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homozygotic twins is an indication that epigenetics and environment may also play significant roles. Epigenetics refer to inheritable and potentially l Epigenetic dynamics in immunity and
reversible changes in DNA and chromatin that regulate gene expression without altering the DNA sequence. The primary mechanisms of epigenetic autoimmunity. [Int J Biochem Cell Biol. 2015]

regulation include DMNA methylation, histone modification, and non-coding RNA-mediated regulation. The regulation on gene expression by
epigenetics is similar to that by transcription factors (TFs), and the normal execution of biological event is controlled by a combination of epigenetic
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Int. J. Mol. Sci. 2015, 16

12369

1. Introduction

Multiple sclerosis (MS) is a chronic and complex demyelinating disease of the central nervous
system (CNS) with an occurrence of about 0.1% in Caucasian young adults [1]. The average age of
onset of MS 1is between 20 and 40, and it 1s twice as common in women [2]. It is widely believed that
the development of MS is attributed mainly to genetic susceptibility combined with environmental
factors [3.4]. The most common genetic variants that are known to date belong to HLA class II,
are located in chromosome 6p21 and are in linkage disequilibrium, while a variant of HLA-A (class I)
is known to confer protection from MS [5]. According to a number of genome wide association
studies (GWAS), at least 29 additional genomuc regions are suggested to be associated with MS
susceptibility [5] (and references therein).

Of particular note, CD24, although not detected in GWAS, is a gene that has been investigated
thoroughly 1n regard to its association with autoimmune diseases, mcluding MS, with promising
results. The CD24 gene is located in the chromosomal region 6q21. Interestingly, the particular
region (6q) has previously been suggested to be mn linkage with MS [6,7]. The CD24 protein 1s
a GPI-anchored cell surface glycoprotemn abundantly expressed in a varety of hematopoietic cells
such as T and B cells, macrophages, neutrophiles, eosinophils and dendritic cells [8-10]. CD24 is also
expressed m cells of the CNS such as neural and gaglion cells, astrocytes and mucrogha [8-11],
cells involved m the pathogenesis of MS. When expressed in T-cells of the nervous system, CD24
expression is required for T-cell homeostatic proliferation [10]. It has also been shown that CD24 1s
responsible for the local expansion of T cells after nugration to the CNS and the development of
experimental autoimmune encephalomyelitis (EAE) in mouse models [12,13].

Four polymorphisms of the CD24 gene have been found to be implicated in the etiology of MS and
various degenerative diseases [10]; these polymorphusms are: (a) a C-to-T substitution at nucleotide
226 resulting in a Ala57Val substitution: (b) a TG dinucleotide deletion at positions 1527-1528:
(c) an A-to-G substitution at nucleotide 1056; and (d) an A-to-G substitution at nucleotide 1626.
The later three polymorphisms are located m exon 2 m the 3" UTR, a region that confers mRNA
stability [14,15]. rs numbers have been assigned to these polymorphisms (1552812045, rs3838646,
151058818 and rs1058881 respectively); however, all correspond to the intronless CD24 pseudogene,
which 1s located in the chromosomal region Yqll. A number of case-control studies have been
performed to mvestigate the putative association of CD24 gene polymorphisms with MS development
and progression, although the results are controversial. In the present study, we performed a complete
meta-analysis of the currently available bibliographic data in order to decipher these associations and
add statistical support to them.
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ABSTRACT
Motivation: Computational prediction of signal peptides is of great
importance in computational biology. In addition to the ganeral
secratory pathway (Sac), Bacteria, Archasa and chioroplasts possass
anothar major pathway that ufilizes the Twin-Arginine translocass
(Tat), which recognizes longsr and less hydrophobic signal peptides
carrying a distinctive pattern of two consecutive Arginines (RA) in
the n-region. A major functional differentiation between the Sec and
Tat export pathways lies in the fact that the former translocates
secrated proteins unfolded through a protein-conducting channel,
whereas the latter translocates completely folded proteins using an
unknown machanism. The purpose of this work is to develop a novel
mathed for predicting and discriminating Sac from Tat signal peptides
at bettar accuracy.

Results: Wa raport the development of a novel method, PRED-
TAT, which is capable of discriminating Sec from Tat signal peptides
and predicting their cleavage sites. The method is based on
Hidden Markov Models and possesses a modular architecturs
suitable for both Sec and Tat signal peptides. On an independent
test set of ewperimentally verifisd Tat signal peptides, PRED-TAT
clearly outperfiorms the previously proposed methods TatP and
TATFIMD, whereas, when evaluated as a Sec signal peptide pradictor
comparss favorably to top-scoring predictors such as SignalP and
Phobius. The method is froely available for academic users at
httpz//www.compgan.org/tools/PRED-TAT/.

