Universidade Federal do Rio Grande do Sul
Faculdade de Medicina
Programa de Pés-Graduacao em Ciéncias Médicas:

Endocrinologia

Geisiane Custodio

Niveis Séricos de Vitamina D em Pacientes

em Morte Encefalica

Porto Alegre, 2017



Geisiane Custodio

Niveis Séricos de Vitamina D em Pacientes

em Morte Encefalica

Dissertacao de Mestrado apresentada ao
Programa de Pds-graduacdo em Ciéncias
Médicas: Endocrinologia da Universidade
Federal do Rio Grande do Sul (UFRGS)
como requisito para obtencao do titulo de
Mestre em Endocrinologia.

Orientadora: Profa. Dra. Cristiane
Bauermann Leitao

Co-orientadora: Dra. Tatiana Helena Rech

Porto Alegre, 2017



CIP - Catalogagao na Publicacdo

Custdédio, Geisiane

Niveis séricos de vitamina D em pacientes em morte
encefdlica / Geisiane Custdédio. -- 2017.

49 f.

Orientadora: Cristiane Bauermann Leitdo.
Coorientador: Tatiana Helena Rech.

Dissertagdo (Mestrado) -- Universidade Federal do
Rio Grande do Sul, Faculdade de Medicina, Programa
de P&s-Graduagdo em Ciéncias Médicas: Endocrinologia,
Porto Alegre, BR-RS, 2017.

1. Morte encefdlica. 2. Vitamina D. 3. Inflamag¢do.
4. Citocinas. I. Leitdo, Cristiane Bauermann ,
orient. II. Rech, Tatiana Helena, coorient. III.
Titulo.

Elaborada pelo Sistema de Geracado Automatica de Ficha Catalografica da UFRGS com os
dados fornecidos pelo(a) autor(a).




DEDICATORIA

A minha mae Stela.



AGRADECIMENTOS

As minhas orientadoras, Profa. Dra. Cristiane Bauermann Leitdo e Profa. Dra.
Tatiana Helena Rech, pela confiangca, oportunidade, dedicacdo, empenho,
competéncia com o ensino e pesquisa € no incentivo a superacdo de meus limites.
Sao exemplos de médicas, professoras, pesquisadoras e minha inspiracdo para
continuar na pesquisa com entusiasmo e determinagdo. Obrigada pelos
ensinamentos, pela compreensao, pelo auxilio nos momentos mais dificeis e pela
paciéncia durante todo esse periodo.

A minha colega da pés-graduacgéo, Patricia Schwarz, no auxilio com a coleta
de dados e o desenvolvimento desse projeto. Exemplo de pessoa e profissional a
ser seguido.

As familias dos pacientes que na perda, dor e apreensdo, consentiram em
participar desta pesquisa.

A enfermeira Karla Cusinato Hermann, da Comissdo Intra-Hospitalar de
Doacdo de Orgdos e Tecidos para Transplante do Hospital de Clinicas de Porto
Alegre (HCPA), pela sempre pronta colaboragdo para a inclusdo de pacientes.

A Jakeline Rheinheimer, pela disponibilidade e grandes ensinamentos na
realizacao da analise das citocinas.

Aos meus colegas e grandes amigos Bruna e Andrew por sempre me
apoiarem e auxiliarem em todas as dificuldades e estarem presentes nas minhas
vitérias e conquistas.

As minhas irmas Jaqueline e Gisele, companheiras em todos os momentos
que, com carinho e apoio, ndo mediram esforgos para que eu chegasse até esta
etapa da minha vida.

A minha sobrinha Alice, minha maior alegria, por tornar os dias dificeis mais
leves com seu sorriso encantador e abrago mais sincero.

A minha mae, Stela, maior exemplo de perseveranca e superacdo pessoal.
Obrigada por sempre me motivar a seguir em frente e ser ponto de apoio nos

momentos dificeis, minha melhor incentivadora e torcedora.



