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LOZOVOY, Marcell Alysson Batisti. Resisténcia a insulina e hipertensio arterial em
pacientes com llipus eritematoso sistémico: avaliacdo da resposta imune Th1/Th2/Th17, do
metabolismo de ferro, do 6xido nitrico e do estresse oxidativo. 2012. 146f. Disserta¢ao
(Doutorado em Patologia Experimental) — Universidade Estadual de Londrina, Londrina,
2012.

RESUMO

O Lupus Eritematoso Sistémico (LES) é uma doenca autoimune multissistémica caracterizada
pelo envolvimento de varios 6rgdos e por altos titulos de anticorpos contra antigenos
nucleares e citoplasmaticos. O LES tem um forte componente inflamatério cronico e,
conseqiientemente, ocorre aumento na producdo de espécies reativas de oxigénio (ROS) e
espécies reativas de nitrogénio (RNS). O estresse oxidativo pode contribuir para a disfungao
das células imunes, a producdo de autoantigeno e reatividade de autoanticorpos no LES. Na
doenca autoimune, as proteinas modificadas oxidativamente podem gerar neoepitopos
desencadeando a autoimunidade. Inflamag¢ao cronica sistémica e estresse oxidativo tém sido
propostos ter um papel proeminente na patogénese da resisténcia a insulina (RI). Os pacientes
com LES tém maior RI e maior prevaléncia de sindrome metabdlica (SM) do que a populagao
em geral. No entanto, até a presente data, a RI e a prevaléncia de SM em pacientes com LES
ativo e inativo ndo foram investigadas. A hipertensdo ¢ um importante fator de risco para
doenga cardiovascular e renal e é altamente prevalente em mulheres com LES. A hipertensao
arterial resulta de fatores ambientais, genéticos, imunoldgicos e das interacdes entre esses
fatores. A importancia dos rins no controle da pressao arterial e da patogénese da hipertensao
¢ bem compreendida e estima-se que quase 50% dos pacientes com LES sejam afetadas pela
glomerulonefrite, mesmo isto ndo sendo um prerequisito fundamental para desenvoler
hipertensdo. No entanto, o LES ¢ um fator de risco para a hipertensdo arterial e pode ocorrer
independentemente da presenca de nefrite. Tem sido sugerido que o processo inflamatorio
cronico e o predominio da linhagem de citocinas de células T “helper” 1 (Thl) como
interferon gama (IFN-y), fator de necrose tumoral alfa (TNF-a), entre outros sobre a linhagem
de citocinas Th2 como a interleucina 4 (IL-4) e interleucina 10 (IL-10) podem contribuir para
o aumento da pressdo arterial. Os niveis séricos de ferritina e ferro livre também tem sido
implicados na patogénese de muitas condic¢des, incluindo doencas autoimunes e resisténcia a
insulina. Ferritina elevada pode interferir com a extragdo hepatica da insulina levando a
hiperinsulinemia periférica e resisténcia a insulina. O objetivo principal desta tese foi avaliar a
freqliéncia de resisténcia a insulina e hipertensdo e os possiveis fatores associados a estas
situagdes em pacientes com LES sem insuficiéncia renal. Os resultados obtidos foram
apresentados e discutidos em 3 artigos cientificos cujo delineamento, metodologia e
resultados sdo descritos a seguir.

Artigo 1: Os objetivos deste estudo foram verificar a prevaléncia de resisténcia a insulina e
sindrome metabolica em pacientes brasileiros com LES e analisar se a atividade da doenga
interfere com as condi¢des acima mencionadas. O estudo incluiu 130 controles e 74 pacientes
com LES. Pacientes com LES foram divididos em doenga ativa (36 pacientes) e doenca nio-
ativa (38 pacientes). A prevaléncia de resisténcia a insulina, avaliada por HOMA-IR
(Homeostasis Model Assessment - Insulin Resistance) foi verificada em 38 (51,35%)
pacientes com LES e 38 (29,23%) no grupo controle (p = 0,0017, OR: 2,556, 1C 95%: 1,413-
4,621), enquanto a prevaléncia de sindrome metabodlica, avaliada pelo ATP-III (Adult
Treatment Panel 111 ) foi observada em 25 (33,78%) em pacientes com LES e 17 (13,08%) no
grupo controle (p <0,0001, OR = 4,644, IC 95%: 2,644-9,625). A resisténcia a insulina foi



verificada em 23 (63,89%) pacientes com LES ativo e em 15 (39,47%) de pacientes com LES
inativo (OR: 2,781, IC 95%: 1,568-4,932, p = 0,0004), enquanto que 15 (41,67%) pacientes
com LES ativo preencheram os critérios para sindrome metabdlica em comparagdo com 10
(26,32%) com LES inativo (OR: 2,061, IC 95%: 1,133-3,748, p = 0,0169). O indice de massa
corporal e a corticoterapia foram significativamente superiores no grupo LES ativo. Este
estudo refor¢a o maior risco de desenvolver resisténcia a insulina e sindrome metabolica em
pacientes com LES, especialmente naqueles com doenca ativa, e ap6ia o papel da resisténcia a
insulina e uso de corticosterdides como as principais ligacdes entre a atividade da doenga e
sindrome metabdlica.

Artigo 2: Os objetivos deste estudo foram investigar diversos fatores, que influenciam a
hipertensdo em pacientes com LES ativo (AT) e ndo-ativo (NAT) sem comprometimento
renal. Foram selecionados 102 individuos saudéaveis (grupo controle), 70 pacientes com LES
NAT e 53 LES AT. Pacientes com LES AT tiveram maior probabilidade de apresentar
hipertensao quando comparados aos controles (p < 0,0001, OR: 4,101, IC 95%: 2,22-7,58) e
também quando comparado com pacientes com LES NAT (p = 0,0016, OR: 2,510 IC 95%:
1,408-4,473). As citocinas plasmaticas foram avaliadas por metodologia de ELISA (Enzyme-
Linked Immunosorbent Assay). Pacientes com LES apresentaram menores niveis plasmaticos
de TNF-a e IL-4 (p < 0,05 e <0,0001, respectivamente) e niveis significativamente superiores
de interleucina 6 (IL-6), IL-10, interleucina 17 (IL-17), e IFN-y (p < 0,0001, < 0,01, < 0,0001
e < 0,05, respectivamente) quando comparados ao grupo controle. Pacientes com LES
apresentaram maior relacdo IFN-y/IL-4 (p < 0,01) que o grupo controle, enquanto que em
pacientes com LES AT apresentaram maior relagdo IL-12/IL-4 (p < 0,05) do que controles e
pacientes com LES NAT. Pacientes com LES AT ¢ NAT apresentaram niveis mais elevados
de hidroperoxidos (avaliados por Tert-butyl hydroperoxide-initiated chemiluminescence-CL-
LOOH) (P < 0,05 e < 0,0001, respectivamente) do que os controles, enquanto os niveis de
oxidagdo de proteinas séricas (avaliadas por Advanced Oxidation Protein Products-AOPP)
foram significativamente maiores em pacientes com LES AT em relagdo ao grupo controle e
também em rela¢do aos pacientes com LES NAT (p < 0,01 e < 0,05, respectivamente). A
capacidade antioxidante total corrigida pelos niveis séricos de acido urico (TRAP / UA)
(avaliados por quimiluminescéncia) foi significativamente menor no grupo LES do que no
grupo controle (p < 0,0001). Os niveis séricos de metabdlitos de 6xido nitrico (avaliados pela
metodologia da reagdo de Griess) foram significativamente mais elevados em pacientes com
LES em relagdo ao grupo controles (p < 0,0001). O presente estudo mostrou que pacientes
com LES AT tém maior probabilidade de desenvolver hipertensdo arterial do que individuos
controles e pacientes com LES NAT. Os principais fatores que influenciaram a maior
freqliéncia de hipertensdo arterial em pacientes com AT foram o aumento da relacdo Th1/Th2
proporgao e do estresse oxidativo.

Artigo 3: Os objetivos deste estudo foram avaliar o estresse oxidativo e metabolismo do ferro
em pacientes com LES com e sem resisténcia a insulina. Este estudo incluiu 236 individuos
(125 controles e 111 pacientes com LES). Os pacientes com LES foram subdivididos em dois
grupos: com (n = 72) ou sem (n = 39) a resisténcia a insulina. Pacientes com LES com
resisténcia a insulina apresentaram maiores niveis de produtos avancados de oxidacao
protéica (p = 0,030), aumento da atividade da gama-glutamil transferase (GGT) (p = 0,001) e
diminui¢do de agrupamentos sulfidrila de proteinas (p = 0,0002) e da capacidade antioxidante
total corrigida pelos niveis de AU (p = 0,04) quando comparado com pacientes com LES sem
resisténcia a insulina. No entanto, os pacientes com LES e resisténcia a insulina apresentaram
menores niveis séricos de 8-isoprostanos (p = 0,05) e de proteinas carbonilicas (p = 0,04)
quando comparado aos pacientes com LES sem resisténcia a insulina. Os niveis séricos de
ferritina foram significativamente maiores em pacientes com LES (p = 0,0006) quando
comparados aos controles e pacientes com LES com resisténcia a insulina apresentaram



maiores niveis de ferritina sérica (p = 0,01) em comparagdo com pacientes com LES sem
resisténcia a insulina. Em pacientes com LES foi demonstrada uma correlagao inversa entre a
resisténcia a insulina e a capacidade antioxidante total (r = -0,2724, p = 0,0008) ¢ a ferritina
sérica foi positivamente correlacionada com os produtos avancados de oxidacao protéica (r =
0,2870, p = 0,004). Este estudo demonstrou que a presenga de resisténcia a insulina esteve
diretamente associada ao aumento de estresse oxidativo em pacientes com LES e que o
aumento de ferritina, o processo inflamatorio e a hiperinsulinemia podem favorecer o
desequilibrio redox. O presente estudo reforca a necessidade de avaliar o estresse oxidativo
por meio de varios parametros.

Palavras-chave: Lupus eritematoso sistémico. Resisténcia a insulina. Hipertensdo arterial.
Estresse oxidativo. Citocinas.



LOZOVQOY, Marcell Alysson Batisti. Insulin resistance and hypertension in patients with
systemic lupus erythematosus: evaluation of immune response Thl/Th2/Thl7, iron
metabolism, nitric oxide and oxidative stress. 146 p. Dissertation (Master’'s degreen in
Experimantal Pathology) — Universidade Estadual de Londrina, Londrina, 2012.

ABSTRACT

Systemic Lupus Erythematosus (SLE) is a autoimmune disease characterized by multisystem
organ involvement and by high titers of autoantibodies against several nuclear and
cytoplasmatic antigens. SLE has a strong inflammatory component and consequently chronic
over-production of reactive oxygen species (ROS) and reactive nitrogen species occurs
(RNS). Oxidative stress may contribute to immune-cell dysfunction, autoantigen production
and autoantibody reactivity in SLE. In autoimmune disease, oxidatively modified proteins can
generate neo-epitopes from self-proteins, causing aggressive autoimmune attack. Systemic
chronic inflammation and oxidative stress has been proposed to have a prominent role in the
pathogenesis of insulin resistance. Patients with SLE have higher insulin resistance and
metabolic syndrome prevalence than the general population. However, to date, insulin
resistance and metabolic syndrome prevalence in active and inactive disease have not been
reported. Hypertension is a major risk factor for cardiovascular and renal diseases and is
highly prevalent in women with SLE. Elevated blood pressure (BP) results from
environmental, genetic and immunological factors, and from interactions among these
factors. The importance of the kidneys in the long-term control of BP and the pathogenesis of
hypertension are well understood and it is estimated that almost 50% of patients with SLE is
affected by glomerulonephritis. However, SLE is a risk factor for hypertension in humans and
can occur independently of nephritis. It has been suggested that chronic inflammatory process
and higher Thl cytokines profile such as interferon gamma (IFN-y) and tumor necrosis factor
alpha (TNF-a) and its predominance over Th2 cytokines profile such as interleukin 4 (IL-4)
and interleukin 10 (IL-10) can contribute to increase DP. Ferritin and iron homeostasis have
also been implicated in the pathogenesis of many conditions, including autoimmune disease
and insulin resistance. Elevated ferritin may interfere with hepatic insulin extraction leading
to peripheral hyperinsulinemia and insulin resistance. The main objective of this thesis was to
evaluate the frequency of insulin resistance and hypertension and the possible factors
associated with these situations in patients with SLE without renal impairment. The results
were presented and discussed in 3 scientific articles whose design, methodology and results
are described below.

Article 1: The objectives of this study were to verify the prevalence of insulin resistance and
metabolic syndrome (MetS) in Brazilian patients with SLE and to analyze whether disease
activity interferes with the aforementioned conditions. The study included 130 controls and 74
SLE patients. SLE patients were divided in active (36 patients) and inactive (38 patients)
disease. Insulin resistance prevalence measured by HOMA-IR (Homeostasis Model
Assessment - Insulin Resistance) was verified in 38 (51.35%) patients with SLE and in 38
(29.23%) controls (p=0.0017, OR: 2.556, IC 95%: 1.413-4.621), whereas MetS prevalence
measured by ATP-II (Adult Treatment Panel III) was observed in 25 (33.78%) patients with
SLE and in 17 (13.08%) controls (p<0.0001, OR=4.644, CI 95%: 2.644-9.625). Insulin
resistance was verified in 23 (63.89%) patients with active SLE and in 15 (39.47%) patients
with inactive SLE (OR: 2.781, IC 95%: 1.568-4.932, p=0.0004), whereas 15 (41.67%)
patients with active SLE met the criteria for metabolic syndrome compared with 10 (26.32%)
with inactive SLE (OR: 2.061, IC 95%: 1.133-3.748, p=0.0169). Body mass index and



corticosteroids use significantly increased in the active group. This study reinforces the higher
risk for developing insulin resistance and metabolic syndrome in patients with SLE, especially
in those with active disease, and support the role of insulin resistance and corticosteroid use as
the main links between disease activity and metabolic syndrome.

Article 2: The objectives of this study were to investigate several factors, which influence
hypertension in patients with active (AT) and non-active (NAT) systemic lupus erythematosus
(SLE) without renal damage. This study enrolled 102 healthy individuals (control group), 70
NAT and 53 AT SLE patients without renal disease. SLE AT patients presented higher
probability to develop hypertension when compared to controls (p<0.0001, OR:4.101, CI
95%: 2.22-7.58) and also when compared to NAT SLE patients (p=0.0016, OR: 2.510 CI
95%: 1.408-4.473). SLE patients showed lower TNF-a and IL-4 levels (p < 0,05 and <
0,0001, respectively) and higher interleukin 6 (IL-6), IL-10, interleukin 17 (IL-17), and IFN-y
levels (p < 0,0001, < 0,01, < 0,0001 and < 0,05, respectively) than the control group. SLE
patients had higher IFN-y/IL4 ratio (p < 0,01) than the control group, whereas AT SLE
patients showed higher IL-12/IL-4 ratio (p < 0,05) than controls and NAT patients. SLE AT
and NAT patients presented higher hydroperoxydes levels (measured by tert-butyl
hydroperoxide-initiated chemiluminescence-CL-LOOH) (P < 0,05 and < 0,0001, respectively)
than controls, whereas serum protein oxidation levels (measured by advanced oxidation
protein products-AOPP) were significantly higher in AT SLE patients compared with the
control group and also in relation to NAT SLE patients (p < 0,01 and < 0,05, respectively).
Total radical-trapping antioxidant parameter corrected by uric acid (TRAP/UA) (measured by
chemiluminescence) was significantly lower in NAT SLE than in the control group (p <
0,0001). Serum nitric oxide levels (measured by Griess reaction) were significantly higher in
SLE patients in relation to the control group (p < 0,0001). The present study showed that
patients with AT SLE had more probability to develop hypertension than control subjects and
patients with NAT SLE. The main factors, which influenced the high frequency of
hypertension in AT SLE patients were increased Th;/Th, ratio and increased oxidative stress.

Article 3: The objectives of this study were to assess the oxidative stress and iron metabolism
in SLE patients with and without insulin resistance (IR). This study included 236 subjects
(125 controls and 111 SLE patients). Patients with SLE were divided in two groups: with
(n=72) or without (n=39) IR. SLE patients with IR showed higher advanced oxidation protein
products (AOPP) (p = 0,030), and gamma-glutamyltransferase levels (p = 0,001), and lower
sulthydryl groups of proteins (p = 0.0002) and total radical-trapping antioxidant parameter
(TRAP) corrected by uric acid (UA) levels (p = 0.04) when compared to SLE patients without
IR. However, SLE patients with IR presented lower serum 8-isoprostanes (p = 0.05) and
carbonyl protein levels (p = 0.04) when compared to SLE patients without IR. Serum ferritin
levels were significantly higher in SLE patients (p = 0.0006) when compared to controls and
SLE patients with IR presented higher serum ferritin levels (p = 0.01) compared to SLE
patients without IR. Patients with SLE showed that IR was inversely correlated to TRAP/UA
(r=-0.2724, p = 0.0008) and serum ferritin was positively correlated with AOPP (r = 0.2870,
p = 0.004). This study showed that IR increases oxidative stress in patients with SLE and that
increased ferritin whatever its cause, the inflammatory process per se or hyperinsulinemia,
can favor the redox process. The preset data reinforce the need of measuring oxidative stress
with several methodologies with different assumptions.

Keywords: Systemic lupus erythematosus. Insulin resistance. Hypertension. Oxidative stress.
Cytokine.
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1 INTRODUCAO

1.1 LUPUS ERITEMATOSO SISTEMICO (LES)

Lupus Eritematoso Sistémico (LES) ¢ uma doenga autoimune, inflamatoria
e cronica, sendo seu desenvolvimento atribuido a fatores genéticos e ambientais em que ha
disfuncdo da resposta imune adquirida. No entanto, uma inadequada, ativa e sustentada
resposta imune inata estd implicada no inicio e nas conseqiiéncias patogénicas da produg¢ado de
autoanticorpos no LES (OATES, 2010).

O LES ¢ caracterizado pela presenca de autoanticorpos contra o nucleo
celular, denominados anticorpos antinucleares (ANAs). Os ANAs podem estar direcionados
contra as seguintes estruturas:: (1) anticorpos contra o acido desoxirribonucleico dupla fita
(anti-dsDNA); (2) anticorpos contra as proteinas histonas; (3) anticorpos contra proteinas
ligadas ao acido ribonucléico (anti-RNA); e (4) anticorpos contra antigenos nucleolares
(KOTZIN; O'DELL, 1995; HAHN, 1998).

A presenca destes anticorpos, principalmente o DNA e as proteinas
histonas, geram reacdes locais e sistémicas que acarretam comprometimento multissitémico
afetando principalmente articulagoes, pele, rins, pulmdes, sistema nervoso, € outros 6rgaos do
corpo. A doenca pode variar de leve a grave, alternando periodos de atividade, caracterizada
por manchas na face e pele, artralgia, febre, fadiga e periodos assintomaticos (URAMOTO et

al., 1999).

1.2 EPIDEMIOLOGIA DO LUPUS ERITEMATOSO SISTEMICO

O LES esta presente usualmente em mulheres na fase da pré-menopausa,
entre 20 a 40 anos de idade, sendo o sexo feminino mais acometido que o masculino na
propor¢do de 9:1. Também ¢ mais comum em determinados grupos étnicos como, afro
descendentes, asidticos e hispanicos (URAMOTO et al., 1999). A freqiiéncia da doenga na
populacdo mundial ¢, em média, de aproximadamente 27,7/100mil (D’CRUZ et al., 2007),
variando em torno de 15 a 120/100mil individuos (RUS; HOCHBERG, 2002), mas pode
chegar a 400/100mil em mulheres afro-americanas (HART et al., 1983). No Brasil, os dados
sobre prevaléncia e incidéncia ainda sdo escassos, pois até o presente momento, apenas um
estudo avaliou a incidéncia do LES no pais. Este estudo, realizado na cidade de Natal (Rio

Grande do Norte), demonstrou uma incidéncia de 8.7/100mil/ano casos novos de LES no ano
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de 2000 (VILAR; SATO, 2002).

1.3 ETIOLOGIA E FISIOPATOLOGIA DO LUPUS ERITEMATOSO SISTEMICO

Embora a etiologia da doenca ainda seja incerta, fatores ambientais,
hormonais, imunolédgicos e genéticos estao associados ao seu desenvolvimento (PISETSKY,
1997; MOK; LAU, 2003). Os mecanismos que geram a doenca envolvem uma rede complexa
de elementos celulares e moleculares presentes na resposta imune inata e adquirida (SCHUR,
1995; SULLIVAN, 2000; GATEVA et al., 2009; MANOLIO et al., 2009).

A fisiopatologia da doenga envolve a produgdo erronea de autoanticorpos e,
também, o deposito de imunocomplexos, como por exemplo, os avaliados na patogénese da
glomerulonefrite. Estes mediadores da doenca estdo envolvidos em danos celulares e teciduais
que levam a um processo inflamatério cronico. Sabe-se que a inflamagao ¢ um fator posterior
a implantagdo da doenga (CRISPIN et al., 2010).

O antigeno leucocitario humano (HLA) ¢ um fator genético importante
envolvido na etiologia do LES. A associacio de HLA-DR2 ¢ DR3 com LES ¢ um achado
comum em pacientes de diferentes etnias, que entdo apresentam um risco relativo de duas a
cinco vezes de desenvolver a doenca (PISETSKY, 1997). Os genes HLA de classe II também
tém sido associados com a presenca de determinados autoanticorpos, como anti-Smith, anti-
SS-A (anti-Ro), anti-SS-B (anti-La), anti-RNP e anti-DNA, corroborando a hipotese que
falhas nesses genes contribuam para o aparecimento da doenga (SCHUR, 1995).

Além disso, o LES ¢ associado a deficiéncias herdadas em componentes do
sistema complemento como o Clq, Clr/s e C2. A diminui¢do da atividade do complemento
poderia promover maior suscetibilidade a doenca ao alterar a neutralizacdo e limpeza de
imunocomplexos formados por autoantigenos e autoanticorpos. Quando a carga de antigeno
ultrapassa a capacidade de depuracdao do sistema imunoldgico, o sistema de autoimunidade
poderi ser ativado (ATKINSON, 1986).

