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Introduction

1 Introduction

1.1 The Field of Pediatric Oncology

Sixty-five years ago Sydney Farber discovered ohehe first chemotherapeutics
Aminopterin, an anti-folate, and successfully agglit against childhood leukemia.
Among the many fields of oncology today, the fiefdpediatric oncology continues to
maintain a special position because the long-teffects of successful multimodal
treatment will first become evident in pediatridipats. (Devita 1989). Over the years it
has “become an axiom that in oncology human canziées evolve through a multi-
stage process that extends over a period of decatlesmarked increase in molecular
biology studies has revealed that this processivem by the progressive accumulation
of mutations, and epigenetic abnormalities in espie multiple genes that have highly
diverse biochemical functions.”(Joe 2009). “a digant proportion of central nervous
system (CNS) neoplasms affects children: tumotd@hervous system (including reti-
noblastomas and peripheral neuroblastomas) rardndea incidence after leukemias.
In fact, with improvement in the therapy of leukantrain tumors are the leading cause
of cancer mortality in children. Finally, it is immgant to point out that they are among

the most devastating to patients, since they atfeetorgan that defines the “self
(Kleihues 2002).
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Figure 1 Distribution of Cancer Forms among Children < 15 Years of Age (Kaatsch et al., 2012)
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Cancer only makes up approximately 1% of all dissakiring childhood; however, it

ranks second in causes of death in children beevage of 15 years.

1.2 Atypical Teratoid/Rhabdoid Tumors

1.2.1 Definition and Diagnosis

The atypical teratoid/rhabdoid tumor (AT/RT) isaaea and highly malignant tumor en-
tity of the central nervous system. It was firstdrporated in the World Health Organi-
zation Classification of Diseases of Oncology (IGBXNn 1993 (Kleihues et al. 2002)

and first described as a separate entity in 19@8k@et al. 1996). Today AT/RTs are
WHO-classified under embryonal tumors 9508/3 arakikeed a WHO-Grade 1V, as-

signing it cytological malignancy, mitotic activjtyecrosis-propensity and association
with pre- and postoperative disease evolution atal butcome (Louis et al. 2007). Its
earliest case reports date back to the late 19@@searly 1990’s (Ginn and Gajjar
2012). The majority of cases involve patients beBwears of age and display a male
predominance of 3:2 (Rorke et al. 1996). Neverg®l& must not be neglected that
there have been case reports of AT/RT in adultseds(Takahashi 2011 and own un-

published results).

This cancer form is estimated to make up approxmdt-2% of all tumors of the cen-

tral nervous system during childhood. However, daban institutional reviews and

institutional cancer registries encourage the ssippa that AT/RT constitutes 50% of
all malignant brain tumors in children below theeaaf one (Packer et al. 2002). The
mean age at diagnosis is 17 months (Rorke et 86 4&d Burger et al. 1998). These
tumors occur very rarely in children over six yeafsage. Even though AT/RT can
evolve anywhere in the CNS, it is often found lecain the cerebellopontineangle
(Rorke et al. 1996) posterior fossa, and supratehtgpace (Burger et al. 1998).

This cancer form has frequently been misclassifies, to its close resemblance to the
more prevalent childhood tumor medulloblastoma ¢Ruret al. 1998); ergo its actual

number of cases is often considebeing underestimated (Chi et al. 2008). AT/RT var-
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ies immensely in morphology, which is why many eesi must be considered for dif-
ferential diagnosis, including not only medulloltasa and primitive neuroectodermal
tumors (PNETS) (Chi et al. 2008) but also chordekps carcinoma, glioblastoma and
germ cell tumors (Bishop and Ali 2012). In fact, /RT cannot be distinguished using
conventional hematoxylin and eosin (HE) stainingstéad, the diagnosis requires
immunhistochemical staining as well as molecularegje analysis. This circumstance
falls in line with the current trend that for mangoplasms, the cytogenetic and molecu-
lar genetic profile is increasingly becoming a dgifve criterion for classification
(Kleihues et al. 2002).

1.2.1.1 Morphology

AT/RT’s unique name emerged due to its unusual coatlon of mixed cellular ele-
ments similar to but not typical of teratomas amel thabdoid cells (Rorke et al. 1996).
Rhabdoid cells are characterized by large vesiculatei with prominent nucleoli and
eccentric cytoplasm with eosinophilic cytoplasmiclusions (Bishop and Ali 2012).
However, in only 10-15% of cases the tumor massasle up exclusively of classic
rhabdoid cells (Louis et al. 2007). The amounthafidoid cells can vary greatly, often
mixed spindled or pleomorphic undifferentiated &lithout a rhabdoid phenotype can
be found in the tumor mass, while classic rhabaoithponents can remain completely
absent (Roberts and Biegel2009). Up to two thim#&gehcomponents that closely resem-
ble medulloblastoma or extracerebellar PNETs (Kieghet al. 2002).

1.2.1.2 Immunhistochemical Characteristics

Anti-bodies help distinguish this tumor entity fromther primary tumors of the CNS
(Rorke et al. 1996). AT/RT is often found to exresnentin, epithelial membrane
antigen (EMA), smooth-muscle actin (SMA) and glibrillary acidic protein
(GFAP)but also in smaller numbers cytokeratins apyophysin, chromogranin (Burger
et al. 1998), whereas it was usually found to lgatiee for germ-cell tumor-markess
fetoprotein, placental alkaline phosphatase andamuchorionic gonadotropin (Rorke et
al. 1996).
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1.2.1.3 Molecular Genetic Analysis

Fluorescence in situ hybridization (FISH) analySeguently show alterations of chro-
mosome 22. AT/RT was therefore initially associatdth monosomy 22 and subse-
quently deletions and translocations involving chosome band 22g11 (Roberts and
Biegel 2009). Current evidence shows that the gdMARCB1, a tumor suppressor
gene located on chromosome band 22g11.2 corresppmdih Knudson’s two-hit re-
cessive model of oncogenesis, is responsible faiRATgenesis (Roberts and Biegel
2009). SMARCBL consists of 9 exons and spans about 50 kilo baise (/ersteege et
al.1998).The gene encodes for a core member othhematin remodeling complex

SWI/SNF, responsible for transcription regulatiorcells.

1.2.2 Clinical Aspects, Therapy and Prognosis

Clinical Aspects

AT/RT can occur anywhere in the CNS, however, iften associated with malignant
rhabdoid tumors of the kidney (RTK) (Ginn and Giajj@12). Furthermore, undifferen-
tiated soft-tissue tumors (Tsuneyoshi et al. 19&R)e been described at several differ-
ent anatomical sites. These tumors were subsegueathed extra-renal malignant
rhabdoid tumors (ER-MRT). The condition of beingegisposed to developing
rhabdoid tumors is also known as the rhabdoid tymedisposition syndrome Il (RTPS
I, OMIM # 609322). All rhabdoid tumors of differeranatomical location share a
biallelic inactivation of SMARCB1 documented in 80% of cases (Sevenet et al. 1999,
Biegel et al. 1999, Versteege et al. 199WARCBL1 is a classified tumor suppressor
gene responsible for AT/RT genesis; however, themee been reported cases of
rhabdoid tumor syndrome whe@MARCB1 was found unaltered (Frihwald 2006).
Subsequent discoveries revealed a somatic inaiciivat SMARCA4 /BRG1 gene, con-
firming that other loci play a role in the genesighese tumors. The condition in which
SVIARCA4/BRGL is altered is called rhabdoid tumor predisposisgndrome Il (RTPS
II, OMIM # 613325) (Schneppenheim et al. 2010).

Patients suffering from RTPS show an early-disess®t, multifocal disease and posi-
tive familial cases (Bourdeaut et al. 201Wetastases through the cerebrospinal fluid
are common and found in approximately 20% of theesaat the time of diagnosis

4
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(Tekautz et al. 2005). Metastatic disease is oftesessed using a staging system by
Chang et al. (1969), in which “M1 is characterizmdmicroscopic tumor cells present
in cerebral spinal fluid; M2 indicates nodular segddemonstrated in the cerebellar,
cerebral subarachnoid space, or in the third @rdhtventricles. M3 indicates nodular
seeding in the spinal subarachnoid space and Mdaita$ extra-CNS seeding” (Dufour
et al. 2012, Chang et al. 1969).

Therapy

Due to the early onset of AT/RT, its quick progressand the patients’ young age at
the time of diagnosis, the prognosis is often giilany physicians hesitate to adminis-
ter intensive treatment to infants that young @&mu(deaut et al. 2011) and have previ-
ously conducted treatment regimens that were ailyirdesigned for other tumors of
the CNS, such as medulloblastoma and PNETs (Gili 2008). These therapies have a
reported median survival time between 6 and 11 hso(Burger et al. 1998, Packer et
al. 2002). AT/RT, however, requires a more aggveseiultimodal therapy than other
brain tumors that is often limited by the therapgogicity to the patient. Hence, the
consequences of treatment determine the futuretaireof therapy (Chi et al. 2008). A
total resection of the tumor is one of the primgogls in therapy, however, in practice
difficult to achieve without renouncing neurolodgimctions. Chi et al. (2008) have pub-
lished the most successful therapeutic strateginsigAT/RT to date. The study group
tested a treatment divided into five phases: @diation, chemoradiation, consolida-
tion, maintenance, and continuation therapy. Theyewable to achieve higher overall
survival rates of 70+10% and event free survivedsaf 53+13% with the more aggres-
sive treatment regimen. This regimen consistedrafaimal possible surgical resection
of the primary tumor while preserving the neurotofginction. An anthracycline based
induction therapy was supplemented by intrathebahwtherapy, using methotrexat,
cytarabine and hydrocortisone. An early radiotheraipl,8 Gy per fraction and a total
dose of 54 Gy was added. Induction therapy wasv@t by maintenance and continu-

ation therapy with temozolomide and actinomycinchi(et al. 2008).

The rarity of the tumor entity, its quick progressiand grim prognosis demands for a
standardized registration of epidemiologic, molacw@nd clinical data of patients with

rhabdoid tumors of any anatomical localization. éerthe European Rhabdoid Regis-
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try was founded in 2010. The registry offers cossentherapy recommendations for
patients with rhabdoid tumors of the CNS, kidney anft tissue. These recommenda-
tions are based on the data provided by curresrtiire, the investigators’ own experi-
ence and data from the Society for Pediatric Orggoland Hematology (GPOH) and
International Society for Pediatric Oncology (SIOftudies. The recommendations
should be seen as “consented recommendation ddrimedavailable data” (Frihwald
2010). The EU-RHAB Study currently recommends a glete, non-mutilating primary
resection of the tumor under the microscope, aotfetme based, dose dense regimens,
local therapy and early radiotherapy. Intraventactherapy concomitant or following
radiotherapy has been associated with high toxanity the value of high dose chemo-
therapy is not yet determined which is why its a&@&tlon is still at the physician’s dis-
cretion. More details and updates on therapiessahddules should be accessed on the
EU-RHAB Study homepage. Further, it must be noked tthe best treatment modality
has not yet been established.” (Dufour et al. 2012)

Prognosis

Bourdeaut et al. (2011) listed the clinical varesblthat are thought to influence the
prognosis of rhabdoid tumors, which include metastiisease, complete neurosurgical
resection, irradiation, germline mutations and #ge at diagnosis. Bourdeaut et al.
(2011) discovered that patients with germline-matet have an overall survival rate of
7,6%, while patients with wild-type germline alleldad an overall survival rate of
29,4% (Bourdeaut et al. 2011). However, considetirag germline-mutations are often
associated with an early-onset of disease, a Qgession model that included both age
and the presence of germline mutations revealdédatf@mwas “the most strongly signif-
icant factor” (Bourdeaut et al. 2011). Apparendyailable literature is discordant con-
cerning the prognostic factor of germline-mutatiofskautz et al. (2005) also found
age the only statistically significant prognostctor. Dufour et al. (2012) published a
multicenter study conducted in France on clinicbpkigic prognostic factors in child-
hood AT/RT of the CNS, in which the prognostic \&bf the age (< 2 years) was again
confirmed along with the presence of metastatieatie at diagnosis. Furthermore, the
study suggested that claudin-6 may be a progntattor in AT/RT, as strong positive
immunoreactivity was found in 89% of the tumorsrtkar studies still need to confirm

these findings. Dufour et al. (2012) also propoged endothelial Glucose Transporter

6



Introduction

1 be discussed as a possible prognostic factarwas found “a useful marker to define
the embryonal nature of CNS neoplasms” (Dufour let2812) by Loda et. al
(2000).Thus, it can be concluded that the prognais&ST/RT continues to remain dis-

mal and there is yet a lack of reliable prognoistators save for the age at diagnosis.
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1.3 The Molecular Basis of AT/RT

The molecular basis of AT/RT are homozygous or counpl-heterozygous alterations
of a gene that the genetic nomenclature committéeiadly named SMARCB1 for
SWI/SNF Matrix Associated Actin-dependent RegulavbrChromatin Subfamily B
Member 1. The gene is also known as Integraseéactiar 1 (INI1) or human Sucrose
Non-Fermenting gene number 5 (hSNF5). The officeaheSMARCBL1 will be used in
the following. SMARCBL is a subunit of the SWI/SKRromatin remodeling complex
.The SWI/SNF complex is an evolutionarily conservadlti-subunit chromatin remod-
eling complex, which uses the energy of ATP hydislyfo mobilize nucleosomes and
remodel chromatin and thereby regulate transcnpictarget genes (Roberts and Orkin
2004).

