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O NAD* funciona como coenzima em reacdes de oxidacdo-reducdo e como um
substrato para determinadas enzimas e tem, portanto, um papel critico em
muitos processos celulares. Nas células de mamiferos, o NAD* intracelular pode
ser sintetizado através da sintese de novo, a partir do triptofano, ou através das
vias de “reciclagem”, a partir de outros precursores, como NAM e NA, que séo
convertidos por NAMPT e NAPRT, respetivamente. Alterag6es no contetdo de
NAD* em células e tecidos estdo relacionadas com uma ampla variedade de
doencas, incluindo cancro. Uma grande proporcao dos casos de tumores ainda
€ diagnosticada ja num estadio avancado e, por isso, S80 necessarios novos
biomarcadores economicamente acessiveis, especificos, sensiveis e nédo
invasivos. Os biomarcadores salivares conseguem cumprir esses critérios e sao,
assim, moléculas promissoras para o rastreio, diagnostico e progndstico de
cancro. O principal objetivo deste trabalho foi estudar altera¢des genéticas no
NAMPT e NAPRT em amostras de DNA de dadores saudaveis e em amostras
de pacientes com cancro. Para isto, foi otimizada a extragdo de DNA e RNA a
partir de amostras de saliva, como ponto de partida para estudar este biofluido
como fonte de biomarcadores de cancro. Os resultados da andlise
bioinformética mostraram que a frequéncia de alteracdes nos genes NAPRT e
NAMPT é baixa nos contextos de cancro investigados. Ainda assim, serao
necessarios mais estudos para analisar o impacto que estas alteragbes poderao
ter. H4 também uma grande necessidade de investigar e otimizar métodos para
estudos em saliva, a fim de promové-la como bidpsia liquida de uso

generalizado em ambiente clinico.



keywords

abstract

NAD metabolism, NAPRT, NAMPT, cancer, saliva

NAD* is both a co-enzyme for oxidation-reduction reactions and a substrate for
NAD*-consuming enzymes and therefore, it is critical for many cellular
processes. In mammalian cells, intracellular NAD* can be synthesized through
either de novo synthesis, from tryptophan, or via salvage pathways, from other
precursors, such as NAM and NA which are converted by NAMPT and NAPRT,
respectively. Changes in the NAD* content in cells and tissues are linked with a
wide variety of diseases, including cancer. A large proportion of cancer cases is
still diagnosed only at an advanced stage and thus, there is a need for new
affordable, specific, sensitive and non-invasive biomarkers. Salivary biomarkers
can meet these criteria and thus, are promising tools in cancer screening,
diagnostic and prognostic. The main objective of this work was to study genetic
alterations in NAMPT and NAPRT in DNA samples from healthy donors and in
samples from cancer patients. For this, DNA and RNA extraction from saliva
samples was optimized, as a starting point to study this biofluid as a source for
cancer biomarkers. The results from the bioinformatics analysis showed that the
frequency of alterations in NAPRT and NAMPT genes is low in the cancer
contexts investigated. Nevertheless, it is still necessary to further study the
impact that these alterations might have. There is also a great need to investigate
and optimize methods for saliva studies, in order to promote it as a liquid biopsy

of regular use in clinical settings.
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Introduction

1. INTRODUCTION

1.1. NAD* Metabolism

Nicotinamide adenine dinucleotide (NAD") consists of an adenosine diphosphate
ribose (ADP-ribose or ADPR) group linked to nicotinamide (NAM). The adenosine
monophosphate (AMP) moiety of ADPR derives from adenosine triphosphate (ATP) and
NAM is salvaged or synthesized de novo (Belenky et al., 2006).

NAD™ can be converted to its reduced form, NADH, and can be phosphorylated to
NADP* or NADPH (Katsyuba & Auwerx, 2017; Kulikova et al., 2018; Xiao et al., 2018;
Ying, 2008). The couples NAD*/NADH and NADP*/NADPH are essential for redox
(oxidation-reduction) reactions, maintaining cellular redox homeostasis and modulating
cellular metabolism (Xiao et al., 2018).

The NAD*/NADH couple participates in several reactions requiring electron
exchange, including glycolysis, oxidative phosphorylation, Krebs cycle and fatty acid -
oxidation, and NADH is one of the major electron donors for the electron transport chain
(Cant6 et al., 2015; Canté & Auwerx, 2011; Katsyuba & Auwerx, 2017; Xiao et al., 2018;
Ying, 2008). NADP™ and its reduced form, NADPH, are involved in cellular defense against
oxidative stress and in the biosynthesis of nucleic acids, amino acids, fatty acids and lipids
(Katsyuba & Auwerx, 2017; Xiao et al., 2018; Yang & Sauve, 2016).

In redox reactions, NAD" and NADP™ are reversibly converted between the oxidized
and reduced forms, NADH and NADPH, respectively (Kulikova et al., 2018; Opitz &
Heiland, 2015). Therefore, these reactions do not change the overall NAD concentrations in
the cell (Opitz & Heiland, 2015; Ying, 2006).

1.1.1. NAD"-consuming enzymes

NAD" is a coenzyme for oxidoreductases and also serves as a substrate for several
families of regulatory proteins (Belenky et al., 2006; Houtkooper et al., 2010; Kulikova et
al., 2018; Xiao et al., 2018; Ying, 2006). They lead to the conversion of NAD" into its
precursor, NAM, and release other products containing ADP-ribose as the core structural
component (Opitz & Heiland, 2015; Ying, 2008). All NAD*-consuming enzymes are
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inhibited by NAM (Belenky et al., 2006; Magni et al., 2004). These NAD"-consuming
enzymes can be divided into three classes: sirtuins (SIRT1-7), ADP-ribose transferases
(ARTs) and poly-ADP-ribose polymerases (PARPS), and cyclic ADP-ribose (CADPR)
synthases (CD38 and CD157) (Belenky et al., 2006; Canto & Auwerx, 2011; Houtkooper et
al., 2010; Kulikova et al., 2018; Xiao et al., 2018).

ARTs and PARPs use NAD" as a substrate for the ADP-ribosylation of target
proteins (Belenky et al., 2006; Ying, 2008). ADP-ribosylation is a NAD*-dependent post-
translational modification of proteins that results in NAD* cleavage into NAM and ADPR.
One (mono-ADP-ribosylation) or more (poly-ADP-ribosylation) ADPR molecules are
transferred by ARTs and PARPs, respectively, onto specific amino acids of the acceptor
proteins to modulate their biological activities (Belenky et al., 2006; Kulikova et al., 2018).
ADPR can be covalently linked to glutamate, aspartate, lysine, arginine or serine residues
(Daniels et al., 2014; Kulikova et al., 2018; Leidecker et al., 2016).

Poly-ADP ribosylation regulates DNA repair, transcription, apoptosis, maintenance
of genomic integrity and other fundamental cellular processes (Katsyuba & Auwerx, 2017;
Ziegler & Niere, 2004). There are 17 different genes encoding PARP related proteins (Canto
et al., 2015; Houtkooper et al., 2010), but the best studied protein of the PARP family is
PARP1, which accounts for more than 85% of PARP activity following DNA damage
(Katsyuba & Auwerx, 2017; Kulikova et al., 2018). PARP1 is a sensor of single- and double-
strand DNA breaks and participates in the repair of these types of damage (De Vos et al.,
2012; Kulikova et al., 2018).

The ARTs family (ART1-5) includes enzymes that carry out mono-ADP-ribosylation
in membrane and secreted proteins, including receptors (Seman et al., 2004; Ying, 2008).
These enzymes are associated with the regulation of innate immune system responses and
cell-cell interactions (Kulikova et al., 2018; Ziegler & Niere, 2004).

Intracellular mono- and poly-ADP-ribosylation are also involved in essential cellular
processes, namely, the control of cell cycle, maintenance of telomeres, RNA processing and
cell differentiation (Kulikova et al., 2018; Nikiforov et al., 2015).

Sirtuins are type-1ll histone deacetylases (HDACSs), or type-Ill protein lysine
deacetylases, that belong to the conserved family of silent information regulator-2 (Sir2) like

proteins. In contrast with other histone deacetylases, sirtuins require NAD™ as a co-substrate
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for their activity (Houtkooper et al., 2010; Katsyuba & Auwerx, 2017; Nikiforov et al., 2015;
Opitz & Heiland, 2015). In general, these enzymes reverse acetyl modifications of lysine
residues on histones and other proteins including regulatory, structural and catalytically
active proteins (Belenky et al., 2006; Katsyuba & Auwerx, 2017; Kulikova et al., 2018;
Martinez-Redondo & Vaquero, 2013). Sirtuins bind two substrates, a protein or peptide that
contains an acetylated lysine and NAD™ (Belenky et al., 2006; Imai et al., 2000). Then, they
cleave NAD" and transfer the acetyl group from the lysine residue of the modified protein
to the ADP-ribose, releasing O-acetyl ADP-ribose (OACADPR), NAM and the deacetylated
protein (Belenky et al., 2006; Houtkooper et al., 2010; Kulikova et al., 2018; Tanner et al.,
2000).

In mammalian cells, there are seven types of sirtuins (SIRT1-7) that differ in their
intracellular localization: SIRT1, 6 and 7 are nuclear, SIRT2 can be found mainly in the
cytosol, and SIRT3, 4 and 5 in the mitochondria (Canté et al., 2015; Houtkooper et al., 2010;
Kulikova et al., 2018; Michishita et al., 2005).

NAD'-dependent deacetylation modulates target protein activity, stability or
localization, therefore, regulating many vital processes such as aging, transcription, genome
stability, apoptosis, and mitochondrial function (Haigis & Sinclair, 2010; Kulikova et al.,
2018; Nikiforov et al., 2015). It is noteworthy the critical impact that sirtuins have in the
regulation of cell metabolism (Katsyuba & Auwerx, 2017; Kulikova et al., 2018; Xiao et al.,
2018). Sirtuins also participate in the cell response to external signals through the connection
of the metabolic status of a cell to its signaling pathways (Kulikova et al., 2018). In addition
to deacetylation, sirtuins also display mono ADP-ribosyltransferase activity and other
enzymatic activities (reviewed in Canto et al., 2015; Kulikova et al., 2018).

cADPR is a secondary messenger involved in Ca?* signaling, cell cycle control and
insulin signaling, and is produced from NAD* by cADPR synthases. The family of cCADPR
synthases includes a pair of ectoenzymes, CD38 and CD157 (Cantd et al., 2015; Malavasi
etal., 2008), which cyclize the ADPR moiety of NAD™ with production of cADPR and NAM
(Belenky et al., 2006) and can also catalyze the hydrolysis of NAD* and cADPR to ADPR
(Magni et al., 2004). CD38 catalyzes a base exchange reaction between NADP™ and nicotinic
acid (NA), producing nicotinic acid adenine dinucleotide phosphate (NAADP) and NAM
(Belenky et al., 2006; Magni et al., 2004). All the products of CD38 (cCADPR, ADPR and
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NAADP) act as second messengers, mediating intracellular calcium mobilization (Belenky
et al., 2006; Nikiforov et al., 2015).

Overall, NAD" consumption is associated intrinsically with signaling reactions inside
and outside cells that can significantly affect vital processes, such as gene expression, DNA
repair, apoptosis, mitochondrial function, Ca** homeostasis and aging (Belenky et al., 2006;
Kulikova et al., 2018; Nikiforov et al., 2015; Opitz & Heiland, 2015; Ying, 2008). In these
NAD-dependent regulatory mechanisms there is cleavage of nicotinamide from NAD*, so
NAD" levels must be kept constant in the cell in order for these reactions to occur efficiently
(Belenky et al., 2006; Katsyuba & Auwerx, 2017; Kulikova et al., 2018). The major
mechanism that maintains NAD* levels is its biosynthesis (Dolle et al., 2015; Kulikova et
al., 2018).

1.1.2. NAD" biosynthesis

In mammalian cells, intracellular NAD* can be synthesized through either de novo
synthesis, from tryptophan (Trp), or via salvage pathways (figure 1) (Houtkooper et al.,
2010; Katsyuba & Auwerx, 2017). The latter can be divided into the “amidated” route, which
has NAM and nicotinamide riboside (NR) as precursors, and the “deamidated route”, that
involves the Preiss-Handler pathway through nicotinic acid (NA) (Cant6 et al., 2015;
Houtkooper et al., 2010; Katsyuba & Auwerx, 2017; Xiao et al., 2018; Yang & Sauve, 2016)
and the pathway that has nicotinic acid riboside (NAR), the deamidated form of NR, as
precursor (Liu et al., 2018; Shats et al., 2020; Tempel et al., 2007). NAM and NA are
collectively referred to as niacin or vitamin B3 (Cantd et al., 2015; Kulikova et al., 2018).
All the precursors are provided by the diet (Belenky et al., 2006; Kulikova et al., 2018) and
the “amidated” route via NAM is the pathway that predominates in mammals (Garten et al.,
2015; Mori et al., 2014).
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Figure 1 - Schematic overview of NAD* biosynthesis and consumption in mammals. Abbreviations: ACMS,
a-amino-p-carboxymuconate-g-semialdehyde; ARTs, ADP-ribose transferases; CD38, cADPR synthase; IDO,
indoleamine 2,3-dioxygenase; NA, nicotinic acid; NAAD, nicotinic acid adenine dinucleotide; NAD*,
nicotinamide adenine dinucleotide; NADSYN, NAD™ synthetase; NAM, nicotinamide; NAMN, nicotinic acid
mononucleotide; NAMPT, nicotinamide  phosphoribosyltransferase;  NAPRT, nicotinic  acid
phosphoribosyltransferase; NAR, nicotinic acid riboside; NMN, nicotinamide mononucleotide; NMNAT,
nicotinamide/nicotinic acid mononucleotide adenylyltransferase; NR, nicotinamide riboside; NMRK,
nicotinamide riboside kinases; PARPs, poly-ADP-ribose polymerases; QA, quinolinic acid; QPRT: quinolinate
phosphoribosyltransferase; SIRTS, sirtuins; TDO, tryptophan-2,3-dioxygenase; Trp, tryptophan (Adapted from
Demareset et al., 2019 and Katsyuba & Auwerx, 2017).

1.1.2.1. de novo NAD synthesis

The de novo synthesis pathway starts with the amino acid tryptophan (Trp) (Bender,
1983; Houtkooper et al., 2010; Katsyuba & Auwerx, 2017) and consists of eight steps to
produce NAD" (Bender, 1983; Houtkooper et al., 2010; Katsyuba & Auwerx, 2017), through
the enzymes in the kynurenine pathway (Katsyuba & Auwerx, 2017; Xiao et al., 2018; Ying,
2006). In the first and rate-limiting step, Trp is converted by tryptophan-2,3-dioxygenase
(TDO) or indoleamine 2,3-dioxygenase (IDO) into N-formylkynurenine (Canto et al., 2015;
Houtkooper et al., 2010; Katsyuba & Auwerx, 2017; Yang & Sauve, 2016). The latter is
hydrolyzed to kynurenine by kynurenine formamidase (KFase) (Magni et al., 2004; Xiao et
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al., 2018). Kynurenine is converted to 3-hidroxykynurenine through a reaction catalyzed by
kynurenine 3-hydroxylase (K3H) (Magni et al., 2004; Xiao et al., 2018). Then, 3-
hidroxykynurenine is transformed by kynureninase (KYNU) into 3-hydroxyanthranilate,
which is converted into a-amino-p-carboxymuconate-g-semialdehyde (ACMS) by 3-
hydroxyanthranilate dioxygenase (3HAO) (Bender, 1983; Houtkooper et al., 2010;
Katsyuba & Auwerx, 2017; Xiao et al., 2018). ACMS can undergo spontaneous cyclization
forming quinolinic acid (QA). QA is then condensed with 5-phospho-a-D-ribose 1-
diphosphate, forming nicotinic acid mononucleotide (NAMN), a reaction catalyzed by the
enzyme quinolinate phosphoribosyltransferase (QPRT), which uses phosphoribosyl
pyrophosphate (PRPP) as a co-substrate (Houtkooper et al., 2010; Magni et al., 2004; Xiao
et al., 2018). This reaction represents another rate-limiting step of the de novo synthesis
pathway (Houtkooper et al., 2010; Magni et al., 2004; Xiao et al., 2018). From this point,
NAMN fuses with the Preiss—Handler pathway, wherein NAMN is adenylated to nicotinic
acid adenine dinucleotide (NAAD) by nicotinamide/nicotinic acid mononucleotide
adenylyltransferases (NMNATS) (Bender, 1983; Kulikova et al., 2015; Magni et al., 2004;
Xiao et al., 2018). Three isoforms of NMNATs have been described in mammals with
different subcellular distributions. NMNAT1 is a nuclear enzyme (Emanuelli et al., 2001;
Xiao et al., 2018; Yalowitz et al., 2004), NMNAT2 locates in the cytosol and Golgi
apparatus (Berger et al., 2005; Xiao et al., 2018; Yalowitz et al., 2004), and NMNAT3 is
found in the cytosol and mitochondria (Berger et al., 2005; Xiao et al., 2018; Zhang et al.,
2003). The last step in the de novo pathway includes the ATP-dependent amidation of
NAAD by NAD" synthase (NADSYN) (Cant6 et al., 2015; Houtkooper et al., 2010; Magni
et al., 2004; Xiao et al., 2018). Two NADSYN isoforms, NADSYNL1 and 2, have been
identified in humans (Hara et al., 2003; Magni et al., 2004; Xiao et al., 2018).

