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1. INTRODUCTION

Osteosarcoma (OS), or osteogenic sarcoma, is a primary malignant bone tumor
with a mesenchymal origin. It is characterized by the formation of immature
bone or osteoid tissue by the tumor cells. In rare cases, OS can arise in soft
tissue (Picci 2007).

OS is the most prevalent form of the primary malignant tumor to affect the
skeletal system worldwide (Mirabello, Troisi, and Savage 2009a). OS also
accounts for 20—40 % of all bone cancers (Whelan et al. 2012). The incidence
rate of OS varies between different age groups. OS is known to occur mostly
during adolescence. Its highest peaks of prevalence are with women between
10-14 years old and men between 15-19 years old. The second highest inci-
dence peak is in adults older than 60 years old. Overall, OS incidence on
average is about 3 cases per million per year (Whelan et al. 2012; Picci 2007,
Mirabello, Troisi, and Savage 2009a; Mirabello, Troisi, and Savage 2009b). The
incidence of OS is slightly higher in men than in women in most countries. The
overall male-to-female ratio of OS varies by age from 1.01:1 in ages over 60 to
1.43: 1 in those in ages 0—24 (Mirabello, Troisi, and Savage 2009b). Clinically,
pain and swelling were the most reported symptoms in patients with OS.
General symptoms such as weight loss, fever, and anorexia are less common
(Picci 2007). Over half of OS cases affect the long bones of the lower limb
(56%) with the upper limbs (10%) and the pelvis (9%) being the next most
affected sites (Whelan et al. 2012; Harrison et al. 2018).

The exact cause of OS is not yet determined, but some risk factors have been
identified. Known risks include: rapid bone growth, radiation, and some OS
susceptible genetic disorders such as Li-Fraumeni syndrome (LFS), hereditary
retinoblastoma (RB), Werner syndrome (WS), Rothmund-Thomson syndrome
(RTS) type 2, Bloom syndrome (BS), RAPADILINO syndrome, and Diamond
Blackfan anemia (DBA) (Kansara et al. 2014; Ripperger et al. 2017). It is a
highly metastasized cancer, as 80-90% of patients are believed to have micro-
metastasis at the time of diagnosis (Luetke et al. 2014). This can explain the
improved outcome of OS with treatment after the introduction of chemotherapy
in the late 1970s and early 1980s (J.Chou, S.Geller, and Gorlick 2008). Unfortu-
nately, the prognosis of OS has remained poor and unchanged since the 1980s
with the 5-year survival rate at 60—78% at the localized stage and only 20-30%
at more advanced stages or the onset of metastatic disease (Durfee, Mohammed,
and Luu 2016; Lisa Mirabello, Rebecca J. Troisi 2009; Kager et al. 2003; Picci
2007).

The number of studies on OS is rapidly growing. Increasing numbers of re-
searchers are conducting research on and contributing to understanding mole-
cular mechanism and discovering new therapeutic targets for this cancer, which
is difficult due to the heterogeneity of the disease (Kansara et al. 2014). In 95%
of OS tumors, the presence of mutations in the p53 pathway was noted. Trans-
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locations and focal deletions were the most common forms of the TP53
mutations. RB1, DLG2, and ATRX gene mutations have also been identified
(X. Chen et al. 2014; Kansara et al. 2014). Some microRNAs, such as with
miR-206, miR-195, miR-340, miR-503, have also been found to be down-
regulated as a result of OS and were associated with a poor prognosis of the
disease. Other microRNAs may be upregulated, like miR-17 (Gao et al. 2014;
Chong et al. 2014; Y.-P. Bao et al. 2013; Cai et al. 2015). Recent high-through-
put technologies, implemented in OS studies, have identified the differential
expression of genes in OS, but there are still many limitations and needed
improvements with these studies in order to deliver a convincing conclusion.
The limitations of those studies include small sample sizes, variations in control
groups, and varied laboratory protocols and analysis techniques (Siddiqui et al.
2006; Z. Yang et al. 2014; Martson et al. 2013). Heterogeneous findings from
these studies raise questions as to how the design of these studies can be im-
proved to yield more conclusive information.

Additionally, many in vitro and in vivo experiments assumed that TGF-
would promote cancer metastasis via its effects on the tumor microenvironment,
enhanced invasive characteristics, and inhibiting the function of immune cells.
These experiments have identified associations between TGF-f signaling and
cancer progression which has motivated researchers to examine the complicated
role TGF-P plays in tumorigenesis. Manipulation of these signals may offer a
pathway for the interference of the metastatic mechanism that can be utilized for
treatment of OS. TGF-P targeted therapies are being developed (Padua and
Massagué 2009). However, the role of TGF-f is complicated and the results of
anti-TGF-B therapies are diverse and challenging. Hence, more studies and
research is needed in order to understand the function of TGF-f§ and perspective
of TGF- modulators in cancers, including OS.

In tumorigenesis, repetitive elements were found to correlate with some
carcinomas, germinomas, and hematologic cancers. Some satellites such as
ALR and or HSATII were suggested to be used as biomarkers for diagnosing
some epithelial cancers but no similar study was done for OS (David Tsai Ting,
Daniel A. Haber, Shyamala Maheswaran 2012). The investigation into the
expression of repetitive elements in OS would broaden the knowledge of what
repetitive elements can be seen in all types of cancer and it would suggest the
potential role in the diagnosis of OS.

To develop more fundamental researches in OS, we aimed to set up a source
of human OS samples to assist further studies on this disease and to provide an
overview of some genetic changes in OS, which can suggest some biomarkers
and lead to further targeted research in this field. We conducted the study
focusing on gene expression of bone samples in OS where we compared paired
samples of cancerous and normal bone tissue then we analyzed FFPE samples
for changes in gene expression with chemotherapy. Our work was to describe
the expression of TGF-B and its related genes in OS and to reveal the diffe-
rential expression of repetitive elements in OS bone tissue.
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2. LITERATURE OVERVIEW

2.1. The general aspect of osteosarcoma

2.1.1. Epidemiology

Among all types of cancers, osteosarcoma is rare, composing less than 1% of all
cancers, but it is the most common primary bone cancer, especially among the
young (Damron, Ward, and Stewart 2007; Mirabello, Troisi, and Savage 2009a;
Whelan et al. 2012).

The age-standardized incidence rate of OS across 43 countries is relatively
similar among men and women with rates ranging from 0.20 to 0.35/100,000
(Hung et al. 2014; Valery, Laversanne, and Bray 2015; Whelan et al. 2012).
Though some studies have found OS to be more prevalent among men than
women. For 2009, the overall world male to female ratio of OS was 1.43:1 for
ages 1-24, 1.28:1 for ages 25-59, and 1.01:1 for ages 60 and up (Mirabello,
Troisi, and Savage 2009b). The bimodal peak of OS incidence has been noted in
most countries in both sexes, with the highest peak occurring around puberty
and the second, lower peak, occurs among those 60 years and older (Savage and
Mirabello 2011; Hung et al. 2014; Valery, Laversanne, and Bray 2015; Mira-
bello, Troisi, and Savage 2009a; Whelan et al. 2012).

2.1.2. Pathophysiology

OS can affect any bone, with the most common sites being at long bones of
lower limb which accounts for 50-82% of cases (mostly distal femur and tibia)
followed by the upper limb (mostly humerus at 10-14%) then pelvis (0-9%)
(Mirabello, Troisi, and Savage 2009a; Whelan et al. 2012; Wiromrat et al. 2012;
Sampo et al. 2011). The proportion of pelvic and axial skeleton primary tumors
increases with age (5% at ages 10-19, 20% at ages 40-49; 28% at ages 70-79
(Whelan et al. 2012).

OS is divided into central or medullary and surface or peripheral OS. Medul-
lary/central OS includes conventional or classic OS including osteoblastic
(50%), chondroblastic (25%), and fibroblastic (25%); telangiectatic OS, well
differentiated (low grade) OS and small-cell or round-cell OS. Peripheral OS
originates on the bone surface, which contains parosteal (juxtacortical) OS
(most common in this category); periosteal OS and high-grade surface OS
(Fletcher and Unni 2002; Schajowicz, Sissons, and Sobin 1995). The most com-
mon subtype is conventional OS, which accounts for 75% to 85% of all OS
cases (Marchiori 2014; Durfee, Mohammed, and Luu 2016; Picci 2007). Lungs
are the most common metastatic sites of this potentially metastasized disease
(Gorlick and Khanna 2010).
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2.1.3. Etiology

The etiology of OS remains unclear. However, some risk factors have been
identified. A high birth-weight and an above-average height are thought to
increase the risk of developing OS (Mirabello et al. 2011). Paget disease has
also been shown to increase the risk of secondary OS, especially in the elderly
(Broadhead et al. 2011). Radiation has also been attributed to approximately 2%
of OS cases. The increased incidence of radio-induced OS may be due to a
better outcome with longer survival after primary radiotherapy (Picci 2007).
Bone sarcoma obtained in rats and cell-free extracts from human OS suggests a
possible viral origin of OS (Olson and Capen 1977; Picci 2007). Furthermore,
several chemicals were associated with the development of OS, such as methyl-
cholanthrene, beryllium oxide, chromium salts, zinc beryllium silicate, asbestos,
and aniline dyes (Broadhead et al. 2011).

Several genetic syndromes and predispositions were also found to correlate
with OS including Li-Fraumeni syndrome (LFS), Rothmund-Thomson syndro-
me (RTS) type 2, hereditary retinoblastoma (RB), Bloom syndrome (BS), Wer-
ner syndrome (WS), RAPADILINO syndrome, and Diamond Blackfan anemia
(DBA), etc. (Calvert et al. 2012; Picci 2007; Lindsey, Markel, and Kleinerman
2017; Durfee, Mohammed, and Luu 2016).

2.1.4. Clinical presentation

Symptoms of OS are not specific and are easily neglected. They include pain at
the affected site, pain at night, and a growing mass. If the pain gets worse with
neither infection nor trauma, it is worrisome. A palpable mass, limited joint
motion, increasing pain with movement or weight bearing, and a localized
erythema warmth are all common clinical physical signs. Pathologic fracture
appears in 5-10% of patients as the first sign of OS. General status such as ma-
laise, fever, and weight loss are not early manifestation in children and they
usually present only at an advanced stage (Lindsey, Markel, and Kleinerman
2017; Picci 2007; Durfee, Mohammed, and Luu 2016).

2.1.5. Workup

Initial investigation should be conducted with conventional radiographs with
two planes. Radiographic images of OS are variable depending on subtype.
Typical radiographic images of OS are often poorly marginated with the moth-
eaten appearance of the bone with mixed amounts of cloudy, mineralized matrix
and areas of bone resorption. A discontinuous periosteal reaction is commonly
found with the presence of an associated soft tissue mass (Marchiori 2014;
Lindsey, Markel, and Kleinerman 2017; Durfee, Mohammed, and Luu 2016;
Clayer 2015). MRI is used to complement the plain radiograph in diagnosing
OS in order to determine the extent of tumor invasion to the bone marrow and
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the surrounding structures, the features of the soft tissue mass, and skip meta-
stasis detection. For local staging, MRI is the most useful modality. Further-
more, MRI is used for evaluating the response of OS to neoadjuvant chemo-
therapy (Fox and Trotta 2013; Kubo et al. 2016; James S. Meyer, MD, * Helen
R. Nadel, MD, Neyssa Marina, MD, Richard B.Womer and Kenneth L. B.
Brown, MD, J.F. Eary, MD, Richard Gorlick, MD, Holcombe E. Grier, MD, R.
Lor Randall, MD, FACS, Elizabeth R. Lawlor, MD, PhD, Stephen L. Lessnick,
MD, PhD, Paula J. Schomberg, MD, and Mark D. Kailo 2008; Durfee, Mo-
hammed, and Luu 2016). Computed tomography can be used to visualize
calcification, periosteal bone formation, or cortical destruction. Computed
tomography is more sensitive than a plain radiograph in detecting lung meta-
stasis (Lindsey, Markel, and Kleinerman 2017; The ESMO/European Sarcoma
Network Working Group 2014). Bone scans combined with computed tomo-
graphy, or MRI, are used to evaluate the presence of bone metastasis (Lindsey,
Markel, and Kleinerman 2017). Though, a PET scan is superior to computed
tomography or a bone scan in detecting whole body metastasis, particularly soft
tissues (lung, abdomen) (Durfee, Mohammed, and Luu 2016). Laboratory
check-ups are not used for diagnosis, but the discovery of a high concentration
of ALP and LDH predicts a poorer prognosis (Limmahakhun et al. 2011;
Lindsey, Markel, and Kleinerman 2017; Marais et al. 2015; Durfee, Mo-
hammed, and Luu 2016).

2.1.6. Diagnosis

The suspected bone tumor should be referred to an experienced center where
standard biopsy and curative treatments can be performed. Core biopsy or open
biopsy are recommended for diagnosing the disease. Core biopsy is increasingly
used. An open biopsy will be prompted to confirm the diagnosis if core biopsy
is non-contributive. Incisions are made longitudinally and never transversely;
they should be matched with the operation field of definitive surgery (Lietman
and Joyce 2010; James S. Meyer, MD, * Helen R. Nadel, MD, Neyssa Marina,
MD, Richard B.Womer and Kenneth L. B. Brown, MD, J.F. Eary, MD, Richard
Gorlick, MD, Holcombe E. Grier, MD, R. Lor Randall, MD, FACS, Elizabeth
R. Lawlor, MD, PhD, Stephen L. Lessnick, MD, PhD, Paula J. Schomberg,
MD, and Mark D. Kailo 2008; The ESMO/European Sarcoma Network
Working Group 2014).

There are two systems for staging: Enneking and AJCC system (new version
released for use as of 2018) (Amin, M.B., Edge, S., Greene, F., Byrd, D.R.,
Brookland, R.K., Washington, M.K., Gershenwald, J.E., Compton, C.C., Hess,
K.R., Sullivan, D.C., Jessup, J.M., Brierley, J.D., Gaspar, L.E., Schilsky, R.L.,
Balch, C.M. and D.P., Asare, E.A., Madera, M., Gress, D.M., Meyer 2017;
Durfee, Mohammed, and Luu 2016).
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2.1.7. Treatment

The primary treatment approach for OS is multimodality management. In the
1970s, Jaffe announced the first success of methotrexate in treating the ad-
vanced disease, leading to the increasing use of chemotherapy for OS afterward
(Durfee, Mohammed, and Luu 2016). In localized disease, multidrug periopera-
tive treatment combined with curative operation remains as a standard treat-
ment. Many regimens are permitted for the treatment of OS. MAP (high dose
methotrexate, anthracycline, and cisplatin) is used as a referenced protocol.
Curative surgery includes amputation and limb-sparing techniques. Amputated
surgery was used widely in the past. Nowadays, limb-sparing surgery is indi-
cated increasingly (Harrison et al. 2018; Durfee, Mohammed, and Luu 2016;
Picci 2007; The ESMO/European Sarcoma Network Working Group 2014;
Lindsey, Markel, and Kleinerman 2017).

The role of radiotherapy is minimal in OS. It can be indicated to treat the
residual disease, in cases where limitedly resected surgery was performed due to
the anatomical locations (Lindsey, Markel, and Kleinerman 2017; The ESMO/
European Sarcoma Network Working Group 2014). In metastatic disease,
chemotherapy remains the principle modality. Isolated lung metastasis can be
resected in adjunction with chemotherapy.

So far, targeted therapies such as mTOR inhibitors, RANK inhibitors, TKIs
that inhibit VEGFRs, and immunotherapies (interferons, TGF-f modulators,
anti-PD-L1 antibodies, etc) have been developed and trialed in different stages
(Harrison et al. 2018; PosthumaDeBoer et al. 2011; Duval and Hamelin 2002;
Kager, Tamamyan, and Bielack 2017; Heymann and Rédini 2013; Kansara et al.
2014). The results of these trials are promising but still, more testing needs to be
conducted.

2.1.8. Prognosis

A marked improvement in survival rate was noted due to the introduction of
chemotherapy during 70s-80s. The prior five-year survival rate of 20% in-
creased up to 70% by 1980s, but little change has been observed since (Lisa
Mirabello, Rebecca J. Troisi 2009; Whelan et al. 2012; Mirabello, Troisi, and
Savage 2009a). The survival rates are higher in the following groups: females,
youngest age group of 0-24, and those with a localized disease or extremity
tumors (Lisa Mirabello, Rebecca J. Troisi 2009; Whelan et al. 2012).

2.2. RNA sequencing from bone originated samples

2.2.1. RNA isolation from fresh frozen bone

A biobank was developed to store the tissue samples to preserve their morpho-
logy, proteins, DNA, and RNA, which is easily degraded, for further use in
other biologic studies. Even with freezing, RNA may degrade after 5 years.
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Frozen tissue specimens can be preserved by keeping them in —80°C freezers or
in liquid nitrogen (Riddick et al. 2003; Micke et al. 2006; Shabihkhani et al.
2014). RNA has been shown to remain stable by putting surgical specimens on
ice (0°C) during transportation from the operation theater and stored in —80°C
within 2-3 hours (Micke et al. 2006). DNA and Protein maintain for a longer
time (Shabihkhani et al. 2014). RNA can be extracted successfully from frozen
specimens with enough quality for further analysis through a series of protocols
and kits available on the market (Linton et al. 2010). The quality and quantity of
RNA extracted from freezing samples preserved by —80°C freezer or liquid
nitrogen are equivalent (Auer et al. 2014). Isolating RNA from bone can be a
challenge because bone is hard and rich in degradative enzymes and contains a
low number of cells embedded in the highly mineralized tissue (Xin, Ling, and
Nicola 2008; Carter et al. 2012; Ireland 2003). The present methods for iso-
lating RNA from bone use several steps in which the frozen specimen is
wrapped in foil, refrozen in liquid nitrogen, and then ground into powder by a
hammer (Carter et al. 2012; Ireland 2003) or using a mortar and pestle with
liquid nitrogen (Mantila Roosa, Liu, and Turner 2011; Xin, Ling, and Nicola
2008; Barbaric, Dalla-Pozza, and Byrne 2002). A new method of RNA isolation
with a single step from the frozen bone specimen is relatively simple. It combi-
nes grinding the bone and the phenol-guanidinium based RNA isolation while
maintaining nearly freezing temperatures. This method enhanced the yield of
high-quality RNA by eight-fold, with RIN ranging from 6.7 to 9.2 (Carter et al.
2012).

2.2.2. RNA isolation from FFPE specimens

Formalin-fixed and paraffin-embedded (FFPE) tissue samples are very familiar
to pathologists in histopathological analysis. They can be stored for a long
period of time in the pathological archives. This kind of biospecimen is be-
coming a useful source for researchers using newly available techniques. In
1988, the first successful RNA isolation from 2.5-year-old FFPE samples was
performed by Rupp and Locker, and since then many protocols have been intro-
duced (Rupp and Locker 1988; Ribeiro-Silva, Zhang, and Jeffrey 2007).

The isolation of RNA from FFPE that had aged from several months to ten
years or longer has been conducted successfully and with sufficient quality for
gene analysis (Ribeiro-Silva, Zhang, and Jeffrey 2007; Penland et al. 2007;
Hamatani et al. 2006). Many factors that affect the quality of RNA isolated
from FFPE have been identified. They consist of prefixation conditions (cold
ischemia time, decalcification), fixation (used buffer, duration of fixation,
temperature, methods for speeding up the infiltration of formalin into the bio-
specimen), and processing and storage of FFPE samples (Bass et al. 2014; von
Ahlfen et al. 2007). The limitations of gene expression analysis with FFPE
samples vary at different steps: degradation of RNA can occur prior to formalin
fixation; formalin fixation induces critical chemical modification of RNA; RNA
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continues to fragment and degrade over time, even after dehydration and
paraffin-embedding (Ribeiro-Silva, Zhang, and Jeffrey 2007). Because of this
fragmentation and degradation over time, the RIN is too low with FFPE. Even
with a low RIN, RNA can still be successfully analyzed using some molecular
techniques. Using real-time RT-PCR reactions, researchers have managed to
successfully amplify up to 80% of only-60-bp fragments (Ribeiro-Silva, Zhang,
and Jeffrey 2007; Hamatani et al. 2006). Additionally, the quantity and quality
seem to be independent in RNA extraction (Chung, Braunschweig, and Hewitt
2006). Although the quality of RNA isolated from FFPE older than ten years
was shown to be similar to that of RNA isolated from recent samples aged only
for several months, the quantity, consistency, and success rate of extractions
was higher in the several-months-old group (Ribeiro-Silva, Zhang, and Jeffrey
2007).

Recently, advanced sequencing techniques make it possible for the RNA se-
quencing of low input RNA from FFPE specimens and even RNA with a RIN
as low as 1.4 for gene expression analysis (Madabusi, Latham, and Andruss
2006). However, there are still many challenges associated with low RNA
quality and recovery that need to be overcome (Stewart et al. 2017; Greytak et
al. 2015; Hedegaard et al. 2014). Penland et al. showed that with FFPE, we can
perform meaningful RNA expression analysis, but it should be noted that many
samples are too degraded for analysis and there was a greater loss of infor-
mation compared to frozen samples (Penland et al. 2007).

To improve the quality of RNA sequencing, some requirements should be
met. PMI (postmortem interval) and cold ischemia time (the time between
tissue removal from the body and fixation) should be kept as short as possible,
ideally kept to less than four and twelve hours, respectively. The decalcification
of specimens should be done with EDTA or by ultrasound if needed; time of
fixation should be restricted between eight and forty-eight hours in a neutral
buffered formalin at ambient temperature or 48°C. The tissue should not be
thicker than 5 mm to speed up the inactivation of RNases, as other enzymes
may affect the gene expression profile. It was recommended that the FFPE
blocks should be examined within 1 year, and FFPE slices can only be kept at
room temperature for a maximum of three months (Bass et al. 2014; von Ahlfen
et al. 2007).

There are three principal steps for RNA extraction from FFPE samples: de-
paraffinization, which can be done by an organic compound such as xylene;
elimination of cross-links between protein — RNA by proteinase K and libe-
rating the RNA; recuperation of nucleic acids performed by phenol extraction or
a column-based purification (Madabusi, Latham, and Andruss 2006). By modi-
fying these three steps, several methods have been applied to the result of RNA
purification (Okello et al. 2010; Ribeiro-Silva, Zhang, and Jeftrey 2007). Addi-
tionally, a fully automated RNA-purification method was applied to isolate
RNA from FFPE samples and it showed the most reproducible method com-
pared to semi-automated and manual methods in the gene expression analyses
from FFPE aged between 3-20 years old (Bohmann et al. 2009).

