Jusciele Brogin Moreli

Lesdes no DNA e capacidade de resposta
celular de gestantes e recém-nascidos em
regime de hiperglicemia de intensidade
variada

Tese apresentada a
Faculdade de Medicina,
Universidade Estadual
Paulista “Julio de Mesquita
Filho”, Campus de
Botucatu, para obtencgao
do titulo de Doutora em
Ginecologia, Obstetricia e
Mastologia.

Orientadora: Profa. Dra. Iracema de Mattos Paranhos Calderon.
Coorientador: Prof. Dr. Carlos Frederico Martins Menck.

Botucatu
2015



FICHA CATALOGRAFICA ELABORADA PELR SEQiC TEC. AQUIS. TRATAMENTO DA INFORM.
DIVISAO TECNICE DE BIBLIOTECA E DDCUHENTAgiU - CAMPUS DE BOTUCATU - UNESP
BIBLIOTECARIZ RESPONSAVEL: ROSANGELZ APARECIDA LOBO-CRB 8/7500

Moreli, Jusciele Brogin.
Lesdes no DNA e capacidade de resposta celular de
gestantes e recém-nascidos em regime de hiperglicemia de

intensidade wvariada / Jusciele Brogin Moreli. - Botucatu,
2015
Tese (doutorado) - Universidade Estadual Paulista

"Jalio de Mssguita Filho", Faculdads de Msdicina de
Botucatu
Orientador: Iracema de Mattos Paranhos Calderon
Coorientador: Carlos Frederico Martins Menck
Capes: 40102009

1. Diabetss. 2. Diabstes na gravidez. 3. Hipsrglicemia.
4, Anilise d= DNA.

Palavras-chave: Danocs de DN2Z; Diabete; Gestagdo; Reparc de
DN&.




Dedicaldria




A Deus e Nossa Senhora, por me concederem o dom da vida.

Aos meus pais Nelo Moreli e Marli Brogin
Moreli, que dignamente me apresentaram a importancia da familia, ao

caminho da honestidade e persisténcia e, sobretudo pela solida formacgao

moral que alicercam todas as minhas realizagdes.

Ao meu irmdo Leandro Brogin Moreli, que

juntamente com Vaniele Marcia Vilela Moreli, acompanharam
meu caminho e me possibilitaram ser tia e madrinha da Jsabela Vilela
Moreli, crianca muito especial que escreveu o poema abaixo para o

“livro” da madrinha.

Dizer e Sentir

Diga uma palavra e as flores se abrirao,

Diga apenas o seu nome e 0s gestos sairdo,

Dé um sorriso e mil pessoas olharao,

Dé um passo e vocé estara perto da multidao.

Um caminho cheio de obstaculos,

Mas todos eles sdo um grande passo para a reconciliagdo.

Isabela Vilela Moreli (10 anos)



Ao meu amor Flavio Henrique Fernandes
Vo[joon, gue com muita paciéncia, aceitou minhas frequentes auséncias
motivadas pela busca de conhecimentos durante a pds graduacao.

Obrigada por tudo e, principalmente, pela parceria na constituicao da nossa

familia.

A Dra. Iracema Calderon, o meu reconhecimento
pela oportunidade de realizar este trabalho ao lado de alguém como vocé;
meu respeito e admiragado pela sua capacidade e pelo seu dom de

incentivar novos desafios.






“Cada pessoa que passa em nossa vida, passa sozinha, é
porque cada pessoa é unica e nenhuma substitui a outra! Cada
pessoa que passa em nossa vida passa sozinha e ndo nos deixa

sO porque deixa um pouco de si e leva um pouquinho de nos.
Essa é a mais bela responsabilidade da vida e a prova de que as

pessodas ndo se encontram por acaso. "

Charles Chaplin

Os obstaculos encontrados durante os quatro anos de desenvolvimento do
doutorado me possibilitaram uma convivéncia privilegiada com grandes
pesquisadores e, principalmente, amigos. Assim, gostaria de agradecer, com

muito carinho:

As pacientes participantes desse estudo

Gestantes que colaboraram e permitiram o desenvolvimento desse estudo.

A Dra. Débora Cristina Damasceno e aos alunos do Laboratério de Pesquisa
Experimental de Ginecologia e Obstetricia da Faculdade de Medicina de
Botucatu: Aline Bueno, Aline Netto, Bruna Dallaqua, Fernanda Piculo,
Gabriela Marine, Glilciane Morceli, Isabela lessi, Joice Vernine, Mariana
Arantes, Rafael Botaro Gelaleti, Silvana Barroso Corvino, Talisia e Yuri
Sinzato, agradeco pelo apoio cientifico e pela possibilidade de obtencdo e

processamento das amostras.

A Dra. Estela Bevilacqua e aos colaboradores do Laboratério de Estudos da
Interagdo Materno Fetal e da Biologia do Trofoblasto da Universidade de
Sao Paulo: Aline Rodrigues Lorenzon-Ojea, Caroline Borgato Guedes e

Simone Corréa-Silva. Agradeco o conhecimento cientifico que



compartilhamos nos dois anos de convivéncia; pela oportunidade de

participar e utilizar livremente o laboratério e, principalmente, pela amizade.

Ao Dr. Carlos Menck e aos colaboradores do Laboratério de Reparo de DNA
da Universidade de Sao Paulo: Clarissa Rocha e Rodrigo Fortunato. Pelo
incentivo e preciosas opinides, bem como pela disponibilizagdo do

laboratério para realizacdo de parte deste trabalho.

A Dra. Janine H Santos e Dr. Ronald P. Mason do Toxicology &
Pharmacology Laboratory/Free Radical Metabolism Group do National
Institute of Environmental Health Sciences (NIEHS) — NIH, agradeco pelos
trés meses de convivéncia e todo conhecimento compartilhado. Meu
agradecimento especial pela oportunidade de conviver com Janine e seus
preciosos filhos, Valentina e Lorenzo. Obrigada por estarem sempre ao meu

lado nesse desafio e tornar tudo mais facil e feliz.

A Dra. Inés Quintela e Dr. Angel Carracedo do Centro Nacional de
Genotipado (CeGen) de Santiago de Compostela, Espanha, pelos dois meses
de estagio para aprendizado das novas tecnologias aplicadas a biologia

molecular.

A Ms. Valéria Romero e Dra. Magaly Sales Monteiro

Professoras da graduacdo, incentivadoras e iniciadoras deste sonho
A Dra. Marilza Vieira Cunha Rudge
Por todo conhecimento compartilhado e incentivo ao desenvolvimento dos

projetos.

Aos Amigos e Familiares



Aline Carvalho, Lygia Merini, Leticia Lima, Patricia Soares, Rodrigo Barbano
Weingrill, Sara Gomes, Carla Bandeira e todos amigos e familiares, agradego
pelos conhecimentos compartilhados, por me proporcionarem grandes
momentos de alegria e por estarem comigo durante a realizagdao do

doutorado.

A Maria Carvalho

Pelo carinho incondicional durante 20 anos ao meu lado.

Ao Escritério de Apoio a Pesquisa (EAP), da Faculdade de Medicina de
Botucatu

Pela ajuda no delineamento do projeto e andlise estatistica dos dados.

Aos Funciondrios da Se¢ao de Pods-Gradugdo e Departamento de
Ginecologia e Obstetricia

Pelo apoio e servicos prestados.

A Fundagdo de Amparo a Pesquisa do Estado de S3o Paulo — FAPESP

Pela concessdo do auxilio pesquisa (processo nimero 2011/18240-2), bolsa
regular de doutorado (processo numero 2011/13562-1) e bolsa BEPE
(processo nimero 2012/23296-0) que possibilitaram o desenvolvimento

dessa tese.

A Fundacién Carolina — Espanha

Pela bolsa de estudo que possibilitou o estagio no Centro Nacional de
Genotipado (CeGen).

Ao Servico de Divisdo Técnica de Biblioteca e Documentag¢do no campus da
Unesp — Botucatu, pelo auxilio na pesquisa bibliografica e elaboragdo da

ficha catalografica.



Ao Laboratério Clinico da Faculdade de Medicina de Botucatu pela

colaboracdo na realizacdo de dosagens.

E a todos aqueles que contribuiram de alguma forma para a realizacéo

deste trabalho...



(rvgqvevizve’




@fmavtoyﬁo
@lﬁ’ aag( 20

DNA damage and its cellular response in mother and fetus

exposed to hyperglycemic environment

Hyperglycemia differentially affects maternal and fetal DNA

integrity and DNA damage response
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O Grupo de Pesquisa Diabete e Gravidez — Investigacao Clinica e Experimental vem
desenvolvendo pesquisas clinicas e experimentais nesta linha ha mais de 30 anos.
Os primeiros resultados, associando o teste de tolerancia a glicose (TTG) e o perfil
glicémico no diagndstico do diabete melito gestacional (DMG), caracterizaram um
grupo de gestantes que, apesar do TTG normal, apresentam picos de hiperglicemia
ao longo do dia evidenciados por alteragdes no perfil glicEmico. Essas gestantes
foram consideradas como portadoras de hiperglicemia gestacional leve (HGL) e
classificadas no grupo IB de Rudge. Além de outros resultados perinatais adversos
(RPA), caracteristicos dos filhos de méaes diabéticas, as gestagcdes complicadas por
HGL tem risco atribuivel de morte perinatal comparavel ao observado no grupo de
gestantes diabéticas e 10 vezes maior que aquelas com resposta normal aos dois
testes diagndsticos. A partir desses resultados, as gestantes com HGL s3o tratadas
com o mesmo protocolo das diabéticas acompanhadas no Servico Especializado de

Diabete e Gravidez da Faculdade de Medicina de Botucatu/Unesp [1-3].

