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RESUMO

INTRODUCAO: A Sindrome de Sensibilizacgdo Central (SSC) engloba alteracdes
fisiopatolégicas decorrentes da plasticidade neural mal adaptativa associadas a doengas que
cursam com dor cronica. Doengas com diferentes espectros como aquelas com persistente
nocicep¢cdo somatica ou visceral, como osteoartrite (OA) e endometriose, ou sindromes com
auséncia de patologia estrutural como cefaleia cronica tensional (CCT) e fibromialgia (FM)
podem apresentar SSC. Marcadores de atividade do SNC estdo sendo estudados com intuito de
elucidar os mecanismos diferenciais associados a essas patologias, dentre eles a atividade da
proteina S100B e a neurotrofina BDNF. Esses marcadores podem estar associados a vias
especificas da atividade nociceptiva.

OBJETIVOS: Verificar a associacao entre proteina S100B e a neurotrofina BDNF em pacientes
portadores de dor crénica com SSC e lesdo nociceptiva somatica/visceral persistente com
portadores de dor crénica com SSC sem lesdo estrutural e com controles saudaveis.
METODOLOGIA: Estudo transversal com 315 pacientes femininas, que comparou 0s niveis
séricos de S100B e BDNF em 124 pacientes com SSC persistente [osteoartrite (88),
endometriose (36)], 150 pacientes com SSC e lesdo estrutural ausente [Fibromialgia (117),
Cefaleia Cronica Tensional (33)] e 41 controles saudaveis. Os niveis de dor foram avaliados por
meio da escala analogo visual de dor (EAV) de 0 (sem dor) a 10 (dor insuportavel). Os grupos
foram comparados por anélise de variancias (ANOVA).

RESULTADOS: No grupo FM (M=38,92 ; DP=19,8) e CCT (M= 37,54; DP=17,3), observou-
se niveis maiores de BDNF quando comparado ao grupo OA (M=25,17; DP=10.4), endometriose
(M=24,03; DP = 8,41) e controles (M=23,17; DP=8,85), P < 0,05. Quanto ao S100B, o0s grupos
FM (M=19,4; DP=9.71) e CCT (M=14,82; DP=4,63) apresentaram menores niveis da proteina do
gue os grupos OA (M=23.99; DP=11,06) e controles saudaveis (M= 11,23; DP=8,27), porém o
grupo endometriose (M=20,27; DP=10,07) apresentou niveis semelhantes da proteina quando
comparado ao grupo FM, P<0,05. Os pacientes do grupo de endometriose apresentaram menos
dor na EAV (M=5,2; DP=1,36) quando comparado aos demais grupos FM (M=6.95; DP=1.76) ,
AO (M=5.54; DP= 2,4) e CCT (M=6,24; DP=1.49), P<0,05, ja o consumo de analgésicos foi



significativamente maior no grupo de pacientes fibromialgicas onde 83% consumiram > 3
doses/semana.

CONCLUSAO: Os dados demonstraram um aumento nos niveis de BDNF no grupo de
patologias sem aferéncia nociceptiva persistente. Ja no grupo de pacientes com persisténcia de
lesdo estrutural ndo foi encontrado o predominio de um marcador, sendo observado um discreto
aumento do S100B em relagdo ao BDNF. Os achados demonstram que o BDNF esta associado a
dor crénica sem lesdo estrutural, ja a S100 ndo pode ser considerada um marcador diferenciado

para cenarios especificos de dor cronica.

Palavras Chave: Dor Cronica, Sensibilizacdo Central, BDNF, S100B



ABSTRACT

INTRODUCTION: Central Sensitivity Syndrome (SSC) encompasses pathophysiological
changes due to maladaptive neural plasticity associated with chronic pain. Diseases with different
spectra such as those with persistent somatic or visceral nociception such as osteoarthritis (OA)
and endometriosis, or syndromes with no structural pathology such as chronic tension headache
(CCT) and fibromyalgia (FM) may present with SSC. Markers of CNS activity are being studied
in order to elucidate the differential mechanisms associated with these pathologies, among them
the activity of protein S100B and neurotrophin BDNF. These markers may be associated with
specific pathways of nociceptive activity.

OBJECTIVES: To verify the association between S100B protein and BDNF neurotrophin in
patients with chronic pain with SSC and persistent somatic / visceral nociceptive lesion with
chronic pain patients with SSC without structural damage and with healthy controls.
METHODS: A cross-sectional study with 315 female patients comparing serum levels of S100B
and BDNF in 124 patients with persistent SSC [osteoarthritis (88), endometriosis (36)], 150
patients with SSC, and absent structural damage [Fibromyalgia (117), Chronic Tension Headache
(33)] and 41 healthy controls. Pain levels were assessed using visual analog pain scale (VAS)
from 0 (no pain) to 10 (unbearable pain). The groups were compared by analysis of variances
(ANOVA).

RESULTS: In the FM group (M = 38.92, SD = 19.8) and CCT (M = 37.54, SD = 17.3), higher
levels of BDNF were observed when compared to the OA group (M = 25, 17, SD = 10.4),
endometriosis (M = 24.03, SD = 8.41) and controls (M = 23.17, SD = 8.85), P <0.05. As for
S100B, FM (M = 19.4, SD = 9.71) and CCT (M = 14.82, SD = 4.63) had lower protein levels
than OA groups (M = 23.99, SD = 11,06) and healthy controls (M = 11,23, SD = 8.27), but the
endometriosis group (M = 20,27; SD = 10,07) presented similar protein levels when compared to
the FM, P group <0.05. Patients in the endometriosis group had less pain in VAS (M =5.2, SD =
1.36) when compared to the other FM groups (M = 6.95, SD = 1.76), AO (M =5.54, SD = 4) and
CCT (M = 6.24, SD = 1.49), P <0.05, analgesic consumption was significantly higher in the

group of fibromyalgic patients, where 83% consumed> 3 doses / week.



CONCLUSION: The study demonstrated an increase in BDNF levels in the group of
pathologies without structural pathology. In the group of patients with persistence of structural
lesion, a predominance of a marker was not found, with a slight increase of S100B in relation to
BDNF. The findings demonstrate that BDNF is associated with chronic pain without structural
injury, otherwise S100 can not be considered a differentiated marker for specific chronic pain

scenarios.

