
Department of Clinical and Experimental Medicine 

 

 

 

 

Master Thesis 

 
Development of pharmacogenetic tests and improvement of 

autosomal ancestry DNA test 
 

 

 

 

 

 

 

Annie Rosén 
 

LiU-IKE-EX—10/06 

 

 

 

 

 

 

 

 

 
 

 
 

Department of Clinical and Experimental Medicine 

Linköpings universitet 

SE-581 85 Linköping, Sweden 



Department of Clinical and Experimental Medicine 

 

 

 

 

Master Thesis 

 
Development of pharmacogenetic tests and improvement of 

autosomal ancestry DNA test 
 

 

 

 

 

 

 

Annie Rosén 
 

LiU-IKE-EX—10/06 

 

 

Supervisors: Daniel Zakrisson and Isabel Lenngren, 

DNA-Guide Europa AB  

Examiner: Olle Stål 

 

 

 

 

 
 

 

Department of Clinical and Experimental Medicine 

Linköpings universitet 

SE-581 85  Linköping, Sweden 
 
 



Abstract 
This master thesis was performed at the personal genomics company DNA-Guide Europa AB. 

The goal was to create DNA tests for drug response and to update the already existing DNA 

test for autosomal ancestry.  

 

The DNA tests for drug response: The objective of this part of the master thesis was to create 

individual DNA test for response to each drug within different groups of medicines. The tests 

were meant to interest private customers. DNA-Guide uses a microarray technique for the 

DNA-analysis and this delimited the choice of SNPs. Inserts, deletions, repeats and copies of 

a whole gene can be difficult to implement on the microarray chip. The SNPs and studies 

used as a base for the tests had to fulfil several criteria. The studies must be large enough to 

prove that the association between the genotype and the response to the drug is valid among 

Europeans, since it’s the clientele of the company. The found association must also be strong 

enough to be of interest for a DNA test at DNA-Guide.  

 

If the SNPs could be implemented on the microarray chip a customer report was created about 

the possible results. The report had the same structure and design as those for the existing 

DNA tests at DNA-Guide. The work resulted in DNA tests and reports for medicines within 

the seven groups of medicines; anticoagulants, medicine against high cholesterol, blood 

pressure lowering medicine, asthma inhalers, antidepressants, birth-control pills and 

antiretroviral drugs.  

 

The DNA test for autosomal ancestry: The purpose of the update was to enhance to customers 

understanding of their results and the construction of the test. The update resulted in a 

description of how the used algorithm processes the results (from the DNA analysis) and a 

guide to interpret the results of the test.  

 

Conclusions: Both the DNA tests for drug response and the updated DNA test for autosomal 

ancestry can add value for the customers at DNA-Guide. The DNA tests for drug response 

can offer an explanation to why a medicine does not have an effect or reveal if the customer 

has higher risk of adverse effects. Even though recommendations for dosage or treatment 

could not be provided in almost all of the created DNA tests, being aware of the higher risk 

can be the first step to avoid adverse effects. The update of the DNA test report for autosomal 

ancestry resulted in a better description of the algorithm and limitations of the test, which can 

enhance the customers’ understanding of their results. 

 

  



Sammanfattning 
Detta examensarbete utfördes hos företaget DNA-Guide Europa AB som erbjuder personlig 

genomanalysering. Målet var att skapa DNA-test för läkemedelsrespons samt uppdatera det 

redan existerade DNA-testet för autosmalt ursprung. 

 

DNA-testen för läkemedelsrespons: Syftet och målet med den här delen av examensarbetet 

var att skapa individuella DNA test för respons till varje läkemedel inom olika 

läkemedelsgrupper. Testen var tänkta att intressera privata kunder. De SNP:ar och studier som 

testen baserades på behövde uppfylla vissa kriterier. Studierna behövde vara tillräcklig stora 

för att sambanden mellan genotyp och läkemedelsrespons skulle vara giltiga hos européer, 

som till huvuddel utgör företagets kundkrets. De bevisade sambanden behövde dessutom vara 

tillräckligt starka för att vara av intresse för ett DNA-test hos DNA-Guide.  

 

Om SNP:arna kunde implementeras på microarray chipen skapades en kundrapport om de 

möjliga resultaten. Denna rapport hade samma struktur och design som de redan existerande 

rapporterna hos DNA-Guide. Det här arbetet resulterade i DNA-test och rapporter för de sju 

grupperna; antikoagulantia, läkemedel mot högt kolesterol, blodtryckssänkande läkemedel, 

astma inhalatorer, antidepressiva, p-piller och antiretrovirala läkemedel. 

 

DNA-test för autosomalt ursprung: Syftet med uppdateringen var att öka kundernas förståelse 

för deras resultat och hur testet är uppbyggt. Uppdateringen resulterade i en beskrivning av 

hur algoritmen (som processar resultaten från DNA-analysen) är uppbyggd och en guide för 

hur resultaten ska tolkas. 

 

Slutsatser: Både DNA-testen (och kundrapporterna) för läkemedelrespons och det 

uppdaterade autosmala ursprungstestet ökar förmodligen värdet för kunderna hos DNA-Guide. 

DNA-testen för läkemedelsrespons kan ge en förklaring till varför ett läkemedel inte verkar ha 

någon effekt eller avslöja om kunden har en högre risk för biverkningar. Även om 

rekommendationer om en lämplig dos eller behandling inte kunde ges för de flesta testen är 

vetskapen om en högre risk det första steget för att kunna undvika biverkningar. 

Uppdateringen av det autosomala ursprungstestet gav en bättre beskrivning av algoritmen 

samt begränsningarna med testet, vilket ger kunderna en möjlighet att tolka resultaten bättre.  
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1. Introduction 
The Human Genome Project, finished in 2003, sequenced the whole human genome and 

identified all the human genes and millions of single nucleotide polymorphisms (SNPs). The 

results of the project opened doors to new research areas and commercial markets. (Human 

Genome Project)  

 

Today a regular person can buy a DNA test to get information based on the latest genetic 

research. These tests can reveal how their DNA affects their health status, response to 

medicines but also DNA-based information about their ancestry. DNA-Guide Europa AB 

(DNA-Guide) was the first company in Sweden to offer personal genomic products to the 

public. (Lenngren, 2009) 

1.1 DNA-Guide Europa AB 

DNA-Guide offers direct-to-consumer DNA tests based on the latest research over internet. 

One of the company’s goals is to motivate the costumers to a healthier lifestyle by giving 

them access to information about their DNA. (10DN) 

 

DNA-Guide was founded in 2007 by Johan Björkegren (PhD, M.D, Assoc. Professor in 

Molecular Medicine and MBA) and Patrik Gransäter (financier and entrepreneur). Officially 

the company started in 2008 with Daniel Zakrisson as the chief executive officer. (Lenngren, 

2009) 

1.1.1 Products and services 

DNA-Guide offers the public to test their DNA for diseases, traits and ancestry.  A customer 

can choose to buy a specific test within a special area or a bundle of several DNA tests. DNA-

Guide’s tests are based on reliable scientific articles and studies. The products include DNA 

analysis, accessible translation of the result and references to the studies and the SNPs (except 

the autosomal ancestry test) on which the tests are based. If the customer wants, DNA-Guide 

offers consultation at Betania (a group of doctors) to interpret the results and discuss possible 

lifestyle changes. (Lenngren, 2009) 
 

From order to delivery 

The DNA tests are ordered online by the customer. When an order is made a test kit is sent to 

the customer’s address. The customers send their sample with saliva back to DNA-Guide, 

which sends it to their supplier Asper Biotech for analysis according to ISO 9001:2000. Asper 

Biotech isolates the DNA and carry out the DNA analysis, without access to the sample 

owners’ identity. The result is uploaded to DNA-Guide’s servers. DNA-Guide interprets the 

information and presents the conclusions in an accessible way for the customer. The 

customers can access, download and read their results online. (Lenngren, 2009) 

1.1.2 Security for the customer 

Several precautions are done to secure that persons are not tested without their knowledge and 

to prevent a third part to access another customers’ results.  

 

The DNA sample is left in form of saliva, which minimize the risk that a person is tested 

without their knowledge. A person must actively spit for a couple of minutes for to produce 

the necessary amount and thus must be aware of leaving a sample. (Lenngren, 2009) 
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To ensure that only the customer can read their result the profile is encrypted, to access both a 

password and code is needed. Customers’ DNA-profile or results is never left to a third part, 

such as insurance company, without the compliance of the customer. The supplier Asper 

Biotech only receives a sample marked with a barcode to ensure that they cannot access the 

sample owners’ identity. (Lenngren, 2009) 

1.1.3 Method for DNA-analysis 

Asper Biotech performs the DNA- analysis and uses the microarray technique APEX-2 to 

determine the genotype for the tested SNPs. For a more detailed description of the technique 

see section 3.2.3. 

1.2 Objective 

This master thesis was divided into two parts; the creation of individual DNA tests for drug 

response (pharmacogenetic tests) to be offered by DNA-Guide and an update of the 

company’s already existing DNA test for autosomal ancestry.  

 

DNA-Guide wanted to offer their customer the opportunity to test if their DNA affects their 

response to certain medicines. The objective of this part of the master thesis was to design 

DNA tests for response to each medicine within different groups of drugs. These DNA tests 

will be sold on the internet to the public by DNA-Guide. 

 

DNA-Guide also wanted to update the report of the autosomal ancestry test which is sold on 

their webpage. The update aimed to clarify how a DNA test can reveal the customers’ 

ancestry, how to interpret the results and explain the limitations with the test. 

 

1.3 Method 

To create the pharmacogenetic tests the work started with reading the previous work at DNA-

Guide within this area. The work continued with searching for SNPs associated with a 

interesting drug response in the literature. The SNPs that could be implemented on the 

microarray chip were included in a DNA test. For each test a customer report was created to 

explain the possible results. 

 

Before writing the update of the autosomal ancestry DNA test the references from Asper 

Biotech and previous work at DNA-Guide on the subject was read. 

1.4 Delimitations 

1.4.1 The pharmacogenetic tests 

Several considerations delimited this part of the master thesis. Both the choice of suitable 

studies, SNPs and drugs had to fulfil certain criteria. Also the DNA analysing technique 

limited the selection of pharmacogenetic associations.  
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The studies must be large and prove a strong pharmacogenetic association among Europeans 

When choosing a suitable study as a base for a DNA test there are several considerations. For 

starts the study must be large and include enough Europeans for the response to a medicine 

associated with the genotype or allele to be valid in the clientele of DNA-Guide. The found 

association must also be strong enough to be considerate relevant for DNA testing at DNA-

Guide. Preferably several studies should confirm the association for drug response, but if 

possible only one of the studies should be used as a base for the DNA test and referred to in 

the customer report. It is hard to find studies that have exactly the same numbers, on for 

example odds ratio, since they use different study groups. Therefore should only one 

reference study be mentioned in the customer report. One reference study also makes it 

possible for the customers and other interested persons to better understand how the 

association was found.  

 

The SNPs that can be implemented on the chip cannot correlate with severe diseases 

DNA-Guide intends among many things to offer genetic information that affects the 

customer’s health status to motivate the individual to improve his or her way of living. 

