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proteaasi-inhibiittoria. Serpina3 on yhdistetty moniin sairauksiin ja erityisesti muutokset sen ilmentymistasossa on liitetty
kasvaimen etenemiseen monissa syovissa, my0s rintasydvassa. Aikaisempi tutkimus kuitenkin esittaa, etta Serpina3 c.918-

1G>C variantti on rintasy6valle altistava Pohjois-Suomen vaestdssa.

Téassa pro gradu- tydssa tutkitaan tapaus-verrokkitutkimuksena Serpina3 ¢.918-1G>C variantin liittymista rintasydpaan Etela-
Suomen vaestdssa. Lisaksi Serpina3 ¢.918-1G>C muutoksen kantajien kasvaimen histologia ja solumarkkerit analysoitiin.
Tutkimuksessa kaytettiin rintasydpapotilailta kerattyda DNA:ta sekd DNA:ta veren luovuttajita ja biopankista.
RintasyOpapotilaat kattoivat seka familiaariset ettd valikoimattomat tapaukset. Serpina3 ¢.918-1G>C variantin esiintyvyytta
kartoitettiin genotyypittdmalla potilaat ja kontrollit. Genotyypitys tehtiin kayttamalla TagMan reaaliaikaista PCR:84 ja kantajat

varmistettiin Sanger sekvensoinnilla. Tilastollisia testeja kaytettiin aineiston analysoinnissa.

Tutkittua Serpina3 c.918-1G>C varianttia ei |6ydetty tilastollisesti merkittdvasti enemman (p>0.05) rintasyOpatapauksista kuin
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olivat HER2 negatiivisia ja kaikki paitsi yksi olivat sekd ER- ettd PR-positiivisia. Solun jakautumisen markkeriainetta, Ki-67,

I6ydettiin noin puolelta kantajista.

Yhteenvetona taman tutkimuksen perusteella voidaan esittda, ettd Serpina3 c.918-1G>C ei ole rintasyovalle altistava

geenimuutos ainakaan Etela-Suomen vaestossa.
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Breast cancer is the most prevalent cancer in women worldwide and in 2020 it was the fifth deadliest. In Finland 2019 more
than 5000 breast cancer cases were diagnosed, 94% in women and 6% in men. Until now, the high-risk breast cancer
susceptibility genes have been identified including BRCA1, BRCA2 and TP53 as well as many of the moderate risk genes.
Still, together all the identified genes explain only approximately half of the familial breast cancer cases. Furthermore, all the

known breast cancer susceptibility genes are linked to the DNA repair mechanism.

Serpina3 stands out as a non-DNA repair gene but as a gene that encodes a protease inhibitor which belongs to the serpin
superfamily. Serpina3 has been associated with various diseases before and especially changes in its expression levels are
linked to the tumor prognosis in many cancers including breast cancer. However, a previous study proposed that Serpina3

¢.918-1G>C is a susceptibility variant for breast cancer in the Northern Finland population.

This thesis a case-control study to investigate whether Serpina3 ¢.918-1G>C variant is associated with breast cancer in the
Southern Finland population. In addition, the tumor histology and cellular markers of Serpina3 ¢.918-1G>C carriers were
examined. This study utilized DNA collected from breast cancer patients as well as DNA from blood donors and healthy
biobank controls. Breast cancer patients included both familial and unselected cases. The prevalence of Serpina3 c.918-
1G<C variant was studied by genotyping the cases and controls. Genotyping was done by TagMan real-time PCR and

carriers were further confirmed by Sanger sequencing. Moreover, statistical tests were used in the data analyses.

The studied Serpina3 ¢.918-1G>C variant was not found to be significantly (p>0.05) enriched in the breast cancer cases.
The variant was found in 0.23 % of familial and 0.36 % of unselected cases, altogether in 0.28 % of all studied breast cancer
cases, the frequency in controls was 0.27 %. The tumor histology was found to be ductal in 73 % of the Serpina3 c.918-
1G>C variant carriers and only 9 % had lobular tumor. In other words, the tumor histology followed the usual distribution. All
the carriers had a HER2 negative tumor and all except one case were both ER and PR positive. About half of the carriers

expressed the cellular proliferation marker Ki67.

As a conclusion, the results from this study do not suggest Serpina3 c.918-1G>C as a breast cancer risk variant at least in

the Southern Finland population.
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Milli-Q purified water
Mammary stem cell
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SNP
TGF-B
N
TP53

Reactive center loop
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Transforming growth factor beta
Triple negative
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Cancer
Cancer epidemiology

Cancer is the number one worldwide cause of death in 2020 (WHO, 2020). It includes a large group
of diseases that can affect almost any part of the human body. Cancer is a result of a group of
abnormally proliferating cells which no longer follow the rules of normal tissue maintenance. Instead,
they learn to thrive with one focus: to develop more copies of themselves. Further, they have a
tendency to evolve to invade other body parts and to metastasise distant organs (Weinberg, 2014,
p.32). In 2020 cancer caused over 10 million deaths worldwide and most new cancer cases were
diagnosed as breast, lung and colon cancers. In general, one third of all deaths is caused by tobacco
use, obesity, low physical activity or alcohol use (WHO, 2020). In Finland, approximately 35000
people are diagnosed with cancer each year, the highest diagnostic rate being in lung and prostate
cancer in men and in breast cancer in women. However, over 90% of diagnosed cases are alive after

five years from primary diagnosis (Finnish Cancer registry, 2021).

Cancer biology and progression

Cancer is a multi-step disease or a family of diseases that affect higher multicellular organisms. In
general, cancer is defined as abnormal cell growth caused by a variety of changes in gene regulation
resulting in unbalanced cell proliferation and death, ultimately leading to a tissue invasion and

metastasis of distant organs (Weinberg, 2014).

Over one billion years of evolution multicellular organisms have developed an effective and
sophisticated control machinery, that tightly regulates cell proliferation inducing apoptosis to cells
that escape it. All cells in human body follow the highly regulated cell cycle which contains a growth
phase (G1), DNA synthesis (S), second growth phase (G2) and mitotic phase where cells divide
(Weinberg, 2014). For cells to escape the machinery spesific skills are required. For normal cells to
turn into a malignant cancer cell requires six hallmark capabilities, each one of them helping to shut
down or bypass the control mechanism. These hallmarks (Figure 1.) include self-sufficiency of
growth signals, insensitivity to anti-growth signals, evading cell death, limitless replication, enhanced

angiogenesis and ability to tissue invasion and metastasis (Weinberg et al. 2000).



Acquired growth signals was the first
discovered capability in cancer cells. When
normal cells are unable to proliferate without
these signals cancer cells instead produce their
own growth signals and are not dependent on
the stimulation coming from normal tissue. This
way they liberate themselves from exogenous
signals and create a positive feedback loop
called autocrine signaling. Moreover, cancer

cells have a tendency to overexpress the cell

surface receptors that transduce the signals into
the cell leading to hyperresponsiveness of
growth signals. Anti-growth signals are equally
important as growth signals to maintain tissue Figure 1. Here is presented the known six hallmarks of cancer.
Image: Weinberg et al. 2000

homeostasis. Anti-growth signals are mostly

soluble growth inhibitors and immobilized inhibitors on the cell surface. These signals operate with
the cell cycle clock and can stop cells from proliferating in two ways: to push them from G1 phase to
GO state, which is quiescent, or in the case of highly specific cells e.g., neuronal cells, they are pushed
to post mitotic state. In both scenarios the cells no longer proliferate. For cancer cells it is crucial to
evade these signals. Most cancers have mutations in retinoblastoma (RB) protein and p53 protein that
give the cancer cells the advantage to avoid the G1/S checkpoint and hence keep proliferating. In the
cell cycle RB transduces extracellular growth inhibition signals into the cell and is responsible for the
G1/S checkpoint. P53 instead receives input from inside the cell, determining if the genome of the

cell is intact enough for further steps; if not, p5S3 can induce apoptosis (Weinberg et al. 2000 and
Weinberg et al. 2011).

The third major hallmark of cancer cells is their ability to evade apoptosis. The apoptosis machinery
is roughly divided into two elements: sensors and effectors. Sensors monitor both intra- and
extracellular environment and effectors execute the apoptosis. The main strategy of cancer cells to
evade apoptosis is by mutating the 7P53 tumor suppressor gene. As mentioned in the previous
paragraph p53 can induce apoptosis in case of DNA damage or hyper proliferation. By eliminating
p53, cancer cells eliminate the crucial damage sensor (Weinberg et al. 2000 and Weinberg et al.

