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ABSTRACT

Objective: Although not diagnosed with diabetes, mild gestational hyperglycemic
women might show high levels of oxidative DNA damage. The aim of this study was
to evaluate genotoxicity (basal and oxidative DNA damage levels) in lymphocyte
samples from pregnant women with diabetes and with mild gestational
hyperglycemia. Research design and methods: This study included 113 pregnant
women who were distributed into four groups based on oral glucose tolerance test
(OGTT) results and glycemic profiles (GP), as follows: 1A — Normal OGTT and GP
(Non-diabetic group); IB — Normal OGTT and abnormal GP (mild gestational
hyperglycemic group); IIA — Abnormal OGTT and normal GP (gestational diabetes
group); 1B — Abnormal OGTT and GP (gestational or overt diabetes group). Maternal
blood samples (5 -10 mL) were collected and processed for the determination of
basal and oxidative DNA damage using Fpg and Endo Il by comet assay. Results:
In groups IIA and IIB analyzed together, there was a larger number of Fpg-sensitive
sites, while in IB there was a greater numbers of Endo lll-sensitive sites.
Conclusion: Diabetic pregnant women (IIA+lIB groups) showed a higher level of
oxidative DNA damage due to hyperglycemia, whereas mild hyperglycemic pregnant
women (IB) showed oxidative DNA damage associated with oxidative stress due to

obesity and/or insulin resistance in these patients.

Key-words: diabetes, pregnancy, mild gestational hyperglycemia, genotoxicity,

comet assay, oxidative DNA damage.



Gestational Diabetes mellitus is any glucose intolerance of variable magnitude
with beginning or diagnosis during pregnancy. Similar to Diabetes mellitus type 2,
gestational Diabetes mellitus is associated with both insulin resistance and decrease
function of beta (B) cell -pancreatic (1). Besides gestational Diabetes mellitus, in
1983, Rudge used two parallel diagnostic tests, 100-g Oral Glucose Tolerance Test
(OGTT) and Glycemic Profile (GP), to classify pregnant women. The combination of
those two tests characterized another group, the mild gestational hyperglycemia. The
Mild gestational hyperglycemia comprises a group of pregnant women with positive
screening but negative diagnosis for gestational Diabetes mellitus and hyperglycemia
detected only in the GP. Subsequently, Rudge et al. (2) defined a new classification
system for the diagnosis of pregnancies complicated by diabetes: IA — Normal OGTT
and glycemic profile (Non-diabetic group); IB — Normal OGTT and abnormal glycemic
profile (mild gestational hyperglycemic group); IIA — Abnormal OGTT and normal
glycemic profile (gestational diabetes group); [IB — Abnormal OGTT and glycemic
profile (gestational or overt diabetes group).

The pregnant women with mild gestational hyperglycemia represent 13.8% of
the population of pregnant women screened in, added to 7.0% of pregnancies
complicated by diabetes, increase the occurrence of hyperglycemic disorders in
pregnancy to about 20% (3). These patients present at high risk for hypertension,
obesity and hyperglycemia, and seem to reproduce the model of metabolic syndrome
(MS) in pregnancy with hyperinsulinemia and insulin resistance that persists six
weeks postpartum (4). After 10 to 12 years of the index-pregnancy, type 2 Diabetes
mellitus was confirmed in 16.7% of women who had mild gestational hyperglycemia
during pregnancy (5). Newborns of women with mild gestational hyperglycemia

present 53.8% of macrosomia, a proportion similar to the 51.9% seen in clinics and



gestational diabetes (6). The perinatal mortality rate of 41%. was similar to that of
diabetic women and 10 times greater than that of normal pregnant women in group
IA (7). The attributable risk of perinatal mortality in this group was 4.16%, comparable
to that identified in groups of pregnant women with diabetes (8). These newborns
may also exhibit hypoglycemic crises, hyperbilirubinemia and high incidence of
prematurity and congenital anomalies (9). Therefore, pregnant women with mild
gestational hyperglycemia despite being identified in the literature as low-risk
characterize a population with adverse maternal and perinatal outcomes and
represent a public health problem (8).

Pregnancy is an oxidative stress state (10), which leads to increased
metabolic activity in the placental mitochondria and a decrease in the antioxidant
system. Besides, hyperglycemia generates reactive oxygen species (ROS)
exacerbating the oxidative stress state. This fact can damage the biological
macromolecules including proteins, lipids and nucleic acids (11). Studies show an
increased level of DNA damage in the leukocytes of individuals with type 1 Diabetes
mellitus and type 2 Diabetes mellitus (12, 13). Anderson et al. (14) reported that
patients with type 2 Diabetes mellitus showed a higher frequency of cells with DNA
damage compared to patients with type 1 Diabetes mellitus.

Oxidatively damaged DNA may involve breakage in single and double-strand,
base modifications, fragmentation of deoxyribose, formation of DNA—protein cross-
links as well as abasic sites (15). The comet assay is a rapid and sensitive method
that can be used to detect oxidized bases in DNA with the utilization of repair
endonucleases. The Endonuclease Il (Endo IlI) and formamidopyrimidine DNA
glycosylase (Fpg) are involved in the first step of the base excision repair to remove

specific modified bases from DNA (16) to create an abasic site (AP site, for



apyrimidic/apurinic site) which is subsequently cleaved by their AP lyase activity
giving a gap in the DNA strand (17). Both (Fpg and Endo lll) can be also detected by
the comet assay.

In the damage generated by ROS in DNA molecules, guanine is most prone to
oxidation. When there is oxidation, a hydroxyl group is added to the guanine
molecule and results in the formation of a new structure called 8-hydroxy-2'-
deoxyguanosine (8-OHdG or 8-0x0-dG), so the 8-OHdG serves as a marker sensitive
to oxidative damage of DNA (18). Clinical and experimental investigations show the
presence of oxidative damage in the DNA of individuals with Diabetes mellitus (19,
20). It was observed that patients with type 1 Diabetes mellitus and type 2 Diabetes
mellitus show an increase in urinary 8-OHdG (21).

