a solid support for highly parallel hybridization
analysis (Southern and Maskos, 1994). Microarrays are distinguished from reverse
dot blots by their high probe density and miniature size on solid impermeable, non
porous substrate.

DNA microarray technology since then was shown to revolutionize life science data
acquisition in many fields including genomic mapping (Wang et al., 1998), clone
library screening, gene expression profiling (Lockhart et al., 1996), large-scale single
nucleotide polymorphism (SNP) analysis (Mockler and Ecker, 2005) and to unravel
gene functions, pathogenetic mechanisms, metabolic routes and the effects of drugs
on these, to refine diagnostic classification and prognostic indexes, and to find new
targets for therapy (Grimm et al., 2004; Jain, 2000; Marshall, 2003).

1.3.1 Principle of array based methods

The known nucleic acid, which is applied to analyse the unknown target sequence, is
called the probe. Probes need to be specific and all have to be selected and tested
for the application under the same hybridization conditions. DNA probes are
immobilized in a highly parallel addressable format (Lipshutz et al., 1999). The
support consists of either glass, silicon, or a plastic substrate. Usually the support is
coated with reactive groups (most common are poly-L-lysine, aldehyde or epoxy
groups) to bind the target DNA via reactive groups of the nucleotides or with
additionally synthesised exposed groups (e.g.NH2). The nucleotides nearest to the
surface are less accessible for hybridization of the target. Therefore spacer
molecules can be used to increase the hybridization yield (Shchepinov et al., 1997;
Southern et al., 1999).
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The method of generating microarrays involves the use of photochemistry and
photolithography for in situ oligonucleotide synthesis (Pease et al., 1994) or
piezoelectric nozzles and inkjet heads using surface chemistry directly on the
substrate (Blanchard A.P et al., 1996). Another method uses a version of non-
contact/ contact printing (a way of micropipetting) mMRNA, cDNA or oligonucleotides
on surface (non- or covalently bound) (Cheung et al., 1999; Heller, 2002; Schena et
al., 1995). This so called micropipetting can be performed with pins using a capillary
slot, a ring and ping system, or inkjet dispensing systems.

For improved sensitivity target DNA or cRNA is amplified, labelled and afterwards
immobilized on the microarray. The target DNA can be either DNA synthesised by
polymerase chain reaction or RNA synthesised by one or more rounds of in vitro
transcription. In addition T7-promoter can be included during cDNA synthesis to
transcribe cRNA linearily with RNA polymerase (Van Gelder et al., 1990). In most
cases labelling is performed with fluorescence dyes but also radioactive as well as
silver or gold precipitations were described (Alexandre et al., 2001; Southern, 2001).
For maximal discrimination and perfect matched probe/ target duplex the
hybridization reaction has to reach an equilibrium state which is dependent on the
ionic strength and pH of the hybridization buffer, Tm of the duplexes, the
hybridization temperature and time as well as the stringency of the following washing
steps. All steps of microarray handling are put together in figure 3.
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Figure 3: Steps of microarray experiments, which need to be performed and optimised.

1.3.2 Splicing microarray

platform

In contrast to expression microarrays like the well-known Affymetrix GeneChip for

detection of alternative splicing not just one but different expression values for each

exon and intron need to be distinguished (Li and Wong, 2001).

Especially outliers who are ignored by conventional software might indicate

alternative splicing events. In case of alternative splicing the presence and

connection of alternative exons needs to be elucidated by specific probe design and

special designed probes have to be used in combination with statistically analysis as
illustrated in figure 4 (Cuperlovic-Culf et al., 2006; Le et al., 2004).
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Figure 4: Special probes designed for alternative splicing platforms
A) depicts the placement of junction-probes (exon n to exon n+1) , B) tilling probes, C) jump
junction probes (exon to exon n+2), D) intron-3’-exon and 5’exon-intron probes, E) exon

probes and F) intron probes.

Probes placed on the exon-intron boundaries or junction probes (complementary to
exon-exon junctions) were shown to be capable to detect exon boundaries and exon-
exon junctions (Castle et al., 2003; Johnson et al., 2003). Tilling arrays were shown
to predict exon structures with probes in the length of 50-60 nucleotides.

Alternative splicing arrays are so far dominated by two main commercial technology
platforms — the Affymetrix gene technology array based on 25 nt. exon and intron
control probes and the Agilent/ ExonHit platform based on 24 nt. exon and junction
probes (Fehlbaum et al., 2005). Both are impressive platforms including probes for all
genes of the human genome or in the case of Agilent/ ExonHit for a huge number of
genes.

The results of those alternative splicing arrays are promising and it showed that this
method is excellent for studying alternative splicing (Kan et al., 2005; Kirschbaum-
Slager et al., 2004; Kirschbaum-Slager et al., 2005; Relogio et al., 2005).
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1.3.3 Splicing microarrays and the existence of pseudogenes

A major problem for the interpretation of data from splicing microarrays is the
existence of pseudogenes. The previous splicing microarray studies paid no attention
to the existence of pseudogenes a phenomenon of special relevance for drug
metabolizing enzymes and transporters. In humans the CYP gene superfamily
consists of 57 functional genes and 58 highly homologous pseudogenes (Nelson et
al., 2004). For some of the pseudogenes including CYP2D7 (see below) expression
in the liver was shown on the mRNA level (Endrizzi et al., 2002; Gaedigk et al.,
2005). This emphasizes the necessity for specially designed splicing arrays in order
to monitor the splicing patterns of the functional gene rather than a mixture of gene
and pseudogene mRNA transcripts.
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1.4 Interindividual variability in drug metabolism and response

Polymorphisms in metabolizing enzymes and transporters can be valuable
biomarkers for variable pharmacokinetics, pharmacodynamics, ADR and clinical
efficacy of numerous drugs. The systematic investigation of genetic factors on drug
response is termed Pharmacogenetics.

Highly variable expression and function of these isozymes, both inter- and
intraindividually, constitutes a major determinant for unpredictable drug and drug-
metabolite plasma concentrations and can lead to unforeseen drug responses
including over-reaction, toxicity, or lack of response (Meyer, 2000). Genetic
polymorphisms in cytochrome P450 and other drug metabolism enzymes and
transporter genes are an important source of variation, but induction/ repression or
inhibition by drugs and other xeno- or endobiotics, biological or physiological
conditions including sex, age, disease, and many other confounding factors often
limit or modulate their penetrance. There are hundreds of single nucleotide
polymorphisms (SNPs) and mutations within the drug metabolizing P450 genes and
several of them were shown to induce alternative splicing.

During the last 30 years of pharmacogenetic research many genetic variations were
found to explain inter-individual differences in drug response — with the earliest
examples of human Cytochrome CYP2D6 (Eichelbaum et al., 1975; Eichelbaum et
al., 1979) and drug-conjugating enzymes such as N-acetyltransferase, thiopurine
methyltransferase and glutathione S-transferase (Koch, 2004; Weinshilboum and
Wang, 2004).

The understanding of interindividual differences and the knowledge of the genetic
background of patients gives the opportunity to individualized therapy with respect to
the choice of drug and dose (Weinshilboum and Wang, 2004; Ingelman-Sundberg
and Rodriguez-Antona, 2005).

1.4.1 The cytochrome P450 enzyme family

In humans 27 cytochrome P450 subfamilies with a total of 57 functional genes and
58 pseudogenes were identified (http://www.cypalleles.ki.se/) (Nelson et al., 2004).

About one dozen P450 isozymes of families CYP1, CYP2 and CYP3 are collectively
responsible for most phase | biotransformations of drugs and other xenobiotics in
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human liver. These P450 enzymes catalyze over 90% of all drug and xenobiotic
metabolism pathways in humans (Ingelman-Sundberg, 2004; Lewis, 2004). All other
subfamilies mainly metabolize endogenous substances like fatty acids, steroid
hormones, prostaglandins as well as vitamin A and D.

The name Cytochrome P450 (CYP) originates from the early observations describing
these enzymes as pigments (P) with a characteristic blue “Soretpeak”, i.e. an
absorbance near 450 nm in the presence of a reducing agent (with sodium dithionite)
and carbon monoxide (Klingenberg, 1958). Individual CYP enzymes are designated
by an arabic number for the gene family, a capital letter indicating the subfamily and
an additional number for the gene (http://www.cypalleles.ki.se/). P450 proteins within
prokaryotes are found in the cytoplasm. Within eukaryotes they are embedded in the
membrane of endoplasmatic reticulum. The proteins consist of between 450 to 560
amino acids. The iron of the prosthetic heme group is bound to the P450 protein via a
thiolate ligand derived from a highly conserved cysteine residue.

The typical reactions performed by cytochromes P450 are hydroxylations, N-, O-, S-
dealkylations, N-, S-oxidations, deaminations, dehalogenations, desulfatations,
epoxidations and peroxidations. The principal reaction referred to as
monooxygenation as only one of two oxygens is incorporated into the substrate. The
cytochrome P450 is the last part of an electron transfer chain. Via several steps one
H* molecule is removed from the substrate, an O-molecule is covalently bound on
the substrate and this way the product ROH is built, which is released by the
cytochrome enzyme (Coon et al., 1992; Hlavica, 2004; Yasui et al., 2005).

1.4.2 Cytochrome CYP2D6

CYP2D6 is a highly polymorphic enzyme that metabolizes nearly 20% of all clinical
used drugs (Zanger et al., 2004). Four distinct drug oxidating phenotypes have been
defined on the basis of activity: poor metabolizer (PMs), intermediate metabolizer
(IMs), extensive metabolizer (EMs), and ultrarapid metabolizer (UMs).

CYP2D6 was the first Cytochrome P450 enzyme in which a genetically enzyme
defect was discovered in the 1970s. Two research groups in England and in
Germany observed that some volunteers participating in pharmacokinetic studies
with debrisoquine (Mahgoub et al., 1997) and sparteine (Eichelbaum et al., 1975),
respectively and developed unexpected adverse reactions. In both cases it was
shown that these individuals had a substantially impaired capacity to oxidize the drug
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and that this metabolic deficiency is inherited as an autosomal recessive trait. The
gene for CYP2D6 is localized together with two highly homologous pseudogenes
CYP2D7 and CYP2D8P on chromosome 22 (Gonzalez et al., 1988; Kimura et al.,
1989). More than 60 distinct alleles which result in CYP2D6 protein with normal,
increased, decreased or complete lack of function have been documented on the
CYPallele nomenclature homepage (http://www.cypalleles.ki.se) (Sim and Ingelman-
Sundberg, 2006). The individually inherited allele combination (genotype) determines
the drug oxidation phenotype, which can be assessed in vivo by measuring the
metabolic ratio (MR), i.e. the ratio between the amount of unchanged drug and drug
metabolite of a suitable probe drug (e.g. sparteine, debrisoquine, dextromethorphan)
excreted in the urine within a certain time. Most of the CYP2D6 metabolised drugs
contain a basic nitrogen, including antiarrhythmics (e.g. propafenone),
antidepressants (e.g. amitriptyline, venlafaxine), antipsychotics (e.g. thioridazine),
beta-blockers (e.g. metoprolol), opioids (e.g. codeine) and many more (Zanger et al.,
2004). Predictive genotyping was shown in a recent publication to be beneficial for
treatment in 30-40% of all CYP2D6 substrates, that is for about 7-10% of all drugs
clinically used (Ingelman-Sundberg, 2005). So for optimal drug treatment correctly

assignment of alleles and understanding of their phenotype is necessary.

1.4.2.1 Cytochrome CYPZ2D6 alleles

Between 5 and 10% of Caucasians carry two non-functional null-alleles, of which
about 20 are known to date. Most null alleles with SNPs lead to interruption of the
reading frame (CYP2D6 *3, *6, *8, *13, *15, *16, *19, *20, *21, *38, *42 and *56) or
interfere with correct splicing (CYP2D6 *4, *11, *41 and *44). Only a few non-
functional alleles encode a full mRNA transcript and lead to a non-functional protein
(CYP2D6 *7, *12, *14 and *18). Furthermore larger deletions or interruptions of the
open gene frame exist in 2 alleles (CYP2D6*5 and *16) (Bradford, 2002; Ingelman-
Sundberg, 2005; Zanger et al., 2004) (see the http://www.cypalleles.ki.se). The most
frequent null-allele of CYP2D6 is *4, which occurs at a frequency of 20 to 25% in
Caucasians (Kagimoto et al., 1990).

Individuals with at least one allele encoding a functional protein are either EM, IM or
UM. The quantitative differences among these individuals are extremely large. Most
individuals carry either one or two functionally normal alleles (in most cases either
CYP2D6*1 or *2, or rare ones like *33 or *35) (Zanger et al., 2004).
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Higher than normal activity UMs result from inheritance of one or two alleles with
multiple functional copies, which occur in European populations with allele
frequencies of around 1 to 10% (Johansson et al., 1993) and with higher frequencies
in certain Arabian and Eastern African populations (Ingelman-Sundberg, 1999). A
phenotypically distinct subgroup of about 10 to 15% of Caucasians with metabolic
ratio between those of EMs and PMs are commonly termed IMs (Zanger et al.,
2004). The most common intermediate alleles are CYP2D6*9 and CYP2D6*41 with
allele frequencies of 1-2% and 8% respectively, among Caucasiens.

In other ethnicities, the frequencies of variant alleles and of the resulting phenotypes
are different. Thus, in Asians and Africans null-alleles are more rare than among
Caucasians whereas alleles with reduced function, i.e. *10 in Asians (Mizutani, 2003)
and *77in Africans (Gaedigk et al., 2002), are more common.

1.4.2.2 Splicing in CYP2D6

Within the literature 13 different splicing variants were described within CYP2D6 and
CYP2D7 (table 1), which occur at various amounts in human liver and some in breast
and brain tissue. Both the gene as well as the pseudogene is alternatively spliced,
what complicates the study of aberrant splicing in both genes.

The phenotypes of two very common alleles, CYP2D6*4 which is present in 20-25%
and CYP2D6*41, in around 8% of Caucasians can be explained by splicing
mechanisms. The key mutation 1846G>A in allele *4 changes the splice acceptor site
of intron 3 such that it results in a shift of reading frame and ultimately a premature
stop codon. Inheritance of two *4 alleles (or any other combination of two null alleles)
leads to the CYP2D6 PM phenotype (Kagimoto et al., 1990).

The allele CYP2D6*41 carries the key mutation 2988G>A located at nucleotide +39
of intron 6 (Raimundo et al., 2004; Toscano et al., 2006). 2988G>A leads to
decreased amount of the normal transcript and substantially increased amount of a
splice variant lacking the entire exon 6. This variant transcript harbours a stop codon
at position 291 of the mature mRNA and can thus not contribute to functional
CYP2D6 protein. Thus, the 2988G>A shifts the balance between the functional and a
non-functional splice product towards the non-functional variant (Toscano et al.,
2006). These two examples, which represent the two most common alleles with

decreased function among Europeans, emphasize the relevance of alternative
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splicing mechanisms for polymorphic drug metabolism

summarized in table 1).

Table 1: Compilation of transcript variants of CYP2D6

(splicing

in CYP2D6

Shaded boxes represent exonic and white boxes intronic sequences. If possible nomenclature

of splicing transcripts was used as described before. Numbers origin from sequence:

AY545216 with ATG start codon set as 1. NP = normal product, SV = splicing variant.

name/ tissue/
allele mRNA transcript description gene literature
exon 1-9: mRNA
transcript that CYP2D6: AY545216
NP 1 314156789 corresponds to the starting at ATP
reference cDNA CYP2D7: M33387
sequence
Igﬁgszrzln Gonzales et. al. 1988
SVa 1 314 5/i5| 6| 7| 8 9| |inclusion of intron 5 and Gaedigk et al. 2005
CYP2D7 Denson et al 2005
inclusion of intron 6 liver/ Gonzales et al. 1988
- (in some cases in breast/ Woo et al. 1999
svb |1 | 2| 3 | 4| 516 16| 7 | 8| 9| combination with brain Gaedigk et al. 2005
intron 1 and 5 CYP2D7 Denson et. al 2005
inclusion)
liver/
del.\9l/bp of ex 6 lack of 91 bp in exon | breast Gonzales et al. 1988
Svb’ 6: 2860-2950 CYP2D6 |Woo et al. 1999
1 1/2[3]4/5]6]7]8]9] RS o
CYP2D7
lt;\lf:;/st/ Huang et al. 1997
SVe lack of exon 6 cause | brain Woo et al. 1999
(cvPo6| 112]314]5]7]819] | & oossocn robaps | Raimundo et al. 2004
*41) and Gaedigk et al. 2005
CYP2D7 Toscano et al. 2006
inclusion of 57 bp of
" intron 6:14381- breast
SVd 11/2|3|4|5/6]16]7| 89| |14437 (cYP2p7) |CyP2p7 |Huangetal 1997
inclusion of 57 bp of
del. 91 bp of ex 6 intron 6: 14381-
i 14437, (CYP2D7) breast Huang et al 1997
SVe | 1]12[3[4]5/6]i6] 7|8 9| |and 91bp deletion of | CYP2D7 |Woo et al 1999
exon 6: 14153-14243
(CYP2D7)
point mutation leads
CYP2D6* to alternative various Kagimoto et al. 1990
11 splicing cause of tissue Maerz et al. 1997

883G>C

34




Introduction

name/ tissue/
allele mRNA transcript description gene literature
licing defect — .
CYP2D6 Splcl . Kagimoto et al. 1990
*4B-*4L Z?tlé?gg:negeneratlon CYP2D6 Maerz et al. 1997
lack of exon 3 is
predicted in
CYP2D6*14 liver
svi [1]2]4]5]6]7]8]9] (1758G>A) and Oypope | Rogan et al. 2003
CYP2D6*8
(1758G>T)
lack of exon 6
- inclusion of intron 8 brain
SVv2 | 1 | 2| 3| 4| 5 | 7| 8| 18| 9| (sometimes in Cypape | Gaedigk et al. 2005
combination with
intron 1 inclusion)
alternative acceptor
of exon 6 and liver and
SV3 e alternative donor of | brain Gaedigk et al. 2005
112/3[4/5/6Wm67|8|9 oxon 7 CYPIDT
liver and
brain
sva | 1]i1] 2] 3/ 4] 5]6] 7| 8] 9] |inclusion ofintron 1 | CYP2D6 | Gaedigk et al. 2005
and
CYP2D7
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1.4.3 Cytochrome CYP2B6

The human cytochrome CYP2B6 is also a highly polymorphic enzyme, which plays a
major role in the biotransformation of an increasing number of endogenous and
exogenous substrates (Hodgson and Rose, 2007; Turpeinen et al., 2006; Zanger et
al., 2007). CYP2B6 is the only functional isozyme of the 2B subfamily in humans and
the gene is located, together with the expressed pseudogene CYP2B7, within a 350
kb CYP2ABFGST gene cluster on chromosome 19 that contains genes and
pseudogenes of the CYP2A, 2B, 2F, 2G, 2S and 2T subfamilies (Hoffman et al.,
2001). CYP2B6 contributes about 5% to the total liver microsomal P450 content.
Clinically used drug substrates include cytostatics (cyclophosphamide (Chang et al.,
1993; Roy et al., 1999)), HIV drugs (efavirenz (Ward et al., 2003), nevirapine
(Erickson et al., 1999)), antidepressants (bupropion (Kirchheiner et al., 2003)),
antimalarias (artemisinin (Svensson and Ashton, 1999)), anaesthetics (propofol
(Court et al., 2001)), and synthetic opioids (methadone (Kharasch et al., 2004)) and
several others (Turpeinen et al., 2006). Variability of CYP2B6 expression in liver is
high and protein levels can be 100-fold different between individuals (Gervot et al.,
1999). Like the rodent phenobarbital-inducible CYP2B genes, human CYPZ2B6 is
strongly inducible by numerous drugs and chemicals including rifampicin,
barbiturates, cyclophosphamide, artemisinin, carbamazepine, metamizole, and
efavirenz (EFV) as well as nevirapine (Faucette et al., 2007; Saussele et al., 2007;
Wang and Negishi, 2003; Zanger et al., 2007). Potent inhibitors of CYP2B6 are the
platelet aggregation inhibitor clopidogrel (Richter et al., 2004) and the cytostatic
triethylenethiophosphoramide (thioTEPA) (Turpeinen et al., 2006; Rae et al., 2002).

Compared to the model polymorphism of CYP2D6, which was discovered by clinical
observations, CYP2B6 polymorphisms were discovered following reverse genetics
approaches with initial polymorphism screening and subsequent functional and
clinical studies (Lang et al., 2001). Over 100 DNA variations including numerous
nonsynonymous mutations as well as silent, promoter and intronic changes were
found in the CYP2B6 gene, many of them showing extensive linkage disequilibrium
giving rise to distinct haplotypes (Ariyoshi et al., 2001; Blievernicht et al., 2007;
Hesse et al., 2004; Klein et al., 2005; Lamba et al., 2003; Lang et al., 2004; Xie et al.,
2003; Zukunft et al., 2005). Taking the number of variants and their frequency in
different populations into account, CYP2B6 belongs to the most polymorphic human
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cytochrome P450 genes. Additionally the influence of numerous confounding factors
like sex, induction by drugs and other xenobiotics, as well as possible substrate
dependent effects contribute to CYP2B6 variability (Zanger et al., 2007).

As mentioned before CYP2B6 is the main enzyme (with little contribution by
CYP3A4) involved in sequential oxidation of efavirenz resulting in 8-hydroxy- and 8-,
14-dihydroxyefavirenz. The non-nucleotide reverse transcriptase inhibitor efavirenz,
which is often used in combination with nucleoside inhibitors in first-line treatment to
reduce mortality in HIV patients, shows a narrow therapeutic window with
concentrations above 4 ug are associated with CNS side effects and below
approximately 1ug/ ml with increased risk of virological failure (Marzolini et al., 2001;
Telenti and Zanger, 2007). The association of CYP2B6 polymorphic alleles and EFV
plasma levels was analyzed in different clinical trials and it was a gene dose effect
found with higher plasma levels in carriers within the partial deficient allele *6 (Owen
et al., 2006; Rodriguez-Novoa et al., 2005; Rotger et al., 2006). Based on this a dose
adjustment in patients carrying this genotype was suggested (Haas et al., 2005).

1.4.3.1 Cytochrome CYPZ2B6 alleles

To date, 53 distinct haplotypes and 28 defined alleles have been described; most of
them carrying one or more amino acid changes but numerous promoter and intron
changes contribute to further variants and highly complex haplotype structures.
Additionally many further SNPs are known with unclear haplotype (CYPallele
nomenclature homepage http://www.cypalleles.ki.se/cyp2b6.htm). The alleles within
CYP2B6 can’t be classified as easily as in CYP2D6 in defined groups. The most
common alleles within CYP2B6 are *1 and *6 followed by *2, *4, *5, *9, *17 and the
loss of function allele *78, which was so far only found in African populations (Zanger
et al., 2007). 30-45 percent of all individuals are carriers of *1 (Zanger et al., 2007)
but unknown mutations maybe still included within allele *7.

The most common variant allele is CYP2B6*6 and occurs with high frequency across
different populations, ranging from 14% in Koreans to over 40% in West Africans and
Chinese and 62% in Papua New Guineans (reviewed in Zanger et al., 2007). The
CYP2B6*6 allele harbours two nonsynonymous mutations which also occur
individually (alleles *4 and *9). The first key mutation is located in exon 4, c.516G>T
[Q172H] in combination with the mutation c¢.785A>G [K262R] in exon 5. This
common allele recently obtained clinical relevance when CYP2B6 was described as
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the major catalyst for oxidative metabolism of efavirenz (EFV) (Desta et al., 2007;
Ward et al., 2003). This lead to subsequent pharmacogenetic studies in HIV patients,
which consistently revealed strong associations between severely elevated EFV
plasma concentration and homozygosity for the common CYP2B6*6 allele [Q172H
and K262R] and several minor loss of function alleles in various ethnic populations
(Haas, 2006; Owen et al., 2006; Telenti and Zanger, 2007). Moreover, recently
CYP2B6 genotyping in Japanese HIV-infected individuals was successfully applied to
reduce the therapeutic dose of EFV, which resulted not only in the expected
pharmacokinetic changes but also in improvement of CNS-related side effects
(Gatanaga et al., 2007). Despite its established clinical genotype-phenotype
relationship, the molecular basis of the *6 allele has remained unclear and various
studies indicated possible effects at the level of transcription, splicing, protein
stability, as well as substrate specificity and turnover. In a recent extended study it
was shown that heterozygous and homozygous carriers of *6 allele indeed express
up to four-fold less protein with concomitant changes in activity as compared to
homozygotes of the reference allele CYP2B6*1 (Desta et al., 2007). The reason for

lower expression in liver remained however unknown.