Contact: pbagos@ucg.ar

Y Suppl y data are available at
Biginformatics online.
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1 INTRODUCTION

In all domains of life (Bacteria, Eukarya and Archaea), the majority
of secreted proteins are synthesized as precursors that carry a
cleavable N-terminal signal sequence. The signal peptide possesses
a modular architecture with a positively charged region at the
n-terminus (m-region), a hydrophobic region (h-region) that spans
the membrane and a c-region of mostly small and uncharped
residues ending at the characteristic cleavage site (von Heijne,
1990). The signal peptide is necessary for targeting the protein to

*To whom correspondence should be addressed.

the membrane-embedded export machinery in Bacteria (Driessen
and Nouwen, 2007}, Eukaryotes (Rapoport et al. 1999) and
Archaea (Pohlschroder et al., 2005). Upon translocation across the
membrane, the signal peptide is cleaved from the precursor via a
membrane-bound signal peptidase (Tuteja, 20035; van Roosmalen
ei al., 2004). In Eukaryotes, proteins targeted to the organelles
of bacterial origin (mitochondria and chloroplasts) also contain
cleavable MN-terminal targeting sequences, although they are in
eneral different from those found in the eukaryotic or bacterial
secreted proteins (Habib et al.. 2007 von Heijne f al., 1989).

In addition to the general export pathway (Sec), Bacteria, Archaea
and chloroplasts possess another major pathway that utilizes the
Twin-Arginine translocase (Tat). Tat recognizes longer and less
hydrophobic signal peptides camying a distinctive pattern of two
consecutive Arginines (RR) in the n-region (Berks er al., 2005;
Lee et al., 2006; Teter and Klionsky, 1999). A major functional
differentiation between Sec and Tat export pathways lies in
the fact that the former translocates secreted proteins unfolded
through a protein-conducting channel, whereas the latter translocates
completely folded proteins using an unknown mechanism (Teter
and Klionsky, 1999). Interestingly, in halophilic Archaea, the
components of the Tat pathway are essential for viability (Dilks
et al., 2005; Thomas and Bolhuis, 2006) and there is evidence that
Tat-dependent translocation is widely used as part of 2 mechanism
for adaptation to extreme saline environments (Rose et al., 2002).

Computational prediction of signal peptides was performed
initially using weight matrices (von Heijne, 1986). However, Neural
Networks (NNs) (Nielsen et al., 1997, 1999) as well as Hidden
Markov Models (HMMs; Nielsen and Krogh, 1998) introduced by
the SignalP method have been proven to be the most successful
methods currently available (Menne et al., 2000). Recently, SignalP
was retrained and, mainly due to better annotation and selection of
the training set, yielded an even better accuracy (Bendtsen ef al.,
2004). The Phobius (Kall et al., 2004, 2007) and Philius (Reynolds
ei al., 2008} methods followed a different approach in which a
graphical model (HMM and Bayesian network, respectively) was
used to predict at the same time the presence of a secretory signal
peptide and transmembrane (TM) topology of a given protein
minimizing thus the number of signal peptides predicted as TM
segments and vice versa. Other methods such as LipoP (Juncker
el al., 2003) and PRED-LIPOD {Bagos et al., 2008) were developed
during the last years for predicting lipoprotein signal peptides, which
possess a distinctive cleavage site with an indispensable cysteine
responsible for anchoring to the membrane (Sankaran and Wu, 1994;

user to change the regular expression pattern and thus to perform
predictions by relaxing the RR motif assumption. This approach,
however, has limited usefulness in large-scale analyses since it
is not statistically validated (i.e. the number of false positives
will increase drastically). Mutagenesis studies in various model
organisms have also shown different properties concerning the
adjacency to the RR amino acids (DeLisa ef al., 2002; Kreutzenbeck
et al., 2007: Kwan and Bolhuis, 2000; Li er al.. 2006). Moreover,
the situation is more complicated, since in many cases some signal
peplides possess intermediate properties. For instance, in some
cases, signal peptides are rerouted to the Sec machinery only after Tat
deactivation and in others, the signal sequences possess promiscuity
under physiological conditions (Tullman-Ercek ef al., 2007). Thus,
it would be non-realistic to expect having a single predictor that
could be predicting all these real-life situations. Nevertheless, in a
dataset of RR-containing signal peptides that were experimentally
verified not to be TAT substrates, PRED-TAT performs satisfactory,
a fact which indicates that indeed the algorithm extracted the general
preferences of Tal-substrates succesfully.

The method presented hers was trained on a combined set of
Gram-positive and Gram-negative bacterial sequences. Even though
subtle differences exist between the signal peptides’ cleavage sites
between these classes, the limited size of the training set dictated
this choice and the resulis are satisfactory. Perhaps in the near future,
where larger datasets may become available, a different predictor
may be feasible to be constructed. The test set also contained several
archaeal Tat signal sequences and these were predicted correctly as
well. A limitation of PRED-TAT (as well as the previously proposed
methods) is that it cannot discriminate Tat lipoproteins. Lipoproteins
exported using the Tat machinery have been observed lately, but
there are a limited number of well-characterized examples (Gimenez
et al., 2007; Shruthi ef al., 20010a). Thus, only approaches based on
regular expression pattemns could be developed for the prediction of
such proteins (Shruthi 1 al., 2010b). However, in the future, where
more examples will become available, the flexible architecture of the
HMM allows easily the extension to such cases. Another possible
extension would be to discriminate between signal anchored proteins
exported with the Tat pathway. Such proteins were excluded from
the training and test sets, but a future extension of the method could
incorporate them in the final prediction.

