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RESUMO

A inflamacdo crénica é conhecida por induzir alteracbes epigenéticas, em
particular, alteragdes da metilacdo do DNA. A ilha CpG do gene SOCS1 tem sido
observada hipermetilada em diferentes tipos de cancer e em doengas associadas
a inflamacao. No entanto, pouco se sabe sobre essas alteracdes epigenéticas
associadas a periodontite crénica. A fim de abordar essa questdo, nés
investigamos a metilagdo do DNA na llha CpG do SOCST e sua relevancia
funcional para a periodontite crénica em 90 tecidos gengivais usando a técnica de
de comparacéao de melting (MS-HRM). Nés encontramos uma regido no exon 2 do
SOCST1 hipermetilada quando comparada com amostras de individuos saudaveis,
sem alteracbes em sua expressdo. Investigacdes posteriores da sequencia do
SOCS1 revelaram marcadores de enhancer na regido. Analise de sitios
hipersensiveis a Dnase | ( Dnase | hipersensitivity site — DHS) mostraram um DHS
dentro do exon2 do SOCST, que cobre a mesma regido estudada na técnica MS-
HRM, correlacionado com varios promotores na vizinhanga do SOCS17, os genes
alvos. Fragmentos cobrindo a regidao encontrada com diferenca de metilacdo no
SOCS1 foram clonados em um plasmideo rep6rter que possui um promotor e é
livre de qualquer CpG. Foram testados fragmentos desmetilados e metilados. Os
fragmentos desmetilados aumentaram a atividade da luciferase, demonstrando a
atividade de enhancer da regido. Ja os fragmentos metilados, além de néao
exercerem atividade de enhancer, foram capazes de reprimir a funcdo do
promotor. Corroborando essas informacées uma correlacdo negativa entre a
metilagdo no SOCST e a expressado de genes alvo foi observada na inflamagéo
cronica. Os dados apresentados indicam que a funcao principal da metilacdo do
DNA em um enhancer é controlar sua funcao regulatéria e consequentemente os
niveis de transcricdo dos genes alvo, o que pode ser evidenciado pela
hipermetilagdo do exon do SOCST na inflamagé&o cronica.

Palavras Chave: SOCS1, metilacdo DNA, enhancer, inflamagé&o cronica.
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ABSTRACT

Chronic inflammation is known to induce epigenetic alterations, in particular
alterations in DNA methylation. SOCS1 CpG island (CGl) has been demonstrated
hypermethylated in many types of cancer and inflammation-associated diseases.
However, little is known about the epigenetic changes associated with chronic
periodontitis. In order to address this question, we investigated DNA methylation of
SOCS1 CGI and its functional relevance to chronic periodontitis in 90 gingival
tissue samples using methylation sensitive high resolution melting (MS-HRM). We
found a region of exon 2 SOCS1 hypermethylated when compared with healthy
controls with no changes in gene expression. Further investigations showed
enhancer marker at SOCST region. Dnase | hypersensitivity site (DHS) correlation
analysis showed a DHS inside exon2 SOCS1 correlated with several promoter in
the neighboring region. Fragments harboring the SOCS7 fragment found to be
differentially methylated, enhanced the promoter activity of a CpG free-Luc
reporter, when unmethyalted. Strikingly, not only the exon2 of SOCS7 CGiI
presented enhancer activity but also it had its activity disrupted by DNA
methylation. Accordingly, negative correlation between SOCS1 methylation and
expression of neighboring genes was observed in chronic inflammation.

The data indicate that the primary function of enhancer DNA methylation is to
control its regulatory function and the transcription levels of enhancer target genes,
which can be evidenced by exon 2 SOCS1 CGl hypermethylation on chronic

inflammation.

Key-words: SOCS1, DNA methylation, enhancer, chronic inflammation.
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INTRODUCAO

A familia SOCS (Supressor Of Cytokine Signaling) € composta por proteinas
intracelulares que participam da regulagédo da resposta de células imunes ao
estimulo de varias citocinas pré-inflamatérias. Pelo menos oito proteinas membros
da familia SOCS ja foram descritas: SOCS1, SOCS2, SOCS3, SOCS4, SOCS5,
SOCS6, SOCS7 E CIS (Yoshimura et al., 2007).

SOCS1 em especifico é forte inibidor da via de sinalizagdo intracelular
JAK/STAT (JAK (Janus kinase) /| STAT (Signal Transducer e Activator of
Transcription), uma das mais importantes e estudadas vias de sinalizagcao de
transducdo de sinal que ocorrem na inflamacdo, uma vez que € ativada pela
ligacdo de citocinas secretadas durante o processo inflamatério ao receptor de
membrana que dispara a via (Alexeer e Hilton, 2004). Recentemente foi mostrado
que SOCS1 desempenha importante papel na modulacdo da sinalizacdo do
receptor Toll-like (TLR) (Yoshimura et al., 2012), podendo assim afetar a
diferenciacdo, maturacdao e fungcdo das células (Palmer e Restifo, 2009). Além
disso, SOCS1, quando presente no nucleo celular, interage diretamente com o
supressor de tumor TP53, através de seu dominio central SH2, contribuindo para
a ativacdo desse gene, o que faz a proteina SOCS1 ser requerida para a
senescéncia celular de maneira dependente de TP53 (Calabrese et al., 2009). A
importancia desses mecanismos que apontam a proteina SOCS1 como importante
regulador da proliferacédo, diferenciacao e transformacéao celular tem aumentado o
namero de estudos sobre os mecanismos controladores da sua expressao, sendo
a investigacao a respeito da regulacao epigenética um dos campos de maior
interesse da atualidade. A expressao do gene SOCST1 é fortemente regulada por
multiplos mecanismos, estando sua expressdo alterada em diferentes doencas
(Chan et al., 2014; Choi et al., 2013; Isomaki et al., 2007; Sasi et al., 2010).
Alteracdes epigenéticas no gene SOCS1, como alteragbes no padrao de metilagéo
do DNA, ja foram demostradas em diferentes tipos de cancer (Inagaki-Ohara et al.,



2013; Souma et al., 2012) e em lesbes pré-malignas muitas vezes associadas a
inflamacdo crénica (Yoshida et al., 2004). O gene SOCS1 é relativamente
pequeno, com 1765 pares de base contendo apenas dois exons e um intron.
Chama a atencao a extensdo da ilha CpG que cobre praticamente quase todo
gene e se estende desde a regiao promotora até quase o final do exon 2.

Os dinucleotides CpG esparsos pelo genoma estdo predominantemente
metilados em genomas de vertebrados. A metilagdo dos dinucleotides CpG
consiste na adicao de um radical metil a citosina (5mC) que precede a guanina.
Consequentemente, CpG estdo presentes em numero reduzido nestes genomas
devido a mutagdes que transformam as metilcitosinas em timinas, nas células
germinativas (Bird, 2002). Entretanto, certas regides enriquecidas em CpG,
denominas ilhas CGs, sao regides do DNA densas em dinucleotideos CpG e que
estdo frequentemente desmetilados. Assim, as ilhas CpGs estdo isoladas no
genoma como fragdes homogéneas em sequencias ricas em C + G (Deaton e
Bird, 2011). Aproximadamente 70% dos promotores se associam a uma ilha CpG
sendo prevalentes na regido de inicio de transcrigao (transcription start site -TSS)
de genes housekeeping e reguladores do desenvolvimento (Smith e Meissner,
2013).