A literatura mais recente reconhece que a hiperglicemia materna, de qualquer
intensidade e independente do diagndstico de DMG, deve ser controlada pelo risco
de RPA [4-5]. Tal constatagdo validou a identificagdo e o controle da hiperglicemia
das gestantes do grupo IB de Rudge, protocolo que vem sendo praticado ha mais

de 30 anos em nosso servico.

Na busca pelos fatores envolvidos no desfecho adverso dessas gesta¢des
complicadas por hiperglicemia, os resultados do nosso grupo de pesquisa associam
a hipodxia intrauterina e a hiperglicemia materna de intensidade variada. Entre

outras, esta associacdo leva a alteracdes morfoldgicas e funcionais da placenta,
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caracterizadas por comprometimento da vascularizacdo da superficie de trocas
materno-fetal, relacionadas a aumento e/ou diminuicdo dos marcadores da
proliferacao vascular [6-8], incremento da apoptose [9] e alteragdes no perfil de
citocinas placentarias [10-12]. Paralelamente, nossos estudos translacionais,
utilizando modelo experimental em ratas wistar prenhes, com diabete induzido por
streptozotocin, relacionaram a intensidade da hiperglicemia materna e o nivel de
estresse oxidativo, e consequente aumento de danos do DNA, com a ocorréncia de

RPA nessas gestacdes [13-17].

Outros estudos da literatura apontam aumento na incidéncia de cancer em
pacientes diabéticos, decorrente da associacdo estresse oxidativo e hiperglicemia.
Nestas condi¢Ges, mecanismos de reparo de DNA sdo ativados, na tentativa de
garantir a sobrevivéncia e manter a integridade do genoma. Entretanto, a falha
desses mecanismos de reparo pode levar a acimulo de danos no DNA e favorecer

tanto a apoptose das células como o desenvolvimento de cancer [18-20].

Em dezembro de 2009, os resultados do consenso entre a Associagdo Americana de
Diabete e a Sociedade Americana de Cancer destacaram que, em ambos 0s sexos,
o diabete melito tipo 2 (DM2) esta associado com risco aumentado de cancer no
figado, pancreas, célon e bexiga. Individualizando os sexos, mulheres diabéticas
apresentam aumento no risco de cancer de mama e de endométrio e, os homens,

reducdo no risco de cancer de prostata [21].

Alguns estudos destacam, também, a associacdo entre DMG e cancer. Uma coorte
de 37926 mulheres com histérico de DMG identificou risco relativo de 7,1 para

desenvolver cancer pancreatico [22]. Na Nova Zelandia, a populagdo de mulheres
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com DMG tem maior risco de cancer de mama, o que nao foi confirmado na
populacdo americana [23,24]. Recentemente, o DMG também foi associado a
linfoma ndao-Hodgkin e leucemia mieloide aguda [25]. Apesar do ponto comum,
associacao entre hiperglicemia e risco de cancer, os resultados da literatura ainda
sdo controversos e os fatores e vias envolvidos ainda nao estdo totalmente

esclarecidos.

Nesse contexto, o interesse em contribuir para minimizar essa lacuna definiu o
presente projeto, objeto dessa tese de doutorado. Inicialmente, a andlise critica da
literatura relacionada ao tema resultou em um artigo de revisao, “DNA damage and
its cellular response in mother and fetus exposed to hyperglycemic environment”,
ja publicado [26]. Posteriormente, o desenvolvimento do projeto, em si, resultou
em um segundo artigo, agora original, “Hyperglycemia differentially affects
maternal and fetal DNA integrity and DNA damage response”. A elaboragdo de dois
artigos definiu a forma de apresentacdo dessa tese, intitulada “LesGes no DNA e
capacidade de resposta celular de gestantes e recém-nascidos em regime de

hiperglicemia de intensidade variada”.
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The increased production of reactive oxygen species (ROS) plays a key role in path is of diabetic compli ROS are
B d g and end: factors such as during hyp emia. When ROS prod exceeds the detoxification
and scavenging capacity of the cell, oxidative stress ensues. Oxidative stress induces DNA damage and when DNA damage exceeds
the cellular capacity to repair it, the accumulation of errors can overwhelm the cell resulting in cell death or fixation of genome
that can be itted to future cell g These can lead to and/or play a role in cancer development.
This review aims at (i) understanding the types and consequences of DNA damage during hyperglycemic preg; y; (ii) identify
the biological role of DNA repair during pregnancy, and (iii) proposing clinical interventions to maintain genome integrity. While
hyperglycemia can damage the maternal genetic material, the impact of hyperglycemia on fetal cells is still unclear. DNA repair
mechanisms may be imp to prevent the dels effects of hypergl ia both in mother and in fetus DNA and, as such,
prevent the development of diseases in adulthood. Hence, in clinical practice, maternal glycemic control may represent an important
point of intervention to prevent the deleterious effects of maternal hyperglycemia to DNA.

1. Introduction

Previous findings by our group have shown that maternal
hyperglycemia is also adversely involved in fetal development

Diabetes mellitus (DM) is a metabolic disease characterized
by hyperglycemia resulting from a defect in insulin action
and/or production [1]. In pregnancy, hyperglycemia poses a
risk to maternal, fetal, and perinatal health [2-4]. Perinatal
complications of a diabetic pregnancy include malforma-
tions, macrosomia, hypoxia, hypoglycemia, cardiomyopathy,
hyperbilirubi and hyperinsuli (3, 5-9]. The cur-
rent literature acknowledges this adverse environment as
associated with increased long-term risk for the development

by changing the placental production of proinflammatory
cytokines, that is, TNF-a (tumor necrosis factor alpha) [15,
16]. The cellular redox status may be an important connec-
tion between inflammation and adverse perinatal outcomes
in hyperglycemic pregnancies [17]. There is considerable
evidence that hyperglycemia and inflammation results in
the generation of reactive oxygen species (ROS), ultimately
leading to increased oxidative stress. In the absence of
an appropriate antioxidant response, the system becomes

of diab. obesity, cardi ular, and d
(Figure 1) [9-14].

overwhelmed leading to production of reactive molecules
that can cause cellular damage and are responsible for the
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late complications of diabetes [17, 18]. During pregnancy
the placenta is an additional source of ROS generation,
contributing to oxidative stress even in normal pregnancies.
This is increased in pregnancies complicated by preeclampsm,

is emerging evidence that oxidative stress significantly con-
tributes to the progression of diabetes and its complications
and induces alterations in embryonic and fetal development
during pregnancy [18, 26]. Li and collaborators [27] found

intrauterine growth restriction, and p di
where oxidative and nitrative stress have be:n clearly docu-
mented [19, 20].

Oxidative stress induces protein oxidation, lipid peroxi-
dation, and DNA damage both in mitochondrial and nuclear
DNA. Degradation processes can remove lipids and proteins
but not DNA, which needs conversely to be repaired. When

that mothers with GDM and their newborns had higher levels
of 8-1. landin F2a (an oxi stress marker) than
control group Hyperglycemia induces ROS production dur-
ing such processes as nonenzymatic glycosylation, increased
generation of superoxide anion radical by the mitochondrial
respiratory chain and the overactivation of NADPH oxidase
(nicoti ide adenine dinucleotide phosphate-oxidase) [28,

DNA damage exceeds the cellular capacity to repair it, the
accumulation of errors can overwhelm the cell and result
in cell death or the incorporation of genome mutations that
can be transmitted to future cell generations if they occur in
germ cells (Figure 2). In addition, mutations in somatic cells
can promote genome instability and directly lead to various

29].

Overproduction of ROS is capable of altering the struc-
ture and function of all types of molecules including pro-
teins, membrane lipids, and nucleic acids with serious con-
sequences to cell viability [21, 30]. Different degradation
processes can remove oxidized lipids and proteins. DNA,
h , has to be d or in the case of mitochondrial

humandlseasesmcludmgcancen | abnormaliti
deficiency, and p aging (21-25].
Considering that hyperglyccmia may alter genomic
integrity and the consequences of this relationship to mater-
nal and fetus genome is unclear, this review aims at (i)
assessing the types and consequences of DNA damage during
hyperglycemic pregnancy and lifelong risks, (i) identifying
the biological role of DNA repair during pregnancy, and
(iii) proposing clinical inter to genome

integrity.

2. Hyperglycemia-Induced Oxidative Stress
and Its Effects on DNA Structure

Hyperglycemla causes many of the ma)or comphcanons
of d hy,

and macro- and mlcrovascular damage [1] To date, lhere

DNA may even be removed. The latter is intrinsic to the
various copies of mitochondrial genome present in each
mitochondrion and the fact that many mitochondria pop-
ulate a cell [21, 31). ROS are able to induce DNA lesions
as abasic sites (AP sites), single strand breaks, and double
strand breaks and oxidize DNA bases. All four bases are
susceptible to oxidative damage by ROS. However, due to the
lower redox potential of guanine this base is more susceptible
to oxidation [23, 30, 32]. The oxidized guanine (8-oxodG)
has great biological importance as this is a mutagenic lesion
that induces G-T transversions. It may also impair DNA
replication and transcription and may be an intermediate for
other types of lesions in DNA [23, 33].

Substantial evidence suggests that mitochondrial DNA
may be more vulnerable than nuclear DNA to certain kinds
of damage, in particular, ROS-mediated lesions [31, 34, 35].
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ROS production. When ROS production exceeds the detoxification
and scavenging capacity of the cell, oxidative stress ensues. Oxidative
stress induces DNA damage and when DNA damage exceeds the cel-
lular capacity to repair it, the accumulation of errors can overwhelm
the cell resulting in apoptosis, cell senescence, or fixation of genome
mutations that will be transmitted to future cell generations. These
mutations can lead to and/or play a role in cancer development.