Studies in our laboratory showed that rats with mild diabetes (blood glucose
level between 120 and 300 mg/dL) or severe diabetes (glycemia > 300 mg/dL) and
their newborns also exhibit oxidative DNA damage detected by comet assay (22). A
similar result was observed by Dandona et al. (23) in patients with DM1 and DM2.
Dincer et al. (24) confirmed that individuals with with type 1 Diabetes mellitus show
an increase in DNA damage and restriction sites sensitive to FAP glycosylase.
Pitozzi et al. (25) also detected increased oxidative DNA damage in
polymorphonuclear leukocytes of patients with type 2 Diabetes mellitus, although this
increase was not observed in isolated lymphocytes. Zengi et al. (26) showed that the
oxidative DNA damage was increased in lean normoglycemic offspring of type 2
Diabetes mellitus patients. According to literature data, we hypothesized that,
although not diagnosed with diabetes, mild gestational hyperglycemic women might

show high levels of DNA oxidative damage. The aim of this study was to evaluate



genotoxicity (basal and oxidative DNA damage levels) in lymphocyte samples from

pregnant women with diabetes and with mild gestational hyperglycemia.

RESEARCH DESIGN AND METHODS

The present investigation was conducted at Specialized Service of Diabetes
and Pregnancy, Botucatu Medical School, UNESP_ Univ Estadual Paulista, Braazil,
after approval of the Ethics Committee of the institution. This study included 113
pregnant women. The pregnant women were assigned to participate if they
presented a fasting glycemia level 290 mg/dL and/or risk factors for developing
gestational Diabetes mellitus. Between the 24th and 28th week of gestation, a 100 g
oral glucose tolerance test (OGTT) and a glycemic profile were done; the cutoff
values for the OGTT were those proposed by Carpenter & Coustan (fasting =295
mg/dL; 1 h 2180 mg/dL; 2 h 2155 mg/dL; 3 h 2140 mg/dL) (8) and for the glycemic
profile, those proposed by Gillmer et al. (fasting 290 mg/dL and/or postprandial 2130
mg/dL) (27). The patients were distributed into four groups based on these two tests:
IA — Normal OGTT and glycemic profile (non-diabetic group); IB — Normal OGTT and
abnormal glycemic profile (mild gestational hyperglycemic group); IIA — Abnormal
OGTT and normal glycemic profile (gestational diabetes group); and I[IB — Abnormal
OGTT and glycemic profile (gestational or overt diabetes group). The gestational or
overt diabetes group corresponds to pregnant women with gestational diabetes or
type 2 diabetes. Pregnant women presenting type 1 Diabetes mellitus were excluded
from this study.

The pregnant women of the non-diabetic group were not treated. For maternal

hyperglycemia control was followed the protocol of the service, using the GP, with



fasting, pre and post prandial glucose levels weekly evaluated for 24 hours, at
intervals from two to 32 weeks . Pregnant women with mild gestational
hyperglycemia and gestational diabetes mellitus were treated with diet, indicated by a
nutritionist, associated with exercise, and when necessary, insulin therapy was
initiated. Women with type 2 diabetes were treated with diet, exercise and insulin
therapy since the beginning of pregnancy (1, 7, 9).

Inclusion criteria were defined: (a) be classified in the study groups, (b) to
have maximum gestational age of entry into the treatment protocol of 30 weeks for
women with mild gestational hyperglycemia and gestational Diabetes mellitus and 20
weeks pregnant for type 2 Diabetes mellitus; (c) carry out prenatal care and birth on
the service, (d) sign consent form. Exclusion criteria were multiple pregnancies, those
with fetal malformations and those with birth before 34 weeks.

The glycemic mean was calculated by the arithmetic mean of plasma glucose
measured in all GP performed at diagnosis (group ND) and the control treatment
(groups mild gestational hyperglycemia, gestational Diabetes mellitus and gestational
and over diabetes). Plasma glucose was measured by the glucose oxidase method
(Glucose - Analyzer Il Beckman®, Fullerton, California, USA) and the body mass
index (BMI) was calculated by body weight divided by the square of height.

From the week 34 of gestation and before the onset of labor, maternal blood
samples (5 to 10 mL) were collected in Vacutainer tubes with EDTA
(BecktonDickinson, FranklinLakes, New Jersey — USA). The collected blood samples
were immediately processed for determination of oxidative DNA damage by comet
assay. The comet assay was performed to evaluate the maternal genotoxic effect

resulting from diabetes or mild gestational hyperglycemia.



In order to evaluate basal DNA damage levels, maternal lymphocytes were
isolated by centrifugation using Ficoll, according to the protocol described by Collins
et al. (19). The lymphocytes (20ul for the maternal) were mixed with low melting point
(LMP) agarose (120ul), placed on a slide with normal melting point (NMP) agarose,
and immediately covered with a coverslip. The slides were left at 4°C for 10 min to
solidify the agarose. The coverslip was gently removed and the slides were
immersed in an ice-cold freshly prepared lysis solution [2.5M NaCl, 100mM EDTA,
10mM Tris, with 1% Triton 100-X, and 10% dimethylsulphoxide added just before
use] to lyse cells and to allow DNA to unfold.

For obtaining a positive control, a solution of H,O, (200uM) was added to
lymphocyte samples. Following, the cells were incubated in ice for 30 minutes
according to the protocol described by Blasiak et al. (28). This procedure was used to
control the quality of the experiment.