Os efetores da metilacdo do DNA sao as enzimas DNA metiltransferases
(DNMTs), sendo as responsaveis por catalisar a metilacao de novo, as DNMT3A e
3B ou manter a metilagdo prévia da fita hemimetilada po6s-replicacdo, a DNMT1.
Recentemente foi proposto que as DNMT3A/B participam em conjunto com a
DNMT1 na manutengédo da metilagdo do DNA (Sharma et al., 2011). Também s6a
conhecidas as enzimas efetoras da desmetilagdo, as Ten-Eleven Translocation
(TET) que promovem a desmetilacdo dos dinucleotideos CpG (Arioka et al., 2012).
Essas enzimas sao responsaveis pela perda ativa da 5mC, de maneira
independente da divisdo celular mas dependente do aparato de reparo do DNA
nuclear. A 5mC é convertida em 5-hidroximetilcitosina (5hmC), uma forma

intermediaria durante a desmetilacdo ativa do DNA. Apés, a 5hmC sofre



deaminacéao por enzimas (Arioka et al., 2012) ou oxidag¢ao natural (Maiti e Drohat,
2011) o que € seguida por reparacao de base por excisdao (BER), resultando na

remocao da 5hmC e recolocacdo de citosina ndo metilada.

Em condicbes de normalidade celular, os dinucleotideos CpG encontrados
nas regides que formam as ilhas CpG estdo geralmente desmetilados devido a
mecanismos moleculares que tendem a minimizar as taxas de metilacao nas ilhas
CpGs (Jones, 2012). Porém, em condi¢coes de quebra da homeostasia celular por
fatores diversos, como o desenvolvimento de tumores malignos ou a instalacao de
processos inflamatérios acompanhados ou nao por infec¢édo, alteragcées no perfil
de metilacdo do DNA nas ilhas CpGs podem ocorrer, levando a quadros de
hipermetilagdo destas ilhas CpGs (Deaton e Bird, 2011; Jones, 2012; Kulis e
Esteller, 2010).

Estando a maior parte dos promotores de genes associados as ilhas CpGs,
a metilacdo do DNA representa uma forma de regulagcdo da expressdo genica
(Deaton e Bird, 2011). De fato, a hipermetilacdo das ilhas CpGs tem sido
associada a diminuicao da taxa de expressao do gene (Deaton e Bird, 2011; Kulis
e Esteller, 2010). O efeito da metilacdo em regides do genoma conhecidas como
elementos regulatérios cis como, por exemplo, os enhancers também tém sido

estudados.

Enhancers desempenham um papel central guiando a expressdo genica
que gera especificidade celular sendo capazes de ativar a transcricdo de seus
genes alvos a grandes distancias o0 que pode variar de algumas centenas a
milhares de pares de bases (Calo e Wysocka, 2013). A caracteristica principal dos
enhancers é sua habilidade de funcionar como uma plataforma integrada de
ligacao dos fatores de transcricdo. Os enhancers tém comumente 200 — 500 bp de
comprimento e contem clusters de sitio de ligacdo para diferentes fatores de
transcricao. Geralmente, a ativagdo do enhancer requer a presenga de multiplos

fatores, que incluem os fatores especificos de linhagem e os efetores das vias



celulares sequencia-dependente, garantindo a integracdo de vias intrinsecas e
extrinsecas nesses elementos (Spitz e Furlong, 2012).

Para ativarem a transcricio no template de cromatina, os fatores de
transcricdo sdo dependentes de proteinas co-ativadoras que nao apresentam sitio
de ligacado sequencia-especifica no DNA (Weake e Workman, 2010). No entanto,
elas funcionam como modificadores das histonas, remodeladores da cromatina ou
mediadores de interagbes a longa distancia com a maquinaria do promotor.
Enhancers ativam a transcricdo dos genes através da entrega de importantes
fatores acessorios para o promotor (Calo e Wysocka, 2013). Tanto a condensacao
da cromatina (pela formacao das unidades de nucleossomas) (John et al., 2008)
como a metilacdo do DNA s&o capazes de inibir a atividade do enhancer (Ko et al.,
2013).

A inflamagédo crbénica tem sido associada com o desenvolvimento de
canceres, como o gastrico, cancer de colon e hepatocarcinoma (Kaz et al., 2011;
Yoshida et al., 2004). A metilagdo aberrante do DNA tem sido observada em
inflamacdes associadas ao cancer (Kulis e Esteller, 2010; Yoshida et al., 2004)
sendo a inflamacao crénica responsavel por induzir alteragées na metilacdo do
DNA nestes casos (Suzuki et al., 2009; Wu et al., 2013). Embora as alteracdes
epigenéticas em processos inflamatorios venham sendo bastante estudadas,
pouco se sabe sobre as alteragdes epigenéticas associadas a periodontite crénica.

A periodontite cronica é caracterizada por infeccao bacteriana associada a
inflamacao dos tecidos que ancoram os dentes nos alvéolos e, se ndo controlada,
promove a destruicdo dos tecidos periodontais (ligamento periodontal e cemento)
e 0sso alveolar (Armitage, 2004). Além da infeccao bacterina, ha fatores de risco
associados que predispde o individuo ao desenvolvimento da periodontite crénica,
sendo estes fatores ambientais ou intrinsecos do individuo (Page et al., 1997). A
periodontite crénica pode apresentar efeitos sistémicos que levam ao aumento da
concentracdo de marcadores inflamatérios na circulacao. A severidade da doenca



pode ser diretamente correlacionada com os niveis desses marcadores no sangue

(Moutsopoulos e Madianos, 2006).

O gene SOCST1 exerce um papel na modulacédo da periodontite e € menos
expresso na periodontite crénica quando comparado com a gengivite (Garlet et al.,
2006). Desta forma, o objetivo deste estudo foi analisar o padréao de metilacdo da
ilha CpG do gene SOCS1 em amostras de tecido gengival de individuos afetados
e nao afetados pela periodontite, correlacionar os niveis de metilagdo observados
com a expressao de SOCST e identificar a relevancia funcional desse evento

epigenético para a patogénese dessa doenca.
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ABSTRACT

Chronic inflammation is known to induce epigenetic alterations, in particular
alterations in DNA methylation. SOCS1 CpG island (CGl) has been demonstrated
hypermethylated in many types of cancer and inflammation-associated diseases.
However, little is known about the epigenetic changes associated with chronic
periodontitis. In order to address this question, we investigated DNA methylation of
exon 2 of SOCS1 CGI and its functional relevance to chronic periodontitis in 90
gingival tissue samples using methylation sensitive high resolution melting (MS-
HRM). We found this region to be hypermethylated when compared with healthy
controls. No changes in gene expression were observed. Integrated genome —wide
chromatin landscape identified an enhancer within exon 2 of SOCS1 CGIl. The
Dnase | hypersensitivity site (DHS) correlation analysis showed this region
correlated with several promoter in the neighboring region. The fragment mapping
to this enhancer and found to be differentially methylated, enhanced the promoter
activity of a CpGfree-Luc reporter, when unmethylated. Importantly, not only the
exon2 of SOCS71 CGl presented enhancer activity but also it had its activity
disrupted by DNA methylation. Accordingly, negative correlation between SOCS1
methylation and expression of genes found on the DHS analysis was observed in
chronic inflammation. The data indicate that the primary function of enhancer DNA
methylation is to control its regulatory function, and thus the transcription levels of
enhancer target genes, which can be evidenced by exon 2 SOCS71 CGI

hypermethylation on chronic inflammation.



INTRODUCTION

Epigenetics refers to heritable changes in gene expression patterns that are
independent of primary DNA sequence (1). Naturally, the DNA in eukaryotic cells is
wrapped around an octamer of core histones, giving rise to an organized and
dynamic protein/DNA complex, the chromatin.

The transcription factor (TF) binding and initialization of gene expression
depend on chromatin accessibility which characterizes the region as regulatory
elements or not (2). The mechanisms that create and maintain these accessible
chromatin regions are not well understood but it is clear they are central to the
regulation of tissue selective function. Accessible chromatin is controlled by post-
translational modifications of the histone tails and cytosine methylation (3).