Several reasons may underline this affirmation, including the
immediate proximity of mitochondrial DNA to the electron
transport chain in the inner mitochondrial membrane, which
is the main source of endogenous ROS production. In
addition, the repair of mitochondrial DNA lesions occurs
only via base excision repair and unlike the nuclear genome,
the mitochondrial DNA is not protected by histones [31, 34,
35].

Itisimportant to remember that the genomes of all organ-
isms are constantly being modified by reactive molecules
that are produced endogenously, primarily via mitochondrial
respiration or by environmental/exogenous physical, chemi-
cal, and biological agents including ultraviolet light, ionizing
radiation, heavy metals, air pollutants, chemotherapeutic
drugs, and inflammatory responses [25, 36].

3. Hyperglycemia, DNA Damage, and
Pregnancy: Results of Experimental and
Clinical Studies

In p context, the relationship b type 1

diabetes m:lli(us (TIDM), type 2 diabetes mellitus (T2DM),
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and DNA damage is well established [42-48]. Little is known
about DNA damage in pregnancy, especially in pregnancy
complicated by pregestational (TIDM or T2DM) or gesta-
tional diabetes mellitus (GDM) (7, 37-39, 41, 49].

Experimental studies conducted in our laboratory with
streptozotocin-induced diabetic rats showed that the levels
of basal DNA damage in leukocyte of mothers with severe
diabetes (blood glucose = 300 mg/dL) and their respective
fetus was higher when compared with the control group
[37, 38). Subsequently, Lima et al. [7] demonstrated that rats
with severe diabetes and their offspring showed higher oxida-
tively generated DNA damage in leukocyte detected by Fpg
(formamidopyrimidine-DNA glycosylase) and endonuclease
I11-sensitive sites when compared to mild diabetes group
(blood glucose levels between 120 and 299 mg/dL). Taken
together, these experimental results suggest that the intensity
of diabetes is related to the levels of oxidative DNA damage.
Thus, hyperglycemia may have repercussions at the DNA
level that go beyond the pregnant mother.

In a pilot study, Qiu and collaborators [39] evaluated,
in early pregnancy, levels of urinary 8-0xodG trying to
determine an association with the risk of GDM develop-
ment. They observed that the risk for GDM was higher
in overweight women with urine 8-0xodG concentrations
28.01 ng/creatinine mg (OR = 5.36; 95% Cl 1.33-21.55) when
compared with lean women who had 8-oxodG concentra-
tions <8.01 ng/creatinine mg. Interestingly, levels of 8-oxodG
in umbilical vein plasma in pregestational and control groups
were reported to be similar [40].

Evaluation of telomere length is another way to estimate
the stability of the genetic material. Telomeric length and
telomerase activity (a reverse transcriptase that limits telom-
ere attrition) were studied in mononuclear cells isolated from
umbilical cord blood of pregnant women with pregestational
diabetes (TIDM and T2DM) and GDM. No difference was
found in cord blood telomere length in pregnancies of women
with diabetes compared with control subjects, but higher
telomerase activity was observed in Type 1 and GDM groups.
The upregulation of tel may be a comp y
response to in utero oxidatively generated DNA and telomere
damage [41].

Previous study demonstrated that telomerase is found
in nuclei and mitochondria. Telomerase is able to decrease
mitochondrial levels of ROS, especially in mitochondria
[34, 50]. Recently, Li and collaborators [27)] evaluated the
mitochondrial translocation of human telomerase reverse
transcriptase (WTERT) in mononuclear cells isolated from
umbilical cord blood during pregnancies complicated by
GDM with confirmed oxidative stress. They found that the
ratio of mitochondrial/nuclei hTERT was increased signif-
icantly in the newborn of GDM mothers, suggesting that
mitochondrial hTERT in cord blood mononuclear cells may
have a protective effect on neonatal mitochondrial DNA in
GDM pregnancies. The authors concluded that this dynamic
translocation could be an in utero adaptive response of a fetus
that is suffering from elevated oxidative stress and could help
our understanding of the roles of oxidative stress in fetal
programming.




Sese 2 Doulorado — Gusciéle Brogin Moseki, 2015

11

4 BioMed Research International
TABLE I: Maternal and fetal DNA integrity in hyperglycemic environment.
Reference  Study type Type of diabetes Sample Evaluation Main results
= Basal DNA damage in
37 Experimental Severe Maternal leukocytes Comet assay e Bakakes
i Basal DNA damage in
[38] Experimental Severe Fetal leukocytes Comet assay i cere disbetes
3 . Maternal and fetal Comet Assay with Fpg and Oxidative DNA damage in
7l Experimental MILJ and severe leukocytes Endo 111 enzymes® severe diabetes
s 3 8 Elevated in carly pregnancy
(39] Clinical GDM Maternal urine 8-0x0dG levels ik it in GDM
[40] Clinical Pregestational Umbilical vein plasma 8-oxodG levels No difference
3 ‘Telomerase activity higher
(41) Clinical Preges(fuonzl Cord blood Telomere lengtb fnd in cord blood from TIDM
and GDM mononuclear cell telomerase activity %
and GDM
S : Cord blood Mitochondrial Increased mitochondrial
271 Clinial SDM lear cells translocation of hTERT KTERT levels in GDM
GDM: gestational diabetes mellitus; hTERT: human reverse “The end 111 (Endo I11) and formamidopyrimidine-DNA

glycosylase (FPG) are enzymes used to detect oxidative DNA damage.

A few years ago, epigenetic processes have been suggested
as a link b maternal preg] diab: and long-
term offspring outcomes. Epigenetic modifications, such as
DNA methylation, regulate gene expression without altering
the DNA sequence. These alterations occur in response to
environmental stimuli [51-54]. Recent studies compared the
levels of global methylation in the placenta and umbilical cord
blood among women with and without gestational diabetes,
preeclampsna, and obesity. They found that the mother’s

bl during pregnancy may influence the
epigenome in the offspring [51]. del Rosario et al. [54] found
that epigenetic changes (DNA methylation) may increase the
risk of type 2 diabetes; studies support this association but
research in this area is still inconclusive [52].

In summary, the results found in the literature indicate
that maternal and fetal cells, especially mononuclear cells of
blood, respond differently to the hyperglycemic environment
(Table 1). While it is clear that hyperglycemia can damage
the maternal genetic material, the results in umbilical cord
blood (fetal cells) remain unclear. It seems that umbilical
cord blood cells have more efficient mechanisms workmg to
protect the genome. Future i igations on the mech
involved in genome protection in fetal cells as well as the role
of epigenetic changes may shed new light on the outcome on
offspring born from women with gestational diabetes.

4. DNA Repair Mechanisms Are Important to
Maintain the Genetic Stability

To maintain genetic stability organisms possess cellular
mechanisms collectively termed the DNA damage response
(DDR) to detect DNA lesions and signal their presence
and promote their repair. Cells with DDR defects display
higher sensitivity toward DNA damaging agents and many
such defects lead to mutagenesis, cytotoxicity, cell death,
and disease. In fact, genomic instability and defects in
DDR are known to play a role in disease processes such
& ‘care 1 R

B 8

deficiencies, infertility, aging, cardiovascular disease, and
metabolic syndrome [30, 55]. In this session we will focus on
DNA repair.

To repair different types of DNA lesmns the cell counts
on a variety of p that p d crosstalk to
forma network for prolecl:on of the cellular genome. [25,56-
59).

Nucleotide excision repair (NER), mismatch repair
(MMR), and base excision repair (BER) have been implicated
in the repair of ROS-induced lesions in DNA. However,
BER is the main mechanism involved in the removal of
these lesions in nuclear DNA and is the unique mechanism
demonstrated for mitochondria damaged DNA (31, 34, 35,
60]. BER predominantly repairs oxidized bases, AP sites, and
single strand breaks. In general, BER initiates with the action
of a DNA glycosylase that is able to remove the damaged
base resulting in an AP site. The AP site is then cleaved by
the AP-endonuclease, allowing the DNA poly (Bin
the nucleus or gamma in the mitochondria) to synthesize the
repair patch. The latter is relegated based on DNA ligase 111
activity [60].

5. The Possible Role of DNA Repair during
P y and Diab Di

B

Studies have demonstrated the importance of DNA repair
genes in pregnancy and perinatal development. Patients
with mutations in XPD (Xeroderma pigmentosum D) and
GTF2H5 (general transcription factor I1H, polypeptide 5),
genes involved in the NER pathway and in transcription-
couple repair, have the DNA repair diseases: trichothiodys-
trophy (TTD), xeroderma pigmentosum (XP), Cockayne
syndrome (CS), cerebro-ocular facial syndrome (COFS),
or a combination (24, 61, 62]. The pregnancies in which
the fetus had TTD were at significantly increased risk of
preeclampsia, HELLP (hemolysis, el dliver enzy and
low platelet count) syndrome, and elevated mid-trimester
maternal serum human chorionic gonadotropin levels. The
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affected fetus had decreased fetal movement and preterm
delivery with higher index of small for gestational age fetus
[63]. The authors hypothesized that mutations observed in
TTD patients affect placental development. Two years later,
the same group revealed that only a specific subset of XPD
mutations, which lead to TTD but are unrelated to XP, results
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and acute myeloid leukemia in the same population [71].
A relationship between GDM and breast cancer was found
in a New Zealand population, but when studying the U.S.
population this association was not observed (72, 73].
Experts assembled jointly by the American Diabetes
Association (ADA) and the American Cancer Society (ACS)

in higher risk to develop preeclampsia and other g
complications [64]. A functional polymorphlsm (199 Arg-
399GIn) in XRCCI (X-ray repair complementing defective
repair in Chinese hamster cells 1), a gene involved in the
BER pathway, showed higher frequency among patients with
preeclampsia (OR 1.65; 95% CI 1.23-2.19) in an Iranian pop-
ulation [65]. However, this polymorphism was not associated
with T2DM in a Polish population [66].