17



2.2.3. RNA quality assessment

RNA is vulnerable to degradation because of the common presence of RNases
in the environment. RNA quality has been shown to directly influence the distri-
bution of gene expression levels (Imbeaud 2005). Thus, RNA handling must be
done with care not only during isolation but also in choosing the method of
quantification and subsequent analysis. To ensure the successful analysis of
RNA, quantification of RNA should be done properly.

UV absorbance measurements with spectrophotometers, such as Nano-
drop®, have been used to evaluate the purity of RNA for subsequent analysis.
The ratio of absorbance at 260 and 280 nanometers is used to evaluate the purity
of RNA. The ratio from 1.8-2.2 is normally judged as pure RNA (Doug
Wieczorek 2012). Fluorescent dye-based quantification (using Qubit®, Quanti-
Fluor™) is an alternative to the UV absorbance measurements to quantitate
nucleic acids. It is more selective and accurate in quantitating nucleic acids than
UV absorbance measurements (Thermo Fisher Scientific 2016; Doug Wieczo-
rek 2012).

Agarose and Acrylamide Gel electrophoresis is also widely used in nucleic
acids analysis. In which samples are loaded onto precast gels, and from there
nucleic acid fragments move differently in speed according to its size through
the gel matrix caused by the electrical current going through the gel. The visua-
lization of separated fragments can then be done by fluorescent dye bound to
the nucleic acid. In mammals, a 28S:18S rRNA ratio of 2:1 is commonly con-
sidered as good-quality RNA (Doug Wieczorek 2012).

In 1999, the Agilent 2100 bioanalyzer was introduced and has since been
widely used in the evaluation of RNA quality. It is an automatically bioana-
lytical device which uses microfluidics technology to provide electrophoretic
separations in an automated and reproducible manner (Mueller et al. 2000;
Schroeder et al. 2006). Degradometer analysis and ‘RNA Integrity Number’
(RIN) algorithm analysis were developed for the analysis of RNA quality. They
are both trustworthy and non-user-dependent methods for automatically as-
sessing the degradation and integrity of RNA. The RIN system is slightly more
informative (Imbeaud 2005). The latter software automatically generates a
numerical value (RIN score) for each RNA sample based on its entire electro-
phoretic trace. The value ranges from 1 to 10, with 1 being totally degraded
RNA and 10 being highly intact RNA (Mueller, Lightfoot, and Schroeder 2016;
Schroeder et al. 2006; Imbeaud 2005; Doug Wieczorek 2012). It is free from
instrument and concentration variability. Thus, RIN can be applied to make a
comparison of samples among different laboratories (Schroeder et al. 2006).
However, RIN values are not sensitive enough to judge the RNA quality of
degraded FFPE specimens. They are also not a reliable predictive factor of
successful library preparation (Doug Wieczorek 2012; Illumina 2016). We can
also use DV200 metric to evaluate the FFPE RNA quality. The DV200 metric
describes the percentage of RNA fragments that have more than 200 nucleo-
tides, determined by a Fragment Analyzer or Bioanalyzer trace. It can adjust
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precisely to determine the minimal RNA input needed for successful library
preparation. RNA samples with DV200 < 30% are not recommended for
experimentation (Illumina 2016). Real-Time Quantitative PCR and RT-PCR are
increasingly used for nucleic acid quantification but are still quite expensive
methods (Doug Wieczorek 2012).

2.2.4. RNA sequencing

The transcriptome represents a set of all RNA species in a tissue or a cell
(Okazaki et al. 2002). This is a dynamic structure, where the total amount and
types of transcripts change according to environmental factors and the current
state of an organism (Wang, Gerstein, and Snyder 2009). The transcriptome
sheds light on the functional mechanisms, development, and diseases of the
genome (R. Chen et al. 2012). Transcriptome studies have gained more impor-
tance in the context of a cancer research. Cancer is connected to the unstable
genome, thus investigation of gene expression and transcript structures reveal
crucial information for oncology (Roychowdhury et al. 2011).

For transcriptome analysis, hybridization-based or sequencing-based ap-
proaches have been applied. However, one of the most powerful methods for
transcriptome analysis is an RNA sequencing (RNA-Seq) approach. Based on
the next generation sequencing (NGS) technology, RNA-seq is a rapid, accu-
rate, and cost-effective approach, which allows not only the quantification and
mapping of a transcriptome but also the determination of a gene’s functional
structure (Ruan et al. 2004; Costa et al. 2010; Wang, Gerstein, and Snyder
2009).

The workflow of an RNA-seq analysis is as follows:

Firstly, the complementary DNA (cDNA) library is created. The RNA,
extracted from the tissue is fractionated according to RNA species. For this step,
the hybridization with oligo(dT) or the selective degradation with nucleases
may be used. Next, the cDNA library is prepared with a reverse transcription of
target RNA species. The fragmentation of the library is done in order to reduce
the length of analyzed sequences. Finally, adaptor ligation is conducted (Qian et
al. 2014).

Sequencing of a cDNA library may be performed with different platforms:
[llumina IG, Applied Biosystems SOLiD, and Roche 454 Life Science. SOLiD
technology by Applied Biosystems uses sequencing by ligation technology. In
the beginning, sequences are amplified with emulsion PCR. Primers are hybri-
dized to template sequences. Probes are fluorescently labeled. For detection of
fluorescence, a DNA ligase enzyme is used (Qian et al. 2014).

Data undergoes a bioinformatics analysis. For this purpose, a Bioconductor
software (R-package) can be used. It can filter high-quality reads, perform
mapping of a transcriptome via de novo assembly, or provide alignment to refe-
rence genome, if available. The edgeR, Deseq, and Deseq2 packages are among
the most commonly used tools in Bioconductor for differential expression
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analysis, which perform quantification of reads, disclosing the expression of the
genes. Bioinformatic analysis can also supply information about single nucleo-
tide polymorphisms (SNPs), fusion genes, and post-transcriptional gene regu-
lation (Qian et al. 2014).

2.3. Differentially expressed genes in osteosarcoma
2.3.1. DEGs analysis

Recent advances in high-throughput sequencing technologies have assisted in
conducting transcriptomic studies, especially for detecting the differential
expression associated with specific conditions. Methods for differential gene
expression analysis can be parametric or non-parametric. Many software tools
have been developed for the analysis of gene expression, but still, there is no
consensus in using them. An analysis of different tools such as baySeq, DESeq,
DESeq2, EBSeq, edgeR, limma+voom, NOIseq, and SAMseq has shown the
minimal influence of mapping tools on the final results (Z. H. Zhang et al. 2014;
Oshlack, Robinson, and Young 2010; Costa-Silva, Domingues, and Lopes
2017).

2.3.2. DEGs in osteosarcoma

As high-throughput technologies continue to develop, the application of RNA
sequencing has become more common in cancer research. This has led to pro-
mising results which contribute to a better understanding tumorigenesis and
more biomarkers which can help guide diagnosing, prognostics, and treatment.
This technique is increasingly used for studying OS, which is a very hetero-
geneous disease (Kansara et al. 2014). Results obtained from these studies were
heterogeneous as well. In the transcriptome analysis of a single case of OS in an
Estonian patient, 65 genes were found to be differentially expressed between
tumor and normal bone in paired samples. 7 upregulated genes were found in
normal tissue and 58 were upregulated in the cancer specimen (Mértson et al.
2013). In another study, the three differentially expressed genes GJAI,
COL1A2, and COL5A2 were identified by Dajiang Wu et al. on the study of
fourteen OS patients and six normal individuals. The study showed that
COL1A2 and COL5A2 interact with several genes of the matrix metallopro-
tease (MMP) family, including MMP1, MMP2, MMP3, MMP14, TGF-$, and
RUNX2 (D. Wu et al. 2014).

In an analysis of gene expression data from 8 published articles constituting
240 OS patients and 35 controls, Y Xiong et al. identified 979 DEGs in OS in
comparison with normal tissues. Of the 979 DEGs, 472 were upregulated and
507 were downregulated DEGs. Ossification, bone development, and skeletal
system developments were found to be significantly enriched annotations and
may be involved in the progression of OS (Xiong et al. 2015). WWP1, EXTI,
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LDHB, C8orf59, PLEKHAS, and CCT3 were highly upregulated while VWF
was downregulated in OS compared to the control groups (Xiong et al. 2015).

In a study of 19 OS cell lines and four normal bone cell lines, 1170 DEGs
were found with 530 upregulated genes and 640 downregulated genes. They
suggested that RPLS, PLCyl, PLCy2, SYK, MAD2L1, AURKA, CDCAS,
BUBI1, and MELK may be correlated with OS (SUN, LI, and YAN 2015). A
significantly higher number of differentially expressed genes was found
between the 84 OS biopsies with MSCs and osteoblasts at 12,542 and 2,939
respectively (Kuijjer et al. 2012).

Differential gene expression was found to be associated with metastatic
status and chemotherapy treatment. CXCR4 was found to be differentially ex-
pressed in metastasis and may serve as a prognostic factor in OS (Namlgs et al.
2012; Salinas-Souza et al. 2013). From a cell lines study, AXL, TGFA,
COLLA7A, and WNTS5A were expressed more frequently in the three high-
metastatic sublines than in the three low-metastatic (Nakano et al. 2003). Gene
expression was also found to be differentially expressed after cytotoxic treat-
ment. The myeloperoxidase gene, the thymine DNA glycosylase, and Hsp-60
were found significantly overexpressed after chemotherapy (Leonard et al.
2003).

High-throughput technologies are being used more frequently in OS studies.
Diverse results have been obtained so far. This heterogeneity may come from
the disease itself, as we mentioned in the beginning of this section, This may
come from the variation of these studies in sample sizes, control groups,
laboratory protocols, and analysis techniques (Z. Yang et al. 2014; Siddiqui et
al. 2006). In order to validate these findings and to suggest biomarkers of OS,
more studies need to be conducted.

2.4. Transforming growth factor-f3 (TGF-B)

2.4.1. TGF-B

The transforming growth factor-f (TGF-B) superfamily has more than 60
members identified in multicellular organisms at least 29 of which are found in
humans. The TGF-fB superfamily are polypeptides secreted to activate cellular
responses during growth and differentiation (Feng and Derynck 2005). Three
isoforms of TGF-B (TGF-B1-2-3) have been identified in human tissues; the
major reservoir of these proteins is believed to be in the bone matrix (JEN-
NINGS and MOHAN 1990). In bone, they are seen to be highly expressed by
the epiphyseal growth plate, perichondrium, and the periosteum (M. Wu, Chen,
and Li 2016; Lamora et al. 2016). The potency of TGF-B 3 is on average 3 to
10-fold more than TGF-B 1 or TGF- 2 on a molar basis, which has been found
in fetal rat bone and in rat OS cultures (Ten Dijke et al. 1990; CENTRELLA et
al. 1994).
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2.4.2. Role of TGF-B in tumorigenesis

The role of TGF-Ps is complicated in oncogenesis. They are believed to regulate
tumor initiation, progression, and metastatic development. The TGF-B paradox
is such that TGF-Bs act as both tumor suppressors and tumor promoters,
depending on the cancer type and tumor development timing (Principe et al.
2014; Roberts and Wakefield 2003; Lamora et al. 2016). During the late stages
of epithelial cancers, the TGF-B cascade promotes tumor progression princi-
pally by stimulating epithelial-to-mesenchymal transition, tumor invasion,
metastatic dissemination, and/or the evasion of the immune system (Meul-
meester and ten Dijke 2011; Katsuno, Lamouille, and Derynck 2013; Lamora et
al. 2014).

2.4.3. TGF-Bin osteosarcoma

In sarcoma, especially in OS, TGF-Bs seem to have a pro-tumoral effect (La-
mora et al. 2016). The concentration of TGF-fs has been shown at elevated
levels in the sera of OS patients compared to the sera of healthy people (Lamora
et al. 2014). Recently, TGF-P has been detected in association with extracellular
vesicles, which are considered a mediator of cell-cell communication and EV
associated TGF-f functions not as the same as soluble ones (Webber et al.
2010).

A variety of TGF- inhibitors have been developed for testing. They modu-
late TGF-B production, TGF-f activation, and TGF-B signaling at different
levels. These levels include the ligand level (antisense oligonucleotides such as
Trabedersen, Belagenpumatucel-L), the ligand-receptor level (some monoclonal
antibodies such as fresolimumab, IMC- TR1 [LY3022859]), and the intracellu-
lar level (TGF-B receptor kinase inhibitors such as Galunisertib). TGF-f inhi-
bitor drugs are already being tested in both preclinical studies and in clinical
trials (Neuzillet et al. 2015; Arjaans et al. 2012; Lamora et al. 2016). PET TGF-
B has been studied with the aim to identify candidates for TGF- inhibition
treatment (Arjaans et al. 2012).

The role of TGF-B plays in cancer is not fully understood, particularly in OS,
and needs further investigation. The perspective of TGF-B modulators in cancer
treatment is a major source of motivation for researchers.

2.5. Repetitive DNA elements in cancers

2.5.1. Repetitive elements in general

Repetitive elements (REs), also known as repetitive DNA, are defined as se-
quences that occur multiple times in the genome. They differ in origin, arrange-
ment, and size. They can be interspersed or next to each other to create tandem
repeats. The size can vary from 1-2 bases to millions of bases (Padeken, Zeller,
and Gasser 2015; Casa and Gabellini 2012). With advances in biotechnology,
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people know more about REs. In 2001, the first sequencing of the human ge-
nome showed that REs accounted for at least 50% of the genome (Lander et al.
2001). But a dramatically higher proportional estimation of RE was discovered
that constitutes two-thirds of REs in the human genome (Koning et al. 2011).
REs were grouped into five classes: transposon-derived repeats, simple sequen-
ce repeats, segmental duplications, blocks of tandemly repeated sequences, and
ribosomal gene clusters (Lander et al. 2001). They can also be classified into
tandem repeats and transposable elements (Padeken, Zeller, and Gasser 2015).
Tandem repeats include satellite DNA, minisatellite, and microsatellite (Pade-
ken, Zeller, and Gasser 2015). While transposable elements consist of retro-
transposon (class I) and DNA transposons (class II). Transposon-derived repeats
accounts for about 45% of the genome. Retrotransposons are composed of long
terminal repeat (LTR) and non-LTR retrotransposons. Non-LTR retrotranspo-
sons include long interspersed nuclear elements (LINEs) and short interspersed
nuclear elements (SINEs) (Lander et al. 2001; Rebollo, Romanish, and Mager
2012). Human endogenous retroviruses (HERVs) are the most important LTRs
in human. HERVs are a family of viruses that integrated into the human ge-
nome and share common features with the present exogenous retroviruses (Nel-
son et al. 2003). They account for about 8% of the human genome (Cegolon et
al. 2013; Lander et al. 2001). Structurally, HERVs are typically constituted of
gag, pol and env regions sandwiched between the two long terminal repeats
(Bannert and Kurth 2004; Mager and Stoye 2015; Nelson et al. 2003).

2.5.2. Repetitive elements in oncology

Recent research has identified additional roles of the repetitive elements. There
have been particularly interesting findings of REs in many kinds of cancers and
their role in tumorigenesis. REs have been shown to be associated with different
kinds of epithelial, germinal, and hematologic cancers. Highly expressed CT
(centromeric) and PCT (pericentric) sequences have been identified in cance-
rous tissues as compared to normal tissues in paired samples of the same
patients of testicular, ovarian, liver, and lung cancers (Eymery et al. 2009).

A digital gene expression analysis of 15 cases showed the total level of all
satellite transcripts was 21-times more highly expressed in pancreatic ductal
carcinomas as compared to normal pancreas. The top differentially overex-
pressed satellite in malignant samples was the pericentromeric human satellite 11
(HSATII), while it was not detectable in normal pancreas and minimally ex-
pressed in other normal organs. An overexpression of HSATII was also found
in other human malignant tumors such as lung, ovarian, kidney, and prostate
cancers (Bersani et al. 2015; Ting et al. 2011). The level of GSATII, TARI,
and/or SST1 transcripts under the reference threshold indicates that a subject
has a tumor (David Tsai Ting, Daniel A. Haber, Shyamala Maheswaran 2012;
Bersani et al. 2015). Alpha human satellite DNA was 43 times higher in
pancreatic cancer compared to normal pancreas (Ting et al. 2011).
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Many retrotransposons have been found to be related to tumors. HERV-K
HML-2 was thought to be associated with several cancers including melanoma
(Schiavetti et al. 2002), leukemia, lymphoma (Contreras-galindo et al. 2008),
breast tumors, (Feng Wang-Johanning et al. 2008; Pichon, Bonnaud, and Cleu-
ziat 2006) testicular cancer (Pichon, Bonnaud, and Cleuziat 2006), and ovarian
cancer (Feng Wang-Johanning et al. 2006). The HERV-E family correlated with
prostate, kidney, ovarian, and uterine cancers (Gimenez et al. 2010; Feng
Wang-Johanning et al. 2003). In colorectal cancer, HERV-H sequences were
found to be overexpressed (Pérot et al. 2015).

An association between non-LTR retrotransposons and cancers was also
discovered. LINE-1 was seen to be upregulated in pancreatic and prostate
cancers (Criscione et al. 2014; Contreras-galindo et al. 2008). In colorectal
cancer, De novo L1 insertions were noted (Solyom et al. 2012). This then
suggests that L1-mediated retrotransposition is a potential source of mutations
that can decrease the tumor suppression of somatic cells in hepatocellular carci-
noma (Shukla et al. 2013). Differential expression of several SINE subfamilies
was revealed in prostate cancer (Criscione et al. 2014).

A patent for the use of repetitive elements in epithelial carcinomas was
approved by their associations. David Tsai et al. recommended to use several
kinds of REs such as ALR, HSTAII as biomarkers in the detection, follow-up,
and prognosis of several cancers (David Tsai Ting, Daniel A. Haber, Shyamala
Maheswaran 2012). This encourages us to analyze the expression of REs in OS.

2.6. The general aspect of osteosarcoma management
in Vietnam

2.6.1. Introduction of health care system in Vietnam

In Vietnam, the public healthcare system plays a key role in providing health
services. The total number of health facilities (hospitals, healthcare center/unit)
is about 13,508 including 182 private hospitals(Vietnam Ministry of Health
2015). However, the private system is increasingly competing with the govern-
mental institutions. The public medical institutions in Vietnam are classified
into four levels from 1-4, national level, provincial level, district level, and
commune level (Sakano 2015; The National Assembly of Vietnam 2014). High-
level hospitals are better equipped with modern machines necessary for OS
management such as modern CTs, MRI, bone scan, PET scan, and accelerator.
The typical cytotoxic drugs recommended for OS are now available in Vietnam.

The Vietnamese government is trying to increase the coverage of medical
insurance for the whole population. The medical insurance cover rate was
76.5% in 2015 (Vietnam Ministry of Health 2015) and has risen to more than
86% by the end of 2017 (Anh 2017). The percentage of payment by medical
insurance for medical care, including approved techniques and medications,
ranges from 80-100% depending on the type of insurance. The prosthesis for
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the limb-sparing surgery is not yet covered, which is too expensive for the
Vietnamese (The National Assembly of Vietnam 2014). In general, the treat-
ment of OS in Vietnam is covered by Vietnamese medical insurance except for
prosthesis, which is used for the conservative surgery of OS.

2.6.2. Management of OS in Vietnam

There is no standard data set of OS available for the Vietnamese population.
But, some local studies have been conducted at national level hospitals, which
have generated some characteristics of OS in Vietnam. OS is primarily treated
majorly in Ho Chi Minh City and Hanoi. A smaller number of patients have
been treated at other national level hospitals in Hue, Can Tho, and Danang.

In Vietnam, OS is the most common type of bone cancer and accounts for
more than 50% of malignant bone tumors (Le Chi Dung 2003; P. H. Nguyen,
Le, and Phan 1998). In Vietnam, primary bone cancer affects 2.12 males and
0.92 females per 100 million people (Vo, Tran, and Doan 2000). It is more
prevalent in men than women and mostly affects the people between the ages of
11 and 30 years old (89.2%) with a mean age of 18.3. The affected sites are
commonly extremities, around 80%, in particular, the femur and tibia are the
most common sites (Le Chi Dung 2003; P. H. Nguyen, Le, and Phan 1998; Q.
D. Nguyen and Le 2002; Vo, Tran, and Doan 2000). The conventional subtype
of OS is the most common. The signs and symptoms of OS are non-specific so
patients and primary care doctors can easily misidentify the disease. Patients
were diagnosed at a late stage in more than 90% of cases. The stage IIB of
Enneking at the diagnosis was the most frequent at about 80% (Le Chi Dung
2003; P. H. Nguyen, Le, and Phan 1998; Nguyen, van-Thang 2005). Patients
presented to the hospital for consultations due to pain, mass, and pathologic
fractures. The most common reason to present to the hospital, in 81% of cases,
was due to the appearance of mass (Q. D. Nguyen and Le 2002). The evolution
and effectiveness of OS treatment in Vietnam are similar to the worldwide
situation. The application of modern techniques in imaging diagnostics and
anatomo-pathology with immunohistochemistry has improved the diagnosis
quality. Before 2000, treatment of OS by only surgery accounted for 83.2% of
cases. Chemotherapy was used in only 1.5% of cases. The five-year overall
survival was 19.9%. In a 2000 study (Vo, Tran, and Doan 2000), Vo Tien Minh
found that patients commonly underwent devastated surgery such as limb
amputation or disarticulation. Conservative operation was only used in 12% of
cases. The overall survival at two years and five years was 43.1% and 34.3%
respectively (Vo, Tran, and Doan 2000). Another study examining 19962006
showed an increase in the use of chemotherapy with cisplatin and doxorubicin
before and after the operation and also limb-sparing surgery was evaluated (Le
et al. 2009). Wide tumorectomy with bone reconstruction performed by auto-
grafts, allografts, callosities, prosthesis, internal fixation, bone cement, or a
combination of these techniques show promising result but still need to be im-
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proved. Some unfavorable results including death, metastasis, recurrence, and
infection, may be due to late-stage diagnosis and or a lack of equipment (Le et
al. 2009).

Nowadays, the diagnosis of OS is usually confirmed by core biopsy or open
biopsy. Chemotherapy combined with surgery remains the most common form
of treatment in Vietnam. Multidrug chemotherapy regimens are used in Viet-
nam such as cisplatin and doxorubicin. High-dose methotrexate is not frequent-
ly used because of the lack of ability to measure its concentration in the serum.
While limb-sparing surgery is increasingly used, amputation remains a popular
treatment. Tumoral endoprosthesis replacement for the treatment of OS is
limited.

2.7. Summary of the literature

OS is a rare disease that mainly affects young people. Treatment methods of the
disease have remained unchanged for years and the prognosis of this highly
metastatic cancer is still very poor. In recent years, there has been an increased
demand for research examining the pathophysiology and mechanism of the
disease in order to identify new biomarkers and develop targeted therapies for
the disease. While there has been an increase in publications and studies looking
at OS, there are still many unanswered questions that need to be clarified.