Since all the enzymes catalyzing the different reactions of the de novo synthesis
pathway are localized in the cytosol, this process most likely takes place there (Houtkooper
et al., 2010; Katsyuba & Auwerx, 2017).
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1.1.2.2. Salvage pathways

In the mammalian pathway for NAM salvage, NAD™ synthesis requires only two
steps (Katsyuba & Auwerx, 2017; Opitz & Heiland, 2015). The first and rate-limiting step
is the conversion of NAM and PRPP into nicotinamide mononucleotide (NMN) and
pyrophosphate (PPi), catalyzed by NAMPT (nicotinamide phosphoribosyltransferase)
(Dolle et al., 2015; Kulikova et al., 2018; Magni et al., 2004). Then, NMNATS catalyze the
reaction between NMN and ATP (adenosine triphosphate) with the formation of NAD*
(Canto et al., 2015; Kulikova et al., 2018; Ying, 2008).

In another salvage pathway, Preiss and Handler discovered that NA could be
converted into NAD" in three steps (Canto et al., 2015; Preiss & Handler, 1958b, 1958a;
Xiao et al., 2018). Nicotinic acid phosphoribosyltransferase (NAPRT) catalyzes the
conversion of NA and PRPP to NAMN and PPi (Kulikova et al., 2018; Magpni et al., 2004;
Xiao et al., 2018). Following this conversion, the Preiss-Handler pathway converges with
the de novo synthesis pathway (Cant6 et al., 2015; Houtkooper et al., 2010; Xiao et al.,
2018), wherein NAMN undergoes the same reactions that were previously described for

NAD+ biosynthesis from tryptophan.

The nucleosides NR and NAR are additional NAD* precursors in salvage pathways
(Yang & Sauve, 2016). NR and NAR are phosphorylated into NMN and NAMN,
respectively, by nicotinamide riboside kinases (NMRKS), of which two enzymes have been
described in mammals (NMRK1 and NMRK?2) (Bieganowski & Brenner, 2004; Tempel et
al., 2007; Xiao et al., 2018; Yang & Sauve, 2016). Just like in the aforementioned pathways,
NMN and NAMN are converted to the corresponding dinucleotide (NAD" and NAAD,
respectively) by NMNATSs, and NADSYN amidates NAAD to NAD* (Cant6 et al., 2015;
Nikiforov et al., 2015).

More recently, Yang and colleagues investigated dihydronicotinamide riboside
(NRH) as a biosynthetic precursor in NAD"™ metabolism, identifying a putative new NAD™
biosynthetic salvage pathway (Yang et al., 2019). They observed that cell lysates possess an
ATP-dependent kinase activity that converts NRH to reduced nicotinamide mononucleotide
(NMNH), and that this is independent of NMRKSs (Yang et al., 2019). The same group
identified that adenosine kinase (AK) is the enzyme that phosphorylates NRH to NMNH and
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that AK is required for NRH to be converted to NAD" in mammalian cells (Yang et al.,
2020). The most likely pathway for NMNH conversion to NAD* is adenylation to NADH
by NMNATS followed by oxidation to NAD* (Yang et al., 2020). Future studies will need
to establish if this new NAD™ biosynthesis pathway has physiological relevance (Ziegler &
Nikiforov, 2020).

1.1.3. NAMPT and NAPRT

The NAMPT gene (ENSG00000105835) is located in the long arm of chromosome 7
- 7922.3 (NCBI, July 31, 2020), in the reverse strand, consisting of 38029 bp with 11 exons
and 13 alternative transcripts (Ensembl, July 31, 2020). The NAMPT protein has 491 amino
acids and a molecular mass of 55,5 kDa (UniProt, July 31, 2020).

NAMPT is ubiquitously expressed (Duarte-Pereira et al., 2016; Garten et al., 2015;
Samal et al., 1994), with the highest expression levels detected in liver, skeletal muscle and
adipose tissue (Dolle et al., 2015; Samal et al., 1994). NAMPT is abundant in the cytosol
and is also present in the nucleus, but its presence in mitochondria remains controversial
(Audrito et al., 2020).

In mammals, there is an intracellular (iNAMPT) and an extracellular (eNAMPT)
form of NAMPT (Garten et al., 2009; Nikiforov et al., 2015; Xiao et al., 2018). Previously
named as pre-B cell colony enhancing factor (PBEF), NAMPT was initially recognized as
a secreted cytokine, being a co-factor for B-cell maturation (Garten et al., 2015; Samal et
al., 1994), and also as visfatin (Fukuhara et al., 2005). NAMPT was later shown to be an
enzyme involved in NAD™ biosynthesis (Rongvaux et al., 2002; Xiao et al., 2018), thereby
modulating the activity of NAD*-consuming enzymes that regulate cellular metabolism,
mitochondrial biogenesis and adaptive responses to inflammatory, oxidative, proteotoxic
and genotoxic stress (Garten et al., 2015). NAMPT may also function as a growth factor and
adipokine (Audrito et al., 2020).

The NAPRT gene (ENSG00000147813) is located in the long arm of chromosome 8
- 8924.3 (NCBI, July 31, 2020), in the reverse strand, consisting of 4065 bp with 12 exons
and 14 alternative transcripts (Ensembl, July 31, 2020). NAPRT protein consists of 538
amino acids and has a molecular mass of 57.6 kDa (UniProt, July 31, 2020).
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NAPRT activity was originally described in the context of the Preiss—Handler
pathway (Sorci et al., 2010). NAPRT is highly expressed in the liver, kidney and small
intestine (Cant6 & Auwerx, 2011; Hara et al., 2007). NAPRT is primarily detected in the
cytosol and in the nucleus but not in the mitochondria (Audrito et al., 2020; Nikiforov et al.,
2011; Piacente et al., 2017).

NAPRT is believed to boost NAD" levels when the cells are under stress conditions
(Manago et al., 2019), and also participates in energy metabolism (Piacente et al., 2017).
Recently, the presence of NAPRT in extracellular fluids (eNAPRT) was discovered, with a

role in physiological and inflammatory conditions (Manago et al., 2019).

1.1.4. NAD* metabolism and cancer

Alterations of the NAD" content in cells and tissues are linked with several diseases,
including neurodegenerative disorders, diabetes, obesity, metabolic syndrome, and cancer
(Belenky et al., 2006; Katsyuba & Auwerx, 2017; Kulikova et al., 2018).

To promote their rapid proliferation, cancer cells have a high capacity for glucose
uptake and an increased rate of anaerobic glycolysis under normal aerobic conditions
(Warburg effect) (Garten et al., 2015; Warburg, 1956; Yaku et al., 2018). These metabolic
alterations are dependent of higher NAD* levels, which functions in cellular processes
needed for cancer cell growth, such as progression through the cell-cycle, anti-apoptosis
mechanisms, DNA repair, and the regulation of transcription, chromatin dynamics and
telomerase activity (Garten et al., 2015).

Intracellular NAD™ levels can also regulate cancer initiation and progression through
the activities of the NAD*-consuming enzymes, such as PARPs and sirtuins (Yaku et al.,
2018). PARP activity increases have been linked to both the suppression and the progression
of carcinogenesis, due to their role in DNA repair. As such, PARPs may prevent
accumulation of mutations and cancer formation, but may also help cancer cells survive after
tumor initiation (Demarest et al., 2019).

Sirtuins might act both in tumor promotion as well as in tumor suppression depending
on the tumor context (Alhazzazi et al., 2011; Deng, 2009; Opitz & Heiland, 2015). SIRT1
activity can repress transcription factor signaling, such as Stat3 (signal transducer and
activator of transcription 3) and NF-xB (nuclear factor NF-xB), and attenuate inflammatory

responses, which suppresses carcinogenesis (Shackelford et al., 2013). However, SIRT1 can
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also regulate tumor suppressors such as p53, PTEN (phosphatase and tensin homolog) and
retinoblastoma protein, and stabilize oncogenes such as MYCN (MYCN proto-oncogene,
bHLH transcription factor), to enhance epithelial-mesenchymal transition (EMT) and
metastasis (Demarest et al., 2019; Shackelford et al., 2013). SIRT1 is overexpressed in
several malignant tumors such as colorectal cancer, thyroid cancer, hepatocellular
carcinoma, leukemia, lung cancer and osteosarcoma (reviewed in Demarest et al., 2019).

NAD" is rapidly consumed by NAD*-dependent enzymes in cancer cells and
converted to NAM, therefore NAMPT is essential for the renewal of the intracellular NAD™*
pool (Garten et al., 2015). NAMPT overexpression is, thus, associated with the development
of many cancers including colorectal, ovarian, breast, gastric, prostate, thyroid, pancreatic,
endometrial carcinomas, myeloma, melanoma, gliomas, sarcoma and hematological
malignancies (reviewed in Audrito et al., 2020; Garten et al., 2015; Opitz & Heiland, 2015;
Yaku et al., 2018). NAMPT, both in its intracellular and extracellular forms, has a direct role
on cancer cells increasing cancer aggressiveness, correlating with worse prognosis. This may
be due to the regulation of different processes, including metabolic adaptation, DNA repair,
gene expression, signaling pathways, cell growth, invasion, stemness, EMT, metastasis,
angiogenesis, secretion of both pro-inflammatory and immunosuppressive cytokines, and
resistance to genotoxic stress (Audrito et al., 2020).

NAPRT is silenced or downregulated in several tumors (Duarte-Pereira et al., 2014,
2016), and EMT-associated downregulation of NAPRT is observed in different tumor types
(Lee et al., 2018). Amplification of the NAPRT gene was also detected in prostate, ovarian
and pancreatic cancers (Chowdhry et al., 2019; Piacente et al., 2017). In a recent work, the
overexpression of NAPRT in ovarian cancer correlated with a BRCAness gene expression
signature, with defects in homologous recombination DNA repair (Audrito et al., 2020;
Piacente et al., 2017). NAPRT expression in cancer may be regulated by both transcriptional
and post-transcriptional mechanisms, including mutations in transcription factor binding
sites, promoter methylation and alternative splicing (Audrito et al., 2020; Duarte-Pereira et
al., 2016). eNAPRT was recently identified in sera from patients with a diagnosis of cancer,
including solid tumors and hematological malignancies, and the results suggest a possible
role of this enzyme in the tumor microenvironment (Audrito et al., 2020; Manago et al.,
2019).

10
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The aforementioned NAD™ metabolism enzymes have been studied as cancer
biomarkers and as therapeutic targets for cancer treatment (reviewed in Demarest et al.,
2019; Yaku et al., 2018). In particular, NAMPT has received considerable attention and
NAMPT inhibitors such as FK866 have been developed as anti-cancer drugs. NAPRT has
emerged as a biomarker, primarily because NA could be used as a cytoprotective agent in
treatment with NAMPT inhibitors, in NAPRT downregulated tumors (Duarte-Pereira et al.,
2016; Shames et al., 2013). However, the therapeutic potential of these enzymes in cancer
is not yet fully known and there is still a great need to investigate the mechanisms behind
them in different contexts. An optimized anticancer strategy would include patient profiling
to identify treatments suitable for the metabolic and genetic status of that particular
individual (Demarest et al., 2019).

1.2. Saliva as a cancer biomarker source

Many cancers are still diagnosed at an advanced stage (Rapado-Gonzélez et al.,
2016) because cancer symptoms are frequently not specific and absent until the tumors have
metastasized (Wang et al., 2017). The survival rates for some cancers have improved but
overall, they are still quite low (Rapado-Gonzalez et al., 2016). Therefore, there is an urgent
need for new cancer screening, early detection, diagnostic, staging and prognostic tools that
are fast, affordable, non-invasive and with high sensitivity and specificity (Rapado-Gonzalez
et al., 2016; Wang et al., 2017).

Saliva consists of secretions from the minor and major (parotid, submandibular and
sublingual) salivary glands (Bonne & Wong, 2012; Rapado-Gonzalez et al., 2020).
Molecules such as DNA, RNA, proteins and metabolites that are present in the blood can
also be found in saliva (Rapado-Gonzélez et al., 2020; Wang et al., 2017). Saliva
composition changes under different pathological conditions (Rapado-Gonzalez et al.,
2016), and detecting these alterations have allowed the detection of oral and systemic
diseases (Bonne & Wong, 2012). Multiple molecules present in saliva can potentially be
used as biomarkers to detect early-stage cancer and, in addition to diagnosis, can be used for
individual risk assessment, prognosis, to monitor the response to treatment and for

pharmacogenetic studies (Rapado-Gonzalez et al., 2016, 2020; Wang et al., 2017).
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The scientific community created the term “salivaomics”, due to the ongoing
advances in saliva research. “Salivaomics” is a comprehensive approach to explore the
different molecules contained in saliva as potential biomarkers. This includes the genome
(consisting of both human and microbial DNA), the epigenome, the transcriptome, the
metabolome, the proteome and the microbiota (Rapado-Gonzélez et al., 2020; Wang et al.,
2017).

As a diagnostic approach, saliva has several advantages over blood and tissue. It is a
non-invasive sample, with easy collection and storage, cost-effective and causes less patient
discomfort (Rapado-Gonzalez et al., 2016, 2020; Wang et al., 2017; Yoshizawa et al., 2013).

Many salivary biomarkers have been described for a wide variety of cancers besides
head and neck cancers (Rapado-Gonzalez et al., 2016, 2020). Several salivary biomarkers
can be detected during systemic cancer development, including pancreatic, breast, lung or
ovarian cancers (reviewed in Wang et al., 2017). Rapado-Gonzalez and colleagues stated
that salivary biomarkers are sensitive and specific enough to be used for systematic cancer
detection (Rapado-Gonzalez et al., 2020), and many have been identified and validated at
the preclinical level (Wang et al., 2017). Yet, further studies are needed in the different
“omics” to designate saliva as a liquid biopsy suitable for regular clinical practice (Rapado-
Gonzélez et al., 2016).

12



Objectives

2. OBJECTIVES

The main objectives of this work were to study saliva as a source of cancer
biomarkers and to investigate NAPRT and NAMPT in this context. The specific aims were

the following:

a) Collection and analysis of saliva samples, namely, optimization of the extraction

and amplification of nucleic acids for molecular studies;

b) Search for NAPRT and NAMPT polymorphisms in saliva from cancer patients;

c) Bioinformatics analyses of the genetic alterations in pediatric leukemia datasets;

d) Bioinformatics analysis of NAPRT and NAMPT genetic alterations in head and

neck cancer and pediatric leukemia datasets.

Due to the COVID-19 pandemic, it was not possible to carry out the objective b),

instead bioinformatics analyses were performed (objectives c) and d)).
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3. MATERIALS AND METHODS

Saliva samples were collected from two healthy 22-year-old female volunteers. DNA
from 8 healthy blood donors over 50 years old (HRC2-A9 and E11, HRC3-A10, B1, B2, B3,
C1 and C2) was also tested. These are commercially available samples from the ECACC
(European Collection of Cell Cultures) Human Random Control DNA Panel and were
purchased from Sigma-Aldrich. Donors have given written, informed consent for their

samples to be used for research purposes.