1.4.3.2 Splicing in CYP2B6

A number of variant transcripts were described within the CYP2B6 gene. First
transcript variants were described by Miles et al (1989). A recent study observed
additional variants that were suggested to be associated with certain polymorphisms
(Lamba et al., 2003). However, all these studies were descriptive and they cover only
parts of the gene. Most importantly the contribution of these variants to the ultimate
hepatic activity phenotypes remained unclear.
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1.5 Objectives

The primary objectives of this thesis is the molecular analysis of transcript diversity
occurring by alternative splicing within the polymorphic cytochromes 2D6 and 2B6

and to find a new explanation of phenotypes with the help of alternative splicing.

The specific aims with respect to CYP2D6 are the development of a splicing
microarray to detect aberrant splicing transcripts within human liver tissue and the
relative quantitation of the most common splicing transcripts. The splicing array will
be the first existing microarray designed to specifically discriminate between gene
and pseudogene specific splicing transcripts. The microarray should be capable to
study and compare gene and pseudogene specific splicing patterns. Results will be
confimed by RT-PCR and sequencing and compared to literature data.

With respect to CYP2B6 the specific aims are the transfer of the newly designed
splicing microarray platform from CYP2D6 to CYP2B6. Splicing patterns in human
liver tissue detected by the CYP2B6 splicing array should be confirmed by alternative
methods. The molecular mechanism leading to the CYP2B6*6 phenotype, showing
reduced protein expression and activity, is not explained so far. This should be
investigated with the help of the developed splicing array, the usage of a cloned

recombinant plasmid systems and the study in cell systems.

To achieve this following resources and tools were available at the institute:

A collection of well-characterized pheno- and genotyped human liver samples from
patients was available. These samples were suitable to study alternative splicing with
RT-PCR, sequencing, and the newly developed microarrays and to draw connections
to certain SNP’s and alleles.
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2 Material and methods

2.1 Material

2.1.1 Biological reagents

Supplier

Product

Agilent (Boblingen,Germany)

DNA 1000 LabChipKit, RNA 6000
Nano LabChipKit

Applied Biosystems (Ambion & Tropix)
(Darmstadt, Germany)

MEGAscript T7 kit, RNase H, Taqg Man
reverse transcription reagents,
TagMan universal master mix,
Galacto-Star™ R-Galactosidase
Reporter Gene Assay (Galactone,
Emerald enhancer)

Biolog (Bremen, Germany)

ddNTPs

Bio-Rad (Munich, Germany)

Bio-Rad protein assay, BSA standard
protein

Biozym (Oldendorf, Germany)

Chill Out 14 Lipid Wax (red) for PCR

GE Healthcare/ Amersham (Freiburg,
Germany)

dNTP Set, fluoroLink Cy3-dCTP, Cy3
Post-labelling reactive dye pack,
thermo sequenase fluorescent,
fluorescent labelled primer sequencing
kit with 7-deaza-dGTP, rainbow
coloured protein molecular weight
markers

Invitrogen (Karlsruhe, Germany)

TOPO TA cloning kit for sequencing,
5x second strand buffer, 100 bp DNA
ladder, 1kb Plus DNA ladder,
Superscript llI

Metabion (Planegg-Martinsried, Germany)

5" or 3’ Ce-amino-modified
oligonucleotide probes for splicing
array, oligonucleotide probes with 5°
Cy3/Cy5-modification (controlled by
MALDI-TOF), PCR primers (desalted)

MWG (Ebersberg, Germany)

IR 800 labelled oligonucleotide probes
for sequencing

New England Biolabs (Frankfurt, Germany)

Acc65l, BbrCl, BsmBl, Bcgl, Bsgl,
100x BSA (bovine serum albumin),
DNA polymerase |, E.coli ligase,
EcoNlI, Mfel, Notl, Pmel, Sbfl, Sspl, T4
DNA polymerase

Promega (Mannheim, Germany)

RQ1 RNase-free DNase kit

Qiagen (Hilden, Germany)

Taqg DNA polymerase, PCR buffer
(10x), HotStar Taq master mix kit,
nuclease free water, RNase free
DNase set, RNeasy mini kit, QIAquick
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Supplier

Product

PCR purification kit, QlAquick gel
extraction kit, QlAprep spin miniprep
kit, QlAshredder, Qiagen plasmid maxi
kit

Roche Applied Science (Mannheim,
Germany)

shrimp alkaline phosphatase (SAP),
EcoRlI, expand high fidelity PCR
system, Fugene HD transfection
reagent, Nhel, Sacl, Spel, T4 DNA
ligase, complete mini (protease
inhibitor cocktail)

Solis Biodyne (Tartu, Estland)

termipol polymerase

Stratagene (Amsterdam, Netherlands)

site directed mutagenesis kit

2.1.2 Chemical reagents

Supplier

Product

Becton Dickinson, Heidelberg

bacto agar, bacto yeast, bacto trypton

Bio-Rad (Munich, Germany)

acrylamide/Bis (30:0.8)

Bruker Daltonik (Bremen, Germany)

acidic 3-hydroxypicolin

Cambrex, (Rockland, USA)

long range gel solution

Fluka (Deisenhofen, Germany)

ammonium acetate, milk powder (low
fat), NADPH, NADP"

Invitrogen (Karlsruhe, Germany)

agarose

Merck (Darmstadt, Germany)

ammoniumpersulfate (APS), liChrosolv
(HPLC water), HCI, KCI, NaCl,
disodiumhydrogenphosphate, Tween
20

Peqglab (Erlangen, Germany)

nexterion Spot |, nexterion Spot Ill

Promega (Mannheim, Germany)

passive lysis buffer, urea

Roche Diagnostics (Mannheim, Germany)

glucose-6-Phosphate, glucose-6-
phosphate-dehydrogenase

Roth (Karlsruhe, Germany)

acetonitrile, ampicillin, IPTG,
kanamycinsulfat, low melt agarose,
methanol, tris-base, X-Gal

Sigma-Aldrich (Deisenhofen, Germany)

R-mercaptoethanol, acetic acid,
bromphenol blue, bovine serum
albumin (BSA), dimethylsulfoxide
(DMSO), ethylendiamintetraacetic acid
(EDTA), ethanol (100% or 95%),
ethidium bromide, ethylene glycol,
glycerol, hydroxylamine, ponceau S-
solution, sodiumdodecylsulfate (SDS),
sodium acetate, sodium borate,
sodium citrate-2H,0, Na;EDTA,
NaOH, N,N,N-tetramethyl
ethylendiamine, triton X-100

41




Material and methods

2.1.3 Equipment

Supplier Designation Equipment
ABgene (Hamburg, microarray sealing gene frame seals 65l
Germany) PCR plates thermo fast 384/96 PCR

plates

Agilent (Boblingen,

RNA and DNA Analyser

Agilent 2100 Bioanalyzer

Germany) photometer UV-Visible Chem Station
HPLC-MS/MS HPLC system (HP 1100)
spectrometry

Applied Biosystems DNA-sequencer ABI Prism 7500

(Darmstadt, Germany) TagMan 7500 Real Time PCR System

Becton Dickinson
(Heidelberg, Germany)

tissue culture

tissue culture plate (12 well)

Berthold Technologies
(Bad Wildbach, Germany)

luminometer

AutoLumat Plus

Biometra (Gottingen,
Germany)

hybridization oven
UV-crosslinker
western blotting

OV5 hybridization oven
Stratalinker UV Crosslinker
1800

fastblot B43

Bio-Rad (Munich,
Germany)

electrophoresis of
polyacrylamide gels

Trans-Blot Cell

Biorobotics (Cambridge,
England)

microarray spotter

Microgrid Il Microarrayer

Bruker Daltonik (Bremen,
Germany)

Maldi-Tof-MS

robotic workstation

Bruker Ultraflex MALDI-TOF
masspectrometer
Pure Disk

anchorChip MTP anchor chip 400/384 TF
ion trap mass HCT plus
spectrometer

Eppendorf (Hamburg, centrifuge 5417C

Germany) thermomixer thermomixer comfort

thermomixer slide adapter
pipettes

thermomixer slide adapter
research, research pro

Greiner bio-one

spotting plate (for

384 well polystyrol (PS)-

(Frickenhausen, microarray spotter) microplates
Germany)
Heraeus (Hanau, centrifuge Biofuge 13
Germany) Biofuge 22

Biofuge pico
Hettich (Tuttlingen, centrifuge Hettich Rotana/S, 23

Germany)

Hettich Universal 32
Hettich Universal 320R

Hirschmann Laborgerate
(Heilbronn, Germany)

glas capillaries

Infors-HT (Bottmingen,
Switzerland)

incubator shaker for liquid
bacterial culture

Aerotron

LI-COR (Lincoln, USA)

DNA-sequencer
Infrared imaging system
for western blot analysis

4300 DNA Analyser
Odyssey
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Supplier

Designation

Equipment

LTF Labortechnik
(Wasserburg, Germany)

gel documentation system

UV-light-transilluminator

Memmert (Schwabach,
Germany)

drying compartment

universal oven (Model U)

Millipore (Molsheim,
France)

water purification systems

Milli Q Ultrapure

MJ Research Inc.
(Waterdown, USA)

PCR cycler

PTC-200 thermal cycler
PTC-225 thermal cycler

MP Biomedicals - Bio 101

homogenisator

FastPrep FP120

Systems (Heidelberg cell lysis Lysing tubes with matrix D
Germany)

NanoDrop Technologies |spectrophotometer ND-1000 Spectrophotometer
(Wilmington, USA)

Nunc (Wiesbaden, cell flasks cell flasks T-75 (75 cm?)
Germany)

Owl agarose gel easy cast model B2 (12x13
(Porthsmouth, USA) electrophoresis cm)

PeqlLab (Erlangen, agarose gel perfect blue gel systems S
Germany) electrophoresis (7x8 cm)

Peqlab (Erlangen, microarray glass slides nexterion slide E

Germany)

PerkinElmer (Rodgau — | array-scanner ScanArray express microarray
Jugesheim, Germany) scanner

Sarstedt (NUmbrecht, cell harvesting cell scraper

Germany) R-galactosidase assay tubes 75x11.5 mm

Scharfe System cell counter Casy 1

(Reutlingen, Germany)

Schleicher & Schuell
(Dassel, Germany)

transfer membrane
steril filtration

nitrocellulose
sterilfilter (0.2 yum and 0.45

pm)

Schott (Mainz, Germany)

pH-meter

pH-meter CG840

Scientific Industries (New
York, US)

vortexer

Vortex-Genie 2

Tecan (Crailsheim,
Germany)

hybridization station

HS 400 hybridization station

Thermo Electron (Hanau, |centrifuge Sorvall superspeed RC2B
Germany)
Trentec Analysentechnik |HPLC column Trentec-Reprosil-Pur 120-

(Gerlingen, Germany)

ODS3 column (50x23 mm
I.D., 5 ym)
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2.2 Buffers and solutions

2.2.1 Buffers for microarray experiments

Name Composition
20x SSC sodium citrate*2 H,O 0.3 M
NaCl 3M
1M HCI adjust pH to 7.0
Pseudo 20x SSPE — used | NaCl 3.6 M
for hybridization sodium phosphate 0.2M
EDTA 20 mM
Rinsing solution 1 triton X 100 2ml
HZOmp ad 2000 ml
Rinsing solution 2 HCI (37%) 1 ml
HZOmp ad 2000 ml
Rinsing solution 3 KCl-solution TmM 200 ml
HZOmp 1800 mi
Blocking solution ethylenglycol 500 ml
HZOmp 1500 mi
HCI (37%) 1 mi
Washing solution 1 20x SSC 200 ml
SDS (10%) 40 mi
HZOmp 1760 mi
Washing solution 2 20x SSC 200 ml
HZOmp 1800 mi
Washing solution 3 20x SSC 20 ml
H20mp 1980 ml
2x spotting solution X NaSO4 44149
NaHPO*2H,0 446 g
H20mp ad 1000 ml
2x spotting solution Y spot | 1 part

spot Il (spot IlI= spot |
+0.02% triton X)

3 parts (vol/ vol)

labelling buffer

dimethyloxide
1M NaHCO3 (pH 9.0)

1:1 (vol/ vol)
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2.2.2 Buffer for SDS page and western blotting

Name Composition
APS (10%) ammoniumpersulfate 19
HZOmp ad 10 ml
Laemmli sample buffer Tris-HCI pH 6.8 60 mM
(5x) glycerin 24%
SDS 2%
bromphenolblue 1%
3-mercaptoethanol 14.4 mM
SDS 10% SDS 50 g
HZOmp ad 500 ml
Electrophoresis buffer Tris-base 150 g
(10x) glycine 720 g
SDS 50 g
HZOmp ad 5000 ml
Electrophoresis buffer electrophoresis buffer (10 | 500 ml
(1x) X) ad 5000 mi
HZOmp
Blotting buffer Tris-base 9¢
glycin 14.6 g
SDS 10% 18.5 ml
HZOmp ad 4000 ml
methanol ad 5000 ml
TBS (10x) Tris-base 150 g
NaCl 400 g
KCI 10g
HZOmp ad 5000 ml
HCI adjusttopH 7.4
TBST Tween 20 10 ml
TBS (10x) 500 mi
HZOmp ad 5000 ml
Tris-HCI 0.5 M, pH 7.5 Tris-base 3049
HZOmp ad 500 ml
HCI adjustpHto 7.5
Stacking gel (4%) acrylamide/bis (30:0.8) 1.35 ml
Tris-HCI 0.5M (pH 6.8) 2.5 ml
SDS (10%) 0.1 mi
APS (10%) 0.1 ml
TEMED 10 pl
H2Omp ad 6.1 ml
Resolving gel (10%) acrylamide/bis (30:0.8) 10.0 ml
Tris-HCI 1.5M (pH 8.8) 7.5 ml
SDS (10%) 0.3 ml
APS (10%) 0.3 ml
TEMED 30 i
H2Omp 12.0 ml
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2.2.3 Buffers and solutions for protein extraction

Name

Composition

Complete-solution, EDTA-

1 tablet complete mini

free H20mp 1.5ml

Lysisbuffer for protein Tris-HCI pH 7.5 50 mM
M NaCl 0.25M
Triton X-100 (v/v) 0.1%
EDTA 5 mM
complete- solution (EDTA | 15%

free (v/v))

2.2.4 Buffers and solutions for sequencing and agarose gel casting

Name

Composition

Sequencing loading dye formamide 95%
ethylenediamine 0.5 mM
tetraacetic acid (EDTA)
new fuchsin red 0.1mg/ ml
HZOmp ad 100%

Sequencing gel Urea 214
Long ranger solution 6 mi
TBE (10x) 5mi
DMSO 500 pl
HZOmp ad 50 mi
after filtration add APS 400 pl
(10%)

DNA loading buffer (5x) Ficoll (20%) 874 ul
bromphenolblue (0.5%) 87.4 pl
EDTA (0.5 M, pH 8) 38 pl

TBE (10x) Tris 162 g
boric acid 27549
EDTA 9349
H20mp ad 1000 ml

TAE (50x) Tris 242 g
glacial acetic acid 57.1ml
EDTA (0.5M, pH 8) 100 ml
HZOmp ad 1000 ml

2.2.5 Buffers and solutions for cytochrome-P450-activity measurements

Name Composition
0.1M sodiumphosphate Na;HPO4 0.1 M
pH 7.4 0.1 M NaH2PO4 adjust pHto 7.4
0.1M Tris pH 7.5 Tris 0.1M
HCI adjustpHto 7.5
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10x NADPH regenerating
system (NADPH-RS)

NADP*
Glucose-6-phosphate
MgCl;
Glucose-6-phosphate-
dehydogenase dissolved
in: sodiumphosphatebuffer
pH7.4

5 mM
40 mM
50 mM
40 U/ ml

denatured microsomal
protein

pooled microsomes

denatured at 100°C for 5
min and stored at -20°C

with average protein
concentration of 3.5 mg/
ml

47




Material and methods

2.3 Bacterial and eukaryotic cell culture

2.3.1 Bacterial cell culture

Supplier E. coli strains
Stratagene (La Jolla, USA) XL-1 Blue
Invitrogen (Karlsruhe, Germany) TOP 10

The following bacteria growth media was autoclaved after preparation:

Ampicillin solution ampicillin 50 mg/ mi
ethanol (99%) 50%
H20mp 50%

Kanamycin solution kanamycin sulfate 10 mg/ mi
HZOmp 100%

LB (“Luria-Bertani”) medium | tryptone 1049
yeast extract 59
NaCl 59
H20mp ad 11

LB + agar medium LB medium 11
agar 15¢g

SOC Trypton 2049
Yeast extract 59
KClI 0.18 g
H2Omp ad 970 ml
after autoclaving ad:
MgClI (1 M sterilfiltrated) 10 ml
MgSO4 (1 M sterilfiltrated) 10 ml
glucose(2 M sterilfiltrated) 10 ml

2.3.2 Eukaryotic cell culture

Following eukaryotic cell lines were used:

COS-1: African green monkey kidney epithelial cell lines, kindly provided by Prof. Dr.

Urs Meyer, Division Pharmacology/ Neurobiology Biozentrum, University of Basel,

Switzerland

Huh7: human hepatoma cell lines, kindly provided by Epidauros AG, Bernried,

Germany.
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Following media were used for eukaryotic cell culture

Supplier

Invitrogen (Karlsruhe, Germany)

medium),
L-glutamine

pyruvat

DMEM (Dulbecco’s modified eagle
MEM (minimum essential medium)

penicillin-streptomycin liquid

Biochrom (Berlin, Germany)

fetal bovine serum

The media for eukaryotic cells were supplemented with following ingredients before

usage:

Media for COS-1 cells

DMEM supplemented with :
fetal bovine serum

10% (v/v)

L-glutamine 1% (v/v)
penicillin 100 U/ ml
streptomycin 100 pg/ mi

Media for Huh-7

MEM supplemented with
fetal bovine serum

10% (v/v)

L-glutamine 1% (v/v)
penicillin 100 U/ ml
streptomycin 100 pg/ ml

2.3.3 Expression vectors and plasmids

Following expression vectors were used or generated in this study:

Vector Properties Origin/ Reference
pCR4-TOPO T7 and T3 RNA polymerase Invitrogen,
promoter, direct cloning of Karlsruhe,
PCR products Germany
pCMV4 mammalian expression U.M. Zanger, IKP
plasmid driven by CMV Stuttgart, Germany
promoter
pCMVI[} -galactosidase expression BD Biosciences
vector Clontech, Palo
Alto, USA
pBS SK+2D6 pBluescript SK+ vector Evert et. al. 1997
containing the CYP2D6 wild
type cDNA
pIKAT15 CYP2B6-cDNA vector Lang et. al. 2004
pMHH-CYP2B6-TOPO-98 pCR4-vector containing splice |this study
variant SV1 of CYP2B6
between exon 3-7
pMHH-CYP2B6-TOPO-101 pCR4-vector containing splice |this study
variant SV8 of CYP2B6
between exon 3-7
pMHH-CYP2B6-TOPO-134 pCR4-vector containing this study
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Vector Properties Origin/ Reference

conservative splice product of
CYP2B6 between exon 3-7

pMHH-CYP2B6-TOPO-111 pCR4-vector containing splice |this study
variant SV7 of CYP2B6
between exon 3-7

pMHH-CYP2B6-TOPO-207 pCR4-vector containing splice |this study
variant SV9 of CYP2B6
between exon 5-9

pMHH-CYP2B6-TOPO-215 pCR4-vector containing splice |this study
variant A\MP8 of CYP2B6
between exon 5-9

pMHH_CYP2B6_Mini*1 expression plasmid driven by | this study
CMV promoter containing the
CYP2B6 wild type minigene

pMHH_CYP2B6_Mini*4 expression plasmid driven by | this study
CMV promoter containing the
CYP2B6 *4 minigene

pMHH_CYP2B6_Mini*3 expression plasmid driven by | this study
CMV promoter containing the
CYP2B6 *3 minigene

pMHH_CYP2B6_Mini*9 expression plasmid driven by | this study
CMV promoter containing the
CYP2B6 *9 minigene

pMHH_CYP2B6_Mini*6 expression plasmid driven by | this study
CMV promoter containing the
CYP2B6 *6 minigene
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2.3.4 Antibodies and recombinant proteins

Antibodies and recombinant proteins used in this study:

Supplier

BD Biosciences

anti-human CYP2B6 (mouse)

2B6 monoclonal

(Frankfurt, Germany) antibody
LI-COR (Lincoln, USA) IR Dye 800 goat anti mouse 2B6 secondary

lgG antibody
MoBiTec (Gottingen, anti-3-galactosidase (E.col) -gal monoclonal
Germany) antibody
Sigma-Aldrich (Deisenhofen, R-galactosidase (E.coli) 3-gal protein
Germany)

anti-R-actin (human, mouse, R-actin

rabbit) monoclonal

antibody

Gentest (Franfurt, Germany)

cytochrome P450 2B6 out of
lymphoblastoid cells

CYP2B6 protein

2.3.5 Oligonucleotides used for PCR, sequencing and in vitro mutagenesis

Primer Designation 5' to 3' Sequence Primer Gene
Location Specificity

Construction of CYP2B6 minigenes

2B6_3'ecoNltaq_E2_for | cctttctgaggticcgagagaaat | Exon 2 CYP2B6

1 at

2B6_5'sacltaq_E4 rev1 |gagctcaaacagctggccgaat |Exon 4 CYP2B6
acagagctgatgagtgaa

CYP2B6-5F gacagaaggatgagggaggaa | Intron 4

2B6_spez_I8R_rev1 tcgttgtttttctcaagttggggata |Intron 8 CYP2B6
gt

2B6_5'Sbfl_Ex7_for1 cctgcagggccatacacagagg | Exon 7 CYP2B6
cagtcatctat

In vitro Mutagenesis

2B6_Ex4 _15631T_for |ccaccttcctcttccattccattace | Exon 4 CYP2B6
gccaac

2B6_Ex4_15631T_rev |gttggcggtaatggaatggaaga |Exon 4 CYP2B6
ggaaggtgg

2B6_Ex5_777C_for gaaaccctggaccccagcgcecc | Exon 5 CYP2B6
ccaaggacctc

2B6_Ex5_777C_rev gaggtccttgggggcgcetggggt |Exon 5 CYP2B6
ccagggtttc

2B6_Ex5_18053G_for |ccccagcgeccccagggaccte |Exon 5 CYP2B6
atcgacac

2B6_Ex5_18053G_rev |gtgtcgatgaggtccctggggge |Exon 5 CYP2B6
gctgggg

CYB2B6 TagMan Primer and Probe

TQ-CYP2B6for gctgaacttgttctaccagacttttt | Exon 4 CYP2B6
c
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Primer Designation 5' to 3' Sequence Primer Gene
Location Specificity

TQ-CYP2B6rev gaaagtatttcaagaagccaga |Exon 5 CYP2B6
gaagag

CYB2B6MGB 6-FAM-tgtattcggccagctgt- |Exon4and 5 | CYP2B6
MGB

RT-PCR primers

cDNA2B6FE2 ttcttccggggatatggtgtga Exon2and 3 |CYP2B6

cDNA2B6RE7 tctcectgtagactctctctgca Exon 7 CYP2B6

cDNACYP2B6FES ctgtttgagctcttctctggcttc Exon 5 CYP2B6

cDNACYP2B6RE9 tcagcggggcaggaagcggatc | Exon 9 CYP2B6
tg

T7-Primers

CYP2D6-T7 aaacgacggccagtgaattgta |Exon 9 CYP2D6
atacgactcactataggcgctca |including T7
ccaggaaagcaaagaca promoter

CYP2D7-T7 aaacgacggccagtgaattgta |Exon 9 CYP2D7
atacgactcactataggcgctca |including T7
ccagaaagctgacgaca promoter

CYP2B6-T7 aaacgacggccagtgaattgta |Exon 9 CYP2B6
atacgactcactataggcgcgtgt |including T7
cagatcgatgtcttctggg promoter

Sequencing Primer

M13 forward gtaaaacgacggccag

M13 reverse caggaaacagctatgac

seqCYP2B6-RE2 atatactcccttccctgatgcea Intron 3 CYP2B6

seqCYP2B6-FE3 actcagagcecttcttccaact Intron 2 CYP2B6

seqCYP2B6-FE4 taggtgacagcctgatgttc Intron 3 CYP2B6

seqCYP2B6-RES tcttctcacctctccatctt Intron 5 CYP2B6

seqCYP2B6-FEG6 tatacacagcaaggctacag Intron 5 CYP2B6

seqCYP2B6-RE6 atttctgcagctcagaagga Intron 6 CYP2B6

seqCYP2B6-FE7 gattacaggcatgagccaccat |Intron 6 CYP2B6

seqCYP2B6-RE7 attaagagaatccaggatgcc | Intron 7 CYP2B6

seqCYP2B6-FE8 ttttgtggagtgtgtggagggt Intron 7 CYP2B6

PCR Primer

2D6_Ex1_Maldi acgttggatgatggggctagaag | Exon 1 CYP2D6
cactggtg

2D6_rev3_Maldi acgttggatgtcaccaggaaagc | Exon 9 CYP2D6
aaagaca

5’exond rev acacataaccataaaqaa Exon 3 CYP2D6

5’exond for ccttcataaccacacac Exon 3 CYP2D6

4950r aagccctatacttcaatatcac  |Exon 7 CYP2D6

cDNA CYP2B6 FE1 atagaactcaacatcctcctcttc | Exon 1 CYP2B6

cDNA CYP2B6 RE7 tctccctataaactctctctaca Exon 7 CYP2B6

cDNA CYP2B6 FE5 ctatttaaqactcttctctaacttc Exon 5 CYP2B6

cDNA CYP2B6 RE9 tcaacaagagcaggaagcaaatc | Exon 9 CYP2B6

CYP2B6-1F acattcacttactcacct Intron 1 CYP2B6

CYP2B6-1R ataaataccacttgacca Intron 2 CYP2B6

CYP2B6-2F atcctactcagaatgatacacaa |Intron 2 CYP2B6

CYP2B6-3R attacaaatgagagtcatcacatc | Intron 3 CYP2B6

CYP2B6-4F gatctacccatctataaac Intron 3 CYP2B6
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Primer Designation 5' to 3' Sequence Primer Gene
Location Specificity

CYP2B6-4R ctaattcttcacatatctaca Intron 4 CYP2B6
CYP2B6-5F gacagaaqaatgagaaaaaqaa | Intron 4 CYP2B6
CYP2B6-5R ctccctctatctttcattctat Intron 5 CYP2B6
CYP2B6-8R tacaataattaattaatactc Intron 8 CYP2B6
CYP2B6-9R taattttcqataatctcactcctac | 3’'UTR CYP2B6
MALDI-TOF MS

2B6-Tag_Ex4F acgttggatgtcggtctgcccatct | Intron 3 CYP2B6

ataaa

2B6-Taqg Ex4R acattagatatgattcttcacatatc | Intron 4 CYP2B6
Ex 15582C>T aqcccctaggaagaaacaaca |Intron 3 CYP2B6

2.3.6 Software and databases

Product Supplier
GraphPad Prism Version 4.0 GraphPad Software (San Diego, USA)
HP Chem 4.06 Agilent (Waldbronn, Germany)

Vector NTI Advance 10

Invitrogen (Karlsruhe, Germany)

Ensemble Genbank

http://ensemble.org/

Human CYPallele homepage

http://cypalleles.ki.se

Oligo 6.65

MedProbe (Oslo, Norway)

Scan Array Express 3.0

PerkinElmer (Rodgau — Jugesheim,
Germany)

ClustalX (Version 1.81)

freeware (ftp://ftp-igbmc.u-
strasbg.fr/pub/Clustal X/)

nucleotide BLAST (blastn)

freeware
(http://www.ncbi.nim.nih.gov/BLAST)

ESE-finder 3.0

freeware (http://rulai.cshl.edu/cgi-
bin/tools/ESE3/esefinder.cgi?process
=home)

2.3.7 DNA and liver samples

Blood and liver tissue was previously collected from patients undergoing liver surgery

at the Department of General, Visceral and Transplantation Surgery (Prof. Dr. P.

