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Resumo

A degenerescéncia lobar frontotemporal (DLFT) ¢é und@méncia
neurodegenerativa heterogénea, incluindo nos aspetinicos, neuropatoldgicos e
genéticos. E caracterizada por mudancas progressivacomportamento, disfuncio
executiva e/ou dificuldades na linguagem, acompdenlpor atrofia no lobo frontal e
temporal. Alguns doentes apresentam sobreposi¢éiecle neuropatolégica com a
doenca de Alzheimer, o que sugere semelhancasiopdiologia, nomeadamente no
envolvimento do DNA mitocondrial (mtDNA).

O objetivo do presente estudo € realizar a seqagicidos genes no mtDNA
que codificam tRNAs, para identificar alteracbes doentes com DLFT, investigando
0 seu envolvimento na DLFT.

Foram analisadas 70 amostras de DNA proveniente®eletes, 39 mulheres e
31 homens, com diagndéstico provavel de DLFT (fatéia: 38-82 anos, média de 63 +
11), seguidos na Unidade de Neurologia do Centrgpltedar e Universitario de
Coimbra. O DNA total foi extraido a partir de saegeriférico, e foi efetuada a analise
da sequéncia dos 22 genes de tRNAs mitocondriarssguenciacdo automatica. As
variantes encontradas foram submetidas a analisglico. Foram encontradas 28
variacbes diferentes em 32 doentes. Destas, seisc®@s sdo provavelmente
patogénicas de acordo com a andlisglico: a m.4312C>T ocorre em heteroplasmia e
apresenta elevada conservacdo; a m.4435A>G estdlizdmta numa posicao
potencialmente critica e € totalmente conservadacelas as espécies analisadas; a
variagdo m.5772G>A estd localizada nibstem levando ao rompimento do
emparelhamento da base (CG) Watson-Crick e € 106Pecvada; a alteracdo
m.12166T>C esta localizada no “anticodon loop” eeapnta alta percentagem de
conservacgdo. A variacdo mais frequente é a m.128G8A0 mt-tRNA®"?na regido
variavel, e é totalmente conservada em todos osifer@m® estudados. A variacdo
m.15946C>T tem uma elevada taxa de conservacadéelagslizada no “acceptor
stem”. S&o necessarios estudos adicionais parareenger melhor a relacdo entre as
alteracbes do mtDNA identificadas e a FTLD. No etdaeste estudo é original sendo
0 primeiro a investigar a sequencia dos genes gdiéicam os tRNA mitocondrias na
DLFT.
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1. General Introduction

1.1.Dementia

In the last years, life expectancy has increasedsatady rate, which leads to an
increment the percentage of elderly in the popoita{Santana and Cunha, 2005). The
decline in mortality and births results in agingtbé population in most developed
countries and, consequently, the prevalence of relgéed diseases, including
dementias, are increasing. Dementia syndromes hagacterized by progressive
impairment in cognitive function and they have baedncreasingly important in public
health (Fratiglioni et al., 1999). Among the vagodementias, Alzheimer's disease
(AD) and Frontotemporal Lobar Degeneration (FTLDg @éhe most frequent in the
population (Santana and Cunha, 2005).

1.2.FTLD History

In 1892, Arnold Pick described the first clinicalse of dementia, in which the
patient presented cognitive impairment, progressipbasia and changes in social
behaviour. These manifestations are associatedtestiporal and frontal lobe atrophy
(Kertesz et al., 2005). In 1911, Alois Alzheimesdegbed the histopathology features of
these patients, pointing to the presence of ardgytiomeuronal inclusions, later called
“Pick bodies” (Pan and Chen, 2013). A century latesearch groups of Lund (Sweden)
and Manchester (England) published the first cihend neuropathological criteria set
for the diagnosis of frontotemporal dementia (FTIRUNd and Manchester Groups,
1994).

1.3.FTLD Epidemiology

FTLD is a heterogeneous neurodegenerative dementianany aspects,

including clinical, neuropathological and genetatures, characterized by progressive




changes in behaviour, executive dysfunction andfoguage impairment (Seltman and
Matthews, 2012) with frontal and temporal lobaoptry (Pan and Chen, 2013). FTLD
occurs most often in the presenile period, with aigenset typically at 45-65 years, and
it has an equal distribution among female and ni@lalimberti and Scarpini, 2010).
There is a wide range in duration of illness (23y&ars) partly reflecting different

underlying pathologies (Seelaar et al., 2011).

1.4.Clinical variants of FTLD

Given its heterogeneity, FTLD is classified diffetly regarding the clinical
characteristics. The site of focal cerebral atrodigntal and/or temporal, left and/or
right determines the clinical presentation (Schédzki, 2011). It can be differentiated
clinically into three frontotemporal dementia (FTByndromes; clinically behavioural
variant (bvFTD), characterized by progressive behaal impairment and a decline in
executive function with frontal lobe atrophy; pregsive nonfluent aphasia (PNFA)
with motor speech deficits and semantic dementi®) (8ith loss of object knowledge
with anomia (Seltman and Matthews, 2012). Languagm@nts are subsumed under the
clinical syndrome of primary progressive aphasiBAPand show involvement of the
left anterior temporal lobe (Schlachetzki, 2011yldAionally, there is a clinical overlap
between FTD with motor neuron disease (FTD-MND OIDFALS), as well as the
parkinsonian syndromes, progressive supranucledsy pPSP) and corticobasal
syndrome (CBS) (Pan and Chen, 2013).

1.5.FTLD Neuropathological variants

The neuropathology underlying the FTLD clinical dyomes is also
heterogeneous (Boxer et al., 2011). While clingtanotype, neuropsychology features
and brain imaging data provide useful informatibowt the FTLD spectrum pathology,
additional information is necessary to define thstdpathological abnormality in
patients, since a clinical phenotype can be aswutiaith several different pathologies
(Grossman, 2011). The major pathological hallmdrkT_D is selective atrophy of the
frontal and temporal cortex, with neuronal loss ghaisis (Seelaar et ak011). In most

cases, it is possible to find an accumulation ofoamal proteins in neurons and glia




(inclusions of aggregates). The identity of thehp&igical protein is variable (Boxer at
al., 2011) and the classification has been changinige last few years. The currently
accepted nomenclature for the various FTLD neufhapagical subtypes considers into
five groups, FTLD-tau (tau pathology), FTLD-TDP (RADNA binding protein (TDP-
43)), FTLD-UPS (ubiquitin-positive and TDP-43-nagathistopathology), FTLD-FUS
(inclusions of the fused in sarcoma protein) andLB-hi (without inclusions)
(Mackenzie et al., 2010). It was found that these a correlation between

neuropathological characteristics and genetic nartat(Table ).

Table |: Neuropathological characterization of FTLD and assciated genes

(adapted from Mackenzie et al., 2010)

FTLD with tau-negative and ubiquitin-positive
FTLD-tau FTLD-ni
FTLD-TDP FTLD-FUS FTLD-UPS

Mutation in genes

GRN
Mutation in the VCP Mutation in the Mutation in the No known
gene MAPT geneFUS CHMP2B mutations
TARDBP
CI90RF72

About 40% of FTLD cases are FTLD-tau, including edises of FTLD with
MAPT mutations. The most frequent FTLD pathology casescharacterized by tau-
negative and ubiquitin-positive inclusions the FFIDP, patients have mutations in
GRN TARDBR VCP or C90RF72genes; CHMP2Bcases show ubiquitin-positive
inclusions; TDP-43 negative histopathology (FTLD&)JRand many of the ubiquitin-
positive, TDP-43- negative cases have been shohate FTLD-FUS. However, the
majority of these patients do not harbour mutatiorfsSUSgene (Goldman et al., 2011).



1.6.Genetic variants of FTLD

Positive family history was observed in 40-50%lw ETLD patients (Sieben, et
al., 2012). The autosomal dominant mode of inheciahas been described in 10-27%
of all FTLD patients with mutations identified. Tlemilial cases are more common as
bvFTD and less frequent in patients with SD and RNFhe genetic heterogeneity of
FTLD is reflected by the identification of mutat®m several nuclear genes. The most
common mutations occur in t@RN and MAPT genes in approximately 50% of the
familial cases, while more rare mutations occurthe CHMP2B FUS VCP and
TARDBPgeneqSeelaar et al., 2011). Recently, a gene resp@en®blFTLD has been
discovered on chromosome 9p9ORF72. More than 40 pathogenMAPT mutations
have been described in 134 families and 69 diftemautations iNnGRNgene have been
described in 231 families (Galimberti e Scarpifil2) (Table II).

Table II: Genetic characterization of FTLD (adapted from Schlachetzki, 2011)

Gene Chromosome Protein

MAPT 17921.1 Microtubule associated protein tau

GRN 17921.31 Progranulin

VCP 9p13.3 Valosin-containing protein
TARDBP 1p36.2 TAR DNA-binding protein TDP-43

Charged multivesicular

CHMP2B 3pll.2 bodly protein 2B
FUS 16p11.2 Fused in sarcoma protein
C9ORF72 9p13.2-21.3 Nt CEIETITE:

1.7.Etiological mechanisms of FTLD

Some FTLD patients present a clinical and neurapagfical overlap with AD.
This event may suggest similarities in pathophygjg) including the involvement of
mitochondrial DNA (mtDNA) in FTLD (Grazina et aR004), as it has been observed




in AD (Onyango et al.,, 2006). There are severatlisgithat have identified mtDNA
mutations in AD patients, suggesting the existesfoeausal factors related to mtDNA.
This points to the involvement and contributionnaitochondrial genome to dementia
(revision Grazina et al., 2006). Accordingly, itilsportant to study the role of mtDNA
in FTLD (Grazina et al,2004).