A presenga de autoantigenos parece ser o elemento deflagrador para o
desencadeamento da doenca. Processos lesivos em tecidos afetados por uma variedade de
causas parecem ser os responsaveis pela exposicao destes antigenos ao sistema imune de
individuos geneticamente suscetiveis, fazendo com que as moléculas que normalmente sdo
encontradas no interior das células do tecido, sejam expostas, induzindo assim, células
apresentadoras de antigeno, como linfocito B e fagdcitos, a processarem esses autoantigenos e

apresentarem a linfocitos T autorreativos (KLINMAN et al., 1991).
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Além do reconhecimento inicial, a estimulacdo da interagao de células Be T
¢ facilitada por varias citocinas, como interleucina-10 (IL-10) (KLINMAN et al., 1991). Sabe-
se que as células B autorreativas sdo estimuladas mais facilmente por citocinas, o que
contribui para sua expansao clonal no organismo das pessoas que possuem LES (LIOSSIS et
al., 1996; LINKER-ISRAELI et al., 1991; MONNEAUX; MULLER, 2002).

Theofilopoulos et al. (2001) mostram um paradigma entre a resposta Thl e
Th2 em que ambas podem estar aumentadas no LES. A resposta imune celular em pacientes
com LES, dada pelas células T auxiliares (TCD4") ou T helper (Th), depende se a doenca estéa
em atividade ou ndo. O padrdo Thl esta mais associado a atividade da doenca, enquanto que o
padrdo Th2 se associa ao aumento de producdo de autoanticorpos e lesdo renal
(THEOFILOPOULOS et al., 2001).

O padrao Thl esté associado a inflamagao e dano tecidual (resposta mediada
por células, principalmente por IFN-y e IL-12), enquanto o padrdo Th2 estd associado a
atividade da doenga e produgdo de anticorpos (resposta humoral, principalmente mediada por
IL-6 e IL-4). Os mecanismos provaveis para isso sao a regulacdo negativa por excesso de
citocinas Th2, a interag¢do deficiente entre células apresentadoras de antigenos e células T, os
efeitos supressivos das células T citotoxicas (CD8") e natural killer (NK), presenga de
inibidores de interleucina-2 (IL-2) e regulacdo diminuida de receptores de IL-2 (GARCIA-
COZAR et al., 1996; LAUWERYS; HOUSSIAU, 1998).

Por sua vez, as células ThO quando estimuladas por IL-6, IL-21 e TGF-beta
produzem interleucina 17 (IL-17) e sdo diferenciadas em Th17, um tipo de padrao associado
ao Thl. Esta citocina, quando em niveis elevados, estd relacionada a atividade da doenga nos
pacientes LES (KORN et al., 2009). A IL-17 possui a fungcdo de aumentar a resposta
inflamatoria, por induzir o aumento de produ¢ao de interleucina 6 (IL-6) (LINKER-ISRAELI
et al.,, 1991) e interleucina 21 (IL-21) (WONG et al., 2010), e aumentar a sobrevida e
proliferacdo de linfécitos B; além disso, induz a diferencia¢do de linfocito B em plasmocitos
(DOREAU et al., 2009). IL-6 e IL-21 sdo produzidas por um tipo de célula Th, denominada
célula Th folicular (ThF), que é encontrada em regides germinativas dos linfonodos, cuja ag¢ao
¢ sinalizar para as células B produzirem imunoglobulinas (Igs), mudar o isotipo e gerar
hipermutacdo somadtica. Verificou-se que em modelos murinos a IL-21 e as célula ThF sao
necessarias para o desenvolvimento da doenga (ODEGARD et al., 2008; BUBIER et al.,
2009) e que o tratamento com receptor de IL-21 reduz a progressao da doenca (HERBER et
al., 2007). Este fato demonstra que a populacdo de células B, por meio da influéncia de

citocinas estimulatdrias, poderia ser ativada mais facilmente, promovendo maior atividade da
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doenca.

Os hormonios sexuais também estdo associados ao desenvolvimento da
doenga, porém os mecanismos ainda ndo estdo bem elucidados. A maior prevaléncia de LES
no sexo feminino, a associagdo com periodo fértil, e a variagdo da doenca durante o ciclo
menstrual e gestacdo demonstram que influéncias hormonais estdo cada vez mais associadas

ao LES (WHITACRE; BLANKENHORN, 1999; ROBERTS et al., 2000).

14 DIAGNOSTICO CLINICO E LABORATORIAL DO LUPUS ERITEMATOSO SISTEMICO

O diagnéstico da doenga ¢ estabelecido quando o paciente apresenta pelo
menos quatro dos onze critérios estabelecidos pelo Colégio Americano de Reumatologia
(CAR): rash malar (na forma classica de ‘“asa de borboleta”), rash discéide (placas
avermelhadas na pele com descamacgao superficial), fotosensibilidade, Glceras orais, serosites,
artrites, desordens renais, neuropisiquiatricas, hematologicas e imunoldgicas, além de
anticorpos antinucleares. Estes critérios foram estabelecidos com o objetivo de uniformizar os
estudos cientificos da doenga (HOCHBERG et al., 1997).

Os critérios laboratoriais comumente avaliados para o diagnostico e
monitoramento da doenca sdo: pesquisa de ANAs, pesquisa de anticorpos anti-dsDNA e
contra os Antigenos extraiveis do nicleo (ENAs) (DELLAVANCE et al., 2003), dosagem dos
componentes do sistema complemento C3 e C4, assim como analises hematologicas, como a
contagem de hemadcias, leucdcitos totais e plaquetas (BORBA et al., 2009).

A pesquisa de autoanticorpos auxilia no diagndstico do LES, sendo
realizado pela metodologia de imunofluorescéncia indireta (IFI) que utiliza células tumorais
epiteliais de faringe (células Hep-2) fixadas em lamina. A utilizagdo destas células tornou o
teste de IFI de alta sensibilidade, sendo indicado para triagem de doengas reumaticas. No
entanto, a especificidade do teste ¢ bem menor, o que leva a necessidade de altos titulos de um
determinado padrao de anticorpos para garantir o diagnostico do LES. O padrdo mais comum
da imunofluoresecéncia para o LES é o homogéneo, cujos anticorpos do paciente podem
apresentar reatividade para o DNA, cromatina e proteinas histonas. Caso estejam presentes
outros padrdes, como por exemplo, o nuclear pontilhado, torna-se necessaria a pesquisa de
ENAs, para determinar qual antigeno provocou a producdo de autoanticorpos
(KAVANAUGH et al., 2000).

A pesquisa de anticorpos contra DNA de dupla fita (anti-dsDNA) ¢

considerada mais especifica, porém menos sensivel, € ¢ um teste laboratorial utilizado no
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diagnostico e monitoramento da doenga. Entretanto, a auséncia de anti-dsDNA no sangue ndo
exclui o diagnostico, pois cerca de 50% dos pacientes com LES ndo apresentam anti-dsDNA
reagente. Além disso, a presenca de anti-dsDNA também esta associada a doenca renal, sendo
considerado um marcador de dano renal (JOSEPH et al,, 2010; KAVANAUGH et al., 2000;
HOCHBERG, 1997; KURIEN; SCOFIELD, 2006), podendo ser determinado pela
metodologia de IFI ou por Enzyme-Linked Immunosorbent Assay (ELISA). Ja os ENAs
costumam ser determinados pelo teste de ELISA (FERREIRA; AVILA, 1996).

Sabe-se que individuos com LES podem apresentar comprometimento renal
e, dessa forma, deve-se solicitar, concomitantemente a pesquisa de anti-dsDNA, a dosagem de
creatinina sérica e urinaria, exame de urina I e proteinaria de 24 horas (RAVEL, 1997). Além
disso, a avaliagdo do perfil inflamatorio ¢ realizada usualmente mediante a dosagem de
proteina C reativa (PCR), alfa-glicoproteina acida e pela determinacdo da velocidade de

hemossedimentagdo (HOCHBERG, 1997).

1.5 AVALIACAO DA ATIVIDADE DA DOENCA

A atividade da doenga pode ser determinada de varias maneiras em
pacientes com LES. O escore SLEDAI (Systemic Lupus Erythematosus Disease Activity
Index) ¢ um indice global que inclui 24 critérios clinicos e laboratoriais especificos. A
atividade da doenca pode variar de 0 a 105 pontos, onde 0 € obtido em casos de auséncia de
atividade e 105 nos casos com alta atividade da doenga (BOMBARDIER et al., 1992;
GADMAN et al.,, 2002). Este indice ¢ utilizado pelo Ambulatéorio de Reumatologia do
Hospital Universitario de Londrina que avalia o comprometimento organico e dados
laboratoriais nos pacientes com LES (anexo 1).

A determinagdo da atividade da doenga pode ser avaliada também,
laboratorialmente, pela dosagem de componentes do sistema complemento, mais comumente
de C3 e C4. Os niveis séricos de complemento C3 e C4 podem estar diminuidos nos pacientes
com LES em atividade da doenga devido ao consumo destes componentes pelos
imunocomplexos formados, que podem ativar a via classica. Observa-se que nos casos de
melhora clinica dos pacientes os niveis séricos de complemento aumentam, mas nem sempre
voltam aos valores considerados de referéncia (JOSEPH et al., 2010; KAVANAUGH et al.,
2000; HOCHBERG, 1997).

Um outro teste laboratorial solicitado para a determinagdo da atividade da

doenca ¢ a pesquisa de anticorpos anti-dsDNA. Comumente este teste ¢ realizado por IFI
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sendo o resultado liberado em titulo. A positividade deste teste e os titulos elevados sdo
indicativos de doenca ativa. A remissao da doenga, seja pelo tratamento ou nao, esta associada

a diminuigio dos titulos de anti-dsDNA e negativagdo do teste (FERREIRA; AVILA, 1996).

1.6 ESTRESSE OXIDATIVO, METABOLISMO DE FERRO E RESISTENCIA A INSULINA NO

LUPUS ERITEMATOSO SISTEMICO

O estresse oxidativo (EO) ocorre quando existe um desequilibrio entre
agentes antioxidantes e oxidantes, sendo ocasionado por radical livre. Este radical ¢ qualquer
atomo, molécula ou fragmento de molécula contendo um ou mais elétrons desemparelhados
nas suas camadas de valéncia (HALLIWELL; GUTTERIDGE, 1999). Alguns exemplos de
radicais livres sdo: oxigénio molecular (O,), radical hidroxil (OH"), anion superoxido (O; ),
radical peroxil (ROO), radical alcoxil (RO") e 6xido nitrico (NO) (SJODIN et al., 1990;
ARUOMA, 1994; PEREIRA, 1994; YU, 1994). Esses radicais sdo encontrados no organismo
humano e sua producdo esta relacionada a processos fisiologicos como a respiragdo, assim
como a processos patologicos como na inflamagdo, resultando em lesdes bioldgicas
(HALLIWELL; GUTTERIDGE, 1999). Os termos substancias reativas do oxigénio (ROS) e
substancias reativas do nitrogénio (RNS) tem sido usados para descrever compostos com agao
de radicais livres. Para se proteger destes processos oxidativos, o organismo dispde de
mecanismos quimicos (4cido urico), bioquimicos (glutationa reduzida-GSH) e biologicos
(enzimas: superoxido dismutase-SOD, catalase e glutationa peroxidase-GPX) (WHITE, 1993;
YU, 1994).

O processo inflamatorio envolvido na fisiopatologia do LES parece levar ao
aumento do EO e diminui¢do da capacidade antioxidante, contribuindo para elevar os danos
oxidativos teciduais nestes pacientes. No entanto, este fendmeno precisa ser mais bem
elucidado neste modelo de doenca, pois a influéncia de fatores ambientais, medicamentos e
estilo de vida podem modificar esse conceito. Além disso, as lesdes endoteliais que
certamente ocorrem nos pacientes com LES, contribuem para formagdo de “foamy cells”
(macréfagos espumosos), pois a peroxidagdo lipidica, devido a ac¢do dos ROS nas
lipoproteinas de baixa densidade (LDL-colesterol) e triacilglicerdis, o que favorece a adsor¢ao
de macrofagos ativados em regido inflamatdria vascular. Assim, ha formagdo de placas de
ateroma, contribuindo para o desenvolvimento de doengas cardiovasculares (LINDAHL et al.,
2000).

Embora a causa do LES seja multifatorial, tem sido sugerido que o aumento
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da produg¢dao de ROS e RNS pode favorecer o seu desenvolvimento. O EO pode contribuir
para a disfuncdo das células imunes, produgcdo de autoantigeno e reatividade de
autoanticorpos no LES (OATES, 2010). Na doenca autoimune, proteinas modificadas
oxidativamente sdo responsaveis por perturbacdes adicionais, pois representam alvos
potenciais para o sistema imunologico, rompendo a tolerancia das células B. A fun¢do do
tecido conjuntivo também pode ser alterada por meio da modificacdo da estrutura do acido
hialurénico sob a a¢do de ROS (SHEIKH et al., 2007), tornando-o um alvo para o sistema
imune.

No entanto, os efeitos deletérios dos ROS sdo mais pronunciados em
biomembranas e organelas celulares ocasionados pela lipoperoxidagdao. Como as reagdes
oxidativas sdo normalmente instaveis, a identificacdo deste fenomeno se da pela andlise de
produtos finais da a¢do oxidante. O malondialdeido (MDA), um produto final da
lipoperoxidagdo que pode ser quantificado, ¢ um exemplo disso. Este composto pode ser
covalentemente ligado as proteinas gerando adutos intra e intermoleculares. Essas alteracdes
podem gerar neoepitopos de proteinas que passam agora a ser reconhecidas pelo sistema
imunoldgico resultando em processo autoimune. As alteragdes ocorridas podem ocasionar
estados de doenca aguda e cronica, ser um preditor de risco da doenca, e/ou estar envolvidas
na progressao da lesdo vascular relacionada ao LES (ZHANG et al., 2010). Ben Mansour e
colaboradores (2010) demonstraram aumento dos niveis de MDA em pacientes com LES.
Outros estudos também demonstraram um aumento nos niveis de MDA avaliados pelo
método de determinag@o das substancias reativas ao acido tiobarbitirico (TBARS), e este foi
associado positivamente ao 8-isoprostano, um metabdlito da peroxidacao lipidica catalizada
por radical, cuja estrutura e fungdo se assemelham com a da prostaglandina F2, um importante
vaconstritor (MORROW et al.,, 1996; ABOU-RAYA et al., 2004). O aumento da
lipoperoxidagdo tem sido observado em varios estudos com pacientes com LES com
diferentes abordagens metodologicas para a sua avaliagdo (NUTTAL et al., 2003; KURIE,;
SCOFIELD, 2003; FROSTEGARD et al., 2005; ABOU-RAYA et al., 2004). No entanto, os
resultados ainda s3o controversos. Tewthanom et al (2008) ndo demonstraram diferencas na
concentragdo de MDA quando compararam individuos controle com pacientes com diferentes
graus de gravidade do LES. Os autores sugeriram que um provavel motivo para estes dados
conflitantes tenha sido o efeito da prednisona na peroxidagao lipidica (KUONO et al., 1994).

Estudos demonstram que no LES ha peroxidag¢do lipidica associada a
formagao da placa de ateroma, sendo a oxidagdo do LDL-colesterol associada a esta formagao

(MANZI, 2000; LINDAHL et al., 2000; NUTTALL et al., 2003).
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A avaliacao do estado antioxidante em pacientes com LES tem apresentado
resultados conflitantes. Estudos tém demonstrado aumento (TURGAY et al.,, 2007) ou
diminui¢do (BAE; KIM; SUNG, 2002; TAYSI et al., 2002) da capacidade antioxidante total,
enquanto outros ndo verificaram nenhuma diferenca significativa em rela¢do aos individuos
controles (NUTTALL et al., 2003, ZHANG et al.,, 2005). No entanto, as metodologias
realizadas, o numero de pacientes e a atividade da doenga foram diferentes nesses trabalhos.

A homeostase de ferritina e ferro tém sido implicados na patogénese de
doengas relacionadas a autoimunidade e também em patologias relacionadas a resisténcia a
insulina (RI), como a sindrome metabodlica (CHOI et al., 2005; GONZALEZ et al., 2006;
ZANDMAN-GODDARD G; SHOENFELD, 2007). Sabe-se que a RI mediada no figado ¢
uma consequéncia precoce de danos hepaticos ferro-dependentes (ANDREWS, 1999;
FERRANNINI, 2000; KIM et al., 2011). A principal fungdo da ferritina ¢ armazenar ferro
intracelular de modo compacto, seguro e torna-lo disponivel quando necessario. Esta fungao ¢
devido a uma capacidade muito elevada da proteina de ligagao com o ferro e da atividade da
enzima ferroxidase, que converte Fe o para Fe "7 (AROSIO; INGRASSIA; CAVADINI,
2009). Ha evidéncias de que a ferritina poderia exercer um papel protetor contra os danos
mediados pelos radicais livres advindos do oxigénio (AROSIO; INGRASSIA; CAVADINI,
2009). A ferritina ¢ uma proteina que contém e mantém em solucao varios milhares de a&tomos
de ferro, que em outra circunstancia formariam um precipitado toxico. O ambiente de maior
concentragdo desta proteina ¢ intracelular, sendo o metabolismo do ferro importante para
servir de componente para reagdes que ocorrem dentro da célula. Esse ion entra e sai da
proteina conforme as necessidades celulares (HARRISON; AROSIO, 1996). Porém o ferro e
a ferritina sdo elementos associados ao estresse oxidativo (EO).

O principal papel da ferritina no EO foi evidenciado pela sua participagdo na
reagdo de Fenton (ZHAO et al., 2001), disponibilizando maior quantidade ferro, e, por
conseqiiéncia, aumentando o EO.

Outras fungdes da ferritina associadas ao EO estdo sendo evidenciadas por
influenciar nos processos que desequilibram o sistema oxidante-antioxidante, como, por
exemplo, um membro do grupo de proteinas que respondem ao estresse e a inflamagao.
Citocinas inflamatorias, particularmente o TNF-a e a IL-2, regulam positivamente a sintese
de ferritina em vérias células de mamiferos, incluindo células mesenquimais, hepatocitos e
macrofagos-mondcitos (MILLER et al. 1991). O elemento regulatorio desta resposta, que ¢
especifico para a cadeia H-Ferritina ¢ ¢ chamado de FER2, foi identificado com 4.8 Kpb e

inicia a transcri¢do do gene da H-Ferritina que esta ligado ao sitio do fator de transcrigao
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nuclear kB (NFkB) (KWAK et al. 1995). Estes eventos podem ser acompanhados por efeitos
indiretos via indu¢ao do NO que estimula a diferenciacdao e ativagdao da sintese de H e L-
Ferritina em nivel transcricional (MARZIALI, et al., 1997). Estes eventos parecem gerar um
predominio na inducdo da H-Ferritina com consequente aumento do EO. Além disso, a
observacdo de que o O pode mobilizar o ferro da ferritina levou a sugestdo de que a
exposi¢ao aos radicais livres de oxigénio podem realmente aumentar o pool de ferro reativo
(reduzido) e exacerbar a lesdo oxidante (AROSIO; LEVI, 2002). Além disso, o ferro catalisa a
formacao de radicais hidroxilas, que sdo pro-oxidantes poderosos e que atacam lipidios da
membrana celular, proteinas e acidos nucléicos (AROSIO; LEVI, 2002). Portanto, os niveis
de ferritina elevados estdo associados com o processo inflamatdrio cronico e podem estar
envolvidos no desequilibrio redox verificado nestas condi¢des. Entretanto, ainda persistem
controvérsias sobre o papel funcional da ferritina nestas condi¢des, se pré ou antioxidante.

O musculo esquelético, figado e pancreas s3o os principais responsaveis
pelo controle da glicemia. O excesso de glicose, como em um evento pos-prandial, induz a
liberagdo pancredtica de insulina que aumenta os transportadores de glicose GLUT-4 no
musculo esquelético, e também de GLUT-2 no figado e com isso hd diminui¢do da glicemia e
aumento do consumo e armazenamento de glicose nestes tecidos. J4 em situagdo de
diminui¢do da glicemia, como no jejum prolongado, ha liberagdo pancreatica de glucagon que
gera glicogenodlise no figado e manutengdo nos niveis séricos de glicose. Estes eventos de
consumo, armazenamento e liberacdo de glicose sdo controlados por hormonios e enzimas
intracelulares. Estes processos garantem a manutencdo dos niveis séricos de insulina,
glucagon e glicose no organismo, € o desequilibrio entre estes elementos gera a RI
(NEWGARD, 2004).

Algumas situagdes contribuem para o surgimento da RI, como, por
exemplo, falhas na sensibilizacdo do musculo esquelético e figado (SHULMAN et al., 1990),
o excesso de peso com aumento de acidos graxos livres (KIM et al., 2001), o processo
inflamatério (BARNES; KARIN, 1997; MILES et al.,, 1997; SUMMERS et al., 1998;
YAMAUCHI et al., 2002) ¢ o EO (KIM et al., 2011).

A RI contribui para a patogénese da sindrome metabdlica (SM) por meio da
hiperglicemia, hiperinsulinemia compensatoria e falha na sensibiliza¢ao da insulina. Dentre
estes, a hiperinsulinemia parece ser o fator mais importante (SIDIROPOULOS;
KARVOUNARIS; BOUMPAS, 2008). Estudos mostram elevada prevaléncia de SM em
pacientes com LES no Brasil (VILAR et al., 2006; TELES et al., 2010) ¢ no Mundo
(PARKER/ BRUCE, 2010). Chung et al (2007) demonstraram uma prevaléncia de 44,1% de
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RI em pacientes com LES.

Em suma, ¢ possivel que a doenga inflamatoria cronica e o EO inerentes ao
LES possam estar diretamente associados ao desenvolvimento de RI nestes pacientes. No
entanto, até o presente momento, nao ha estudos que tenham avaliado se a presenca de RI em
pacientes com LES aumenta o estresse oxidativo, o que ajudaria na compreensao dos fatores

relacionados a manutengao e progressao da doenca.