2011).



For cancer cells to be able to form a tumor they need to pass the replication barrier. When culturing
cells it can be noticed that in normal cells repeated replication cycles lead to senescence which is a
viable non-proliferating state. Tumor cells instead have the ability to replicate infinitively, and they
are not restricted by cell-cell contact inhibition like non-cancerous cells (Hartwell, 2014, p.632).
What gives cancer cells this advantage can be found in their telomeres. Telomeres are tandem
hexanucleotide repeats found in the end of chromosomes; in normal cells they shorten after every
replication until they fail to protect the chromosome’s end leading to apoptosis. Cancer cells express
high amount of the special DNA polymerase which adds repeats to the end of telomeres. By extending
the telomeres the cancer cell has the advantage to continue to replicate infinite number of times.
Despite the ability of a cancer cell to proliferate in high rate or replicate indefinitely to keep going, it
needs oxygen and nutrients just like normal cells (Weinberg et al. 2000 and 2011). The growing need
of oxygen and nutrition are fulfilled by tumor associated angiogenesis meaning the formation of new
blood vessels. In normal human adult the formation of new blood vessels is quiescent and only
activated in case of physical changes such as pregnancy. Cancer cells on the other hand have the
ability to keep the angiogenesis going in order to get enough nutrients (Nishida et al. 2006). When
cancer progresses a part of the primary tumor will invade tissues nearby as well as metastasize to
distant organs by circulation. Escaping the primary tumor site enables those cancer cells to find a new

location where there is plenty of nutrients and initially very little competition (Weinberg et al. 2010).

Cancer genes

All cancer cells contain several abnormal sets of chromosomes with translocations, deletions and
insertions causing genome instability. Genome instability is in most cases due to the deficiency of
DNA repair mechanism. In addition to genetic changes cancer cells go through epigenetic changes
like chromatin remodeling, DNA methylation and histone modifications which affect the gene
expression by either activating or silencing it without altering the DNA sequence (Strachan et al.
2015). Each individual cancer patient has a different set of mutations and epigenetic changes.
However, several cancer-critical genes have been identified. The cancer-critical genes are further
divided into two groups: oncogenes and tumor suppressor genes depending on whether they drive

cancer progression by gain- or loss of function mutation (Alberts et al. 2008).

Oncogenes are mutated genes that act in a dominant way in cancer, since the effect is dominant only

one mutated allele is sufficient to cause cancer phenotype or progression. Before mutation oncogenes



are called proto-oncogenes which typically encode proteins for cell cycle. In normal cell proto-
oncogenes keep the cell cycle going further and help for its progression. When a proto-oncogene is
mutated and turns into an oncogene the cell cycle progression is accelerated (Strachan et al. 2015).
This is due to the mutation causing an increase in the gene expression causing the cell to complete
more mitotic cycles than normally. This is called a dominant gain-of-function mutation. The
underlying mechanism in conversion from proto-oncogene to oncogene can include the following:
point mutation, insertion or deletion and translocation as well as gene amplification that results in
extra chromosomal copy of the proto-oncogene. The most common proto-oncogenes are Ras which
encodes an intracellular protein, c-4bl fused with bcr gene which together encode a hybrid protein

and EGFR which encodes a transmembrane receptor (Hartwell et al. 2015).

Tumor suppressor genes instead act in recessive way in cancer progression i.e., both copies in a cell
need to be mutated to cause an abnormal cancerous phenotype. Typically, these mutations are either
point mutations or small deletions (Alberts et al. 2008, p.1109). Two normal copies of a tumor
suppressor gene encode a protein which serve as protector against genome instability or slows down
the cell cycle progression. Mutations in tumor suppressor genes are loss of function mutation resulting
in faster proliferating cell and higher mutation accumulation rate. The two most known tumor
suppressor genes are RBI and TP53 which both act on cell division and cell death (Hartwell et al.
2015, p. 648). Further, tumor suppressor genes can be divided into two subgroups: gatekeepers and
caretakers (Levitt et al. 2002). Gatekeepers are genes that act directly as rate limiters for tumor growth
by regulating cell proliferation or death. Caretakers on the other hand act on tumor initiation indirectly
by maintaining genome stability. A mutated caretaker gene promotes genetic instabilities and
accelerate the normal cell to neoplastic cell conversion. The previously mentioned RB/ is an example
of gatekeeper gene and the breast cancer genes BRCAI and BRCA?2 that function in DNA repair are
examples of caretaker genes (Kinzler et al. 1997 and Levitt et al. 2002).

Cancer starts by a single somatic or inherited mutation that gives the cell for example a growth
advantage or disturbs its DNA repair system. A second mutation in another key gene followed up by
more mutations (preferably 6-12) creates a malignant cancer cell. This one malignant cell serves as
progenitor for the cancer cell lineage (Hartwell et al. 2015). The mutations which give cells a growth
advantage are called driver mutations and result from positive selection in the cancer evolution.
These mutations are usually behind the proto-oncogene to oncogene switch. The rest of the mutations
which do not contribute to the development of the cancer but are harbored by the progenitor of cancer

cell clones are called passenger mutations (Stratton et al. 2009).



Hereditary cancer susceptibility

In most cases cancer results from several somatic mutations acquired by time, however a small
proportion (5-10%) is due to inherited germline mutation. Inherited germline mutation does not
directly mean that the person will have cancer, but it increases the risk of a tumor formation. These
inherited mutations are mostly in tumor suppressor genes and can be found either in gatekeepers or
caretakers (Negrini. 2010). Gatekeeper genes with one inherited mutation need only one additional
somatic mutation to result in the loss of function of the gene and to initiate tumor formation. This is
Knudson’s two hit theory and based on that individuals who inherit one mutated gatekeeper gene
have higher risk (>10%) to form cancer than individuals who need two somatic mutations (Knudson.
2011). On the other hand, inherited mutated caretaker gene which have indirect effect on tumor
progression requires tree additional mutations: mutated second caretaker allele as well as both
mutated gatekeeper alleles. This leads to 5-50-fold increase compared to non-inherited cases (Kinzler

etal. 1997).

It has been proposed that most of the inherited germline mutations are on the caretaker genes and that
hereditary cancer evolves from genomic instability (Kinzler et al. 1997 and Negrini et al. 2010).
Moreover, genomic instability in hereditary cancers further drives the accumulation of key mutations
in oncogenes and tumor suppressor genes enhancing the acquisition of other hallmarks of cancer. As
a comparison the general theory presents that in sporadic cancers the first mutation would rather
happen in oncogenes favoring the activation of growth signals which would lead to accelerated
proliferation and further to DNA damage and genomic instability (Negrini et al. 2010). In general,
sporadic cancer rarely results from mutated caretaker gene since it would require altogether four

mutation: both caretaker alleles and both gatekeeper alleles (Kinzler et al. 1997).

In sporadic cancer and hereditary cancer several differences can be spotted including patient’s young
age, several sick relatives (often expressing more than one type of cancer) and finding two or more
primary tumors in the same person. However, in some cases the inherited susceptibility can be
difficult to determinate for example when a mutation BRCAI or BRCA2 breast cancer gene is
inherited through the males in the family. All of the known germline mutations have dominant
inheritance pattern and show partial penetrance. Partial penetrance means that not all carriers get
cancer, but that it requires harboring other additional key somatic mutations as well (Lddketieteellinen

genetiikka, 2016).



Several genes have been linked to hereditary cancers. The most well-known ones are BRCAI and
BRCA2 which are breast cancer susceptibility genes. Another well-known hereditary cancer linked
genes are MLHI and MSH2 which are both found in Lynch syndrome and which participate in
mismatch repair (Negrini et al. 2010 and Strachan et al. 2015, p.397).



Breast cancer
Breast cancer epidemiology

In 2020 over two million new breast cancer cases were diagnosed making breast cancer the most
common cancer (11,7%) worldwide and fifth most deadly. Breast cancer is mostly found in women,
but it can affect men as well although it is very rare (0,5-1% of all the cases) (Global cancer
observatory, 2020). In Finland in 2019 more than 5000 new cases were diagnosed. The overall
prognosis of breast cancer cases between 2017-2019 was high with 91 % survival rate. The survival

rate was measured five years after initial diagnosis (Finnish cancer registry, 2019).