Keywords: Chronic Pain, Central Sensitization, BDNF, S100B
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1. INTRODUCAO

A dor é um dos sintomas mais impactantes da medicina devido a sua alta prevaléncia e
possibilidade de associar—se a desfechos graves. Nas Gltimas décadas, tanto na area experimental
preé-clinica, quanto clinica, viu-se crescer exponencialmente linhas de pesquisa para a melhor
compreensdo da sua complexa fisiopatologia.

A dor é um processo dinamico, com inumeros pontos de ativacdo e modulacéo.
Individuos saldaveis, apresentam um mecanismo de plasticidade neural mal adaptativa
complexo, que, quando estimulado agudamente por meio de dano tecidual, promove redugéo dos
limiares aos estimulos periféricos e aumenta a responsividade a &rea lesionada. Entretanto esse
mecanismo adaptativo fisioldégico pode estar alterado em portadores de patologias que cursam
com dor cronica (1).

A dor cronica é considerada uma doenga, apresenta duracdo superior a 3 meses e nao
apresenta fungdo bioldgica conhecida. Ela afeta os pacientes em todas as esferas de suas vidas,
implicando em alteracdes de estilo de vida e de comportamento. Tem etiologia incerta, persiste
apesar do tratamento e provoca sofrimento, incapacidade e frequentemente afastamento do
trabalho (2). Por essas razbes, o estudo e o aprofundamento no conhecimento de sua
fisiopatologia se torna fundamental.

Independentemente de sua etiologia, a dor cronica esta fortemente ligada ao processo de
plasticidade neuronal adaptativa associada a Sindrome de Sensibilizacdo Central (SSC). Entende-
se que a SSC é uma manifestacdo da plasticidade do sistema nervoso somatossensorial em
resposta a uma atividade inflamatdria ou lesdo neuronal. Inclui sintomas como transtornos
psicoldgicos; alteracbes do sono, fadiga, dor, alodinia (sensac¢do dolorosa para um estimulo néo
nocivo, por exemplo, toque e massagem), e hiperalgesia (sensibilidade excessiva ao estimulo
normalmente doloroso, por exemplo, presséo) (3,4).

A SSC abrange tanto doengas com persistente nocicep¢do somaética, como osteoartrite,
halux valgo e endometriose, e sindromes com auséncia de patologia estrutural como cefaleia
cronica tensional, fibromialgia e sindrome de dor miofascial. Todas essas doengas cursam com

alteracdes de plasticidade do sistema nociceptivo (5, 6).
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Identificar os pacientes portadores de dor crénica com SSC é importante para o
direcionamento do tratamento e para engajamento dos pacientes e de suas familias nas estratégias
de controle da doenca. Alguns exames podem auxiliar no diagnostico das doengas que cursam
com sensibilizacdo central como a ressonancia magnética funcional e o potencial evocado
cerebral registrado por eletroencefalografia (7). Entretanto, esses exames S&0 restritos a
ambientes de pesquisa atualmente.

Devido a necessidade de mapear mais precocemente esse grupo de pacientes surge a
possibilidade de se estudar marcadores associados a fisiologia da SSC. Dois neuromoduladores,
0 BDNF e a proteina S100B estdo associados a vias especificas da atividade nociceptiva e
parecem apresentar comportamentos distintos quando analisados no contexto da presenca ou
auséncia de leséo estrutural no processo patolégico (7).

O BDNF € uma neurotrofina amplamente distribuida no sistema nervoso, cuja funcéo é
fortalecer as vias glutamatérgicas e inibir as vias gabaérgicas. Ja a proteina S100B tem a funcao
de causar upregulation de receptores de interleucina-1p ¢ do TNF-a na microglia e nos astrocitos
envolvidos na cascata inflamatoria (5).

Visando identificar marcadores sericos especificos relacionadas a fisiopatologia da dor, o
presente estudo objetivou comparar os niveis de BDNF e S100B em pacientes portadores de dor
cronica e sensibilizagdo central em diferentes doencas, que cursam com presenca ou auséncia de
leséo estrutural.

A estrutura de apresentacao dessa dissertacdo segue as normas apresentadas pelo Programa
de Pos-Graduacdo em Medicina: Ciéncias Médicas da Faculdade de Medicina da Universidade
Federal do Rio Grande do Sul. O artigo resultante dessa dissertacdo estd apresentado de acordo
com as normas do periodico de submissdo- Neuroscience Letter (Elsevier) — fator de Impacto
2,18.
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2. REVISAO SISTEMATIZADA DA LITERATURA

2.1 Estratégias para localizar e selecionar as informacoes

Nesta revisdo da literatura, pretende-se abordar alguns aspectos sobre a relacdo entre
Sensibilizacdo Central, Dor Cronica, BDNF e S100B. A estratégia de busca envolveu as
seguintes bases de dados: MEDLINE (site PubMed), EMBASE, SCIELO, Biblioteca Digital
Brasileira de Teses e Dissertagdes, Portal Dominio Publico.

As referéncias bibliograficas citadas nos artigos identificados foram revisadas para localizar
outras ndo contempladas na busca. Também foram utilizados bases tedricas de livros-texto. No site
PubMed, EMBASE e SCIELO foram realizadas buscas utilizando os termos Central
Sensitization, Chronic Pain, BDNF e S100B. Em relacdo ao termo Central Sensitization foram
encontrados 5468 artigos no PUBMED, 3288 no EMBASE e 5 no SCIELO. Usando o termo
Chronic pain encontrou-se 91712 artigos no PUBMED, 58736 no EMBASE e 122 no SCIELO;
em relacdo a BDNF foram encontrados 17697 no PUBMED, 29437 no EMBASE e 1 no SCIELO
e 0 termo S100B encontrou no PUBMED 1902 artigos, no EMBASE 4016 artigos e no SCIELO
1 artigo.

Refinando-se a busca, com o cruzamento das palavras-chave Central Sensitization e
Chonic Pain, foram encontrados 442 artigos no PUBMED, 943 no EMBASE e nenhum no
SCIELO. Do cruzamento dos termos Central Sensitization e BDNF tivemos nenhum artigo no
PUBMED e no SCIELO e 101 artigos encontrado no EMBASE. Combinando os termos Central
Sensitization e S100B foram encontrados 4 artigos no PUBMED e 3 artigos no EMBASE e
nenhum no SCIELO. Quando combinados os termos Central Sensitization, BDNF e S100B
foram encontrados 1 artigo no PUBMED, 1 artigo no EMBASE e nenhum artigo no SCIELO e
combinados todos os termos ndo foram encontrados nenhum artigo nas bases de dados
pesquisadas. Do banco de teses, foi localizadas uma tese com o cruzamento das palavras Dor
Cronica e BDNF e nédo forma lozalizados nenhuma tese com o cruzamento dos temas , Central

Sensitization, Chronic Pain, BDNF e S100B (Ver figura 1).