1.7 Oxipo NiTrICO (NO) E LUPUS ERITEMATOSO SISTEMICO

O NO ¢ produzido nas cé¢lulas endoteliais pela expressao da enzima 6xido
nitrico sintase endotelial (eNOS) e ¢ responsavel pela vasodilatacdo e manuten¢do da funcao
endotelial. A produg¢do de NO também pode ser estimulada pelo aumento na expressdo da
enzima oOxido nitrico sintase induzivel (iNOS). Em circunstancias estimulatorias, como
estresse oxidativo, dano endotelial ou tecidual e citocinas pro-inflamatorios, ocorre a
producdo de NO estimulada por um aumento na expressdao da iNOS que ¢é capaz de produzir
até 1.000 vezes mais NO do que eNOS (NATHAN, 1997). Portanto, NO produzido por iNOS
media a resposta inflamatoria, e foi mostrado que causa disfung@o vascular em uma série de
modelos experimentais (GUNNETT et al., 2003).

Sabe-se que o NO regula as fungdes das células T em condigdes
fisiologicas, mas a superprodugdo de NO pode contribuir para a disfuncdo de linfocitos T, e
ha estudos relatando aumento da sintese de NO endogeno no LES (NAGY et al., 2010).

A determinagdo da concentragdo de metabolitos do 6xido nitrico (NOx) em
pacientes com LES tem mostrado resultados contraditorios, sendo que alguns autores
relataram aumento da producdo (BELMONTE et al., 1997; WANCHU et al., 2001), enquanto
outros nao encontraram qualquer alteracdo (WIGAND et al., 1997, GONZALEZ-CRESPO et
al., 1998).

Oates e colaboradores (2008), demonstraram um aumento dos niveis de
NOx em pacientes LES quando comparados com controles, e verificaram, que a atividade da
doenca estava associado a este aumento. Em outro estudo, Asl e colaboradores (2008)
verificaram uma correlacdo direta entre a presenca dos fatores de risco da SM e os valores
elevados de NOx no soro de pacientes com LES. Estes dados reforcam a hipdtese de

envolvimento do NO na disfunc¢do endotelial nestes pacientes.
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1.8 HIPERTENSAO ARTERIAL, DOENCA CARDIOVASCULAR, SINDROME METABOLICA E

LUPUS ERITEMATOSO SISTEMICO

A hipertensdo ¢ considerada um fator de risco maior para progressao de
doengas renal, vascular e cardiaca. Numerosos estudos evidenciam a alta prevaléncia de
hipertensdao em mulheres com LES, chegando a 70% (BUDMAN; STEINBERG, 1976;
PETRI, 2000; AL-HERZ et al., 2003; RAMOS-CASALS et al., 2007). Em contraste, a
prevaléncia de hipertensdo em mulheres jovens que ndo tém LES ¢ de 2,7% entre 20 e 34
anos de idade e 14% entre 35 e 44 anos de idade (ANONYMOUS, 2007). Apesar da forte
evidéncia para a alta prevaléncia de hipertensao arterial em individuos com LES, estudos
sobre os mecanismos envolvidos no processo da hipertensdo no LES ainda sdo escassos.

O mecanismo que explica a hipertensdo, em grande parte, ¢ a disfuncio
endotelial levando a resisténcia vascular periférica, alteragdo no volume sanguineo e
variagoes na frequéncia cardiaca. No LES, ha também relatos de um possivel papel do sistema
imunitario e da inflamagdo cronica no desenvolvimento de hipertensdo (BLAKE et al., 2003;
BOOS; LIP, 2006), sendo provavel que as citocinas inflamatorias desempenhem um papel
central na sua patogénese. Além disso, semelhante a todas as formas de hipertensao
estudadas, a funcdo renal alterada desempenha papel importante e ¢ negativamente afetada
pela inflamagdo cronica (RY AN, 2009).

Assim, varios processos patologicos associados ao LES podem influenciar a
patogénese da hipertensdo, como as alteragdes renais (RYAN; McLEMORE Jr; HENDRIX,
2006), a disfuncdo endotelial (WILLIAMS et al.,, 2002), as alteragdes enddcrinas e
metabolicas (DZAU; RE, 1994), o EO (LASSEGUE; GRIENDLING, 2004; MANNING;
TIAN; MENG, 2005) e as citocinas pré-inflamatérias (RUDDY et al., 2004; SESSO et al.,
2007; HARRISON et al., 2010). Portanto, ha varias vias possiveis para o desenvolvimento da
hipertensao no LES, sendo que as pesquisas desenvolvidas at¢é o momento tem investigado
principalmente as alteragdes na resisténcia periférica e volume sanguineo (disfuncao

endontelial), e também os envolvimentos inflamatérios e renais (Fig.1).
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Figura 1 - Diagrama das possiveis vias envolvidas na hipertensdo em pacientes com
LES. SRA, sistema renina-angiotensina; RVR, resisténcia vascular renal; FSR,
fluxo sanguineo renal;

lPP AR-Y 2 LES Estrugluiu LiptMa
‘L Ativacdode células
SRA P — 5 anamaterias s
(p- ex.: IL-6, INF-0) T Autoanticorpos
v 'Ir v
> ET-1 |—> 1 RVR/ | FSR [¢— Nefrite
‘I’ l Hiperinsulinemia
> FRO ———»| [|Pressao v

Natriurética TReabsorc¢éao de Sadio
l nos Tubulos renais

Hipertensaono LES

PPAR- v, receptor proliferador ativado de peroxissoma-y; ERO, espécies reativas de oxigénio; ET-1, endotelina-
1.
Fonte: Adaptado de Ryan e Yanai (YANAI et al., 2008; RYAN, 2009).

Os pacientes com LES dispdem hoje de considerdvel arsenal de
medicamentos para tratamento de sua doenca, incluindo antiinflamatérios ndo esterodides,
corticosterdides e outros imunosupressores, antimaldricos, imunoglobulina endovenosa e
anticorpos anti-CD20, podendo ainda ser realizado, nos casos aplicaveis, o transplante de
medula 6ssea. Como conseqiiéncia direta do aumento do conhecimento e das possibilidades
de tratamento de pacientes com LES, a sobrevida desses pacientes tem aumentado
consideravelmente nos ultimos 40 anos, levando ao aparecimento e reconhecimento de novas
causas de morbidade e mortalidade, entre elas a doenca aterosclerética (TELLES et al., 2007).

Alguns estudos demonstram um aumento da morbidade e mortalidade no
LES e a causa pode ou ndo estar relacionada com a propria doenca. Em um estudo realizado
na Europa, Cerveza e colaboradores (2003) avaliaram a mortalidade dos pacientes com LES
durante 10 anos e constataram que durante os primeiros 5 anos houve aumento da mortalidade
ocasionada, principalmente, pela atividade da doenca e infeccdes (29% cada), enquanto que

apods 5 anos, as mortes estavam relacionadas a distirbios cardiovasculares (26%).
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Petri (2000) relata que, embora a mortalidade aguda esteja declinando, ha
muitos pacientes que morrem prematuramente e a causa de morte em pacientes com tempo de
duracdo da doenca superior a 5 anos ¢ a doenca arterial coronariana (DAC).

No Framingham Offspring Study, mulheres com LES em idade entre 35 a
44 anos apresentaram 52 vezes mais risco de infarto do miocardio do que mulheres saudaveis
de idade similar (MANZI et al., 1997). De modo semelhante, um estudo na Suécia, avaliou
4700 individuos e mostrou uma razdo de morte por DAC de 15,9 vezes em pacientes com
LES (BJORNADAL et al., 2004), sendo as principais causas os danos vasculares e o perfil
lipidico alterado (NUTTALL et al., 2003).

A SM ¢ um transtorno complexo representado por um conjunto de fatores
de risco cardiovascular, usualmente relacionados a deposicdo central de gordura e a
resisténcia periférica a acdo da insulina (REAVEN, 1988).

Os fatores de risco cardiovascular presentes na SM incluem obesidade
central, dislipidemia, pressao arterial elevada e distirbio no metabolismo de glicose. A SM ¢
um preditor independente de morbidade e mortalidade cardiovascular (FORD et al., 2002;
REILLY; RADER, 2003; KIP et al., 2004). Reaven, em 1988, denominou a doeng¢a com o
termo "sindrome X" para descrever a associagdo entre a RI, diabetes mellitus tipo 2,
hipertensao arterial e doengas cardiovasculares e, em 1998, a primeira defini¢ao formal da
SM foi proposta pela Organizacdo Mundial da Saade (OMS) (ALBERTI et al., 1998).

Outra definicdo para classificagdio de SM foi proposta pelo “Executive
Summary of the Third Report of the National Cholesterol Education Program” (NCEP)
“Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults”
(ATPIIT) em 2001 (JACOBS JR, 2001). De acordo com esta defini¢do, o diagnéstico de SM
seria estabelecido quando pelo menos 3 dos 5 critérios descritos no quadro 1 estiverem

presentes.
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Quadro 1 - Defini¢do de Sindrome Metabolica segundo Adult Treatment Panel 111 (ATP III)

Devem estar presentes pelo menos 3 dos 5 components abaixo descritos:

Glicose de jejum > 100 mg/dL
Circunferéncia abdominal (CA)
Homens > 102 cm
Mulheres > 88 cm
Triacilglicerol > 150 mg/dL
HDL colesterol
Homens < 40 mg/dL
Mulheres < 50 mg/dL

Pressao arterial > 130/85 mm Hg (ou uso de anti-hipertensivos)

Fonte: Adaptado de Reaven, 2006.

Estudos em diferentes populagdes, como a mexicana, a norte-americana € a
asiatica, revelam prevaléncias elevadas de SM entre 12,4% a 28,5% em homens e 10,7% a
40,5% em mulheres, variando de acordo com o critério utilizado e as caracteristicas da
populacdo estudada (GILES, 2003; AGUILAR-SALINAS et al., 2004; FORD; OH et al.,
2004; HU et al., 2004).

Na populagdo brasileira, alguns estudos tém descrito uma prevaléncia de
SM entre 10 a 40%, sendo maior entre as mulheres, em torno de 30%, do que em homens, em
torno de 20% (BARBOSA et al.,, 2006; SOUZA et al., 2003; OLIVEIRA et al., 2006;
VELASQUEZ-MELENDEZ et al., 2007).

Em um estudo de revisdo, os autores mostraram alta prevaléncia de SM em
pacientes com LES em paises desenvolvidos, variando de 18 a 38,2% (PARKER; BRUCE,
2010). No Brasil, embora os estudos ainda sejam escassos, os dados parecem ndo ser muito
diferentes e relatam prevaléncia em torno de 20 a 32% (VILAR et al., 2006; TELLES et al.,
2010). Nosso grupo, em um estudo anterior, demonstrou uma freqiiéncia de 41% de SM, de
acordo com os critérios do ATP III, em pacientes com LES atendidos no Hospital
Universitario (HU) de Londrina, Parand, Brasil (LOZOVOY et al., 2011a). A inflamacao
parece ter um papel importante no desenvolvimento da SM e tem sido demonstrada uma
associagdo direta entre o processo inflamatorio e a RI (FESTA et al., 2000), sendo este um
dos possiveis elos para explicar a associacao entre LES e SM. Além disso, o tratamento com
corticosteroides pode também favorecer o desenvolvimento de SM em pacientes com LES
(KARP et al., 2008).

Parker e Bruce (2010) descreveram aumento do risco cardiovascular em
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pacientes com LES quando estes apresentavam concomitantemente SM. Varios outros autores
corroboraram esse dado (VILAR et al., 2006; CHUNG et al., 2007; VADACCA et al., 2009),
enquanto Chung et al (2009) encontraram uma prevaléncia de 44,1% de RI em pacientes com
LES.

Assim, a RI e a SM sao fortes candidatos a justificar o aumento da DAC em
pacientes com LES. Além disso, varios estudos tém demonstrado que pacientes com LES
apresentam RI mais grave em comparagdo com a populagdo geral (EL-MAGADMI et al.,
2006; SADA et al., 2006; CHUNG et al., 2007).

Além de obesidade e RI, os individuos com SM também apresentam
importante disfuncdo endotelial e aceleramento da aterosclerose. Varios fatores tém sido
associados ao desenvolvimento da SM, tais como: 1) EO, 2) adiposidade visceral e produgao
desequilibrada, pelo tecido adiposo, de citocinas pro e antiinflamatérias (adiponectina)
resultando em inflamag¢do de baixo grau, 3) a diminui¢do da biodisponibilidade do NO
resultando em disfuncdo endotelial ¢ 4) hiperuricemia. Sabe-se que a inflamacdo ¢ uma
manifestagdo do EO e as vias que geram os mediadores inflamatorios, tais como moléculas de
adesdo e interleucinas, sao também induzidas pelo EO. A ativacdo do processo inflamatério
pode resultar, por sua vez, em mais EO (WILLIAMS et al., 2002; CERIELLO; MOTZ, 2004;
DANDONA et al., 2005, LOZOVOQY et al, 2011 b). Portanto, a RI, o EO e o0 NO parecem ser

fatores comuns para o desenvolvimento da SM no LES.
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2 JUSTIFICATIVAS

Assim, considerando que, at¢ o momento, ndo ¢ do nosso conhecimento

trabalhos na literatura que tenham verificado:

1°) A freqliéncia de RI em pacientes com LES na populagao brasileira;

2°) A diferenca de freqiiéncia de RI em pacientes com LES em atividade ou ndo;

3°) A freqiiéncia de hipertensdo arterial em pacientes com LES em atividade ou nao;

4°) A avaliacdo concomitante dos possiveis fatores que interferem no aumento da pressao
arterial em pacientes com LES em atividade ou ndo.

5°) A associagao entre o EO e o metabolismo de ferro em pacientes com RI e LES.

O presente trabalho tem como objetivos:
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar a freqiiéncia de resisténcia a insulina (RI) e hipertensdo arterial em
pacientes com LES em atividade ou ndo, sem comprometimento renal, e verificar os possiveis

fatores envolvidos.

3.2 OBJETIVOS ESPECIFICOS

a) Determinar a frequéncia de RI em individuos controles saudaveis e em pacientes com LES

b) Verificar se a atividade da doenga aumenta a frequéncia ¢ a razdo de chance (Odds Ratio)
de pacientes com LES apresentarem RI e sindrome metabdlica.

¢) Avaliar os marcadores lipidicos e proté€icos de EO, os niveis séricos de NOx e o estado
antioxidante em individuos controles saudaveis e em pacientes com LES.

d) Verificar o envolvimento da resposta imune Th1/Th2/Th17 na hipertensdo arterial em
individuos controles saudaveis e em pacientes com LES em atividade ou ndo.

e) Avaliar o metabolismo de ferro em individuos controles saudaveis e em pacientes com LES

f) Verificar se a presenca de RI aumenta o EO em pacientes com LES.

g) Verificar se hd associa¢do entre as alteragdes no metabolismo de ferro, o EO e a RI em

pacientes com LES.
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4 TRABALHOS DESENVOLVIDOS

Foram desenvolvidos 3 artigos cientificos para apresentar e discutir os
resultados obtidos. Esses artigos foram formatados de acordo com as instrugdes para autores
determinadas pelos periddicos cientificos “LUPUS” (artigo 1), “Journal of Translational
Medicine” (artigo 2) e “Journal of Scandinavian Rheumatology” (artigo 3). Essas normas

estao no anexo 4.

Artigo 1: INCREASED INSULIN RESISTANCE AND METABOLIC SYNDROME
FREQUENCY IN BRAZILIAN PATIENTS WITH SYSTEMIC LUPUS
ERYTHEMATOSUS: COMPARISON BETWEEN ACTIVE AND INACTIVE
DISEASE

Artigo 2: INFLUENCE OF TH/TH,/TH17 CYTOKINES LINEAGE, NITRIC OXIDE,
OXIDATIVE STRESS, AND INSULIN RESISTANCE ON BLOOD PRESSURE IN
ACTIVE AND INACTIVE SYSTEMIC LUPUS ERYTHEMATOSUS PATIENTS
WITHOUT NEPHRITIS

Artigo 3: RELATIONSHIP BETWEEN IRON METABOLISM, OXIDATIVE STRESS
AND INSULIN RESISTANCE IN PATIENTS WITH SYSTEMIC LUPUS
ERYTHEMATOSUS
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4.1 ARTIGO 1: INCREASED INSULIN RESISTANCE AND METABOLIC SYNDROME FREQUENCY
IN BRAZILIAN PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS: COMPARISON

BETWEEN ACTIVE AND INACTIVE DISEASE

Marcell Alysson Batisti Lozovoyl, Andréa Name Colado Simio?*, Eloisa da Silva’, Diego
Lima Petenucci’, Tatiana Mayumi Veiga Iryioda’, Helena Kaminami Morimoto®, Rubens

Cecchini4, [saias Dichi®

Insulin resistance and metabolic syndrome in lupus

ABSTRACT

Patients with systemic lupus erythematosus (SLE) have higher insulin resistance and
metabolic syndrome prevalence than the general population. However, to date, insulin
resistance and metabolic syndrome prevalence in active and inactive disease have not been
reported. The objectives of this study were to verify the prevalence of insulin resistance and
metabolic syndrome in Brazilian patients with SLE and to analyze whether disease activity
interferes with the aforementioned conditions. The study included 130 controls and 74 SLE
patients. SLE patients were divided in active (36 patients) and inactive (38 patients) disease.
Insulin resistance prevalence measured by HOMA-IR (Homeostasis Model Assessment -
Insulin Resistance) was verified in 38 (51.35%) patients with SLE and in 38 (29.23%)
controls (p=0.0017, OR: 2.556, IC 95%: 1.413-4.621), whereas MetS prevalence measured by
ATP-II (Adult Treatment Panel I1I) was observed in 25 (33.78%) patients with SLE and in 17
(13.08%) controls (p<0.0001, OR=4.644, CI 95%: 2.644-9.625). Insulin resistance was
verified in 23 (63.89%) patients with active SLE and in 15 (39.47%) patients with inactive
SLE (OR: 2.781, IC 95%: 1.568-4.932, p=0.0004), whereas 15 (41.67%) patients with active
SLE met the criteria for metabolic syndrome compared with 10 (26.32%) with inactive SLE
(OR: 2.061, IC 95%: 1.133-3.748, p=0.0169). Body mass index and corticosteroids use

significantly increased in the active group. This study reinforces the higher risk for
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developing insulin resistance and metabolic syndrome in patients with SLE, especially in
those with active disease, and support the role of insulin resistance and corticosteroid use as

the main links between disease activity and metabolic syndrome.

Key Indexing Terms: systemic lupus erythematosus, insulin resistance, metabolic syndrome,

glucocorticoids.

INTRODUCTION

Systemic Lupus Erythematosus (SLE) is an autoimmune disease characterized by
multisystem organ involvement and by high titers of autoantibodies against several nuclear

and cytoplasmatic antigens.'

Whereas the impact of infections and active disease on mortality has diminished
dramatically over the years, due to intensive treatment, cardiovascular disease (CV) has
emerged as the leading cause of death in these patients.” Increased risk of coronary heart

disease (CHD) in SLE is not explained by the classic CHD risk factors.”®

Reaven’ have proposed the concept of metabolic syndrome (MetS) in 1988. Since
then, many researchers believe that insulin resistance is the pathophysiological process
underlying the clustering of CV risk factors in MetS and that insulin resistance increases the
values of clinical diagnosis of MetS.*!! Therefore, insulin resistance and MetS are clearly

strong candidates to justify the increase in CHD in patients with SLE.

Several studies have demonstrated that SLE patients have more severe insulin
resistance compared with the general population.®'*'* Insulin resistance may contribute to the
pathogenesis of MetS through hyperglycemia, compensatory hyperinsulinemia, and
imbalanced insulin action. Among them, hyperinsulinemia seems to be the most important
factor."” Chung et al."” found a prevalence of 44.1% of insulin resistance in patients with SLE.
Several studies have also shown high MetS prevalence in patients with SLE in developed
countries. MetS classification in patients with SLE, according to National Cholesterol
Educational Program (NCEP ATP-III), showed a prevalence of 16% in Netherlands'®, from
17% to 20% in Spain'"'®, 18% in the United Kingdom®, and 29.4% and 32.4% in the United
States'’, when the authors used NCEP ATP-III or World Health Organization (WHO)
classification, respectively. The later classification requires direct determination of insulin

resistance.”” In Ttaly”’, also using World Health Organization (WHO) classification, it was
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found a prevalence of 28%. In Latin American countries, this scenario is not very different,
and MetS classification according to American Heart Association/National Heart, Lung, and
Blood Institute (AHA/NHLBI) showed a prevalence which ranged from 28.6% in Argentina®'
to 38.2% in Puerto Rico.”? In Brazil, a South American emerging country with a continental
dimension, the classification according to NCEP ATP-III reports have found a prevalence of

20% in Northeast®, and 32.1% in Southeast.”*

There are several mechanisms by which higher severity and frequency of insulin
resistance in SLE patients could be explained, such as obesity, inflammatory markers, and the
medication to treat SLE patients, especially glucocorticoids. However, studies, which have
focused on lupus disease activity, another mechanism that could contribute to insulin
resistance and MetS, have been scarce and controversial. We are aware of only one study with
SLE pediatric patients in which they were classified in active and inactive disease.”” On the
other hand, association between MetS and disease activity has been reported in some

16,18,24 . 1
reports'®'®** but not in others.>"?

Although some studies have verified a correlation between insulin resistance and
metabolic syndrome with disease activity, little is known about disease activity participation
in those two conditions. Therefore, the objectives of the present study were to verify the
prevalence of insulin resistance and MetS in patients with SLE and to analyze whether disease

activity is associated with the aforementioned conditions.

SUBJECTS AND METHODS
Subjects

The study included 204 subjects. One hundred and thirty healthy individuals were
selected among blood donors of the Blood Bank of the University Hospital of Londrina and
74 patients with SLE were selected among the ambulatory of Rheumatology of the University
Hospital of Londrina, Parana, Brazil, to participate in the study. They were paired by sex, age,
ethnicity, and body mass index (BMI). Systemic Lupus Erythematosus was diagnosed using
the American College of Rheumatology (ACR) 1997 revised criteria®. Patients with SLE
were also divided in two groups: with active disease (n=36) or inactive disease (n=38). The
following parameters were used to classify SLE as active: SLE Disease Activity Index

(SLEDAI) score > 6 %', and/or decreased C3 (<90mg/dL) and/or decreased C4 complement (<
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10 mg/dL), and/or positive anti-dsDNA (titre > 1/10).**° MetS was defined following the
Adult Treatment Panel III criteria®’, when three of the following five characteristics were
confirmed: 1) Abdominal obesity: waist circumference > 102 cm in men and > 88 cm in
women; 2) Hypertriglyceridemia > 150 mg/mL; 3) Low levels of HDL cholesterol: < 40
mg/dL in men and < 50 mg/dL in women; 4) High blood pressure: > 130/85 mmHg; and 5)
High fasting glucose: > 110mg/dL or use oh hypertensive drugs.