RESUMO

A vitamina D é uma vitamina lipossoluvel sintetizada na pele em resposta a
exposi¢cao solar e que regula o metabolismo do calcio. Nos ultimos anos, com o
avanco de estudos moleculares e genéticos, observou-se que a vitamina D tem uma
gama de efeitos maior do que se pensava. Esses efeitos, denominados efeitos
pleiotropicos, incluem a potencializagcdo da acao antimicrobiana e alteragdes do perfil
inflamatério, além de efeitos cardioprotetores e imunomoduladores. As
concentragdes de vitamina D diminuem durante doengas agudas que se apresentam
com aumento de atividade inflamatoéria. Além disso, concentracbes aumentadas de
marcadores inflamatérios, como TNF-a ou proteina C reativa, estdo inversamente
correlacionadas com niveis de vitamina D, sugerindo que a inflamacéo seja um fator
relacionado a baixos niveis de vitamina D em doengas ndo Osseas. A morte
encefalica (ME) € uma sindrome que cursa com intensa atividade inflamatoria,
caracterizada pelo aumento da concentragcdo plasmatica de citocinas. A ME esta
associada a piores desfechos dos 6rgéos transplantados quando comparados aos
orgaos provenientes de doadores vivos, estando relacionada a maior incidéncia de
disfungdo primaria dos enxertos. Portanto, o objetivo deste estudo foi comparar os
niveis de vitamina D em pacientes em ME com os niveis de pacientes criticos sem
diagnodstico de morte encefalica e definir se havia correlagédo entre niveis de vitamina
D e marcadores inflamatérios em pacientes em ME. Demonstramos que nao ha
diferenga em relagdo aos niveis séricos de vitamina D entre os dois grupos. No
entanto, em pacientes em ME, as citocinas IL-8, IL-10 e IFN-y apresentaram

correlacao positiva com niveis de vitamina D.



ABSTRACT

Vitamin D is a fat-soluble vitamin synthesized by the skin in response to
sunlight exposure and regulates calcium metabolism. More recently, advances in
molecular and genetic fields showed vitamin D to have a wider range of effects than
previously thought. These so-called pleiotropic effects include changes in
inflammatory profile, as well as cardioprotective and immunomodulatory effects.
Vitamin D levels decrease during acute diseases with increased inflammatory
activity. Besides, increased concentrations of inflammatory markers, such as tumor
necrosis factor-a (TNF-a) or C-reactive protein, are inversely correlated with vitamin
D levels, suggesting that an inflammatory process is involved in low levels of vitamin
D in non-skeletal diseases. Brain death (BD) is a syndrome with an intense
inflammatory activity characterized by the upregulation of plasma cytokines. BD has
been associated with an increased risk of acute and chronic rejection and with a
higher incidence of primary graft dysfunction. Therefore, the objective of this study
was to evaluate vitamin D levels in patients with BD as compared to those from
critically ill patients without BD and define if there were correlations between vitamin
D levels and inflammatory markers in patients with BD. We demonstrated that serum
levels of vitamin D did not differ between groups. However, IL-8, IL-10 and IFN-y
showed a moderate direct correlation with vitamin D levels in brain-dead patients.
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CAPITULO 1

INTRODUGCAO

A vitamina D é uma vitamina lipossoluvel sintetizada na pele em resposta a
exposi¢ao solar e tem um papel importante na regulagdo do metabolismo do calcio.”
O 7-dehidrocolesterol é convertido em colecalciferol (vitamina D3) na pele pela
estimulagdo da radiagao ultravioleta (Figura 1). A ingestdo adequada de alimentos
como ovos, peixes, laticinios e alguns cogumelos tem uma contribuicdo menor na
oferta de vitamina D3 e do ergocalciferol (vitamina D2). As vitaminas D3 e D2 séo
convertidas em 25-hidroxivitamina D (25 (OH) vitamina D) por meio da 25-hidroxilase
hepatica e esta é convertida na sua forma ativa (1,25-hidroxivitamina D) pela 1-alfa-
hidroxilase renal."* A 25 (OH) vitamina D mantém niveis séricos constantes e sua
dosagem é representativa do estoque de vitamina D. A 25 (OH) vitamina D tem uma

meia-vida de aproximadamente duas a trés semanas.

Pele
7 - dehidrocolesterol
\\J
- Figado Rim
25 - hidroxilase 1 a hidroxilase
Vitamina b3 —————— 25(0H)D, " 1.25(0H),D,
24 - hidroxilase
v
Dieta 24,25(0H),D, 1,24,25(0H),D,

Suplementos

Figura 1 - Metabolismo da vitamina D. O 7-dehidrocolesterol isomeriza-se em colecalciferol na pele
por meio da acéo dos raios ultravioleta. Em seguida é transportado ao figado, onde sofre a agdo da
25-hidroxilase transformando-se em 25-hidroxivitamina D. Quando essa molécula chega ao rim, pode
transformar-se na forma ativa ou inativa deste horménio, por meio da 1-alfa-hidroxilase ou 24,25-
hidroxilase, respectivamente.