Breast cancer biology

Mammary gland is built of two components: parenchyma and stroma

(figure 2). Parenchyma is a glandular tissue that consists of lobules Pectoralis Major

and ducts, lobules function as milk storage and ducts as tubes when Pectoralis Minor

milk is transported to the nipple. Stroma is the supportive tissue

Lobules

around parenchyma and in mammary gland it is mostly composed of
. . . AL ‘\ ( Ducts
adipose tissue but also of extracellular matrix (ECM), blood vessels ay W Arcola
and fibroblasts (Wiseman et al., 2002). )f§ \Nipple

The human mammary gland originates during embryonic
development and is built of epithelial tubes with a branched network
type of structure embedded within a stroma (Huebner et al., 2014).

During development, the mammary gland experiences a series of Figure 2. Representative picture of

human mammary gland and its anatomy.

changes in its shape, size, and function which are strongly associated )
All the main structures of the breast are

with the following key developmental time points: puberty, pregnancy shown. Picture: Feng et al. 2018)
and lactation. In order to undergo the needed morphological changes,
the mammary glands are highly responsive to hormone signaling (Feng

etal., 2018).

Two different theories of breast cancer formation have been proposed: sporadic clonal theory and
breast cancer stem cell (BCSC) theory. The sporadic clonal theory suggests that any epithelial breast
cell might be the target of epigenetic changes or random mutations and that the cell with an

advantageous mutation will thrive due to natural selection (Bombonati et al., 2010). The breast cancer



stem cell theory on the other hand suggests that cancer initiates from a small population of
undifferentiated cells, for instance mammary stem cells (MSC) or progenitor cells (Sin et al., 2017).
This theory is supported by the similar phenotypic features of MSC and BCSC, similar cellular
markers and a long-life span and thus enough time to accumulate multiple genetic alterations. MSC
and BSCS also share the important ability to self-renewal and differentiation (Reyay et al., 2001 and
Smalley et al., 2003). Furthermore, a study where human breast cancer cells were grown in
immunocompromised mice revealed that only cancer cell population expressing spesific cellular
markers (CD44"/CD24"°V/lineage’) were able to form tumors. Tumors initiated from this cell
population were heterogenic and contained a large diversity of different cell types. Interestingly, the
key features of this cell population, for instance self-renewal and differentiation, are the same as those

in MSC which further supports the BSCS theory (Al-Hajj et al., 2003).

Breast cancer subtypes

Breast cancer is a heterogeneous disease as it can present in any part of the mammary gland. The
broadest classification of breast cancer is based on the affected cell type being either carcinoma or
sarcoma. Carcinoma originates from the epithelial cells (e.g., ducts and lobules) and sarcoma from

stromal components which makes it a much rarer breast cancer type (Schatten, 2013).

Carcinomas are divided into non-invasive and invasive breast cancer. The non-invasive ductal
carcinoma in situ (DCIS) is one of the most common types of breast cancer. DCIS originates inside
the ducts and it has a high potential to develop into an invasive breast cancer (Breastcancer, 2020).
The other non-invasive breast cancer is lobular carcinoma in situ (LCIS). In LCIS, abnormal cells are
growing on the lining of the lobules without spreading further to the lobules. LCIS is not classified
as a breast cancer but it increases the risk of invasive breast cancer development later on. Invasive
breast cancer has the characteristic ability to spread outside of lobules and ducts and evade the outer
tissue. The group is divided into two: invasive ductal carcinoma (IDC) and invasive lobular
carcinoma (ILC). IDC is the most common breast cancer type covering up to 80% of all diagnosed
cases. IDC originates from the ducts and it consists of a few distinguishable subtypes such as for
instance medullary carcinoma, mucinous carcinoma, tubular carcinoma and papillary carcinoma
(Feng et al., 2018 and Schatten, 2013). ILC instead develops from the lobules in the mammary gland
and is the second most common breast cancer type (15%) and is usually found in women over 60

years (Orvieto et al., 2008).



Lobular and ductal carcinomas are separated by the location of the tumor and further divided into
more spesific molecular subtypes. The main molecular subtypes are Luminal A breast cancer,
Luminal B breast cancer, HER2 enriched breast cancer and triple negative breast cancer (Prat et al.
2015). The difference is based on the distinct biomarker expression of estrogen receptor (ER),
progesterone receptor (PR), growth hormone marker (HER2) as well as proliferation marker (Ki-67)
(Table 1). These biomarkers are relevant because their existence/absence guide the chemotherapy
response as well as prognosis in patient with hormone receptor positive tumor (Colomer et al., 2017).
The luminal A breast cancer is hormone receptor positive (ER and PR) and has the highest prevalence
as well as the best prognosis. The 5-year survival rate is approximately 85 %. Luminal B instead has
lower prevalence and an intermediate prognosis, the 5-year survival rate is roughly 80 %. The main
difference between Luminal A and B is that type B expresses high levels of proliferation marker Ki-
67. The Her2 subtype has a poor prognosis due to its negative characteristic to the hormone receptors
however, it is positive for the growth hormone marker HER2. Triple negative breast cancer is more
prevalent in younger women and slightly more common than the HER2 subtype. TN breast cancer
also has the poorest prognosis out of all the subtypes. Poor prognosis results from the complete lack
of the biomarkers which makes the tumor unsensitive to the endocrine therapy as well as HER2

treatment. (Eroles et al., 2011 and Feng et al., 2018).

Table 1. Here, the different subtypes, molecular profiles, prevalence and prognosis of breast cancer are categorizer

Subtypes Molecular Profile Prevalence Prognosis
Luminal A ER+, PR+, HER-, Low Ki-67 60-70 % Good
Luminal B ER+, PR+, HER+/-, High Ki-67 10-20% Intermediate
HER2 ER-, PR-, HER+ 5-15% Poor

Triple Negative ER-, PR-, HER- 15-20% Poor

Clinically, breast cancer is also evaluated based on TNM system (tumor size, spreading to the lymph
nodes and metastasis). Based on this system breast cancer is divided into different stages (-0, I, 11,
II1, IV) the stage 0 represents a small tumor which has not spread to the lymph nodes or metastasized.
The stage IV however means large, already metastasized tumor. This way the TNM system also

correlates with the survival of the patients (Kalli et al., 2018 and Cancer Society of Finland).
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Inheritance of breast cancer

Most of the breast cancer cases (80%) are sporadic which means that they arise spontaneously due to
somatic mutations. The rest (15-20%) of all breast cancer cases are familial. In general, familial cases
have at least one first- or second degree relative with breast cancer, the more relatives with the disease
the higher the individual’s risk becomes (Wendt et al., 2019). The most important high risk breast
cancer susceptibility genes are BRCAI, BRCA2, TP53 and PTEN. The heritance of high-risk genes
e.g., BRCAI and BRCA?2 increases the risk to develop other cancers for example ovarian and prostate
cancer (Jonsson et al., 2019). In familial cases, the individual is usually diagnosed at a younger age

and the chance for bilateral breast cancer is greater than in sporadic cases (Wendt et al., 2019).

Breast cancer susceptibility genes

3.1 High risk breast cancer susceptibility genes

BRCAI and BRCA?2 are the most prevalent familial breast cancer genes. BRCA [ and BRCA?2 are tumor
suppressor genes with wide involvement in DNA repair system, genome instability and checkpoint
control. Both breast cancer susceptibility genes were discovered almost at the same time, BRCA in
1994 and BRCA2 in 1995. BRCAI is located in chromosome 17q21 and BRCA2 in chromosome
13q12.3. Up until now, over 1500 dominantly inherited mutations in BRCA1/BRCA2 have been
found and associated with cancer (Rebbeck et al., 2018 and Abu-Helalah et al., 2020). High number
of the BRCAI and BRCA? alleles have loss of function mutations of which the majority leads to a
truncated protein. (Yoshida et al., 2004).