Neuhaus and Prof. Dr. A.K. Nuessler, Campus Virchow, University Medical Center

Charité, Humboldt University in Berlin, Germany). The preparation of genomic DNA,

liver microsomes and protein has been described before (Lang et al., 2001; Lang et

al., 2004). Resected tissue samples were morphologically examined and only

histological normal liver tissue was used. A total of 235 liver samples were available

for protein and activity analysis whereas high quality RNA with a RIN number smaller

than 7 was available from a subset of 150 samples (see below). Clinical patient

documentation for all samples included age, gender, medical diagnosis, pre-surgical
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medication, alcohol use, smoking. None of these samples were from patients with
hepatitis, cirrhosis or chronic alcohol use. The study was approved by the local ethics
committee of the Charité, Humboldt University Berlin, following the ethical guidelines
of the Declaration of Helsinki and written informed consent was obtained from all

patients.
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2.4 Methods

2.4.1 Probe design for splicing platform

Oligonucleotide probes used for the splicing microarray were chosen to reach a
similar hybridization temperature of minimum 71.7°C and maximum 78.2°C. The GC
content was less than 45% to minimize secondary structures of oligonucleotide
probes. For the CYP2D6 and CYP2D7 splicing array 77 probes and for CYP2B6 64
probes were designed and analyzed with the Software packages Oligo 6.65 and
Vector NTI Advanced 10 package. Only probes showing unlikely self-dimerization
and no supposable false priming in the CYP2D6 and CYP2B6 gene were chosen. In
case of single nucleotide mutations (up to 5 mutations) in the sequence wobble
bases were included in the probe structure. In case that there were differences in the
highly homologous nucleotide sequence between CYP2D6 and CYP2D7 additional
probes were designed for the pseudogene. Exon probes, intron n to exon n+1
probes, exon n to intron n probes, exon n to exon n+1 probes (junction probes) and
exon n to exon n+2 probes (jump-junction probes) were designed for each exon and
intron and placed on the gene structure as shown in figure 4. The CYP2D6 gene
sequences M33388, CYP2D7 pseudogene sequence M33387 and CYP2D8P1/P2
gene sequences NG_000854 and NG000853 were used for specific CYP2D6 and
CYP2D7 probe design. For specific probe design of CYP2B6 the sequence
NG_000008 which also included the pseudogene CYP2B7 was used. Three control
oligonucleotides were designed. Their sequence origin is Arabidopsis thaliana. The
positive hybridization control (HybrPr) is a probe to control hybridization events. A
complementary Cy3-labelled probe is added during hybridization. Negative
hybridization probe (NegHybrPr) is a probe, which shows no hybridization result. The
spotting probe is labelled with Cy3 on the 3’-side and is added to control the spotting
process. All oligonucleotide probes were desalted purity grade and MALDI-TOF MS
quality checked. The sequences of the probes are given in the appendix/ table 1.

2.4.2 Optimisation of spotting conditions

For initial spot test 20 pmol of a selection of oligonucleotide probes including the
HybrPr were spotted on epoxy coated glass slides (Slide E, Nexterion) testing
different spotting buffers. The following buffers were used: 3xSSC, 3xSSC+1.5 M
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betaine, 2x spotting solution X and 2x spotting buffer Y (2.2.1). Using spotting buffer
Y the influence of spot size and intensity was analysed with following concentrations
of oligonucleotide probes: 20 pmol, 15 pmol, 10 pmol and 5 pmol.

2.4.3 Fabrication of the splicing array

All 141 oligonucleotide probes (appendix/ table 1) were spotted on epoxy coated
glass slides (Slide E, Nexterion) in triplicate. On the edge of each subgrid three
control probes were spotted: a positive hybridization control (HybrPr) complementary
to a labelled oligonucleotide target (5’- Cy3-gctcctgactcgtccaatc), which was spiked in
while hybridization, a negative hybridization probe (NegHybPr) and a Cy3- labelled
spotting probe (SpotPr). For contact printing of presynthesised probes on glass
surface a Microgrid |l (BioRobotics) high throughput printer and wolfram pins
(MicroSpot 2500 pins, BioRobotics) with a capillary slot were used. The probes were
dissolved in 2x spotting buffer Y to a final concentration of 20 pmol and soaked up by
the submerged pin by capillary forces. The force generated from the downward
movement and the surface tension on the slide draws amount of the solution out of
the split (Cartegni et al., 2003). For optimal printing results the spotting parameters
involving spotting buffer, surrounding humidity, slide surface, probe length and pins
had to be optimized empirically. For covalent immobilization, the oligonucleotide
arrays were incubated at 60°C for 30 min in a drying compartment (Memmert). For
blocking, the slides were rinsed for 5 min in rinsing solution 1.5 min in rinsing solution
2, and subsequently 10 min in rinsing solution 3 with constant stirring. Then, the
slides were incubated with the spotted site up in blocking solution at 50°C in a
heating compartment (OV5, Biometra). To clean the slides, the slides were rinsed in
ddH,0 for 1 min and then dried under a flow of nitrogen.

2.4.4 Target preparation

For hybridization Cy3 labelled DNA was used for validation of the microarray probes
and Cy3 labelled cRNA was prepared for detection of alternative splicing.

56



Material and methods

2441 Cy3-dCTP labelled target DNA preparation

A previously described cDNA vector pBS SK+2D6 expression vector (Evert et al.,
1997) and a genomic CYP2D6 pCMV4 expression vector (Raimundo et al., 2004;
Toscano et al., 2006) was used to amplify PCR fragments which were labelled and
used to evaluate the specificity of the used oligonucleotide probes on the developed
splicing microarray for CYP2D6 and CYP2D7. Using the CYP2D6 cDNA pCMV4
expression vector a fragment comprising exon 1-9 was amplified using the forward
primer 2D6_Ex1_Maldi and reverse primer 2D6 _rev3 Maldi. Three different
fragments including intronic regions were amplified using the genomic CYP2D6
pCMV4 expression vector as target DNA. The first fragment (exon 1 to intron 4) was
amplified using the forward primer 2D6_Ex1_Maldi and the reverse primer
5’exon3_rev, the second fragment comprising intron 3 to exon 9 was amplified using
forward primer 5’exon3 for and the reverse primer 2D6 rev3 Maldi and a third
fragment comprising intron 3 to exon 7 was amplified using the forward primer
5’exon3_for and the reverse primer 4950r.

For evaluation of CYP2B6 probes the cDNA vector plKAT15 was used for
amplification of fragments including only exonic regions. Genomic DNA (with
genotype *1/*1) was used for amplification of exonic and intronic regions. Six short
fragments including intronic regions were amplified labelled and hybridized to
evaluate the intron-exon probes: exon1 to intron 1 (primers: CYP2B6-1F and
CYP2B6-1R), intron 1-intron 3 (primers: CYP2B6-2F and CYP2B6R), intron 3-intron
4 (primers: CYP2B6-4F and CYP2B64R), intron 4-intron 5 (primers: CYP2B6-5F and
CYP2B6-5R), intron 5-intron 8 (primers: CYP2B6-5F and CYP2B6-8R), intron 8-exon
9 (primers: CYP2B6-9F-CYP2B6-9R).

For amplification the Expand High Fidelity PCR system was used (Roche
Diagnostics). Reaction was carried out in a 25 pl reaction containing 1.5 mM MgCls,
200 pM of each dNTP, and 2.6 U of Taq Polymerase. PCR cycling conditions
included an initial step at 94°C for 5 min, denaturing at 94°C for 30 sec, annealing at
61°C for 30 sec, extension at 70°C for 1 min for 40 cycles and a final extension at
70°C for 7 min For generating labelled target DNA for microarray analysis, dNTPs
including fluorescently-labelled Cy3-dCTP (Amersham Bioscience) were used for
PCR (50 uM dATP, dGTP, dTTP, 25 uM dCTP, 25 uyM Cy3-dCTP). Amplification was
performed in a gradient cycler Ptc-225 (MJ Research). The PCR product was purified
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with Qiaquick Spin PCR purification kit (Qiagen) according to the manufacturer’'s
protocol. The DNA was eluted in 30 pl of ddH2O. The incorporation rate of Cy3-
dCTP, expressed as number of nucleotides divided by the incorporated fluorescent
dye (NT/F) was determined by OD measurement and was between 70 — 200
Nucleotides/Cy3 (ND-1000 Spectrophotometer, NanoDrop Technologies).

2.4.4.2 cRNA preparation from liver RNA

For cRNA target preparation a total of 5 pg of total RNA origin from liver RNA were
reverse transcribed at 50°C using 200 U of Superscript Ill and 100 pmol of one of the
specific primers for either CYP2D6, CYP2D7 or CYP2B6 which include the T7
promoter region placed in the 5-end of exon 9 (CYP2D6-T7, CYP2D7-T7 or
CYP2B6-T7). Subsequently second strand DNA synthesis was performed at 16°C for
2 h in a final volume of 150 pl adding 30 pl 5x second strand buffer, 40 U DNA
Polymerase I, 20 U RNase H and 10 U DNA ligase. Afterwards the second strand
DNA synthesis was terminated by adding 30 U of T4-Ligase and incubated 10 min at
16°C.

Now the dsDNA was purified using a Qiaquick Spin PCR purification kit (Qiagen)
according to the manufacturer’s protocol. The eluted volume was reduced to 14 pl
using a vacuum concentration system and afterwards the total volume was reverse
transcribed using a MEGAscript T7 transcription kit (Ambion) with aminoallyl labelled
UTP (aaUTP). Aminoallyl-cRNA was purified using an RNeasy mini purification kit
(Qiagen). The cRNA was eluted with 60 pl of RNase—free water (Ambion).
Subsequently the purified cRNA was concentrated to a few ul and 14 pl of labelling
buffer and a Cy3-post-labelling reactive dye pack (GE healthcare) diluted in 14 pl
DMSO was added. Labelling reaction was performed for 90 minutes at 25°C and was
terminated using 5 pl of termination solution (4M hydroxylamine). The labelled cRNA
was purified using an RNeasy purification kit (Qiagen). After each step the DNA or
cRNA concentration was monitored using the ND-1000 Spectrophotometer
(NanoDrop Technologies). The total RNA before starting reverse transcription and
the labelled cRNA after T7 transcription were quality controlled using the Agilent
Bioanalyzer 2100.

58



Material and methods

2.4.5 Hybridization

Hybridization protocols were optimised and used for target DNA and for cRNA. For
optimal hybridization conditions fragmentation of Cy3-labelled DNA was optimised
using 1, 5, 10, 15, 50mU/ pl of DNase and in case of labelled cRNA using
fragmentation buffer (Ambion) with varying the fragmentation time between 1 and 15
minutes. Hybridization temperature was optimised between 50-70°C and
concentration of hybridization buffer varying between 2x and 6xSSPE or 2xSSC
buffer, addition of SDS 0.001 - 0.1% or formamide 0 - 40%. Additionally the wash
protocols, using the automated hybridization station, were optimised.

2.4.5.1 Hybridization of DNA

In case of Cy3 labelled DNA, 75 ng of purified PCR product was cut to achieve a
fragment length between 100 - 250 bp. For this 0.34 U of DNase (Promega) were
used in a volume of 20 ul which was incubated 5 min at room temperature.
Afterwards 3 pl of stop buffer (Promega) was added and incubated for 10 min at
60°C. This was controlled with the Agilent 2100 Bioanalyzer. After addition of 0.05
pmol labelled control DNA (5-Cy3-gctcctgactcgtccaatc) 25 ng of fragmented target
DNA was hybridized under a 15 x 16 mm gene frame and cover slip in 70 pl of 2x
SSPE in addition of 0.01% of SDS. For hybridization of the DNA — the solution was
hybridized under a gene frame and was incubated in a thermomixer with an
exchangeable Thermomixer Slide Adapter for 3 hours at 1200 rpm and 70°C. After
hybridization the slides were washed with washing solution |, Il and Ill each time 10
min at room temperature, with agitation in a glass container. The slides were then
dried with Na.

2.4.5.2 Hybridization of cRNA

In case of hybridizing labelled cRNA 1 - 5 pg were fragmented for 5 min at 70°C with
RNA fragmentation buffer (Ambion) and denatured at 95°C for 10 min. After adding 5
fmol/ pl labelled control DNA (5-Cy3-gctcctgactcgtccaatc) the fragmented cRNA was
hybridized in a volume of 80 pl with 6% SDS and 1.75x SSPE in an automated
hybridization station (Tecan400; Germany). Using this machine the glass slides were
soaked with 2xSSPE at 23°C. Prior hybridization the temperature was increased to
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64°C and the target was added. Hybridization time was 18 h at 64°C and
hybridizations were always performed in duplicate on two glass slides in parallel.
Washes were performed twice with washing buffer 1 at 23°C for 4 min, then with the
same buffer twice at 23°C for 2 min and twice for 4 min in washing buffer 2. Finally
the slides were automatically dried with Na.

2.4.6 Microarray analysis

Microarray analysis consists of two steps first image acquisition and processing and
secondly quantitative processing of the microarray results.

2.4.6.1 Image acquisition and processing

After hybridization and washing of the microarrays data from the arrays were
extracted by acquisition of the fluorescence signals with a Scan Array Express
Scanner (Perkin Elmer). Image processing and calculation of the signal intensities
were performed with Scan Array Express Software (Perkin Elmer). For calculation of
the individual net signal intensities, the local median background was substracted
from the mean raw spot intensity. Further processing of the data was performed
using Microsoft Excel software (Microsoft). The mean signal intensity of 7 array
control probes (Ambion) nonspecific for human DNA sequence and spotted in
triplicate was substracted as mean unspecific background. Finally the mean of the
three spots of each probe and the mean of the duplicate experiments were
calculated. These values were used for further analyzing the results.

2.4.6.2 Quantification process of microarray results

For analysis of aberrant splicing after microarray scanning, image processing and
background determination, the relative intensities of exon-intron, intron-exon, junction
and jump-junction probes were calculated. Probes, which overlap in their sequences,
were compared. The highest signal in each group was assumed to represent the
most prevalent mRNA transcript and was set at 1. From all other probes in this group
the relative intensities based on the probe with the highest intensity were calculated.
Transcript diversity was calculated by setting the amount of all transcripts, including

signals for junction, jump-junction, exon-intron and intron-exon, at 100%.
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2.4.7 CYP2B6 genotyping using MALDI-TOF MS

The intron mutation 15582C>T was genotyped in a collection of 235 liver samples
using a previous in house optimised genotyping system (Blievernicht et al., 2007)
based on primer extension and mass detection via MALDI-TOF MS. In brief, 50 ng of
whole genomic DNA was prepared from whole blood using a QlAamp DNA blood kit
(Qiagen GmbH, Hilden, Germany). The genomic DNA was used as a template for
amplifying a fragment of 526 bp with a forward primer placed in Intron 3 2B6-
Tag_Ex4F 5’- and a reverse primer in Intron 4 2B6-Tag_Ex4R. The PCR reaction
was performed in a final volume of 8 yl and contained 0.2 pl units of HotStarTaq
polymerase, 1 mM MgCl, (both Qiagen GmbH) and 0.1 yM of both primers. PCR
conditions were 95°C for 15 min followed by 45 cycles at 95°C for 30 s, 60°C for 1
min, and 72°C for 1 min; and finally 72°C for 10 min. The used oligonucleotides were
specific to discriminate between CYP2B6 and the pseudogene CYP2B7. CYP2B6-
specific amplification was verified by sequence analysis.

Following the PCR reaction, residual dNTPs were dephosphorylated using 0.3 U of
shrimp alkaline phosphatase in 1xRx-Buffer (Amersham, Freiburg, Germany) for 20
minutes at 37°C and 10 minuites at 85°C. The PCR products were used as templates
for primer extension reactions. The extension reaction with a final volume of 16 pl
contained 1 pl of buffer C (500 mM Tris HCL, pH 9.5; 100 mM MgCl,), 6 mM MgCl,
1U of Termipol DNA Polymerase | (all from Solis Biodyne, Tartu, Estonia), 0.12 mM
dNTPs and ddNTPs (dATP, dGTP; Amersham and ddC, ddT; BioLog Life Science
Institute, Bremen, Germany) and 1 uyM of extension primer (Ex15582C>T). Extension
reaction were performed at 94°C for 4 min followed by 55 cycles at 94°C for 30 s and
60°C for 30 s and 72°C for 30 sec; and finally 72°C for 2 min. The final base
extension products were treated with a cationic exchange resin (AG® 50W-X8 Resin;
Bio-Rad Laboratories, Inc.) for 30 min to remove salts. Reaction solutions (0.5 pl)
were dispensed onto the 384 well format Anchor ChipTM target plate (Bruker
Daltonik, Leipzig, Germany) prespotted with 1 yl matrix solution of 3-hydroxypicolinic
acid. Mass spectrometric analyses were performed using an Ultraflex Mass
Spectrometer (Bruker Daltonik). The extension primer itself has a molar mass of
6865, in case of ddT or ddG extension the molar mass was increased to either
7466.91 or 7178.79 respectively. The results were analysed using the Genotools

software (Bruker Daltonik).
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2.4.8 Analysis of genotyping data

Liver samples had been previously genotyped for the most important CYP2B6 SNPs
or respective alleles as described (Blievernicht et al., 2007). Data of the previously
genotyped liver samples were used and analysed using Prism 4.0 for explanation of
genotype dependent variations and analysis of alternative splicing.

2.49 Preparation of RNA and reverse transcription (RT)

Total RNA from liver tissue or cells was isolated using either the RNeasy MidiKit
(Qiagen) or Trizol reagent with subsequent RNA clean-up using the RNeasy mini kit
(Qiagen) with on column DNase | treatment according to the suppliers instructions.
RNA quality was controlled by Agilent Bioanalyzer using RNA6000 Nano Lab Chip
Kit (Agilent Technologies, Waldbronn, Germany). Only RNA samples with a RIN
number higher than seven (n=150) were used for further analyses. Each sample was
reverse transcribed using 1 yg RNA, random hexamers and the TagMan Reverse
Transcription Kit (Applied Biosystems, Foster City, CA). Reverse transcription of RNA
for subsequent TagMan analysis was carried out at 25°C for 10 min, at 48°C for 30
min, and at 95°C for 5 min. For alternative splicing analysis the second step was
elongated to 90 min in order to achieve full-length cDNA transcription. After RT-PCR
agarose gel and the Agilent Bioanalyzer (Agilent Technologies) were used to analyse
and quantify the splicing products.

2.4.10 Quantitative real — time RT-PCR

Quantification of CYP2B6 mRNA was performed by specific quantitative TagMan
real-time RT-PCR assays on an ABI Prism 7500 system (Applied Biosystems), as
described previously (Zukunft et al., 2005). Primers (TQ-CYP2B6for/ rev) for CYP2B6
and 5-carboxyflourescein labelled probe CYB2B6MGB was located on exons 4 and 5
(for primer sequences see appendix, table 1 and figure 35) and were used at
concentrations of 400 nM. PCR was performed using 2x universal PCR master mix
(Applied Biosystems) in a final volume of 25 ul and the following cycle conditions:
50°C for min, 95°C for 10 min followed by 40 cycles of 95°C for 15 s and 60°C for 1
min For normalization a predeveloped [3-actin TagMan assay was used (Applied
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Biosystems). The full length CYP2B6-cDNA was used as positive control and the
splicing variant plasmids lacking exon 4-6 (SV1) or only exon 4 (SV8) were used as

negative controls.

2.4.11 Cloning and sequencing of alternative splicing products, RT-PCR

Two CYP2B6 cDNA fragments spanning exon 2/3 to 9 were generated by RT-PCR.
Primers used for the first fragment (764 bp) from exon 2/3 to 7 were cDNA2B6FE2
and cDNA2B6RE7. The second fragment from exon 5 to 9 (931 bp) was amplified
with the primers cDNACYP2B6FES and cDNACYP2B6RE9. The PCR reaction (final
volume, 25 pl) 2 mM dNTPs, 2.5 U of TagPolymerase, 1x PCR buffer and 7 pmol of
each primer was cycled using following conditions 94°C for 2 min, 30 cycles with
94°C for 1 min, 60°C for 30 s, 72°C for 1 min; and finally 72°C for 10 minutes. PCR
products were analysed using a 1.5% agarose gel stained with ethidium bromide.
Fragments were cut out and extracted using a Gel Extraction kit (Qiagen).

2.4.12 Cloning of RT-PCR fragments

Fragments were cloned into pCR4-TOPO vector and transformed in TOP10
chemically competent cells (both Invitrogen, Karlsruhe, Germany) using the
described protocol from Invitrogen. Highly pure plasmid was obtained by means of
Qiagen Mini/MidiPrep (Qiagen). Concentration of the plasmids were determined
using the NanoDrop device.

2.4 13 Sequencing

5-15 pl of pure plasmid was sequenced with universal primers M13 forward and
reverse and the previously described CYP2B6 sequencing primers were used (Lang
et al., 2001), as shown in 2.3.5). Sequencing reaction was performed in a final
volume of 21.5 pl containing 15 pl water (including target DNA), 5 pl of primer mix (2
pl DMSO, 1 ul H2O, 2 pl sequencing primer (2 pmol/ ul)) and 1.5 pl of master mix
(Thermo Sequenase Fluorescent Labelled Primer Sequencing Kit with 7-Deaza-
dGTP with either didesoxynucleotide ddATP, ddCTP, ddGTP or ddTTP). Before
starting the cycling reaction one drop of Chill Out 14 Liquid Wax (Biozym) was
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added. Reaction was cycled with following conditions 95°C 2 min, 29 cycles with
95°C 15 s, 57°C for 30 s and 70°C for 1 min. After cycling the reaction was
terminated by adding 5 pl of sequencing loading dye. Sequencing was performed
using the 4300 DNA Analysis System (LiCor Biosciences). The results were analysed
using the eSeq Software (LiCor Biosciences) and the Vector NTI 10.3 (Invitrogen).