We would like to further contribute to the understanding of the disease by
establishing an OS database, beginning with Vietnam and Estonia, that will
form the basis for future molecular studies. We started the project by creating an
overview description of gene expression changes in OS. We want to focus on
TGF-B expression, which is believed to be involved in the metastatic process.
Additionally, we aim to reveal the expression of repetitive DNA elements (REs)
in OS, which have been suggested to be biomarkers for some epithelial cancers,
as no observation of REs has been conducted for OS.
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3. AIMS OF THE THESIS

We created a database of OS including biobank for genomics studies. The
studies were conducted with the following aims:

1.

To investigate and describe the differential expression of genes between
malignant bone samples and normal adjacent bone samples and to reveal the
changes in gene expression with chemotherapy.

To describe the TGF- expression in OS and its related genes.

. To describe the differential expression of repetitive DNA elements between

malignant and normal bone samples.
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4. METHODS AND MATERIALS

4.1. Study subjects

Table 1: General characteristics of involved osteosarcoma in the study

NO | Patient | Type | Age at | Gender | Site of | Metastasis | Chemo-| Study
code of diag- tumor | at diagnosis | therapy
sample | nosis
1 OSVNOO01 | fresh 16 female |femur No Yes |LIIIII
2 OSVNO0O03 | fresh 13 male femur No Yes |III, III
3 OSVNO004 | fresh 16 |female |femur No Yes |L 1L, III
4 OSVNO0OS5 | fresh 18 |male femur No Yes |L I, III
5 OSVNO0O06 | fresh 18 |male femur No Yes |L I, III
6 OSHNO0O08 | fresh 24 |female |tibia No yes |I, 1L, IIT
7 OSVNO0O08 | fresh 52 male femur Yes No | II, III
8 OSHNO009 | fresh 16 male femur No Yes | II, III
9 OSHNO10 | fresh 20 female |femur No Yes |LII, III
10 |OSHNOL11 | fresh 07 male tibia No Yes |LIL III
11 |OSHNOI12 | fresh 11 male humerus No No |LII, III
12 |OSHNO13 | fresh 17 male femur No No |LII, III
13 |OSHNO014 | fresh 16 female |tibia No Yes |LILIII
14 |OSVNO15 | fresh 15 male tibia No Yes |LILIII
15 |OSHNO15 | fresh 8 female |tibia No Yes |LIIIII
16 |OSHNO16 | fresh 20 |male femur No Yes |L 1L, III
17 |OSHNO17 | fresh 16 |male humerus No Yes |L I, III
18 |OSDNO0OI1 | fresh 23 male tibia Yes Yes |L 1L, III
19 |EE4878 |FFPE 24 |male femur NA yes |1
20 |EE6762 |FFPE 51 male tibia NA Yes |1
21 |EE6065 |FFPE 80 |female |femur NA Yes |1
22 |EE6311 |FFPE 9 male humerus NA No |I
23 |EE1480 |FFPE 18 |female |tibia NA Yes |1
24 |EE9244 |FFPE 29 |male pelvis NA No |I
25 |EE6921 FFPE 31 female |femur NA No |I
26 |EE3447 |FFPE 20 male femur NA Yes |I
27 |EE13536 |FFPE 22 female |femur NA No |I
28 |EE648 FFPE 32 male femur NA No |I
29 |EE8076 |FFPE 19 male femur NA No |I
30 |VN26391 |FFPE 52 |male femur Yes No |I
31 |VN25065 |FFPE 20 |male femur No No |I
32 |VN23611 |FFPE 23 |male fibula No No |I
33 | VN21890 |FFPE 15 male femur No No |I
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This study includes 18 bone paired samples collected from 18 Vietnamese
patients with histologically confirmed OS underwent surgery (limb-sparing or
amputation) and 15 FFPE samples. FFPE samples were collected from the bio-
banks of pathology departments of Tartu University hospital and Hue university
hospital. These 15 patients were also histologically confirmed of the OS diag-
nosis. 11 FFPE samples were from Estonia and 4 were from Vietnam.

Of the 33 patients included in the study, ten (30%) were females and twenty-
three (70%) were males. The age of patients ranged from 7 to 80 years with a
mean age of 23.4. Basic characteristics of studied patients are described in table 1.

4.2. Collecting data and samples

4.2.1. Bone collection

Bone samples were collected during surgery, after the removal of bone tissue
from the OS patients by surgeons. Two samples were collected from each
patient, one at the affected site referred to as ‘OS sample’ and another normal
piece (far from the tumor) referred to as ‘control sample’ or ‘normal bone’. We
used conical tubes to store the bone samples. They were coded and stored in a
freezer at -80°C till the time of experimentation. Bone samples were transported
with dry ice.

4.2.2. Formalin-fixed paraffin-embedded (FFPE) tissue

FFPE blocks were retrieved from the biobanks of the pathology department of
Hue University hospital in Vietnam and from Tartu University Hospital,
Estonia. Ten-micrometer-thick slices were obtained from each FFPE for the
experiment. These FFPE samples were used to analyze the gene expression
changes with chemotherapy in the study 1.

4.3. Samples analysis

4.3.1. RNA extraction from fresh frozen bone samples

Bone samples (40—50 mg) were ground with nitrogen by pestle and mortar into
powder and pretreated with Trizol. The extraction of total RNA was performed
using RNeasy Fibrous Tissue Mini Kit (Qiagen, Valencia CA, USA) following
the manufacturer’s instruction. Isolated RNA was dissolved in RNase-free water
and kept in the freezer at —80°C until sequencing. The RNA quality assessment
was done by Agilent 2100 Bioanalyzer and the RNA 6000 Nano Kit (Agilent
Technologies Inc., CA, USA).
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4.3.2. RNA extraction from FFPE samples

For each FFPE sample, 6 ten-micrometer-thick slices were used. RNA was
extracted with PureLink FFPE Total RNA Isolation Kit from Invitrogen
(Invitrogen Corporation, Carlsbad, CA, USA) following the instructions.

4.3.3. RNA sequencing

50 nanograms of total RNA was used. First, it was amplified by using Ovation
RNA-Seq System V2 (NuGen, Emeryville, CA, USA). The resulting cDNAs
were then pooled in identical amounts and the pool was used to prepare the
DNA fragment library with SOLiD System chemistry (Life Technologies Corp.,
Carlsbad, CA, USA). Sequencing was carried out using the SOLiD 5500W
platform and DNA sequencing chemistry from Life Technologies Corp., Carls-
bad, CA, USA. Using the Maxmapper algorithm implemented in the Lifescope
software (Life Technologies, Ltd), raw reads were color-space mapped to the
human genome hgl19 reference. Mapping to multiple locations was allowed. The
quality threshold was set to 10, increasing mapping confidence by more than
90. Readings with a score less than 10 were filtered out. The average mapping
quality was 30. Analysis of the RNA content and gene-based annotation was
done within the whole transcriptome workflow implemented in Lifescope.

4.4. Statistical analysis

Statistical analysis was performed using R program.

4.4.1. Deseq2 package and EdgeR package

For statistical analysis, DeSeq2 (for fresh samples) and edgeR (for FFPE
samples and repetitive elements ) packages for R were used (Love, Huber, and
Anders 2014; Robinson, McCarthy, and Smyth 2010). DeSeq2 and edgeR are
packages in R which are specially developed for RNA-seq or other count data.
They allow for the testing of differential expression by using the negative
binomial distribution and a shrinkage estimator to account for the distribution’s
variance (Anders and Huber 2010). The packages perform sample comparison
and adjust the P-value to overcome multiple testing problems. Both packages
use the Benjamini-Hochberg procedure, which controls for the false discovery
rate (FDR) (Benjamini and Hochberg 1995).
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4.4.2. Reactome analysis

We applied pathway enrichment analysis to show the functional relations
among differentially expressed genes. We used the R/Bioconductor package
ReactomePA for Reactome pathway analysis and visualization (Yu and He
2016). Enrichment analysis is a widely-used method to reveal the biological
themes of differentially expressed genes. ReactomePA uses the hypergeometric
model to assess whether the number of selected genes associated with the
Reactome pathway is larger than expected. The p-values are calculated based on
the hypergeometric model. After analysis, results were visualized using an en-
richment map and category-gene-network tools (Fabregat et al. 2016; Yu and
He 2016; Subramanian et al. 2005). This method was used to analyze the path-
ways enrichment of differentially expressed genes between the affected bone
and normal bone and to detect the pathways related to genes expression changes
with chemotherapy.

4.5. Ethical consideration

Our work was carried out in accordance with the Declaration of Helsinki. The
protocols and informed consent forms used in this study were approved by the
Ethics Review Committee on Biomedical Research at Hue University of Medi-
cine and Pharmacy. The decision number 74/CN-BVYD was signed on 12/3/
2014.

All the participants, or participant representatives, were given information
about the disease; the aims of the study; their role as a participant in the study;
how the samples would be collected, coded, transferred, stored, and analyzed,
how the results will be used. Only patients with full acceptation were recruited.
All the participants, or patient representatives, signed the informed consent.
Bone samples and collected medical information were coded without carrying
any personally identifying information. All fresh bone samples were labeled
with an updated code that can be traced or linked back to subject only by the
primary researcher.

FFPE samples from biobanks were anonymous and only disease information
was available to the researchers.
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5. RESULTS

5.1. Differentially expressed genes in osteosarcoma

5.1.1. Differential expression analysis between paired
fresh tumor and normal samples

The pairwise analysis was applied to signals from 21,632 genes. The Ben-
jamini-Hochberg (BH) adjustment implemented in R was used to eliminate false
positives. We named these values the BH-adjusted p-values (FDR), which are
shown in the column “padj” in tables 2 and 3. With an adjusted p-value below
0.05, we were able to identify 5,365 differentially expressed genes between the
cancerous and normal bone, of which 3,399 genes were upregulated and 1,966
were downregulated. BTNLY9, MMP14, ABCA10, ACACB, COL11A1, and PKM?2
(PKM) were the most significant (the lowest FDR) differentially expressed genes.

5.1.2. The most downregulated and upregulated genes in OS

Based on the differences in fold change (log2fold) between tumor and control
samples, we generated a list of genes of both the most upregulated and down-
regulated in tumor samples. It means that these genes got the lowest log2fold and
largest log2fold respectively with a significant p-value. The most downregulated
genes in OS were BTNLY, DNASEIL3, CAMP, LEPR, MIR223, MS4A3, LTF,
LCN2, MMPS, S100412, S10048, MPO, EPB42, HEMGN, AHSP, ABCA10, BPI,
CEACAMG, and DEFA4 (Table 2).

Table 2. The most significantly downregulated genes in osteosarcoma

Symbol Log2Fold |padj Chr | Gene name

Change
BTNL9 -1.54 1.20E-15 |5 |Butyrophilin-like 9
DNASEIL3 |-1.45 2.90E-07 |3 Deoxyribonuclease I-like 3
CAMP -1.45 4.47E-06 |3 Cathelicidin antimicrobial peptide
LEPR -1.43 1.21E-09 |1 Leptin receptor
MIR223 -1.43 6.84E-06 |X |MicroRNA 223
MS4A3 -1.41 7.31E-06 |11 |Membrane-spanning 4-domains, subfamily

A, member 3

LTF -1.4 1.00E-05 |3 Lactotransferrin
LCN2 -1.4 1.00E-05 |9 Lipocalin 2
MMP8 -1.4 8.74E-06 |11 |Matrix metallopeptidase 8
S100A12 [-1.39 1.17E-05 |1 S100 calcium binding protein A12
S100A8 -1.39 1.17E-05 |1 S100 calcium binding protein A8
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Symbol Log2Fold |padj Chr | Gene name
Change

MPO -1.39 1.17E-05 |17 |Myeloperoxidase

EPB42 -1.39 8.52E-06 |15 |Erythrocyte membrane protein band 4.2

HEMGN -1.39 1.03E-05 |9 Hemogen

AHSP -1.39 1.30E-05 |16 |Alpha hemoglobin stabilizing protein

ABCA10 |-1.38 343E-11 (17 |ATP-binding cassette, sub-family A
(ABC1), member 10

BPI -1.38 1.16E-05 |20 |Bactericidal/permeability-increasing
protein

CEACAMSG6 |-1.38 5.56E-06 |19 |Carcinoembryonic antigen-related cell
adhesion molecule 6

DEFA4 -1.37 1.63E-05 |8 Defensin, alpha 4, corticostatin

The most upregulated genes in OS were COLI1A41, TGFBI, TREM2, COL2A1,
COLI10A1, HAPLNI, MMP14, PANX3, CTHRCI, STEAP1, COL3A1 (Table 3).

Table 3. The most significantly upregulated genes in OS

Symbol Log2Fold |padj Chr | Gene name
Change

COL11A1 |1.51 3.43E-11 |1 |Collagen, type XI, alpha 1

TGFBI 1.4 1.46E-08 |5 |Transforming growth factor, beta-induced,
68kDa

TREM2 1.39 791E-08 |6 |Triggering receptor expressed on myeloid
cells 2

COL2A1 |1.38 1.09E-05 |12 |Collagen, type II, alpha 1

COL10A1 |1.35 5.05E-06 Collagen, type X, alpha 1

HAPLN1 |1.26 1.60E-05 Hyaluronan and proteoglycan link protein 1

MMP14 1.24 2.86E-11 |14 |Matrix metallopeptidase 14 (membrane-
inserted)

PANX3 1.22 8.83E-05 |11 |Pannexin 3

CTHRC1 |1.21 3.90E-08 |8 |Collagen triple helix repeat containing 1

STEAP1 1.2 1.40E-07 Six-transmembrane epithelial antigen of the
prostate 1

COL3A1 |1.19 2.94E-07 |2 |Collagen, type III, alpha 1

CA12 1.18 5.99E-08 |15 |Carbonic anhydrase XII

GJB2 1.17 5.26E-05 |13 |Gap junction protein, beta 2, 26kDa

PLOD1 1.15 3.61E-10 |1 |Procollagen-lysine, 2-oxoglutarate 5-
dioxygenase 1

LEPRE1 1.15 2.78E-08 |1 |Prolyl 3-hydroxylase 1
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Symbol Log2Fold |padj Chr | Gene name

Change
PSATI 1.13 2.78E-08 |9 |Phosphoserine aminotransferase 1
COL6A1 |1.13 1.23E-06 |21 |Collagen, type VI, alpha 1
FGFBP2 |1.12 0.0004 4 | Fibroblast growth factor binding protein 2
CTSB 1.11 1.27E-07 |8 |Cathepsin B
UCHL1 1.1 7.90E-05 Ubiquitin carboxyl-terminal esterase L1

From the list of genes which got the lowest padj values, we chose 3 most up-
regulated (highest Log2FoldChange): COLL11A1, TGFBI, MMP14 and 3
most downregulated (lowest Log2FoldChange): BTNL9, LEPR and ABCA10
for illustration.

Visualization of the differential expression of these genes is demonstrated in
figure 1 and figure 2, which plot the individual values of these significantly
changed genes (including downregulated and upregulated ones).

Figure 1 illustrates three downregulated genes (BTNL9, LEPR, ABCA10) and
the upregulated genes (MMPI14, COLI1141, TGFBI) in OS specimens. Con-
sistent patterns in the expression of above genes were evident.

Figure 2 shows the differential expression of BTNL9, LEPR, MMP14, and
COL11A1 between cancerous and non-cancerous samples in pairs of each
patient. Expression of each gene for every patient is illustrated by different
colored lines. It indicates that the differential gene expression was consistent
among different patients.

Table 4. The most significantly differentially expressed genes in OS

Symbol Log2Fold |padj Chr |Gene name
Change

BTNL9 -1.54 1.20E-15 |5 Butyrophilin-like 9

MMP14 1.24 2.86E-11 |14 | Matrix metallopeptidase 14 (membrane-
inserted)

ACACB -1.19 3.43E-11 |12 Acetyl-CoA carboxylase beta

PKM?2 1.02 3.43E-11 |15 Pyruvate kinase, muscle

ABCA10 -1.38 3.43E-11 |17 ATP-binding cassette, sub-family A
(ABC1), member 10

COL11A1 1.51 3.43E-11 |1 Collagen, type XI, alpha 1
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5.1.3. Reactome analysis of fresh samples

By using the Reactome database (a manually curated resource describing che-
mical reactions, biological processes, and pathways), we aimed to describe the
disease-specific transcriptome signature with a list of differentially expressed
genes in paired-samples (Subramanian et al. 2005; Yu and He 2016; Fabregat et
al. 2016). The analysis showed a significant enrichment of the pathways related
to the collagen degradation, extracellular matrix organization, and erythrocyte
activation. The detailed pathways are shown in table 5.

The eight most significantly activated pathways include: collagen degrada-
tion; erythrocytes take up carbon dioxide and release oxygen, erythrocytes take
up oxygen and release carbon dioxide, O2/CO2 exchange in erythrocytes,
degradation of the extracellular matrix and extracellular matrix organization.
They are illustrated in the figure 3. They are all related to the degradation of the
extracellular matrix or to hematopoiesis. Figure 4 shows genes from the path-
ways and their expression levels.

Table 5. The enrichment analysis of the gene expression profile in OS

_ Gene . ]
D Description Ratio BgRatio p-value p-adjust q-value
1442490  Collagen degradation 11/89 | 62/6750 3.27E-10 1.89E-08 | 1.60E-08
Erythrocytes take up
1237044 | carbon dioxide and 6/89 | 9/6750 |3.61E-10|1.89E-08 | 1.60E-08

release oxygen

Erythrocytes take up
1247873 oxygen and release 6/89 | 9/6750 | 3.61E-10 1.89E-08  1.60E-08
carbon dioxide

02/C02 exchange in

1480926 6/89 | 9/6750 |3.61E-10|1.89E-08 | 1.60E-08

erythrocytes

1474228 Degradation of the 13/89  109/6750 1.24E-09 5.22E-08  4.42E-08
extracellular matrix

1474244 Extracellular matrix 17/89 | 249/6750 1.77E-08 6.19E-07 5.24E-07
organization

2168880 Scavenging of heme 5/89 | 12/6750 2.62E-07 7.86E-06 6.66E-06
from plasma
Binding and Uptake of

2173782 Ligands by Scavenger | 7/89 | 40/6750 ' 7.15E-07 1.88E-05 1.59E-05
Receptors
Collagen biosynthesis

1650814 | DI 8/89 | 59/6750 8.51E-07 1.99E-05 1.68E-05
and modifying enzymes

1474290  Collagen formation 8/89 | 70/6750 3.22E-06 6.76E-05 5.73E-05
Assembly of collagen

2022090 fibrils and other 6/89 | 40/6750 1.19E-05 2.27E-04 1.92E-04

multimeric structures
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1592389

3000178
109582

983231

216083

375165

419037

5653656

5365859

Erythrocytes take up carbon dioxide and release oxygen -

Erythrocytes take up oxygen and release carbon dioxide-|

Binding and Uptake of Ligands by Scavenger Receptors-

Description

Activation of Matrix
Metalloproteinases

ECM proteoglycans
Hemostasis

Factors involved in
megakaryocyte

development and
platelet production

Integrin cell surface
interactions

NCAM signaling for
neurite out-growth
NCAMI interactions
Vesicle-mediated
transport

RA biosynthesis
pathway

Collagen degradation -

02/CO2 exchange in erythrocytes -

Degradation of the extracellular matrix <

Extracellular matrix organization -

Scavenging of heme from plasma 1

Gene

Ratio BgRatio p-value p-adjust
5/89 | 27/6750 |2.29E-05 | 4.00E-04
7/89 | 67/6750 |2.50E-05 | 4.04E-04
17/89 | 450/6750  6.45E-05 | 9.67E-04
8/89 | 122/6750 | 1.88E-04 | 2.63E-03
6/89 | 83/6750 |7.42E-04|9.74E-03
5/89 | 64/8750 | 1.47E-03|1.73E-02
4/89 | 38/6750 | 1.48E-03 | 1.73E-02
8/89 | 184/6750 2.81E-03  2.99E-02
3/89 | 22/6750 |2.85E-03|2.99E-02

Figure 3. The most significantly activated pathways in OS.
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The horizontal axis shows the number of genes found in every pathway while
the vertical axis shows the different pathways. Their color depicts statistical
significance on the activation where red is the most significant and blue is the
least.
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Figure 4. A map of the two most significantly altered genetic networks in OS.
A. illustrates a group of genes interacting for collagen synthesis and degradation. They
are composed of COL11A1, COL10A1, COL2A1, COL3A1, COL6A1, COL6A3,
MMPS, MMP11, MMP14, CTSB, ACAN, CTSG, and ELANE. B. shows a hemato-
poiesis interacting network that is composed of HBA1, HBA2, HBB, CAl, SLC4Al,
and RHAG genes.

5.1.4. Gene expression changes induced by chemotherapy

To discover the transcriptional changes due to chemotherapy, we analyzed
transcriptome from FFPE samples using edgeR package. We analyzed five pre-
chemotherapy FFPE and ten post-chemotherapy specimens. Twenty-two genes
were found to be expressed differentially with chemotherapy (padj <0.1). They
all are upregulated genes with log2foldchanges of more than 1 (listed in table
6). Gene-set enrichment analysis of these 22 genes was done and significant
pathways related to these genes were identified with padj <0.1. They include
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collagen biosynthesis and modifying enzymes collagen formation; influenza
viral RNA transcription and replication; eukaryotic translation elongation; inte-
grin cell surface interactions; SRP- (the signal-recognition particle)-dependent
cotranslational protein targeting to membrane; collagen degradation (table 7).
Interestingly, most of the genes upregulated with chemotherapy were related to
collagen formation and support osteogenesis.

