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Abstract

Abstract

Better understanding of tumor progression at the molecular level has led to development of
promising therapies for the treatment of otherwise poorly responsive malignant tumors.
Compared to other subtypes of malignant melanoma (MM), lentigo maligna melanoma (LMM) is
characterized by slow progression from a melanoma in situ to an invasive form. The structure of
LMM tumors, with their solitary units or small nests of atypical melanocytes, has hampered
molecular characterization and necessitates sensitive methods for mutation analysis. While BRAF
mutation has been shown to be an early event in the development of MM, it has not been
explored in LMM in adequately large sample sizes. Therefore, the objective of this study was to
determine the occurrence of mutations in codon 600 of the BRAF gene in a large cohort of LMM
patient samples. In order to analyze low tumor cell portions within LMM lesions, a highly sensitive
PCR method was established for the detection of the BRAF V600E, as well as the BRAF V600K
mutation. We found that in our hands allele specific PCR was more sensitive than other methods
to detect low abundance mutations. We investigated the prevalence of BRAF mutations in a total
of 61 LMM lesions. These lesions were prescreened for suitable DNA quality and manually
dissected for the presence of at least 5% tumor cells within the tissue samples to be subjected to
PCR analysis. In addition, from 39 of these LMM lesions DNA from normal tumor-adjacent tissue

could be extracted and investigated for control purposes.

Unexpectedly, the BRAF V600K mutation was predominant in our set of LMM lesions and found
exclusively in the DNA from tumor area in 16% (10/61) of the samples analyzed. In comparison,
the BRAF V600E mutation was detected in only 5% (3/61) of the DNA samples from tumor area.
Moreover, an additional 5% (2/39) of tumor adjacent normal skin carried a BRAF V600E mutation
as well. However, it needs to be noted that in one of those cases the tumor adjacent skin

contained a melanocytic nevus, a condition commonly associated with BRAF V600E mutation.

Taken together, the relatively low portion of LMM lesions mutated at the BRAF gene indicates
that BRAF mutation plays a role at maximum in a subset of LMM lesions. At this time point due to
limited follow-up no conclusion can be drawn, if there is any correlation between the presence of
a BRAF mutation in a LMM in situ and the probability of tumor progression. However, the
knowledge of the predominant existence of the BRAF V600K mutation in a subset of LMM lesions
may contribute to a better understanding of the underlying mechanisms in melanoma

development.
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Zusammenfassung

Zusammenfassung

Besseres Verstandnis der Tumorentstehung auf molekularer Ebene hat zur Entwicklung von
vielversprechenden Therapien fiir die Behandlung von bis dato schlecht therapierbaren malignen
Tumoren gefiihrt. Im Vergleich zu anderen Subtypen des malignen Melanoms (MM), ist die
Lentigo maligna melanoma (LMM) gekennzeichnet durch die langsame Progression eines
Melanom in situ zu einer invasiven Form. Die Struktur der LMM, mit einzelnen, oder in kleinen
Nestern vorliegenden, atypischen Melanozyten, erschwert die molekulare Charakterisierung und
erfordert sensitive Methoden zur Mutationsanalyse. Obwohl gezeigt werden konnte, dass die
BRAF Mutation ein friihes Ereignis in der Entwicklung des MM ist, wurde sie bisher nicht in
groReren Probensatzen von LMM untersucht. Deshalb war das Ziel dieser Studie die Bestimmung
der Haufigkeit von Mutationen im Codon 600 des BRAF Gens in einem groRen Satz an LMM
Proben. Um den geringen Anteil an Tumorzellen in den LMM Lasionen zu analysieren, wurde ein
hoch-empfindliches PCR-Verfahren zum Nachweis der BRAF V600E, sowie der BRAF V600K
Mutation etabliert. In unseren Handen war die Allel-spezifische PCR bei der Detektion von
Mutationen geringen AusmaRes sensitiver als andere getestete Methoden. Das Vorkommen von
BRAF Mutationen wurde in 61 LMM Lasionen untersucht. Diese Lasionen wurden auf adaquate
DNA Qualitat geprift und manuell disseziert um einen Mindestanteil von 5% Tumorzellen in der
zu analysierenden Gewebeprobe sicher zu stellen. Zur Kontrolle wurde zusatzlich von 39 dieser

LMM Lasionen DNA von Tumor umgebender normaler Haut isoliert und untersucht.

Unerwarteter Weise war in unserem Probensatz an LMM Lasionen die BRAF V600K Mutation die
vorherrschende Mutation, welche in 16% (10/61) der untersuchten Proben, ausschlieBlich in der
DNA des Tumorbereichs gefunden wurde. Im Vergleich dazu, wurde die BRAF V600E Mutation in
nur 5% (3/61) der DNA-Proben des Tumorbereichs nachgewiesen. Des Weiteren trugen 5% (2/39)
der DNA-Proben der Tumor umgebenden normalen Haut eine BRAF V600E Mutation. Dabei ist zu
beachten, dass sich in einem der beiden Fille ein melanozytdrer Navus (welche haufig eine BRAF

V600E Mutation tragen) in der Tumor umgebenden Haut befand.

In Summe deutet der eher geringe Anteil an LMM Lasionen, welcher eine Mutation im BRAF Gen
tragt, darauf hin, dass die BRAF Mutation wenn, dann nur in einem Teil der LMM L&sionen eine
Rolle spielt. Auf Grund des kurzen Follow-ups kann zu diesem Zeitpunkt kein Riickschluss auf
einen Zusammenhang zwischen dem Vorhandensein einer BRAF Mutation in einer LMM in situ
und der Wahrscheinlichkeit der Tumorprogression gezogen werden. Jedoch kdnnte das Wissen,
Uber das vorwiegende Vorliegen der BRAF V600K Mutation in einem Teil der LMM Lasionen, zu

einem besseren Verstandnis der Mechanismen der Melanom-Entstehung beitragen.

xiii



Background

1 Background

1.1 Melanoma

Malignant melanoma (MM) accounts for approximately 4% of skin cancer cases, but for 80% of all
skin cancer deaths, which makes it the most aggressive form of skin cancer. According to the
World Health Organization (WHO), the incidence of melanoma is increasing faster than that of any
other type of cancer worldwide. In Austria, in the year 2009 more than 1200 people have been
diagnosed with MM and the incidence and mortality have been rising over the last decades in the

Western world, including Austria (Figure 1; data from (Statistik Austria 2011)).
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Figure 1: Incidence and mortality of malignant melanoma in Austria.

For the MM the incidence, as well as mortality has been rising over the last 3 decades in Austria (data from (Statistik Austria 2011)).

To improve overall survival early diagnosis of MM is essential since only 14% of patients with
metastatic melanoma survive for five years (Miller, Mihm 2006), while there is a good chance of

recovery for the patients if the primary lesion is detected and treated at an early stage.

One of the first attempts to classify MM was established in the 1970s by Clark (Clark 1979). This
classification is mainly based on morphologic changes. The current WHO classification is based on
this model and distinguishes four main types of melanoma: superficial spreading melanoma
(SSM), lentigo maligna melanoma (LMM), nodular melanoma (NM), and acral lentiginous
melanoma (ALM) (Viros et al. 2008) which comprise 70%, 4-15%, 10-15%, and <5% of invasive
melanomas, respectively (McKenna et al. 2006). Although meanwhile other classification systems

have been introduced taking into account clinicopathological features (Curtin et al. 2005), efforts
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are directed towards defining another, new classification system, not only based on
histomorphologic features, but also taking into account mutation status and the intensity of sun
exposure (Broekaert et al. 2010). The demand for a new classification system not only displays the
complexity and heterogeneity of melanoma, but also reflects the difficulty to discriminate

malignant from benign lesions.

1.1.1 Lentigo Maligna Melanoma

The term lentigo maligna (LM) is often not uniformly used. While some authors define LM as a
precursor to melanoma, (Clark, Mihm 1969), others classify LM as a malignant melanoma in situ
(Cohen 1995) or suggest the term LM to be abandoned and generally use melanoma in situ,

instead (summarized in (Swetter et al. 2005, Reed, Shea 2011)).

In its initial phase LM is characterized by a prolonged two-dimensional centrifugal growth pattern
that is confined to the dermal-epidermal junction. Over the time LM may progress to an invasive
melanoma. This type of lesion predominantly occurs on chronically sun-exposed (CSD) areas of
the skin of elderly people and its diagnosis is often complicated due to the fact, that it can
resemble pigmented actinic keratosis (PAK) or solar lentigo (SL) clinically and histopathologically

(McKenna et al. 2006, Cohen 1995).

1.1.2 Melanoma Development

The evolution of a MM is thought to be a multi-step process. One of the first models for
melanoma development has been published by Clark et al. (Clark et al. 1984). It formed the basis
for subsequent progression models (reviewed in (Miller, Mihm 2006)). What they have in
common is the hypothesis that multiple genetic and epigenetic alterations are necessary for the
development of MM. A summary of molecular alterations that have been found at different
stages of melanoma progression is given in Figure 2. Mutations in the BRAF gene are thought to

be an early and frequent event in melanoma development and progression.

DNA mutations
uve r

UVA BRAF CDKN2A
NRAS PTEN AKT P53

1

Malignant

Melanocyte Nevus RGP VGP
melanoma

5p— > — ® — ® —

APC PTEN, CDKN2A CDH1, CDH2 MAGE
L MGMT, RASSF1 ]

Epigenetic alterations

Figure 2: Model of melanoma progression.

The model is based on a series of histopathologic changes that come along with DNA mutations on the one hand and epigenetic
alterations on the other hand. UV radiation is known to cause skin damages and increases the risk for melanoma development.
Information summarized in Figure 2 is reviewed in, e.g., (Miller, Mihm 2006, Takata, Murata & Saida 2009, Zaidi, Day & Merlino 2008).
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1.2 BRAF

BRAF (v-raf murine sarcoma viral oncogene homolog B1) belongs to the oncogenes and was first
described by Rapp et al. and Moelling et al. (Rapp et al. 1983, Moelling et al. 1984). The BRAF
gene encodes a serine/threonine-protein kinase which plays a role in the MAPK pathway. The
BRAF protein belongs, alongside ARAF and RAF1, to the raf/mil family. Their function is the

transduction of regulatory signals from RAS to MEK.

1.2.1 MAPK Pathway

Classically, the MAPK pathway consists of RAS, RAF, MEK and ERK (Figure 3). It relays signals from
the cell surface to the nucleus. Normally, the signaling cascade is activated by the binding of a
ligand (such as mitogens or hormones) to the receptor tyrosine kinase (RTK) located on the
plasma membrane. This leads to a dimerization of the RTK and triggers the activation of RAS (RAS-
GTP), which in turn recruits RAF from the cytosol to the membrane forming a complex und thus
activating RAF. Activated RAF itself phosphorylates mitogen-activated protein kinase (MAPK)
kinase (MEK), which subsequently activates MAPK/extracellular signal-regulated kinase (ERK) by
phosphorylation (Avruch et al. 2001, Sebolt-Leopold, Herrera 2004, Inamdar, Madhunapantula &
Robertson 2010). Activated ERK regulates several transcription factors like C-myc, Elk-1, c-Jun
influencing essential cell cycle processes such as cell proliferation, differentiation, survival, and

oncogenesis.
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ActivatingRAS ~ _—" ( ) \
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ﬂ a m ( ) ﬂ A n mutation (5-20%)

PIP3
Activating BRAF "
mutations (50-70%) BRAF) l
P .
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Figure 3: MAPK-pathway.

Simplified illustration of the signaling cascade in MAPK pathway and mutations found in melanoma. Indicated frequencies of the
alterations found in MM are reviewed in, e.g., (Chudnovsky, Khavari & Adams 2005, Gray-Schopfer, Wellbrock & Marais 2007).
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Although all three members of the RAF family are able to bind to RAS and phosphorylate MEK,

BRAF seems to be the most efficient activator of MEK (Galabova-Kovacs et al. 2006).

The wild type BRAF protein (BRAF") needs S446 phosphorylation leading to a conformational
change — a prerequisite to be able to bind to RAS-GTP and form a complex and thus becoming
activated. Mutated BRAF (BRAF'®°®) is independent of any interaction with RAS-GTP, implying
that this mutation circumvents the need for RAS mediated phosphorylation. This would equal a
constitutive activation of BRAF, thus leading to increased MEK phosphorylation and downstream

pathway activation (Brummer et al. 2006).

Dysregulation of the MAPK pathway, frequently caused by activating mutations of BRAF or RAS
can be found in several types of human cancer including melanoma, colorectal cancer, and

papillary thyroid carcinoma (Sebolt-Leopold, Herrera 2004, Davies et al. 2002).

1.2.2 BRAF Mutation

The human BRAF gene is located on the negative strand of chromosome 7. Its 18 exons are coding
for a protein of 766 amino acids (AA) length.
Score = 178 bits (96), Expect = le-45

Identities = 112/120 (93%), Gaps = 0/120 (0%)
Strand=Plus/Plus

Query 176372 ATATATTTCTTCATGAAGACCTCACAGTAAAAAZAGGTGATTTTGGTCTAGCTACAGMGA 176431

FErrr rrrrrrrr e rrrerer et e e e e e e e et
Sbjct 1981 ATATAGTTCTTCATGAAGACCTCACAGTGGAAATAGGTGATTTTGGTCTAGCCACAGTGA 2040

Query 176432 AATCTCGATGGAGTGGGTCCCATCAGTTTGAACAGTTGTCTGGATCCATTTTGTGGATGG 176491

FEEEE P rr e e e e e e e e e e e e e b e
Sbjct 2041 AATCTTGATGGAGTGGGTCCCATCAGTITTGAACAGTTGTCTIGGATCTITTTTGTGTATGG 2100

Figure 4: BLAST" result for sequence alignment of BRAF with BRAFP1.

Figure 4 shows the high sequence homology between BRAF (Query: NG_007873.1) and BRAFP1 (Sbjct: NG_003108.2) adjacent to
codon 600. Nucleotide 1799 (responsible for BRAF V600E mutation when T is exchanged with A) is marked with a black background
color. SNP rs55939351 is bold written and underlined.

The BRAF V600E mutation results from a T to A transversion of nucleotide 1799 in exon 15, codon
600 (GTG = GAG) of the gene and causes a substitution of valine (V) by glutamic acid (E) (V600E).
In close proximity to codon 600 a single nucleotide polymorphism (SNP, rs55939351) is located
(NG_007873.1:g.176405T>A). Additionally, a pseudogene (BRAFP1), which is located on
chromosome X, has been identified for this gene. Over a stretch of 120 nucleotides around codon
600 the BRAF gene shows 93% homology to BRAFP1. A circumstance that complicates primer
design since the analysis should record mutations in the actual protein coding gene only and not
the pseudogene. The detailed sequence of the area around codon 600 of the BRAF gene is shown

in Figure 4.

! http://blast.ncbi.nlm.nih.gov/
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Although BRAF V600E is the most frequent mutation in melanoma, other mutations have been
described for the BRAF gene, most of them located in or in close proximity to codon 600
(Arkenau, Kefford & Long 2011, Wan et al. 2004). A summary of nucleotide exchanges is given in
Figure 5 and Table 1.

d VBOOE
V600K
£ V600R

Figure 5: Percentage distribution of BRAF mutation.

The pie chart shows the percentages of activating BRAF V600 mutations found in melanoma. Besides BRAF V600E the BRAF V600K
mutation is the second most frequent one detected in melanoma. Information from COSMIC database (Sanger Institute Catalogue Of
Somatic Mutations In Cancer).

Table 1: BRAF V600 mutations found in cancer

Mutation Sequence Nucleotide change
BRAFV600 wt 5’/ TCTAGCTACAGTGAAATCTCGATGGAGTGG3’  wt sense strand
3’ AGATCGATGTCACTTTAGAGCTACCTCACCS’  wt opposite strand

p.V600E 5’ TCTAGCTACAGAGAAATCTCGATGGAGTGG3 1799 T>A
3’ AGATCGATGTCTCTTTAGAGCTACCTCACCS’

p.V600G 5’ TCTAGCTACAGGGAAATCTCGATGGAGTGG3” 1799 T>G
3’ AGATCGATGTCCCTTTAGAGCTACCTCACCS’

p.V600A 5’ TCTAGCTACAGCGAAATCTCGATGGAGTGG3” 1799 T>C
3’ AGATCGATGTCGCTTTAGAGCTACCTCACCS’

p.V600D 5’ TCTAGCTACAGATAAATCTCGATGGAGTGG3” 1799_1800 TG>AT
3" AGATCGATGTCTATTTAGAGCTACCTCACCS

p.V600K 5’ TCTAGCTACAAAGAAATCTCGATGGAGTGG3” 1798_1799 GT>AA
3" AGATCGATGTTTCTTTAGAGCTACCTCACCS

p.V600R 5’ TCTAGCTACAAGGAAATCTCGATGGAGTGG3 1798_1799 GT>AG
3" AGATCGATGTTCCTTTAGAGCTACCTCACCS

p.V600R* 5’ TCTAGCTACGAGGAAATCTCGATGGAGTGG3' 1797_1799 AGT>GAG
3’ AGATCGATGCTCCTTTAGAGCTACCTCACCS'

p.V600OM 5’ TCTAGCTACAATGAAATCTCGATGGAGTGG3” 1798 G>A
3" AGATCGATGTTACTTTAGAGCTACCTCACCS”

Note: Codon 600 is indicated in yellow, mutations are indicated bold and underlined.

1.2.3 BRAF Mutations in Melanoma
One of the most common oncogenic events in melanoma is the exceeding activation of the MAPK
pathway. The BRAF V600E mutation significantly increases the kinase activity thus leading to

alterations in cell survival and proliferation (Davies et al. 2002). Up to 57% of primary melanoma
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samples have been tested positive for this specific mutation (Goel et al. 2006), thus representing
the most common mutation in MM besides less frequent ones like NRAS, P16INK4a, and p53
mutations (reviewed in (Chudnovsky, Khavari & Adams 2005, Fecher et al. 2007)).

Although, profound knowledge exists about the incidence of the BRAF V600E mutation in MM in
general, only little information is available about BRAF V600E and BRAF V600K mutation in LMM
(Dandachi, Wolf 2010). A key limitation for the analysis of LMM is certainly the limited tumor cell

count and the often small size of the lesions requiring sensitive methods for mutation analysis.

1.3 Mutation Analysis

Several methods are available for mutation analysis. In the following sections only those methods

are described that were relevant for this study.

1.3.1 Sanger Sequencing

Sanger sequencing is accepted as the gold standard for mutation analysis. Its indisputable
advantage is the fact that it provides sequence information, but it comes along with limited
sensitivity only. Most authors specify a sensitivity of about 20% mt DNA in a background of wt
DNA. In our hands using Sanger sequencing 12.5% mt DNA in background of wt DNA were often
detectable, 25% mt DNA in a background of wt DNA were reliably detectable (Figure 6, (Pichler et

al. 2009)).
GTGAAA
A: 25% A: 12.5% A: 5% A: 0%
| /\/ M
A B C D
Figure 6: Sanger sequencing of BRAF.