DNA methylation is one of the best studied epigenetic modifications. In
differentiated mammals cells it is primary restricted to the CpG context. Normally,
genomes are globally CpG depleted with the exception of the CpG islands (CGls)
which are CG dense regions that can be found as isolate fractions often associated
with transcription start sites (TSSs) of housekeeping and developmental regulator
genes (4). Although the CGils are susceptible to DNA methylation because of its
inherent sequence, they are very resistant to this mechanism, which makes CGls

to be normally found unmethylated (4, 5).

During tumorigenesis CGls suffer some methylation changes going from
unmethylated to hypermethylated. Hypermethylation of the CGls in the promoter
regions of TSS is recognized as a major event in the origin of many types of
cancers (6). Although the specific mechanism by which aberrant DNA methylation
is induced in cancer remains unclear, it is well established that gene

hypermethylation is strongly associated with both aging and chronic inflammation



(7). Specifically, tumors of the gastrointestinal tract show chronic inflammation as
effector of DNA methylation changes that precede the tumor development (8, 9).

The SOCS1 is a member of SOCS (Suppressor Of Cytokine Signaling)
family that acts as classic negative feedback inhibitors of JAK/STAT pathway and
is key physiological regulator of both innate and adaptive immunity (10) SOCST1 is
a small gene, containing a CGl that lies from promoter region until almost all gene
body. The SOCS7 CGl is hypermethylated in many different types of cancer (11,
12) and it is one the genes used to detect the of CpG island methylator phenotype
(CIMP) in colon cancer (13) . SOCS1 hypermethylation leads to gene silence (11,
14) but, in some cases, it does not change its own gene expression (12, 15, 16).
The hypermethylation of SOCS7 CGl is also seen in chronic inflammation (17).
Even though methylation changes have been widely studied little is known about

this epigenetic event in chronic periodontitis.

Chronic periodontitis represents an infection-associated inflammation that
affect the periodontium, the connective tissue that attaches the surface of root
teeth to alveolar bone (18). SOCST1 has been show to play a potential role in
modulating periodontitis (19) and it is down-regulated in chronic periodontitis when
compared with chronic gingivitis (20).

To understand whether or not epigenetic changes occur and thereby
potentially contribute to chronic periodontitis, we assessed the DNA methylation
profile of exon 2 of SOCS1 CGl in 90 gingival tissue samples divided into chronic
periodontitis and healthy groups. We found this region be hypermethylated in
chronic inflamed tissues when compared with healthy ones. We also assessed the
RNA expression of SOCS1 and no difference was found between groups. Also, no
correlation with DNA methylation was observed. Nevertheless, ENCODE data set
shows markers on exon 2 of SOCS1 consistent with a role of regulatory region.
Bioinformatics analysis of Dnase | hypersensitivity sites (DHS), which is a mark of
regulatory region, showed correlation of a DHS within exon 2 of SOCS1 with some



promoters of genes that are down-regulated on chronic periodontitis. Gene reporter
assay was performed for methylated and unmethylated studied DNA fragment and
showed that exon 2 of SOCS17 gene presented enhancer activity, which was
disrupted by DNA methylation. A negative correlation between the methylation
studied region on SOCS7 and gene expression of the target genes was also
observed. Hence, our key finding of this study is the enhancer activity disruption by
DNA methylation of SOCS1 CGl in chronic inflammation.

RESULTS

DNA methylation of exon 2 SOCS17 CGl in chronic periodontitis

Hypermethylation of SOCS17 CGl has been seen in different types of cancer (11,
12, 14, 15), chronic inflammation-associated disease (17) and LPS-stimulated
macrophage (21). To assess the DNA methylation of exon 2 of SOCS1 in chronic
periodontitis, gingival tissue from 90 age matched individuals (Supplementary
Table 1), 46 with chronic periodontitis diagnosis (CP group) and 44 with no sign or
symptoms of CP (healthy group), were used for the Methylation sensitive — High
resolution melting (MS-HRM) which allows for the detection of DNA methylation
levels (22) (Supplementary Figure S1A) . We found the region of exon 2 of SOCS1
CGl to be hypermethylated in 50% (23/46) of CP group and 9% (4/44) of healthy
group. From the 23 samples hypermethylated in chronic periodontitis group, 18
were 6-10% methylated, 4 were 11-25% methylated and 1 was 25-50%
methylated. In the control group, the 4 samples found to be hypermethylated they
were 6-10% methylated. The samples that were 0-5% were considered
unmethylated (Figure 1A). The heterogeneity of cells in the gingival tissue samples
could represent a limitation of this experiment. Gingival tissue represents a
heterogeneous population of cells, with inflammatory cells being over represented
in CP samples when compared to the healthy ones. However, a study using DNA
methyl array on peripheral blood cells from healthy donors (23) shows the probes

10



that are placed on the studied SOCST1 region are unmethylated in all types of blood
cells (Figure 1D). This data evidences that the methylation seen on CP samples is
not a consequence of cell heterogeneity in the tissue but certainly that the cells
gained methylation due to chronic inflammation.

In order to verify the effect of the hypermethylation, we performed qPCR
gene expression of SOCST in 20 samples of CP group and 25 of Healthy group
with no significant difference between groups (Figure 1B). No correlation between
hypermethylation and downregulation of SOCS1 gene was observed (Figure 1C).

Three enzymes, DNA methyltranferase 1 (DNMT1), DNMT3A and DNMT3B
catalyze and maintain the covalent addition of methyl groups to cytosines (4).
Three other enzymes, Ten-eleven translocation methylcytosine dioxygenase 1
(TET1), TE2 and TET3 are responsible for erasing the methylation from cytosine
and are essential for normal development (5). Given there was DNA methylation
change occurring on SOCS1 gene, we also examined the expression of DNMTT,
3A, 3B and TET1 and TET2 using the same samples for SOCS1 expression and
found DNMT1 and TETT to be upregulated in CP group (Supplementary Figure
S1B). Overexpression of DNMT1 is implicated with genomic hypermethylation (24).
Differently, TET enzymes promote DNA demethylation by converting 5-
methylcytosine to 5-hydroxymethylcytosine (5hmC). In addition, a recent study
showed TET1 expression is regulated during inflammation both in THP-1 and in
primary dendritic cells (25). Thus, the overexpression of DNMT1 and TET1 in CP
samples corroborate with observation that epigenetic events were in progress in

chronic inflamed tissue.

As CGl exon 2 hypermethylation of SOCST did not regulated its own mRNA
transcription levels, we hypothesized whether SOCS7 CGl methylation could
present some other functional relevance. Thus, we decided to further investigate
the genome sequence of SOCST region.
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Evaluation of epigenetic markers associated with enhancer activity

Mammal‘s genome contains a selection of unique combinations of coding and
regulatory elements. Some region of DNA may impact upon the expression of
distant genes by acting as enhancer, requiring looping of the chromatin and
interaction of enhancer-promoter (26). Many enhancers regions contain binding
sites for transcription factors and are identifiable by the presence of epigenetic
histone modifications such H3K4me1 and H3K27Ac (26, 27). In addition, recent
evidence showed DNase | Hipersensitivity site (DHS) as a marker of regulatory

region (16).

The publicly available ChlP-seq and DHS data sets from ENCODE project
was explored in order to investigate histone modification marks and regulatory
region marked by DHS throughout SOCS17 gene. The exon 2 was found enriched
for enhancer marks in human cells (Figure 2A). Further evidence for a regulatory
function of exon 2 of SOCS1 is provided by the observation that its sequence is
bound by CTCF protein that has been shown to cooperate with cohesion to
promote the formation of chromatin loops at some loci facilitating the interaction
between regulatory elements such as enhancer and promoter (28, 29).
Observations of ENCODE strong suggested the exon2 of SOCS7 to be a

regulatory region.