2.4.14 Construction of CYP2B6 minigenes/ expression clones including intronic
regions

A minigene including intronic regions and the reading frame from the ATG
transcription start site to TAG stop was designed using Vector NTI 10.3 (Invitrogen).
Two overlapping fragments 1 (3073 bp, comprising exons 2 to 4; primers
2B6_3'ecoNltaq_E2 for1 including a &5  EcoNl restricion site and
2B6_5'sacltaq_E4 rev1 including a Sacl restriction site) and fragment 2 (3877 bp,
comprising exons 5 to 8; primers CYP2B6-5F and 2B6_spez I8R rev1) were
amplified from CYP2B6*1/*1 genomic DNA samples (primer sequences in 2.3.5).
Following ligation into a pCR-4TOPO vector (Invitrogen) in E.coli Top10 chemically
competent cells (Invitrogen) clones showing reference sequence NG_000008 were
selected by sequencing using previously described primers (Lang et al., 2001). An
internal fragment of 1437 bp was excised from intron 3 using the restriction enzyme
Mfel. Intron 6 was also shortened by a fragment of 1535 bp using enzyme Bsgl. A
previously described CYP2B6 cDNA vector (pIKAT15; (Lang et al., 2001)) was
modified by digestion with Hindlll and Sbfl and replacing the insert by a 518 bp
fragment generated by the primers 2B6_5'Sbfl _Ex7_for1 and 2B6_spez_I8R_rev1 to
include an additional EcoNI restriction site by the reverse primer (figure 25 C, D).
Both fragments 1 and 2 were digested with EcoNI and Sacl restriction enzymes and
were combined with EcoNI-digested modified pIKAT15 in a three fragment ligation
reaction (figure 25 B, C).

The resulting parental minigene construct [*1] was confirmed by sequencing. Single
mutations were introduced by in vitro mutagenesis into the parental [*1] construct
using the QuickChange site directed mutagenesis kit (Stratagene, Amsterdam,
Netherlands). Primers used were 2B6_Ex4 15631T_for/rev (15631G>T in exon 4),
2B6_Ex5 777C_for/rev (18045C>A in exon 5), and 2B6_Ex5 18053G_for/rev
(18053A>G in exon 5; see appendix table 1). Successful mutagenesis was confirmed
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by sequencing and fragments obtained by sequential restriction digestion with
enzymes Mlul and Acc651 or Sbfl and Acc651 were subcloned into the wild-type [*1]
vector (figure 25 and 26). The resulting minigenes were designated by indicating the
allele number set in brackets to indicate the fact that they harbour only the respective
key-mutation(s), e.g. minigene [*6] equals the construct with both SNPs ¢.516G>T
and c.785A>G.

2.4.15 Expression in COS-1 and Huh7 cells

COS-1 cells were cultivated in modified DMEM medium (2.3.2). Huh7 cells were
cultured with MEM medium (2.3.2). Both cell lines were cultured at 37°C in a 5% CO;
atmosphere. On the day before transfection cells were seeded into 12-well plates
(2.5x10° cells per well with 1 ml medium). One hour before transfection culture
medium was changed. FugeneHD was used to transfect the minigene-vectors
according to the manufacturers instructions. The transfection mix included 1.5 pg of
the respective expression plasmid and 300 ng pCMV[. Additional transfection
experiments were performed reducing the amount of minigene construct-DNA by
dilution (1000-fold) with empty vector.

2.4.16 Protein preparation of cells for western blot and activity measurements

For protein preparation for western blot, cells were scraped off the wells in PBS and
were centrifuged for 1 minute at 10000 rpm. Cell pellets were resuspended in 250 pl
lysis buffer (2.2.3) and incubated for 30 minutes on ice. Afterwards the cell-lysate
was centrifuged for 2 min at 14000 rpm. Supernatant was used for immunoblotting
and determination of protein content using the Bradford method (Bio-Rad). For the
isolation of protein used for activity measurements, cells (from two wells) were
disrupted using lysing Matrix D and a Fast Prep System (both from Qbiogene Inc)
two times at level 6 for 10 seconds. Cell homogenates were cleared by centrifugation

for 1 min at 14000 rpm.
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2.4.17 Immunoblotting

Data from CYP2B6 apoprotein quantification in liver microsomes (Desta et al., 2007;
Lang et al., 2001) was used for genotype dependent analysis. The same method as
used in the two paper mentioned above was used for quantification of CYP2B6
apoprotein 48h after cell lines were transfected with CYP2B6 cDNA expression
vectors or CYP2B6 minigene constructs. CYP2B6 apoprotein was quantified using
Western blotting with Ilymphoblast recombinant Cytochrome P450 2B6 (BD
Biosciences) as standard protein. Samples were separated on 10% SDS
polyacrylamide gels and blotted on nitrocellulose membranes. The transfer was
controlled by Ponceau S staining. CYP2B6 protein was immunodetected with a
specific monoclonal mouse anti-human CYP2B6 antibody (BD Biosciences). Cells
were cotransfected with pCMV to correct for variability in transfection efficiency. The
R-galactosidase ([3-gal) enzyme from simultaneous transfection was detected on the
western blot using anti-3-gal (MoBiTec, Gottingen, Germany). For control of equal
amounts of protein blotted the housekeeping gene R-actin was detected by using a
R-actin monoclonal antibody (Sigma-Aldrich, Deisenhofen, Germany). In all cases the
bound antibody was quantified by secondary IR Dye 800 goat anti-mouse antibody
IgG (LiCor Biosciences, Lincoln, NB) using the infrared imaging system 4300 DNA
Analyser Odyssey (LiCor Biosciences) with version 1.2 analysis software (LiCoR
Biosciences).

2.4 .18 Determination of R-galactosidase activity.

For determination of [3-gal activity 50 pl of cell suspension was mixed with 50 pl of 2x
passive lysis buffer (Promega, Mannheim, Germany) and incubated 30 min at room
temperature. 3-gal activity was assayed in 10 ul cell extract, which was incubated in
100 pl assay buffer for 30 min. Relative activity of 3-gal activity was determined using
Galacto-Light (Applied Biosystems, Darmstadt, Germany) on an Auto-Lumat plus
(Berthold Technologies, Bad Wildbad, Germany). 300 pl of R-gal stop mix was

injected automatically and luminescence was measured for 5 s after a delay of 7 s.
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2.4.19 CYP2B6 enzyme activity

Bupropion hydroxylation activity was measured in liver microsomes (50 pg) and
origin from COS-1 and Huh-7 cell extracts as described previously (Klein et al., 2005;
Richter et al., 2005). In brief, 50 ug of protein was incubated in a reaction volume of
0.1 ml. The reaction mixture was equilibrated at 37°C for 3 min and started by adding
10 pl of 10x NADPH-regenerating system (2.2.5). After 15 min at 37°C the reaction
was terminated by adding 20 pyl 1 M HCI. Substrate concentration was 50 yM for
human liver microsomes and 1 mM for CYP2B6 from transfected cell lines.
Hydroxybupropion was determined by liquid chromatography-mass spectroscopy as
described (Richter et al., 2004). All incubations were performed in duplicate and the

data was analysed with Software HP Chem 4.06 (Agilent Technologies)

2.4.20 Allele nomenclature and statistics

Base numbering and allele definitions were according to the published
recommendations of the CYPallele Nomenclature Committee (http://www.imm.ki.se/
CYPalleles/criteria.ntm). Numbering was based on the cDNA with the full-length
cDNA sequence published by Yamano et al. and defined as the wild-type
(CYP2B6*1) (Yamano et al., 1989). Genotype and allele frequency data are mainly
based on the results previously described (Blievernicht et al., 2007). Data were
compiled according to the genotype and allele frequencies estimated from the
observed numbers of each specific allele and with the assistance of the PHASE
program v.2.0.2 (Stephens and Donnelly, 2003; Stephens et al., 2001). Statistical
calculations were performed using the GraphPad InStat v3.00 or the GraphPad
Prism program (Version 3.03; GraphPad Software Inc., San Diego, CA).

Because some data sets were not normally distributed, nonparametric methods
(Mann-Whitney U-test; Spearman rank correlation coefficient rs) were generally used
to compare phenotypic data. Multiple comparisons were performed by one-way
analysis of variance and post-hoc testing with Dunnett’s test. 95% Confidence
Interval of proportions for mutation frequencies were calculated using the Wilson
procedure with continuity correction (Newcombe, 1998). All statistical tests were
performed two-tailed and statistical significance was defined as P<0.05.
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3 Results

3.1 Microarray platform — general considerations

As outlined in the introduction, the major problems of analyzing splice variants in
human tissues are the large number of in principle possible alternative transcript
structures, their very different sizes and amounts expressed, and the existence of
highly similar transcripts originating from pseudogenes, i.e. non-functional copies of
the genes of interest. The availability of a microarray spotter, a hybridization station
and a microarray scanner at the Institute of Technical Biochemistry Stuttgart made it
possible to adress these problems with a self-designed microarray. Based on these
difficulties, the following challenges were envisioned for a self-designed splicing
microarray: i) a systematic probe-design that would allow to detect most or all
transcript variants expressed at significant level; ii) a way to permit the distinction
between gene- and pseudogene-specific transcripts; iii) the design should be
tolerable against polymorphic variation within the probe sequences; iv) at least semi
quantitative data-acquisition in order to allow statistical analysis of relationships
between genotype and other host-factors and observed splice variants; and v) a
platform easily adaptable to other genes. As a model gene to develop and validate
an array design that fulfils these requirements the CYP2D6 gene was chosen
because a large number of reported splicing variants existed and because the
expressed pseudogene CYP2D7 allowed tackling the gene/ pseudogene problem

(see table 1).

3.1.1 Probe design

It was first decided to use relatively long probes with a length of at least ~29 - 51 nt.
because it was described in the literature that rather long probes would tolerate
single nucleotide polymorphisms (Fehlbaum et al., 2005). Toleration of single
mutations is inevitable as both genes CYP2D6 and CYPZ2B6 for which the splicing
microarray was developed are highly polymorphic. Longer probes were chosen for
their uniqueness and as they had been shown to be more sensitive for detection
(Castle et al., 2003).
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A principal set of probes were designed to detect the most common splicing events
(figure 6). The final design included seven different probes of five principal types: for
each exon, three internal probes were designed and located in conserved exonic
regions (to quantify the mean expression level of each exon); one 5’-exon-intron
overlapping probe, one intron-3’-exon overlapping probe (both to detect intron-
inclusion); one junction probe stretching from exon n to exon n+1 (to detect the
normal transcript) as well as a jump junction probe stretching from exon 1 to exon
n+2 (to detect splice variants lacking an exon; figure 6). According to Watahiki et al.
(2004) who analyzed the relative representation of different aberrant splicing events
within the genome, the five different probes theoretically detect over 70% of all
existing splicing aberrations, including exon skipping (38.4%), alternative 3’-prime or
5’-prime sites (22%) and intron retention (11.1%; see figure 2) (Watahiki et al., 2004).

O junction probe @ exon probe @ 5’ exon-intron probe

O jump-junction probe O intron-3’-exon probe

Figure 6: Structure of oligonucleotide probes designed for the developed splicing platform.

The figure illustrates the regions where the splicing probes are located within the gene.

In order to cope with the problem of frequent polymorphisms within CYP2D6 and
CYP2D7, all available information about known mutations within the sequence were
collected and were carefully considered during probe design using the software Oligo
6.65 and Vector NTI Advanced. In case of exon probes regions showing frequent
polymorphisms were excluded for probe design if possible. In regions essential for
probe location like exon or intron boundaries, up to five wobble bases were included
within the oligonucleotide sequence at the polymorphic position.

The gene and pseudogene structure was compared and different probes were
designed for both the gene and the pseudogene, whereever possible. In the
appendix, in table 1, in the second column, the specificity of each probe shows
whether the probe was either used for detection of pseudogene or gene specific
transcripts. Due to 97% of sequence homology of the gene CYP2D6 to the

pseudogene CYP2D7 not for each position a pseudogene specific probe was
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possible and where possible the difference was small (only 3 nt). To cope with this
problem additionally gene and pseudogene specific primers were designed and used
in a gene specific linear amplification Eberwine T7-based protocol. The specific
primers included a T7 promoter on the 3’side and a 5’gene specific region situated in
exon 9 of the investigated genes CYP2D6, CYP2D7 and CYP2B6.

The optimizations performed by Castle et al. 2003 towards the discrimination
capacity of junction probes and optimal length was considered for designing the
microarray probes (Castle et al., 2003). The following specifications were fixed in
order to facilitate oligonucleotide design and comparison of results: for junction and
jump junction probes 50% of the sequence consisted of exon n and 50% of the
sequence of exon n+1 or exon n+2; for intron-exon and exon-intron probes around
50% of the sequence consisted of intronic and 50% of exonic region.

As all probes should be used together on one glass slide under the same
hybridization conditions the individual probes were adjusted such to show high
homogenity. Therefore the probes had to be fine-tuned in order to show high
specificity and fit a narrow range of thermodynamic behaviour. During probe design it
was specially focused on a narrow range of Tm (mean of all 75.7°C) and a GC-
content below 50% to reduce cross hybridization and increase sensitivity (mean of
GC content: 37%). All probes were controlled by the software Oligo 6.65 for
secondary structures searching the less unfavourable free energy of hairpin bonds
(hairpin AG), the less unfavourable number of bases forming hairpin bonds, and less
free energy of dimers (dimer AG). This was done by varying the oligonucleotide
length between 29 and 51 nucleotides (mean of all 41 nt) and finding the best fit
probe concerning Tm, GC-content and minimal secondary structure. By applying all
these guidelines for design of the probes, finally 77 oligonucleotide probes specific
for either CYP2D6 or CYP2D7 were designed (appendix/ table 1).

During evaluation of the microarray probes with known target DNA (explained below)
false positive signals, so called cross hybridization results, were observed if the
boundaries of a junction and an exon-intron probe were similar (up to 6 nucleotides)
(figure 7A). Sequence similarity can also be observed comparing boundaries of jump-
junction, intron-exon or junction probes (figure 7B). Probes, which showed cross
hybridization during the evaluation process and sequence similarity at the
boundaries, were redesigned. Probes with these characteristics were elongated at
one side for 3 to 6 nucleotides (5 or 3’). This increased the specificity in ten
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redesigned probes. This is shown for two examples in figure 7. Within appendix/

table 1 the redesigned probes can be identified by the synonym “platte” within the

name.
A B
O similar sequence O similar sequence
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Figure 7: Homology within the boundaries results in unspecific hybridization.

Unspecific signals of hybridization probes could be explained in cases where oligonucleotide
probes showed homologies within the boundaries. For example the boundaries of exon 4 to
intron 4 and exon 4 to exon 5 showed similarity (redesigned probe: Platte2-A03); also, the
boundaries of exon 7 to 9 and of exon 7 to 8 showed similarity (redesigned probe: Platte2-

HO6).

3.1.2 Array fabrication and layout, spotting tests

The system was set up using epoxy-coated slides. In this system, the spot size, spot
uniformity obtained on the microarray slide depend on certain parameters such as
the oligonucleotide concentration, the spotting buffer, the humidity during spotting

process as well as the pins of the used microarray spotter.
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Initial spot-tests and subsequent blocking and hybridizations revealed the
dependence of spot size and spotting buffers. An oligonucleotide concentration of 20
pmol/ pl revealed that the smallest spot size (~ 5 ym) was achieved using 3xSSC as
spotting buffer, followed by 3xSSC + 1.5 betaine (20 - 40 ym) and spotting solution X
(60-80 um). The biggest spot size and highest intensities were achieved by using
spotting solution Y (100 - 120um). Reduction of oligonucleotide amount (20 pmol/ pl,
15 pmol/ ul, 10 pmol/ pl and 5 pmol/ pl) led to a decrease of spot size (figure 8) and
usage of longer nucleotides led to increase spot size (not shown). It was decided to
use bigger spot size, as the absolute number of spots is not so high that a limit of
space is the consequence. Secondly larger spot size lead to more accuracy as the
spot intensity is measured by imaging software by counting the number of pixels and
calculating the mean of those compared to the spot size. Thirdly the highest signal to
noise ratio was achieved with spotting solution Y. To summarize the most suitable
printing buffer for uniform spots in contact printing was the combination of spotting
buffer Y together with an oligonucleotide concentration of 20 pmol/ pl.

50% of humidity was maintained during spotting to prevent rapid evaporation of
spotted drops, drying up on the microarray pins and efficient coupling of amino-
modified oligonucleotides with the epoxy groups on the glass surface. After dipping
the pins in the mixture of spotting buffer and probe, the pin was dabbed 20 times on
a prespot slide before printing the array for achieving reproducible and uniform spots
on the microarray glass slide. Optimised spotting conditions resulted in small
standard deviation showing high uniformity and reproducibility of the spotted triplicate
spots within one slide and comparing slide to slide (figure 7 and 8). Deduced from the
number of pixels (using the conditions mentioned above) the spot size and the spot-
to-spot distance were estimated to be 160 ym and 320 ym, respectively (figure 10).
Spotted microarrays prepared according to this protocol were stored for a maximum
of one month at room temperature, dark and dry until they were blocked and used for
hybridization experiments.
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Figure 8: Influence of probe concentration on spot size and hybridization results.
Spotting was performed with different amounts of two oligonucleotides within a fixed volume
of spotting buffer Y. Spotting size as well as signal intensity after hybridization increased

with higher oligonucleotide concentration.

The layout of the microarray is shown in figure 9. The splicing-probes were spotted in
seven columns in the following order: 3’intron-5'exon probe, 3 internal exon-probes,
3’exon-%’intron probe, jump-junction probe and junction probe (figure 9). In every
second column (columns on white background, figure 9) pseudogene specific probes
were placed. Probes that were exchanged because of discriminatory power were
placed within unused space and marked as black dots (figure 9). Within an additional
subgrid (not shown in figure 9) seven ArrayControl™ Sense Oligo Spots (Ambion),
which were chosen to show no homology to human genes were spotted and used

after hybridization as internal background (explained below).
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Figure 9: Array layout of the CYP2D6 splicing array.

The splicing-probes were ordered in seven columns in following order: 3’intron-5’exon
probe, three exon-probes, 3’exon-5’intron probe, jump-junction probe and junction probe and
marked with a colour code. CYP2D6 specific probes are shown on grey background, CYP2D7
pseudogene specific probes are shown on white background. Grey dots are control probes

(negative control, positive control and hybridization control).

3.1.3 Optimisation of hybridization conditions using labelled DNA

Initial hybridization experiments were carried out using a thermomixer from
Eppendorf with an exchangeable thermomixer slide adapter to find optimal
hybridization conditions showing best specificity, discrimination and signal intensity
for all oligonucleotide probes. In a first evaluation step Cy3 labelled DNA fragments,
amplified from genomic DNA or a vector containing the CYP2D6 cDNA (pBS
SK+2D6) were hybridized to the microarray. Three main components influencing the
hybridization result were investigated: the composition of the hybridization buffer, the
hybridization time and temperature and the fragment length of the target DNA.
Different concentrations of hybridization buffer SSPE (6x, 4x, 2x SPPE, 2xSSC) were
tested of which 2x SSPE showed the lowest background and highest stringency
(figure 10).
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Figure 10: Fluorescent image after hybridization.

Fluorescent image achieved after hybridization of 5 pg target cRNA for 18 h at 64°C using
2xSSPE as hybridization buffer. The signal intensity is shown in false colour. Black
corresponds to zero intensity, blue to the lowest signal intensity, red to white depict the
highest signal intensities (as output by Scan Array Express 3.0). As shown in the insert on the

left all probes were spotted and ordered from top to bottom as described in figure 9

It was observed that the hybridization signal achieved after image acquisition and
data quantification decreased for all probes from exon 9 to exon 1 (figure 11). This
result was visible after hybridization of labelled DNA fragments amplified with
conventional PCR (using forward and reverse primer) and after linear transcription of
cRNA (with one CYP2D6-T7 primer placed on exon 9).

Analysis of the probe sequences concerning GC content or length revealed no
striking difference between the different splicing probes. As different pins spotted
exon 1 to exon 4 and exon 5 to exon 9 probes, a possible explanation was that the
signal might be reduced by the different behaviour of the spotting pins. But exchange
of those revealed the same hybridization result and showed that all 4 pins spotted
comparably and uniformly (figure 11). The effect decreased by addition of SDS,
fragmentation of the target DNA or cRNA and minimized by analysing the relative
intensity of neighbouring probes.
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Mean net signal intensity is shown for all exon probes after hybridization of 25 ng of Cy3

labelled DNA target including all exons 1-9 and no intronic regions. Exchange of pins

resulted in no effect on the signal intensity. The signal increase from exon 1 to exon 9 could

thus not be

explained by spotting aberrations.

Furthermore, addition of different SDS concentrations (0.001 - 0.1%) to the

hybridization buffer was tested. Interestingly, addition of SDS revealed higher signal

intensity and 0.1% of SDS showed up to 10 times higher values without showing

higher background aberration (figure 12).
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Figure 12: Net signal intensity of nine oligonucleotide probes after background calculation

from four hybridization experiments with increasing SDS concentrations and 25 ng of target

DNA.
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Hybridization temperature for labelled DNA was optimal at 70°C for 3h (2xSSC and
addition of 0.1% SDS). By increasing the hybridization time to 18h and decreasing
the target DNA stepwise from 50 ng to 1 ng it was shown that labelled DNA was
correctly detectable at an amount of only 5 ng. With 1 ng of target DNA no signal was
observed for the probes placed within exon 1. To achieve high sensitivity the PCR
product had to be cut with DNase to achieve an average fragment length of 100-250
bp. The fragment distribution was controlled with the Agilent Bioanalyzer 2100 as
described in 2.4.5.1 and shown for cRNA fragmentation (figure 15).

3.1.4 Data quantification

A new data quantification method had to be developed, as no method existed for this
kind of alternate splicing probe set. Before analysing splicing events within human
tissue samples, all probes were validated to show correct splicing results in
experiments. Either a fragment amplified from cDNA or from genomic DNA was
hybridized to simulate either hybridization of conservative spliced transcripts or
intronic retention. Only probes showing the expected hybridization result were used
(described later). Probes showing a false positive result or no result were redesigned
as described in figure 7 or modified by adding the oligo-dT-C7 aminolinke on the
5’site instead of an oligo-dT-C6 aminolinker on the 3’ site (indicated in appendix/
table 1). Both methods increased the specificity.

After scanning of the arrays the mean signal of each spot, subtracted by the local
background was used for further data calculation. The mean intensity of seven
ArrayControl Sense Oligo Spots (Ambion) not specific for CYP2D6 were calculated
on each microarray and subtracted as internal unspecific hybridization signal. After
this internal background calculation only signals higher than 100 signal intensity units
were used. Any negative intensity values were set as zero.

As described before, hybridizations were always performed in duplicate with each
oligonucleotide spotted in triplicate. The mean net signal intensity and the
corresponding standard deviation were thus always calculated as mean of the 6
spots obtained in two experiments. This mean signal intensity is herein referred to as
the “signal intensity” (I). This way intra- and inter-experiment variability could be
calculated. To analyze the transcript diversity always a set of 3-4 probes, which are

indicative for a specific splicing event (conservative, or aberrant splicing; figure 13)
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were compared. Probes within one probe set can be compared directly as they have
sequence homology of 50 percent. They compete for the spliced transcript within this
region and the probe being 100% complement to the most common splice product
showed highest signal. All others showed weaker signals dependent on the amount
of the individual mRNA transcript. Splicing resulted in the most cases in mixed
isoforms of different splicing variants.

Two calculation methods were used. In the first analysis method the probe within
each probe set showing the highest signal intensity was set as 1, assuming that this
probe represents the most prevalent situation in the expressed mRNA. From all other
probes in this group the relative intensity (l.) based on the probe with the highest
intensity was calculated (method used in figure 14 and 16).

In the second analysis method all mMRNA isoforms are summed up to 100%. All
splicing variants are shown in its relative fraction (lfaction100%) method used in figure
17, 18 and 19)

—

EX n, Ex n, EXx n,

EXx n, Ex n, EXx n,
EX n, Ex n, Ex n,

Figure 13: Data quantification
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For analysing alternative splicing events the relative intensity was calculated by comparing
probes with 50% of sequence homology. Probe sets, which are compared, are shown in this
figure. Probes shown in dashed lines are compared to the other probes. Within one probe set,
the probe showing the highest intensity was set as 100% and the relative intensities of the

other probes were calculated.

3.1.5 Evaluation of probes by hybridization to specific DNA fragments

The microarray probes were evaluated by hybridization to different labelled PCR
fragments. One PCR fragment including exons 1-9 was amplified from cDNA vector
pBS SK+2D6 and two fragments including intronic regions (encompassing exon 1 to
intron 4, and intron 3 to exon 9) were amplified using the existing pCLA 24 vector
(containing the CYP2D6 wildtype genomic DNA) gene expression vector as target
DNA (Toscano et al., 2006). Following hybridization of the fragment including all
exons, a signal is expected for each exon and each junction probe (to monitor
conservative splicing), whereas hybridizing the fragments including intronic regions,
signals for intron-exon, exon-intron and exon probes were expected (to monitor intron
retention).