Figura 1. Estratégia de busca de referéncias bibliogréficas sobre as bases que

fundamentam esta pesquisa.

Palavras chaves

- Central Sensitization
- Chonic Pain

- Brain Derived Neurotrophic Factor

- Protein S100B

PUBMED (Termos Mesh) EMBASE (Termos Entree)
1. Central Sensitization (5468) 1. Central Sensitization (3288)
%. Chonig Pain (91712) 2. Chonig, Pain (58736)

3: BDNF (17697) 3. BDNF (29437)

4. Protein S100B (1902) 4, Protein S100B (4016)
-1+2(442) -1+2(943)
-1+3(0) -1+3(101)
-1+4(4) -1+4(3)
S1+2+3(14) -1+2+3(34)
S1+2+4(1) -1+2+4(1)
S1+3+4(1) -1+3+4(D)
-2+3+4(0) -2+3+4(1)
-14+24+3+4(0) -1+2+3+4(0)

2.2 Fisiopatologia da dor

SCIELO

1. Central Sensitization (5)
2. Chonig Pain (122)
3.BDNF (1)

4. Protein S100B (1)

-1+2(0)
-1+3(0)
-1+4(0)
-1+2+3(0)
-1+2+4(0)
-1+3+4(0)
-2+3+4(0)
-1+2+3+4(0)

20

A Dor apresenta mecanismos complexos de controle e modulagdo, sendo que o

entendimento de sua fisiopatologia estd em constante evolucao. Melzack e Wall (8), com a teoria

do portdo, propiciaram a contribuicdo mais revolucionaria no conhecimento dos mecanismos

nociceptivos. A descricdo da existéncia de mecanismos de modulagdo propiciou um olhar

diferente a cerca da capacidade adaptativa neuronal. A teoria do portdo propds que a medula

espinhal, antes vista como um elemento de transmissdo passiva, poderia ser alvo de intensa

modulacdo dindmica do processo nociceptivo. Além disso, essa mesma teoria prop0s o

envolvimento do cérebro como um sistema ativo que seleciona e modula o processo de aferéncia

nociceptiva (8).
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O processamento do estimulo nociceptivo é dividido em 4 etapas principais: Transducéo,
transmissdo, modulacédo e percepgéo (Fig. 2)

Transducdo: evento no qual o estimulo agressor periférico € convertido em potencial de acao
pelos nociceptores. O dano tecidual apo6s estimulo cirdrgico leva a ativacdo de terminacdes
nervosas nociceptivas e de células inflamatdrias (macrofagos, linfocitos, mastécitos, plaquetas) na
periferia. A liberacdo de substancia P e glutamato resulta em vasodilatacdo, extravasamento de
proteinas plasmaticas e acaba por estimular as células inflamatorias a liberarem diversas
substancias que causam dor (9).
Transmissdo: conducdo do potencial de acdo da periferia até o cortex cerebral. Ocorre atraves dos
neurdnios de primeira, segunda e terceira ordem localizados no ganglio da raiz dorsal, no corno
dorsal da medula e tdlamo respectivamente. As duas maiores classes de nociceptores incluem
fibras aferentes:

e Fibras A delta (AJd), mielinizadas, de médio didmetro, que medeiam a dor bem localizada,
de carater em pontada e em queimacéo, conhecida como “dor primaria”;

» Fibras ndo mielinizadas C, de diametro pequeno, as quais respondem a estimulos variados,
sdo mais lentas e transmitem a dor surda, dolente, de natureza difusa, associada a aspectos
afetivos e motivacionais, sendo conhecida como “dor secundéria”; (9).

Modulacéao: consiste na alteracdo (ampliacdo ou inibicao) da transmissdo neural aferente ao longo
da via da dor, por influéncias locais ou superiores. O corno dorsal da medula é o sitio mais
comum de modulacdo da dor, onde diversos neurotransmissores, aminoacidos e neuropeptidios
sdo liberados pelos terminais dos aferentes primarios (9).

Percepcao: é a representacdo cerebral da dor em suas dimensdes sensorial-discriminativa, afetivo-
motivacional, cognitivo-avaliativa. Ocorre integracdo dos estimulos com areas do cortex
somatossensorial e limbico. Em destaque, o cOrtex somatossensorial primario, cortex
somatossensorial secundério, insula, cortex cingulado anterior, cortex pré-frontal, talamo. A
relacdo da percepcdo com o estimulo é variavel, dependendo ndo apenas do estimulo propriamente

dito, mas tambem das expectativas e crencas previas, do estado cognitivo e emocional (9).
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perioperatéria (9).

A experiéncia de dor, entretanto, pode ocorrer sem aferéncia nociceptiva primaria,
podendo ndo haver relagdo direta entre a dor e o dano tecidual. A dor crbnica cursa com essa
caracteristica: o dano tecidual ndo é proporcional a dor e muitas vezes esta ausente como na dor
de origem central (10).

Alguns estudos identificaram regides do cérebro ativadas por meio do estimulo
nociceptivo agudo. O cortex somatossensorial primario e secundario, cértex pré-frontal, talamo e
cingulado anterior estdo sendo constantemente ativados pelo processo nociceptivo agudo. Essas
regibes também tém importante papel na modulacdo da experiéncia nociceptiva e estdo
envolvidas com outras experiéncias fisiologicas, como motivacéo, cognicdo e emogéo (11).

Envolvido no processo de modulagcdo neuronal encontra-se o fendmeno da SSC. Esse

mecanismo modulatério pode ser encontrado em diversas patologias que cursam com dor crénica.
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2.2.1 Sindrome de Sensibilizacdo Central

A Sindrome de Sensibilizacdo Central (SSC) compreende a ativacdo disfuncional do
sistema nervoso central (SNC) que acompanha sindrome dolorosas crbnicas de diferentes
etiologias. Encontram-se comumente nessa sindrome transtornos psicoldgicos, alteracdes de
sono, fadiga, dor, alodinia, hiperalgesia, aumento da area de sensibilidade, hipersensibilidade ao
ruido e a substancias quimicas (6).