Exon 2 of SOCS1 DHS to Promoter DHSs connections

Chromatin access dictates an important constraint for TF interactions with the DNA
template (30). Regulatory elements can become available by localized remodelling
of nucleosome structures, and these perturbations can be detected by an
increased susceptibility to DNasel digestion. DNasel hypersensitive (DHS) sites
thus serve as hallmarks of regulatory protein interactions at the template as well as
sites of chromatin remodeling (31). The DHS profile is highly cell specific,
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implicating cell-selective organization of the chromatin landscape as a critical
determinant of tissue-selective receptor function (31). Many known cell-selective
enhancers become DHSs synchronously with the appearance of hypersensitivity at
promoter of their target gene (16).

We examined the DHS profile across many human cell types from ENCODE
project on £500kb surrounding the DHS anchor site that contained our region of
interest in the exon 2 of SOCST (chr16:11,348,911-11,349,051). We calculated the
DHS correlation in a cell type-specific fashion restricting the analysis to only DHS
sites identified within AG09313 (gingival fibroblast), HEEpiC (esophageal
epithelial), Th1, Th2 and CD4+cells. We observed several promoters to correlate
with the anchor region. The sites were ranked accordingly to the correlation value
with SOCS1 CGl, proximity to transcriptional start sites (TSSs) and down-

regulation in chronic periodontitis by meta-analysis (32)

We found the promoter region of RSL1D1(CSIG), SNN, RMI2, CLEC16A,
GSPT1 genes to be correlated with exon 2 of SOCST and every one of these
genes are downregulated in chronic periodontitis (Figure 2B). These genes
identified here are related to DNA repair (33), cell proliferation (34), apoptosis (35,

36) and immune inflammatory regulation (37).

Evaluation of SOCS1 enhancer activity by gene reporter assay

Based on the regulatory predictions, we measured the enhancer activity of exon 2
SOCS1 with a luciferase assay using a reporter plasmid (human EF-1a promoter)
completely devoid of CpG dinucleotides with cloning site in place of the enhancer.
Four fragments were cloned. Two covering the region of SOCS1 that was found
hypermethylated on MS-HRM assay (A and B), one downstream from these two
and still in exon 2 at the end of CGI (C), and one that was the junction of A and B
(AB) (Figure 3A). A fragment which lies in a repressed chromatin region was
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cloned as a negative control (NC) (Supplementary Figure S1C). The constructs
were transfected into HEK 293 cells and the luciferase activity measured 24 hours
after transfection. All the results were normalized and relative to empty vector (just
promoter).

As shown in Figure 3B, all the fragments, except the negative control
significantly enhanced the activity of basal (CpG-free) promoter. The fragment AB
showed the highest level of luciferase activity. Probably, this was a consequence of
the fragment length as it is larger than A, B and C allowing a higher number of
transcription factors binding in this sequence. Another possibility is that when A
and B are separated an important transcription binding site can be disrupted, which
explains the lower activity of A and B when compared to AB fragment. We also
observed activity for fragment C which reflects that regulatory region on SOCS1

can be extended to a larger region on exon 2.

Enhancers are cis-acting elements capable of regulating transcription in a
distance and orientation-independent manner. These results indicate an enhancer
activity for the SOCS1 exon 2.

DNA methylation-mediated disruption of a transcriptional enhancer

Constitutively accessible chromatin regions (pre-programmed enhancers) are
enriched by CpG dinucleotides and it is clear DNA methylation play a key role
regulating those regions (38) as CpG sites hypomethylation correlates with
chromatin accessibility (16, 38-40). In addition, DNMT1-depleted cells moderately
increase chromatin accessibility (38, 40). The accessible chromatin facilitates the
TF binding and a negative correlation between transcription factor expression and
binding site methylation at DHSs exists.(16).

In order to examine if DNA methylation would change the enhancer activity
unmetylated fragments we also tested in vitro methylated fragments. As the
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plasmid used for this study was completed devoid of CpG sequence it assured the
DNA methylation was carried out only in the enhancer fragment (inserted DNA).
Not only all the constructs had their enhancer activity abolished when the plasmids
were methylated but they also repressed the promoter activity of the reporter gene
(Figure 3B). The repression of the promoter could be explained by the repression
model which involves proteins that are attracted to methyl-CpG. The methyl-CpG-
binding domain (MBD) MeCP2 is involved in turning off gene and have been
implicated in methylation-dependent repression of transcription (for review, see
Bird, 2002) (41).

In the next approach, we wanted to explore the functional effect of DNA
methylation of exon2 of SOCS7 enhancer in chronic inflammation. We sought to
investigate the gene expression of SOCS7 and found the DNA methylation
observed in MS-HRM assay presented a negative correlation with target genes
expression in corresponding samples (Figure 3C).

In summary, we demonstrated that exon 2 of SOCS7 gene acts as
regulatory element which is disrupted by DNA methylation. The negative
correlation of SOCST methylation and target genes expression suggests chronic
inflammation contributes to the regulation of genes important for cellular control

through DNA methylation changes in a cis- regulatory manner.

DISCUSSION

In this report, we highlight the role of DNA methylation as an integral component of
transcriptional regulation mediated by enhancer activity. Using MS-HRM we found
SOCS1 CGl to be differently methylated in chronic periodontitis and despite this
epigenetic event has been associated with gene expression silence, we did not see
difference in expression for this gene. In fact, we observed a negative correlation
between methylation of exon 2 SOCS7 CGI and transcriptional levels of
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neighboring genes on chronic periodontitis. /n vitro assay showed DNA methylation

as a repressor event for SOCS7 enhancer activity.

The differential methylation of SOCS7 CGI is observed in chronic
inflammation of the liver (17). Our findings show the hypermethylation of exon 2 of
SOCS1 CGl in chronic periodontitis without changes in gene expression. The
hypermethylation of the CGls has been shown as a mechanism to gene silence
however, some studies failure to show this association. In certain types of cancer
like melanoma (12) and breast cancer (15), the hypermethylation of SOCS7 did not
silent the gene expression (42, 43). Hypermethylation of a specific locus is not
always perfectly associated with gene expression but it might be clinically relevant
if it is placed in a cis-regulatory region that regulates others genes. In fact, at least
in a normal development context, most of dynamic changes in DNA methylation

are seen in regulatory region, particularly enhancers (44).

Classically, CpG islands are short regions containing CpG dinucleotides at
high density that map to promoter regions. Unexpectedly, the ENCODE project
identified a correspondence between unmethylated genic CGls and binding by
P300, a histone acetyltransferase linked to enhancer activity (16). Our study
highlights a region in a CGl within the body of SOCS1 as regulatory region with
enhancer activity. CGls have unstable nucleosome as its signature and the
chromatin is intrinsically accessible (45, 46). In vitro nucleosome assembly
indicated that a set of these CGls is significantly more reluctant to assemble into
nucleosomes than other genomic DNA (46). This CGI inherent chromatin state
facilitates the transcription factor accessibility to CGls, probably allowing this region

to function as regulatory element other than a promoter.

We also found that the enhancer activity of SOCS1 region is under DNA
methylation control which is disrupted by hypermethylation. This observation is in
agreement with genome wide-analyses that show strong anti-correlation between
enrichment of active enhancer marks and DNA methylation density (16, 47). Due
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to the observation that SOCS7 enhancer lies on a CpG island and the islands are
normally maintained unmethylated, we propose DNA methylation as a mechanism
to control CGl enhancer activity besides controlling CGl promoter. Most studies
have focused in the CGI promoters known for their predominantly unmethylated
biology, however it has become apparent that CGls remote from annotated
transcription start sites (TSSs) located either between genes or within the body of a
transcription unit, exhibit a high degree of tissue-specific methylation (48) a
characteristic of distal enhancers.