Table 6. The most significantly upregulated genes in FFPE OS samples after chemotherapy

symbol log2Fold PValue padj genename

Change
POSTN 3.16 2.59E-08 | 0.00 | periostin. osteoblast specific factor
AMBN 4.07 1.80E-07 | 0.00 |ameloblastin (enamel matrix protein)
SLC35F3 3.84 1.93E-07 | 0.00 | solute carrier family 35. member F3
TAC3 39 1.71E-07 | 0.00 |tachykinin 3
TYROBP 316 1.58E-07 | 0.00 ;l)"r\({)igl protein tyrosine kinase binding
STX7 2.99 5.36E-07 | 0.00 |syntaxin 7
HEATR1 2.12 5.18E-06 | 0.02 |HEAT repeat containing 1
OGN 1.97 7.49E-06 | 0.02 | osteoglycin
USP6 2.49 7.34E-06 | 0.02 | ubiquitin specific peptidase 6
SPRR1B 2.53 9.96E-06 | 0.02 |small proline-rich protein 1B
ASPN 1.94 1.54E-05 | 0.03 |asporin
SULF1 1.07 1.52E-05 | 0.03  sulfatase 1
DNAJCI4 211  224E-05  0.04 zgf;b(gsffo) homolog. subfamily C.
NOB1 2.25 2.75E-05 | 0.04 |NIN1/RPN12 binding protein 1 homolog
FAP 221 3.48E-05 | 0.05 | fibroblast activation protein. alpha
SP3 2.23 3.27E-05 | 0.05 | Sp3 transcription factor
C8orfs59 2.79 4.50E-05 | 0.05 | chromosome 8 open reading frame 59
CCNB2 1.04 |4.40E-05 | 0.05  cyclin B2

KRTDAP 324 454E-05 | 0.05 keratinocyte differentiation-associated

protein
MRPS24 2.19 4.63E-05 | 0.05 |mitochondrial ribosomal protein S24
C2o0rf89 2.34 6.99E-05 | 0.08 | TraB domain containing 2A
RPS6 2.38 7.47E-05 | 0.08 |ribosomal protein S6
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Table 7. Results of the gene set enrichment analysis after chemotherapy

ID Description setSize | enrichment | p-adjust
Score

1650814 | Collagen biosynthesis and 9 0.61 0.09
modifying enzymes

1474290 | Collagen formation 10 0.54 0.09

168273 | Influenza Viral RNA Transcription 22 0.52 0.09
and Replication

156842 | Eukaryotic Translation Elongation 21 0.56 0.09

216083 | Integrin cell surface interactions 8 0.61 0.09

1799339 | SRP-dependent cotranslational 21 0.56 0.09

protein targeting to membrane

1442490 | Collagen degradation 9 0.76 0.09

5.2. TGFB in osteosarcoma and
its related genes’ expression

From the data looking at the RNA-seq analysis of paired OS tissues and sur-
rounding normal bone in the 18 OS patients, we focused on TGF-} expression
and its related genes.

Surprisingly, TGF-f mRNA was not differentially expressed between nor-
mal and tumor samples (Figure 5), however, several TGF-B-induced genes were
found upregulated (Figure 6 A and B; Figure 7 A va B). COL11A1 and TGF-fI
were the top two upregulated genes among those genes (log2FC 1.51, P = 1.06
E-14 and log2 FC 1.40, P = 1.35E-11, respectively).

Gene set enrichment analysis (GSEA) of the most upregulated genes in OS
samples with log2 FC > 1, P < 0.0001 revealed an overlap of 4 extracellular
matrix genes that are induced early by TGF-f in fibroblasts (Verrecchia, Chu,
and Mauviel 2001). They included three collagen genes known as definite TGF-
B/SMAD3 targets (COL3A1, COL6A1, COL6A3) and MMP14 (Fig. 7B).
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Figure 5. TGF-f expression among normal and osteosarcoma tumor bone samples
TGF-B is not expressed differentially with significance between the tumoral and normal

bone of the same patient.
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Figure 6. Differential expression of MMP11 and POSTN between normal bone and OS
specimens.

MMP11 and POSTN were overexpressed in OS compared to normal bone.
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5.3. Repetitive DNA elements expressed differentially in
osteosarcoma

We analyzed 1116 different repetitive elements from the Repbase. The analysis
was done in R by EdgeR. We used the Benjamini-Hochberg (BH) adjustment to
eliminate false positives. These BH-adjusted p-values (FDR) are shown in the
column FDR. If we are to accept a fraction of false positives of five percent,
then we can consider all REs with FDR less than 5%= 0.05 as significant ones.
As a result of this analysis, eighty-two repetitive elements were found diffe-
rentially expressed between the normal and cancer specimens, including 35 up-
regulated and 47 downregulated elements.

Ten elements with the lowest FDR, known as the most significant diffe-
rential expression REs, are shown in table 8. Among those elements, THE1C-
int, LTRS5, MERS57F, and MER87B had the highest significance. They are all
HERVs which are a part of repetitive elements.

Table 8. The most significant repetitive elements which expressed differentially
between affected bone versus normal bone in OS

Class Family Element logFC p-value FDR
LTR ERVL- THE1C-int 0.612785 9.83E-10 1.07E-06
MaLR

LTR ERVK LTRS 0.606272 4.58E-08 2.49E-05
LTR ERV1 MERS7F 0.943969 1.09E-07 2.98E-05
LTR ERV1 MERS7B 0.748537 1.01E-07 2.98E-05
RNA RNA 7SK 0.9486 3.17E-07 6.91E-05
LTR ERVI MER34B-int 0.72914 4.78E-07 8.68E-05
LTR Gypsy MamGypLTR3 -0.41918 7.13E-07 0.000111
Satellite centr ALR_Alpha 1.291039 1.08E-06 0.000147
DNA DNA MER136 1.412429 1.27E-06 0.000154
Satellite Satellite HSATI 1.878344 3.66E-06 0.000366

The most upregulated elements that have the highest logFC (1.12-2.05) are
listed in table 9. SAR, HSATII, CATTC n, MER136, ALR Alpha, and
_GAATG n were the most strongly upregulated. The most downregulated
elements were mostly the HERVs shown in Table 10.
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Table 9. The most upregulated repetitive elements in OS

Class Family Element logFC p-value FDR
Satellite Satellite SAR 2.052918 5.08E-05 | 0.003461
Satellite Satellite HSATII 1.878344 3.66E-06 | 0.000366
Satellite Satellite _CATTC n 1.481369 3.7E-06 0.000366
DNA DNA MER136 1.412429 1.27E-06 | 0.000154
Satellite centr ALR Alpha 1.291039 1.08E-06 | 0.000147
Satellite Satellite _GAATG n 1.115843 0.000789 | 0.01829
Table 10. The most downregulated repetitive elements in OS
Class Family Element logFC p-value FDR
DNA TcMar MamRepl161 -0.99091 6.38E-05 0.003862
tRNA tRNA tRNA-Ser-TCY | -0.94009 0.001438 0.026562
LTR ERV1 HERVI_LTRe -0.68333 0.000166 0.007247
LTR ERVL- MLTI1E1-int -0.64431 0.00306 0.043679
MaLR
LTR ERV1 HERV15-int -0.61309 0.000353 0.010703
LTR ERV1 MERSI1E -0.5277 0.000964 0.02144
LTR ERV1 MERS3B -0.43948 0.000292 0.010112
LTR ERVL LTR47B4 -0.43666 7.71E-05 0.0042
LTR Gypsy MamGypLTR3 -0.41918 7.13E-07 0.000111
LTR ERV1 MER72B -0.37858 0.000402 0.011198
LTR Gypsy LTRS81 -0.35087 0.003015 0.043679
LTR ERV1 LTR31 -0.34699 0.000763 0.01808

Figure 8 clearly illustrates the differential expression of repetitive elements in
OS. The figure shows the most upregulated and the most downregulated ones
with the range of logFC (A, B). We can see the difference in repetitive elements

expression between OS and normal bone (C) from the PCA.

Figure 9 shows differential expression of repetitive elements in subgroups.
The differential expression of REs was found particularly between the tumoral

and control bone samples.
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6. DISCUSSION

6.1. Genes expression differentially in osteosarcoma

The present study used RNAseq to analyze the differential gene expression
between OS tissue and normal bone in 18 paired samples to overcome some
known limitations of recent studies on DEGs in OS studies. We found 5,365
differentially expressed genes with an adjusted p-value below 0.05, of which
3,399 upregulated genes and 1,966 downregulated genes. A number of diffe-
rentially expressed genes in OS varies among existing studies. Yang et al. found
979 differentially expressed genes in a meta-analysis of in vivo and in vitro
studies (Z. Yang et al. 2014). A transcriptome analysis of a single case of OS in
an Estonian patient identified only 65 differentially expressed genes (Martson et
al. 2013). A more abundant number of DEGs, about 1,608, was found in one
GeneChip study of 10 OS samples and 2 normal tissue samples (Subramanian et
al. 2005). Lu Sun et al. found 1170 DEGs, including 530 upregulated genes and
640 downregulated genes in a study that compared 19 OS cell lines and 4
normal bone cell lines (SUN, LI, and YAN 2015). Marieke L. Kuijjer et al.
found 12,542 and 2,939 genes that were expressed differentially with signifi-
cance when they compared the gene expression of 84 OS biopsies to 12 mesen-
chymal stem cells, and 3 osteoblasts respectively (Kuijjer et al. 2012). This was
the highest number of DEGs found in an existing study. These variations are
understandable due to the difference in study design, the sample size and control
groups.

We analyzed paired tumor-normal samples with a relatively larger sample
size as compared to studies of a similar design. Our study allowed the com-
parison of gene expression between the tumor and normal tissue from the same
patient. This design substantially reduces biological variability and increases
statistical power.

We found BTNL9, MMP14, ABCA10, ACACB, COL11A1, and PKM2 as
the most significant differentially expressed gene. BTNL9 was not mentioned in
previous OS studies. In our study, BTNL9 had the lowest padj wvalue.
Butyrophilin-like 9, also known as BTN3, BTNS8, or VDLS1900, is located in
5g35.3. The function of BTNL9 has not yet been identified, but it is one of the
13 members of the human Butyrophilin family which plays a role in immune
homeostasis (Arnett and Viney 2014).

MMP14 belongs to the MMP family, which is a hallmark of invasive
cancers. In OS, MMP14 was revealed to interact with COL1A2 and COL5A2
(D. Wu et al. 2014). MMP14 was upregulated in breast cancer, mesothelioma,
and lung cancer (Crispi et al. 2009; Stawowczyk et al. 2017; Tétu et al. 2006).
It has also been associated with a worse prognosis (Tétu et al. 2006). Interes-
tingly, inhibiting the MMP14 by targeting hemopexin, the domain of MMP14,
showed promise as an approach in lung cancer treatment (Stawowczyk et al.
2017).
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The ABCA10 is member 10 of the ATP binding cassette subfamily A and
its location is on 17q24. It was downregulated in our study. ABCA10 was also
found to be downregulated in colorectal and ovarian cancer (Hlavata et al. 2012;
Elsnerova et al. 2016). The downregulation of ABCA10 found in OS fits with
its expression in some others epithelial cancers mentioned above. It was noted
that ABCA10 was correlated to the progression-free survival of ovarian cancer
(Elsnerova et al. 2016). Further study should be done to confirm the role of
ABCA10 as a prognostic marker in OS. Similarly, ACACB was downregulated
and for the first time has been shown to be correlated to OS.

ACACB is acetyl-CoA carboxylase beta, which is also known as ACC2, and
was located on chromosome 12. It may be involved in the regulation of fatty
acid oxidation, rather than fatty acid biosynthesis (NCBI Resource Coordina-
tors 2018). The role of lipid metabolism has been mentioned in cancer, in parti-
cular, involved Acetyl-CoA carboxylase (ACC 1 and 2) in some cancers (Luo et
al. 2017). It was found that via the deactivation of ACC2 or ACACB, PHD3
loss in cancer enables a metabolic reliance on fatty acid oxidation (German et
al. 2016).

The COL11A1 gene codes for the al chain of procollagen and mature colla-
gen of type XI, which is an extracellular minor fibrillar collagen (Vazquez-
Villa, Garcia-Ocana, Galvan, Garcia-Martinez, Garcia-Pravia, Menéndez-Rodri-
guez, Rey, et al. 2015). COL11A1 was upregulated in this study. We have not
found its correlation to OS in previous studies, but some family members were
identified. COL1A2 and COL5A2 were identified to be upregulated in OS (D.
Wu et al. 2014). Particularly, COL11A1/(pro)collagen 11A1 was significantly
expressed by activated stromal cells of the desmoplastic reaction of human
invasive carcinoma of the oral cavity, pharynx, head, neck, breast, lung, eso-
phagus, stomach, pancreas, colon, and ovary (Vazquez-Villa, Garcia-Ocaiia,
Galvan, Garcia-Martinez, Garcia-Pravia, Menéndez-Rodriguez, Gonzalez-del
Rey, et al. 2015). The level of COL11A1/(pro)collagen 11A1 expression was
correlated with the aggressiveness, progression, metastasis, and drug resistance
of the epithelial cancers. It was suggested that COL11A1 regulates MMP3 and
MMP9 via TGF-B and consequently, promotes cell proliferation, invasion,
metastasis, and drug resistance. This pathway model should be further studied
to develop targeted therapies for several cancers including OS (Vazquez-Villa,
Garcia-Ocana, Galvan, Garcia-Martinez, Garcia-Pravia, Menéndez-Rodriguez,
Gonzalez-del Rey, et al. 2015; Raglow and Thomas 2015).

PKM (pyruvate kinase muscle), also known as PKM2, was overexpressed in
our study. This is similar to the previous findings in clear-cell renal carcinoma.
In clear-cell renal carcinoma, PKM2 was upregulated and when it was sup-
pressed in these cells the inhibition of the rapid proliferation, high glucose con-
sumption, and high lactate production were induced (Huang et al. 2016). The
role of PKM should be evaluated further in OS.

From the Reactome analysis, we found a significant enrichment of specific
pathways in OS. The enrichment was focused on two main networks. The first
group was the hemoglobin interacting network which was also discovered in a
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recent OS study (Zhao et al. 2015). In our work, we identified the interacting
network of hematopoiesis that is composed of HBA1, HBA2, HBB, CAl, and
RHAG. The second network was collagen synthesis and degradation and its
related genes were COL11A1, COL10A1, COL2A1, MMP14, COL3Al,
COL6A1, MMP11, CTSB, ACAN, COL6A3, CTSG, MMPS8, and ELANE.
Several genes indicate the enrichment of the cancer progression and extra-
cellular matrix remodeling. COL was thought to be possible featured genes of
OS (Y. Zhang et al. 2015). A study on 6 cell lines samples (J. Yang and Wang
2016) discovered similar pathways that correspond with our discoveries such as
the extracellular matrix organization and integrin cell surface interactions. Our
findings on OS, which is a very highly metastatic disease, matched quite well
with the present knowledge about the role of extracellular matrix remodeling in
sarcoma progression and metastasis. Remodeling of ECM by collagen degra-
dation and redeposition in interactions with matrix metalloproteinases (MMPs)
promotes tumor infiltration, angiogenesis, invasion, and migration. Recent under-
standing of its mechanism has led to several clinical trials, especially for
MMPs-inhibitor drugs, and an increasing interest in future treatment develop-
ments. Previous studies have suggested the further evaluation of MMPs serve as
a potential marker of invasiveness and risk of metastasis (Jablonska-Trypu¢,
Matejczyk, and Rosochacki 2016; Nerenberg, Salsas-Escat, and Stultz 2007; Lu
etal. 2011).

We aimed to characterize the changes in gene expression with chemotherapy
by analyzing the FFPE samples. We analyzed 5 samples with chemotherapy and
10 without chemotherapy. We made a comparison of gene expression with and
without chemotherapy. Twenty-two genes were found to be upregulated signi-
ficantly with chemotherapy (padj < 0.1 and log2foldchange >1. Collagen bio-
synthesis, modifying enzymes, collagen formation, and collagen degradation
were among the most significant pathways. Apparently, these pathways lead to
the degradation and remodeling of the extracellular matrix. This suggested that
chemotherapy may induce the remodeling of ECM. P Leonard et al. also studied
the differential expressed genes with chemotherapy and the myeloperoxidase
gene, the thymine DNA glycosylase, and Hsp-60 were among the most highly
expressed after chemotherapy (Leonard et al. 2003). We think that this discor-
dance may come from the type of specimens used, as we used FFPE samples
and they used biopsy samples. It may also come from the actual heterogeneity
of OS, which needs more evaluation.

From our analysis of 18 paired patient samples, we found that the degra-
dation and remodeling of ECM seem to be an important pathway in OS. The
activation of collagen biosynthesis related pathways after cytotoxic treatment
supports the fact that ECM degradation and remodeling may be an important
mechanism of the disease.

50



6.2. TGF-B expression in osteosarcoma

The role of TGF-P in tumorigenesis is quite complicated, but it is believed that
TGF-p plays an important role in progression and metastasis of cancer (Padua
and Massagué 2009; Lamora et al. 2014; Katsuno, Lamouille, and Derynck
2013; Meulmeester and ten Dijke 2011) and has a critical role in the commu-
nication between cancer and stromal cells during disease progression (Calon et
al. 2015).

In OS, TGF-B has been previously mentioned as an autocrine growth factor
with a pro-tumoral effect (Lamora et al. 2016). Moreover, TGF-f mRNA
expression in OS tissues has been linked to high-grade tumors (Franchi et al.
1998). The concentration of TGF-Bs was higher in sera of OS patients than
healthy control individuals (Webber et al. 2010). Surprisingly, our study did not
show the differential expression of TGF- at the mRNA level, but several TGF-
B induced genes were highly upregulated in OS compared to normal bone
control in paired samples. It raised the question whether TGF-3 was expressed
in another form. In fact, EV-associated TGF-§ was detected and it functions not
as the same as soluble TGF-B in several cancer cell lines (Webber et al. 2010).
In OS, EVs carry elevated levels of TGF-f (S. Rubina Baglio, Tonny Lager-
weij, Maria Perez-Lanzon, Xuan Dung Ho, Nicolas Leveille, Sonia A. Melo and
Ekaterina S. Jordanova, Laura Roncuzzi, Michelina Greco, Monique A.J. van
Eijndhovenl, Giulia Grisendi, Massimo Dominici, Roberta Bonafede, Sinead
M. Lougheed, Tanja D. de Gruijl, Nicoletta Zini, Silvia Cervo, Agostino Steffa,
Viincenzo Canzonieri, Aare M 2017). Another clue to explain the non-diffe-
rential expression of TGF-f in OS when we used paired samples is that TGF-§
is not from the tumor cells but from stromal cells (Cortini et al. 2016). This may
explain the different level of TGF-f between the OS group and healthy group
and why there was no difference of TGF-B expression between affected bone
and normal bone in the same patient.

6.3. Expression of repetitive DNA elements in OS

Until our study, the expression of repetitive elements has not be analyzed in OS.
In our work, 82 REs were found to be differentially expressed between OS and
normal bone in paired samples with the significance of FDR <0.05. Of which,
there were 35 upregulated and 47 downregulated elements. The list of the most
significant REs that expressed differentially (with lowest FDR) consisted of
THE1C-int, LTRS5, MERS57F, and MER87B. They are all LTRs or HERVs.
THEI1C-int is an ERV3, a retrovirus-like MaLLR element. LTRS is an ERV2, a
clone of HERV-K18. MERS7F and MER8&7B are ERV1 with 435 bp and 509
bp respectively (W. Bao, Kojima, and Kohany 2015; Jurka et al. 2005). When
we reviewed the previous literature, LTRS hypomethylation was shown to be
involved in the systemic lupus erythematosus mechanism while THE1C-int,
MERS7F, and MER87B were not identified (Nakkuntod et al. 2013). With our
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present findings, it is suggested that TE plays an important role in transcrip-
tional control, genomic instability, chromosomal rearrangements, non-coding
RNA regulation, and oncogenic activation (Anwar, Wulaningsih, and Lehmann
2017). HERVs presenting as a TE as shown to be associated with carcino-
genesis in various cancers. Below, we have listed some interesting findings of
HERVs expression in some cancers. These findings may support our results as
we do not have similar studies to compare our results to.

In prostate cancer, some retrotransposons subfamilies were identified.
HERV-E (and/or ERV3) env genes were expressed only in prostate cancer cells
that were suggested as targets for immunotherapy (Feng Wang-Johanning et al.
2003). Additionally, HERV-K was also involved in prostate cancer. A study,
utilizing a similar design as our present one, on 14 prostate cancer patients of
different grades with paired samples found 475 retrotransposon subfamilies to
be significantly differentially expressed in the affected tissue with FDR < 0.05.
Among those, LTR was the most prevalent with endogenous retroviruses with
ERV1 being the most represented (Ren et al. 2012; Criscione et al. 2014).

In ovarian cancer, HERV-K env was expressed only in cancer tissue at a
high frequency of 90%. There was no expression found in normal and benign
ovarian surface epithelial tissue. ERV3 and HERV-E were discovered to
express simultaneously in the same ovarian cancer tissues and antibodies to
HERVs were detected in the sera of ovarian carcinoma (Feng Wang-Johanning
et al. 2006). This suggests the further evaluation of HERVs is necessary to
confirm a new ovarian carcinoma screening tool and potentially serve as a new
target for detection, diagnosing, and treatment. A similar study also found that
HERV-K env expressed only in breast cancer tissues and cell lines but not in
normal breast tissues. Therefore, it should be evaluated for use as a potential
tumor marker (F Wang-Johanning et al. 2001). The expression of HERV-K Env
proteins was shown in more than 85% of cases of breast cancer and induced
both serologic and cell-mediated immune responses (Feng Wang-Johanning et
al. 2008).

There has also been interesting findings showing an association between TEs
and hepato-gastrointestinal cancers. About 30-50% of gastrointestinal cancers
including gastric, pancreas, and colorectal cancers showed the overexpression
of the HERV-H sequence (Wentzensen et al. 2007). Furthermore, the HERV-H
gag gene locus on chromosome Xp22 was usually expressed in colon cancer
samples (Alves et al. 2008). Among LTRs which were upregulated in HCC,
LTR-007 was the most commonly expressed (Hashimoto et al. 2015).

In lymphoma, high levels of HERV-K were found in the plasma of patients
and it decreased significantly with the successful treatment of lymphoma
(Contreras-galindo et al. 2008). In Hodgkin’s lymphoma, activation of endo-
genous LTR can be oncogenic; Hypomethylation of the THE1B LTR induced
the activation of the CSFIR (colony stimulating factor 1 receptor gene) on-
cogene. CSF1R was highly expressed in these cancer cells. THE1IB LTR, a
MaLR family LTR retrotransposon, which is in the same subgroup with
THE1C-int was also discussed in our results (Lamprecht et al. 2010). They also
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detected HERV-K mRNA and proteins in melanoma tissues and cell lines
(Biischer et al. 2005; Muster et al. 2003). HERVs have been studied in germinal
cancers. HERV-K virus-like production was identified in teratocarcinoma cell
lines (Boller et al. 1993; Lower et al. 1993). Importantly, HERV-K Gag and
Env proteins were upregulated in germinal cancers, and antibodies against these
viral proteins were also detected (Sauter et al. 1996; Sauter et al. 1995). The
involvement of HERs in many cancers supports our findings, which detected
the hyperexpression of HERs found for the first time in OS. Further inves-
tigation should be conducted to reveal the role of TEs in OS.

We also generated a list of the most upregulated REs by ranking logFC
(highest logFC) (table 9). SAR, HSATII and -CATTC-n were the top 3 most
upregulated REs. SAR is a human satellite I DNA. Its 84 bp sequence is
acagtatata atatatattt tgggtacttt gatattttat gtacagtata taatatatat tttgggtact ttgatatttt
atgt (Jurka et al. 2005; W. Bao, Kojima, and Kohany 2015). To our knowledge,
it has not been found in previous studies. This finding suggests to further
investigate the role of SAR in the tumorigenesis of OS.