Nos ultimos anos, com o avango de estudos moleculares e genéticos,
observou-se que a vitamina D tem uma gama maior de efeitos do que se pensava
anteriormente. Esses efeitos, denominados pleiotrépicos, incluem a potencializagao
da acao antimicrobiana e alteracbes do perfil inflamatorio, além de efeitos

cardioprotetores e imunomoduladores.®’ Foi demonstrado que a vitamina D tém
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propriedades anti-inflamatérias e antiproliferativas, e sua deficiéncia tem sido
associada ao desenvolvimento de doencgas crdnicas, cancer, doencas autoimunes e
a maior mortalidade.® Esses efeitos pleiotrépicos da vitamina D podem estar
relacionados a presenga de receptores de vitamina D em varios érgéos e diferentes
tipos celulares, além dos classicamente associados a regulacdo do metabolismo
6sse0.”10
A associagao entre deficiéncia de vitamina D e desfechos adversos em
pacientes criticos, como a maior mortalidade, tempo de internagdo, tempo de
ventilacdo mecanica e infeccdes, ainda é conflitante.'”'® Além disso, ndo se sabe se
a deficiéncia de vitamina D no momento da internacdo em unidade de terapia
intensiva (UTI) afeta a sobrevida de pacientes criticos ou se & apenas um marcador
de maior gravidade da doenga de base.’ No entanto, existem evidéncias de que a
doenca critica altera os niveis de vitamina D, com uma pequena queda observada
nos seus niveis ao longo dos dias de internagdo em UTI.'*"

Diferentes lesbes graves ao encéfalo podem resultar em morte encefalica
(ME), que ¢é definida como a cessagdo completa e irreversivel das fungbes
encefalicas e representa o processo final de isquemia rostro-caudal que culmina na
herniagdo do tronco cerebral através do forame magno.'® A ME constitui-se de uma
sindrome clinica que causa desregulacdo homeostatica, alteragdes na funcgéo
enddcrina e intensa atividade inflamatoria, capazes de reduzir a tolerdncia dos
orgaos a isquemia, levando a graves efeitos adversos sobre os desfechos dos
érgdos transplantados.’” Estudos experimentais demonstraram que a ME esta
associada a uma grande liberagdo de catecolaminas, resultando em alteragdes
hormonais e bioquimicas.'®'® O metabolismo celular é influenciado pela inflamac&o
e € provavel que as alteragdes metabdlicas que ocorrem apos a ME modulem a
resposta inflamatéria.?®?" O transplante de érgdos é considerado o tratamento de
eleicdo para varias doencgas terminais que afetam rins, pancreas, figado, coracéo e
pulmao.?? Atualmente, a principal fonte de 6rgdos para transplante é o doador de
6rgdos em ME.? Por este motivo, o estudo dos fatores associados a resposta
inflamatoria desencadeada pela ME podera resultar em um melhor entendimento
dos mecanismos responsaveis pelos piores desfechos encontrados nos o6rgaos
transplantados provenientes de doadores em ME.

Como a vitamina D tem propriedades anti-inflamatérias®, seus niveis mais

elevados no momento da ME poderiam resultar em atenuacdo da inflamagao
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tipicamente encontrada neste cenario clinico. Por outro lado, como as concentragdes
de vitamina D diminuem substancialmente durante doengas agudas que se
apresentam com atividade inflamatéria aumentada e faléncia de 6rgdos,*?’ a ME
poderia desencadear redu¢ao nos niveis sericos desta vitamina.

Frente ao exposto, esta dissertagao tem dois objetivos:

- Determinar os niveis séricos de 25 (OH) vitamina D em pacientes em ME e
compara-los aos niveis de pacientes criticos sem diagnostico de morte encefalica;

- Avaliar se ha correlagdo entre niveis séricos de 25 (OH) vitamina D e

citocinas inflamatodrias em pacientes criticamente doentes, com e sem ME.
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ABSTRACT
Background and aim: besides the well-known bone-related vitamin D functions, it
has immunomodulatory proprieties. Brain death (BD) causes a massive
catecholamine release, leading to intense inflammatory activity. The aim of this study
was to evaluate serum levels of vitamin D in brain-dead donors in comparison with
critically ill control patients and to evaluate if there are correlations between vitamin D
and cytokine levels. Methods: forty-one brain-dead donors and 32 critically ill control
patients admitted to intensive care unit (ICU) were prospectively included in the
study. Plasma TNF-a, IL-1f3, IL-6, IL-8, IL-10, IFN-y and serum vitamin D levels were
compared between BD donors and controls using Student’s t test. Spearman's test
was used to assess the correlation between vitamin D and cytokine levels.Results:
mean vitamin D levels were 16.39 ng/mL, with 52 patients (71.23%) been classified
as vitamin D deficient (serum levels <20 ng/mL). Vitamin D levels were similar

between brain-dead donors and control subjects (15.64 + 6.95 ng/mL vs 17.40 + 9.02
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ng/mL; P =0.383). Moderate direct correlations were observed between vitamin D
and IL-8, IL-10, and IFN-y in BD patients (IL-8: r=0.5, P=0.049; IL-10 r=0.67,
P=0.005; IFN-y r=0.6, P=0.015). As expected, an inverse correlation between vitamin
D and IL-6 ( r=-0.36, P=0.044) was found in critically ill controls.Conclusions:
vitamin D serum levels are similar in BD and in other critical illnesses. In brain-dead

donors, vitamin D serum levels correlated with plasma IL-8, IL-10 and IFN-y.