The differential methylation observed in the chronic periodontitis samples is
placed on the enhancer region of SOCS1 CGI and presents a negative correlation
to promoter region of some genes located at its neighborhood in the chr16p13. On
a multiple sclerosis study, the authors showed correlated expression of the genes
from the chr16p13 region with independent single polymorphisms (SNPs) effect
and suggested SOCST7 region contains a regulatory domain that influences
expression of multiple genes in this region (49). Accordingly, our data suggest the
hypermethylation of exon 2 at SOCS7 CGl in chronic periodontitis control the gene
expression of a several genes located at chr1i6p13 through disruption of its
enhancer activity, which is supported by a recent study that shows DNA
methylation of distal regulatory sites is closely related to gene expression levels
across the genome (50).

To our knowledge, this is the first time the DNA methylation of SOCS71 CGl
is shown to control the expression of other genes in an enhancer/promoter
interaction fashion. The mechanism exposed here will help to elucidate the
changes on SOCS1 DNA methylation commonly seen in chronic inflammation and
tumorogeneses. Taken together the data indicate clear evidence that the
hypermethylation of SOCS1 gene represents a new and important pathway in the
pathophysiology of chronic inflammation.
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MATERIALS AND METHODS

Samples from chronic periodontitis volunteers and healthy volunteers

Fresh gingival biopsies were obtained from 46 patients diagnosed with chronic
periodontitis (18, 51) volunteers and 44 healthy volunteers exhibiting no signs of
periodontal disease and who had surgery for esthetical reason and/or 3nd molar
excision. Inclusion criteria were non-smoking individuals, non-systemic disorder
that could affect the periodontal condition, no antibiotics and no anti-inflammatory
medication within the past six months, non-current pregnancy nor lactation. The
samples were obtained from School of Dentistry of Piracicaba, University of
Campinas (FOP/UNICAMP). Written informed consent was obtained from all
individuals and the study was approved by FOP/UNICAMP Ethics Committee.

Gingival biopsies were obtained from a single tooth of subjects undergoing
periodontal surgery for periodontal related disease (Chronic periodontitis group),
and non-disease related reasons (Healthy group). The biopsies were composed by

junction epithelia and connective tissue.

All samples were collected immediately after surgery and stored in a nucleic
acid conserver (RNA holder, Bioagency, Sao Paulo, SP, Brazil) and frozen to

minus 80 °C, until the moment of nucleic acid extraction.

RNA and DNA extraction and bisulfite treatment

The RNA was extracted and purified using TRIZOL reagent protocol (Invitrogen,
Carlsband, CA, USA). After RNA purification the remained phases contained
proteins and DNA were subjected to a new step of phenol/chloroform/ethanol
protocol to purify DNA.
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DNA was bisulfite converted using the MethylSEQr Bisulfite Conversion
(Life, Carlsbad, CA, USA) following the manufacturer’s protocol. The samples were

short time storage and used for MS-HRM.

Methylation Sensitive High Resolution Melting (MS-HRM)

Real-time PCR followed by HRM was carried out in Light Cycler 480 Il (Roche,
Mannheim, Germany). The sequence of the primer set used is shown in
Supplementary Table 2. The design of the primer followed the guidelines proposed
by Wojdacz (22).The reaction mixture consisted of 18 ng of bisulfite-converted
DNA, 1x LightCycler®480 HRM Master Mix (Roche, Mannheim, Germany), 150
nM of each primer, 3 mM of MgCI+2 in a final volume of 20 ul. The reaction
conditions were an initial cycle of 95 °C for 10 minutes, followed by 40 cycles at 95
°C for 10 seconds, 55 °C for 4 seconds and 72 °C for 10 seconds. MS-HRM
analyses were performed at the temperature ramping and fluorescence acquisition
settings recommended by the manufacturer, 1 minute at 95 °C, a hold at 70 °C for
1 minute to allow reanneling of all PCR product, then the acquisition step started
ramping from 70 °C to 95 °C, rising by 0,2 °C/s with 25 acquisitions per °C.

To estimate the methylation level of the samples, converted fully methylated
and fully unmethylated DNA (EpiTect PCR Control DNA Set (Qiagen) were used to
prepare dilution series as controls. The dilution series of relevant methylated DNA
in a background of unmethylated DNA were prepare in the concentration of 5%,
10%, 25%, 50%, 75% and 100% of methylation to build standards curves. PCR
bias toward unmethylated DNA was reversed following the guideline published by
Wojdacz (22). Standard curves and no template controls were included in each
experimental run. As a negative control, genomic unconverted DNA from a pool of
3 healthy individuals was tested once with each primer. Initial assays were first run
using 50% and 0% controls until the proportionality of amplification was achieved.
MS-HRM data were normalized with the Light Cycler 480 Il analysis software to
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compensate for varying starting fluorescence levels. The amplicon melting profile
of each sample was compared to standard curves, and based on that, samples of
each individual was classified into different methylation categories; 0-5, 6-10, 11-
25, 26-50, 51-75 and 76-100%.

Expression Analyses

One microgram of total RNA was treated with DNase |, RNase free (Life,
Carlsband, CA, USA) and used for cDNA synthesis with First strand (Roche,
Mannheim, Germany) following the manufacturer’s recommendations. Real Time
gPCR mRNA analyses were performed in Light Cycler 480 Il (Roche, Mannheim,
Germany). The reaction was carried out in a total volume of 20 pl containing 1x
LightCycler®480 Sybr Green ( Roche, Mannheim, Germany), 250 nM of each
primer and 2 pl of cDNA. PCR conditions were: 95 °C 10 min, 40 cycles at 95 °C
for 10 seconds, appropriate temperature for each primer (Supplementary Table 3)
for 10 seconds, 72 °C for 10 seconds. Determination of relative levels of gene
expression was performed using the cycle threshold (Ct) method in reference to
GAPDH.

Bioinformatics

Thurman et al (16) observed that highly correlated DNasel-Seq signal intensities (r
> 0.7) calculated across a panel of 79 different cell types were enriched within
chromatin interactions identified through 5C or ChIA-PET. We applied this
approach to predict chromatin interactions at the chr16:11,348,911-11,349,051
locus. We calculated the Pearson correlation coefficient (r) between DNasel
hypersensitivity signal intensities from all ENCODE cell-lines with DNasel-Seq data
available. We calculated the correlation in a cell type-specific fashion restricting the
analysis to only DHS sites identified within AG09313, HEEpIiC, Th1, Th2 and
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CD4+cells. In addition, we restricted our analysis to +500kb surrounding the DHS
anchor site that contained our region of interest. The DNasel-Seq data was
download from the ENCODE website
(http://ngdownload.cse.ucsc.edu/goldenPath/hg19/encodeDCC/wgEncodeUwDnas
e/). (32).

In vitro analysis of SOCS1 enhancer and the influence of DNA methylation on
its activity.

Insert amplification

Genomic DNA was isolated from human venous blood using the QlAamp DNA
Blood Kit (Qiagen, Hilden). The exon 2 of SOCS1 region (chr16:11348911-
11349051) was amplified by PCR using Kapa Hifi PCR kit (Kapa Biosystems,
Massachusetts, USA) and 50 ng of gDNA ( Supplementary Table S4). The cloned
fragments were, two covering the region of SOCS1 that was found
hypermethylated on MS-HRM assay, A (chr16:11348973-11349115) and B
(chr16:11348872-11348999). One downstream from these two and still in exon 2 at
the end of CGl, C (chr16:11348544-11348676) and one that was the junction of A
and B, AB (chr16:11348872-11349115) fragment (Figure 3A). A fragment which
lies in a repressive chromatin state was cloned as a control, NC (chr15:67610118-
67610254) (Supplementary Figure S1B). PCR steps were performed as followed:
95°C 5 min; 98°C 20 sec, 60°C 15 sec, 70°C 30 sec (30 cycles). The fragments
were gel purified using MinElute Gel Kit ( Qiagen).