Typical results from Sanger sequencing. Figure 6A depicts a sequencing chromatogram from cell line DNA carrying 25% BRAF V600E
mutation (green peak on 2™ position) in a background of wt DNA (red peak on 2™ position). Figure 6B shows 12.5% mt BRAF DNA, the
lowest percentage that can be identified in our system. Figure 6C and Figure 6D are chromatograms from 5% mt DNA and wt DNA.

Most of the studies done on MM analyzing BRAF V600 mutations used Sanger sequencing (Viros
et al. 2008, Akslen et al. 2008). Taking into account that the tumor cell count in LMM samples may
be lower than in other types of MM due to the morphology of the tumor Sanger sequencing could

come to its limits of detection.
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1.3.2 Coamplification at Lower Denaturation Temperature PCR

Coamplification at Lower Denaturation Temperature (COLD) PCR is a relative new and, until now,
rarely described method (Li, Makrigiorgos 2009, Milbury, Li & Makrigiorgos 2009) which favors
the amplification of small amounts mt DNA in a background of wt DNA in the template. It is
characterized by an additional hybridization step and a selective denaturation which allows the
preferential amplification of the hetero-duplexes. For a schematic overview of the method, see
Figure 7. While this method has proven its advantages analyzing mutations with G>A or C>T
exchanges, only few information is available on T>A exchanges. COLD PCR seemed to be the ideal
method for analyzing samples carrying a mutation at very low levels. Using COLD PCR a 5- to 8-
fold enrichment has been shown for T>A exchanges (Li et al. 2008).
| DNADenaturation at 5°C

—~TACAGTGAAAT- (wild type)

r —ATGTCACTTTA- (wildt
Pre-amplification » (wild type)

k ~TACAGAGAAAT- (mutant)

k -ATGTCTCTTTA- (mutant) \

l ' Cross-hybridization of mutant
o and wild type sequences at 61°C
k Return to 95°C TR ETE T
—~ATGTCACTTTA-

~TACAGTGARAT-
-ATGICHCTTTA-

l Extention at 72°C:

preferentially mutated sequences [ Selective denaturation of
L are amplified mismatched sequences at
critical temperature (T.~66°C)
—~TACAGTGAAAT- (wild type)
-ATGTCACTTTA-
| Primerannealing at reduced
‘ temperature (55°C) ~TACAGTGARAT -
-TACAGTGAAAT- (wild type)
ATGTCACTTTA- -ATGTCTCTTTA- (mutant)

-TACAG (primer)
-ATGTCTCTTTA- (mutant)

Figure 7: Principle of COLD PCR.

A number of regular PCR cycles enable the built-up of target amplicons. After that the program is switched to FULL COLD PCR:
Following an initial denaturation step, the temperature is lowered to a degree where cross-hybridization between mt and wt
sequences is possible. Since mutated sequences are in a minority, most mutant alleles end up in hetero-duplexes showing a lower T,
than fully matched structures (homo-duplexes). During the selective denaturation step at T. hetero-duplexes are preferentially
denatured over fully matched duplexes. Therefore, in the following primer annealing and extension steps mutated alleles are amplified
in a preferred manner. Diagram based on the method published by Li and Makrigiorgos (Li, Makrigiorgos 2009).
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1.3.3 High Resolution Melting Analysis PCR

In the last decade High Resolution Melting Analysis (HRMA) PCR has gained more and more
importance in mutation analysis since it is an easily manageable, closed-tube method with a good
sensitivity. The principle is comparable to standard real-time PCR using DNA intercalating dyes
such as SYBR Green. The actual melting analysis, after PCR amplification, relies on highly
saturating, DNA intercalating dyes like ResoLight, LCGreen Plus or EvaGreen. These dyes allow the
discrimination of homo-duplexes and hetero-duplexes, caused even by a single nucleotide
exchange, formed during PCR. Formation of hetero-duplexes results in a slightly different melting
behavior of the PCR products which can be detected by HRMA (Figure 8). The sensitivity of the
assay is primarily dependent on the type of nucleotide exchange (a G>A or C>T exchange normally
results in a larger temperature shift than a T>A exchange) and the amplicon size (the longer the

amplicon the smaller the effects of a single nucleotide mismatch).
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Figure 8: Principle of HRMA PCR.

During PCR different kinds of duplexes can be formed. Using wt DNA as template homo-duplexes are formed (Figure 8A). The same
accounts for homozygous mt DNA, were homo-duplexes are formed, too (Figure 8B). When a heterozygous mt DNA is used as
template, four different types of duplexes can be formed (Figure 8C): homo-duplexes as found in Figure 8A and B and hetero-duplexes
formed from a wt amplicon and a mt amplicon containing a mismatch at the site of mutation. This mismatch leads to an altered
melting behavior depict in Figure 8D and E. Very often the temperature-shifted difference plot is used for illustration (Figure 8E).
(Principle is demonstrated on the example of BRAF.)
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1.3.4 Allele Specific PCR

Allele Specific (AS) PCR is a well established method that makes use of mutation specific primers.
In the ideal case mutation carrying DNA is amplified without any amplification of wt DNA. With
the AS PCR it is possible to detect as few as 1% mt DNA in a background of wt DNA (Jarry et al.
2004). Besides its high sensitivity AS PCR has the disadvantage of being a rather rigid system since
every mutation requires its own assay. In the case of the BRAF V600E mutation slight cross-
reactivity with BRAF V600K is often detected since they share nucleotide exchange on nucleotide
position 1799 (for details refer to Table 1). For the reliable detection of the BRAF V600K mutation
a separate assay has to be utilized. Thus, AS PCR is not only a highly sensitive method, but also
indirectly provides information on the sequence, by the efficiency of primer annealing and

amplification. The principle of AS PSR is sketched in Figure 9.

S'-TCTAGCTACAGAGAAATCTCGATGGAGTGG- 3,

mt DNA template e o O A A
3' -AGATCGATGTCTCTTTAGARGCTACCTCACC-5"

A
5'"-TCTAGCTACAGAGAARTCTCGATGGAGTGG-3,
Denatured mt DNA
3" -AGATCGATGTCTCTTTAGAGCTARCCTCARCC-5"
""" [ Y O B
Mutation specific primer o - *"TCTAGCTACAGAGAR ATC T C
T G
Elongation and amplification c G B
5'-TCTAGCTACAGTGAAATCTCGATGGAGTGG- 3,
Denatured wt DNA
3'"-AGATCGATGTCACTTTAGAGCTACCTCACC-5"
Mutation specific primer : TCTAGCTACAGA
NO elongation C
Figure 9: Principle of AS PCR.

Figure 9A depicts a part of the BRAF sequence which carries the BRAF V600E mutation (indicated in red). During AS PCR the template
DNA is denatured to allow primer annealing. In the ideal case primer elongation occurs only when the primer perfectly matches the
template sequence as shown in Figure 9B. The stringent conditions during AS PCR do not allow annealing and elongation of the
mutation specific primer to the wt DNA (Figure 9C).

1.3.5 Pyrosequencing

Pyrosequencing was developed in the late 90s of the last century and is based on the ‘sequence
by synthesis’ principle (Ronaghi, Uhlen & Nyren 1998). Its major advantage to Sanger sequencing
is its higher sensitivity and speed. In contrast to AS PCR and HRMA PCR, sequence information is
provided by pyrosequencing. The principle of pyrosequencing is schematically shown in Figure 10.
The starting product for pyrosequencing is a PCR product where the primer of the strand which
will be sequenced is biotinylated. With the help of the biotin-label this strand is isolated from the

PCR reaction and mixed with sequencing primer. According to a dispensation order one



Background

deoxyribonucleotide triphosphate (dNTP) at a time is added to the reaction. If the added dNTP is
complementary to the single-stranded PCR amplicon, the sequencing primer is elongated
releasing a pyrophosphate (PPi). This pyrophosphate in turn, reacts with APS and the enzyme
Sulfurylase forming ATP. ATP in turn reacts with Luciferase converting luciferin to oxyluciferin and
generates a light signal. Any dNTP, which has not been incorporated, is degraded by the enzyme
Apyrase subsequently. The intensity of the generated light signal is proportional to the released

pyrophosphate and thus allows quantification.

The software of the system allows the quantification of variable positions as found in the BRAF
V600E mutation. More complex mutations, like the BRAF V600K mutation cannot be calculated

automatically, but have to be evaluated by the investigator.
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=——CGTCCGGAGGCCAAGTTCCA p  [DNA), + dNTP y—b[DNAL_I+PPi >

TTTTT O T TR T T T TT7T
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PCR amplicon .
3 _Gcacecer o
Sulfurylase Nucleotide sequence
o G _c© - A 6 _cc T _
APS4PPi ATP Light
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luciferin  oxyluciferin antp LTS L Dp P phosphate
> i 4
pyrase
lu;(eruse ATP A ADP + AMP + phosphate
ATP Light
ight el d 6 T A G C T
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ime Nucleotide added
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seen as a peok in the Pyrogram frace

Figure 10: Principle of Pyrosequencing.

The isolated, single-stranded PCR amplicon is mixed with the sequencing primer and hybridized. One dNTP at a time is dispensed to
the reaction. If the dNTP is complementary to the template strand it is elongated to the sequencing primer and a pyrophosphate is
released. The pyrophosphate reacts with Sulfurylase and Luciferase resulting in the emission of a light signal proportional to the
released PPi. Reprint of the figure is with permission from QIAGEN (© QIAGEN, all rights reserved).

The sensitivity of pyrosequencing is superior to the one of Sanger sequencing. For the BRAF V600E

mutation sensitivities of up to 10% have been described (Jo et al. 2009, Spittle et al. 2007).
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2 Rationale

An extensive review of the literature showed that although several publications have dealt with
the BRAF mutation in melanoma, there is only little information about the frequency of this
mutation in LMM. Most published data focused on metastatic melanoma (Alsina et al. 2003,
Davies et al. 2009, Gorden et al. 2003, Kumar et al. 2003). When BRAF mutation was analyzed in
DNA from primary melanomas, classification of the samples was not uniform since some authors
used the sun exposure as criterion (CSD and nonCSD; e.g., (Fargnoli et al. 2008)) and some the
current WHO classification system (NM, SSM, ALM, and LMM; e.g., (Viros et al. 2008, Akslen et al.
2008, Deichmann et al. 2004, Edlundh-Rose et al. 2006, Hacker et al. 2010, Poynter et al. 2006,
Thomas et al. 2007). In addition, the method used for mutation analysis was very often Sanger
sequencing. Taking into account the morphology of LMM, which is characterized by the diffuse
presence of atypical melanocytes in the epidermis (individually or arranged in small nests), the
necessity of a highly sensitive method for mutation analysis evolves. Furthermore, data published
so far, often analyzed different subsets of MM, rendering the sample size of a single subset, for
example, LMM relatively small. The largest sample set of LMM analyzed was described by the
authors Viros et al. (Viros et al. 2008). They analyzed 302 cases of primary melanoma including 39

cases of LMM and used Sanger sequencing.

2.1 Aim of the Project

Given the fact, that LMM evolves differently than the other subtypes of MM (in contrast to the
other subtypes, LMM is mostly found on CSD skin and shows a very slow progression (over
decades, if any at all)) we wanted to gain more information on its mutational status. In addition,
LMM can resemble solar lentigo (SL) or pigmented actinic keratosis (PAK). Thus, the existence of
the BRAF V600E mutation in LMM could serve as an additional criterion for the differentiation of
LMM, since no such mutation was found in SL and actinic keratosis, both studies using a highly
sensitive method for mutation analysis (Hafner et al. 2009, Zaravinos et al. 2009). Therefore, we
analyzed the BRAF V600 mutational status of a well characterized collective of malignant

melanomas, lentigo maligna type using a highly sensitive, PCR based, method.

2.2 Structure of the Project

The milestones of the project reflect the major questions addressed in this study. First, there is
the methodical emphasis, where a suitable method for the detection of low level mutations was
established. The method had to fulfill several requirements: (1) high sensitivity due to low tumor
cell count in the samples, (2) applicability on FFPE DNA, and (3) allowing an analysis from low

amounts of gDNA. Second, the clinical aspect, since, to our knowledge, this is the first study,

11



Rationale

examining a large sample-set of malignant melanomas, lentigo maligna type with a highly
sensitive method. In addition, whenever applicable, DNA from the manually dissected tumor area
was compared to DNA from the corresponding surrounding area. Third, the statistical evaluation
of the results with respect to mutation frequency in DNA from tumor area vs. DNA from
surrounding area and evaluation of the results from our study in context of the existing data from

other studies.
Thus, the main objectives of the project can be summarized as follows:

1. Establishment, optimization and validation of 3 different PCR based assays for BRAF V600
mutational analysis.

2. Analysis of a well characterized, large sample set of malignant melanomas, lentigo
maligna type.

3. Statistical evaluation and interpretation of the results in context of the existing literature.

In order to address these questions we set up a study design consisting of 5 work packages,
illustrated in Figure 11.
Model ¢ Optimization of assays.

system * Determination of LOD.
(cell |ine5) e Comparison of methods.

Learning set
g ¢ Application on FFPE material.

(NM=5)
. e Validati f .
Tralnlng set a |da't|on of assays
LMM =21 ¢ Selection of one assay.
( = ) ¢ Analysis of tumor and surrounding area.
Collective « Analysis of a well characterized sample set.

(Liv M=95) ¢ Reanalysis of samples with mutation.

Evaluation of

¢ Diagnostic and therapeutic relevance.
results

Figure 11: Work packages of the study.

The model system, consisting of cell lines, fulfilled requirements necessary for the establishment and optimization of our assays: It
provided large amounts of high quality DNA with known mutational status. Thus, it allowed extensive testing and assured the same
basic conditions for all the assays tested over the whole period of time. The learning set was used to prove the applicability of the
assays on FFPE DNA. We chose tissue samples from NM because, on the average, tumor volume is larger in NM and the available data
showed a higher frequency of the BRAF V600E mutation in NM than in LMM, thus increasing the probability to detect at least one
mutated sample using this learning set. The training set posed the crucial test for the assays. Based on the results from this set, the
most suitable assay for our sample set was chosen and we gained first information about the incidence of the BRAF V600 mutations in
DNA from tumor area compared to DNA from surrounding area. All the aforementioned steps addressed the methodical emphasis. The
clinical aspect was answered by the analysis of a large collective and followed by the evaluation of the results with respect to their
potential diagnostic and therapeutic impact.
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3 Methodology

3.1 Cell Lines

For the establishment, optimization of the assays as well as for the determination of the limits of

detection (LOD) we used a model system of tumor cell lines.

3.1.1 Cell Culture

Melanoma cell lines SK-MEL-28, SK-MEL-30 and IGR-1 and colorectal adenocarcinoma cell line HT-
29 were used in this model system. All cell lines were propagated as recommended by the

distributor and indicated below.

SK-MEL-28 cell line (purchased from LGC Standards GmbH, Wesel, Germany) was propagated in
MEM medium (PAA Laboratories GmbH, Pasching, Austria) supplemented with 10% FBS Gold
(PAA), 1% NEAA (PAA), 1% sodium pyruvate (PAA) and 1% penicillin/streptomycin (PAA). This cell

line harbors the BRAF V600E mutation homozygously and was used as a positive control.

SK-MEL-30 cell line (purchased from DSMZ, Braunschweig, Germany) was propagated in RPMI
(Invitrogen,  Lofer,  Austria) supplemented  with 10% FBS  Gold (PAA) and

1% penicillin/streptomycin (PAA). SK-MEL-30 DNA was used as wild type control.

HT-29 cell line (purchased from LGC Standards GmbH LGC Standards GmbH, Wesel, Germany) was
propagated in McCoy’s 5a Medium (Biochrom AG, Berlin, Germany) supplemented with 10% FBS
Gold (PAA) and 1% penicillin / streptomycin (PAA). HT-29 cell line is heterozygous for the BRAF

V600E mutation.

IGR-1 cell line (purchased from DSMZ) was propagated in DMEM high glucose (Invitrogen)
supplemented with 10% FBS Gold (PAA) and 1% penicillin/streptomycin (PAA). This cell line is
heterozygous for the BRAF V600K mutation.

All cell lines were incubated at 37°C and 5% CO,. For long term storage cells were frozen in culture

medium supplemented with 5 to 10% DMSO in liquid nitrogen.

3.1.2 DNA Isolation and Quantification

DNA from cell lines was extracted with the Gentra Puregene Blood Kit (QIAGEN, Hilden, Germany)

according to the instructions supplied by the manufacturer with following minor modifications:

Adherent cells were detached with 0.05% Trypsin with EDTA 4Na (Invitrogen, Lofer, Austria),

washed twice with PBS (Apotheke LKH Graz) and frozen in aliquots of approx. 1x10’ cells in 200 pl
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PBS at -20°C. For DNA isolation cell suspensions were thawed, vortexed and lysed in the presence
of RNase A. To precipitate the protein the solution was incubated on ice for 10 minutes and
centrifuged at 3000 x g for 10 min. The DNA pellet was dried at 37°C for 5 min. and solubilized in
500 ul TE buffer (Apotheke LKH Graz).

DNA quantity of highly concentrated solutions was determined spectrophotometrically using a
BioPhotometer (Eppendorf, Hamburg, Germany) in combination with a micro-cuvette (IMPLEN,
Munich, Germany). For a more exact quantification and quantification of low concentrated DNA
the Quanti-iT™ PicoGreen® dsDNA Reagent (this assay will be referred to as PicoGreen from now
on; Invitrogen, Lofer, Austria) was used. A high range standard curve from A-DNA ranging from
2.5 ng/ul to 0.004 ng/ul was prepared. The assay was done in a 96 well format (Fluotrac 600,
Greiner Bio-One GmbH, Frickenhausen, Germany) with a final assay volume of 100 pl. Based on
the results of the photometric measurement samples were diluted in TE buffer to a concentration
within the standard curve. Samples were analyzed with a microplate reader (FLUOstar OPTIMA,

BMG Labtech, Offenburg, Germany).

3.1.3 FFPE Cell Line DNA

To simulate FFPE modifications occurring during tissue archiving, cell culture cells were embedded
in @ mixture of citrated plasma and Thromborel S (human thromboplastin containing calcium;
Siemens Healthcare Diagnostics Products GmbH, Marburg, Germany). Cells were harvested and
washed with PBS twice. The resulting pellet was mixed with 100 ul plasma (blood samples taken
from healthy volunteers) and 200 ul Thromborel S. The mixture was allowed to coagulate for
20 min. at RT. Afterwards the gel-like structure was transferred to an embedding cassette and
fixed for 15 min. in formol (4% formol in PBS, Sigma-Aldrich Handels GmbH, Vienna, Austria).
Further fixation procedure was carried out in a Histokinet (Tissue Tek VIP; Sakura, Alphen aan den
Rijn, The Netherlands) with the following steps: 90% ethanol for 1 hr., 96% ethanol for 1 hr., 100%
ethanol for 2 hrs., xylene for 2 hrs., and paraffin over night. On the next day, fixed samples were

embedded in paraffin.

20 sections with 10 um of each embedded cell line were used for DNA isolation. Isolation was
done according to the protocol described in section 3.2.1. DNA from cell lines processed and

isolated the way described here, will be referred to as FFPE cell line DNA.