The comet assay was performed according to the protocol described by
Gontijo and Tice (29). The slides were placed on a horizontal electrophoresis unit
filled with fresh electrophoresis alkaline buffer (300 mM NaOH and 1 mM EDTA, pH>
13). The alkali unwinding duration was 20 min. Electrophoresis was conducted at 4°C
for 30 min at 25 V/cm and 300 mA. All the steps were carried out under minimal
illumination. The slides were neutralized in a buffer (0.4M Tris at pH 7.5) and dipped
in absolute alcohol for fixation. The dried microscope slides were stained with
ethidium bromide (20 pg/ml in distilled H,O; 50 pl/slide), covered with a coverslip
prior to analysis with a Nykon fluorescence microscope was connected to a charge-
coupled device (CCD) camera and a personal computer-based analysis system
(Comet Assay IV, Perceptive Instruments, UK) to determine the extent of DNA

damage after electrophoresis of the DNA fragments in the agarose gel. Results were



expressed as percentage of DNA in the tail (fraction of DNA in the tail divided by the
amount of DNA in the cell multiplied by 100 - tail intensity — % tail and the
relationship between the tail length and the amount (%) of DNA that migrated during
the electrophoresis - tail moment) (30). One hundred randomly selected cells (50
from each of two replicate slides) were scored per blood sample.

For analysis of levels of oxidative DNA damage, the enzymatic treatment
according to similar protocol used to evaluate basal DNA damage (until immersion of
the slides into lisis solution). The enzymes formamidopyrimidine DNA glycosylase
(Fpg) utilized to detect damage in the puric bases and Endonuclease Ill (Endo III)
used to detect oxidized pyrimidines were used for the enzymatic treatments. This
tretament followed the methodology described by Collins et al. (31). After
eletrophoresis, the slides containing the samples were immersed into absolute
alcohol and the protocol of basal DNA damage was followed (staining with ethidium
bromide and data analysis)

Analysis of variance (ANOVA), followed by the Tukey multiple comparisons
test, was used for characteristics of the study population. For basal and oxidative
DNA damage among the experimental groups was applied Gamma distribution. The

level of statistical significance adopted was p<0.05.

RESULTS

A total of 113 patients were evaluated: 41 in the group IA (normal GTT and

glycemic profile), 24 in IB group (normal GTT and altered glycemic profile), 02 in IIA

group (altered GTT and normal glycemic profile) and 46 in the 1IB group (GTT and



glycemic profile altered). As in lIA group there were only 02 subjects, the groups IIA
and 11B were analyzed together, and will be thereafter referred to as diabetic group.

Table 1 shows the characteristics (age, body mass index and glycemic mean)
of the study population. Pregnant women of group IB presented age statistically
higher compared to pregnant women of group IA (p<0.05). The body mass index
(BMI) did not differ among the groups. It was observed that groups IB and [IA+IIB
showed higher glycemic means compared to those of group IA. Besides, the
glycemic mean of group IIA+IIB was higher compared to that of group IB (p<0.05).

In the groups IB (mild gestational hyperglycemia) and 1IA+I1IB (diabetes), the
basal DNA damage levels (tail moment) was lower compared to those of group IA
(non-diabetic) (Figure 1). When the tail intensity was assessed, the diabetic groups
presented decreased damage levels compared to those of non-diabetic group
(p<0.05) (Figure 1).

Figure 2 shows data after the treatment with the enzyme formamidopirimidine
glycosylase (Fpg). The oxidative DNA damage levels (for tail moment) in the group
[IA+1IB was higher compared to those of groups IB and IA (p<0.05). For the tail
intensity, the oxidative DNA damage levels of group IIA+IIB was higher only
compared to those of group IA (p<0.05).

In the treatment with the enzyme endonuclease 1l (Endo Ill), it was observed
a significant statistically increase (p <0.05) in oxidative damage levels in the DNA of
the group IB compared to those of group IA for the tail moment and the tail intensity

(Figure 3).

CONCLUSION



In this study, comet assay was used to evaluate DNA damage levels (basal
and oxidative) in pregnant women with either diabetes or mild hyperglycemia. In
groups IB and IIA+1IB, basal DNA damage levels were lower. In the non-diabetic
women (IA group), who showed risk factors for gestational Diabetes mellitus, OGTT
and GP indicated no hyperglycemia or change in glucose metabolism. Major risk
factors include overweight and obesity, that are likely to be associated with
sedentarism and an unbalanced diet. Advanced transportation means, devices
designed to facilitate daily activities, easy food access, and the fact that high-fat and
high-sugar foods are frequently the cheapest, have created an “obesogenic”
environment (32) that could explain the increased levels of basal DNA damage
observed here. Habitual exercise confers increased resistance of lymphocytes to
oxidant-induced DNA damage, and this protective effect is possibly attributed to the
regular exercise-induced elevated expression of antioxidant, DNA repairing enzymes
(33) and reduction of lipoperoxidation (decreased plasma MDA concentration) (34).
In contrast to the diabetic and hyperglycemic groups, the women in the non-diabetic
group did not feel the need to take preventive measures that could minimize basal
DNA damage.

Fpg and Endo Ill, that recognize oxidated puric and pyrimidic bases
respectively, increase the specificity of the comet assay and make possible to detect
oxidative DNA damage. (19).

The number of Fpg-sensitive sites in the diabetic group was larger, indicating
a higher level of oxidative DNA damage in comparison with the non-diabetic group.
Furthermore, there was no increase in the number of Endo lllI-sensitive sites in the
diabetic group. This suggests that although glycemic rate was higher in this group,

Fpg-sensitive sites were more closely associated with glycemia. Thus, as glycemia



level was not high enough to exacerbate oxidative stress, the higher number of Fpg-
sensitive sites observed in this group was directly associated with hyperglycemia (28)

