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1 Motivation and Background

With the unprecedented wealth of information available, it’s extremely difficult to obtain a whole picture
of the genetic basis of diseases [1]. For the past decade great effort has been spent on determining
associations between genes and diseases by using the combination of experimental and computational
methods [2, 3]. Another issue is the fast increase of literature in the life science domain. No database can
keep track of the relevant knowledge that is regularly published [4]. Therefore, text mining algorithms
are used to automatically extract the information about the relationships between biomedical entries
reported in the literature. However, we are still far from fully understanding disease causation, especially
complex diseases like cancer [3].

Neuroendocrine Tumors (NETs) are a rare but clinically important neoplasia, arising from uncontrolled
proliferation of neuroendocrine tissue in most organs of the body. The subtypes of NETs share many
common pathological features [5, 6]. Basically, there are functioning and non-functioning NETs, depend-
ing on whether there is a hormone secretion or not. Terms reflecting the type of the hormone have been
applied to these NETs, e.g. insulinoma, glucagonoma and gastrinoma. Several grading systems such
as the WHO classification refer to the proliferation and differentiation of the tumor. The distinction of
well-differentiated from poorly differentiated NETs is probably one of the most important pathological
assessments of these neoplasms.

Being rare, NETs are also vastly under-investigated. In 2014 there were only 335 publications in com-
parison with 14,126 for breast cancer, 8,209 for lung cancer and 7,013 for prostate cancer. As such, little
progress has been made in clinical treatment or understanding the underlying factors involved in NET
development. In general, a number of potentially druggable targets have been identified in different
human cancers via whole genome or exome sequencing. While a vast amount of information became
available, there is no correlation as to what extend such genetic alterations are directly predictive for
drug response, except e.g. specific cases in colorectal and lung cancer. Furthermore, it has become clear
that while the same major oncogenic pathways are involved in different cancers, mutations, transloca-
tions or amplifications are often specific for certain tumor types and need to be identified via a targeted
cancer-specific approach.

2 Goal

The goal of this thesis is to develop a sequencing panel for the IonTorrent PGM platform targeting the
most frequently mutated genes in NETs. With this approach one may quickly identify mutations specific
to this type of tumor. Having an individual mutation profile for each patient enables a wide variety of
investigations and can potentially improve the therapeutic success in NETs treatment.

By keeping the panel design pipeline generic (i.e., by parameterizing all tasks), we aim to provide a
pipeline that greatly simplifies panel design also for other diseases of interest or to update the panel for
NET once it has become better investigated.

3 Related Work

Several studies have successfully identified mutations specific to NET subtypes.

Jiao et al. [7] investigated PNETs. To explore the genetic basis, they determined the exomic sequences
of a discovery set of ten patients and then screened the most commonly mutated genes in 58 additional
PNETs. Somatic mutations in tumor suppressor genes MEN1, DAXX, ATRX, PTEN, TSC2 and the
PIK3CA oncogene were identified and the genetic differences between PNETs and PDAC (pancreatic
ductal adenocarcinomas) ware determined.

Banck et al. [8] analyzed 48 Small Intestine Neuroendocrine Tumors (SI-NETs) and normal tissue coun-
terparts by massively parallel exome sequencing. This represents the first exome-wide sequencing study
for this tumor type. SI-NETs are the largest group of NETs by organ site and the most common ma-
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lignancy of the small bowel. They detected an average of 0.1 protein-altering somatic SNPs per 106

nucleotides. This suggests that SI-NETs are genetically stable cancers. Relevant alterations of cancer
genes ware found in FGFR2, MEN1, HOOK3, EZH2, MLF1, CARD11, VHL, NONO, SRC, AURKA,
EGFR, HSP90, PDGFR, SMAD family as well as AKT1 or AKT2 of PI3K/Akt/mTOR signaling.

Cao et al. [9] analysed insulinomas, the main type of functional PNETs. The major genetic basic
of functional PNETs and the differences to non-functional PNETs have not been fully clarified. To
explore the unique driver genes in sporadic insulinoma, 10 pairs of tumor and matched blood DNA were
selected for whole exome sequencing. They identified 78 somatic mutations, containing recurrent T372R
mutations in the transcription factor YY1, which was significantly higher than the background. The
screening of additional 103 insulinomas revealed this mutation in 30% of all tumors. In addition, they
found somatic mutations in three potential cancer-related genes, including MLL3, H3F3A and LMO2.

Yuan et al. [10] analyzed various PNET associated genes by using high-throughput Sanger sequencing
to determine the links between the gene mutations and the clinicopathological features and prognosis
of the patients. They identified 133 somatic mutations of the tumor suppressor genes DAXX/ATRX,
KRAS, MEN1, mTOR pathway genes PTEN and TSC2, SMAD4/DPC, TP53 and VHL in 37 Chinese
patients. In contrast to the results reported by Jiao et al. [7], the KRAS, TP53, PTEN, TSC2 and VHL
genes had significantly higher mutation rates. The potential reasons for these differences could be the
ethnic background of involved patients (85% Caucasian vs. 100% Chinese).