Cloning of Luciferase expression vectors

BamHI e Scal HF-linearized pCpGfree-promoter-Lucia (human EF-1a promoter)
coelenterazine-utilizing luciferase (like Renilla) reporter plasmid (Invivogen) was

used to clone the fragments with adapter sequences in place of the enhancer by
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recombination using InFusion HD Enzyme (Clontech Laboratories Inc., Mountain
View, CA). The ratio was 50 ng vector : 50 ng insert. Competent E. coli GT115
(Invivogen) were transformed with 2.5 uL recombined plasmid and plated on LB-
Agar Fast-Media Zeo Agar (Invivogen). A few grown colonies were transferred to 3
mL de Fast-media Zeo TB (Invivogen) and plasmids from an aliquot were isolated
using the Pure link HiPure plasmid kit Miniprep (Life). After verifying the plasmids
containing the fragments by restriction digestion of the plasmids with BamHI and
Scal, the transformed bacterias were transferred to 50 ml of Fast-media Zeo TB
(Invivogen), and the plasmids were isolate and purified with Pure link HiPure
plasmid kit Midiprep (Life).

In vitro-Methylation of SOCS7 enhancer constructs.

All the Fragments (3 pg), including the empty vector, were incubated (4h 37°C)
with SssI DNA methyltransferase (16U; New England Biolabs, Ipswich, MA) in
buffer containing 640 uM S-adenosylmethionine (New England Biolabs, Ipswich,
MA), followed by heat inactivation ate 65°C for 20 minutes following the
manufacture instructions. DNA was purified with phenol/chloroform/ethanol

protocol.
Transfection and Luciferase-based reporter gene assays

Human Embryonic Kidney 293 (ATCC, Wesel) was cultured in DMEMs
supplemented with 10% FBS, 2 mM of glutamine without antibiotics. Cells were

maintained at 37°C in a humidified atmosphere of 5% CO2 in atmosphere.

Lipofectamine LTX was used according to manufacturer’s protocol. 1.25 x
10° HEK 293 cells / well were plated in 24 well plates 24 hours before transfection.
For transfection, medium was removed and replaced by 100 ul of Opti-MEM
reduced serum media (Life) without antibiotic containing the plasmids and 0.75 ul
of lipofectamine LTX. For each fragment, including empty vector, different
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concentration of unmethylated or methylated plasmids were used per well. 10 ng,
50 ng and 100 ng of the test plasmid were co-transfected with 1 ng of the firefly
PG13 promoter plasmid to enable normalization for transfection control. After 24
hour incubation, cells were lysed and luminescence was measured using the Dual
Luciferase Reporter Assay System (Promega, Madison) and the GloMax Multi+
Luminometer (Promega, Madison), according to the manufacturer’s protocol. The

luciferase luminescence was normalized by plasmid amount.
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Figure 1- SOCS1 exon2 is hypermethylated in Chronic Periodontitis and this is not
associated with change in gene expression. A) DNA methylation of exon 2 SOCS1
region (chr16:11,348,911-11,349,051) in chronic periodontitis n=46 (red) and healthy
groups n=44 (gray) using MS-HRM. The results were categorized in groups showing
methylation level, 0-5, 6-10, 11-25, 26-50% methylation and are show in the y axis as the
percentage of individuals in each category. Groups were compared using Fisher exact
test. B) Expression levels of SOCS7 gene using qPCR. Data is transformed and
normalized to GAPDH expression. Values are shown in log2 scale and groups were
compared using Mann Whitney U test: n=20 (CP), n=25 (Healthy). NS, non-significant. C)
No correlation between SOCS1 methylation and gene expression. Methylation values are
the mean of each MS-HRM group (0-5% = 2.5%). D) Exon2 SOCST region investigated in
MS-HRM, RefSeq gene and CpG Island from UCSC. DNA Methylation (Infinium array
450K) of peripheral blood cells from healthy donnors (23) data shows no methylation in the
studied region in any blood type cells. The data is available under at GEO 35069 number
(n= 6). Intensity values were converted to beta-values where the value of 0 (blue)
represents unmethylated and the value of 1 (yellow) represents fully methylated (displayed

using Integrative Genomic viewer — IGV).
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Figure 2- SOCS1 exon2 locus is connected to neighboring promoters A)
Chromatin modification and CTCF binding patterns across SOCS1 gene locus in
different human cells. H1-hESC( H1), GM128878 (GM), HSMM (HS), Huvec (HU)
K562 (K), NHEK (EK), NHLF (LF). Dnasel clusters, Dnase hypersensitivity sites.
(ENCODE project, displayed using Integrative Genomic viewer — IGV). B) (i) Exon2
SOCS1 DHS correlation to DHS in the promoter region of CLEC16A, RSL1D1,
RMI2, SNN, GSTP1 . (ii) Table shows DHS chromosome position, gene name,
correlation value, gene expression fold change of chronic periodontitis relative to
healthy tissue and p-value of gene expression. RNA expression data was obtained
from GEO depository for chronic periodontitis and healthy tissue GSE10334
(n=90).
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Figure 3- CpG methylation-dependent enhancer activity of SOCS1 exon 2
locus A) Fragments used for the gene reporter constructs: A (chr16:11348973-
11349115), B (chr16:11348872-11348999), C (chr16:11348544-11348676) and AB
(chr16:11348872-11349115). B) Luciferase assay was performed in HEK292 cells.
Unmethylated and methylated pCpGfree-promoter-Lucia (Renilla) plasmids
harboring the fragments mentioned above in place of an enhancer were used. A
sequence from a repressed region (chr15:67610118-67610254) was used as a
negative control (NC) (Supplementary Figure S1C). Relative luciferase units were
normalized to firefly signal. The luciferase expression level for each fragment is
relative to the empty vector (just promoter). The replicates were 10, 50 and 100 ng
of the test plasmid and the luciferase levels were normalized by transfected
plasmid amount. All the constructs were compared using T test with pooled SD,
adjustment method: bonferroni; (*) p < 0.05; (**) p < 0.01. A= *. B=ns. C=*. AB=**
C) Correlation of exon2 SOCS1 methylation and gene targets. Spearman

correlation. Expression levels were assessed using gPCR
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test: n=20 (CP), n=25
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Table S1- Mean and SD age of CP and Healthy groups.