Therefore it is important for the company not to include SNPs that correlate to serious 

diseases in the pharmacogenetic tests. The information about carrying a severe genetic disease 

can be unwanted; especially if no treatment or lifestyle changes can help to avoid a breakout 

or to treat the condition. Thus the SNP included in a DNA test could not correlate with a 

severe disease.  

 

The microarray technique delimits the selection of candidate SNPs 

DNA-Guide uses microarray (see section 3.2.3) to determine genotypes on selected SNPs in 

the customers’ DNA-profile. For a SNP to be included in a DNA test it was vital that the SNP 

could be implemented on the microarray chip. Primarily it can be hard to test for inserts, 

deletions, repeats and duplicates of a whole gene due to implementation problems on the 

microarray chip.  

 

The drug or the condition must be common in the clientele 

For a pharmacogenetic test to interest as many customers as possible the medicine should be 

commonly used in the Swedish population. The numbers of users or the number of individual 

with the condition (for which the drug is used to treat) should not be too low. A 

pharmacogenetic association was therefore excluded if the drug or the condition was 

uncommon in Sweden.  

1.4.2 The DNA test for autosomal ancestry  

This DNA test was created by the supplier Asper Biotech and is offered to the public by 

DNA-Guide. Because Asper Biotech wishes to protect their product the update was delimited 

to information and references given by them. 
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2. Methods 

2.1 The pharmacogenetic tests 

A summary of the process behind this part of this master thesis can be found in figure 1. 

 

 
Figure 1 The creation process of the pharmacogenetic tests. 

 

Searching for pharmacogenetic associations to candidate for DNA tests 

The work started with reading the previous work by DNA-Guide in this area (Lenngren, 

2009). The next step was searching for studies, to complement the previous work, on PubMed 

that could candidate as a reliable base for a pharmacogenetic test. The SNPs in the candidate 

studies were checked for unsuitable associations with severe diseases. Here the website of the 

(Pharmacogenomics Knowledge Base), (Online Mendelian Inheritance in Man database) and 

(National Center for Biotechnology Information) were helpful to get an overview.  

 

The selection of candidate drugs 

The research was focused on finding pharmacogenetic associations for medicines within 

promising groups of medicines. DNA-Guide wanted to offer DNA tests that can compete with 

existing DNA tests for drug response on the market. Thus it was necessary to look on the 

existing DNA test on the international market to be certain that all important medicines were 

considered. To find other good candidates the database (Pharmacogenomics Knowledge Base) 

was a good tool to find suitable articles and studies. 

 

Implementation of candidate SNPs 

The identification number (rs- number) for each candidate SNP was extracted from articles 

and databases. A list of the rs-number of all candidate SNPs were sent to Asper Biotech to 

check if they could be implemented on the microarray chip. Asper Biotech performed the 

actual control.  

Read the previous 
work

•Noticed which genes that were good to focus on in the beginnning of the work. 

•Noticed the criterias for a suitable pharmacogenetical association.

•Noticed the criterias for a suitable study.

Searched for 
pharmacogenetic 

association

•Found pharmacogenetic associations thru search on Pharmacogenomics Knowledge Base and for 
articles on Pubmed.

•Checked the SNPs for unsuitable associations with severe diseases.

Searched for 
sutiable studies 

•For criteria see section 1.4.1.

Checked if the 
SNP could be 
implemented 

•The rs-numbers for SNPs were sent to the supplier Asper Biotech, whom performed the analysis.

Wrote  customer 
report

•Additional fact about the drug, the condition (the drug is used to treat) and how common the 
drug is in Sweden was primarily found on www.fass.se, www.vardguiden and www.1177.se.

•Individual reports for each drug was created.
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Creation of report intended for the customers 

With the reference studies as a base, and complement of additionally interesting facts, a report 

intended for the customers were created. The reports consisted of an introduction about the 

medicine, the condition it was used to treat, the tested SNPs, references on which the DNA 

test was built on and an interpretation of the possible results. The reports layout was designed 

to be similar to the existing reports for test at DNA-Guide. The text and layout in the reports 

were constructed to be automatically generated from the results of the DNA analysis. The 

reports were later stored in the data system of DNA-Guide, however this task was not 

included in this master thesis. 

2.2 The ancestry DNA test 

The DNA test for autosomal ancestry was already a product of DNA-Guide but an updated 

version was thought to add value for the customers. To get an overview the work started with 

reading the report (given to the customers), the references and the master thesis of Emma-

Helena Schäfer (Schäfer, 2009) in which a description of the algorithm was included.  After 

getting a clear view of how the algorithm behind the test works the update was created in 

InDesign. Figure 2 illustrates the work process behind this part of the master thesis. 

 

 
Figure 2 The process of updating the DNA test for autosomal ancestry. 

 

 

Read the previous 
master thesis

•Noticed how the algorithm is built up.

Read the references 
given by Asper 

Biotech

•Noticed limations that affects the interpretation of the results .

Creation of the 
update of the 

costumer report

•Description of the algorithm behind.

•How the results can be interpreted.

•Limitations of the test.

•The report was created in InDesign.
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3. Theoretical background 

3.1 Genes, alleles and Single Nucleotide Polymorphisms 

Gene 

Every individual inherits two sets of genes (also referred to as chromosomes); one from the 

mother and one from the father.  A gene is defined as a specific locus on the chromosomes. 

 

Allele 

There are different possible versions of a gene and each version is called an allele. When a 

person carries two of the same allele the person is called homozygote. If the person has two 

different alleles he or she is defined as a heterozygote. (Roberts & McNally) The allele that is 

common in the population is referred to as the wild-type allele (Lewis). Alleles are normally 

written with the symbol * and *1 means a normal functional gene, which usually is the same 

as wild-type allele (Sheffield & Phillimore, 2009).  

 

SNP 

Single nucleotide polymorphism (SNP) is a variation of one nucleotide position in the DNA 

(Nationalencyklopedin n.d.; DNA BASER sequence assembly software n.d.). If a SNP is 

positioned in the coding region of the DNA it can result in a change of the amino acid 

sequence and alter the function of the protein, encoded by the gene. If such a SNP is unique 

and in linkage disequilibrium (LD) with an allele or associated with a condition it can be used 

to check what allele or condition the person carries. (Strachan & Read, Chapter 15 Mapping 

and identifying genes conferring susceptibility to complex diseases, 2004) SNPs that are 

unique for an allele are called key-SNP in this master thesis. Since SNPs have low mutation 

rate they suit well as markers for an allele or condition and most DNA test uses SNP analysis 

(Sanchez, et al., 2006).  

3.2 The pharmacogenetic tests 

Patients can get different effect and reactions to a certain dose of a drug; some patients get no 

response while others get adverse drug reactions to the drug (Daly, 2010). A patient’s reaction 

to a drug is affected by both genetic and environmental factors. A doctor can get information 

about environmental factors like age, weight, other medicine and disease profile which can 

affect the appropriate dose and chose of treatment. (Sheffield & Phillimore, 2009)  

 

The purpose of pharmacogenetic tests is to help doctors to understand the risk for severe 

reactions of a drug by informing about for example important enzyme’s lack of function in the 

patient. With the information from a pharmacogenetic test it can be possible for the patient to 

get an optimal dosage for the best effect with lowest risk of severe consequences. Most 

doctors do not welcome pharmacogenetic tests, yet. (Sheffield & Phillimore, 2009) 

 

The genetic factors behind a drug response are usually investigated when large interindividual 

variability or adverse drug reactions are observed. The genes that are investigated for an 

association with the response to a drug usually encodes drug targets, like enzymes or 

receptors, but can also be a wide range of genes related to, for example, the immune response. 

(Daly, 2010) 

 

Pharmacogenetic tests can be divided into two types; biochemical and molecular genetic test. 

The developed DNA tests at DNA-Guide are of the last kind. 
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3.2.1 Biochemical DNA test 

Biochemical DNA tests determines the actual response to the drug which is determined by the 

person’s DNA i. e. the phenotype of the medicine response that is determined by the genetics. 

The possible phenotypes are Intermediate Metaboliser, Extensive Metaboliser, Ultra rapid 

Metaboliser and Poor Metaboliser. (Sheffield & Phillimore, 2009) 

 

Method 

The patient takes a probe drug that has the same signal pathways as the medicine of interest 

and every eight hours the metabolic ratio is measured. This measurement leads to a 

categorisation of the patient into one of the phenotypes mentioned above. Because of the 

difficulties with collecting urine samples every eight hour and the risk of side effects from the 

probe drug biochemical DNA test are normally only used in research. (Sheffield & Phillimore, 

2009) 

3.2.2 Molecular genetic test 

Molecular genetic test determines the presence of mutations i. e. test a person’s genotype. In 

each gene there are different polymorphisms, such as SNPs, which can be associated to lost or 

altered gene function. These polymorphisms can affect the metabolism of the drug or 

important drug targets. Today molecular gene test is normally used to determine the presence 

of alleles that are associated with altered enzyme activity. (Sheffield & Phillimore, 2009) 

 

For SNPs or alleles that affect the function of an enzyme to be tested with a molecular genetic 

test the enzyme needs to be important for, not only participating in, the metabolism of the 

medicine. An enzyme’s function can be altered without affecting the metabolism in such way 

that can be detectable. Even if an enzyme lost its function some drugs can be metabolised thru 

other signal pathway, in which the enzyme is not included. (Sheffield & Phillimore, 2009) 

 

Methods 

A molecular genetic test can be performed with several different DNA analysing methods to 

check for the presence of SNPs or alleles. Examples of methods are sequencing, microarray 

and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry MALDI-TOF 

MS. (Strachan & Read, Chapter 18 Genetic testing in individuals and populations, 2004) 

3.2.3 APEX-2 

The DNA-analysis of the DNA-Guide’s molecular genetic tests is performed with a 

microarray technique called APEX-2. This method can be summarized as followed. 

 

Polymerase chain reaction (PCR) is used to amplify the region of interest in the DNA. After 

amplification the PCR products are fragmentized before they are allowed to hybridize to the 

microarray chip. (Asper Biotech) The microarray chip constitutes of an array of spots on a 

glass slide. In each spot an approximate 25 bases long sequence of oligonucleotides is 

immobilized. Each sequence is complementary to the unique sequence next to the analysed 

SNP on the DNA (i.e. the PCR-fragments). (Asper Biotech) (Lenngren, 2009) 
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Figure 3 The oligonucleotide sequences are bound with their 5’ end to the microarray chip and the 3’ end 

will hybridize to the complementary PCR-fragments. The SNP position on the PCR-fragments is left free 

to bind to a flourophore tagged nucleotide binds. Each four nucleotide is tagged flourophore with its own 

colour. Which nucleotide that is on the SNP positions can later be detected thru the emitted fluorescence. 