Information on lifestyle factors and medical history were obtained at clinical
evaluation. Disease duration, organ involvement, values of C3 and C4 complement, anti-
double-stranded DNA (anti-dsDNA), and use of non-steroidal anti-inflammatory drugs,
corticosteroids, antimalarials, oral contraceptives, and antihypertensive medications were
recorded for each patient. All patients were receiving prednisone at the time of inclusion, thus
predinisone-equivalent calculation was not required. They had been taking the same
prednisone dose at least for the past 4 months. No patient with SLE presented proteinuria.
Nutritional status of patients was similar to that of the control group. None of the subjects
were receiving a specific diet. The individuals of both groups did not drink alcohol regularly.
None of the participants in the study presented heart, thyroid, renal, hepatic, gastrointestinal
or oncological diseases, and none were receiving estrogen replacement therapy, drugs for
hyperlipidemia, hyperglycemia or antioxidant supplements. All patients gave written
informed consent, and the study protocol was fully approved by the Ethical Committee of the

University of Londrina (Paran4, Brazil).
Anthropometric and Blood Pressure Measurements

Body weight was measured to the nearest 0,1 kg by using an electronic scale, with
individuals wearing light clothing, but no shoes, in the morning.; height was measured to the
nearest 0,1 cm by using a stadiometer. Body mass index was calculated as weight (kg) divided
by height (m) squared. Three blood pressure measurements taken with a minute interval
between them after the subject had been seated were recorded. The mean of these
measurements was used in the analysis.”® We considered the current use of antihypertensive

medication as an indication of high blood pressure.

Biochemical and Immunological Biomarkers
After fasting for 12 hours, the patients underwent the following laboratory blood

analysis: glucose, total cholesterol, HDL cholesterol, LDL cholesterol, triacylglycerol, uric
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acid, evaluated by a biochemical auto-analyzer (Dimension Dade AR Dade Behring,
Deerfield, IL, USA), using Dade Behring® kits; Plasma insulin levels were determined by
plasma insulin levels were determined by chemiluminescence microparticule immunoassay
(Architect, Abbott Laboratory, Abbott Park, IL, USA). The homeostasis model assessment
insulin resistance (HOMA-IR) was used as a surrogate measurement of insulin sensitivity’'.
HOMA-IR = insulin fasting (WU/ml) X glucose fasting (nmol/L) / 22.5. Insulin resistance was
considered when HOMA-IR >2.114.%

Serum complement factors C3 and C4 levels and hsCRP (highly sensitive CRP) were
measured using a nephelometric assay (Behring Nephelometer 11, Dade Behring, Marburg,
Germany). Serum TNF-a, IL-6 and adiponectin levels were measured by a sandwich enzyme-
linked immunosorbent assay (ELISA) using a commercial immunoassay (R&D System).
Anti-double-stranded DNA (anti-dsDNA) antibodies were determined by immunoflurescence

using Crithidia lucilliae kinetoplast assay (Obelis S/A, Brussels, Belgium).

Statistical analysis

Distribution of sex, race, and smoking was analyzed with Fisher’s exact test or chi-
square test. Comparisons between patients with active or inactive SLE were done using the
Mann-Whitney test and data were expressed as the median (25-75 percentiles). Correlations
were evaluated by Spearman’s rank correlation. It was performed a multivariate regression
analysis with a view to determining which variables showed the strongest relationship with
activity disease. The results were considered significant when p<0.05. A statistical analysis

program (Graph Pad Prism version 4.0) was used for evaluations.

RESULTS

Clinical characteristics of the patients with SLE are shown in table 1. The majority of
patients did not present clinical signs and symptoms of disease. In relation to the control
group, patients with SLE presented significantly higher systolic (p=0.006) and diastolic
(p=0.0007) blood pressure, triacylglycerol (p=0.039) levels, insulin (p<0.0001) levels, and
HOMA-IR (p=0.0006), and significantly lower blood glucose levels (p=0.017) (Table 2).
Patients with SLE and the control group had no differences in WC, and serum total

cholesterol, HDL cholesterol, LDL cholesterol, hsCRP, and adiponectin concentrations (Table
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2).

Insulin resistance prevalence was verified in 51.35% in patients with SLE and 29.23%
in the control group (p=0.0017, OR: 2.556, IC 95%: 1.413-4.621), whereas MetS prevalence
was 33.78% in patients with SLE and 13.08% in the control group (p<0.0001, OR=4.644, CI
95%: 2.644-9.625) (Figure 1).

Patients with active or inactive disease were paired by gender, age, and ethnicity.
Patients with active disease had higher BMI (p=0.003) and WC (p=0.035) when compared to
control subjects. Multivariate analysis showed association between BMI and disease activity (
p=0.0184), but not with WC. As expected, patients with active SLE were taking higher
prednisone doses (p=0.041), had higher SLEDALI score (p<0.0001), and presented serum C3
(p<0.0001) and C4 (p=0.0002) lower concentrations (Table 3). Patients with active SLE
presented significantly higher serum insulin concentration (p=0.048) and HOMA-IR
(p=0.030) and a trend to lower blood glucose levels (0.058) compared with those patients with
inactive SLE. There were no differences between the groups with regard to systolic and
diastolic blood pressure, triacylglycerol, total cholesterol, HDL cholesterol, and LDL

cholesterol concentrations (Table 3).

Insulin resistance was verified in 63.89% patients with active SLE and in 39.47%
patients with inactive SLE (OR: 2.781, IC 95%: 1.568-4.932, p=0.0004) (Figure 2), whereas
41.67% patients with active SLE met the criteria for metabolic syndrome compared with

26.32% with inactive SLE (OR: 2.061, IC 95%: 1.133-3.748, p=0.0169) (Figure 2).

In relation to the inflammatory markers, patients with active SLE had higher CRP
concentration (p=0.030) than patients with inactive SLE (Table 3). There were no differences
between the groups in a; acid glycoprotein, IL-1, IL-6, TNF-a and adiponectin
concentrations. Also, IL-1, IL-6, and TNF-o concentrations were not associated with any
disease activity parameter (data not shown). However, adiponectin concentration was directly

correlated with daily prednisone doses (=0.437, p=0.018) in active SLE patients (figure 3).

DISCUSSION

The major findings of the current study are that patients with SLE have an increased

risk for developing insulin resistance (2.5 times) and MetS (4.6 times) than a control group. In
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addition, even a mild to moderate activity in patients with SLE is associated with an increased
risk for developing insulin resistance (2.8 times) and MetS (2.1 times) compared with inactive
SLE patients. The data from the present study permit to suggest that disease activity shown by
increased SLEDALI score and decreased serum C3 and C4 levels has also an important role in

the development of insulin resistance in SLE patients.

Although previous studies that have also demonstrated enhanced levels of fasting

insulin®!1

, enhanced prevalence of insulin resistance”, and MetS" in SLE patients, to our
knowledge the present study showed the highest prevalence of MetS in patients with SLE to
date. The higher insulin resistance and MetS prevalence which were found in the present
study may be explained by the following reasons: firstly, many studies'”'*** have verified
that lupus patients was associated with lower income, a finding which was also verified in

most of our patients. Secondly, as MetS prevalence is increasing over time in the general

population™, it is likely that it is also increasing in SLE patients.

Of note, SLE patients presented lower blood glucose levels, but higher insulin and
HOMA-IR levels in relation to control subjects. The same trend was observed when active
SLE patients were compared to inactive SLE patients. It can be assumed that metabolic
derangement in these patients with inactive or lupus with mild activity are in an initial phase,
as increased insulin production is still sufficient to maintain blood glucose levels within
normal range, although insulin resistance shown by HOMA-IR seems to be established.
Noteworthy, differently from insulin resistance results which showed higher levels in active
disease, all components of NCEP ATP-III classification used in the present study were not
different in active or inactive disease despite a higher MetS prevalence, showing the
importance of insulin resistance in the development of these components. Our data are in
accordance with Reilly et al.'' who suggested the use of biomarkers of insulin resistance in

addition to ATP-III criteria in assessing CV risk.

The present study is in accordance with previous studies, which also have found an
association between lupus disease activity and MetS. This association has been shown with
SLEDAI scorezz’24’34, whereas with serum C3 levels, it has been demonstrated inverse'® and
direct association'® with MetS. This apparent paradox can be explained because serum C3 and
C4 levels may, in some circumstances, act as an acute-phase reactant protein>. On the other

hand, no association between SLE activity and MetS was found by others authors®"

It has been proposed that obesity™”, corticosteroid therapy*®, and chronic inflammatory
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process’’® are involved in MetS found in SLE patients. BMI and WC were higher in active

disease when compared with inactive disease and multivariate analysis confirmed the
association between BMI and disease activity. These data suggest that increased body mass
probably due to glicocorticoids use also contributes to increased risk of developing metabolic

syndrome in active disease.

The association between glucocorticoids and MetS is controversial. Several reports
have shown association between prednisone use above 10 mg/d and MetS™**° or with

. . 1 [ 13,24
intravenous prednisolone'®. However, other reports have not found any association®'>**. I

n
between, Posadas-Romero et al.”’ found that prednisone explained 15.6% in the variance of

insulin levels.

Roman et al.’ have demonstrated an association between atherosclerosis and less
immunosuppressive therapy arguing strongly on the importance of chronic inflammation in
SLE patients. Cytokines levels are elevated both in active and inactive periods of SLE,
indicating that there is a low-grade chronic inflammation, which can be increased during
exacerbation in SLE*®. Systemic chronic inflammation has been proposed to have a prominent
role in the pathogenesis of insulin resistance’’®. The proinflammatory state induces insulin
resistance, leading to clinical and biochemical manifestations of the MetS. The resistance to
insulin action promotes further inflammation through an increase in free fatty acids
concentration and interferes with the anti-inflammatory effects of insulin®’. Inflammatory
cytokine TNF-a can induce insulin resistance and suppression of Glut4 expression. IL-6 also
inhibits insulin signal transduction in hepatocytes'”. It was not verified any difference in
active and inactive SLE patients in pro inflammatory cytokines. Furthermore, in the current
study, none cytokine was correlated with disease activity markers (data not shown). Serum
TNF-a and IL-6 concentrations, among others, have been reported to relate to disease activity
in SLE, in special in patients with lupus nephritis*'. In the present study, none patient had
lupus nephritis and in active SLE group (median SLEDALI score 4) most patients had mild
active disease status. In addition, patients with active disease were taking higher daily
prednisone doses than inactive patients, which could favor the similar data observed in
relation to the pro inflammatory cytokines between the groups. Nevertheless, CRP showed
higher values in active SLE. Other studies have shown association between CRP and
MetS'*'*42 Besides being considered a predictor of both diabetes mellitus and MetS in the
general population, higher CRP levels seem to be associated with both increases in SLE

.. . . 1
activity and disease damage indexes'.
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Adiponectin is an adipokine that has anti-diabetic, anti-inflammatory and anti-
atherogenic effects. Adiponectin acts as an insulin sensitizer and decreases the inflammatory
response induced by TNF-0.*. Reduction in adiponectin levels has been considered an
important pathophysiological mechanism associated to insulin resistance, type 2 diabetes
mellitus, and metabolic syndrome®. Even in SLE, patients with insulin resistance showed
significantly lower adiponectin levels than patients without insulin resistance'”. In the current
study, adiponectin levels were not decreased in SLE patients compared to controls, even
though MetS prevalence was significantly higher in the group of patients with SLE. Also,
adiponectin concentration did not differ between active and inactive SLE patients. Similarly,
to our data, Vadacca et al.” have not found differences in adiponectin levels in SLE patients
in relation to controls. However, in contrast with this reduction of adiponectin in metabolic
conditions associated with excess adipose tissue, some reports have shown an increase in

adiponectin concentration in patients with SLE'***

as well as in other inflammatory
conditions®. In the meantime, our data are in agreement with a previous study which has also
demonstrated a positive correlation between adiponectin and daily prednisone doses.*’. Jang
et al.¥’ suggested that after dexamethasone, increased levels of adiponectin may be a

compensatory mechanism in the setting of reduced insulin sensitivity.

When looking at the results of this study, the following limitations have to be
considered. First, the adipocytokines were measured only once during the study and multiples
measurements of adipocytokines over time are likely to provide additional information.
Second, our population included patients with SLE with relatively low disease activity, and
therefore, our findings may not be applicable to patients with severe active disease.
Nevertheless, the main strength of the present study is its original design, which allowed
investigating for the first time, to our knowledge, the increased risk of moderately active SLE
patients in developing insulin resistance and MetS when compared with inactive disease

patients.

In conclusion, this study reinforces the higher risk for developing insulin resistance
and MetS in patients with SLE, especially in those with active disease, and support the role of
insulin resistance and corticosteroid use as the main links between disease activity and MetS.
Routine inclusion of simple indices of insulin resistance in SLE patients is strongly suggested
as well as non pharmacological and pharmacological measures when necessary to improve
insulin sensitivity. The development of selective anti-inflammatory steroids, less susceptible

to undesirable metabolic effects, is still awaited.
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Table 1: Clinical and laboratory profile of patients with SLE

SLE Patients Frequency
(n=74) (o)
Disease Duration (years/SD)* 8.5 -
(4.0-12.3)
SLEDAI Score* 2 -
(0-4)
SLEDAI Score > 6 14 10.4
Anti-dsDNA Positive 15 11.1
C3 (<90mg/dL) 13 9.6
C4 (<10 mg/dL) 5 3.7
Therapy
Prednisone 71 95.9
Antimalarials 44 54.5
Current Immunosuppressive 22 29.7
ACE inhibitors 9 12.2

Mann-Whitney test. *Data are expressed median (25%-75%). SLE, Systemic Lupus
Erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; NSAIDs,

nonsteroidal anti-inflammatory drugs; ACE, angiotensin-converting enzyme
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Table 2: Clinical and laboratory characteristics of patients with systemic lupus erythematosus

(SLE) and controls.

Control SLE P value
(n=130) (n=74)

Gender (male/female)* 9/121 7/67 0.457

Caucasian/not Caucasian®* 106/24 59/15 0.752

Age (years) 39.0 42.0 0.415
(31.0-46.0) (29.0-51.0)

BMI (kg/m?) 25.00 26.84 0.101
(22.91-28.16) (22.86-30.86)

WC (cm) 90.0 93.0 0.423
(84.5-100.0) (84.0-104.5)

Systolic Blood Pressure 110.0 119.5 0.006

(mmHg) (101.0-125.0) (109.5-130.0)

Diastolic Blood Pressure 71.0 78.0 0.0007

(mmHg) (65.5-80.0) (70.5-85.5)

Triacylglicerol 93.0 106.0 0.039

(mg/dL) (68.0-125.0) (78.0-152.0)

Cholesterol (mg/dL) 196.0 188.0 0.127
(173.0-218.0) (162.0-210.0)

HDL cholesterol (mg/dL) 55.0 53.0 0.197
(48.0-66.0) (45.0-60.0)

LDL cholesterol (mg/dL)  116.0 107.0 0.094
(94.5-137.0) (88.5-127.5)

Glucose (mg/dL) 88.0 84.0 0.017
(83.0-95.0) (80.0-92.5)

Insulin (uWU/mL) 7.20 9.90 <0.0001
(5.15-10.40) (7.30-13.10)

HOMA-IR 1.60 2.20 0.0006
(1.13-2.32) (1.55-2.96)

C-reactive protein (mg/dL) 2.07 1.95 0.647
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(0.88-3.88) (0.80-1.95)
Adiponectin (mg/dL) 6.47 5.95 0.151
(4.77-9.17) (4.21-8.10)

Mann-Whitney test. *Chi-square test. Data are expressed median (25%-75%). SLE, Systemic
Lupus Erythematosus; BMI, Body mass index; WC, Waist Circunference; HDL, High-density
lipoprotein; LDL, Low-density lipoprotein; HOMA-IR, Homeostasis Model of Assessment

Insulin Resistance.
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Table 3: Disease activity parameters, anthropometric measurements, lipid profile, carboidrate

metabolism, and insulin resistance and metabolic syndrome prevalence in active and

inactive SLE patients

Parameters Inactive SLE Active SLE P value
(n=38) (n=36)

Gender (male/female)* 4/34 3/33 1.000

Caucasian/not Caucasian** 31/7 28/8 0.684

Disease Duration (years) 7.0 10.0 0.201
(4.0-10.0) (4.75-15.5)

Age (years) 37.0 43.0 0.6188
(28.5-52.0) (29.5-50.5)

BMI (kg/m?) 24.5 28.8 0.003
(21.8-27.8) (26.1-32.9)

WC (cm) 90.0 101.5 0.035
(83.0-94.0) (84.0-107.0)

Antimalarials (Yes/No) 20/18 21/15 0.619

Prednisone (mg/day) 5.50 12.5 0.041
(5.00-15.00) (7.50-20.0)

SLEDAI 0 4 <0.0001
(0-0) (2-6)

C3 (mg/dL) 121.0 99.2 <0.0001
(113.5-140.5) (87.7-118.0)

C4 (mg/dl) 24.1 15.9 0.0002
(18.7-28.7) (13.4-21.3)

Systolic Blood Pressure 120.0 119.0 0.741

(mmHg) (108.5-129.0) (109.5-132.0)

Diastolic Blood Pressure 78.0 78.5 0.305

(mmHg) (70.0-85.0) (73.0-88.5)

Triacylglicerol 102.0 123.0 0.114

(mg/dL) (71.5-144.0) (85.5-160.0)



Cholesterol (mg/dL)

HDL cholesterol (mg/dL)

LDL cholesterol (mg/dL)

Glucose (mg/dL)

Insulin (WU/mL)

HOMA-IR

193.5
(168.0-204.5)
52.5
(45.7-68.8)
107.0
(91.5-127.5)
86.5
(81.5-94.5)
8.90
(7.30-11.20)
1.97
(1.52-2.31)

182.0
(161.0-216.5)
52.5
(43.0-59.0)
110.0
(85.0-133.0)
83.0
(80.0-89.0)
11.50
(7.25-16.45)
2.43
(1.59-3.53)

0.986

0.593

0.880

0.058

0.048

0.030
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Mann-Whitney test. * Fisher’s exact test . **Chi-square test. Data are expressed median

(25%-75%). SLE, Systemic Lupus Erythematosus; BMI, Body mass index; WC, Waist

Circunference; HDL, High-density lipoprotein; LDL, Low-density lipoprotein, HOMA-IR,

Homeostasis Model of Assessment Insulin Resistance.
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Table 4: Inflammatory biomarkers in active and inactive SLE patients

Parameters Inactive SLE Active SLE P value
(n=138) (n=136)

C-reactive protein (mg/L)  1.155 2.610 0.030
(0.675-3.120) (0.900-7.200)

a; acid glycoprotein 99.5 108.0 0.305
(76.0-128.0) (83.5-144.5)

Adiponectin (pg/mL) 5.96 5.73 0.798
(4.07-9.15) (4.26-7.57)

IL-6 (pg/mL) 8.20 8.60 0.851
(5.20-13.25) (3.90-18.50)

IL-1 (pg/mL) 2.00 2.00 1.000
(2.00-2.00) (2.00-2.00)

TNF-a (pg/mL) 2.00 2.00 0.443
(2.00-2.00) (2.00-2.00)

Mann-Whitney test. Data are expressed median (25%-75%). IL-1, interleukin-1; IL-6,

interleukin-6; TNF-o, tumor necrosis factor-o
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Figure 1: Prevalence of Insulin resistance and Metabolic Syndrome in Southern Brazilian

patients with systemic lupus erythematosus and control subjects. Chi-square test. *OR=2.556

(C195%: 1.413-4.621, p=0.0017). **OR=4.644 (CI 95%: 2.240-9.625, p<0.0001).
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Figure 2: Frequency of Insulin resistance and Metabolic Syndrome in Southern Brazilian with
systemic lupus erythemathosus (SLE) active or inactive. Chi-square test. *OR: 2.781 (IC
95%: 1.568-4.932, p=0.0004); **OR: 2.061 (IC 95%: 1.133-3.748, p=0.0169).
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Figure 3: Spearman's correlation between serum adiponectin levels and daily prednisone
doses in patients Southern Brazilian with active systemic lupus erythematosus (r=0.437,

p=0.018).
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4.2. ARTIGO 2: INFLUENCE OF THI1/TH2/TH17 CYTOKINES LINEAGE, NITRIC OXIDE,
OXIDATIVE STRESS, AND INSULIN RESISTANCE ON BLOOD PRESSURE IN ACTIVE AND

INACTIVE SYSTEMIC LUPUS ERYTHEMATOSUS PATIENTS WITHOUT NEPHRITIS

Hypertension in lupus.