HSTAII is a pericentromeric human satellite II element. It was found over-
expressed in some carcinomas including pancreatic adenocarcinoma, lung
cancer, renal cancer, ovarian, prostate, and colon cancer (Ting et al. 2011;
Bersani et al. 2015). In an analysis of 15 human pancreatic cancer samples, the
total satellites transcripts were elevated 21-fold in cancerous samples compared
to normal pancreas. Among the satellites, HSATII was highest differentially
expressed with 131-fold, but it is undetectable in the normal pancreas or
minimally expressed in other normal tissues (Ting et al. 2011). In a research
study using RNA-ISH analysis of endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA) of the pancreatic tumors, HSATII-positive cells were
detected in 10 out of 10 cases of confirmed adenocarcinoma while only 2 cases
were nondiagnostic with FNA (Ting et al. 2011). In colon cancer, the gain in
HSATII copy was linked to a significant diminution of overall survival com-
pared with no gain tumors (Bersani et al. 2015). An experiment was carried out
by inhibiting HSATII rdDNA formation to treat colon cancer cell lines in three-
dimensional conditions and mouse tumor xenografts which lead to a decrease in
the size of tumors accompanying HSATII copy drop (Bersani et al. 2015).
Promising findings of HSATII in several carcinomas support our results in the
analysis of OS, suggesting the further study of HSATII in cancer.

(CATTO)n is a simple satellite repeat that was upregulated in human colon
cancer simultaneously with HSATII and ALR/alpha. This finding completely
matches with our results where we found similar simultaneous upregulation of
these REs (Bersani et al. 2015).

Taken together with previous findings in epithelial, germinal, and hemato-
logic cancers, our analysis of REs in OS shows that the expression of repetitive
elements in OS may play a role in the pathophysiology of OS.
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6.4. Limitations

The subjects of the study were mainly from Vietnam with samples used in 3
studies. 11 FFPE samples were retrieved from the pathology of the Tartu Uni-
versity hospital which served to analyze the expression changes of genes with
chemotherapy in the study I of our work.

We had limitations to access all involved hospitals in Vietnam for a
complete overview of OS in Vietnam. In Vietnam, the connection among OS-
treatment hospitals has not been well established. Due to this lack of co-
operation, it is difficult to get all OS patients for the study.

Moreover, as Vietnamese culture stresses the return of the body or any re-
moved body parts to the family after operation, the bone collection needs to be
quick and the size of the sample taken must be minimized. We then missed
some cases in obtaining the fresh bone tissues.
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7. CONCLUSION

1. In conclusion, 5,365 genes were discovered to be differentially expressed
between the normal and OS tissues with an FDR adjusted p-value below
0.05. The most significantly differentially expressed genes were BTNLY,
MMP14, ABCA10, ACACB, COL11A1, and PKM2. The degradation of
collagen seems to be an important mechanism of OS and should be further
studied to see if it serves as a biomarker of OS. The robust activation of
several COL family genes supports their involvement in malignancy and
their potential role in tumorigenesis. Twenty-two genes were found diffe-
rentially overexpressed with chemotherapy. Collagen biosynthesis and modi-
fying enzymes, collagen formation, as well as collagen degradation were
among the most significant pathways. They were shown to induce the degra-
dation and remodeling of the extracellular matrix. We can then assume that
chemotherapy may induce the remodeling of ECM.

2. There was no difference in TGF-§ expression between OS tissue and normal
bone samples, but some TGF-B-induced genes such as COL11A1, TGF-fI,
COL3A1, COL6A1, COL6A3, and MMP14 were upregulated.

3. Eighty-two repetitive elements were differentially expressed between the OS
and normal control samples. Among these REs, thirty-five were upregulated
and forty-seven were downregulated. The most upregulated REs in OS are
SAR, HSATIIL, and simple repeat (CATTC)n. Our findings match what is
presently known about the expression of HERVs and satellite DNA in
epithelial, germinal, and hematologic cancers, which emphasizes a need for
the further study of REs in OS.
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8. MAIN PRACTICAL APPLICATIONS/FUTURE
PERSPECTIVE

This is the first study on OS in Vietnam done in collaboration with different
institutions. The study was conducted by sharing experiences and facilities
among institutions. Especially, local staff in Hue was trained in building up and
running a fundamental research project. This study provides the basis for further
research in the detection of new markers, early diagnosis, and the discovery of
new targets for more effective treatment options for this highly malignant
disease. The preliminary results of this study have encouraged us to continue on
this project in collaboration with the Hue University of Medicine and Phar-
macy, Vietnam; University of Tartu, Estonia; The Cancer Center Amsterdam,
VU University Medical Center, Amsterdam, the Netherlands in the near future.
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10. SUMMARY IN ESTONIAN

Osteosarkoomi geneetilise profiili iseloomustus

Sissejuhatus

Osteosarkoom (OS) on koige enam levinud esmane luukoe kasvaja, moodusta-
des ligikaudu 20-40% koikidest pahaloomulistest luukasvajatest. OS-i avaldu-
mus on ligikaudu 3 juhtu miljoni inimese kohta aastas. Enamikes riikides on
haigestumus meeste seas monevorra kdrgem vorreldes naistega. Soltuvalt vanu-
sest on keskmiselt meeste haigestumuse suhe naiste haigestumusse vahemikus
1.01 kuni 1.43. Pohiline haigestumise riskigrupp on puberteediealised noored.
Keskmisest enam esineb OS-i ka eakamatel inimestel, kelle vanus iiletab 60 elu-
aastat. OS-il puuduvad spetsiifilised siimptomid, mis raskendab kasvaja varajast
diagnoosimist. Esimesteks pohilisteks siimptomiteks on tavaliselt valu ja paiste-
tus kasvaja piirkonnas. Enamasti tekib kasvaja jasemete pikkades luudes: 56%
juhtumitest ala- ning 10% tiilajisemete luudes.

Kéesolevaks hetkeks on teadmised OS-i tekkepdhjustest ja -mehhanismidest
piiratud. On leitud, et haigestumise riski suurendavad viga kiire luukasv, kiiri-
tus ning ka moned geneetilised haigused nagu Li-Fraumeni stidroom (LFS),
parilik retinoblastoom (RB), Werneri siindroom (WS), Rothmund-Thomsoni
siindroomi (RTS) tiiiip II, Bloomi siindroom (BS), RAPADILINO siindroom ja
Diamond-Blackfani aneemia. OS-i puhul on metastaasid viga sagedased: eelda-
tavasti 80-90% patsientidest esinevad diagnoosimise hetkel mikrometastaasid.
Seda toetab asjaolu, et enne keemiaravi kasutuselevottu kirjeldati metastaase
kopsudes ka pérast kasvaja kirurgilist eemaldamist ligikaudu 80% patsientidest.
Keemiaravi kasutusele votmine 1970. ja 1980. aastatel parandas oluliselt OS-i
patsientide elulemust. Uhtlasi viihendas see oluliselt amputeerimiste osakaalu
arenenud riikides. Kiill aga on kaasaegse taristu puudumise tottu amputeerimine
peamine sekkumise vorm OS-i ravis ka tdnapdeva Vietnamis. Olenemata kaas-
aegse meditsiini arengust, ei ole OS-i 5-aasta elulemus pérast 1980. aastaid olu-
liselt paranenud, olles 60—78% lokaliseerunud kasvajate puhul ning kdigest 20—
30% kaugelearenenud ehk metastaseerunud staadiumis.

Biotehnoloogia, sh eriti oomika meetodite areng on toonud kaasa OS-i tee-
maliste publikatsioonide arvu kiire kasvu. Need uuringud viivad ldhemale OS-i
patofiisioloogia mdistmiseni ning uute ravimisihtmirkide leidmisele. Uhtlasi on
OS-i vurimine viinud tddemuseni, et tegemist on molekulaarsete mehhanismide
tasemel végagi heterogeense haigusega. Kdige sagedasemad on mutatsioonid
p53 tuumor supressor valgu funktsioneerimisega seotud geenides, esinedes ligi
95% juhtudest. Neist koige tiiiipilisemad on 7P53 geeni translokatsioonid ja
deletsioonid. Lisaks sellele on OS-i patogeneesiga seostatud mutatsioone leitud
ka RBI, ATRX ja DLG?2 geenidest. OS-i kasvajakudedes on tédheldatud ka mit-
mete mikroRNA-de vihenenenud ekspressiooni vorreldes terve koega, nditeks:
miR-206, miR-195, miR-340 ja miR-503. Samas on tuvastatud modnede
mikroRNA-de suurenenud ekspressioon, sh miR-17. Hiljutiste lilegenoomsete
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geeniekspressiooniuuringute raames on aga joutud vastandlike tulemusteni.
Selle pShjuseks voib olla nii haiguse heterogeensus kui ka uuringuplaanist tule-
nevad probleemid, sh liiga véiksed valimid, erinev kontrollgruppide komposit-
sioon, laboratoorsete protokollide ning meetodite erinevused. Tegemist on prot-
seduuriliste lahknevustega, mille iihtlustamine on vajalik enne kandvate jirel-
dusteni joudmist.

Kuna OS-il on iseloomulik suure tdendosusega metastaseeruda, on tegemist
hea mudeliga metastaseerumise uurimiseks. OS uuringud on edendanud tead-
misi TGF-f funktsioonidest ning toonud esile selle geeni osatidhtsuse kasvajate
arengus. In vitro ja in vivo katsete tulemusena on joutud jéreldusele, et TGF-f
voib omada olulist rolli vihkkasvajate metastaseerumise protsessis reguleerides
kasvajate invasiivseid omadusi, immuunrakkude inhibitsiooni ning kasvajatele
soodsa mikrokeskkonna véljakujunemist. Seetdttu on tegemist signaalirajaga,
mille manipuleerimine voimaldaks oluliselt inhibeerida metastaseerumise meh-
hanisme. TGF-B on atraktiivseks sihtmérgiks ravimiarenduses, kuid tulenevalt
antud valgu mitmekesistest funktsioonidest, on ka anti-TGF-f teraapia tulemu-
sed olnud seni varieeruva edukusega. Sellegipoolest on TGF-f modulaatorite
ndol tegemist paljulubavate ravimikandidaatidega nii OS kui ka teiste véhk-
kasvajate puhul.

On leitud, et lisaks traditsioonilistele geneetilistele teguritele, vdivad mitme-
te viahkkasvajate puhul patogeenset efekti omada ka genoomsed korduselemen-
did. Korrelatsioone korduselementide ekspressiooni ja vdhkkasvajate patoge-
neesi vahel on leitud néiteks pahaloomuliste epiteelkudede, idurakkude ja hema-
toloogiliste kasvajate puhul. Nende vihkkasvajate korral on satelliitelementide
ekspressiooni tdstetud esile kui véimalikku biomarkerit, kuid seni ei ole OS-i
puhul sarnaseid uuringuid 14bi viidud. Seni kirjeldatud korrelatsioonid lubavad
oletada, et genoomsed korduselemendid, sh endogeensed retroviirused, voivad
mojutada vihkkasvajate teket ja arengut. Korduselementide ekspressiooni kir-
jeldamine OS-i kontekstis avardaks teadmisi nende vdimalikust rollist ka teiste
vihkkasvajate puhul.

Kéesoleva doktoritoé eesmirk oli uurida OS-i genoomi ja transkriptoomi, et
tuvastada biomarkerite kandidaate ja uusi vdimalikke haigusmehhanisme. Kes-
kenduti iilegenoomsele geenide ekspressiooni vordlemisele kasvajakoe ja sama-
de indiviidide terve koe vahel, vottes arvesse ka vdimaliku keemiaravi mdju.
Pdhilises fookuses oli TGF-P ning antud signaalirajaga seotud geenid. Uhtlasi
kirjeldati seni viahe uuritud genoomsete korduselementide ekspressiooni.

Eesmargid:

1. Tuvastada osteosarkoomi koes erinevalt ekspresseerunud geenid vorreldes
samade indiviidide terve luukoega, vottes lihtlasi arvesse, kas patsiendid on
saanud keemiaravi vOi mitte.

2. Kirjeldada TGF-P ja antud signaalirajaga seotud geenide ekspressiooni.

3. Tuvastada osteosarkoomi koes muutunud ekspressiooniga korduselemendid,
sh endogeensed retroviirused.
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Materjalid ja meetodid:

Proovid koguti 33 patsiendilt, kelle puhul oli OS histoloogiliselt kindlaks teh-
tud. Neist kiimme (30%) olid naised ning 23 (70%) mehed. Patsientide vanus jii
vahemikku 7 kuni 80 eluaastat ning keskmine vanus oli 23.4 aastat. 18 patsiendi
puhul oli tegemist hiljuti kogutud kiilmutatud proovidega ning 15 patsiendi
korral olid tegemist formaliinis fikseeritud parafiini sisestatud koeproovidega.

Luukoe proovid koguti kasvajate kirurgilise eemaldamise kdigus. Igalt patsien-
dilt koguti kaks proovi: OS proov kasvajakoest ning vordluseks terve luukoe
proov kasvajast vdimalikult kaugelt. Proovid mérgistati ning hoiustati -80 °C
juures kuni katsete teostamiseni. Kiilmutatud proovide transport toimus kuival
jaal. Formaliinis fikseeritud parafiini sisestatud koeproovid saadi patoloogia
osakondade arhiividest nii Vietnamis kui ka Tartu Ulikooli Kliinikumist. RNA
eraldamiseks 16igati parafiinblokkidest 10pm paksused 16igud.

Kiilmutatud koeproovid to6deldi pulbriks kasutades uhmrit, nuia ja vedelat
lammastikku. Saadud materjal t6ddeldi Trizol reagendiga ning kogu RNA eral-
damiseks kasutati RNeasy Fibrous Tissue Mini Kit’i vastavalt tootja juhistele.
Parafiini sisestatud proovide puhul eraldati RNA iga proovi kohta kuuest 10um
paksusest 10igust kasutades selleks PureLink FFPE Total RNA Isolation Kit’i
vastavalt tootja juhistele. Eraldatud RNA lahustati RNaasi vabas vees ning
hoiustati -80 °C juures. RNA kvaliteedi hindamiseks kasutati RNA 6000 Nano
Kit’i ja Agilent 2100 Bioanalyzer instrumenti. RNA proovide sekveneerimine
toimus SOLiD™ 5500W sekvenaatoriga.

Andmete statistiliseks analiiiisiks kasutati R’i keskkonda. Ekspressiooni and-
meid analiiiisiti kasutades DESeq2 ja edgeR pakette. Tulemuste statistilist oluli-
sust hinnati FDR (ingl k False Discovery Rate) pohjal. Erinevalt ekspresseeru-
nud geenide klasterdumist signaali- ja metabolismiradade 1dikes analiiiisiti
kasutades ReactomePA paketti.

Tulemused

Vorreldes OS-i kasvajakoe ja terve luukoe ekspressiooni andmeid, leiti 5 365
erinevalt ekspresseerunud geeni, mis olid statistiliselt olulised (FDR < 0.05).
Neist 3 339 (63%) ekspressiooni olid kasvajakoes korgemad ning 1 966 (37%)
geeni ekspressioonid madalamad. Koige védiksema FDR vidirtusega ehk statis-
tiliselt kdige olulisemad olid BTNL9, MMP14, ABCA10, ACACB, COL11A1
ning PKM?2 (PKM) geenid. Kdige enam oli ekspressioon kasvajakoes suurene-
nud BTNLY, DNASEIL3, CAMP, LEPR, MIR223, MS4A3, LTF, LCN2, MMPS,
S100412, S10048, MPO, EPB42, HEMGN, AHSP, ABCA10, BPI, CEACAM6
ja DEFA geenide puhul. Koige enam oli OS-i koes vdhenenud COLII1AI,
TGFBI, TREM2, COL2A41, COLI0AI, HAPLNI, MMP14, PANX3, CTHRCI,
STEAPI ja COL3A1 geenide ekspressioon. Signaali- ja metabolismiradadesse
klasterdumise analiilisi tulemusena selgus, et kdige enam mdjutasid geenide
ekspressiooni muutused kollageeni lagundamise, ekstratsellulaarse maatriksi
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kujundamise ja eriitrotsiiiitide aktivatsiooniga seotud signaali- ja metabolismi-
radasid.

Tuvastamaks muutusi geenide ekspressioonis pérast keemiaravi, analiilisiti
viite keemiaravi eelselt ning kiimmet keemiaravi jérgset parafiini sisestatud
koeproovi. Statistilise olulisuse kriteeriumi FDR < 0.1 korral leiti 22 erinevalt
ekspresseerunud geeni: POSTN, AMBN, SLC35F3, TAC3, TYROBP, STX7,
HEATRI, OGN, USP6, SPRRIB, ASPN, SULFI, DNAJCI14, NOBI, FAP, SP3,
C8orf59, CCNB2, KRTDAP, MRPS24, C20rf89 ja RPS6. Koikide loetletud gee-
nide ekspressioon oli keemiaravi jargselt kasvajakoes suurenenud. Signaali- ja
metabolismiradadesse klasterdumise analiiiisi tulemuseks oli vaid iiks statistili-
selt oluline (korrigeeritud p-védrtus < 0.1) metabolismirada, milleks oli kolla-
geeni moodustamine.

18 patsiendilt voetud kasvajakoe ja terve luukoe proovide puhul keskenduti
TGF-f ja sellega seotud geenide ekspressiooni uurimisele. Vastupidiselt eeldus-
tele ei leitud, et TGF-f geeni ekspressioon erineks statistiliselt olulisel mééaral
kasvajakoe ja terve luukoe vordluses. Sellegipoolest tuvastati mitme TGF-f
poolt indutseeritud geenide suurenenud ekspressiooni. Lihtudes statistilisest
olulisusest ja ekspressiooni muutumise ulatusest, olid neist kdige olulisemad
COLI11A41 (ekspressioon suurenenud 2.8 korda; p = 1.06 x 10%) ja TGF-pI
(ekspressioon suurenenud 2.6 korda; p = 1.35 x 10™").

Korduselementide ja endogeensete retroviiruste puhul tuvastati statistiliselt
oluline ekspressiooni erinevus kasvajakoe ja terve luukoe vahel 82 elemendil
1116-st. Nendest 35 (43%) korral oli ekspressioon kasvajakoes kdrgem kui
terves luukoes ning 47 (57%) elemendi puhul oli ekspressioon kasvajakoes
vahenenud vorreldes terve luukoega. Statistiliselt kdige olulisemad elemendid
olid inimese endogeensed retroviirused (HERV): THE1C-int, LTR5, MERS57F
ja MERS87B. HERV-ide ekspressioon oli valdavalt kasvajakoes vorreldes terve
luukoega vihenenud. Leitud transponeeruvate elementide ja satelliit-jarjestuste
ekspressioon oli aga kasvajakoes suurenenud vorreldes terve luukoega. Nendest
kdige olulisemad olid SAR, HSATIIL, (CATTC)n, MER136, ALR Alpha ja
(GAATG)n.

Kokkuvote

— Leiti 5 365 geeni, mille ekspressiooni erinevused OS-i kasvajakoe ja terve
luukoe vahel olid statistiliselt olulised (FDR < 0.05). Nende seast kdige
viaiksema FDR véartusega ehk statistiliselt dige olulisemad tulemused olid
muutused BTNLY, MMP14, ABCA10, ACACB, COLI11A41 ja PKM?2 geenide
ekspressioonis. Erinevalt ekspresseerunud geenide signaali- ja metabolismi-
radade analiilisi tulemusena leiti, et kollageeni biosiinteesi ja lagundamise
seotud geenid olid statistiliselt olulisel médidral iileesindatud. Kéesolevate
tulemuste pohjal voib jareldada, et kollageeni lagundamise protsess vdib
omada olulist rolli osteosarkoomi patogeneesis ning vairib edasist uurimist
nii potentsiaalse biomarkerite allikana kui ka funktsionaalsel tasemel. Lisaks
leiti keemiaravist tingitud ekspressiooni erinevused 22 geeni puhul, mille
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tulemusena kerkis samuti esile kollageeni biosiinteesi protsess. Sellest
johtub, et keemiaravi tulemusena voib toimuda ekstratsellulaarse maatriksi
remodelleerimine.

Kéesoleva t60 tulemusena ei leitud, et 7GF-f geeni ekspressioon erineks
statistiliselt olulisel méiiral kasvajakoe ja terve luukoe vordluses. Kasvaja-
koes olulised suurenenud ekspressioon tuvastati aga mitme 7GF-f poolt
indutseeritud geeni puhul, néiteks: COLI1A1, TGFpI, COL3A41, COL6AI,
COL6A3 ja MMP14.

Antud doktoritdd tulemusena kirjeldati esmakordselt erinevusi kordus-
elementide ekspressioonis OS-i kasvajakoe ja terve luukoe vordluses. Leiti
35 korduselementi, mille ekspressioon oli kasvajakoes suurenenud ning 47
elementi, mille ekspressioon oli kasvajakoes vdhenenud. Kdige enam oli
ekspressioon OS-i proovides suurenenud satelliitjarjestuse SAR ja HSATII
ning lihtsa kordusjérjestuse (CATTC)n puhul. Leitud tulemused tdiendavad
eelnevaid teadmisi korduselementide ja inimese endogeensete retroviiruste
ekspressiooni muutustest pahaloomulistes epiteelkudede, idurakkude ja
hematoloogiliste kasvajates ning avavad uusi potentsiaalseid uurimise suun-
dasid nii OS-i kui ka teiste kasvajate kontekstis.
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11. SUMMARY IN VIETNAMESE

Tong quan ung thu tao xuwong

Ung thu tao xuong la bénh hay gap nhat trong s cic ung thu xuong nguyén
phat, chiém khoang 20-40% tit ca u xuong 4c tinh. Ti 1& méi méc cia ung thu
tao xwong cao hon & nam so véi & nit gidi tai hau hét cac qudc gia va ¢ mure
trung binh 1a 3 truong hop trén 1 triéu nguoi hang nam. Bénh xay ra chu yéu &
nguoi tré quanh do tu01 day thi va tao nén dinh cao nhit vé ti 18 moi mac dinh
cao thu 2 thap hon vé ti 1¢ méi mic bénh nay ¢ tudi gia sau 60 tudi. Ti s nam-
nit mic ung thu tao xwong bién thién tir 1.01 dén 1.43:1.

Tri€u ching cua ung thu tao xwong rat khéng dac hiéu do d6 bénh d& bi bo
sOt boi bac s§ cham soc ban dau. Pau va sung 1a triéu ching hay gip nhat can
dugc tham kham va xét nghiém chuyén sau. Bénh gép phan 16n & xwong dai chi
dudi (56%), chi trén (10%). Nguyén nhén va co ché bénh sinh cta ung thu nay
van con chua dugc biét nhiéu.