3.1. Saliva sample collection

Subjects were asked to abstain from eating, drinking, smoking or perform oral
hygiene procedures at least one hour before sample collection (mouthwash, unstimulated
whole saliva (WS), buccal swab and/or cytobrush) that was performed in the morning, until
10 am.

To collect the mouthwash, subjects were given a 50-mL tube with 10 mL of clean
water and were asked to rinse the mouth for 30 seconds and expel the water back into the
tube. The tubes were immediately placed and maintained on ice until centrifugation at 10000
x g for 10 minutes at 4°C. The supernatant was discarded, the pellet was resuspended with 1
mL of Milli-Q® water and aliquoted into two 500 uL aliquots. These were centrifuged at
8000 x g for 10 minutes at 4°C and the supernatant was discarded. The pellet was
immediately used for DNA or RNA extraction or stored at -80°C until further processing.
After the mouth rinse, subjects were asked to wait for a minute before buccal swab,
cytobrush or saliva collection.

For swab sample collection, the inside of each cheek was rubbed 3, 6 or 30 times
with one or two cotton swabs, respectively. The cotton swabs were placed inside 15-mL
sterile tubes with a sterile 1000-uL pipette tip in the bottom to facilitate saliva collection by
centrifugation at 10000 x g for 10 minutes at 4°C. The total volume collected was transferred
into an eppendorf and the samples were immediately processed.

To collect cytobrush samples, the inside of the right and left cheeks was brushed 30
times each, using one cytobrush for both sides. The brush was separated from the handle,

placed in an eppendorf and stored at 4°C until DNA extraction.
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Two methods were used to collect unstimulated WS (protocols adapted from Rosa et
al., 2016): passive drooling and sublingual cotton roll. For passive drooling, a 50-mL sterile
tube was used to collect passive drooled saliva for 2 minutes. For the sublingual cotton roll
method, sublingual saliva was collected with two cotton rolls placed under the tongue for 2
minutes. The cotton rolls were placed inside a 15-mL sterile plastic tube with a sterile 1000-
uL pipette tip in the bottom to facilitate saliva collection by centrifugation at 10000 x g for
10 minutes at 4°C. Then, the cotton rolls were discarded, and the saliva was resuspended by
pipetting, followed by vortexing for 5 seconds, and aliquoted into 2 cryovials (one with 200
uL and the other with the remaining volume). Samples were stored at -80°C until further

processing or immediately used for DNA or RNA extraction.

3.2. RNA and DNA extraction

For RNA extraction, two different methods were used: the TRIzol method (adapted
protocol from Pandit et al., 2013) and a column-based method, using the RNeasy® Micro
Kit (74004, Qiagen) following the manufacturers’ instructions.

In the first step of the Qiagen kit protocol, 350 pL of buffer RLT were added,
homogenizing for 1 minute. The same volume of 70% ethanol was added and mixed well by
pipetting. The samples were transferred to RNeasy MinElute spin columns in 2-mL
collection tubes, followed by centrifugation at 8000 x g for 15 seconds at 20°C. The flow-
through was discarded and 350 pL of buffer RW1 were added to the columns, followed by
centrifugation at 8000 x g for 15 seconds at 20°C. The flow-through was discarded and 80
puL of DNase I incubation mix (10 pL of DNase | stock solution and 70 pL of Buffer RDD)
were added directly to the membrane columns. The columns were incubated at room
temperature (RT) for 30 minutes. Then, 350 pL of buffer RW1 were added to the columns,
which were centrifugated at 8000 x g for 30 seconds at 20°C. The flow-through and the
collection tubes were discarded, and the columns were placed in new 2-mL collection tubes.
Then, 500 pL of buffer RPE were added to columns, followed by centrifugation at 8000 x g
for 30 seconds at 20°C. The flow-through was discarded and 500 pL of 80% ethanol were
added to the columns, followed by centrifugation at 8000 x g for 2 minutes at 20°C. The
flow-through and the collection tubes were discarded, and the columns were placed in new

2-mL collection tubes. With the lid open, the columns were centrifugated at full speed (8000
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x g) for 5 minutes at 20°C. The flow-through and the collection tubes were discarded, and
the columns were placed in new 1.5-mL collection tubes. Then, 14 uL of RNase-free water
were added directly to the center of the membrane columns and the columns were
centrifugated at full speed for 1 minute at 20°C to elute the RNA. The final elution volume
was 12 pL since the dead volume of the column is 2 pL.

For the TRIzol method, 800 pL of TRIzol™ were added to the samples, which were
vortexed for 1 minute and incubated for 5 minutes at RT. Then, 200 pL of chloroform were
added to the 2-mL eppendorf tube, which was vigorously vortexed for 1 minute and
incubated a second time for 5 minutes at RT. The samples were then centrifuged at 10000 x
g for 10 minutes at 4°C. The upper aqueous layer (500 pL) was transferred to a new 2-mL
eppendorf tube, 200 uL of chloroform were added and the tube was vortexed for 30 seconds.
The samples were then centrifuged at 10000 x g for 10 minutes at 4°C. The upper agueous
layer (500 pL) was transferred to a new 2-mL eppendorf tube, an equal volume of isopropyl
alcohol was added, and the samples were incubated for 45 minutes at -20°C. The samples
were then centrifuged at 10000 x g for 20 minutes and the supernatant was discarded. The
pellet was washed with 1 mL of 70% ethanol and centrifuged at 20000 x g for 5 min at 4°C.

The pellet was air-dried, resuspended in 20 pL of RNase-free water and stored at -80°C.

The method used for the DNA extraction was a column-based method, using the
NZY Tissue gDNA Isolation Kit (MB13502, NZYTech), according to the manufacturers’
instructions. The samples were resuspended with 200 pL of buffer NT1. Then, 25 pL of
proteinase K solution (22 mg/mL) and 200 pL of buffer NL were added, and the samples
were vortexed for 30 seconds. Samples were incubated for 15 minutes at 56°C and vortexed
for 5 seconds each 3 minutes. Then, 210 uL of 100% ethanol was added to the samples,
which were immediately vortexed. This mix was transferred into an NZYSpin Tissue
Column placed in a 2-mL collection tube. The tubes were centrifugated at 17700 x g for 1
minute at 15°C. The flow-through was discarded and the columns were placed in new
collection tubes. Then, 500 pL of buffer NW1 were added to each column, followed by
centrifugation at 17700 x g for 1 minute at 15°C. The flow-through was discarded and the
columns were placed in new collection tubes. Then, 600 pL of buffer NW2 were added to
each column, followed by centrifugation at 17700 x g for 1 minute at 15°C. The flow-through
was discarded and the tubes were centrifugated at 17700 x g for 2 minutes at 15°C. The

columns were placed into clean microcentrifuge tubes and 100 pL of sterile water (preheated

16



Materials and Methods

at 56°C) were added directly to the membrane column. The columns were incubated at room
temperature for 1 minute and then, centrifugated at 17700 x g for 2 minutes at 15°C to elute
DNA. The genomic DNA was stored at -20°C.

In table 1, there is an overview of the different sample collection and nucleic acid
extraction protocols. Frozen samples were stored at -80°C for 24 hours. All frozen samples
were thawed on ice before the beginning of the protocols. The samples stored at 4°C were
processed for DNA extraction until 48 hours later. Of note, of the 4 samples obtained by
brushing cotton swabs 3 and 30 times, one sample of each was passed through a 25-gauge

needle 3 times to ensure complete lysis of cells.

Table 1 — Overview of the samples collected: saliva and mouthwash (fresh, stored at -80°C and stored at 4°C),
swab (brushing the cotton swab 3, 6 or 30 times) and cytobrush. The initial volume of the sample, the collection

method and the protocol of nucleic acids extraction performed are indicated. N.A.: not applicable.

Sublingual -
) Initial RNA  RNA DNA
Sample cotton Drooling Supernatant  Pellet ) )
volume (Kit) (TRIzol)  (Kit)
rolls
Fresh saliva 4 - 200 pL n.a. n.a.
Frozen saliva v - 200 pL n.a. n.a.
Saliva (4°C) - v 500 pL n.a. n.a. - -
Fresh
n.a. n.a. Pellet - v v v v
mouthwash
Frozen
n.a. n.a. Pellet - v v v v
mouthwash
Mouthwash
n.a. n.a. Pellet - v - - v
(4°C)
Fresh Swab (3,
] n.a n.a n.a n.a n.a - - v
6 and 30 times)
Buccal
n.a. n.a. n.a. n.a. - - v

cytobrush (4°C)
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3.3. Nucleic acid quantification and integrity

The concentration and purity of DNA and RNA were measured by
spectrophotometry. For DNA samples from healthy blood donors and the RNA samples,
NanoVue Plus™ Spectrophotometer (GE, Healthcare) was used, requiring 1 pL of each
sample. For the DNA from saliva samples, a Varian Cary 50 UV-VIS spectrophotometer
was used and 50 pL of each sample was diluted in 450 and/or 950 uL of sterile water and
resuspended by pipetting. The concentration of DNA and RNA was measured and the purity
was estimated with the ratios of absorbance at 260 and 280 nm (A260/A280) and at 260 and
230 nm (A260/A230). To obtain the concentration of the extracted DNA samples from
saliva, the A260 nm was multiplied by the DNA extinction coefficient (50 pug/mL) and by
the dilution factor. For DNA, a relatively pure sample has an A260/A280 ratio close to 1.8.
For RNA, the A260/A280 ratio should be close to 2.0. The ideal A260/A230 ratio values are
usually higher than the respective A260/A280 ratio values. For both pure DNA and RNA,
an A260/A230 ratio should be around 2 or slightly above.

The integrity of DNA and RNA was also assessed by gel electrophoresis. Samples
were separated in 1% agarose gels with TAE (Tris-acetate-EDTA) 1x buffer. The 1%
agarose gels were prepared with 60 mL of TAE 1x buffer and 0.6 g of agarose and stained
with 2 uL of GreenSafe Premium (NZYTech). The molecular weight marker used was
NZYDNA Ladder VIl (NZYTech) and 3 uL were loaded into the gel. The samples were
loaded with loading buffer (LB; 6x NZYDNA loading dye, NZYTech), as follows: 2 uL of
the RNA samples extracted using the RNeasy® Micro Kit were loaded with 8 uL of RNase-
free water and 2 uL of LB; 5 uL of the RNA samples extracted with the TRIzol method were
loaded with 5 uL of RNase-free water and 2 pL of LB; and 10 uL of the DNA samples
extracted using the NZY Tissue gDNA Isolation Kit were loaded with 2 uL of LB. The gels
were run at 90 volts (V) for about 30 minutes, until the dye line was approximately at 2/3 of
the gel. The gel was placed on ChemiDoc™ MP Imaging System (Bio-Rad) and visualized
with Image Lab™ 5.1 Software (Bio-Rad).

After DNA and RNA quality evaluation, DNA and RNA samples were stored at -
20°C and at -80°C, respectively, until further analysis.
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3.4. Polymerase chain reaction (PCR)

PCR was used to amplify exon 4 of the human NAPRT gene and exon 7 of the human
NAMPT gene (previously identified as mutation hotspots). To optimize the PCR reactions,
different conditions were tested, such as the annealing temperature, primer concentration
and Master Mix volume.

Amplification reactions were performed with 1 uLL of DNA in a 20 pL final volume
reaction mixture, containing 10 puL of NZYTaq Il 2x Green Master Mix (MB35802,
NZYTech), 1 uL (2 uM) of primers forward and reverse and 7 uL of water (MB11101,
NZYTech). The primers used, regions amplified and product sizes are indicated in table 2.
PCR was carried out in the CFX Connect™ Real-Time System (Bio-Rad) thermocycler with
an initial denaturing step at 95°C for 15 minutes, followed by 35 cycles of amplification.
Each amplification cycle consisted of denaturation at 94°C for 30 seconds, annealing at 62°C
for 30 seconds (NAPRT primers) or 58°C for 1 minute (NAMPT primers), and extension at
72°C for 1 minute. A final extension step followed, at 72°C for 10 minutes.

To confirm amplification, 10 puL of each PCR product were loaded into a 1% agarose
gel, which was run at 90 V for about 30 minutes, until the dye line was approximately at 2/3
of the gel. To visualize the results, ChemiDoc™ MP Imaging System (Bio-Rad) and Image

Lab™ 5.1 Software (Bio-Rad) were used.

Table 2 - Oligonucleotide sequences used for amplification of NAMPT and NAPRT genes.

Primers Sequence Product size (bp)
HsNaprt_ex4 F CTACAGCGTGTGGAGGTGAG 0
404
HsNaprt_ex4 R CACCTGTGCTCACCTTCTGC

HsNampt_ex7_F CATAACAGCTTGGGGGAAAG
362
HsNampt_ex7_R CTCTCTCTGGGCTGCAACT

3.5. Sequencing

NAMPT amplified products were purified with EXoSAP-IT™ (Applied
Biosystems™), by treating 1.5 uLL of each sample with 1 uL. of ExoSAP-IT™. Reactions
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were incubated at 37°C for 15 minutes followed by enzyme inactivation for 15 minutes at
85°C. The resulting NAMPT purified fragments were sequenced using the Big Dye® v3.1
Terminator Cycle Sequencing kit (Applied Biosystems™), by adding 1 uL of
HsNampt_ex7_F primer (2 uM) and 2 uL of BigDye™ Terminator v3.1 Ready Reaction
Mix. The samples were subjected to an initial denaturation step at 94°C for 5 minutes, 35
cycles of 94°C for 20 seconds, 58°C for 10 seconds and 60°C for 1 minute and 30 seconds,
followed by a final extension step at 60°C for 10 minutes. Sequencing reaction products were
purified with Sephadex® (prepared with 20 g Sephadex® in distilled water, added to 300
mL). In clean spin columns, 750 pL of Sephadex® were added, followed by centrifugation
at 1840 x g for 4 minutes at 15°C. The spin columns were transferred to new 1.5 mL-tubes
and the products of the previous amplification were added to the center of the resin, followed
by centrifugation at 1840 x g for 4 minutes at 4°C. Then, the tubes were stored at -20°C until

sequencing.

3.6. Bioinformatics analyses

Four types of tumor data were analyzed: Pediatric Acute Lymphoid Leukemia
(ALL), Pediatric Acute Myeloid Leukemia (AML), Adult Acute Myeloid Leukemia
(LAML) and Head and Neck squamous cell carcinoma (HNSC). The leukemia datasets were
selected because NAPRT and NAMPT can have an important role in these types of tumors,
and the HNSC dataset was selected with the aim to validate saliva biomarkers.

Information was retrieved from cBioPortal (Cerami et al., 2012; Gao et al., 2013;
http://www.cbioportal.org/). Data were generated by the Therapeutically Applicable
Research to Generate Effective Treatments (TARGET,

https://ocqg.cancer.qov/programs/target) initiative, also available on
https://portal.gdc.cancer.gov/projects. For ALL (phs000464; 1978 samples) and AML

(phs000465; 1025 samples), gene expression (45 samples in AML and 203 samples in ALL),
methylation (184 samples in AML and 149 samples in ALL), mutation (150 samples) and
copy number alteration (CNA) (240 samples in AML and 764 samples in ALL) data were
retrieved. These data were organized as the 10 genes most expressed, with mutations or
CNA, and the most and least methylated genes. The median for mMRNA expression (RPKM
values) and methylation (beta values and M-values) was calculated for each gene and the
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median of the RPKM values was log: transformed. Ludberg et al. defined grouped RPKM
values into no expression (<0.1 RPKM), low (0.1-2 RPKM), moderate (2-8 RPKM) and
high (>8 RPKM) expression categories (Lundberg et al., 2010), and these groups were also
considered here. In ALL, the M-values of methylation were transformed into beta values,

using the following formula (Du et al., 2010):

oM )
Beta= M where M is the M-value.

Beta values vary between O and 1, where a beta value of < 0.3 is considered
hypomethylation, and a beta value of >0.7 is considered hypermethylation (Gujar et al.,
2018).