1.3.1 Chromatin RemodelingComplex

DNA is present in cells in the tertiary structuarh called chromatin. Chromatin’s
smallest unit is a nucleosome, which consists @& ldse pairs of DNA wrapped 2,5
times around an octamer of histones. The DNA cammgdwo nucleosomes is called
linker DNA, while progressive coiling leads to thempact structure of chromatin. In
this condensed form the DNA is not accessible famdcription factors and can only be
made accessible either through covalent modifinatkd the histones or DNA, or
through a chromatin remodeling complex that moédizhe histones. Many different
variants of the SWI/SNF chromatin remodeling compgist within mammalians, dis-
tinguishable by their lineage-specific subunitsl{Bds and Biegel 2009) and dependent
on tissue, activation or state, complex tgpel developmental stage of the cell (Roberts
and Biegel 2009). The mammalian chromatin remodetiomplex consists of 10-12
subunits including ATPase subunits that utilize AflPslide the histones along the
DNA and thereby selectively expose DNA strandgaodcription factors (Cairns et al.
1994, Cote et al. 1994). It has been observedaatoximately 5% of all yeast genes
are regulated by SWI/SNF at the level of transmwipt(Sudarsanam et al. 2000,
Holstege et al. 1998). However, contrary to primasgumptions that the SWI/SNF
complex causes gene up-regulations, it mostly ssge them (Roberts and Biegel
2009). An inactivation or loss of function of th&VBSNF complex core proteins there-

fore leads to increased transcription, promotingdu genesis. These findings indeed

8
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provided the first link between chromatin remodglocomplexes and tumor suppression
(Lee et al. 2013). Various genes, includBMARCB1, SVIARCA4, SVIARCA2, PBRM1,
ARID1, ARID2, ARID1A, ARID1B, have since been identified to encode subunitbef
SWI/SNF chromatin remodeling complex and linkedlifferent forms of cancer (Lee
et al. 2013). Lee and Roberts (2013) even proptsegossibility of “lineage-specific
contributions of individual subunits”. Cancer geresequencing studies revealed that
at least seven subunits are mutated within theerdifit cancer forms (Wilson et al.
2011). However SMARCBL has been identified to encode a constant and ibicgu
subunit of the SWI/SNF complex, giving it a spegaskition among the various known
subunits (Roberts and Biegel 2009).

1.3.1.1 The role of SMARCB1in SWI/SNF Complex

The extensive role of SMARCBL1 in tumor genesis idely recognized. However, the
actual function of SMARCBL1 in the chromatin remadglcomplex and the mecha-
nisms that lead to cancer are largely unknown (Weatngl. 2009). Wang et al. (2009)
used a mouse model as well as human cells to fiadttmor genesis does not result
from the absence of SMARCB1. On the contraryedmss tumor genesis is rather de-
pendent on the presence of SMARCB1, suggestinggamaddiction, a “phenomenon
in which some cancers that contain multiple genefigenetic and chromosomal ab-
normalities remain dependent on one or a few gedsoth maintenance of the malig-

nant phenotype and cell survival” (Joe 2009).

1.3.1.2 Further roles of SWI/SNF chromatin remodeling compéx

Besides playing a role in transcription regulatitmte SWI/SNF chromatin remodeling
complex is also suspected to play a role in DNAtlsgsis (Flanagan et al. 1999, Lee et
al. 1999), viral integration and expression (Kakpa al. 1994, Yung et al. 2001), mi-
totic gene regulation (Krebs et al. 2000), and Did¢fair causing genomic instability
(Klochendler-Yeivin et al. 2006). Although it magesn consequential, how these func-
tions contribute to oncogenesis is yet uncleartiHeurstudies may put light on these

matters in the future.
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1.4 Molecular Markers for Cancer

Without question the search for molecular markbeg predict the presence of cancer
and the development of reliable assays that débech is one of the most promising
fields of oncology. The “Identification of predieg biomarkers in circulating tumor
cells has the potential to become a breakthrougtamter diagnostics and drug devel-
opment.” (Parkinson et al. 2012). Moreover, pedidirain tumors have distinct patho-
genesis and biology, compared with their adult ¢eparts. Some of the molecular
features are so specific to a particular tumor tyyieech asSMARCB1 mutations in
AT/RT that they could serve as a diagnostic madketheir own (Ichimura et al. 2012).
The advantage of circulating tumor markers is thagy obtainment by peripheral blood
or alternatively cerebrospinal fluid sampling. Tdu@alysis of circulating tumor cells is
also termed “liquid biopsy”, which can be repeateda regular basis, allowing real-
time monitoring of metastatic progression (Bedrné@noll et al. 2011). Molecular
markers could be used on various different levaigying from diagnosis, detection of
metastatic tumor tissu® the monitoring of cancer patients. They coukbdbe prog-
nostic for survival or predictive of response tertpy. Furthermore, molecular markers
could be used as indicators in the selection afafhe in terms of personalized health
care and individualized treatment. Molecular piogjlof circulating tumor cells could
also accelerate drug development and promote &tgberapies against signaling pro-
teins (Parkinson et al. 2012).

The metastatic mechanism of tumor cells is higlimplex, as these cells must not only
acquire the ability to invade blood vessels bub a@itain certain mechanisms to survive
within the blood stream, which is loaded with imrewwompetent cells that are likely to
recognize and lyse the aberrant cells. Metastalis must therefore possess the ability
to evade these cells and in addition, be able taexsate and survive in its new envi-
ronment in order to colonize other sites (BednanolKet al. 2011). Once the metastatic
cell has found itself a niche, it can establisklitas a secondary tumor mass, undergo
apoptosis or remain there over years as an inastvealled dormant cell (Goss and
Chambers 2010). The differentiation between thes®us states of a tumor cell as well
as cell free tumor DNA released by the primary tummemains a challenge when de-
veloping assays to detect molecular markers focean

10
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1.4.1 The advantages of Mutant DNA as Molecular Markers

The present research objective is to identify dmemolecular markers in mutant DNA
of AT/RT of the CNS and to determine whether thay be used to detect tumor cells
circulating in peripheral blood or cerebrospinalidl samples. The presence of tumor
DNA circulating in plasma or serum of cancer pasenas first demonstrated in 1977
(Leon et al. 1977). The main advantages of usintaniutDNA as biomarkers are for
one, its availability, as mentioned above, but alscstability, since mutant DNA ap-
pears to be stable for several years when storesnmples of plasma or serum. Fur-
thermore, its relative simplicity of use, by extiag it using conventional purification
methods is highly convenient in clinicopathologigabctice (Gormally et al. 2007).
Gormally et al. (2007) also contrasted its disathges, the lack of specificity, as they
are not indicative of tumor type and site and fertthe possibility that altered DNA is
present in healthy subjects for various unknowis@ea. However, these disadvantages
mentioned by Gormally et al. (2007) do not apply tlis research objective, as these
molecular markers will be highly specific for eaakividual patient. They do not need
to be indicative of tumor type, because the tunypetwill already have been deter-

mined prior to monitoring and residual cell deteafirespectively.
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1.5 DNA-Repair Mechanisms

Genetic diversity is indispensable for the permarsemvival of a species, because it
benefits the evolution of a species to adjust tear changing environment (Alberts et
al. 2008). Genetic changes within the genome anetbre promoted by tightly regulat-
ed physiological processes, such as meiosis andimamepertoire generation (Grabarz
et al. 2012). Even the genome itself is laid oyprimmote genetic diversity, i.e. through
transposable elements that have the intrinsictalidi change their position within the
genome naturally causing genetic alterations. logizadiation, metabolism, substances
in the environment and chemotherapeutic drugsgdserate alterations in the genome.
Thus, DNA in living organisms is constantly exposedoth external and internal mu-
tagens, incurring countless types of damages (Beigd2003). Genetic changes within
the individual, however, can be pathogenic or efadéal. The maintenance of the bal-
ance between preserving genetic stability and ptom@enetic diversity requires tight-

ly regulated processes (Grabarz et al. 2012).

A central process within maintaining that equilibm is DNA-repair. Various pathways
using different enzymes exist to repair differgiuets of damages in the DNA. An espe-
cially delicate lesion is the potentially cytotoxdouble-strand DNA break (DSB)
(Karanam et al. 2012).Two distinct pathways are vikmoto repair DSBs, non-
homologous end joining (NHEJ) and homologous redoaiton (HR), while a third is
being discussed in recent literature called altereand joining (A-EJ) (Grabarz et al.
2012). Defects in these pathways have been assdaiath immunodeficiency, cancer
predisposition and other diseases (Karanam e0aPR)2

1.5.1 Non-homologous End Joining

Non-homologous end joining is the dominating DSpaie pathway in humans (Lieber
et al. 2003). In fact, Karanam et al. (2012) denraed in quantitative live cell imag-
ing that NHEJ is the dominant repair mechanismriufs1- and G2-phases of the cell
cycle, while the highest activation of homologoesambination is reached in mid S-
phase. These findings also confirmed the previastytations that the pathway chosen
is dependent on cell cycle. NHEJ underlies an divsimple mechanism: the two ends

of double-stranded DNA are aligned, processed myadeld. NHEJ has a tendency for
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microhomology usage, i.e. the two ends are joingll ligher efficiency when 1-4 nu-
cleotides are complementary between the two endsth(Rand Wilson 1986).
Microhomology is not always given; in these casetEN is highly erroneous as it goes

along with the loss of nucleotides (Lieber et 8i02).

1.5.2 Homologous Recombination

Homologous recombination (HR) is the more acculx®® repair pathway. It is initiat-
ed by single stranded DNA (ssDNA) resection andsegbent invasion of a homolo-
gous double-stranded DNA (dsDNA) leading to strardhange. This process requires
a minimal length of perfect homology between the strands. In mammalian cells the
length of this so-called Minimal Efficient ProcasgiSegment (MEPS) ranges from 200
to 250 bp (Liskay et al. 1987, Lopez et al. 199@bRtz and Subramani 1984). A new
dsDNA molecule called heteroduplex is the resulthef strand exchange. Missing nu-
cleotides are filled in by DNA polymerases. HR ubsuanables a flawless repair of
DSBs.

1.5.3 Alternative End Joining

A third and rather poorly characterized DSB rejpathway is the alternative end join-
ing (A-EJ), also known as Backup-NHEJ (B-NHEJ) dcid-Homology Mediated End
Joining (MMEJ ) (Grabarz et al. 2012). A-EJ is didsed as highly mutagenic; it is as-
sociated with deletions at the junctions and ixuised as a major source of DNA
translocations induced by DSB (Boboila et al. 20Buirouilh-Barbat et al. 2004,
Simsek and Jasin 2010, Weinstock 2007). A-EJ k& KR, also initiated through
ssDNA resection, however, it requires no extenaseation or extended sequence ho-
mology and is independent of various enzymes sadku80 and XRCC4, distinguish-
ing it from NHEJ. A-EJ is a pathway that shouldrbpressed, regulation processes are

made for HR.

Lieber et al. (2003) discussed reasons for NHEJgoikie predominant pathway, despite
its high error rate. They concluded that 40% oftibenan genome is repetitive and HR
in a repetitive portion of the genome is therefprebabilistic and profound genomic
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rearrangements could be the consequence (Grabaitz 2012). Furthermore, HR re-
qguires sequence homology and the donor is requirdse directly adjacent, which is

only the case during late S- and G2-phases.
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1.6 Research Objective

The geneSMARCBL is located on chromosome band 22gl11.2. This regemms to

underlie a certain genetic liability for doublesstded DNA breaks (Lee and Roberts
2013) and various other genetic mutations. The ro@stmon germline mutations have
been found to be point or frameshift mutations teat to a premature truncation of the
protein. Intragenic deletions are likewise disttdzliamong both somatic abnormalities
as well as germline. They can involve 1 exon to9a#xons ofSMARCB1, however

most preferentially exons 4 and 5 are mutated (Eatoal., 2011). The mutations in
AT/RT tumor tissue have thus been characterizedveier, the deletions and their ac-
cording breakpoints have not yet been examinednsitely. The first objective is

therefore to identify breakpoints in AT/RT patierisd to map and characterize them

for future understanding of this region.

Contemporary cure for cancer consists of early afiete, multimodal treatment and
again early detection by closely monitoring thegrds. Therefore, there is much effort
being put into the discovery of methods that caédsitively predict the presence of
cancer. This research objective, too, aims at ifiyegmy possible molecular markers for
this purpose. The idea of mutant DNA from the bkioghm being used as molecular
markers for cancer is not a novel idBetecting mutant DNA in the blood stream is a
method that has been successfully establishedhéolMinimal Residual Disease (MRD)
in acute lymphatic leukemia (ALL) and is on thegeiof being established for a series
of other tumor types. The identified genetic altierss in the tumor are highly heteroge-
neous and therefore specific for each patient.tRerpurpose of individualized treat-
ment, the patient’s tumor specific mutations cobé used to detect residual cells in
peripheral blood or cerebrospinal fluid sampleshim sense of molecular markers. The
detection method in this research objective usesifp primers to the mutation site and
real-time-PCR for quantification. The following ezsch objective is to serve as a
proof-of-principle. Future research objectives tlaen establish standardized methods
on the ground of these findings and perhaps onendiepduce them to clinical patholo-
gy. Early detection followed by early therapy has bemafinfluence on the prognosis
of cancer patients. The unfavorable prognosis e$d¢hcancer patients underlines the
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importance of a sensitive monitoring technique amen demands them in order to en-

hance the chances of survival for AT/RT patients.
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2 Material and Methods

A detailed description of all the instruments anatenials used are listed in the appen-
dix. All methods used were adjusted for the indindcircumstances of each patient’s
unique material provided. Each patient was charaei by unique limitations in either

quality or quantity of DNA provided and unique ggoelterations within the tumor.