4 Approach

Figure 1: This is a general overview of the pipeline. Due to certain issues like incomplete stocks,
wrong entries, spelling errors and much else, data integration from different sources is needed, described
in section 4.1. After finding and merging the available information specific to NETs, there may be
thousands of mutations. To restrict monetary costs and the amount of DNA needed for a single analysis,
it may be necessary to limit the number of mutations of interest. Therefore, it’s essential to rank them
using gene/mutation prioritisation tools as described in section 4.2. Once there is an authoritative
set of ranked mutations, their positions can be submitted to Ion AmpliSeq Designer developed by Life
Technologies [11]. This tool provides a custom panel by designing primer pairs in hours for PCR-based
target selection, see also section 4.3.
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4.1 Data Integration

The necessary data can be obtain from several repositories. There are approaches using text mining
tools for literature-based information extraction as well as computational and experimental methods to
provide gene associated diseases or a combination of both.

A central problem is that a large body of knowledge is scattered over millions of scientific publications
where searching specific information becomes troublesome. Most names of biomedical objects for instance
genes and diseases often produce unspecific and too large search results. To address these issues we
primary use GeneView [12], a web-based application providing access to a comprehensively annotated
version of all articles from PubMed and the PubMed Central open access subset. It uses a variety of
state-of-the-art text-mining tools optimized for recognizing mentions from 10 different entity classes i.e.
genes (normalized to Entrez Gene IDs), mutations (normalized to dbSNP identifiers), species (normalized
to the NCBI taxonomy), chemicals, histone modifications (normalized to the Brno histone modification
nomenclature), other mentions of cell-types, diseases, drugs, enzymes and tissues and for automatically
identifying protein-protein interactions. However, as it is mostly restricted to PubMed abstracts as
source, GeneView doesn’t use full text search and could probably miss something. Therefore, integration
of other sources is needed to add or doublecheck the available information.

The Genetic Association Database (GAD) [13] provides a standardized molecular nomenclature of
archived genetic association study data. Several data fields can be searched such as disease pheno-
types, gene-based molecular data, chromosomal and mutation information, sample sizes, significance
values, population information and allele description.

DisGeNET [1] has been developed by integrating information from four repositories (OMIM, UNIPROT,
PharmGKB, CTD) [14–17] and from literature-derived human gene-disease network (LHGDN [18]).
Each of these databases focuses on different phenotype to genotype relations. It allows access to a
comprehensive database, including gene-disease associations for Mendelian, complex and environmental
diseases.

The Cancer Cell Line Encyclopedia (CCLE) [19] provides public access analysis and visualization of
DNA copy number, mRNA expression, mutation data and more.

Catalogue Of Somatic Mutations In Cancer (COSMIC) stores somatic mutation data and associated
information extracted form primary literature, TCGA [20] and ICGC [21].

Another source are sequenced data sets of NETs which ware introduced in section 3. Even though they
focus on a specific subtype of NETs and the amount of involved genes is small compared to other data
sources, they provide exact information about specific mutations.

4.2 Ranking

To pick the most interesting mutations, one of the most important steps is to develop a reliable ranking
method. A mutation of interest should occur in NETs and appear in multiple data sources. It should
potentially change the codon of an amino acid and destroy the function of the resulting protein. There
are several tools that evaluate the impact of a variation e.g. SIFT [22], MutationTaster2 [23], PolyPhen-
2 [24] and PROVEAN [25]. MutationTaster2 and PROVEAN predict not only the damaging effects of
single amino acid substitutions but also insertions, deletions and multiple amino acid substitutions. It
is necessary to calculate a weighted score which combines the different impacts. In the last step of this
process, a threshold has to be defined to choose the most interesting mutations.

4.3 Amplicon Generation

To design the panel we will use a web service called Ampliseq provided by IonTorrent[26]. After choosing
a definitive list of mutations involved in NETs, we will submit them as ”regions of interest” in Browser
Extensible Display (BED) format, which contains the chromosome and position of each mutation.

The web service designs a ”panel” of primers that target the submitted regions of interest. As it is
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possible for primers to interact with each other, interacting primers are separated out into separate
pools. However, the more pools there are, the more DNA is required to perform a sequencing run. Thus
the service needs to minimise the pools and the interactions among primers within a pool by shifting
the positions of the primers around the regions of interest. In doing so, the tool may choose to discard
some primers altogether. For the current project, we wish to limit the panel to just two pools due to
monetary and material costs.

5 Working Plan

Figure 2: This approach is going to be implemented in Python. The first eight weeks are planned for
interface implementations to different sources, collect the data and store it in a standardized structure.
In the next six weeks a reliable ranking method has to be developed to focus on the interesting entries.
Finally the results have to be validated. This could be done by constructing a data set including a known
ratio of NETs and other diseases. The last eight weeks are proposed for the written part of the master
thesis.
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