All genes from the top 10 were searched on the Gene database from NCBI
(https://www.ncbi.nlm.nih.gov/gene/), where information about the genes was retrieved
(O’Leary et al., 2016).

With the hypermethylated and hypomethylated genes in ALL and AML, a statistical

overrepresentation test with the PANTHER GO-Slim Biological Process set was performed
on PANTHER (Mi et al., 2019; http://www.pantherdb.org/). The biological processes with

a fold enrichment > 2.0 were selected and analyzed.

A specific search for NAPRT and NAMPT genes was made for HNSC, using two
datasets: one of The Cancer Genome Atlas (TCGA, 2015) (Cancer Genome Atlas Network,
2015) and the other of TCGA (2018) from the PanCancer Project, as well as for ALL and
AML. Gene expression (515 samples in HNSC), mutations (520 samples in HNSC), CNAs
(517 samples in HNSC) and methylation (only for NAPRT; 279 samples in HNSC) were
retrieved. The HNSC datasets have overlapping data and therefore, the TCGA dataset from
2018, which has more samples (523), was used to assess NAPRT and NAMPT expression,
mutations and CNAs. The TCGA dataset from 2015 was used to assess NAPRT methylation,
since the other dataset does not have methylation data. For each gene, the median of the beta
(methylation) and RPKM (mRNA expression) values of all samples were calculated. The
median of the RPKM values was log transformed. All data were retrieved from cBioPortal,
except for expression data in HNSC, which was retrieved from UALCAN web-portal
(Chandrashekar et al., 2017; http://ualcan.path.uab.edu/). Yusuff et al. defined grouped TPM
values into no expression (<3 TPM), low (3-10 TPM), moderate (10-25 TPM), high (25—
100 TPM) and very high (>100 TPM) expression categories (Yusuff et al., 2020). In the
ALL and HNSC (TCGA, 2015) datasets, methylation and expression data for the same
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samples in each dataset exists, and through cBioPortal the Pearson correlation between
NAPRT methylation and expression was calculated. The correlation between CNAs and
expression for both NAPRT and NAMPT in HNSC and NAMPT in ALL was also analyzed.

NAPRT cis-eQTL (expression quantitative trait loci), i.e. SNPs that alter NAPRT
expression, in HNSC and LAML (TCGA) were downloaded from the PancanQTL database
(Gong et al., 2018; http://bioinfo.life.hust.edu.cn/PancanQTL/). The localization, number

and effect size on gene expression (beta values) of these SNPs were analyzed. The UCSC
Genome Browser (Kent et al., 2002; http://genome.ucsc.edu/) was used to localize the eQTL
on the human genome (GRCh37/hg19 assembly). In the ClinVar database from NCBI

(https://www.ncbi.nlm.nih.gov/clinvar/), each eQTL was searched. In the Genotype-Tissue

Expression (GTEXx) Portal (https://gtexportal.org/), it was investigated if the eQTL are

present in non-pathological tissues. Through Ensembl release 100 (Yates et al., 2020;
https://ensembl.org/), allelic frequencies of each SNP were analyzed with data from the 1000
Genomes Project (The 1000 Genomes Project Consortium, 2015). The beta values of the
eQTL that have an impact on NAPRT expression in HNSC were log: transformed and a
heatmap was created with all the tumors in which NAPRT expression is altered by these

SNPs, using the HCE 3.5 (Power Analysis) software.
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4. RESULTS

4.1. RNA

RNA was extracted with two different protocols, using the RNeasy® Micro Kit
(74004, Qiagen) and the TRIzol method (adapted protocol from Pandit & Punyadeera, 2013).
The concentration and purity of RNA were measured by spectrophotometry. RNA samples
were also separated by electrophoresis on a 1% agarose gel to assess their integrity.

The RNA concentration was low in all samples extracted with the kit, with a
maximum of 9.2 ng/ pl (not shown). The A260/A280 ratio in the fresh and the frozen samples
was around 1.6-1.7 and 2.2, respectively. The A260/A230 ratio was very low, close to 0, in
all samples. In the agarose gel, no band was observed in all the samples.

The RNA concentration was also low in all samples extracted with TRIzol except in
one of the fresh saliva (70.8 ng/uL), frozen saliva (58.4 ng/uL) and frozen mouthwash (76.4
ng/uL) samples. The A260/A280 ratio in all samples was between 1-1.6, except in one of
the frozen mouthwash (1.7) and fresh saliva (2.6) samples. The A260/A230 ratio was low,
in almost all samples was close to 0, in one of the frozen saliva samples was 0.9 and in one
of the frozen mouthwash samples was 1.7. These results are presented in table 3. The sample
with the best results was the frozen mouthwash.

Table 3 - Results from quantification of the RNA extracted from saliva using TRIzol. Saliva was collected
using sublingual cotton rolls and the frozen samples were stored at -80°C for 24 hours before RNA extraction.
S: fresh saliva; FS: frozen saliva; MW: fresh mouthwash (pellet); FMW: frozen mouthwash (pellet); *: below

the detection threshold of the equipment.

TRizol
Sample ng/ul A260/A280 A260/A230
) * 2.579 *

708 1.066 0,062
i x 1472 0.872
584 1,09 0,046
102 1477 0.397
MS 105 156 0.034
764 1705 1705
FMS 93 1557 0,017
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4.2. DNA

DNA extraction was performed with the NZY Tissue gDNA Isolation Kit
(MB13502, NZYTech). Fresh samples, stored samples at -80°C for 24 hours (A) and stored
samples at 4°C for 48 hours (B) before DNA extraction were tested. Fresh and frozen saliva
(A) samples were collected with sublingual cotton rolls and saliva (B) samples were
collected by drooling. The concentration, purity and integrity of the extracted DNA were
determined using spectrophotometry and electrophoresis. Some samples were quantified
twice with different dilution factors (DF); DF = 20 (1) and DF = 10 (2), and the results were
similar (table 4).

The samples with the best concentration and A260/A280 ratio values were the frozen
mouthwash (A) and the samples that were stored at 4°C for 48 hours (B) (table 4). The
remaining samples did not have satisfactory concentration values and A260/A280 ratios.
None of the samples had reasonable values of the A260/A230 ratio. These results are shown
in table 4. Electrophoretic analysis of the extracted DNA showed detectable levels of high
molecular weight genomic DNA in the frozen saliva, frozen mouthwash (A), swab brushed
3 times, swab brushed 3 times (using a needle in the extraction process) and in the saliva
(B), mouthwash (B) and buccal cytobrush (B) samples (figure 2). However, a smear was
also observed in these samples, suggesting that DNA might be degraded. In the other
samples, no band was observed. Thus, the samples with the best results were the frozen
mouthwash stored at -80°C for 24 hours and the saliva, mouthwash and buccal cytobrush
stored at 4°C for 48 hours.
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Table 4 - Results from quantification of the DNA extracted from saliva using the NZY Tissue gDNA Isolation
Kit. S: fresh saliva; FS: frozen saliva; MW: fresh mouthwash; FMW: frozen mouthwash; SW: swab (brushed
3 times); SWN: swab (brushed 3 times), using a needle in the extraction process; SW30: swab brushed 30
times; SW30N: swab brushed 30 times, using a needle in the extraction process; S: saliva; MW: mouthwash;
BC: buccal cytobrush; (A): samples stored at -80°C for 24 hours; (B): samples stored at 4°C for 48 hours; (1):
samples quantified with a dilution factor of 20; (2): samples quantified with a dilution factor of 10; *: below

the detection threshold of the equipment.

NZY Tissue gDNA Isolation Kit
Sample ng/ul A260/A280  A260/A230

S (1) 43 0,98 0,77
FS(A) (1) 59 0,74 0,58
MW (1) 188 1,08 0,82
FMW (A) (1) 426 1,74 1,53
SW (1) 15,9 2,21 1,05
SWN(@) 11,9 2,59 0,70
SW30 (1) * 1,52 *
SW30N ()  * 3,50 *
S(B) (1) 49 1,88 0,39
S (B) (2) 34 2 0,52
MW (B) (1) 59 1,90 0,46
MW (B) (2) 58 1,90 0,75
BC(B)(1) 69 1,97 0,52
BC(B)(2) 56 1,90 0,75

Figure 2 - Agarose gel of the DNA samples extracted from saliva using the NZY Tissue gDNA lIsolation Kit.
MM: Molecular weight marker; 1: saliva (B); 2: mouthwash (B); 3: buccal cytobrush (B); 4: swab brushed
6 times; (B): samples stored at 4°C for 48 hours. Note: Sample 4 was not quantified because no band was

observed in the agarose gel.
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The DNA samples from healthy blood donors over 50 years-old (HRC2-E11, HRC3-
Al0, B1, B2, B3, C1 and C2) were diluted in water and then, quantified before PCR (table

5). In general, all samples have acceptable values of DNA concentration and A260/A280

ratio.
abjes. DNA ngiul _ A260/A280 A60IA230 L
A o et 2-A9 1:10 575 1,885 0,646 ood
romhealthy =5 111:100 245 1678 0521 ood donars.

2-E111:10 915 1,679 0,691
3-A101:10 138 1,752 1375
3-B11:10 88.0 1,796 0,680
3-B21:10 590 1735 0,656
3-B31:10  104,0 1778 0748
3-C21:10 1015 1,692 0,698
3-C31:10 1065 1972 0.786

4.3. PCR

4.3.1. NAMPT

The DNA from healthy blood donors was amplified with primers specific for exon 7
of human NAMPT. The DNA samples extracted from saliva with the best results (fresh
mouthwash, frozen mouthwash stored at -80°C for 24 hours and the saliva, mouthwash and
buccal cytobrush stored at 4°C for 48 hours) were also used, to test if the low quality and
quantity DNA was suitable for amplification and to verify if human DNA was extracted,
since saliva is expected to have high amounts of bacterial DNA.

Several conditions were tested. Using a final primer concentration of 2 uM and 30
seconds of annealing temperature, the amplification was successful (figure 3). In all samples,

a band of the expected fragment size (362 bp) was visualized in agarose gels.
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Figure 3 - Agarose gel of the PCR products amplified using human primers for NAMPT exon 7. MM: molecular
weight marker. a) — 1 and 2: blank; 3: 3-A10; 4: 2-E11; 5: fresh mouthwash; 6: frozen mouthwash (-80°C for
24 hours); 7: saliva (4°C for 48 hours); 8: mouthwash (4°C for 48 hours); 9: buccal cytobrush (4°C for 48
hours); 10: swab (brushed 3 times). b) — 1: blank; 2: 3-B1; 3: 3-B2; 4: 3-B3; 5: 3-C1; 6: 3-C2.

4.3.2. NAPRT

The same samples that were tested with NAMPT primers, were also amplified with
primers for exon 4 of human NAPRT. To optimize the PCR, different conditions were tested,
such as annealing temperature (Ta), primer concentration and Master Mix volume.

As for the Master Mix volume, with 10 pL the band intensity was better (figure 4 -
well 3) than with 6.25 pL (figure 4 - well 2). The primers concentration was suspected to be
insufficient, so a higher concentration was tested, however, unspecific products were
observed, thus several annealing temperatures were tested to try to increase the reaction’s
specificity.

The best results were observed using 10 pl MasterMix and primers at 2 uM (1 pL),
and an annealing temperature of 62°C for 30 seconds, a band at the expected fragment size
(404 bp) was visualized. However, a band in the range of 100 bp was also observed (figure
4b).
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Figure 4 - Agarose gel of the PCR products amplified using human primers for NAPRT exon 4 with different
PCR conditions. MM: molecular weight marker; 1: blank. a) - 2: 6,25 ul MasterMix, primers at 0.2 UM (2
ML), Ta = 60°C (1 minute), 3-A10; 3: 10 pl MasterMix, primers at 0.2 uM (2 pL), Ta = 60°C (1 minute), 3-
A10. b) T. = 62°C (30 seconds); 2: frozen mouthwash (-80°C for 24 hours); 3: 3-B1.

4.4. Bioinformatic analysis

4.4.1. Mutations in AML and ALL

In both types of pediatric leukemia, the most frequently mutated gene is NRAS
(NRAS proto-oncogene), but the overall gene mutation frequency is not very high (table 6).
AML and ALL have 4 commonly mutated genes: NRAS, KRAS (KRAS proto-oncogene),
FLT3 (fms related receptor tyrosine kinase 3) and PTPN11 (protein tyrosine phosphatase
non-receptor type 11). These genes are involved in growth signaling pathways (Bejar, 2018).
NRAS, KRAS and PTPN11, as well as CCND2, participate in the Ras pathway and are
frequently mutated in juvenile myelomonocytic leukemia (JMML) (Gill et al., 2016;
Locatelli et al., 2018; Sakashita et al., 2016; Stieglitz et al., 2016) and in ALL (Tartaglia et
al., 2004; Vicente et al., 2015). In fact, somatic PTPN11 mutations are the most frequent
lesion in JIMML and they also occur in adult AML and in pediatric AML and ALL, and are
associated with a worse prognosis (Alfayez et al., 2020; Tartaglia et al., 2004). FLT3, as
well as KIT (c-Kit or CD117) and JAK?2, regulate the tyrosine kinase receptor signaling (Gill

et al., 2016). These activated growth factor signaling genes are essential in hematopoiesis
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and mutations in these genes are associated with AML (Babaei et al., 2016; Duployez et al.,
2016; Gill et al., 2016; Larrosa-Garcia & Baer, 2017; Patnaik, 2018).

TET2 (tet methylcytosine dioxygenase 2) and IDH2 (isocitrate dehydrogenase
(NADP(+) 2, which encodes a NADP*-dependent isocitrate dehydrogenase) regulate DNA
methylation (Gill et al., 2016; O’Brien et al., 2014). Mutations in these two genes are
mutually exclusive in AML, which suggests that they might play a similar role (Gill et al.,
2016; O’Brien et al., 2014), and have been found to persist from diagnosis to relapse
(O’Brien et al., 2014). However, TET2 has been identified to be mutated along with other
genes such as FLT3, KRAS, KIT and JAK2 (O’Brien et al., 2014; Weissmann et al., 2012).

GATA2 (GATA binding protein 2), TP53 (tumor protein p53) and WT1 (WT1
transcription factor) are genes involved in transcription regulation (Gill et al., 2016; Ullmark
et al., 2017). TP53 and WTL1, both tumor suppressor genes, are frequently mutated in AML
(Bejar, 2018; Shin et al., 2016). With a lower incidence, TP53 mutations have also been
identified in pediatric and adult ALL (Comeaux & Mullighan, 2017; Demir et al., 2020;
Salmoiraghi et al., 2018; Shin et al., 2016). Additional aberrations with SIRT1
overexpression and subsequent TP53 deacetylation can affect the TP53 pathway (Panuzzo
et al., 2020). WT1 mutations are more common in younger patients and are associated with
worse prognosis (reviewed in Panuzzo et al., 2020). Mutations in GATA2 gene (which
encodes for a transcription factor critical in hematopoietic stem cell proliferation and
survival) were discovered to be involved in AML (Gill et al., 2016; reviewed in Panuzzo et
al., 2020) and other myeloid malignancies (Stieglitz et al., 2016; Wlodarski et al., 2018).

NSD2 (nuclear receptor binding SET domain protein 2), an epigenetic regulator, has
a role in hematopoiesis (Swaroop et al., 2019) and it was found to be mutated in pediatric
ALL (Jaffe et al., 2013). Mutations in CREBBP (CREB binding protein), other epigenetic
regulator, are very common in high hyperdiploidy and pediatric ALL relapse cases (Ding et
al., 2017; Janczar et al., 2017; Zhang et al., 2020) and co-occur with KRAS mutations
(Malinowska-Ozdowy et al., 2015; Zhang et al., 2020). The NOTCH pathway was found to
be affected in adult and pediatric T-cell acute lymphoblastic leukemia (T-ALL) patients,
including mutations in NOTCH2 (Doerrenber et al., 2017; Neumann et al., 2015).
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Table 6 — The ten most mutated genes and respective frequency in Pediatric Acute Myeloid Leukemia (AML,
left) and Pediatric Acute Lymphoid Leukemia (ALL, right) (TARGET datasets).