3.2 Tissue Samples

Tissue samples were obtained from the Department of Dermatology and Venereology, Medical

University of Graz. They were identified through an electronic search of the Histopathology
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database of the Department of Dermatology and Venereology using ‘lentigo maligna’ as search
criterion. The time period for the search was set from the year 2007 to 2009. Samples used in this
study were melanoma tissue samples from patients diagnosed with lentigo maligna melanoma,
mostly in situ, in two cases invasive. Patient characteristics are summarized in Table 7. This study

has been approved by the ethical committee of the Medical University Graz (24-229 ex 11/12).

3.2.1 DNA Isolation, Clean-Up and Quantification

We tested different methods for DNA isolation: Methods using column technology, as well as
ones using DNA precipitation. In our hands best results were obtained using the protocol

described below.

DNA from FFPE tissue samples was isolated as follows. Ten to 15 sections (10 um) of the tissue
were mounted onto glass slides. To locate the tumor area and surrounding tissue for manual
dissection in the learning set and the collective, a last section with 5 um was prepared for a
hematoxylin and eosin stain. The staining procedure was carried out at the Department of
Dermatology and Venereology and the tumor area of the melanoma, lentigo maligna subtype was

defined by Univ.Prof.Dr. Lorenzo Cerroni.

The tissue was manually dissected with a scalpel from the glass slides and chips were transferred
into a microcentrifuge tube filled with 1 ml xylene (Merck KGaA, Darmstadt, Germany). The
suspension was vortexed and centrifuged at RT at 16,000 x g for 10 min in a microcentrifuge. The
supernatant was carefully removed and discarded. 1 ml xylene was added to the remaining pellet
to completely remove residual paraffin. After centrifugation and removal of the supernatant
rehydration of the pellet was achieved with descending concentrations of ethanol (Merck KGaA,
Darmstadt, Germany). The rehydrated pellet was dried at 37°C for approximately 5 min. 200 pl
lysis buffer ([4 M urea, 200 mM Tris, 20 mM NaCl, 200 mM EDTA, pH 7.4 (25°C)], Apotheke LKH
Graz) was added to the pellet and the suspension was incubated for 30 min. at 98°C. Afterwards
the sample was spun down and cooled to RT. 40 ul proteinase K (20 mg/ml; QIAGEN, Hilden,
Germany) were mixed with the suspension and incubated over night at 57°C in a heat block. On
the next day another 20 ul Proteinase K were added to the sample, vortexed and incubated at
57°C for at least 2 additional hours or until the tissue was completely lysed. The activity of the
Proteinase K in the completely lysed sample was inactivated by heating the lysate to 98°C for
10 min. After the incubation the sample was centrifuged at 4°C at 16,000 x g for 20 min. The
lysate was transferred into a new tube. The centrifugation step was repeated and the resulting
lysate transferred into another tube. To precipitate the DNA 200 ul 2-propanol (Sigma-Aldrich

Handels GmbH, Vienna, Austria) were mixed with the lysate and incubated at -20°C over night. On
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the next day the solution was centrifuged at 4°C at 14,000 x g for 20 min., the supernatant
discarded and the pellet washed with 70% ethanol. The air dried DNA pellet was dissolved in an
appropriate volume (10 to 30 ul) of TE buffer (Apotheke LKH Graz) and stored at 4°C for short

term or -20°C for long term storage.

In order to remove inhibiting melanin from tissue samples (personal communication with Prof.
Becker, (Dorrie et al. 2006)), extracted genomic DNA was purified using Micro Bio-Spin 6 Columns,
Tris buffered (Bio-Rad Laboratories Ges.m.b.H., Vienna, Austria) according to the instructions
supplied by the manufacturer. After preparing the columns, the total volume of the samples
(10 pl) was loaded onto the columns, centrifuged at RT at 1,000 x g for 4 min, and the volume of
the DNA sample was determined. DNA from all tissue samples was quantified using the Quanti-

iT™ PicoGreen® dsDNA Reagent (Invitrogen, Lofer, Austria) as described in section 3.1.2.

3.2.2 Quality Control

To determine DNA integrity, quality and amplifiability a LINE-assay designed by ORIDIS
Biomarkers, Graz, Austria (personal communication with Marcus Otte, PhD) was used. The assay
was adapted and optimized for the LightCycler® 480 Instrument (Roche Diagnostics GmbH) using
white 96-well multiwell plates. The PCR reaction contained primer pairs either amplifying a
149 bp fragment of LINE or amplifying a 249 bp fragment. The PCR reaction with a final reaction
volume of 20 ul contained 2x LightCycler® 480 SYBR Green | Master Mix (Roche Diagnostics
GmbH, Vienna, Austria), additional 1.5 mM MgCl,, 0.2 mg BSA (Fermentas GmbH, St. Leon-Rot,
Germany), 0.1 uM of each primer, 200 pg gDNA and PCR-grade water. Cycling conditions were as
follows: Initial denaturation step at 95°C for 10 min.; 40 cycles with denaturation at 95°C for
30 sec., annealing at 60°C for 30 sec. and extension at 72°C for 20 sec.; melting analysis with an
initial denaturation step at 95°C for 1 min. and a temperature ramp from 65°C to 95°C with
continuous fluorescence acquisitions (10 acquisitions per °C). Cycling ended with a final cooling

step and hold at 40°C.

3.3 PCR Based Assays

PCR is a common and often used method for mutational analysis. Either for direct analysis of the
resulting PCR product as in allele specific PCR or HRMA PCR, or as a preliminary amplification step
as in sequence analysis. Irrespective which downstream method is going to be used, the PCR
reaction set up and the cycling parameters have to be optimized. Since the optimization and
validation of the assays was an essential part of this work in the section ‘Methodology’ the final

settings are described only. Optimization process per se is described in the ‘Findings’ section.
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All PCR runs included a no template control (NTC) to rule out contamination of the reagents with
gDNA or earlier synthesized PCR products. All PCR products were checked for specificity on 2.5 %
agarose gel as described in section 3.3.3. All concentrations are final concentrations unless

otherwise indicated.

Unless indicated otherwise, all PCR assays were performed on a LightCycler 480 (Roche
Diagnostics GmbH, Vienna, Austria; software release 1.5.0). Cp values were determined

automatically by the software using the Second Derivative Maximum method.

3.3.1 Primers

For all PCR based methods a prudent design of primers is crucial. For the present study, primers
were designed to amplify short fragments (up to 150 bp), to contain the BRAF V600E mutation
site, to exclusively bind to the BRAF gene and not to the pseudogene and to exclude SNPs known
at the time of assay design. Primers were designed using the ‘Primer Designing Tool’? and their
specific binding to the target sequence was checked by performing BLAST analyses. Primers for

pyrosequencing were designed using PyroMark Assay Design Software 2.0 (QIAGEN, Hilden,

Germany).
Table 2: Primers used for analyses.

fwd (5’-3’) rev (5’-3’) Amplicon
Pre-Amplification
BRAF_Pre 3 AACAGGTGATTTTGGTCTAGCTAC TAGTAACTCAGCAGCATCTCAGG 152 bp
HRMA PCR
BRAF10 GATTTTGGTCTAGCTACAG AGCCTCAATTCTTACCATC 96 bp
BRAF PM1 AGGTGATTTTGGTCTAGCTACAG ATCAGTGGAAAAATAGCCTCAAT 114 bp
BRAF PM3 AACAGGTGATTTTGGTCTAGCTAC ATCAGTGGAAAAATAGCCTCAAT 117 bp
AS PCR
BRAFV* AGGTGATTTTGGTCTAGCTACAGT TAGTAACTCAGCAGCATCTCAGGGC 149 bp
BRAFE* AGGTGATTTTGGTCTAGCTACAGA TAGTAACTCAGCAGCATCTCAGGGC 149 bp
BRAF K AGGTGATTTTGGTCTAGCTACAAA TAGTAACTCAGCAGCATCTCAGGGC 149 bp
Pyrosequencing
BRAF PM1 AGGTGATTTTGGTCTAGCTACAG Bio-ATCAGTGGAAAAATAGCCTCAAT 114 bp
Sequencing S1 TGATTTTGGTCTAGCTACAG
BRAF PM2 Bio-GCTTGCTCTGATAGGAAAATGA CAAACTGATGGGACCCACTC 146 bp
Sequencing S2 CCACTCCATCGAGATT
BRAF PM3 AACAGGTGATTTTGGTCTAGCTAC Bio-ATCAGTGGAAAAATAGCCTCAAT 117 bp
Sequencing S3 GGTGATTTTGGTCTAGCTAC

Primers were purchased from Eurofins MWG Operon (Ebersberg, Germany), dissolved in

RNase/DNase free water to yield a stock concentration of 100 pM and stored in aliquots at -20°C.

2 http://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?LINK_LOC=BlastAlnAd
* Reverse primer from (Willmore-Payne et al. 2005)
* Primers from (Jarry et al. 2004)

17



Methodology

Unless otherwise indicated all primers were HPSF purified. Primers with a 5’-BIO modification

were HPLC purified.

3.3.2 Dilution Series

To optimize the assays and to assess the LOD for the detection of the BRAF V600E mutation a
series of DNA blends containing different amounts of mutated (mt) DNA (SK-MEL-28 DNA) in a
background of wild type (wt) DNA (SK-MEL-30 DNA) was prepared. For the first experiments,
percentages of mt DNA were: 100%, 50%, 20%, 4%, 0.8%, 0.16%, 0.0032%, and 0% in wt DNA with

a final DNA concentration of 10 ng/ul.

From the time point of adapting the assays to the BRAF V600K mutation on: 100%, 50%, 25%,
10%, 5%, 2.5%, 1%, 0.5%, 0.1%, 0.05%, and 0% in wt DNA with a final DNA concentration of

10 ng/ul.

For the analysis of the BRAF V600K mutation a corresponding series of DNA blends containing
IGR-1 DNA (heterozygous for the BRAF V600K mutation) and SK-MEL-30 DNA with the following
percentages mt DNA 50%, 25%, 12.5%, 5%, 2.5%, 1.25%, 0.5%, 0.25%, 0.05%, 0.025%, and 0% was

prepared.

For reasons of simplification percentages indicating mt DNA in a background of wt DNA will refer

from now on to DNA content, irrespectively whether the mutation is homo- or heterozygous.

To ensure equivalency between mt and wt DNA of amplifiable BRAF molecules and to
compensate eventually occurring gene amplifications in the cell lines used, a correction factor was
determined. A HRMA PCR using the BRAF PM3 primers (for details please refer to Table 2)
amplifying a serial dilution from 50 ng to 0.4 ng of the respective DNAs was done and the amount

of DNA was normalized to wt DNA. For details, and results please refer to section 4.1.1.

3.3.3 Pre-Amplification

Since the FFPE tissue samples were rather small and the DNA yield showed to be a limiting factor,
it was necessary to do a pre-amplification. 20 ng gDNA were amplified in a reaction consisting of
0.5 uM of each primer (BRAF_Pre, for details refer to Table 2), 1x Phusion HF Buffer, 0.2 mg BSA
(Fermentas GmbH), 0.2 mM of each dNTPs (Finnzymes, Espoo, Finland), additional 3 mM MgCl,
(final concentration 4.5 mM), 0.02 U/ul Phusion® Hot Start Il DNA Polymerase (Finnzymes, Espoo,
Finland). PCR grade water (Roche Diagnostics GmbH, Vienna, Austria) was added to a final volume
of 25 pl. Cycling conditions were as follows: Initial denaturation at 98°C for 30 sec.; 30 cycles with

denaturation at 98°C for 10 sec., annealing at 62°C for 20 sec. and extension at 72°C for 8 sec.; a
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final extension at 72°C for 5 min. was performed before cooling the reaction to 4°C. PCR was done
with a MyCycler Thermal Cycler (Bio-Rad Laboratories Ges.m.b.H., Wien, Austria) using 0.2 ml

tubes.

The resulting pre-amplification products were checked on a 2.5% agarose gel Biozym, Hessisch
Oldendorf, Germany) in 1 x TBE buffer (Apotheke LKH Graz), using 5 pl PCR product mixed with 6x
DNA loading dye (Fermentas GmbH). DNA markers (GeneRuler™ Low Range DNA Ladder and
50 bp DNA Ladder, Fermentas GmbH) were used for sizing the PCR products. Ethidium bromide
was used for DNA visualization. The gels were casted and run in a Wide Mini-Sub Cell GT Cell (Bio-

Rad Laboratories Ges.m.b.H., Wien, Austria) for 30 min. at 100 Volts.

To eliminate residual nucleotides/oligonucleotides and enzymes from the pre-amplification
reaction products were cleaned up using QIAquick PCR Purification Kit (QIAGEN, Hilden,
Germany). Purified PCR products were eluted with 30 ul EB buffer (supplied in the kit) and
quantified using the Quanti-iT™ PicoGreen® dsDNA Reagent (Invitrogen, Lofer, Austria) as

described in section 3.1.2.

The amount of copies/ng was calculated with the equation (1).

Avogadro constant

Copies/ng= x 10° (1)

Molecular mass

The Avogadro constant is defined as 6.02214879 x 10”. The molecular mass for this specific
amplicon was calculated using OligoCalc (Kibbe 2007). The calculated value of copies/ng was
6.42 x 10°. With this information and the results from the DNA quantification the copies/pl were
calculated and dilution series were prepared with a final working concentration of
4x10° copies/ul. To increase the stability of the dilution series carrier RNA (QIAGEN, Hilden,
Germany) was added to the RNase/DNase free water used as diluent to a final concentration of
10 ng/pl. 2 x 10 copies served as template for further analysis in HRMA PCR and AS PCR,

4 x10° copies were used for pyrosequencing.

3.3.4 COLD PCR

COLD PCR is a relatively new method for mutational analysis and has been described to be very
sensitive (Li et al. 2008). COLD PCR is a quite complex PCR system which needs to be empirically
optimized for the target gene of interest, the instrumentation and the reagents used. The
principle of COLD PCR is described in section 0. Since the optimization was an essential part of this
work the results are presented in section 4.1.2. Therefore, in this section information on the basic

parameters, i.e. reagents used and instrumentation is given only.

19



Methodology

A total of 10 primer pairs were designed and run through the optimization process. The workflow
of optimization is given in Figure 14. The cycling program for a full COLD PCR can be divided into 5
steps: (1) Initial denaturation at 95°C for 10 min., (2) pre-amplification with 10 cycles denaturation
at 95°C for 10 sec., annealing with touchdown starting at 60°C down to 55°C with step size 0.5°C
for 10 sec., extension at 72°C for 4 sec., (3) COLD with 35 cycles denaturation at 95°C for 15 sec.,
hybridization at 61°C for 8 min., critical denaturation at 66°C for 3 sec., annealing at 55°C for
10 sec. and extension at 72°C for 4 sec., followed by (4) HRMA with denaturation at 95°C for
1 min., 40°C for 1 min., temperature ramp from 70°C to 90°C with 25 acquisitions per °C and (5) a

final cooling step and hold at 40°C.

Two different chemistries were tested for COLD PCR. First, we used a reaction mix comparable to
that used for HRMA PCR: 1x LightCycler® 480 High Resolution Melting Master Mix (Roche
Diagnostics GmbH, Vienna, Austria), varying concentrations of primer (from 0.05 uM to 0.3 uM,
dependent on the primer) and varying amounts of MgCl, (from 1.5 mM to 3.0 mM, dependent on

the primer).

Second, we tested a reaction mix containing 0.2 uM of each primer, 1x Phusion HF Buffer, 0.2 mM
of each dNTPs (Finnzymes, Espoo, Finland), 0.02 U/ul Phusion® Hot Start || DNA Polymerase
(Finnzymes, Espoo, Finland) and 1x LCGreen Plus+ (Idaho Technology Inc., Salt Lake City, UT, USA).

Primer and MgCl, concentration varied.
For all COLD PCR reactions 50 ng gDNA were used in a final reaction volume of 20 pl.

3.3.5 High Resolution Melting Analysis PCR (HRMA PCR)

HRMA PCR is a convenient, closed tube method for mutation analysis. Starting point for HRMA
PCR for this work was an assay described by our group (Pichler et al. 2009). In order to further
increase the sensitivity of this assay a total of 12 different primer pairs were designed and tested.
For the four most promising primer pairs amplification conditions were optimized on the
LightCycler® 480 Instrument (Roche Diagnostics GmbH) using white 96-well multiwell plates. For
reasons of comparability the same amounts of templates were used in HRMA PCR as described
for AS PCR. The reaction mix consisted of 1x LightCycler® 480 High Resolution Melting Master Mix
(Roche Diagnostics GmbH, Vienna, Austria), varying amounts of primer (from 0.15 uM to 0.3 uM,
dependent on the primer) and varying amounts of MgCl, (from 2.5 mM to 4.0 mM, depending on
the primer). The final reaction volume was adjusted to 20 pl. Optimal cycling conditions proved to
be an initial denaturation step at 95°C for 10 min, followed by 50 cycles of denaturation at 95°C

for 10 sec., annealing at 56°C for 10 sec. and extension at 72°C for 5 sec. The amplification was
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followed by the melting analysis with high resolution data acquisition with an initial denaturation
step at 95°C for 1 min., a cooling step at 40°C for 1 min. and a temperature ramp from 70°C to
90°C with continuous fluorescence acquisitions (25 acquisitions per °C) and a final cooling step

and hold at 40°C.

3.3.6 Allele Specific PCR (AS PCR)

The AS PCR used in this work is based on the method described by Jarry et al. (Jarry et al. 2004)
with following essential modifications. Either 50 ng gDNA or 2 x 10 copies (5 pl) from the pre-
amplification reaction were analyzed in a reaction consisting of 1x LightCycler® 480 SYBR Green |
Master Mix (Roche Diagnostics GmbH, Vienna, Austria), 0.25 uM of each primer (for detail refer to
Table 2) and PCR grade water with a final volume of 20 ul. The amplification conditions were
optimized for the LightCycler® 480 Instrument (Roche Diagnostics GmbH) using white 96-well
multiwell plates. Cycling conditions were as follows: Initial denaturation at 95°C for 5 min.; 45
cycles with denaturation at 95°C for 10 sec., annealing at 68°C for 20 sec. and extension at 72°C
for 15 sec.; melting analysis with initial denaturation at 95°C for 5 sec. and a temperature ramp
from 65°C to 97°C with continuous fluorescence acquisitions (10 acquisitions per °C). Cycling

ended with a final cooling step and hold at 40°C.

The calculation of the percentage mutated DNA in samples was based on standard curves for
BRAF wt, BRAF V600E and BRAF V600K which were included on every PCR plate. Therefore, serial
dilutions of pre-amplification products from SK-MEL-28 (100% BRAF V600E), IGR-1 (50% BRAF
V600K), and SK-MEL-30 (wt) from 2 x 10 copies to 20 copies were prepared. The equivalency of
amplifiable pre-amplification products between cell lines was checked with HRMA PCR. The mean
Cp values of the samples analyzed were converted in copies based on the regression equations
from the standard curves. Copy numbers detected by the assay (either wt alone or, if a mutation
was detected, the sum of wt copies and mutated copies) served as 100% copies amplified. The

percentage of mutated DNA was calculated thereof.