In case of hybridizing the labelled cDNA fragment from exon 1-9 all junction probes
showed highest signals compared to the other probes (yellow section in figure 14).
Unspecific signal were only visible in the case of three probes (intron-exon5, exon5-
intron and intron-exon7). These signals were smaller than 15% compared with the
highest signal.

Hybridization of PCR products including the intron regions showed high specificity
with unspecific signal <5% except for 2 probes with unspecific signals <18% (exon4-
exon5 and exon4-exon6 probe, figure 14).

Taken together these experiments demonstrated that the selected probes are highly
specific. Five probes (exon4-exon5, exon4-exon6 probe, inron-exon5, exon5-intron
and intron-exon7) showed unspecific signals <18%. The evaluated probes were used
in further experiments and a cut off was set at 20% compared to the highest signal.
All signals smaller than 20% were ignored all signals higher than 20% were analysed
as they could indicate alternative transcripts.
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Figure 14: Relative intensities (L) of probes after hybridization of 25 ng of target DNA for
validation.
A: target DNA spanning exon 1-9 (without intronic region) was hybridized to validate all

junction probes. B: PCR product scanning Exon 1 to Intron 4 (including all intron regions). C:

intron 3 to exon 9 (including all intron regions) was hybridized to validate all exon-intron and

probes.

ridization results using specific target cRNA

ion of aberrant splicing in human liver linear amplification of RNA was

using CYP2D6 specific primers. One round of linear amplification is an

efficient way for target preparation. This result in great integrity of labelled target
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cRNA and this way minimize an amplification bias compared to conventional
exponential PCR. Starting with 1-5 pg of total RNA up to 25 ug of total mMRNA was
reached after linear amplification, labelling and all purification steps. The labelling
efficiency of cRNA was between 200 and 1000 Nucleotides/ Cy3. This was about 5
times lower compared to labelled PCR product and may be explained by unlabelled
total RNA, which was used as target for gene specific linear transcription. After
reverse transcription and prior hybridization the length of target cRNA had to be
adjusted to 50-250 bp. cRNA was cut with fragmentation buffer (Ambion). The length
was optimal between 150-200 nt after 5 minutes incubation time at 70°C (figure 15).
Shorter fragmentation time led to longer fragments and at 10 minutes most of the
cRNA fragments were shorter than 100 nt. After 35 minutes only fragments between

25-15 nt were obtained (not shown).

undigested 1 min 2 min
| k } j[/L I }m‘
Smin— 8 Y i
2kb__ _; :
Tkb__ I i: E
0.5kb. B B e e
Illnn -
9min 10min " Amin
2 ; '5 ‘é’ ; ;‘ ;’ 5‘ g g 2 3 undigested 150bp-10kb, middle 1.8-3kb
86555555555 g g 5min: 152-193bp

10 min: 25-100bp

pajsabipun

Figure 15: Fragmentation of cRNA
5 pg of cRNA was fragmented and each minute 1 pl was taken out mixed 1:1 (v/v) with 2x
stop buffer (Ambion). The diluted cRNA was analysed using the Agilent 2100 Bioanalyzer.

Hybridization experiments with labelled cRNA were always performed in duplicate,

using the HS 400 hybridization station and 1 pg -5 pg of cRNA. First hybridization

experiments with cRNA using the optimal condition for labelled cDNA resulted in

weak signals and high background intensities. Low signal intensities might be due to

lower labelling efficiency of cRNA and higher background due to total RNA.
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Compared to 75 ng of target DNA used in the hybridization process in case of cRNA
an amount of 5-10 yg was needed to achieve signal heights, which were useful for
interpretation of the data. Secondly hybridization temperature of 70°C probably led to
partial evaporation and this way resulted in high background. To solve this problem
optimisation was performed by addition of up to 40% of formamide and reduced
hybridization temperature, but this did not solve the problem of weak signal intensity
and was discarded. Increasing the hybridization time from 3 to 18 hours and increase
of SDS concentration to 7% achieved detectable and analysable signal intensities.
Reduction of hybridization temperature from 70°C to 64°C led to decreased
background intensity but increased unspecific signals, which was well balanced by
increasing the washing steps after hybridization using washing buffer 1 twice for 4
min, then twice for 2 min and afterwards using washing buffer 2 twice for 4 min at
23°C.
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3.2 Aberrant splicing in CYP2D6 and CYP2D7

To assess the splicing platform labelled cRNA was prepared and hybridized origin
from three individual liver tissues previously genotyped as CYP2D6*1/*1 (figure 12A)
and three samples with genotype *41/*41 (figure 12B). The first analysis was
concentrated on exon 5 to 7 as it was known that transcripts lacking exon 6 are
enhanced in genotype CYP2D6*41.

Hybridizing cRNA carrying CYP2D6 *1/*1 all junction probes monitoring exon-exon
boundaries showed the highest signals (figure 16, A/ yellow columns). For most of
the intron-exon and exon-intron probes the signals were below or only slightly above
20 %. Genotype CYP2D6*1/*1 belongs to the full functional extensive metabolizers.
Splicing aberration monitored within this genotype either result from unspecific
hybridization or result from the basal level of splicing aberrations, which can be found
within every transcriptome and can be categorized as background noise of the
splicosome, showing no effect on the phenotype. Therefore splicing aberrants less
than 20%, compared to the most common transcript, are ignored.

Hybridized cRNA patterns origin from homozygote CYP2D6*41, an intermediate
metabolizer, look strongly different from genotype *1/*1. Within genotype *41/*41
skipping of exon 6 can be seen. The signal of the jump-junction probe (exon 5 - 7)
shows the same height as the junction probe (exon 5 - 6; figure 16, B). Interestingly,
compared to genotype *1/*1 in *41/*41 the signals for exon 5-intron 5 and intron 5-
exon 6 are additionally increased. That means that intron 5 is more often completely
or partially retained within *47 homozygotes (figure 12B). Splice variants including
the intron 5 or partial fragments of intron 5 are described (Gaedigk et al., 2005) but
were so far not assigned to genotype CYP2D6*41.
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Figure 16: Validation of the microarray using labelled cRNA origin from human liver, which

was previously genotyped. 5 pg of linear amplified and labelled target cRNA was hybridized

(A) hybridization experiments using 5 pg cRNA originating from 3 individual liver samples

with genotype CYP2D6 *1/*1. (B) hybridization experiments using 5 pg of cRNA originating

from 3 individual liver samples with genotype CYP2D6 *41/*41. Relative intensity (L) of

each probe (spotted in triplicate) was calculated. The yellow bars show the relative signal

from the junction probes from exon n to exon nt+1. The green bars show the relative signal

from the jump-junction probes from exon n to exon n+2. Blue bars show the relative intensity

of the intron-exon and the violet bars show the signals of the exon-intron probes.
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3.2.1 Gene and pseudogene specific splicing variations

The established platform demonstrated the capability to monitor splicing transcripts
using biological material. To find out if there exist additional splicing variants, which
can be assigned to genotypes, exons 1-9 were analysed. The splicing array was
capable to discriminate between pseudogene and gene specific splicing aberrations.
Splicing variants originating from the highly homologous pseudogenes were currently
overseen by the previously published splicing microarrays (Brinkman, 2004; Clark et
al., 2002; Fehlbaum et al., 2005; Hu et al., 2001; Johnson et al., 2003; Modrek et al.,
2001): For discrimination of splicing patterns between gene and pseudogene total
RNA was linear reverse transcribed using a gene specific primer for either CYP2D6
or CYP2D7 placed on the 3’site of the gene. 15 samples of total RNA originating from
human liver tissue were reverse transcribed for CYP2D6 and CYP2D7 respectively.
In 2 samples (with genotype CYP2D6*1/*1) the obtained amount of reverse
transcribed cRNA concentration of CYP2D7 was too low for hybridization
experiments. In case of CYP2D6 as well of the pseudogene CYP2D7 1-5 ug of
labelled cRNA was hybridized in duplicate on the microarray.

With the developed splicing platform it was possible to monitore allele specific
splicing patterns (figure 17). In figure 17 on the left side the mean transcript diversity
of 4 human liver samples carrying genotype CYP2D6*1/*1 is shown for all exons 1-9.
The highest signal at each exon represented the junction probe (yellow bars). All
other signals within exon 1-9 are less than 20% and have been neglected. That
means that the main transcript in CYP2D6*1/*1 is the conservative mRNA transcript

including all exons (figure 17, A).

In contrast as shown before for genotype *41/*41 the jump-junction probe spanning
from exon 5 to 7 showed a signal which represents about 40% of the whole mRNA
transcripts. Additionally in *41/*41 intron retention was monitored, especially of whole
or parts of intron 5 (30%), intron 6 (20%) as well as intron 1 (40%) (figure 17, B).
Heterozygote genotype CYP2D6*41/*1 showed a splicing pattern being mean of
what was observed in CYP2D6*41/*41 and CYP2D6*1/*1 (not shown). The splicing
patterns for haplotype CYP2D6*2/*2 looked similar to CYP2D6*1/*1 (compare figure
17, A and C). In case of CYP2D6*4/*4 only one reverse transcribed RNA sample
showed sufficient amounts of labelled cRNA. Hybridizing experiment of this sample
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*4/*4 showed conservative splicing from exon 1-4. From there increased aberrant
splicing was monitored between all other exons leading to intron retention (40-50%).
That might be explained due to the mutation 1846G>A positioned directly one bp
before exon 4 (figure 17, D).

A CYP2D6*1/*1 - 5 samples B CYP2D6*41/%41 — 4 samples
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Figure 17: Hybridization experiments with target cRNA originating from 13 human liver
samples with different genotypes.

Percentage of aberrant splicing transcripts Igaction/100% shown after hybridization of 5 pg of
target cRNA (experiment performed in duplicate): A: five human liver samples with genotype
CYP2D6*1/*1; B: four human liver samples with genotype CYP2D6*41/*41; C: three human

liver samples with genotype sample CYP2D6*2/*2; D: one human liver samples with

genotype *4/*4.

Gene and pseudogene specific splicing variants were analysed (figure 18). In figure
18 A, C and E the results of hybridized cRNA originate from CYP2D7 and 18 B, D,
and F cRNA origin from CYP2D6 is shown. In the first line the mean hybridization
result origin from 8 liver samples is shown for CYP2D7 (A) and for 10 liver samples
for CYP2D6 (B). The genotypes reversely transcribed for CYP2D6 and hybridized
were 2x*41/*41; 1x*2/*2; 2x*41/*1 and 5x*1/*1. Samples used for pseudogene
CYP2D7 specific reverse transcription were the same as used for CYP2D6. (Two
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samples carrying genotype CYP2D6*1/*1 produced too less cRNA and weak Cy3
incorporation rates higher than 1000 NT/F (2.4.4.1). The two samples were not
hybridized.)

Looking at the result seen in figure 18 A and B where the mean hybridization result of
all 8 (CYP2D7) or 10 (CYP2D6) samples are shown, different splicing patterns can
be seen comparing gene and pseudogene. Compared to CYP2D6, the pseudogene
CYP2D7 showed higher signals for splicing transcripts including intron 6 and a
slightly higher signal for retaining of intron 4. In CYP2D6 the jump-junction probe
from exon 5 to 7 showed higher signal due to genotype *47, which was included
within the analysed pool of genotypes.

In the two lower panels of figure 18 C, D, E and F two liver samples (one with
genotype *41 and one with genotype *7 are compared as single samples to
demonstrate clear difference in splicing patterns also visible in single samples
reverse transcribed for CYP2D6 (figure 18 D and F) and for the pseudogene
CYP2D7 (figure 18 E and F). The results reflect the situation already observed within
the pooled analysis. Interestingly the splicing variant skipping exon 6 (described for
CYP2D6) was not detected in the 8 samples reverse transcribed for CYP2D?7.
Additionally the signals for retention of intron 1 which was increased within
CYP2D6*41/*41 samples was not seen in this height in CYP2D7. The experiments
demonstrated that gene and pseudogene specific splicing exists, was detectable and
can be distinguished with the developed splicing platform.
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Figure 18: Hybridization experiments with target cRNA origin liver samples and reverse
transcribed either for CYP2D6 or CYP2D7.

Mean percentage of aberrant splicing transcripts Ifaction/100% shown after hybridization of 5 pg
of target cRNA. A,C,E reverse transcription performed specific for CYP2D7 and B,D,F
specific for CYP2D6. (A+B): calculation of transcript diversity after individual hybridization
in duplicate either CYP2D7 (8 samples — A) or CYP2D6 (10 samples - B). C, D: transcript
diversity after hybridization of one liver sample with genotype *I/*I. E, F: transcript

diversity after hybridization of one liver sample with genotype *41/*41.

3.2.2 Confirmation of microarray results using RT-PCR and sequencing

To verify the microarray results RT-PCR was used as an alternative method.
Resulting PCR-fragments higher or lower in size as the expected normal fragment

were cut, cloned and sequenced.
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Two fragments of CYP2D6 representing region exon 1 to exon 3/4 and exon 4/5 to
exon 7/8 were amplified. For sample #148 (genotype *41/*41) one fragment was
present after amplification of region exon 1 to exon 4/3 and three fragments for
sample #035 carrying genotype *1/*1. In both samples the conservative fragment
(with the expected size) was sequenced and showed inclusion of all exons from exon
1 to exon 3/4. A second fragment (larger than the conservative fragment) within
genotype CYP2D6*41 was not origin of CYP2D6 or CYP2D7 but NM_000818. No
sequenced fragments included the intron 1, even though the splicing microarray
showed increased amount of this variant in genotype CYP2D6*41/*41. Intron 1
retention is described in literature but not associated to any genotype (Gaedigk et al.,
2005).

Within genotype CYP2D6*1/*1 (sample #35) in addition to the conservative sequence
a fragment lacking exon 3 was sequenced.

Analysing the RT-PCR fragments spanning exon 4/5 to exon 7/8, within genotype *41
two fragments were visible, the conserved full fragment including all exons in addition
to one which had been shown to lack exon 6 by sequencing.

Within genotype CYP2D7 three fragments with intron retention were defined one
including 194 bp of 5’intron 6, one including 57 bp of 3’intron 6 and one including the
whole intron 6 region. This result is in agreement with the hybridization result of
CYP2D7, where higher amounts of intron 6 were monitored. Putting this together the
sequencing reflect the microarray result although not all splice variants defined in the
literature and expected from the hybridization results have been confirmed by

sequencing.
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3.3 Aberrant splicing in CYP2B6

Cytochrome 2B6 is highly polymorphic with 28 alleles and over 100 SNPs described
in the literature. CYP2B6 expression (MRNA, protein and activity) is interindividually
highly variable and the mechanisms behind this are not totally clarified. A number of
indications for splice variants of CYP2B6 are described in the literature as shown in
figure 5 but compared to CYP2D6 no genotype dependent splicing was described so
far. To investigate alternative splicing within CYP2B6 in more detail the developed
splicing platform was transferred to CYP2B6.

3.3.1 Transfer of splicing microarray platform to CYP2B6

CYP2B6 gene specific probes were designed using the same borderlines used for
CYP2D6 (Tm, GC content and length) (chapter 3.1).

After spotting the microarray evaluation was performed with amplified and labelled
target DNA including either only exons (amplification of previously published CYP2B6
cDNA vector: plKAT15, (Lang et al., 2001) or intronic regions (amplification of
genomic DNA originate from a liver sample previously genotyped as *1/*7). Two
fragments including only exonic regions were successfully amplified, the first
spanning exon 1 to exon 6/7 (primers: cDNA2B6FE2 and cDNA2B6RE7) and the
second including exon 5 to exon 9 (primers: cDNACYP2B6FES5 and
cDNACYP2B6RE9). Additionally six short fragments including intronic regions were
amplified labelled and hybridized to evaluate the intron-exon probes: exon1 to intron
1 (primers: CYP2B6-1F and CYP2B6-1R), intron 1 to intron 3 (CYP2B6-2F and
CYP2B6R), intron 3 to intron 4 (CYP2B6-4F and CYP2B64R), intron 4 to intron 5
(CYP2B6-5F and CYP2B6-5R), intron 5 to intron 8 (CYP2B6-5F and CYP2B6-8R),
intron 8 to exon 9 (CYP2B6-9F-CYP2B6-9R). The same hybridization conditions
were used as for CYP2D6 and they were shown to be optimal. Five probes were
exchanged as they showed unspecific hybridization results. In those five cases
higher hybridization specificity was observed using a 3’oligo-dT-C7-Aminolink
(marked with C7-aminolink in appendix/ table 1). That might be due to sterical
changes during hybridization by placing the oligo dT-linker either on the 3’ or 5’prime
site of the probe. As next step RNA from liver samples was reverse transcribed and
linear amplified using the CYP2B6 gene specific T7 primer (CYP2B6-T7). This T7-
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primer shows sequence differences to CYP2B7. The reverse transcription of
CYP2B6 led to reduced amounts of cRNA but similar labelling efficiency (NT/F)
compared to CYP2D6. After hybridization of CYP2B6 specific cRNA the background
aberrations were slightly higher and the signals of the CYP2B6 probes were lower
compared to CYP2D6. Several repetitions of linear amplification and hybridizations
were necessary to achieve results, which could be analysed. In figure 19 the
hybridization result of cRNA origin from genotype *1/*1 and from a sample carrying
*6/*6 were reverse transcribed and hybridized. It can be seen that in genotype
CYP2B6*1/*1 the conservative full functional mRNA including all exons is the most
abundant form (figure 19, A). For CYP2B6*1/*1 not much additional splicing can be
observed, at least none which was present higher than 20%. In contrast to
CYP2B6*1/*1 for CYP2B6*6/*6 (figure 19, B) it can be seen that the jump-junction
probe from exon 3 to 5 showed an increased signal (>20%). This indicates that exon
4 was spliced out. The signal of the probe for intron to exon 4 was also strongly
increased from nearly 20 to 40%.

No increased signal was observed for the probe exon 3 to intron 3, the result for the
probe intron-exon4 was interpreted as partial retention of intron 3. Furthermore the
probe exon 8 to intron 9 is slightly increased assuming that intron 8 might be retained

in some transcripts.

‘AL CYP2B6%1/771 (liver #034) B CYPZB6%6/76 (liver #136)
100% 100%
0% 80% 1
E oJam p-luction
60% 60% 1 ETsla

mEi -t

A0% olit-Ei.

40%

20% 20%,

| = % :
Exl Ex2 Ex3Ex4Ex5Exd Ex7 Ex& Ex? Ex1ExZ2 Ex3 Ex4 Ex5Exd Ex7Exd Ex?

0%

Figure 19: Hybridization experiments with target cRNA reverse transcribed for CYP2B6
from human liver samples. Percentage of aberrant splicing transcripts Ifaction/100% shown after
hybridization of 5 pg of target cRNA (in duplicate) originating from A: one human liver
sample with genotype CYP2B6*1/*1; B: one human liver sample with genotype CYP2B6
*6/%6
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3.3.2 Alternative splicing of CYB2B6 pre-mRNA in human liver

In order to confirm splicing results within CYP2B6 obtained with the microarray two
RT-PCR assays were designed: one amplifying a region between exon 2/3 and exon
7 and a second amplifying a region between exon 5/6 and exon 9. The region
upstream of exon 2 was not considered because no splice variants have so far been
described in this region or seen with the CYP2B6 splicing array (figure 19) and
because of experimental obstacles due to the size of intron 1 (12.7 kb).

RT-PCR between exon 2/3 and exon 7 resulted four fragments. The largest
fragment, the normal product (NP) (figure 20, A1 and A2) was identified by
sequencing as the mRNA transcript that corresponds to the reference cDNA
sequence. Two additional fragments seen in this RT-PCR were identified as novel
splice variants (SV). SV7 lacked exon 4 and exon 5 except for a residual 50 bp
fragment whereas SV8 lacked only exon 4 (table 2, 20 A1 and A2).

Additional quantification of specific RT-PCR transcripts on the Agilent Bioanalyzer
showed significant higher NP in samples with CYP2B6*1/*1 with reduction towards
*1/*6 (p<0.05) and *6/*6 (p<0.05). SV1 was hardly detectable in CYP2B6*1/*1 but
visible in *1/*6 and *6/*6. Within samples with CYP2B6*1/*6 the SV1 and NP showed

comparable amounts (figure 20, B).

92



Results

Lo
L3

A1 *6/6 MPIE S wqpa 5
kb~ —~+ac

*1/*1 *1/*15
A2 1kbr—"ﬁ/ ——

B *P<0.05
*P<0.05
207 | |
. *P<0.05
L |
=151 —
F)
.E. °
@ 10 * &
N [ ]
o ° e
o . .
5' °
o: o
o o o = - =
> > >
< £ £ o o
-~ w m ] ] 1
L £ £ T © o
- - S L X £
* * * x x -

Figure 20: RT-PCR Analysis of CYP2B6 aberrant splicing in human liver tissue

Al and A2: Agarose gel of RT-PCR product of liver samples previously genotyped for
CYP2B6. Positive control: cDNA vector pIKAT15; negative control (no DNA); amplified
regions: exon 2/3 to exon 7. NP, normal product, representing the full-length functional
transcript; SV1, SV8 refers to splice variants identified by sequencing (see table 1).

B: Quantification of specific transcripts. The purified RT-PCR products (see A) were

analysed on the Agilent Bioanalyzer. The amounts of complete fragment NP including all
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exons from 2-7 and splice variant SV1 lacking exon 4-6 were determined relative to an

internal standard added to each sample before running the DNA lab-on-a chip assay.

The presence of SV8 was indicated by the CYP2B6 splicing microarray (figure 19, B)
by the higher signal intensities of the jump-junction probe for exon 3 to 5 comparing
CYP2B6*1/*1 with CYP2B6*6/*6. Concerning this fragment with the RT-PCR
analysis, no clear genotype dependent increase was detectable for this fragment.
The smallest fragment (284 bp) was confirmed to be identical to the variant SV1
lacking exons 4 to 6. Whereas SV7 and SV8 were apparently not genotype
dependent, the intensity of NP and SV1 varied strongly according to genotype. SV1
was the most abundant fragment in samples carrying genotype *6/*6, but was hardly
detectable in *1/*1 homozygotes. Heterozygous samples (*7/*6) had almost equal
amounts of NP and SV1. The amount of NP was highest in *1/*1, intermediate in
*1/*6 and lowest in *6/*6 genotypes (figure 20). Interestingly, several samples with
genotype *1/*4 and a single sample with genotype *3/*22 also had clearly detectable
amounts of SV1 (figure 20, A1 and 20, A2).

The RT-PCR clearly showed the presence of SV1 and SV7. These splice variants
were not detected with the microarray. This is due to the use of jump-junction probes,
which display only the skipping of one single exon. The skipping of multiple exons as
present in SV1 and SV7 is therefore not displayed with the here used microarray

design.

RT-PCR analysis of the RNA region spanning exon 5/6 to exon 9 resulted in three
transcripts present in all genotypes (figure 21). Sequencing of these fragments
revealed besides the normal product, two variants: one lacking exon 8 but included
an alternative exon 8A (AMPS8, figure 21) and a second transcript, so far not
described, which lacked exon 8 (SV9, table 2). These two variants were apparently
not genotype dependent and where also not monitored with the CYP2B6 microarray.
As by-product during sequencing it was found that in one sample (liver #251) with
genotype *1/*1 the mutation 18273G>A within intron 5 was found, which was so far
only once reported within the Japanese population (Klein et al., 2005).
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Figure 21: RT-PCR analysis of CYP2B6 aberrant splicing in human liver tissue
Regions between exon 5/6 and exon 9 were analysed. NP, normal product, representing the
full-length functional transcript; AMP8 and SV9 refer to splice variants identified by

sequencing (see table 2 and 4).

Table 2: New splicing variants within CYP2B6
Shaded boxes represent exonic sequences. SV7, SV8 and SV9 are novel splice variants not
described before. Sequence numbers origin from sequence NG _000008.5 with ATG start

codon set as 1.

name mRNA transcript description
lack of exon 4
Sv7 | 2 | & |50bp0fcxon5| 6 | ! | only 50bp of exon 5:17914-17963]
SV8 | 2 | 3 | 5| 6 | 7 | lack of exon 4
SV9 nn lack of exon 8

3.3.3 Investigation of mMRNA variability using a TagMan assay

With the knowledge, achieved by RT-PCR analysis that the most common alternative
splicing event within CYP2B6*6 shows skipping of exon 4-6 the mRNA quantification
achieved with a previously developed TagMan assay (Zukunft et al., 2005) was
analysed concerning alternative splicing. The specificity of this assay was controlled
with pCR4-vectors in which the purified alternatively spliced fragments achieved
through RT-PCR analysis were cloned and sequenced (table 3). The assay showed
specificity for all mRNA transcripts, which include exons 4 and 5 (pIKAT15 and
pMHH-CYP2B6-TOPO-134) and no signal for transcripts lacking exon 4 or exon 4-6
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(PMHH-CYP2B6-TOPO-98, -TOPO-101, -TOPO-111, -TOPO-207 and -TOPO-215)
(table 3).