DNA repair was evaluated in lymphocytes of nonpreg-
nant patients with TIDM and T2DM (45, 46]. The results
of Blasiak et al. [45] suggest that T2DM may be associated
not only with elevated levels of oxidative DNA damage but
also with decreased efficacy of DNA repair. In an elegant
study Pécal et al. [46] compared DNA damage and repair
in lymphocytes of TIDM children, TIDM adults, and T2DM
adults. The T2DM diabetics exhibited a significant increase
in DNA damage and decreased DNA repair capacity when
compared with TIDM (both children and adults). TIDM
children displayed a significant decrease of DNA damage and
increase in DNA repair when compared with diabetic adults
(both T2DM and TIDM). These findings indicate significant
age-and DM type-related changes of DNA damage and repair
capacity in diabetic subjects.

In summary, the data available suggest that DNA repair
mechanisms are involved in the long-term consequences
of diabetes in TIDM and T2DM subjects. In pregnancy,
DNA repair genes may affect the harmony of maternal-fetal
interface resulting in adverse perinatal results.

6. Diabetes and Cancer

Epidemiologic evidence suggests that diabetic patients are at
significantly higher risk for many types of cancer. T2DM,
GDM, and cancer share many risks factors but potential
biological links between the two diseases are unclear [67,
68]. Meta-analyses have reported an increased risk of liver,
pancreatic, renal, endometrial, colorectal, bladder, and breast
cancer as well as an increase in the incidence of non-Hodgkin
lymphoma in T2DM subjects [68]. For those with T2DM
compared with those without diabetes, the greatest increase
in risk is for hepatocellular carcinoma (RR 2.5; 95% CI 1.8—
3.5), with the relative risk for cancer at other sites being
between 1.18 (95% CI 1.05-1.32) for breast cancer and 2.22
(95% CI 1.8-2.74) for endometrial cancer in those with
diab. (68, 69]. A prosp cohort study with 37.926
women in Jerusalem observed no cases of pancreatic cancer
in the women with TIDM; however, women with a history
of GDM showed a relative risk of pancreatic cancer of 7.1
(95% confidence interval 2.8-18.0) [70]. Similar results were
observed with a late cohort in Israel [71]. In addition to
the relationship between GDM and pancreatic cancer, the
authors observed an increased risk of h I

d the possible biological links between diabetes and
cancer risk. They suggested that diabetes may influence
the neoplastic process by several mechanisms, including
hyperinsulinemia, hyperglycemia, or chronic inflammation
without reference to DNA damage and repair [67]. However,
the increase in DNA damage and decrease in DNA repair
observed in T2DM subjects may provide a new link between
diabetes and cancer [45, 60, 74].

7. Proposed Clinical Intervention Strategy for
Maintenance of Genomic Integrity

71. Control of Maternal Hyperglycemia. Maternal hyper-
glycemia isable to induce fetal hyperglycemia [1, 4] (Figure 1),
increase the release of proinflammatory cytokines (15, 16],
and ROS production (17, 18] (Figure 2). Thus, it appears that
maternal glycemic control during hyperglycemic pregnancies
is an old and safe strategy to assure maintenance of genomic
integrity. Clinical studies have already demonstrated the
benefits of maternal glycemic control during pregnancy and
how to maintain optimal glucose levels without gestational
risk [75, 76).
adults with diabetes and p women
with GDM or pregestational diabetes (T]DM or T2DM)
glycemic rec dations [1]. During
pregnancy, the glycemic limits are stricter than in non-
pregnant state to prevent alteration in both maternal and
fetal health [1, 75, 76]. Based on recommendations (rom
the Fifth Inter | Workshop-Confé eon G i
Diabetes Mellitus [77] and ADAs statement [1] it is important
to maintain maternal capillary glucose concentrations at
<95 mg/dL (<5.3mmol/L) in the fasting state, <140 mg/dL
(<78 mmol/L) at 1h, and <120mg/dL (<6.7mmol/L) 2h
after starting the meal. For women with overt diabetes who
become pregnant, the optimal glycemic goals are premeal,
bedtime, and overnight glucose between 60 and 99 mg/dL
(3.3-5.4 mmol/L) and peak postprandial glucose between 100
and 129 mg/dL (5.4-7.1 mmol/L) and HbAIC of 6.0% [78].
Diet therapy, control of weight gain, and increasing phys-
ical activity are the standard treatment of GDM [77]. Insulin
administration is only performed for pregnant women who
fail to maintain glycemic goals as well as to the ones who
show signs of excessive fetal growth or overt dnbetes It lS
rec ded that insulin administration be i li
to achieve the glycemic goals stated [77]. During the last
decade, there was an increased interest in the use of oral
antihyperglycemic agents as an alternative to insulin in
achieving good glycemic control. However, the results are
inconclusive (79, 80].

7.2. Antioxidi I during Pregnancy. Antiox-

cies like non-Hodgkin’s lymph Hodgkins y ,:

idant 1 ion is a ionable strategy during

P
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pregnancy. The effects of vitamin C supplementation, alone or
in combination with other suppl have been evaluated
on pregnancy outcomes. No difference was seen in the risk
of stillbirth, perinatal death, birth weight, or intrauterine
growth restriction between women supplemented with vita-
min C alone or in combination with other supplements
and placebo. In fact, women supplemented with vitamin C
alone or combined with other suppl were at increased
risk of giving preterm birth [81]. The same researchers
also determined the effectiveness and safety of any vitamin
supplementation on the risk of spontaneous miscarriage,
maternal adverse outcomes, and fetal and infant adverse
outcomes. The results indicated that vitamin supplements,
alone or in combination, prior to pregnancy or in early
pregnancy, did not prevent miscarriage or stillbirth. How-
ever, it was found that women taking vitamin supplements
were less likely to develop preeclampsia while more likely
to have multiple pregnancnes (82, 83]. Mothers that have
taken antioxi ion during p y had
decreased frequency of micronucleus (a test used to quantify
chromosomal damage) in peripheral blood mononuclear
cells prior to and after hydrogen peroxide exposure. The
additional antioxidants intake during pregnancy was also
beneficial to reduce the frequency of micronucleus after
hydrogen peroxide exposure in cord blood cells. The data
demonstrated a positive effect of antioxidant supplementa-
tion on micronucleus frequency [84]. Experimental results
in a model of diabetic pregnancy indicate that high doses of
dietary antioxidants were need to normalize the development
of offspring. However, treatment with such high doses may
also have adverse effects in nondiabetic pregnancy [85].

It is clear based on the above findings that results
about antioxid: 1 duringp y are still
inconclusive, and little is known about their impact at the
DNA level. Despite this fact, taken together the data support
the notion that maternal glycemic control is a good and safe
plan to reduce the factors associated to genomic instability in
hyperglycemic pregnancy.

8. Conclusions

Although it is clear that hyperglycemia can damage the
maternal genetic material, the results obtained for cord blood
are not yet clear. The data seem to support the hypothesis that
umbilical cord blood cells have more efficient mechanisms to
protect the genome than the mother’s cells. DNA repair may
be thus considered an important mechanism to prevent the
deleterious effects of hyperglycemia in the genetic material.
However, functional studies demonstrating the ability of
DNA repair mechanisms in dealing with insults resulting
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Abstract

Objective: The purpose of this study was to assess markers of oxidative
stress, DNA damage and the cellular response in maternal and umbilical cord
blood of pregnancies complicated by hyperglycemia. Methods: One hundred
forty-four pregnant women, classified in normoglycemics (ND), mild
gestational hyperglycemia (MGH), gestational diabetes mellitus (GDM) and
type 2 diabetes mellitus (DM2), were included. The nuclear and
mitochondrial DNA damage were evaluated by gene-specific quantitative
PCR and the expression of genes and proteins involved in base excision repair
(BER) pathway were assessed by real time PCR and western blot,
respectively. The apoptosis was evaluated in vitro experiment. These
analyses were performed in samples from maternal and umbilical cord
blood. Results: The mothers with GDM and DM2 were characterized by
oxidative stress, increase of nuclear and mitochondrial DNA damage and
decrease expression of genes and proteins involved in BER. In addition, the
levels of hyperglycemia were associated to in vitro cellular apoptosis. The
newborns of diabetic mothers presented increase of BER genes and proteins
expression, and the hyperglycemia environment in vitro was not able to
induce apoptosis. Blood levels of DNA damage in umbilical cord were similar
among groups. Conclusions: In this study, maternal hyperglycemia observed
in GDM and DM2 groups was associated to oxidative stress and,
consequently with nuclear and mitochondrial DNA damage. However,
integrity of DNA from umbilical cord blood cells was preserved, suggesting

the better involvement of DNA repair mechanisms in these fetuses.

Key words: Diabetes, Pregnancy, DNA damage, DNA repair
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Introduction

Diabetes mellitus (DM) is a metabolic disease characterized by
hyperglycemia resulting from a defect in insulin action and/or production [1].
In pregnancy, hyperglycemia poses both short-term and long-term risks to
the health of women and their offspring [2]. Newborns (NB) of
hyperglycemic mothers exhibit an increased risk for malformations,
macrosomia, hypoxia, and perinatal death, which are associated with
hypoglycemia, hyperbilirubinemia, hyperinsulinemia and hyperleptinemia
[3-5]. During adult life, these metabolic alterations increased risk of

metabolic, cardiovascular and malignant diseases [2,5].