(Asper Biotech) 

 

The oligonucleotide sequences are hybridized with their 5’ end to the chip, leaving the 3’ end 

free for hybridization to the PCR-fragments. The SNP on the PCR-fragment will not bind to 

the oligonucleotides on the chip. Instead one of the four added nucleotides tagged with a 

flourophore will bind to the SNP. After incubation nucleotides and PCR-fragments that are 

not attach or covalently bound to the glass slide are washed away. Each nucleotide has its own 

colour on their flourophore. This makes it possible to determine which nucleotide that 

hybridized to the SNP position on the PCR-fragment. The procedure is illustrated in figure 3 

(Asper Biotech) (Lenngren, 2009) 

 

On the glass slide that constitutes the microarray chip hundreds of SNP can be analysed at the 

same time. For each SNP both sense and antisense are analyzed. (Lenngren, 2009) To detect 

the labelled oligonucleotides on the SNP positions four different lasers are used one at a time 

to excite the flourophores and the emitted lights can be registered. The intensity of the four 

different flourophore signals, for each SNP, determines if the SNP exists on none, one or both 

alleles. (Lenngren, 2009) (Asper Biotech) The data from the fluorescence is then converted 

into sequence data. Control steps are made in the method. (Lenngren, 2009) 

 

To avoid that wrong PCR-fragment is hybridized to the oligonucleotides and give false results 

it is important that the oligonucleotides are specific. Therefore it can be complicated to 

analyse deletions, insertions, repeats and duplications of a whole gene with the microarray 

chip. (Lenngren, 2009) 
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3.3 Ancestry DNA tests 

Molecular genetic test can be designed for other purposes than to test the genetic factors 

which affects the drug response. These tests can also be designed to determine the genetic 

heritage for diseases, treats and ancestry. (Lenngren, 2009) 

 

DNA tests for ancestry can be designed to analyse different types of DNA; Y chromosome, 

mitochondrial and autosomal DNA. (Schäfer, 2009) DNA-Guide offers all of these tests. 

3.3.1 Y chromosome ancestry DNA test 

There are two types of human sex chromosomes; the X and the Y chromosome. A female has 

two X chromosomes, one from each parent, while a man get one X chromosome from the 

mother and one Y chromosome from the father. (Strachan & Read, Chapter 2 Chromosome 

structure and function, 2004) Since the Y chromosome is direct inherited from father to son it 

can be used to trace the paternal line of ancestry. (Schäfer, 2009) 

3.3.2 Mitochondrial ancestry DNA test 

The human genome comprises two genomes; the nuclear and the mitochondrial. The sperm 

cell only contributes nuclear DNA to the egg cell and therefore only the mother’s 

mitochondrial DNA is transferred to the child. (Strachan & Read, Chapter 9 Organization of 

the human genome, 2004) Because the child’s mitochondrial DNA is a copy of the mother’s it 

can be used to tract the maternal line of ancestry. (Schäfer, 2009) 

3.3.3 Autosomal ancestry DNA test 

The autosomal DNA includes all the 22 non-sex chromosome pairs of the nuclear genome. 

The chromosomes from the mother and the father are mixed in the egg. Since also 

recombination occurs randomly in the egg and sperm each chromosome has different 

proportions of the mother’s respectively the father’s autosomal DNA. Recombination has 

taken place in every generation and therefore a person’s DNA contains different proportions 

of the ancestors’ DNA. (Strachan & Read, Chapter 2 Chromosome structure and function, 

2004) 

 

While Y chromosome and mitochondrial DNA can trace deep ancestry, on the mother 

respectively the father line, the autosomal DNA can be used to trace recent biogeographic 

heritage. DNA test for autosomal ancestry uses SNPs to determine in which population 

groups the tested person’s DNA profile is most common. (Schäfer, 2009) 
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4. Background of the created pharmacogenetic tests 
This master thesis investigated several pharmacogenetic associations but excluded the 

majority because of limitations mentioned in 1.4.1. The medicines mentioned below were the 

final selection for the DNA tests. 

4.1 Previous work on pharmacogenetic tests at DNA-Guide 

The previous work at DNA-Guide on the subject was a master thesis by Isabel Lenngren 

(Lenngren, 2009). The objective of Isabel Lenngren’s work was to create a test that focused 

on the pharmacogenetic associations between the genes of the most important cytochrome 

P450 (CYP) enzymes and several drugs.  The purpose of the test was to interest both regular 

persons and doctors.  

 

The master thesis resulted in a suggestion for two pharmacogenetic tests; the basic and the 

supplement. The basic test tested SNPs and alleles of the genes CYP2C9, VKORC1, 

CYP2C19 and CYP2D6. The basic test could determine how these genes affect the 

metabolism of several drugs. A report intended for the customers was created for the basic 

test. The supplement test was thought to test SNPs in the genes UGT1A1, DPYD and 

SLCO1B1 and to attract the more interested customers. (Lenngren, 2009) Several other genes 

were investigated for a test, for example HCP5 that were later excluded because DNA testing 

of this gene is already performed in public health care, in a more precise manner that not can 

be made by microarray. 

 

Neither the basic or supplement test were released due to problems to analyse some important 

alleles of CYP2D6. Isabel Lenngren’s master thesis served as a platform for this master thesis. 

4.2 Anticoagulants 

4.2.1 Clopidogrel 

Under the year 2009 around 361 000 women and 404 000 men in Sweden used drugs to 

reduce the aggregation of the platelets in Sweden (Socialstyrelsen, 2010). Clopidogrel is one 

of these drugs and is used to prevent blood clots as well as heart attack and stroke. There is a 

variation in response to clopidogrel and patients that show higher platelet reactivity, than 

intended with a specific dose of the drug (i. e. get less effect of clopidogrel), have higher risk 

for ischemic events (heart attack and stroke) (Shuldiner, et al., 2009). 

 

Signal pathways 

Clopidogrel is a prodrug and must be metabolized to inhibit the P2Y12 adenosine diphosphate 

receptors on the platelets (Mega, et al., 2009; Shuldiner, et al., 2009; Sibbing, et al., 2010; 

Sheffield & Phillimore, 2009). By inhibiting these receptors the aggregation of the platelets is 

reduced (Mega, et al., 2009) and blood cloths can be prevented (1177.se). The transformation 

of clopidogrel to the active metabolite is performed by CYP enzymes (Mega, et al., 2009; 

Shuldiner, et al., 2009; Sibbing, et al., 2010) and especially the CYP-enzyme in family 2, 

subfamily C, polypeptide 19 (CYP2C19) plays an important role in this process (Sibbing, et 

al., 2010).  

 

Candidate SNPs 

Several of the key-SNPs in the gene CYP2C19 and one SNP in the gene ATP-binding 

cassette, subfamily B, member 1(ABCB1) are candidates for a DNA test for clopidogrel. A 

summarize of the candidate SNPs are presented in table 1. 
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Table 1 A summary of the candidate SNPs for the clopidogrel DNA test.  

RS-number 
 

Gene
 

Allele
 

Substitution
 

Enzyme activity
 

Allele frequency
4
  

rs4244285
1,2 

CYP2C19
1 

*2
3
 c.681G>A

1,2 
Inactive 

3
 87% (G); 13% (A)

2 

rs4986893
1,2

 CYP2C19
1
 *3

3
 c.636G>A

1,2 
Inactive

3 
99% (G); 1% (A)

2 

rs28399504
1,2

 CYP2C19
1
 *4

3
 c.1A>G

1,2 
Inactive

3 
99% (A); 1% (G)

1 

rs56337013
1,2

 CYP2C19
1
 *5

3
 c.1297C>T

1,2 
Inactive

3 
99% (C); 1% (T)

1 

rs72552267
1,2

 CYP2C19
1
 *6

3
 c.395G>A

1 
Inactive

3 
99 % (G); 1% (A)

1 

rs72558186
1,2

 CYP2C19
1
 *7

3
 c.819+2T>A

1 
Inactive

3 
Unknown

1 

rs41291556
1,2

 CYP2C19
1
 *8

3
 c.358T>C

1,2 
Inactive

3 
98% (T); 2% (C)

1 

rs12248560
1,2

 CYP2C19
1
 *17

3
 c.806C>T

2 
Increased

3 
78% (C); 22% (T)

1 

rs1045642
1,2

 ABCB1
1
 - c.3435C>T

1,2 
- 46%(C); 54% (T)

1 

1 
(National Center for Biotechnology Information) 

2 
(Pharmacogenomics Knowledge Base) 

3 
(Home Page of the Human Cytochrome P450 (CYP) Allele Nomenclature Committee)

 

4
 In Europeans 

 

Several studies have found that carriers of one or two loss-of-function alleles of CYP2C19 

had an increased risk for cardiovascular events (including stent thrombosis), compared to 

carriers of wild-type alleles. (Sibbing, et al., 2010; Shuldiner, et al., 2009; Sheffield & 

Phillimore, 2009; Mega, et al., 2009)  According to the study (Simon, et al., 2009) carriers of 

two of the non-functional alleles *2, *3, *4 or *5 had almost two times higher rate of 

cardiovascular events, than carriers of two wild-type alleles. Homozygote patients for the 

non-functional alleles in the study also had 3.58 times higher event rate, than wild-type 

carriers, if they have done a percutaneous coronary intervention (PCI).  

 

Allele 17 of the gene CYP2C19 (CYP2C19*17) causes an increased transcription of the gene 

and therefore results in a hyperactive enzyme. Carriers of the hyperactive CYP2C19*17 have 

an enhanced response to clopidogrel and a higher risk of bleeding, especially after a PCI.  The 

risk of bleeding 30 days after a PCI was 3.27 times higher in *17 homozygous patients than in 

wild-type homozygous patients. (Sibbing, et al., 2010)  

  

The gene ABCB1 encodes the intestinal efflux pump P-glycoprotein and a polymorphism in 

the gene can result in an altered absorption of clopidogrel. Studies have found an association 

between a SNP in ABCB1 and an increased risk for cardiovascular events.  Patients with the 

genotype TT on the candidate SNP in ABCB1 had almost two times (1.72) higher event rate 

compared to carriers of the genotype CC. Carriers of two loss-of-function alleles of CYP2C19 

who also had the genotype CT or TT, on the SNP in ABCB1, had 5.31 times higher risks for 

events after a PCI, than non-carriers of these alleles or genotypes. No significant differences 

in risk for cardiovascular events could however be found between the genotypes of the SNP in 

ABCB1 alone. (Simon, et al., 2009) 

 

Possible recommendations 

There are associations that suggest a gene-dose relation between clopidogrel and CYP2C19 

genotype (Mega, et al., 2009). As an example the study (Mega, et al., 2009) found that 

carriers of at least one CYP2C19 lost-of-function allele had 32 % lower plasma levels of the 

active metabolite and a diminished platelet aggregation, compared to carriers without lost-of-

function alleles. Another study (Sibbing, et al., 2010) showed that the presence of 

CYP2C19*17 was significant associated with a lower platelet aggregation. This could mean 

that possible recommendations are a lower dose to carriers of the hyperactive allele *17 and a 

higher dose to carriers of lost-of-function alleles (Mega, et al., 2009).  
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4.2.2 Warfarin 

Around 66 000 women and 95 000 men in Sweden were under the year 2009 on vitamin K- 

antagonists (anticoagulants) like warfarin (Socialstyrelsen, 2010). Warfarin has saved life for 

over 65 years (Sydsvenskan, 2004) by preventing thrombosis (Gage, et al., 2008; Wadelius, et 

al., 2007), stroke (Wadelius, et al., 2007; Gage, et al., 2008), myocardial infarction (Gage, et 

al., 2008) and atrial fibrillation (Wadelius, et al., 2007). However there are still around 30 

persons every year in Sweden that die due to adverse effects from the drug (Sydsvenskan, 

2004). The appropriate dose for a patient can vary with a factor of 20 and an incorrect dose 

can result in adverse effects like serious bleedings (Wadelius, et al., 2007). 