Most mutated genes Most mutated genes
in AML in ALL

Gene Frequency Gene Frequency
(%) (%)
NRAS 14.7 NRAS 10.7
KIT 10.0 KRAS 5.3
FLT3 6.7 CREBBP 4.0
KRAS 6.0 PTPN11 4.0
PTPN11 6.0 TP53 4.0
WT1 3.3 FLT3 3.3
TET?2 3.3 JAK?2 3.3
CCND2 2.7 NSD2 3.3
GATAZ2 2.7 NOTCH2 2.7
IDH2 2.7 HLA-C 2.0

4.4.2. CNAsin AML and ALL

ALL has a higher frequency of CNAs than AML (table 7), which in both pediatric
leukemias is deep deletion (deep loss, possibly a homozygous deletion, according to
cBioPortal). Transcription factors and long non-coding RNAs (IncRNAs) that may act as
transcriptional regulators for numerous genes, including some genes involved in cancer
progression, appear frequently altered. Additionally, in AML there are several HLA (Human
Leukocyte Antigen) genes, whereas in ALL, several genes involved in cell cycle regulation
have these alterations. Of note, ELF1 (E74 like ETS transcription factor 1) deletions are
more prevalent in pediatric AML than adult AML (Bolouri et al., 2018).
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Table 7 - The genes with more CNAs and respective cytoband and frequency in AML (at the left) and ALL (at
the right) TARGET datasets.

Most genes with CNAs in AML

Most genes with CNAs in ALL

Gene Cytoband Frequency (%) Gene Cytoband Fre(cl:;ncy
ELF1 13q14.11 15.8 ADAMG6 14932.33 59.6
LINC00102  Xp22.33 and Ypl11.2 154 LINC00226 14932.33 46.5
ZEB2 2022.3 15.0 FAM30A 14932.33 44.5
MBNL1 3025.1-g25.2 14.6 LINCO00221 14932.33 40.2
ZEB2-AS1 2022.3 14.6 CDKN2A 9p21.3 36.1
HLA-DRB6 6p21.32 13.8 CDKN2B 9p21.3 33.6
TMEM14EP 3¢25.2 138 CDKN2B- 9p21.3 30.9

AS1

HLA-DRB5 6p21.32 13.3 MTAP 9p21.3 26.6
HLA-DRB1 6p21.32 12.9 PRSS1 7934 25.3
NEAT1 11g13.1 125 MTRNR2L6 7934 22.9

4.4.3. Methylation in AML and ALL

In AML, of the 11719 genes analyzed, 23.4% of them are hypermethylated and
65.0% are hypomethylated (table 8). In ALL, of the 14840 genes analyzed, 25.0% of them

are hypermethylated and 14.4% are hypomethylated (table 8).

Table 8 - The most (left) and least (right) methylated genes and respective median of the beta values in AML
(above) and ALL (below) TARGET datasets.

Most methylated genes

Least methylated genes

AML ALL AML ALL

Gene Beta Gene Beta Gene Beta Gene Beta
value Value value value

PAQR9 0,98 PTGES 0,97 DAZAP2 0,02 SEC22B 0,02
MYO9B 0,97 AKT1S1 0,97 CLASP2 0,02 OR2A4 0,02
LYPD4 0,97 LMX1B 0,97 C100rf137 0,02 H2AFB3 0,02
NR5A1 0,97 EVI2A 0,97 PHF15 0,02 DFFB 0,02
OR10H1 0,97 SYNGR3 0,96 TPM2 0,02 KIAA0562 0,02
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Clorfl77 0,97 ABHD?2 0,96 SSBP2 0,01 ARFIP2 0,01
TULP2 0,96 PGAS 0,96 NUBP2 0,01 ETV3 0,01
AlBG 0,96 EPHA10 0,96 USP14 0,01 PIAS2 0,01
XAGE2 0,96 LGALS1 0,96 ECE1 0,01 TTTY13 0,01
HOXB1 0,96 ARL4A 0,96 ZFAND2B 0,01 SUDS3 0,01

To understand what biological processes are altered with methylation, a statistical
overrepresentation test with the PANTHER GO-Slim Biological Process was performed.
The results showed that the hypermethylated genes in AML were mainly related to blood
cells differentiation and proliferation and immune response, e.g., hematopoiesis, leukocyte
proliferation, lymphocyte differentiation, circulatory system process, immune system
development, response to tumor necrosis factor, cell activation involved in immune response
and cellular response to chemokine (appendix 1). The results for the hypermethylated genes
in ALL were mainly related to development, morphogenesis and differentiation, e.g.,
embryo development, regulation of cell development, cell morphogenesis involved in
differentiation, regulation of cell differentiation and blood circulation (appendix 2).

For the hypomethylated genes, three biological processes had a significant fold
enrichment in AML: peroxisome organization, regulation of MAP kinase activity and
extrinsic apoptotic signaling pathway. In ALL, DNA repair was the only biologic process
with a significant fold enrichment.

4.4.4. Gene expression in AML and ALL

For both leukemias, the most expressed genes were mitochondrial and ribosomal
genes, which were not further considered in the analyses. AML and ALL share 7 highly
expressed genes: FTL (ferritin light chain), HBB (hemoglobin subunit beta), ACTB (actin
beta), TPT1, TMSB10 (thymosin beta 10), GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) and CD74 (table 9). FTL, frequently overexpressed in AML, encodes the
light subunit of ferritin, which is a growth factor for AML cells (Bertoli et al., 2019; Kikyo
etal., 1995). ACTB encodes beta-actin, a protein with functions in cell motility, division and
intercellular signaling. ACTB upregulation is correlated with acute leukemia and associated
drug resistance (reviewed in Guo et al., 2013). TPT1 encodes a protein involved in cellular

growth and proliferation that is a key regulator of p53, which in turn represses TPT1
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transcription. TPT1 also participated in the process of tumor reversion, as low levels of TPT1
are associated with better survival rates than high levels of TPT1 (Amson et al., 2011).
TMSB10 encodes a member of the beta-thymosin family that are actin-binding proteins with
physiological roles in inflammatory regulation, tissue development and regeneration (Pan et
al., 2020; Zhang et al., 2017). Beta-thymosin is involved in carcinogenesis and tumor
progression and TMSB10 is commonly upregulated in many cancers (Pan et al., 2020; Xin
Zhang et al., 2017). GAPDH is a metabolic enzyme that also functions in DNA replication
and repair, carcinogenesis and cell death (Zhang et al., 2015). A higher gene expression and
enzymatic activity of GAPDH is associated with cell proliferation and tumorigenesis
(Nicholls et al., 2012). GAPDH was found to be upregulated in human precursor B-cell ALL
(B-ALL) cells (Martin-Lorenzo et al., 2018) and other cancers, often correlated with reduced
survival (Zhang et al., 2015). CD74 is involved in antigen presentation, and is also a cell
surface receptor for macrophage migration inhibitory factor (MIF) (Attar et al., 2013; Su et
al., 2016). CD74 expression is associated with various types of cancer (reviewed in Borghese
& Clanchy, 2011) and, in AML cells, CD74 is expressed at high levels (Galen et al., 2020;
Ruvolo et al., 2019).

Table 9 - The most expressed genes and the respective logarithm of median RPKM in AML (at the left) and
ALL (at the right) TARGET datasets.

Most expressed genes in Most expressed genes in
AML ALL

Gene Logz RPKM Gene Logz RPKM
FTL 11,13 HBB 11,47
HBB 11,03 TMSB10 11,01
ACTB 10,86 CD74 10,98
TPT1 10,56 TPT1 10,88
TMSB10 10,53 ALA- 10,59

DRA

GAPDH 10,40 FTL 10,16
CD74 10,29 ACTB 10,13
ACTG1 10,21 LAPTM5 10,10
SRGN 10,08 GAPDH 10,09
LYZ 10,04 HBA2 10,06
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4.4.5. Specific analysis of genetic alterations in NAPRT and NAMPT

The results for NAPRT and NAMPT expression and NAPRT methylation in AML,
ALL and HNSC are shown in table 10. NAPRT is hypermethylated in AML and methylated
in ALL and HNSC. Regarding expression, NAPRT and NAMPT expression are moderate in
both leukemias and are high in HSNC. In ALL, there is no correlation between NAPRT
methylation and expression (Pearson = -0.05; p-value = 0.620) (appendix 3) and in HSNC,

the correlation is negatively moderate (Pearson = -0.49; p-value = 4.47¢8) (appendix 4).

Table 10 - Maximum, minimum and median values of NAPRT and NAMPT expression (RPKM and TPM
values) and NAPRT methylation (beta values) in AML, ALL and HNSC. Data expression in HNSC was
provided by UALCAN.

AML Median  Minimum  Maximum
NAPRT methylation 0,70 0 0,91
NAPRT expression (Logz RPKM) 4,11 2,21 5,22
NAMPT expression (Log: RPKM) 4,07 1,91 6,96
ALL
NAPRT methylation 0,56 0,20 0,96
NAPRT expression (Logz RPKM) 2,62 -1,17 4,66
NAMPT expression (Logz RPKM) 2,06 -0,89 6,45
HNSC
NAPRT methylation 0,46 0,19 0,86
NAPRT expression (TPM) 85,28 1,19 230,05
NAMPT expression (TPM) 40,04 3,30 126,14

No NAMPT mutations were found in the studied datasets. NAPRT analysis revealed
one missense mutation in AML and four missense and one splice mutations in HNSC (table
11).
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Table 11- NAPRT mutations with respective protein change and allele frequency in AML and HNSC, provided
by cBioPortal.

Dataset  Protein change  Mutation type  Allele frequency

AML R332C Missense 0.75
R336Q Missense 0.30

P228L Missense 0.08

HNSC G377S Missense 0.36
R203Q Missense 0.22

X294 _splice Splice 0.17

In general, NAPRT and NAMPT CNAs frequency in AML, ALL and HNSC is low
(figure 5). In HNSC, the predominant alteration is amplification of both NAMPT (frequency
of 1,34%) and NAPRT (frequency of 7,65%). In AML, the only CNA type is a deep deletion
in NAMPT (frequency of 2,03%). In ALL, for NAPRT there is no CNAs and for NAMPT,
deep deletion and amplification have very low frequencies, 0.24% and 0,12%, respectively.
Concerning the correlation between expression and CNAs, in ALL there seems to be no
correlation for NAMPT (appendix 5). In HNSC, median NAPRT expression increases with
amplification, and there is also a tendency to expression increase (figure 6). However, these
increases are probably not significant. There is a clear tendency to an increase of NAMPT

expression with amplification (figure 7). However, the number of samples is low.

35



Results

a)

2%

1.5%1

1%

Alteration Frequency

0.5%4

Mutationdata + + +
CNAdata + + +

@ Mutation

® Fusion @ Amplification

b)

8%

6%

4%

Alteration Frequency

2%

Mutation data
CNA data

® Deep Deletion

@ Multiple Alterations

Figure 5 - NAMPT (a) and NAPRT (b) genomic alterations frequency in the three studied datasets of AML,
ALL and HNSC, as provided by cBioPortal.
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Figure 6 - Plot with NAPRT CNAs (horizontal axis) and expression (vertical axis) in HNSC, provided by

cBioPortal.
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Figure 7 - Plot with NAMPT CNAs (horizontal axis) and expression (vertical axis) in HNSC, provided by
cBioPortal.

4.451. NAPRTeQTL

In the PancanQTL database, the analysis revealed 101 and 21 SNPs that alter NAPRT
expression in HNSC and LAML, respectively. Regarding HNSC, 51% of the eQTL have a
negative effect on NAPRT expression. While in AML, 20 of the 21 eQTL have a positive
effect on NAPRT expression.

None of the 101 eQTL that alter NAPRT expression in HNSC is located in the NAPRT
gene sequence but in intergenic regions or neighboring genes, such as EEF1D (eukaryotic
translation elongation factor 1 delta; 51% of the eQTL), ZC3H3, ZNF623 (zinc finger protein
623) and TIGD?5 (tigger transposable element derived 5) (figure 8). Of the 101 SNPs, 18 of
them alter the expression of other genes in HNSC (17 alter ZNF707, zinc finger protein 707,
and 1 alters GSDMD, gasdermin D). Their expression is altered in the opposite direction of
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NAPRT’s gene expression. In other tumors, genes located within the NAPRT cytoband, such
as BREA2 (LINC02878, long intergenic non-protein coding RNA 2878) and C8orf73
(MROHS6, maestro heat like repeat family member 6), are also altered by most of these
variants. In testicular germ cell tumors (TGCT), BREA2 expression is altered in the same
direction as NAPRT in HNSC. TIGDS5 expression is altered in the same way as NAPRT and
ZNGT707 expression is altered in the opposite way. In all cases in which the eQTL that alter
NAPRT expression also have an impact on TSTA3 (GFUS, GDP-L-fucose synthase), its
expression decreases. Of the 101 SNPs, 15 of them alter NAPRT exclusively (11 have an
impact only in Lower Grade Glioma, besides HNSC) and are located predominantly within
the ZC3H3 (zinc finger CCCH-type containing 3) gene (appendix 6). Of the 101 eQTL, three
alter the NAPRT expression only in HSNC and are located in intergenic regions (rs7822731,
rs7822746 and rs378433).
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Figure 8 - Localization on the human genome (GRCh37/hg19 assembly) of NAPRT eQTL in HNSC. Image

produced using UCSC Genome Browser.

Similarly, in LAML, none of the SNPs is located in the NAPRT gene sequence, but
in neighboring genes (EEF1D and TIGD5) and in an intergenic region (figure 9). In other
tumors, genes located within NAPRT cytoband are also altered, such as BREA2, GSDMD
and C8orf73. TIGD5 and BREA2 expression is altered in the same way as NAPRT. In all
cases in which the eQTL that alter NAPRT expression also have an impact on BREA2, its

expression increases.
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Figure 9 - Localization on the human genome (GRCh37/hg19 assembly) of NAPRT eQTL in LAML. Image
produced using UCSC Genome Browser.

None of the 122 SNPs (101 eQTL in HNSC and 21 in LAML) were reported in the
ClinVar database.

From the 101 NAPRT eQTL in HNSC, 4 of them were not present in the GTEx
database (rs148839797, rs72024244, rs11778687 and rs113818459), which comprises non-
pathological samples. The 3 SNPs that alter NAPRT expression only in HNSC (rs7822731,
rs7822746 and rs378433), were not present in the only tissue that can be associated with
HNSC in GTEX, the minor salivary gland. Of the 15 eQTL that only alter NAPRT expression
(appendix 6), the 11 that have an impact on HNSC and LGG (lower grade glioma) were not
present in the representative tissues in GTEx. The remaining 4 eQTL alter NAPRT
expression in several tumors. In the corresponding normal tissues of kidney renal papillary
cell carcinoma (KIRP), kidney renal clear cell carcinoma (KIRC), TGCT and cervical
squamous cell carcinoma and endocervical adenocarcinoma (CESC), these SNPs did not
appear in the database.

All 21 NAPRT eQTL in LAML were present in GTEXx. Besides LAML, these SNPs
alter NAPRT expression in other tumors and, similar to the NAPRT eQTL in HNSC, some
of them were not present in the tumor-corresponding normal tissues of KIRP, KIRC, CESC
and bladder urothelial carcinoma (BLCA) in GTEX.

It is noteworthy to mention that the absolute values of NAPRT eQTL effect size (|B|)
in both HNSC and LAML, in general, are not very high (appendix 7 and 8, respectively). In
HNSC, the highest absolute beta value is |0,8]|, the lowest is |-0,18| and the median is 0,35.
In LAML (appendix 8), the highest absolute beta value is |0,75|, the lowest is |0,49| and the
median is 0,57.