3.3.7 Pyrosequencing

For PCR amplification of the template DNA we used the PyroMark PCR Kit (QIAGEN, Hilden,
Germany). 10 ng gDNA or 4 x 10? copies of pre-amplification product were amplified in a reaction
mix containing 1x PyroMark PCR Master Mix, 1x CoralLoad Concentrate, 0.2 uM of each primer
and PCR-grade water to give a final volume of 25 pl. The amplification was done with a MyCycler
(Bio-Rad Laboratories Ges.m.b.H., Wien, Austria) using 0.2 ml tubes. Cycling protocol started with

an initial denaturation at 95°C for 15 min. followed by 45 cycles of denaturation at 94°C for
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30 sec., annealing at 60°C for 30 sec. and extension at 72°C for 30 sec. After a final extension at

72°C for 10 min. the reaction was cooled to 4°C.

2 ul PCR product were directly loaded onto a 2.5% agarose gel (for details refer to3.3.3) to check

the specificity of the product.

The immobilizing of the PCR products was done using the PyroMark Q24 Vacuum Workstation
(QIAGEN, Hilden, Germany). A reaction mix containing 3 ul streptavidin-coated Sepharose® beads
(GE Healthcare, Vienna, Austria), 40 pl binding buffer and 27 pl Milli-Q water (Millipore, Billerica,
MA, USA) was dispensed in a 96-well plate. 10 pl of the PCR product were added to each well and
the reaction was agitated for 10 min. at 1400 rpm at RT using an orbital shaker (Thermomixer,

Eppendorf, Hamburg, Germany) to bind the PCR product onto the beads.

25 ul sequencing primer (diluted to 0.3 UM with annealing buffer) were dispensed into each well

of a PyroMark Q24 plate (QIAGEN).

After binding of the PCR product to the Sepharose® beads, beads were captured to the filter
probes of the vacuum tool and sequentially flushed with 70% ethanol for 5 sec., denaturation
solution for 5 sec. and 1x wash buffer for 10 sec. Afterwards beads were released into the primer
solution in the PyroMark Q24 plate. The loaded Q24 plate was heated to 80°C in a plate holder for
2 min. and cooled to RT for at least 10 min. Meanwhile the Q24 Cartridge (QIAGEN) was filled with
PyroMark Gold Q24 Reagents (QIAGEN). Sequencing was done with the PyroMark Q24 instrument
(QIAGEN), assay design and further sequence analysis was done with the PyroMark Q24 software
(QIAGEN).

A NTC was included in every run to rule out contamination during PCR. At the beginning every
assay was tested for ‘unspecific sequencing’ by including a reaction containing PCR product and
beads but no sequencing primer. This control tested whether loop formation of the PCR product is
occurring during sequencing, allowing a sequencing reaction without the addition of a sequencing
primer. In another control reaction the assays were tested for primer dimer formation of the
sequencing primer resulting in ‘primer sequencing’. Therefore, a reaction containing sequencing
primer and beads but no template was analyzed. All assays described in this work gave neither

product in NTC, or in ‘unspecific sequencing’ controls, or in ‘primer sequencing’ controls.

Because we wanted to detect and quantify different mutations, analysis became quite
complicated. Figure 12 shows pyrograms of 100% wt DNA, homozygously mutated BRAF V600E
DNA and heterozygously mutated BRAF V600K DNA on the left hand side. On the right hand side

the dispensation order, sequence to analyze and the sequence read per dispensation are depicted
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for copies carrying the mutation only. This figure should demonstrate the different progress which
is made per dispensation depending on the sequence. To quantify the mutations, reference peaks
have to be determined. In our case the only reference peaks that can be used for quantification
are dispensation 4 [G] and dispensation 10 [C]. In a first step the mean value for the peak height
of the reference peaks is calculated. Then deviations from peak heights at the other dispensations
are evaluated: A BRAF V600E mutation leads to a higher peak at dispensation 5 [A] and a lower
peak at dispensation 6 [T]. A BRAF V600K mutation results, on the one hand, in higher peaks at
dispensation 2 [A] and dispensation 5 [A]. The peak height at dispensation 8, on the other hand,
becomes lower. The extent of peak variation allows the calculation of percentages mutated DNA
contained in a sample. Each sample is calculated individually. Peak heights for [A] dispensations
are corrected by the correction factor defined by the PyroMark software. Sometimes it is obvious
that a mutation is at hand (i.e. peak height at dispensation 5 [A] is above background signal), but
it cannot be defined whether it is a BRAF V600E or a BRAF V600K mutation. These results are

indicated as ‘uncertain’.

Ao
T: 98%
Sequence to analyze AG/ T/ GAAATCTCG
Sequence read per dispensation AGTGAAATCTCG
Dispensation 24678 9

Dispensation order BRAF V600E GACGATGATCGTCG

250 Sequence to analyze AG/__ /AGAAATCTCG
200 Sequence read per dispensation AGAGAAATCTCG
150 . .
Dispensation 24578 9
100
50
1]
GACGATGATCGTCG
Sequence to analyze A /A /AGAAATCTCG
Sequence read per dispensation AAAGAAATCTCG
Dispensation 2 45 o6

Figure 12: Examples for BRAF V600E and BRAF V600K mutation in Pyrosequencing.

On the left hand side pyrograms are showing wt DNA, homozygously mutated BRAF V600E DNA and heterozygously mutated BRAF
V600K DNA. On the right hand side the sequences to analyze and the dispensations incorporated in the elongated sequence are
indicated.
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3.4 Statistics

The sensitivity of the assays was determined by calculating the Z-factor (Z) according to equation
(2) (Zhang, Chung & Oldenburg 1999) where Us and | denote for the means of the samples and
negative control, respectively. The standard deviations (SD) for the samples and the control are
denoted as os and o, respectively.

(3o0s+30,)

Z=1
|ug+u|

(2)

A Z-factor <0 describes an assay where the sample cannot be distinguished from the negative
control. Z-factors between 0 and 0.5 describe marginal assays, whereas excellent assays have Z-

factors between 0.5 and 1. A Z-factor of 1 is ideal and describes an assay without any SD.

The frequencies of BRAF V600 mutations found in the tumor area and the surrounding area were
compared using Fisher's exact test with an alpha a=0.5. P values < 0.05 were considered

statistically significant.

The MIQE Guidelines were followed whenever appropriate and feasible (Bustin et al. 2009).
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4 Findings

4.1 Model System

The model system consisted of tumor cell line DNA and was used to establish and optimize the
process of all assays. This model system has the advantages of providing high quality DNA with

defined mutational status in large quantities.

To ensure constant conditions throughout the project, at the beginning DNA from cell lines was
isolated in a sufficient extent for the whole study. DNA was not only quantified with the

PicoGreen assay, but also with respect to its amplifiability by determining its equivalents.

4.1.1 Equivalents of DNA

Since minute amounts of mt DNA in a background of wt DNA were used in the serial blends, it was
necessary to perform a thorough quantification of amplifiable DNA from cell lines. Therefore, DNA
from cell lines was normalized to the wt cell line SK-MEL-30. Results for the IGR-1 cell line DNA are
shown in Figure 13. The concentration of the serially diluted cell line DNA was plotted on the x-
axis; the mean Cp values were plotted on the y-axis. The actual concentration of amplifiable IGR-1
DNA was calculated using the regression equation resulting from SK-MEL-30 DNA. Finally, a mean
correction factor for IGR-1 DNA was determined. The same procedure was done for SK-MEL-28
DNA. After re-calculating DNA concentrations, another PCR with serially diluted DNA was done to
control calculations. This procedure also takes into account copy number variations for the BRAF

gene, which may occur in cell lines.
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Figure continued on next page.
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Conc. est. Mean CP ngcalc. Corr. factor Mean Corr. Mean CP ngcalc. Corr. factor Mean Corr.
50.00 27.07 49.82 1.00 1.000 26.34 77.95 1.56 1.543
10.00 29.66 10.10 1.01 28.78 17.34 1.73
2.00 32.30 1.98 0.99 31.60 3.05 1.53
0.40 34.89 0.40 1.00 34.40 0.54 1.36
Figure 13: Determination of the correction factor for IGR-1.

The correction factor for IGR-1 cell line is calculated by plotting the log concentration on the x-axis and the mean Cp values of the cell
lines from HRMA PCR on the y-axis. The resulting regression equation from SK-MEL-30 DNA is used to determine the actual
concentration of IGR-1 DNA (ng calc.). The mean of the correction factor is used correct the initially determined concentration. This
procedure was repeated for any DNA used in the model system. Finally, equivalents were checked by another HRMA PCR.

4.1.2 Optimization of COLD PCR

COLD PCR is a complex PCR where hybridization and denaturation temperatures are critical
factors which have to be determined empirically. We planned to use COLD PCR as an enrichment
step for mutated DNA prior to HRM analysis. Therefore, in the context of our results, the term
COLD PCR will be used for COLD PCR with subsequent HRMA. In the course of this project we

developed a workflow for the optimization of COLD PCR which is shown in Figure 14.
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Figure 14: Workflow for the optimization of COLD PCR.

Ten primer pairs were designed, 8 of them were tested in HRMA PCR and 4 of them were used in COLD PCR. Only 2 primer pairs gave a
specific product in COLD PCR and were further optimized with respect to MgCl, concentration and primer concentration.
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For the detection of the BRAF V600E mutation a total of 10 primer pairs were designed for COLD
PCR that specifically amplified a region of the BRAF gene covering the codon 600 (this step is
referred to as ‘Step 1’ in Figure 14). The formation of a specific PCR product during conventional
HRMA PCR is a prerequisite for the use of the primers in COLD PCR, since COLD PCR seems to
favor the formation of primer dimers. This step is referred to as ‘Step 2’ in Figure 14. The
specificity of the primers was checked with melting analysis after amplification and on an agarose
gel. Eight primer pairs underwent optimization process for COLD PCR (‘Step 3’). We started using
the Roche chemistry. At the beginning none of the primers yielded a specific product after COLD
PCR, only primer dimers could be detected. The addition of a denaturation-step of the primers
prior to preparation of the master mix, keeping the reactions constantly on ice, and lowering the

hybridization temperature, clearly improved the results as shown in Figure 15.
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Figure 15: Primer dimer formation during COLD PCR.

Figure 15A and B depict the amplification curves and melting analysis of COLD PCR before optimizing set-up conditions. NTC and
samples gave the same amount and type of product. Melting analysis shows the formation of mainly primer dimers (as confirmed on
an agarose gel; data not shown) with a T,, of approx. 73°C. After optimizing set-up conditions and lowering the hybridization
temperature, a specific PCR could be amplified using the same primers (as confirmed on an agarose gel; data not shown), as shown in
Figure 15C and D.

Two primer pairs produced specific products during COLD PCR. For both pairs MgCl,
concentration (ranging from 1.5 mM to 5 mM) and primer concentration (ranging from 0.05 uM
to 0.3 uM) were optimized (‘Step 4’). The primer pair internally named BRAF10 (for details see
Table 2) gave the best results. To maximize the sensitivity of the system different hybridization
temperatures, as well as critical denaturation temperatures were tested. In summary, 10 different
temperature settings (with hybridization temperatures ranging from 48°C to 70°C and critical
denaturation temperatures ranging from 52°C to 80°C) were tested. Unfortunately, the sensitivity

of the assay could not be increased in comparison to conventional HRMA PCR.
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To check whether the PCR cycling conditions or the chemicals are the reason why we were not
able to improve sensitivity using COLD-PCR, we tried to reproduce the results published by
Milbury et al. (Milbury, Li & Makrigiorgos 2009). Using identical primer sequences for detection of
the TP53 mutation, genomic DNA from the same cell line carrying the TP53 mutation, and cycling
conditions as similar as possible as described in the publication, we tried to reproduce their
results with our chemicals and instrumentation. Again, as shown in Figure 16 we were not able to

increase the sensitivity using COLD PCR in this assay.
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Figure 16: Comparison of difference plots from HRMA PCR and COLD PCR for TP53 mutation.

Figure 16A shows a difference plot after HRMA PCR, Figure 16B a difference plot after COLD PCR. 4% mt DNA can hardly be
discriminated from wt DNA in both graphs.

Since our results using the Roche chemistry for COLD PCR were nonsatisfying, a different
chemistry (Phusion polymerase in combination with LC green; for details see section 3.3.4) was
tested and optimized. The results of the optimization process are summarized in Figure 17. In our
set-up, COLD PCR was more sensitive using the High Resolution Melting Master Mix (4% can be
distinguished from wt), compared to using Phusion polymerase in combination with LCGreen

Plus+ (wt and 4% mt DNA cannot be discriminated).
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Figure 17: Comparison between two different chemistries for COLD-PCR.

Figure 17A shows a difference plot after COLD-PCR using the High Resolution Melting Master Mix (Roche). In this set-up a
differentiation of samples containing 4% mt DNA from wt samples is possible. Figure 17B shows a difference plot using Phusion
polymerase (Finnzymes) in combination with LCGreen Plus+ (Idaho Technologies). Here it is not possible to distinguish 4% from wt.
Both set-ups underwent an extensive optimization process.

Although COLD PCR did not improve the sensitivity of HRMA PCR, we tested its applicability on
FFPE cell line DNA. For this assay, FFPE and fresh cell line DNA revealed the same sensitivity (data

not shown).
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Unfortunately, despite extensive optimization of the assay, we were not able to increase the

sensitivity of our HRMA PCR using COLD PCR for the detection of BRAF V600E mutation.

4.1.3 Sensitivity of AS PCR

The sensitivity of AS PCR for the detection of BRAF V600E mutation was determined using a series
of DNA blends containing 100%, 50%, 25%, 10%, 5%, 2.5%, 1%, 0.1%, 0.05% and 0% mt DNA (SK-
MEL-28) in a background of wt DNA (SK-MEL-30). Data is summarized in Figure 18 indicating a
LOD of the assay of 0.1% mt DNA in a background of wt DNA giving a Z-factor of 0.69 (indicated by

the gray arrow). Thus, AS PCR proved to be a very reliable and sensitive method.
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Figure 18: LOD of the AS PCR for the BRAF V600E mutation.

Using 15 ng gDNA with varying percentages of mt DNA, a LOD of 0.1% mt DNA in a background of wt DNA could be defined (indicated
by the gray arrow). The calculated Z-factor for 0.1% is 0.69. (Results from two independent PCR runs with triplicates for each sample.)

4.1.4 Sensitivity of HRMA PCR

The sensitivity of HRMA PCR was determined using the same templates as for AS PCR. Based on
the difference plot, 4% can be discriminated from wt as demonstrated in Figure 19. Summarizing
the data for HRMA PCR this method has a moderate sensitivity, but allows the detection of any

mutation found within the sequence of the amplicon regardless of the type of mutation (BRAF

V600E or BRAF V600K).
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Figure 19: LOD of the HRMA PCR with BRAF10 primer.

Using the BRAF10 primer for HRMA PCR, 4% mt DNA in a background of wt DNA can be distinguished. If a Z-factor is calculated by
taking the mean fluorescence values of the difference plot between 79.3 to 79.7°C (vertex in the difference plot) and their SD, a Z-
factor of 0.2 results for 4%, which is rather moderate.
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4.1.5 Establishing and Optimization of Pyrosequencing

For the detection of the BRAF V600E mutation two different pyrosequencing assays were
designed, one forward (BRAF PM1) and one reverse (BRAF PM2) assay. The forward assay proved
to be more sensitive than the reverse assay, which tended to give a higher background signal in
wt samples (data not shown). Results for the BRAF PM1 assay are shown in Figure 20. The LOD for
the BRAF PM1 assay is 4% with a Z-factor of 0.5. The indisputable advantage of pyrosequencing is

the sequence information it provides. Thus, pyrosequencing is favored over HRMA PCR.
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Figure 20: LOD of the PM1 Pyrosequencing assay.
Using the BRAF PM1 assay the LOD for the BRAF V600E mutation is 4% with a Z-factor of 0.5.

4.1.6 Summary - Model System

The comparison of the established and optimized assays (i.e. COLD PCR, AS PCR, HRMA PCR and
pyrosequencing) showed that AS PCR is by far, the most sensitive method with a LOD of 0.1% for
the BRAF V600E mutation. All other methods proved to have a comparable LOD of 4% with
varying Z-factors. The sensitivity of HRMA PCR could not be improved by the use of COLD PCR

despite extensive optimization work. Results of the MS are summarized in Table 3.

Table 3: Results of the MS.
Sensitivity (Z-factor) Advantages Disadvantages

COLD PCR
4.0% no improvement of sensitivity

AS PCR
0.1% (0.7) very sensitive assay specific for one mutation

HRMA PCR

4.0%(0.2) any mutation within the amplicon

sequence can be detected

Pyrosequencing
4.0% (0.5) information about the sequence
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4.2 Learning Set

The learning set consisted of 5 NM tissue samples and was used to test all established assays on
FFPE tissue derived DNA. In comparison to LMM, NM are larger skin lesions. Therefore, the DNA
yield was expected to be higher. In addition, the BRAF V600E mutation is described to be more
frequent in NM than in LMM. Thus, the use of NM combined the advantages of larger DNA
guantity and higher probability of the occurrence of the BRAF V600E mutation.

The actual mean DNA yield (ng + SD) of the samples of the LS was 826 + 454 (median 712 ng). The
learning set (NM1 to NM5) was analyzed using the assays described in section 4.1. Very soon it
became obvious, that NM4 carries a sequence alteration other than the BRAF V600E mutation.
HRMA PCR with BRAF10 primer classified NM4 as wt, whereas AS PCR repeatedly detected a low
level mutation (data not shown). Pyrosequencing using BRAF PM1 assay detected a T>A exchange
of approx. 15% which seemed to be a BRAF V600E mutation, whereas pyrosequencing using BRAF
PM2 assay (reverse assay) revealed the BRAF V600K mutation in NM4 (Figure 21). Results for NM5
were inconclusive and not always reproducible. Analysis of the amplifiability of the DNA with a
multiplex GAPDH assay showed poor DNA quality of NM5 (for details refer to section 7.2.2),
increasing the probability of the occurrence of PCR artifacts and errors during amplification.
Therefore, we added the criterion of the minimal requirement of the DNA quality. Samples not

fulfilling the requirement were excluded from further analysis.
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Figure continued on next page.
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Figure 21: Analysis of the BRAF V600E mutation in the LS.

Figure 21A depicts the difference plot of HRMA PCR using the BRAF10 primer. Dotted lines indicate the serial dilution of cell line DNA
blends. Solid lines in indicated colors define the samples. NM1 clearly shows an altered melting behavior compared to wt DNA. NM2 to
NMS5 are wt. The results for NM4 from HRMA PCR are not concordant to those of pyrosequencing. Figure 21B shows pyrosequencing
results for the PM1 assay: NM1 and NM4 seem to carry the BRAF V600E mutation; NM1, NM2, and NM5 do not carry any mutation.
The PM2 assay, for the first time, revealed the occurrence of the BRAF V600K mutation in NM4 (please note that PM2 is a reverse
assay, therefore the sequence to analyze is complementary. For details refer to section 1.3.5).

The results from the LS showed the necessity to modify our assays to allow the simultaneous
detection of the BRAF V600E as well as the V600K mutation. Primers for HRMA PCR and
pyrosequencing were designed to amplify a region more up-stream of nucleotide 1799. For the AS
PCR a new BRAF V600K mutation specific primer was designed. All assays were optimized using
the MS again, adding a new cell line (i.e. IGR-1) carrying the BRAF V600K mutation. For results of
the MS with the adapted HRMA assay refer to section 7.2.4. Results from pyrosequencing for the

LS using the modified assays are summarized in Figure 22.
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Figure 22: Results from the LS using gDNA and the PM3 assay for Pyrosequencing.