2.1 Patient-Sample Selection

The atypical teratoid rhabdoid-tumor is a rare tuenatity. The Department for Pediat-
ric Hematology and Oncology Hamburg-Eppendorf seia® a reference laboratory for
diagnostics of the EU-Rhab Register and therefossgsses an extensive collection of
tumor-material from all over Europe. Out of a cagént of approximately 150 patients
a total of seven patients were selected from th@&bdae for proof-of-principle. The first
selection criterion was a molecular geneticallyeasined diagnosis of AT/RT with
alterations on th&MARCB1-Gene of both alleles. For a sensitive detectioresidual
tumor cells in periphery blood of the patient, adiional requirement was that all pa-
tients with germline mutations must be excludedpaients with germline mutations
would show the identified mutation in all of theells and a specific detection of resid-
ual tumor cells would therefore not be possiblee Timor material was provided either
by the pathology department of the University HtapMinster where the tumor was
formalin fixed, embedded in paraffin and stored,bgrthe Department for Pediatric

Hematology and Oncology of the University Clinicralaurg-Eppendorf.

A consent form for the application of patient matefor research purposes is available
for every patient. As part of the EU-Rhab Regisiés scientific study was covered by

approval of the ethics committee.
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2.2 DNA Extraction

The experiments required genomic DNA from tumosues and peripheral blood of the
patients. DNA from fresh frozen tumor tissue andpderal EDTA — blood from Pa-
tient 1 and 7 was extracted using the QIAMpDNA Mii for Tissue & Blood by
Qiagen. Extracted DNA from patients two to six waevided by the Pathology De-

partment of the University Hospital Minster.

2.3 Breakpoint Localization

2.3.1 Multiplex-Ligand-dependent Probe Amplification (MLP A)

Multiplex PCR is a deletion- screening techniquestfisuccessfully established by
Chamberlain JS et al. (1988) for Duchenne muscdiatrophy. Multiplex-Ligand-
dependent Probe Amplification (MLPA) by MCR-Hollamsl a method based on the
idea that multiple amplifications on the same teateIDNA can provide information
concerning deletions on the template. MRC-Hollamaviges kits that allow a copy
number determination of up to 50 DNA sequencessingle multiplex PCR-based re-
action. The method is sensitive enough to detett gwsage reduction on one allele or
both, respectively. In order to roughly characteieterogeneous changes on chromo-
some 22 the SALSA MLPA Kit P258&MARCB1 and SALSA MLPA Kit P250
DiGeorge were used. Both Kits are suitable forahalysis of Chromosome 22, with
the benefit that DiGeorge covers a larger regioyobd that ofSMARCB1. By combin-
ing the results from both kits, the distributionrablecular genetic deletions could be
roughly localized. The breakpoint regions were alaocowed down to a few hundred
thousand or million base pairs, respectively.

2.3.2 Primer Design

The published FASTA-formatted sequence of Chroma&s@2, NCBI Reference Se-
guence NT_011520.12 (NCBI Nucleotide Database) iwasled onto Lasergene 8
SeqgBuilder Programme by DNAstar. The program all®MA sequence alteration and
markings on the sequence, as well as primer deSlgnprogram was also used to keep
an overview of all the primers used along the seqeiePCR primers for primer walk-

ing on the ThermoCycler were designed with meltemgperatures (f) at 71°C + 2°C.

18



Material and Methods

PCR primers for the LightCycler Instrument wereigiesd with T,,at 60°C + 1°C. The
primer T,was determined using Metabion International AG'sdaiculator.

The length of the primer products was held betwE2®300 base pairs, depending on
the quality of the material used. Qiagen genenalyommends aiming for shorter pri-

mer product sequences when working with FFPE nadtédeally 120 + 50 base pairs).

Nevertheless, Qiagen also reported of successfldaular genetic analysis using up to
300 base pairs (Unlocking your FFPE Archive, Sanmaid Assay Technologies by

Qiagen FFPE Brochure 09/2010).

2.3.3 Primer Walking PCR

After having roughly localized the breakpoints WH.PA, primer pairs flanking the
supposed breakpoint region were placed using thésmed sequence of Chromosome
22. A PCR-Reaction using GoTaq Green Master Mihymega was prepared accord-
ing to protocol. The specificity of the primer mawere tested using wild type DNA
prior to analyzing the tumor tissue. The reactiox ontained 25 pl GoTaqGreen
MasterMix, 20 pl HO + 2 pl MgC + 1 pl of 100 mM forward primer + 1 pl of 100
mM reverse primer + 1 pl of 1-5 ng/ul DNA. The perea had annealing temperatures
of 68°C to ensure high specificity. Occasionallgramer pair would improve PCR effi-
ciency at an annealing temperature of 65°C. Thermb€ycler was programmed ac-

cordingly:

Table 1 Block Cycler Program for PCR

Step Temperature Time
1 Preheating 95°C oo
2 Initial denaturation 95 °C 5 Min.
3 Denaturation 95 °C 30s
4 Annealing 65/68 °C 30s
5 Extension 72°C 30s goto3x35
6 Final extension 72°C 5 Min.
7 Cooling 15°C oo

Primer pairs placed within a deleted region of theor sequence did not amplify,
which was discernable by the lack of a band inafarose gel electrophoresieem-

plate without deletion by contrast would deliveband in agarose gel electrophoresis,
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serving as a positive control. By comparing the twamds and subsequently placing
additional primer pairs within the supposed breakipregion, the breakpoint was lim-
ited down to 200-500 base pairs.

2.3.4 Deletion Spanning PCR

Once the breakpoint region was limited down to 2000 base pairs, the flanking
primer pairs were used for deletion spanning PE€®Rat uncertain how large the actual
product would be, because it was unclear whethlarge deletion or several smaller

non-consecutive deletions existed within the supgdseakpoint region.

DreamTaq DNA Polymerase is an enhanced Taq DNAnRaigse that is capable of
producing longer PCR products and higher yieldspamed to conventional Tag DNA
polymerase. Deletion spanning PCR was most suedasshg DreamTaq PCR Master
Mix (2X) by Thermo Scientific.

Deletion spanning PCR was graded successful, wiemagarose gel analysis revealed
one distinct band in the tumor tissue while nonéadfound in the wild type controls
(see also Figures in the Result section). The agagel band was cut out, sequenced
and subsequently analyzed with a Basic Local AligntnSearch Tool, BLAST-
Program. The program analyzes and compares thg queteotide sequence with se-
guence databases and calculates the statisticaficagnce of matches. It is useful when
searching for unknown sequences. The results diASB-Search delivered the exact
breakpoint. After having inserted these results,rttagnitude of the deletion was calcu-

lated with help of the reference sequence loadedLasergene 8 SeqBuilder Program.

If the deletion spanning PCR-product was expedadbedetlarger than six thousand base
pairs, which was the case when a breakpoint coatidb@ narrowed down further due to
poor material quality or heterogeneous deletionalgernative kit was used for deletion
spanning PCR. The deletion spanning PCR usedLorgg®awTPack by Roche Ap-
plied Sciences. The kit is said to have been op&nhifor the amplification of large
fragments of 5 kilo bases to 25 kilo bases paitk withreefold higher fidelity than Taq
DNA polymerase. A PCR vessel for the tumor tempRitA ran along with five dif-

20



Material and Methods

ferent wild-type controls, in order to exclude aifigtions of random sequences that

occur commonly in specific populations.

The Long Range dNTPack reaction mix contained 31,80 + 10 ul Long Range
Buffer with MgCL + 2,5 pul Nucleotide Mix + 1,5 pl Forward primerlt5 ul reverse
primer + 1,5 pul DMSO (or kO depending on the region) + 0,7 Polymerase antd 1 pu
DNA.

The Block Cycler was programmed accordingly:

Table 2 Block Cycler Program for Expand Long RangePCR

Step Temp. Time Cycles
1 Denaturation 92 °C 2 Min. 1x
2 Denaturation 92°C 10s 10 x
3 Annealing 65 °C 15s
4 Elongation 68 °C 10 Min.
5 Denaturation 92°C 10s 25x
6 Annealing 65 °C 15s

10 Min. +20s cycle elongation

7 Elongation 68 °C for each succesive cycle
8 Final Elongation 68 °C 7 Min. 1x
9 Cooling 8°C oo

2.4 Agarose Gel Electrophoresis and PCR product Extradbn

All PCR-products were separated using a 1,2% agagekelectrophoresis made up of
1,2 g agarose+ 100 ml TAE Buffer. Deletion span@R-products were cut out using
a sharp scalpel on a UV-Lighttable. The PCR proaag extracted from the gel using
QIAquick Gel Extraction Kit by Qiagen accordinggmotocol.

2.5 Sequencing

PCR-products were sequenced on an ABI-Prism 313@#®eAnalyzer using the ABI
Prism BIG DYE Terminator Cycle Kit. Sequencing réac vessels contained 13 ul
H,O + 1,5ul Primer (forward or reverse) + 0,5 ul BIG DYE $%3ul HT Buffer. The
PCR pre-going sequencing on the ABI-Prism 3130 Geraalyzer was programmed
according to Table 3 Block Cycler Program for Sewpireg:
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Table 3 Block Cycler Program for Sequencing

Step Temperature Time Number of Cycles
1 Preheating 95 °C oo
2 Initial Denaturation 95 °C 5Min.
3 Denaturation 95 °C 30 Sek.
4 Annealing variable (Primer Tm) 30 Sek.
5 Elongation 60 °C 4 Min. go to Step 3x 80
6 Cooling 15°C oo

In case of Patient 2 the quantity and quality & BNA was expected to be reduced,
due to formalin fixation and paraffin embedding.eféfore, a higher amount of tem-
plate DNA was applied for sequencing reaction nitibcontained 4 pul DNA + 1,5 ul
Primers (forward or reverse) + 1,5 ul BIG DYE + BHII' Buffer + 10 pl HO. The
same block cycler program was used as shown ineTatBlock Cycler Program for
Sequencing.

2.6 Fragment Analysis

Homozygous deletions on both alleles, as discovier@atient 2, can indicate that both
alleles have been knocked out by two events. Oolkeagdie mechanism is a uniparental
isodisomy, when both homologous chromosomes démre the same parent. In order
to understand the mechanism behind the singulaatroatmore thoroughly, a fragment
analysis was done. Fragment analysis used a tbtsikiwen 5-FAM-marked primer
pairs for single nucleotide polymorphisms (SNPskributed across chromosome 22,
flanking theSMARCB1-region. The reaction mix contained 38,3 pOH 5 pl 10x PCR
Mix + 2,5 pul MgChL + 1 ul dNTPs + 2 | Primer Mix + 0,2 ul Taq Polyrase + 1 pl
DNA (3 ng/ul). The block cycler was programmed adoay to table 4.
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Table 4 Block Cycler Program for Fragment Analysis

Step Temperature Time Number of Cycles
1 Preheating 95 °C oo
2 Initial Denaturation 95 °C 5 Minutes
3 Denaturation 95 °C 30 Seconds
4 Annealing 56-68 °C (Gradient) 30 Seconds
5 Elongation 72°C 30 Seconds go to Step 3x 25
6 Final Elongation 72°C 20 Minutes
7 Cooling 15°C oo

After amplification on the BlockCycler, the ampé@l fragments were analyzed on the
ABI-Prism 3130 Genetic Analyzer. Each reaction eéssntained 2 pl of the PCR re-
action product + 0,25 pl Gene Scan 500 LIZ + 17y FBormamide.

2.7 Real-Time PCR

One of the latest technologies for nucleotide gtiaation is real-time PCR. The meth-
od uses fluorescent dyes that are excited at aieesMavelength; the emission signal is
subsequently detected by the instrument. Thereaatamber of different fluorescent
dyes and detection methods on the market. Two rdiftefluorescent dye detection
methods have been used for residual AT/RT cell tjadine detection: SYBR Green |

and the TagMan-principle using a dual-marked pi@fighlhardt 2009).

Real-time PCR uses the kinetics of the PCR-readtoguantify the nucleotides. The
amplification of the template can be subdivided iatbaseline, exponential and plateau
phase (see also Figure 2 Characteristic curvesdhtime-PCR). During the baseline
phase the fluorescent signal of amplification i lyelow the detection limit, it is fol-
lowed by an exponential phase during which the rBaocence correlates with the
amount of amplification. During the plateau phake,amplification begins to cease due
to substrate depletion and feedback-inhibition ulgto the accumulation of end prod-
ucts, such as pyrophosphates. For quantificatierfaimerly so called threshold cycle
(Ct), or more recently known as cycle of quanttiima (Cq) is used. Cq is the cycle,

during which the curve cuts the baseline and tipmeential phase begins.
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Figure 2 Characteristic curves in real-time-PCR

Low concentration of target DNA used to be a comceue to unspecific amplifica-
tions. Modern hot start methods, also used in QiaahiSYBR Green | PCR by Qiagen
and FastStart DNA MasterPlusHyprobe PCR by Rochgliégh Sciences, have elimi-
nated this concern. The primer specificity canumther tested via melting curve analy-
sis. This analysis method usually takes place eetid of amplification. The tempera-
ture is continuously increased from 40°C to 95°@e PCR products are increasingly
melted by the rising temperature. Assuming thapaasic primer products will vary in
product length and larger products will melt atighler temperature than short products,
the fluorescent signal will peak accordingly at extain temperature. Ideally, there
should be only one distinct peak in the meltingveuif the primer product is specific
(see Figure 3 real-time PCR: Melting Curve Analysis

One distinct melting curve peak: a sign for high

primer specificity /
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Figure 3 real-time PCR: Melting Curve Analysis
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Real-time PCR is generally highly sensitive anddfae liable to minimal differences
in starting concentrations. Careful adjustmentstamting template with DNA specific
measuring tool, such as Qubit Fluorometer 2.0 lig Technologies, are therefore nec-

essary for successful real-time PCR.