 

Signal pathways 

Vitamin K is important for the coagulation of the blood and warfarin disturbs the recycling of 

this vitamin in the liver (Wadelius, et al., 2007), by affecting the vitamin K epoxide reductase 

complex, subunit 1 (VKORC1) site (Shaw, Donovan, Tran, Lemon, Burgwinkle, & Gore, 

2010) on the rate-limiting enzyme (Gage, et al., 2008). Warfarin affects this vitamin K 

epoxide reductase and thus the vitamin K cycle (Gage, et al., 2008) which results in an 

anticoagulant effect (Shaw, Donovan, Tran, Lemon, Burgwinkle, & Gore, 2010).  

  

Warfarin is administrated in its active forms R- and S-warfarin which are metabolised in the 

liver to the inactive forms by several CYP-enzymes (Shaw, et al., 2010; Daly, 2010; Wadelius, 

et al., 2007). The S-warfarin is three to five times more active than R-warfarin and the 

enzyme cytochrome P450, family 2, subfamily C, polypeptide 9 (CYP2C9) is responsible for 

inactivating the S-warfarin (Wadelius, et al., 2007).  

 

Candidate SNP 

Alleles of the CYP2C9 and VKORC1 genes are claimed to stand for up to 50-60 % of the 

interindividual variability in response to warfarin (Gage, et al., 2008; Wadelius, et al., 2007).  

 
Table 2 A summary of the candidate SNPs for the warfarin DNA test. 

RS-number
 

Gene
 

Allele
 

Substitution 
Enzyme 

activity 
Allele frequency

5 

rs1799853
1,3 

CYP2C9
1,3 

*2
3 

c.430C>T
1,2 

Reduced
3 

90% (C); 10% (T)
1 

rs1057910
1,3 

CYP2C9
1,3 

*3
3 

c.1057A>C
1,2 

Reduced
3 

94% (A); 6% (C)
1 

rs9923231
1,3,4 

VKORC1
1,3,4 

*2
2 

c.1639 G>A
3,4 

Reduced
3,4 

61%(C); 39% (A)
2 

1 
(National Center for Biotechnology Information) 

2
 (Pharmacogenomics Knowledge Base) 

3 
(Shaw, Donovan, Tran, Lemon, Burgwinkle, & Gore, 2010) 

4 
(The International Warfarin Pharmacogenetics Consortium, 2009)

 

5
 In Europeans. 

 

The three key-SNPs for the reduced-function alleles CYP2C9*2, *3 and VKORC*2 have 

been identified as important for the response to warfarin. (The International Warfarin 

Pharmacogenetics Consortium, 2009) A summarize of the candidate SNPs are presented in 

table 2. A less active CYP2C9 enzyme degrades the S-warfarin slower and results in more S-

warfarin in the blood, than intended with a specific dose. (Shaw, Donovan, Tran, Lemon, 

Burgwinkle, & Gore, 2010). Carriers of CYP2C9*2 or *3 have two- to threefold elevated risk 

of adverse events, like bleeding, in the beginning of a warfarin treatment (Gage, et al., 2008).  

Carriers of these alleles need a lower dose compared to carriers of normal-function alleles to 

avoid the risk for adverse effects (Shaw, Donovan, Tran, Lemon, Burgwinkle, & Gore, 2010). 

VKORC1 gene encodes the drug target for warfarin (Daly, 2010; Shaw, et al., 2010) and a 
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reduced-function allele of VKORC1 also leads to a need for lower warfarin dose (Shaw, 

Donovan, Tran, Lemon, Burgwinkle, & Gore, 2010).  

  

Possible recommendations 

Today there are several available algorithms that consider the patients genotype on CYP2C9 

and VKORC1 to calculate the optimal dosage (Shaw, Donovan, Tran, Lemon, Burgwinkle, & 

Gore, 2010). One of the algorithm, which is based on both clinical factors like weight, height, 

age, gender and the genetical factors like CYP2C9*2, *3 and VKORC1*2, are available for 

free on the homepage www.warfarindosing.org. This algorithm is significant better in 

predicting an appropriate dose compared to a clinical algorithm or a fixed-dose strategy. (The 

International Warfarin Pharmacogenetics Consortium, 2009) A recently study identified this 

algorithm as one of the two most accurately predicting algorithms that are pharmacogenetic 

based on CYP2C9, VKORC1 and at least one clinical parameter  (Shaw, Donovan, Tran, 

Lemon, Burgwinkle, & Gore, 2010). 

 

Based on this algorithm (The International Warfarin Pharmacogenetics Consortium, 2009) 

and data in the article (Glurich, Burmester, & Caldwell, 2010) the following dose 

recommendations can be made. The genotype *1/*2 (i. e. carrier of one wild-type allele and 

one *2) on VKORC1 is common in the European population and patients with this genotype 

need a normal dose. However patients with the genotype *1/*1 (wild-type homozygous) need 

a higher dose than normal to avoid cardiovascular events, while patients with the genotype 

*2/*2 need a lower to minimize the risk of bleeding. Every copy of CYP2C9*2 and *3 results 

in a recommendation to a lower dose to minimise the risk of bleeding.  

4.3 Medicine against high cholesterol 

4.3.1 Simvastatin 

Statins, like simvastatin, reduces the incidence of heart attacks, strokes (Voora, et al. 2009; 

The SEARCH Collaborative Group 2008) and revascularization by lowering the level of bad 

cholesterol, low-density lipoprotein (LDL) (The SEARCH Collaborative Group, 2008). 

Simvastatin is in Sweden the primary drug used against abnormal levels of blood fat. Around 

309 000 women and 369 000 men used simvastatin under 2009 in Sweden (Socialstyrelsen, 

2010). Statins can sometimes cause myopathy which is characterized by muscle pain or 

muscle weakness in association with elevated creatine kinase levels (The SEARCH 

Collaborative Group, 2008). In rare cases can myopathy evolve into rhabdomyolysis; a 

breakdown of the muscles and a release of myoglobin (The SEARCH Collaborative Group, 

2008) which can be life threatening (Niemi, 2010). Patients with certain genotypes have a 

higher risk for myopati on simvastatin. (The SEARCH Collaborative Group, 2008)   

 

Signal pathways 

Simvastatin is a prodrug and must be converted from the inactive to the active form in the 

body. The membrane transporter the organic anion-transporting polypeptide 1B1 (OATP1B1) 

is important for the elimination of simvastatin from the body (Niemi, 2010). OATP1B1 

encoded by the gene the solute carrier organic anion transporter family, member 1B1 

(SLCO1B1) (Niemi, 2010; Daly, 2010), is expressed on the membrane of the liver cells and 

mediates the liver’s uptake of simvastatin from the blood (Niemi, 2010).  
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Candidate SNP 

Three candidate SNPs have been associated with the occurrence of myopathy in patients on 

simvastatin (Daly, 2010; Niemi, 2010). A summarize of the candidate SNPs is presented in 

table 3. 

 
Table 3 A summary of the candidate SNPs for the simvastatin DNA test.  

RS-number
 

Gene
 

Allele 
Substitutio

n 

Transporter 

activity 
Allele frequency

5
 

rs4149056
1,4 

SLCO1B1
1 *5

2,3
 (*15/ 

*17
a
)
 

c.521 

T>C
1,4 Decreased

4
 19% (C); 81% (T)

1 

rs2306283
1,4 

SLCO1B1
1 *1B

2,3
 (*15/ 

*17
a
)
 

c.388A>G
2,

4 Increased
4 64% (A); 36% (G) 

2 

rs4363657
1 

SLCO1B1
1 

- -
 

- 81% (T); 20% (C)
1 

a 
The candidate SNPs are also associated with the other alleles SLCO1B1*15 and *17 (except from *5 and *1B). 

The combination of rs4149056 and rs2306283 is associated with the allele *15 and the combination of all two 

SNPs and one additional SNP (rs4149015) is associated with *17. (Pharmacogenomics Knowledge Base) 
1 
(National Center for Biotechnology Information) 

2 
(Pharmacogenomics Knowledge Base) 

3 
(Voora, et al., 2009) 

4 
(Niemi, 2010)

 

5
 In Europeans 

 

Two SNPs in SLCO1B1 have been shown to affect the function of the OATP1B1 transporter. 

One of them is associated with the allele SLCO1B1*1B and to an increased activity of the 

transporter. The higher activity is associated with lower plasma concentration of the active 

form of simvastatin, which results in less cholesterol-lowering effect. The other SNP is 

associated with the allele SLCO1B1*5 and interferes with the localization of OATP1B1. This 

SNP is associated with reduced transport activity and leads to increased plasma 

concentrations of simvastatin and better cholesterol-lowering effect. (Niemi, 2010; Voora, et 

al., 2009)  

 

In one study carrier with the genotype CT on the noncoding SNP in SLCO1B1 rs4363657 had 

4.4 times increased risk of myopathy while carriers of the genotype CC had 17.4 times higher 

risk, than carriers of the genotype TT (The SEARCH Collaborative Group, 2008). This 

candidate SNP is in strong LD with the SNP associated with SLCO1B1*5 (Daly, 2010). In 

the study (The SEARCH Collaborative Group, 2008) carriers of the genotype CT (for the 

SNP associated with *5, rs4149056) had 4.5 times higher risk while carriers of the genotype 

CC had 16.9 times higher risk for myopathy, compared to TT genotype carriers, if they took 

80 mg/ day. They also had, according to the same study, an increased risk of 2.6 per copy of 

the C variant, than the rest of the population if they took 40 mg/day.   

 

Possible recommendations 

As of today no recommendations can be made neither for the appropriate dose or alternative 

treatment (The SEARCH Collaborative Group, 2008; Daly, 2010). However, the study (Niemi, 

2010) recommended that high-dose simvastatin therapy should be avoided in carriers of the 

genotype CT and CC for the SNP associated with *5 (rs4149056). 
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4.4 Blood pressure lowering medicines 

4.4.1 ACE-inhibitors 

High blood pressure is a common state in Sweden that elevates the risk for heart attack and 

stroke. Studies have shown that any given drug with a blood pressure lowering effect is 

ineffective in 40-60 % of the patients (Johnson, et al., 2009). Under 2009 around 247 000 

women and 308 000 men used angiotensin converting enzyme (ACE) -inhibitors, a group of 

blood lowering medicines (Bozkurt, et al., 2008), in Sweden (Socialstyrelsen, 2010). 

  

Signal pathways 

ACE-inhibitors affect the enzyme responsible for the amount of angiotensin-2 in the body. 

Angiotensin-2 is a substance that affects the blood vessels and makes them more narrow 

which results in higher blood pressure. When the responsible ACE is inhibited the amount of 

angiotensin-2 is decreased and the vessels are widened which leads to lower blood pressure. 