1.8.Mitochondrial DNA study in FTLD

A number of essential cellular functions take pldoethe mitochondria.
However, the major mitochondrial event is the pidun of adenosine -5 -triphosphate
(ATP), the key energy source of the cell (Morareket 2012). Mitochondrial ATP is
generated via oxidative phosphorylation (OXPHOS8at toccurs in the mitochondrial
respiratory chain (MRC), located within the inneitonhondrial membrane (Reddy,
2008). The process of OXPHOS system comprisesrfiultiprotein complexes. Each
OXPHOS complex consists of polypeptide subunits odad by nuclear and
mitochondrial DNA, except complex I, which is eusively encoded by the nuclear
genome (Grazina, 2004). The correct biosynthesishef OXPHOS complexes is a
highly intricate regulated process that requires dbncerted action of the two cellular
genomes (Moran et al.,, 2012). Human mtDNA consiftsa 16,568 nucleotides
organized in a double stranded, circular DNA malecaontaining 37 genes, encoding
for 12S and 16S rRNA, 22 tRNAs and 13 polypeptidessential components of the
MRC (Reddy, 2008). The 2 rRNA, 14 tRNAs and 12 it are encoded on the heavy
strand (HS), while 8 tRNAs and 1 protein are endoale the light strand (LS) (Clayton,
1984) (Figure 1).The remaining mitochondrial factors are encodedbglear genome
and are subsequently transported into the mitoafermidicholls et al.,2013), including
the proteins involved in mt-RNA metabolism.

The mitochondrial genome has its own genetic cddeyegulated semi-
autonomously, which depends on the replication tadscripton factors of nuclear
origin, being the essential regulatory sequencesténl at the D-loop (non-coding
region of the mitochondrial genome). DNA replicatiis bidirectional, starts from the
origin of replication of HS (@), located in the D-loogoing clockwise, to allow the
synthesis of HS. After, the replication of LS begim the opposite direction of the HS

replication. Moreover, mtDNA transcription resultisan asymmetrical way, as the two




chains promoters, heavy strand promoter (PH) agid Btrand promoter (PL) are both
located on the D-loop. The two promoters work impagte directions, and HS is

transcribed in the opposite to clockwise direc{i@nazina, 2004).

Heavy
/Strand

' Mitochondrial DNA ND5
16,568bp

Light
K ATP8  ATPS Strand

Coll

Figure I: Human mitochondrial DNA (adapted from Greaves et al., 20181 -
NADH dehydrogenase, subunit 1; ND2 — NADH dehyémase, subunit 2; ND3 — NADH
dehydrogenase, subunit 3; ND4 — NADH dehydrogenssbunit 4; ND4L — NADH dehydrogenase,
subunit 4L; ND5 — NADH dehydrogenase, subunit 5;6NDNADH dehydrogenase, subunit 6; CYTB —
Cythocrome B; COI — cytochrome ¢ oxidase |; COktytochrome ¢ oxidase Il; COIll — cytochrome ¢
oxidase Ill; ATP6 — ATP synthase FO subunit 6; ATP8 ATP synthase FO subunit 8; RNR1 —
Mitochondrially encoded 12S RNA; RNR2 — Mitochoradly encoded 16S RNA; T - Mitochondrially
encoded tRNA threonine; P - Mitochondrially encod®MA proline; E - Mitochondrially encoded tRNA
glutamic acid; L2 - Mitochondrially encoded tRNAutgne 2; S2- Mitochondrially encoded tRNA serine
2; H- Mitochondrially encoded tRNA histidine; R- Mitochdmally encoded tRNA arginine ; G-
Mitochondrially encoded tRNA glycine; K- Mitochoridlly encoded tRNA lysine; D- Mitochondrially
encoded tRNA aspartic acid; S1- Mitochondrially @hed tRNA serine 1; Y- Mitochondrially encoded
tRNA tyrosine ; C-Mitochondrially encoded tRNA cysteine; N-Mitochoraly encoded tRNA
asparagines; A- Mitochondrially encoded tRNA alanitW- Mitochondrially encoded tRNA tryptophan;
M- Mitochondrially encoded tRNA methionine: I- Mitbondrially encoded tRNA isoleucine; Q-
Mitochondrially encoded tRNA glutamine; L1- Mitoamdrially encoded tRNA leucine 1; V-
Mitochondrially encoded tRNA valine; F- Mitochomalty encoded tRNA phenylalanine.

Most human cells contain hundreds of mitochondnd #housands of mtDNA

copies. This genome is transmitted by maternalritdree. Due to this fact, maternal




and paternal mtDNAs are rarely mixed in the sameopigsm, not having
recombination between the two types of mtDNA. Thé/avay that mtDNA sequence
may change is through the accumulation of mutatedoeg the maternal lineage. The
high mutation rate of mtDNA results from the lack protective histones, and
inefficient mtDNA repair systems (Wallace, 1994).the OXPHOS process, besides
ATP synthesis, there is also the reactive oxygetisp (ROS) production and mtDNA
is located close to the main source of ROS formatlmeing vulnerable to damage
(Reddy and Reddy et al., 2011). The first mtDNAhpgenic mutations were identified
in the late 1980s. Since then, more than 200 nwsitin MtDNA were found
(Chinnery, 2006). When there is a mtDNA mutationmiture of wild and mutant
molecules could coexist and this situation is chHeteroplasmy; on the other hand, the
presence of pure wild or pure mutant moleculescateed homoplasmy. In case of
heteroplasmy, as the percentage of mutant moleculeseases, oxidative
phosphorylation enzyme activities decrease. Wherettergy threshold is reached, the
probability of disease manifestation becomes higi\allace, 1994). The percentage of
mutated DNA may vary in different patients, frongan to organ and even between
cells within of the same tissue (Chinnery, 2006).

Mitochondrial changes, including MRC dysfunctionedio enzymatic defects,
increases ROS production. Morphological changeth@mitochondrial network and
cell death are common features of neurodegeneraliseases of different genetic
origins. Mutations in genes encoding proteins imedlin mitochondrial dynamics were

identified in neurodegenerative diseases (Moral. e2012).

1.9.Human Mitochondrial tRNAs

Mitochondrial genome encodes 22 tRNAs (tRN® tRNA'®, tRNA-U!
tRNA"™, tRNAS", tRNAM®!, tRNATP, tRNAM?, tRNA™", t(RNASY, tRNA™, tRNAS"
tRNA"P tRNA™, tRNASY, tRNAYY tRNAMS tRNA® 2 tRNAY 2 tRNAC", t(RNA™
and tRNA™), essential to intramitochondrial protein synteegimino acids are added
to the protein during translation, by transfer RNEach tRNA molecule is encoded by
a different gene and its transcriptional nucleosdquence results in a pre-tRNA that is
organized into a characteristic secondary structlings structure, common to the pre
tRNA and tRNA, is clover-shaped due to the hydroggemds established between




complementary bases (Cooper and Hausman, 2007).tRN& is composed by
acceptor stem, D-stem, D-loop, anticodon stemgcadtin loop, variable region, T-loop
and T-stem (Suzuki et al., 2011), as presenteaguré 11.

Figure Il : Structure of amt-tRNA (adapted from Yarham et al., 2011).

The pre-tRNA processing leads to their maturatido RNA and its activation.
The processing of mitochondrial tRNAs requires m@endonucleolytic cleavage at
both 5° and 3" ends. Excision of tRNAs is catalyssdtwo specialized enzymes
(Levinger et al., 2004), RNase P (the tRNA 5 emdcpssing endonuclease) and
tRNase Z (the tRNA 3" end processing endonucleade). excision, pre-tRNA 3™ ends
are subsequently completed by the addition of @€A” triplet through an ATP (CTP)
— tRNA-specific nucleotidyltransferase activity @®manith et all995) necessary for
amino acid attachment and proper tRNA positionihgha ribosome (Nicholls et al.,
2013) Once the tRNA is synthesized, the fidelity of pmotsynthesis depends on the
specific attachment of amino acid to its specifRNA. This process is catalyzed by
aminoacyl-tRNA synthetases (aaRS) (Suzuki et lL,12 The human genome encodes
one enzyme per amino acid. The tRNAs are subsdguemtied to the ribosome by
translation factor elongation factor (EF)-Tu, allog protein synthesis (Levinger et al.,
2004), as presented in Figure III.

The encoding system in mitochondrial genome isedhffit from the universal
genetic code because of the use of “AUA” for M&GA” for Trp and “AGR” R = A




and G) as stop signal (Suzuki et al., 2011). Theetie mtDNA code has sixty codons
for the 22 mt-tRNAs (Suzuki et al., 2011), as pnése in (Table III).

A B e D E
RNase P / tRNase Z = 5 J— Qﬁ
R T — N——3' ! 3 i @A N
5 +1 +1 : a;Ti" + aaRS +]

Figure lll: The tRNA end processing pathway followel by aminoacylation (adapted
from Levinger et al., 2004).

Table Ill: Human mitochondrial genetic code (from Suzuki et al., 2011).