Together BRCA1 and BRCA2 are responsible for approximately 20-40% of all the familial breast
cancer cases and the estimated cumulative risk to develop breast cancer by the age of 80 is 72% for
BRCAI and 69% for BRCA2 (Coignard et al., 2021). In addition, the BRCAI or BRCA2 mutation
carriers have roughly 11-fold increased relative risk to develop breast cancer when compared to
general population (Easton et al., 2015). The prevalence of BRCAI and BRCA2 mutations varies
depending on the population. In Finland the BRCA1/BRCA2 mutations are found in 21% of familial
breast cancer cases. (Vehmanen et al., 1997 and Eerola et al., 2000). In males, the mutations in BRCA 1
gene are rarely responsible of breast cancer, however, mutations in BRCA2 gene are found in 8% of

all male breast cancer cases and in 44% of the familial cases in Finland (Syrjdkoski et al., 2014).
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The histopathology of BRCAI and BRCA2 associated breast cancer show different characteristics.
Individuals with BRCAI tumors are usually diagnosed with grade tree ductal carcinomas (74%) or
with medullary subtype features such as high mitotic count. In addition, BRCA tumors are associated
with early onset triple negative breast cancer. BRCA2 tumors show less distinguishable
characteristics, often resembling sporadic tumors. Nevertheless, BRCA2 tumors are more likely to

have a high grade and reduced tubular formation (Spurdle et al., 2014 and Honrado et al., 2006).

Germline mutation in 7P53 has been found to be strongly associated with a rare hereditary autosomal
dominant disorder called Li-Fraumeni syndrome (LFS) (Wendt et al., 2019). Individuals with LFS
have a very high risk for breast cancer, leukemia, osteosarcoma and tissue sarcoma. The risk for
women is nearly 100% and for males approximately 75%. Breast cancer is the most common tumor
among LFS patients carrying 7P53 mutations and the risk by the age of 60 in women is as high as
85%. The median age for breast cancer onset is 34 years (Schon et al., 2018). In breast cancer patients
the mutations in 7P53 are associated with poor prognosis and most of the tumors are either TN or

HER?2 positive (Huszno et al., 2018).

PTEN gene encodes a phosphatase involved in P13K/AKT-mTOR intracellular signalling pathway
that regulates the cell cycle, PTEN is also classified as a tumor suppressor gene (Wendt et al., 2019).
Mutations in PTEN are linked to PTEN Hamartoma Tumor syndrome that includes a spectrum of
heritable disorders: Cowden syndrome (CS), Proteus and Proteus-like syndrome, and Bannayan-
Riley-Ruvalcaba syndrome. CS is caused by a germline mutation in PTEN inherited in an autosomal
dominant manner (Ngeow et al., 2017). Patients with CS have 67 to 77% increased cumulative risk
to develop breast cancer by the age of 60. In contrast, in the general population, the risk to develop
breast cancer is 12% (Bubien et al., 2013, Niuwenhuis et al., 2014). A meta-analysis study (Li et al.,
2017) discovered that breast cancer patients with the loss of PTEN in the tumor had also often lymph

node metastasis, larger tumor size and were diagnosed with triple negative breast cancer.

3.2 Moderate risk breast cancer genes

The moderate-risk variants possess a relative risk of 2-4 to develop breast cancer, with minor allele
frequency 0.005-0.01 (Figure 3). The first identified moderate risk breast cancer gene was CHEK?2.
CHEK? encodes checkpoint kinase 2 which is involved in cell cycle arrest, DNA repair and apoptosis,

in addition it phosphorylates other tumor suppressor genes for instance 7P53 and BRCAIl. CHEK? is
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a tumor suppressor gene, and it was first discovered in LFS patients, its protein-truncating mutation
c.1100delC has been later associated with increased breast cancer risk in familial patients. The breast
cancer risk is approximately three-fold higher among patients with family history, and the cumulative
risk to develop a breast cancer by the age of 70 is 37% (Weischer., 2007). In Finland, 12.1 % of the
CHEK2 mutation carriers were also associated with bilateral breast cancer (Vahteristo et al., 2002).
Similar results were found later in the Italian population where 41.2% of the CHEK2 mutations
carriers were associated with a high rate of bilateral breast cancer. Moreover, majority of the tumors

were found to be luminal A (Toss et al., 2021).

PALB?2 gene encodes a protein known as partner and localizer of BRCA2 that functions in genome
maintenance by interacting with BRC2. PALB? is also associated with breast cancer. In Finland, the
variant ¢.1592delT is found in 1% of the breast cancer cases causing a four-fold increased risk to
develop breast cancer (Erkko et al., 2007). In a meta-analysis the relative risk for PALB2 mutation
carriers was revealed to be 5.3. Furthermore, the risk to develop breast cancer by the age of 70 is 33%
for female PALB2 mutation carriers with no family history and 58% with family history (Antoniou
et al., 2014 and Wendt et al., 2019).

The ATM gene encodes a protein serine/threonine kinase that functions in DNA repair, cell growth
control and phosphorylation of other proteins such as BRCA1, TP53 and CHEK?2. Several biallelic
mutations found in Finland in ATM gene are associated with autosomal recessive disease ataxia-
telangiectasia (AT) and sensitivity to ionizing radiation (Allinen et al., 2002). Heterozygote mutations
in ATM gene are also associated with breast cancer (Renwick et al., 2006). Familial breast cancer
patients heterozygous for the 47M mutations were found to develop breast cancer with threefold
increased risk compared to the general population. In addition, A TM mutation carriers were also found
to be associated with bilateral breast cancer (26.3 %) and the most common tumor type was luminal

B/HER2 negative (Toss et al., 2021).

Other moderate breast cancer susceptibility genes are BARDI, RAD51C, RAD51D and FANCM.
According to recent studies the tree former genes are especially highly associated with triple negative
breast cancer. The increased risk to TN breast cancer for BARDI is 5.92-8.15, for RAD51D: 6.97-
7.35 and for RADS51C: 2.64-5.25 (Shimelis et al., 2018 and Breast Cancer Association Consortium,
2021). FANCM has also been suggested to associate with triple negative breast cancer. Studies made
in Finland have shown an increased association of two FANCM variants (¢.5101C>T and

c.5791C>T) with TN breast cancer. The combined analysis of ¢.5101C>T and ¢.5791C>T variants
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suggested a tree fold increased breast cancer risk in the TN subgroup (Kiiski et al., 2014 and Kiiski
et al., 2017). However, the precise, mutation specific risks remain to be established. In the recent
breast cancer association consortium study FANCM mutations showed also some association with

ER negative breast cancer (Breast Cancer Association Consortium, 2021).

3.3 Low penetrance breast cancer variants

The low penetrance variants associated with breast cancer are usually SNPs with minor allele
frequency >0.05 and relative risk below 1.5 (Figure 3) (Wendt et al., 2019). The low penetrance
variants are identified in genome-wide association studies (GWAS) where DNA from large set of
breast cancer patients is compared to healthy individuals. Many of the already found SNPs function
in breast cancer cell growth, mammary gland development and DNA repair (Ghoussaini et al., 2012).
In total, it has been calculated that all low penetrance variants account for 18 % of familial relative

breast cancer risk (Michailidou et al., 2017).

20.0—
Rare, high-penetrance cancer
susceptibility genes (e.g. TP53, PTEN,
10.0 BRCA1, BRCA2, MLH1 and MSH2)

Uncommon, moderate-penetrance
cancer susceptibility genes (e.g. ATM,
CHEK2, BRIP1 and PALB2)

Relative risk
(U]
o
1

Common,
low-penetrance
risk alleles

1.0

[
0 0.1 0.25 0.5
Population frequency

Figure 3. The picture shows the relative risk and population frequency for the tree breast
cancer gene-categories. The high-risk genes are illustrated as green and have high relative risk.
In red is marked the moderate genes with relative risk between 2-4 and on blue the low
penetrance variants. Picture: Sud et al., 2017
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Finnish founder mutations

Finland is an isolated population with a unique genetic background shaped by small population size
and bottlenecks. The population is more homogeneous than many other populations and is hence
enriched for some disease-causing variants while others have disappeared (Kééridinen et al. 2017).
The separately expanded Western and Eastern populations in Finland harbour rare deleterious
variants alleles which show 20-times increased frequency when compared to other countries (Locke
et al. 2019). Moreover, recent fine-scale mapping of population of Finland revealed genetic
subgrouping throughout the whole country proposing strong genetic differences defined by region.
The regional differences showed concordance with Finland’s population history (Kerminen et al.

2017).