Mot s6 yéu t6 nguy co cua bénh nhu ting trudng nhanh, xa tri va mot sb
bénh di truyén mac phai nhu hoi chimg LI-Fraumeni, bénh u nguyén bao véng
mac di truyén, hoéi chiung Werner, héi ching Rothmund-Thomson tip 2, hdi
chimg Bloom, hoi chimg RAPADILINO va thiéu mau Diamond Blackfan. Ung
thu tao xuong 1a bénh c6 tinh di cdn cao. C6 khoang 80-90% bénh nhan c6 vi di
cin ¢ thoi diém chan doan. Piéu nay giai thich dugc khoang 80% bénh nhan
tién trién di cin phdi sau phau thuat don thuln trude thoi ky diéu tri hoa chét.

Ti 1€ séng thém cda bénh nhan ung thu tao xwong dugc cai thién rd sau khi
mg dung diéu tri héa chat vao cudi thap nién 1970 va dau thap nién 1980. Nho
hiéu qua cua hoéa tri, phau thuat bao ton dugc thuc hién tot va rong rai, giam
dang ke phiu thuét cit cut. Tuy nhién, tién luong cua ung thu tao xwong van
con xau va khong thay ddi tir sau nhitng nam 80 v&i ti 16 sdng thém 5 nim &
muc 60-78% cho giai doan khu tra va chi 20-30% cho bénh giai doan tién xa
hay di can.

Véi céac tién bo gan ddy trong cong nghé sinh hoc, ddc biét v4i ung dung
nhiéu k¥ thuat giai trinh ty thong lugng cao, s6 luong cac nghién ctru ung thu
tao xuong gia tang dang ké nhdm hleu 13 hon vé co ché bénh sinh va tim dich
phan tir cho diéu tri méi. Klen thirc Ve co ché bénh ung thu tao xuwong da duoc
mo rong va dac tinh khong 0 on dinh vé muc phan ti duoc ghi nhén & ung thu tao
xuong. Dot bién con dudng p53 ghi nhdn trong 95% u, ma phan 16n dot bién
lién quan TP53 1a chuyén doan hay mét doan. Mot sd dot bién gene RBI,
ATRX va DLG?2 ciing dugc ghi nhan. MicroRNA giam biéu hién duge cho ¢
lién quan dén tién lugng bénh x4u nhu miR-206, miR-195, miR-340, miR-503,
trong khi mot s ting biéu hién. Gan day, su bién dbi vé gen trong ung thu tao
xuwong da duogc nghién ctru véi cac k¥ thuit méi hién dai. Biéu hién khéc biét
cuia gen trong ung thu tao xuwong duoc tim thiy khac nhau giita cac nghién ctru
¢6 thé do tinh khéng ddng nhét ciia bénh hay do han ché vé thiét ké nhu miu
nho, khac nhau nhom chung, khac ky thuat lam thi nghiém va k¥ thuat phan
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tich. Cau hoi duoc dit ra 1a lam sao dé cai thién dugc thiét ké nghién ciru nham
mang lai két qua dang tin cdy.

Puoc biét nhu 1a mot bénh ¢6 kha nang di can cao, co ché di can trong ung
thu tao xuong la hinh mau tot dé nghién ctu. Nhiéu thi nghiém in vitro va in
vivo cho rang TGF-p c6 thé thuc ddy ung thu di cin thong qua hi¢u tng trén vi
mdi trudng u, ting cuong dac tinh xdm lan va tc ché chirc ning te bao mién
dich. Nguoi ta tim thdy nhidu mdi lién quan giita TGF- va sy tién trién cua
bénh ung thu va né thiic diy nhiéu nghién ctru nham hiéu vé co ché phic tap
ctia TGF-B trong sinh ung. N6 goi ¥ c6 con duong anh huéng dén co ché di can.
Liéu phap diéu tri nhim TGF-B da dugc phat trién. Tuy nhién, vai tro ciia TGF-
B rat phirc tap va két qua cua thudc khang TGF-p rat khac nhau va day thach
thirc. Do d6, chirc ning cua TGF-B ciing nhu cac thudc diéu hoa TGF-B day hira
hen thu hut nhiéu nha nghién ciru thuc hién trong ung thu noi chung bao gom ca
ung thu tao xuwong. Trong co ché sinh ung, cac yéu t6 lap (repetitive elements)
dugc phat hién c6 moi lién quan dén cac ung thu biéu mo, u mam, ung thu mau.
Mot sé vé tinh (satellites) dugc dé xuét sir dung nhu 13 chat chi diém sinh hoc
nhung khong c6 nghién ciru tuong ty dugc thyc hién voi ung thu tao xuong.
Nghlen ctru vé su biéu hién cia cac yeu t6 lap trong ung thu tao xuong tré nén
tha vi dé mo rong thém kién thirc v& vai tro cua cac yéu t6 lap trong tat ca cac
phéan loai ung thu khac nhau.

V&i mong mudn tao 1dp mot ngudn mau bénh pham ung thu tao xwong &
ngudi cho nhiéu nghién ciru hon trong ung thu tao xuwong va nham mé ta tong
quan mot sd bién d6i vé gen trong ung thu tao xuong, tim cac chat chi diém
sinh hoc ¢6 thé co va dé dinh hudng cho cic nghién ciru chuyén biét hon cung
chu dé nay. Chung t6i thyc hién nghién cru nay s dung mau bénh pham
xuong tuoi va mau khdi nén dé tim hiéu sy biéu hién gen va cac yéu té lap &
ung thu tao xuwong véi cac muc tiéu cy thé nhu sau:

Muc tiéu:

1. Tim hiéu va md ta su biéu hién khac biét cta gen & mo6 xuwong bi ung thu so
v6i md xwong lanh cua cung bénh nhan va sy thay doi biéu hién gen sau hoa tri.
2. Mo ta sy biéu hién ctia TGF-p trong ung thu tao xwong va cac gen lién quan
3. M6 ta sy biéu hién khac biét cua cac yéu td lp trong ung thu xwong so sanh
mod xuong bénh va mé xuwong lanh ctia cung bénh nhan.

Doi twong va phuong phap nghién ciru

Chung t6i nghién ctiru 33 bénh nhan ung thu tao xwong da duoc xac minh vé
mat mo hoc. Trong d6, c6 10 (30%) bénh nhan nit va 23 (70%) bénh nhan nam.
Tudi cta bénh nhan tir 7 dén 80 tudi voi d6 tudi trung binh 13 23.4. Mudi tam
bénh nhan c6 mau xuong tuoi dong lanh va 15 bénh nhan véi mau khéi nén.
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Mau xwong tuoi duge 1dy tir mau bénh pham sau md, dugc lay ngay sau khi
phau thuat vién cit bo dugc phan bi bénh. Vi mdi bénh nhan, hai mau xwong
duogc thu thap, mot mﬁu tai vi tri u va mot méu mé xuong lanh xa u lam dél
ching. Chung t61 dung 6ng hinh phéu dé gitr mau xuong. Cac 6ng dung miu
dugc danh ma so va dugc gitr ¢ tu dong nhiét do am 80°C cho dén luc phan tich.
Van chuyén mau xuong bang da kho. Cac khéi nén duoc 1ay tir khu vuc luu trit
mau cta cac khoa giai phau bénh & bénh vién Pai hoc Y Duoc Hué va tai bénh
vién Dai hoc Tartu, Estonia. Céc lat cat day 10 micromet tur khdi nén duoc thu
thap dé tach RNA.

Mau xuong dugc nghién thanh bot nho nitrogen sir dung cdi va chay va xir
tri bang Trizol. Tach chiét RNA toan bd bang RNeasy Fibrous Tissue Mini Kit
(Qiagen, Valencia CA, USA) theo hudng dan cua nha san xudt. V&i mau nén,
sir dung 6 lat cit co do day 10 micromet dé tich RNA dung PureLink FFPE
Total RNA Isolation Kit from Invitrogen (Invitrogen Corporation, Carlsbad,
CA, USA) theo huéng dan. RNA chiét tich duoc hoa lodng trong nudc khong
c6 RNase va giir ¢ -80°C. Panh gia chit lugng RNA biang may Agilent 2100
Bioanalyzer va may RNA 6000 Nano Kit (Agilent Technologies Inc., CA,
USA). Giai trinh ty bang SOLiD 5500W platform va hoa chét giai trinh ty DNA
cua Life Technologies Corp., Carlsbad, CA, USA.

Phan thich thong ké sir dung phin mém R. Goi Deseq2 va edgeR trong R
dugc dung dé phén tich sy biéu hién khac biét ciia gen. Ca hai géi nay déu ding
Benjamini-Hochberg dé kiém soat ti 1& phat hién nham (FDR). Chung toi sir
dung gbi R/Bioconductor ReactomePA dé phan tich va biéu dién con duong
phan ung protein (Reactome pathway analysis and visualization). Phuong phap
nay duoc dung dé phén tich cic con duong sinh hoc lién quan dén nhom cac
gen biéu hién khac biét gitta mé xuong bénh va mé xwong lanh va phat hién
duogc cac con duong sinh hoc lién quan dén biéu hién gen bién ddi theo hoa tri.

Két qua

Véi padj <0.05, chiing t6i phat hién ra 5.365 gen biéu hién khac nhau giita mo
xuong 4c tinh va mé xwong lanh. Trong d6 c6 3.399 va 1.966 gen ting biéu
hién va giam biéu hién theo thw ty. BTNL9, MMP14, ABCA10, ACACB,
COL11A1, and PKM2 (PKM) la cic gen c6 biéu hién khac biét co ¥ nghia nhat
(FDR thép nht).

Cac gen giam biéu hién nhét (log2fold thap nhét) trong ung thu tao xwong 1a
BTNL9, DNASE1L3, CAMP, LEPR, MIR223, MS4A3, LTF, LCN2, MMPg,
S100A12, S100A8, MPO, EPB42, HEMGN, AHSP, ABCA10, BPI,
CEACAMBS, DEFA. Cac gen ting biéu hién nhét (log2fold cao nhét) trong ung
thu tao xuong la COL11A1, TGFBI, TREM2, COL2A1, COL10A1, HAPLNI,
MMP14, PANX3, CTHRCI, STEAP1, COL3Al.

Phan tich con duong sinh téng hop ghi nhan cac con dudng ¥ nghia nhit lién
quan dén thoai hoa collagen, t6 chirc chit ngoai bao va hoat hoa hong cau. Tam
con dudng sinh tong hop dang chi ¥ nhit gdm thoai bién collagen, hong cau
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tiép nhan CO, va nha oxy, hong cau nhan oxy va nha CO,, trao d6i Oxy/ CO,
trong héng cau, thoai hoa chit nén ngoai bao va t6 chirc chit nén ngoai bao. Tt
ca chung deu lién quan dén sy thodi hoa chat nen ngoai bao hay su tao mau.

Nim mau nén trudc héa tri va muoi mau nén sau hoa tri da dwoc phan tich
dé thiy sy thay d6i biéu hién gen lién quan dén hoéa tri. Hai muoi hai gen duoc
tim thdy c6 biéu hién khac biét voi hoa tri (padj<0.1). Chung bao gdbm POSTN,
AMBN, SLC35F3, TAC3, TYROBP, STX7, HEATR1, OGN, USP6, SPRR1B,
ASPN, SULF1, DNAJC14, NOBI1, FAP, SP3, C8orf59, CCNB2, KRTDAP,
MRPS24, C20rf89, RPS6. Cac gen nay déu ting biéu hién véi héa tri. Thuc
hién phan tich ting cudng to hgp gen (Gene-set enrichment analysis) ctia 22 gen
nay cho thiy cic con duong sinh tong hop lién quan dén cic gen nay véi
padj<0,1. Enzyme sinh tong hop va bién déi collagen, sy hinh thanh collagen,
thoai hoa collagen la cac con dudong sinh tong hop lién quan hoa tri c6 ¥ nghia
nhat Diéu thi vi 1a hau hét cac gen tang biéu hién vai hoa tri ¢6 lién quan dén
tong hop collagen va hd trg qua trinh tao xuwong.

Tir dit liéu giai trinh ty RNA cia cac cip mau bénh phdm ung thu xwong va
mo xuong lanh cua 18 bénh nhan ung thu tao xuong, ching t6i tap trung phan
tich su biéu hién cua TGF-B va cac gen lién quan. Rat ngac nhién 1a TGF-B
khong biéu hién khac biét gitra u va xwong lanh. Tuy nhién mét sb gen lién
quan TGF-p ting biéu hién. Trong d6, COLL11A1 va TGF-BI ting biéu hién
nhit (log2FC 1.51, p=1.06 E-14 va log2 FC 1.40, p = 1.35E-11, theo thr ty).

Chung t6i ciing phén tich 1116 yéu té 1ip khac nhau tir Repbase. Chung t6i
phat hién 82 yéu 6 lip biéu hién khac biét giita m6 lanh va mé ung thu tao
xuong. Trong s6 d6, co 35 yéu tb lap ting biéu hién va 47 yéu té giam biéu
hign. THE1C-int, LTRS, MER57F, MER87B 14 céc yéu t6 1dp c6 biéu hién khic
biét y nghia nhit. Chung déu 1a HERV, m6t phén nhom cua yéu t6 1ap. Cac yéu
t6 tang biéu hién nhat gom c6 SAR, HSATII, _CATTC_n, MERI36,
ALR_Alpha, GAATG n. Cac yéu té ldp giam biéu hién hau hét 1a HERV.

Két luan

— Chiing t6i phat hién 5.365 gen biéu hién khac biét giita mé xuong lanh va
md xuwong bénh véi FDR hi€u chinh p<0.05. Trong s6 d6, BTNL9, MMP14,
ABCA10, ACACB, COL11A1 va PKM2 1a cac gen biéu hién khéc biét co y
nghia nhét. Sy thoai bién collagen dudng nhu 13 co ché quan trong cia ung
thu tao xwong va can dugc nghién ciru thém dé sir dung nhu 14 chat chi diém
ctia ung thu tao xwong. Hai muoi hai gen biéu hién khac biét lién quan dén
hoéa tri. Enzyme sinh tong hop va bién ddi collagen, sy hinh thanh collagen,
thoai hoa collagen 1 cac con dudng sinh tong hop lién quan hoéa trj ¢ y
nghia nhét. Ching din dén sy thoai bién va su tai tao chat nén ngoai bao.
Chung ta c6 thé cho rang hoa tri c6 thé gdy ra sy tai tao chat nén ngoai bao.

— Khéng c6 su khac biét vé& biéu hién cia TGF-p gitta mo ung thu xwong va
mo thuong nhung mot sd gen lién quan TGF-p nhu COLI11A1, TGF-pI,
COL3A1, COL6A1, COL6A3, and MMP14 ting biéu hién.
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— Téam muoi hai yéu t6 lap c6 hiéu hién khac biét gitta mé thuong va mo ung
thu. Trong d6, c6 35 yéu t ting biéu hién va 47 yéu t6 giam biéu hién. SAR,
HSATII va doan lip don gian (CATTC)n ting biéu hién trong ung thu tao
xuong. Két qua cua nghién ctru nay bo sung thém nhimng phat hién vé biéu
hién cia HERV va vé tinh DNA trong ung thu biéu mé, mam va ung thu
mau va né 12 van dé tha vi dé nghién ctru thém trong ung thu tao xwong.

81



ACKNOWLEDGMENTS

This work was financially supported by institutional research funding (IUT20-
46) from the Estonian Research Agency and by the European Union’s Seventh
Framework Programme (FP7/2007-2013) under grant agreement no. 602398
(Hyporth). This study would not have been accomplished without the coopera-
tion and support from professors and colleagues of the University of Tartu and
the Hue University of Medicine and Pharmacy.

I would like to express my deepest gratitude and appreciation to everyone

who contributed to this work directly and indirectly:

Professor Aare Mirtson, for supervising and encouraging me in studying and
doing the research, to overcome the most difficult moment during the course,
for his presence at the right time to support me and make me feel more
confident and safe. I also appreciate much the nice moments he shared with
me to understand more the Estonian life.

Professor Sulev Kdoks, for supervising, kindly answer rapidly my questions
with patience for not only related to the study but also outside of the main
subject, guiding me to learn a lot of things out of curriculum, creating new
projects at our university, introducing me the new country, my new home-
land — Estonia, helping me in arranging scientific trips so that I can under-
stand more the vast world of science.

Associate professor Katre Maasalu, for supervising, supporting me during
my studying, for the warm welcome in the cold weather in Tartu and many
complicated paper works, helping me to adapt the life in Tartu, for bringing
new Estonian friends to make my life in Estonia cozier.

Dr. Ene Reimann, Ms. Ele Prans, Mrs. Gea Koks for your training in labo-
ratory works, the contributions to the work and for your encouragement to
me during my stay in Tartu.

Special thanks to our lab assistant Annika Hiling, who is always available
for help and for sharing as a good friend.

Freddy Lattekivi, who is always willing to help me, patiently explained to me
about statistics, translating into Estonian and to support me in doing the study.

Dr. Le Huy Trinh, Dr. Hoang Gia Nguyen for the connection to patients
treating in Hanoi hospitals and for your supports.

Associate Professor D.M. Pegtel, Ph.D., Dr. S. Rubina Baglio, Ph.D. and all
the staff of Exosomes Research Group, Cancer Center Amsterdam (CCA),
VU University Medical Center, Amsterdam, The Netherlands for the inte-
resting cooperation.

Co-authors, cooperators for your contributions to the work that I could not
complete without you: Associate professors Phuong Phung, Nghi Thanh
Nhan Le, Van Quang Le, Van Hieu Nguyen, Dr Thanh Sang Nguyen, Dr
Minh Hanh Nguyen and others doctors of the orthopedic center and cancer
center of Hue Central hospital, orthopedic department of Hue university
hospital, Hanoi K hospital.

82



All members of the pathophysiology of the University of Tartu for your
support and your encouragement.

Associate Professor Peeter Padrik and Doctor Neeme Tonisson for your
thorough review of the thesis.

Mrs Kadri Oja, Ms Kaija Murasov, Rene Kédrner and all staff of the Uni-
versity of Tartu for your time to consult me and to help me with papers
during my period of studying.

Leaders of the Hue University of medicine and pharmacy for the precious
support so that I can pursue the Ph.D. program and complete it, particularly
to professor Cao Ngoc Thanh, rector of the university; Associate professor
Nguyen Minh Tam, head of the office of researching and international
relationship.

My colleagues of our department of Oncology, HUMP for your kind sup-
ports and for your compensated work for my left during my stay in Estonia,
especially to Dr. Nguyen Thi Thuy for your effort to help me in sharing a lot
of works and nice friendship moments. Colleagues at the department of
microbiology for helping me in storage the samples. My appreciation to
Associate professor Cong Thuan Dang for his support in the field of
anatomo-pathology.

All my friends, students who are eager to assist me when needed, for your
encouragement, especially members of The Raising Hope group, the French
club and the Asian medical students’ association- Vietnam.

All my Estonian friends for warm care during my stay in Estonia.

Group of Vietnamese students in Tartu city for nice hanging out and daily
life sharing.

Thank you to all patients and families who agreed to participate in the study.

Last but not least, to my family, I would like to thank you, my parents, for
their love, sacrifice, support unconditionally, to my younger brother and
younger sister for their love, care and sharing difficulty moments during my
studying.

83






PUBLICATIONS



Name:

Date of birth:
Place of birth:
Citizenship:
Telephone:
E-mail:

Education:
2013 till now
20152016

10/2015

20102012

2001-2007

2001

Languages
Vietnamese
English
French

CURRICULUM VITAE

Xuan Dung HO

September 5, 1983

Thua Thien Hue, Vietnam
Vietnamese

+84 982558945
hxdung@huemed-univ.edu.vn

Ph.D. student at the University of Tartu, Estonia.
Interuniversity diploma (DIU- diplome interuniversitaire) in
onco-gynecology, Limoges University, France.

Certificate of specialization in family medicine, Ho Chi
Minh University of medicine and pharmacy, Ho Chi Minh
City, Vietnam.

Diploma of medical specialization formation (DFMS-dipléme
de formation médicale spécialisée) in medical oncology at
the faculty of medecine of Paris Descartes (Paris 5), Paris,
France.

MD, general practitioner, Hue college of medicine and phar-
macy, Hue University, Hue city, Vietnam.

Bachelor’s degree at Quoc Hoc high school, Hue city,
Vietnam.

Native
Very good
Very good

Professional employment:

At present

Medical oncologist, Hue university hospital, Hue city, Vietnam.
Lecturer of oncology department, Hue University of Medi-
cine and Pharmacy, Hue city, Vietnam.

11/2011-10/2012 Resident at the department of medical oncology, Tenon

Hospital, Paris, France.

11/2010-10/2011 Resident at the department of medical oncology, Avicenne

8/2007-10/2010

Hospital, Bobigny, France.

Physician at the department of oncology, Hue university
hospital, Hue city, Vietnam.

Lecturer of oncology department, Hue University of
Medicine and Pharmacy, Hue city, Vietnam.

127



Membership in the scientific organization
Member of the American society of clinical oncology
Member of Vietnam society of oncology

Member of Thua Thien Hue province of oncology

International publications

1.

Reimann E, Koks S, Xuan Dung Ho, Maasalu K, Mirtson A. Whole exome
sequencing of single osteosarcoma case — interactive analysis with WT
RNA-seq data. Hum Genomics. 2014 Dec 11;8:20

S. Rubina Baglio, Tonny Lagerweij, Maria Pérez-Lanzén, Xuan Dung Ho,
Nicolas Léveillé, Sonia A. Melo, Anne-Marie Cleton-Jansen, Ekaterina S.
Jordanova, Laura Roncuzzi, Michelina Greco, Monique A.J. van Eijnd-
hoven, Giulia Grisendi, Massimo Dominici, Roberta Bonafede, Sinead
M.Lougheed, Tanja D. de Gruijl, Nicoletta Zini, Silvia Cervo, Agostino
Steffan, Vincenzo Canzonieri, Aare Martson, Katre Maasalu, Sulev Koks,
Tom Wurdinger, Nicola Baldini, and D. Michiel Pegtel. Blocking Tumor-
Educated MSC Paracrine Activity Halts Osteosarcoma Progression. Clinical
Cancer Research. 2017;23(14):3721-34.

Ho XD, Phung P, Q Le V, H Nguyen V, Reimann E, Prans E, Koks G, Maa-
salu K, Le NT, H Trinh L, G Nguyen H, Martson A, Koks S. Whole transcrip-
tome analysis identifies differentially regulated networks between osteo-
sarcoma and normal bone samples. Experimental Biology and Medicine. 2017
Dec 19;242(18):1802—11.