Amino acid Amino acid Amino acid Amino acid
Codon (anticodon) Codon (anticodon) Codon (anticodon) Codon (anticodon)
181019 Phe ucu UAU Tyr UGU Cys
uuc (GAA) ucC Ser UAC (QUA) UGC (GCA)
UUA Leu . UCA (UGA) UAA sop UGA Trp
uuG (wm’ UAA) UCG UAG UGG (tm’UCA)
cuu CCU CAU His CGU
cuc Leu ccc Pro CAC (QUG) CGC Arg
CUA (UAG) CCA (UGG) CAA Gln CGA (UCG)
CUG CCG CAG (s’ UUG) CGG
AUU Ile ACU AAU Asn AGU Ser
AUC (GAU) ACC Thr AAC (QUU) AGC (GCU)
AUA __.-\-[et ACA (UGL) AAA _ Lys AGA i
AUG (FPCAU) ACG AAG (tm’s*UUT) AGG
GUU GCU GAU Asp GGU
GUC Val GCC Ala GAC (QUC) GGC Gly
GUA (UAC) GCA (UGC) GAA Glu GGA (uce)
GUG GCG GAG (tm’s*UUC) GGG

From the approximately 400 mutations with possgdyhogenic character found
in mMtDNA, about the half are located in mt-tRNA gen(MITOMAP, 2013). These
genes are highly susceptible to point mutationschviare one of the main causes of
mitochondrial dysfunction associated with a varietydiseases (Levinger et al., 2004).

Mutations in mt-tRNAs can affect a large variety afechanisms, including




transcription, maturation, post-transcriptional ficdtion, structure, stability,
aminoacylation, capability of binding to elongatifactor EF-Tu and codon reading
(Zhang et al., 2011).

Due to the central role in protein synthesis, thafumction of mutant tRNAs
can play a key role in mitochondrial diseases. fdiscs related to mitochondrial tRNAs
have been associated with several clinical phemstyincluding encephalopathies,
myopathies, myoclonus, ophthalmoplegia, heart dsedeafness and others (Levinger
et al, 2004). Changes in mitochondrial genes encodingt&have also been described
in neurodegenerative diseases such as AD and Barkindisease (Egensperger et al.,
1997; Hutchin et al., 1997; Grasbon-Frodl et 899, Edland et al., 2002). Since there
IS no previous investigation of the involvementaftRNAs encoding genes in FTLD,

it is important to study their contribution to thaathology.
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AD Alzheimer's disease
bvFTD Behavioural variant of FTD
CBS Corticobasal syndrome
CDR Clinical Dementia Rating
FTD-ALS FTD with Amyotrophic lateral sclerosis
FTD-MND FTD with Motor neurone disease
FTLD Frontotemporal lobar degeneration
FTLD-FUS FTLD with inclusions of the fused in santa protein
FTLD-ni FTLD without inclusions
FTLD-tau FTLD with tau pathology
FTLD-TDP FTLD with TAR-DNA binding protein (TDP-43)
FTLD with ubiquitin-positive and TDP-43-negativ
MCR Mitochondrial Chain Respiratory
OXPHOS Oxidative Phosphorilation
ROS Reactive Oxygen Species
MMSE Mini—-mental state examination
MtDNA Mitochondrial DNA
mt-rRNA Mitochondrial ribosomal RNA
mt-tRNA Mitochondrial transfer RNA
PNFA Progressive nonfluent aphasia
PPA Primary progressive aphasia
PSP Progressive supranuclear palsy
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Abstract

FTLD is a heterogeneous neurodegenerative dementianany aspects,
including clinical, neuropathological and genetatures, characterized by progressive
changes in behaviour, executive dysfunction and&guage impairment. It is
characterized by progressive changes in behaviexecutive dysfunction and/or
language impairment with frontal and temporal lob&mophy. Some patients present
clinical and neuropathological overlap with Alzheins disease, suggesting similarities
in pathophysiology, including mitochondrial DNA (B1¥A) involvement.

The aim of the study includes sequencing the 22ARMNenes encoded in
MtDNA for identifying variations in FTLD patientgiscertaining their involvement in
FTLD.

We investigated 70 patients, 39 females and 319wailt probable diagnosis of
FTLD (age range: 38-82 years, mean 63 = 11), resgtuat Neurology Unit of the
Centro Hospitalar e Universitario de Coimbra. TofaNA was extracted from
peripheral blood and analysis of 2RNA mtDNA encoded genes sequences was
performed by automated DNA Sanger sequencing andniga were submitted tm
silico analysis. A total of 28 different sequence vamiagi were identified in 32 patients
(46%). From these, 6 variations are probably pahoy according to thén silico
analysis, all causing structure and binding mininfuee energy changes: m.4312C>T
is heteroplasmic and presents and high percentagenservation; m.4435A>G is in a
critical position and is totally conserved in aplesies studied; The m.5772G>A is
located in T-stem and leads to the disruption of3éaCrick base pairing (C-G), being
100% conserved in all species; m.12166T>C altaraigoin anticodon loop and has
high percentage of conservation. The most frequanation found is m.12308A>G, in
the variable region omt-tRNA®"? and it is totally conserved in all mammals tested;
m.15946C>T variation has a high rate of consermagind it is located in the acceptor
stem. Further investigation is needed to betteretsidnd the relationship between
MtDNA alteration found and FTLD, considering albe involvement of nuclear genes
in this disorder. However, this is an original stutdeing the first to investigate the

sequence of the tRNA genes encoded by mtDNA in ETLD
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Introduction

Frontotemporal lobar degeneration (FTLD) is a logeneous
neurodegenerative dementia, in many aspects, imgjwudinical, neuropathological and
genetic features. It is characterized by progressinanges in behaviour, executive
dysfunction and/or language impairment (Seltman Btadthews, 2012) with frontal
and temporal lobar atrophy (Pan and Chen, 2013LDFdccurs most often in the
presenile period and the age of onset is typically#5-65 years, and it has an equal
distribution among men and women (Galimberti andr@iai, 2010). There is a wide
range in durations of illness (2-20 years), paméflecting different underlying
pathologies (Seelaar et ,aR011). The FTLD clinical spectrum encompasses three
distinct syndromes: the behavioural variant (bvFT@aracterized by progressive
behavioural impairment and a decline in executiuacfion; progressive nonfluent
aphasia (PNFA), with motor speech deficits; anda#i dementia (SD), with loss of
object knowledge with anomia (Seltman and Matthe2@4,2). Additionally, there is a
significant clinical overlap between FTD with motoeuron disease (FTD-MND or
FTD-ALS), as well as the parkinsonian syndromeggp@ssive supranuclear palsy
(PSP) and corticobasal syndrome (CBS) (Pan and ,Ckeh3). Neuropathology
classification of includes five groups: FTLD-tawayt patology); FTLD-TDP (TAR-
DNA binding protein, TDP-43), FTLD-UPS (ubiquitirepitive and TDP-43-negative
histopathology); FTLD-FUS (inclusions of the “fusedsarcoma protein”) and FTLD-
ni (without inclusions) (Mackenzie et al., 2010psRive family history is observed in
40-50% of the FTLD patients (Sieben, et al., 20T2e autosomal dominant mode of
inheritance is found in 10-27% of all FTLD patieni&he genetic heterogeneity of
FTLD is reflected by the identification of mutat®m several nuclear genes, associated
with different neuropathological subjects. The mostnmon mutations occur IBRN
and MAPT genes, in approximately 50% of familial cases,levinmore rare mutations
occur inCHMP2B, FUS, VCP, TARDBBnd C9ORF72genes (Seelaar et al., 2011).
Some FTLD patients present a clinical and neurapagjical overlap with AD. This
event may suggest similarities in pathophysiologyluding the involvement of
mitochondrial DNA (mtDNA) in FTLD (Grazina et aR004; Grazina et al., 2006), as it
has been observed in AD (Onyango et al., 2006)tlsreason, it is important to study

the role of mtDNA in FTD. Mitochondrial changes.clmding mitochondrial chain




respiratory (MRC) dysfunction due to enzymatic d&feincreased ROS production.
Morphological changes in the mitochondrial netwahkd cell death are common
features of neurodegenerative diseases of diffegenetic origins. Mutations in genes
encoding proteins involved in mitochondrial dynasicwere identified in
neurodegenerative diseases (Mdran, 2012). HumanNAtBonsists of a 16,568
nucleotides organized in a double stranded, circDiA molecule, containing 37
genes, encoding for 12S and 16S rRNA, 22 tRNAs &Bdoolypeptides, essential
components of the MRC (Reddy, 2008). The presemk wludes the study of the 22
tRNAs encoded by mtDNA, essential for intramitoctioal protein synthesis. From the
400 mutations with possibly pathogenic charactentbin mtDNA, approximately are
belongs to mt-tRNA genes (MITOMAP, 2013). Theseagehighly susceptible to point
mutations, which are one of the main causes ofuiigsion mitochondrial associated
with a variety of diseases. Due to the central molprotein synthesis, the malfunction
of mutant tRNAs could be important in the pathoésgioccurring in mitochondria.
Disorders related to mt-tRNA have been associatiéd several clinical phenotypes,
including encephalopathies, myopathies, myoclomthalmoplegia, heart disease,
deafness, and others (Levinger ef 2004). Changes in mitochondrial genes encoding
tRNAs have also been described in neurodegeneraliseases such as AD and
Parkinson's disease (Egensperger et al., 1997;hiuét al., 1997; Grasbon-Frodl et
al., 1999; Edland et al.,, 2002). Since there is pmevious investigation of the
involvement of mt-tRNAs encoding genes in FTLD,ist important to study their

contribution to this pathology.