Only a handful of Finnish founder mutations in breast cancer susceptibility genes (BRCA1/2, CHEK?2
and PALB?2) have been found. Several mutations in BRCAI and BRCA2 genes have been identified
but only few are exclusive to Finland. Moreover, in Finland the BRCA1 and BRCA2 mutations show
variation in allele frequencies between different subpopulations due to the geographical clustering of
the founder mutations. One of the unique Finnish founder mutations is the ¢.4097-2A>G variant in
BRCAI gene which originates from the Ostrobothnia/Central Finland region and is the most common
BRCAI variant in the country. In BRCA2 gene the variant c¢.7480C>T is unique for Finnish
population. However, the most prevalent BRCA2 variant ¢.771_775delTCAAA is also found in high

frequencies in Iceland (Sarantaus et al. 2000).

In PALB2 gene the c.1592delT variant has been identified as Finnish founder mutation. The one
nucleotide deletion forms a premature stop codon which leads to a greatly increased breast cancer
risk, more specifically a tenfold increased risk in familial cases and fourfold in unselected cases. The
PALB?2 c.1592delT variant explains roughly 1% of unselected breast cancer cases in Finland when in
comparison BRCAI1/2 together explain around 1,8% (Erkko et al. 2007). The CHEK? variant
c.1100delC is a frameshift mutation which is most frequently found in Finland and Netherlands. In
Finland a heterozygous mutation of c.1100delC is associated with a roughly four-fold increased breast

cancer risk in both females and males (Hallamies et al. 2017 and Vahteristo et al. 2002).
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Serpina3

Serpina3 (Serpin peptidase inhibitor A member 3) protein is also known as al-antichemotrypsin
(ACT) and belongs to the serpin superfamily and functions as serpin protease inhibitor (Kelly-
Robinson et al. 2021). Serpina3 is located on a g-arm of chromosome 14 more specifically at 14q32.1
and it is part of the serpin gene cluster. Serpina3 acts as acute-phase protein during inflammation and
its expression has been linked to several human diseases including Alzheimer’s disease and cystic
fibrosis as well as liver, prostate and colon cancers (Baker et al. 2007). Moreover, several studies
suggest an association between single nucleotide polymorphisms (SNPs) in Serpina3 gene and altered
gene expression, possibly contributing to a disease. (Chelbi et al. 2011). SERPINA ¢.918-1G>C
germ line variant has been suggested as a breast cancer susceptibility allele in a study from Northern
Finland (Koivuluoma et al., 2020). In this thesis a link between Serpina3 ¢.918-1G>C and breast
cancer risk is studied in a larger case-control study in Southern Finland population to screen the

prevalence of the variant among breast cancer patients and controls.

Structure

Serpina3 has a typical serpin structure: three beta sheets, eight alpha helixes and active site with
reactive center loop (RCL) located on the top of the protein structure (Sanrattana et al. 2019). The
reactive loop is critical for Serpina3 activity and even one nucleotide changes are known to affect its
function (Sanchez-Navarro et al., 2021). Serpina3 keeps the native conformation until a serine
protease binds to the RCL triggering dramatic changes in the serpin structure. The serine protease
binding can induce two scenarios: Serpina3 to rapidly insert its RCL into the enzyme’s body as
antiparallel beta sheet while covalently attaching protease to itself or, if RCL insertion process is
slow, the protease detaches resulting in an inactive Serpina3 protein and still active protease. The
covalently bound protease-Serpin complex is further removed from the plasma by the liver. Both of
these cases cause irreversible inhibition, meaning that Serpina3 is no longer able to inhibit other serine

proteases due to the large conformational change which cause disruption of the protease active site.
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Figure 4. Serpina3 inhibition function illustrated. In B, Serpina3 is in the native conformation. In C, the substrate is binding to the RCL.
In D, the protease is covalently linked (inhibited) into Serpina3 protein after a rapid structural change. In E, the process of inserting RCL
into the enzyme to inhibit protease has been slow resulting detachment of the protease and an inactive Serpina3 protein.

In addition, Serpina3 has DNA binding activity which is known to be separate from its protease
inhibition activity, this character is unique and not found from other serpins. However, so far it is
unknown how Serpina3 utilizes the DNA binding ability (Kelly-Robinson et al. 2021 and Baker et
al. 2007).

Cellular Function

Serpina3 is part of the serpin superfamily containing roughly 37 different serine protease inhibitors
which all have a nucleophilic serine in the active site. The encoded Serpina3 protein is secreted into
the circulation by liver where it functions as acute-phase protein inhibiting serine proteases during
both chronic and acute inflammation. As acute-phase protein Serpina3 has several roles in
maintaining body homeostasis; it regulates a variety of biological processes including wound healing,
coagulation and inflammation (Fig. 5). Protease targets for Serpina3 are mast cell chymase, pancreatic
chymotrypsin and human glandular kallikrein 2 and 3 which are prostate spesific antigens. However,
the main inhibitory target is Cathepsin G which is a pro-inflammatory enzyme produced by

neutrophils (Baker et al. 2007).

SERPINA3 PROTEIN

Mast cell Neutrophil Pancreatic Grandular
Chymases Cathepsin G Chemotrypsin Kallikrein

Figure 5. Here is a summary of Serpina3 main cellular function. Serpina3 regulates mast cell chymase, Cathepsin
G, pancreatic chymotrypsin and grandular kallikrein. From these the red circled Cathepsin G is the main cellular
target.

Cathepsin G is released at the inflammation site and it participates for instance in wound repair by
activating matrix metallopeptidase (MMP-9) which degrades ECM as well as release growth factors
(Wilson et al. 2009). Additionally, MMP-9 is capable of activating latent TGF-B (transforming
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growth factor beta) which is a key player in breast cancer metastasis (Moore-Smith et al. 2017).
Cathepsin G directly interacts with protease-activated receptor (PAR4) on the surface of platelets
inducing aggregation and by recruiting more neutrophils at the site. Moreover, Cathepsin G possesses
a role in pathogen degradation, and it has a pro-apoptotic activity (Siming et al. 2018 and Meyer-
Hoffert et al. 2005). Based on these by regulating Cathepsin G Serpina3 plays a role in apoptosis,

downregulation of inflammation, coagulation and ECM remodeling.

Link to human diseases

Serpina3 has a wide range of functions in the cell and its normal activity is important. Imbalance in
equilibrium between Serpina3 and target proteases has the potential to lead to a disease. Mutations
causing the deficiency of Serpina3 result in excess of target proteases effecting downstream
pathways. On the other hand, Serpina3 overexpression leads to over-inhibition of target proteases
which disturbs the cellular downstream pathways. So far, Serpina3 has been linked to many cancers
and its role has been studied from many different aspects. The most studied features are Serpina3

expression levels in different tumors as well as its SNPs. (Baker et al. 2007)

Several papers indicate that Serpina3 expression levels correlate with tumor prognosis and metastasis.
Overexpression of Serpina3 has been detected for example in endometrial, colon, breast and placental
tumor cells. However, the literature shows inconsistent and contradictory results about the effect of
Serpina3 expression levels in tumor prognosis (Zhou et al. 2019). Recently, a study of colon cancer
reported that high level of Serpina3 is linked to clinicopathological features and correlates to
migration and invasiveness of cancer cells promoting metastasis (Cao et al. 2018). Similar evidence
was shown in a study about triple negative breast cancer where highly expressed Serpina3 was
associated with earlier relapse and poorer prognosis. The study was based on TGF-B derived
signature (Katayama et al. 2018). On the other hand, a study about invasive breast cancer proposed
that the mRNA levels of Serpina3 could be used as a marker of good prognosis. The study provided
evidence that the higher expression levels are linked to better survival in patients with HR+ or PR+

breast cancer (Yamamura et al. 2004).

Effects of SNPs on Serpina3 function has been studied as well, but not as much as its expression
levels. SNPs on Serpina3 gene have been linked to a placental disease, skin pustules and Alzheimer.
It has been shown that a SNP in the Serpina3 promoter region (rs1884082) corresponds clearly to the

basal expression level of the gene which is two times higher with TT genotype compared to GT.
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Further, the genotype TT was linked to an incidence of vascular intrauterine growth restriction
(IUGR) in pregnant women (Chelbi et al. 2011). Previously, two SNPs on Serpina3 (rs373526796
and rs771543687) have been identified which both leads to a premature stop codon formation and
lower levels of Serpina3. A clinical case study by Kantaputra et al., linked the lower expression levels
of Serpina3 to skin pustule formation and study by Frey et al., connected the lowered expression to
general pustular psoriasis (Frey et al. 2020 and Kantaputra et al., 2021). Furthermore, extensive
studies in Alzheimer disease have suggested that expression pattern of several SNPs should be studied

to provide a clear proof of Serpina3 role in disease formation (Baker et al. 2007).