In the mild gestational hyperglycemia group, the number of Endo lll-sensitive
sites was increased, resulting in a higher level of oxidative DNA damage. BMI was
not statistically different from the other groups, but absolute BMI values were higher.
Thus, the higher number of Endo lll-sensitive sites and consequent oxidative DNA
damage could have derived from the higher rate of obesity (BMI = 30 kg/m?) and
morbid obesity found in this group (35). Due to the production of several cytokines or
adipokines, obesity is characterized as a low intensity inflammatory condition (36). In
inflammatory processes, reactive oxygen species (ROS) are overproduced and may
damage cell structures, proteins, lipids, and macromolecules such as DNA, leading
to the development of genotoxicity-related disorders (37). Minamino et al. (38)
demonstrated that in the fatty tissue of genetically obese Agouti mice, ROS and DNA
levels are higher than in normal diet lean mice. Luperini (35) reported that morbidly
obese women showed high levels of genotoxic injury (basal and oxidative DNA
damage) including double-strand breaks, alkali labile sites and oxidated purins and
pyrimidins. Insulin resistance indices (HOMA-R e HOMA-IR) can also lead to
oxidative stress (39). Negrato et al. (40) demonstrated that patients with mild
gestational hyperglycemia showed higher HOMA-IR values and lower peripheral
insulin sensitivity, although not statistically significant, compared with the non-
diabetic group, showing that besides presenting insulin resistance, they also had a
compensatory hyperinsulinemia. Moreover, Negrato et al. (4) reported that mild
hyperglycemic pregnant women showed persistently high HOMA levels up to six
weeks postpartum. Further studies of the factors involved in oxidative DNA stress

should be undertaken in this group of women.



In conclusion, diabetic pregnant women (lIA+11B) showed increased oxidative
DNA damage due to hyperglycemia, while women with mild gestational
hyperglycemia (IB) showed oxidative DNA damage associated with oxidative stress
caused by obesity and insulin resistance. This underscores the importance of
adequate glycemic control and lifestyle (healthy diet and regular physical exercises)
during pregnancy in order to attenuate the repercussions of diabetes and mild
gestational hyperglycemia on the maternal organism, embryofetal development and

perinatal outcomes.
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Table 1. Characteristics of study population (sample number, age, body mass index

— BMI, and glycemic mean).

Data presented as mean + standard error of mean

*p<0.05 — significant statistically difference compared to group IA (Tukey multiple
comparison test).
*p<0.05 — significant statistically difference compared to group 1B (Tukey multiple

comparison test).



Figure 1. Basal DNA damage levels (tail moment — TM, and tail intensity — TI) in the
non-diabetic (group IA), mild gestational hyperglycemic (IB group) and gestational

and overt diabetes (group 1lIA+1IB) in the pregnant women.

Data presented as mean * standard error of mean

*p<0.05 - significant statistically difference compared to group IA (Gamma

distribution).



Figure 2. Oxidative DNA damage levels (tail moment — TM, and tail intensity — TI)
after treatment using enzyme formamidopirimidine glycosylase (Fpg) in the non-
diabetic (group IA), mild gestational hyperglycemic (IB group) and gestational and

overt diabetes (group IIA+11B) in the pregnant women.

Data presented as mean * standard error of mean

*p<0.05 - significant statistically difference compared to group IA (Gamma
distribution).

"p<0.05 — significant statistically difference compared to group IB (Gamma

distribution).



Figura 3. Oxidative DNA damage levels (tail moment — TM, and tail intensity — TI)
after treatment using enzyme endonuclease Il (Endo Ill) in the non-diabetic (group
IA), mild gestational hyperglycemic (IB group) and gestational and overt diabetes

(group 1IA+11B) in the pregnant women.

Data presented as mean * standard error of mean

*p<0.05 - significant statistically difference compared to group IA (Gamma

distribution).
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Resumo

O grupo IB corresponde a gestantes portadoras de hiperglicemia leve, ou seja,
gestantes que apresentam rastreamento positivo, mas diagnostico negativo para diabete
gestacional (DMG) teste de tolerancia a glicose (TTG100g normal), e resposta alterada no
perfil glicémico (PG). Este grupo foi, acidentalmente, identificado em 1983, quando projeto
prospectivo foi desenvolvido para padronizacdo do PG comparando-o com o TTG100g no
diagndstico do diabete na gestagdo. Essas gestantes apresentam resisténcia a insulina,
intolerancia a glicose, maior susceptibilidade de desenvolver Diabete Tipo 2 alguns anos apés
0 parto, e 53,8% de seus recém-nascidos (RN) sdo grandes para idade gestacional e/ou
macrossémicos, semelhantes as mulheres com DMG. A sinalizacdo da insulina é mediada por
uma complexa e altamente integrada rede que controla varios processos, sendo responsavel
pela maioria das acdes metabolicas da insulina, pela regulacdo da expressdo de alguns genes e
controle do crescimento e diferenciacdo celular. O gene do substrato receptor de insulina 1
(IRS-1) produz a proteina IRS-1, que é uma molécula expressa em muitos tecidos sensiveis a
insulina, no qual tem um papel muito importante na regulacdo dos efeitos da insulina na
célula. O gene IRS-1 é altamente polimorfico, e esses polimorfismos podem prejudicar
gravemente a funcdo do IRS-1. A substituicdo mais prevalente é o polimorfismo Gly-Arg no
codon 972 (Arg972) do gene IRS-1 que mostra ligagdo direta a resisténcia a insulina,
alteracOes lipidicas, Diabetes mellitus gestacional e Diabetes mellitus tipo 2. O presente
estudo objetiva avaliar o quadro de diabetes e hiperglicemia leve na gestacéo, para identificar
possiveis alteracdes genéticas relacionadas a essa alteragdo glicémica, que podem aumentar o
risco para o desenvolvimento de futuras doencas degenerativas na propria gestante ou em seus

descendentes.

Palavras-chave: hiperglicemia leve, diabete, IRS-1, polimorfismo Gly972Arg,



1. Introducéo
Diabetes mellitus Gestacional e hiperglicemia leve

Diabetes mellitus gestacional (DMG) é qualquer intolerdncia a glicose, de magnitude
variavel, com inicio ou diagndstico durante a gestacdo (ADA, 2006). Similar ao Diabetes
mellitus Tipo 2 (DM2), o DMG é associado tanto a resisténcia a insulina quanto a diminuigéo
da fung¢do das células beta (B)-pancreaticas (Kuhl, 1991).