Objectives

This study aims to investigate the sequence of @2NA encoded tRNA genes
for identifying variations in FTLD patients, asaarting their involvement in FTLD.

Patients and Methods




Samples

DNA samples of 70 patients (39 females and 31 malgs range: 38-82 years,
mean 63 + 11) with probable diagnosis of FTLD adiouy to the standard criteria of
DSM-IV ( Brun et al., 1994; McKhann et al.,2001pmgited at Neurology Unit of the
Centro Hospitalar e Universitario de Coimbra weneestigated.

Total DNA was extracted from peripheral blood bgnstard phenol chloroform method
(Treco, 1999).

The scaling of the dementia was obtained by sgprthe CDR (Clinical
Dementia Rating) and MMSE (Mini-mental state exation). In CDR, the scale is
between 0 and 3 and the higher values correspordgter degree of dementia. In
MMSE, the scale is between 0 and 30 and lower gatoerespond to higher degree of
dementia (Folstein et al., 1975)

PCR amplification

Amplification of the 22 mitochondrial tRNA encondjigenes was performed by
Polymerase Chain Reaction (PCR). This techniquasvallobtaining multiple copies of a
particular DNA fragment. The amplification condii® included initial denaturation at
95°C for 5 min followed by 35 cycles at 95°C for g/550-60°C for 45 s, 72°C for 60 s,
and a final extension step at 72°C for 5 min usingaster mix containing 2-10 ng of
DNA, 10X buffer, dNTP (2mM), primer forward (2,5pnMrimer reverse (2,5uM), Taq
DNA polymerase, 6D milli Q and MgC} (Landsverk et al., 2012).

Agarose gel electrophoresis

PCR procedure was followed by agarose gel electngsits for the separation of
DNA fragments, in order to verify the success ofpéfication. PCR products were
mixed with loading dye (1:1) and then applied to a%@rose gel for 1 hour, at 100
Volts, using weight marker. After migration, ethich bromide labeled DNA molecules

were visualized under ultraviolet irradiation (Landrk et al., 2012).




DNA Sanger Sequencing

After PCR product analysis, samples were purifigtti ExoSAP-IT°, consisting
of exonuclease | (exo I) and alkaline phosphat&&P] to degrade the excess of
primers and nucleotides, which are the main faciterfering with PCR sequencing
(Werle et al., 1994).

The sequencing PCR involves the synthesis of sisggended DNA using the
DNA previously amplified in PCR as template. Syssired chains are terminated
prematurely with various possible sizes. The sysithBegins at the primer binding site
and ending with the incorporation of a terminatoicleotide that lack the hydroxyl
group at the 3' position of the deoxyribose, préwgnthe establishment of connections
phospho-diester and the incorporation of new nuides to DNA strand. When a
terminator nucleotide is incorporated, the synthedi new chain ends (Buitrago and
Jimenez, 2001). The amplification conditions wemdratial denaturation at 96°C for 2
min followed by 45 cycles at 96°C for 10 s, 55°C f0s, 60°C for 4 min, using
BigDye® Terminator Ready Reaction Mix v3.1, 5X sencing buffer, 2,5uM of
primer forward or reverse and H20 milli Q (Landdwvet al., 2012).

After sequencing PCR, samples were submitted tmdatd Sephad&x
purification (gel filtration), which removes subste&s which have not been added
during the reaction. After purification, the sangplgere loaded in the sequencer ABI
Prisnt’ 3130 (Applied Biosystems).

This is a fast and automated process that alloegigtermination of nucleotide
sequence comprising the DNA fragment to be stu@dtrago and Jimenez, 2001).
Automated DNA Sequencing is based on electroplomtbcedures using polymer
gels. Applied Biosystems DNA sequencers detectrdsicence from four different dyes
that are used to identify the A, C, G and T ternurea Each dye has a fluorescence
wavelenght when excited by argon ion laser, allgnietection and distinction of all
four bases.

After the automated sequencing, samples sequen&s wanalysed using
Sequencing Analysis v5.4@dSeqScape v2.5@oftware, which allow to compare the
obtained data with the reference sequence. Thisspissible to detect any variation in

the sequence under study.




In silico analysis

After the analysis of all sequences,iasilico study of the detected changes was
performed, using different databases such as MIT®GM#here the variations are
reported (MITOMAP, 2013), RNAfold (Hofacker et all994) that predict the RNA
secondary structure based on minimum energy regeimes and pair probabilities
(Mezghani et al., 2011). The localization of thesnce variations imt-tRNAand
sequences from the species were obtained from #maiMRNA database (Putz et al.,
2007). Evolutionary conservation was performedaibalterations (12nt-tRNAs)n 10
different speciesHomo sapiensPan paniscusPan troglodytesGorilla gorilla, Pongo
pygmaeus Macaca mulatta Bos taurus Canis familiaris, Mus musculusRattus
norvegicuy. The sequence alignment of thmet-tRNA was performed using the
ClustalWP software (Sievers et al., 2011). In 2004, the firiteria applied to particular
the mutations in mt-tRNA have been created (Maclrarket al., 2004). Subsequently, a
comparison of various forms of evaluation crites@ring systems are use to increase

the accuracy of assignment of pathogenicity. (Yarleaal., 2011).

Table 1: The Pathogenicity Scoring System (from Yarham.ef811)

Scoring criteria Score/20
More than one independent report Yes 2
No ]
Evolutionary conservation of the base or base-pair One change 2
Two changes 1
Multiple o

changes

Variant heteroplasmy Yes 2
No L]
Segregation of the mutation with disease Yes 2
No Ls]
Histochemical evidence of mitochondrial disease Strong evidence 2
Weak evidence 1
Mo evidence 0
Biochemical defect in complexes I, III, or IV Yes 2
No 0
Evidence of mutation segregation with biochemical defect Yes 3
from single-fiber studies Mo 0
Mutant mt-tRNA steady-state level studies Or Evidence of Yes 5
pathogenicity in tramns-mitochondrial cybrid studies Mo o

Thresholds for the new, adjusted scoring system:
=6 points—mneutral polymorphisms
7—10 points—possibly pathogenic
11—13 points—probably pathogenic

=11 points— definitely pathogenic




Results

A total of 70 patients (39 females and 31 malesh WAiTLD were included in
this study.

From these, 32 (17 females and 15 males) presediff28nt genetic variations
in mt-tRNAgenes. We have found 22 patients with only oneatian, 9 patients with 2
variations and 3 patients with 4 variations. Patién 43 and 51 have the higher number
of variations (Table 2).

Concerning the CDR, 15 patients presented the manirdegree of dementia
but only 5 of these have mtDNA variations. The ragmnmg patients presented moderate
or mild dementia. For MMSE, 10 patients exhibitedximum degree of dementia but
only 4 of these present variations (Table 3).

From the 28 different genetic variations, there &@e variations that were
identified only in 1 patient, 4 variations twiceya@riations three times, 1 variation four
times and other variation tenfold. Only I#t-tRNAs have variations identified
(tRNAM tRNA" tRNAME tRNAMS tRNA™ tRNAS" tRNASYS tRNACY, tRNA2
tRNAY? tRNA and tRNA"P), as presented in Figure 1.

The variations identified were found in MITOMAP dhase: 14 have been
described as “polymorphism”, 8 as “polymorphism’ddmutation”; 3 variations as
“polymorphism” and “somatic mutation”, 1 as “mutati’; 1 variation as
“polymorphism” and “mutation”; and 1 “novel” (m.73€>A). The minimum free
energy was changed in 22 of the 28 found sequeadations but 5 (m.5775T>C,
m.7521G>A, m.10410T>C, m.12192G>A and m.15927G>Ahese are not predicted
to alter the tRNA structure. Concerning the loagatmf the variations iTMt-tRNAs
structure 14 were found in the stems, 10 in the loops amdthe variable region (Table
3).



QO = N W R U~ 0w o
[ |

N ST S PR e~ JOC W N R RPN
SRS & &F & & & SIS
FFFIT ST &S TS

Figure

1: Number of alteration per gene in which they weemnidied.

There are 6 variations probably pathogenic, acogrélb thein silico analysis,
all causing structure and binding minimum free ggechanges: m.4312C>T s
heteroplasmic and presents and high percentagensecovation (Figure 2); m.4435A>G
Is in a critical position and is totally conserviedall species studied (Figure 3) ; The
m.5772G>A is located in T-stem and leads to theugiton of Watson—Crick base
pairing (C-G), being 100% conserved in all spe¢igure 4); m.12166T>C alteration
is in anticodon loop and has high percentage okseosmtion (Figure 5). The most
frequent variation found is m.12308A>G, in the ahte region omt-tRNA®"?and it is
totally conserved in all mammals tested (Figurens)15946C>T variation has a high

rate of conservation and it is located in the atmregtem (Figure 7).



Table 2 Patients characterization and data from mtDNAusege variations.