Introduction

Organ transplantation is the treatment of choice for several end-stage
diseases affecting kidney, liver, heart, lung and pancreas (1). Currently, the main
source of organs for transplantation is the brain-dead donor (2). Brain death (BD) is
the complete and irreversible loss of brain function (3). It causes a massive
catecholamine release, leading to an intense inflammatory activity that produces
adverse effects on outcomes of transplanted organs (2, 4). BD has been associated
with an increased risk of acute and chronic rejection (5) and with higher rates of
primary graft dysfunction (6).

Vitamin D is a fat-soluble vitamin synthesized by the skin in response to
sunlight exposure. Normal levels of 25-hydroxyvitamin D (25 (OH) D) relay on skin
synthesis stimulated by ultraviolet radiation and/or adequate dietary intake (7-10). Its
half-life is approximately two to three weeks (10). Serum levels of 25 (OH) D are
constant and representative of vitamin D stocks. More recently, advances in
molecular and genetic fields showed vitamin D to have a wider range of effects than
previously thought. These so-called pleiotropic effects include changes in
inflammatory profile, as well as cardioprotective and immunomodulatory effects (11-
13). These non-skeletal actions may be related to the presence of vitamin D
receptors in various organs and cell types, besides those classically related to
calcium metabolism (14-15).

Vitamin D deficiency is associated with a variety of conditions, such as
autoimmune diseases, cancer, glucose metabolism disorders, and mortality (16). In
critically ill patients, vitamin D deficiency has been associated with higher infection
rates, longer time on mechanical ventilation, longer length of hospital stay, and
higher mortality, but the evidence is still conflicting (17-20). Importantly, it is unknown
whether vitamin D deficiency at the time of intensive care unit (ICU) admission affects
survival of critically ill patients or if it is just a disease severity marker (21). In addition,



21

there is some evidence that critical illness might affect vitamin D levels, leading to its
decrease during ICU length of stay (20, 22).

Vitamin D levels decrease during acute diseases that are associated with
increased inflammatory activity (23, 24). Besides, increased concentrations of
inflammatory markers, such as tumor necrosis factor-a (TNF-a) or C-reactive protein,
are inversely correlated with vitamin D levels, suggesting that inflammatory process
is a factor involved in low levels of vitamin D (21, 25, 26). Furthermore, as vitamin D
supplementation is associated with decreased inflammation in some autoimmune
diseases (27), it is possible that a critically ill patient with higher vitamin D levels
would be protected from the exaggerated inflammatory response observed in BD.

Based on the exposed evidence, we hypothesize that vitamin D serum levels
are associated with cytokine levels in BD subjects. Therefore, the aim of this study
was to determine vitamin D levels in brain-dead patients as compared to critically ill
patients and its possible association with inflammatory activity, by means of TNF-q,
interleukin-1B (IL-1pB), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10)
and interferon-y (IFN-y) measurements.

Patients and Methods

Brain-dead patients and controls

The study protocol was approved by the ethics committee at Hospital de
Clinicas de Porto Alegre. Informed consent was obtained from patients or their next
of kin. Brain death was assessed independently by two physicians and was based on
the following criteria: coma with complete unresponsiveness, absence of brain stem
reflexes, apnea test, and confirmatory exam with absence of cerebral blood flow,
according to Brazilian law (28). From June 2013 to June 2015, brain-dead patients
older than 18 years admitted to ICU were prospectively included in the study after the
first clinical exam consistent with brain death. Control subjects were defined as
critically ill patients without a suspected diagnosis of brain death admitted to the
same ICU of the cases. For each brain-dead patient, two control patients were
included: the first septic patient to the right and the first non-septic patient to the left.
Sepsis was defined as the presence of infection leading to a new organ dysfunction
(29). Clinical and laboratory data were recorded for brain dead and control patients.
Blood samples were collected once at study entrance. Twenty-five blood samples
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from brain-dead patients from a previous study (30) stored at -80 °C freezer were

also used for vitamin D quantifications.