(1177.se) 

 

Candidate SNPs 

Three candidate SNPs have been associated with decreased risk for diabetes when using 

ACE-inhibitors. Two in the angiotensin-converting enzyme (ACE) gene and one in the 

angiotensin II type 1 receptor (AGTR1). (Bozkurt, et al., 2008) A summarize of the candidate 

SNPs is presented in table 4. 

 
Table 4 A summary of the candidate SNPs for the ACE-inhibitor DNA test.  

RS-number Gene Substitution 
Allele 

frequency
7
 

rs5186
3 

AGTR1
3 

1166A>C
3 65% (A); 35% 

(C)
1 

rs646994/rs13447447 

/rs4340/rs1799752
2 ACE

4
 

Insertion/deletion
2,3 

of an  287-bp Alu 

repetitive element in intron 16
5,6 - 

rs4341
3, a 

ACE
3 

4656G>C
3 58% (G); 42% 

(C)
1 

a 
The SNP is in LD with the insertion/deletion in ACE. 

1 
(National Center for Biotechnology Information)

 

2 
(Pharmacogenomics Knowledge Base) 

3
 (van Wieren-de Wijer, et al., 2009) 

4
 (Bozkurt, et al., 2009)

 

5
 (Sun, et al., 2009)

 

6 
(Eisenmann, Sarzynski, Glenn, Rothschild, & Heelan, 2009) 

7
 In European 

 

Hypertensive patients with the genotype AA, of the SNP in AGTR1, was in one study 

associated with 53 % lower risk for diabetes when they use ACE-inhibitors, compared to 

patients with the same genotype on other antihypertensive drugs. Compared to the AA 

genotype was the CC genotype associated with eight time higher incidence of diabetes, on 1 

Defined Daily Dose (DDD) of ACE-inhibitor per day or more. (Bozkurt, et al., 2008) The 

association could however not be replicated in the study (Bozkurt, et al., 2009).  
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Patients with the insertion ACE are associated with 37% lower risk for diabetes, which 

decreases with a higher dose, compared to users of other antihypertensive drugs whom carry 

the ACE insertion. The insertion/deletion polymorphism in ACE was almost in complete LD 

with another SNP in ACE gene; rs4341. (Bozkurt, et al., 2008) Carriers of the GG genotype 

of this SNP had two times higher risk of diabetes compared to carriers of the genotypes CG 

and CC, if they used 1 DDD of ACE-inhibitors or more per day. (Bozkurt, et al., 2009) 

 

Possible recommendations 

No recommendations were mentioned in the studies (Bozkurt, et al., 2008; Bozkurt, et al., 

2009). 

4.4.2 Angiotensin-II-receptor blockers 

Angiotensin-II-receptor blockers (ARBs) are in Sweden normally given when the patient has 

adverse effect to ACE-inhibitors (1177.se). Around 407 000 women and 199 000 men used 

ARBs in Sweden under 2009 (Socialstyrelsen, 2010). The study (Bozkurt, et al., 2009) has 

shown that certain genotypes elevate the risk for diabetes in ARB users. 

 

Signal pathways 

ARBs do not inhibit the formation of angiotensin-II, as ACE-inhibitors, but block the effect of 

the substance. The blocking of angiotensin-II leads to wider blood vessels and the blood 

pressure is reduced. (1177.se) 

 

Candidate SNPs 

One SNP in AGTR1 and one SNP in ACE are associated with a higher risk for diabetes for 

users of ARBs. A summarize of the candidate SNPs is presented in table 5. 

 
Table 5 A summary of the candidate SNPs for the ARB DNA test.  

RS-number Gene Substitution Allele frequency
3
 

rs5186
2 

AGTR1
2 

1166A>C
2 

65% (A); 35% (C)
1 

rs4341
3 

ACE
3 

4656G>C
3 

58% (G); 42% (C)
1 

1 
(National Center for Biotechnology Information)

 

2
 (van Wieren-de Wijer, et al., 2009) 

3
 In Europeans 

 

Carriers of the CC genotype of the SNP in AGTR1 had 7.71 times higher risk for diabetes 

when using ARBs, compared to users with the same genotype on other antihypertensive 

medicines. The risk was altered with the dose. If the carriers used less than 1 DDD per day the 

risk was 2.72 times higher, but if they use 1 DDD per day or more the risk increased to 24.8 

times. Patients with the genotype CC had five-time higher risk for diabetes than patients with 

the genotypes AC and AA who used ARBs. (Bozkurt, et al., 2009) 

 

Carriers of the genotype GG on the SNP in ACE was also associated with a higher risk for 

diabetes, although more modest. These patients had 1.28 times higher risk of diabetes with 

ARBs compared to patient with the same genotype on other antihypertensive drugs. Also this 

risk increased with a larger dose. If the patients took more than 1 DDD per day the risk was 

increased to 1.97 times higher risk for diabetes. (Bozkurt, et al., 2009) 

 

Possible recommendations 

No recommendations were mentioned in this particular study (Bozkurt, et al., 2009). 
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4.5 Astma inhalers  

4.5.1 Albuterol and salmeterol  

The most commonly prescribed medicine for asthma is β2-adrenergic agonists like albuterol 

and salmeterol (Wechsler, et al., 2006). Around 257 000 women and 197 000 men used 

selective β2-stimulating medicine, like albuterol, while 128 000 women and 99 000 men used 

adrenergics, like salmeterol, in Sweden under 2009 (Socialstyrelsen, 2010). Albuterol is a 

short-acting β-adrenergic agonist and acts up to six hours while salmeterol is a long-acting 

(Wechsler, et al., 2006) and give effect up to twelve hours (1177.se).  

 

Signal pathways 

The β- agonists (both short- and long acting) bind to the β2-adrenergic receptors, encoded by 

the gene β2-adrenergic receptor (ADRB2), in the smooth muscle cells (Litonjua, et al. 2010; 

Wu, et al. 2010). The activation of these receptors results in a higher rate and force of the 

heart (Litonjua, et al., 2010) and, more importantly, in a relaxation of the bronchial smooth 

muscles (Wu, et al., 2010).  The relaxation of the muscles widens the airways and makes it is 

easier to breathe (1177.se). 

 

Candidate SNPs 

One SNP in ADBR2 correlates with adverse effect for both albuterol and salmeterol 

(Wechsler, et al., 2006; Basu, Palmer, Tavendale, Lipworth, & Mukhopadhyay, 2009) and a 

summary of the candidate SNP is presented in table 6. This candidate SNP has for children 

been associated with an increased risk for exacerbations (the asthma attack get worse), when 

routinely inhaling β-agonists. The genotypes AG and GG on the SNP are associated with a 30 

% higher risk, regardless of medicine. Individuals with the genotype AG had in a study an 

increased risk of 1.63 times while individuals with the genotype AA had 2.7 times higher risk, 

compared to individuals with the genotype GG, if they on average inhaled the β2-agonists 

albuterol and salmeterol once a day (200 µg/day) or more. (Basu, Palmer, Tavendale, 

Lipworth, & Mukhopadhyay, 2009)  

 
Table 6 A summary of the candidate SNPs for the albuterol and salmeterol DNA test.  

RS-number
 

Gene
 

Substitution
 

Allele frequency 
4 

rs1042713
1,3

  ADBR2
1,3

 c.46A>G
2
 32% (A); 68% (G)

1 

1
 (National Center for Biotechnology Information) 

2 
(Pharmacogenomics Knowledge Base) 

3
 (Basu, Palmer, Tavendale, Lipworth, & Mukhopadhyay, 2009) 

4
 In Caucasians. 

 

Possible recommendations 

No recommendations for the dosage or alternative medication have been mentioned for 

patients with these candidates SNPs in the studies (Basu, Palmer, Tavendale, Lipworth, & 

Mukhopadhyay, 2009; Wu, et al., 2010; Litonjua, et al., 2010; Wechsler, et al., 2006). 

Interestingly the study (Basu, Palmer, Tavendale, Lipworth, & Mukhopadhyay, 2009) did not 

observe an increased risk for asthmatics on average taking less than one dose of albuterol and 

salmeterol daily. Another fact in this study that deserves attention is the observation that 

patients with the genotypes AG and AA who takes the active substance montelukast (in 

addition to regular long-acting β2-agonists, inhaled steroids and albuterol according to need) 

to prevent a asthma attack had no increased risk for exacerbations, despite that these patients 

had a higher exposure to the β2-agonist. Montelukast belong to another type of asthma 

medicine and blocks the effect of leukotrines (1177.se).  
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4.6 Antidepressant treatment 

4.6.1 Citalopram 

Under the year 2009 490 000 women and 250 000 men in Sweden took antidepressant 

(Socialstyrelsen, 2010). Many patients with major depressive disorder (MDD) do not get the 

right effect from an antidepressant treatment. Only 47 % of the patients will have a complete 

remission of symptoms with one antidepressant. Of all patients with MDD 63 % of the 

patients will have an improvement with an antidepressant treatment, this means that 37 % of 

the patients will not get an effect. (Hu, et al., 2007; McMahon, et al., 2006). One study 

(Paddock, et al., 2007) has shown an association between non-response to citalopram and two 

SNPs. 

 

Signal pathways 

Selective serotonin reuptake inhibitors (SSRI), like citalopram, are a group of antidepressants 

that blocks the function of the serotonin transporter and results in higher levels of serotonin in 

the central nervous system and the rest of the body (Hu, et al., 2007). Disturbances in the 

serotonin system are considered to be a factor for the cause of depression and similar diseases 

(LIF).  

 

Candidate SNPs 

The two SNPs associated to lack of response to citalopram are located in the gene serotonin 

2A receptor gene (HTR2A) and glutamate receptor, ionotropic, kainite 4 (GRIK4) (Paddock, 

et al., 2007). A summary of the candidate SNPs is presented in table 7. 

 
Table 7 A summary of the candidate SNP for the citalopram DNA test. 

RS-number Gene Substitution Allele frequency
2
 

rs7997012
1 

HTR2A
1 

A>G
1 

64% (G); 36% (A)
1
 

rs1954787
1 

GIRK4
1 

T>C
1 

53%(T); 47% (C)
1 

1 
(National Center for Biotechnology Information)

 

2
 In Europeans 

 

Patients with the genotype CC on the SNP in GRIK4 had 10% reduced risk to be non-

responders, compared to TT homozygotes. White subjects with the genotype AA on the SNP 

in the gene HTR2A had an 18% lower absolute risk, compare to subjects with the genotype 

GG. Patients with the genotype CC in GRIK4 and AA in HTR2A were 23 % less likely to be 

non-responders. (Paddock, et al., 2007) 

 

Possible recommendations 

No recommendations were mentioned in the studies (Paddock, et al. 2007; McMahon, et al. 

2006). 

4.7 Birth-control pills 

Birth-control pills are commonly used to prevent unplanned or unwanted pregnancies 

(1177.se). Under 2009 around 611 000 women used anti-conceptional agents (birth-control 

pills) in Sweden. Oral contraceptives are however considered as risk factor for venous 

thromboembolism (VTE) and arterial thrombosis (Martinelli, Battaglioli, & Mannucci, 2003). 