Patient | Clinical| Gender| Age Age of CDR MMSE mtDNA Sequence
Variant Onset variation Gene
1 bvFTD F 53 52 3 0 m.5633C>T tRNAY
2 bvFTD F 65 64 3 11
3 bvFTD F 74 73 1 17
4 CBS M 54 53 3 0
m.4312C>T(Het) tRNAE
5 |bFmD| M | 67 59 1 27 rr?]"ﬁé%gj((g :tt)) VG
m.12184A>G tRNA™S
6 CBS F 58 58 1 18
7 bvFTD M 45 40 3 7
8 bvFTD M 43 43 2 16
9 bvFTD M 58 44 3 6
10 bvFTD F 54 53 2 18
11 bvFTD F 69 69 1 19
12 bvFTD F 59 53 3 0
13 bvFTD F 75 72 1 20
14 | bvFiD| F 71 68 2 12 m.15927G>A | (RNA™
15 SD M 46 41 3 10 m.12179A>G tRNATS
16 bvFTD F 64 63 1 25 m.15904C>T tRNA
17 bvFTD F 59 55 3 0 m.4336T>C tRNASI
18 bvFTD F 75 74 1 27
19 PPA M 60 58 3 9
20 bvDFT F 55 54 1 22 m.12308A>G tRN A2
21 bvFTD F 77 73 3 10
22 bvFTD F 46 43 1 22
23 | bvFTD| F 81 79 1 21 it onee E';',:'lﬁ::f
24 | bFTD| M 61 56 2 12 - _'1128221;8 igmiyr
25 bvFTD M 66 63 1 29 m.15930G>A tRNA
26 bvFTD M 75 64 1 27
27 bvFTD F 62 59 2 17
28 bvFTD F 74 69 2 15
29 bvFTD F 74 72 1 15 m.12308A>G tRN A2
30 PPA F 49 48 1 30 m.12308A>G tRN A2
31 bvFTD M 64 62 0.5 28
32 bvFTD F 50 50 2 17 migggiﬁzg ttil\,iﬁ-;:rz
33 bvFTD F 60 56 1 15
34 bvFTD M 64 60 1 22 m.12308A>G tRN A2
35 bvDFT F 71 67 3 14
36 SD M 54 52 1 21
37 bvFTD F 65 63 3 1 m.15905T>C tRNA




Table 2 Patients characterization and data from mtDNAuseqe variations (cont).

38 [ bvwTD| F 49 48 0.5 30
m.12166T>C tRNATS
39 bvFTD F 59 57 1 18 m.15927G>A tRNA™
40 | bvFTD F 54 50 2 19
41 bvFTD M 51 51 1 25 m.4435A>G tRNAVe
42 | bvFTD| M 68 67 1 27 m.5633C>T tRNA™
m.1640A>G tRNA
m.1659T>C tRNA™
43 bvFTD M 76 70 1 28 m.10034T>C tRNASY
m.15928G>A tRNA™
44 | bvFTD| M 64 61 1 24 m.15924A>G tRNA™
45 bvFTD F 68 66 2 15
m.10463T>C tRNAYY
46 | bvFTD| M 70 69 1 20 m.15908T>C tRNA™
47 bvFTD F 66 60 3 16
48 bvFTD M 59 56 1 21
49 | bvFTD| M 74 73 2 16 m.15904C>T tRNA™
50 | bvFTD F 54 54 1 26 m.5775T>C tRNAY
m.7567C>A tRNASP
m.10034T>C tRNASY
51 bvFTD F 59 58 2 16 m.10410T>C tRNA"
m.12192G>A tRNA™
52 bvDFT F 78 78 1 28 m.15904C>T tRNA™
53 | bvFTD| F 48 47 3 0
54 bvFTD F 82 78 1 20
55 bvFTD M 73 73 1 28
56 CBS M 43 42 1 22 m.12308A>G | tRNA®?
57 bvFTD M 38 34 1 25
58 | bvFTD| M 72 69 2 13 m.7521G>A tRNAP
59 bvFTD F 81 75 2 13
m.12308A>G tRNA
60 PPA F 69 56 1 13 m.14956C>T IRNAT
61 PPA F 65 62 3 4 m.12308A>G tRNA®2
62 bvFTD M 65 63 0.5 29
m.12308A>G tRNA®Y?
63 bvFTD M 71 68 0.5 30 m.15905C>T tRNAT
64 bvFTD M 65 63 1 29
65 bvFTD F 77 64 1 21
66 bvFTD M 70 67 1 25
67 bvFTD M 70 68 1 22
m.10463T>C tRNA
68 | bvFTD| M 48 45 2 13 m.15928C>A tRNAT
m.12308A>G tRNA®?
69 CBS 62 60 1 20 m.15905C>T tRNA™
70 | bvFTD| M 69 54 0.5 28




Table 3: In silico analysis of the sequence variations found in lNARNconding genes.

Minimum free energy

Localization in

Change of Locus (tRNA) Reported in MITOMAP Frequency in the (kcal/mol) Structure tRNA Evolutionary
nucleotide sample (n) conservation
Normal Changed structure
m.1640A>G tRNA Polymorphism 1.429%(1) -12.5 -17.6 Changed | Anticodon stem 90%
m.1659T>C tRNA™ Mutation (Movement Disorder) 1.429%(1) -12.5 -10.7 | Changed T-stem 60%
m.4312 C>T tRNA® Ssﬂgm:ol[/ﬁ’&';ﬁ”; . 1.429%(1) 7.8 -85 Changed T-loop 80%
m.4318C>T tRNA® Polymorphism 1.429%(1) -7.8 -9.6 Changed T-loop 60%
Polymorphism
m.4336T>C tRNACT Mutation (ADPD/Hearing Loss & 1.429%(1) -19.5 -19.5 Normal Acceptor stem 70%
Migraine)
M.4435A>G RNAY! Mutaﬁof?ﬂﬁ%oglﬁ’;‘;;rgnension) 1.429%(1) 12.8 12.9 Changed | Anticodon loop 100%
et Polymorphism o i ) ) o

m.4456C>T tRNA Mutation (Poss. hypertension factor) 1.429%(1) 12.8 12.4 Changed T-loop 60%
m.5633C>T {RNA . 2.857%(2) 17 167 | Changed | Anticodon sten] 40%
m.5772G>A tRNA™Y® Polymorphism 1.429%(1) -18.1 -15.9 Changed T-stem 100%
m.5775T>C tRNA™YS Polymorphism 1.429%(1) -18.1 -17.8 Normal T-loop %80
m.7521G>A tRNASP Polymorphism 1.429%(1) -9.1 -9.7 Normal Acceptenst 50%
m.7567C>A tRNASP Novel 1.429%(1) -9.1 -10.9 Changed T-loop 40%
m.10034T>C tRNASY Polymorphism 4.286%(3) -8.5 -8.1 Changed | Variable region 90%
m.10410T>C tRNA" Polymorphism 1.429% (1) -10.1 -11.7 Norma Accestem 20%
m.10463T>C tRNAYS Ssggaol[m;g . 2.8557%(2) -10.1 -10.1 Normal |  Acceptor stem 100%
m.12166T>C tRNA'S Polymorphism 1.429%(1) -10 -9.5 Changed | Anticodon loop 80%




Table 3: In silico analysis of the sequence variations found in fNARNconding genes (cont.).

m.12179A>G tRNATS Polymorphism 1.429%(1) -10 -10 Normal Variable oaqi 100%
m.12184A>G tRNA'S Polymorphism 1.429%(1) -10 -15 Changed T-stem 70%
His Polymorphism o ) R _ 0
m.12192G>A tRNA Mutation (MICM) 1.429%(1) 10 9.9 Normal T-loop 30%
eu2 Polymorphism o : : . . 0
m.12308A>G tRNA Somatic Mutation 14.286%(10) 15.1 14.9 Changed | Variable region 100%
m.15904C>T tRNA™ Polymorphism 5.714%(4) -13.6 -13.3 Changed D-loop 60%
m.15905C>T tRNA™ Polymorphism 4.286%(3) -13.6 -13.3 Changed D-loop 40%
Th Polymorphism o i ) i o
m.15908T>C tRNA Mutation (DEAF) 1.429%(1) 13.6 13.6 Normal D-stem 100%
Th Polymorphism o i ) o
m.15924A>G tRNA Mutation (LIMM) 4.286%(3) 13.6 13.6 Normal Acceptor stem 100%
Thr Polymorphism 0 - - 9
m.15927G>A tRNA Mutation (Multiple Sclerosis/DEAF) 2.857%(2) 13.6 13.4 Normal Acceptor stem 50%
Polymorphism
m.15928G>A tRNA™ Mutation (Multiple Sclerosis/idiopathic 2.857%(2) -13.6 -13.6 Normal Acceptor stem 70%
repeat miscarriage/AD)
m.15930G>A tRNAT™ Polymorphism 1.429%(1) -13.6 -11.2 Changed | Variable region 20%
m.15946C>T tRNAT™ Polymorphism 1.429%(1) -13.6 -11.4 Changed | Acceptor stem 80%

Abbreviations: ADPD = Alzheimer's Disease and Ra@in Disease; LHON= Leber's Hereditary Optic Neatlop ; MICM = Maternally Inherited CardiomyopathyEAF= Deafness;
LIMM=Mitochondrial Myopathy Lethal Infantile.
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Figure 2: Results fromin silico analysis for nucleotide (m.4312C>T mt- A-

normal and B- “mutated” structure (RNAfold); C- laion of the sequence variation in

the clover-shaped structure; D- Evolutionary covesgon for the nucleotide position

(signed with blue rectangle).
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Figure 3: Results frorin silico analysis for nucleotide (m.4435A>G wit-tRNA) A-
normal and B- “mutated” structure (RNAfold); C-dation of the sequence variation in
the clover-shaped structure; D- Evolutionary covegon for the nucleotide position

(signed with blue rectangle).
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Figure 4: Results fromin silico analysis for nucleotide (m.5772G>A wt-tRNAYS A-
normal and B- “mutated” structure (RNAfold); C- laion of the sequence variation in
the clover-shaped structure; D- Evolutionary covesgon for the nucleotide position

(signed with blue rectangle).
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Figure 5: Results fromin silico analysis for nucleotide (m.12166T>Crof-tRNA™) A-
normal and B- “mutated” structure (RNAfold); C- laion of the sequence variation in
the clover-shaped structure; D- Evolutionary covetgon for the nucleotide position

(signed with blue rectangle).
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Figure 6: Results fronin silico analysis for nucleotide (m.12308A>G mmfttRNA™")
A-normal and B- “mutated” structure (RNAfold); Cetation of the sequence variation
in the clover-shaped structure; D- Evolutionarysmmwation for the nucleotide position

(signed with blue rectangle).
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Figure 7: Results fromin silico analysis for nucleotide (m.15946C>T mf+RNA™)
A-normal and B- “mutated” structure (RNAfold); Cetation of the sequence variation
in the clover-shaped structure; D- Evolutionary semation for the nucleotide position

(signed with blue rectangle).