Table 3: Plasmids including CYP2B6 splicing transcripts

Vector Properties Origin/ Reference
pIKATI15 CYP2B6-cDNA vector Lang et. al., 2004
pMHH-CYP2B6-TOPO-98 pCR4-vector containing splice this study

variant SV1 of CYP2B6 between

exon 3-7
pMHH-CYP2B6-TOPO-101 pCR4-vector containing splice this study

variant SV8 of CYP2B6 between

exon 3-7
pMHH-CYP2B6-TOPO-134 pCR4-vector containing this study

conservative splice product of
CYP2B6 between exon 3-7

pMHH-CYP2B6-TOPO-111 pCR4-vector containing splice this study
variant SV7 of CYP2B6 between
exon 3-7

pMHH-CYP2B6-TOPO-207 pCR4-vector containing splice this study
variant SV9 of CYP2B6 between
exon 5-9

pMHH-CYP2B6-TOPO-215 pCR4-vector containing splice this study
variant AMPS8 of CYP2B6 between
exon 5-9

That means quantification of mMRNA from 150 human liver samples only detects full
functional reference splice product including exon 4 and 5.

CYP2B6 mRNA expression was significantly lower in samples with *1/*6 (p<0.05,
n=42) or *6/*6 (p<0.01, n=6) genotype compared to *1/*1. So this pattern reflects the
situation observed in RT-PCR. Lower amount of mRNA expression within *7/6 and
*6/*6 might be explained by the increased amount of alternative splicing transcript
SV1 and deduced amounts of NP as seen in analysis of RT-PCR within those
samples. All other investigated genotypes with n>3 (*1/*5, *6/*6, *4/*5, *1/*2) showed
no significant difference on mRNA level compared to *1/*1 (figure 22). This fits well
with the RT-PCR results (figure 20, A1 and A2)
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Figure 22: Relationship between genotype and CYP2B6 transcript levels in human liver
samples. A: Scatterplots depicting B-actin normalized CYP2B6 mRNA determined by real-
time RT-PCR for various genotypes. The lowest value was arbitrarily set at 1, i.e. values

represent fold differences compared to the lowest expression.

3.3.4 Influence of intron mutation on aberrant splicing

As it was described in literature intron 3 15582C>T had been suggested to be
potentially involved in erroneous splicing (Lamba et al., 2003). Therefore all 235
human liver samples were genotyped for this mutation using MALDI-TOF MS
technology. Haplotype analysis showed that 15582C>T was not present in any of the
homozygous *6/*6 samples (n=16) but associated with alleles *1C, *13B and *15.
The levels of mRNA, protein expression and enzyme activity were not significantly
different but similar in wild type samples with or without this intronic mutation (shown
for mRNA in figure 23).
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Figure 23: Influence of SNP 15582C>T on CYP2B6 transcript levels in human liver samples
(with CYP2B6*1/*1 background).

In RT-PCR assay no difference in NP or SV1 was observed when *1/*1 15582CC
was compared to *71/*1 15582TT (figure 24). In samples genotyped *1/*1 low

amounts of SV1 was detected but normal amounts of NP (figure 24).

15582TT 15582CC
*1 *1 *1 *1
o

1kb

Figure 24: Influence of SNP 15582C>T analysed with RT-PCR

Analysis of a fragment including exon 2/3 to exon 7. All samples shown have a *1/*1

background.
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3.4 A minigene approach to investigate CYP2B6 splicing

To unequivocally identify the mutation(s) that are causally responsible for the
decreased expression phenotype of the *6 allele a series of minigene constructs
(figure 25 to 27) were designed. The aim was to create constructs, which include the
entire open reading frame so that effects of mutations could be analyzed on the
mRNA, protein and activity level. Due to the large size of some of the introns the
cloning strategy included deletion of introns 1, 4 and 8 and parts of introns 3 and 6.
Two overlapping fragments, the first comprising exons 2 to 4 (3073 bp), and fragment
2 comprising exons 5 to 8 (3877 bp), were amplified from CYP2B6*1/*1 genomic
DNA samples (figure 25, A). An internal fragment of 1437 bp was excised from intron
3 using the restriction enzyme Mfel. Intron 6 was also shortened by a fragment of
1535 bp using enzyme Bsgl. Both fragments 1 and 2 were digested with EcoNI and
Sacl restriction enzymes and were then combined with EcoNlI-digested plKAT15
(figure 25, B) in a three fragments ligation reaction (figure 25, C). This resulted in the
parental minigene construct [*1]. A previously described CYP2B6 cDNA vector
(pIKAT15) was digested with Hindlll and Sbfl and the insert was replaced by a 518
bp fragment (exons are shaded in dark grey) to include an additional EcoNI
restriction site by the reverse primer (figure 25, C-D).

Fragment 1: Fragment 2:
removed: 1437bp removed: 1535bp |
EcoNI Mfel Mlul Sacl Sacl A00651 Bsgl EcoNI
} v
A ' B B )
‘\Minigene:

\ EcoNl Sacl 7 EcoNl

B:m» oo o

Sbﬂ Hlnd ]

; naaaaaﬁaa

existing 2B6-cDNA-vector (pIKAT15)
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Figure 25: Construction of the CYP2B6 minigene
Exons of amplified fragments are shown in black. Exons remaining from pIKAT15 are shown

in light grey.

The final constructs thus contained all 9 exons as well as the 5- and 3’-parts of
introns 3 and 6 and the complete introns 2, 5, and 7 and were cloned in pCMV4-
vector (figure 26).

exon 1

CMV promotor Eco NI (166)

AL Exon 2

§ Exon 3

Exon 4
/\ /& ;/\//Sbfl (1871)
bla || 'i Exon 5
ol | DMHH CYP2B6 Mini*1
pcMV4 s870bp
) g Exon 6
— ®
. /’ Exon7
SV400ri,>\/ o Eco NI (3715)
exon 8
Exon9

hGH

Figure 26: Structure of the CYP2B6 minigene in the mammalian expression vector pPCMV4

In vitro mutagenesis was used to introduce relevant SNPs (figure 27). To elucidate
the causative mutation in the *6 allele, both SNPs ¢.516G>T and c.785A>G were
introduced individually (minigenes [*9] and [*4], respectively) as well as combined
(minigene [*6]). In addition a minigene representing the so far functionally
uncharacterized c.777C>A [*3] was constructed, which also appeared to be
associated with SV1 (see above, figure 20, A2).
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Figure 27: Structure of CYP2B6 minigene constructs. All constructed minigenes are shown

with their mutations indicated

3.4.1 Establish transfection experiments for studying alternative splicing

Initial transfection experiments with Huh7, a human hepatoma cell line, and COS-1,
an African green monkey kidney epithelial cell line, resulted in different amounts of
the normal product (NP) between the various constructs. However SV1 was
generally produced at high amounts, almost no NP was seen and no differences
were seen between the minigene constructs after transfection of 1.5 ug/ 2.5.10° cells
(Huh7-1.5 pg/ figure 28). In addition, other splice variants also appeared to be
produced at much higher amounts compared to liver. This is probably due to an
overflow of the splicing machinery when too much DNA is transfected into the cells.
However, when the plasmid DNA was titrated into empty vector, gradual changes of
the relative amounts of NP and SV1 were observed. The lowest amount of
transfected minigene (0.0015 pg), resulted in almost no SV1 for [*1] and also less
other splice products (Huh7-0.0015 pg/ figure 28).

<
pd
3 1191 [*6] kb [*11 [*9] [6] 1kb [*11[*9]1[*6] 1kb [*11[*9][*6] 1kb
» = — 1018
3 - <«— NP
N~ S w=— 506
- N J N )\ J
Y Y Y Y
1.5ug 0.15ug 0.015pg 0.0015pg transfected plasmid
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Figure 28: Transfection experiments with Huh7 cells using different amount of transfected
plasmid. 24 h after transfection with minigenes total RNA from Huh7 cells transfected with
minigene constructs was reverse transcribed and PCR amplified with primers located in exon
2/3 and exon 7. Transfection experiment performed with minigenes [*1], minigene [*9],

minigene [*6] as well as 1.5 pg of cDNA vector pIKATIS.

3.4.2 Analysis of alternative splicing in minigene-transfected cell lines

The mRNA transcripts formed in COS-1 and Huh7 cells, transfected with 1.5 ng of
the minigene constructs were analyzed by the RT-PCR within the region exon 2/3 to
exon 7. As shown in figure 29, the NP fragment was the most abundant in the [*1]
transfected cells and only small but clearly detectable amounts of SV1 were
produced. In contrast, the SV1 fragment was most intense in cells transfected with
[*6] and [*9], which produced in contrast only low amounts of NP.
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1kb * * * * % 2 2
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Figure 29: Total RNA from Huh7 and COS-1 cells transfected with 1.5 ng minigene

constructs was reverse transcribed and amplified with primers located in exon 2/3 and exon 7.

Transfection of all five minigene constructs resulted in immunologically detectable
amounts of full-length CYP2B6 protein, as shown by Western blot analysis (figure.
30, A1 and A2). Quantification of B-gal normalized CYP2B6 protein revealed
approximately similar expression of [*1]- and [*4]-minigene in Huh7 and COS-1 cells.
In contrast, both constructs harbouring the ¢.516G>T SNP, namely [*9] and [*6],
consistently expressed very low amounts of protein. The presence of c.785A>G

appeared to slightly increased expression (compare [*4] with [*1], and [*6] with [*9] in
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figure. 30, A1 and A2). The [*3] minigene construct expressed about one third of

CYP2B6 protein compared to the reference construct [*1].
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Figure 30: Western blot analysis of transfection experiment

Al: 48 h hours after transfection of minigenes into Huh7 and COS-1 cells CYP2B6 and (-
actin were analyzed by immunoblotting using specific monoclonal antibodies. Transfection
efficiency was additionally controlled by measuring -galactosidase activity.

A2: CYP2B6 protein was quantified from the immunoblotting results of 3 independent
transfections and normalized to B-galactosidase activity measured in cell extracts. The mean
values with indicated standard deviations are shown relative to the mean protein amount for

minigene [*1] set at 1.0.
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Bupropion hydroxylase activity was only measurable in transfected COS-1 cells and
closely followed the protein levels. Activities of transfected Huh7 cells were too low to
be reliably determined. Notably, the activities of the [*6] and [*9] constructs were
extremely low whereas the [*3] construct showed an intermediate activity level (figure
31). The activity of the [*4] construct was slightly higher compared to the [*1]

construct.
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Figure 31: Bupropion hydroxylase activities
Activity was determined in protein extracts originating from COS-1 cells and normalized to

B-galactosidase activity. Shown are the mean activities of doublicate measurements.

To summarize these data the mRNA results (figure 29) are consistent with the
protein and activity data of the transfected cells (figure 30 and 31) and with the
observations made in homozygous *1/*1 and *6/*6 human liver samples, although
generally the extent of alternative splicing appeared to be significantly increased in
transfected cells. Compared to the [*1]- and [*9]-constructs, the [*3]-construct

resulted in intermediate amounts of NP and SV1 transcripts.
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3.5 In silico analysis of alternative splicing within CYP2D6*41 and CYP2B6*6
using the ESE-finder algorithm

Using the ESE-finder algorithm (http://rulai.cshl.edu/cgi-bin/tools/ESE3/esefinder.cgi
?process=home) (Cartegni et al., 2003; Smith et al., 2006) a sequence window of 20
nucleotides surrounding the CYP2D6 SNPs 2850C>T and 2988G>A were
reanalysed for putative exonic splicing enhancer motifs using ESE-finder 3.0 as
described by (Toscano et al., 2006; Zanger and Hofmann, 2008).

The SNP mutation within CYP2D6*41 2988G>A was shown to change the scores for
binding of certain splice factors to known splicing enhancer elements, as illustrated in
figure 32. The ¢.2988G>A SNP results in the loss of two binding sites for SF2/ASF
(IgM-BRCA1) and a new predicted binding site for SRp40. The 2850C>T SNP
(R296C of *2) in exon 6 leads to the loss of binding sites for SRp55 and for SF2/ASF

whereas a new binding site for SC35 is predicted (Zanger and Hofmann, 2008).

2D6*1 — exon 5 exon 6 exon7 ——

2D6*41— exon 5

e,
e,
e,
»,
e,
.
e,
v,
e,
v,
e,
o,

..2850C>T 2988G>A

o
Ol
D .
a, o
I

Figure 32: In silico analysis of CYP2D6 pre-mRNA splicing factor binding sites in exon 6 and

intron 6. Predicted binding sites are shown schematically for the indicated alleles. The heights
of the bars indicate the strength of binding sites as calculated by the ESE-finder. ESE, exonic
splicing enhancer, SR, serine-arginine rich protein: SC35, SRp40, SRp55 and SF2/ASF.
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The same method was used for in silico analysis of the 20 nucleotides surrounding
the key mutation within CYP2B6*6 to find bindings sites of splicing factors within
exon 4 and 5 which might be influenced by the mutations. It was shown that
c.516G>T SNP in exon 4 leads to the predicted loss of two binding sites for ESE-
binding factors SC35 and SRp40. This probably results in the modulation of splicing
events in favor of an alternative process that results in the observed splice variant
lacking exons 4, 5 and 6. The c.785A>G SNP in exon 5 results in only minor changes
of binding strength and the creation of one additional SF2/ASF (IgM-BRCA1) binding
site (figure 33) (Zanger and Hofmann, 2008).
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Figure 33: In silico analysis of CYP2B6 pre-mRNA splicing factor binding sites in exons 4
and 5. Predicted binding sites are shown schematically for the indicated alleles. The height of
the bars indicates the strength of binding sites as calculated by the ESE-finder. ESE, exonic

splicing enhancer, SR, serine-arginine rich protein.
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4 Discussion

This study is devoted to the detection of alternative splicing and transcript pattern
within the polymorphic drug metabolizing cytochromes P450 CYP2B6 and CYP2DG6.
In the first part of this work a microarray sensitive for analysis of aberrant splicing
was developed and used for detection of splicing patterns within CYP2D6 in
comparison to the pseudogene CYP2D7. Within CYP2D6 the allele *41 explains the
IM phenotype by the enhanced skipping of exon 6. This was used as an example to
evaluate the developed splicing platform. In addition to the functional CYP2D6 mRNA
(including all exons), 13 variant transcripts are known for CYP2D6 and CYP2D7
(table 1). The microarray was used to clarify if allele specific, as well as gene and
pseudogene specific transcript patterns exist.

Within the second part of this work the splicing microarray was transferred to
CYP2B6. Variant splicing patterns around exon 4 could be observed, which lead to
the mechanistic investigation of the observed lower expression phenotype of allele
CYP2B6*6. The patterns of alternative splicing were studied in detail and the
molecular mechanism of the functional impairment allele*6 was clarified, solving a
long-existing and important pharmacogenetic problem (Hofmann et al., 2008; Zanger
et al., 2007; Zanger and Hofmann, 2008).
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4.1 Implementation of the microarray

To produce the microarrays, epoxy-coated slides, 3’-or 5-aminolink modified
oligonucleotides and a spotting buffer, which included DMSO were used. This buffer
was used as it produced uniform spot shapes, allowed long spotting rounds with low
evaporation rates at 54% humidity (Grimm et al., 2004). As it is known that there
might exist variations resulting from the spotting process, 4 different pins were used
and always three replicate spots were spotted with the same pin as suggested in a
previous publication (Grimm et al., 2004). Running duplicate or triplicate experiments
controlled reproducibility between hybridizations.

Overall reduced signals from exon 9 to 1 was seen, but could not be entirely
explained, as no difference in GC content, Tm or oligonucleotide length was present.
This trend was observed after hybridization of target DNA or cRNA generated by
PCR amplification or linear reverse transcription with a gene specific CYP2D6-T7
primer placed at the 3’end of exon 9. In the latter case the difference might be
explained by the preferential reverse transcription of the 3’end of the gene. But that
can't be the only explanation as the bias was also observed with target DNA
generated by conventional PCR. More likely, this bias within the signals may be due
to the incorporation of Cy3 or aminoallyl modified nucleotides during amplification or
transcription. Modified nucleotides are bigger compared to unmodified nucleotides,
which will be incorporated preferentially by the polymerase. This may lead to a bias
to more Cy3 molecules in the 5'end of the transcribed/ amplified gene and less
towards the 3’end.

So far unreported improvement of the protocol was the discovery that addition of
SDS in the hybridization buffer results in up to 4 times higher signal intensities and
no visible increase of background. It can be speculated that SDS enhances the
immobilization efficiency by reducing secondary structures, this way resulting in
better accessibility of the target to the probe. However it remains unclear how that
might occur mechanistically as both SDS and the oligonucleotides are negatively
charged.

The reproducibility is partial critical in the development of microarrays. Numerous
factors can affect the hybridization results, starting from manufacturing of the array,
the amplification of the labeled target DNA or RNA and different hybridization
efficiency depending on the used probes (Bodrossy, 2003). The current state of the
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art provides 5%-10% variations in signal among replicate array elements and 10-30%
variation among corresponding array elements on different self manufactured cDNA
microarrays for expression analysis (Stears et al., 2003; Yue et al., 2001). The
standard error of the developed splicing microarray between double or triplicate
experiments was between 0 and £16.8%. So the standard error was in the range as
reported for this technology. Reproducible and comparable results were achieved
with the designed splicing microarray. The whole spotting and hybridization process
was optimized with the result that the standard errors rarely exceeded 5% and never
exceeded 17%. High standard errors could be explained in most cases by dust
particles at the spot, or problems during the drying process after hybridization, which
led to misidentification of some spots. When this happened the spots were excluded.
The sensitivity limit of the developed microarray was determined at 5 ng target DNA
(corresponds to ~ 0.01 pmol) that is much better in comparison to published splicing
arrays (detection limit of 3 pmol) (Fehlbaum et al., 2005). The 30 times higher
sensitivity might be explained by the chosen narrow criteria of probe design, the
individual non automated design and validation of each probe. Furthermore it was
found that the usage of hybridization buffer including SDS showed up to 10 times
higher intensity values compared to standard hybridization buffers. The detection
limit was measured with Cy3-labelled target DNA. Usage of cRNA as target might
reduce the sensitivity slightly but the array can be considered as very sensitive.
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4.2 Platform for analysis of alternative splicing

Alternative splicing arrays are so far commercially based on two technology platforms
— the Affymetrix gene technology array based on 25 nt long exon probes and intron
control probes and the Agilent/ ExonHit platform with usage of exon and junction
probes based on 24 nt probes (Fehlbaum et al., 2005). Both are impressive platforms
including probes for all genes of the human genome or in the case of Agilent/
ExonHit for a huge number of genes.
Both systems are using a fixed probe length — what makes it impossible to design
probes with identical melting temperature, GC-content or which show no distracting
secondary structure (Cuperlovic-Culf et al., 2006). The low oligo length (24 and 25 nt)
compared to optimal length of exon probes (50-60 nt) and junction probes validated
by Castle et al. (35-40 nt) is possibly leading to low sensitivity (Castle et al., 2003;
Srinivasan et al., 2005). Affymetrix arrays try to compensate this by using multiple
probes and furthermore adding one mismatch probe for each probe. Developing an
alternative splicing array for CYP2D6, CYP2D7 and CYP2B6 optimal probe length
was used in this study between 29-51 nt closely to the guideline rules above.
Most publications focus on the exon boundaries only exon and/ or junction probes.
With this probe design mainly known splice forms or alternative cassette exons can
be detected (Johnson et al., 2003; Nagao et al., 2005; Fehlbaum et al., 2005;
Kapranov et al., 2002; Kampa et al., 2004). The selected probe design based on 5
different probes in this study enables the detection of theoretically over 70% of
alternative splicing events including cassette exons, intron retention and alternative 3’
or 5’prime sites (if more than 3 base pairs are exchanged) (Watahiki et al., 2004).
Recently it was described that junction probes are expected to bring specificity to
discriminate a mismatch of 3 base pairs like in NAGNAG insertion-deletions
(Fehlbaum et al., 2005).
It was previously reported that some junction probes are not informative due to
constitutive high or non-hybridization signal (Nagao et al., 2005). Within this study
this was observed with some junction probes. Changing the oligo-dT aminolink from
the 3’ to the 5’ end solved the problem in most cases. Probably because sterical
hindrance is minimized and specific hybridization is enhanced. It was mentioned
before that the design of junction probes should be improved, especially where splice
junctions are difficult to discriminate due to similarity between alternative exons, or
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other structures near the splice junctions (Srinivasan et al., 2005). In this study the
same problem of cross hybridization was observed for some probes and solved by
redesign of some junction, jump-junction and intron-exon probes by extending the
probe on one side, what increased the specificity (figure 7). This demonstrated the
importance of a non-automated probe design with subsequent evaluation.

To analyze the chosen probe set a new analysis method was developed and
evaluated. The data quantification is based on probe sets in which the intensity of
individual probes are compared by calculating the relative intensity |l between
different isoforms. This method allows comparing semiquantitatively the expression
levels of splice variants within one sample and in comparison of two samples.

Within the evaluation process known DNA fragments (either lacking or including
intron regions) were hybridized. After optimization and evaluation of the probes the
expected signals for the known fragments were achieved with high specificity and
sensitivity for both CYP2D6 and CYP2B6. During evaluation it demonstrated that the
developed splicing microarrays can discriminate if intronic regions are included or

sliced.
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4.3 Alternative splicing within CYP2D6

As the evaluation process with known DNA fragments showed high sensitivity and
specificity of the expected signals and low background, the next step was to test the
developed splicing microarrays with reverse transcribed and labelled RNA of
CYP2D6*1/*1 and CYP2D6*41/*41 samples. These two genotypes were chosen as it
had been previously shown in a recombinant approach as well as in genotyped liver
samples that the 2988G>A SNP, the key mutation of allele *41, leads to decreased
protein expression and activity due to enhanced alternative splicing (Raimundo et al.,
2004; Toscano et al., 2006). Samples genotyped positively for 2988G>A exhibit
decreased amounts of the normal transcript and substantially increased amounts of a
splice variant lacking the entire exon 6. This alternative transcript harbours a stop
codon at position 291 of the mature mRNA and can thus not contribute to functional
CYP2D6 protein. Thereby, the 2988G>A shifts the balance between the functional
and a non-functional splice product towards the non-functional variant (Toscano et
al., 2006). In contrast samples with *7 or *2 alleles expressed almost exclusively the
normal transcript.

The probe signals within CYP2D6*1/*1 wildtype samples showed the full functional
mMRNA transcript to be the most common one. Within samples *1/*1 all other signals
were below 15% compared to the highest signals, which were seen for the junction
probes. It is not known if the small signals in *1/*1 for exon-intron, intron-exon and
jump-junction probes, which were below 15% (compared to the signal intensity of the
junction probes) were achieved due to crossybridizations or might be explained as
high specific signals showing the percentage of biological noise, which occurs during
the highly complex splicing process. Therefore only signals higher than 20% were
regarded as indicators for potential aberrant splicing events.

Hybridizing samples genotyped positively for 2988G>A (CYP2D6*41) on the
CYP2D6 splicing microarray showed equal amounts of an alternative transcript with
skipping of exon 6 compared to the normal transcript. In contrast hybridized samples
carrying genotype CYP2D6*1 or *2 showed 5 times higher amounts for the functional
transcript compared to the splice variant lacking exon 6. This result reflects the
finding of Toscano et al. mentioned above and demonstrates the capacity of the
developed splicing microarray for studying exon skipping events (Toscano et al.,
2006).
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The transcript diversity monitored with the splicing platform in samples with genotype
CYP2D6*1/*1 or CYP2D6*2/*2 showed similar patterns and no increased alternative
splicing. Transcript patterns within the different alleles *7, *2 and *41 were
reproducible in different samples, thus demonstrating allele specific splicing patterns.
Studying the splicing patterns in the whole gene from exon 1-9 in detail it was
observed that additional transcript variants occurred at enhanced levels in RNA from
CYP2D6*41 carriers especially total or partial retention of intron 5 and 6. Intronic
retention seems to be doubled compared to *1 and was verified by sequencing. The
signal for intron 1 was increased but sequence verification failed in this case.
Interestingly all intronic splice variants were described before but were not noted to
be allele specific (table 1) (Gaedigk et al., 2005). As all observed splicing variants
were described before and were specially seen to be enhanced only in allele *41
samples, these results suggest indeed that allele *47 is associated with additional
splice variants.

RT-PCR splicing analysis is dependent on amplifiable regions and is limited by the
choice of the primers — the whole transcript diversity can only be studied with splicing
microarrays. Putting the result together the explanation of the *471 IM phenotype is
possible not only by the strongly enhanced transcript lacking exon 6 but also as a
sum of the whole transcript diversity within this allele. This might be either explained
by additional unknown intronic mutations linked to 2988G>A or by a multiple effect of
this mutation on alternative splicing.