The risk for VTE is low for healthy fertile women under the age 40; each year 3-5 in 10000 

women on oral contraceptives get VTE. For individuals with genetic predisposition to develop 

VTE the risk is significantly increased with usage of oral contraceptives. (Martinelli, 

Battaglioli & Mannucci, 2003; Varga, 2007)  
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Signal pathways 

Oral contraceptives usually contain a combination of oestrogen and progestogen. Oestrogen 

blocks the normal process of ovulation. Progesterone blocks the normal control of the 

menstrual cycle by acting on the pituitary gland and affects the uterus for conception to be 

less likely if ovulation occur. ("Oral contraceptive" Consice Medical Dictionary, 2007) 

Women using oral contraceptives are more resistant to the activated protein C’s anticoagulant 

action, which is a risk factor for venous thrombosis (Martinelli, Battaglioli, & Mannucci, 

2003). This effect is associated to the oestrogen content. ("Oral contraceptives" An A-Z of 

Medicinal Drugs, 2000) 

 

Candidate SNP 

Two SNPs have so far been associated with inherited thrombosis, one in coagulation factor V 

(F5) gene and one in prothrombin factor II (F2) (Martinelli, Battaglioli & Mannucci, 2003; 

Varga, 2007; Emmerich, et al., 2001; Legnani, et al., 2002). A summarize of the candidate 

SNPs is presented in table 8. 

 
Table 8 summarize information about the candidate SNP for the birth-control pills DNA test. 

RS-number Gene Substitution Allele frequency
6
  

rs6025
1 

F5
2 

c. 1601A>G
1 

85% (A); 15% (G)
3,4,5 

rs1799963
1 

F2
2 

c. 20210G>A
3,4, 5 

96-98% (G); 2-4 % (A)
 3,4,5 

 
 

1 
(National Center for Biotechnology Information) 

2 
(Pharmacogenomics Knowledge Base) 

3 
(Martinelli, Battaglioli, & Mannucci, 2003) 

4
 (Emmerich, et al., 2001) 

5 
(Varga, 2007)

 

6 
In Europeans 

 

The polymorphism in F5 is named Factor V Leiden (FVL) and has been associated with 

increased coagulability. FVL results in a normal function of factor V (a procoagulant protein). 

But the activated version of factor V is not degraded as efficiently by the protein C complex. 

This results in a hypercoagulable state. (Varga, 2007). Heterozygotes for FVL on oral 

contraceptives have a 20- to 50-fold increased risk for VTE (Martinelli, Battaglioli & 

Mannucci, 2003; Legnani, et al., 2002; Varga, 2007), compared to women without FVL 

whom are not taking oral contraceptives. Homozygote for FVL on oral contraceptives has a 

50- to 100-fold increased risk. (Martinelli, Battaglioli & Mannucci, 2003; Emmerich, et al., 

2001; Varga, 2007) 

 

The SNP in F2 causes an increased coagulation and blood clots, as a result of 30 % higher 

levels of prothrombin in the plasma (Varga, 2007; Martinelli, Battaglioli & Mannucci 2003). 

Carriers of the genotype AG on oral contraceptives have a 16-fold increased risk of VTE, 

compared to non-users with the genotype GG (Legnani, et al., 2002; Varga, 2007; Martinelli, 

Battaglioli & Mannucci, 2003). Individuals with the genotype AA are rare and no facts about 

their risk are available. But they are suspected to have a risk slightly lower than homozygotes 

for FVL. (Varga, 2007) 

 

Those individuals that are heterozygotes for FVL and carry the genotype AG of the SNP in F2 

have 20 times higher risk for VTE, compared to the rest of the population, without taking oral 

contraceptives (Varga, 2007). How much oral contraceptives alter this risk are not mentioned 

in any of the studies (Legnani, et al., 2002; Martinelli, Battaglioli & Mannucci, 2003; 

Emmerich, et al., 2001; Varga, 2007). 
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Possible recommendations 

According to the study (Martinelli, Battaglioli, & Mannucci, 2003) women with risk factors 

should be identified and evaluated before prescribing oral contraceptives. The study (Varga, 

2007) recommended that heterozygotes, homozygotes and carriers of combination of the two 

mutations (FVL and the A variant on the SNP in F2) should follow the general advises. These 

include maintaining ideal weight, staying active, avoiding long periods of immobility, using 

elastic compression stocking and no smoking. It is also recommended that these individuals 

should avoid usage of hormone like birth control pills. For pregnant women with the same 

genotypes different treatments to reduce the risk were suggested. These women had 15-100 

times higher risk than the rest of the population. 

4.8 Antiretroviral drugs 

4.8.1 Abacavir 

Abacavir is an antiretroviral drug (Colombo, et al., 2008) that is used against HIV type 1 

(Martin, et al., 2004). In Sweden around 5000 persons are calculated to be living with a HIV 

(Smittskyddsinstitutet). Between 5 and 9 % of the patients experience a hypersensitive 

reaction against the drug that normally appears within the first 6 weeks of treatment (Martin, 

et al., 2004; Mallal, et al., 2008). The causes behind a hypersensitive reaction against the drug 

vary (Mallal, et al., 2008) but the class I human leukocyte antigen (HLA-B)*5701 allele is 

always present (Colombo, et al., 2008; Daly, 2010). However, carriers of the allele do not 

necessary get a hypersensitive reaction against abacavir (Colombo, et al., 2008; Daly, 2010).  

 

Signal pathways 

Abacavir is a nucleoside analogue reverse transcriptase (NRTI) that reduces the virus load 

(LIF) by inhibiting HIV’s enzyme reverse transcriptase (Nationalencyklopedin). By doing so 

the HIV-virus is prevented from integrating its genome in the host cell’s genome 

(Nationalencyklopedin). 

 

Candidate SNPs 

One SNP in the gene HLA complex P5 (HCP5) has been proven to be in complete LD with 

the HLA-B*5701 allele; rs2395029 (Colombo, et al., 2008). A summary of the candidate SNP 

is presented in table 9. 

 
Table 9 summarize information about the candidate SNP for the abacavir DNA test. 

RS-number Gene Substitution Allele frequency
3
  Specificity Sensitivity 

rs2395029
1 

HCP5
 

c. 335T>G
1 

95% (T); 5% (G)
3,4,5 

99,4 %
2 

100 %
2 

1 
(National Center for Biotechnology Information)

 

2 
(Colombo, et al., 2008) 

3
 In Europeans 

 

Possible recommendations 

The effectiveness of testing for the allele to reduce the incidence of hypersensitive reactions 

has been proven by several studies (Colombo, et al., 2008). In Sweden are doctors advised not 

to treat carriers of the HLA-B*5701 with abacavir when another treatment is available (LIF). 
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5. Results 

5.1 The pharmacogenetic tests 

The resulting groups 

This master thesis resulted in several DNA tests that could be stratified to seven different 

groups. Five of the groups was prioritised while the two others were done last. The five 

prioritised groups were; anticoagulants, statins, antihypertensive, asthma medicines and 

antidepressants. The two other not prioritized groups were; birth control pills and 

antiretroviral. Birth control pills were a rework of DNA-Guide’s already existing DNA test 

for venous thrombosis. Antiretroviral medicine included only abacavir which is a strong drug 

and was therefore not included in the prioritised groups and added later in the work.  

 

Several other groups of medicines and individual medicines were studied but only the drugs 

presented in the background of the pharmacogenetic test (see section 4) could candidate. 

 

The candidate SNPs 

None of the candidate SNPs was associated with a severe disease and therefore was no SNP 

excluded for this reason. The most of the candidate SNPs presented in the background (see 

section 4) was included in a DNA test, except for four of them. The candidate SNPs that were 

included in a DNA test can be found in table 10 while the excluded candidate SNPs can be 

found in table 11. A summary of which SNPs that as of today are implemented on the 

microarray chip can be found in Appendix. 

 
Table 10 A summary over the candidate SNPs that were included in a DNA test. 

RS-number Gene Allele DNA test  

rs4244285 CYPC19 *2 Clopidogrel 

rs4986893 CYPC19 *3 Clopidogrel 

rs28399504 CYPC19 *4 Clopidogrel 

rs56337013 CYPC19 *5 Clopidogrel 

rs72552267 CYPC19 *6 Clopidogrel 

rs72558186 CYPC19 *7 Clopidogrel 

rs41291556 CYPC19 *8 Clopidogrel 

rs12248560 CYPC19 *17 Clopidogrel 

rs1799853 CYP2C9 *2 Warfarin 

rs1057910 CYP2C9 *3 Warfarin 

rs9923231 VKORC1 *2 Warfarin 

rs7997012 HTR2A - Citalopram 

rs1954787 GIRK4 - Citalopram 

rs4149056 SLCO1B1 *5/*15/*17 Simvastatin 

rs1042713 ADBR2 - Albuterol and Salmeterol 

rs4341 ACE - ACE-inhibitor and Angiotensin-II-receptor blocker 

rs5186 AGTR1 - Angiotensin-II-receptor blocker 

rs6025 F5 - Birth-control pills 

rs1799963 F2 - Birth-control pills 

rs2395029 HCP5 - Abacavir 
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Table 11 A summary over the candidate SNPs that were not included in a DNA test. 

RS-number Gene Allele DNA test 

rs1045642 ABCB1 - Clopidogrel 

rs2306283 SLCO1B1 *1B/*15/*17 Simvastatin 

rs4363657 SLCO1B1 - Simvastatin 

rs646994/rs13447447 

/rs4340/rs1799752 
ACE - ACE-inhibitors 

 

A report was created for the customers 

The results of the DNA test were represented in the form of a report intended for the 

customers. One report was created for every created DNA test. In the report general 

information about the condition and drug was represented together with the customer’s 

genotype and, if possible, a recommendation. The reports were designed to be automatically 

updated from the customers’ results from the DNA-analysis. All of the created reports were 

stored in the data system of DNA-Guide. The customer report is attached to this report.  

 

The recommendations 

Recommendations in the test results were only made for warfarin and birth-control pills. For 

warfarin a dose recommendation intended for the customer’s doctor was made, based on the 

possible recommendation mentioned in section 4.2.2. The recommendations in the DNA test 

for birth-control pills were whether the customer should contact a doctor if tested positive for 

a high risk for venous thrombosis.  

5.2 The DNA test for autosomal ancestry  

The second part of the master thesis resulted in a supplement to the already existing report for 

the DNA test for autosomal ancestry. The updated version is attached to this report and a short 

summary in English will follow in section 5.2.1. The created report was designed and written 

in InDesign. In contrast to the pharmacogenetic tests this report could not be automatically 

generated from the DNA- analysis results since this test has another construction. 

5.2.1 A short summary of the update in English 

In the test your DNA-profile is compared to how common that DNA-profile is in each 

population group. The population group that you are the most alike is in the results presented 

first in the list.  