The PM3 assay clearly demonstrated the presence of the BRAF V600K mutation in NM4 indicated by the much higher peak at
dispensation 2 [A]. The sum of the peaks at dispensation 5 [A] and 6 [T] (the typical BRAF V600E mutation site, light blue shaded) is
also higher than the normal peaks detecting only one nucleotide (e.g., dispensation 12 [T], 13 [C], and 14 [G]). For details refer to
section 3.3.7. Using this strategy NM4 was detected to carry the BRAF V600K mutation to an extent of more than 40%.
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The adaption of the assays to allow simultaneous detection of the two BRAF mutations was done
in parallel to DNA isolation from the samples of the TS. The mean DNA yield of 84 + 69 (median
57 ng; ng + SD) of the samples of the TS was considerably lower than the one of the LS (826 + 454;
median 712 ng). Therefore, a pre-amplification step was necessary. To check whether the pre-
amplification step biases results, we went back to the MS and after that re-analyzed the LS. For
HRMA PCR results of the comparison with and without pre-amplification of the MS refer to
section 7.2.3 (results for pyrosequencing and AS PCR not shown). Direct comparison of HRMA PCR
results of the LS is shown in Figure 23. Pre-amplification showed no adverse effects, neither in
HRMA PCR, nor in pyrosequencing, nor in AS PCR (results for pyrosequencing and AS PCR not
shown). Re-analysis of the LS using pre-amplification products in combination with the BRAF PM3

primer (this primer allows the detection of the BRAF V600K mutation) is shown in Figure 24.

Initially, for pre-amplification primers were used amplifying a 250 bp fragment of the BRAF gene,
spanning the region around codon 600. Primers were designed to allow subsequent mutational
analysis with our assays described in this study. Since considerable DNA fragmentation was
observed in the samples of the TS, it was necessary to shorten the length of the pre-amplification

fragment later in the project.
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Figure 23: Comparison and reanalysis of the LS with HRMA PCR using BRAF PM1 primer.

Figure 23A shows the difference plot of HRMA PCR using gDNA in comparison to Figure 23B were pre-amplification products served as
template. In both plots NM1 clearly carries a BRAF mutation; NM4 shows an altered melting behavior in both plots, too. As
demonstrated in this figure, no adverse effect could be observed, if gDNA underwent pre-amplification prior to HRMA PCR or not.
BRAF PM1 primer was used for this analysis.
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Figure 24: Re-analysis of the LS with HRMA PCR using BRAF PM3 primer and pre-amplification products.

This figure summarizes the re-analysis of the LS with HRMA PCR. DNA blends carrying the BRAF V600E mutation are indicated by the
dotted lines. This figure vividly demonstrates the improvement of the assay for the detection of the BRAF V600K mutation by the
example of NM4. This sample shows a completely different melting behavior using the BRAF PM3 primer in comparison to Figure 23
were NM4 has a slightly altered melting behavior only when using BRAF PM1 primer.
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Results of the LS using the modified AS PCR assay in combination with the pre-amplification step
are presented in Figure 25. NM4 yielded a strong signal for the BRAF V600K mutation using the AS
PCR which corresponds to 48% mutated DNA in the sample. In NM1 19% mutated DNA carrying
the BRAF V600E mutation could be detected. NM2 and NM3 gave no signal with mutation specific

primers and are thus classified as wt. NM5 was excluded from final analysis due to insufficient
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Figure 25: Reanalysis of the LS with AS PCR.

In this figure on the left hand side amplification curves from AS PCR are shown (A: BRAF wt, C: BRAF V600E, E: BRAF V600K). For each
mutation and the wt serial dilutions of pre-amplification products from cell line DNA were included to allow quantification (Figure 258,
D, and E). Figure 25A demonstrates once again the poor DNA quality of NMS5, since even the pre-amplification product used in this
analysis can hardly be amplified. Any Cp values 240 were classified as negative signal. For details of calculating the percentage of
mutated template in the pre-amplification product refer to section 3.3.6.

4.2.1 Summary Learning Set

The learning set pointed us to the BRAF V600K mutation. Therefore, we adapted and optimized all
assays, so that they would allow the detection of both mutations, BRAF V600E and BRAF V600K.
In addition, we included a pre-amplification step prior to the mutation analysis assays, because
DNA yield was, even in the LS, rather low. Finally, we learned that DNA has to meet a minimum
requirement of DNA quality; otherwise any result from downstream analysis is questionable
because of increased occurrence of PCR artifacts and errors during amplification. Samples not
fulfilling DNA quality requirements were excluded from final analysis (as demonstrated in Table 4:

NMD5). During this phase of the project, all assays were retested with the MS, whenever a change
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was made in the procedure (e.g., pre-amplification step). With the LS we proved the applicability

of all of our assays on FFPE material. The results of the LS are summarized in Table 4.

Table 4: Results of the LS.

Sample DNA Quality® PreAmp.s HRMA PCR AS PCR % mt DNA Pyroseq. % mt DNA
NM1 v v mt E 17.5 E 20.0
NM2 v v wt wt wt
NM3 v v wt wt wt
NM4 v v mt K 53.1 K 44.2
NMS x X — — —

4.3 Training Set

The low DNA quantity isolated from samples of the TS (as stated in section 4.2) once more
demonstrated the importance of the pre-amplification step. For some samples, even the 20 ng
gDNA necessary for the pre-amplification were an exclusion criterion. Due to the limited DNA
amount, the DNA quality assay had to be changed from a ‘single-copy-gene assay’ (GAPDH assay)
to a ‘repetitive sequence assay’ (LINE assay) allowing DNA quality assessment with a hundredth of
the DNA amount. The LINE assay demonstrated the necessity to shorten the amplicon length used
for pre-amplification. The difference in the percentage of amplifiable DNA for the 149 bp LINE
fragment and the 249 bp LINE fragment is shown Figure 37 in section 7.2.8. Because of the low
percentage of DNA that allowed an amplification of a 249 bp fragments we altered pre-
amplification to a 152 bp pre-amplification product. In addition, pre-amplification was further
optimized by addition of BSA and MgCl, (Figure 35), as well as by purification of isolated gDNA
with chromatography columns to remove residual melanin. To allow a detection of 1% mt DNA
present in a sample we defined quality criteria explained in section 7.2.9. Results of the ‘pre-
mutation analysis processes’ are shown in Figure 26. Results of the mutation analysis of the TS are

listed in Table 5.
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Figure legend on next page.
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Figure 26: Drop out TS.

DNA from 12 samples (57%) isolated from the tumor area (T; Figure 26A) and 14 samples isolated from the surrounding area (S; Figure
26B) passed quality criteria and yielded a pre-amplification product. Drop-out because of failing the pre-amplification was more
frequent in DNA from tumor area than in DNA from surrounding area.

Table 5: Results of the TS.

Sample DNA Quality’ PreAmp.6 HRMA PCR AS PCR % mt DNA Pyroseq. % mt DNA
LMM1 T'/s? VIV VIV wt / wt E/wt 0.6 wt / wt
LMM2 T/S x [ % x[x = [/ = = /= ==
LMM3 T/S VI v [x wt/ — wt/ — wt/ —
LMM4 T/S vIY v Iv wt / wt wt / wt wt / wt
LMMS5 T/S v Iv v IV wt / wt wt / wt wt / wt
LMM6 T/S x [ % x [ x —/— —/— —/—
LMM7 T/S vIY x /v —/wt —/wt —/wt
LMMS8 T/S v Iv v IV wt / wt wt / wt wt / wt
LMM9 T/S [ x [V — /wt — /wt — /wt
LMM10 T/S vIv vIv wt / wt wt / wt wt / wt
LMM11 T/S x[x x[x —/— =/= =/=
LMM12 /T/S v IVI]Y v IV[]Y wt / wt / wt wt / wt / wt wt / wt / wt
LMM13 T/S vIv x[v — /wt — /wt — /wt
LMM14 v v wt wt wt
LMM15 /T/S v IVI]Y v IVI]Y wt / wt / wt wt / wt / wt wt / wt / wt
LMM16 T/S x [x x[x =[= == ==
LMM17 T/S x /v %[V — /wt — /wt — /wt
LMM18 T/S vIv a4 wt / wt wt / wt wt / wt
LMM19 T/S [ x [ x =/= =[] = ==
LMM?20 /T/S IV Iv vIvV]Y wt / wt / wt E/wt/wt 0.5 wt / wt / wt
LMM21 /T/S IvVI]v vIivi]v wt / mt / wt K/K/wt 2.6/3.3 wt / K/ wt 5.7
T:21 T:16V,5% T:12v,9% T:11wt, 1 mt T:10wt, 1E, 1K T:11wt, 1K
S: 20 S:16v,4% S:14v,6% S:14 wt S: 14wt S:14 wt
woD’: 4 woD:4Y" woD: 4V woD: 4 wt woD:2wt, 1E, 1K woD: 4 wt

4.3.1 Summary Training Set

In the course of the analysis of the TS we were able to increase the performance of our assays by
optimizing the pre-amplification reaction and shortening of the pre-amplification product.
Comparing the 3 different assays, AS PCR proved to be the most sensitive assay, which not only
detects the mutation like HRMA PCR, but also provides information on the type of mutation (BRAF
V600E or BRAF V600K). Due to the lower sensitivity of HRMA PCR and pyrosequencing, low level
mutation could be detected using AS PCR, only. Therefore, we decided to analyze the collective

with the AS PCR.

Another question answered by the TS was the necessity of manual dissection. Although BRAF
V600E mutation was found in LMM20 without manual dissection only, LMM21 showed a higher
percentage of mutated DNA in the dissected sample (3.3%; LMM21 T) than without manual
dissection (woD; 2.6%; LMM21). Therefore, we decided to manually dissect the samples of the
collective. The discrepancy between LMM20 woD and LMM20 T (were no mutation could be

detected) can be explained by the different cutting depth of the FFPE tissue sample.

7T DNA isolated from tumor area.
s DNA isolated from surrounding area.
° woD: without manual dissection.
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The BRAF V600E mutation was detected in the tumor area of LMM1, but not in the corresponding
surrounding tissue. The DNA of the tumor area of LMM21 carried the BRAF V600K mutation, and
again, no mutation could be detected in the corresponding surrounding tissue. Thus, a BRAF V600
mutation could be found in 16.7% of the tumor areas (n=2/12) but no mutation at all was found in
the corresponding surrounding areas (n=0/14). The frequencies at which the mutations were

detected in the TS are shown in Figure 27.
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Figure 27: Frequency of the BRAF V600 mutations in the TS.

BRAF V600 mutations could be found in DNA from the tumor area of the TS only. No BRAF V600 mutation was detected in the DNA of
the corresponding surrounding tissue.

Before proceeding with the analysis of the collective, we returned to the MS several times for

assay adaption and optimization. An overview of the succession is given in Figure 28.
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Figure 28: Succession of steps toward the analysis of the collective.

Before analyzing the collective we encountered several challenges. After establishment and optimization of the assays using the MS,
we detected a BRAF V600K mutation in the learning set (indicated by ‘1’) which led to the adaption of the assays to detect both
mutations. The small DNA yield of the samples from the learning set (2’) made a pre-amplification step necessary. Eventually occurring
alterations in the performance of the assays were tested using the MS again. In addition, the DNA quality assay was changed from a
‘single-copy-gene’ assay to a ‘repetitive sequence’ assay, to reduce the DNA amount necessary for analysis. Finally, pre-amplification
itself had to be thoroughly optimized (‘3’), since this reaction proved to be more sensitive to melanin and other inhibiting substances
than AS PCR or HRMA PCR.
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4.4 Collective

DNA isolation from the samples of the collective was done the same way as from samples of the
TS. Initially 163 patients with the diagnosis lentigo maligna melanoma were identified from the
database for the time period set from 2007 to 2009. Archived tissue sections of those samples
were retrieved and examined whether the tumor size was suitable for the investigations of the
project. Fourteen samples had to be excluded from analysis because the tissue volume was too
small. From the remaining samples sections for DNA isolation and one section for HE staining
were prepared. The HE-re-stained sections were examined microscopically for the proportion of
LMM tumor cells in the tissue samples. All samples with less than 5% tumor cells present in the
HE stain were excluded from further analysis. The remaining 95 samples were manually dissected
whenever appropriate and the isolated DNA was checked for its quality. The DNA of the tumor
area of 61 and the surrounding area of 39 LMM samples were subject to mutation analysis with
AS PCR. The flow chart of sample selection is shown in Figure 29. To minimize drop-out numbers
an additional clean-up step was performed before pre-amplification using size-exclusion columns.
Thus, the percentage of samples fulfilling the quality requirements, but failing the pre-
amplification could be significantly reduced to 1% of the DNA from the tumor area and 4% of the
DNA in the surrounding area. In comparison, drop-out in the TS was 19% and 10% of the samples
from the tumor and surrounding area, respectively. The summarized results of the collective are
given Table 6.
Samples from

database
n=163

Size

Too small
g0 Sections and HE
staining
n=149
Tumor
content
Tumor < 5%
DNA isolation =
(Tumor > 5%)
n=95
DNA
 DNAquality quality
failed
n=33 - Pre-
amplification
n=62
Product
“"Nopre-
amplification
Mutation n=1 -
analysis
n=61

Figure legend on next page.
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Figure 29: Drop out collective (1).

Not all of the 163 samples searched from the database were suitable for mutation analysis. 8% of the tissue samples (14 cases) were
too small to allow isolation of sufficient DNA. 33% (54 cases) showed too little tumor cell count based on the HE staining and were thus
excluded from further analysis leaving 95 samples from which DNA was extracted. Corresponding DNA from the surrounding area was
isolated in 51 cases (data for surrounding area not shown in the flow chart; refer to Figure 30B). DNA quality failed in 20% (33 cases).
The drop out because of failure of pre-amplification could be reduced to 1% (1 case) due to optimization. Thus, a total of 61 DNA
samples from tumor area (37% of the initial 163 cases) and 39 samples from surrounding area underwent mutation analysis.
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Figure 30: Drop-out collective (Il).

These figures focus on the samples from which DNA was isolated, but in contrast to Figure 29 differentiate between tumor area (Figure
30A) and surrounding area (Figure 30B). Although drop-out caused by failing the quality/quantity requirements was more frequent in
DNA from the tumor area in the collective compared to surrounding area and the TS, the drop-out due to failing the pre-amplification
could be drastically reduced to 1% and 4% in the tumor and surrounding area, respectively.

Although in the model system LOD of the AS PCR was 0.1%, mutations in the samples were
detected down to 0.5%. Based on data from Table 10 (please refer to section 7.2.11) most cases
allowed the detection of a mutation present at 0.5% (55.5%, 81 DNA samples) what implies a
necessary amplifiable DNA quantity of at least 2 ng in the pre-amplification. 13% of the samples
(19 DNA samples) had > 1 ng but < 2 ng amplifiable DNA in the pre-amplification resulting in an

overall sensitivity of 1%. The remaining 31.5% did not meet the quality requirements.

Table 6: Results of the collective.

P-Seq.

2,5 6 ()
Sample ID DNA Quality PreAmp. AS PCR % mt DNA PreAmp

% mt DNA e % mt DNA

6T/S IV v Iv K/ wt 1.4 ?/wt

8T/S x [ % X [x —/—

11 v v wt

127/S x [x X [x =//=

13T/S VIV VIV K/ wt 2.6 K/ wt 2.6

14 x x —

19 x x —

21 x x =

22T/S IV IV K/ wt 3.3 K/ wt 2.4 ? prob. K 2.6
23 v v wt

24 x x —

58 v 4 wt wt wt
59T/S vIv vIv wt / wt wt / wt
60 v v wt

63 x x =

64T/S VIV v IV K/ wt 0.62 wt / wt

65T/S VIV v IV wt / wt

67 v v wt

Table continued on next page.
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sampleID  DNAQuality’  PreAmp.° ASPCR % mtDNA % mt DNA :’;;j'\' % mt DNA
73T/S x [x x [x ==

75T/S vV v IV wt / wt wt / wt wt / wt
76 v v wt

77T/S vV v IV wt / wt

79 v v wt

80T/S % x[x —/—

81 x x —

83T/S v [x% v [x K/— 0.94 K 1.1
89T/S vV vV wt / wt

90T/S IV VIV E/wt 0.64 wt / wt

94 x % _

95T/S x[v x[v —/wt

9% T/S vIv vIv wt / wt

97T/S vV vV wt / wt

98 v v wt

101 v v wt

102T/S x [V x [V — /wt

103T/S vIv vIv wt / wt

104 v 4 wt

105T/S vIv vIv wt / wt

107T/S vIv vIv wt / wt

108T/S v IV v IV wt / wt

110T/S v Iv VIV K/ wt 2.76 K/ wt 34
111 v 4 wt

112 x x —

116 T/S v IV v IV wt / wt wt / wt wt / wt
118T/S v Iv v Iv wt / wt

121 x x —

123T/S %[V x [V — /wt

124T/S v Iv v Iv wt / wt

125T/S %[V x /v —Jwt

129T7/S x [ % x [ % =)=

132 X X =

134T/S vV v IV wt / wt

135T/S v Iv v Iv K/ wt 1.56 ?/ wt prob.K 1.3
136T/S vV v IV wt / wt

138 x x —

139 v 4 wt

140T/S x [ % x [ % =)=

142 x x —

146 v v wt

147 4 v wt

148T/S x /% x /% —/-

149-1T/S IV VIV wt / wt

149-4T/S IV VIV wt / wt

150T/S vIv vIv wt/E 4.57 wt/? prob. E 8.1 wt/? prob. E 8.8
151T/S vIv vIv wt / wt

152 4 v K 0.72 wt

153 x x =

156 v v wt wt

158 v v E 2.22 wt

159 x x —

163T/S v IV v IV wt / wt

164 v v wt
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P-Seq.

Sample ID DNA Quality5 AS PCR % mt DNA % mt DNA gDNA % mt DNA
165 v v wt

166-1T/S % % wt / wt

166-3T/S IV IV wt/E 1.76 wt / wt

167 4 v wt

169T/S v IV v Iv wt / wt

170 x % _

173 v v K 2.98 ? prob. K 4.3
1757/ x[x x [ x — =

177T/S v IV v IV wt / wt

178 v v wt

180T/S v [x kS wt/ —

184 x x —

187 X X —

191a/b x[x x [x =)=

193 x x —

194T/S v IV v IV wt / wt

196 x x —

197T/S v IV v IV wt / wt

198T/S v IV v IV wt / wt

199 v v K 2.43 ? prob. K 2.9
202T/S % % E/wt 1.93 wt / wt

T:95 T(95):62v,33%  T(95):61v,34%  T(61):48wt/3E/10K

s:51 S$(51):41v,10%  $(51):39v,12%  $(39):37wt/2E

A total of 100 DNA samples (61 from tumor area and 39 from surrounding area) were analyzed
using AS PCR. The percentage of mutations detected in the tumor area was clearly higher (21%,
13 out of 61 samples analyzed) than in the surrounding area (5%, 2 out of 39). Histopathological
reinvestigation of the 2 samples, from which one carried a BRAF V600OE mutation in the LMM
surrounding area, revealed a small melanocytic nevus in the surrounding area. This could easily
explain why in that case BRAF was found mutated in the DNA of the surrounding area but not in

the tumor area.