A hiperglicemia materna ocasiona hiperglicemia-hiperinsulinemia fetal responsavel pela
macrossomia fetal que causa complicacdes perinatais como distocia de bis-acromial, aumento
do risco de tocotraumatismos e asfixia ao nascimento, aumento da sindrome de desconforto
respiratdrio, policitemia e hipoglicemia neonatal (Oh, 2004). Esta macrossomia fetal e o
DMG tem relacdo com o desenvolvimento de obesidade na infancia e adolescéncia (Vohr et
al., 1999, Yogev et al, 2009).

A American Diabetes Associations (ADA) recomenda para o rastreamento do DMG, o
teste de sobrecarga a glicose de 50g de glicose via oral entre a 242 e 282 semana de gestacéo
para mulheres com fatores de risco para DMG. As mulheres com rastreamento positivo véo
para a fase de diagnostico com o uso do teste de Tolerancia a Glicose (TTG) de 75 ou 100g
(ADA, 2004).

Em 1983, Rudge utilizando dois testes de diagndstico em paralelo, o TTG100g e o perfil
glicémico (PG) identificou um grupo diferenciado de mulheres (Grupo — IB) que apresentava
rastreamento positivo, diagnostico negativo para DMG (TTG100g normal), mas PG alterado.
Essas gestantes apresentam hiperglicemia leve (HL) ao longo do dia (detectada pelo PG)
(Rudge, 1983) e as mesmas repercussdes perinatais do DMG. Correspondem a 13,8% da
populacdo de gestantes rastreadas que, somados aos 7,0% das gestagOes complicadas por
diabete, aumentam a ocorréncia de disturbios hiperglicémicos na gestacdo para cerca de 20%
(Rudge et al., 1996). Ao longo dos ultimos 20 anos temos procurado estudar e entender
melhor este grupo de gestantes, seus recém-nascidos e suas placentas.

Os recém-nascidos das gestantes com HL apresentaram 53,8% de macrossomia,
proporcdo semelhante aos 51,9%, observados nas diabéticas clinicas e gestacionais (Rudge,
1983). O indice de mortalidade perinatal é de 41%, semelhante ao de gestantes diabéticas e 10
vezes maior que o de ndo-diabéticas (Rudge et al., 1995). O risco atribuivel de morte perinatal
neste grupo é de 4,16%, comparavel ao identificado nos grupos de gestantes diabéticas
(Rudge et al., 2005).

As gestantes portadoras de HL tém risco elevado para hipertenséo arterial, obesidade e

hiperglicemia e parecem reproduzir o modelo da sindrome metabolica (SM) na gestacédo



(Negrato et al., 2008), com hiperinsulinemia e resisténcia a insulina na gestacdo que persiste
6 semanas pos-parto. Apos 10 a 12 anos da gravidez-indice, o DM2 foi confirmado em 16,7%
das mulheres que tiveram HL na gestacdo (Silva et al., 2003).

As placentas de mulheres com HL tém maior densidade absoluta e maior incidéncia de
endarterite (lesdo descrita como posmortem), quando comparadas a aquelas de mulheres
normais (Lima & Rudge, 1998; Del Nero & Rudge, 2003). Essas placentas também
apresentam alteracfes morfométricas caracterizadas por vilosidades pequenas com grande
numero de capilares (Rudge et al., 2000; Calderon et al., 2007), com aumento de apoptose e
diminuicdo de proliferagéo celular (Sgarbosa et al., 2006).

Os achados descritos evidenciam que esse grupo de gestantes com rastreamento positivo e
diagnostico negativo para DMG, mas que apresentam hiperglicemia ao longo do dia quando
ingerem uma dieta geral, ou seja, quando ingerem mistura de carboidratos, lipidios e
proteinas, tem as mesmas repercussdes maternas, neonatais e placentérias das gestantes
diabéticas. Portanto, as gestantes com HL (identificada apenas pelo TTG de 100g normal e
PG alterado), apesar de serem classificadas como de baixo risco, caracterizam uma populacéo
de resultado materno e perinatal adverso. Devido a esses resultados, esse grupo de gestantes
foi incluido no protocolo de diagnostico e tratamento das gestacfes complicadas por diabete
ou hiperglicemia de graus variados, do Servigo de Diabete e Gravidez da Disciplina de
Obstetricia da Faculdade de Medicina de Botucatu—UNESP.

A literatura internacional sobre gestantes com quadros semelhantes é praticamente
inexistente. O Unico dado conhecido é sobre grupo semelhante que foi diagnosticado na
Holanda em 1989 (Backx et al., 1989). No entanto, ha relatos que definem as gestantes com
HL como um grupo com rastreamento positivo e diagnostico negativo para DMG (Weijers et
al., 2002), ou com rastreamento positivo e diagndstico negativo para DMG, ou com apenas
um valor do TTG alterado (Bo et al., 2004). Ressalta-se que Bo et al., 2004, concluem que o
teste de rastreamento positivo identifica gestacdes com anormalidades metabdlicas e resultado
perinatal adverso mesmo na presenca de TTG normal. Ao que parece tanto as mulheres com
DMG, quanto as portadoras de HL apresentam distdrbio metabdlico semelhante, muito

embora ndo seja ainda entendido o mecanismo(s) responsavel (eis) por tal similaridade.

Fisiopatologia do Diabete mellitus Gestacional
O desbalanco entre a capacidade das células beta-pancreaticas e 0 aumento da demanda
por insulina causada pela diminuicdo da sensibilidade a insulina durante a gravidez é o

principal mecanismo patogénico causador do DMG (Damm et al., 1992; Buchanan et al.,



1990; Catalano et al., 1991; Ryan et al.,1995). Entretanto o DMG tem sido aceito como uma
manifestacdo precoce da Sindrome Metabdlica (SM) na qual a combinacdo de resisténcia a
insulina e hiperinsulinemia compensatdria predispdem o individuo a desenvolver altos niveis
de triglicérides e baixos niveis de HDL-colesterol, aumento da pressdo arterial e doenca
coronéria (Reaven,1994). As causas da disfuncdo das células-p que levam a insuficiéncia de
insulina ndo estdo bem definidas, mas trés categorias gerais séo identificadas: 1) disfuncédo
autoimune das células-B; 2) anormalidades genéticas que levam & diminuigdo da secrecdo de
insulina e 3) disfuncdo das células-f associada a resisténcia a insulina crénica (Metzger et al.,
2007). DMG pode representar uma fase inicial do desenvolvimento de SM ou diabete.
Mulheres com historico de DMG tém chance aumentada de 50% para desenvolver o0 DM2
(Lobner et al., 2006).