A primeira evidéncia de um componente central relacionado a uma sindrome dolorosa
cronica foi fornecida em 1983 (12), quando Yunus demonstrou associacdo da fibromialgia com
cefaleia cronica tensional, sindrome do intestino irritavel e dismenorreia priméria (13). Esse
primeiro conceito proposto de sobreposicdo de sindromes foi mostrado em um diagrama de Venn
(Figura 3) em 1984(14).

/N

Espasmo
muscular

Figura 2: Diagrama de Venn CCT: Cefaléia Tensional, SFP: Sindrome Fibromialgia
Primaria, SDP: Sindrome Dismenorreia Primaria, Sll: Sindrome Intestino Irritdvel. Fonte:

Sindrome Fibromialgia Primaria, Yunus (14)

Atualmente existem diversas teorias que tentam explicar o desenvolvimento do processo
de Sensibilizacdo Central. Diversos mecanismos estdo envolvidos como: alteracdes em vias

ascendentes e descendentes do Sistema Nervoso Central (SNC) resultantes de impulsos dolorosos
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sustentados, liberacdo cronica de citocinas pro-inflamatorias e alteragfes no sistema imune e
hormonais - incluindo alterag¢fes no eixo hipotadlamo-hipo6fise-adrenal (15).

A Sensibilizacdo Central (SC) representa uma amplificacdo nas funcdes dos neurdnios e
circuitos da via nociceptiva causada pelo aumento da excitabilidade e da eficacia sinaptica, assim
como pela reducio da inibicdo (16). E uma manifestacdo da plasticidade do sistema nervoso
somatossensorial em resposta a atividade inflamatoria e lesdo neuronal (17), estando associada ao
aumento da atividade espontédnea dos neurénios do corno dorsal da medula espinhal, ao
incremento da resposta aos estimulos nociceptivos e ndo nociceptivos e ao alargamento do campo

receptivo (18).

Na SSC ocorre um estado de facilitacdo e potenciacdo do processo nociceptivo com
aumento ou amplificacdo da resposta. Nesse cenario, a dor ndo esta linearmente relacionada ao
estimulo nociceptivo agudo, a presenca, a intensidade ou a duracdo do estimulo noxico. Ao
contrario, a SSC produz um estado de hipersensibilidade, amplificando a resposta sensitiva
provocada por estimulos dolorosos de pequena monta e até mesmo por estimulos ndo dolorosos
(17).

Uma das caracteristicas de plasticidade mais importantes que ocorre na SSC € o
recrutamento de fibras que normalmente ndo conduzem estimulos nociceptivos, como as grandes
fibras mecanorreceptoras de baixo limiar (fibras AP) para a condugdo de estimulos algicos.
Também produz hipersensibilidade a dor em tecidos ndo inflamados pela alteracdo na resposta
sensitiva provocada por impulsos normais e aumento da sensibilidade a dor muito tempo depois
da causa inicial ter desaparecido e quando ndo ha evidéncia de patologia periférica (16).

Além das etiologias acima descritas, a sensibilizacdo central é consequéncia de um
fendmeno conhecido como Wind Up (19), ou seja uma potenciacdo das sinapses no corno dorsal

da medula espinhal em resposta a estimulos repetitivos vindos da periferia (20).

2.3 SSC e patologias com Leséo Estrutural Ausente e Presente

Diversas doencas cursam com sindrome de sensibilizacdo central. Em 2008, Yunus (4)
propds o conceito de doengas com patologia estrutural versus doencas com auséncia de patologia
estrutural para explicar as diferencas na fisiopatologia associada a dor crénica. Algumas doencas

como fibromialgia, a cefaleia tensional e a Sindrome Miofascial, apresentam poucas evidéncias
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de alteracdo estrutural. Em contraste, outras condigdes como osteoartrite e endometriose cursam
com patologia estrutural anatémica (que leva a estimulo nociceptivo somatico e/ou visceral
persistente) e, na maioria das vezes cursam com hiperalgesia fora das areas sensibilizadas. Na
osteoartrite, por exemplo, os baixos limiares de dor nas articulacbes afetadas refletem
sensibilizagdo local devido a inflamacdo, enquanto que baixos limiares de dor em locais distantes
da articulacéo afetada suportam a hipétese de sensibilizacéo central (6).

A seguir sera apresentado uma breve revisdo dos mecanismos fisiopatologicos

especificos relacionados a dor cronica presente em diferentes doencas.

2.3.1 Cefaleia Cronica Tensional

Cefaleia tensional € o tipo de cefaléia mais comum (21), e com o maior impacto
socioeconémico (22). De acordo com o atual modelo de fisiopatologia da cefaleia crbnica
tensional, a dor muscular pericraniana reflete a sensibilizagdo de nociceptores periféricos, de

neurdnios de segunda ordem e /ou disfuncéo dos sistemas modulatorios supra-espinhais.

A aferéncia nociceptiva de fibras A-delta e C é aumentada por razbes desconhecidas e
resulta em mudancas plésticas no corno dorsal /nicleo trigeminal da coluna vertebral. Como
consequéncia, o efeito normalmente inibitério das fibras a A-beta de baixo limiar na transmissao
da dor no corno dorsal da medula ¢é alterado para um efeito oposto e a resposta nociceptiva de
fibras A-delta e C é potencializada. O aumento da estimulagdo nociceptiva das estruturas
supraespinhais pode resultar em maior facilitagdo e diminuigéo da inibi¢do da transmisséo da dor
ao nivel do corno dorsal/nucleo trigeminal da medula e consequentemente aumento da atividade

dos musculos pericranianos (23).

O aumento da aferéncia nociceptiva para estruturas supraespinhais pode, por sua vez,
resultar em sensibilizacdo supraespinal. As alteracdes neuroplésticas centrais podem afetar a
regulacdo de mecanismos periféricos e, portanto, levar a aumento da atividade da musculatura
pericraniana ou liberacdo de neurotransmissores nos tecidos miofasciais. Assim, a sensibilizagdo
central pode ser mantida mesmo apos os fatores de inducdo iniciais terem sido normalizados,

resultando na conversdo de cefaleias episodicas em cefaleias tensionais cronica (23).
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Os tecidos miofasciais tém sido amplamente estudados e demonstrou-se que o0 aumento da
sensibilidade a palpacao de tecidos miofasciais pericranianos é a anormalidade mais aparente em

pacientes com cefaleia tipo tensdo cronica (24, 25).