Discussion

Human mitochondrial tRNAs acquired interest with thscovery of correlations
between point mutations in its genes and neurodzgéwe diseases (Zifa et ,a2007).
The clinical evaluation related to mtDNA is ofteontplicated andant-tRNAsmutations
present unusual difficulties in clinical diagnobiscause of the inability to determine if
the changes are pathogenic or not (Glatz e28fl1). The minimum free energy is a
criterion to predict the stability of mt-tRNA striwece, since a pathogenic mutation in
mt-tRNA can alter the secondary structure. Lowenimum free energy is related to a
more stable structure, but it is not an absolut, faecause of biological complexity
(Zzhang et al., 2011). Evolutionary conservationaiso an important feature of
pathogenicity (Yarham et al., 2011). High perceataj evolutionary conservation
suggests that sequence variation may be deletelio@8 variations, 17 (m.1640A>G,
m.1659T>C, m4312C>T, m.4318C>T, m.4435A>G ,m.4456C>n.5633C>T,
m.5772G<A, m.7567C>A, m.10034T>C, m.12166T>C, m842>G, m.12308A>G,
m.15904C>T, m.15905C>T, m.15930G>A and m.15946C&E) predicted to have




changes of structure and minimum free energy, byt 8 variations have an elevated
evolutionary conservation (Table 3). In 5 variaipdespite of having high percentage
of conservation, its structures do not change (#b%2C, m.10463T>C, m.12179A>G,
m.15908T>C and m.15924A>G). There are 7 alteratiomd640A>G, m.5772G>A,
m.5775T>C, m.10034T>C, m.12166 T>C, m.12179A>G and5946C>T) that are
reported in MITOMAP as polymorphisms but the petage of conservation is high.
Variations previously described as pathogenic nartaf affect mostly high conserved
nucleotides, whereas most polymorphic alteratiorfleca rather nonconserved
nucleotides (Table 3). However, there are exceptisame pathogenic mutations affect
nonconserved positions and some polymorphic vanatiaffect conserved positions.
This suggests that the rate of conservation ofcéentide by itself cannot be considered
as a threshold for which the mutation will be efife®ly pathogenic (Zifa et al., 2007).
Other criteria must be considered.

From the 28 variations detected, m.4312C>T, m.4318&nd m.4456C>T are
present in heteroplasmy, and were found in the spatient, but the percentage of
heteroplasmy was not determined. On the other haetegroplasmy of variants imt-
tRNA genes has been generally regarded as direct e@déor pathogenicity
(McFarland et al., 2004).

Location of variations in the tRNA structure is @lsery important. For a
mutation affecting directly the function aft-tRNA this should occur in a critical base
to the recognition of the codon and aminoacylatidowever, of all the pathogenic
mutations that occur imt-tRNAgenes and that have been previously associatéd wit
mitochondrial diseases, only a few occur in thegeal positions (Suzuki et al., 2011).
From 28 variations, there are 14 alterations thatl@cated in the stems, 10 variations
are localized in the loops and 4 are in the vagiabgion. Manymt-tRNApathological
mutations are mainly located, on the stem portidgtereira et al., 2008). An elevated
number of variations were found in tRNAcoding genes, in comparison with other
tRNAs. This is in agreement to the study by Peraind colleagues (2008), which
indicates that the variability in this gene is mumgher, especially in the stem regions.
Other mt-tRNAsgenes have also more variations in the stems, asctRNA? and
tRNA™Y. Other genes have higher numbers of variationthénloops (tRNA® and
tRNAY®Y. The tRNA'™ presents variations in the loops, namely one #&ulisn,
m.4435A>G, is located in the anticodon loop, whishrelevant, since this tRNA

performs an important role as the initiator ofratDNA proteins.




The breaking of Watson—Crick base pairing is anartgnt characteristic to
identify pathogenic mutations that occur in thars&ructures. The disruption of C-G
(cytosine-guanine) base pair linking is signifidgntnore common in pathogenic
mutations. The A-T (adenine—-thymine) bonding hdsveer thermodynamic energy
than C—G bonding and it is possible that breakirg Adonds has less effect on the
structure of themt-RNAthan an equal break of a C—G pair bases (Figuaadi7)
(McFarland et al., 2004). Variation m.5772G>A isTirstem of tRNA® (within LS of
MtDNA). Variations m.15927G>A, m.15928G>A and m.46@>T are located in
stems of tRNA™. Since these variations break the links C-G, thelsanges are
probably more pathogenic.

After in silico analysis, there are 6 sequence variations thateptehigh
probability of being pathogenic: m.4312C>T, due tieteroplasmy presented, to the
change of minimum free energy and its structure, legh percentage of conservation;
m.4435A>G alteration induces structure and bindmgimum free energy changes, it
is localized in a critical position and it is tdtalconserved in all species analysed;
m.5772G>A modifies the structure and binding minimfree energy, being located a
local of disruption of Watson—Crick base pairing-@&F of T-stem and it is 100%
conserved in all species; the alteration m.12166p¥€3ents changes in structure and
binding minimum free energy, it is located in aaton loop and is highly conserved,
the most frequent variation identified in our cahs m.12308A>G, in the variable
region ofmt-tRNA®“? gene. This variation leads to structure alteragiod it is totally
conserved, the variation m.15946C>T also causesgehm the structure and minimum
free energy; it is localized in the acceptor stem bas high conservation rate.

Conclusions

The analysis of thent-tRNAsvariations indicates that there is not sufficient
evidence to classify the variations as pathogeaisative of FTLD. However, through
this study it is possible to gather important data.

Most of the detected variations altered the stmectuind minimum free energy of
tRNAs. There is a higher number of substitutionghie stems than in the loops, which
is in agreement with the literature, concerning itmeolvement of mt-tRNA folding

genes in diseases. The evolutionary conservatiomtsalways in agreement with the




results obtained for the structure, for predictioh pathogenicity. Therefore, it is
difficult to detect pathogenic mutations due toehegieneity of resultdNevertheless,
according to all the pathogenicity criteria studied 28 variations detected, the more
likely to be pathogenic are m.4312C>T in tRNA m.4435A>G in tRNA"
m.5772G>A in tRNA™YS, m.12166T>C intRNA"™, m.12308A>C intRNA®" and
m.15946C>T itRNA™.

It is yet unclear, at the molecular level, how thatantmt-tRNAscan cause
mitochondrial dysfunction. There is a current nottbat not onlymt-tRNAmutations,
but a combination of different mutations presenmitochondrial genes is responsible
for a variety of clinical diseases (McFarland et 2004).

Additionally, given the role oft-tRNAsin MRC function, mutations in these
genes may affect the ability to produce mitochamdsroteins. These protein synthesis
anomalies result in OXPHOS deficiency, since theysratic activity of all MRC
complexes could be affected. Furthermore, accortinghe “Mitochondrial cascade
hypothesis” (Swerdlow and Khan, 2004), polymorphkariations in MCR subunits
encoding genes establish MCR efficiency and ba#alcihmondrial ROS production, that
correlates with mtDNA damage. Acordingly, somatitbidA mutation decreases MCR
efficiency leading to reduced OXPHOS and/or incedafOS production. For this
reason, mMtDNA mutations possibly modify age of onseontributing to
neurodegeneration process, probably due to an impat of MCR and/or translation
mechanisms.

Moreover, deeper biochemical investigations areleéd¢o better understand the
relationships between mtDNA and FTLD, consideritg tnvolvement of nuclear
genes. Genotype/phenotype correlation can involwelear and mitochondrial
interactions, but the exact mechanism is still wvim.

In conclusion, more research is needed to determihether themt-tRNA
variations play a direct pathogenic role in FTLD.functional study would certainly

help to prove the possible pathogenicity of thdsaations.
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our access programs (http://www.elsevier.com/agcess

* No Open Access publication fee

All articles published Open Access will be immedigtand permanently free for
everyone to read and download. Permitted reusefisedl by your choice of one of the
following Creative Commons user licenses:

Creative Commons Attribution (CC BY): lets otherstdbute and copy the article, to

create extracts, abstracts, and other revisedovexsadaptations or derivative works of




or from an article (such as a translation), toudel in a collective work (such as an
anthology), to text or data mine the article, ef@rcommercial purposes, as long as
they credit the author(s), do not represent thbads endorsing their adaptation of the
article, and do not modify the article in such ayvaa to damage the author's honor or
reputation.