Plasma TNF-a, IL-18, IL-6, IL-8, IL-10 and IFN-y quantifications

Blood was immediately centrifuged at 1260 g for 10 min at 4°C and plasma
was stored at -80°C until analysis. All samples were analyzed at the same time after
being defrosted at room temperature and centrifuged at 1000 g for 10 min. Plasma
levels of TNF-a, IL-183, IL-6, IL-8, IL-10 and INF-y were assessed by magnetic bead
assay using the Human Magnetic Custom Luminex® Kit (Invitrogen Life
Technologies, Carlsbad, USA) and the Luminex® 200™ magnetic bead plate reader
(Luminex, Austin, USA) following the manufacturer’'s recommendations. Standard
curve was generated by serially diluting the reconstituted standard. Samples and
standards were incubated with mixed beads overnight at room temperature on an
orbital shaker. Beads were washed and then incubated with a detection antibody at
room temperature for 1 h and with streptavidin for 30 min. Beads were then washed
and resuspended and the plate was subsequently analyzed on the Luminex® 200™.
Results are reported as a function of fluorescence intensity. Mean fluorescence
intensity (MFI) takes into account the number of fluorescing pixels within the scanned
area. Values of MFI under the detection limit were assumed to be equal to lower
detected result. MFI was then transformed to pg/mL based on the standard curve.
Samples were analyzed in duplicates.

Serum Vitamin D quantifications

Blood samples were protected from sunlight exposure, centrifuged, stored at -
80°C and then processed simultaneously. 25 [OH] D3 levels were measured by
chemiluminescence method (Liaison; Diasorin, Stillmater, Minnesota; inter and intra-

assay coefficient of variation, 10%) and reported in ng/mL.

Statistical Analysis

Variables with normal distribution are presented as mean + SD. Variables with
skewed distribution are presented as median and interquartile intervals and were log
transformed for statistical analysis. Categorical variables are presented as
percentages. Baseline characteristics and serum vitamin D levels were compared

between BD subjects and controls using Student’s t test and among BD subjects,
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septic and non-septic controls by One-way ANOVA. Spearman’s test was used to
assess correlations between serum vitamin D levels, clinical, laboratory variables and
cytokine plasma levels (TNF-a, IL-1B, IL-6, IL-8, IL-10, IFN-y). Values were
considered statistically significant if P <0.05. This study was powered to find a
correlation of 0.6 between vitamin D serum levels and cytokines, considering an alfa-
error of 5% and a beta-error of 20%. All statistical analyses were performed using
SPSS 18.0 (Chicago, IL).

Results

The characteristics of 41 brain-dead patients and 32 critically ill control
patients included in the study are summarized in Table1. Stroke was the leading
cause of BD (53.5%), followed by anoxic encephalopathy (13.9%). Main sites of
infection in septic patients were lung (40.0%) and abdomen (26.6%). Non-septic
patients were admitted to the ICU due to pulmonary embolism (20%), hemorrhagic
stroke (20%), post-cardiac arrest (13.3%), elective cardiac surgery (13.3%) or other
causes (33.4%). The majority of the characteristics were similar between brain-dead
donors and controls. As expected, BD patients were more frequently on vasopressor

support, had lower body temperature and higher levels of plasma sodium (Table 1).

Brain death and vitamin D levels

Mean vitamin D levels were 16.39 ng/mL. Sixteen patients (21.9%) were
vitamin D insufficient (serum levels 20-29.9 ng/mL) and 52 patients (71.23%) were
vitamin D deficient (serum levels <20 ng/mL). Vitamin D mean levels were similar
between brain-dead donors and control subjects (15.64 + 6.95 vs 17.40 £ 9.02
ng/mL; P =0.383), as shown in Figure 1. When controls were divided into septic and
non-septic individuals, mean levels were also similar (brain-dead: 15.64 + 6.95 vs.
septic: 16.47 + 8.62 vs. non-septic: 18.22 £ 9.60 ng/mL, P = 0.551).

As expected, serum levels of vitamin D were inversely related to BMI and body
weight (BMI: r=-0.25, P=0.035; body weight: r=-0.26, P=0.024) (Figure 2). However,
vitamin D serum levels did not correlate with any other clinical or laboratory variables
(Table 2).

Vitamin D levels and inflammatory activity
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Table 3 shows the correlations between vitamin D levels and plasma
cytokines. Notably, a moderate positive correlation was observed between vitamin D
serum levels and IL-10 (r=0.67, P=0.005) in BD patients. Besides, a similar
association was found for IL-8 (r=0.50, P=0.049) and IFN-y (r=0.60, P=0.015) (Table
3). Conversely, an inverse correlation between vitamin D serum levels and IL-6 was
detected in the control group (r=-0.36, P=0.044). We also performed a subgroup
analysis with subjects with vitamin D levels below 12 ng/mL, as this was the cutoff
value associated with higher mortality in ICU in a previous study (20). However, no
correlations were found between vitamin D and cytokines in this analysis (Table 3).

Discussion

In this sample of ICU patients, vitamin D serum levels were similar in brain-
dead and critically ill control patients. Notably, there were a moderate positive
correlation between certain plasma cytokines (IL-10, IL-8 and IFN-y) and serum
vitamin D levels in brain-dead donors.