Serpina ¢.918-1G>C variant

The studied Serpina3 ¢.918-1G>C SNP variant shuts down the valid splice acceptor of exon 4 and is
predicted to form a new one right next to the original one (Fig 6). The one nucleotide change from G
to C results in total of two nucleotide deletion and a frameshift mutation leading to a premature stop
codon (p.Arg306ArgfsTer3). Premature stop codon appears before the RCL sequence which lead to
the conclusion that the Serpina3 with ¢.918-1G>C variant does not have the RCL and thus cannot

participate in serpin protease inhibition (Koivuluoma et al. 2020).

Wild type Serpina3

DNA sequence without any mutation
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Figure 6. A comparison of wild type Serpina3 DNA sequence (upper) and a
Serpina3 ¢.918-1G>C SNP variant with new predicted splice site(lower).
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Aims of the study

This study has two main aims.

1. To investigate whether Serpina3 ¢.918-1G>C variant is associated with breast cancer in
patient series collected from Helsinki region. The analysis is done by genotyping the DNA
from patients as well as from population controls for the variant. Results are further examined

in contrast to previous studies concerning Serpina3 ¢.918-1G>C (Koivuluoma et al. 2020)

2. To examine tumor histology and cellular markers of Serpina3 ¢.918-1G>C variant carriers.
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Materials and methods

Patient series

The putative new breast cancer variant Serpina3 c.918-1G>C was studied by genotyping germline
DNA samples from Finnish familial and unselected breast cancer patients as well as from population
controls. In total in this study 3399 breast cancer patients were screened for the variant and 3168
population controls (Table 2). In the unselected series only patients with invasive breast cancer were
included into the analysis and in familial series patients with invasive breast cancer and patients with
in situ breast cancer was included. Information of histological analysis was collected from pathology

reports.

Table 2. Table shows the overall number of breast cancer patients and healthy population controls genotyped in this study.

Study cohort N (breast cancer) N (controls)

Helsinki 3399 3168

Unselected series

In the unselected cohort the patients are newly diagnosed and not selected based on the diagnosis age
or family history. The unselected patients belong to tree separate cohorts. These cohorts are collected
in Helsinki at the Department of Oncology (1997-1998 and 2000), the Department of Surgery (2001-
2004) and the Breast Surgery Unit (2006-2010) (Syrjékoski et al. 2000, Fagerholm et al., 2008 and
Kaunisto et al., 2013). In total 2513 unselected patients were included to this study. Part of the patients
(N=380) included to the unselected cohort have family history with breast or ovarian cancer and are

also included into the familial cohort.

Familial Series

Patients included to the familial series were collected in Helsinki University Central Hospital at the
Departments of Oncology and Clinical genetics until 2015 (Eerola et al., 2000 and Vahteristo et al.,
2001). Additionally, 380 familial cases from the unselected series were included. In total 1259
familial patients were included in this study. The familial patient series included families with at least

three breast or ovarian cancer cases in the first- or second-degree relatives or patients with one first
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degree relative diagnosed with breast or ovarian cancer. In this study all patients with familial

background are pooled together.

Control series

The control samples have been collected as two separate series. First collected samples are healthy
blood donors from Helsinki region collected by SPR (N=1271) and later collected controls are cancer
free population controls from Helsinki Biobank (N=1897). All genotyped controls are healthy

females.

Ethical statement

The study was approved by the Ethics committee of the Helsinki University Hospital and informed
consent was obtained from all patients. In this study all patient samples and data have been handled

anonymously.
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TaqMan genotyping

TagMan genotyping detects spesific variants in the genome, in this case single nucleotide
polymorphism (SNP) of Serpina3 ¢.918-1G>C variant. The method was used to screen all breast

cancer patients as well as population controls for the ¢.918-1G<C variation.

The TagMan assay includes an unlabeled PCR primer pair, custom made allele specific TagMan
probes with either VIC or FAM dye in the 5’ end (Table 5) and nonfluorescence quencher with minor

groove binder on the 3’ end.

In the real time PCR, the double stranded template DNA is first denaturized allowing the correct
custom-made probe with complementary nucleotide to the SNP to hybridize with the template. At
this state, the quencher molecule keeps the fluorescent dye inactive. During PCR the unlabeled PCR
primer pairs anneal to the spesific locus of the genomic template DNA and are expanded by Taq
polymerase. The assay is based on the 5’ end nuclease activity of the Taq polymerase. When
polymerase reaches the probe hybridized with spesific target allele, the polymerase cleaves the dye
molecule. Dye molecule released from the quencher generates a fluorescence signal which is detected
by the qPCR machine. Each cycle of qPCR enhances exponentially the fluorescence signal. The
fluorescence signal is determinated for each sample resulting in robust allelic discrimination and

allowing the detection SNP for each sample (Woodward, 2014).

In this genotyping study the following reagents were used: 80x Custom TagMan SNP genotyping
Assay (Thermo Fisher, Walters, MA, USA), TagMan Genotyping Master Mix (Thermo Fisher), MQ
water and patient genomic DNA (10 ng/pl) extracted from blood (Table 3). The genotyping was
conducted on the 96 well fast amplicon plates (Thermo Fisher). For each sample 9 ul of TagMan
reaction mixture was used with 1 pl of DNA with total reaction volume of 10 pl per well. For

genotyping the 7500 Fast Real Time PCR System machine was utilized using 40 amplification

rounds.
Table 3. TagMan reaction mixture scaled for one 96 well Table 4. qPCR program for genotyping
plate.
TagMan reaction mixture (96x) qPCR program
Master Mix 550 pl 95°C 10 min
MQ water 426 pl 92 °C 15s

80x assay 14 ul 60 °C I min
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Table 5. Table shows the tagman reporter sequences used in the genotyping assay. In both sequences the Serpina3
¢.918-1G>C SNP is marked in bolded font. Also, the dye (VIC, FAM) reporter sequences carry is shown.

TagMan reporter sequences

Sequence Dye
CTCACCTATCTCTCTAGAAAA VIC
CACCTATCTCTGTAGAAAA FAM

The real-time PCR presents genotyping results as allelic discrimination plot (Figure. 7). In the plot
on the x-axis is allelel and on the y-axis allele 2, the genotypes of the samples are shown as circles
and their color and position represent the alleles sample carries. In this plot homozygous for wildtype
(GG genotype) are shown as red circles and heterozygous carriers (GC genotype) as green circles,
homozygous CC genotype was not observed in this study. The undetermined samples, in other words
samples which genotype could not be determined due to for instance too little DNA or evaporation

would be shown as Xs in the plot. The patient samples were run against positive and negative control.

Allele 2

0.9

0.4

0.4 0.9 14 19
Allele 1
Legend
@ Allele 1/ Allele 1 @ Allele 2/ Allele 2
o Allele 1/ Allele 2 XUndetermined

Figure 7. Allelic discrimination plot presents the genotypes of the patient samples.
Allele 1 is on the x-axis and allele 2 on the y-axis. The genotypes are shown as circles.
Red circles have GG genotype and green circles GC genotype.
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Serpina3 ¢.910-1G>C Carrier’s sequencing

Serpina3 c.918 -1G>C carriers identified by real-time PCR were Sanger-sequenced to confirm the
carrier status. Primers were designed by Primer3 and produced by Metabion International (Planegg,

Bayer, Germany).

Table 6. In this table the primers are shown for both forward (F) and reverse (R) sequences as well as their melting temperature. In
addition, the expected product length is shown in base pairs (bp).

Primers
Sequence Tm Product
F: 5 GACAGGGGTTAAGAAATTGAGGA 3 58.1

396 bp
R: 5 ACCCAAGTTCAAGAGTACCCA 3’ 58.6

Gradient PCR was run to optimize the best reaction condition to two different volumes of DNA (3 pl
and 6 pl) as well as for eleven temperatures from scale of 47 °C to 66°C. The PCR was done as 25 pl
reaction using 10 ng/ul of template with forward and reverse primers at the concentration of 20 pM
of'each and 2,5 pl 10x standard reaction buffer (Biotools, Jupiter, FL, USA), SU/ul DNA-polymerase
(Biotools) and 25 uM of each dNTP. The gradient PCR program was ran as shown in Table 8.