 

Interpretation of the results 

The results should be interpreted as an indication of which population groups that you are the 

most alike. If for example Swedish is not in top the population groups it does not mean that 

you are not Swedish. You can have a DNA-profile that is uncommon in the population group 

from which you descend. The population (from which you descent) would then end up further 

down on the list while groups that you are alike purely genetically will end up in the top 

group of the populations. Therefore population groups that you do not descent from can be 

presented in top group of the list and population groups that you do descend from can be 

presented further down. 
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The algorithm 

For each tested SNP the ancestral variant has been determined and the frequency of the 

ancestral variant has been documented for each population group in previous project and is 

stored in databases. Your number of copies of the ancestral variant is transformed into a point 

according to a system where two copies correspond to 100 point, one copy to 50 points and 

zero to zero points. Your points are then compared to how common the ancestral variant is in 

the population group. The difference between your points and frequency of the ancestral 

variant in the population is calculated. The smaller difference the greater similarity you have 

to the population group, for that particular SNP.  

 

This comparison is done for 50 carefully selected SNPs to give a more reliable approximation 

of your similarity to the populations. For each population a mean value of the differences is 

calculated. A simple example is showed in table 12. 

 
Table 12 An example of how the difference and the mean value is calculated. In the example in this table 

there are four SNPs. For each tested SNP your point is calculated based on your number of copies of the 

ancestral variant of the SNP. The difference between your points and the frequency of the ancestral 

variant in the population group is then calculated. Of all the differences a mean value is calculated. Here 

the mean value of the four SNPs would be (8.3+41.7+5.6+38.9)/4=23.625. 

SNP rs1886510 rs729172 rs2831700 rs727811 

Your points 50 100 50 0 

British (frequency of ancestral variant) 58.3 58.3 55.6 38.9 

Difference 8.3 41.7 5.6 38.9 

 

The population groups are then ranked after their mean value. You are the most alike the 

population with the lowest mean value. In the results a list with the 22 population groups that 

you are the most alike is presented. The population with the lowest mean value (i. e. that you 

are the most alike) is ranked first in the list. 
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6. Discussion 

6.1 The pharmacogenetic tests 

6.1.1 The choice of groups to be a DNA test 

In the beginning of the master thesis a lot of energy was laid on finding pharmacogenetic 

associations for common medicine that are sold without receipts in Sweden. These drugs 

could potentially interest many customers but never resulted in a candidate for a DNA test. As 

mentioned earlier a pharmacogenetic association is investigated when there is a large 

variability in response or severe adverse effects are observed between individuals. These 

common medicines are probably very safe and therefore not of interest to study for a possible 

pharmacogenetic association.   

 

Some other groups were investigated and excluded because of conflicting results. This was 

the case for disease modifying anti-rheumatic drugs (DMARDs). Despite being common 

drugs DMARD there is a great interindividual response, some do not get a good effect while 

other experience toxicity. (Kooloos, Huizinga, GUchelaar, & Wessels, 2010) DMARDs are a 

group of medicines which includes the medicines Enbrel, Remicade and Humira (Rheumatoid 

Arthritis Health Center). These three drugs were the most sold medicines in Sweden under 

2008 (Apoteket AB, 2009) and a DNA test for DMARDs would probably be of great interest 

of the customers to DNA-Guide.  

 

For the seven groups for which DNA tests were created the most important reason to include 

them was of course that a strong pharmacogenetic association had been found in one or 

several trustworthy studies. For the medicines included in the five prioritized groups the 

number of potential users varied between 150 000 to 700 000 persons in Sweden. This was 

important to consider since the DNA test should interest as many customers as possible. The 

other two groups added later in the work were included for other reasons.      

 

Birth-control pills 

Despite that inherited thrombophilia is rare (exists in 1% of a general population and is 

present in around 5 % of all VTE cases (Martinelli, Battaglioli, & Mannucci, 2003)) it is of 

value for the customer to have the possibility to test for the polymorphism in F2 and F5. In the 

article (Martinelli, Battaglioli, & Mannucci, 2003) they wrote that ―an inappropriate request 

of thrombophilia screening in healthy women before prescribing oral contraceptives‖. This 

indicates that there is an interest among the 600 000 of users to know if they are in the risk 

zone. This test should primary be of interest for those individuals with personal history or 

family history of VTE and was therefore not in the prioritized groups. This DNA test could be 

created with little work since the SNPs already were implemented on the chip and the 

information was easily accessed thru the DNA test and report for venous thrombosis. 

 

Abacavir 

Although only 5-8 % of all abacavir recipients experience hypersensitivity it is important to 

use the knowledge of the genetic risk factor, HLA-B*5701 allele, to minimise the risk of these 

adverse effects. In Sweden every HIV-infected patient is tested before starting a treatment 

with abacavir and carriers of the HLA-B*5701 is excluded (LIF). Since this test is already 

performed in general health care abacavir was not a prioritized DNA test to create. The reason 

for including this DNA test in the product portfolio of DNA-Guide was to offer as many of 

the pharmacogenetic tests as possible that are available on the market.  
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6.1.2 The excluded pharmacogenetic associations 

During this master thesis several pharmacogenetic associations were found and excluded 

because the condition was uncommon in Sweden, the drug was not sold in Sweden or because 

it was known from Lenngren’s work that for example the SNP or gene deletion of interest 

could not be implemented on the microarray chip.  

 

Example of uncommon condition in Sweden 

Few of the pharmacogenetic associations were excluded because the condition was 

uncommon in Sweden. This was the case for deficiencies on the enzyme butyrylcholinesterase 

(BChE). SNPs in the gene BChE results in lower activity on the enzyme which can result in a 

prolonged duration of the effect from neuromuscular blocking agents succinylcholine and 

mivacurium. These agents are used during general anaesthesia and the effect can be prolonged 

up to eight hour under which the patients cannot breathe on their own. The frequencies for 

these SNPs are low among Europeans (Gätke, Bundgaard, & Viby-Mogensen, 2007) and the 

most pronounced prolonged duration occurs in patients with both of the two SNPs rs1803274 

and rs1799807 (Levano, Keller, Schobinger, Urwyler, & Girard, 2008). A DNA test for these 

polymorphisms would probably only interest individuals with a family history of prolonged 

effects from these drugs which radically minimizes the number of potential customers. 

 

Example of drugs that are not sold in Sweden 

Those pharmacogenetic associations for drugs that were not sold in Sweden were early 

excluded, for example the anticoagulants acenocoumarol and phenprocoumon. SNPs in 

CYP2C9 and VKORC1 affected the response to the drugs and DNA-testing could prevent 

serious bleeding events (Cadamuro, et al., 2010). But since the medicines are not sold in 

Sweden they are of no interest for DNA-Guide’s customers and no individual DNA test were 

therefore created even though the alleles of these genes are tested for the response to Warfarin.  

 

Examples of SNPs that could not be implemented 

Several potential DNA tests were excluded because it was clear from the previous master 

thesis by Isabel Lenngren that the SNPs could not be implemented on the microarray chip. 

For example it was concluded that the SNPs for CYP2D6, *5, *9,*11 and *Nxm (>2 active 

alleles) could not be implemented on the chip (Lenngren, 2009). With these SNPs the 

response to for example codein could be tested. Codein is used as a pain relief and is common 

in cough medicine. The drug is metabolised into its active metabolite in the body by the 

enzyme CYP2D6. If the enzyme is less active the patient does not get an effect for the drug 

and if the enzyme is too active the patient experiences sedation. (Sheffield & Phillimore, 2009) 

6.1.3 The candidate SNPs 

Including key-SNPs for other alleles with the same effect on the enzyme 

In the case of Clopidogrel all of the known lost-of-function alleles were included in the DNA 

test. The reference study in the customer report only studied CYP2C19*2, *3, *4 and *5. But 

*6, *7, *8’s effect on the enzyme are well documented and were therefore included. 

 

Excluded SNPs 

Four of the candidate SNPs were not included in a DNA test, see table 11.  

 

In the study (Simon, et al., 2009) the non-functional alleles of CYP2C9 and a candidate SNP 

in ABCB1 was associated with a five-time higher risk for cardiovascular events. But since the 

ABCB1 genotype alone had no significant effect on the risk for cardiovascular events it was 

not included in the test for clopidogrel. According to the study the risk associated with the 
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SNP in ABCB1 could in fact be an association between the risk and another SNP in the same 

haplotype as the studied SNP or perhaps an environmental factor.  

 

For simvastatin the noncoding SNP in SLCO1B1 was in complete LD with another SNP that 

had a known effect on the signal pathway of simvastatin. Therefore the SNP in LD was used 

instead. The SNP associated with SLCO1B1*1B was also not used because it had a lower 

effect on the risk for myopathy and was therefore not considered relevant. 

 

No one of the SNPs associated with insertion/deletion in the ACE were used in the test for 

ACE-inhibitors. Any of the SNPs would probably be difficult to implement on the microarray 

chip and instead the SNP in LD with the insertion/deletion was used. 

6.1.4 The possible recommendations 

Warfarin and birth-control pills were the only DNA tests that included a recommendation. 

The reasons for not including recommendations in the other test results were that not enough 

studies had investigated what effects a higher or lower dose or alternative treatment could 

have on the risk for adverse effects. For some of the drugs no recommendation had been 

studied yet, this was the case for the asthma inhalers and the blood pressure lowering 

medicines (these will therefore not be discussed further on this subject). While for the others 

some likely recommendations had been suggested.  

 

Clopidogrel 

It is possible that the lower exposure to the active metabolite results in an inadequate 

protection against cardiovascular events. This would mean that a higher dose could minimise 

the risk for cardiovascular events for carriers of loss-of-function alleles and lower the risk of 

bleeding for carriers of hyperactive alleles. As of today more studies are needed on this 

subject to exclude the possibility that these polymorphisms affect the atherothrombosis and 

not the pathways of clopidogrel (Simon, et al., 2009). Future studies must also confirm that 

higher doses improve the protection against cardiovascular events without increasing the 

bleeding risk. Therefore no dose-recommendations were made in the test results. 

 

Warfarin 

There have been substantial research on possible dose recommendations for this drug and thus 

recommendations of a lower, normal or higher dose were given in the results of the test. 

  

Simvastatin 

As of today it is too uncertain to do a recommendation for carriers of the genotype CT and CC 

for the SNP rs4149056, even though it is likely that these patients should avoid high doses of 

simvastatin to minimise the risk for myopathy. More studies are needed. 

 

Albuterol and salmeterol (asthma inhalers) 

Since patients that on average inhaled less than 1 DDD per day had no increased risk for 

exacerbations it is possible that there is a dose-effect interaction, and that a lower dose can 

minimize the risk for patients with the genotypes AG and GG. Patients taking a treatment 

which included montelukasts, steroids and β-agonists had no increased risk despite a higher 

exposure to the β2-agonist. Therefore other medicines like steroids or montelukasts could 

offers protection against worse exacerbations. Hopefully future studies will investigate further 

to see whether a lower dose or alternative treatment can be recommended for affected 

individuals. 
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Birth control pills 

The study (Varga, 2007) recommended different treatments to reduce the risk for pregnant 

women that are heterozygotes, homozygotes or heterozygotes for both variants of the 

polymorphism associated with a higher risk. Because of this recommendation are persons that 

are tested positive for a higher risk recommended to contact their doctor. This because of 

DNA-Guide cannot give recommendations without knowing the customer’s medical 

background. 