Via de Sinalizacdo da I nsulina

Figura 1: Via de sinalizagdo da insulina

A sinalizacdo da insulina é mediada por uma complexa e altamente integrada rede que
controla vérios processos. Na presenca de insulina, o receptor de insulina (IR)
fosforila proteinas do substrato receptor de insulina (proteinas IRS) que estdo associadas a
ativacdo das duas principais vias de sinalizacao: via fosfatidilinositol 3-quinase (PI3K) — via

AKT/proteina quinase B (PKB), que € responsavel pela maioria das acfes metabodlicas da



insulina, e a via Ras-mitogen-activated protein kinase (MAPK), que regula a expressdo de
alguns genes e colabora com a via PI3K para controlar o crescimento e diferenciacao celular
(revisto em Avruch, 1998). Entre as centenas de moléculas envolvidas na via de sinalizagdo
da insulina, os IR/IRS, os heterodimeros da PI3K e AKT/PKB sdo o0s trés complexos
mediadores mais bem definidos (Fig. 1) (Taniguchi et al., 2006) e alteracbes nesses
complexos levam a uma falha na sinalizagéo insulinica.

O primeiro problema que pode existir na via de sinalizagdo da insulina esta
relacionado ao complexo IR/IRS e proteinas associadas (Fig. 1) (Taniguchi et al., 2006). Ao
contrario de outros receptores tirosina quinases (RTKs) que se ligam diretamente com as
caudas citoplasmaticas efetoras (Ullrich e Schlessinger, 1990), o IR e as proteinas satélites,
receptores do fator de crescimento mediado pela insulina 1 (IGF1R) medeiam a ligacdo do
IRS a outros efetores intracelulares. Além disso, o IR e proteinas do IRS compartilham
mecanismos comuns de regulagdo: eles sdo ativados por fosforilagdo em tirosina, e séo
negativamente regulados por proteinas tirosina fosfatases (PTPs), fosforilacdo em serina e

ligantes que diminuem a regulacao da via. (Taniguchi et al, 2006)

Fosforilacéo e expressao das proteinas | RS

As proteinas IRS sdo ativadas pelo IR e sofrem fosforilagdo em residuos de tirosina.
Para dar continuidade a sinalizacdo intracelular, as IRS ligam-se a proteinas que apresentam
dominios de homologia Src — 2 (SH2). As proteinas SH2 sdo moléculas adaptadoras que
ativam a PI3K, ou a via MAPK através das proteinas associadas GRb2/SOS (Taniguchi et al,
2006).

As proteinas IRS também sofrem fosforilagdo em serina em resposta a insulina e
outros estimulos, incluindo citocinas e acidos graxos livres (Zick, 2005). H& mais de 70 sitios
em potencial de fosforilacdo em serina no IRS-1 e, em geral, a fosforilagdo em serina parece
regular negativamente a sinalizacdo do IRS. A fosforilacdo em serina do IRS-1 é aumentada
em estados de resisténcia a insulina contribuindo para essa patologia. Muitos IRS quinases,
tais como sinal quinase extracelular-regulamentado (ERK) (Bouzakri et al., 2003), S6 quinase
(Harrington et al., 2004), e c-jun N-terminal quinase (JNK) (Miller et al., 1996), sdo ativadas
pela insulina, o que indica que fosforilacdo em serina das proteinas IRS poderia representar
um mecanismo de feedback negativo, na via de sinalizacdo de insulina. A fosforilacdo em
serina das proteinas IRS pode ser também um mecanismo que medeia uma ligacdo cruzada

entre os sistemas de sinalizagdo. Recentemente, a ativagéo do Fator Nuclear (NF)-kB também



tém sido apontado como um inibidor da sinalizacdo de insulina através do aumento da
fosforilacdo da serina do IRS-1 (Cai et al., 2005).

A hiperinsulinemia diminui a expressdo do IRS-1 e IRS-2 tanto em modelos de cultura
de células quanto em tecidos de camundongos (Hirashima et al., 2003). A explicagdo para
esse efeito esta relacionada com a degradacao de proteinas IRS-1 e inibicdo transcricional de
IRS-2 (Hirashima et al., 2003). Além disso, alguns autores mostraram que proteinas SOCS
podem induzir a degradacdo ubiqua de IRS-1 e IRS-2 (Rui et al., 2002). Independente do
mecanismo, a diminui¢do dos niveis de proteinas IRS e IR contribui para a resisténcia a
insulina em estados diabéticos tanto em roedores como em humanos (Shimomura et al.,
2000).

Gene IRS-1 e o polimorfismo Arg 972

O gene do IRS esté localizado no brago longo do cromossomo 2 (2g36) e é altamente
polimorfico, com variagdes na seqiiéncia codificadora em cerca de 5% dos individuos normais
e em 10-20% dos pacientes com diabetes tipo 2 (Porzio et al., 1999). Algumas variantes no
gene IRS-1 foram identificadas em humanos: Ala512Pro e Gly972Arg (Almind et a.l, 1993),
Prol70Arg, Ser809Phe e Met209Thr (Ura et al., 1996), Ser892Gly (Laakso et al., 1994), e
Gly819Arg e Argl221Cys (Imai et al., 1994). A substituicio mais prevalente € o
polimorfismo Gly-Arg no codon 972 (Arg972) do gene IRS-1 (Porzio et al., 1999), é uma
substituicdo ndo-conservativa localizada entre dois dos sitios de ligacdo para PI3K. A
expressao in vitro dessa proteina mutante resultou na reducédo da estimulacdo da atividade da
via insulinica da PI3K e MAPK e da incorporacéo da timidina (Almind et al., 1996). Este
polimorfismo é mais frequente em México Americanos, caucasianos (Almind et al., 1993,
Laakso et al., 1994) e japoneses (Shimokawa et al., 1994).