MS-HRM
Healthy CcP
Male/ Fem (%) 36,3/63,3 45,6/54,3
Age mean 42,54 SD 11,94 47,17 SD 11,31

Table S2- Primer sequence for MS-HRM

Primer Sequence Chromosome Amplicon

size
Position

S0Cs1 F 5’TCGCGGTTGTTATTTAGGTGAAAG 3 Chr 16 140 bp

R 5’CGAACCCGTAAACACCTTCCTA ¥ 11348911- 11349051
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Table S3 — Primer sequence for RNA expression

Genes Primer sequence Annealing Amplicon
temperature size
GAPDH F 5" CCACTCCTCCACCTTTGAC 3’ 56 103 bp
R5" ACCCTGTTGCTGTAGCCA 3’
SOCSs1 F5 CTGGGATGCCGTGTTATTTTG 3’ 58 224 bp
R 5 TAGGAGGTGCGAGTTCAGGTC 3’
DNMT1 F 5’ACCTGGCTAAAGTCAAATCC 3’ 60 80 bp
R 5°ATTCACTTCCCGGTTGTAAG 3’
DNMT3A F 5"GAAGGACTTGGGCATTCAGGT 3’ 60 105 bp
R 5°CCGACGTACATGATCTTCCC 3’
DNMT3B F 5'CGAGTCCTGTCATTGTTTGATGG 3’ 60 60 bp
R 5 GCGACGTACTTTCCTACCTTTATG 3’
TET1 F5' AAAGATTCTGAACTGCCCACCTG 3 60 122 bp
R5' TTCTCCATGATTTCCCTGACAGC 3'
TET2 F5' TGGAGAAAGACGTAACTTCGGG 3' 60 116 bp
R 5' CTTGGGCTACAGAACTCACAGAT 3'
RSL1D1 F5' CGTATTGGTCACGTTGGAATGC 3' 60 93 bp

R 5' CCACTTCTCTGGCAATTTTTCTG 3'
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SNN F5' CTGCTGGTGCAGTATTCGG 3! 60 68 bp

R 5' CCGTTGGGAGTCATCAGCTTG 3'

CLEC16A F5' ATGCTGCACTACATCCGAGAT 3! 60 86 bp

F5' TCGAGTTCGATCACATGGCTC 3'

GSTP1 F5' TGGACGCACATTTGATGCC 3' 60 104 bp

R 5' CCACCTCCTCAATACAGGTATGA 3!

Table S4- Primer sequence of SOCST region for reporter assay.

Fragment Primer sequence Annealing
temperature
Luc assay 5'-3’
A F CCTAGGATGCATAGTCGAGGCCATCTTCACGCTA 60
R GTTACATGTTGGATCTGGACGCCTGCGGATTCTA
B F CCTAGGATGCATAGTACGTAGTGCTCCAGCAGCT 60
R GTTACATGTTGGATCTTCGCCCTTAGCGTGAAGATG
Cc F CCTAGGATGCATAGTGCCTCGTCTCCAGCCGAG 60
R GTTACATGTTGGATCAGCATTAACTGGGATGCCGTGT
AB F CCTAGGATGCATAGTACGTAGTGCTCCAGCAGCT 60

R GTTACATGTTGGATCTGGACGCCTGCGGATTCTA
NC F CCTAGGATGCATAGTAGAGGAAGGATTCTGTAGAGAAGTG 60
R GTTACATGTTGGATCCCTAAGGGAAGCCGTGTGTAG
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CONCLUSAO

No6s concluimos que a metilagdo do DNA no exon 2 do gene SOCST é capaz de
controlar a expressao de outros genes através da interacao enhancer/promotor. O
mecanismo exposto neste estudo € novo e tras avangos sobre o entendimento do
papel da metilagdo no gene SOCST1, evento epigenético frequentemente
observado na inflamacéao crénica e em determinados tumores malignos. Os dados
apresentados mostram que a hipermetilagdo do gene SOCS1 pode representar
um evento com importancia ainda maior do que o até o momento entendido na

patogénese da inflamacéao crénica.

37



REFERENCIAS

Alexander WS, Hilton DJ (2004). The role of suppressors of cytokine
signaling (SOCS) proteins in regulation of the immune response. Annual review of
immunology 22(503-529.

Arioka Y, Watanabe A, Saito K, Yamada Y (2012). Activation-induced
cytidine deaminase alters the subcellular localization of Tet family proteins. PloS
one 7(9):e45031.

Armitage GC (2004). Periodontal diagnoses and classification of periodontal
diseases. Periodontology 2000 34(9-21.

Bird A (2002). DNA methylation patterns and epigenetic memory. Genes &
development 16(1):6-21.

Calabrese V, Mallette FA, Deschenes-Simard X, Ramanathan S, Gagnon J,
Moores A et al. (2009). SOCS1 links cytokine signaling to p53 and senescence.
Molecular cell 36(5):754-767.

Calo E, Wysocka J (2013). Modification of enhancer chromatin: what, how,
and why? Molecular cell 49(5):825-837.

Chan SR, Rickert CG, Vermi W, Sheehan KC, Arthur C, Allen JA et al.
(2014). Dysregulated STAT1-SOCS1 control of JAK2 promotes mammary luminal
progenitor cell survival and drives ERalpha(+) tumorigenesis. Cell death and
differentiation 21(2):234-246.

38



Choi YS, Park JK, Kang EH, Lee YK, Kim TK, Chung JH et al. (2013).
Cytokine signaling-1 suppressor is inducible by IL-1beta and inhibits the catabolic
effects of IL-1beta in chondrocytes: its implication in the paradoxical joint-protective
role of IL-1beta. Arthritis research & therapy 15(6):R191.

Deaton AM, Bird A (2011). CpG islands and the regulation of transcription.
Genes & development 25(10):1010-1022.

Garlet GP, Cardoso CR, Campanelli AP, Martins W, Jr., Silva JS (2006).
Expression of suppressors of cytokine signaling in diseased periodontal tissues: a
stop signal for disease progression? Journal of periodontal research 41(6):580-
584.

Inagaki-Ohara K, Kondo T, Ito M, Yoshimura A (2013). SOCS, inflammation,
and cancer. Jak-Stat 2(3):e24053.

Isomaki P, Alanara T, Isohanni P, Lagerstedt A, Korpela M, Moilanen T et al.
(2007). The expression of SOCS is altered in rheumatoid arthritis. Rheumatology
(Oxford) 46(10):1538-1546.

John S, Sabo PJ, Johnson TA, Sung MH, Biddie SC, Lightman SL et al.
(2008). Interaction of the glucocorticoid receptor with the chromatin landscape.

Molecular cell 29(5):611-624.

Jones PA (2012). Functions of DNA methylation: islands, start sites, gene
bodies and beyond. Nature reviews Genetics 13(7):484-492.

Kaz AM, Wong CJ, Luo Y, Virgin JB, Washington MK, Willis JE et al. (2011).
DNA methylation profiling in Barrett's esophagus and esophageal adenocarcinoma

39



reveals unique methylation signatures and molecular subclasses. Epigenetics :
official journal of the DNA Methylation Society 6(12):1403-1412.

Ko YA, Mohtat D, Suzuki M, Park AS, lzquierdo MC, Han SY et al. (2013).
Cytosine methylation changes in enhancer regions of core pro-fibrotic genes
characterize kidney fibrosis development. Genome biology 14(10):R108.

Kulis M, Esteller M (2010). DNA methylation and cancer. Advances in
genetics 70(27-56.

Maiti A, Drohat AC (2011). Thymine DNA glycosylase can rapidly excise 5-
formylcytosine and 5-carboxylcytosine: potential implications for active
demethylation of CpG sites. The Journal of biological chemistry 286(41):35334-
35338.

Moutsopoulos NM, Madianos PN (2006). Low-grade inflammation in chronic
infectious diseases: paradigm of periodontal infections. Annals of the New York
Academy of Sciences 1088(251-264.

Page RC, Offenbacher S, Schroeder HE, Seymour GJ, Kornman KS (1997).
Advances in the pathogenesis of periodontitis: summary of developments, clinical
implications and future directions. Periodontology 2000 14(216-248.

Palmer DC, Restifo NP (2009). Suppressors of cytokine signaling (SOCS) in
T cell differentiation, maturation, and function. Trends in immunology 30(12):592-
602.

Sasi W, Jiang WG, Sharma A, Mokbel K (2010). Higher expression levels of
SOCS 1,3,4,7 are associated with earlier tumour stage and better clinical outcome

in human breast cancer. BMC cancer 10(178.

40



Sharma S, De Carvalho DD, Jeong S, Jones PA, Liang G (2011).
Nucleosomes containing methylated DNA stabilize DNA methyltransferases 3A/3B
and ensure faithful epigenetic inheritance. PLoS genetics 7(2):e1001286.