Concerning allelic frequencies, in LAML, all eQTL were analyzed but in HNSC, a
cut-off was used to select the eQTL. The higher beta value for NAPRT in all tumors in
PancanQTL is 1.16, so 2/3 of that value was subtracted to 1.16 and used as cut-off (beta
value = 0.39), to have a considerable number of SNPs. The eQTL that alter only NAPRT
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expression (appendix 6), the ones that alter NAPRT expression only in HNSC (rs7822731,
rs7822746 and rs378433) and the ones that were not present on GTEXx (rs148839797,
rs72024244, rs11778687 and rs113818459) were also included in this analysis. In the
majority of the NAPRT eQTL in HNSC (appendix 9) and LAML (appendix 10), in most
cases, the alternative allele is more frequent than the reference allele in all populations with
exception of the African population. The most similar populations are the European and
American populations and the East and South Asian populations.

In the heatmap is it clear that the HNSC pattern is very different from the other tumors
(figure 10). However, KIRC and KIRP are somewhat similar to HNSC, in which NAPRT
expression essentially decreases. In the other tumors, these eQTL in most cases increase

NAPRT expression.
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Figure 10 — Heatmap of the eQTL that alter NAPRT expression in HNSC and also other tumors (represented).
MESO: mesothelioma; KICH: kidney chromophobe; ESCA: esophageal carcinoma; COAD: colon
adenocarcinoma; BRCA: breast invasive carcinoma; LAML.: acute myeloid leukemia; UCEC: uterine corpus
endometrial carcinoma; BLCA: bladder urothelial carcinoma; SARC: sarcoma; PAAD: pancreatic
adenocarcinoma; STAD: stomach adenocarcinoma; LUAD: lung adenocarcinoma; OV: ovarian serous
cystadenocarcinoma; LIHC: liver hepatocellular carcinoma; CESC: cervical squamous cell carcinoma and
endocervical adenocarcinoma; LUSC: lung squamous cell carcinoma; PRAD: prostate adenocarcinoma;
THCA: thyroid carcinoma; THYM: thymoma; GBM: glioblastoma multiforme; PCPG: pheochromocytoma
and paraganglioma; LGG: lower grade glioma; HNSC: head and neck squamous cell carcinoma; TCGT:
testicular germ cell tumors; KIRP: kidney renal papillary cell carcinoma; KIRC: kidney renal clear cell

carcinoma.

41



Discussion

5. DISCUSSION

Biomarkers with a high degree of sensitivity and specificity, combined with
noninvasive and inexpensive modes of sample collection are necessary to improve cancer
screening and diagnosis (Rapado-Gonzalez et al., 2020; Wang et al., 2017; Yoshizawa et
al., 2013). Saliva is a body fluid that is potentially rich in diagnostic indicators for both oral
and systemic tumors (Rapado-Gonzalez et al., 2020; Yoshizawa et al., 2013). Thus, the
identification and characterization of saliva-based biomarkers could establish saliva as a
diagnostic biofluid (Yoshizawa et al., 2013).

Cancer cells require increased levels of NAD™ to support rapid cell proliferation and
to face constant NAD" depletion by NAD*-consuming enzymes, which are involved in DNA
repair, cell signaling or prevention of apoptosis (Audrito et al., 2020; Piacente et al., 2017,
Yaku et al., 2018). NAMPT and NAPRT are important enzymes in NAD metabolism, both
in normal and in pathological conditions (Duarte-Pereira et al., 2014). NAMPT expression
is frequently increased in several types of malignant tumors (reviewed in Demarest et al.,
2019). On the other hand, several types of cancer cells lack NAPRT (Duarte-Pereira et al.,
2016). In fact, the NAPRT promoter region is frequently observed to be hypermethylated in
certain types of cancers (Duarte-Pereira et al., 2016; Shames et al., 2013; Yaku et al., 2018).
In this study, genetic alterations in NAPRT and NAMPT were the main target of the analysis.

5.1. DNA and RNA from saliva

The first part of this study was the optimization of RNA and DNA extraction from
saliva samples. With the RNeasy® Micro Kit, the RNA concentration was low in all samples
and the fresh saliva sample was the one with the highest concentration.

With the TRIzol protocol, the RNA concentration was low in all samples except in
one of the fresh saliva, frozen saliva and mouthwash samples. The A260/A280 ratio in all
samples was not between the acceptable values for RNA (1.8-2.2), this might be due to
contamination of the samples with proteins or other contaminants, like guanidine thiocyanate
(Ahlfen & Schlumpberger, 2010; Luebbehusen, 2004), which is present in the lysis reagent
of the kit and in TRIzol. As no band was observed in the agarose gels, RNA was not
considered adequate for downstream applications. However, the TRIzol protocol did show

better results than the RNeasy® Micro Kit in terms of RNA concentration.
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The TRIzol protocol was adapted from Pandit et al. (Pandit et al., 2013). They
developed an in-house method that uses the QIAzol® lysis reagent (Qiagen) to isolate RNA
from both the cellular pellet and the cell-free salivary supernatant and compared it with a
commercial kit, the NucleoSpin® RNA 1l kit (Macherey-Nagel). The QIAzol method
produced a high yield of total RNA (with A260/A280 ratios between 1.6 and 1.9) from 200
pL of saliva after DNase treatment. With the QIAzol method, they were also able to isolate
RNA from archived saliva samples that had been stored without RNase inhibitors at -80°C
for more than 2 years (Pandit et al., 2013).

Recently, Gandhi et al. compared the yields and quality of RNA extracted from
unstimulated whole saliva by their modified TRIzol protocol with that of the RNeasy®
Protect Saliva Micro Kit (Gandhi et al., 2020). They did essentially two alterations to the
TRIzol protocol: the chloroform step was performed 3 times and the samples were washed
twice with 80% of ethanol. A higher RNA concentration and integrity were obtained with
the modified TRIzol protocol in comparison with the kit. This might be due to extra
chloroform steps in the modified TRIzol protocol, which might have eliminated any potential
contaminants (Gandhi et al., 2020).

Anaya and Causado also compared a QlAzol protocol with the RNeasy® Protect
Saliva Mini Kit (Qiagen) (Anaya & Causado, 2017). However, they concluded that the
method using RNeasy® Protect Saliva Mini Kit showed better RNA concentration and yield
characteristics when compared to the method using QIAzol®. This RNeasy® Protect Saliva
Mini Kit is similar to the one used in this work, with the difference that at the beginning of
the protocol a saliva protection reagent was added. This might explain why they observed
higher values of RNA concentration than us. In fact, Fabryova & Celec mentioned that
salivary ribonucleases are still active after sampling and therefore need to be inhibited before
processing the samples, which can be achieved by adding RNase or commercially available
stabilization solutions, like the RNAprotect® Saliva Reagent included in RNeasy® Protect
Saliva Mini Kit (Fabryova & Celec, 2014).

With saliva samples from newborns, Maron & Johnson compared RNA vyield,
quality, stability and RT-qPCR performance for two kits with RNA stabilizing agents, the
Qiagen RNeasy Protect Saliva Mini Kit® and the DNA Genotek Oragene*RNA® assay
(Maron & Johnson, 2015). However, extracted total salivary RNA was of poor quality and

quantity for both assays. These results underline the need for further studies to understand
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the differences obtained in RNA extraction from saliva, and it should be pointed out that a
possible explanation for these differences might be due to circumstances inherent to each
experiment, operator and laboratory (Anaya & Causado, 2017). However, due to the
complex nature of this biofluid, it is important to consider the use of an RNA stabilizing
agent and additional steps of chloroform and/or ethanol, when using TRIzol, to eliminate

potential contaminants.

DNA extraction was tested twice with the NZY Tissue gDNA Isolation Kit. In the
first attempt, a good DNA concentration and A260/A280 ratio were obtained but in only one
sample (frozen mouthwash). On the other hand, in the second time, all samples (stored at
4°C) had a good DNA concentration and A260/A280 ratios. These samples were quantified
twice with different dilution factors and the results were very similar. In all samples, the
values of the A260/A230 ratio were not high enough, possibly indicating the presence of
contaminants that absorb at 230 nm (Koetsier & Cantor, 2019; Luebbehusen, 2004; Matlock,
2015). These contaminants include chaotropic salts such as guanidine hydrochloride
(Koetsier & Cantor, 2019; Matlock, 2015), which are present in two buffers of the kit used.

Concerning DNA integrity, saliva samples frozen and stored at 4°C had a high
molecular weight band with a moderate smear in the agarose gel. In the frozen mouthwash
and the mouthwash and cytobrush samples stored at 4°C, a high molecular weight band was
also observed but with a stronger smear. The two swab samples that presented some DNA
concentration, had both a light high molecular weight band and a smear. However, these
samples had a high A260/A280 ratio value (2.2-2.6), which is indicative of contamination.
In the remaining samples, no band was observed, which probably means that the DNA
extraction was not efficient enough. Smears might be an indication of degraded DNA,
however, all samples that presented a high molecular weight band and a smear were tested
for PCR amplification (except one of the swab samples), and it was successful. Still, further
work will be necessary to trace and solve the precise cause(s) involved in DNA degradation.

It is not possible to confirm if the differences between the obtained DNA
concentrations can be explained due to the different types of samples used, temperature
and/or times of storage since each condition was only tested once. And, despite the need for
further optimization with this kit, it was possible to achieve good results in terms of DNA
concentration and A260/A280 ratios.
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5.2. Genetic analysis

The second part of this study was the bioinformatic analysis. The frequency of the
most mutated genes in both AML and ALL TARGET datasets was low, but the gene lists
per se were not surprising since many of them have already been linked to cancer, and
specifically, leukemias, as already indicated in the Results chapter. Some of the mutated
genes have also been associated with enzymes involved in NAD™ metabolism. The FLT3-
ITD (FLT3- internal tandem duplication) mutation is frequently observed in acute myeloid
leukemia and is involved in an oncogenic network, in which SIRT1 overexpression is
included (Li et al.,, 2014). KRAS was associated with SIRT1 in KRAS-driven lung
adenocarcinomas (Costa-Machado et al., 2018) and pancreatic cancer (Zhang et al., 2013),
and with SIRT2 in KRAS mutant colon cancer (Bajpe et al., 2015). p53 has two defined links
to NAD*: SIRT1, which has been shown to modify the p53 response by deacetylation (Hirai
et al., 2014; Lee & Gu, 2013; Pan et al., 2014), and interaction with PARP1 (Pan et al.,
2014). Very recently, it was demonstrated that mutant p53 induces the expression of SIRT3
(Torrens-Mas et al., 2020). Considering the other genes, Ullmark and colleagues
investigated possible gene expression network partners of WT1 in a large acute myeloid
leukemia patient cohort, and one of the genes with the highest correlation to WT1 was QPRT
(Ullmark et al., 2017). Mutations in IDH2 have been identified as oncogenic drivers of AML
(Sachdeva et al., 2019; Tateishi et al., 2016), and it is known that SIRT5 increases IDH2
activity by deacetylation (Xiao et al., 2018). Recently, Huang et al. demonstrated that
PARP1 regulates NSD2 via poly ADP-ribosylation upon oxidative stress (Huang et al.,
2019).

In the pediatric AML dataset, the deletion of genes ZEB2 (zinc finger E-box binding
homeobox 2), MBNL1 (muscleblind like splicing regulator 1) and ELF stands out. Recurrent
focal deletions are characteristic of pediatric AML (Bolouri et al., 2018), specifically
impacting ZEB2, MBNL1 and ELF1 (Bolouri et al., 2018). In ALL, the most altered genes
belong to the same loci. 9p21 deletions, especially CDKN2A/B deletions, have been shown
to frequently occur in pediatric ALL (Chen et al., 2013; Patkar et al., 2017; Salas et al.,
2016; Schwab et al., 2013). The pediatric ALL dataset has a higher CNAs frequency than
the pediatric AML. In fact, genetic alterations in AML are less than those in other tumors
(Vujkovic et al., 2017) and ALL is associated with a high frequency of CNAs (Steeghs et
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al., 2019). The majority of the these deleted genes are associated with a poor prognosis and
drug resistance (Chen et al., 2020; Steeghs et al., 2019; Thakral et al., 2019).

In AML and ALL, the percentage of hypermethylated genes is similar (23 and 25%,
respectively) but in AML the percentage of hypomethylated genes is much higher than in
ALL (65% in AML and 14% in ALL). However, the significance of these results is yet
unclear.

The results from the statistical overrepresentation test with the PANTHER GO-Slim
Biological Process set using the hypermethylated genes in AML and ALL were expected,
since there was enrichment in biological processes mainly related with hematopoiesis,
leukocytes, development and proliferation. Hematopoiesis (formation of blood cellular
components) occurs during embryonic development and throughout adulthood to produce
and replenish the blood system (Jagannathan-Bogdan & Zon, 2013). Acute leukemias
represent a clonal expansion and a block in the differentiation of myeloid or lymphoid
hematopoiesis (Lanzkowsky, 2011; Shipley & Butera, 2009). They are characterized by
uncontrolled proliferation and accumulation of early hematopoietic cells (known as blast
cells) in organs, in particular, bone marrow (Ah-Moye et al., 2014; Cernan et al., 2017). The
results with the hypomethylated genes were also not surprising since the identified biological

processes are critical for tumor cells.

The most expressed genes in both pediatric leukemias datasets, besides the many
mitochondrial and some ribosomal genes, were related with hematopoiesis or with
carcinogenesis in general. Mitochondrial gene overexpression in pediatric acute leukemias
might be due to the higher need for energy, since acute leukemias are proliferative tumors
(Schneider et al., 2001). To gain some insight into this matter, the expression data of the
adult AML PanCancer Atlas (TCGA) dataset was analyzed. None of the 12 overexpressed
mitochondrial genes in pediatric AML were present in the TCGA dataset, although there
were 11 genes in common with pediatric ALL (appendix 11). Very recently, in the first
published study with a large pediatric AML cohort analyzing the prognostic impact of
mitochondrial gene expression, some of these genes were reported to have an impact on
reducing survival (Tyagi et al., 2019), thus, the different expression profile of pediatric
leukemias should be further investigated (Grobner et al., 2018; Ma et al., 2018).
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5.2.1. NAPRT and NAMPT

To date, no papers were found that addressed specifically NAPRT and NAMPT
genetic alterations in pediatric AML and ALL or head and neck tumors. NAPRT expression
was found to be moderate in AML and ALL datasets and high in the HNSC dataset.
Regarding methylation, NAPRT was hypermethylated in AML and methylated in ALL and
HNSC. In ALL, a correlation between NAPRT methylation and mRNA expression was not
identified but in HSNC, the correlation was found to be negatively moderate. A negative
correlation is in concordance with the general perception that hypermethylated genes are
expressed at low levels and therefore are negatively correlated (Chatterjee et al., 2016). In
fact, low NAPRT expression mediated by NAPRT promoter hypermethylation is frequently
observed in certain types of cancers (Duarte-Pereira et al., 2016; Shames et al., 2013;
Tateishi et al., 2016). Lower levels of NAPRT expression were observed in EMT-subtype
samples of HNSC in comparison with non-EMT samples (Lee et al., 2018). The median
value of circulating eNAPRT was duplicated in sera from patients with cancer, including
chronic lymphocytic leukemia (CLL), compared to normal blood donors (Manago et al.,
2019). Duarte-Pereira et al. observed that in all leukemia cell lines tested, NAPRT expression
was markedly decreased but it was not associated with NAPRT promotor methylation
(Duarte-Pereira et al., 2016). In fact, from all the cell lines tested, only one had no NAPRT
expression and methylated NAPRT promoter (Duarte-Pereira et al., 2016). Of note, IDH
(isocitrate dehydrogenases) mutations are frequently observed in patients with gliomas and
AML and were reported to decrease NAPRT expression via increased DNA and histone
methylation (Tateishi et al., 2016; Yaku et al., 2018). The divergences of correlation
between NAPRT promoter methylation and NAPRT expression, in this study and others,
might be due to tissue/cancer type specificity of expression and regulation mechanisms
(Duarte-Pereira et al., 2016). NAPRT plays a crucial role in cancer cell metabolism, energy
status, protein synthesis, cell size regulation and DNA repair (Piacente et al., 2017). Thus, it
is not clear why the loss of NAPRT expression would be beneficial to some cancers (Shames
et al., 2013) and further studies are needed.