2.7.1 Quantifast SYBR Green | for residual AT/RT Cell Detection

Quantifast SYBR Green | (Molecular Probes) is oh¢he most common fluorescent
dyes in real-time PCR. It intercalates with doustieended DNA, absorbs blue light at a
wavelength of 494 nm and emits a green light akgelength of 521 nm. Its main ad-
vantages are its versatility, high signal strengtial low signal-background-ratio. Ac-
cordingly, its disadvantage is the high amount rifeects produced in a LightCycler

Amplification run.

Once the breakpoint sequence was identified irtuh®r tissue, mutation-specific pri-

mers were designed for residual tumor cell detacti@nce the fluorescent chrome at-
tached itself to double-stranded DNA the fluorescgignal would be detected by
LightCycler Instrument, causing the characteristicves on the screen. This method
works well for quantification purposes as describbdve, as well as for residual tumor
cell detection. The amount of DNA used ranged betwk 5 ng in 20 ul reaction vessel,
most experiments proving best detectability wheplyapg DNA-concentrations < 50

ng/pl. The specificity was analyzed by performingltng curve analysis.

2.7.2 Quantifast SYBR Green | for Gene Dosage Quantificabn

SYBR Green |, as stated above, is universally apple for real-time PCR. A further
application of the same Quantifast SYBR Green IkitQiagen was a relative gene

dosage quantification using a housekeeping gene.

Relative quantification is based on the changdieshold cycle calculated with help of
the 2724¢t - Method (Livak and Schmitgen 2001). The quardiiizn enabled a distinc-
tion between deletions on one or both alleles. idaigous breakpoint regions, as were
found in Patient 1, could only be narrowed downdeye dosage quantification. The
experiments proceeded on the assumption that #areten one allele, would quantify
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as fifty-percent gene dosage, while a deletion oth [alleles would quantify as zero
percent gene dosage and no deletion on eithee allelild quantify as 100-percent gene
dosage, respectively. The same procedure for prvating was followed as described
above when using conventional PCR. The kit was asedrding to protocol. The reac-
tion vessels contained 10 pul SYBR Green MasterMik,6 ul HPLC-purified Primer
Mix (forward and reverse) + 7,4 uL@ + 1 ul DNA Template (3-5 ng/ul). At least two
different wild type DNAs served as positive constofhe amount of template DNA was
carefully adjusted using Qubit Fluorometer 2.0 déDioad range. Conventional DNA
concentration measurement via photometers is rathspecific and not sufficiently

precise for real-time PCRs.

Table 5 Light Cycler Program for Quantifast SYBR Green PCR Kit

Step Temperature Incubation Temp. Transition C°/s Acquisition mode
1 Initial activation 95°C 05:00 20 NONE
2 PCR Cycling 95°C 10 20 NONE
3 60°C 30 20 Single
4 Melting Curve 95°C 15 20 NONE
5 60°C 15 20 NONE
6 95°C 0 0,1 Continuous
7 Cooling 40°C 30 20 NONE

The Light Cycler instrument was programmed as desdrabove in Table 5 Light Cy-
cler Program for Quantifast SYBR Green PCR Kit.

2.7.2.1 Comparative Quantification

The nucleotides were quantified using a relativengification method called
2%4“'_Method. Comparative quantification distinguishes heterozygous deleted re-
gions from the non-mutated regions through exanunaif the crossing point values.
This required a formula using the spreadsheet prodvlicrosoft Office Excel, each run

could be calculated and compared to a reference @eme: CFTR-Gene Exon 4, under
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the presumption that chromosome 7 is unalteredtl patients). Each LightCycler run
required at least duplicate reaction vessels ieroi@ opt out pipetting errors. Roche
recommends a Fit Points Analysis for SYBR Green PGRugh which the baseline
can be adjusted manually. The baseline adjustnagntets out background and noise.
Once the cycle of quantification Cq could be reHdhe screen, calculations could
begin. Ct-values of duplicate vessels may not differe thar> 0,5.

The following steps were followed to create a umfcample sheet used for all of the

experiments.

Table 6 Template for Cg-Value Transfer

A B C D E
Ct-Values Primer#1 | Primer#2 | Primer#3 | Primer#4 | Ref-Gene
Patient
Patient
C1
C1
Cc2
C2

|| [(WIN |-

C1 = Control 1, C2 = Control 2

Step 1 — Arithmetic Mean Value Calculation

In the first calculation step the arithmetic meaue of the duplicate reaction vessels

are calculated.

1 Cty +Ct, +---Ct
ZCti = = ; L

M= arithmetic mean value of crossing point values dalentical reaction vessels
n = the number of identical reaction vessels in e onLightCycler run

Ct=crossing point values for each of the identiealktion vessel received through Fit Point Analysis
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Table 7 Template for Mean Value Calculation

A B C D E
1. Mean Values #1 #2 #3 #4 Ref-Gene
7 |MPatient (A1+A2)/2 |(B1+B2)/2 |[(C1+C2)/2 |(D1+D2)/2 |(E1+E2)/2
8 [(McC1 (A3+A4)/2 |((B3+B4)/2 |[(C3+C4)/2 |(D3+D4)/2 |(E3+E4)/2
9 |Mc2 (A5+A6)/2 |(B5+B6)/2 |[(C5+C6)/2 |(D5+D6)/2 |(E5+E6)/2

This calculation step is done for the patient, mart, control 2 and every primer pair

including the reference-gene primers.

Step 2 — Calculating the Difference to the ReferenGene

In a second step the difference between the mdae aad the mean value of the refer-
ence gene is calculated. The reference gene sasvas internal control. Amplification

differences due to differences in material quaity eliminated through this step.

ACt = Mct—primers — MRef

Table 8 Template for Calculating the Difference tdReference Gene

A B C D E
2. Differences #1 #2 #3 #4 Ref-Gene
10 |Pat Mct-MRef (A7-E7 B7-E7 C7-E7 D7-E7 E7-E7 =0
11 |C1 Mct-MRef [A8-E8 B8-E8 C8-E8 D8-E8 E8-E8 =0
12 [C2 Mct-MRef |A9-E9 B9-E9 C9-E9 D9-E9 E9-E9=0

Step 3 — Calibration

In the third step, the wild type controls are defimas 100% gene dosage, in order to

calculate the patient samples in relation to thd type.

AACt = ACt — Athalibrator

ACt aibrato= the difference of wild type sample to refereneeqy
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Table 9 Calibration Template

A B C D E
3. Calibration #1 #2 #3 #4 Ref-Gene
13 |Patient Al10-Al1l1 B10-B11 C10-C11 D10-D11 E10-E11
14 |C1 A11-A11 B11-B11 Cli1-C11 D11-D11 E11-E11
15 [C2 Al12-Al1l B12-B11 Cl12-C11 D12-D12 E12-E11

Step 4 — ConvertindACt into Absolute Values

The fourth step uses a formula in order to contrextvalues into absolute numbers that

can be compared to one another.

Genedosis = 278ACT
Table 10 Conversion Template
A B C D E
4. Conversion #1 #2 #3 #4 Ref-Gene
16 |Patient 27(-A13) 2/(-B13) 2/7(-C13) 27(-D13) 27(-E13)
17 |ca 27 (-A14) 27(-B14) 27(-C14) 27(-D14) 27(-E14)
18 |c2 2/(-A15) 2/(-B15) 2/(-C15) 27(-D15) 27(-E15)

A graphic demonstration of the results from steyr fwan show differences in gene dos-

age.

1,40

1,20

1,00 -
Genedosage in 0,80 - |
relation to = Control 1
Control 0,60 - —
m Control 2
0,40 - | _
Patient
0,20 - |
0,00 T T T T T

Primer Primer Primer Primer Ref-Gen
6.4.5 6.5.5 6.6.5 6.7.5

Primer Pair

Figure 4 Tumor Gene Dosage in Relation to Wild typ&ontrol

29



Material and Methods

Figure 4 Tumor Gene Dosage in Relation to Wild typentrol demonstrates what a
graphic demonstration of th®ACT — values can look like. The patient’'s tumor tissue
shows decreased gene dosage compared to wilditbgieating that the primer pairs

used lie within the heterozygous deleted region.

2.7.3 The TagMan Principle real-time PCR

The poor specificity of the fluorescent dye SYBRe@r | can be circumvented using a
third oligonucleotide that is designed to bind betw the forward and reverse primer.
This oligonucleotide has a 5’ 6-FAM (Reporter) @& @BHQ-1 (Quencher) labeling.
Once the tag-polymerase releases the oligonuckeasihg its 5’-3’-exonuclease-
activity the signal strength increases (Muhlha@@®. This so called TagMan principle
is the oldest (Livak et al. 1995) and probably nemshmon technique in real-time-PCR.

FastStart DNA MasterPlusHyprobe by Roche AppliettiSes. The PCR primer pairs
were designed to be specific for the tumor’'s matasite. The specificity was tested
with SYBR Green |, as described above. For addii@pecificity a 5 6-FAM — 3’

BHQ-1-marked probe was designed between the foraaddthe reverse primers. 6-
FAM is the fluorescent marker that is excited atavelength of 488 nm and emits fluo-
rescent signal at a wavelength of 518 nm. BHQ-BJagkHole Quencher that covers
wavelengths of 500-580 nm, (TIB MOLBIOL Syntheséda GmbH 2009) will de-

crease the fluorescence of 6-FAM when in close ipriy to it.

Table 11 Light Cycler Program for FastStart DNA MagerPlusHyprobe

Temp. Time Transition Rate C°/s Acquisition mode Number of Cycle

1 Pre-Incubation 95°C 10 Min. 20 None
2 Amplification = 95°C 15s 20 None
3 60°C 15s 20 Single
4 72°C 15s 20 None go to step 2x 45
5 Cooling 40°C 30s 20 None

The Light Cycler was programmed as described inerah Light Cycler Program for
FastStart DNAvViasterPlusHyprohe
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2.8 Calculation steps for Residual Tumor Cell DetectiorLimit

The concentration of extracted DNA from tumor miaietetermined the initial concen-
tration of each dilution series. One 100% tumol B&IA vessel and a 100% normal
cell vessel with the same starting concentratiorevypdaced in each run. The initial con-
centration without dilution in a normal cell DNA ddayround was defined as 100% tu-
mor cells. The lowest concentration of tumor cellWin a background of normal cell
DNA that still amplified during the tumor cell searreal-time PCR was determined as

the detection limit.
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3 Results

Each of the seven patierrevealed highly heterogeneous and uniquéaton sites in
the tumor. @ality and quantity of tissue and DNused were alsbighly heterogee-
ous, which is why, an individual depiction of resulor each patient has been deci
upon. Every patient’s tumor posed different chajks) requiring differerdilution se-
ries, initial concentrations and meth:to attain the research objective. There is nor
a standardized method, though future objectivesdcdeavelop on on the grounds
these ergonomic finding#\ll patients are treated anonymously and will biened to

as male.

3.1 Patientl

Patient 1first displayed sympton at the age of 24 montiMolecular genetic analys

revealed two different very large deletions on kaltéles in the tumol

3.1.1 Patient 1 MLPA Results

Analysis Mode: Gene vs ctr

2.00
1.50
1.00 =~
0.50

{um B I ——
100 % o=
75 %
50 %
fg§§gggg > © © o= o= ]
T o g g o o & O b

Figure 6 MLPA Results SMARCBI Kit: Patient 1 Tumor
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Analysis Mode: Gene vs ctrl
2.00

12% ELEE:E73:Eiii:iEEliIIlliiiiiil'

Figure 7 MLPA Results DiGeorge Kit: Patient 1 Tumor

MLPA results show that the homozygous deletion eanigomGNAZ to 93 nucleotides
downstream of exon 9 GMARCB1. The enormity of the heterozygous deletion could
be further identified using SALSA MLPA kit 250 DiGrye. By combining the results
of both kits, the deletion ranges froMED15 (DiGeorge) toSEZ6L (SVIARCBL).
Hypothetically there are two possibilites that theterozygous and homozygous

deletion could be distributed:

Possibility 1

BP 1 " BP 4

Possibility 2

BP4

Figure 8 Hypothetical possibilities of deletion digibution among the two alleles, arrows point at

the borders between homozygous and heterozygous el@bn sites

Figure 8 Hypothetical possibilities of deletiontdisution among the two alleles, arrows point
at the borders between homozygous and heterozydglation sitesdisplays the two hypothetical
possibilities that the two deletions could be distred among the two alleles of the pa-
tient. Possibility one depicts two deletions, diiet in size, one larger than the other.
Possibility two describes two differently sized etedns that are suspended to one an-

other. The arrows mark the homozygous deleted msgiwhich will appear accordingly
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in the MLPA-resultswith 0% gene dosa. The flanking heterozygsudeletions coul
be either on one allele aloior that both deletions asaspended to one another. 7
homozygous deleted regions were ideed first, assuming possibility one were . If

that were the case,deletion spanninPCR using a forward pner on the outskirts ¢
breakpoint 2 (FWBP2and a reverse primer on the outskirts of breakp8 (RVBP3)
would deliver the mutation sequence. However, sgatempts usinDreamTaq with
and without DMSO, GoTaq with and without DM, Long Range dNTPa with and
without DMSO, as well as iverted PCR and nested PCiRd not deliver an
sequencable band in the agarose gel. These réisetefore, indicated that gsibility

two should bdurther investigate.

3.1.2 Breakpoint regions

Breakpoint one was subseqtly narrowed down via real-time PCR possibility two
proved to be true, a deletion spanning PCR uthe forward primer of breakpoint
(FWBP1)and the reverse primer of breakpoir(RVBP3)would reveal a sequencat
band in the agarose gel electroresis. However, the tumor mater@bved itselicon-
taminated with an unquantible amount of normal cells andlild type DNA from
blood vessels nurturing the tumor mass. The undfiedole amouniappeared to disto
heteroygosity. When 50% gene dosages the case, amnguantifiabll amount of wild
type DNA in the tumor material woulcause the actual gene dos&ageppear faldy
high, making it difficult to distinguish the differendetween 100% and 50% genes-

age. The tumor material amplified varia, differing from run to run.