All samples tested positive for a BRAF V600 mutation using AS PCR were re-analyzed with
pyrosequencing. In the DNA of the tumor area four BRAF V600K mutations were confirmed
(LMM13 T, LMM22 T, LMMS83 T, and LMM110 T), four BRAF V600K mutations were detected as
potential low level mutations with uncertain type of mutation (not clear whether BRAF V600E or
BRAF V600K; LMM6 T, LMM135 T, LMM173 T, and LMM199) and five mutations (two BRAF V600K
and three BRAF V600E) could not be detected (LMM64 T, LMM90 T, LMM152, LMM158, and
LMM?202), most probably due to the lower sensitivity of the assay. One of the two BRAF V600E
mutations in the DNA of the surrounding area was detected by pyrosequencing as potential low
level mutations with uncertain type of mutation (LMM150 S), the other one could not be detected
(LMM166 S). As a control 16 DNA samples classified as wt (from the tumor area as well as from
the surrounding area) were also re-analyzed using pyrosequencing and the concordance of results

from AS PCR and pyrosequencing was 100%. An additional pyrosequencing analysis was done
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from gDNA to rule out false positive results caused by pre-amplification and to confirm results for
mutated samples. Pyrosequencing results from pre-amplification products were highly
concordant to those using gDNA as template. The six samples classified as wt using pre-
amplification products showed 100% concordance when using gDNA (LMMS58, LMM75 T/S,
LMM116 T/S, and LMM150 T). Two BRAF V600 mutations detected with AS PCR could be
classified as potential low level mutations with uncertain type of mutation (LMM22 T and

LMM150 S) using gDNA as template.

The occurrence of the BRAF V600 mutations in the collective is summarized in Figure 31. The
incidence of the BRAF V600K mutation was significantly higher in the DNA from tumor area
compared to DNA from the surrounding area (P=0.013). In addition, a direct association between
the degree of pigmentation and the mutation frequency for BRAF V600K in the DNA from the

tumor area was observed (Table 7).
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Figure 31: Frequency of the BRAF V600 mutations in the collective.

In 3 (5%) of the 61 analyzed samples from the tumor area a BRAF V600E was detected in comparison to 10 samples (16%) were a BRAF
V600K mutation could be found. Taken together, in 21% of the DNA samples from the tumor area a BRAF V600 mutation was detected.
In the samples from the surrounding area, on the contrary, 95% of the samples were classified as wt and only 2 samples (5%) were
found to carry the BRAF V600E mutation, whereas in one of the two cases a melanocytic nevus was present. The BRAF V600K mutation
was not detected at all in the DNA of the surrounding tissue. The occurrence of the BRAF V600K mutation was significantly higher in
DNA from tumor area compared to DNA from surrounding area (P=0.013) *°.

Table 7: Patient characteristics and mutation frequencies.
wt BRAF V600E BRAF V600K Total
Age 76.80 + 12.05 (n=48) 71.77 £ 17.57 (n=3) 69.59 + 10.42 (n=10) 75.37 +12.18 (n=61)
male 76.41 +10.33 (n=19) 51.52 +0.00 (n=1) 65.16 + 9.05 (n=5) 73.16 £ 11.61 (n=25)
female 77.06 + 13.24 (n=29) 81.90 + 1.43 (n=2) 74.01 +10.65 (n=5) 76.91 + 12.48 (n=36)
Melanoma, LM type (n)
in situ 46 3 10 59
invasive 2 2
Sun damage (n)
CSD 47 3 10 60
nonCSD 1 1
Pigmentation (n)
0 2 (100%) 2
+ 18 (86%) 1(5%) 2 (9%) 21
++ 25 (76%) 2 (6%) 6 (18%) 33
+++ 3 (60%) 2 (40%) 5

1% A comparison of the frequency of the BRAF V600K mutation between the DNA from tumor area and surrounding area.
Fisher's exact test was used.
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5 Discussion

The BRAF mutation is gaining more and more importance in the context of MM. It is the most
frequently found mutation in MM (in more than 50% of primary melanomas; (Goel et al. 2006))
and it is thought to be an early event in the progression of MM. More recently, studies proved the
efficacy of targeted therapies against the mutated form of the BRAF protein in patients with
metastatic malignant melanoma; e.g., (Sosman et al. 2012). Only little information is available on
the occurrence of BRAF V600 mutations in LMM, a subtype of MM. Therefore, we analyzed the

prevalence of mutations in codon 600 of the BRAF gene in a large cohort of LMM patient samples.

LMM is the most frequent malignant melanoma found in the face (Cohen 1995). The histology of
LMM is characterized by atypical melanocytes which are present as single cells or small nests
within the dermis. This fact complicates molecular characterization of LMM since tumor cells are
found at low percentage within the lesion, requiring highly sensitive methods for mutational

analysis.

The objectives of our study were (1) the establishment, optimization, and validation of a highly
sensitive method for the detection of BRAF V600 mutations in FFPE samples, (2) the analysis of a
large, well characterized collective of LMM samples, and (3) the statistical evaluation and

interpretation of our results in the context of existing literature.

To our knowledge, this is the first study to analyze the occurrence of the BRAF V600E as well as
the BRAF V600K mutation in a large cohort of well characterized LMM patient samples. In
addition, a direct comparison of the occurrence of the BRAF mutations between DNA from tumor

area and DNA from surrounding area was done.

COLD PCR

One method focusing on the enrichment of low abundance mutations was presented in 2008 by
the group of Li, Milbury and Makrigiorgos: They developed an elegant and sophisticated method
which, in combination with downstream detection methods like pyrosequencing, allows the
detection of low level mutations present in a background of wt DNA (Li et al. 2008). They called
their method COLD PCR and demonstrated its usefulness for the detection of mutations found in
KRAS, TP53, and EGFR. COLD PCR can replace conventional PCR or real-time PCR used for
amplification of gDNA prior to Sanger sequencing and pyrosequencing (Li, Makrigiorgos 2009, Li et
al. 2009) or HRMA (Milbury, Li & Makrigiorgos 2009). In their studies the authors found a lower

enrichment of mutations carrying a T>A transition compared to C>T exchanges. Nevertheless,
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they specified a 5-8 fold increase in sensitivity for mutations retaining the T,, (T>A, C>G) using full

COLD PCR (Li et al. 2008).

Being aware of the low tumor cell count in our samples, we thought that this method may be the
ideal investigation tool for our purpose and study. Therefore, we tried to adapt COLD PCR for the

detection of BRAF V600 mutations.

Apparently, temperature profile during COLD amplification favors the formation of primer dimers
and considerable effort was necessary to circumvent their formation. In order to amplify a specific
PCR product it was necessary to denature primers prior to preparing the master mix and to
perform the whole reaction set-up on ice. Although various parameters have been tested
(numerous primer pairs, varying MgCl, and primer concentrations, different hybridization
temperatures and critical denaturation temperatures), we retained the same sensitivity of 4% mt
DNA in a background of wt DNA using COLD PCR as using our conventional HRMA assay (real-time
PCR with subsequent HRMA) established at that time. We also tried to reproduce the authors’
results published for the detection of the TP53 mutation applying COLD PCR in combination with
HRMA (Milbury, Li & Makrigiorgos 2009). Using our instrumentation and chemistry, we were not
able to increase the sensitivity of the TP53 assay by the application of COLD PCR (Figure 16)
compared to the conventional HRMA assay. Therefore, we tested the BRAF assay using the same
chemicals as indicated by the authors. Once again, we did not succeed in increasing the sensitivity

of our assay.

Our results for adapting COLD PCR for the detection of BRAF V600 mutations are in concordance
with the data published by Fadhil et al. who also failed to improve the sensitivity of their assay by
applying COLD protocols (Fadhil et al. 2010). The authors Mancini et al. on the contrary, were able
to increase the sensitivity of their BRAF HRMA assay from a LOD of 12.5% to 6.2% (Mancini et al.
2010). Their sensitivity of 6.2% using COLD PCR is, however, lower than our established sensitivity
of 4% using the conventional BRAF HRMA assay. The very complex nature of COLD PCR (multiple
parameters that have to be optimized, like temperatures and concentrations) and the fact that
one full COLD PCR run takes approximately 6 hours makes COLD PCR a sophisticated method with
a limited daily use applicability. Recently, a new application of COLD PCR has been presented by
Kristensen et al. (Kristensen et al. 2012). They combined a mutation specific PCR with COLD PCR. A
procedure leading to enhanced sensitivity, limiting the potential of mispriming, and allowing the
reliable detection of T,-retaining mutations at the same time. Probably, this approach facilitates

the use and adaption of COLD PCR to new target genes.
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Unfortunately, in our hands no improvement of sensitivity could be achieved using the COLD
protocol prior to HRMA (Figure 17 and Figure 19). Whether the cause was in the instrumentation
or in the properties of the sequence to analyze itself is not clear. The chemistry, however, could
be ruled out. Thus, we concentrated on other methods, namely conventional HRMA PCR (without

COLD PCR), AS PCR and pyrosequencing.

HRMA PCR

The HRMA assay (real time PCR with subsequent HRMA) developed in the course of this study is a
new, refined, and adapted protocol of the assay described earlier by our group (Pichler et al.
2009) which now allows the detection of the BRAF V600E, as well as of the BRAF V600K mutation.
The indisputable advantage of HRMA PCR is its easy-to-handle, closed-tube, and cost-effective
nature. Our attempt to increase the sensitivity of HRMA PCR by the use of a COLD protocol prior
to HRMA failed, as discussed above. Therefore, we used conventional HRMA from now on, only.
The LOD of 4% mt DNA in a background of wt DNA of HRMA PCR is comparable to the one of
pyrosequencing, whereas the latter has the advantage of providing sequence information of the
analyzed samples. As a consequence, HRMA PCR was used for method-comparison in the TS, only,

but not for verification of results of the collective.

AS PCR

AS PCR proved to be the method with the highest sensitivity and it was even higher than initially
demonstrated by Jarry et al. (Jarry et al. 2004). The LOD was 0.1% mt DNA in a background of wt
DNA. The assay proved to have a broad linear dynamic range of at least 3 logs, ranging from 2x10*
copies to 2x10" copies for wt alleles and the BRAF V600E mutation, and from 1x10* copies to
1x10" copies for the BRAF V600K mutation. Besides the advantage of the high sensitivity this
method also has its drawbacks: Every mutation detected by the assay requires a new, mutation
specific primer and has to be validated. In addition, especially in BRAF, there is the possibility of
cross-reactivity; for example a BRAF V600E (c.1799T>A) specific primer may bind to a template
carrying the BRAF V600K mutation (c.1798_1799GT>AA). The BRAF V600K mutation found in NM4
of the learning set was first detected by a cross-reaction of the AS PCR assay for the BRAF V600E
mutation. This illustrates the second drawback: This type of assay does not provide any sequence
information. Thus, samples giving inconclusive results in AS PCR (e.g., the repeatedly detection of
minute levels of mutations near the background signal), may indicate a cross-reaction and have to

be analyzed with another method, ideally providing sequence information.
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Pyrosequencing

Pyrosequencing in its present form was first described in 1998 (Ronaghi, Uhlen & Nyren 1998). It
is a fast, reliable and quite sensitive method. In the course of this study 3 different
pyrosequencing-assays were designed for the detection of BRAF V600 mutations (BRAF PM1,
BRAF PM2, and BRAF PM3). BRAF PM3 allows the detection of the BRAF V600E as well as the
BRAF V600K mutation with a LOD of 5.0% and 2.5%, respectively. The PyroMark Q24 software
does not support the quantification of complex mutations like the BRAF V600K. Therefore, an
excel-based semi-automatic procedure was developed for the quantification of the BRAF V600K
mutation (with consultation of Dr. Narz; QIAGEN, Hilden, Germany). Results from the establishing
process with the MS showed an excellent classification and quantification of both mutations
(BRAF V600E as well as BRAF V600K) for DNA blends containing > 5% mt DNA. Blends with < 5%
mt DNA were often classified as samples carrying a mutation of an uncertain type (BRAF V600E or

BRAF V600K) or the mutation could not be detected (especially < 2.5%; data not shown).

Pyrosequencing offers unprecedented possibilities and is becoming more and more popular for
mutation analysis and for some applications it might even displace Sanger sequencing as the gold
standard (Spittle et al. 2007, Tsiatis et al. 2010). Nevertheless, it is up to the investigator to
interpret minute deviations in the pyrograms to best exploit the strength of this sequence-based

method — its sensitivity.

Learning Set

At the beginning of the study we planned to determine the frequency of the BRAF V600E
mutation, only. The actual purpose of the learning set was to test the applicability of the assays
on FFPE tissue DNA. Discrepant results of HRMA PCR, AS PCR, and pyrosequencing for NM4 (wt, a
pretended low level BRAF V600E < 1%, and an abundantly ‘clear’ BRAF V600E mutation,
respectively) awakened our interest in the BRAF V600K mutation. This mutation shares the same
nucleotide exchange on position 1799 (T>A) and thus can easily be misinterpreted. The analysis of
NM4 with redesigned assays, suitable for the detection of both mutations, confirmed the
presence of a prominent V600K mutation (Figure 22 and Figure 24). Thus, the initially low level
mutation detected with AS PCR was caused by a cross-reaction, whereas the pyrosequencing
assay was unable to distinguish between V600E and V600K mutation. Why no altered melting

behavior was detected using HRMA PCR is not clear (Figure 21A).

NM5 showed the importance of checking the DNA quality, especially when working with DNA
from FFPE tissue samples. Several authors addressed this concern, but nevertheless it is not

necessarily routine (Deichmann et al. 2006, van Beers et al. 2006, van Dongen et al. 2003). The
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inconsistent data from NM5 could be interpreted, when the integrity assay showed considerable
fragmentation of the DNA (Figure 32). Highly degraded DNA favors the formation of artifacts and
increases the probability of synthesis errors of the polymerase during amplification. For this

reason results of NM5 were not reliable and the sample was excluded from further analysis.

The initial purpose of the LS to test the applicability of the assays on FFPE derived DNA moved
into the background, since the results of the LS led to the development of new assays allowing the
simultaneous detection of the BRAF V600E and V600K mutation. Thus, an additional focus was

added to the study: the BRAF V600K mutation.

Results of the LS were unexpected; not the frequency of the BRAF V600 mutation (2/5 NM carried
a BRAF V600 mutation), but rather the occurrence of a BRAF V600K mutation in this small sample
set. Akslen et al. analyzed 51 cases of NM in their study and found 13 to carry the BRAF V600E
mutation (25.5%) and 2 to carry the BRAF V600K mutation (4%) (Akslen et al. 2005). Current data
from the COSMIC database indicates that among all the mutations found in codon 600 of the
BRAF gene, the BRAF V600K mutation accounts for 13% of these mutations found in tissue from
NM (Sanger Institute Catalogue Of Somatic Mutations In Cancer). In general, the incidence of the
BRAF V600K mutation in malignant melanoma is rather low with 6% (Figure 5). Therefore, we did

not expect to find any other mutations in codon 600 than the BRAF V600E.

In summary, the LS not only fulfilled, but went beyond its purpose. It was thought to be a quick
test for the applicability of the assays on FFPE derived DNA, but it turned out to be really

informative and led to essential improvements of the project.

Training Set

The small tissue volume of the TS samples and as a consequence the modest DNA yield made a
pre-amplification step necessary. Primers for the pre-amplification were chosen considering the
pseudogene and the downstream applications, i.e. HRMA PCR, AS PCR and pyrosequencing. Some
types of tissue samples, especially when limited in size, require pre-amplification, nested PCR, or
multiplex PCR. Several other groups who worked with melanoma samples used these methods to
overcome limited amounts of DNA because of, as mentioned above, small tissue volume or
dissection of tissue (Edlundh-Rose et al. 2006, Poynter et al. 2006, Houben et al. 2004, Omholt et
al. 2003). Unfortunately, primers described in their publications did not span the region around
codon 600 of the BRAF gene that would have been necessary to allow mutation analysis with the
assays developed within this project. Primers used in a study published by Willmore-Payne
amplified a product of 250 bp length (Willmore-Payne et al. 2005). These primers were originally

designed for HRMA PCR, but adapted to our work, they were used as primers for pre-
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amplification, and permitted the application of all of our three assays. Importantly, thorough

testing showed, that pre-amplification had no adverse effects on the sensitivity of the assays.

In addition to the pre-amplification step, the assay for determining DNA quality had to be
modified. DNA quality assays that amplify highly repetitive DNA sequences like ALU or LINE have
mostly been used in the context of circulating DNA from serum (Sunami et al. 2008, Umetani et al.
2006). For this study, the repetitive sequence assay represented the ideal alternative to single-
copy-gene assays, because of the limited DNA amount available for analysis. Amplification of a
149 bp and a 249 bp LINE fragment clearly illustrated the moderate quality of FFPE sample
derived DNA demonstrated by poorer amplification of the longer fragment. The mean percentage
of amplifiable DNA in the TS was 15% = 8 and 3% * 3 for the 149 bp and the 249 bp product,
respectively (Figure 37). Thus, the amplifiability of the 149 bp product was more than 4-fold
higher than the one of the 249 bp product. Based on this data, the length of the pre-amplification

product was shortened from 250 bp to 152 bp.

Despite the shorter pre-amplification product, several samples of the TS showed weak or no
amplification based on the agarose gel after pre-amplification PCR. Melanin has been identified as
potent inhibitor of DNA polymerases (Eckhart et al. 2000) and several authors add BSA to PCR
reactions in order to reduce negative effects of melanin, when working with melanin-containing
samples (Edlundh-Rose et al. 2006, Cruz et al. 2003, Kusters-Vandevelde et al. 2009). Melanin not
only reversibly binds the DNA polymerase, but also reduces freely available Mg** ions in the PCR
reaction (P6tsch, Bender 2001). The combination of adding 0.2 pug/ul BSA and increasing final
MgCl, concentration from 1.5 mM to 4.5 mM led to an average 4-fold increase in the yield of PCR
products (Figure 35). In general, DNA from the surrounding area seemed to be amplified easier

and to a higher extent, than DNA from the tumor area.

Modifications made in the course of the analysis of the TS were a prerequisite for the analysis of
the collective. The TS allowed the thorough evaluation of samples and methods. The minimal
quality and quantity requirements were defined as a product of DNA quantity used for the pre-
amplification and percentage of amplifiable DNA as defined by the surrogate parameter LINE
149bp. Samples had to have at least 1 ng amplifiable DNA in the pre-amplification reaction to
allow the detection of up to 1% mt DNA in the background of wt DNA (for details refer to 7.2.9).
From the 21 tumor DNA samples 24% (5 samples) did not fulfill this criterion. Four samples (19%)
from the remaining 16 samples did not give any pre-amplification product, despite all of

supplements added to the reaction. Thus, a total of 12 samples (57% from the initial 21 samples)
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could be analyzed. If the length of the pre-amplification product had not been changed from

250 bp to 152 bp, the majority of 86% (18/21 samples) would have failed quality requirements.