PCR products were run on 2% agarose gel for 35 minutes at 200V, 2 pl of 100bp DNA ladder
(Biotools) was used as a marker. For the gel run 5 pl of product was mixed with 2 pl of 6x DNA
loading dye (New England Biolabs, Ipswich, MA, USA). Ready gel was visualized under UV light
(Biorad). The most suitable annealing temperature for primers is 58 °C coupled with 6 ul of DNA.

Table 7. A mixture for 1x gradient PCR sample Table 8. Gradient PCR program
Gradient PCR mix (1x) Gradient PCR program
MQ water 21,25 ul 95 °C 10 min
Buffer 2,5u 95 °C 1 min
dNTP 0,15 pl 47 °C — 65 °C 1 min
Forward primer 0,25 ul 72 °C 1 min
Reverse primer 0,25 ul 72 °C 10 min

DNA Polymerase 0,1 ul 8 °C forever
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The Serpina 918-1G>C variant carriers PCR was performed with the primers tested above. The same
reaction mixture was used as in gradient PCR (Table 8) with 5 ul of 10ng/pl carrier genomic DNA.
Moreover, the same PCR program was followed with 58 °C as annealing temperature and products
confirmed with gel ran as described earlier. The PCR products were cleaned with A’SAP treatment.
In the reaction mixture the exonuclease I degrades unused primers and alkaline phosphatase excess
dNTP. This step is necessary for further Sanger-sequencing procedure. Exonuclease I and alkaline
phosphatase (ArcticZymes, Tromso, Norway) was mixed in 1:1 ratio and 2pl of mix was added into
Sul of PCR product. The samples were heated up to 37 °C for 15 minutes followed up by heat

inactivation at 80 °C for 5 min.

Cleanup procedure was followed up by sequencing. The sequencing was done as 10 pl reaction using
1 pl of cleaned up PCR product, 1 pl 3,2uM forward or reverse primer, 2 pl 5x sequencing buffer
(Big Dye Terminator, Thermo Fisher) and 0,5 pl Ready Reaction mixture (RR-100, Thermo Fisher).
Sequencing was performed by using both forward and reverse primers to confirm carriers. The
sequencing program was followed as described in table x. To determine the sequence, the samples
were analyzed in Finland Institute of Molecular Medicine (FIMM) by capillary electrophoresis.
Further, the sequences from FIMM were interpreted by ApE — A plasmid editor v.3.0.8 (Wayne

Davis).

Table 9. Sequencing mixture calculated for one
reaction.

Table 10. Sequencing program
Sequencing mixture

MQ water 55ul Sequencing program
Sequencing buffer 2l 96 °C 5 min
Primer (F/R) 1ul 96 °C 10s
Ready Reaction mix 0,5 ul 50°C 5s
60 °C 4 min

PCR product 1 ul
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Statistical analysis

To study the breast cancer risk of Serpina3 918-1G>C variant the genotype frequencies from cases
and controls were compared. Cohorts were divided into subgroups based on family history and
cellular markers (ER+/- and TN). Using Fisher’s exact test for each subgroup odds ratio (OR) with
95% confidence interval and two-sided p-value were calculated. Statistically a p-value of < 0,05 was

considered significant.

Power analysis was conducted to study if the sample size in this study is large enough to reach a
sufficient power (80 %). As a guideline the following values seen in literature (Koivuluoma et al.,
2020) were used: OR=3 among all breast cancer patients when minor allele frequency (MAF) among
the population controls is 0.006. In the power analysis the “pwr” package 1.3-0 in RStudio was
utilized. For the analysis a set of MAFs (0.0005 — 0.03) and a set of OR (0.14 — 7.4) values were
created. As a sample size the number of genotyped samples were used (cases = 3399 and controls =
3168). In the analysis the power curves for each MAF were calculated by using the chi square-test in
the “pwr” package (pwr.chisq.test). A power versus OR graph was created. The significant level was

set to be 0.05 and degree of freedom 2.
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Results

In this study, association between breast cancer and splice site acceptor variant ¢.918-1G>C
(rs199710314) in Serpina3, previously found in Northern Finland, was investigated in a case-control
study. In total over 6000 samples were genotyped by TagMan real-time PCR. Here the results are
presented as graphs and tables covering power analysis, Fisher exact test for association, tumor

histology, and cellular tumor markers.

Power analysis

Below in figure 8 is presented the power analysis. In the study done by Koivuluoma et al. (2020) the
general results indicated an increased breast cancer risk with OR=3.0 among breast cancer cases when
MAF=0.006 among controls. The computed plot shows an OR in the x-axis and power in the y-axis
and is composed of several graphs each representing one MAF value from 0.0005 to 0.03 with
significance value of 0.05. This analysis shows that the sample size (cases = 3399 and controls =3168)
in this study is large enough to repeat the results of Koivuluoma et al. with power markedly above
the threshold value of 80%. This can be concluded by interpreting the graph with MAF=0.004, when
OR=3.0 the graph reaches a power above 90%.

significance level = 0.05
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Figure 8. Power curves to detect if sample size is big enough to match the OR and frequency of
Serpina3 ¢.918-1G>C variant carriers seen in literature. X-axis shows OR and y-axis shows power, and
each curve represents one MAF. Sample sizes used are: 3399 BC patients and 3168 controls.
OR = odds ratio, MAF = minor allele frequency
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Serpina3 ¢.918-1G>C association with breast cancer risk

Fisher exact test was performed to statistically examine the association between Serpina3 ¢.918-
1G>C and breast cancer in cases and controls. Overall, the frequencies of ¢.918-1G>C variant
between cases and controls do not differ significantly and in all subgroups p>0.05. This indicates that
heterozygote splice site acceptor variant Serpina3 ¢.918-1G>C does not increase the breast cancer

risk in Southern Finland population.

In this analysis odds ratio is calculated for several patient subgroups separately as well as all patients
together. Subgroups include familial patients and unselected patients. Amongst all breast cancer
patient, the frequency of ¢.918-1G>C (0.32%) was almost equal to the control frequency (0.28%)
with no elevated risk (OR=1.1, 95% CI=0.4-3.1, P=0.83). In familial patients the two subgroups,
patients with strong familial background with at least tree breast cancer cases in first degree relatives
and patients with one first degree relative, are pooled together resulting roughly the same but a little

bit decreased mutation frequency (0.24%) as seen in all breast cancer cases.

Table 11. Frequencies of the Serpina3 ¢.918-1G<C variant in all breast cancer cases as well as in the subgroups.
ER = estrogen receptor, TN= triple negative.

Study Carriers/total % OR 95% CI p

Helsinki
All-BC 11/3394 0,32 1,1 0,4-3,1 0.83
Familial 3/1259 0,24 0,8 0,1-3,4 1
Unselected 9/2513 0,36 1,3 0,4-3,6 0,64
ER-positive 9/2677 0,34 1,2 0,4-3,5 0,81
ER-negative 1/595 0,17 0,6 0,01 -4,3 1
™N 1/246 0,4 1,4 0,03-10,4 0,53
Control 9/3168 0,28

Patients were further divided based on their breast cancer subtype to the following groups: ER+, ER-
and triple negatives. There was no significant difference in the variant frequency between cases and

controls.
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Clinical characteristics of Serpina3 ¢.918-1G>C mutation carriers

The tumor histology and cellular markers of the mutation carriers in this study are shown in Table 12
and coupled with first diagnose age. The mean age of the first breast cancer diagnosis for ¢.918-1G>C
carriers was 53.8 years when in unselected non-carriers it was 56.6. Eight of the tumors were ductal
(73%) and only one carrier had a lobular tumor (9%). In addition, two of the tumors diagnosed as
mix of ductal and lobular carcinoma are category as other (18%). The cellular markers of the tumors
are divided into ER+/-, PR+/-, HER2+/- and Ki67+/. Tumors of all carriers (with data available i.e.,
not non applicable) were HER2 negative and nine both ER positive and PR positive (90%). Only one
breast tumor was ER- and PR negative (10%) making it also the only triple negative case. In the
Serpina3 variant carriers, the Ki67 marker status was almost equally divided, four carriers were
negative (40%) for the marker and six were positive (60%). The one triple negative carrier was

positive for Ki67 marker.