Creative Commons Attribution-NonCommercial-Shar&al{CC BY-NC-SA): for non-
commercial purposes, lets others distribute ang tlog article, to create extracts,
abstracts and other revised versions, adaptatiodervative works of or from an

article (such as a translation), to include in bective work (such as an anthology), to
text and data mine the article, as long as thegitctiee author(s), do not represent the
author as endorsing their adaptation of the artadenot modify the article in such a
way as to damage the author's honor or reputadimh)icense their new adaptations or
creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerf@C BY-NC-ND): for non-
commercial purposes, lets others distribute ang top article, and to include in a
collective work (such as an anthology), as lonthay credit the author(s) and provided
they do not alter or modify the article.

To provide Open Access, this journal has a pubbodee which needs to be met by the
authors or their research funders for each anticldished Open Access.

Your publication choice will have no effect on {heer review process or acceptance of

submitted articles.

The publication fee for this journal is $2200, extihg taxes. Learn more about

Elsevier's pricing policy: http://www.elsevier.caspenaccesspricing.

Language (usage and editing services)

Please write your text in good English (AmericarBatish usage is accepted, but not a
mixture of these). Authors who feel their Englishguage manuscript may require
editing to eliminate possible grammatical or spegllerrors and to conform to correct
scientific English may wish to use the English Laage Editing service available from
Elsevier's WebShop http://webshop.elsevier.comillaggediting/ or visit our customer
support site http://support.elsevier.com for maorferimation.

Submission




Submission to this journal proceeds totally ontmel you will be guided stepwise
through the creation and uploading of your fileke Bystem automatically converts
source files to a single PDF file of the articldyieh is used in the peer-review process.
Please note that even though manuscript sourcedike converted to PDF files at
submission for the review process, these soures #ite needed for further processing
after acceptance. All correspondence, includingfination of the Editor's decision and
requests for revision, takes place by e-mail remgtine need for a paper trail.

Referees
Please submit, with the manuscript, the namesgadds and e-mail addresses of three
potential referees. Note that the editor retaiesstble right to decide whether or not the

suggested reviewers are used.

PREPARATION

Use of wordprocessing software

It is important that the file be saved in the natiermat of the wordprocessor used. The
text should be in single-column format. Keep th@la of the text as simple as
possible. Most formatting codes will be removed esplaced on processing the article.
In particular, do not use the wordprocessor's ogtio justify text or to hyphenate
words. However, do use bold face, italics, subserguperscripts etc. When preparing
tables, if you are using a table grid, use only gmne for each individual table and not a
grid for each row. If no grid is used, use tabg,sp&aces, to align columns. The
electronic text should be prepared in a way vamyjlar to that of conventional
manuscripts

(see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). NotettBaurce files of figures, tables and
text graphics will be required whether or not youbed your figures in the text. See
also the section on Electronic artwork. To avoidegessary errors you are strongly

advised to use the 'spell-check’ and 'grammar-clige&tions of your wordprocessor.

Article structure

Subdivision - unnumbered sections




Divide your article into clearly defined sectiolisach subsection is given a brief
heading. Each heading should appear on its ownategdae. Subsections should be
used as much as possible when crossreferencingeét to the subsection by heading

as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide amade background, avoiding a

detailed literaturesurvey or a summary of the itasul

Material and methods
Provide sufficient detail to allow the work to leproduced. Methods already published

should be indicated by a reference: only relevandifications should be described.

Results
Results should be clear and concise.
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Discussion
This should explore the significance of the resoftthe work, not repeat them. A
combined Results and Discussion section is oft@nogpiate. Avoid extensive citations

and discussion of published literature.

Conclusions
The main conclusions of the study may be presentadshort Conclusions section,
which may standalone or form a subsection of al@ision or Results and Discussion

section.

Appendices

If there is more than one appendix, they shoulaibstified as A, B, etc. Formulae and
equations in appendices should be given separatbeming: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so on.I&imfor tables and figures: Table
A.l; Fig. A.1,etc.

Essential title page information




« Title. Concise and informative. Titles are often usedformation-retrieval systems.
Avoid abbreviations and formulae where possible.

« Author names and affiliationgVhere the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Pretbenduthors' affiliation addresses
(where the actual work was done) below the nanmelicate all affiliations with a
lower-case superscript letter immediately afteratthor's name and in front of the
appropriate address. Provide the full postal adgdoégach affiliation, including the
country name and, if available, the e-mail addoéssach author.

* Corresponding authoiClearly indicate who will handle correspondencalbstages

of refereeing and publication, also post-publicatiénsure that phone numbers (with
country and area code) are provided in additicthéce-mail address and the complete
postal address. Contact details must be kept dat®by the corresponding author.

* Present/permanent addreskan author has moved since the work describeten
article was done, or was visiting at the time,rasent address' (or 'Permanent address')
may be indicated as a footnote to that author'senditne address at which the author
actually did the work must be retained as the neiiliation address. Superscript

Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. Thératisshould state briefly the purpose
of the research, the principal results and majachksions. An abstract is often
presented separately from the article, so it mastlide to stand alone. For this reason,
References should be avoided, but if essentiah, ¢fte the author(s) and year(s). Also,
non-standard or uncommon abbreviations should belest, but if essential they must

be defined at their first mention in the abstrésg|F.

Graphical abstract

A Graphical abstract is optional and should sumpesttie contents of the article in a
concise, pictorial form designed to capture therdibn of a wide readership online.
Authors must provide images that clearly repreiemtvork described in the article.
Graphical abstracts should be submitted as a deddeain the online submission
system. Image size: Please provide an image witimanum of 531 x 1328 pixels (h x
w) or proportionally more. The image should be edde at a size of 5 x 13 cm using a
regular screen resolution of 96 dpi. Preferredtfifees: TIFF, EPS, PDF or MS Office




files. See http://www.elsevier.com/graphicalabsdor examples. Authors can make
use of Elsevier's lllustration and Enhancementiserno ensure the best presentation of
their images also in accordance with all techmeglirements: lllustration Service.

Highlights

Highlights are mandatory for this journal. They sisih of a short collection of bullet
points that convey the core findings of the artaxhel should be submitted in a separate
file in the online submission system. Please ugghlights' in the file name and include
3 to 5 bullet points (maximum 85 characters, incigdspaces, per bullet point). See

http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximdirhOokeywords, using American
spelling and avoiding general and plural terms ramidtiple concepts (avoid, for
example, "and", "of"). Be sparing with abbreviasoonly abbreviations firmly
established in the field may be eligible. Thesewayls will be used for indexing

purposes.

Abbreviations

Define abbreviations that are not standard inftbld in a footnote to be placed on the
first page of the article. Such abbreviations #ratunavoidable in the abstract must be
defined at their first mention there, as well athi@ footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate sectidreatnd of the article before the
references and do not, therefore, include thenhetitle page, as a footnote to the title
or otherwise. List here those individuals who pdad help during the research (e.g.,

providing language help, writing assistance or preading the article, etc.).

Units
Follow internationally accepted rules and converdiaise the international system of

units (SI). If other units are mentioned, pleasedheir equivalent in Sl.




Database linking

Elsevier encourages authors to connect articlds external databases, giving their
readers one-click access to relevant databasebkelpato build a better understanding
of the described research.

Please refer to relevant database identifiers ubi@adollowing format in your article:
Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 73408BBB: 1XFN). See
http://www.elsevier.com/databaselinkif@ more information and a full list of

supported databases.

Footnotes

Footnotes should be used sparingly. Number thersemutively throughout the article,
using superscript Arabic numbers. Many wordprocesbaild footnotes into the text,
and this feature may be used. Should this not®dedke, indicate the position of
footnotes in the text and present the footnotesfadves separately at the end of the
article. Do not include footnotes in the Referelste

Table footnotes

Indicate each footnote in a table with a superstmipercase letter.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizingair original artwork.

« Embed the used fonts if the application provitteg option.

» Aim to use the following fonts in your illustratis: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their segeein the text.

« Use a logical naming convention for your artwolés.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired disi@ms of the printed version.

» Submit each illustration as a separate file.

A detailed guide on electronic artwork is availabteour website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerptaftbe detailed information are given

here.




Formats

If your electronic artwork is created in a MicrosOfffice application (Word,
PowerPoint, Excel) then please supply 'as is'@miitive document format.
Regardless of the application used other than Maftdffice, when your electronic
artwork is finalized, please 'Save as' or convertilnages to one of the following
formats (note the resolution requirements for in@wings, halftones, and line/halftone
combinations given below): EPS (or PDF): Vectomdrays, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographsfitvaés), keep to a minimum of 300
dpi. TIFF (or JPEG): Bitmapped (pure black & whpigels) line drawings, keep to a
minimum of 1000 dpi. TIFF (or JPEG): Combinatiomsrapped line/half-tone (color
or grayscale), keep to a minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen usg.(&IF, BMP, PICT, WPG); these
typically have a low number of pixels and limitezt sf colors;

« Supply files that are too low in resolution;

» Submit graphics that are disproportionately ldggehe content.