All, except one, samples of the TS underwent manual dissection. The necessity of manual
dissection was tested in small set of 4 not dissected samples of the TS (LMM12, LMM15, LMM?20,
and LMM21) that were analyzed in parallel to the dissected samples. Although the eschewal of
the dissection simplified the DNA isolation and increased the DNA yield, it was not the method of
choice for two reasons: (1) it would have been impossible to compare mutation frequencies
between DNA from tumor area and surrounding area, and (2) the volume of the tissue samples
was very variable, thus manual dissection made samples, with respect to tumor cell count, more
comparable. As expected and demonstrated by sample LMM21, the dissected sample (LMM21 T)
showed a higher percentage of mutated DNA than the sample without dissection (LMM21; Table
5). The increase in mutated DNA found in the dissected sample was most probably due to the
enrichment of tumor cells and the omittance of non tumor tissue, respectively, thus reducing the
wt background. Unexpectedly, LMM20 carried a mutation in the sample without dissection, but
not in the dissected one. One reason for this discrepancy could be the process of DNA isolation.
Sections of the FFPE tissue blocks were first prepared for the DNA where the samples had been
dissected. Subsequently, sections for the DNA isolation without dissection were cut, because the
question of comparing DNA from dissected vs. not dissected samples evolved at a later time
point. Therefore, the sections for the two DNA preparations originated from different depths of

the tissue block and therefore might contain different amounts of tumor cells.

Even though the sample size of the TS was limited, the results of mutation analysis were
informative. None of the two BRAF mutations was found in the DNA of the surrounding area,
whereas DNA from the tumor area of one sample was positive for the BRAF V600E and one for
the BRAF V600K mutation. Thus, BRAF V600 mutations were exclusively found in 17% of the
samples from the tumor area. In addition, the percentages of mutated DNA within these samples
were rather low (< 5%), making a sensitive method a prerequisite for their detection. Table 5
reflects results of the comparison of the 3 methods established within this study. Only AS PCR is
able to detect low abundance mutations in both samples (LMM1 T and LMM21 T), whereas HRMA

PCR and pyrosequencing were able to detect the more prominent mutation in LMM21 T, only.

Besides the substantial additional gain of information the TS provided, the TS served its primary
purpose: The analysis of the TS demonstrated the necessity of a highly sensitive method, since the
percentages of mt DNA within the samples were rather low. Therefore, AS PCR was the method of

choice for the analysis of the collective. Results of the comparison of DNA from tumor area and
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surrounding area demonstrated the absence of BRAF V600 mutations in the skin adjacent to the
lesion in this limited set of samples. The conclusions drawn from the TS with respect to the
analysis of the collective were: (1) manual dissection of the samples is essential; (2) AS PCR is the
only method that is able to detect low level mutations; (3) pyrosequencing is used for verification
of mutations found in samples of the collective since it is as sensitive as HRMA PCR, but in

addition, provides sequence information.

Collective

Tissue volume in the samples of the collective varied considerably and thus, manual dissection
proved to be a valuable tool to make samples more comparable with respect to tumor cell count.
Microscopic evaluation of the HE stained sections showed, that tumor cell count was sometimes
insufficient for further analysis. Therefore, more than one third of the samples were excluded
from further analysis. Pre-amplification turned out to be necessary since DNA quantity would not

have allowed direct analysis of gDNA.

In order to decrease the drop out probability of the remaining samples, another clean up step was
introduced prior to pre-amplification. In their study Dérrie et al. discussed the adverse effects of
melanin in nucleic acids and how to purify nucleic acid solutions from samples containing melanin
(Dorrie et al. 2006). The additional purification of DNA samples from the collective led to a

decrease in drop-out, mainly due to a better pre-amplification (Figure 30).

The limiting criterion for sensitivity in mutation analysis proved to be the DNA and not the assay.
Although LOD of the AS PCR was 0.1%, mutations in the samples were detected only down to
0.5%. Thus, in the described study set-up the quality of the DNA, and not the analysis method
limited the sensitivity. The necessity of sensitivity and dissection was supported by the low
abundance mutations found in the samples. All mutations detected were present at < 5% in the

sample DNA.

Mutation analysis of the collective substantiated the data from the TS. Comparable to the TS,
mutations were predominantly detected in DNA from tumor area, especially the BRAF V600K
mutation, which was detected exclusively in this area. Taken together, a BRAF V600 mutation was
detected in 21% of DNA samples from tumor area and in 5% of DNA samples from surrounding
area. Thus, the frequency of BRAF V600 mutation is substantially higher in DNA from tumor area,
especially when taking into account that one sample with a BRAF V600 mutation in DNA from
surrounding area, revealed a melanocytic nevus adjacent to the melanoma in situ. Benign nevi are
known to frequently harbor BRAF V600 mutations. In some studies the BRAF V600E mutation was

found in up to 80% of the nevi (Poynter et al. 2006, Ichii-Nakato et al. 2006, Pollock et al. 2003,
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Taube et al. 2009, Uribe, Wistuba & Gonzalez 2003). In general, the BRAF V600E mutation seems
to play an important role in nevi development. In their study Patton et al. demonstrated the
effect of activated BRAF'°® by generating transgenic zebrafishes (Patton et al. 2005). The
expression of mutated BRAF'®°* |ed to the formation of distinct pigmentation with no evidence of

tissue invasion. Activated BRAF'***

in the presence of germline p53 mutation, however, led to the
formation of invasive melanomas. This finding supports the hypothesis that BRAF mutation is an
early event in melanoma development, but this mutation alone will not cause melanoma. To our
knowledge, until now the BRAF V600K mutation, on the contrary, has never been detected in

benign nevi.

Generally, the BRAF V600K mutation has been rarely described in literature, but is gaining more
and more attention recently (Willmore-Payne et al. 2005, Halait et al. 2012, Rubinstein et al.
2010). Probably, the prevalence of the BRAF V600K mutation has been underestimated in the past
because of cross reactivity with BRAF V600E specific assays and the previous focus on the BRAF
V600E mutation (Rubinstein et al. 2010). Cross-reactivity per se is critical in BRAF since 7 different
mutations have been described for codon 600, 3 of them with a T>A exchange at nucleotide
position 1799. The authors Anderson and Halait presented a new, FDA approved, PCR based
method primarily for the detection of the BRAF V600E mutation in melanoma patients (Halait et
al. 2012, Anderson et al. 2012). They broached the issue cross-reactivity in their manuscript, too.
The AS PCR assays for the BRAF V600E and the BRAF V600K mutation described in their study
showed cross-reactivity with BRAF V600K of 0.4% and BRAF V600E of 0.1%, respectively. No cross-
reactivity was observed between the mutation specific assays and BRAF wt DNA. Furthermore, no
cross-reactivity was determined for the other BRAF V600 mutations like: BRAF V600E complex
(c.1799_1800TG>AA), BRAF V600R (c.1798_1799GT>AG), BRAF V600D (c.1799_1800TG>AT), BRAF
V600M (c.1798G>A), and BRAF V600G (c.1799T>G).

This demonstrates the predicament between sensitivity and selectivity of assays for mutation
analysis. AS PCR was the assay most suitable for the analysis of the samples. While it provides the
necessary sensitivity, there is the disadvantage of eventually missing rare mutations like the ones
indicated above or detecting cross-reactivity. Unfortunately, Sanger sequencing as well as
pyrosequencing are not sensitive enough to detect the low level mutations found in this
collective, but would provide sequence information. In their work Lassacher et al. and Pollock et
al. demonstrated the value of a sensitive method for mutation detection (Pollock et al. 2003,
Lassacher et al. 2006) in lesions of the skin. Both groups showed several cases where the

mutation was detected by the more sensitive method, only.
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In general, results of the study at hand are interesting but unexpected. On average, 90% of
melanomas show a constitutive activation of ERK which is downstream of NRAS and BRAF in the
MAPK pathway (Figure 3, (Cohen et al. 2002)). While NRAS mutations are found in 15-30% of
melanomas, BRAF mutations can be detected in 50-70% (Gray-Schopfer, Wellbrock & Marais
2007). BRAF and NRAS mutations seem to be mutually exclusive, only rare exceptions have been
described (Edlundh-Rose et al. 2006, Omholt et al. 2003). The BRAF V600E mutation accounts for
more than 90% within the BRAF V600 mutations found in malignant melanoma. Data for the
presence and frequency of BRAF mutations in LMM is controversial. Taking into account, that
different methods were used for sample preparation like manual or laser capture microdissection
and for mutation analysis like Sanger sequencing or allele specific PCR, the divergent results in
literature can easily be explained. What has been repeatedly demonstrated is that BRAF
mutations are more frequent in MM lesions of nonCSD skin compared to CSD skin (Maldonado et
al. 2003, Platz et al. 2008). This is consistent with the results of our study finding BRAF mutated in

a relatively low portion of the LMM lesions examined, most of them located on CSD skin.

Our results demonstrate the presence of BRAF V600 mutations in LMM, with the majority of
mutations being low abundance BRAF V600K mutations (10/13, 76.9%). The BRAF V600K
mutation was exclusively found in DNA from tumor area and not in DNA from surrounding area.
One can speculate if the different type of mutation (V600K and not V600E) found in LMM results
from a divergent progression of the lesion and it would be interesting, if the BRAF V600K
mutation is generally more likely to occur on CSD skin than the BRAF V600E mutation. Due to the
aforementioned reasons it is complicated to put data from this study in context to nowadays
available literature. Nevertheless, it is noteworthy that Akslen et al. found 15% of their LMM
samples to carry a BRAF mutation, whereas none of the detected mutation was a BRAF V600E
mutation, but a V600K, L597L, and an E586K mutation (Akslen et al. 2008). There might be a
correlation between the slow progression of LMM, its preferential occurrence on CSD skin in
elderly persons, and the increased presence of the BRAF V600K mutation. Maybe the role of UV
induced DNA damage has to be reconsidered for LMM. It is also noticeable, that in our study the
occurrence of the BRAF V600K mutation is directly correlated to the degree of pigmentation. A

similar association has been described for KIT alterations and hyperpigmentation (Wu et al. 2009).

Currently, no conclusions can be drawn for the usefulness of the BRAF V600 mutation for
discriminating LMM from SL or PAK. Two studies that analyzed SL and actinic keratosis proved the
absence of the BRAF V600E mutation by using AS PCR for detection (Hafner et al. 2009, Zaravinos
et al. 2009). Unfortunately, from their studies no data is available on the BRAF V600K mutation.

Due to the moderate occurrence of the BRAF V600K mutation in LMM (BRAF V600K mutation was
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found in 16% of DNA from tumor area) in our study, this mutation does not seem to play a solely,
essential role in the development of LMM and therefore most likely will not be of major help for
diagnostic differentiation of SL or PAK from LMM. However, the knowledge of the predominant
existence of the BRAF V600K mutation in a subset of MM lesions may contribute to the better

understanding of the underlying mechanisms in melanoma development.
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6 Conclusion

The objective of the study at hand was the analysis of a large, well characterized sample set of
LMM with a highly sensitive method. During the course of the project, three PCR based assays for
mutation analysis (namely HRMA PCR, AS PCR and pyrosequencing) were established, optimized
and tested for their applicability and suitability. Due to its unexcelled LOD of 0.1%, AS PCR proved
to be the method of choice. The low abundance mutations found in the FFPE samples (<5% mt
DNA in a background of wt DNA) not only proved the necessity of a highly sensitive method, but
also emphasized the importance of manual dissection and quality requirements applied in this

study.

While, based on the data available from literature, we concentrated on the detection of the BRAF
V600E mutation at the beginning, it turned out that the BRAF V600K mutation should be taken
into account, too. 163 FFPE tissue blocks were identified through the database search and
retrieved from the archive of the Department of Dermatology, Medical University of Graz. DNA
from only 37% of the samples (61 cases) fulfilled the requirements to allow a reliable mutation
analysis, where at least 1% mt DNA in a background of wt DNA can be detected. This
demonstrates the necessity of careful and thorough sample preparation, archiving and analysis. If
the quality requirements had not been applied, the samples size would have been larger, but the
overall percentage of samples carrying a mutation would be much lower, because low level

mutations most likely would have been lost.

The BRAF V600K mutation was found exclusively in the DNA from tumor area (16%, 10/61). BRAF
V600E mutation was found to a significant smaller extend in the tumor area (5%, 3/61) and in the
DNA of the surrounding area (5%; 2/39). All mutations found in this sample set were low-
abundance mutations and more information is necessary to determine the clinical significance of
low level mutations. In addition, the BRAF V600K might have been underestimated in its
frequency in the past, because most studies concentrated on the BRAF V600E mutation. New and
refined technologies offer the opportunity to take a closer look on rare and low-abundance

mutations like the BRAF V600K mutation.

Taken together, the relatively low portion of LMM lesions we found mutated at the BRAF gene
indicates that BRAF mutation plays a role at best in a subset of LMM lesions. At this time point no
conclusion can be drawn if there is any correlation between the presence of a BRAF mutation in a
LMM in situ and the probability of its progression to an invasive form. The samples were retrieved

from patients who had their primary tumor excision between 2007 and 2009 and the time period
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elapsed by now is simply too short to make any long-term analysis on the impact of BRAF

mutation on tumor progression.

To better understand the nature of melanoma progression and to define an improved
classification system, more information is necessary from well characterized sample sets. It might
be a coincidence, but it is striking that the BRAF V600K mutation, which is found only rarely in
MM in general, was more frequent in LMM. This subtype of MM is the only one occurring nearly

exclusively on CSD skin and has an unusual slow progression compared to NM, SSM, or ALM.

In MM several other genes besides BRAF have been identified to harbor alterations like KIT, NRAS,
or PTEN (reviewed in, e.g., (Ko, Fisher 2011, Kong, Kumar & Xu 2010)). None of the
aforementioned molecules reaches the significance BRAF has attained over the last few years in
MM. Nevertheless, for the basic understanding more information is necessary about cumulating
alterations besides BRAF. Therefore, more in-depth studies are warranted to determine possible

alterations of second molecules, like NRAS or PTEN in the collective of this study.
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7.2 Appendix B - Supplementary Data

7.2.1 Additional Primers Used

Primers that were used during this work, but early in the process excluded from further

optimization are listed in Table 8.

Table 8: Additional primers used in this work.

fwd (5°-3’) rev (5’-3’) Amplicon
Pre-Amplification
BRAF_Pre ! CTCTTCATAATGCTTGCTCTGATAGG TAGTAACTCAGCAGCATCTCAGG 250 bp
HRMA PCR - COLD PCR
BRAF 147 GGTGATTTTGGTCTAGCTACAG AGTAACTCAGCAGCATCTCAGG 147 bp
BRAF 1 GGTGATTTTGGTCTAGCTAC GGATCCAGACAACTGTTC 72 bp
BRAF 2 CATGAAGACCTCACAGTA GATCCAGACAACTGTTCA 95 bp
BRAF 3 ATAGGTGATTTTGGTCTAGC TCCAGACAACTGTTCAAACT 72 bp
BRAF 4 AGGTGATTTTGGTCTAGC CTGTTCAAACTGATGGGA 61 bp
BRAF 6 GATTTTGGTCTAGCTACAG GTGGAAAAATAGCCTCAA 106 bp
BRAF 7 TCCTTTACTTACTACACCTCAG TTCAAACTGATGGGACCCAC 114 bp
TP 53 GCCTCTGATTCCTCACTGATTG TAGGGCACCACCACACTATG 129 bp

7.2.2 DNA Quality of the LS

DNA from the LS (NM n=5) was isolated and the integrity checked with an assay described by van
Beers et al. (van Beers et al. 2006). The assay is based on a multiplex PCR amplifying 4 DNA
fragments of the GAPDH gene in different lengths (from 100 bp to 400 bp). In addition FFPE DNA

isolation was done with and without deparaffinization. Results are shown in Figure 32.

Figure 32: DNA integrity of LS.

Lane A and B size marker with 100 bp indicated in red, 200 bp in blue, 300 bp in green and 400 bp in purple, lane 1 to 5 NM1 to NM5,
lane 6 to 10 ‘young’ FFPE material with deparaffinization prior to DNA isolation, lane 11 to 15 ‘young’ FFPE material without
deparaffinization prior to DNA isolation, lane 16 and 17 cell line DNA, lane 18 no template control. This figure demonstrates the
influence of the archival period as samples displayed in lanes 6 to 15 showed much higher integrity than those in lane 1 to 5 where
archival period is up to 6 years compared to less than one year in ‘young’ samples. Especially NM5 shows low quality.

7.2.3 Pre-Amplification MS

Pre-amplification had no adverse effect on HRMA PCR in the MS as demonstrated in Figure 33.

" primers from (Willmore-Payne et al. 2005)
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Figure 33: Comparison of HRMA PCR of the MS with and without pre-amplification.

Figure 33A shows the difference plot after HRMA PCR using gDNA as template, in comparison to Figure 33B where pre-amplification
product served as template. No difference in sensitivity was observed. BRAF PM1 primer was used for amplification, but this primer
did not allow analysis of the BRAF V600K mutation.

7.2.4 Adaption of HRMA PCR

To allow the detection of the BRAF V600E as well as the V600K mutation with HRMA PCR the
newly designed BRAF PM3 primer was used. Figure 34 shows difference plots generated after
HMRA PCR using pre-amplification products of the MS (DNA blends of SK-MEL-30 and SK-MEL-28
for BRAF V600E and SK-MEL-30 and IGR-1 for BRAF V600K). Please note, that reactions labeled
100% mt in Figure 34B contain 50% mt copies of the BRAF V600K amplicon since IGR-1 cell line is

heterozygous.
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Figure 34: Difference plots after HRMA PCR using PM3 primer.

Figure 34A depicts the difference plot of DNA blends carrying the BRAF V600E mutation. Since SK-MEL-28 are homozygous for the
BRAF V600E mutation and this mutation is a T>A exchange, the melting behavior of 100% mt and wt are very similar. Figure 34B shows
the difference plot of DNA blends carrying the BRAF V600K mutation. IGR-1 cell line, which was used in this MS, is heterozygous for the
BRAF V600K mutation. Therefore, and because the BRAF V600K mutation is more complex (GT>AA), the 100% sample (heterozygote)
shows a completely different melting behavior than the wt sample.

7.2.5 Optimizing Pre-Amplification
Some samples of the TS could not be amplified despite good DNA quantity and quality. The
modification of the PCR reaction with respect to BSA and MgCl, concentration resulted in an up to

4-fold better amplification of the gDNA (Figure 35). Ranges tested were 0.0 pug/pl to 1.2 pg/ul BSA

and 1.5 mM to 6.0 mM MgCl, final concentrations in the PCR reaction.
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Figure 35: Influence of BSA and MgCl, concentration on pre-amplification.

The yield of pre-amplification product was remarkably increased by the addition of BSA and by the raise of MgCl, concentration. For
the pre-amplification a final concentration of 0.2 ug/ul BSA and 4.5 mM MgCl, was from now on used.

7.2.6 Z-Factor AS PCR for Pre-Amplification Products

Z-factor for AS PCR was (re-) calculated for the BRAF V600E and BRAF V600K mutation using pre-
amplification products of the serial DNA blends as template. The Z-factor is 0.7 for 0.1% BRAF
V600E mt DNA (calculated 20 copies mt DNA) and 0.9 for 0.5% BRAF V600K mt DNA (calculated 50
copies mt DNA). Every sample carrying a mutation was checked for initial copy count to be
detected in the pre-amplification product. Samples carrying a lower copy count than 3 copies mt

DNA in the pre-amplification product were assessed as wt.