Previous studies from our group have consistently demonstrated that BD
induces inflammation in experimental models of BD (31, 32). More importantly, we
demonstrated the upregulation of IL-6 and TNF-a levels in plasma as well as TNF-a
MRNA expression in human pancreatic tissue from brain-dead donors as compared
to control patients undergoing pancreatectomy for malignant tumors (30, 33)).
Recently, we establish that BD is associated with a higher systemic inflammation
than that induced by critical illness and to a similar level to that observed in sepsis,
as demonstrated by the upregulation of IL-6, IL-8, IL-10, INF-y and TNF-a in brain-
dead in comparison with non-septic critically ill control patients (Schwarz P, data in
preparation).

Vitamin D deficiency is associated with increased inflammation and
development of autoimmune disorders (15, 21, 25, 31). In this case, vitamin D
deficiency would have a causative role in the development of systemic inflammation.
Interestingly, a novel theory suggests the association between vitamin D and
inflammation in the opposite direction (34). These authors argue that bacteria may
infect immune cells, such as monocytes and macrophages, and induce the
intracellular conversion of 25 (OH) D into 1,25 (OH) D by 1-a-hydroxylase
(CYP27B1) activation. The induction of this enzyme is, in part, mediated by an
increase in inflammatory cytokines. The increase in 1,25 (OH) D would decrease the
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substrate (25 (OH) D), which explains how inflammation would cause lower 25 (OH)
D serum levels (34). As BD induces a highly inflammatory state (6, 30), we were
expecting vitamin D levels to be lower in these patients. By contrast, we found similar
levels of vitamin D between brain-dead patients and other critically ill subjects,
including septic and non-septic patients. Vitamin D deficiency is a common condition
in ICU patients at admission (20, 35). In our sample, the majority of patients (71.23%)
had levels of vitamin D considered as deficient, which could partially explain our
negative results.

1,25 dihydroxyvitamin D regulates the immune function in several ways.
Initially, it promotes innate immunity, by activating macrophages via toll-like receptors
(TLR) (36). The activation of monocyte TLR-2 signals the transcriptional induction of
vitamin D receptor (VDR) and 1-hydroxylase (CYP27B1) genes. Serum 25 (OH) D
bounds to serum vitamin D binding protein and enters monocytes, where the
conversion to 1,25-dihydroxyvitamin takes place. 1,25-dihydroxyvitamin, in turn, acts
as a transcriptional factor, inducing expression of cathelicidin (LL37), an antimicrobial
peptide (36). This is the reason vitamin D deficiency is associated with increased risk
for respiratory infections, especially tuberculosis. Additionally, vitamin D suppresses
adaptive immunity by inhibiting the maturation of antigen presenting cells (APC),
reducing their capacity to present antigen to CD4 cells and further inhibiting their
proliferation and differentiation (37). The activation of CD4 cells leads to production
of several cytokines (38). Thus, vitamin D deficiency is associated with an increase in
the inflammatory (IL-1, IL-2, IL-6, IL-8, TNF-a and INF-y) and a decrease in the anti-
inflammatory cytokines (IL-4, IL-10 and interleukin-13 (IL-13)), affecting the anti-
inflammatory/pro-inflammatory ratio (39, 40). In fact, vitamin D boosts mucosal
defenses and dampers excessive inflammation (41), indicating a role of vitamin D in
host defenses, modulation of inflammation and development of autoimmune
disorders (15, 21, 25, 31).

In our study, vitamin D directly correlates with IL-8, IL-10 and IFN-y in BD
patients (Table 3). The positive correlation between IL-10 and vitamin D was
expected due to its anti-inflammatory role. However, the positive correlations with IL-
8 and IFN-y were unpredicted because of their pro-inflammatory profile. These novel
findings reflect the high complexity actions of vitamin D in immune system balance. In
order to understand our unexpected positive correlation between vitamin D and

plasma levels of the inflammatory cytokines IL-8 and IFN-y, we may speculate that
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BD causes major changes in gene expression signature, possibly affecting the VDR
gene. It is unknown if BD modifies the transcriptome in humans, but it may possibly
be predicted as BD causes profound metabolic disturbances. In line with this, IL-8, a
chemical signal that attracts neutrophils to the site of inflammation, is upregulated in
patients with sepsis (42) and has been suggested as one of the best predictors of
sepsis progression and mortality in patients with sepsis (43, 44). The relationship
between polymorphism of IL8 gene and probability of sepsis progression has
previously been demonstrated (44, 45). Nevertheless, no studies evaluated the
clinical relevance of certain cytokine or VDR genotypes in association with more
susceptibility to BD-induced inflammation.