Color artwork

Please make sure that artwork files are in an aabkpformat (TIFF (or JPEG), EPS
(or PDF) or MS Office files) and with the correesolution. If, together with your
accepted article, you submit usable color figunestElsevier will ensure, at no
additional charge, that these figures will appaaralor on the Web (e.g., ScienceDirect
and other sites) in addition to color reproducimprint. For further information on the
preparation of electronic artwork, please see

http://www.elsevier.com/artworkinstructions.

lllustration services

Elsevier's WebShop (http://webshop.elsevier.cousfitationservices) offers lllustration
Services to authors preparing to submit a manudeupconcerned about the quality of
the images accompanying their article. Elsevieqse# illustrators can produce
scientific, technical and medicalstyle images, al as a full range of charts, tables and
graphs. Image 'polishing' is also available, wiwereillustrators take your image(s) and

improve them to a professional standard. Pleasetheswebsite to find out more.




Figure captions

Ensure that each illustration has a caption. Supg@bfions separately, not attached to
the figure. A caption should comprise a brief t{th@t on the figure itself) and a
description of the illustration. Keep text in thie@strations themselves to a minimum

but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance withr tgpearance in the text. Place
footnotes to tables below the table body and iridit@em with superscript lowercase
letters. Avoid vertical rules. Besparing in the o$¢ables and ensure that the data
presented in tables do not duplicate results desgrelsewhere in the article.

References

Citation in text

Please ensure that every reference cited in thestakso present in the reference list
(and vice versa). Any references cited in the alostnust be given in full. Unpublished
results and personal communications are not recamdetkin the reference list, but may
be mentioned in the text. If these referencesraieded in the reference list they
should follow the standard reference style of thenal and should include a
substitution of the publication date with eithenfiuiblished results’ or ‘Personal
communication'. Citation of a reference as 'in grasplies that the item has been

accepted for publication.

Web references

As a minimum, the full URL should be given and tia#e when the reference was last

accessed. Any further information, if known (DQUitlzor names, dates, reference to a
source publication, etc.), should also be givenb\derences can be listed separately
(e.g., after the reference list) under a diffetegading if desired, or can be included in

the reference list.

References in a special issue
Please ensure that the words 'this issue' are addmay references in the list (and any

citations in the text) to other articles in the safpecial Issue.




Reference style

Text: All citations in the text should refer to:

1. Single authorthe author's name (without initials, unless therambiguity) and the
year of publication;

2. Two authorsboth authors' names and the year of publication;

3. Three or more authordirst author's name followed by ‘et al." and tharyaf
publication. Citations may be made directly (orgudinetically). Groups of references
should be listed first alphabetically, then chragitally.

Examples: 'as demonstrated in wheat (Allan, 2020@0b, 1999; Allan and Jones,
1999). Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetiealtthen further sorted
chronologically if necessary. More than one refeesitom the same author(s) in the
same year must be identified by the letters "a’c’betc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer J, Hanraads JAJ, Lupton RA. The antriting a scientific article. J Sci
Commun2010; 163 : 51-9.

Reference to a book:

Strunk Jr W, White EB. The elements of style. 4thNew York: Longman; 2000.
Reference to a chapter in an edited book:

Mettam GR, Adams LB. How to prepare an electromicsion of your article. In: Jones
BS, Smith RZ,editors. Introduction to the electmage. New York: E-Publishing Inc;
2009. p. 281-304. Note shortened form for last pageber. e.g., 51-9, and that for
more than 6 authors the first 6 should be listéidvieed by "et al.” For further details
you are referred to "Uniform Requirements for Mamits submitted to Biomedical
Journals" (J Am Med Assoc 1997; 277 : 927-34) &dse

http://www.nIm.nih.gov/bsd/uniform_requirements.tm

Journal abbreviations source

Journal names should be abbreviated according to:

List of title word abbreviations: http://www.issngs2-22661-LTWA-online.php; NLM
Catalog (Journals referenced in the NCBI Databases)

http://www.ncbi.nlm.nih.gov/nimcatalog/journals;




CAS (Chemical Abstracts Service): via

http://www.cas.org/content/references/corejournals.

Video data

Elsevier accepts video material and animation sszpgeto support and enhance your
scientific research. Authors who have video or atiom files that they wish to submit
with their article are strongly encouraged to ideuinks to these within the body of the
article. This can be done in the same way as adigutable by referring to the video or
animation content and noting in the body text whestould be placed. All submitted
files should be properly labeled so that they diyaelate to the video file's content. In
order to ensure that your video or animation matesidirectly usable, please provide
the files in one of our recommended file formatthve preferred maximum size of 50
MB. Video and animation files supplied will be pighied online in the electronic
version of your article in Elsevier Web products;luding ScienceDirect:
http://www.sciencedirect.com. Please supply 'stiigh your files: you can choose any
frame from the video or animation or make a sepamage. These will be used instead
of standard icons and will personalize the linkoaoir video data. For more detailed
instructions please visit our video instruction agt
http://www.elsevier.com/artworkinstructions. Nosence video and animation cannot
be embedded in the print version of the journaapé provide text for both the

electronic and the print version for the portiofshe article that refer to this content.

AudioSlides

The journal encourages authors to create an AudesSpresentation with their
published article. AudioSlides are brief, webingiles presentations that are shown next
to the online article on ScienceDirect. This giaeshors the opportunity to summarize
their research in their own words and to help remadaderstand what the paper is about.
More information and examples are available athitw.elsevier.com/audioslides.
Authors of this journal will automatically receiam invitation e-mail to create an

AudioSlides presentation after acceptance of {beger.

Supplementary data
Elsevier accepts electronic supplementary materialpport and enhance your

scientific research. Supplementary files offerdnéhor additional possibilities to




publish supporting applications, high resolutiorages, background datasets, sound
clips and more. Supplementary files supplied wallgublished online alongside the
electronic version of your article in Elsevier Wigdoducts, including ScienceDirect:
http://www.sciencedirect.com. In order to ensui four submitted material is directly
usable, please provide the data in one of our rewemded file formats. Authors should
submit the material in electronic format togeth@&hwhe article and supply a concise
and descriptive caption for each file. For moreaded instructions please visit our

artwork instruction pages at http://www.elseviemz¢artworkinstructions.

Submission checklist

The following list will be useful during the finahecking of an article prior to sending
it to the journal for review. Please consult thiside for Authors for further details of
any item.

Ensure that the following items are present:

One author has been designated as the correspaadimgy with contact details:

* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and cantain

» Keywords
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* All figure captions

* All tables (including title, description, footrest)

Further considerations

* Manuscript has been 'spell-checked' and 'granuineacked’

* References are in the correct format for thispal

* All references mentioned in the Reference list@ted in the text, and vice versa

» Permission has been obtained for use of copytyhtaterial from other sources
(including the Web)

« Color figures are clearly marked as being intehie color reproduction on the Web
(free of charge) and in print, or to be reproduicecolor on the Web (free of charge)
and in black-and-white in print




« If only color on the Web is required, black-anti#e versions of the figures are also
supplied for printing purposes.For any further miation please visit our customer
support site at http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be useddite and link to electronic
documents. The DOI consists of a unique alpha-niensbaracter string which is
assigned to a document by the publisher upon itialialectronic publication. The
assigned DOI never changes. Therefore, it is aal medium for citing a document,
particularly 'Articles in press' because they haotyet received their full bibliographic
information. Example of a correctly given DOI (irRU format; here an article in the
journal Physics Letters B http://dx.doi.org/10.1016/].physletb.2010.09.059

When you use a DOI to create links to documenthernweb, the DOIs are guaranteed

never to change.

Proofs

One set of page proofs (as PDF files) will be $gn¢-mail to the corresponding author
(if we do not have an e-mail address then papesfpmill be sent by post) or, a link
will be provided in the e-mail so that authors damvnload the files themselves.
Elsevier now provides authors with PDF proofs whiah be annotated; for this you
will need to download Adobe Reader version 7 (ghhr) available free from
http://get.adobe.com/reader. Instructions on hoantaotate PDF files will accompany
the proofs (also given online). The exact systequirements are given at the Adobe

site: http://www.adobe.com/products/reader/teclesgeml If you do not wish to use

the PDF annotations function, you may list the ections (including replies to the
Query Form) and return them to Elsevier in an ekndease list your corrections
quoting line number. If, for any reason, this i$ possible, then mark the corrections
and any other comments (including replies to ther@&orm) on a printout of your
proof and return by fax, or scan the pages andig-ondy post. Please use this proof
only for checking the typesetting, editing, cometetss and correctness of the text,
tables and figures. Significant changes to thelarts accepted for publication will
only be considered at this stage with permissiomfthe Editor. We will do everything

possible to get your article published quickly aedurately — please let us have all your




corrections within 48 hours. It is important to eresthat all corrections are sent back to
us in one communication: please check carefullpteefeplying, as inclusion of any
subsequent corrections cannot be guaranteed. Baglofig is solely your responsibility.
Note that Elsevier may proceed with the publicabbgour article if no response is

received.

Offprints

The corresponding author, at no cost, will be prediwith a PDF file of the article via
email (the PDF file is a watermarked version ofplélished article and includes a
cover sheet with the journal cover image and daliser outlining the terms and
conditions of use). For an extra charge, paperiotfpcan be ordered via the offprint
order form which is sent once the article is acegor publication. Both corresponding
and co-authors may order offprints at any timeBisevier's WebShop

(http://webshop.elsevier.com/myarticleservices/ofits). Authors requiring printed

copies of multiple articles may use Elsevier Weh&htCreate Your Own Book' service
to collate multiple articles within a single cover

(http://webshop.elsevier.com/myarticleservices/haffis/myarticlesservices/booklets).
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details for questions arising after acceptancendadréicle, especially those relating to
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