PRED-TAT is publicly available for non-commercial users at
httpe/fwww.compgen.orgftools/PRED-TAT/ where the user may
submit a single sequence in order to receive a detailed prediction
or upload a file in order to perform batch predictions (i.e. in a whole
genome). The profile HMMs (PRED-TATyypeR) are also freely
available for download as an easy to use alternative for large-scale
analyses.
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INTRODUCTIONT]

Multiple sclerosis{MS)-is-a-chronic and complex demyelinating-disease-of the -Central-
nervous-System-CNS)-[1]-with-a-prevalence-of-about-0.1%-in-Caucasian young-adults-
2 [2]-The targetage-of-disease-onset-is-between-20-and-40-with-the-double-frequency-in-
- women-compared tomen-3].-Ttds reported that environmental factorsact together-with-
g genetic- susceptibility- to- develop- MS- [4]- and- even- that- the- biggest- the- genetic-
. susceptibility the lowestage-at-onset5].-The most-common genetic-variants-described-
g to- date- belong- to- HLA - class- II- located- in- chromosome- 6p21- and- are- in- linkage-
, disequilibrium,-while-a-variant-of-HLA-A (class T)-confers-a-protection [5].-A number-
= of- Genome- Wide- Association- studies' (GWAS)- implicated- at- least- 29- additional-
regions-in-MS-susceptibility([5]-and references therein).

o CD24,-although-not-revealed-in-GWAS, -is-a-gene-that-has-been-carefully-and-quite-
- investigated- for- its- association- with- autoimmune- diseases,- including- MS,- with-
] promising results.-CD24-gene-is-located-in-6q21 region-[6,-7],-and-the-distal -6q region-
: has-previously-been-suggested -to-be-in-linkage-with-MS-[8].-CD24 protein-is-a-GPI-

anchoredcell surface glycoproteinabundantly-expressed-in-a-variety-of hematopoietic-
cells-such-as T, -B-cells, - macrophages-neutrophiles, -eosinophils,-dendritic-cells-[9-12].-
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- Methods:- Univariate- and- multivariate- meta-analysis- were- applied- along- with- 3
= A A . . . . »
: modifications- to- include- data- from- family-trios- so-as-to-increase-the-power- of- the-

; resulting-association.q| E
A Results: -CD24-Ala>Val-57-polymorphism -is-associated -with-MS-under-the recessive-

B model-of- inheritance.-1527/1528-TG/del-polymorphism-is-inversely-associated-with-

- MS-under-dominant-mode-of-inherence-denoting-a-protective role-against-MS.-On-the- "
. contrary, no-associations-exist-for-the-1056-A/G-and- 1626-A/G-polymorphisms-with-

- MS.q

B Conclusion:-We-found-that-CD24- Ala>Val-57 -polymorphism-confers-a-risk-for-MS-

- while-1527/1528-TG/del-polymorphism-seems-to-have-a-protective-role-against-MS, -

B suggesting-that-the-latter-can-be used-as-predictive -biomarkers-for-MS-development.

B q

~ . INTRODUCTIONY|

, Multiple sclerosis{MS)-is-a-chronic and-complex demyelinating-discase-of-the-Central-

© nervous-System-CNS)(Ebers,-Sadovnick-et-al.-1995)-with-aprevalence-of-about-0.1%-

N in- Caucasian- young- adults- (Noseworthy- 1999).- The- target- age- of- discasec- onset- is-

& between-20-and-40-with-the-double-frequency-in-women-compared-to-men-(Milo-and-

N Kahana-2010).- It- is- reported- that- environmental - factors- act- together- with- genectic-

. susceptibility- to- develop- MS- (Ebers- 2008)- and- even- that- the- biggest- the- genetic-

B susccptlblllty the- lowest- age- at- onset- (Intcrnatlonal Multlplc Sclcr031s Gcnctlcs-
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Aev uttdpxel TEAEIa unxavr) avadritnong i paon

* SCOPUS = 20% more
coverage than Web of
Science

* Web of Science goes
back to 1900
compared to SCOPUS
(from 1966)

* Google Scholar is
rather inaccurate

(Falagas, Pitsouni, Malietzis, &
Pappas, 2007)
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Scholar: strengths and weaknesses, The FASEB Journal, article f].07-9492LSF. Published online September 20, 2007
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Agv UTTAPXEI KATTOIO TEAEIO EPYAAEIO

Kpitripia €1TIAOYNG:

= TI xpnoIJOTTOIOUV Ol CUVEPYATEG MAG;
L1 MTtropei va TTpaypatoTtroinBei yeTapopd apxeiwv atrd 1o Eva oucTnua oTo AAAO

= Ti yag BoAeuel kaAuTepa; o010 PUTTOPOUE VO XPNOIUOTTIOINOOUUE PE
MEYOAUTEPN EUKOAIQ
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