2.3.2 Fibromialgia

Fibromialgia € uma condicdo de dor cronica e generalizada com pontos sensiveis
caracteristicos ao exame fisico, e acompanhada por varios sintomas como fadiga, alteracdes do
sono, cefaleia, intestino irritavel e transtornos do humor (7).

O modelo fisiopatolégico mais aceito é a existéncia de um desequilibrio entre os
mecanismos de pro-nocicep¢do e antinocicepgdo (27) figura 4. Segundo esse modelo, hd uma
deficiéncia na acdo das vias inibitorias relacionadas a dor (28, 29) e/ou hiperalgesia secundaria, a
qual depende de mecanismos de sensibilizacdo central (30, 31).

Uma das hipdteses encontradas para explicar a alteracdo do sistema inibitorio descendente
seria uma desregulacdo no metabolismo da serotonina, a qual participa do sistema inibitorio
descendente da dor, com uma consequente elevacdo da resposta dolorosa ou mesmo dor

espontanea (31).

TRANSMISSAO MODULAGAO
Cortex
SS
RVM: medula rostroventral Talamo
PAG: substéncia periaquedutal alam
C: cortex cingulado a
F: cortex frontal Mesencéfalo

S5: cortex somatossensorial
A: amidala
H: hipotalamo

STT: trato espinotalamico
Medula Oblonga
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Figura 3: Representacdo do mecanismo pré-nocicepcao e antinocicepcao. Fonte: Adaptado
de Hoffman GA, Harrington A. e Fields HL (32)
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2.3.3 Osteoartrite

A dor devido a osteoartrite (OA) é uma das causas mais prevalentes de dor crénica (33).
O entendimento da OA é importante devido ao aumento do envelhecimento populacional. Os
joelhos, quadris e méos séo as articulagcbes mais comumente afetadas na OA (34).

A combinagdo de diferentes mecanismos que perpetuam a dor como sensibilizacdo
central, reducdo da agdo do sistema inibitério descendente e alteracdes corticais ocorre nos
pacientes com osteoartrite. Varios marcadores inflamatdrios participam desse processo
fisiopatoldgico. Alguns estudos mostram que a neutralizacdo da interleucina-1b e TNF-a pode
reduzir a dor da AO (34).

No decorrer do processo inflamatério das articulagBes, as vias nociceptivas da coluna
vertebral desenvolvem um estado de hiperexcitabilidade como consequéncia da estimulacéo
mecanica repetitiva da articulacéo e reducédo do limiar de excita¢do de neurdnios de alto limiar da
medula espinhal (35). Além disso, 0s neurdnios comegam a mostrar respostas aumentadas aos
estimulos aplicados em regiGes adjacentes e distantes da articulacdo, sendo que o campo
receptivo total sofre um alargamento (36).

Em estados avancados de OA, 0s pacientes apresentam sinais de sensibilizacdo central,
demonstrada por dor generalizada além da articulagdo acometida (37) e baixos limiares de dor a
pressédo na articulacdo e em estruturas cutaneas e subcuténeas de regides adjacentes. (38, 39, 40).
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Figura 4: Mecanismos da dor na osteoartrite..
Fonte: Thakur M, Dickenson AH, Baron R (41).
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2.3.4 Endometriose

Endometriose é uma doenca em que as lesdes endometriais sdo inflamatérias e hormonais
dependentes, bem como apresentam efeitos enddcrinos, vasculares, musculoesqueléticos e
neuronais (42). A dor pélvica crbnica € um sintoma frustrante para as pacientes com
endometriose e frequentemente é refrataria ao manejo hormonal e cirurgico.

Poucas hipdteses abordam a questdo de como as lesbes ectdpicas do endometrio ativam o
sistema nervoso. Um mecanismo provavel envolve a inervacgdo de lesGes por meio de germinacao
neuronal de fibras sensoriais e simpaticas que inervam vasos sanguineos proximos as lesdes (43).

Os nociceptores respondem a estimulos nocivos na periferia e sdo especialmente sensiveis
a fatores imunes e inflamatorios que séo prevalentes na endometriose (42). O liquido peritoneal
de mulheres com endometriose contém niveis elevados de TNF-q, interleucina (IL) -1, IL-6, IL-
8, IL-10 , proteina quimiotéactica de mondcitos-1 e prostaglandinas E2 e F, todos 0s quais
sensibilizam ou ativam diretamente os nociceptores ou desencadeiam a liberacdo de substancias
ativadoras das celulas adjacentes (44).

A ativacdo repetida ou prolongada de nociceptores resulta na reducdo do seu limiar de
ativacdo, um estado conhecido como sensibilizacdo periférica(45). Uma vez ativados, 0S
proprios nociceptores liberam citocinas que induzem vasodilatacdo, aumentam a permeabilidade
vascular local e recrutam e ativam células imunes, causando inflamacao neurogénica (46).

A ativacdo continua do nociceptor gera um bombardeamento aferente de informacdes
nociceptivas no corno dorsal da medula espinhal (47). Esse processo, por sua vez, induz
mudangas estruturais e funcionais em toda a medula espinhal, o que em ultima instancia, leva a
sensibilizacdo central e evoca respostas exageradas para os estimulos periféricos (Fig. 5) (17). A
sensibilizacdo central manifesta-se clinicamente como alodinia (dor para um estimulo nao-
nocivo), hiperalgesia (aumento da dor para um estimulo nocivo) e dor referida (dor percebida

fora da area de estimulagdo nociva) (42).
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Embora as terapias tradicionais atinjam as lesdes ectopicas ao endométrio, ndo ha um

tratamento dirigido para a sensibilizacao central.

Figura 5: Modelo fisiopatoldgico de dor na endometriose (1) Visédo laparoscépica de lesdo
infiltrada no ligamento Uterossacro. As fibras sensoriais (azul) e as simpaticas (verde) brotam de
ramos axonicos em direcdo a lesdo. (2) Sensibilizacao Central (asterisco vermelho), é modulada
de diferentes formas e pode tornar-se independente dos sinais periféricos. (3) Propagacdo da
sensibilizacdo para segmentos distantes da medula (linhas tracejadas vermelhas). (4) Nocicepgéo
aumentada se propaga para segmentos medulares distantes. (5) Vias aferentes (azuis) e eferentes
(verdes) com conexdes terminais no cerebro.