Marcell Alysson Batisti Lozovoy', Andréa Name Colado Simio”*, Helena Kaminami
Morimoto?, Tatiana Mayumi Veiga Iryioda®, Carolina Panis*, Edna Maria Vissoci Reiche?,

Sueli Donizete Borelli’, Sayonara Rangel Oliveira®, Rubens Cecchini®, Isaias Dichi’

ABSTRACT

Background: Hypertension is a major risk factor for cardiovascular and renal disease and is
highly prevalent in women with SLE. The objectives of this study were to investigate several
factors, which influence hypertension in patients with active (AT) and non-active (NAT)
systemic lupus erythematosus (SLE) without renal damage. Methods: 102 healthy
individuals, 70 NAT and 53 AT SLE patients without renal disease were selected. There were
evaluated TH1/TH2/Th17 cytokines lineage, other proinflammatory cytokines, nitric oxide
(NO), insulin resistance, and oxidative stress. Comparisons between groups were done using
the Kruskal-Wallis test with post test of Dunns. Correlations were evaluated by Spearman’s
rank correlation. SLE AT patients presented higher probability to develop hypertension when
compared to controls (p<0.0001, OR:4.101, CI 95%: 2.22-7.58) and also when compared to
NAT SLE patients (p=0.0016, OR: 2.510 CI 95%: 1.408-4.473). SLE patients showed lower
tumor necrosis factor alpha (TNF-a) (p<<0.05) and interleukin (IL) 4 levels (p< 0.0001) and
higher IL-6 (p<0.0001), IL-10 (p< 0.01), IL-17 (p< 0.0001), and interferon gamma (IFN-y)
levels (p< 0.05) than the control group. SLE patients had higher IFN-y/IL4 ratio (p<0.01)
than the control group, whereas AT SLE patients showed higher IL-12/IL-4 ratio (p<0.05)
than controls and NAT patients. SLE AT and NAT patients presented higher hydroperoxydes
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levels (p<0.05, p< 0.0001, respectively) than controls, whereas serum protein oxidation levels
were significantly higher in AT SLE patients compared with the control group and also in
relation to NAT SLE patients (p<0.01, p<0.05, respectively). Total antioxidant capacity was
significantly lower in NAT SLE than in the control group (p<0.0001). Serum nitric oxide
metabolites levels were significantly higher in SLE patients in relation to the control group
(p<0.0001). Systolic and diastolic blood pressure were directly correlated with serum insulin
levels and HOMA-IR. On the other hand, systolic and diastolic blood pressure were inversely
correlated with TRAP. In the meantime, nitric oxide had an inverse correlation with IFN-y/IL-
10 ratio and IFN-y/IL-4 ratio. The present study showed that patients with AT SLE had more
probability to develop hypertension than control subjects and patients with NAT SLE and

this is due to increased Th;/Th; ratio, pré-inflammatory and oxidative stress.

Key Indexing Terms: systemic lupus erythematosus, hypertension, cytokines, oxidative

stress, nitric oxide, insulin resistance.
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BACKGROUND

Systemic lupus erythematosus (SLE) is a systemic chronic inflammatory disorder
characterized by a wide range of immunological hyperactivity, autoantibody production and
multi-organ damages [1]. Hypertension is a major risk factor for cardiovascular and renal
disease and is highly prevalent in women with SLE?. Elevated blood pressure (BP) results
from environmental, genetic, and immunological factors and from the interactions
among these factors [2,3]. The importance of the kidneys in the long-term control of blood
pressure and the pathogenesis of hypertension are well understood and it is estimated that
almost 50% of patients with SLE is affected by glomerulonephritis [2]. However, SLE is a

risk factor for hypertension in humans and can occur independently of nephritis [4].

It has been suggested that chronic inflammatory process and higher TH; cytokines
lineage (interferon gamma, IFN-y; tumor necrosis factor alpha, TNF-a, etc) and its
predominance over TH; cytokines lineage (interleukin 4, IL-4; interleukin 10, IL-10) can
contribute to increasing blood pressure [3]. Moreover, in humans, blood pressure directly
correlates with circulating inflammatory cytokines such as TNF-a, interleukin 6 (IL-6), and
also with C-reactive protein (CRP) [5]. In the meantime, interleukin 17 (IL-17), a cytokine
that acts independently of TH; and TH, cytokines lineage, has also been considered an

important mediator of hypertension [3].

Systemic chronic inflammation has been proposed to have a prominent role in the
pathogenesis of insulin resistance and MS [6]. Elevated serum concentration of key
inflammatory cytokines [7] and glucocorticoids [8] use are associated with development of
insulin resistance [7] and insulin resistance and hyperinsulinemia could also lead to

hypertension [9].

Several studies suggest that oxidative stress is important in the pathogenesis of SLE
[1,10] and is also recognized as an important factor in the pathogenesis of hypertension [3].
The mechanism by which oxidative stress promotes hypertension is related to vascular

dysfunction, renal injury, and increased sodium reabsorption [2].

Besides the aforementioned factors, it is conceivable that disease activity could also
have a role in SLE hypertension. However, to date, we are not aware of any study, which have
analyzed this issue or have investigated all these factors concomitantly. Therefore, the aim of

this study was to investigate several factors, including cytokines profile, oxidative stress and
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insulin resistance, which influence hypertension in patients with active and non-active SLE

without renal impairment.

SUBJECTS AND METHODS

Subjects

The study included 225 subjects (206 females and 19 males). One hundred and two
healthy individuals (control group) were selected among blood donors of the University
Hospital and one hundred and twenty three patients with SLE without renal disease (70
inactive SLE and 53 active SLE) were selected from among the ambulatory of Rheumatology
of the University Hospital of Londrina, Parana, Brazil, to participate in the study. They were
paired by sex, age, ethnicity, body mass index (BMI), and waist circumference (WC).
Systemic Lupus Erythematosus was diagnosed using the American College of Rheumatology
(ACR) 1997 revised criteria [11]. Patients with SLE were also divided in two groups: with
active disease (n=53) or inactive disease (n=70). The following parameters were used to
classify SLE as active: SLE Disease Activity Index (SLEDAI) score > 6, and/or decreased C3
(<90mg/dL) and/or decreased C4 complement (< 10 mg/dL), and/or positive anti-dsDNA
(titre > 1/10) [10, 12, 13]. Hypertension diagnose was considered when blood pressure >

130/85 mmHg or when patients were in current use of antihypertensive medication.

Information on lifestyle factors and medical history were obtained at clinical
evaluation. Disease duration, organ involvement, values of C3 and C4 complement, anti-
double-stranded DNA (anti-dsDNA), and non-steroid anti-inflammatory drugs,
corticosteroids, antimalarials, oral contraceptives, and antihypertensive medications were
recorded for each patient. All patients were receiving prednisone at the time of inclusion,
thus predinisone-equivalent calculation was not required. They had been taking the same
prednisone dose at least for the past 4 months. No patient had clinical and laboratorial
evidence of SLE nephritis. Nutritional status of patients was similar to that of the control
group. None of the subjects were receiving a specific diet. The individuals of both groups
did not drink alcohol regularly. None of the participants in the study presented heart,
thyroid, renal, hepatic, gastrointestinal or oncological diseases, and none were receiving
estrogen replacement therapy, drugs for hyperlipidemia, hyperglycemia or antioxidant
supplements. Patients who were taking antihypertensive drugs were not excluded for

ethical reasons and were allowed to continue taking the same dose of the drugs. This



63

study was conducted according to the guidelines laid down in the Declaration of Helsinki
and the Ethical Committee of the University of Londrina, Paranda, Brazil approved all
procedures involving human subjects and patients. Written informed consent was obtained

from all subjects/patients.

Anthropometric and Blood Pressure Measurements

Body weight was measured to the nearest 0,1 kg by using an electronic scale, with
individuals wearing light clothing, but no shoes, in the morning.; height was measured to the
nearest 0,1 cm by using a stadiometer. Body mass index was calculated as weight (kg) divided
by height (m) squared. Three blood pressure measurements taken with a minute interval
between them after the subject had been seated were recorded. The mean of these

measurements was used in the analysis [14].

Biochemical and Immunological Biomarkers

After fasting for 12 hours, the patients underwent the following laboratory blood
analysis: uric acid and creatinine were evaluated by a biochemical auto-analyzer (Dimension
Dade AR Dade Behring, Deerfield, IL, USA), using Dade Behring® kits; Plasma insulin and
homocysteine level were determined by chemiluminescence microparticule immunoassay
(Architect, Abbott Laboratory, Abbott Park, IL, USA). The homeostasis model assessment
insulin resistance (HOMA-IR) was used as a surrogate measurement of insulin sensitivity
[15]. HOMA-IR = insulin fasting (uU/ml) X glucose fasting (nmol/L) / 22.5. Insulin
resistance was considered when HOMA-IR > 2.114 [16].
Serum complement factors C3 and C4 levels and hsCRP (highly sensitive CRP) were
measured using a nephelometric assay (Behring Nephelometer 11, Dade Behring, Marburg,
Germany). Anti-double-stranded DNA (anti-dsDNA) antibodies were determined by
immunoflurescence using Crithidia lucilliae kinetoplast assay (Obelis S/A, Brussels,

Belgium).

TNF-a, IL-4, interleukin 6 (IL-6), IL-10, interleukin 12 (IL-12), IL-17, IFN-y and
adiponectin levels were measured by a sandwich enzyme-linked immunosorbent assay
(ELISA) using a commercial immunoassay ELISA (Ready-Set Go! Set, e-Bioscience, San
Diego, California, USA).
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Oxidative Stress Measurements
Samples for evaluating oxidative stress and total antioxidant capacity were performed
with EDTA as anticoagulant and antioxidant. All samples were centrifuged at 3.000 rpm for

15 minutes and plasma aliquots stored at -70°C until assayed.

Total radical-trapping antioxidant parameter (TRAP)

The TRAP was determined as reported by Reppeto et al [17]. This method
detects hydrosoluble and/or liposoluble plasma antioxidants by measuring the
chemiluminescence inhibition time induced by 2,2-azobis (2-amidinopropane). The
system was calibrated with the vitamin E analog TROLOX, and the values of TRAP

are expressed in equivalent of pM Trolox/mg uric acid.

Tert-butyl hydroperoxide-initiated chemiluminescence (CL-LOOH)
CL-LOOH in plasma was evaluated as described previously by Flecha et al [18]. The

results are expressed in counts per minute (cpm).

Determination of Advanced Oxidation Protein Products (AOPP)
AOPP was determined in the plasma using the semiautomated method described by
Witko-Sarsat et al [19]. AOPP concentrations were expressed as micromoles per liter

(umol/L) of chloramines-T equivalents.

Nitric Oxide (NO)
Serum NO metabolite (NOx) levels were assessed by nitrite (NO2") and nitrate

(NO3") concentration according to the Griess reaction, supplemented by the

reduction of nitrate to nitrite with cadmium [20].

Statistical analysis

Distribution of sex, race, and smoking was analyzed with Fisher’s exact test or chi-
square test. Comparisons between groups were done using the Kruskal-Wallis test with post
test of Dunns and data were expressed as the median (25-75 percentiles). Correlations were
evaluated by Spearman’s rank correlation. The results were considered significant when
p<0.05. A statistical analysis program (Graph Pad Prism version 4.0) was used for

evaluations.
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RESULTS

Clinical and laboratory characteristics of patients with non active (NAT) and active (AT) SLE
are shown in table 1. The groups did not differ in relation to the frequency of patients using
antimalarials or antihypertensive drugs. However, the number of patients who were taking
prednisone was significantly higher in the AT group of patients (p=0.0363), whereas the
number of patients who were taking immunosuppressive drugs were higher in the NAT group

(p=0.0077, respectively).

There were no differences in the control group, NAT and AT SLE with regard to age,
gender, ethnicity, tabagism, and BMI, creatinine, and uric acid levels. Non active SLE and AT
SLE had significant increase in diastolic blood pressure (p<0.05 and p<0.0001, respectively),
insulin levels (p<0.0001) and HOMA-IR ((p<0.0001) when compared to control subjects. In
addition, AT SLE showed significant increase in systolic blood pressure (p<0.01) and CRP
(p<0.0001) in relation to the control group. There were no significant differences between
NAT and ACT SLE patients (Table 2).

Active SLE patients presented higher prevalence of hypertension when compared to
controls (p<0.0001, OR:4.101, CI 95%: 2.22-7.58) and also when compared to NAT SLE
patients (p=0.0016, OR: 2.510 CI 95%: 1.408-4.473) (Figure 1).

In relation to cytokine profile, NAT and AT SLE patients showed lower (p<0.05)
TNF-a and higher IL-12 (p<0.0001) levels than the control group. On the other hand, the Th;
cytokine profile NAT and AT SLE patients demonstrated higher IFN-y (p<0.05) levels than
the control group. In relation to Th, cytokine profile, NAT and AT SLE patients showed
lower (p<0.0001) IL-4 levels than the control group. On the other hand, NAT and AT SLE
patients demonstrated higher IL-10 and IL-6 levels than the control group (p<0.01, p<0.05,
and p<0,0001, respectively). NAT and AT SLE patients had higher IFN-y/IL-4 ratio than the
control group (p<0.01 and p<0.0001, respectively), whereas AT SLE patients showed higher
(p<0.05) IL-12/IL-4 ratio than controls and NAT SLE patients. In the meantime, AT and
NAT SLE patients showed higher (p<0.0001) levels of IL-17, a cytokine that develops
independently of the TH; and TH; lineages, in relation to the control group (Table 3). Non
active and AT SLE patients also had lower (p<0.05) adiponectin levels than the control group
(Figure 2).

With regard to redox state assessment, patients with NAT SLE and AT SLE presented
higher hydroperoxydes levels than controls (p<0.0001; p<0.05, respectively), whereas serum
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AQOPP levels were significantly higher in AT SLE patients in relation to the control group
(p<0.01) and also in relation to NAT SLE patients (p<0.05). On the other hand, TRAP
corrected by uric acid levels was significantly lower in non AT SLE (p<0.0001) than in the
control group (Table 4). Serum NOx levels were significantly higher in NAT SLE and AT
SLE in relation to the control group (p<0.0001 and p<0.05, respectively) (Figure 3).
Spearman’s correlation was performed in SLE patients. Systolic and diastolic blood
pressure were directly correlated with serum insulin levels (r=0.2069, p=0.0293; r=0.2479,
p=0.0087, respectively) and HOMA-IR (r=0.2633, p=0.0055; r=0.2733, p=0.0039,
respectively). On the other hand, systolic and diastolic blood pressure were inversely
correlated with TRAP (r= -0.2946, p=0.0031; r= -0.3549, p=0.003, respectively). In the
meantime, nitric oxide had an inverse correlation with IFN-y/IL-10 ratio and IFN-y/IL-4 ratio

(r=-0.3150, p=0.0259; r= - 0.3949; p=0.0024) (figure 4).

DISCUSSION

The main finding of the present study is that patients with AT SLE have 4.101 and
2.510 more probability to develop hypertension than control subjects and patients with NAT
SLE, respectively. In addition, this study showed that increased Th;/Th, (IFN-y/IL-4) ratio
and increased oxidative stress (protein oxidation) are the factors, which influence
hypertension when patients with AT SLE are compared with patients with NAT SLE without
renal damage.

Hypertension is a major risk factor for the progression of renal, vascular, and cardiac
disease. Our data are in accordance with previous studies, which also demonstrated high
hypertension prevalence in patients with SLE [21, 22]. Nevertheless, there are no studies, to

date, that have related hypertension with disease activity.

The role of oxidative stress in SLE hypertension

The over production of reactive species or impaired scavenging promote oxidative
stress and is recognized as important in the pathogenesis of hypertension [2]. The evaluation
of redox state showed that patients with SLE had decreased antioxidant defences and
increased oxidative stress and serum NOXx levels, and that AT SLE patients had higher protein
oxidative stress than NAT SLE patients. We have previously verified that AT or NAT SLE
patients did not present increase oxidative stress, however this finding was attributed to the

increased glucocorticoid consumption in AT SLE patients [10]. Differently, in the present
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study, there was no difference in glucocorticoid consumption in the SLE groups, what could
explain the relation found between higher oxidative stress and disease activity. In addition,
total antioxidant capacity showed an inverse correlation with blood pressure in patients with
SLE. Thus, it is conceivable to suggest that decrease in antioxidant mechanisms may be an
important link between the chronic inflammatory process and the development of

hypertension in SLE patients.

The role of Th{/Th,/Th17 and pro-inflammatory cytokines lineage in SLE hypertension
The role of Th;, Th, and Th; cytokines lincage was assessed in this study and it
could be verified that NAT and AT SLE patients presented, in general, higher cytokine levels
in all aforementioned lineages when compared to control subjects. In addition, higher IFN-
v/IL-4 ratio showed that Th1 predominated over Th2 cytokines lineage. Moreover, increase in
IL-12/IL-4 ratio showed a pro inflammatory state in patients with AT SLE compared with
NAT SLE and controls. Our data are in agreement with a previous study, which has also
shown the increase in both, Th; and Th; lineages, in SLE patients in relation to controls, and
that Th, profile predominated over Th; in active SLE patients [23]. It has been demonstrated

that when Th, lineage predominates, it can contribute to increased blood pressure [3].

It has been suggested that is quite likely that TNF-a and IL-6 contribute by creating a
cytokine milieu that promotes hypertension [3]; TNF-o antagonist etanercept prevents
hypertension and vascular dysfuntion in angiotensin II-induced hypertension [24] and others
authors have shown that it prevents hypertension in frutose-fed rats [25]. In addition, IL-6 has
also been implicated in angiotensin II-induced hypertension [26]. In the present study, TNF-a
levels decreased and IL-6 level increased in SLE patients when compared with the control
group. This apparent paradox could be explained by some factors. First, serum TNF-a levels
obtained does not represent the actual concentration of this cytokine locally produced in the
site of inflammation [27]. Second, the detectable serum level of TNF-a does not take into
account the membrane-bound form of TNF-a, which is up regulated in many cells, including
endothelial cells and leukocytes, during an inflammatory process [28]. In addition, Gomez et
al. [23] similarly to the results found in the present study, verified that TNF-o. was decreased
in relation to disease activity, and thus could have an immunosuppressive role in SLE.

In the meantime, serum IL-17 levels were also elevated in patients with SLE,
independently of disease activity. IL-17 is a novel cytokine produced by Th;; cells, cytotoxic

T cells, mast cells, neutrophils and natural killer T cells [29]. IL-17 has been shown to induce
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chemokines and adhesion molecules in tissues that promote tissue accumulation of other
inflammatory cells. IL-17 may act synergically with other cytokines, such as TNF-a, to
modulate inflammatory response and both are important to contribute to hypertensive
phenotype [30]. In the present study, increased IL-17 and IL-6 levels reinforces the hypothesis
of synergic action between these cytokines, but not with TNF-o.. Harrison et al. [3] proposed
that T cells residing in the perivascular fat release cytokines such as IL-17, that diffuse to the
adjacent vascular smooth muscle cells where they enhance superoxide production, reduce

endothelium-dependent vasodilatation and promote vasoconstriction.

The link between NO and adiponectin and Th/Th, cytokines lineage in SLE
hypertension

Numerous epidemiological studies based on different ethnic groups have
identified an adiponectin deficiency as an independent risk factor for endothelial
dysfunction, hypertension, coronary heart disease, myocardial infarction, and other
cardiovascular complications. Adiponectin has anti-inflammatory effects and augments
blood flow by enhancing nitric oxide production and activating endothelial nitric oxide
synthase (eNOS) [31]. NO plays a major role in regulating blood pressure, and its
deficient bioavailability is an important component of hypertension [32]. NO has been
considered the principal mediator of vasodilatation caused by endothelial cells. NO is
synthesized in endothelial cells by endothelial nitric oxide synthase (eNOS) activity, and is
responsible for vasodilatation and for the maintenance of endothelial function; eNOS is
expressed constitutively and synthesizes NO in only small amounts under basal conditions.
However, NO production may also be stimulated by an increase in inducible nitric oxide
synthase (iNOS) expression provoked, for instance, by oxidative stress or pro-inflammatory
cytokines. Therefore, iNOS derived NO mediates the inflammatory response and has been
shown to cause vascular dysfunction in a number of experimental models [33].

The results of the present study showed increase in NOx levels and oxidative stress,
decrease in adiponectin levels and higher probability to present hypertension in SLE patients
in relation to control subjects. It is conceivable that increased NOx level is due to iNOS
induction by oxidative stress. However, there is a higher NO consumption in oxidative stress
reactions, with consequent decrease in NO bioavailability [34]. Oxidative redox stress results
in impaired endothelium-dependent vasodilation with quenching of endothelial nitric oxide
and allows the endothelium to become a net producer of ROS specifically superoxide as the

eNOS enzyme uncouples to produce superoxide instead of eNOS [35]. Hypertensive subjects
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have increased generation of reactive oxygen species (ROS), which scavenge NO, thereby
reducing NO bioavailability [32]. In addition, our data showed a direct correlation between
nitric oxide and Th1/Th2 cytokines lineage ratio, suggesting a role of the immunological

system in the control of NOx levels.

The role of insulin resistance in SLE hypertension

Elevated serum concentrations of key inflammatory cytokines, such as IL-6 and TNF-
a, are associated with development of IR [7] and hypertension [3]. Hyperinsulinemia and
insulin resistance could lead to sodium renal tubular absorption, which in turn could provoke
hypertension [9]. In the present study, patients with SLE had higher insulin levels and
HOMA-IR than control subjects. In addition, there was a direct correlation between blood
pressure and serum insulin levels and HOMA-IR. Of note, rosiglitazone, a thiazolidinedione
class of drug used to regulate glucose levels in insulin-resistant patients, have shown to

decrease blood pressure in a female mouse model of SLE [36].

CONCLUSION

The data of the present study suggest the complex interaction of cytokines, nitric
oxide, oxidative stress and insulin resistance on blood pressure changes in SLE patients. In
addition, the main factors, which influenced the higher frequency of hypertension in AT SLE
patients than in NAT SLE patients were increased Th;/Th, ratio and increased oxidative
stress. The present study also showed that patients with AT SLE have more probability to
develop hypertension than control subjects and patients with NAT SLE. The risk to develop
hypertension in SLE patients is related to immune system involvement, oxidative stress and
insulin resistance. At last, this study helps the understanding of the complex physiopathology
of hypertension in SLE patients and reinforces the possibility of new potential therapeutic

targets in the treatment of hypertension in systemic lupus erythematosus.
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Figure Legend

Figure 1: Frequency of hypertension in healthy subject (Cont) and in patients with
active (AT) or non active (NAT) systemic lupus erythematosus (SLE). Chi-square test.
**p<0.0001 (OR: 4.101, IC 95%: 2.22-7.58), SLE AT vs Cont; *p=0.0016 (OR: 2.510, IC
95%: 1.408-4.473) SLE NAT vs SLE AT.

Figure 2: Plasma adiponectin levels in healthy subject (Cont) and in patients with active
(AT) or non active (NAT) systemic lupus erythematosus (SLE). Chi-square test. *p<0.05
when compared with the control group.

Figure 3: Serum nitric oxide metabolites (NOXx) levels in healthy subject (Cont) and in

patients with active (AT) or non active (NAT) systemic lupus erythematosus (SLE). Chi-
square test. *p<0.0001 when compared with the control group.