Oxidative stress has been widely studied as an important link between
hyperglycemia and its complications, including alterations in embryonic and
fetal development during pregnancy [6-8]. The basal explanation is that
hyperglycemia leads to mitochondrial reactive oxygen species (ROS)
overproduction and thus can induce protein oxidation, lipid peroxidation and
DNA damage in both mitochondrial (mtDNA) and nuclear DNA (nDNA) [6,9-
11]. Different degradation processes can remove oxidized lipids and
proteins; however, DNA has to be repaired or even be removed in the case

of mtDNA damage.

The mtDNA is more vulnerable than nDNA to ROS-mediated lesions [10-12].

One of several reasons that underlie this observation is that only base
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excision repair (BER) removes mtDNA lesions [13]. BER is the main
mechanism involved in the removal ROS-induced lesions i.e., oxidized bases,
AP sites, and single strand breaks. BER is initiated by DNA glycosylases (i.e.,
human 8-oxoguanine DNA glycosylase - hOGG1), which recognize and
remove specific damaged or inappropriate bases, forming AP sites. These are
then cleaved by an AP endonuclease, such as human AP Endonuclease
(APE-1), forming a single strand break. The resulting break can then be
processed by either short-patch or long-patch BER. In the short-patch, APE-
1 interacts with DNA polymerase beta (POLB) leading to single-nucleotide
gap synthesis. In the long-patch, APE-1 similarly interacts with Flap

endonuclease 1 (FEN-1) for synthesis of 2-10 new nucleotides [14].

When the rate of DNA damage exceeds the cellular capacity to repair it, the
accumulation of errors can overwhelm the cell and result in cell death or in
the fixation of mutations that may be transmitted to future generations if
they occur in germ cells. Mutations that occur in somatic cells can lead to
changes in cellular functions, which can contribute to cancer development

[15,16].

The literature acknowledges that the repair capacity of DNA damage plays a
critical role in the maintenance of genome stability [17]. Specifically, in DM
type 2, it has been shown that patients have increased levels of nuclear DNA

damage, high rate of lymphocyte apoptosis, and decreased repair capacity
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of hydrogen peroxide- and doxorubicin-induced DNA damage [18,19]. In
human diabetic pregnancies, data related to genome stability are still
limited. A pilot study in health pregnant women associated DNA damage and
risk of GDM [20] but no studies involving diabetic pregnant women and DNA
damage and/or repair are to our knowledge available. Data from animal
models support the correlation between diabetes and DNA damage with two
studies in rats with streptozotocin-induced diabetes reporting high levels of

nuclear DNA damage in maternal and NB leukocytes [21-23].

The objective of this study was to assess DNA damage and its cellular
response in maternal and umbilical cord blood of pregnancies complicated
by hyperglycemia. Our hypothesis was that, in these pregnancies,
hyperglycemia and oxidative stress may affect both maternal and fetal DNA

integrity and cellular response.

Materials and Methods

Ethics statement

This study was conducted in the Diabetes and Pregnancy Service of the
Botucatu Medical School/UNESP, Brazil, and was approved by the local
Research Ethics Committee (protocol #507/2012). Written informed consent
was obtained from all subjects according to the principles of the Declaration

of Helsinki.
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Study design and subjects selection

One hundred forty-four pregnant women with several degrees of
hyperglycemia were enrolled to this cross-sectional study. To calculate the
sample size, it was considered a completely randomized experiment with
four groups. Supposing that 20 degrees of liberty would be sufficient to
reduce the residual variance and to reveal the effect of groups, the minimum

subject for each group of mothers and newborns would be six.

Pregnant women with Diabetes mellitus type 2 (DM2; n = 23) were referred
to our service with a confirmed diagnosis. The research subjects without pre-
gestational diabetes underwent 75 g-GTT test, recommended by ADA [1],
and the glucose profile (GP) test, recommended by Rudge [24], between 24t
and 28™ gestational weeks. According to the 75 g-GTT and GP results,
pregnant women were classified into the following study groups: non-
diabetic (ND; normal 75-g GTT and GP; n = 46), mild gestational
hyperglycemia (MGH; normal 75-g GTT and abnormal GP; n = 30) or
gestational diabetes mellitus (GDM; abnormal 75-g GTT first reported during

the pregnancy; n = 45) (Figure 1).

The inclusion criteria were as follows: (a) hyperglycemia defined at the
maximum gestational age of 28-30 weeks for women with MGH and GDM,
and 20 weeks for DM2 pregnant women; (b) prenatal and delivery care at

the Service; (c) absence of clinically diagnosed infections and negative
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serology for HIV and syphilis, multiple pregnancies, DM1, fetal
malformations, fetal death, alcohol or illicit drugs habits; (d) deliveries

before the 36" week of gestation.

In MGH or GDM pregnant women the hyperglycemia was controlled through
a combination of lifestyle changes, individualized diet and exercise; insulin
therapy was used when necessary. Patients with DM2 followed the same
protocol but received insulin therapy since the start of treatment to replace
oral hypoglycemic agents. The goals of maternal glycemic control were
fasting glucose < 95 mg/dL, 1 hour postmeal
<140 mg/dL, and 2 hours postmeal < 120 mg/dL, resulting in a daily glycemic

mean (GM) £ 120 mg/dL [1].
Sample collection

Maternal blood samples were collected from 36™ week of pregnancy and
just prior to the beginning of labor. The umbilical cord blood was collected
intradelivery, shortly after clamping. The samples of maternal or umbilical
cord blood were collected in Vacutainer tubes (Becton Dickinson, USA)

treated with EDTA, serum or heparin tubes.
Characterization of the population

The population of pregnant women was characterized by age, body mass
index (BMI) in pre-pregnancy and third trimester of pregnancy, weight gain

during pregnancy, gestational age at delivery, presence of hypertension
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(gestational or chronic hypertension), glycemic mean (GM) and glycated
hemoglobin (HbA1c) levels. The GM was calculated by arithmetic mean of
plasma glucose levels evaluated in all GPs during treatment. Plasma glucose
levels were evaluated by glucose oxidase method (Glucose Analyzer Il
Beckman, Fullerton, CA, USA). The HbAlc levels were evaluated by
chromatography (high-performance liquid chromatography—D10™

Hemoglobin Testing System, Bio-Rad Laboratories, Hercules, CA, USA).

The perinatal results were evaluated by the glucose, insulin, leptin (predictor
of NB weight), hematocrit, hemoglobin, pH and total bilirubin in umbilical
cord blood. The corporal weight, ponderal index (the weight/length3 X 100
ratio), NB classification in small (SGA), adequate (AGA), or large (LGA) for the
gestational age (the weight/gestational age ratio) and 1% and 5™ min Apgar

scores were evaluated at delivery.

Hematological parameters (i.e., hematocrit and hemoglobin) were
determined in total blood samples with a Sysmex KX-21N (Roche). After
evaluation of the hematological parameters, total blood aliquots were
centrifuged (4°C for 15 min at 1.000xg) for plasma collection and remaining
analyses. Bilirubin concentrations were evaluated by a colorimetric method
using BuBc slides (VITROS Chemistry products, Johnson & Johnson), insulin
levels were measured by a chemiluminescent immunoassay using

microparticles (ARCHITECT insulin, Abbott Laboratories, Sdo Paulo, SP, Brazil)
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and leptin by ELISA kit (R&D system, MN, USA).

Evaluation of oxidative stress

Since imbalance between antioxidant and oxidants generates the condition
of oxidative stress, estimation of total protein reduced thiols, 8-iso-PGF2a

and the antioxidant capacity are useful in the prediction of this condition.

- Total protein reduced thiols — indirect marker of protein oxidation

Total reduced thiols were determined in a spectrophotometer (Spectra Max
PLUS 384, Molecular Devices) using 5,5-dithionitrobenzoic acid (DTNB-
Sigma Aldrich, St Louis, MO, USA). Thiol residues react with DTNB, cleaving
the disulfide bond to give 2-nitro-5-thiobenzoate (NTB2), which ionizes to
the NTB22 di-anion in water at neutral and alkaline pH. The NTB22 was
qguantified in a spectrophotometer by measuring the absorbance at 412 nm,

and was expressed as mM of reduced thiols /ml of serum.

- 8-Isoprostaglandin F2 a levels (8-iso-PGF2.) — lipid peroxidation marker

The 8-iso-PGF2a was detected using a commercially available Direct 8-iso-
PGF2a EIA kit (Enzo Life Sciences, Farmingdale, USA). All procedures were

carried out following the manufacturer recommendations.

- Antioxidant capacity

Antioxidant capacity in serum samples was measured using Amplex

Red/horseradish peroxidase fluorescence assay (Invitrogen, Paisley, UK).
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Serum samples were incubated with 20uM hydrogen peroxide for 30
minutes at 37 °C. After this period, samples were incubated with Amplex Red
(50 mM) and horseradish peroxidase type Il (0.1 U/ml) in order to quantify
the remaining hydrogen peroxide in each sample. Fluorescence readings
were determined in GloMax®-Multi+ Microplate Multimode Reader

(Promega) with Ex/Em = 530/580 nm.
DNA damage analysis

Gene-specific quantitative PCR (QPCR) was used to assay nDNA and mtDNA
damage [10,11]. Briefly, total genomic DNA was isolated using QIAGEN
Genomic Tip and Genomic DNA Buffer Set Kit (QIAGEN). The quantitation of
the purified genomic DNA was performed fluorimetrically using PicoGreen
dsDNA quantitation reagent (Molecular Probes). Lambda(\)/HindDIll DNA
(Gibco) was used to generated a standard curve and to adjust the final DNA
concentration to 3 ng/uL. The “hot start” PCR were performed using the
Gene Amp XL PCR Kit (Applied Biosystems) with 15 ng de DNA, 1X Buffer,
100ng/uL of BSA, 200uM of dNTPs, 20 pmol of each primer (Table 1), 1.3 mM
final concentration of Mg** and water to a total volume of 45uL. The reaction
was brought to 75°C prior to addition of 1U/reaction of enzyme (0.5uL of the
polymerase in 4.5 pL of sterile water). We quantitatively amplify an 8.9-kb
and 221-bp fragment of the mitochondrial genome and 13.5-Kb of nuclear

genome. Amplification of hyperglycemic samples (MGH, GDM and DM?2
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groups) was compared to non hyperglycemic samples (ND group) and
relative amplifications were calculated. These measurements were used to
estimate the lesion frequency present in the DNA based on a Poisson

distribution.