Breakpoint Regions Patient 1

Breakpoint 1 Breakpoint 2 Breakpoint 3
277.677)[277.979] 2.639.123  [2.639.574] 3.651.394|[3.651.964
¢ 4 4

0 500.000 1.000.000 1.500.000 2.000.000 2.500.000 3.000.000 3.500.000 4.000.000

Position along NCBI Reference Sequence NT_011520.12

Figure 9 Patient 1 Breakpoint Regions 1 to

All of the primers named in the following are alsied in the Appendix unde.6 List

of Oligonucleotides and all positional informati@ngiven according to thNCBI Ref-
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erence Sequence NT_011520.12. The supposed bratldpeias narrowed down be-
tween primers 01_BP1_6.4 at position 277.677 andBP1_6.4.5 at position 277.979.
The supposed breakpoint region is 302 base paigs M/hereas the breakpoint region
of breakpoint two is 451 base pairs long, the sepddreakpoint 2 lies between primer
01 _BP2_2.5.5 at position 2.639.123 and primer 02 _RF5.4.3 at position 2.639.574.
Breakpoint region 3 between primers 01 _BP3_1.8.4pasition 3.651.394 and
01 BP3_1.8.5.2 at position 3.651.964 is 570 bass [mng.

3.2 Patient 2

Patient 2 presented himself at the age of thirteenths with an infratentorial tumor of
the CNS. Histological analysis of the tumor malerdisplayed a malignant
neuroectodermal tumor composed of rhabdoid tumits wéth eosinophilic cytoplasm
and eccentric nuclei with prominent nucleoli. Tke#l growth was described as unstruc-
tured without cribriform or papillary pattern. Thatotic activity was found to be brisk
with small tumor necroses. Immunhistochemical asialghowed a loss G@MARCB1-
expression within the tumor cells and a moleculemegic analysis via MLPA of the
tumor material revealed a homozygous deletion witekon 1 ofSMARCB1.The pa-

tient had been lost before any kind of therapy @dnggin.

3.2.1 MLPA Results

Analysis Mode: Gene vs ctrl
2 0n
1.50

= o
s 5= 8 8 8B 8 2 2 8 &£ 82 8 5 5 8 8 2 2
i

Comment:

Figure 10 MLPA ResultsSMARCB1Kit Patient 2 pBL
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Analysis Mode: Gene vs ctrl
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Figure 11 MLPA ResultsSMARCB1Kit Patient 2 Tumor, arrows point at the homozygous deletion
within Exon 1

3.2.2 Breakpoint Identification

DNA from the patient’s tumor was extracted from BPE-Block and peripheral blood
DNA was extracted from a Guthrie-Card (Blood-Spét)lhomozygous deletion within
Exon 1 of SMARCBL1 was identified. The MLPA results narrowed the tdefedown to
695.627 base pairs. Breakpoint 1 and breakpoine wach narrowed down further

with primer walking PCR using the GoTaqGreen Matex.

Subsequently, a deletion spanning PCR using thaepsi 02_BP1 12.12.6.3 forward
primer (FWBP1) and 02_BP2_1.2 reverse primer (RV)BR2e also List of Oligonu-

cleotides in the Appendix) proved successful. TREE material amplified very ineffi-

ciently, however, which is why a reamplificationtbé PCR product was done.

Patient 2 DNA Ladder

|

Wild Type Ctrls

Figure 12 Patient 2 Agarose Gel Electrophoresis flowingReamplification of deletion spanning
PCR: Arrows point at a 600 bp band found only in Péent 2, not in the Wild Type Controls
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Figure 12 shows the results of the reamplificatibmo clear bands the size of 600 base
pairs lift off from the controls. These bands weu¢ out and successfully sequenced.

L] ¢

GG CTAGAGCATTTTGTTGC AT CAA

A :';'!I. /'. I‘{I\I‘. ; ., | ‘ | |‘. - IRRIR | |
} U \'/ "e "‘ ) \L, } \:}I -I'L :- I‘ ' A \j \k,.l‘i::\llilf \ A I"' ‘.: .’\l‘lII ! Il s

Figure 13 Patient 2 Breakpoint Sequence; arrow pois at the fusion point where 5006 bp are delet-
ed

Figure 13 shows an excerpt from the tumor DNA sageethe arrow points at the fu-
sion point of the deletion. 5006 base pairs aresimgsat the fusion point, which was
discovered when comparing the sequence to the tyyiled NCBI Reference Sequence
NT_011520.12 (NCBI).

3.2.3 Repeat Masking the Sequence

“‘RepeatMasker is a program that screens DNA se@sefwr interspersed repeats and
low complexity DNA sequences.” (Smit et al. 201Dhe deleted sequence was masked
for genomic interspersed repeats. The results dideveal the existence of any long
interspersed nucleotide elements (LINEs) flankimg $equence, however, the sequence
contained 23,48% short interspersed nucleotide eiésn(SINES); 21,67% being Alu-
sequences and 1,81 % so called mammalian-widespgesed repeats (MIRs). Figure
14 depicts the fusion point of the deletion comgawéh the wild type sequence.
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3.2.4 Fragment Analysis

L » .
J\"I N B P AW, i e |

- i & s - -
% ] -l
o !
- ! v
= i
0 | | (‘

'

|
. ||‘ H | = I
__J‘J" m,.v.ﬂ"“l,__ N— - — 7-~~:-"""'"h‘7-~ A = TN R R

§

Figure 15 Primer pairs D22S425, D22S1174, D22S11&9 Fragment Analysis. Wild type (upper
figures) vs. patient 2 (lower figures)

Fragment analysis results provided evidence fohifpothesis that a partial uniparental
isodisomy is present in patient 2. Primer pair D225 is located upstream of
SVIARCBL, while primer pairs D22S1174 and D22S1169 aretémtalownstream of

SVIARCBL (see also 8.3 Map of Oligonucleotides for Fragmfemilysis in the appen-

dix). While D22S425 shows two heterozygous allelé® wild type, D22S1174 and

D22S1169 primer pairs lack heterozygosity, displgyonly one allele, indicating a
partial uniparental isodisomy distal 8/ARCB1 exon 1.

3.2.5 Residual Tumor Cell Detection

A mutation specific forward primer was designed tfoe fusion point, a reverse primer
120 base pairs downstream from the forward priniee primer pair was tested for
specificity by performing a melting curve analysigh Quantifast SYBR Green Kit on
the LightCycler Instrument. The primer pair prowsgacific for the mutation and there-
fore suitable for tumor cell detection using Quiasti SYBR Green on the LightCycler

Instrument.
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Tumor 30 ng

Fluorescence (F1)

patient pBL

1 8 ok & G b b i gl mh ool Ghe ahr b e gl sl e B ol i Gh obf B
o2z 4 & & 10 12 14 16 18 20 22 24 26 28 30 3z 34 36 I 40 42 43 45 43 50

Cycle Number

Figure 16 Residual Tumor Cell Search: Tumor vs. wi type and FFPE wild type controls vs. pa-
tient pBL

The results of the search for tumor cells in pegrghblood of the patient were negative.
The negative results were previously anticipategdabse AT/RT is a tumor of the CNS
and therefore more likely to metastasize or reléas®r DNA into the CSF, instead of
peripheral blood of the patient. Unfortunately, #eguisition of CSF for research ob-
jectives for this patient was not possible duéhtopatient’s early death.

3.2.5.1 Detection limit

A serial dilution of 1:10 of the tumor cell DNA inild type DNA was prepared starting
at a concentration of 30 ng/ul in the reaction ged3elow a concentration of 3 ng/ul
the wild type and FFPE-wild type DNA negative coigrbegan to amplify and there-
fore signalized unspecific binding. Accordingly,ist appropriate to presume that the
detection limit is at around a concentration ofgdut tumor DNA in a background of 30
ng/pl wild type DNA, which equals10 % tumor DNA @ background of wild type,

respectively.
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3.3 Patient 3

3.3.1 MLPA Results

The MLPA Results of patient 3 did not reveal angtidict deletions or gene dosage re-
ductions along the sequence that was screened MBANKiIt P258 SMARCB1 and

MLPA Kit P250 DiGeorge.

3.3.2 Mutation Identification

Two independent heterozygous mutations could betifted within SMARCBL, one on
each allele, causing a biallelic alteration witBMARCBL in total. One allele carried a
duplication of thirteen base pairs (see figure THe other allele carried a combined
duplication of ten base pairs and an insertion sihgle Guanine at the fusion point (see

figure 17).

CATCCGGCT GGACATGGAGATCG GCTGGACATG G AGGCTGG ACATGG AG

Figure 17 Patient 3 peripheral blood (left) vs. turor (right). The tumor shows a duplication of 13
base pairs compared to the normal peripheral blood
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CCCGAGGTGCTGGTCCCCATCCG

CCGAGGTGLT GGG GAGGTGET GETC

Figure 18 Patient 3 peripheral blood (left) vs
base pairs (red), the arrows shows the fusion

. turor (right).
point

The tumor shows a duplication of 10

A total of three mutation specific primer pairs welesigned for patient 3. Each of them

was tested for specificity via melting curve anaysith Quantifast SYBR Green. The

most specific primer pair was used for residualduell search. The starting material

for real-time PCR was FFPE-tumor tissue at a rdtherstarting concentration of only

1,38ng/ul.

3.3.3 Residual Tumor Cell Search

10.0-

a0-
) Az Tumor 1,38 ng -
= n- #
i 0,67 ng —,
o B0-
o - 0,35 ng
§ 0,175 ng
[+]
5 a3.0-
= 20- wild type
L i patient pBL

00-| =——

1.0-

O 2 4 & & 0 12 14 15 48 20 22 24 26 2B 30 32 24 I/ I}/ 40 42 49 4B 4B &0

Cycle Number

Figure 19 Residual Tumor Cell Search: Serial dilutbn of the tumor along with wild type and pa-

tient pBL (11 ng in reaction vessels)
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A serial 1:1 dilution of the FFPE-tumor template ANvas performed starting at
1,38ng/pul. The residual tumor cell search via teak PCR proved negative for tumor
cells in the peripheral blood of the patient. Feg@® shows that at a tumor cell quantity
of 0,175 ng in the reaction vessel in a backgrooint, 38 ng/ul wild type DNA, unspe-
cific primer binding occurs, as the negative wighé¢ controls are equally amplified.
The patient’s peripheral blood DNA also amplifie¢dtt®e same concentration, which is
why it can be concluded that either the patienéggheral blood is negative of tumor
cells or the amount of tumor cells in the periphétaod lie below the detection limit.
The detection limit is 0,35ng/ul. Serial dilutiori the tumor starting with 1,38 ng
(100%). 0,35ng/ul in a background of 1,38 ng/dtiype DNA equals 18,11%.

3.4 Patient 4

Patient 4 was diagnosed with AT/RT WHO Grade I\that age of 35 months. There is
no further information available regarding clinisgimptoms and the progression of the

disease.

3.4.1 MLPA Results

A complete DNA sequencing of &MARCB1 exons was performed. The results re-
vealed a homozygous deletion of two base pairs ridand Cytosin) within Exon 6 of
the SVIARCB1-gene. The patient was diagnosed with rhabdoid typredisposition

syndrome.

The patient’s tumor tissue was also screened fletidas along th&VARCBL se-
guence using the SALSA MLPA kit P2SBIARCBL. The results of the MLPA showed
a heterozygous deletion only in the tumor tissugirag fromPPIL2-probe to
NIPSNAP1-probe. This deletion was not traceable in thepgenial blood of the patient.
The heterozygous deletion and its breakpoints wasunther examined, due to lack of
patient sample material. However, this did not dtienthe way of a residual tumor cell
search because mutation specific primers couldebagded for the homozygous dele-

tion of two Adenin and Cytosin.
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3.4.2 Mutation Identification

(T p—

TCGATCTGCTGTCTGATGGCAG AGGTCGATCTGCT CTG ATGGCAGAGGC

Figure 20 Patient 4 Mutation site. Peripheral blood(left) shows the wild type sequence, tumor
(right) ARROW points at fusion point, a deletion oftwo base pairs (GT) in Exon 6

The mutation caused a frameshift and an early STO&n within the Aminoacid-
sequence. The arrow in figure 20, points at thefupoint; where two base pairs (GT)
are missing. This fusion point was used for desigra mutation specific reverse primer
and an upstream forward primer. The primer pair tgated for specificity via melting

curve analysis.

3.4.3 Residual Tumor Cell Search

a0
75—
7.0+
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8.0-
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Figure 21 Patient 4 Residual Tumor Cell Search. S&l Dilution of Tumor (positive Ctrl.) along
with wild type (negative control) and patient’s peipheral blood (304 ng in reaction vessel)

The residual tumor cell search was negative of turels in the peripheral blood of the
patient. Here, too, a serial dilution of the tumaas done, to quantify any detectable

amount of residual tumor cells. The negative cdstmere wild type, to distinguish
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unspecific binding from tumor specific binding. Tipatient’'s peripheral blood con-
tained 304 ng DNA in the reaction vessel. Despite High amount of DNA provided,
no tumor DNA could be detected, merely unspecificding. The detection limit was
determined with help of the serial dilution of tunaell DNA. The starting concentra-
tion was 3,8ng/pl (100%) in the reaction vessdbieéd by a 1:10 dilution with wild
type DNA at a concentration of 3,8 ng/ul. Belowumtity of 0,038 ng in the reaction
vessel the wild type DNA began to amplify equalllye detection limit is therefore
0,038 ng in a background of 3,8 ng wild type DNAieh equals about 1 % tumor cells
in a background of wild type DNA.