7.2.7 Z-Factor Pyrosequencing for Pre-Amplification Products

Also for the pyrosequencing BRAF PM3 assay the Z-factor was (re-) calculated. The Z-factor for the
BRAF V600E mutation is 0.3 for 5% mt DNA, for the BRAF V600K mutation 0.6 for 2.5% mt DNA

(data not shown).

7.2.8 DNA Quality of the TS

In order to overcome limited amounts of DNA the LINE assay was used instead of the GAPDH
assay for samples of the TS as well as the collective. It was used as a surrogate parameter to
determine the percentages of amplifiable DNA in the samples since FFPE DNA tends to
considerably fragment. The percentage amplifiable DNA in the samples was calculated with the
use of a standard curve generated from high molecular gDNA. A LINE assay was chosen, because
DNA quantity proved to be a limiting criterion and it would have been impossible to do a DNA
quality assay using a single copy gene. Results of the TS are summarized in Figure 36 and Figure

37.
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For the analysis of the TS standard curves were included in each run for LINE 149 bp as well as for LINE 249 bp. The diagram shows the
mean values of all standard curves of the TS, including data from the samples of the TS.
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Figure 37: DNA quality of the TS.

Amplifiability of the samples was very heterogeneous. Some samples seem to be completely fragmented, since no product at all could
be amplified (e.g., LMM 6T and LMM 6S).
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7.2.9 Calculation of Copies per Reaction for the TS

The resulting percentage of amplifiable DNA for the LINE 149 bp fragment was used as surrogate
parameter for the amplifiability of the 152 bp pre-amplification product. Percentages from
LINE 149 bp were multiplied with the DNA quantity used for pre-amplification (in most of the
cases 20 ng unless indicated otherwise). The minimal requirement for further analysis was a
calculated template count of 303 copies. Under these circumstances 1.0% mt DNA (i.e. 3 copies)
in a background of wt DNA should be detected with a probability of 0.95. In Table 9 PCR data of

the TS is summarized.

Table 9: Calculation of copies per reaction for the TS.
LINE 149bp PreAmp DNA [ng] PreAmp AS PCR AS PCR in PreAmp in AS PCR
LMM 1T 13.06 20 2.61 791.76 28174.55 0.63 5.01 178.28 0.00 0.03 1.08
LMM 15 9.67 20 1.93 585.85 26717.43 0.00 0.01 0.55 0.00 0.00 0.04
LMM 3T 9.76 20 1.95 591.63 17714.25 0.00 0.02 0.55 0.00 0.00 0.04
LMM 4T 16.16 20 3.23 979.52 27903.44 0.00 0.02 0.55 0.00 0.00 0.04
LMM 45 25.14 13 3.27 990.54 31052.01 0.00 0.02 0.55 0.00 0.00 0.04
LMM 5T 27.20 20 5.44 1648.48 22456.55 0.00 0.04 0.55 0.00 0.00 0.04
LMM 55 16.32 20 3.26 989.18 24088.73 0.00 0.02 0.55 0.00 0.00 0.04
LMM 75 16.54 20 3.31 1002.22 24907.13 0.00 0.02 0.55 0.00 0.00 0.04
LMM 8T 12.24 20 2.45 741.58 20247.07 0.00 0.02 0.55 0.00 0.00 0.04
LMM 85 12.48 20 2.50 756.29 22531.70 0.00 0.02 0.55 0.00 0.00 0.04
LMM 95 9.02 20 1.80 546.92 21145.85 0.00 0.01 0.55 0.00 0.00 0.04
LMM 10T 8.45 20 1.69 512.26 25926.01 0.00 0.01 0.55 0.00 0.00 0.04
LMM 108 14.65 20 2.93 887.89 21216.62 0.00 0.02 0.55 0.00 0.00 0.04
LMM 12 27.20 20 5.44 1648.48 21075.32 0.00 0.04 0.55 0.00 0.00 0.04
LMM 12b 16.16 20 3.23 979.52 23453.40 0.00 0.02 0.55 0.00 0.00 0.04
LMM 12T 16.06 20 321 973.12 21216.62 0.00 0.03 0.55 0.00 0.00 0.04
LMM 125 16.75 20 3.35 1015.43 21791.34 0.00 0.03 0.55 0.00 0.00 0.04
LMM 135 11.09 20 2.22 672.20 23453.40 0.00 0.02 0.55 0.00 0.00 0.04
LMM 14 13.11 20 2.62 794.36 17420.79 0.00 0.03 0.55 0.00 0.00 0.04
LMM 15 13.50 20 2.70 818.11 23064.86 0.00 0.02 0.55 0.00 0.00 0.04
LMM 15T 17.95 20 3.59 1087.70 20588.14 0.00 0.03 0.55 0.00 0.00 0.04
LMM 155 10.77 20 2.15 652.69 26628.32 0.00 0.01 0.55 0.00 0.00 0.04
LMM 175 5.33 20 1.07 322.86 19845.24 0.00 0.01 0.55 0.00 0.00 0.04
LMM 18T 9.02 20 1.80 546.92 24990.49 0.00 0.01 0.55 0.00 0.00 0.04
LMM 185 13.06 20 2.61 791.76 21718.66 0.00 0.02 0.55 0.00 0.00 0.04
LMM 20 24.26 20 4.85 1470.00 23803.75 0.48 7.08 114.64 0.00 0.07 1.07
LMM 20T 24.26 20 4.85 1470.00 23610.65 0.00 0.03 0.55 0.00 0.00 0.04
LMM 20T 24.26 20 4.85 1470.00 24008.38 0.00 0.03 0.55 0.00 0.00 0.04
LMM 208 26.41 20 5.28 1600.61 27258.42 0.00 0.03 0.55 0.00 0.00 0.04
LMM 20S 26.41 20 5.28 1600.61 28659.31 0.00 0.03 0.55 0.00 0.00 0.04
LMM 21 28.11 20 5.62 1703.34 24494.82 0.00 0.06 0.86 2.61 44.41 638.65
LMM 21T 26.32 20 5.26 1595.38 20248.89 0.01 0.19 2.37 3.26 52.00 659.95
LMM 215 25.73 20 5.15 1559.23 26450.98 0.00 0.03 0.55 0.37 5.78 98.07
LMM 215 25.73 20 5.15 1559.23, 22456.55 0.00 0.04 0.55 0.14 2.17 31.22
<5% <20ng <1000 Amp. |50,1% >3 copies >20 Amp. >0,5% >3 copies >50 Amp.

303-606 c bis 1.0%
> 606 c bis 0.5%
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7.2.10
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DNA Quality of the Collective
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Figure continued on next page.
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Figure 38:
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7.2.11

Table 10:

% amplif.

m LINE 149bp
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31.96
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18.39

Calculation of Copies per Reaction in the Collective
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3.51 1064.66
5.49 1662.49
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Calculation of copies per reaction for the collective.

ng DNA Amplifiable Copies Ampliconsin | Mu. DNAE % Copies E Amplicons Mu. DNA K% i
PreAmp DNA [ng] reAmp AS PCR AS PCR PreAmp AS PCR AS PCR in PreAmp

0 ] 1.97 0.01
24260.19 0.00 0.01 033
29182.87 0.00 0.02 033
18794.56 0.00 0.01 033

727.1 [ 2.39 7.95

0.0 | I 0.01
31014.55 0.00 0.04 1.30
27277.50 0.00 0.02 033

0.4+ [ I 0.01

o.02 [ I 0.01
20372.05 0.00 0.01 033

7387.08 0.00 0.00 0.04

0.0 I I 0.01
26293.00 0.00 0.06 0.99
25313.68 0.00 0.02 033

8007.26 0.00 0.00 0.01

o.02 [ 0.10 0.01
13659.53 0.00 001 033
24753.44 0.00 0.03 0.90
27935.95 0.00 0.02 033
21209.99 0.00 0.00 033

o.12 [ I 0.1
26208.73 0.00 0.02 033
25858.94 0.00 0.01 033
24671.03 0.00 0.01 033
23458.76 0.00 0.02 033
25858.94 0.00 0.00 033
24494.04 0.00 0.02 0.43
23856.08 0.00 0.01 033
28029.95 0.00 0.01 033
20235.65 0.00 0.03 033
16266.50 0.00 0.00 0.04
17338.56 0.00 0.00 0.15
25004.75 0.00 0.00 033
25685.80 0.00 0.02 033
24754.10 0.00 0.03 033
24920.90 0.00 0.01 033
25342.99 0.00 0.02 033
26652.63 0.00 0.02 033
28890.27 0.00 0.01 033

3074.13 0.00 0.00 0.01

270 I 258 0.01

o.sc NG 0.54 0.01
22216.98 0.03 0.17 5.86
18605.73 0.00 0.00 033
15312.12 0.00 0.01 033
18605.73 0.00 0.01 033
22684.25 sl s
21641.80 0.00 0.02 033
14576.53 0.02 0.03 273
17691.49 0.00 0.01 033
17751.02 0.00 0.01 033
19699.11 0.00 0.02 033
25342.99 0.00 0.02 033
21138.87 0.00 0.01 033
26474.17 0.00 0.00 033
22381.17 0.00 0.01 033
16376.15 0.00 0.01 033
15729.17 0.00 0.00 033
16765.77 0.00 0.01 033
20647.62 0.00 0.02 033
25513.82 0.00 0.02 033
19436.20 0.00 0.02 033
16431.25 0.00 0.01 033
24016.89 0.07 0.72 18.01
20578.38 0.00 0.00 0.11
20440.66 0.00 0.02 033
18668.39 0.00 0.01 033
31106.10 0.00 0.01 033
25117.00 0.01 0.07 2.09
23383.73 0.00 0.01 033
22531.97 0.00 0.01 033

99.16 [ 0.08 0.14
19898.73 0.00 0.03 033
17870.67 0.01 0.11 0.94
22306.06 0.00 0.01 037
28600.66 0.00 0.01 033
14756.67 0.00 0.01 033
12814.99 0.00 0.00 0.04
16709.54 0.00 0.01 033
21641.80 0.00 0.02 033
31106.10 0.00 0.02 033
15312.12 0.00 0.00 033
20997.33 0.00 0.01 033

0.0 I I 001

0.0 [ I 001
21209.99 0.00 033
20235.65 0.01 033
18357.41 0.01 033
18840.11 0.02 033
19129.24 0.02 033
26922.57 0.01 033
30898.22 [T027 FEPIR s 7 7
17107.10 0.00 0.01 033
24178.78 0.00 0.02 033

Copies K Amplicons K
in AS PCR
57.96 1.98 0.01
0.00 0.00 0.07
0.00 0.00 0.01
0.00 0.01 0.41
0.00 0.00 0.01
20.45 119.61 0.01
138 1248 426.53
0.30 435 8227
3.03 4.43 0.01
57.96 128.87 0.01
0.00 0.00 0.01
0.00 0.00 0.01
20.45 26.14 0.01
264 40.70 693.35
0.22 4.26 55.70
0.00 0.00 0.01
57.96 0.11 0.01
0.00 0.00 0.01
3.30 25.05 817.11
0.00 0.00 0.01
0.00 0.00 0.01
10.97 3.92 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.62 5.89 152.30
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.07
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.01 0.07
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.49 2.63 0.01
1.54 0.55 0.01
0.94 5.94 208.64
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.03 0.41
0.00 0.00 0.01
8.78 13.59 1279.19
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.07
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.07
0.00 0.00 0.07
0.00 0.00 0.01
276 22.50 693.35
0.02 0.12 3.66
0.00 0.00 0.01
18.99 10.41 18.83
0.00 0.01 0.12
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.07
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
20.45 23.71 0.01
57.96 99.31 0.01
0.00 0.00 0.01
0.00 0.00 0.01
0.00 0.00 0.01
158 2134 296.79
0.09 101 16.76
0.00 0.00 0.01
0.00 0.01 041
0.00 0.00 0.01
0.00 0.00 0.01

Table continued on next page.
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% ampli ng DNA Amplifiable Copies Amplicons in | Mu. DNAE % Copies Amplicons Mu. DNA K% Copies K Amplicons K
LINE 149bp PreAmp DNA [ng] PreAmp AS PCR AS PCR in PreAmp AS PCR AS PCR in PreAmp in AS PCR

14017 027 0.05 1z> 54 o.20 NG 074 0.01 458 0.76 0.01
140-15 0.51 20 B8] 3119 o2 NG 1.40 0.01 4.58 142 0.01
142 6.74 13 ¥ 23073 13844.30 0.00 0.01 033 0.00 0.00 0.01
146 33.15 20 663 2009.01 22531.97 000 003 033 000 000 001
147 2920 20 584 1769.41 20856.74 005 093 10.99 000 000 001
1487 0.08 20 0.02 o.2o [N 0.22 0.01 458 023 0.01
1485 0.14 7 0.01 o.2c I 0.13 0.01 458 0.14 0.01
149-17 2851 55 157 21934.55 0.00 001 033 000 000 001
149-15 16.04 20 321 21569.29 0.00 001 033 000 000 007
149-3 Invasiv 2157 20 431 27842.27 000 002 033 000 000 001
149-3Insitu 19.56 20 391 21569.23 000 002 033 000 000 001
149-47 25.88 20 518 27013.15 000 002 033 000 000 001
14945 18.27 20 365 23696.35 000 002 038 000 000 001
150-21 19.06 20 381 26120.84 004 049 11.00 000 000 001

10.67 20 213 21497.200 0 aszl 2957 0.00 0.01 0.41
15167 3293 20 659 24097.76 000 003 033 000 001 007
15165 17.28 20 346 1047.47 24505.84 000 001 033 000 000 001
152 2.87 20 197 598.27 23469.86 0.00 0.01 033 0.72 429 168.18
153 001 20 0.00 0.32 45464 0.00 000 001 000 000 0.01
156 11.05 104 115 34837 2345882046 60l 07.43 0.00 0.00 0.07

1268 20 254 768.76 20578.77 _—_ 0.00 0.02 0.41
159 1.86 20 [Ed 11257 414531 0.00 0.00 0.04 0.00 0.00 0.01
163-37 18.51 20 370 1121.60 27286.75 000 001 033 000 000 001
16335 20.08 20 4.02 1216.73 26652.63 000 001 033 000 000 001
164 4774 20 9.55 2893.16 30078.65 0.00 003 033 000 001 007
165 892 20 178 540.83 19831.90 000 001 033 000 000 001
166-1T 15.32 20 3.06 92857 30078.59 0.00 001 033 000 000 001
166-15 2497 20 499 151337 31953.33 000 002 036 000 000 001
166-37 2538 20 5.08 1538.21 30794.21 002 033 000 000 001
16635 35.26 20 7.05 2137.23 26922.96 _—_ 0.00 0.03 0.41
167 30.86 20 6.17 1870.12 31315.78 0.02 033 0.00 0.00 0.01
16917 19.06 20 381 1154.96 25945.95 o.oo 001 033 000 000 001
160-15 3157 20 631 1913.24 17164.66 0.00 004 033 000 000 001
170 0.05 20 o 333 o.20 I 0.15 0.01 458 015 0.01
173 13.90 20 278 842.15 27288.48 0.00 001 043 298 25.13 814.32
1757 035 20 o.o7 NGNS o.0c I 0.01 20.45 439 0.01
1755 21 000 0,00} 1448.60 000 000 001 000 0.00 001
17721 31.88 20 638 1932.02 32823.63 000 001 011 000 000 001
17728 3076 20 615 1864.04 30690.95 000 002 033 000 000 001
178 19.24 20 385 116630 25258.00 0.00 002 033 000 000 001
1807 13.45 20 269 815.17 22683.85 000 001 033 000 000 001
1805 21 0.00 0.00} 22231.25 0.00 000 033 000 000 0.01
184 032 43 0.01 4.17 7769.21 [ GG o.14 [N 0.01 0.00 0.41
187 3.54 9 0.32 96.45) 110547 [ N D 0.00 0.00 0.41
191a 450 20 090 272.94) 19965.58 000 000 033 000 0.00 001
191b 422 20 o2 NGNS 19241.32 0.00 0.00 033 0.00 0.00 0.01
193 B 009 ey ] o.oo [ 0.01 0.00 0.41
19421 11.73 20 235 710.97 29182.87 000 001 033 000 000 001
19425 17.80 20 3.56 1078.62 28029.95 0.00 002 057 000 0.00 001
1% 024 20 BB 1447 ey ] 291 0.01 2045 2.96 0.01
19721 20.08 20 4.02 1216.73 26652.63 005 062 13.60 000 000 001
19725 27.18 20 5.44 1647.08 18234.50 000 003 033 000 000 001
1987 12.85 20 257 778.84 18173.35 000 001 033 000 000 001
1985 10.67 20 213 646.90 23776.08 000 001 049 0.00 0.00 001
199 12.40 20 248 751.44 18562.93 003 073 243 1824 45053
201 27.62 20 5.52 1674.12 29085.41 _—_ 0.00 0.02 0.41
2028 3157 20 631 1913.24, 28124.26 062 9.05 000 000 001

<s% <20ng PEEPTIETESI) < 1000 Amplicons (30,394 1 >3 eopies |11 20 Amplicons | >0,5% >3 copies >50 Amplicons
303-606 c Limit 1.0%
>606 ¢ Limit 0.5%
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7.2.12 Progressive Steps of the Project

Figure 39 illustrates the work flow of the project. Like Figure 28 it is thought to explain the
complex progression of this study. Unlike Figure 28 Figure 39 concentrates on the progression of
adaption of individual assays. Several adjustments had to be made in the course of the project
and some of the adjustments were made in parallel (e.g., adaption of the assays for the
simultaneous detection of the BRAF V600E and V600K mutation because of the results of the LS

and the DNA isolation of the samples of the TS). Time progression is indicated vertically.

MS LS TS
COLD PCR X
HRMA PCR BRAF 10, PM1 BRAF 10, PM1
AS PCR V600E V600E
Pyrosequencing PM1 PM1
Results for NM4 and NM5
inconclusive:
BRAF V600K adaption
DNA quality check
HRMA PCR
AS PCR

Pyrosequencing

PM2, PM3

Low DNA yield:
Adding pre-amplification step

HRMA PCR
AS PCR
Pyrosequencing

PM1 pre250, PM3, PM3 pre250
VE00E/K pre250, V600K
PM3 pre250

HRMA PCR
AS PCR
Pyrosequencing

HRMA PCR
AS PCR
Pyrosequencing

PM3 prel52
VE00E prel52
PM3 prel52

Figure 39: lllustration of the work flow of the project.

PM1 pre250, PM3 pre250
V6OOE pre250, V600K pre250
PM3 pre250

PM3 pre250

Weak pre-amplification:
MgCl2 optimization

L BSA addition J

PM3 pre250
V600E pre250, V600K pre250
PM3 pre250

High fragmentation according to
LINE assay:
Shorter pre-amp. product ‘

PM3 prel52

V600E prel52, V600K prel52
PM3 prel52

In order to rule out changes in the sensitivities of the assays, most of the amendments made while analyzing the LS have been tested
on the MS as well. To best evaluate optimization of the pre-amplification step it was mainly tested on samples of the TS.
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