Isolation of Peripheral Blood Mononuclear Cells (PBMC)

Blood samples were collected in tubes containing heparin as anticoagulant.
The samples were diluted in phosphate-buffered saline (PBS), layered onto
Ficoll-Pacque (Pharmacia Biotech, Uppsala, Sweden), and centrifuged at 40
minutes at 1.800 rpm. The intermediate phase with the PBMC was collected
and washed two times in Dulbecco’s modified eagle medium DMEM low
glucose (12320-032-Gibco Invitrogen, Paisley, UK) supplemented with 10%
of fetal bovine serum (FBS, Gibco Invitrogen, Paisley, UK). The 2.0x10° cells
aliquots were frozen (liquid nitrogen) in FBS with 10% of dimethyl sulfoxide
(Sigma Aldrich, St Louis, MO, USA). The samples were thawed in the same
medium with 10% FBS. In order to verify the viability of PBMC after isolation
and thawing, 1% Trypan blue (Gibco, Invitrogen, Paisley, UK) solution was
added at 1:1 volume ratio. The number of dead PBMC in a sample of 100
cells was counted using a light microscope. Only samples with viability > 95%

were used in the experiments.

RNA extraction and cDNA synthesis

RNA extraction and cDNA synthesis was performed in PBMC using power
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SYBR® Green Cells-to-CT™ Kit (Ambion, Carlsbad, CA, USA) as recommended

by the manufacturer.

Real-time PCR

Real-time PCR was used to evaluate the expression of genes involved in
different steps of BER. This technique was performed using Power SYBR®
Green PCR Master Mix in an Applied Biosystems 7500 Fast Real-Time PCR
System (both from Applied Biosystems, Foster City, CA, USA). Real-time PCR
was carried out using specific primers for hOGG1, APE-1, FEN-1, POLpB and
GAPDH (Table 2). For negative controls, we used a complete DNA
amplification mix in which the target cDNA template was replaced with
water. The 2*AACT method of analysis was used with the GAPDH gene for
normalization. All samples were run in triplicate. Amplifications were
performed using the default cycling conditions: enzyme activation at 95°C
for 10 min, 40 cycles of denaturation at 95°C for 15 s, and
annealing/extension at 60°C for 60 s. GeneAmp software (Applied
Biosystems, Foster City, CA, USA) was used to quantify the expression levels

(Quantitative PCR).

Western blot

Western blot was performed to quantify the expression of proteins involved
in BER. Initially, PBMC from maternal and umbilical cord blood were lysed

with a syringe in ice-cold RIPA buffer (1% NP-40, 0.25% Na-deoxycholate, 150
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mM NaCl, 1 mM EDTA, 1 mM PMSF, 1 mM Na3V04, 50 mM Tris-HCl, pH 7.4),
supplemented with a cocktail of protease inhibitors (Sigma Chemical Co, St
Louis, MO, USA). Proteins were separated electrophoretically using 15% SDS-
PAGE, and proteins on the gel were transferred to a 0.45 um to nitrocellulose
membrane (Millipore, Bedford, MA, USA). The transfer of proteins was
confirmed by staining the membranes with a 10% Ponceau S solution (Sigma
Aldrich, St Louis, MO, USA). The blotted membranes were blocked with TBS-
T-milk 3% (140 mM NaCl, 20 mM Tris—HCI pH 7.4, 0.1% Tween-20, 3%
powdered milk) for 1 h and washed three times with TBS buffer.
Subsequently, membranes were incubated at 4°C with anti-hOGG1 (at
1:1000, Novus Biologicals, Littleton, CO, USA), anti-APE-1 (at 1:1000, Novus
Biologicals, Littleton, CO, USA), anti- FEN-1 (at 1:1000, Novus Biologicals,
Littleton, CO, USA) or anti-Polp (at 1:500, Santa Cruz, CA, USA) in TBS-T-milk
3% overnight and washed three times with TBS buffer. The membranes were
then exposed to horseradish peroxidase-conjugated antibody (1:1000,
Jackson Immuno Research, USA) in TBS-T-milk 3% for 1 h and washed three
times with TBS buffer. Immunoreactive bands (peroxidase activity) were
detected by the Enhanced chemiluminescence method (ECL). The
guantitative analysis of all DNA repair protein expression levels was
performed by densitometry using Image J software (v. 1.43 u, NIH, Bethesda,
MD, USA). B-actin levels estimated in the same membrane was used as

loading control.
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PBMC cultures

Considering that prolonged hyperglycemia with consequent oxidative stress
and DNA damage are some of the triggers of apoptosis [9], the PBMC isolated
from Non-diabetic mothers and their newborns were exposed to different

glucose concentrations in vitro.

Initially, PBMC were suspended in Dulbecco’s modified eagle medium DMEM
low glucose (12320-032; Gibco Invitrogen, Paisley, UK), with 2% FBS, and 1%
of gentamicin (Gibco Invitrogen, Paisley, UK). The cells were placed in 96
wells plate in the presence of 5 mmol/L (90 mg/dL, control sample —
physiological concentration of glucose — equivalent of normoglycemia in the
case of patients), 17.5 mmol/L (315 mg/dL, moderated concentration of
glucose) and 30 mmol/L (540 mg/dL high glucose concentration — equivalent
of severe hyperglycemia in the case of patients) of D-glucose (Sigma Aldrich,
St Louis, MO, USA). Glucose concentrations in incubating medium followed
values observed in patients and literature [9,25]. Cells were incubated in 5%
CO; incubator at 37°C for 48 h. Caspase 3/7 activity (Caspase-Glo® 3/7 Assay,
Promega) and ATP levels (CellTiter-Glo® Luminescent Cell Viability Assay,
Promega) were determined by luminescence in GloMax®-Multi+ Microplate
Multimode Reader (Promega). Staurosporine 1ImM (abcam, Cambridge, UK)

was used to positive control of caspase and negative control of ATP analysis.
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Statistical Analysis

Analysis of variance and Tukey’s multiple comparison test were used for
quantitative variables with normal distribution. For quantitative variables
with an abnormal distribution, the generalized linear model with gamma
distribution and the log-link function and the LSMeans test were utilized for
multiple comparisons. Analyses were performed using SAS software, version
9.1 and Prism taking into account a 95% level of statistical significance

(p <0.05).

Results

Maternal clinical background and perinatal outcomes evaluation

GDM and DM2 patients were older (p < 0.0001) and had the highest BMI in
the third trimester of pregnancy (p = 0.0003). In addition, the diabetics
groups and MGH group had the highest pre-gestational BMI (p < 0.0001). The
GM was progressively higher in relation to the severity of clinical conditions
of the mother (p < 0.0001) and the HbAlc levels in the third trimester
(p < 0.0001) confirmed the GM levels; therefore, the values of GM did not

exceed the glycemic goals recommended by ADA [1] (Table 3).

Newborns from MGH, GDM and DM2 groups had the highest leptin
(p = 0.0162) and hematocrit levels (p = 0.0026). Glycemia and insulin in cord
blood were not different among groups; the NB weight (p < 0.0001) and

percentage of LGA (p < 0.0001) were increased only in MGH groups
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(Table 04).
Oxidative stress

Levels of reduced thiols were significantly decreased in serum of mothers
with GDM (p = 0.0043) and DM2 when compared with ND group (p = 0.027)
(Figure 2-A1), and were not significantly different in the umbilical cord blood

serum (Figure 2-B1).

The 8-iso-PGF2a serum levels were higher in DM2 mothers than other
groups (p = 0.0061) (Figure 2-A2), whereas the GDM group showed relevant
augmentation in serum of umbilical cord blood when compared with ND

group (p = 0.0217) (Figure 2-B2).

No significant differences on the antioxidant capacity were observed in

maternal serum (Figure 2-A3) or in NB (Figure 2-B3).
Nuclear and mitochondrial DNA damage

The levels of nDNA and mtDNA damage in maternal leukocytes (Figure 3-A1;
Figure 3-A2, respectively) were higher in both GDM (p = 0.02) and DM2
groups (p = 0.0007) when compared to ND group. In contrast, no significant
differences were found in nDNA or mtDNA damage in umbilical cord blood

leukocytes (Figure 3-B1 and Figure 3-B2).
mRNA expression of APE-1, FEN-1 and POLJ

The mRNA hOGG1 expression was not detectable with the methodologies
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employed in maternal or NB PBMC. The mRNA of APE-1, FEN-1 and POLf
were expressed in all study groups; in hyperglycemic groups were observed

opposite results between mothers and NB (Figure 4).

mRNA APE-1 expression was lower in mothers of DM2 group than others
groups (p = 0.0008) (Figure 4-A1), and it was higher in NB of GDM group than
others groups (p = 0.0032) (Figure 4-B1). mRNA FEN-1 expression was lower
in GDM mothers than ND and MGH groups, and it was lower in mothers with
DM2 compared to MGH group (p = 0.0006) (Figure 4-A2). In addition, the
highest mRNA FEN-1 expression was found in NB of GDM and DM2 groups
compared to ND group (p = 0.0016) (Figure 4-B2). mRNA POLPB expression
was lower in mothers of GDM and DM2 groups compared to ND group
(p = 0.0044) (Figure 4-A3), and it was higher in NB of DM2 group compared
to ND group (p = 0.0036) (Figure 4-B3). The summary of these results are in

Table 1S (supplementary archive).
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Protein expression levels of hOGG1, APE-1, FEN-1 and POLB

The BER proteins evaluated were identified in all groups. The results are
similar to observed in mRNA analysis and confirm the opposite response

observed between mothers and NB of diabetic groups (Figure 5; Figure 6).