The CYP2D6*4 allele is known to inactivate the splicing acceptor at the exon 4 and to
activate a new cryptic site one nucleotide downstream of the natural acceptor. This
leads to a premature termination codon (PTC) during transcription, which is known to
stop the translation process and to trigger nonsense mediated decay (NMD). NMD is
an RNA surveillance mechanism, which leads to degradation of the wrongly spliced
mRNA (Cartegni et al., 2002). After linear transcription and hybridization of CYP2D6
containing haplotype *4/*4 signals were too low for analysis in all but one sample. It
is possible that most of the CYP2D6 mRNA is degraded at the 3’ side due to NMD
and will be not linearly transcribed. For the sample showing analyzable hybridization
signals it was visible that within exon 1-4 normal splicing (highest signal for junction
probes) is most common and from there on introns 5-8 are fully or partially retained in
up to 50% of the transcripts. This cannot be explained by the *4 key mutation
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1846G>A in intron 3 but possibly by additional mutations within the various *4 alleles

(*4A-*4N), or so far unknown intronic mutations.

With the developed splicing microarray it was possible to verify the known splicing
events within CYP2D6. This confirmed the validity of the used probe design and
analysis method. Additionally it was seen that the transcript patterns are not only
defined by one or two transcripts per gene. Splicing is typically not an all or none
phenomenon (Gardina et al., 2006). Each well defined allele can have its own
splicing patterns. The sum of transcript isoforms and the amount of MmRNA
expression defines the phenotype. For splicing analysis and correct interpretation it is
important to genotype the gene and to assign the allele. It is possible that some of
the annotated transcripts belong to the biological noise, which is part of the complex

expression programs and as such may be functional unimportant.
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4.4 Gene and pseudogene specific splice detection of CYP2D6 and CYP2D7

A major problem for the interpretation of data from splicing microarrays is the
existence of pseudogenes. By looking at the selective array-probes in detail it is
apparent that in so far published splicing microarrays no attention was paid on
pseudogenes, especially for pseudogenes corresponding to drug metabolizing
enzymes and transporters. If no attention is being paid to pseudogenes (no gene
specific transcription or probes are used) the transcripts of the pseudogene would
hybridize to the gene probes (due to high homology). If an alternative splicing
variation from pseudogenes is annotated to its functional gene this can lead to
misinterpretation of the amount of mRNA transcripts and amounts of translated
protein. Therefore, one aim of this work was to develop gene/ pseudogene
differentiating microarray detection methods.

The highly polymorphic CYP2D gene locus contains the active CYP2D6 and two
pseudogenes CYP2D7 and CYP2D8. CYP2D8 has accumulated numerous
deleterious mutations and is non functional. CYP2D7 is expressed in liver at
comparable levels as CYP2D6 (Endrizzi et al., 2002). In comparison to CYP2D6,
CYP2D7 carries one single insertion at position 137 in exon 1 causing a PTC.
CYP2D7 shares 97% sequence homology to CYP2D6 (Heim and Meyer, 1992).

Both the CYP2D6 gene as well as the pseudogene CYP2D7 is alternatively spliced,
what complicates the study of CYP2D6. 13 different splicing transcripts were
described within CYP2D6 and CYP2D7 (table 1).

The here described splicing platform is the first where the transcripts of the gene and
the pseudogene can be monitored individually. This was achieved by using specially
designed gene specific primers including a 3'T7 promoter for linear reverse
transcription of cRNA. In addition the gene and pseudogene specific results were
achieved by applying a probe design specially adapted to the gene/ pseudogene
structures and special pseudogene probes were designed and added if possible.
Analyzing specific CYP2D7 cRNA it was visible that higher amounts of full or partial
intron 5 and 6 retention occurred within CYP2D7 compared to CYP2D6. This fits with
the findings from Gaedigk et al. (2005) who also found a high amount of intron
retention within CYP2D7 using a RT-PCR strategy. Transcripts with lack of exon 6
(found to be enhanced in IM allele *41) were never detected in CYP2D7. This
supports the finding that the exon 6 splicing event within CYP2D6*41 can be
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explained by the intron mutation 2988G>A. This mutation is not existent within the
CYP2D7 reference sequence. This observation further validated the specific
functionality of the developed microarray.
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4.5 Alternative splicing within CYP2B6

CYP2B6 is a polymorphic gene showing high variability in protein and activity (Lang
et al.,, 2001; Desta et al., 2007; Hofmann et al., 2008). Part of the variation is
associated to genotype. Following the discovery that CYP2B6 is the major enzyme
for oxidative metabolism of efavirenz (Ward et al., 2003), a number of
pharmacogenetics studies with HIV-infected individuals have convincingly shown that
homozygosity for CYP2B6*6 predicts elevated plasma levels of the drug and
increased risk for neurotoxicity (Tsuchiya et al., 2004; Haas, 2006; Owen et al., 2006;
Rotger et al., 2007; Telenti and Zanger, 2007). Homozygotes for the *6 allele express
only about 50% or less CYP2B6 protein in human liver microsomes, compared to
homozygotes of the reference *71 allele (Lang et al., 2001; Desta et al., 2007).
Microsomal activities towards suitable probe drugs were also found to be decreased
to similar extent as shown for S-mephenytoin N-demethylation (Lang et al., 2001), as
well as bupropion and efavirenz hydroxylation (Desta et al., 2007). Functional
analysis of recombinantly expressed variants of the involved amino acid variants
(Q172H, K262R, or both) revealed some controversial results. When expressed as
N-terminally modified enzyme in E. coli, 7-ethoxycoumarin O-deethylase activity of
the Q172H mutant (allele *9) did not follow Michaelis-Menten type kinetics but
displayed sigmoidal kinetics with increased turnover (Ariyoshi et al., 2001). In COS-1
cells the Q172H + K262R double variant expressed at normal levels compared to the
wild type but bupropione hydroxylation was catalyzed less efficiently (Rotger et al.,
2007; Jinno et al., 2003). So far the molecular mechanism behind *6 was not clarified.

Eight splice variants are known in the literature but allele specific transcript patterns
have not been studied yet. With the CYP2B6 splicing microarray it should be
investigated if the CYP2B6*6 phenotype might be connected to a different allele
specific transcript patterns compared to CYP2B6*1. The splicing platform, which
showed successful detection of aberrant splicing and detection of transcript patterns
within CYP2D6 and CYP2D7, was therefore transferred to CYP2B6. CYP2B6 was
long time neglected because of its low abundance of the total P450 liver enzymes
(about 4%). This was indeed problematic for the splicing platform as the signals of
hybridized samples of CYP2B6 cRNA were much lower and only in some samples
high enough to achieve useful results.
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Samples from patients with CYP2B6*6/*6 and *1/*1 genotype studied on the CYP2B6
splicing array showed indeed different hybridization pattern with enhanced lack of
exon 4 (SV8) and partial intron 3 retention (SV2-SV6). Aberrant splicing of partial
intron 3 (SV2-SV5) was the first alternative splicing observation made in CYP2B6 by
Miles et al. (1989). However the lack of exon 4 was never described before. Due to
these results achieved with the splicing array, RT-PCR analysis was performed and

confirms the new variant lacking exon 4 (SV7, table 4).

Table 4: Compilation of transcript variants of CYP2B6

name mRNA transcript description literature
Exon 1-9: mRNA transcript that
NP | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | corresponds to the reference cDNA cDNA: NM_000767
sequence
el. ex4 -6
SV1 | ! | 2 | 3 ] 7 | 8 | lack of exon 4-6 Lamba et al. 2003
SV2 | 3 | 3B: 130 bp of i3| 4 | inclusion of 130 bp of intron 3: Yamano et al. 1989
del. 29 bp of ex 4 exon 3B: 14698-14827 Miles et al. 1989
el. p of ex
SV3 | 3 | 3B | 4 | inclusion of exon 3B K/{?{namt) aelt 3119§99 8
lack of 29 bp of exon 4:15600-15629 es ctal
| | | | Yamano et al. 1989
3 3A:44 bpofi3 4 . . . Miles et al. 1989
Sv4 inclusion of exon 3A: 14698-14741 Zukunft et al. 2005
1. fex 4
del. 29 bpo/e X Yamano et al. 1989
3 3A:44 bp of i3 4 inclusion of exon 3A Miles et al. 1989
SV5
lack of 29 bp of exon 4: 15600-15629 | Lamba et al 2003
del. 32 bp gex 4
sve |3 [ ¢ | ack of 32 op in exon 4 Zukunft et. al. 2005
- [ 2] 3 [sobpofexons| 6 | 7 | lack of exon 4 o
only 50bp of exon 5: 17914-17963
[2]s[s]e[7]
SV8 lack of exon 4 new
AMP1 | > | intron 5 | 6 | 7 | 9 | inclusion of intron 5 Yamano et al. 1989
lack of exon 8 Miles et al. 1989
| 5 | 6 | 7 | A | 9 | inclusion of 58bp of intron 7 = exon Yamano ct al. 1989
AMPS8 8A:21567-21624 Miles et al. 1989
lack of exon 8
SV9 nn lack of exon 8 new

Shaded boxes represent exonic and white boxes intronic sequences. If possible, nomenclature
of spliced transcripts were used as described before (Lamba et al., 2003; Miles et al., 1989).
SV6 was newly designated and SV7 as well as SV8 are novel splice variants not described

before.
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Furthermore using RT-PCR it showed that the region between exon 3-7 produces a
hudge number of different alternative splice variants (table 4). A new splice variant
SV9 lacking exon 8 was observed by RT-PCR. This variant was not observed with
the junction probe from exon 7 to 9. A possible explanation for the unspecificity of
this junction probe might be unknown mutations within this region or a processing
error in setting up the spotting plate for the CYP2B6 microarray.

Additionally by RT-PCR the new splice variant SV8 and the previously described
splice variant SV1 were observed but both were missed by the CYP2B6 splicing
array. The splicing array observed lacking of exon 4 but not the SV1 lacking exon 4-6
or SV8 lacking exon 4 and partial exon 5 as with the used probe structure only
lacking of one but not 2 or 3 exons in a row could be detected. These results point
out that for further array development the probe selection should be adjusted by
adding additional jump-junction probes stretching from one exon to the third, fourth,

fifth and last exon.

Subsequent microarray experiments, confirmatory RT-PCR analysis and
quantification of products using the Agilent Bioanalyzer lead to an highly interesting
observation: the existence of a so far undetected allele specific bias was observed
(Hofmann et al., 2008). Most interesting it was found that the previously described
SV1 lacking exon 4-6 (Lamba et al., 2003) was strongly enhanced in samples with
genotype *6/*6 but hardly detectable in *1/*1 samples. The major transcript detected
in *1/*1 samples was the normal splice product whereas in *6/*6 samples it was the
SV1 variant (table 3 and figure 20). The oberserved splicing pattern of CYP2B6*1
compared to CYP2B6*6 lead to the idea that the reduced protein and activity

observed in previous studies might be explained due to alternative splicing.
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4.6 Elucidation of the mechanism behind CYP2B6*6

Analysis of existing protein expression data from a collection of 235 human liver
samples confirmed significantly reduced protein and activity in individuals with *6/*6
compared to *1/*1 genotype, as previously described for a smaller sample set (Desta
et al., 2007). Interestingly, the specific activity for bupropion hydroxylation was not
reduced in liver samples for *1/*6 and *6/*6 indicating that the amino acid changes do
not have major influence on enzyme activity as shown in the PhD thesis of
Blievernicht 2008 (Hofmann et al., 2008) (figure 34).

Based from the microarray analysis and subsequent RT-PCR analysis it was
speculated that the effect of enhanced alternative splicing should be visible by
reduced amount of full functional mRNA (NP), which would result in reduced protein
expression thus explaining the *6 phenotype. The CYP2B6 mRNA levels in the liver
sample collection were quantified with a previously developed TagMan assay
(Zukunft et al., 2005). The amount of mRNA levels in relation to genotype, revealed
significantly reduced levels for *6/*6 and for *1/*6. This result is in concordance with
the microarray and RT-PCR analysis (figure 22 and 34).
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Figure 34: Relationship between genotype and CYP2B6 protein expression, microsomal
bupropion (50 pM) hydroxylase activity or specific activity in human liver samples.
Blievernicht J.K. studied these results in her PhD thesis (2008).

A: Scatterplots depicting CYP2B6 protein expression derived from western blot analysis
shown in pmol/mg microsomal protein for various genotypes.

B: Microsomal bupropion (50 uM) hydroxylase activity as a marker for CYP2B6 activity in
relation to various genotypes.

C: Specific activity calculated as microsomal activity divided by specific CYP2B6 protein
content within each liver sample in relation to various genotypes. Some genotype groups are
not shown due to insufficient number of individuals. Statistical significance is indicated by

brackets pointing at the two groups compared by Mann-Whitney test.
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Surprisingly mRNA reduction was not described within CYP2B6*6/*6 in a previous
study (Hesse et al., 2004). Interestingly, comparing the TagMan assay used within
this study with the assay used by Hesse et al., it can be expected that the latter also
detects splice variant SV1, because they placed 7 hybridisation probes between
exons 1 to 4 (Hesse et al.,, 2004). This explains why no correlation was found
between genotype and transcript level in the former study.

In contrast to that the assay used within this study definitely does not detect SV1,
SV7 and SV8 as primer and probes are all placed within exon 4 and 5. Therefore the
amount of the mRNA corresponds to the normal product and thus correlates to

genotype (figure 35) (Hofmann et al., 2008).

G516T

Probe: CYP2BEMGR G714A c7 7AA785G
TQ-CYPZBGQr
| Exon 4 | Exon 5 | |
e

TO-CYP2B6rev

NP [1T2[314[5[6[7[81]29]

SV1 [ETNEANE NSRS

Figure 35: CYP2B6 mRNA quantification by specific TagMan real-time RT-PCR assays
The assay showed specificity for all mRNA transcripts which include exons 4 and 5: for
example NP; and no signal for transcripts lacking exon 4 or exon 4-6: SV1, SV7 and SVS.

Most common mutations within this region are included in the figure.

The CYP2B6 microarray results, the RT-PCR analysis as well as the mRNA
quantifications with the TagMan assay indicated that the reduced mRNA amount in
CYP2B6*6 might be explained by aberrant splicing. For mechanistic explanation the
key mutation inducing alternative splicing needs to be identified.

In a previous study from Lamba et al. several splice variants including one that
lacked sequence corresponding to exons 4, 5, and 6 were found in many of their liver
samples analyzed (Lamba et al., 2003). The presence of SNP ¢.516G>T in exon 4

and of g.15582C>T in intron 3 was found to correlate with the appearance of splice
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variant SV1. In silico analysis of splice sites suggested that mutation g.15582C>T
disrupts a cryptic splicing acceptor in intron 3 and ¢.516G>T in exon 4 may modulate
an exonic splicing enhancer. Phenotypic changes were however not unequivocally
related to one or the other SNP (Lamba et al., 2003). In this study genotyping of
g.15582C>T and correlation analysis with existing mRNA, protein and activity data
could not confirm an association between g.15582C>T and hepatic phenotype
(figure23). RT-PCR analysis of samples carrying this SNP compared to non-carriers
did not reveal any different levels of SV1 (see figure 24).

It seemed as if the splicing acceptors of exon 4 and exon 5 are extremly weak and
might be influenced by mutations in the near area. Because the *6 allele includes the
two non-synonymous SNPs in exon 4 and exon 5 and possibly additional unknown
SNPs in intronic regions, a recombinant minigene approach was applied to
unequivocally identify the causal mutation(s) leading to enhanced alternative splicing.
The minigenes were constructed to include the entire CYP2B6 coding region and
most of the intronic regions in order to allow analysis not only at the mRNA level but
also at the protein and activity level. Indeed, transfection of two different mammalian
cell lines resulted in full-length CYP2B6 protein, which was functionally active. These
constructs, which differed in only one or two (only for the [*6] construct) mutations,
resulted in strikingly different phenotypes with consistent changes at all levels of
gene expression. Whereas the construct representing the *4 allele resulted in
essentially unchanged gene expression, the constructs with the ¢.516G>T mutation,
representing alleles *9 and *6, resulted in high levels of SV1, low levels of normal
splice product, low protein levels and low enzyme activity.

These results were only apparent when the plasmids were diluted with control
plasmid at least 1000-fold. Transfections of higher concentrations of the plasmids
resulted in additional alternative spliced transcripts and reduced amount of the NP.
Within a single cell only a limited amount of proteins and snRNPs are available which
can be used to build up the multicomponent ribonucleoprotein complex — the
splicosome, which is responsible for correct recognizing the splicing acceptor and
donor (for example SR-proteins). It can be speculated that transfected cells might
overexpress minigene-derived pre-mRNA to such an extent that splicing cannot be
properly performed due to limiting amounts of splicing factors. Indeed, at 1000-fold
dilution the mRNA patterns of transfected cells corresponded well to those in human
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liver samples of the same genotype. Mechanism of the CYP2D6*41 allele had been
investigated with a similar minigene approach, but to this time no dilution of minigene
was perfromed (Toscano et al., 2006). Within this study also enhanced levels of
aberrant splice products were observed in transfected cells. The additional
transcripts were independent of the genotype. Summarizing the above it can be said
that, for studying splicing in cell systems the amount of transfected minigene needs
to be highly reduced, compared to concentrations, which are commonly used in
expression experiments.

It should be added that the effect of the single mutation was even stronger than
expected, as it exceeded the changes in expression in liver. A possible explanation
of this might be that under in vivo conditions in the liver, the penetrance of alternative

splicing effects is less than under cell culture conditions.
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4.7 In silico analyis and evolutionary considerations of alternative splicing
In silico analysis using the ESE finder (Cartegni et al., 2003; Smith et al., 2006)

showed that the presence of c.516G>T in 2B6*6 is predicted to change the scores for
binding of certain splice factors to ESE consensus sequences (figure 33) (Zanger
and Hofmann, 2008). This probably results in the modulation of splicing events in
favour of an alternative process that results in the observed splice variant lacking
exons 4, 5 and 6. However involvement of these splicing factors in determining
alternative splicing of CYP2B6 remains speculative, as their precise functions can not
yet be predicted and additionally from this model it can not be read out why three and
not only one exon is skipped. It can be speculated that in addition so far unknown
intronic mutations might exist within intron 6. All approaches used in this study sum
up to the conclusion that the exon 4 SNP c.516G>T leads to lower CYP2B6
expression via quantitative modulation of splicing through skipping of exon 4-6.
Finally, evolutionary considerations revealed some interesting aspects. There is
evidence that CYP2B6 and the CYP2B7 pseudogene are derived from a gene
duplication event (Hoffman et al., 2001; Wang et al., 2003a) interestingly the key
mutations defining CYP2B6*6 (i.e. ¢.516G>T and c.785A>G) are both present on the
reference sequence of CYP2B7 (haplotype TG) whereas the orthologous rodent
genes CYP2B1/2 and cyp2b9/10 correspond to the GG haplotype. Although no
polymorphism data are available for CYP2B7 it can be supposed that CYP2B7 is
invariable at these two positions, i.e. of “*6” genotype. This would mean that the
original CYP2B6 gene derived from 2B7 by gene duplication was the CYP2B6*6
allele and that today’s CYP2B6 *1 was formed by sequential point mutations. It would
be interesting for future investigations to study splicing of the pseudogene CYP2B7,
either in vitro using cell culture or using human lung tissue in which expression of
CYP2B7 was reported (Gonzalez et al., 1992) and to analyze if there exist similar
splicing patterns as in CYP2B6*6. It should be noted that the hypothesis that today’s
CYP2B6*1 was formed after gene duplication by sequential point mutations
corresponds very well with previous observation from Zukunft et al. (2005) who
showed that the key mutation for *22 (-82T>C) in the promoter region can be found in
the pseudogene CYP2B7, the murine cyp2b9/10 and chimpanzee orthologous gene
CYP2Bch.

The allele *7 codes for an enzyme with higher enzyme activity which might be
advantageous it allows more rapid detoxification and clearance of xenobiotics.
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The observed complicated splicing patterns certainly increase the variability of
CYP2B6 which is probably an advantage in some circumstances. Dependent on the
xenobiotics the human exposes himself; it is either advantage or disadvantage to
have a higher or lower CYP2B6 enzyme activity. It remains unknown whether the
pronounced aberrant splicing observed in a very common human allele has been - or

still is - a target for evolutionary selection.
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5 Conclusion

The goal of this project was the development of a microarray platform to detect and
further investigate alternative splicing variants in human liver tissue. First a
microarray platform was developed for detection of splicing patterns in the drug
metabolizing cytochrome P450 enzyme CYP2D6 and in the pseudogene CYP2D7.
The systematic probe design and optimization of all steps from microarray production
to hybridization lead to a sensitivity limit 100 fold better compared to described
splicing arrays. The assay enabled the detection of known CYP2D6 splicing variants
and specific splicing patterns were monitored for the most common CYP2D6 alleles
*1, *2, *4 and *41. Semi-quantitative data analysis was possible with a new data
quantification method developed for the used alternative probe set. This is the first
described array platform which can distinguish between gene and of the highly
similar pseudogene. This microarray proved to be a valuable tool for studying
alternative splicing and in future it will be interesting to use this tool in different tissue
types.

The platform was adaptable to other genes as shown for the second gene CYP2B6.
Within this gene different allele specific splicing patterns were visible with the splicing
platform comparing allele *1/*1 with *6/*6. This result was verified by comprehensive
RT-PCR analysis and this way three new splice variants (SV7, SV8 and SV9) were
found in CYP2B6. This lead to the assumption that alternative splicing might explain
the molecular mechanism of CYP2B6*6 with decreased expression and function in

human liver.

With a molecular approach using recombinant minigenes the mechanism of allele
CYP2B6*6 showing reduced function, was clarified. Data clearly establish that, first,
the exon 4 SNP ¢.516G>T, one of the two linked non-synonymous polymorphisms in
the allele*6 is the causal mutation finally leading to reduced function; second, that
this mutation is responsible for aberrant splicing resulting in a major splice variant
that lacks the region including exons 4 to 6 and the introns in between; and third that
this results in severely reduced levels of functional full-length mRNA transcript,
protein and activity. This is an important finding because the SNP ¢.516G>T can now

be reliably used in pharmacogenetic studies in various clinical settings including
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prediction of drug plasma concentration, toxicity, drug effectiveness and dose
adjustment as in the cause of the anti-HIV drug efavirenz.

In conclusion, single nucleotide polymorphisms that lead to aberrant splicing are very
common among drug metabolizing cytochromes P450 enzymes. Therefore, aberrant
splicing can be regarded as a major mechanism of polymorphic expression of drug
metabolizing cytochromes P450. In these gene family alelle specific splicing should
be studied in more detail using specific microarry platforms as described in this study
and recombinant minigenes to find the causal mutation for alternative splicing

variants.
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6 Appendix

6.1 Probes used for the splicing microarray

Table 1: Specific probes which were used for fabrication of splicing microarrays.

Column 1: Name of the probes; column 2: their specificity either for CYP2D6, CYP2B6 or its

pseudogenes CYP2D7 or CYP2B7; column 3 and 4: position of the probes; column 5: probe

sequence with additional 15 thymidine spacer; column 6: modification to bind the

oligonucleotide probe on the epoxy surface of the microarray slides.