Table 12. Clinical and histopathological characteristics of Serpina3 ¢.918-1G>C variant among
BC patients. Dg-age = age at diagnosis, pos = positive, neg = negative, NA = not applicable.

Tumor
Dg-age  Histology ER PR HER2 Ki67
68,2 Ductal pos pos NA neg
46,1 Ductal pos pos neg pos
55,9 Ductal NA NA NA NA
43,7 Ductal neg neg neg pos
43,3 Ductal pos pos neg neg
64,1 Lobular pos pos NA neg
49.4 Ductal pos pos neg neg
53,5 Other pos pos NA pos
54 Ductal pos pos neg pos
68 Ductal pos pos neg pos

46 Other pos pos neg pos
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Discussion

Breast cancer is the leading cancer worldwide in women. The identified susceptibility genes that
predispose to hereditary breast cancer explain less than half of the familial relative risk. To solve the
remaining fraction of breast cancer the identification and study of novel low- and moderate risk genes

is ongoing.

In this study, Serpina3 ¢.918-1G>C variant was studied as a possible susceptibility allele for breast
cancer in the population of Southern Finland. A case-control study was conducted by genotyping
DNA from breast cancer patients (N=3399) as well as from population controls (N=3168). Control
DNA came from either unknown blood donors in Helsinki region or Helsinki biobank. With the
combination of Tagman real-time PCR and Sanger sequencing the results from this study suggest that
the ¢.918-1G>C variant is not a breast cancer susceptibility allele at least in Southern Finland.
Previously, a study by Koivuluoma et al. (2020) suggested that the same variant was significantly
enriched amongst the Northern Finland breast cancer patients (N=1770), more specifically in the
Northern Ostrobothnia region. The suggested association of Serpina3 c.918-1G>C with breast cancer

risk could not be validated in the present study including larger patient and controls series.

In this study, the frequency of variant carriers amongst all breast cancer patients was 0.28 % when in
control population it was 0.27 %. In addition, in none of the subgroups were the results significant,
as all p-values >0.05, with an OR of 0.8 for the familial and 1.3 for the unselected cases. Meanwhile,
in the study by Koivuluoma et al., (2020) the variant showed a tree-fold increase in breast cancer risk
in all breast cancer patients (1.8 % of cases) and a five-fold increase in familial cases (3.0 %)

compared to the controls (0.6 %).

The control population frequency in Sequence Initiative Suomi project (SISu)
(http://www.sisuproject.fi, SISu v.4.1) for the variant in the Helsinki region is 0.67 %. The frequency
in SISu project is approximately two and a half time higher than in this study which might be
explained by the variation in sample size. In this study 3168 controls were genotyped when in SISu

the number is slightly above 500.

The difference in the ¢.918-1G>C variant carrier frequencies between Northern and Southern Finland
population could be partially explained by the different genetic population structure. Due to the

several bottlenecks, relocation of evacuees and migration movements the genetics of different regions
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in Finland vary. The fine scale studies of the population structure have proven a clear clustering of
regions with genetical similarities (Martin et al., 2018 and Kerminen et al., 2021). However, Helsinki
region and Northern Ostrobothnia are geographically far from each other and populated at different
times. Additionally, Helsinki region has higher migration levels and so more mixing in the population
compared to Northern Ostrobothnia (Kerminen et al., 2017). Thus, regional differences in the
enrichment of rare SNP variants like Serpina3 ¢.918-1G>C are possible due to the genetic differences
in ancestry profiles (Locke et al., 2019). Similar regional enrichment can be seen in PALB2 and
CHEK?2 variants (rs180177102 and rs555607708) which were both increased in Eastern Finland up
to 2.8 % when compared to the frequency very close to zero (0.0-0.2 %) in Western Finland in the

FinnGen study (Mars et al., 2020).

In this study also the clinical characteristics i.e., the tumor histology and cellular markers were
examined. Most of the tumors (73%) were ductal which follows the normal trend as majority of the
diagnosed breast cancer cases are ductal carcinomas (Feng et al., 2018). Only one ¢.918-1G>C variant
carrier showed a lobular tumor histology. In addition, two of the tumors were labelled as “other” due
to the reason that they were diagnosed with a mixture of ductal- and lobular carcinomas. Interestingly,
Koivuluoma et al., 2020 study showed a clear enrichment in medullary breast cancer cases in the
Serpina3 ¢.918-1G>C variant carriers when compared to the non-carriers among unselected cases
(15,4 %; 4/26). However, similar correlation was not seen in this study since none of the variant
carriers in unselected breast cancer cohort have been diagnosed with a medullary breast cancer (0 %;
0/9). To investigate an association between medullary breast cancer and ¢.918-1G>C variant, a study
with greater number of medullar breast cancer cases should be conducted. In general, medullary
breast cancer is very rear subtype and comprises approximately 3-5 % of all the diagnosed breast
cancer cases (Dai et al., 2020). In the Helsinki series, 20 cases are found in the unselected cohort in

total.

Based on the GnomAD database (https://gnomad.broadinstitute.org, gnomAD v2.1.1) and SISu
project the ¢.918-1G>C variant is only enriched in Finnish population with an overall population
frequency of 0.35-0.37 %. Moreover, in the study where more than 400 000 UK biobank participants
were exome sequenced for rare variants the existence of the ¢.918-1G>C variant was not found.
Several other rare SNPs including missense variants and loss-of-function (LoF) variants (14 in total)
in Serpina3 gene were discovered. Four missense variants had an OR above 2 but were not
significantly associated with breast cancer risk. None of the four variants existed in the SISu project

or in GnomAD for Finnish population. A gene burden test of Serpina3 LoF variants did not indicate
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an association to the breast cancer. (Backman et al., 2021 and NHGRI-EBI GWAS-catalog:
https://www.ebi.ac.uk/gwas/home). Studies so far have only linked the variant in Serpina3 to the
breast cancer cases in Northern Finland, but this association could not be confirmed in the larger data
set from Southern Finland. Together the results from this study and Backman et al., suggest that
Serpina3 1s not a breast cancer susceptibility gene. However, if for instance subtype spesific
association to breast cancer is discovered in further studies, it could open up new pathways to study
breast cancer genetics and formation since Serpina3 is not part of the DNA repair mechanism. Hence,

it could offer new information of breast cancer prediction as well as its causal mechanism.

Future prospects

To further characterize the biological effect of Serpina3 ¢.918-1G>C variant a transcriptome analysis
would be the next step. Serpina3 ¢.918-1G>C is proposed to be a heterozygous splice site acceptor
which induces a stop codon into the beginning of exon 4 (https://www.ncbi.nlm.nih.gov/gene/,
GenelD = 12: human Serpina3). Transcriptome analysis would tell whether the suspected truncated
protein is produced or whether the mRNA is a target of a degradation and hence never translated into
a protein. If the truncated protein is produced it would probably either lack the whole exon 4 or the
rest of the protein: exons 4 and 5. In both cases (truncated protein or mRNA decay), one should study

the effect of decreased expression level of Serpina3 on a cell and tissue level.

The results from this study and the UKBB exome sequencing do not support SERPINA3 as a breast
cancer susceptibility gene. However, further studies would be needed to investigate possible

association of SERPINA3 variants with specific rare histological types of breast cancer.
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Conclusion

Breast cancer cases keep climbing worldwide and the genetic reasoning in roughly half of the familial
cases is unknown. Novel breast cancer variants are being sought actively and genes beyond DNA

repair machine studied.

The first aim of this case-control study was to identify if Serpina3 ¢.918-1G>C variant is associated
with breast cancer in the Helsinki region. Secondly, the tumor histology and clinical characteristics
of variant carriers were examined. Analysis of the ¢.918-1G>C variant in cases and control population
revealed that the variant did not contribute as a novel breast cancer susceptibility gene in the Southern
Finland population. In addition, tumor histology of the variant carriers was not associated with any

spesific tumor histology but followed a normal trend as most of the carriers had a ductal carcinoma.

This study fulfilled well the set aims and was planned and carried out carefully. No results affecting
errors were made. Altogether, this thesis offers theoretical background knowledge of breast cancer,
comprehensive section on Serpina3, its structure, cellular function and disease linkage as well as a
practical part. The carried-out experiments and results shine light to Serpina3 c.918-1G<C variant

prevalence among breast cancer cases and population controls in Helsinki region.
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