 

Abacavir 

No recommendations were considered needed since the patient will automatically be excluded 

for treatment if tested positive in the test done within the public health care. 

6.1.5 The results in the DNA tests 

The results of the DNA test for anticoagulants, birth-control pills and abacavir may be of 

interest for the customer’s doctor when deciding an appropriate dose or medication. In most 

of the cases the results is probably only of interest for the private customer’s curiosity. This 

does however not make the DNA tests invaluable. The results can in the cases of the asthma 

inhalers and antidepressants give an explanation to why they do not get an effect from the 

treatment. In the case of simvastatin a positive result for a higher risk for myopathy with a 

high dose could motivate to a life style change to avoid the need of a high dose treatment. As 

mentioned in the report (intended for the customers) a healthy weight, exercise, avoiding 

stress, no smoking and good sleeping habits also lowers the cholesterol. By implementing 

these advices in their life it should be possible to enhance the effect of the drug and help to 

prevent the need for a higher dose of the medicine.  

6.1.6 Comparison with previous master thesis 

The differences in objective and focus 

The results from the master thesis of Isabel Lenngren and this were very different, probably 

because the resulting DNA tests were meant to have different structure and to interest 

different types of clients.  

 

Lenngren’s work was meant to result in DNA tests that could cover several different drugs 

while this master thesis was meant to result in individual DNA test for every drug. Therefore 

there were more DNA tests created in this work than in Lenngren’s. 

 

Lenngren’s DNA test was meant to be used by doctors and to interest private customers (by 

including several drugs). Therefore the focus of Lenngren’s thesis was on some genes of the 

cytochrome P450 (CYP) enzymes. This master thesis’ DNA tests were primary meant to 

interest the regular customer and not necessarily doctors. Therefore the resulting DNA tests in 

this work did not have to conclude which dose or medicine that is the most optimal. The tests 

could calculate for example the risk for non-response respectively risk for worse response, 

which are the cases of citalopram respectively the asthma inhalers. 
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The CYP-genes 

All of the CYP-enzymes investigated by Lenngren were also considered for a DNA test in this 

master thesis. Only the drugs warfarin and clopidogrel affected by CYP2C9 respectively 

CYP2C19 could however candidate for an individual DNA test. Overall the CYP-genes either 

had little impact on the response to the drugs, mentioned in Lenngren’s work, or the 

association was not proved in a large study or proved strong enough. The other medicines that 

are substrate of the CYP-enzymes could therefore not candidate for an individual DNA test 

yet, even though the CYP-enzymes have an important part of the metabolism of the most 

drugs. Of the CYP- genes only CYP2D6 was not included in a DNA test in this work since 

important alleles of this gene could not be tested.  

 

The other three genes suggested for a supplement test 

The other three genes in the supplement test from Lenngren’s work were also investigated in 

this. Of UGT1A1, DPYD and SLCO1B1 only the latest mentioned gene was included in an 

individual DNA test. UGT1A1 could have been a test for the response to irinotecan but the 

SNP could not be implemented on the chip and was therefore excluded. One SNP in DPYD is 

associated with the response to the anticancer drug 5-fluorouracil, but the studies so far have 

been small and was therefore not considered relevant for a DNA test in this master thesis. One 

SNP in SLCO1B1 is included in the DNA test for simvastatin since it has been associated 

with the risk for myopathy. 

   

Abacavir 

Another example of different focus and objectives are in the case of abacavir. The associated 

SNP associated with hypersensitivity to abacavir was not included in any of the suggested 

DNA tests of Lenngren. The reason for this was that the DNA test (testing of the whole allele) 

was already performed within the public health care and a SNP-test would therefore not be of 

interest for the doctors. But it was included in this master thesis since it was relevant for 

DNA-Guide to offer all available pharmacogenetic tests on the market (that are based on 

reliable scientific results). 

 

Advantages with individual DNA tests 

Since this master thesis was not limited to mainly focus on the CYP- enzymes a wider range 

of pharmacogenetic associations could candidate for a DNA test. The advantages of these 

DNA tests are that they are probably more relevant and interesting for the private customers. 

Instead of testing the response to several medicines at the same time the customer can choose 

to only DNA test the response to the drugs of interest. Another advantage is that it will be 

easier to both to update and include new pharmacogenetic tests. 

6.2 The DNA test for autosomal ancestry  

The algorithm described in the master thesis of Emma-Helen Schäfer (Schäfer, 2009) is a 

result of an attempt to replicate the original algorithm created by Asper Biotech. Therefore the 

description in the results of DNA test is not an exact description of the used algorithm, but is a 

good approximation of how the algorithm probably works. The description is likely to 

enhance the understanding of the limitations of the test. 
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7. Conclusions 

7.1 The pharmacogenetic tests 

Each DNA test for drug response that was created could offer a value for the interested 

customers, even in the cases where no recommendations could be made. The 

pharmacogenetic test for the asthma inhalers and antidepressants can offer an explanation to 

why the customer does not seem to get an effect from the medicine. The other tests for 

response to medicines against high cholesterol, high blood pressure and blood clots can reveal 

if the customer has higher risk for adverse effects. Even though no recommendation of how to 

avoid the adverse effects could be made it can still be of value for the client to be aware of the 

risk.  

 

In the future pharmacogenetic tests can be of interest for the doctors and the results can be 

considered when choosing an appropriate drug or dose. The DNA tests for response to 

warfarin and birth-control pills may already be of interest for the doctors. But more large 

studies are needed before it can become a reality for some of the other DNA tests. 

7.2 The DNA test for autosomal ancestry  

The update of the DNA test for autosomal ancestry resulted in a good approximation of the 

algorithm created by Asper Biotech and a description of how to interpret the results. This 

update will probably add value for the customer and help them to understand their results but 

also to understand the limitations with the test. 
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8. Recommendations for future work 

8.1 The pharmacogenetic tests 

The research is intense on some medicines and updates will be possible soon, probably in the 

end of 2010, of the DNA- tests created under this master thesis, but also new pharmacogenetic 

associations. As an example; a dose recommendation for clopidogrel could improve the test’s 

value for the customers.  

8.2 The DNA test for autosomal ancestry  

Today the autosomal DNA test at DNA-Guide results in a list of the population groups that 

the customer is the most alike. There are also so called admixture ancestry DNA test available 

on the international market. The results of these tests inform how large percentages of the 

client’s ancestry there are from a population group. Such an admixture DNA test may give 

more accessible information to the clients but also give the company an advantage of not 

being bound to their supplier’s ancestry DNA tests. Two articles are available that describe 

two algorithms which could perform such an ancestry DNA test. If it is possible to implement 

one of these algorithms and the necessary numbers of SNPs an admixture ancestry DNA test 

could be added in DNA-Guide’s product portfolio.  
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9. Glossary 

Word Definition 

Allele Possible variant of a gene (Roberts & 

McNally). 

Association Two characters (diseases, markers, alleles 

etc) that occur together non-randomly. In 

genetics it can be caused by linkage 

disequilibrium (Strachan & Read, Human 

Molecular Genetics 3, 2004). 

Cardiovascular events For example stroke, myocardial infarction or 

abnormal blood clots (Lentz) 

Clinical algorithm An algorithm that is based on clinical factors 

like weight, age, ethnicity and gender (The 

International Warfarin Pharmacogenetics 

Consortium, 2009). 

Defined Daily Dose (DDD) Defined daily dose for a drug is the presumed 

average dos per day for maintenance 

treatment when the drug is used for its main 

indication in an adult. (Läkemedelsverket) 

DNA microarray A technique used by DNA-Guide to test a 

person’s genotype on selected SNPs in the 

DNA. The technique involves a DNA chip 

which is constructed by an array of 

oligonucleotide sequences on a glass surface, 

to which DNA- fragments of the sample are 

allowed to hybridize. The person’s genotype 

is detected thru the emitted fluorescence from 

a flourophores tagged to the DNA. (Strachan 

& Read, Chapter six Hybridization assays 

using cloned target DNA and microarrays, 

2004) 

Drug metabolism Enzymes modification or degradation of 

drugs in specialized enzymatic systems. The 

rate of the drug metabolism is important to 

determine the duration or intensity of the 

drugs pharmacological effect in the body. 

(Daly, 2010) 

Drug response How a person or cell respond to a drug (Daly, 

2010). 

Gene A specific locus on the chromosomes 

(Roberts & McNally). 

Ischemic events Events that are caused by an obstruction of 

the flow of blood to an organ or tissue of the 

body. Ischemic events can for example be 

heart attack and stroke. (Ischaemia - A 

Dictionary of Phsychology)  
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Linkage disequilibrium (LD) A non-random association of alleles or SNPs. 

It can occur when for example alleles of 

SNPs are placed close to each other on a 

chromosome because recombination rarely 

happens in the sequence between them. 

(Daly, 2010) 

Myoglobin Myoglobin is a protein in the muscular of the 

skeleton and heart. The protein binds oxygen 

much harder than haemoglobin and is 

important for the muscles’ storage of oxygen. 

(Nationalencyklopedin) 

Neutropenia Extremely low levels of the most important 

type of white blood cells, neutrophils, in the 

blood (Daly, 2010). 

Percutaneous coronary intervention (PCI) Is performed to achieve revascularization of 

the myocardium in a patient. Involves balloon 

dilation and is usually accompanied by 

coronary stenting. (Antman, Selwyn, 

Braunwald, & Loscalzo) 

Pharmacogenetics The study of a gene’s or allele’s effect on a 

drugs metabolism or function. (Strachan & 

Read, Human Molecular Genetics 3, 2004) 

Single nucleotide polymorphism (SNP) SNP is a variation of one nucleotide position 

in the DNA (Nationalencyklopedin). 

Venous thromboembolism Describes deep vein thrombosis (i.e. blood 

clots in the deep veins of the body, like in 

legs or arms) and pulmonary embolism (i.e. 

blood clots that travel from one location 

further to the lungs and lodge there) (Varga, 

2007). 
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Appendix- List of SNPs used in the test 

 

DNA test RS-number Gene Allele 
Implemented 

on the chip? 

Clopidogrel 

rs4244285 

rs4986893 

rs28399504 

rs56337013 

rs72552267 

rs72558186 

rs41291556  

rs12248560 

CYPC19 

*2 

*3 

*4 

*5 

*6 

*7 

*8 

*17 

Yes 

Warfarin 

rs1799853 

rs1057910 

rs9923231 

CYPC9 

CYPC9 

VKORC1 

*2 

*3 

*2 

Yes 

Citalopram 
rs7997012 

rs1954787 

HTR2A 

GIRK4 

- 

- 
Yes 

Simvastatin rs4149056 SLCO1B1 *5/*15/*17 Yes 

Albuterol rs1042713 ADBR2 - Yes 

Salmeterol rs1042713 ADBR2 - Yes 

ACE-inhibitor rs4341 ACE - No 

Angiotensin-II-receptor blocker 
rs4341 

rs5186 

ACE 

AGTR1 

- 

- 

No 

Yes 

Birth-control pills 
rs6025 

rs1799963 

F5 

F2 
- Yes 

Abacavir rs2395029 HCP5 - Yes 

 