. Ho XD, Nguyen HG, Trinh LH, Reimann E, Prans E, Kdks G, Maasalu K,

Le VQ, Nguyen VH, Le NTN, Phung P, Mértson A, Lattekivi F, K&ks S.
Analysis of the Expression of Repetitive DNA Elements in Osteosarcoma.
Front Genet. 2017 Nov 30;8 (November):1-9.

. Jean-Philippe Spano, Stéphane Vignot, Xuan Dung Ho, Nayi Zongo, Celine

Magneux, Catherine Genestie, Thibault de la Motte Rouge, Jean-Pierre
Lefranc, David Khayat, and Joseph Gligorov. The outcome of HER2-posi-
tive breast cancer patients following metastatic relapse after adjuvant trastu-
zumab treatment since EMA regulatory approval. Journal of Clinical Onco-
logy 2012 30:15_suppl, 641-641.

. Xuan Dung Ho, Phuong Phung, Van Quang LE, Van Hieu Nguyen, Ene Rei-

mann, Ele Prans, Gea Koks, Katre Maasalu, Aare Maértson, Nghi Thanh
Nhan Le, Le Huy Trinh, Hoang Gia Nguyen, and Sulev Koks. Whole tran-
scriptome analysis to reveal differentially expressed genes between paired
osteosarcoma and normal bone samples. Journal of Clinical Oncology 2016
34:15 suppl, €22508—e22508.

128



Nimi:
Siinniaeg:
Siinnikoht:

Kodakondsus:

Telefon:
E-mail:

Haridus
alates 2013
20152016
2015

2010-2012

2001-2007
2001

Keelteoskus
Vietnami keel
Inglise keel
Prantsuse keel

Tookogemus
alates 2012
alates 2007

20102011
20102011

2007-2012

ELULOOKIRJELDUS

Xuan Dung HO

5. september 1983

Thua Thien Hue provints, Vietnam
Vietnami Sotsialistlik Vabariik
+84 982558945
hxdung@huemed-univ.edu.vn

Tartu Ulikool, doktorantuur, arstiteadus

Limoges’i Ulikool, Limoges, Prantsusmaa, onkogiinekoloogia
erialadpe (DIU-diplome interuniversitaire)

Meditsiini ja farmaatsia Ulikool, Ho Chi Minh, Vietnam, spet-
sialiseerumine peremeditsiini alal

Descartes’i iilikooli (Paris 5) Pariis, Prantsusmaa, meditsiini-
teaduskond, onkoloogiaalane spetsialiseerumine (DFMS-diplo-
me de formation médicale spécialisée)

Hue meditsiini ja farmaatsia iilikool, Hue, Vietnam, arstiope
(tildarst)

Quoc Hoc keskkool, Hue, Vietnam, keskharidus

emakeel
viga hea
vaga hea

Hue iilikooli haigla, Hue, Vietnam, onkoloog

Hue meditsiini ja farmaatsia iilikool, Hue, Vietnam, onkoloo-
gia osakond, lektor

Tenon’i haigla, Pariis, Prantsusmaa, onkoloogia eriala resident
Avicenne’i haigla, onkoloogia osakond, Bobigny, Prantsus-
maa, onkoloogia eriala resident

Hue iilikooli haigla, onkoloogia osakond, Hue, Vietnam, ravi-
arst

Organisatsiooniline ja erialane tegevus
Ameerika kliiniliste onkoloogide seltsi liige
Vietnami onkoloogia seltsi liige

Thua Thien Hue provintsi onkoloogia tithingu liige

129



Rahvusvahelised publikatsioonid

1.

Reimann E, Koks S, Xuan Dung Ho, Maasalu K, Mértson A. Whole exome
sequencing of single osteosarcoma case — interactive analysis with WT
RNA-seq data. Human Genomics. 2014 Dec 11;8:20

S. Rubina Baglio, Tonny Lagerweij, Maria Pérez-Lanzon, Xuan Dung Ho,
Nicolas Léveillé, Sonia A. Melo, Anne-Marie Cleton-Jansen, Ekaterina S.
Jordanova, Laura Roncuzzi, Michelina Greco, Monique A.J. van Eijnd-
hoven, Giulia Grisendi, Massimo Dominici, Roberta Bonafede, Sinead
M.Lougheed, Tanja D. de Gruijl, Nicoletta Zini, Silvia Cervo, Agostino
Steffan, Vincenzo Canzonieri, Aare Martson, Katre Maasalu, Sulev Koks,
TomWurdinger, Nicola Baldini, and D. Michiel Pegtel. Blocking Tumor-
Educated MSC Paracrine Activity Halts Osteosarcoma Progression. Clinical
Cancer Research. 2017;23(14):3721-34.

Ho XD, Phung P, Q Le V, H Nguyen V, Reimann E, Prans E, Koks G,
Maasalu K, Le NT, H Trinh L, G Nguyen H, Mértson A, Koks S. Whole
transcriptome analysis identifies differentially regulated networks between
osteosarcoma and normal bone samples. Experimental Biology and Medi-
cine. 2017 Dec 19;242(18):1802—11.

Ho XD, Nguyen HG, Trinh LH, Reimann E, Prans E, Koks G, Maasalu K,
Le VQ, Nguyen VH, Le NTN, Phung P, Mirtson A, Lattekivi F, Kdks S.
Analysis of the Expression of Repetitive DNA Elements in Osteosarcoma.
Front Genet. 2017 Nov 30;8 (November):1-9.

Jean-Philippe Spano, Stéphane Vignot, Xuan Dung Ho, Nayi Zongo, Celine
Magneux, Catherine Genestie, Thibault de la Motte Rouge, Jean-Pierre
Lefranc, David Khayat, and Joseph Gligorov. The outcome of HER2-posi-
tive breast cancer patients following metastatic relapse after adjuvant trastu-
zumab treatment since EMA regulatory approval. Journal of Clinical Onco-
logy 2012 30:15_suppl, 641-641.

Xuan Dung Ho, Phuong Phung, Van Quang LE, Van Hieu Nguyen, Ene
Reimann, Ele Prans, Gea Kdks, Katre Maasalu, Aare Mértson, Nghi Thanh
Nhan Le, Le Huy Trinh, Hoang Gia Nguyen, and Sulev Koks. Whole tran-
scriptome analysis to reveal differentially expressed genes between paired
osteosarcoma and normal bone samples. Journal of Clinical Oncology 2016
34:15 suppl, €22508—e22508.

130



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DISSERTATIONES MEDICINAE
UNIVERSITATIS TARTUENSIS

. Heidi-Ingrid Maaroos. The natural course of gastric ulcer in connection

with chronic gastritis and Helicobacter pylori. Tartu, 1991.

Mihkel Zilmer. Na-pump in normal and tumorous brain tissues: Structu-
ral, functional and tumorigenesis aspects. Tartu, 1991.

Eero Vasar. Role of cholecystokinin receptors in the regulation of beha-
viour and in the action of haloperidol and diazepam. Tartu, 1992.

Tiina Talvik. Hypoxic-ischaemic brain damage in neonates (clinical,
biochemical and brain computed tomographical investigation). Tartu, 1992.
Ants Peetsalu. Vagotomy in duodenal ulcer disease: A study of gastric
acidity, serum pepsinogen I, gastric mucosal histology and Helicobacter
pylori. Tartu, 1992.

Marika Mikelsaar. Evaluation of the gastrointestinal microbial ecosystem
in health and disease. Tartu, 1992.

Hele Everaus. Immuno-hormonal interactions in chronic lymphocytic leu-
kaemia and multiple myeloma. Tartu, 1993.

Ruth Mikelsaar. Etiological factors of diseases in genetically consulted
children and newborn screening: dissertation for the commencement of the
degree of doctor of medical sciences. Tartu, 1993.

Agu Tamm. On metabolic action of intestinal microflora: clinical aspects.
Tartu, 1993.

Katrin Gross. Multiple sclerosis in South-Estonia (epidemiological and
computed tomographical investigations). Tartu, 1993.

Oivi Uibo. Childhood coeliac disease in Estonia: occurrence, screening,
diagnosis and clinical characterization. Tartu, 1994.

Viiu Tuulik. The functional disorders of central nervous system of che-
mistry workers. Tartu, 1994.

Margus Viigimaa. Primary haemostasis, antiaggregative and anticoagulant
treatment of acute myocardial infarction. Tartu, 1994.

Rein Kolk. Atrial versus ventricular pacing in patients with sick sinus
syndrome. Tartu, 1994.

Toomas Podar. Incidence of childhood onset type 1 diabetes mellitus in
Estonia. Tartu, 1994.

Kiira Subi. The laboratory surveillance of the acute respiratory viral
infections in Estonia. Tartu, 1995.

Irja Lutsar. Infections of the central nervous system in children (epidemi-
ologic, diagnostic and therapeutic aspects, long term outcome). Tartu, 1995.
Aavo Lang. The role of dopamine, 5-hydroxytryptamine, sigma and
NMDA receptors in the action of antipsychotic drugs. Tartu, 1995.

Andrus Arak. Factors influencing the survival of patients after radical
surgery for gastric cancer. Tartu, 1996.

131



20.

21.

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

Tonis Karki. Quantitative composition of the human lactoflora and
method for its examination. Tartu, 1996.

Reet Méindar. Vaginal microflora during pregnancy and its transmission
to newborn. Tartu, 1996.

Triin Remmel. Primary biliary cirrhosis in Estonia: epidemiology, clinical
characterization and prognostication of the course of the disease. Tartu,
1996.

Toomas Kivastik. Mechanisms of drug addiction: focus on positive rein-
forcing properties of morphine. Tartu, 1996.

Paavo Pokk. Stress due to sleep deprivation: focus on GABA, receptor-
chloride ionophore complex. Tartu, 1996.

Kristina Allikmets. Renin system activity in essential hypertension. As-
sociations with atherothrombogenic cardiovascular risk factors and with
the efficacy of calcium antagonist treatment. Tartu, 1996.

Triin Parik. Oxidative stress in essential hypertension: Associations with
metabolic disturbances and the effects of calcium antagonist treatment.
Tartu, 1996.

Svetlana Pii. Factors promoting heterogeneity of the course of rheumatoid
arthritis. Tartu, 1997.

Maarike Sallo. Studies on habitual physical activity and aerobic fitness in
4 to 10 years old children. Tartu, 1997.

Paul Naaber. Clostridium difficile infection and intestinal microbial eco-
logy. Tartu, 1997.

Rein Pihkla. Studies in pinoline pharmacology. Tartu, 1997.

Andrus Juhan Voitk. Outpatient laparoscopic cholecystectomy. Tartu, 1997.
Joel Starkopf. Oxidative stress and ischaemia-reperfusion of the heart.
Tartu, 1997.

Janika Korv. Incidence, case-fatality and outcome of stroke. Tartu, 1998.
Ulla Linnamigi. Changes in local cerebral blood flow and lipid peroxida-
tion following lead exposure in experiment. Tartu, 1998.

Ave Minajeva. Sarcoplasmic reticulum function: comparison of atrial and
ventricular myocardium. Tartu, 1998.

Oleg Milenin. Reconstruction of cervical part of esophagus by revascular-
ised ileal autografts in dogs. A new complex multistage method. Tartu,
1998.

Sergei Pakriev. Prevalence of depression, harmful use of alcohol and
alcohol dependence among rural population in Udmurtia. Tartu, 1998.
Allen Kaasik. Thyroid hormone control over B-adrenergic signalling
system in rat atria. Tartu, 1998.

Vallo Matto. Pharmacological studies on anxiogenic and antiaggressive
properties of antidepressants. Tartu, 1998.

Maire Vasar. Allergic diseases and bronchial hyperreactivity in Estonian
children in relation to environmental influences. Tartu, 1998.

Kaja Julge. Humoral immune responses to allergens in early childhood.
Tartu, 1998.

132



42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Heli Griinberg. The cardiovascular risk of Estonian schoolchildren.
A cross-sectional study of 9-, 12- and 15-year-old children. Tartu, 1998.
Epp Sepp. Formation of intestinal microbial ecosystem in children. Tartu,
1998.

Mai Ots. Characteristics of the progression of human and experimental
glomerulopathies. Tartu, 1998.

Tiina Ristimie. Heart rate variability in patients with coronary artery
disease. Tartu, 1998.

Leho Koiv. Reaction of the sympatho-adrenal and hypothalamo-pituitary-
adrenocortical system in the acute stage of head injury. Tartu, 1998.

Bela Adojaan. Immune and genetic factors of childhood onset IDDM in
Estonia. An epidemiological study. Tartu, 1999.

Jakov Shlik. Psychophysiological effects of cholecystokinin in humans.
Tartu, 1999.

Kai Kisand. Autoantibodies against dehydrogenases of a-ketoacids. Tartu,
1999.

Toomas Marandi. Drug treatment of depression in Estonia. Tartu, 1999.
Ants Kask. Behavioural studies on neuropeptide Y. Tartu, 1999.
Ello-Rahel Karelson. Modulation of adenylate cyclase activity in the rat
hippocampus by neuropeptide galanin and its chimeric analogs. Tartu, 1999.
Tanel Laisaar. Treatment of pleural empyema — special reference to
intrapleural therapy with streptokinase and surgical treatment modalities.
Tartu, 1999.

Eve Pihl. Cardiovascular risk factors in middle-aged former athletes.
Tartu, 1999.

Katrin Ounap. Phenylketonuria in Estonia: incidence, newborn screening,
diagnosis, clinical characterization and genotype/phenotype correlation.
Tartu, 1999.

Siiri Kéljalg. Acinetobacter — an important nosocomial pathogen. Tartu,
1999.

Helle Karro. Reproductive health and pregnancy outcome in Estonia:
association with different factors. Tartu, 1999.

Heili Varendi. Behavioral effects observed in human newborns during
exposure to naturally occurring odors. Tartu, 1999.

Anneli Beilmann. Epidemiology of epilepsy in children and adolescents in
Estonia. Prevalence, incidence, and clinical characteristics. Tartu, 1999.
Vallo Volke. Pharmacological and biochemical studies on nitric oxide in
the regulation of behaviour. Tartu, 1999.

Pilvi Ilves. Hypoxic-ischaemic encephalopathy in asphyxiated term infants.
A prospective clinical, biochemical, ultrasonographical study. Tartu, 1999.
Anti Kalda. Oxygen-glucose deprivation-induced neuronal death and its
pharmacological prevention in cerebellar granule cells. Tartu, 1999.
Eve-Irene Lepist. Oral peptide prodrugs — studies on stability and
absorption. Tartu, 2000.

133



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Jana Kivastik. Lung function in Estonian schoolchildren: relationship
with anthropometric indices and respiratory symptomas, reference values
for dynamic spirometry. Tartu, 2000.

Karin Kull. Inflammatory bowel disease: an immunogenetic study. Tartu,
2000.

Kaire Innos. Epidemiological resources in Estonia: data sources, their
quality and feasibility of cohort studies. Tartu, 2000.

Tamara Vorobjova. Immune response to Helicobacter pylori and its
association with dynamics of chronic gastritis and epithelial cell turnover
in antrum and corpus. Tartu, 2001.

Ruth Kalda. Structure and outcome of family practice quality in the
changing health care system of Estonia. Tartu, 2001.

Annika Kriiliner. Mycobacterium tuberculosis — spread and drug
resistance in Estonia. Tartu, 2001.

Marlit Veldi. Obstructive Sleep Apnoea: Computerized Endopharyngeal
Myotonometry of the Soft Palate and Lingual Musculature. Tartu, 2001.
Anneli Uuskiila. Epidemiology of sexually transmitted diseases in Estonia
in 1990-2000. Tartu, 2001.

Ade Kallas. Characterization of antibodies to coagulation factor VIIIL.
Tartu, 2002.

Heidi Annuk. Selection of medicinal plants and intestinal lactobacilli as
antimicrobil components for functional foods. Tartu, 2002.

Aet Lukmann. Early rehabilitation of patients with ischaemic heart
disease after surgical revascularization of the myocardium: assessment of
health-related quality of life, cardiopulmonary reserve and oxidative stress.
A clinical study. Tartu, 2002.

Maigi Eisen. Pathogenesis of Contact Dermatitis: participation of Oxida-
tive Stress. A clinical — biochemical study. Tartu, 2002.

Piret Hussar. Histology of the post-traumatic bone repair in rats. Elabora-
tion and use of a new standardized experimental model — bicortical perfora-
tion of tibia compared to internal fracture and resection osteotomy. Tartu,
2002.

Tonu Rétsep. Aneurysmal subarachnoid haemorrhage: Noninvasive moni-
toring of cerebral haemodynamics. Tartu, 2002.

Marju Herodes. Quality of life of people with epilepsy in Estonia. Tartu,
2003.

Katre Maasalu. Changes in bone quality due to age and genetic disorders
and their clinical expressions in Estonia. Tartu, 2003.

Toomas Sillakivi. Perforated peptic ulcer in Estonia: epidemiology, risk
factors and relations with Helicobacter pylori. Tartu, 2003.

Leena Puksa. Late responses in motor nerve conduction studies. F and A
waves in normal subjects and patients with neuropathies. Tartu, 2003.
Krista Loivukene. Helicobacter pylori in gastric microbial ecology and
its antimicrobial susceptibility pattern. Tartu, 2003.

134



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Helgi Kolk. Dyspepsia and Helicobacter pylori infection: the diagnostic
value of symptoms, treatment and follow-up of patients referred for upper
gastrointestinal endoscopy by family physicians. Tartu, 2003.

Helena Soomer. Validation of identification and age estimation methods
in forensic odontology. Tartu, 2003.

Kersti Oselin. Studies on the human MDR1, MRP1, and MRP2 ABC
transporters: functional relevance of the genetic polymorphisms in the
MDR]I and MRPI gene. Tartu, 2003.

Jaan Soplepmann. Peptic ulcer haemorrhage in Estonia: epidemiology,
prognostic factors, treatment and outcome. Tartu, 2003.

Margot Peetsalu. Long-term follow-up after vagotomy in duodenal ulcer
disease: recurrent ulcer, changes in the function, morphology and Helico-
bacter pylori colonisation of the gastric mucosa. Tartu, 2003.

Kersti Klaamas. Humoral immune response to Helicobacter pylori a study
of host-dependent and microbial factors. Tartu, 2003.

Pille Taba. Epidemiology of Parkinson’s disease in Tartu, Estonia. Pre-
valence, incidence, clinical characteristics, and pharmacoepidemiology.
Tartu, 2003.

Alar Veraksits. Characterization of behavioural and biochemical pheno-
type of cholecystokinin-2 receptor deficient mice: changes in the function
of the dopamine and endopioidergic system. Tartu, 2003.

Ingrid Kalev. CC-chemokine receptor 5 (CCRS5) gene polymorphism in
Estonians and in patients with Type I and Type II diabetes mellitus. Tartu,
2003.

Lumme Kadaja. Molecular approach to the regulation of mitochondrial
function in oxidative muscle cells. Tartu, 2003.

Aive Liigant. Epidemiology of primary central nervous system tumours in
Estonia from 1986 to 1996. Clinical characteristics, incidence, survival and
prognostic factors. Tartu, 2004.

Andres, Kulla. Molecular characteristics of mesenchymal stroma in
human astrocytic gliomas. Tartu, 2004.

Mari Jérvelaid. Health damaging risk behaviours in adolescence. Tartu,
2004.

Ulle Pechter. Progression prevention strategies in chronic renal failure and
hypertension. An experimental and clinical study. Tartu, 2004.

Gunnar Tasa. Polymorphic glutathione S-transferases — biology and role
in modifying genetic susceptibility to senile cataract and primary open
angle glaucoma. Tartu, 2004.

Tuuli Kdambre. Intracellular energetic unit: structural and functional
aspects. Tartu, 2004.

Vitali Vassiljev. Influence of nitric oxide syntase inhibitors on the effects
of ethanol after acute and chronic ethanol administration and withdrawal.
Tartu, 2004.

135



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Aune Rehema. Assessment of nonhaem ferrous iron and glutathione
redox ratio as markers of pathogeneticity of oxidative stress in different
clinical groups. Tartu, 2004.

Evelin Seppet. Interaction of mitochondria and ATPases in oxidative
muscle cells in normal and pathological conditions. Tartu, 2004.

Eduard Maron. Serotonin function in panic disorder: from clinical expe-
riments to brain imaging and genetics. Tartu, 2004.

Marje Oona. Helicobacter pylori infection in children: epidemiological
and therapeutic aspects. Tartu, 2004.

Kersti Kokk. Regulation of active and passive molecular transport in the
testis. Tartu, 2005.

Vladimir Jirv. Cross-sectional imaging for pretreatment evaluation and
follow-up of pelvic malignant tumours. Tartu, 2005.

Andre Oun. Epidemiology of adult epilepsy in Tartu, Estonia. Incidence,
prevalence and medical treatment. Tartu, 2005.

Piibe Muda. Homocysteine and hypertension: associations between
homocysteine and essential hypertension in treated and untreated hyper-
tensive patients with and without coronary artery disease. Tartu, 2005.
Kiilli Kingo. The interleukin-10 family cytokines gene polymorphisms in
plaque psoriasis. Tartu, 2005.

Mati Merila. Anatomy and clinical relevance of the glenohumeral joint
capsule and ligaments. Tartu, 2005.

Epp Songisepp. Evaluation of technological and functional properties of
the new probiotic Lactobacillus fermentum ME-3. Tartu, 2005.

Tiia Ainla. Acute myocardial infarction in Estonia: clinical characte-
ristics, management and outcome. Tartu, 2005.

Andres Sell. Determining the minimum local anaesthetic requirements for
hip replacement surgery under spinal anaesthesia — a study employing a
spinal catheter. Tartu, 2005.

Tiia Tamme. Epidemiology of odontogenic tumours in Estonia. Patho-
genesis and clinical behaviour of ameloblastoma. Tartu, 2005.

Triine Annus. Allergy in Estonian schoolchildren: time trends and
characteristics. Tartu, 2005.

Tiia Voor. Microorganisms in infancy and development of allergy: com-
parison of Estonian and Swedish children. Tartu, 2005.

Priit Kasenomm. Indicators for tonsillectomy in adults with recurrent
tonsillitis — clinical, microbiological and pathomorphological investi-
gations. Tartu, 2005.

Eva Zusinaite. Hepatitis C virus: genotype identification and interactions
between viral proteases. Tartu, 2005.

Piret Koll. Oral lactoflora in chronic periodontitis and periodontal health.
Tartu, 2006.

Tiina Stelmach. Epidemiology of cerebral palsy and unfavourable neuro-
developmental outcome in child population of Tartu city and county,
Estonia Prevalence, clinical features and risk factors. Tartu, 2006.

136



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.
131.

132.

133.

134.

135.

136.
137.

138.

139.
140.