This was the first study to measure vitamin D serum levels in brain-dead
patients, but we must address some limitations. First, we did not exclude patients in-
hospital before ICU admission, but as vitamin D has a long half-life, the previous in-
hospital period probably did not affect the results. Second, serum 25 (OH) D serum
not always reflect the levels of the active form 1,25 dihydroxyvitamin D (34), and we
did not measure this molecule, which could have been elevated even in the presence
of low levels of 25 (OH) D. However, 25 (OH) D represents well the vitamin D stocks
and is the usual measured metabolite. Furthermore, even the measurement of 1,25
dihydroxyvitamin D may be misleading, as intracellular conversion mediated by 1-a-
hydroxylase occurs in the cytoplasm of immune cells (36). In addition, 85 % of
vitamin D is transported in blood bounded to vitamin D binding protein and 15%
bounded to albumin. Serum levels of these proteins are prone to variations related to
the clinical status of patients and may decrease in liver diseases as well as poor
nutrition, both common conditions in the ICU setting. Finally, the sample size was
calculated to find a correlation of at least 0.6, thus we cannot exclude the absence of
other correlations with smaller magnitude.

In summary, vitamin D serum levels were not different in brain-dead as
compared to other critically ill patients. However, a moderate positive correlation was
found between vitamin D serum levels and plasma levels of IL-8, IL-10 and IFN-y.
We cannot exclude that BD might be causing modifications in vitamin D enzymes
metabolism as well as in VDR gene expression. Then, transcriptomic studies would
help to clarify the relationship between vitamin D and inflammation occurring during
BD.
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Table 1. Baseline characteristics of brain-dead patients and controls.

32

Brain-dead Controls
(n=41) (n=32) P
Age (yr) 51+ 12 50 + 19 0.847
Male, n (%) 21 (28.7) 19 (26.0) 0.487
BMI (Kg/m?) 25+3 28+ 8 0.720
Sepsis, n (%) 4 (8.3) 16 (33.3) 0.098
Time from ICU admission (days) 5116 647 0.555
Ventilation support (days) 5116 466 0.809
Vasopressor support, n (%) 34 (46.5) 13 (17.8) <0.001
Episode of cardiac arrest, n (%) 9 (13.8) 3 (4.6) 0.063
Use of steroids, n (%) 17 (26.1) 12 (18.4) 0.321
Hemoglobin (g/dL) 10.01 £ 2.28 8.99 + 1.91 0.117
White blood count (per mm® x 1000) 12,58 13,88 0.751
Creatinine (mg/dL) 1.8+2.2 1.38 + 1.06 0.333
Plasma sodium (mEq/L) 155+ 8 1415 <0.001

BMI: body mass index.



Table 2. Correlation between characteristics of brain-dead patients and serum vitamin D levels

Vitamin D
R P
BMI -0.25 0.035
Sepsis, (%) 0.08 0.564
Time from ICU admission (days) -0.01 0.957
Ventilation support (days) 0.01 0.941
Vasopressor support (days) 0.04 0.848
Use of steroids (%) 0.27 0.290
Hemoglobin (g/dL) 0.39 0.794
Creatinine (mg/dL) 0.15 0.310
Plasma sodium (mEq/L) 0.03 0.825

BMI: body mass index. Spearman’s test was used for correlation. Correlation is significant at P< 0.05.



Table 3.Correlation between plasma cytokines and serum vitamin D levels

Vitamin D Vitamin D Vitamin D Vitamin D
(all patients)  (BD patients) (controls) (levels <12
ng/mL)
r0.14 r 0.09 r 0.09 r0.19
TNF-a P=0.328 P=0.636 P=0.623 P=0.455
IL-6 r-0.15 r 0.33 r-0.36 r0.29
P=0.319 P=0.063 P =0.044 P=0.240
-1B r0.12 r0.13 r-0.02 r0.13
P=0.405 P=0.494 P=0.914 P=0.605
IL-8 r 0.033 r 0.50 r-0.15 r-0.27
P=0.826 P=0.049 P=0.398 P=0.358
IL-10 r 0.00 r 0.67 r-0.26 r-0.22
P=0.999 P=0.005 P=0.155 P=0.316
IFN-y r0.16 r 0.60 r-0.01 r-0.06
P=0.269 P=0.015 P=0.971 P=0.831

Spearman's test was used for correlation. Correlation is significant at P <0.05.
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Figure 1 - Vitamin D serum levels are similar between brain-dead donors and critically ill control

subjects.
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Figure 2 - Vitamin D serum levels are inversely related to BMI and body weight. A. BMI. B. Body
weight. BMI= body mass index.



CAPIiTULO 3

CONSIDERAGOES FINAIS E PERSPECTIVAS FUTURAS

Existe no mundo inteiro um desequilibrio entre a demanda e a oferta de
érgdos para transplante.” No Brasil, que é o maior sistema publico de transplantes
do mundo, com cerca de 20.000 transplantes realizados anualmente,® o problema é
cronico e crescente (Figura 1).