Individuos normais e diabéticos heterozigotos para o variante Arg972 exibem baixas
concentracdes de insulina e peptideo-C de jejum (Almind et al., 1993). Além disso, parentes
ndo diabéticos de primeiro grau de pacientes com diabetes tipo 2, que sdo heterozigotos para a
variante Arg972 exibiram niveis mais baixos de insulina em jejum e uma menor resposta
insulinica a uma carga de glicose oral quando comparados com os ndo-portadores (Rett et al.,
1998).

Zhang et al., 1996, sugerem que mutantes Arg972 do IRS-1 podem prejudicar

diferencialmente a sintese e a secre¢do de insulina estimulada pela glicose. Esta variante é



mais prevalente em individuos com diabetes tipo 2 que tém resisténcia insulina associada ou
ndo a dislipidemia.

Em individuos obesos ndo-diabéticos, o polimorfismo Arg972 do IRS-1 em sua forma
heterozigota é associado com uma redugéo de 50% na sensibilidade a insulina em comparacgao
com obesos sem polimorfismo (Clausen et al., 1995). Estas observacGes sugerem que O
polimorfismo Arg972 do IRS-1 também pode contribuir para a resisténcia a insulina. Porzio
et al., 1999, ao avaliarem células-p em culturas que continham o polimorfismo verificaram
gue a ndo houve alteracdo na expressdo e acdo do IRS-2 e nem a fosforilacdo do IRS-1
estimulada pela insulina, mas diminuiu a ligacdo do IRS-1 na subunidade p85 da PI3K
prejudicando a transducdo do sinal. Além disso, o polimorfismo interferiu na secrecdo
insulinica estimulada pela glicose e pela sulfoniluréia contribuindo para a resisténcia
periférica a insulina e diminuicdo da secrecao da insulina, sendo essas alteracfes contribuintes

para a patogénese do diabete tipo 2.

Justificativa
O grupo IB compreende as gestantes portadoras de hiperglicemia leve, ou seja, com

rastreamento positivo e diagnostico negativo de diabete gestacional (TTG100g normal), mas
que apresentam alteracdes no PG. Além disso, mulheres com hiperglicemia leve apresentam
resisténcia a insulina, intolerancia a glicose e maior susceptibilidade de desenvolver DM2
alguns anos apos o parto, semelhantes as mulheres com DMG. Considerando o desfecho de
peso fetal como marcador da necessidade de controle da hiperglicemia e introducdo de
terapéutica nas gestacdes complicadas pelo diabete, mulheres com hiperglicemia leve
apresentam 53,8% de recém-nascidos (RN) grandes para idade gestacional (GIG) e/ou
macrossémicos, e o risco atribuivel de morte perinatal neste grupo é de 4,16%, sendo essas
proporgdes semelhantes aos RN de mées diabéticas. O presente projeto visa dar continuidade
aos estudos de genética molecular que ja estdo sendo realizados com o grupo de gestantes
com diabete e hiperglicemia leve, para tentar identificar outros possiveis marcadores
genéticos que estejam relacionados a resisténcia a insulina e alteracbes na homeostase da
glicose causando, consequentemente, alteragdes no organismo materno que repercutem no

desenvolvimento fetal.

Meta/Resultados esperados
Espera-se que o polimorfismo Arg972 esteja presente nas gestantes com hiperglicemia

leve e seus recém-nascidos, semelhante ao que ocorre no DM2 e que pode atuar como



marcador genético relacionado a resisténcia a insulina e alteracdes na homeostase da glicose
presente nestas gestantes. Apesar de serem classificadas como de baixo risco, gestantes
portadoras de hiperglicemia leve caracterizam uma populacdo de resultado materno e
perinatal adverso que precisa ter um melhor acompanhamento dos profissionais e servicos de

saude.

2. Objetivos
O presente estudo objetiva avaliar o quadro de diabete e hiperglicemia leve na
gestacdo para identificar possiveis alteracdes genéticas relacionadas a essa alteracdo
glicémica, que podem aumentar o risco para 0 desenvolvimento de futuras doencas
degenerativas na prépria gestante ou em seus descendentes.
Objetivos especificos
e Auvaliar a presenca do polimorfismo Arg972 do gene do IRS-1 em gestantes diabéticas
ou com hiperglicemia leve.
e Avaliar a presenca do polimorfismo Arg972 do gene IRS-1 nos recém-nascidos de

gestantes diabéticas ou com hiperglicemia leve.

3. Metodologia
Casuistica

Serdo avaliadas mulheres atendidas no Hospital das Clinicas da Faculdade de
Medicina— UNESP, Botucatu — SP, e selecionadas com base na auséncia de doencas cronicas
e infecciosas, ndo fumantes e que ndo estejam sob radioterapia. As pacientes com diabete
serdo divididas em 4 grupos: 1) mulheres com TTG e Perfil glicémico normais (grupo
controle), 2) mulheres com TTG normal e Perfil glicémico alterado (hiperglicemia leve), 3)
mulheres com TTG alterado e Perfil glicémico normal (Diabética gestacional), 4) mulheres
com TTG e Perfil glicémico alterados (Diabética gestacional ou clinico) respectivamente.
Serdo incluidas no estudo as gestantes que passarem pelo Servico de Diabete e Gravidez da
Disciplina de Obstetricia da Faculdade de Medicina de Botucatu-UNESP, no periodo de um
ano.