Name Specificity | From 3' | To 5' Sequence 3'-5' Modification
H041012- | CYP2D6/7 | UTR Exon 1 | tttttttttttttttggtcacgcgcetc | C6-Aminolink
004-E10 ggtgtgctgagagtgtcctgec
t
H041012- | CYP2D6 Exon1 | Exon 1 | tttttttttttttttaggtgtgtccag | C6-Aminolink
004-F10 aggagcccatttggtagtgag
gcaggtatggggctaga
H041012- | CYP2D7 Exon1 | Exon 1 | tttttttttttttttaggtgtgtccag | C6-Aminolink
004-G10 aggagcccagttggtagtga
ggcagccatggggctaga
H041012- | CYP2D6 Exon1 | Exon 1 | tttttttttttttttggtagtgaggca | C6-Aminolink
004-H10 ggtatggggctagaagcact
ggtgcccectgg
H041012- | CYP2D7 Exon1 | Exon 1 | tttttttttttttttggtagtgaggca | C6-Aminolink
004-A11 gccatggggctagaagcact
ggtgcccectgg
H041012- | CYP2D6/7 | Exon 1 | Exon 1 | tttttttttttttttgctgcatgtgga | C6-Aminolink
004-B11 cttccagaacacaccatactg
cttcgaccag
H041012- | CYP2D6/7 | Exon 1 | Intron 1 | tttttttttttttttccatactgcttcg | C6-Aminolink
004-C11 accaggtgagggaggaggt
cctgga
H041012- | CYP2D6/7 | Exon 1 | Exon 3 | tttttttttttttttaccatactgcttc | C6-Aminolink
004-D11 gaccaggggtgttcctggege
gc
H041012- | CYP2D6/7 | Exon 1 | Exon 2 | tttttttttttttttcatactgcttcga | C6-Aminolink
004-E11 ccagttgcggcegcecgcttcgg
H041012- | CYP2D6/7 | Intron 1 | Exon 2 | tttttttttttttttctgaccctcectc | C6-Aminolink
004-F11 tgcasttgcggcegecgcttcg
99
H041012- | CYP2D6 Exon 2 | Exon 2 | tttttttttttttttctgtgcccatcac | C6-Aminolink
004-G11 ccagatcctgggtttygggcc
H041012- | CYP2D7 Exon 2 | Exon 2 | tttttttttttttttctgcgecccatcta | C6-Aminolink
004-H11 ccaggtcctgggcttcgggec
H041012- | CYP2D6/7 | Exon 2 | Exon 2 | tttttttttttttttctggacgccggt | C6-Aminolink
004-A12 ggtcgtgctcaatgggctg
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Name Specificity | From 3' | To 5' Sequence 3'-5' Modification
H041012- | CYP2D6 Exon 2 | Exon 2 | tttttttttttttttgccgettcgggg | C6-Aminolink
004-B12 acgtgttcagcctgcagct
H041012- | CYP2D6 Exon 2 | Intron 2 | tttttttttttttttggcecgegttcce | C6-Aminolink
004-C12 aaggcaagcagcggtgg
H041012- | CYP2D7 Exon 2 | Intron 2 | tttttttttttttttggccgegttcce | C6-Aminolink
004-D12 aaggcaagcggeggtgg
Platte 1- CYP2D6/7 | Exon2 | Exon 3 | tttttttttttttttgggccgegttce | C6-Aminolink
F12 caaggggtgttcctggeg
H041012- | CYP2D6/7 | Exon 2 | Exon 4 | ttttttttttttttttygggccgegttc | C6-Aminolink
004-E12 ccaaggacssccctttygccc

y
H041012- | CYP2D6 Intron 2 | Exon 3 | cgtcccacccccaggggtgtt | C7-Aminolink
004-F12- cctggcgcegctattttttttttttttt
inver
H041012- | CYP2D7 Intron 2 | Exon 3 | tttttttttttttttcgtcccgeceee | C6-Aminolink
004-H12 aggggtgttcctggcgcegcta
H041012- | CYP2D6/7 | Exon 3 | Exon 3 | tttttttttttttttcgctatgggece | C6-Aminolink
005-A01 gcgtggcgcgagcagagg
H041012- | CYP2D6/7 | Exon 3 | Exon 3 | tttttttttttttttrtstccaccttgeg | C6-Aminolink
005-B01 caacttgggcctgggcaaga

agtcg
H041012- | CYP2D6/7 | Exon 3 | Exon 3 | tttttttttttttttaggaggcygcect | C6-Aminolink
005-C01 gcctttgtgecgcecttcgec
H041012- | CYP2D6/7 | Exon 3 | Intron 3 | tttttttttttttttccttcgccracca | C6-Aminolink
005-D01 mkcyrgtgggtgatgggcag

aa
H041012- | CYP2D6/7 | Exon 3 | Exon 5 | tttttttttttttttgccttcgecrace | C6-Aminolink
005-E01 amkcyrgtgctgaatgctgtc

cc
H041012- | CYP2D6/7 | Exon 3 | Exon 4 | tttttttttttttttccticgccracca | C6-Aminolink
005-F01 ctcyrgacgcccctttygec
H041012- | CYP2D6/7 | Intron 3 | Exon 4 | tttttttttttttttgcatctcccacc | C6-Aminolink
005-HO1 cccargacssccctttygecc
H041012- | CYP2D6/7 | Exon 4 | Exon4 | ttttttttttttttttttygccccaacg | C6-Aminolink
005-A02 gyctcttggacaaagccgtga

gcaacgt
H041012- | CYP2D6/7 | Exon 4 | Exon 4 | tttttttttttttttgcctcectcacct | C6-Aminolink
005-C02 gcgggcegcecgcttcgagtac

gacgaccct
H041012- | CYP2D6/7 | Exon 4 | Exon 4 | tttttttttttttttcrcttcctcaggcet | C6-Aminolink
005-D02 gctggacctagctcaggaggr

ayygaaggaggagt
Platte2- CYP2D6 Exon 4 | Intron 4 | tttttttttttttttctttctgcgecgag | C6-Aminolink
EO02 gtgcggagcgagagac
H041012- | CYP2D7 Exon 4 | Intron 4 | tttttttttttttttagtcgggcttcct | C6-Aminolink
005-F02 gcgcgaggtgcggagceaag

ggtc
H041012- | CYP2D6 Exon4 | Exon 6 | tttttttttttttttgtcgggctttctge | C6-Aminolink
005-G02 gcgaggccaaggggaaccc
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Name Specificity | From 3' | To 5' Sequence 3'-5' Modification

tgaga
H041012- | CYP2D7 Exon4 | Exon 6 | tttttttttttttttgtcgggcttcctg | C6-Aminolink
005-H02 cgcgaggccaaggggagcec

ctgaga
Platte2- CYP2D6/7 | Exon4 | Exon S | tttttttttttttttcttyctgcgecgag | C6-Aminolink
AO03 gtgctgaatgctgtcceeg
H041012- | CYP2D6/7 | Exon4 | Exon 5 | tttttttttttttttgtcgggcttyctg | C6-Aminolink
005-A03 cgcgaggtgctgaatgcetgtc

cce
H041012- | CYP2D6/7 | Intron 4 | Exon 5 | tttttttttttttttcccegttctgtetg | C6-Aminolink
005-B03 gtgtaggtgctgaatgctgtcc

ccg
H041012- | CYP2D6/7 | Exon 5 | Exon 5 | tttttttttttttttagcgytgkctgg | C6-Aminolink
005-C03 caaggtcctacgcttccaaaa

ggctttcctgac
H041012- | CYP2D6/7 | Exon S | Exon 5 | ttttttttttttttttgagcacaggat | C6-Aminolink
005-D03 gacctgggacccagcccagce

cm
H041012- | CYP2D6/7 | Exon S | Exon 5 | tttttttttttttttmccccgagace | C6-Aminolink
005-G03 tgactgaggccttcctggcag

agatggagaag
H041012- | CYP2D6/7 | Exon S | Intron 5 | tttttttttttttttcctggcagagat | C6-Aminolink
005-B04 ggagaaggtgagagtggctg

ccacggtg
Platte2- CYP2D6/7 |Exon5 | Exon7 | tttttttttttttttcctggcagagat | C6-Aminolink
EO3 ggagaaggccgtgtccaaca

ggagatc
H041012- | CYP2D6/7 | Exon 5 | Exon 6 | ttttttttttttttttcctggcagaga | C6-Aminolink
005-F04 tggagaaggccaaggggar

ccctgag
H041012- | CYP2D6 Intron 5 | Exon 6 | tttttttttttttttgctctcggecctg | C6-Aminolink
005-HO4 ctcaggccaaggggaaccct

gag
H041012- | CYP2D7 Intron 5 | Exon 6 | tttttttttttttttcctctcggeectg | C6-Aminolink
005-A05 ctcaggccaaggggagcecct

gag
H041012- | CYP2D6/7 | Exon 6 | Exon 6 | tttttttttttttttaggggarccctg | C6-Aminolink
005-B05 agagcagcttcaatgatgag

aacctgygcmtagtgg
H041012- | CYP2D6 Exon 6 | Exon 6 | ttttttttttttttttgacctgttctctg | C6-Aminolink
005-C05 ccgggatggtgaccacctcg

acca
H041012- | CYP2D7 Exon 6 | Exon 6 | ttttttttttttttttaacctgttccttg | C6-Aminolink
005-D05 ccgggatggtgaccaccttga

cca
H041012- | CYP2D6/7 | Exon 6 | Exon 6 | tttttttttttttttcctggggcectect | C6-Aminolink
005-E05 gctcatgatcctacmycyrga

tgtgcagc
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H041012- | CYP2D6 Exon 6 | Intron 6 | tttttttttttttttctacmtcyrgat | C6-Aminolink
005-F05 gtgcagcstgagcccatctgg

gaaacagt
H041012- | CYP2D7 Exon 6 | Intron 6 | tttttttttttttttctacacctggatg | C6-Aminolink
005-G05 tgcagcgtgagcccagetgg

ggcccaag
H041012- | CYP2D6/7 | Exon 6 | Exon 7 | tttttttttttttttctacmtcyrgat | C6-Aminolink
005-HO05 gtgcagcggaacgacactca

tcacc
H041012- | CYP2D6 Exon 6 | Exon7 | ttttttttttttttttacmtcyrgatgt | C6-Aminolink
005-A06 gcagcgccgtgtccaacagg

aga
H041012- | CYP2D7 Exon 6 | Exon7 | ttttttttttttttttacacctggatgt | C6-Aminolink
005-B06 gcagctccgtgtccaacagg

aga
H041012- | CYP2D6/7 | Exon7 | Exon7 | tttttttttttttttcaacaggagat | C6-Aminolink
005-D06 cgacgacrtgatagggcagg

tgsggcga
H041012- | CYP2D6/7 | Exon7 | Exon 7 | tttttttttttttttgatgggtgacca | C6-Aminolink
005-E06 ggctcacatgccctacaccac

tgccgtgatt
H041012- | CYP2D6/7 | Exon7 | Exon 7 | tttttttttttttttgacccatatgac | C6-Aminolink
005-F06 atcccrtgacatcgaagtaca

gggcttccgcatcccta
H041012- | CYP2D6/7 | Exon 7 | Intron 7 | tttttttttttttttgcttccgecatcce | C6-Aminolink
005-G06 taaggtaggcctggcegeccte

c
H041012- | CYP2D6/7 | Intron 6 | Exon 7 | ggggacgcatgtctgtccagg | C7-Aminolink
005-HO6- ccgtgtccaacaggagatcttt
inver tetttttttttt
Platte2- CYP2D6/7 |Exon7 | Exon9 | tttttttttttttttttccgcatcccta | C6-Aminolink
HO6 aggccgccgtgcatgect
H041012- | CYP2D6/7 | Exon7 | Exon 8 | tttttttttttttttcagggcttccge | C6-Aminolink
005-A07 atccctaagggaacgacact

catcaccaa
H041012- | CYP2D6/7 | Intron 7 | Exon 8 | tttttttttttttttaccctgcatctyc | C6-Aminolink
005-B07 tgcccagggaacgacactca

tcacc
H041012- | CYP2D6/7 | Exon 8 | Exon 8 | tttttttttttttttttcctgecttictca | C6-Aminolink
005-C07 gcaggtgcctgtggggagcec

cg
H041012- | CYP2D6/7 | Exon 8 | Exon 8 | tttttttttttttttccgtctggraga | C6-Aminolink
005-D07 agcccttccgcttccaccceces

aa
H041012- | CYP2D6/7 | Exon 8 | Exon 8 | tttttttttttttttcyggatgcccag | C6-Aminolink
005-E07 ggccactttgtgaagccggag

gc
H041012- | CYP2D6/7 | Exon 8 | Intron 8 | tttttttttttttttttcctgecttictca | C6-Aminolink
005-F07 gcaggtgcctgtggggagcece

cg
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H041012- | CYP2D6/7 | Exon 8 | Exon 9 | tttttttttttttttcctgectttctcag | C6-Aminolink
005-G07 caggccrccgtgcatgcectc
H041012- | CYP2D6/7 | Intron 8 | Exon 9 | tttttttttttttttctccecteccccac | C6-Aminolink
005-HO7 aggccrccgtgcatgcct
H041012- | CYP2D6/7 | Exon 9 | Exon 9 | ttttttttttttttttcggggagecce | C6-Aminolink
005-A08 tggcccgceatggagctcettect
ctt
H041012- | CYP2D6 exon9 | Exon 9 | tttttttttttttttcagccaccatgg | C6-Aminolink
005-B08 tgtctttgctttcctggtgascee
atccccctat
H041012- | CYP2D7 Exon 9 | Exon 9 | tttttttttttttttcagccactctegt | C6-Aminolink
005-C08 gtcgtcagctttctggtgaccce
catccccctac
H041012- | CYP2D6/7 | Exon 9 | Exon 9 | tttttttttttttttcccgctagaatg | C6-Aminolink
005-D08 gggtacctagtccccagectg
ctccctagccagaggcet
H041012- | CYP2D6/7 | Exon9 | UTR tttttttttttttttaaagcaatgtgg | C6-Aminolink
005-E08 tagttccaactcgggtcccctg
ctcacg
Platte 1- CYP2B6 UTR Exon 1 | agggcagtcagaccaggac | C7-Aminolink
A01 catggaactcagcgtcctcctc
tetttttttttttttt
H041012- | CYP2B6/7 | Exon 1 | Exon 1 | ttttttttttttttttcctectettcettg | C6-Aminolink
004-C01 cactcctcacaggmctcttget
actcctggttcwgy
H041012- | CYP2B6 Exon1 | Exon 1 | tttttttttttttttgactcttgctactc | C6-Aminolink
004-DO01 ctggttcwgygccaccctaac
acccatgaccgc
H041012- | CYP2B6 Exon1 | Exon 1 | tttttttttttttttggaaaccttctge | C6-Aminolink
004-F01 agrtggatagaagaggccta
ctcaaatcctttctgagg
H041012- | CYP2B6/7 | Intron 1 | Exon 1 | tttttttttttttttggcctactcaaat | C6-Aminolink
004-HO1 cctttctgagggtaagacaca
gacgaatggggtctg
Platte 1- CYP2B6 Exon 1 | Intron 1 | tttttttttttttttctcaaatcectttct | C6-Aminolink
HO1 gagggtaagacacagacga
atggggtct
Platte 1- CYP2B6 Exon 1 | Exon 3 | cctactcaaatcctttctgagg | C7-Aminolink
A02 gcatgctctttgccaatggaaa
cttttttttttttttt
H041012- | CYP2B6 Exon 1 | Exon 2 | tttttttttttttttaggcctactcaa | C6-Aminolink
004-C02 atcctttctgaggttccgagag
aaatatggggacgt
H041012- | CYP2B6/7 | Intron 1 | Exon 2 | tttttttttttttttccctggtgtggat | C6-Aminolink
004-D02 gtgattggcagttccgagaga
aatatggggacgt
H041012- | CYP2B6/7 | Exon 2 | Exon 2 | tttttttttttttttttccgagagaaa | C6-Aminolink
004-E02 tatggggacgtcttcacggtac

acctgggaccsagg
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H041012- | CYP2B6/7 | Exon 2 | Exon 2 | tttttttttttttttcccgtggtcatge | C6-Aminolink
004-F02 tgtgtggagtagaggccatac

gg9agg
H041012- | CYP2B6 Exon 2 | Exon 2 | tttttttttttttttggggaaaaatc | C6-Aminolink
004-G02 gccatggtcgacccattcttce

ggggatatg
H041012- | CYP2B6 Exon 2 | Intron 2 | tttttttttttttttcccattcticcgg | C6-Aminolink
004-A03 ggatatggtgagagcctcag

aggcactggg
H041012- | CYP2B6 Exon 2 | Exon 4 | tttttttttttttttccattcttccggg | C6-Aminolink
004-C03 gatatggggccctcatggacc

ccac
H041012- | CYP2B6 Exon 2 | Exon 3 | tttttttttttttttcccattcttccgg | C6-Aminolink
004-E03 ggatatggtgtgatctttgcca

atgg
H041012- | CYP2B6 Intron 2 | Exon 3 | tttttttttttttttcacacctccect | C6-Aminolink
004-G03 gcaccccaggtgtgatctttge

caatg
H041012- | 2B6/7 Exon 3 | Exon 3 | tttttttttttttttgccaatggaaa | C6-Aminolink
004-A04 ccgctggaaggtgcettcggeg

attctctgt
H041012- | CYP2B6/7 | Exon 3 | Exon 3 | tttttttttttttttgacttcgggatg | C6-Aminolink
004-B04 ggaragcrgagtgtggagga

gcggatt
H041012- | CYP2B6/7 | Exon 3 | Exon 3 | tttttttttttttttggattcaggagg | C6-Aminolink
004-C04 asgctcagtgtctgatagagg

arcttcggaaatccaagg
P1-tube CYP2B6/7 | Exon 3 | Intron 4 | tttttttttttttttgarcttcggaaat | C6-Aminolink

ccaagggtgagtcctgggrg

ayga
H041012- | CYP2B6/7 | Exon 3 | Exon 5 | tttttttttttttttggarcttcggaa | C6-Aminolink
004-D04 atccaaggctgtttgagctcttc

tctgg
Platte 1- CYP2B6 Exon 3 | Exon 4 | gcttcggaaatccaaggggg | C7-Aminolink
EO4 ccctcatggacccctttttttttttt

ttt
H041012- | CYP2B6 Intron 3 | Exon 4 | tttttttttttttitgayctgctgcettct | C6-Aminolink
004-G04 tcctaggggccctcatggacc

cca
H041012- | CYP2B6/7 | Exon4 | Exon 4 | tttttttttttttttrggcectertgga | C6-Aminolink
004-A05 ccccaccttectcttccaktcca

ttaccg
H041012- | CYP2B6/7 | Exon4 | Exon 4 | tttttttttttttttcatcatctgctcc | C6-Aminolink
004-B05 atcrtctttggaaaacgmttcc

actaccaagatcaaga
H041012- | CYP2B6 Exon 4 | Exon 4 | tttttttttttttttctgaacttgttcta | C6-Aminolink
004-C05 ccagactttttcactcatcagct

ctgtattcggccag
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H041012- | CYP2B6 Exon 4 | Intron 4 | tttttttttttttttagctctgtattcg | C6-Aminolink
004-E05 gccaggtcagggagacgga

gaggga
H041012- | CYP2B6 Exon4 | Exon 6 | ttttttttttttttttcagctctgtattc | C6-Aminolink
004-G05 ggccaggagaaatccaacg

cacaca
Platte 1- CYP2B6 Exon4 | Exon 5 | cagctctgtattcggccagetg | C7-Aminolink
AO6 tttgagctcttctctggtttttttttttt

ttt
H041012- | CYP2B6/7 | Intron4 | Exon 5 | tttttttttttttttccaccccttctttc | C6-Aminolink
004-C06 ttgcagctgtttgagctcttctct

99
H041012- | CYP2B6/7 | Exon 5 | Exon 5 | tttttttttttttttctgtitgagctcttc | C6-Aminolink
004-D06 tctggcttcttgaaatactttcct

ggggcacacagg
H041012- | CYP2B6/7 | Exon S | Exon 5 | tttttttttttttttcacagtgtggag | C7-Aminolink
004-E06 aagcaccgtgaaaccctgga

ccecag
H041012- | CYP2B6/7 | Exon 5 | Exon 5 | tttttttttttttttcccccarggace | C6-Aminolink
004-F06 tcatcgacacctacctgctcca

catggaaaaa
H041012- | CYP2B6/7 | Exon 5 | Intron 5 | ttttttttttttttttacctgctccaca | C6-Aminolink
004-G06 tggaaaaagtggggtctggg

agagga
H041012- | CYP2B6/7 | Exon 5 | Exon 7 | tttttttttttttttacctacctgctcc | C6-Aminolink
004-HO06 acatggaaaaaagagagtct

acagggagattgaacagg
H041012- | CYP2B6/7 | Exon 5 | Exon 6 | tttttttttttttttcctacctgctcca | C6-Aminolink
004-A07 catggaaaaaagagaaatc

caacscacacagtg
H041012- | CYP2B6 Intron 5 | Exon 6 | tttttttttttttttttccttcectactgt | C6-Aminolink
004-B07 ggacgcaggagaaatccaa

cgcacaca
H041012- | CYP2B6 Exon 6 | Exon 6 | tttttttttttttttaattcagccacc | C6-Aminolink
004-D0O7 agaacctcaacctcaacacg

ctctcgctcttctttg
H041012- | CYP2B6/7 | Exon 6 | Exon 6 | tttttttttttttttcctcawemtca | C6-Aminolink
004-F07 acacgctctcgctcttctttgctg

gcactgaga
H041012- | CYP2B6/7 | Exon 6 | Exon 6 | tttttttttttttttcactctccgctac | C6-Aminolink
004-G0O7 ggcttcctgctcatgctcaaat

accctcatgtygcar
H041012- | CYP2B6/7 | Exon 6 | Intron 6 | tttttttttttttttaataccctcatgt | C6-Aminolink
004-HO7 ygcargtgggccagggacag

cca
H041012- | CYP2B6/7 | Exon 6 | Exon 8 | ttttttttttttttttgctcaaataccc | C6-Aminolink
004-A08 tcatgtygcargacacagaag

tatttctcawcctgag
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H041012- | CYP2B6/7 | Exon 6 | Exon 7 | ttttttttttttttttgctcaaataccc | C6-Aminolink
004-B08 tcatgtygcaragagagtctac
agggagattgaacag
H041012- | CYP2B6/7 | Intron 6 | Exon 7 | tttttttttttttttttcattggtcttcttt | C6-Aminolink
004-C08 tctgtacagagagagtctaca
gggagattgaacag
H041012- | CYP2B6/7 | Exon7 | Exon7 | tttttttttttttttagagagtctaca | C6-Aminolink
004-D08 gggagattgaacaggtgattg
gcccacatcgccct
H041012- | CYP2B6/7 | Exon7 | Exon 7 | tttttttttttttttgagcttcatgacc | C6-Aminolink
004-E08 gagccaaaatgccatacaca
gaggcagtcatctatgag
H041012- | CYP2B6/7 | Exon7 | Exon 7 | tttttttttttttttcattgtcacccaa | C6-Aminolink
004-F08 cacaccagcttccgagggta
catcatccccaag
H041012- | CYP2B6/7 | Exon7 | Intron 7 | tttttttttttttttcgagggtacatc | C6-Aminolink
004-G08 atccccaaggtaagaccggce
tggaacc
H041012- | CYP2B6/7 | Exon7 | Exon 9 | tttttttttttttttgagggtacatca | C6-Aminolink
004-HO08 tccccaagggaagcggatttg
tcttggtg
H041012- | CYP2B6/7 | Exon7 | Exon 8 | tttttttttttttttgcttccgagggt | C6-Aminolink
004-A09 acatcatccccaaggacaca
gaagtatttctcawcctg
H041012- | CYP2B6/7 | Intron 7 | Exon 8 | ttttttttttttttttcttttgatctigtg | C6-Aminolink
004-B09 atcctccctcaggacacaga
agtatttctcawcctg
H041012- | 2B6/7 Exon 8 | Exon 8 | tttttttttttttttgacacagaagt | C6-Aminolink
004-C09 atttctcawcctgagcactgct
ctccatgacccacactac
H041012- | 2B6/7 Exon 8 | Exon 8 | ttttttttttttttttgaaaaaccag | C6-Aminolink
004-D09 acgccttcaatcctgaccacttt
ctggatgccaat
H041012- | 2B6/7 Exon 8 | Exon 8 | tttttttttttttttatgccaatgggg | C6-Aminolink
004-E09 cactgaaaaagactgaagcitt
ttatccccttctccttag
H041012- | 2B6/7 Exon8 | Intron 8 | tttttttttttttttgcttttatccecttc | C6-Aminolink
004-F09 tccttaggtaagcetggaccca
caatttctttcccag
H041012- | 2B6/7 Exon 8 | Exon 9 | tttttttttttttttaagcttttatccce | C6-Aminolink
004-G09 ttctccttagggaagceggatttg
tcttggtg
H041012- | 2B6/7 Intron 8 | Exon 9 | tttttttttttttttgtgaccttctgtgt | C6-Aminolink
004-HO09 ccacagggaagcggatttgtc
ttgg
H041012- | 2B6/7 Exon9 | Exon 9 | tttttttttttttttggaagcggattt | C6-Aminolink
004-A10 gtcttggtgaaggcatcgcce

gt
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H041012- | 2B6/7 Exon9 | Exon 9 | tttttttttttttttatctgacacccc | C6-Aminolink
004-B10 aggagtgtggtgtgggcaaa
atacccccaac
H041012- | 2B6/7 Exon 9 | Exon 9 | tttttttttttttttaaaataccccca | C6-Aminolink
004-C10 acataccagatcygcttcctge
ccecgcetga
H041012- | 2B6/7 Exon9 | UTR tttttttttttttttgcttcctgecceg | C6-Aminolink
004-D10 ctgaaggggctgagggaag
99
H041012- | HybrPr tttttttttttttttgaacgagtcaa | C6-Aminolink
005-F08 gcgaacgagtcaagcgaac
gagtcaggag
H041012- | NegHybrPr tttttttttttttttggatgttcagga | C6-Aminolink
005-G08 accagtacgacacagatgtc
aagtcgaatcagtacgacgg
SpotPr SpotPr-Cy3 labelled ttttttttttttttctagacagccact | C6-Aminolink

cata
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