- - - -

40000 -

30000

20000

10000 A

2001 2002 2003 2004 2005 2006 2007 2008 2009

I oo Listo B 1ota) TX

Figura 2 - Transplantes de 6rgéos sélidos no Brasil: lista de espera (em vermelho) versus niumero de
transplantes realizados (em azul) entre 2001 e 2009. Dados do Registro Brasileiro de Transplantes da
Associacao Brasileira de Transplante de Orgaos.

Apos a recusa familiar em doar, a perda de doadores por parada cardiaca € a
principal causa de perda de doadores.’ Desta forma, existe um espacgo para
melhorar os cuidados com o potencial doador de 6rgédos. Estudos observacionais
demonstraram que o uso de check lists para guiar a manutengdo dos doadores é
capaz de reduzir a perda de doadores por parada cardiaca.>* O Ministério da Saude
do Brasil tem dado grande relevancia a essa questdo, o que culminou no
financiamento de um projeto denominado DONORS, que se constitui em estratégias
para otimizar a doagado de o6rgaos no Brasil. Este estudo é um ensaio clinico
randomizado por clusters, onde 70 unidades de terapia intensiva (UTI) em todo o
Brasil serdo alocadas para um grupo intervencéo (implantagdo de protocolo clinico
baseado nas diretrizes brasileiras de manutengéo do potencial doador de 6rgéaos) ou
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para um grupo controle (manutengdo da rotina usual de cuidados do centro). O
Hospital de Clinicas de Porto Alegre (HCPA) ira participar do estudo, o que abre a
possibilidade de propor sub-estudos ao projeto principal, uma vez que 0 Nn0Sso grupo
de pesquisa tem-se dedicado ao estudo da morte encefalica (ME), principalmente
nas questdes relacionadas & inflamac&o induzida pela ME.>’

No presente estudo nado identificamos diferencas nos niveis seéricos de
vitamina D nos pacientes em ME quando comparados a doentes criticos sem ME,
mas encontramos uma correlagdo direta entre vitamina D e a citocina anti-
inflamatoria interleucina-10 (IL-10). Ao contrario do esperado, a interleucina-8 (IL-8)
e o interferon-y (INF-y), ambas citocinas inflamatérias, foram diretamente
correlacionados com os niveis séricos de vitamina D. Isso nos levou a considerar
quais fatores poderiam explicar esta associacdo inesperada. Como a acdo da
vitamina D depende de outras fatores além do nivel sérico de vitamina D (25 (OH)
D), tais como proteinas carreadores plasmaticas, atividade da 1-alfa-hidroxilase
renal e em outros tecidos, além da expressdo de receptores da vitamina D, a
questdo de pesquisa que se apresenta a seguir é se a ME altera cada um destes
fatores possivelmente envolvidos no metabolismo da vitamina D. Tendo como base
os achados acima descritos, pretendemos submeter ao centro coordenador do
projeto DONORS alguns sub-estudos. O principal deles é um estudo que propde a
realizagdo de sequenciamento de RNA (RNA seq) de cinco doadores em ME e cinco
controles com lesdo neuroldgica grave sem ME, com o objetivo de definir a
assinatura inflamatéria da ME e de analisar quais vias de sinalizacao intracelulares
sdo modificadas pela ME. Outro estudo que sera proposto tera como objetivo a
determinacao da presencga de polimorfismos nos genes das citocinas e seus efeitos
na inflamacgao induzida pela ME, uma vez que nada se sabe sobre polimorfismos de
citocinas e ME.

Além disso, outro projeto com o objetivo de entender melhor o papel da
vitamina D nos mecanismos da inflamagdo da ME deve incluir dosagens de
citocinas, vitamina D e sua proteina carreadora, albumina e 1,25-hidroxivitamina D
em uma amostra maior de pacientes do que a do estudo atual, oportunidade unica
oferecida pelo desenvolvimento do projeto DONORS.

Por fim, em relacdo ao tratamento da inflamag¢do induzida pela ME, a
exenatida, um analogo sintético do glucagon like peptide-1 (GLP-1) usado no
tratamento do diabetes tipo 2, tem propriedades anti-inflamatérias, citoprotetoras e
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antiapoptdticas em ilhotas pancreaticas isoladas de humanos® e de ratos em ME %7
como demonstrado nesse estudo do nosso grupo. Desta forma, pretendemos testar
por meio de um ensaio clinico randomizado em doadores em ME os efeitos da
exenatida em atenuar a inflamagdo induzida pela ME em bi6psias de orgaos
captados para transplante e a sua capacidade de reduzir a ocorréncia de disfungao

primaria desses enxertos.
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