Figure 4: Spearman’ correlation in patients with systemic lupus erythematosus. PAS:
Systolic Blood Pressure; PAD: Diastolic Blood Pressure; HOMA-IR: homeostasis model
assessment insulin resistance; TRAP: Total radical-trapping antioxidant parameter;

IFN-y: interferon gamma; ; [L10: interleukin 10; IL-4: interleukin 4
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Table 1: Clinical and laboratory characteristics of patients with non active (NAT) and active

(AT) systemic lupus erythematosus (SLE).

NAT SLE ATSLE P

(n=70) (n=53)
Disease Duration (years)* 9.0 10.0 0.2260
(4.0-12.0) (6.0-15.7)
SLEDALI Score > 6 0 13 -—--
Anti-dsDNA Positive 0 22 -—--
C3 (<90mg/dL) 0 13 -—--
C4 (<10 mg/dL) 0 10
Therapy
Prednisone (Y/N) 64/6 53/0 0.0363
Prednisone (mg/day)* 10.0 15.0 0.1322
(5.0-20.0) (5.6-20.0)
Antimalarials (Y/N) 38/32 36/17 0.1260
Current Immunosuppressive 25/45 16/37 0.0077
(Y/N)
Anti-Hypertensive drugs (Y/N) 15/55 18/35 0.1203

Chi-square test. *Mann-Whitney test. Data are expressed as median (25-75%).
SLEDALI: systemic lupus erythematosus disease activity index; Y: yes; N: no
Table 2: Clinical and laboratory characteristics of controls (Cont) and patients with non active

(NAT) and active (AT) systemic lupus erythematosus (SLE).
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Table 2: Clinical and laboratory characteristics of controls (Cont) and patients with non active
(NAT) and active (AT) systemic lupus erythematosus (SLE).

Cont NAT SLE AT SLE C vs NAT Cvs ATSLE NAT SLE vs
(n=102) (n=70) (n=53) SLE AT SLE

Gender (F/M) 92/10 66/4 48/5 NS NS NS

Caucasian/not 81/21 50/20 37/16 NS NS NS

Caucasian

Smoking/ 4/98 2/68 1/52 NS NS NS

Non smoking

Age (years) 40.0 39.5 43.0 NS NS NS
(32.0-46.0) (31.0-52.5) (30.5-51.0)

BMI (kg/m*)  26.0 26.4 28.8 NS NS NS
(24.1-29.4) (23.5-30.9) (26.1-32.8)

WC (cm) 93.0 94.0 96.8 NS NS NS
(87.5-101.5)  (85.0-104.5) (87.3-107.3)

SBP (mmHg) 111.0 120.0 120.0 NS <0.01 NS
(101.0-126.0) (110.0-127.8) (116.0-135.5)

DBP (mmHg) 71.0 80.0 80.0 <0.05 <0.0001 NS
(65.0-80.0) (70.0-80.0) (75.0-90.0)

Creatinine 0.75 0.75 0.69 NS NS NS
(0.66-0.90) (0.66-0.90) (0.64-0.83)

Uric acid 3.87 4.24 4.20 NS NS NS

(mg/dL) (3.33-4.73) (3.31-4.95) (3.35-4.93)

CRP 1.99 2.17 4.17 NS <0.05 NS

(mg/dL) (0.88-3.81) (0.67-6.69) (1.10-7.22)

Insulin 7.60 11.30 12.70 <0.0001  <0.0001 NS

(LU/mL) (5.05-11.60)  (8.10-15.85)  (8.00-20.95)

HOMA-IR 1.59 2.40 2.75 <0.0001  <0.0001 NS

(1.02-2.68)  (1.60-3.52)  (1.68-4.95)

Kruskal-Wallis test with post test of Dunns. Data are expressed as median (25-75%). BMI:
body mass index; WC: waist circunference; SBP: Systolic Blood Pressure; DBP: Diastolic
Blood Pressure; CRP: C-reactive protein; HOMA-IR: homeostasis model assessment insulin

resistance.
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Table 3: Cytokine profile of controls (Cont) and patients with non active (NAT) and active

(AT) systemic lupus erythematosus (SLE).

Cont SLE NAT SLE AT C vs SLE C vs SLE SLE NAT
(n=102) (n=70) (n=53) NAT AT vs SLE
AT

TNF-a (pg/mL) 2.00 2.00 2.00 <0.05 <0.05 NS
(2.00-10.40)  (2.00-4.03) (2.00-3.40)

IL-6 (pg/mL) 1.00 5.35 4.30 <0.0001 <0.0001 NS
(1.00-3.35) (1.93-11.65)  (2.35-9.85)

IL-17 (pg/mL) 2.00 3.90 5.95 <0.0001 <0.0001 NS
(2.00-2.00) (2.00-7.25) (2.00-7.95)

IL-12 (pg/mL) 2.10 2.10 2.0 <0.0001 <0.0001 NS
(2.00-2.00) (2.00-7.15) (2.00-4.00)

IL-10 (pg/mL) 4.50 9.15 10.50 <0.01 <0.05 NS
(3.30-6.20) (1.40-18.73)  (1.00-26.30)

IL-4 (pg/mL) 1.00 1.00 0.95 <0.0001 <0.0001 NS
(0.70-11.0) (0.70-2.10) (0.70-3.60)

IFN-y (pg/mL) 38.25 242.20 225.60 <0.05 <0.05 NS
(14.63- (14.08- (38.20-382.60)
258.20) 500.00)

IL-12/IL-10 0.25 0.26 0.22 NS NS NS
(0.16-2.42) (0.19-2.12) (0.11-2.82)

IL-12/1L-4 3.00 2.93 4.71 NS <0.05 <0.05
(2.00-5.21) (2.00-5.89) (3.0-7.43)

IFN/IL-10 14.62 13.36 14.87 NS NS NS
(3.37-37.92)  (1.64-36.47) (6.07-42.85)

IFN/IL-4 31.90 304.60 322.20 <0.01 <0.0001 NS
(13.18- (13.65- (39.36-474.91)
219.70) 500.00)

TNF/IL-10 0.28 0.28 2.00 NS NS NS
(0.14-2.0) (0.11-2.00) (0.07-2.00)

TNF/IL-4 2.86 2.86 2.87 NS NS NS
(2.00-4.75) (2.00-4.39) (2.70-4.75)




82

Kruskal-Wallis test with post test of Dunns. Data are expressed median (25-75%). TNF-a:

tumor necrosis factor-a; IL-6: interleukin 6,IL-17: interleukin 17; IL-12: interleukin 12; IL10:

Cont SLE NAT SLE AT C wvs SLE C vs SLE SLE NAT
NAT AT Vs
SLE AT
Hidroperoxides 13690 19530 17810 <0.0001 <0.05 NS
(cpm) (11090- (12650- (12260-
17480) 30810) 24600)
AOPP (umol/L) 128.5 126.4 156.2 NS <0.01 <0.05

(94.9-166.2) (102.5-156.1) (119.4-201.6)

TRAP 181.5 146.9 161.0 <0.0001 NS NS
(MM Trolox/mg (153.7-213.6) (124.9-181.6) (136.0-205.1)
UA)

interleukin 10; IL-4: interleukin 4; IFN-y: interferon gamma

Table 4: Oxidative stress and total antioxidant capacity of controls (Cont) and patients with

non active (NAT) and active (AT) systemic lupus erythematosus (SLE).

Kruskal-Wallis test with post test of Dunns. Data are expressed median (25-75%). AOPP:

Advanced Oxidation Protein Products; TRAP: Total radical-trapping antioxidant parameter
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4.3 ARTICLE 3: RELATIONSHIP BETWEEN IRON METABOLISM, OXIDATIVE STRESS AND

INSULIN RESISTANCE IN PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS

Ferritin, insulin, and oxidative stress in SLE

Marcell Alysson Batisti Lozovoy, PhD', Andréa Name Colado Simdo, PhD**, Sayonara
Rangel Oliveira, MScz, Tatiana Mayumi Veiga Iryioda, MD3, Carolina Panis, PhD 4, Rubens
Cecchini, PhD *, Isaias Dichi, MD, PhD °

ABSTRACT

Objective: The aim of the present study was to assess oxidative stress and iron metabolism in

SLE patients with and without IR.

Methods: This study included 236 subjects (125 controls and 111 SLE patients). Patients
with SLE were divided in two groups: with (n=72) or without (n=39) IR.

Results: SLE patients with IR showed higher advanced oxidation protein products (AOPP) (p
= 0,030), and gamma-glutamyltransferase levels (p = 0,001), and lower sulthydryl groups of
proteins (p = 0.0002) and total radical-trapping antioxidant parameter (TRAP) corrected by
uric acid (UA) levels (p = 0.04) when compared to SLE patients without IR. However, SLE
patients with IR presented lower serum 8-isoprostanes (p = 0.05) and carbonyl protein levels
(p = 0.04) when compared to SLE patients without IR. Serum ferritin levels were significantly
higher in SLE patients (p = 0.0006) when compared to controls and SLE patients with IR
presented higher serum ferritin levels (p = 0.01) compared to SLE patients without IR.
Patients with SLE showed that IR was inversely correlated to TRAP/UA (r = -0.2724, p =
0.0008) and serum ferritin was positively correlated with AOPP (r = 0.2870, p = 0.004).

Conclusion: This study showed that IR increases oxidative stress in patients with SLE and

that increased ferritin whatever its cause, the inflammatory process per se or
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hyperinsulinemia, can favor the redox process. Moreover, the preset data reinforce the need of

measuring oxidative stress with several methodologies with different assumptions.

INTRODUCTION

Systemic Lupus Erythematosus (SLE) is a systemic autoimmune disease characterized by
multisystem organ involvement and by high titers of autoantibodies against several nuclear
and cytoplasmatic antigens. SLE has a strong inflammatory component and consequently
chronic over-production of reactive oxygen species (ROS) and reactive nitrogen species
occurs (RNS). [1] Oxidative stress may contribute to immune-cell dysfunction, autoantigen
production and autoantibody reactivity in SLE. [1] In autoimmune disease, oxidatively
modified proteins can generate neo-epitopes from self-proteins, causing aggressive

autoimmune attack. [2]

Systemic chronic inflammation and oxidative stress has been proposed to have a prominent
role in the pathogenesis of insulin resistance (IR). [3-5] Several studies have demonstrated

that SLE patients have more severe IR compared with the general population. [6-8]

Ferritin and iron homeostasis have also been implicated in the phatogenesis of many diseases,
including autoimmune disease, insulin resistance and metabolic syndrome. [9-11] Elevated
ferritin may interfere with hepatic insulin extraction leading to peripheral hyperinsulinemia
and IR. It is known that liver-mediated insulin resistance is an early consequence of iron-
dependent damage. [12-14] The main function of ferritin is to store intracellular iron in a
compact, safe way, and make it available when necessary. This function is due to a very high
iron binding capacity and its ferroxidase activity, which converts Fe™ to Fe'". [15] Several
reports support a role of ferritin as a protectant against oxygen free radical-mediated damage.
[15] However, observations that superoxide can mobilize iron from ferritin led to the
suggestion that exposure to oxygen radicals may actually increase the pool of reactive
(reduced) iron and exacerbate oxidant injury [16]. Moreover, iron catalyzes the formation of
hydroxyl radicals, which are powerful prooxidants that attack cellular membrane lipids,
proteins, and nucleic acids. [16] Nevertheless, controversies exist on the functional role of

ferritin in these conditions, whether pro or antioxidant.

Therefore, ferritin increased levels are associated with chronic inflammatory process and IR

and can be involved in the redox imbalance verified in these conditions. To date, relationship
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between iron metabolism, insulin resistance and oxidative stress evaluated concomitantly has
not been investigated in the scientific literature on SLE. Our hypothesis was that SLE
patients with insulin resistance would have higher oxidative stress and ferritin levels than
SLE patients without insulin resistance and that oxidative stress would be correlated with
iron metabolism parameters and insulin resistance. Thus, the aim of the present study was to
assess oxidative stress and iron metabolism in SLE patients with and without insulin

resistance.

SUBJECTS AND METHODS
Subjects

The study included 236 subjects. One hundred and twenty five healthy individuals were
selected from among blood donors of the University Hospital and 111 patients with SLE were
selected from among the ambulatory of Rheumatology of the University Hospital of
Londrina, Parand, Brazil, to participate in the study. They were paired by sex, age, ethnicity,
and body mass index (BMI). Systemic Lupus Erythematosus was diagnosed using the
American College of Rheumatology (ACR) 1997 revised criteria. [17] The following
parameters were used to classify SLE as active: SLE Disease Activity Index (SLEDAI) [18]
score > 6 [19], and/or decreased C3 (<90mg/dL) and/or decreased C4 complement (< 10
mg/dL), and/or positive anti-dsDNA (titre > 1/10).[19]

Information on lifestyle factors and medical history were obtained at clinical evaluation.
Disease duration, organ involvement, values of C3 and C4 complement, Anti-double-stranded
DNA (anti-dsDNA), and non-steroid anti-inflammatory drugs, corticosteroids, antimalarials,
oral contraceptives, and antihypertensive medications were recorded for each patient. All
patients were receiving prednisone at the time of inclusion, thus predinisone-equivalent
calculation was not required. They had been taking the same prednisone dose at least for the
past 4 months. No patient with SLE presented proteinuria. Nutritional status of patients was
similar to that of the control group. None of the subjects were receiving a specific diet. The
individuals of both groups did not drink alcohol regularly. None of the participants in the
study presented heart, thyroid, renal, hepatic, gastrointestinal or oncological diseases, and
none were receiving estrogen replacement therapy, drugs for hyperglycemia, statins or

antioxidant supplements. All patients gave written informed consent, and the study protocol
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was fully approved by the Ethical Committee of the University of Londrina (Parana, Brazil).
Anthropometric Measurements

Body weight was measured to the nearest 0,1 kg by using an electronic scale, with individuals
wearing light clothing, but no shoes, in the morning.; height was measured to the nearest 0,1
cm by using a stadiometer. Body mass index was calculated as weight (kg) divided by height

(m) squared.

Biochemical and Immunological Biomarkers

After fasting for 12 hours, the patients underwent the following laboratory blood analysis:
glucose, iron, uric acid, gamma-glutamyltransferase (GGT), alanine aminotransferase (ALT),
and aspartate aminotransferase (AST) were evaluated by a biochemical auto-analyzer
(Dimension Dade AR Dade Behring, Deerfield, IL, USA), using Dade Behring® kits; plasma
insulin, ferritin and homocysteine levels were determined by chemiluminescence
microparticule immunoassay (Architect, Abbott Laboratory, Abbott Park, IL, USA). The
homeostasis model assessment (HOMA) was used as a surrogate measurement of insulin
sensitivity [20].

HOMA for insulin resistance (HOMA-IR) = insulin fasting (uU/ml) X glucose fasting
(nmol/L) / 22.5. Insulin resistance was considered when HOMA-IR > 2.11 [21].

Serum complement factors C3 and C4 levels were measured using a nephelometric assay
(Behring Nephelometer 11, Dade Behring, Marburg, Germany). Anti-double-stranded DNA
(anti-dsDNA) antibodies were determined by immunoflurescence using Crithidia lucilliae

kinetoplast assay (Obelis S/A, Brussels, Belgium).

Oxidative Stress Measurements

Samples for evaluating oxidative stress and total antioxidant capacity were performed
with EDTA as anticoagulant and antioxidant. All samples were centrifuged at 3.000 rpm for

15 minutes and plasma aliquots stored at -70°C until assayed.
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Tert-butyl hydroperoxide-initiated chemiluminescence (CL-LOOH)

CL-LOOH reflects lipid hydroperoxides originated from phospholipids, cholesterol
esters, protein and free fat acid oxidation and decreased antioxidants levels, brought about by
previous free radicals action mainly on plasma lipoprotein particles. This method is much
more sensitive and less prone to artifact than others used in SLE patients. [19] CL-LOOH in
plasma was evaluated as described previously by Flecha et al. [22] and reported previously by

our group. [19] The results are expressed in counts per minute (cpm).

Determination of 8-Isoprostane

The plasma levels of free 8-isoprostanes F2 were quantified using a competitive
immunoenzymatic kit (Cayman Chemical Company, Ann Arbor, Michigan, EUA) based on
the activity of 8-isoprostane acetylcholinesterase conjugate. After alkaline hydrolysis of
isoprostane esters in plasma samples, supernatants were added to the microplate reaction and
the absorbance of the product formed from the reaction between thiocholine and 2-
nitrobenzoic acid was read at 412 nm. The limit of detection of the test was 27 pg/ml. All the
sample concentrations were determined by comparison with a recombinant standard curve in

pg/mL.

Determination of Advanced Oxidation Protein Products (AOPP)

AOPP was determined in the plasma using the semiautomated method described by
Witko-Sarsat et al. [23] AOPP results of oxidation of amino acid residues such as tyrosine,
leading to the formation of dityrosine-containing protein cross-linking products detected by
espectrophotometry.[19, 23] AOPP concentrations were expressed as micromoles per liter

(umol/L) of chloramines-T equivalents.

Carbonyl protein contents

Carbonyl content was measured as an estimate of protein oxidative injury. Carbonyl proteins
contents were determined as previously described by Panis et al. [24] Results are expressed in

nmol ml-1 mg-1 total proteins.
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Total radical-trapping antioxidant parameter (TRAP)

The TRAP was determined as reported by Reppeto et al. [25] This method detects
hydrosoluble and/or liposoluble plasma antioxidants by measuring the chemiluminescence
inhibition time induced by 2,2-azobis (2-amidinopropane). The system was calibrated with
the vitamin E analog TROLOX, and the values of TRAP are expressed in equivalent of uM

Trolox.
Determination of Sulthydryl (SH) groups of proteins

Sulthydryl groups of proteins were evaluated in plasma samples by a spectrophotometric
assay based on 2,2-dithiobisnitrobenzoic acid (DTNB), as reported previously [26] and the

results were expressed in pM.
Statistical analysis

Distribution of sex, race, and smoking was analyzed with Fisher’s exact test or chi-square test.
Comparisons between control group and SLE patients, and SLE group with insulin resistance
or not were done using the Mann-Whitney test and data were expressed as the median (25-75
percentiles). Correlations were evaluated by Spearman’s rank correlation. The results were
considered significant when p<0.05. A statistical analysis program (Graph Pad Prism version

4.0) was used for evaluations.

RESULTS

Clinical characteristics of the patients with SLE are shown in table 1. There were no
differences between the control group and SLE patients in relation to age, gender, ethnicity,
BMI and ALT levels. However, patients with SLE presented higher AST (p<0.0001) and
GGT levels (p<0.001). With regard to oxidative stress, patients with SLE showed higher
serum lipid hydroperoxides (p=0.0002) and SH levels (p<0.0001) and lower TRAP corrected
by UA levels (p=0.0003). Nevertheless, SLE patients had lower serum isoprostane (p<0.0001)

and carbonyl protein levels (p=0.05) than controls.

Table 2 presents the clinical and laboratorial data of SLE patients with and without IR. There
was no difference between the groups in relation to age, gender, ethnicity, smoking, duration

of the disease, disease activity, SLEDALI score, positive anti-dsDNA, serum C4 levels, AST
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and ALT. The frequency of patients who used prednisone, prednisone dose, current
immunosuppressive drugs and antimalarials also showed no difference between the groups.
However, SLE patients with IR had higher BMI (p<0.0001), serum C3 levels (p=0.03), GGT
(p=0.001) and frequency of patients who used antihypertensive drugs (p=0.001) compared to
SLE patients without IR. SLE patients with IR also presented a trend to use higher prednisone
doses (p=0.07) compared to SLE patients without IR.

With regard to oxidative stress parameters, SLE patients with IR showed no differences in
lipid hydroperoxides levels, but had higher AOPP (p=0.03), and lower SH (p=0.0002) and
TRAP corrected by UA levels (p=0.04) when compared to SLE patients without IR (Table 3).
However, SLE patients with IR presented lower serum isoprostane (p=0.05) and carbonyl

protein levels (p=0.04) when compared to SLE patients without IR.

SLE patients showed significantly lower serum iron levels (p<0.0001) in relation to controls
and SLE patients with IR presented lower serum iron levels (p=0.04) compared to SLE
patients without IR (Figure 1). On the other hand, serum ferritin levels were significantly
higher in SLE patients (p=0.0006) when compared to controls and SLE patients with IR
presented higher serum ferritin levels (p=0.01) compared to SLE patients without IR (Figure
2).

Patients with SLE showed that insulin resistance was inversely correlated to TRAP/UA (r=-
0.2724, p=0.008) and serum ferritin was positively correlated with AOPP (r=0.2870, p=0.004)
(Figure 3).

DISCUSSION

The main findings of the present study are that iron metabolism state verified by increased
ferritin is associated with both oxidative stress and insulin resistance in patients with SLE; the
direct correlation verified between ferritin and AOPP and the inverse correlation between
HOMA-IR and TRAP/UA reinforce these findings.

In general, our data showed that patients with SLE had increased oxidative stress and
decreased antioxidant defenses when compared to healthy subjects. The increased oxidative
stress was shown by hydroperoxides and AOPP and by decreased TRAP/UA ratio. Uric acid
concentration is responsible for 60% of plasmatic total antioxidant capacity. Thus, a

correction of total antioxidant capacity based on uric acid concentration is needed. [27] In
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addition, GGT, a precocious and sensitive marker of oxidative stress [28], was also increased
in patients with SLE, mainly in SLE patients with IR. Of note, the increase of serum GGT
may predict the beginning of the MS and the incidence of cardiovascular disease [29] and in a
previous study of our group GGT levels were positively correlated with HOMA-IR in patients
with metabolic syndrome. [3] Moreover, GGT is also a non-specific marker of liver function.
In a previous study, [19] we also reported that AST and GGT levels were enhanced in SLE
patients, but only GGT levels correlated with protein oxidation. In addition, in the present
study, GGT, but not AST, also increased in the group of SLE patients with IR. All together,
these data seem to suggest GGT participation in generating and maintaining oxidative stress
in patients with SLE.