Para o calculo do tamanho amostral foi utilizada uma freqtiéncia do polimorfismo
Arg972 do gene do IRS-1 no grupo diabético de 20% (Porzio et al., 1999) com um coeficiente
de confianca de 95% e uma margem de erro de 5%, tem-se um n= 246 pacientes no total a

serem divididos nos 4 grupos de estudo.



A cada individuo participante da pesquisa sera aplicado um questionario sobre
informacbes pessoais (idade, tabagismo, etilismo, contato com compostos quimicos,
exposicdo a radiacOes), historia medica (doengas intercorrentes, medicamentos de uso
habitual), etc. Alem disso, todos os participantes serdo informados sobre o objetivo da
pesquisa e assinardo o Termo de Consentimento Livre e Esclarecido. A autorizacdo para a

coleta de sangue materno, do corddo e da placenta sera solicitada durante a internacéo.

Coleta de material biologico

Serdo coletadas amostras de sangue periférico (10mL) e do corddo (5mL) dos
diferentes grupos diabéticos, por profissional experiente e utilizando seringa descartavel e
com anticoagulante. Essas amostras de sangue serdo processadas imediatamente ou

armazenadas em freezer -70°C para posterior extracdo de DNA e pesquisas futuras.

Extracéo do DNA
A extracdo do DNA de células sangliineas sera feita pelo método de precipitacao
salina ou salting-out descrito por Salazar et al., 1998. O DNA extraido sera mantido a -20°C

para posterior amplificacdo dos genes pela técnica de PCR.

Andlise do polimorfismo do Gly972Arg do gene | RS-1

Os fragmentos do DNA genémico contendo o polimorfismo Gly972Arg do gene IRS-
1 serdo amplificados por reacdo em cadeia pela polimerase (PCR). Para amplificacdo, seréo
utilizados primers descrito por Almind et al., 1993 (tabela 1), e para deteccdo do
polimorfismo sera utilizada técnica de Polimorfismo de Tamanho do Fragmento de Restri¢éo
(RFLP). Apds amplificacdo, os produtos de PCR gerados serdo digeridos com enzima de
restricdo BstNI (New England Biolabs, Ipswich, MA). Os produtos da digestdo enzimatica do
Gly972Arg serdo analisados por eletroforese em gel de agarose 4,5% corado com brometo de
etidio visualizados sob luz UV com um transiluminador, utilizando-se como referéncia um

marcador de tamanho molecular de DNA (Fallucca et al., 2006).

Tabela 1. Seqiiéncia dos iniciadores e tamanho dos fragmentos de DNA, amplificados pela
PCR, com a respectiva enzima de restricdo para o polimorfismo Gly972Arg do gene do IRS-
1.



Tamanho do

o _ ) Enzima de
Iniciador Seqiiéncia (5°— 3°) Polimorfismo . Fragmento
Restricao
(bp)
IRSF CTTCTGTCAGGTGTCCATCC
Gly972Arg BstNI 263
IRSR TGGCGAGGTGTCCACGTAGC

Andlise Edtatistica
Os resultados serdo estatisticamente analisados por comparacdo entre as médias das
variaveis dos grupos e estabelecimento das possiveis correlacdes. Para todas as comparacoes

estatisticas sera considerado limite minimo de significancia de 95% (p<0,05).

Aspectos Eticos
Todos os procedimentos aplicados nesse projeto serdo submetidos ao Comité de Etica

em Pesquisa da Faculdade de Medicina de Botucatu — Unesp.
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bold hatch marks or stripes, not shades of gray.

Line or bar graphs or flow charts with text should be created in black and white, not
shades of gray, which are difficult to reproduce in even tones.

Formatting digital figures files for print and online reproduction. To meet ADA’s
quality standards for publication, it is important to submit digital art that conforms to
the appropriate resolution, size, color mode, and file format. Doing so will help to
avoid delays in publication and maximize the quality of images, both online and in
print. Please refer to ADA's Digital Art Guidelines when preparing your files. If you
are unable to provide files that meet the specifications outlined in the Guidelines, you
may submit your origial source files (files from the program in which they were
originally created).

Reproductions. If materials (e.g., figures and/or tables) are taken from other
sources, the author must provide written permission for reproduction from the original
publisher and author at the time of submission. In addition, the source should be
cited at the end of the figure legend.

Digital image manipulation. The American Diabetes Association has adopted the
statement developed by the Journal of Cell Biology as its policy on the manipulation
of digital images:

“No specific feature within an image may be enhanced, obscured, moved, removed,
or introduced. The grouping of images from different parts of the same gel, or from
different gels, fields, or exposures must be made explicit by the arrangement of the
figure (i.e., using dividing lines) and in the text of the figure legend. Adjustments of
brightness, contrast, or color balance are acceptable if they are applied to the whole
image and as long as they do not obscure, eliminate, or misrepresent any information
present in the original, including backgrounds. Without any background information, it
is not possible to see exactly how much of the original gel is actually shown. Non-
linear adjustments (e.g., changes to gamma settings) must be disclosed in the figure
legend.”

All digital images in manuscripts accepted for publication will be scanned using
image forensics software for any indication of improper manipulation. Cases of
questionable or inappropriate image alterations will be referred to the Association’s
Subcommittee on Ethical Scientific Publications (ESP). The ESP may request the
original data from the authors for comparison to the prepared figures. If the authors
fail to provide the original data, the acceptance of the manuscript will be revoked.
Cases of deliberate misrepresentation of data will result in revocation of acceptance,
and will be reported to the corresponding author's home institution and/or funding
agency as appropriate.



For examples of what constitutes improper digital manipulation (as well as other
forms of scientific misconduct), ADA encourages authors to refer to the 2006 editorial
by the Journal of Clinical Investigation titled “Stop Misbehaving!” In addition, authors
are encouraged to refer to Adobe’s white paper on using Photoshop CS3 Extended
in biomedical imaging. The paper provides useful information on maintaining image
integrity, editing nondestructively, and the medical and scientific image workflow.
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