The levels of hOGG1 expression were lower in mothers with GDM only when
compared to DM2 group (p = 0.0105) (Figure 5-A1; Figure 5-al), and it was
higher in NB of DM2 group than ND and MGH groups (p = 0.0039)
(Figure 5-B1; Figure 5-b1). APE-1 expression was lower in mothers of GDM
and DM2 groups when compared to ND group (p = 0.0145) (Figure 5-A2;
Figure 5-a2), and it was higher in NB of GDM group than others groups
(p =0.0164) (Figure 5-B2; Figure 5-b2). Maternal FEN-1 levels were similar in
all groups (Figure 6-Al; Figure 6-al); and increased in NB from GDM group
when compared to ND and MGH groups (p = 0.0099) (Figure 6-B1; Figure 6-
b1). POLB expression was lower in mothers of MGH compared to ND group
(p = 0.0363) (Figure 6-A2; Figure 6-a2), and it was elevated in NB of DM2
group when compared to others groups (p = 0.0077) (Figure 6-B2; Figure 6-

b2). The summary of these results are in Table 1S (supplementary archive).
Apoptosis and ATP production analysis

The activity of effector caspases-3 and caspase-7 was elevated in PBMC
isolated of mothers without diabetes and exposed to 30 mmol/L (540 mg/dL)

of glucose compared with 95 mmol/L (90 mg/dL) concentrations (p < 0.001)
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(Figure 7-A1). To confirm these results, we evaluated ATP levels in the same
samples and observed ATP reduction in 30 mmol/L glucose concentration
(p = 0.0480) (Figure 7-A2). Activation of caspases-3 our caspase-7 was not
observed in PBMC of NB (Figure 7-B1); despite this, the ATP levels were
reduced in 30 mmol/dL (540 mg/dL) glucose concentration (p = 0.0439)

(Figure 7-B2).

Discussion

Almost all of the complications associated with diabetes in pregnancy are
linked to maternal hyperglycemia [1]. In this study, pregnant women of
MGH, GDM and DM2 groups had different hyperglycemia levels, which
became progressively higher in relation to the severity of clinical conditions,
and that impacted the results obtained solely for the mothers. The groups of
mothers with GDM and DM2 were characterized by oxidative stress, increase
of nuclear and mitochondrial DNA damage as well as decrease expression of
genes and proteins involved in BER. In addition, the levels of hyperglycemia

were associated to in vitro cellular apoptosis in maternal PBMC.

It is widely accepted that hyperglycemia leads to oxidative stress. Important
studies showed increased biomarkers of oxygen radical damage and
abnormalities in the antioxidant defenses of diabetic patients [26]. Plasma
and urinary concentrations of 8-iso-PGF2a were associated to DM2 in non-

pregnant women [27,28], and to GDM in pregnant mothers [29]. Our
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maternal results reinforce these data.

In the present study, thiols in their reduced form were lower in GDM and
DM2 groups, suggesting the presence of oxidized proteins. Levels of8-iso-
PGF2a, a lipid peroxidation marker, was high only in the DM2 group. The
differences among hyperglicemic levels overweight and obesity, with
correspondent insulin resistance, may have influenced ROS production
[30,31] and contributed to our results. Overweight, insulin resistance and
hyperglycemia have been associated to differences in vascular disorders,

cytokines production and apoptosis in placentas of diabetic mothers [32-36].

No difference was found in maternal antioxidant capacity after H.0;
treatment. Probably, antioxidant defenses were not enough to control the
elevated oxidative stress in GDM and DM2 groups, as demonstrated by
increased serum protein oxidation or lipid peroxidation in these diabetic
mothers. This observation is consistent with previous studies in rats, which
demonstrated higher levels of lipid peroxidation as gauged by
malondialdehyde levels, even in presence of increased antioxidants enzymes
in maternal blood of streptozotocin-induced diabetic pregnant rats [7].
Human studies report increased production of ROS and decrease in
antioxidant defenses of diabetic pregnant women [37,38]. Thus, the results
of our study reinforce that antioxidant defense in pregnancy complicated by

diabetes or hyperglycemia is not enough to defending against the
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exacerbated oxidative stress condition.

Besides hyperglycemia and oxidative stress, our results showed that
pregnant women with GDM or DM2 exhibited a significant increase in nDNA
and mtDNA damage. Some studies have suggested that mtDNA is more
susceptible than nDNA to genotoxic agents, most notably ROS [11,12].
Damage in DNA, if not repaired, could lead to mutations, which are
associated to many different diseases including cancers, both in mother [39]
and NB [40]. MtDNA damage can also lead to mitochondrial dysfunction,
promote and maintain increased ROS production, which could leak out the

mitochondria, affecting the nuclear genome.

The maternal glucose can readily cross the placenta and it has always been
associated with adverse perinatal outcomes [41-43]. In this study, NB of
hyperglycemic mothers were characterized by elevated levels of leptin,
increase in body weight, higher hematocrit levels and high rate of LGA.
Furthermore, the NB of diabetic mothers presented increase of BER genes
and proteins expression, and the hyperglycemia environment in vitro was
not able to induce apoptosis in NB cells. Interesting, only NB from GDM
mothers show increase in lipid peroxidation without association with DNA
damage. Irrespective of the groups, blood levels of DNA damage in umbilical

cord were similar.

According to some studies, there is a compensatory response in umbilical
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cord blood cells of NB exposed to hyperglycemia, relative to the higher
telomerase activity, which is able to maintain telomere structure in nDNA
[44]. Another explanation is related to the increase ratio of
mitochondrial/nuclei hTERT, suggesting a protective effect on fetal mtDNA
[29]. In contrast, our previous experimental studies showed higher levels of
oxidative DNA damage in both, streptozotocin-induced diabetic pregnant
rats and their NB, when glucose levels were > 300mg/dL [21-23]. In this
study, the maternal glucose was maintained at lower levels than those
observed in diabetic rats, and this may explain the differences in offspring

DNA damage between STZ-diabetic rats and diabetic mothers.

The most intriguing result in the present study was that, in hyperglycemic
conditions, the maternal and fetal compartment respond differently to DNA
insults. The GDM and DM2 mothers exhibited nDNA and mtDNA damage,
which were not observed in their newborns. In addition, these mothers had
lowest expression of BER genes (APE-1, FEN-1, POLB) and protein (hOGG1,
APE-1), associated to apoptosis in high glucose concentrations (in vitro
experiment). Conversely their NB showed increase of these genes and
proteins expression and no in vitro induction of apoptosis in hyperglycemic
concentrations. Overall, these results indicate that while damage in the

mother genome was evident, the fetal genome was well protected.

The umbilical cord contains at least three populations of stem cells, each
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with unique features and properties. These stem cells possess highly efficient
DNA repair network that becomes less efficient upon differentiation, and
also have an anaerobic metabolism, which reduces mitochondrial number
and oxidative stress [45,46]. The higher telomerase activity [44] and the
increased mitochondrial/nuclei ratio of human translocation telomerase
reverse transcriptase (hTERT) [29] have been also considered as a possible
protective factor for DNA umbilical blood cells in hyperglycemic pregnancies.
These data suggest that umbilical cord blood cells have potentially several
mechanisms at play to protect the fetal DNA against genomic insults in

hyperglycemic and oxidative stress conditions.

The results of our study open a wide window for future researches. However,
it is important to recognize its limitations, especially in respect to the
difference between the number of mothers and NB evaluated. This was due
to problems of inadequacy of some samples and difficulty to get and to
process samples at night and weekend births. Although limited, our results
highlight that protective mechanism for fetal DNA-damage may be
dependent of glycemic levels, reinforcing yet again the importance of

adequate maternal glycemic control in pregnancies complicated by diabetes.

In conclusion, this study has demonstrated that maternal hyperglycemia
observed in GDM and DM2 groups was associated to oxidative stress and,

consequently with nDNA and mtDNA damage. However, integrity of DNA
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from umbilical cord blood cells was preserved, suggesting the better

involvement of DNA repair mechanisms in these fetuses.

Supplementary Material

Table 1S. Summary of results of gene and protein expression of BER
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Table 1. Gene targets, primers pairs and cycles for QPCR

Targets

Genes

Primers
Pairs

75°C—2 min
::'r::;‘;t F: 5'-CGA GTA AGA GAC CAT TGT GGC AG-3' 94°C - 1 min
Region near 13.5kb (G1 48510) 94:C -1 se.g
the B Globin 64°C-12 min
gene 72°C—-10 min
21 cycles
R: 5'-GCA CTG GCT TAG GAG TTG GACT-3'
(Gl 62007)
75°C -2 min
F: 5'-TCT AAG CCT CCT TAT TCG AGC CGA-3' 94°C-1min
Mitochodrial 3.9 Kb (G15999) 94°C-15seg
fragment 64°C—12 min
72°C—-10 min
R: 5'-TTT CAT CAT GCG GAG ATG TTG GAT GG-3' 17 cycles
(G114841)
75°C -2 min
Normalize F: 5'-CCC CAC AAA CCC CAT TACTAA ACC CA-3’ 94°C -1 min
Mitochodrial 221bp (GI114620) 60°C — 45 seg
small 72°C—45 seg
fragment 72°C—10 min
17 cycles

R: 5'-TTT CAT CAT GCG GAG ATG TTG GAT GG-3'

(G114841)

F: foward; R: reverse.