3.5 Patient5

Patient 5 was first presented with a pontine matdsextensive hemorrhage and mas-
sive cell growth up into the left thalamus. Histgittal analysis displayed a malignant
neuroectodermal tumor with high cell density andturctured, compact cell growth
and extensive necrosis. The small, but few, diffeaged tumor cells did not display
any rhabdoid differentiation. Subsequent immunaleisemical analysis showed nega-
tive expression of nucle&ARCBL1 activity, while SMARCA4 activity was still intact.
Furthermore the tumor cells showed cytoplasmaticraembrananous EMA-
immunoreactivity but no expression of cytokeratna &FAP. The patient was there-
fore diagnosed with AT/RT WHO Grade IV.

3.5.1 MLPA Results

The SALSA MLPA kit P258MARCBL1 results of patient 5 showed a homozygous de-
letion ranging fronGNAZ to Exon 9 ofSVIARCBL. Also discernable in the MLPA re-
sults was that a not negligible quantity of wilgpéycells was amplifiable, indicating a
relatively high contamination of the tumor materath wild type DNA. Furthermore,

only 35 pul of 4,5ng/ul of tumor template DNA wasadable from the patient.
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Analysis Mode: Gene vs ctrl
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Figure 23 MLPA ResultsSMARCB1Kit Patient 5 Tumor

The DNA concentration was determined with a QuhibFometer. The results let on
that the material was probably too scarce anddaoih quality, due to high contamina-
tion with wild type DNA, for a breakpoint identifation, subsequent mutation specific

primer design and residual tumor cell search.

3.5.2 Breakpoint Regions

Breakpoint Regions Patient5

Breakpoint 1

Breakpoint 2
- v %
0 500000 1000000 1500000 2000000 2500000 3000000 3500000 4000000

Position along NCBI Reference Sequence NT_011520.12

Figure 24 Patient 5 Breakpoint Regions 1 and 2

Homozygous deletions had proved to be best suit@bléreakpoint identification in
AT/RT-tissue, as was shown for patient 2. For thason breakpoint identification was

nevertheless attempted for patient 5, despite ttiavaorable circumstance of lack of
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guality and quantity of material. The breakpoirgntification was, however, not possi-
ble. Following primer walking PCRs with GoTaqGrelaster Mix, several deletion
spanning PCRs were performed, none of which dad/erband in the agarose gel elec-
trophoresis suitable for sequencing. The breakpbistassumed to lie between primer
05 _BP1_0 at position 1.440.151 and primer 05_BRllafl position 1.440.268. Primer
walking results narrowed down breakpoint 2 betwpemer 05 BP2 8 at position
3.626.774 and primer 01_BP3 1.6 at position 3.62L7.a region of 507 base pairs.

3.6 Patient 6

Patient 6 was diagnosed with AT/RT at the age of.fdlo further information regard-
ing clinical symptoms, location of the tumor andréipy is available for this patient.

3.6.1 MLPA Results

The SALSA MLPA kit P258MARCB1 screening for deletions within ti8ARCB1
gene was negative. The results showed no altesaitioperipheral blood or tumor tis-

sue.

Analysis Mode: Gene vs ctrl

2.00

Figure 25 Patient 6 MLPA Results pBL
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Analysis Mode: Gene vs ctrl
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Figure 26 Patient 6 MLPA Results Tumor

3.6.2 Mutation Identification

A complete sequencing of all nine exons and flagkntrons ofSMARCB1 was per-
formed and the results showed a homozygous dujplicaf 43 base pairs in exon 5.
The duplication had lead to a frame shift mutagod an early Stop-Codon in the ami-
no acid sequence. The tumor material was highlyacomated with wild type DNA,
which is why the tumor only amplifies very inefitly. In figure 27 the red letters

mark the tumor sequence that is only discernabteeasmaller peaks in the sequence.

155 160 165 170 175 180 185 190 195 200
CAGCCCGAGGTGCTGGTCCCCATCCGGC

" hll‘ll‘ll‘;“ll‘l“‘ll““lllll‘ll“““lll‘l‘A lAAAA‘lAIA. \A.Allxl‘.lg_iAllgl

2150
CTGGAACATGAATGGTACAAGGCAGTCGGGCTTGGCTGGGCCTGGCCCCAACCCCTGTGTGTTACGT GGGAACAGTCCCC
0 255 260 265 21 275 280 25 205 300 X5 310

AACGCATCTCAGCCCGAGGTGCTGGTCCCCATCCGGCT GGACAT GGAGAT(}GATGGGCAIAAGCTGCGAGACGCCT!CAC

235 240
TGGACATGGAGATC

AA ;IAAlAllAA o AA.llAlAlAl ) ll‘ll (oot AlAllAlelle‘AAAAllxt

Figure 27 Patient 6, the small arrow points at théveginning of the wild type 43 base-pair sequence
that is subsequently duplicated in the tumor big arow)

A mutation specific forward primer was designeciiod at the fusion point of the du-
plication, while a reverse primer was designed dgirgam of the fusion point. In order
to enhance the specificity of the primer produ@-BAM-BHQ-1-marked probe was

placed within the primer product.
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3.6.3 Residual Tumor Cell Search

The tumor template DNA was predominated with witdet DNA, a circumstance that
made specific residual tumor cell detection espigathallenging. The mutation specif-
ic primer pair proved specific for the tumor tentpl®NA in the melting curve analy-
sis. A serial dilution from a starting concentratiof 30 ng in the reaction vessel as
shown in Figure 28 was performed. The results stmatvequal amplification took place
for all dilutions of the tumor template DNA and ditype controls are also amplified in

the same cycle of quantification.
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so- \ /il type
ey 20ng g; ng
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Figure 28 Residual Tumor Cell Search for Patient &erial dilution of tumor DNA, wild type and
patient pBL were inserted in very high concentratis

A serial dilution of the tumor DNA was done in orde determine the detection limit
and to semi-quantify any detectable residual tulbrA in the patient’'s peripheral
blood. Wild type template DNA as well as DNA frohetpatient’s peripheral blood was
applied at very high concentrations (900 ng inrieection vessel) in order to enhance
the probability of detecting tumor cells. . Howevéetre application of high amounts of
DNA also enhances the probability of unspecificdiig, which is clearly demonstrated
in Figure 28. Both wild type and patient’s peripddeéblood DNA are amplified at the
same rate, indicating that the 6-FAM-BHQ-1-dual-kear probe and the mutate on spe-
cific primers used are not specific enough to dedeg residual tumor cells or that there
are no tumor cells to be detected, respectivelye rEsults indicate that the tumor tissue
was too low in quality and quantity to enable spe@amplification, which is why no

significant differences between the different ddos are discernable. There is no
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statement to detection limit possible, becausepthigy of tumor DNA is not given and
the remaining amount of tumor tissue is not quiatdié.

3.7 Patient?7

Patient 7, when introduced to the clinic at the @ig23 months, displayed newly oc-
curred tilting of the head and neck, intermittemiesis, unsteady gait and a propensity
to fall. Medical imaging revealed a tumor masshi@ posterior fossa.
Immunhistochemical staining revealed a loss of ear@VIARCBL/INI1-expression in
the tumor mass. For patient 7 the very ideal caotbtwere fresh frozen tumor tissue,

peripheral blood and cerebrospinal fluid were pded.

3.7.1 MLPA Results and Mutation Identification

Subsequent molecular genetic analysis showed a laeterozygous deletion ranging
from TBX1 to NIPSNAP1 in Exon 3 ofSMARCBL1 on one allele, while the other allele
contained a duplication of two base pairs. The idapbn of Guanine and Thymin, was
found at position 3.526.414/5, and caused a frahifé mutation and an early stop-
codon. In sum, both mutations caused a bialleteration ofSMARCB1 on both alleles,

fulfilling Knudson’s two-hit theory for tumor sup@ssor genes.
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Figure 29 Patient 7 Peripheral Blood(left) vs. Tumb (right), arrows point at the duplication site,
two base pairs (GT) have been inserted, the tumoeguence is shifted against normal cell sequence
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3.7.2 Residual Tumor Cell Search

Two mutation specific primer pairs for the two bassr duplication were designed.
Both were tested for specificity via Quantifast S¥Breen PCR melting curve analy-

Sis.

Tumor 1,25 ng

unspecific primer products, amplified
in wild type and tumor tislue

Fluorescence -d{F1)/dT

0.z
T T T T T T 0 T I T T T T T T |
820 640 BE.0 620 700 T2.0 74.0 760 T80 800 g20 240 860 820 20.0 Q2.0 a4.0

Temperature {°C)

Figure 30 Patient 7 Melting Curve Analysis of LightCycler PCR-run testing the primer specificity
tumor vs. wild type. The unspecific primer productscan be canceled out using a dual-marked
probe.

Figure 30 shows the results of the melting curvalysmis. The melting curve analysis
shows two different primer products that differsize, recognizable by the two distinct
peaks. The first, smaller peak is due to unspeaifiplifications, while the more signif-
icant peak on the right represents the actual turetirspecific product. It can be as-
sumed that both PCR-products contribute to fluamese detection during amplifica-
tion. In order to cancel out fluorescence detectieriving from the unspecific products
a 6-FAM-BHQ1-dual-marked probe was placed withie tmor template DNA se-
qguence. A dual-marked probe will only emit a fluisence signal, if the tumor cell spe-
cific product is being amplified. Whereas the umsjie product will nevertheless be

amplified, however, remain undetected.
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0.75-
0.7

Fluorescence (F1)

Cycle Number

Figure 31 Patient 7, Light Cycler PCR using 6FAM-BH)1-dual-marked probe, Serial Dilution of
tumor and wild type DNA.

Once the primer pairs were optimized at an anngaéimperature of 61°C, a serial dilu-
tion of the tumor template DNA was performed. Feg@1 depicts the dilution series

and how specific the primer products were. Wildetgontrols did not amplify at all.

The residual tumor cell detection consisted ofdihation series of the tumor DNA and
an increasing amount of patient peripheral bloodAD{69 ng/uL, 538 ng/ul, 807
ng/ul) and CSF (0,5 ng/ul, 1 ng/ul, 1,5 ng/ul, 2uhg 10 pl reaction mixes were used.
Despite having applied increasing amounts of perghblood DNA or CSF DNA, all
results proved negative of tumor cells. The grelabatage was that fresh frozen tumor
was used for PCR and therefore peripheral bloodligndr as well as wild type DNA
were directly comparable to one another, as thexe mo difference in DNA quality

evident.

The detection limit was 0,08 ng tumor template DiNAhe background of 1,17 ng wild
type DNA in the reaction vessel of 10 pl. A sedal dilution was performed starting
with 1,25 ng Tumor DNA (100 %). 1:1 dilution withilel type DNA at a concentration
of 1,25 ng/ul. 0,08 ng of 1,25 ng is 6,4 % tumdt detection limit in a background of
wild type DNA.
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Figure 32 Residual Tumor Cell Detection with LightCycler System 480 Instrument Il, a dual-
marked probe for higher specificity was used: wildtype, patient’s peripheral blood and liquor are
negative of tumor cells. Nachweisgrenze: 0,08 ng itO pl reaction vessel (red = positive, blue =
marginal, green = negative)

Results of the residual tumor cell detection witduml-marked probe show that wild
type controls, the patient’s peripheral blood all a& CSF are negative of tumor cells.
The tumor cells could be detectable down to 0,08 pl reaction vessel. Assuming
a mass of 6,57 pg genomic DNA per single diploidi (&erth et al. 2000), 0,08 ng/10 ul

would be equivalent to 1,22 cells/pl detection timi
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4 Discussion

Molecular profiling is increasingly becoming a aahtresearch area in the field of on-
cology. Currently there is scientific consensug tamcer is generated by a multitude of
genetic alterations in a series of oncogenes ootwmppressor genes. A characteriza-
tion of these alterations for each individual tunsw it is assumed, will allow the pre-
diction of clinical and biological behavior of afiymor type based on its molecular
characteristics and thereby allow targeted indiaiched treatment in the future
(Ichimura et al. 2012). The atypical teratoid rhaiddumor has obtained a special posi-
tion among the different tumor entities becausksadistinct pathogenesis and its asso-
ciation with a tumor suppressor ge®MARCB1. Hasselblatt et al. (2013) and Kieran et
al. (2012) screened AT/RTs for genetic alteratiotier tharSVIARCB1 and found

none. The evolution of cancer cells frequently tetadthe formation of multiple clones
due to most cancer types’ high genetic instabilityese clones are often able to escape
detection or targeted treatment, under these pesnaisy molecular marker would even-
tually become functionless. However, Lee et all@ave found the biallelic loss of
SVIARCBL as genetically stable, which not only affirms kigh specificity of the gene

but also makes it an ideal molecular marker.

4.1 Deletion Mapping

The breakpoint regions of patient 1 and 5 as wetha identified breakpoints of patient
2 have been compiled in a single map (Figure 38¢veal possible breakpoint accumu-
lations. It is probable that this region may be enlieble to DNA double strand breaks
than others. These DNA double strand breaks aem dftllowed by repair mechanism
pathways that can result in allelic loss of nudties causing deletions. The total num-
ber of patients in this research objective is tmalsto propose a significant breakpoint
accumulation at positions 3.519.779 — 3.651.96dwer the results seem striking and
indicate such. Further examinations of this chramnus band with more patient sam-

ples could confirm the region as especially lighléhe future.
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Breakpoint Map Patients 1, 2, 5
Il Patient 1

Patient 2
B potiont 5
3.567.270
‘ — - ‘ - — — . e
ZYCMJU 770.000 1.270.000 1.770.000 2.270.000 2.770.000 3.270.000 3.770.000

Position along NCBI Reference Sequence NT_011520.12

Figure 33 Breakpoint Map of Patients 1, 2 & 5

4.2 Patient 2 Repeat Masking and Fragment Analysis

The masking results of the deleted sequence ituther of patient 2 suggested a non-
homologous-end-joining mechanism with the loss ofleotides (see also 1.5.1 for
DNA Repair Mechanisms). The Guanine and Cytosirtechvare marked red in figure
Figure 13 Patient Breakpoint Sequence; arrow points at the fusidntpehere 5006 bp are deleted
could have functioned as sequences of micro homolsgrcalled mini-direct repeats
(MDRs), where after a DNA double strand break mayehoccurred, NHEJ-pathway
repair using the MDRs, resulted in the loss of 5806leotides. This was probably the

mutation mechanism of the deletions.