Katrin Pudersell. Tropane alkaloid production and riboflavine excretion
in the field and tissue cultures of henbane (Hyoscyamus niger L.). Tartu,
2006.

Kiilli Jaako. Studies on the role of neurogenesis in brain plasticity. Tartu,
2006.

Aare Mirtson. Lower limb lengthening: experimental studies of bone
regeneration and long-term clinical results. Tartu, 2006.

Heli Tdahepold. Patient consultation in family medicine. Tartu, 2006.
Stanislav Liskmann. Peri-implant disease: pathogenesis, diagnosis and
treatment in view of both inflammation and oxidative stress profiling.
Tartu, 2006.

Ruth Rudissaar. Neuropharmacology of atypical antipsychotics and an
animal model of psychosis. Tartu, 2006.

Helena Andreson. Diversity of Helicobacter pylori genotypes in
Estonian patients with chronic inflammatory gastric diseases. Tartu, 2006.
Katrin Pruus. Mechanism of action of antidepressants: aspects of sero-
toninergic system and its interaction with glutamate. Tartu, 2000.

Priit Poder. Clinical and experimental investigation: relationship of
ischaemia/reperfusion injury with oxidative stress in abdominal aortic
aneurysm repair and in extracranial brain artery endarterectomy and possi-
bilities of protection against ischaemia using a glutathione analogue in a
rat model of global brain ischaemia. Tartu, 2006.

Marika Tammaru. Patient-reported outcome measurement in rheumatoid
arthritis. Tartu, 2006.

Tiia Reimand. Down syndrome in Estonia. Tartu, 2006.

Diva Eensoo. Risk-taking in traffic and Markers of Risk-Taking Beha-
viour in Schoolchildren and Car Drivers. Tartu, 2007.

Riina Vibo. The third stroke registry in Tartu, Estonia from 2001 to 2003:
incidence, case-fatality, risk factors and long-term outcome. Tartu, 2007.
Chris Pruunsild. Juvenile idiopathic arthritis in children in Estonia.
Tartu, 2007.

Eve Oiglane-Slik. Angelman and Prader-Willi syndromes in Estonia.
Tartu, 2007.

Kadri Haller. Antibodies to follicle stimulating hormone. Significance in
female infertility. Tartu, 2007.

Pille O6pik. Management of depression in family medicine. Tartu, 2007.
Jaak Kals. Endothelial function and arterial stiffness in patients with
atherosclerosis and in healthy subjects. Tartu, 2007.

Priit Kampus. Impact of inflammation, oxidative stress and age on
arterial stiffness and carotid artery intima-media thickness. Tartu, 2007.
Margus Punab. Male fertility and its risk factors in Estonia. Tartu, 2007.
Alar Toom. Heterotopic ossification after total hip arthroplasty: clinical
and pathogenetic investigation. Tartu, 2007.

137



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.
160.

Lea Pehme. Epidemiology of tuberculosis in Estonia 1991-2003 with
special regard to extrapulmonary tuberculosis and delay in diagnosis of
pulmonary tuberculosis. Tartu, 2007.

Juri Karjagin. The pharmacokinetics of metronidazole and meropenem
in septic shock. Tartu, 2007.

Inga Talvik. Inflicted traumatic brain injury shaken baby syndrome in
Estonia — epidemiology and outcome. Tartu, 2007.

Tarvo Rajasalu. Autoimmune diabetes: an immunological study of type
1 diabetes in humans and in a model of experimental diabetes (in RIP-
B7.1 mice). Tartu, 2007.

Inga Karu. Ischaemia-reperfusion injury of the heart during coronary
surgery: a clinical study investigating the effect of hyperoxia. Tartu, 2007.
Peeter Padrik. Renal cell carcinoma: Changes in natural history and
treatment of metastatic disease. Tartu, 2007.

Neve Vendt. Iron deficiency and iron deficiency anaemia in infants aged
9 to 12 months in Estonia. Tartu, 2008.

Lenne-Triin Heidmets. The effects of neurotoxins on brain plasticity:
focus on neural Cell Adhesion Molecule. Tartu, 2008.

Paul Korrovits. Asymptomatic inflammatory prostatitis: prevalence, etio-
logical factors, diagnostic tools. Tartu, 2008.

Annika Reintam. Gastrointestinal failure in intensive care patients. Tartu,
2008.

Kristiina Roots. Cationic regulation of Na-pump in the normal, Alzhei-
mer’s and CCK, receptor-deficient brain. Tartu, 2008.

Helen Puusepp. The genetic causes of mental retardation in Estonia:
fragile X syndrome and creatine transporter defect. Tartu, 2009.

Kristiina Rull. Human chorionic gonadotropin beta genes and recurrent
miscarriage: expression and variation study. Tartu, 2009.

Margus Eimre. Organization of energy transfer and feedback regulation
in oxidative muscle cells. Tartu, 2009.

Maire Link. Transcription factors FoxP3 and AIRE: autoantibody
associations. Tartu, 2009.

Kai Haldre. Sexual health and behaviour of young women in Estonia.
Tartu, 2009.

Kaur Liivak. Classical form of congenital adrenal hyperplasia due to
21-hydroxylase deficiency in Estonia: incidence, genotype and phenotype
with special attention to short-term growth and 24-hour blood pressure.
Tartu, 2009.

Kersti Ehrlich. Antioxidative glutathione analogues (UPF peptides) —
molecular design, structure-activity relationships and testing the protec-
tive properties. Tartu, 2009.

Anneli Réitsep. Type 2 diabetes care in family medicine. Tartu, 2009.
Silver Tiirk. Etiopathogenetic aspects of chronic prostatitis: role of
mycoplasmas, coryneform bacteria and oxidative stress. Tartu, 2009.

138



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.
181.

182.

Kaire Heilman. Risk markers for cardiovascular disease and low bone
mineral density in children with type 1 diabetes. Tartu, 2009.

Kristi Riiiitel. HIV-epidemic in Estonia: injecting drug use and quality of
life of people living with HIV. Tartu, 2009.

Triin Eller. Immune markers in major depression and in antidepressive
treatment. Tartu, 2009.

Siim Suutre. The role of TGF-f isoforms and osteoprogenitor cells in the
pathogenesis of heterotopic ossification. An experimental and clinical
study of hip arthroplasty. Tartu, 2010.

Kai Kliiman. Highly drug-resistant tuberculosis in Estonia: Risk factors
and predictors of poor treatment outcome. Tartu, 2010.

Inga Villa. Cardiovascular health-related nutrition, physical activity and
fitness in Estonia. Tartu, 2010.

Tonis Org. Molecular function of the first PHD finger domain of Auto-
immune Regulator protein. Tartu, 2010.

Tuuli Metsvaht. Optimal antibacterial therapy of neonates at risk of early
onset sepsis. Tartu, 2010.

Jaanus Kahu. Kidney transplantation: Studies on donor risk factors and
mycophenolate mofetil. Tartu, 2010.

Koit Reimand. Autoimmunity in reproductive failure: A study on as-
sociated autoantibodies and autoantigens. Tartu, 2010.

Mart Kull. Impact of vitamin D and hypolactasia on bone mineral
density: a population based study in Estonia. Tartu, 2010.

Rael Laugesaar. Stroke in children — epidemiology and risk factors.
Tartu, 2010.

Mark Braschinsky. Epidemiology and quality of life issues of hereditary
spastic paraplegia in Estonia and implemention of genetic analysis in
everyday neurologic practice. Tartu, 2010.

Kadri Suija. Major depression in family medicine: associated factors,
recurrence and possible intervention. Tartu, 2010.

Jarno Habicht. Health care utilisation in Estonia: socioeconomic determi-
nants and financial burden of out-of-pocket payments. Tartu, 2010.

Kristi Abram. The prevalence and risk factors of rosacea. Subjective
disease perception of rosacea patients. Tartu, 2010.

Malle Kuum. Mitochondrial and endoplasmic reticulum cation fluxes:
Novel roles in cellular physiology. Tartu, 2010.

Rita Teek. The genetic causes of early onset hearing loss in Estonian
children. Tartu, 2010.

Daisy Volmer. The development of community pharmacy services in
Estonia — public and professional perceptions 1993-2006. Tartu, 2010.
Jelena Lissitsina. Cytogenetic causes in male infertility. Tartu, 2011.
Delia Lepik. Comparison of gunshot injuries caused from Tokarev,
Makarov and Glock 19 pistols at different firing distances. Tartu, 2011.
Ene-Renate Pédhkla. Factors related to the efficiency of treatment of
advanced periodontitis. Tartu, 2011.

139



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

Maarja Krass. L-Arginine pathways and antidepressant action. Tartu,
2011.

Taavi Lai. Population health measures to support evidence-based
health policy in Estonia. Tartu, 2011.

Tiit Salum. Similarity and difference of temperature-dependence of the
brain sodium pump in normal, different neuropathological, and aberrant
conditions and its possible reasons. Tartu, 2011.

Tonu Vooder. Molecular differences and similarities between histo-
logical subtypes of non-small cell lung cancer. Tartu, 2011.

Jelena StSepetova. The characterisation of intestinal lactic acid bacteria
using bacteriological, biochemical and molecular approaches. Tartu, 2011.
Radko Avi. Natural polymorphisms and transmitted drug resistance in
Estonian HIV-1 CRF06_cpx and its recombinant viruses. Tartu, 2011, 116 p.
Edward Laane. Multiparameter flow cytometry in haematological malig-
nancies. Tartu, 2011, 152 p.

Triin Jagomigi. A study of the genetic etiology of nonsyndromic cleft lip
and palate. Tartu, 2011, 158 p.

Ivo Laidmie. Fibrin glue of fish (Salmo salar) origin: immunological
study and development of new pharmaceutical preparation. Tartu, 2012,
150 p.

Ulle Parm. Early mucosal colonisation and its role in prediction of inva-
sive infection in neonates at risk of early onset sepsis. Tartu, 2012, 168 p.
Kaupo Teesalu. Autoantibodies against desmin and transglutaminase 2 in
celiac disease: diagnostic and functional significance. Tartu, 2012, 142 p.
Maksim Zagura. Biochemical, functional and structural profiling of
arterial damage in atherosclerosis. Tartu, 2012, 162 p.

Vivian Kont. Autoimmune regulator: characterization of thymic gene
regulation and promoter methylation. Tartu, 2012, 134 p.

Pirje Hiitt. Functional properties, persistence, safety and efficacy of
potential probiotic lactobacilli. Tartu, 2012, 246 p.

Innar Téru. Serotonergic modulation of CCK-4- induced panic. Tartu,
2012, 132 p.

Sigrid Vorobjov. Drug use, related risk behaviour and harm reduction
interventions utilization among injecting drug users in Estonia: impli-
cations for drug policy. Tartu, 2012, 120 p.

Martin Serg. Therapeutic aspects of central haemodynamics, arterial
stiffness and oxidative stress in hypertension. Tartu, 2012, 156 p.

Jaanika Kumm. Molecular markers of articular tissues in early knee
osteoarthritis: a population-based longitudinal study in middle-aged sub-
jects. Tartu, 2012, 159 p.

Kertu Riinkorg. Functional changes of dopamine, endopioid and endo-
cannabinoid systems in CCK2 receptor deficient mice. Tartu, 2012, 125 p.
Mai Blondal. Changes in the baseline characteristics, management and
outcomes of acute myocardial infarction in Estonia. Tartu, 2012, 127 p.

140



203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

Jana Lass. Epidemiological and clinical aspects of medicines use in
children in Estonia. Tartu, 2012, 170 p.

Kai Truusalu. Probiotic lactobacilli in experimental persistent Salmo-
nella infection. Tartu, 2013, 139 p.

Oksana Jagur. Temporomandibular joint diagnostic imaging in relation
to pain and bone characteristics. Long-term results of arthroscopic treat-
ment. Tartu, 2013, 126 p.

Katrin Sikk. Manganese-ephedrone intoxication — pathogenesis of neuro-
logical damage and clinical symptomatology. Tartu, 2013, 125 p.

Kai Blondal. Tuberculosis in Estonia with special emphasis on drug-
resistant tuberculosis: Notification rate, disease recurrence and mortality.
Tartu, 2013, 151 p.

Marju Puurand. Oxidative phosphorylation in different diseases of
gastric mucosa. Tartu, 2013, 123 p.

Aili Tagoma. Immune activation in female infertility: Significance of
autoantibodies and inflammatory mediators. Tartu, 2013, 135 p.

Liis Sabre. Epidemiology of traumatic spinal cord injury in Estonia.
Brain activation in the acute phase of traumatic spinal cord injury. Tartu,
2013, 135 p.

Merit Lamp. Genetic susceptibility factors in endometriosis. Tartu, 2013,
125 p.

Erik Salum. Beneficial effects of vitamin D and angiotensin II receptor
blocker on arterial damage. Tartu, 2013, 167 p.

Maire Karelson. Vitiligo: clinical aspects, quality of life and the role of
melanocortin system in pathogenesis. Tartu, 2013, 153 p.

Kuldar Kaljurand. Prevalence of exfoliation syndrome in Estonia and its
clinical significance. Tartu, 2013, 113 p.

Raido Paasma. Clinical study of methanol poisoning: handling large out-
breaks, treatment with antidotes, and long-term outcomes. Tartu, 2013,
96 p.

Anne Kleinberg. Major depression in Estonia: prevalence, associated
factors, and use of health services. Tartu, 2013, 129 p.

Triin Eglit. Obesity, impaired glucose regulation, metabolic syndrome
and their associations with high-molecular-weight adiponectin levels.
Tartu, 2014, 115 p.

Kristo Ausmees. Reproductive function in middle-aged males: Asso-
ciations with prostate, lifestyle and couple infertility status. Tartu, 2014,
125 p.

Kristi Huik. The influence of host genetic factors on the susceptibility to
HIV and HCV infections among intravenous drug users. Tartu, 2014,
144 p.

Liina Tserel. Epigenetic profiles of monocytes, monocyte-derived macro-
phages and dendritic cells. Tartu, 2014, 143 p.

Irina Kerna. The contribution of ADAMI2 and CILP genes to the
development of knee osteoarthritis. Tartu, 2014, 152 p.

141



222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234,

235.

236.

237.

238.

239.

Ingrid Liiv. Autoimmune regulator protein interaction with DNA-depen-
dent protein kinase and its role in apoptosis. Tartu, 2014, 143 p.

Liivi Maddison. Tissue perfusion and metabolism during intra-abdominal
hypertension. Tartu, 2014, 103 p.

Krista Ress. Childhood coeliac disease in Estonia, prevalence in atopic
dermatitis and immunological characterisation of coexistence. Tartu,
2014, 124 p.

Kai Muru. Prenatal screening strategies, long-term outcome of children
with marked changes in maternal screening tests and the most common
syndromic heart anomalies in Estonia. Tartu, 2014, 189 p.

Kaja Rahu. Morbidity and mortality among Baltic Chernobyl cleanup
workers: a register-based cohort study. Tartu, 2014, 155 p.

Klari Noormets. The development of diabetes mellitus, fertility and ener-
gy metabolism disturbances in a Wfs1-deficient mouse model of Wolfram
syndrome. Tartu, 2014, 132 p.

Liis Toome. Very low gestational age infants in Estonia. Tartu, 2014,
183 p.

Ceith Nikkolo. Impact of different mesh parameters on chronic pain and
foreign body feeling after open inguinal hernia repair. Tartu, 2014, 132 p.
Vadim Brjalin. Chronic hepatitis C: predictors of treatment response in
Estonian patients. Tartu, 2014, 122 p.

Vahur Metsna. Anterior knee pain in patients following total knee arthro-
plasty: the prevalence, correlation with patellar cartilage impairment and
aspects of patellofemoral congruence. Tartu, 2014, 130 p.

Marju Kase. Glioblastoma multiforme: possibilities to improve treatment
efficacy. Tartu, 2015, 137 p.

Riina Runnel. Oral health among elementary school children and the
effects of polyol candies on the prevention of dental caries. Tartu, 2015,
112 p.

Made Laanpere. Factors influencing women’s sexual health and re-
productive choices in Estonia. Tartu, 2015, 176 p.

Andres Lust. Water mediated solid state transformations of a polymorphic
drug — effect on pharmaceutical product performance. Tartu, 2015, 134 p.
Anna Klugman. Functionality related characterization of pretreated wood
lignin, cellulose and polyvinylpyrrolidone for pharmaceutical applications.
Tartu, 2015, 156 p.

Triin Laisk-Podar. Genetic variation as a modulator of susceptibility to
female infertility and a source for potential biomarkers. Tartu, 2015, 155 p.
Mailis Tonisson. Clinical picture and biochemical changes in blood in
children with acute alcohol intoxication. Tartu, 2015, 100 p.

Kadri Tamme. High volume haemodiafiltration in treatment of severe
sepsis — impact on pharmacokinetics of antibiotics and inflammatory
response. Tartu, 2015, 133 p.

142



240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.
257.

258.

Kai Part. Sexual health of young people in Estonia in a social context: the
role of school-based sexuality education and youth-friendly counseling
services. Tartu, 2015, 203 p.

Urve Paaver. New perspectives for the amorphization and physical
stabilization of poorly water-soluble drugs and understanding their
dissolution behavior. Tartu, 2015, 139 p.

Aleksandr Peet. Intrauterine and postnatal growth in children with HLA-
conferred susceptibility to type 1 diabetes. Tartu. 2015, 146 p.

Piret Mitt. Healthcare-associated infections in Estonia — epidemiology
and surveillance of bloodstream and surgical site infections. Tartu, 2015,
145 p.

Merli Saare. Molecular Profiling of Endometriotic Lesions and Endo-
metria of Endometriosis Patients. Tartu, 2016, 129 p.

Kaja-Triin Laisaar. People living with HIV in Estonia: Engagement in
medical care and methods of increasing adherence to antiretroviral therapy
and safe sexual behavior. Tartu, 2016, 132 p.

Eero Merilind. Primary health care performance: impact of payment and
practice-based characteristics. Tartu, 2016, 120 p.

Jaanika Kéarner. Cytokine-specific autoantibodies in AIRE deficiency.
Tartu, 2016, 182 p.

Kaido Paapstel. Metabolomic profile of arterial stiffness and early bio-
markers of renal damage in atherosclerosis. Tartu, 2016, 173 p.

Liidia Kiisk. Long-term nutritional study: anthropometrical and clinico-
laboratory assessments in renal replacement therapy patients after inten-
sive nutritional counselling. Tartu, 2016, 207 p.

Georgi Nellis. The use of excipients in medicines administered to neo-
nates in Europe. Tartu, 2017, 159 p.

Aleksei Rakitin. Metabolic effects of acute and chronic treatment with
valproic acid in people with epilepsy. Tartu, 2017, 125 p.

Eveli Kallas. The influence of immunological markers to susceptibility to
HIV, HBV, and HCV infections among persons who inject drugs. Tartu,
2017, 138 p.

Tiina Freimann. Musculoskeletal pain among nurses: prevalence, risk
factors, and intervention. Tartu, 2017, 125 p.

Evelyn Aaviksoo. Sickness absence in Estonia: determinants and
influence of the sick-pay cut reform. Tartu, 2017, 121 p.

Kalev Noupuu. Autosomal-recessive Stargardt disease: phenotypic
heterogeneity and genotype-phenotype associations. Tartu, 2017, 131 p.
Ho Duy Binh. Osteogenesis imperfecta in Vietnam. Tartu, 2017, 125 p.
Uku Haljasorg. Transcriptional mechanisms in thymic central tolerance.
Tartu, 2017, 147 p.

Zivile Riispere. IgA Nephropathy study according to the Oxford Classi-
fication: IgA Nephropathy clinical-morphological correlations, disease
progression and the effect of renoprotective therapy. Tartu, 2017, 129 p.

143



259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

Hiie Soeorg. Coagulase-negative staphylococci in gut of preterm neonates
and in breast milk of their mothers. Tartu, 2017, 216 p.

Anne-Mari Anton Willmore. Silver nanoparticles for cancer research.
Tartu, 2017, 132 p.

Ott Laius. Utilization of osteoporosis medicines, medication adherence
and the trend in osteoporosis related hip fractures in Estonia. Tartu, 2017,
134 p.

Alar Aab. Insights into molecular mechanisms of asthma and atopic
dermatitis. Tartu, 2017, 164 p.

Sander Pajusalu. Genome-wide diagnostics of Mendelian disorders:
from chromosomal microarrays to next-generation sequencing. Tartu,
2017, 146 p.

Mikk Jiirisson. Health and economic impact of hip fracture in Estonia.
Tartu, 2017, 164 p.

Kaspar Tootsi. Cardiovascular and metabolomic profiling of osteo-
arthritis. Tartu, 2017, 150 p.

Mario Saare. The influence of AIRE on gene expression — studies of
transcriptional regulatory mechanisms in cell culture systems. Tartu, 2017,
172 p.

Piia Jogi. Epidemiological and clinical characteristics of pertussis in
Estonia. Tartu, 2018, 168 p.

Elle Poldoja. Structure and blood supply of the superior part of the
shoulder joint capsule. Tartu, 2018, 116 p.

Minh Son Nguyen. Oral health status and prevalence of temporo-
mandibular disorders in 65-74-year-olds in Vietnam. Tartu, 2018, 182 p.
Kristian Semjonov. Development of pharmaceutical quench-cooled
molten and melt-electrospun solid dispersions for poorly water-soluble
indomethacin. Tartu, 2018, 125 p.

Janne Tiigimde-Saar. Botulinum neurotoxin type A treatment for
sialorrhea in central nervous system diseases. Tartu, 2018, 109 p.

Veiko Vengerfeldt. Apical periodontitis: prevalence and etiopathogenetic
aspects. Tartu, 2018, 150 p.

Rudolf Bichele. TNF superfamily and AIRE at the crossroads of thymic
differentiation and host protection against Candida albicans infection.
Tartu, 2018, 153 p.

Olga TSuiko. Unravelling Chromosomal Instability in Mammalian Pre-
implantation Embryos Using Single-Cell Genomics. Tartu, 2018, 169 p.
Kirt Kriisa. Profile of acylcarnitines, inflammation and oxidative stress
in first-episode psychosis before and after antipsychotic treatment. Tartu,
2018, 145 p.



	paper1.whole transcpritome differential expression In OS.pdf
	table-fn1-1535370217736512

	Paper3.Analysis of REs in osteosarcoma.pdf
	Analysis of the Expression of Repetitive DNA Elements in Osteosarcoma
	Impact statement
	Introduction
	Materials and Methods
	Patients
	RNA Extraction from Bone Tissue
	Statistical Analysis

	Results
	General Characteristics of Osteosarcoma Patients in the Study
	Repetitive Elements/Repeated Sequence (Repeats) Were Found Differently Expressed between Osteosarcoma and Normal Bone Tissue

	Discussion
	Conclusion
	Data Availability
	Author Contributions
	Funding
	References