Fonte: Modificado de Stratton et al (48).

2.4 Marcadores de Sensibilizacao Central

Quando induzido por um estimulo nociceptivo intenso, a Sensibilizacdo Central pode ser
iniciada e sustentada por multiplos neurotransmissores e citocinas inflamatorias, incluindo TNFa,
BDNF, IL-1B e IL- 6 e S100B (4).
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Testes de dor psicofisica tém sido correlacionados com niveis de Brain Derived
Neurotrophic Factor BDNF e S100B em pacientes com fibromialgia, favorecendo a
possibilidade do uso de marcadores séricos para ampliar o entendimento clinico do balanco entre
a excitacdo e inibicdo na regulacdo da dor, que parece ser o0 terreno comum para

neuroplasticidade na dor crénica e Sindrome de Sensibilizagdo Central (49).

2.4.1 Brain Derived Neurotrophic Factor - BDNF

BDNF ¢ um membro da familia das neurotrofinas, € essencial para a sobrevivéncia
neuronal durante o desenvolvimento, ¢ amplamente expresso em todo SNC e contribui para a
plasticidade sinéptica. O efeito do BDNF é mediado por meio de sua ligacdo ao receptor B da
Tirosina Kinase e subsequente ativacdo de vias descendentes. A ligacdo BDNF-TrkB tem
demonstrado desempenhar um papel critico na plasticidade sinaptica subjacente ao aprendizado e
a memoria (49). Quando se liga ao seu receptor TrkB de alta afinidade, BDNF aumenta as
respostas evocadas nas fibras C mediadas pelos receptores NMDA e causa ativagdo de numerosas
vias do trato espinotaldamico (16).

Vias descendentes do tronco encefalico ligando a substéncia cinzenta periaquedutal, a
medula ventromedial rostral e a medula espinhal constituem o principal mecanismo de
modulacgéo da transmissdo da dor (50).

Estudos demonstram altos niveis de RNAmM de BDNF e proteinas na substancia cinzenta
periaquedutal, grandes quantidades de TrkB RNAmM em neurdnios da medula ventromedial rostral
e projecdes para o corno posterior espinhal. Em nivel espinhal, BDNF é distribuido nos neurdnios
sensoriais primarios no ganglio da raiz dorsal e esta envolvido na sensibilizacdo central no corno
dorsal da medula. Estudos in vitro demonstraram que o0 BDNF induz a fosforilagdo da subunidade
NR2A do receptor NMDA por meio de transducgdo de um sinal em cascata que envolve IP3, PKC
e tirosina kinase Src. A sinalizacdo de BDNF-TrkB no circuito supraespinhal representa um
mecanismo subjacente, previamente desconhecido, no desenvolvimento e manutencdo de

plasticidade e dor persistente (50, 51).



31

Terminal Aferente
Primario

GLUTAMATE

o 9\ = Trkb

O 20
e o @ s
AMPAR o ONMEAR g’)
®*“6-“ @ - (1]
3] o
i
B
f H”
) do G ‘@ Neurdnio pés
- _ sinaptico
] Sintese de protein: ]G

Figura 6. Modelo de potencializacdo da via glutamatérgicas. 1- BDNF na membrana
pos-sinaptica, ativa receptores TrkB e 2- desencadeia cascatas de sinalizagdo intracelular
3- Segundos mensageiros destas vias fosforilam os receptores NMDA e AMPA
modulando sua atividade. 4 - Receptores NMDA podem estar envolvidos na
potencializacdo do receptor AMPA induzida pelo BDNF. 5 e 6 - Segundos mensageiros
também regulam a sintese proteica. 7 e 8 - A ativacdo trkB pelo BDNF no nivel pré-
sinaptico leva @ modulagéo da liberagdo do neurotransmissor.

Fonte: Figura modificada de Merigui et al (51).

O aumento de BDNF inverte a polaridade das correntes de GABA em neurdnios do corno
dorsal (52). Deste modo, o sistema GABAérgico perde a capacidade de regulagcdo negativa da
expressao do transportador de Cl + cotransportador K + -Cl-exportador (KCC2) no corno dorsal
(53, 54). Assim, o acumulo intracelular de CI- limita o efeito inibitério GABAérgico nestes
nociceptores, promovendo assim a desinibicdo (11, 55) o que resulta numa resposta persistente e

amplificada as aferéncias nociceptivas (55, 56).
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Figura 7 - Modelo de modulacédo gabaérgicas mediado pelo BDNF no corno dorsal da medula.

1 e 2 - Receptores trkB no terminal gabaérgico de interneurdnios inibitorios (verde) suportam a
sua acdo moduladora pré-sindptica em terminais ndo peptidérgicos (azuis) e peptidérgicos
(vermelho). 3 - Ativacdo da microglia na dor patoldgica induz a liberacdo de BDNF que converte
a acdo do GABA, nos neur6nios da ldmina I, de inibitoria para excitatoria.

Fonte: Figura modificada de Merigui et al (51)

O grupo de pesquisa ao qual pertence essa pesquisa tem estudado o BDNF e sua relagéo
com dor cronica e aguda. Caumo et al (5) demonstraram que sindromes de dor crbnica
apresentam parametros de excitabilidade cortical diferentes. Quando avaliado pela inibicdo
intracortical curta (SICI), sindromes com auséncia de lesdo estrutural tiveram o SICI 56% menor
do que comparado a pacientes portadores de dor crénica com lesdo estrutural persistente, sendo
que os niveis de BDNF foram inversamente correlacionados a SICI. Esses dados sugerem maior
desinibicdo no cértex motor e do sistema inibitorio de dor descendente em pacientes com
auséncia de lesdo estrutural quando comparados a pacientes com leséo estrutural presente ou com
individuos saudaveis (5).

Embora a relacdo entre niveis de BDNF e dor seja um fendmeno complexo e 0s
mecanismos subjacentes continuem mal compreendidos, os niveis de BDNF podem ser Uteis para

distinguir diferentes patologias que cursam com dor cronica (6).
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2.4.2 S100B

No SNC, a proteina S100B é encontrada nos astrocitos e em outros tipos de células gliais,
como oligodendracitos, células de Schwann, células ependimarias, células gliais entéricas e em
outras subpopulacbes de neurbnios. Em tecidos ndo-neurais, esta proteina € amplamente
distribuida em tipos celulares como melandcitos, células de Langerhans, condrocitos, células
dendriticas em 0&rgdos linféides, medula adrenal, células de Leydig e células musculares
esqueléticas (56).