Similarly to NAPRT, NAMPT expression was found to be moderate in both pediatric
leukemias datasets and high in the HNSC dataset. Despite being pediatric leukemias, which
might have different expression profiles comparing with adult tumors, the results in pediatric

AML and ALL were not expected and differ from what is described by other researchers.
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NAMPT has a crucial role in cancer cell metabolism and is frequently overexpressed in
several tumors, both in solid tumors and hematological malignancies (reviewed in Dalamaga
etal., 2018 and Yaku et al., 2018). Also, Kozako and colleagues, by western blotting, found
that NAMPT is highly expressed in peripheral blood mononuclear cells (PBMCs) isolated
from patients with acute adult T-cell leukemia/lymphoma (ATL) compared with normal
PBMCs (Kozako et al., 2019). Interestingly, in one patient who progressed from chronic to
acute ATL, NAMPT was undetectable in the chronic phase but was expressed at high levels
in the acute phase (Kozako et al., 2019). In CLL cells, NAMPT mRNA levels were
significantly higher than those of normal B lymphocytes (Audrito et al., 2015). Pylaeva et
al. observed that NAMPT expression was elevated in tumor-associated neutrophils (TANS)
from patients with head-and-neck carcinoma (HNC) compared to healthy donors (Pylaeva
etal., 2019). Duarte-Pereira et al. observed that NAMPT expression was weaker in leukemia
cell lines (NB4, ML2 and HL-60) in comparison with the other tumor types tested (Duarte-
Pereira et al., 2016).

In general, CNA frequency in AML, ALL and HNSC datasets was low. NAPRT was
mainly amplified in HNSC and NAMPT was found to be deleted in both pediatric leukemias
and amplified in HNSC, and to a smaller extent also amplified in ALL. Concerning the
correlation between expression and CNA, no significant correlation was observed. NAMPT
is frequently amplified in some cancers (reviewed in Pramono et al., 2020). The most
common alteration in NAPRT was amplification and no correlation was found between
NAPRT amplification and increased expression (Duarte-Pereira et al., 2019). NAPRT was
found to be amplified and subsequently overexpressed in some cancers, such as head and
neck, ovarian, pancreatic and prostate cancers (Chowdhry et al., 2019; Piacente et al., 2017).

In the three analyzed datasets, NAMPT mutations were not found. In NAPRT, most of
the identified mutations were missense but with very low frequencies. Duarte-Pereira et al.
observed that, in public databases, NAMPT is shown to be less diverse than NAPRT (Duarte-
Pereira et al., 2014). Indeed, NAPRT is more permissive to mutations and, thus, much more
polymorphic than NAMPT (Duarte-Pereira et al., 2014). In a larger analysis of 216 cancer
studies, NAPRT and NAMPT were mutated in less than 1% of the tumors (Chowdhry et al.,
2019).
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In HNSC, 51% (51/101) of the eQTL that impacted NAPRT expression, influenced
it negatively. While in AML, 20/21 NAPRT eQTL had a positive effect on NAPRT
expression. Curiously, none of the eQTL were located in the NAPRT gene sequence but in
intergenic regions or neighboring genes. Some eQTL were common to different tumors and
genes, others exclusively influenced NAPRT and only a few had an impact on NAPRT in
HNSC.

All 21 NAPRT eQTL in LAML were present in GTEX, but some were not present in
the tumor-corresponding normal tissues of the altered cancers. A few NAPRT eQTL in
HNSC were not present in any of the normal tissues represented in GTEX, some were not
present in the only tissue that can be associated with HNSC in GTEx (minor salivary gland)
and others were not present in the tumor-corresponding normal tissues of the altered tumors.
However, it is not possible to affirm that the eQTL which were not in GTEX, are cancer-
specific variants. HNSC involves other tissues besides the minor salivary gland and, since
tissues are not homogenous and in GTEX the cellular subtypes are not discriminated, in the
other tumors the same association cannot be made directly.

Regarding allelic frequencies, in the majority of the NAPRT eQTL in HNSC and
LAML, the most similar populations are the European and American populations and the
East and South Asian populations. In most cases, the alternative allele was found to be more
frequent than the reference allele in all populations with exception of the African population.
Thus, although these SNPs are present in tumors, they are also frequent in the general
population.

The heatmap resulting from NAPRT eQTL in HNSC with the effect sizes in all 26
impacted tumors (TCGA), showed that these eQTL essentially increase NAPRT expression.
On the other hand, in HNSC the effect is the total opposite. KIRC and KIRP are the only
exceptions, showing a similar pattern to HNSC, in which most SNPs decrease NAPRT
expression. In a molecular clustering of the complete set of tumors in TCGA, primarily
organized by histology, tissue type, or anatomic origin, KIRC and KIRP clustered together
while KICH (kidney chromophobe) was in a different cluster (Hoadley et al., 2018),
supporting that these tumors have a different signature. Further studies are needed to
understand these patterns. For this, a more detailed analysis of the 33 tumors in the TCGA
PanCancer Project was carried out, focusing on NAPRT alterations (eQTL, SNPs, DNA

methylation and CNAS), and the results are being prepared for publication.

49



Conclusions and Future Perspectives

6. CONCLUSIONS AND FUTURE PERSPECTIVES

The results obtained for the extraction of nucleic acids from saliva were not ideal.
The number of samples and replicates tested was low, due to the pandemic, and in the future
it is necessary to repeat the protocols described and perhaps test different ones, as mentioned
in the discussion chapter. Due to the low number of replicates, it was not possible to conclude
which is the best saliva collection method neither the best temperatures and times of storage,
thus, these variables must also be further analyzed. Concerning RNA, it will be important to
test the use of DNase and perform RT-PCR to assure that downstream applications can be
successfully conducted.

Sequencing of NAMPT and NAPRT fragments in non-pathological samples should
be compared with the sequencing results, for the same regions, in pediatric leukemias and
head and neck tumor samples. Since NAPRT is frequently hypermethylated, bisulfite

conversions could also be performed.

Considering NAPRT and NAMPT variants, the frequencies were low but further
studies are required to clarify if these variants are correlated with gene and protein
expression, in both pathological and non-pathological conditions.

Overall, a complete analysis of NAMPT and NAPRT expression and regulation

should be made to design a better therapeutic strategy for each patient.

NAD metabolism holds great potential for the development of cancer treatments and
there is some expectation that saliva can be routinely used in clinal practice. Nevertheless,
there is no doubt that many questions remain to be answered and that further studies will be

greatly needed.
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8. APPENDICES

Appendix 1 - Results from the statistical overrepresentation test with the PANTHER GO-Slim Biological

Process set and the hypermethylated genes in AML. GO: Gene Ontology; FDR: False Discovery Rate.

Fold
Biological Process GO ] Raw p-value FDR
Enrichment
Peptide hormone secretion 0030072 5,57 3,56¢2 3,45¢2
Regulation of hormone secretion 0046883 4.95 5.35¢% 4.80e?
Cholesterol transport 0030301 4.95 5.35¢3 4.78e2
Skeletal muscle contraction 0003009 4.33 4.52¢-3 4.18¢?
B cell differentiation 0030183 4.30 4.05e* 8.03¢®
T cell activation involved in immune
0002286 4.30 4.05e* 7.95¢3
response
B cell proliferation 0042100 4.20 1.46e* 4.87e3
Cardiac muscle contraction 0060048 4.13 9.39¢* 1.36e2
Heart process 0003015 4.03 2.01e* 5.32¢3
Cell activation involved in immune
0002263 3.98 7.28e® 2.95e3
response
Cholesterol homeostasis 0042632 3.93 2.16e3 2.37e2
Lymphocyte activation involved in
) 0002285 3.89 7.63¢* 1.23e2
immune response
Heart contraction 0060047 3.88 4.56e* 8.55¢%
Leukocyte activation involved in
] 0002366 3.85 1.64e* 5.04¢7
immune response
Sensory perception of light stimulus 0050953 3.72 2.91e3 2.93¢2
Defense response to Gram-negative
) 0050829 3.72 2.91e® 2.91e?
bacterium
Striated muscle contraction 0006941 3.72 3.65e* 7.69¢3
Response to interleukin-1 0070555 3.60 1.05¢* 3.79¢3
Defense response to Gram-positive
) 0050830 3.54 2.27¢® 2.42¢7?
bacterium
Spermatid development 0007286 3.52 3.84e3 3.67¢2
Sensory perception of taste 0050909 3.47 3.79¢* 7.66¢3
Mononuclear cell proliferation 0032943 3.46 2.39%° 1.49¢3
Lymphocyte proliferation 0046651 3.46 2.39%° 1.45¢3
Leukocyte proliferation 0070661 3.46 2.39%° 1.41e3
Regulation of hormone levels 0010817 3.40 1.78¢* 5.11¢3
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Negative regulation of leukocyte

o 0002695 3.38 2.96e° 2.95¢?
activation
Lymphocyte differentiation 0030098 3.38 2.95¢* 6.62¢3
Negative regulation of cell activation ~ 0050866 3.38 2.96e3 2.94¢2
Leukocyte differentiation 0002521 3.36 5.09¢® 2.44¢3
Detection of chemical stimulus
. . ] 0050912 3.33 8.15¢* 1.28e2
involved in sensory perception of taste
Detection of chemical stimulus
. . . 0050907 3.33 8.15¢* 1.27e2
involved in sensory perception
Detection of stimulus involved in
) 0050906 3.33 8.15e* 1.26e2
sensory perception
Detection of chemical stimulus
involved in sensory perception of bitter 0001580 3.33 8.15¢* 1.25¢2
taste
Lymphocyte migration 0072676 3.28 3.79%¢* 7.60e3
Negative regulation of peptidase
o 0010466 3.27 3.31e® 3.60e*
activity
Antimicrobial humoral immune
response mediated by antimicrobial 0061844 3.27 2.27e3 2.44¢?
peptide
Cellular component assembly involved
) ) 0010927 3.27 2.27e3 2.43¢?
in morphogenesis
Regulation of receptor signaling
) 0046425 3.22 1.04e3 1.47e2
pathway via JAK-STAT
Negative regulation of proteolysis 0045861 3.22 4.22¢ 3.96e*
Regulation of receptor signaling
] 1904892 3.22 1.04¢® 1.46¢2
pathway via STAT
Negative regulation of endopeptidase
o 0010951 3.18 1.13e° 8.32¢*
activity
Chemokine-mediated signaling
0070098 3.16 2.25¢* 5.53¢
pathway
Muscle tissue development 0060537 3.14 2.89¢3 2.92¢2
Leukocyte chemotaxis 0030595 3.14 3.02¢° 1.64e3
Granulocyte chemotaxis 0071621 3.11 1.73¢* 5.09¢3
Cell chemotaxis 0060326 3.10 4.42¢7 7.60e®
Cellular response to chemokine 1990869 3.08 2.83¢* 6.57¢3
Response to chemokine 1990868 3.08 2.83¢* 6.50e3
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Negative regulation of immune system

0002683 3.03 3.64¢® 3.49¢?

process
Spermatogenesis 0007283 2.97 5.81e* 1.02¢2
Male gamete generation 0048232 2.94 4.41¢e* 8.35¢%

Negative regulation of hydrolase

o 0051346 2.89 1.27¢ 9.01e*

activity
Hemopoiesis 0030097 2.89 1.95e-4 5.29¢®

Hematopoietic or lymphoid organ
0048534 2.89 1.95e* 5.22¢%
development
Cellular response to tumor necrosis

0071356 2.86 1.17¢3 1.51e?

factor
Detection of chemical stimulus 0009593 2.84 2.55e% 2.63¢?
Steroid metabolic process 0008202 2.83 8.86e™ 1.31e2
Immune system development 0002520 2.82 1.51e* 4.87e3
Circulatory system process 0003013 2.81 1.06e3 1.42¢2
Response to tumor necrosis factor 0034612 2.81 1.06e3 1.41e?
T cell activation 0042110 2.79 2.37¢* 5.77¢3

Positive regulation of ERK1 and ERK2

0070374 2.79 2.40e3 2.50e?

cascade
Detection of stimulus 0051606 2.77 1.71e* 5.18¢
Muscle contraction 0006936 2.76 1.66e3 1.99¢2

Appendix 2 - Results from the statistical overrepresentation test with the PANTHER GO-Slim Biological

Process set and the hypermethylated genes in ALL. GO: Gene Ontology; FDR: False Discovery Rate.

Fold
Biological Process GO ) Raw p-value FDR
Enrichment
Embryo development ending in birth or
) 0009792 3.48 3.30e* 3.95¢3

egg hatching
Chordate embryonic development 0043009 3.48 3.30e* 3.93¢®
Embryonic organ development 0048568 3.44 6.12e° 9.36e*
Embryonic morphogenesis 0048598 3.43 3.09¢e® 7.88e
Morphogenesis of an epithelium 0002009 3.16 2.35¢3 2.06e2
Negative regulation of MAP kinase

o 0043407 3.05 6.43e3 4.76e2
activity
Anterior/posterior pattern specification 0009952 3.02 4.88e 7.58¢*
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Neural crest cell differentiation 0014033 2.90 5.81e* 4.38¢?
Non-canonical Wnt signaling pathway 0035567 2.90 5.81e3 4.36e2
Embryo development 0009790 2.75 1.396 4,22
Regionalization 0003002 2.73 1.27¢* 1.77¢3
Head development 0060322 2.71 4.10e3 3.25¢2
Brain development 0007420 2.71 4.10e® 3.23e?
Negative regulation of neuron
_ - 0045665 2.69 6.04¢3 4526
differentiation
Developmental growth involved in
. 0060560 2.69 6.04e3 4.50e2
morphogenesis
Skeletal system development 0001501 2.68 1.57e* 2.08e3
Cell growth 0016049 2.62 4.80e3 3.71e?
Pattern specification process 0007389 2.52 8.05e° 1.19¢3
Blood circulation 0008015 2.50 1.85e 1.72e
Circulatory system process 0003013 2.45 2.08e3 1.92¢?
Regulation of axonogenesis 0050770 2.43 3.00e3 2.49¢2
Regulation of neuron differentiation 0045664 2.38 2.56e° 4.67¢*
Regulation of neuron projection
0010975 2.35 4.28e™ 4.91e3
development
Tissue morphogenesis 0048729 2.34 2.76¢3 2.38e2
Cell fate commitment 0045165 2.34 1.23e3 1.24e
Regulation of plasma membrane bounded
o o 0120035 2.33 1.00e* 1.45¢7
cell projection organization
Regulation of cell projection organization ~ 0031344 2.30 1.74e* 2.27e3
Tube development 0035295 2.30 1.38¢ 1.36e7?
Axon guidance 0007411 2.30 3.55¢° 5.81e*
Neuron projection guidance 0097485 2.30 3.55¢° 5.77¢*
Positive regulation of nervous system
005196 2.29 5.59¢3 4.22¢2
development
Positive regulation of cell differentiation 0045597 2.28 1.11e3 1.13e?
Canonical Wnt signaling pathway 0060070 2.27 3.94e* 4.62¢3
Regulation of neurogenesis 0050767 2.25 2.35e 4.41e*
Regulation of nervous system
0051960 2.25 8.58e* 1.87¢e*
development
Animal organ morphogenesis 0009887 2.23 2.65e 4.72¢*
Central nervous system development 0007417 2.23 1.41¢3 1.38¢?
Tube morphogenesis 0035239 2.21 3.11e3 2.54e2
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Regulation of cell migration 0030334 2.19 4.36e* 4.97¢3
Regulation of MAP kinase activity 0043405 2.17 2.17¢3 1.97¢?
Neuron differentiation 0030182 2.17 3.61e10 2.19%
Regulation of cell development 0060284 2.16 4.64e° 7.25¢*
Regulation of cell differentiation 0045595 2.16 2.33e® 6.49¢e
Axonogenesis 0007409 2.14 2.57e% 4.66e*
Generation of neurons 0048699 2.12 3.29¢’10 2.068
Axon development 0061564 2.11 2.92e% 5.06e*
Whnt signaling pathway 0016055 2.10 1.31e* 1.80e3
Regulation of locomotion 0040012 2.10 4.09¢* 4.77¢3
Regulation of multicellular organismal
2000026 2.10 1.48¢® 4.36e
development
Regulation of anatomical structure
) 0022603 2.09 3.18e° 5.33e*
morphogenesis
Cell surface receptor signaling pathway
_ _ o 1905114 2.09 6.41e 9.65¢
involved in cell-cell signaling
Cell-cell signaling by wnt 0198738 2.08 1.40e* 1.90e3
Regulation of cell motility 2000145 2.08 7.06e* 7.67¢3
Epithelium development 0060429 2.08 4.20e3 3.27¢?
Neurogenesis 0022008 2.08 3.77¢10 2.23e8
Positive regulation of developmental
0051094 2.07 1.25¢ 1.24¢7?
process
Cell morphogenesis involved in neuron
_ o 0048667 2.06 3.27e° 5.44e
differentiation
Cell projection morphogenesis 0048858 2.05 1.04e® 2.15e*
Neuron projection morphogenesis 0048812 2.05 1.04e® 2.13e*
Plasma membrane bounded cell projection
) 0120039 2.05 1.04e% 2.11e*
morphogenesis
Regulation of cellular component
0051270 2.05 6.73e* 7.35e2
movement
Regulation of developmental process 0050793 2.04 5.46e8 2.21e®
Cell part morphogenesis 0032990 2.04 1.61e® 3.10e*
Tissue development 0009888 2.03 4.78e® 1.11e*
Neuron projection development 0031175 2.00 2.90e® 7.67e
Cell morphogenesis involved in
0000904 2.00 7.24e 1.59e*

differentiation

76



Appendices

Appendix 3 - Plot with NAPRT methylation (horizontal axis) and expression (vertical axis) in ALL, provided

by cBioPortal.
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Appendix 4 - Plot with NAPRT methylation (horizontal axis) and expression (vertical axis) in HNSC,

provided by cBioPortal.