Table 2. Primers used for real time PCR

Primer Forward 5’-3’ Reverse 5'-3'
hOGG1 (A GTGGACTCCCACTTCCAAGA CGATGTTGTTGTTGGAGGAA 55
hOGG1 ® GTTCTGCCTTCTGGACAATCT CCATACTTGATCCGCTAGTACAC 55
APE-1 CTGCCTGGACTCTCTCATCAATAC CCTCATCGCCTATGCCGTAAG 57
FEN-1 CGGGCTGTGGACCTCATC CAAGTCGCCGCACGAT 58
POLB GTGCAGAGTCCAGTGGTGACA CAGTTTTGGCTGTTTGGTTGATT 57
GAPDH CAAGAGCACAAGAGGAAGAGAG CTACATGGCAACTGTGAGGAG 55

In hOGG1 analysis was tested two pairs of primers (A and B) and HS01114116_G1 OGG1 Tagman Assay.(Applied
Biosystems, Foster City, CA, USA). In all experimentes hOGG1 expresion was not detectable.




Table 3. Maternal clinical background

MGH
(n=30)
Age (years) 26.1+7.9a0 28.416.4a0 30.9+4.9b0 33.2+7.1b0 <0.0001
BMI 1 (kg/m?) 26.4+5.0al 31.6+7.9b1 33.3+7.1b1 34.8+5.9b1 <0.0001
BMI 2 (kg/m?) 31.145.5a2 35.0+7.3a2 37.4+6.5b2 37.2+9.9b2 0.0003
Weight gain (kg) 12.345.1 9.946.1 10.3+8.0 10.246.5 ns
GA (weeks) 39.5%+1.7a3 39.3%#1.1a3 38.9+1.3a3 37.5%0.8c3 <0.0001
Hypertension 03 (6.52) 12 (40.00) 07 (15.55) 11 (47.82) ns
GM (mg/dL) 83.1+7.8a5 91.3+11.7b5 101.9+14.2¢5 109.6+13.8d5 <0.0001
HbAlc (%) 5.3%0.4a6 5.5+0.5b6 5.6+0.5b6 6.5+1.1c6 <0.0001

Clinical data are presented as means + standard deviation or n (%). 1: Evaluated in pre-pregnancy; 2: Evaluated in
the third trimester of pregnancy; BMI: body mass index; GA: Gestational age at delivery; GM: Glycemic mean;
HbA1lc: Glycated hemoglobin. Values followed by different letters and same index significantly differ (p < 0.05). ns:
not significant (p > 0.05).
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Table 4. Perinatal results

Glycemia 65.5+19.3 61.50+15.9 73.5430.9 68.9+22.6 ns
(mg/dL)
Insulin

53454 9.313.7 8.949.1 8.045.5 ns
(LU/mL)
(Lsg/t::u 52.1+63.5a0 219.4+311.9b0 147.3+107.2b0 253.84361.5b0  0.0162

+

Weight (g)  3198.8+421.2al  3637.2¢579.2b1 3317.24559.7al 3070‘21488'53 <0.0001
Pl (g/cm?) 0.028+0.002 0.028+0.003 0.029+0.003 0.030+0.003 ns
SGA 03 (11.1) 03 (15.0) 0.0 (0.0) 0.0 (0.0)
AGA 22 (81.5) 13 (65.0) 20(95.2) 16 (84.2) <0.0001
LGA 02 (7.4) 04 (20.0) 01 (4.8) 03 (15.8)
Ht (%) 48.0+5.5a2 49.4+4.702 51.845.5b2 53.447.5c2 0.0026
Hb (g/dL) 15.942.2 16.141.5 16.6+1.8 17.042.3 ns
pH 7.26+0.12 7.28+0.10 7.27+0.09 7.3040.07 ns
Bilirubin 2.0240.57 2.1040.73 2.03+0.74 2.2240.63 ns
(mg/dL)
Apgar1<7 05 (18.52) 05 (25.00) 03 (14.29) 02 (10.53) ns
Apgar 5 <7 01 (3.70) 02 (10.00) 0(0) 0(0) ns

Data are presented as means + standard deviation or n (%). Pl: ponderal index (weight/length® x100);
weight/gestational age classification: small (SGA), adequate (AGA), and large (LGA) for gestational age; Ht:
hematocrit; Hb: hemoglobin. Values followed by different letters and same index significantly differ (p < 0.05). ns:
not significant (p > 0.05).
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Figure 01. Definition of study groups and sample size.The MGH and GDM diagnosis was established between 24t

and 28 gestational weeks according the 75 g-GTT and glucose profile results. The DM2 were referred to the

Diabetes and Pregnancy Service with a confirmed diagnosis.



Jese de Doutorado — Guaciéle Brogin Moreli, 2015 52

Al Bl
H — 8
2 g
E 0.4 =
° Ao
£ =
-
8 0.2 g
3
g g
=
% oo E
L o &
® ® & &
A2 B2
80000+ 0000 i
. T ] —
§ — g 300004
& 400001 W 200001
o] (U]
o o
& 20000 2 100004
) @
0- 0
) > & a
- ®0 GO 0@ ‘Q @Gb 0{33‘ Q@:\v
A3 B3
8 157 8157
: 5
s -
£ 1.0 £ 10
2 8
S ¢
é 0.54 g 0.5
s e
4 2
s ] i & 3 e
& & & & ® esgb 60@ Q@m

Figure 02. Evaluation of oxidative stress markers in serum from mothers [A] and umbilical cord blood [B]. Al and
B1: Total reduced thiols determined by DTNB method. A2 and B2: 8-iso-PGF2a evaluated by EIA method. A3 and
A4: Antioxidant capacity after incubation with 20uM hydrogen peroxide for 30 minutes at 37 °C. Hydrogen peroxide
not degraded by samples was determined by Amplex Red/ horseradish peroxidase fluorescence assay. Values as

mean = SEM, *p < 0.05 vs others groups; ** p < 0.05 vs appointed study group. n=15/group.
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Figure 03. Nuclear [1] and mitochondrial [2] DNA damage from maternal [A] and umbilical cord blood [B]. DNA

damage determined by Gene-specific quantitative PCR (QPCR). Values as mean = SEM, ** p < 0.05 vs appointed
study group. n=15/group.
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Figure 04. Gene expression of APE-1 [1], FEN-1 [2] and POLB [3] in PBMC isolated from maternal [A] and umbilical
coord blood [B]. Each reaction run in triplicates. All expression was normalized by GAPDH. hOGG1 expression was
not detected with the methodologies employed. Values as mean + SEM; *p < 0.05 vs others groups; ** p <0.05 vs

appointed study group. n=15/group.
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Figure 05. Protein expression of hOGG1 [1] and APE-1 [2] in PBMC isolated from maternal [A,a] and umbilical coord
blood [B,b]. The relative band intensities from western blot experiments were normalized to the level of B-actin
and analyzed with Image J software [A1, A2, B1, B2]. Values as mean + SEM; *p < 0.05 vs others groups; ** p < 0.05

vs appointed study group. n = 08/group.
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Figure 06. Protein expression of FEN-1 [1] and POL [2] in PBMC isolated from maternal [A,a] and umbilical coord

blood [B,b]. The relative band intensities from western blot experiments were normalized to the level of B-actin

and analyzed with Image J software [A1, A2, B1, B2]. Values as mean + SEM; *p < 0.05 vs others groups; ** p < 0.05

vs appointed study group. n = 08/group.
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Figure 07. Caspase 3/7 activity [1] and ATP levels [2] in PBMC isolated from maternal [A] and umbilical cord blood
[B] of non-diabetic group. PBMC were exposet to 5 mmol/L (90 mg/dL), 17.5 mmol/L (315 mg/dL) and 30 mmol/L
(540 mg/dL) of glucose during 48h. Control ST: Staurosporine 1mM. Values as mean + SEM, ** p < 0.05 vs appointed

study group. n=06/group.
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Table 1S. Summary of results of gene and protein expression of BER

Gene Protein  Gene Protein Gene Protein Gene Protein

Mothers

hOGG1 nd

APE-1 nd %

FEN-1 nd \: { - {

POLB nd 1 2 \ \
Newborns

hOGG1 nd

APE-1 nd

FEN-1 nd 0 t 0 t

POLB nd T 0 1 1

nd: not detected; ns: not significant; T increase of expression.; { decrease of expression.; * compared only with
MGH group; ** compared only with DM2 group.
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Botucatu, 03 de outubro de 2.012 OF. 507 /2012

Tlustrissima Senhora

Prof®. Dr®. Iracema de Mattos Paranhos Calderon
Departamento de Ginecologia e Obstetricia da
Faculdade de Medicina de Botucatu

Prezada Dr* Iracema,

Informo que o Projeto de Pesquisa (Protocolo CEP 4048-2011) Associacdo
entre estresse oxidativo, lesdes no DNA e capacidade de resposta celular
em gestantes e recém-nascidos sob regime de hiperglicemia de intensidade
variada, que tem a coordenagdo de Vossa Senhoria, teve autorizada a
inclusdo do Sub-Projeto: Lesdes no DNA e capacidade de resposta celular
de gestantes e recém-nascidos em regime de hiperglicemia de intensidade

variada, quer serd conduzido pela aluna Jusciele Brogin Moreli.

Atenciosamente,

A ds
Prof. Dr. Trajano Sardenberq
Coordenador do CEP