As células da glia, como parte da fisiopatologia da dor crénica e da sensibilizacdo central
destacam-se pela liberacdo de substancias pro-inflamatérias (57), tais como a citocinas (TNF-a e
IL 1B), neurotrofinas e S100B. (59, 60)

Muitas hipoteses tém sido formuladas a respeito do papel biolégico da proteina S100B
exerce nas celulas nas quais esta contidas, porém sua funcédo intracelular ndo foi completamente
elucidada. A proteina interage com citoesqueleto e parece desempenhar papel significativo na
proliferacdo, sobrevivéncia e diferenciacdo celular, além de participar na regulacdo da
homeostasia celular do calcio e regular a atividade de algumas enzimas. Funcionando como uma
proteina ligadora de calcio, a S100B intervém numa variedade de atividades intracelulares
interagindo com diferentes proteinas apds a sua modificacdo conformacional dependente de
calcio (57).

Originalmente, acreditava-se que a deteccdo de S100B em fluidos bioldgicos era
consequéncia de seu extravasamento de células lesionadas. Entretanto, a proteina S100B é
ativamente secretada por astrdcitos, possivelmente realizando alguma funcéo extracelular (61).

Evidéncias crescentes sugerem que a S100B secretada atua de forma autdcrina, paracrina
ou mesmo enddcrina, com efeitos dependentes da concentracdo. Possui funcdo trofica em
concentragdes que se acredita serem fisioldgicas, nanomolares, porém sdo toxicas em
concentragdes mais altas (micromolares). Em particular, foram relatadas concentracGes baixas
(nanomolares) de S100B capazes de promover a extensdo de neurites, a sobrevivéncia dos

neurdnios e participar na regulacdo do desenvolvimento e regeneracdo muscular. A proteina
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S100B extracelular desencadeia a sinalizagdo celular por meio da interagdo com o receptor
RAGE (Receptor Advanced Glycation End Product), que parece ndo ser um receptor exclusivo
de S100B. Portanto, concentragdes elevadas de S100B parecem participar na cascata de eventos
que conduzem a lesdo celular, enquanto que a sua secre¢do em baixas concentracdes tém efeito
trofico(57).

Em concentragdes mais elevadas a proteina S100B exacerba o processo de
neuroinflamacéo e disfuncdo neuronal, agindo em conjunto com citocinas pré-inflamatorias (62,
63), aumentando a expressdo de IL-1B e do TNF-a, os quais estdo envolvidos na progressao e

manutencdo do processo de sensibilizacdo central (64, 65).
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3. MARCO TEORICO

Observa-se que 0s mecanismos fisiopatogénicos da dor cronica e sua integracdo com o0
sistema neuroimunoenddcrino ainda sdo pouco compreendidos. A sindrome da sensibilizacdo
central estd presente em diferentes doengas que cursam com sintomas comuns como stress
psicoldgico, distarbios de sono, fadiga, dor e alodinia. Entretanto as doencas que evoluem com
sensibilizagdo central secundéria a dor cronica apresentam diferentes espectros, os quais podem
ser divididos em condicGes com lesdo estrutural presente como endometriose e osteoartrite ou

condicgdes sem lesdo persistente como cefaleia tensional e fibromialgia.

O presente estudo busca identificar marcadores especificos associados a diferentes
fisiopatologias presentes nas condi¢cdes de dor crénica. A medida que muitas das doencas que
cursam com dor cronica sdo de dificil compreensdo pelos pacientes, familiares e cuidadores, a
identificacdo de marcadores diagnosticos e de possivel prognéstico pode impactar em melhoria

global no atendimento a essas enfermidades.

Sindrome de Sensibilizacio Central

Dor Cronica com Dor Crénica com

- Osteoartrite lesiio estrutural lesiio estrutural - Fibromialgia
- Endometriose presente ausente - Cefaleia
Marcadores
- NGF
MICROGLIA
-IL-1/IL-6
- TNF-

- Substincia P

Figura 8: Marco Tedrico
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4. JUSTIFICATIVA

A dor é um dos sintomas de maior importancia na medicina e a busca constante do
entendimento de sua fisiopatologia deve ser incentivado. Diferentes patologias podem cursar com
dor cronica e apresentam mecanismos de desenvolvimento, perpetuacdo e amplificacdo da dor
diferentes. Sindrome de Sensibilizagdo Central est4 presente como parte da fisiopatologia da dor
em portadores de dor crénica com lesdo estrutural ausente, bem como com lesdo estrutural
presente. Marcadores de atividades do SNC estdo alterados em concentracGes séricas diferentes
de acordo com a patologia de base e isso sugere que processos diferentes de modulagdo neuronal
levam a sintomas semelhantes de amplificacdo da dor por meio da SSC.

O melhor entendimento dos mecanismos de sensibilizacdo central em grupos de
patologias semelhantes, com a presenca ou auséncia de lesdo estrutural, podem contribuir para
elucidar mecanismos subjacentes de patologias que envolvam a dor cronica, alem de abrir
precedentes para elaboracdo de novos tratamentos que envolvam aspectos neuromodulatorios.

Na busca de respostas, este estudo realizado deu origem um artigo que constitui essa

dissertacdo, intitulado de:

e Biomarkers BDNF and Serum S100B levels according the spectrum of structural

pathology in chronic pain patients.
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5. OBJETIVOS

5.1 Objetivo Geral

Descrever o perfil de marcadores periféricos de dor em pacientes portadores de dor crénica

com Sindrome de Sensibilizacdo Central, com e sem lesdo estrutural.