SLE patients with IR had a higher BMI than SLE patients without IR. This result
could interfere with oxidative stress measurements. However, in a previous study, we have
shown that only overweight patients with IR had increased oxidative stress when compared to
overweight patients without IR. [27] In addition, in some classical inflammatory diseases, like
systemic lupus erythematosus, the higher MetS prevalence is better explained by insulin
resistance rather than obesity [19, 30] reinforcing the importance of insulin sensitivity as it
was proposed in the original concept given by Reaven. [31]

A protein complex with 24 peptide subunits (L and H forms) assembled into a hollow
spherical shell forms ferritin. The expression of ferritin is under delicate control and is
regulated at both the transcriptional and posttranscriptional levels by intracellular iron,
inflammation, oxidative stress products, hormones, and growth factors, throughout heavy-
chain (H) transcription and translation. [9] The H-ferritin is primarily responsible for the
ferroxidase activity of the ferritin complex and this activity is essential for uptake of free iron,
whereas the L-ferritin facilitates the storage of iron into the ferritin core. The efficient storage
of iron requires the cooperation of both ferritin subunits. [32] Elevated serum ferritin levels in
inflammatory states are due to release from damaged tissues, increased synthesis, and
decreased clearance. The activation of inflammatory cytokines increases the transcription of
ferritin messenger RNA in macrophage, which may subsequently transfer ferritin to
hepatocytes. [33] Most of the stimuli related to inflammation and directed to ferritin synthesis
seem to upregulate H-ferritin preferentially over the L form, thus determining an increase of
catalytic sites and a reduction of cell iron availability. Therefore, ferritin in inflammatory
tissue contains more iron with increased inflammation and some previous studies have
demonstrated that serum ferritin is a useful marker of disease activity in patients with SLE.

[34, 35]
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The inflammatory process per se can cause oxidative stress and IR, but on the other
side, oxidative stress and IR both can cause enhanced ferritin levels by different mechanism.
Hyperinsulinemia may be directly responsible for the accumulation of iron in the liver,
because insulin can stimulate cellular iron uptake by a mechanism of transferrin receptor
externalization. In the meantime, increased oxidative stress may generate superoxide radicals,
which can cause the release of ferrous iron from ferritin. [12, 13] Iron is a transitional metal
that can convert poorly reactive free radicals into highly reactive moities, which can cause
oxidative damage to cells and tissues. [16, 36] Unbound intracellular ferrous iron is capable of
generation free radicals and ROS through Fenton chemistry causing lipid peroxidation, DNA
breaks, and others forms of cellular damage. [15] Although the majority of reports and
findings support the notion of the deleterious effects of ferritin, it has been shown that H-
ferritin can sequester Fe (II) in the solution and reduce lipid peroxidation induced by Fenton-
type reaction, and that iron-loaded ferritin can bind large amounts of nitric oxide molecules in
different sites of the structure.!” Therefore, in some circumstances it may play an important
role in the protection against oxidative damage. As expected, SLE patients presented lower
iron levels and higher ferritin levels than controls; however, these findings were also verified
in SLE patients with RI when compared to SLE patients without RI. In addition, serum
ferritin levels were directly correlated with protein oxidation, measured by AOPP. All
together, these data allow hypothesize that ferritin seem to contribute, at least in part, to the

redox imbalance verified in SLE patients.

In the present study, some traditional pro oxidant markers, such as isoprostanes and
carbonyl proteins as well as SH, which reflects antioxidant defenses, showed unexpected
behaviors. The decrease in the aforementioned pro oxidant markers and the increase in SH
can be attributed to several causes and some issues must be evaluated to have an overall view.
1°) To evaluate the redox state of a determined pathological condition, it is necessary to use a
robust and complete methodology approach. In this context, the interpretation of the several
methods will allow a better understanding of the oxidative phenomena, which occurs. [19,
37]. 2°)Although oxidative stress has been reported to have deleterious effects, it also can
have beneficial effects. Some pro oxidant decreased levels may be related to the disease
pathophysiology and to the role of reactive substances and their metabolites in redox
signaling. For instance, irreversible modifications induced by oxidative stress, such as protein
carbonylation, are generally associated with permanent loss of protein function and may lead

to the progressive accumulation of the damage proteins. In cells, the level of the progressive
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accumulation of modified proteins reflects the balance between the rate of protein oxidation
and the rate of oxidized protein degradation, and is dependent on multiple factors that
influence the levels of pro-and antioxidants and the levels of proteases that catalyse the
degradation of oxidized proteins residues. [38] The modulation of protein function by ROS
may be in many ways analogous to phosphorylation, except that protein modification no
longer occurs on specific serine, threonine, or tyrosine residues, but instead on redox-sensitive
Cys residues. [39] Thus, conceivably different diseases in different phases may present
different oxidative stress marker profiles. [40] 3°) All of the currently available methods for
the detection of ROS are, by definition, indirect (because detector compounds are required)
and semiquantitative (because specific ROS are in competition with other biomolecules that
can react with these detector molecules). However, if the redox chemistries of the various
detector molecules are carefully considered and the potential limitations of these assays are
understood, they can provide useful information on the production and regulation of ROS in
biological systems. [40] Thus, the hypothesis that the medications patients were receiving for
SLE could have affected concentrations of carbonyl proteins and F2 isoprostanes [41] may
not be underestimated. 4°) Protein cysteinyl thiols appear especially sensitive to ROS attack.
One major means of protein redox regulation is mediated by the formation or reduction of
disulphides, including mixed disulphides with low-molecular-mass thiols. [39] Our data
suggest that increased sulthydryl group (thiol), an indicator of antioxidant defense, in patients
with SLE, can be attributed to concomitant homocysteine increase, a low-molecular-mass
thiol.

In conclusion, this study showed that IR increases oxidative stress in patients with
SLE and that increased ferritin whatever its cause, the inflammatory process per se or
hyperinsulinemia, can favor the redox process. In addition, our data showed the importance
of measuring oxidative stress with several methodologies with different assumptions. The
understanding of the complex redox mechanisms involved in the context of the disease will

proportionate a more accurate view of the phenomena.
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Figure legends

Figure 1: Serum iron levels in healthy subjects (controls) and in systemic lupus erythematosus
(SLE) patients and serum iron levels in SLE patients with (HOMA>2.11) or without
(HOMA<2.11) insulin resistance. HOMA: homeostasis model assessment. Mann-Whitney
test. Data are median (25-75%). *p < 0.0001 when compared to control group; **p= 0.04
when compared to HOMA <2.11.

Figure 2: Serum ferritin levels in healthy subjects (controls) and in systemic lupus
erythematosus (SLE) patients and serum ferritin levels in SLE patients with (HOMA>2.11) or
without (HOMA<2.11) insulin resistance. HOMA: homeostasis model assessment Mann-
Whitney test. Data are median (25-75%). *p =0.0006 when compared to control group; **p=
0.01 when compared to HOMA <2.11.

Figure 3: Spearman’s correlation between: a. insulin resistance evaluated by Homeostasis
Model Assessment — Insulin Resistance (HOMA-IR) and total antioxidant capacity evaluated
by total radical-trapping antioxidant parameter (TRAP) (r=-0.2724, p= 0.008); b. ferritin and
advanced oxidation protein products (AOPP) in patients with systemic lupus erythematosus

(r=0.2870, p=0.004)
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Table 1: Clinical, biochemical and oxidative stress parameters of patients with systemic lupus

erythematosus (SLE) and controls.

Controls SLE P Value
(n=125) (n=111)

Age (years) 40.0 43.0 0.126
(32.0-47.0) (32.0-53.0)

Sexo (female/male)* 110/15 103/8 0.215

Smoking (Yes/No)* 11/114 7/104 0.624

BMI (kg/m?) 26.2 27.6 0.313
(24.2-29.5) (23.8-32.2)

AST 18.0 22.0 <0.0001
(15.0-23.0) (19.0-27.3)

ALT 33.0 35.0 0.368
(29.0-40.0) (29.0-41.5)

GGT 27.0 34.0 0.0014
(20.0-39.0) (24.0-52.0)

Hidroperoxides (cpm) 14250 19040 0.0002
(11490-17970) (13130-28670)

Isoprostanes (pg/mL) 231.5 30.35 <0.0001
(145.1-311.7) (21.60-59.95)

AOPP (umol/L of 136.3 132.5 0.503

chloramines-T equivalents) (102.2-175.1) (101.6-165.5)

Carbonyl proteins (nmol ml- 66.00 61.94 0.045

1 mg-1 total proteins) (54.76-83.89) (38.84-81.08)

Sulfhydril proteins 0.306 0.371 <0.0001

(uM) (0.242-0.380) (0.316-0.413)

Homocysteine 9.99 11.36 0.001

(umol/L) (8.47-11.81) (9.60-14.31)

TRAP/UA 180.3 150.4 0.0003

(uM Trolox/mg UA)

(148.7-213.3)

(128.8-194.5)
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Mann-Whitney test. *Chi-square test. Data are median (25%— 75%). BMI, body mass index;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-
glutamyltransferase; AOPP, advanced oxidation protein products; TRAP, total radical-

trapping antioxidant parameter, UA, uric acid
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Table 2: Clinical and laboratory characteristics of patients with systemic lupus erythematosus

(SLE) with (HOMA >2.11) and without (HOMA < 2.11) insulin resistance

HOMA<2.11 HOMA >2.11 p
(n=39) (n=72)

Age (years) 43.0 42.0 0.867
(32.0-55.0) (31.8-51.3)

Gender (female/male)* 35/4 68/4 0.448

Caucasian (Y/N)* 2/37 5/67 0.707

Smoking (Y/N)* 2/37 5/67 0.7071

BMI (kg/m?) 23.9 29.9 <0.0001
(21.9-25.9) (26.2-33.5)

Disease Duration (years)* 8.5 10.0 0.805
(3.8-17.0) (4.0-14.0)

Atividade Y/N** 16/23 30/42 0.786

Anti-dsDNA 7/32 14/58 0.848

(Y/N)**

SLEDAI Score 0 0 1.000
(0-2) (0-2)

C3 (mg/dL ) 105.0 116.0 0.030
(89.0-121.0) (98.8-136.5)

C4 (mg/dL) 20.15 20.10 0.628
(13.75-24.50) (13.75-25.90)

AST 22.0 22.0 0.898
(19.0-26.0) (19.0-28.0)

ALT 36.0 35.0 0.275
(28.8-46.0) (29.0-41)

GGT 27.0 39.0 0.001



(19.0-42.0)
Therapy
Prednisone (Y/N)* 35/4
Prednisone (mg/day) 7.5
(5.0-20.0)

Antimalarials (Y/N)** 22/17

Current 14/25
Immunosuppressive
Antihypertensive drugs 4/35
(Y/N)*

(28.0-63.5)

67/05
10.0
(7.5-20.0)

51/21

24/48

29/43

0.717

0.072

0.126

0.713

0.001

102

Mann-Whitney test. *Fisher’s exact test. **Chi-square test. Data are median (25%— 75%).

BMI, body mass index; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index;

AST, aspartate aminotransferase; ALT,

aminotransferase;

GGT, gamma-

glutamyltransferase; HOMA-IR = Homeostasis Model of Assessment Insulin Resistance. Y,

yes; N, no.
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Table 3: Oxidative stress biomarkers, total antioxidant capacity and homocysteine of patients

with systemic lupus erythematosus (SLE) with (HOMA >2.11) and without (HOMA

< 2.11) insulin resistance

SLE
HOMA<2.11 HOMA >2.11 P
(n=39) (n=72)
Hidroperoxides (cpm) 19040 19210 0.689
(14780-27620) (12650-28040)
Isoprostanes (pg/mL) 38.30 27.30 0.050
(26.25-89.52) (18.43-48.70)
AOPP (umol/L 109.4 138.4 0.030
chloramines-T equivalents) (97.12-150.1) (104.2-174.9)
Carbonyl proteins (nmol ml-1 72.61 55.50 0.040
mg-1 total proteins) (43.63-99.51) (36.30-70.23)
Sulfhydril proteins 0.447 0.360 0.0002
(uM) (0.397-0.496) (0.308-0.392)
Homocysteine 10.93 11.51 0.645
(umol/L) (9.36-13.62) (9.67-14.31)
TRAP 167.2 136.5 0.040
(UM Trolox/mg UA) (141.9-200.6) (121.7-182.0)

Mann-Whitney test. Data are median (25%— 75). AOPP, advanced oxidation protein products;

TRAP, total radical-trapping antioxidant parameter ;UA, uric acid; HOMA-IR = Homeostasis

Model of Assessment Insulin Resistance.
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5 CONCLUSAO

Os resultados obtidos neste trabalho nos permitem concluir que:

1 Pacientes com LES apresentam maior chance de desenvolverem RI e SM e esta aumenta
com a atividade da doenga. O aumento do IMC e a corticoterapia parecem ser os principais

fatores envolvidos.

2 Pacientes com LES apresentam aumento na freqiiéncia de hipertensdo arterial quando

comparados individuos controles, pareados pelo género, etnia, idade e IMC.

3 A atividade da doenga aumenta a probabilidade de desenvolver hipertensdo arterial em

pacientes com LES.

4 Pacientes com LES apresentam aumento de estresse oxidativo lipidico e protéico, aumento
dos niveis séricos de metabdlitos de 6xido nitrico e diminui¢ao da capacidade antioxidante

total quando comparados a individuos controles.

5 Pacientes com LES apresentam aumento da resposta imune Th1, Th2 (exceto IL-4) e Th17

quando comparados a individuos controles.

6 A atividade da doenga aumenta a relagdo pro-inflamatoria/Th2 (IL-12/IL-4) e o estresse
oxidativo e ambos estdo relacionados a maior frequéncia de hipertensdo arterial nesta

situagao.

7 Pacientes com LES e RI apresentam aumento de estresse oxidativo, dos niveis s€ricos de

ferritina e diminuicdo das defesas antioxidantes e ferro sérico
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Physicians Global Assessment

ANEXO A
Escore SLEDAI

SYSTEMIC LUPUS ERYTHEMATOSUS DISEASE ACTIVITY INDEX

SELENA MODIFICATION

0 1 2 3

Hone Mild Med Severs

SLEDAI SCORE
Check box: If deseniptor is presant at the time of visit o1 in the procesding 10 davs
Wt | Present Descriptor Defimition

B o Selznre Recant onset. Excluds metabolic, infectious or diug cause

8 o Psychosis Altered abality to function in normal activity due fo severe disturbance in
the perception of reality. Include hallueimations, inccherence, marked
loose associafions, impoverizhed theught content, marked 1llogical
thinking, bizame, disergamzed, or catatonic behavior. Excluded wremiz
and diug causes.

] o Orzanic Brain Altered mental funetion with impaired crientation, memory or other

Syndrome mtellizent function, with rapid onset fluctuating climeal features. Include
clouding of consciousness with reduced capacity to focns, and mability to
sustain atfemton to envivonment, plus at least fwo of the following
percepiual  disturbance, inechersmt speech, insommia or  daytime
drowsinass, or nersased or decreased psychomotor activity. Exelude
meatabolic, infectious or dmg causes.

8 o Visual Distwbance | Retinal change: of SLE. Include cvioid bedies, retinzl hemomhages,
serions excdate or hemorhages in the choroids, or optic newitis, Exclude
hypertension, infection, or dmg causes.

g o Cranial Nerv New onset of sensory or motor newropathy invelving cramal nervas.

Disorder

8 o Lupus Headache Severe persistent headache: mav be mugraimous, but mmst be nen-
rasponsive to narcotic analgesia.

8 o CVA Wew onset of carsbrovaseular aceident(s). Exclude arferioscleresiz

g m| Vaseulitis Ulceration, gangrene, tender finger nodules, penmumgual, nfarction,
splinter hemorrhages, or biopsy or anglogram proof of vasculitis

4 a Arthnitis More than 2 jeints with pain and signs of mflammation (1e. fendemess,
swelling, or effusion).

4 o Myositis Proxwimal muscle aching'weaknes:, associated with elevated creatine
phesphokinasa/adolase or electromyozram changes or a biopsy showing
myositis.

4 o Urinary Casts Heme-gramalar or red blood cell casts

4 o Hematuria =5 red blood cells'lugh power field Exclude stone, mfection or other
canse.

4 u] Profeimuna =05 gmy/24 hours. Mew ousef or racent merease of more than 0.5 gr24 hours,

4 o Pyuria =3 wlate blood cellshigh power field. Exclude infaction.

2 m| Waw Rash New onset or recurrence of inflammatory tvpe rash.

2 o Alopecia New onset or racurrence of abnormal, patehy or diffuse loss of hamw.

-

Mucosal Uleers

Wew cnset or recurrence of oral or nasal ulesrations
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2 o Pleurisy Pleurttic chest pain with plaural reb or effusion, or plewral thickeming.

2 o Pericarditis Pericardizl pain with at least 1 of the followmgz: mb, effusion, or
electrocardiogram confirmation.

2 o Low Complement Decrease in CH3), C2, or C4 below the lower limit of normal for testing
laboratory.

2 o Increased DINA =25% binding by Fair assay or above nommal range for testing laboratory.

binding

1 o Faver =>38'C. Exclude infectious cause

1 o Thrombecytopema | =100,000 platelets/mm?3

1 o Leukopenia =3,000 White blood cell/mm3. Exclude diug canses.

TOTAL SCOEE (Sum of weights next to descriptors marked prasent)

Mild or Moderate Flare

Severe Flare o

o Change m SLEDAI = 3 pomts

o Change mn SLEDAI == 12

Wew/worse  discoud,
profimdus,
cutaneous vasculitis, bullous lupus
MWasopharymgeal ulcers
Pleuritis
Paricarditis
Arthritiz
Fever (SLE)

photosensitive,

Mewlworse CHS-5LE
Vasculms
Nephritis
Myosits

Pk = 60.000

Home anemia: Hb =7% or decrease in Hb =

Requiring: doubls prednizone
Pradnizone=0 5 mg/kz/day hospitalization

o Inecrease m Predmisonme, but not to =03
mz'kg'day

o Prednisone =05 mz'kg/dayv

o Added WSAID or Plagueml

o Wew Cytoxan, Azathioprine, Methotrexate, Hospitalization

(SLE)

o =1.0 Increase in PGA, but not to mors than
-

iy

o Increase m PGA to = 2.5
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Instructions for references, tables, and figures are the same as for full length articles.

Reviews

The editors invite experts to write review articles on selected topics within the field of
rheumatology.
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Author proofs — final approval

Authors will be notified via e-mail when a manuscript is ready for final approval before
publication. This e-mail provides instructions on how to log on to the online author service,
where the final version of the manuscript can be downloaded as a printer ready PDF file.

To avoid delays of publication, proofs should be checked immediately and returned
electronically through the online service, following the instructions given. Corrections
submitted via the telephone are not accepted. Authors are advised that they are responsible for
proof-reading of the text, references, tables and figures for absolute accuracy. Additional
material or major corrections cannot be accepted at this stage, nor is substantial rewriting of
paragraphs permitted.

Reprints

May be ordered via the online service Rightslink when the proofs are returned. More
information will be provided via e-mail.

Copyright

It is a condition of publication that authors assign copyright or license the publication rights of
the contents of their articles, including abstracts, to Informa Healthcare. This enables full
copyright protection and dissemination of the article and the Journal, to the widest possible
readership in electronic and print formats. A document to verify this will be sent upon
acceptance for publication. This document should be signed by the corresponding author and
returned to the publisher for archiving.
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Preparing main manuscript text

General guidelines of the journal's style and language are given below.

Overview of manuscript sections for Research Articles

Manuscripts for Research Articles submitted to Journal of Translational Medicine should be divided
into the following sections (in this order):

o Title page
e Abstract

e Additional non-English language abstract

e Keywords

e Background
e Methods

e Results and discussion

e Conclusions

e List of abbreviations used (if any)

e Competing interests

e Authors' contributions

e Authors' information

e Acknowledgements

e Endnotes
e References

o [llustrations and figures (if any)

e Tables and captions

e Preparing additional files

The Accession Numbers of any nucleic acid sequences, protein sequences or atomic coordinates cited
in the manuscript should be provided, in square brackets and include the corresponding database
name; for example, [EMBL:AB026295, EMBL:AC137000, DDBJ:AE000812, GenBank:U49845,
PDB:1BFM, Swiss-Prot:Q96KQ7, PIR:S66116].

The databases for which we can provide direct links are: EMBL Nucleotide Sequence Database
(EMBL), DNA Data Bank of Japan (DDBJ), GenBank at the NCBI (GenBank), Protein Data Bank
(PDB), Protein Information Resource (PIR) and the Swiss-Prot Protein Database (Swiss-Prot).

You can download a template (Mac and Windows compatible; Microsoft Word 98/2000) for your
article.

For reporting standards please see the information in the About section.


http://www.translational-medicine.com/authors/instructions/research#style-and-language
http://www.translational-medicine.com/authors/instructions/research#formatting-title
http://www.translational-medicine.com/authors/instructions/research#formatting-abstract
http://www.translational-medicine.com/authors/instructions/research#formatting-non-english-abstract
http://www.translational-medicine.com/authors/instructions/research#formatting-keywords
http://www.translational-medicine.com/authors/instructions/research#formatting-background
http://www.translational-medicine.com/authors/instructions/research#formatting-methods
http://www.translational-medicine.com/authors/instructions/research#formatting-results
http://www.translational-medicine.com/authors/instructions/research#formatting-conclusions
http://www.translational-medicine.com/authors/instructions/research#formatting-abbreviations
http://www.translational-medicine.com/authors/instructions/research#formatting-competing
http://www.translational-medicine.com/authors/instructions/research#formatting-contributions
http://www.translational-medicine.com/authors/instructions/research#formatting-information
http://www.translational-medicine.com/authors/instructions/research#formatting-acknowledgements
http://www.translational-medicine.com/authors/instructions/research#formatting-endnotes
http://www.translational-medicine.com/authors/instructions/research#formatting-references
http://www.translational-medicine.com/authors/instructions/research#preparing-figures
http://www.translational-medicine.com/authors/instructions/research#preparing-tables
http://www.translational-medicine.com/authors/instructions/research#preparing-additional-files
http://www.ebi.ac.uk/embl/
http://www.ddbj.nig.ac.jp/
http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://www.rcsb.org/pdb/
http://pir.georgetown.edu/
http://us.expasy.org/sprot/
http://www.biomedcentral.com/download/templates/BMC154d.dot
http://www.translational-medicine.com/about/
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Title page

The title page should:
e provide the title of the article
e list the full names, institutional addresses and email addresses for all authors
¢ indicate the corresponding author

Please note:

e the title should include the study design, for example "A versus B in the treatment of C: a
randomized controlled trial X is a risk factor for Y: a case control study"

e abbreviations within the title should be avoided
Abstract

The Abstract of the manuscript should not exceed 350 words and must be structured into separate
sections: Background, the context and purpose of the study; Methods, how the study was performed
and statistical tests used; Results, the main findings; Conclusions, brief summary and potential
implications. Please minimize the use of abbreviations and do not cite references in the abstract. Trial
registration, if your research reports the results of a controlled health care intervention, please list
your trial registry, along with the unique identifying number (e.g. Trial registration: Current
Controlled Trials ISRCTN73824458). Please note that there should be no space between the letters
and numbers of your trial registration number. We recommend manuscripts that report randomized
controlled trials follow the CONSORT extension for abstracts.