The deletions are likewise existent on both alledesther singular observation, be-
cause two identical mutation mechanisms must helkentplace on both alleles. This is
regarded as a rather improbable event; more likelguble stranded DNA break oc-
curred on one allele, was repaired via the NHEByay and another event, independ-
ent of the first, ensued. The second event may testéted in a uniparental isodisomy,
i.e. both homologous chromosomes derive from theegaarent. This mechanism was
further investigated by fragment analysis of thgioe on chromosome 22. The results
revealed a partial uniparental isodisomy that begirexon 1 c8MARCBL1 and contin-

ues downstream of the gene.
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4.3 Residual AT/RT Cell Detection

Minimal residual disease (MRD) in solid tumors Ieallenging but also one of the main
topics in clinical oncology (Pantel 1996) MRD wastf established for acute lymphatic
leukemia (ALL), a hematologic malignancy. The ALhktgnt's peripheral blood natu-
rally swamped with mutant cells. In contrast, sdlichors, such as AT/RT, must yet
release the tumor cells or mutant DNA, into theodlstream. The release mechanisms
are not yet clearly understood. It is known thagfnents of DNA circulate in the blood
stream. Reasons for their presence could be apspiosiecrosis of tumor cells and
subsequent release of DNA fragments into the b&tashm or the release of intact cells
into the blood stream where they are subsequeyrdl (Gormally et al. 2007). Fur-
thermore, the release of intact tumor cells coaeltiito metastasis; however, not all tu-
mor cells in the blood stream are metastatic. Tdmeptex model of metastatic cells was
described in chapter 1.4.1 Molecular Markers fon€ga. These challenges play a deci-
sive role in developing methods that predict thespnce of cancer for solid tumors
such as AT/RT.

A further objective in clinical pathology is to ddwep suitable molecular markers for
residual tumor cell detection. There have beerriasef methods put forward, such as
immuncytochemical assays using monoclonal antilso@iantel 1996) as well as the
detection of mutations in oncogenes or tumor siggaegenes that are specific to a
certain tumor type via polymerase chain reactidrige trouble is finding a suitable

marker that is sensitive as well as specific fturaor type. These criteria are being met
in full when applying this method for residual tuncell detection for AT/RT.Tumor

specific mutation identification prior to residualmor cell search in peripheral blood
and CSF make it highly specific and the detecti@nreal-time-PCR can be extremely
sensitive, studies have revealed detection limitd @ell in 16 to 1Fhematopoetic

background cells (Zippelius et al. 2000).

The results of residual AT/RT detection providedevice that it is principally possible
to use mutation specific primers to detect AT/RTsc@ peripheral blood or CSF of the
patient. The method is specific for each individoatient’s tumor cells and can be op-

timized to enhance sensitivity. A definitive profims concerning the detection limit,
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I.e. sensitivity of the method, however, is notgbke at the time. The sensitivity of the
method must be probed under standardized circugesdor patient sample taking,
uniform DNA extraction methods and the conditioattblean fresh frozen tumor cell
material without wild type DNA contamination be pided. Furthermore, the interpre-
tation of quantitative results is yet unclear. Ho@antitative results differ considerably
among the five patients tested for this researgbctibe, due to the enormous differ-
ences in quality and quantity of starting mateaiadl other reasons that will be dis-

cussed further in 4.4 Limitations and Methodicah€wictions.

The detection limit was calculated via the concarin of tumor cell template DNA in
a background of wild type DNA. In the group of fipatients the calculated detection
limit ranged from 1% - 18,11%. (Gormally et al. ZQ)Geported of similar numbers,
“when mutant and wild-type DNA are mixed togetheiopto PCR, an experimental
condition, which reproduces the analysis of actialogical specimens”, sensitivities
of 1-6 % are reached (Gormally et al. 2007). Howetree calculations are only valid
under the presumption that the tumor material cdedi purely of tumor DNA. Very
probably this was not the case, as extracted DA fsolid tumors is often contami-
nated with normal cell DNA and wild type DNA fronfolod vessels nurturing the tumor
mass, it can be assumed that the amount of tunfiericéhe reaction vessels was lower
than indicated and that the sensitivity of the rodtivas actually higher than calculated
for each patient. Furthermore, it must be noted qbantitative results should be linked

to a cell number or more importantly, relevancetf@rapy or prognosis in the future.

4.3.1 Patient Follow-Up Results

A patient follow-up inquiry at the EU-Rhab Registexs performed in March 2014
after all the experiments had taken place. Tablgi\t&s an overview of the patients’
metastatic status at the time of sample-takingimtrast to follow-up data concerning
their disease progression. At the time of patiant@e-taking the metastatic status of
all seven patients was negative, except for pafieRtatients 1 and 7 were relapse free,
patients 2 and 3 deceased. Patient 4 sufferedifroacranial metastasis and patient 5
had a massive tumor progression. No patient follpndata was available for patient 6.

The negative results of tumor cell search for $ithe patients are consistent with this
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information. As formerly discussed, metastasis wWonbst likely be found in cerebro-
spinal fluid than in the peripheral blood of theipats. No cerebrospinal fluid had been
available for tumor cell search from patient 2, ethimay explain the inconsistent re-

sults. The use of CSF for tumor cell search magroffore insights in the future.

Table 12: Patient Follow-Up Results received from EURhab Register

Patient No® M‘etastatic status at'the Validation me- ‘ Follow-up: ‘
time of sample-taking thod Disease progression
1 MO MRT/CSF Cytology no relapse
2 M2b/M+ MRT/CSF Cytology deceasd
3 MO MRT deceasd
4 MO MRT/CSF Cytology intracranial metastasis
5 MO MRT/CSF Cytology | massive tumorprogression
6 n/a n/a n/a
7 MO MRT/CSF Cytology no relapse

4.3.2 Ambiguity of Positive Results in Residual AT/RT CdlDetection

Positive results in residual AT/RT cell detectior ambiguous. Further research on the
release mechanisms of tumor cells or DNA into tlued stream will facilitate the in-
terpretation of MRD results in solid tumors in theure. Presently, the detection of
tumor DNA in the blood stream must not be indicatof the presence of metastatic
cells, as the cells may have acquired the abititgriter the blood stream but they must
not have acquired the ability to extravasate (Gdgned al. 2007).

Gormally et al. (2007) also noted that the detectibmutant DNA is not informative of
the tumor site, however, this information is rateecondary in this research objective,
as the mutation specific primers are specific fa primary tumor site and AT/RT are

known to be genetically stable (Ichimura et al. 201

The detection of circulating tumor cells in peripdeblood or cerebrospinal fluid, once
successfully established and standardized, wikialternative to invasive biopsies or
surgical exploration. The spectrum of applicatiail kenge from the early diagnosis of

primary tumors, the detection of metastatic tunssues, the monitoring of cancer pa-
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tients and also prognostic factors concerning sahand predictive response to cancer
therapy especially development of therapy resigtaimuild be monitored (Parkinson et
al. 2012).

Until then a series of questions will have to bevegred prior to its introduction to clin-
ical pathology. What propositions concerning sévigjtof the method can be made?
What consequences will a positive result have ahdrgrwould the therapeutic thresh-
old begin? It must be noted at this point, that pasitive result in any screening meth-
od is obsolete, if no effective therapy can follGvis circumstance demands the devel-
opment of better therapeutic and prognostic fackarAT/RT patients. How does tu-
mor progression relate to the positive results lamd should the latter be quantified?
Finally, the method must be more sensitive andiBpelban contemporary convention-
al methods, such as medical imaging, in order tprbétable for the patient as well as
the physician.

In order to introduce this detection method intaichl practice, a number of standard-
ized protocols need to be developed and agreesiweth as multi-center studies will be
required for validity (Pantel 1996).
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4.4 Limitations and Methodical Constrictions

4.4.1 Scarce material

One of the greatest limitations during the entixpeziments was the scarceness of tu-
mor-DNA and its poor quality. AT/RT is a rare tumamtity. Once the seven suitable
patients were found, a sufficient amount of matesas required for the experiments.
However, as AT/RT is rare and the patients’ prognasry grim, an extensive amount
of material was not obtainable, as some patienisdezeased before experiments had
begun. Furthermore, the quality (fresh frozen, Frditierent DNA extraction methods,
etc.) and quantity varied tremendously among thepis, making a direct comparison
difficult or impossible. Future research objectigd®uld attempt to minimize these dif-
ferences and ensure a uniform quality and quaatisample templates. The attempt to
amplify the tumor material with a whole genome iegion kit (see O List of Instru-
ments and Materials of the Appendix for furtheragls} did not yield any suitable mate-

rial for this research objective.

Ideally, a whole series of mutation specific prinpairs should be designed and tested
for each individual tumor type, because primer &nd to differ in binding behavior
and annealing temperatures and therefore influé€R efficiency. The best primer
pair with the highest specificity should be appliedresidual tumor cell detection. This
procedure ensures the best possible residual taellodetection. However, the scarce-
ness of material often allowed only a few real-tR€R runs testing one or two primer
pairs, at 60°C annealing temperature. The real-B@& runs were nevertheless suc-
cessful; they clearly demonstrated tIBMIARCB1 mutations are suitable molecular
markers for residual tumor cell detection in AT/RIhese results are sufficient for a

proof-of-principle.

4.4.2 Working with FFPE-Material

Formalin-fixating-paraffin-embedding is one of thest convenient, long-lasting and
therefore most commonly used methods for presertisgue. However, formalin-
fixation and paraffin-embedding significantly re@uthe quality of the DNA. For many
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research objectives this circumstance is no aatyaédiment but for molecular genetic
analysis it is. Highly fragmented material is difflt to analyze if the sequence in ques-

tion is large, such as large breakpoint regions.

When narrowing down the breakpoint via primer wadki wild type DNA extracted
from lymphocytes from a human vein was used assitipe control for PCR-cycling.
Due to the fact that DNA extracted from FFPE-malesimplifies less efficiently than
wild type DNA, the tumor band in the agarose gek&bphoresis would naturally be
darker than that of the wild type, even if startteghplates were adjusted equally. In
addition, a contamination of tumor tissue with wilgpe DNA could create false-
positive results, feigning gene existence in thedy when actually the primer pair lay
within the deleted region. Ergo, primer walking ués were only informative when
flanking primer products were compared to one agroéimd the deletion spanning PCR

delivered a plausible sequence.

Furthermore, the reduced quality of DNA had sevengact on real-time-PCR efficien-
cy and comparability. FFPE-DNA will amplify up tme log-phase or three cycles later

than fresh frozen tissue of the same template amoun

4.5 Real-Time PCR Quantification and Real-Time PCR Kindics

Real-time-PCR technology has the capacity to detedt quantify minute amounts of
nucleic acids. However, its high sensitivity makesusceptible to errors in analysis as
well as in the interpretation of results. Smalfeliénces in assay runs can have a signif-
icant impact on its validity and the interpretatioh quantitative experiments can be
challenging due to minute variations in templateants in the reaction vessels due to
pipetting errors. The efficiency of a real-time-P@R can be limited by experimental
factors such as initial concentrations of startimgterial of all substances in the reaction
vessel, the degradation of TagPolymerase, PCR pradannealing and primer-dimer
accumulation (Roth et al. 2002). Furthermore, teaé-PCR efficiency is highly sensi-

tive to differences in DNA quality and quantity, ieh is why it was an utmost necessi-
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ty to uniformly determine DNA-concentration via Qubluorometer before setting up

the PCR-reactions.

4.5.1 Relative gene quantification real-time PCR for Primer Walking

Relative gene quantification for patient 1 usedakivand Schmittgen’s (2001)*2" -
Method, where Ct stands for the threshold cycleyote of quantification and the factor
two refers to a perfect efficiency at each quardiion cycle (Gevertz et al. 2005). The
factor two therefore, implies that both genes,rédference gene as well as gene in ques-
tion, are both amplified with the same efficien&mall deviations from the factor two

can be corrected using an error calculation formula

n

efficiency deviation = % —1x 100

(Schakowski 2012).

The amplification efficiencies probably did not miatthe factor two during the experi-
ments, because an undetermined amount of wild B& contaminated the tumor
material causing a deviation from the factor twartker influential factors are primer
design, annealing temperatures, fragment lengtipliation sequence, GC-amount,
purity of DNA, inhibitors, NA degradation, PCR pragn, PCR reaction components
(Schakowski 2012). Besides, the factor two is anlypathematical approximation and
does not mirror actual PCR reality, which is whyvédz et al. (2005) developed a
mathematical model of real-time PCR kinetics thaild calculate PCR efficiency as a
function of cycle number. This is required, wheramifying minute differences be-
tween samples. Evidently, there is yet much roomofatimization in using relative
gene quantification real-time PCR for breakpoirgntification. However, the amount
of patient samples did not suffice for this. Futueeearch objectives, however, should
consider both the mathematical models as well aslithiting factors named above

more intensively.