NAPRT. mRNA expression (RNA Seq V2 RSEM)
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Appendix 5 - Plot with NAMPT CNAs (horizontal axis) and expression (vertical axis) in HNSC, provided by

cBioPortal.

104 NAMPT
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for mutations
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MNAMPT: iRMNA Expressionz-Scores (RNA Seq RPKM)

MAMPT: Putative copy-number alterations from GISTIC

Appendix 6 — SNPs that alter exclusively NAPRT expression in HNSC (beta values showed) and other tumors.
HNSC: head and neck squamous cell carcinoma; LGG: lower grade glioma; PRAD: prostate adenocarcinoma;
LUAD: lung adenocarcinoma; SARC: sarcoma; PCPG: pheochromocytoma and paraganglioma; KIRP: kidney
renal papillary cell carcinoma; OV: ovarian serous cystadenocarcinoma; TCGT: testicular germ cell tumors;
KIRC: kidney renal clear cell carcinoma; CESC: cervical squamous cell carcinoma and endocervical

adenocarcinoma.

SNP Gene B(elgall\lvsacll);e Tumors
rs10464952 ZC3H3 0,2 LGG
rs11777600 ZC3H3 0,2 LGG
rs11776571 ZC3H3 0,19 LGG

rs2294115 ZC3H3 -0,18 LGG
rs2294114 ZC3H3 -0,18 LGG
rs11773918 intergenic -0,19 LGG
rs2294116 ZC3H3 -0,19 LGG
rs2294112 ZC3H3 -0,19 LGG
rs4874122 intergenic -0,19 LGG

rs530881 ZC3H3 -0,19 LGG
rs13252596 ZC3H3 -0,2 LGG
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PRAD, LUAD, HNSC, SARC, PCPG, THCA, KIRP, OV,

rs112147940 EEF1D -0,54 TGCT

rs58016285 EEF1D -0,57 PRAD, HNSC, SARC, PCPG, KIRP, OV, TGCT, KIRC

rs79185314 EEELD 057 PRAD, LUAD, HNSC, S?(II?I&:PCPG, KIRP, OV, TGCT
PRAD, LUAD, HNSC, SARC, PCPG, KIRP, TGCT, KIRC,

rs115791742 TIGD5 -0,63 LGG, CESC

Appendix 7 — All NAPRT eQTL in HNSC and respective effect sizes from the highest to the lowest absolute
beta value.

Beta Beta Beta Beta
SNP value SNP value SNP value SNP value

rs10866913 0,8 rs10110174 0,4 rs3793371 -0,34 rs11777600 0,20
rs112147940 -0,54 rs4874163 0,39 rs78170940 -0,32 rs13252596 -0,20
rs58016285 -0,57 rs7830957 0,39 rs72499135 -0,31 rs10100594 -0,20
rs79185314 -0,57 rs751932 0,38 rs4874440 -0,29  rs113818459  -0,20
rs115791742 -0,63 rs7821226 0,38 rs2123758 0,28 rs4874130 -0,20
rs9657360 0,49 rs1057556 0,38 rs1563148 0,28 rs4874131 -0,20
rs10282929 0,49 rs4874165 0,38 rs1062391 0,28 rs11776571 0,19
rs34979030 0,49 rs10650180 0,38 rs7822731 0,27 rs11773918 -0,19
rs10094377 0,49 rs9314410 0,38 rs7822746 0,26 rs2294116 -0,19
rs10093709 0,49 rs10097491 0,38 rs12679471 -0,26 rs2294112 -0,19
rs10112966 0,48 rs7844940 0,38 rs378433 -0,26 rs13272031 -0,19
rs10090650 0,48 rs7814045 0,38 rs62522224 -0,25 rs4874122 -0,19
rs73718108 -0,44 rs2010898 0,38 rs4873815 -0,24 rs530881 -0,19
rs4874157 -0,46 rs11136303  -0,38 rs896962 -0,24 rs2294115 -0,18
rs7841183 -0,46 rs6995338 0,37 rs755217 -0,24 rs2294114 -0,18
rs113122933 -0,46 rs3793366 0,36 rs11784456 0,24 rs4874164 0,4
rs75547282 -0,46 rs2382962 -0,36  rs148839797 0,24 rs33967841 0,4
rs34037472 -0,46 rs3812447 -0,35 rs72024244 0,24 rs2085019 0,4
rs4495441 -0,47 rs62522165  -0,35 rs9650468 0,23 rs62522168 -0,35
rs4874167 0,42 rs76108894  -0,35 rs3750203 0,23 rs58573550 -0,35
rs1466219 0,41 rs59742520  -0,35 rs6997021 0,23 rs62523607 -0,35
rs10109931 0,41 rs76225457  -0,35 rs7003244 0,23 rs7821027 -0,21
rs4874159 0,41 rs58274382  -0,35 rs10107353 0,23 rs11785686 -0,21
rs4874160 0,41 rs58477175  -0,35 rs896937 0,23 rs10464952 0,20
rs3812448 0,41 rs61652493  -0,35 rs11778687 -0,22
rs4874160 0,41 rs62522167  -0,35 rs4875043 0,22
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Appendix 8 - All NAPRT eQTL in LAML and respective effect sizes from the highest to the lowest absolute

beta value.

SNP Beta value SNP Beta value SNP Beta value
rs1809148 -0,75 rs10090650 0,57 rs4874160 0,54
rs9657360 0,61 rs33967841 0,57 rs10866913 0,53

rs10282929 0,66 rs2085019 0,59 rs1466219 0,5
rs10112966 0,6 rs4874164 0,55 rs4874163 0,5
rs10094377 0,6 rs3816477 0,58 rs3812448 0,51
rs34979030 0,6 rs10109931 0,54 rs4874167 0,5
rs10093709 0,59 rs4874159 0,54 rs4873808 0,49

Appendix 9 - Allelic frequencies of the selected NAPRT eQTL in HNSC in all (ALL) populations (African,
American, East Asian, European and South Asian) from the 1000 Genomes Project. Ref: reference; Alt:
alternative; AFR: African; AMR: American; EAS: East Asian; EUR: European; SAS: South Asian; *:
TATTTATTTATTTATTTATTT/TATTTATTTATTTATTTATTTATTTATTTA/ITATTTATTTATTTATT

TATTTATTTATTTATTT; ** TTTTTTTGTTTTTTTTTTT/TTTTTTT,; ***: TCTTCT/TCT.
eQTL Gene iffé@g ALL AFR AMR EAS EUR SAS
rs148839797 intergenic G/C 68/32 95/5 53/47 85/15 35/65 57/43
rs72024244  intergenic * 33/66/1  6/92/2  46/53/1  20/79/1  65/35 39/61
rs11778687  ZNF623 CIT 33/67 7/93 47/53 15/85 66/34 43/57
rs113818459
(mif]rtge" ZC3H3 ~ ** 4555  37/63  45/55  51/49  37/63  58/42
rs55708095)
rs7822731 intergenic  A/G 74126 83/17 87/13 44/56 87/13 71/29
rs7822746  intergenic AlG 74126 83/17 87/13 44/56 87/13 71/29
rs378433 intergenic CIT 27173 20/80 13/87 56/44 14/86 30/70
rs10464952 ZC3H3 CIT 57143 72128 55/45 49/51 63/37 42/58
rs11777600 ZC3H3 CIT 57143 72128 55/45 49/51 63/37 42/58
rs11776571 ZC3H3 G/A 57/43 72128 55/45 49/51 63/37 42/58
rs2294115 ZC3H3 G/A 45/55 37163 45/55 51/49 37163 58/42
rs2294114 ZC3H3 G/A 45/55 37163 45/55 51/49 37/63 58/42
rs11773918 intergenic CIT 45/55 37163 45/55 50/50 37163 58/42
rs2294116 ZC3H3 AIT 45/55 37163 45/55 51/49 37/63 58/42
rs2294112 ZC3H3 G/C 45/55 36/64 45/55 51/49 37/63 58/42
rs4874122  intergenic AlG 45/55 36/64 44/56 50/50 37163 58/42
rs530881 ZC3H3 G/A 46/54 35/65 46/54 56/44 37/63 58/42
rs13252596 ZC3H3 G/A 45/55 37163 45/55 52/48 37163 58/42
rs112147940 EEF1D G/A 94/6 86/14 96/4 100/0 95/5 96/2
rs58016285 EEF1D G/A 96/4 90/10 96/4 100/0 95/5 96/2
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rs79185314 EEF1D CIA 96/4 91/9 96/4 100/0 95/5 98/2
rs115791742  TIGDS G/IA 97/3 93/7 97/3 100/0 95/5 98/2
rs10866913 TIGD5 TIC 34/66 46/54 24176 49/51 15/85 31/69
rs9657360 EEF1D CIT 41/59 64/36 29/71 48/52 20/80 32/68
rs10282929 TIGD5 GIT 40/60 60/40 28/72 49/51 20/80 33/67
rs34979030 TIGD5 falale 39/61 56/44 28/72 50/50 20/80 33/67
rs10094377 TIGD5 T/IC 39/61 56/44 28/72 50/50 20/80 33/67
rs10093709 TIGD5 AlG 38/62 54/46 27173 50/50 20/80 33/67
rs10112966 TIGD5 CIT 39/61 56/44 28/72 49/51 20/80 33/67
rs10090650 TIGD5 AlG 40/60 60/40 28/72 49/51 20/80 33/67
rs4874167 TIGD5 T/IC 22/78 43/57 11/89 15/85 12/88 17/83
rs1466219 EEF1D C/IA 36/64 53/47 25/75 48/52 15/85 31/69
rs10109931 EEF1D CIT 35/65 50/50 24/76 49/51 15/85 31/69
rs4874159 EEF1D CIT 36/64 51/49 25/75 49/51 15/85 31/69
rs4874160 EEF1D CIAIG  26/64/10 46/49/5 19/75/6  34/51/15 8/85/7 15/69/16
rs3812448 EEF1D G/A 36/64 52/48 25/75 49/51 15/85 31/69
rs4874164 EEF1D G/IA 36/64 51/49 25/75 48/52 15/85 31/69
rs33967841 EEF1D GTIG 36/64 51/49 25/75 48/52 15/85 31/69
rs2085019 EEF1D CIT 36/64 51/49 25/75 49/51 15/85 31/69
rs10110174 EEF1D CIT 26/74 47/53 19/81 34/66 8/92 15/85
rs4874163 EEF1D G/IA 36/64 53/47 25/75 48/52 15/85 31/69
rs7830957 EEF1D GIT 26/74 46/54 19/81 34/66 8/92 15/85
rs73718108 EEF1D T/IC 20/80 25/75 17/83 34/66 8/92 15/85
rs4874157 EEF1D G/IA 80/20 76/24 83/17 65/35 92/8 84/16
rs7841183 EEF1D G/A 80/20 76/24 83/17 65/35 92/8 84/16
rs113122933 EEF1D G/IA 80/20 76/24 83/17 67/33 92/8 85/15
rs75547282 EEF1D CIT 80/20 76/24 83/17 67/33 92/8 85/15
rs34037472 EEF1D IAA 80/20 76/24 83/17 67/33 92/8 85/15
rs4495441 EEF1D G/IA 80/20 76/24 83/17 67/33 92/8 85/15

Appendix 10- Allelic frequencies NAPRT eQTL in LAML in all (ALL) populations (African, American, East
Asian, European and South Asian) from the 1000 Genomes Project. Ref: reference; Alt: alternative; AFR:
African; AMR: American; EAS: East Asian; EUR: European; SAS: South Asian.

eQTL Gene F:\fl‘z Qlt ALL AFR  AMR EAS EUR  SAS
rs9657360  EEF1D CIT 41/59 64/36  29/71  48/52  20/80  32/68
r51038292 TIGD5 CIT 40/60 60/40  28/72  49/51  20/80  33/67
r510é1296 TIGD5 CIT 39/61 56/44  28/72  49/51  20/80  33/67
r51029437 TIGD5 TIC 39/61 56/44  28/72  50/50  20/80  33/67
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rs3497903 TCTTCT/TC

i TIGDS < 30/61  56/44  28/72  50/50  20/80  33/67
rslog%?o TIGD5 AIG 38/62  54/46  27/73  50/50  20/80  33/67
r51°%9065 TIGDS AIG 40/60  60/40  28/72  49/51  20/80  33/67
rs1809148  EEF1D GIA 76/24  68/32 80/20  65/35 87/13  83/17
r533i6784 EEF1D GT/G 36/64 5149 25/75  48/52  15/85  31/69
rs2085019  EEF1D CIT 36/64  51/49 25/75  49/51  15/85  31/69
rs4874164  EEFID GIA 36/64  51/49 25/75  48/52  15/85  31/69
rs3816477  TIGD5 TIC 2377 50/50  11/89  15/85  12/88  17/83
r51°11°993 EEF1D CIT 35/65  50/50  24/76  49/51  15/85  31/69
rs4874159  EEFID CIT 36/64 5149 25/75  49/51  15/85  31/69
rs4874160  EEF1D CIAIG 26/64/10 46/549/ 19275/ 34/ 21/ 18 35/ 15/ 29’ 1
r51°§6691 TIGDS TIC 34/66  46/54  24/76  49/51  15/85  31/69
rs1466219  EEFID CIA 36/64 5347 25/75  48/52  15/85  31/69
rs4874163  EEFID GIA 36/64 5347 25/75  48/52  15/85  31/69
rs3812448  EEFID GIA 36/64 52048  25/75  49/51  15/85  31/69
rs4874167  TIGD5 TIC 22078 4357 11/89  15/85  12/88  17/83
rsag73gog  'Mtergent CIT 72/28 84/15  78/22  37/63  84/16  72/28

C

Appendix 11 - Overexpressed mitochondrial genes and the respective logarithm of median RPKM in AML (at
the left) and ALL (at the right) TARGET datasets.

AML ALL
Gene Logz RPKM Gene Logz RPKM
MT-CO3 15,35 MT-CO3 14,98
MT-CO1 14,75 MT-ND4 14,90
MT-ND4 14,65 MT-CO2 14,40
MT-ND1 14,36 MT-ATP6 14,39
MT-ATP8 14,23 MT-CO1 14,30
MT-ATP6 14,17 MT-CYB 14,24
MT-CO2 14,17 MT-ND1 14,11
MT-CYB 14,15 MT-ATPS8 14,10
MT-ND4L 13,74 MT-ND2 14,09
MT-ND2 13,68 MT-ND4L 13,64
MT-ND5 12,98 MT-RNR2 13,32
MT-ND3 12,55 MT-ND5 12,38
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