Smith ZD, Meissner A (2013). DNA methylation: roles in mammalian

development. Nature reviews Genetics 14(3):204-220.

Souma Y, Nishida T, Serada S, Iwahori K, Takahashi T, Fujimoto M et al.
(2012). Antiproliferative effect of SOCS-1 through the suppression of STAT3 and
p38 MAPK activation in gastric cancer cells. International journal of cancer Journal
international du cancer 131(6):1287-1296.

Spitz F, Furlong EE (2012). Transcription factors: from enhancer binding to

developmental control. Nature reviews Genetics 13(9):613-626.

Suzuki H, Toyota M, Kondo Y, Shinomura Y (2009). Inflammation-related
aberrant patterns of DNA methylation: detection and role in epigenetic deregulation
of cancer cell transcriptome. Methods Mol Biol 512(55-69.

Weake VM, Workman JL (2010). Inducible gene expression: diverse
regulatory mechanisms. Nature reviews Genetics 11(6):426-437.

Wu Y, Antony S, Meitzler JL, Doroshow JH (2013). Molecular mechanisms

underlying chronic inflammation-associated cancers. Cancer letters.
Yoshida T, Ogata H, Kamio M, Joo A, Shiraishi H, Tokunaga Y et al. (2004).

SOCSH1 is a suppressor of liver fibrosis and hepatitis-induced carcinogenesis. The
Journal of experimental medicine 199(12):1701-1707.

41



Yoshimura A, Naka T, Kubo M (2007). SOCS proteins, cytokine signalling
and immune regulation. Nature reviews Immunology 7(6):454-465.

Yoshimura A, Suzuki M, Sakaguchi R, Hanada T, Yasukawa H (2012).
SOCS, Inflammation, and Autoimmunity. Frontiers in immunology 3(20.

42



ANEXO 1

-Bunipa (now M suoyyne 3w Aq papinoed se sieadde joslud 3w jo spn 3y casgop
‘oedipa sanbjenb wes ‘s=iopesinbssd sojad opioswoy owes ssauede ojoaoud op O|gY O CEJON

dWYINN/dO4/d3D dWYDINN/dO4/d3D
ElOpeUapIonD OLIEg2Ies
EJNUS] O{EpUY BB BIAI BN "Bjoid opeid enboepaag addijaq “aq "joid
eyt ) [ A "oy )

CT0Z/ZT/60 18 2=niuwod sy Aq paaosdde sem
210jeBY} pue spalgns uewiny ul Yieasal 10 [IZesg Jo yleay Jo Ansiul] - [1PUno) Wesy [Puonen U3 JO SUCHPPUSWILICDSI
ap yum Ajdwod ‘opejol] 0IN0S BUBIINT pue ojjsueld SUBOSLD 2ully ‘opied BZNoS 3p Bjned BUY JOo ‘OTOZ/0S0 Jeguinu
Jsibal f uondiosues) auab yim uoneposse snnuopoeriad JUodYD Y1M S|ENPIAIPUL WO} S[j22 anssiy jeailbulb
pue sj22 |eipynda [eso ul stajowosd auab £5308 pue 7SI0S ‘IS0 Jo sisAjeue uonejAylaw yNaQ, 12=loid
aup 1e Aynuso ‘seuidwe) jo Aysisaluf) 21e1S - BgEdDRIld Jo AQSQUI( JO |00LIS SU JO LDIeasay Ul S0 SOIRT Sy

"£T0Z/60/7T We 21wod 3359 jod opeaoide 10)
2 SOURLUNY S=Ues We sesinbsad se eled spnes ep oLSISIUl| - SpNES 3p [PUOREN OYjSsuo) op sepusbixa se zejsnes ‘onejop|
005 EUBDMT 2 O|j2UBld Suensu) aully ‘opled BZNos 3p ejned euy salopesinbsad sop ‘0T07/050 ou ojooojoid ‘ sauab
53153 S0}LSUEel} 3p oessaldxa e wod oeirpossy EJuelD> uopolad ejad sopejaje sonpialpul 3p [ealbuab
op132] op se|nja2> 2 |eonq esodnw ep sieilauda senjE0 WL £530S 3 7SI0S ‘1SD0S sauab sop tojowosd
ou oeje|naw 2p asijeuy, esinbsad 2p oploud o anb exyniedy dEYOINN-dOL Bp Esinbsad wa B303 2p UWOD O

OdvOIdIlyddD

vSINOS3d W3 VIILl3 3d ILIWO0D

SVNIdWVYD 34 TvNadv1s3 3AvVAIsyiAIND Ou
YVavOIOVvidld 34 VID0TOLNOJO 3d 3dvainovd -

43



ANEXO2

Assunto: Fwd Your manuscript has been accepted for publication in principle.
De: Daniel De Carvalho (ddecarv@uhnresearch.ca)
Para: alinep_fisio@yahoo.com.br; rajitz@gmail.com; javier.alfaro.4@gmail.com;

Data: Quinta—feira, 30 de Janeiro de 2014 12:32
congratulations!

-------- Onigmal Message --------

Subject: Fwd: Your manuscript has been accepted for publication m
princple.

Date: Thu, 30 Jan 2014 09:26:24 -0500

From: Nizar Batada <nizar.batada@ gmail com>

To: Daniel De Carvalho <ddecarv@ulnresearch.ca>, Jun Feng Ji
<JunFeng Ji@oicr.on.ca>, vivek sharma <viveksharma_bt@ yahoo.com=,
"Christoph Bock" <cbock@cemmat>

---------- Forwarded message ----------

From: CELL REGENERATION EDITORIAL

Date: Thursday. January 30. 2014

Subject: Your manuscript has been accepted for publication n
principle.

To: Dr Nizar Batada

Authors: Alme C Planello. Junfeng Ji. Vivek Sharma. Rajat Smghamia.
Faridah Mbabaali. Fabian Muller. Javier Alfaro. Christoph Bock. Daniel
D
De Carvalho and Nizar N Batada

Title : Aberrant DN A methylation reprogranmmmmg during iPS generation
8
dependent on the choice of reprogrammmg factors

Journal: Cell Regeneration

MS :5756878811589754

Dear Dr Batada,

Peer review of your manuscript (above) is now conplete and we are
delighted to accept the manuscript for publication m Cell
Regeneration.

Before publication, our production team needs to check the format of
your manuscript, to ensure that it conforms to the standards of the
journal They will get n touch with you shortly to request any
necessary changes or to confirm that none are needed.




Anexo 3

Assunto:

De:
Para:

Data:

PLOS ONE: Notification of co—authorship on manuscript [High-throughput DNA Analysis Shows the
Importance of Methylation in the Control of Inmune-Inflammatory Genes Transcription in Chronic
Periodontitis.] - [EMID:2c333cd4dc21a1c6]

PLOS ONE (plosone@plos.org)

alinep_fisio@yahoo.com.br;

Quarta-feira, 29 de Janeiro de 2014 10:34

Dear Dra. Aline Planello,

You are receiving this email because you have been listed as an author on a manuscript recently submitted to
PLOS ONE and entitled "High- throughput DNA Analysis Shows the Importance of Methylation n the
Control of Immumne- Inflammatory Genes Transcription m Chronic Periodontitis.”.

The correspondng author for the submussion process is: Dr. Ana Paula de Souza Pardo

The full author Iist for the submussion is: Ana Paula de Souza Pardo, Ph.D.; Aline Cristiane Planello; Daniel
Diniz De Carvalho; Sergio Roberto Peres Lmne

If you are not aware of this submission, or if you should not be listed as a co-author, then please contact the
journal office at plosone@plos.org.

Kind regards,
PLOS ONE

http//pone.edmer.cony/

45