4.5.2 Real-time PCR Fluorescence Detection

The real-time PCR analysis program detects fluemse signals (y-axis) and plots the

signal against cycle number (x-Axis). The curves tiesult in the process can be erratic
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or irregular (see figure 29). A consultation witretmanufacturer Roche Applied Sci-
ence, Mannheim (specifically Dr. Canino), revedledt these phenomena often occur
due to external disturbances, such as shakingstabid nearby running centrifuges,
during the real-time PCR run. The Cq points reqliie quantification remain undis-

turbed through these irregularities.

4.6 Patients 1 and 5

Tumor samples of patient 1 and 5 were designateldréakpoint identification. How-
ever, despite having narrowed down the breakpanatgleletion spanning PCR proved
successful. Possible reasons were that the dedettere very large, as shown in the

MLPA results but also a low quality of the material

When examining the tumor material of patient 1phstacle may have been the hetero-
zygous deletion where the gene dosage quantificateoreal-time PCR was unsuccess-
ful. Furthermore, there is reason to believe thatentomplex mutation developments
have taken place in the tumor. The assumed disivibof deletions and mutations
among the two alleles of patient 1 seem to have bsse. Perhaps insertions, inver-
sions or non-consecutive deletions are responfblihe ineffective deletion spanning
PCR. These supposed impediments cannot be prowkan tire circumstances given,
which is why they will remain thoroughly hypotheticTumor samples of patient 5
showed homozygous deletions on both alleles, howvéwe amount of patient samples
was surely too scarce, the tumor tissue was additohighly contaminated with wild
type tissue, therefore the quality proved too lowdn effective amplification.
Nevertheless, these two cases well display thediofithis research objective and fur-

ther suggest possible hindrances that need tormedsyed in future projects.

4.7 Future prospects: ldentifying Molecular Markers to predict the

Presence of Cancer

With increasing computing capacity, more efficipnbcessors and greater data-storage

devices, it will only be a matter of time that wevelop the according algorithms to
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specifically analyze the human genome and perhapsday we will be able to predict
events, the patients’ response to therapy and emribunds of these findings, perhaps
even prevent complications. We are on the vergedividualized medicine, in order to
pave the path toward these new chances, molectdéiling will gain more and more
impact and weight. Understanding the dynamic bedravi tumor oncogenes and sup-
pressor genes will be inevitably a future centiatigline. And with higher curability
and these new possibilities the expectations ondanaands for a physician will inevi-
tably grow, as Sherry Phillips stated “With steawlyrease in survival rates for children
with cancer, those who provide their medical treattface new challenges. In the past,
it was acceptable to treat the malignancy and tedissfied that the child survived.
Now, the goal of treatment is to achieve a totallyed child, defined as one who is
mentally as well as physically healthy and can fiamcin society. Thus our responsibil-
ities extend beyond simply rendering our patient® fof disease [...] We must ensure
that patients are able to grow and develop andzeettleir greatest potential.”(Phillips
1989).
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5 Summary

Atypical teratoid rhabdoid tumors are a highly galnt and aggressive pediatric
embryonal tumor entity of the central nervous syst€he tumor entity has been dis-
tinctly linked to genetic alterations on both aelbfSMARCB1. The current state of
research provides evidence that biall&\¢ARCB1 mutations are solely responsible for
tumor genesis in the majority of AT/RT cases. ThreeeSVIARCB1 mutations are high-
ly specific for these patients. The examination @eatification of SMARCB1 muta-
tions, especially deletions, was the subject afaiesh in this dissertation. The break-
points of SMARCBL deletions have not yet been identified and magpéensively.
Breakpoint examinations could reveal especiallgléaegions on chromosome 22,
identifying these regions could further allow thregtiction of tumor genesis in future.
In any case, the understanding of this region greét interest. The breakpoint identifi-
cation was successful for patient 2, revealing keants at chromosome 22 positions
3.519.779 and 3.567.270. The mutation mechanisnmthéhe homozygous deletion
seems to have been a DNA double stranded breakealkele, followed by an NHEJ-
pathway repair mechanism with the loss of 5006euntaes. Subsequently, a somatic
partial uniparental isodisomy involving this regi@ad to a biallelic loss GMARCB1
integrity. Breakpoints could not be identified fmatient 1 and 5, however, the break-
point regions have been narrowed down to approxina00 base pairs. These break-
point regions together with the breakpoints ofguait have been compiled in a single
map to reveal possible breakpoint accumulationsgatbe chromosome. The sample

number is yet too small to propose a significaicuatulation.

Close monitoring is indispensable in cancer pagiémat have gone into remission. Sen-
sitive methods that detect residual tumor cellslaeeefore required. SInGVARCB1
mutations are highly specific for AT/RT patientglagenetically stable, the mutations
are suitable to serve as molecular markers. The cahtaining these tumor specific
mutations could be detected and quantified usiafjtree PCR. Therefore, mutation
specific primers have been developed for a totéivefpatients to detect residual tumor
cells in peripheral blood and cerebrospinal fluidhe patient. The results were entirely
negative for all patients, either because the tietetmit, which ranged from 1% -

18% tumor cells in a background of wild type DNAaswot low enough or because the
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patients did not have any tumor cells in the bloo@SF respectively. Future research
objectives could certainly optimize experimentahd@itions and achieve higher sensitiv-
ities. Nevertheless, there is still a problem wte ambiguity of possible positive re-
sults, which is continuously a central challengdeneloping methods for minimal re-

sidual disease in solid tumors.
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6 List of Abbreviations

A-EJ
ALL
ATP
AT/RT
B-NHEJ
CNS
Cq

CSF
DSB
dsDNA
EMA
ER-MRT
FFPE
GFAP
HE

HR
LINES
MDR
MEPS
MIR
MLPA
MMEJ
NHEJ
pBL
PCR
RTK
RTPS

Alternative end joining
Acute lymphatic leukemia
Adenosintriphosphate

Atypical Teratoid Rhabdoid Tumor
Backup — Non Homologous End Joining
central nervous system

Cycle of Quantification (also known as crossingyitihreshold
cycle)

Cerebrospinal fluid

Double-strand break

double-stranded DNA

epithelial membrane antigen
Extra-Renal Malignant Rhabdoid Tumor
formalin-fixed paraffin-embedded

glial fibrillary acidic protein

hematoxylin and eosin

Homologous recombination

long interspersed nucleotide elements
Mini-direct repeat

Minimal Efficient Processing Segment
mammalian-wide interspersed repeat
Muliplex Ligand-dependent Probe Amplification
Micro-homology Mediated End Joining
Non-homologous end joining

peripheral Blood

Polymerase Chain Reaction

Rhabdoid Tumor of the Kidney

Rhabdoid Tumor Predisposition Syndrome

SINES short interspersed nucleotide elements

SMA

SVMIARCB1

smooth-muscle actin
SWI/SNF Matrix Associated Actin-dependent Regulatio
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Chromatin, Subfamily B, Member 1

SNP Single Nucleotide Polymorphism
ssDNAsingle stranded DNA
Tm Melting Temperature
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8.3 Map of Oligonucleotides for Fragment Analysis
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domain 38
FAM?‘QAS fam”y l‘wth Sequence 02251170 Position 48.350.736
smiliarity 19 (chemokine c-c- I

02251169 Position 49.402.101

—
:
J
—
—
—

motif)-like, member 5
50.000.000
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8.4 List of Oligonucleotides for Fragment Analysis
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8.6 List of Oligonucleotidesfor Primer Walking

sorted by patient and position
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8.7 List of Instruments and Materials

Instrument / Material Type Manufacturer Location

AgarosegelAgarose 1,2% (v/iv) Invitrogen Karlsruhe

Purificationof SEQ-Reaction DyeEx 96 Kit Qiagen Idén

Caps 8er Domed Cap Strips peglab Erlangen

DestilledWater Aqua ad iniectabilia Braun Melsungen

DMSO DMSO 1 ml Agilent Boblingen
QiAmp DNA Mini Kit Tis-

DNA Extraction sue + Blood + Blood SpoQiagen Hilden
Protocol

DNA Size Standard DNA ladder 100 bp Invitrogen Karhe

DNA Size Standard

Gene Ruler Mix

Thermo Scientific

DNA Quantification Instrument Qubit® 2.0 Fluorometer Invitrogen Karlsruhe
DNA QuantificationTubes Qubit Assay Tubes Invitrogen Karlsruhe
e dsDNA Broad Range .
DNA QuantificationReagent Reagent 200x with DMSO Invitrogen Karlsruhe
DNA QuantificationBuffer gil?flgerBroad Range Invitrogen Karlsruhe
. dsDNA Broad Range Stand-_ .
DNA QuantificationStandards ard #1 and # 2 Invitrogen Karlsruhe
Migrationchamber with PerfectBlue
mounting plate andBreitformat-Gelsystem MaxiPeqglab Erlangen
microtitier-comb ExwW
Ethidiumbromid 0,1 pl/mi
. . . Applied Foster City,
Fragment Analysis Hi-Di Formamide Biosystems USA
Fragment Analysis Gene Scan 500 LIZ Size‘AppIied Foster City,
Standard Biosystems USA
Gel Extraction Ultrafree-DA Millipore Bedford, USA

Gel Extraction

QiaQuickGelExtraction Kit

for Sequencing Qiagen Hilden
Gel Extraction MinElute Gel Extraction Kit Qiagen Hilden
Gel-Documentationssystem E-Box VX2 Peqglab Erlangen
LoadingBuffer Gel-LoadingBuffer IlI MBI Fermantas  t.$eon-Rot
Magnesium 25 mM MgCI2 Qiagen Hilden
MLPA Chromosome 22 DiGeorge SALSA MLPA kit P250 MRC-Holland Amsterdam, NL
DiGeorge
SALSA MLPA kit P258
MLPA Chromosome 28VIARCB1 SMARCBL MRC-Holland Amsterdam, NL
PCR GoTaq . Green PCI%Dromega Madison, USA
Master Mix
Waltham,
PCR DreamTaq Green I:‘CRI'hermo Scientific Massachussetts,
Master Mix
USA
PCR ExpandLongRangedNTPackROChe Mannheim

Version 06
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Taq DNA  Polymerase

PCR, Fragment Analysis recombinant Invitrogen Karlsruhe
PCR, Real-Time Capillary Centrifuge LC Carousel@iamge Roche Mannheim
PCR, Real-Time Instrument Light Cycler | 32-Capillary Roche Mannheim
Carousel-Based System
PCR, Real-Time LightCycler Sganﬁfi?stSYBRGreen Qiagen Hilden
PCR, Real-Time LightCycler with Probgiztrif: DNA IVIaSterPlu%?oche Mannheim
PCR, Real-Time Reaction Vessels I(‘Zl%h:“) CyclerCapillaries Roche Mannheim
PCR, Real-Time Instrument I| :‘Ilgghé_vc\igﬁlglroﬁso InStrumentRoche Mannheim
PCR, Real-Time Reaction Plates Iﬁllg?é §Z6ycler 480 Multiwell Roche Mannheim
PCR, Real-Time Light Cycler 480 SealingFoil Roche Mannheim
PCR, Real-Time CFTR-Gene
Pipettes Pipetman Gilson Middleton, USA

BiosphereFiltertips 10ul, 100

Pipetten Filtertips pul, 200 pl, 1250 pl typeSarstedt NUmbrecht
Eppendorf/Gilson
. Applied Foster City,
SEQ Buffer 5xSequencing Buffer Biosytsems USA
_ ABI Prism BIG DYE Termi- Applied Foster City,
SEQ Kit nator Biosytsems USA
Cycle Vers. 3.1 yt
Biozym, Hess.
SEQ-Tubes Softtubes 0,5 ml Oldendorf NA
Sequencer ABI-Prism 3130 GeneticApplied Foster City,
q Analyzer Biosystems USA
Power source Desatronic 3000/200 Desaga Heidelberg
Thermo Fast 96 PCR Plates 0,2 ml Tube Plate peqglab Erlangen
Thermocycler T-Gradient Biometra Gottingen
Thermocycler T1-Thermocycler Biometra Gottingen
Tris-Acetat-EDTA-Buffer 1x Millipore Bedford, USA
UV-Light table ECX-20M Peqglab Erlangen
Vortex Certomat MV B.BraunBiotech
Centrifuge 96 Multiwel Plates Heraeus Multifuge -RS Thermo Scientific
Centrifuge 1,5 ml Tubes EBA 12R Hettlc_h— Tuttlingen
Zentrifugen
Whole Genome Replication Repli-G Mini Kit Qiagen Idin
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8.8 List of Softwares

Program Manufacturer

Adobe Photoshop CS3 Vers. 10.0 Adobe Systems Incatgx

BLAST Basic Local Alignment Search Tool Nationeln@er for Biotechnology Information, Bethesda, USA
Genatlas Université Paris Decartes

Lasergene 8 SeqBuilder Vers. 8.0.3 (1) DNASTAR

Light Cycler Program Data Analysis 3.5.28 Roche Applied Science, Idaho Technology Inc. 1998

Light Cycler Program Front Version 3.5 Roche Apglecience, Idaho Technology Inc. 1998

Light CyclerProgramGraphworks 10.0.7  Roche Applied Science, Idaho Technology Inc. 1998

Light Cycler Program Run Version 5.32 Roche ApplBaience, Idaho Technology Inc. 1998

Light Cycler 480 Software release 1.5.0 SP4 Rogbelidd Science, Idaho Technology Inc. 1998

Map Viewer Nationel Center for Biotechnology Infation, Bethesda, USA
Microsoft Paint Microsoft

Office Excel 2007 Microsoft

OligoCalculator Metabion international AG, Martirest

RepeatMasker http://www.repeatmasker.org

SegPilot JSI Medical Systems, Kippenheim, Germany
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