Additional non-English language abstract

An additional non-English language abstract can be included within the article. The additional abstract
should be placed after the official English language abstract in the submitted manuscript file and
should not exceed 350 words. Please ensure you indicate the language of your abstract. We can
support the languages listed here. Please ensure you indicate the language of your abstract.

Keywords

Three to ten keywords representing the main content of the article.

Background

The Background section should be written in a way that is accessible to researchers without specialist
knowledge in that area and must clearly state - and, if helpful, illustrate - the background to the
research and its aims. Reports of clinical research should, where appropriate, include a summary of a
search of the literature to indicate why this study was necessary and what it aimed to contribute to the
field. The section should end with a brief statement of what is being reported in the article.

Methods

The methods section should include the design of the study, the setting, the type of participants or
materials involved, a clear description of all interventions and comparisons, and the type of analysis
used, including a power calculation if appropriate. Generic drug names should generally be used.
When proprietary brands are used in research, include the brand names in parentheses in the Methods
section.

For studies involving human participants a statement detailing ethical approval and consent should be
included in the methods section. For further details of the journal's editorial policies and ethical
guidelines see 'About this journal'.



http://www.consort-statement.org/index.aspx?o=1190
http://en.wikipedia.org/wiki/ISO_Latin_1
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For further details of the journal's data-release policy, see the policy section in 'About this journal'.

Results and discussion

The Results and discussion may be combined into a single section or presented separately. Results of
statistical analysis should include, where appropriate, relative and absolute risks or risk reductions, and
confidence intervals. The Results and discussion sections may also be broken into subsections with
short, informative headings.

Conclusions

This should state clearly the main conclusions of the research and give a clear explanation of their
importance and relevance. Summary illustrations may be included.

List of abbreviations

If abbreviations are used in the text they should be defined in the text at first use, and a list of
abbreviations can be provided, which should precede the competing interests and authors'
contributions.

Competing interests

A competing interest exists when your interpretation of data or presentation of information may be
influenced by your personal or financial relationship with other people or organizations. Authors must
disclose any financial competing interests; they should also reveal any non-financial competing
interests that may cause them embarrassment were they to become public after the publication of the
manuscript.

Authors are required to complete a declaration of competing interests. All competing interests that are
declared will be listed at the end of published articles. Where an author gives no competing interests,
the listing will read 'The author(s) declare that they have no competing interests'.

When completing your declaration, please consider the following questions:
Financial competing interests

e In the past five years have you received reimbursements, fees, funding, or salary from an
organization that may in any way gain or lose financially from the publication of this
manuscript, either now or in the future? Is such an organization financing this manuscript
(including the article-processing charge)? If so, please specify.

e Do you hold any stocks or shares in an organization that may in any way gain or lose
financially from the publication of this manuscript, either now or in the future? If so, please
specify.

e Do you hold or are you currently applying for any patents relating to the content of the
manuscript? Have you received reimbursements, fees, funding, or salary from an organization
that holds or has applied for patents relating to the content of the manuscript? If so, please
specify.

e Do you have any other financial competing interests? If so, please specify.
Non-financial competing interests

Are there any non-financial competing interests (political, personal, religious, ideological, academic,
intellectual, commercial or any other) to declare in relation to this manuscript? If so, please specify.

If you are unsure as to whether you, or one your co-authors, has a competing interest please discuss it
with the editorial office.
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Authors' contributions

In order to give appropriate credit to each author of a paper, the individual contributions of authors to
the manuscript should be specified in this section.

An 'author' is generally considered to be someone who has made substantive intellectual contributions
to a published study. To qualify as an author one should 1) have made substantial contributions to
conception and design, or acquisition of data, or analysis and interpretation of data; 2) have been
involved in drafting the manuscript or revising it critically for important intellectual content; and 3)
have given final approval of the version to be published. Each author should have participated
sufficiently in the work to take public responsibility for appropriate portions of the content.
Acquisition of funding, collection of data, or general supervision of the research group, alone, does not
justify authorship.

We suggest the following kind of format (please use initials to refer to each author's contribution): AB
carried out the molecular genetic studies, participated in the sequence alignment and drafted the
manuscript. JY carried out the immunoassays. MT participated in the sequence alignment. ES
participated in the design of the study and performed the statistical analysis. FG conceived of the
study, and participated in its design and coordination and helped to draft the manuscript. All authors
read and approved the final manuscript.

All contributors who do not meet the criteria for authorship should be listed in an acknowledgements
section. Examples of those who might be acknowledged include a person who provided purely
technical help, writing assistance, or a department chair who provided only general support.

Authors' information

You may choose to use this section to include any relevant information about the author(s) that may
aid the reader's interpretation of the article, and understand the standpoint of the author(s). This may
include details about the authors' qualifications, current positions they hold at institutions or societies,
or any other relevant background information. Please refer to authors using their initials. Note this
section should not be used to describe any competing interests.

Acknowledgements

Please acknowledge anyone who contributed towards the article by making substantial contributions to
conception, design, acquisition of data, or analysis and interpretation of data, or who was involved in
drafting the manuscript or revising it critically for important intellectual content, but who does not
meet the criteria for authorship. Please also include the source(s) of funding for each author, and for
the manuscript preparation. Authors must describe the role of the funding body, if any, in design, in
the collection, analysis, and interpretation of data; in the writing of the manuscript; and in the decision
to submit the manuscript for publication. Please also acknowledge anyone who contributed materials
essential for the study. If a language editor has made significant revision of the manuscript, we
recommend that you acknowledge the editor by name, where possible.

The role of a scientific (medical) writer must be included in the acknowledgements section, including
their source(s) of funding. We suggest wording such as 'We thank Jane Doe who provided medical
writing services on behalf of XYZ Pharmaceuticals Ltd.'

Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements
section.

Endnotes

Endnotes should be designated within the text using a superscript lowercase letter and all notes (along

with their corresponding letter) should be included in the Endnotes section. Please format this section
in a paragraph rather than a list.
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References

All references, including URLs, must be numbered consecutively, in square brackets, in the order in
which they are cited in the text, followed by any in tables or legends. Each reference must have an
individual reference number. Please avoid excessive referencing. If automatic numbering systems are
used, the reference numbers must be finalized and the bibliography must be fully formatted before
submission.

Only articles, datasets and abstracts that have been published or are in press, or are available through
public e-print/preprint servers, may be cited; unpublished abstracts, unpublished data and personal
communications should not be included in the reference list, but may be included in the text and
referred to as "unpublished observations" or "personal communications" giving the names of the
involved researchers. Obtaining permission to quote personal communications and unpublished data
from the cited colleagues is the responsibility of the author. Footnotes are not allowed, but endnotes
are permitted. Journal abbreviations follow Index Medicus/MEDLINE. Citations in the reference list
should include all named authors, up to the first 30 before adding 'et al.".

Any in press articles cited within the references and necessary for the reviewers' assessment of the
manuscript should be made available if requested by the editorial office.

Style files are available for use with popular bibliographic management software:
e BibTeX

e EndNote style file

e Reference Manager

e Zotero

Examples of the Journal of Translational Medicine reference style are shown below. Please ensure
that the reference style is followed precisely; if the references are not in the correct style they may
have to be retyped and carefully proofread.

All web links and URLs, including links to the authors' own websites, should be given a reference
number and included in the reference list rather than within the text of the manuscript. They should be
provided in full, including both the title of the site and the URL, in the following format: The Mouse
Tumor Biology Database [http://tumor.informatics.jax.org/mtbwi/index.do]. If an author or group of
authors can clearly be associated with a web link, such as for weblogs, then they should be included in
the reference.

Examples of the Journal of Translational Medicine reference style

Article within a journal
Koonin EV, Altschul SF, Bork P: BRCAT1 protein products: functional motifs. Nat Genet 1996,
13:266-267.

Article within a journal supplement

Orengo CA, Bray JE, Hubbard T, LoConte L, Sillitoe I: Analysis and assessment of ab initio three-
dimensional prediction, secondary structure, and contacts prediction. Proteins 1999, 43(Suppl
3):149-170.

In press article
Kharitonov SA, Barnes PJ: Clinical aspects of exhaled nitric oxide. Eur Respir J, in press.


http://www.biomedcentral.com/ifora/tex
http://www.biomedcentral.com/download/endnote/biomedcentral.ens
http://www.biomedcentral.com/download/refman/biomedcentral.os
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Published abstract
Zvaifler NJ, Burger JA, Marinova-Mutafchieva L, Taylor P, Maini RN: Mesenchymal cells, stromal
derived factor-1 and rheumatoid arthritis [abstract]. Arthritis Rheum 1999, 42:5250.

Article within conference proceedings

Jones X: Zeolites and synthetic mechanisms. In Proceedings of the First National Conference on
Porous Sieves: 27-30 June 1996; Baltimore. Edited by Smith Y. Stoneham: Butterworth-Heinemann;
1996:16-27.

Book chapter, or article within a book

Schnepf E: From prey via endosymbiont to plastids: comparative studies in dinoflagellates. In
Origins of Plastids. Volume 2. 2nd edition. Edited by Lewin RA. New York: Chapman and Hall;
1993:53-76.

Whole issue of journal
Ponder B, Johnston S, Chodosh L (Eds): Innovative oncology. In Breast Cancer Res 1998, 10:1-72.

Whole conference proceedings
Smith Y (Ed): Proceedings of the First National Conference on Porous Sieves: 27-30 June 1996;
Baltimore. Stoneham: Butterworth-Heinemann; 1996.

Complete book
Margulis L: Origin of Eukaryotic Cells. New Haven: Yale University Press; 1970.

Monograph or book in a series

Hunninghake GW, Gadek JE: The alveolar macrophage. In Cultured Human Cells and Tissues.
Edited by Harris TJR. New York: Academic Press; 1995:54-56. [Stoner G (Series Editor): Methods
and Perspectives in Cell Biology, vol 1.]

Book with institutional author
Advisory Committee on Genetic Modification: Annual Report. London; 1999.

PhD thesis
Kohavi R: Wrappers for performance enhancement and oblivious decision graphs. PhD thesis.
Stanford University, Computer Science Department; 1995.

Link / URL
The Mouse Tumor Biology Database [http://tumor.informatics.jax.org/mtbwi/index.do]

Link / URL with author(s)
Neylon C: Open Research Computation: an ordinary journal with extraordinary aims.
[http://blogs.openaccesscentral.com/blogs/bmcblog/entry/open_research computation_an_ordinary]

Dataset with persistent identifier

Zheng, L-Y; Guo, X-S; He, B; Sun, L-J; Peng, Y; Dong, S-S; Liu, T-F; Jiang, S; Ramachandran, S;
Liu, C-M; Jing, H-C (2011): Genome data from sweet and grain sorghum (Sorghum bicolor).
GigaScience. http://dx.doi.org/10.5524/100012.

Preparing illustrations and figures

Ilustrations should be provided as separate files, not embedded in the text file. Each figure should
include a single illustration and should fit on a single page in portrait format. If a figure consists of
separate parts, it is important that a single composite illustration file be submitted which contains all
parts of the figure. There is no charge for the use of color figures.

Please read our figure preparation guidelines for detailed instructions on maximising the quality of
your figures.
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Formats

The following file formats can be accepted:
e PDF (preferred format for diagrams)
e DOCX/DOC (single page only)
e PPTX/PPT (single slide only)
e EPS

e PNG (preferred format for photos or images)

e TIFF

e JPEG

e BMP
Figure legends

The legends should be included in the main manuscript text file at the end of the document, rather than
being a part of the figure file. For each figure, the following information should be provided: Figure
number (in sequence, using Arabic numerals - i.e. Figure 1, 2, 3 etc); short title of figure (maximum
15 words); detailed legend, up to 300 words.

Please note that it is the responsibility of the author(s) to obtain permission from the copyright
holder to reproduce figures or tables that have previously been published elsewhere.

Preparing a personal cover page

If you wish to do so, you may submit an image which, in the event of publication, will be used to
create a cover page for the PDF version of your article. The cover page will also display the journal
logo, article title and citation details. The image may either be a figure from your manuscript or
another relevant image. You must have permission from the copyright to reproduce the image. Images
that do not meet our requirements will not be used.

Images must be 300dpi and 155mm square (1831 x 1831 pixels for a raster image).

Allowable formats - EPS, PDF (for line drawings), PNG, TIFF (for photographs and screen dumps),
JPEG, BMP, DOC, PPT, CDX, TGF (ISIS/Draw).

Preparing tables

Each table should be numbered and cited in sequence using Arabic numerals (i.e. Table 1, 2, 3 etc.).
Tables should also have a title (above the table) that summarizes the whole table; it should be no
longer than 15 words. Detailed legends may then follow, but they should be concise. Tables should
always be cited in text in consecutive numerical order.

Smaller tables considered to be integral to the manuscript can be pasted into the end of the document
text file, in A4 portrait or landscape format. These will be typeset and displayed in the final published
form of the article. Such tables should be formatted using the 'Table object' in a word processing
program to ensure that columns of data are kept aligned when the file is sent electronically for review;
this will not always be the case if columns are generated by simply using tabs to separate text.
Columns and rows of data should be made visibly distinct by ensuring that the borders of each cell
display as black lines. Commas should not be used to indicate numerical values. Color and shading
may not be used; parts of the table can be highlighted using symbols or bold text, the meaning of
which should be explained in a table legend. Tables should not be embedded as figures or spreadsheet
files.
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Larger datasets or tables too wide for a landscape page can be uploaded separately as additional files.
Additional files will not be displayed in the final, laid-out PDF of the article, but a link will be
provided to the files as supplied by the author.

Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xls) or comma
separated values (.csv). As with all files, please use the standard file extensions.

Preparing additional files

Although Journal of Translational Medicine does not restrict the length and quantity of data included
in an article, there may still be occasions where an author wishes to provide data sets, tables, movie
files, or other information as additional files. Results that would otherwise be indicated as "data not
shown" can and should be included as additional files. Since many weblinks and URLs rapidly
become broken, Journal of Translational Medicine requires that all supplementary data are included as
additional files rather than as a link to your own website. These files can be uploaded using the
'Additional Material files' button in the manuscript submission tool.

The maximum file size for additional files is 20 MB each, and files will be virus-scanned on
submission.

Additional files will be linked to the final published article in the form supplied by the author, but will
not be displayed within the article. They will be made available in exactly the same form as originally
provided by the authors.

If additional material is provided, please list the following information in a separate section of the
manuscript text, immediately following the tables (if any):

¢ File name (e.g. Additional file 1)

e File format including the three-letter file extension (including name and a URL of an
appropriate viewer if format is unusual)

e Title of data
e Description of data

Additional files should be named "Additional file 1" and so on and should be referenced explicitly by
file name within the body of the article, e.g. 'An additional movie file shows this in more detail [see
Additional file 1]'.

Additional file formats

Ideally, file formats for additional files should not be platform-specific, and should be viewable using
free or widely available tools. The following are examples of suitable formats.

e Additional documentation

o PDF (Adode Acrobat)
e Animations

0 SWEF (Shockwave Flash)
e Movies

o MOV (QuickTime)

o MPG (MPEG)

e Tabular data



136

o XLS, XLSX (Excel Spreadsheet)
0 CSV (Comma separated values)

As with figure files, files should be given the standard file extensions. This is especially important for
Macintosh users, since the Mac OS does not enforce the use of standard extensions. Please also make
sure that each additional file is a single table, figure or movie (please do not upload linked worksheets
or PDF files larger than one sheet).

Mini-websites

Small self-contained websites can be submitted as additional files, in such a way that they will be
browsable from within the full text HTML version of the article. In order to do this, please follow
these instructions:

1. Create a folder containing a starting file called index.html (or index.htm) in the root.
2. Put all files necessary for viewing the mini-website within the folder, or sub-folders.

3. Ensure that all links are relative (ie "images/picture.jpg" rather than "/images/picture.jpg" or
"http://yourdomain.net/images/picture.jpg" or "C:\Documents and Settings\username\My
Documents\mini-website\images\picture.jpg") and no link is longer than 255 characters.

4. Access the index.html file and browse around the mini-website, to ensure that the most
commonly used browsers (Internet Explorer and Firefox) are able to view all parts of the mini-
website without problems, it is ideal to check this on a different machine.

5. Compress the folder into a ZIP, check the file size is under 20 MB, ensure that index.html is in
the root of the ZIP, and that the file has .zip extension, then submit as an additional file with
your article.

Style and language

General

Currently, Journal of Translational Medicine can only accept manuscripts written in English. Spelling
should be US English or British English, but not a mixture.

There is no explicit limit on the length of articles submitted, but authors are encouraged to be concise.
There is also no restriction on the number of figures, tables or additional files that can be included
with each article online. Figures and tables should be numbered in the order in which they are referred
to in the text. Authors should include all relevant supporting data with each article.

Journal of Translational Medicine will not edit submitted manuscripts for style or language; reviewers
may advise rejection of a manuscript if it is compromised by grammatical errors. Authors are advised
to write clearly and simply, and to have their article checked by colleagues before submission. In-
house copyediting will be minimal. Non-native speakers of English may choose to make use of a
copyediting service.

Help and advice on scientific writing

The abstract is one of the most important parts of a manuscript. For guidance, please visit our page on
Writing titles and abstracts for scientific articles.

Tim Albert has produced for BioMed Central a list of tips for writing a scientific manuscript.
American Scientist also provides a list of resources for science writing.
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http://www.americanscientist.org/issues/pub/the-science-of-scientific-writing
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Abbreviations

Abbreviations should be used as sparingly as possible. They should be defined when first used and a
list of abbreviations can be provided following the main manuscript text.

Typography
e Please use double line spacing.
e Type the text unjustified, without hyphenating words at line breaks.
e Use hard returns only to end headings and paragraphs, not to rearrange lines.
o Capitalize only the first word, and proper nouns, in the title.
e All pages should be numbered.

e Use the Journal of Translational Medicine reference format.

e Footnotes are not allowed, but endnotes are permitted.
e Please do not format the text in multiple columns.

e Greek and other special characters may be included. If you are unable to reproduce a
particular special character, please type out the name of the symbol in full. Please ensure that
all special characters used are embedded in the text, otherwise they will be lost during
conversion to PDF.

Units

SI units should be used throughout (liter and molar are permitted, however).

Manuscript Submission Guidelines

Lupus

9. Manuscript style

Authors are asked to write their manuscripts in English. Spelling and phraseology should
conform either to standard UK English or to standard American English and should be
consistent throughout the paper.

The Summary should not exceed 200 words. It should be written in a style that conveys the
essential message of the paper in abbreviated form.

The Introduction should assume that the reader is knowledgeable in the field and should
therefore be as brief as possible.

In the Materials and methods section, methods that have been published in detail elsewhere
should not be described in detail. SI units should be used throughout the text.


http://www.translational-medicine.com/authors/instructions/research#formatting-references

9.1 File types

Only electronic files conforming to the journal's guidelines will be accepted.
Preferred formats for the text and tables of your manuscript are Word DOC,
and tiff or jpeg for figures (ideally figures will use journal colours).A Please
also refer to additional guideline on submitting artwork [and supplemental
files] below.

9.2 Journal Style i
Lupus conforms to the SAGE house style.A Click here to review guidelines on
SAGE UK House Style.

9.3 Reference Style

Lupus adheres to the SAGE Vancouver reference style. Click here to review
the guidelines on SAGE Vancouver to ensure your manuscript conforms to this
reference style.

It is important that references comply with the style of the journal. Exhaustive
lists should be avoided. References should follow the Vancouver format, listed
(double-spaced) in numerical order corresponding to the order of citation in the
text.

All authors should be quoted for papers with up to six authors; for papers with
more than six authors, the first three only should be quoted followed by et al.

No issue numbers should be quoted.

Abbreviations for titles of medical periodicals should conform to those used in
the latest editions of Index Medicus and Current Contents. The first and last
page numbers for each reference should be provided. Abstracts and letters
must be identified as such.

Papers in press and papers already submitted for publication may be included
in the list of references. No citation is required for work that is not yet
submitted for publication.

Personal communications may be allocated a number and included in the list of
references in the usual way or simply referred to in the text. Authors must
obtain permission from the individual concerned to quote his or her
unpublished work.

Examples of References:

Journal article:

1 Derksen RHWM, Bouma BN, Kater L. The association between the lupus
anticoagulant and cerebral infarction in systemic lupus erythematosus. Scand J
Rheumatol 1986; 15: 179-184.

Journal article, in press:

2 Mendonca LLF, Khamashta MA, Nelson-Piercy A, Hunt BJ, Hughes GRV.
Nonsteroidal anti-inflammatory drugs as a possible cause for reversible
infertility. Rheumatology (in press).

Journal article submitted for publication:

3 Khamashta MA, Cervera R, Asherson RA. Association of antibodies against
phospholipids with heart valve disease in systemic lupus erythematosus
(submitted for publication).
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Complete book:

4 Wallace DJ, Dubois EL. Dubois' Lupus Erythematosus. Lea & Febiger,
1987, p 51.

Chapter in book:
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APENDICE B

Termo de Consentimento Livre e Esclarecido

Projeto de Pesquisa: Avaliacao do estresse oxidativo, dos fatores de risco cardiovascular e
da resposta imunolégica em pacientes com Lupus Eritematoso Sistémico submetidos a

tratamento com oleo de peixe e/ou 0leo de oliva.
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desejar, sem restri¢des de qualquer espécie e sem prejuizo ao seu atendimento.

Londrina,

Assinatura do participante ou responsavel:
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