5.2 Objetivos Especificos

e Verificar a associagdo entre a proteina S100B em pacientes portadores de Dor Crénica
com Sensibilizacdo Central com e sem Les&o Estrutural

e Verificar a associagéo entre a neurotrofina BDNF em pacientes portadores de Dor
Crbnica com Sensibilizacdo Central com e sem Lesdo Estrutural

e Verificar a associacdo entre a proteina S100B e a Neurotrofina BDNF em controles
saudaveis e portadores de dor cronica.
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7.1 Biomarkers Serum S100B and BDNF levels vary according to the presence or
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Summary

Central sensitivity syndrome (CSS) consists of adaptive pathophysiological changes mediated by
the central nervous system associated with neuroplasticity in some chronic pain disorders. It
could be grouped in two main conceptual conditions: one includes those chronic pain patients
without overt structural pathology such as fibromyalgia and another subgroup includes conditions
with recognizable structural abnormalities, both somatic (osteoarthritis, OA) and visceral
(endometriosis). In order to understand the role of neuromodulators in CSS we aim to determine
whether BDNF and S100B are associated to specific chronic pain disorders. Serum BDNF and
S100B levels were measured in chronic pain women with different diagnosis: 88 with
osteoarthritis, 36 with endometriosis, 117 with fibromyalgia, 33 with chronic tension type
headache and in 41 health controls. BDNF and S100B levels were adjusted on an MANCOVA
model for depression severity, pain levels, age and use of analgesics. Serum BDNF concentration
were higher, but not different in patients with fibromyalgia and headache, the CSS group without
structural pathology. In contrast, the serum concentrations of S100B were higher in patients with
osteoarthritis, endometriosis and fibromyalgia, in comparison to controls and tensional headache
patients. This study supports the hypothesis that BDNF and S100B neuromodulators present
different serum levels according to the background disease associated to the chronic pain. They
have the potential to be studied as markers of active disease or treatment evolution, since their

measure requires only blood analysis.

Key words: brain-derived neurotrophic factor, S100B, central sensitization syndrome,

osteoarthritis, fiboromyalgia, tension headache, endometriosis, chronic pain.
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Introduction

Chronic pain represents one of the main causes of incapacity and suffering in adult life.
The term sensitivity is a clinical manifestation of sensitization, which is recognized by an
amplified response to various nociceptive, nonnociceptive and environmental stimuli. Central
sensitivity syndrome (CSS) consists of adaptive pathophysiological changes mediated by the
central nervous system associated with neuroplasticity in some chronic pain disorders (1). It
depicts an enlargement of the functions of the neurons and circuits of the nociceptive pathway
caused by increased excitability and synaptic efficacy, as well as the reduction of inhibition. CSS
Is a manifestation of somatosensory nervous system plasticity in response to an inflammatory
activity or neuronal injury. It includes symptoms as psychological distress, sleeping disorders,
fatigue, pain, allodynia (painful sensation to a normally non-painful stimulus, e.g. touch and
massage), hyperalgesia (excessive sensitivity to a normally painful stimulus, e.g. pressure),
expansion of the receptive field (pain beyond the area of peripheral nerve supply), prolonged
electrophysiological discharge, and an after-stimulus unpleasant quality of the pain [e.g. burning,
throbbing, tingling or numbness] (2)(1).

It is important to recognize subgroups in chronic pain patients. The CSS could be grouped
in two main conceptual conditions: one includes those without overt structural pathology, such as
fibromyalgia (FM), myofascial pain syndrome (MPS), and chronic tension type headache (CTT).
The other subgroup includes conditions with recognizable structural abnormalities, both somatic
(osteoarthritis, OA) and visceral (endometriosis) (3)(4). Identifying the chronic pain patients with
CSS helps to design the treatment, agrees to the prognostic and gets the patients and their
families be involved in the complex management of the  disorder.
An early CSS detection may reduce time and resources invested in misleading and stressful tests
(e.g., laparoscopy, imaging, nerve conduction studies), enabling efforts to be directed towards
safer and more effective interventions (egg, psychotherapy and, physical activity). To delineate
the profile of Central sensitization conditions, some objective testing can be done, including
functional magnetic resonance imaging and cerebral evoked potential recorded by
electroencephalography (5). Also, the physiology of CSS involves activation of several
neurotransmitters and neuromodulators acting along pain pathways, which could be used in a
more accessible manner
(blood sampling) to help the CSS identification (5).
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Brain derived neurotrophic factor (BDNF) is a remarkable marker and modulator of
neuronal activity and NMDA receptor dependent neuronal plasticity in both ascending and
descending pain transmission pathways (6). In animals, when neutralizing BDNF by anti-BDNF
antibody, or TrkB receptor, mechanical allodynia (7) and thermal hyperalgesia were relieved (8).
In humans, our group has demonstrated higher levels of BDNF in patients with fibromyalgia,
headache, and myofascial pain (3). Furthermore, serum BDNF levels were significantly
correlated with decreased inhibitory system as assessed by Conditioned pain modulation (9) and
with the reduction of pressure pain thresholds in fibromyalgia (10).

The S100B is a Ca® binding protein associated to the upregulation of other mediators
expression such as Interleukin 1-beta and Tumor Necrosis Factor and to the activation of the
Nuclear Factor Kappa-Light-chain-enhancer [NF-kB] in microglia and astrocytes (11). In animal
models, S100B was associated to hyperalgesia (12), and in humans with fibromyalgia, it was
associated to reduced pain thresholds in pressure pain testing (10). The diagnosis refinement and
the better understanding of molecular mechanisms are utmost important to strengthen the concept
of central sensitivity syndrome and its importance for appropriate physician education and patient
management.

Considering the common mechanisms shared by some diseases with peripheral and
central mechanisms associated to central sensitivity syndrome, it is reasonable to hypothesize that
BDNF and S100B serum levels may have different courses according to the disease associated to

chronic pain and central sensitization diagnosis.

Methods
Design Overview, Settings, and Participants

This is a cross-sectional study in which the final sample data was pooled from five
clinical trials from September 2012 to March 2013 at the Pain and Neuromodulation Research
Group of Hospital de Clinicas de Porto Alegre (HCPA). All of the trials had their respective
protocols approved by the HCPA Ethics Committee and the informed written consent was
obtained from all subjects. The studies involved women with chronic pain conditions such as
fibromyalgia (NCT02041455; NCT01804097), osteoarthritis (NCT01747070; NCT01855958),
endometriosis (NCT02161302) and chronic tension type headache (NCT01954277). The baseline
data from the samples of the five trials conducted in our institution were retrieved. Details of the
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inclusion of each study can be seen in Figure 1. All patients were recruited by directly contacting
them from the institutional chronic pain clinic or by referrals from other clinic units and media
advertisement. Patients who had failed to understand Brazilian Portuguese or who presented any
oncologic condition, uterine fibroids (myomas), ovarian cysts, inflammatory pelvic disease,
pregnancy, and kidney or hepatic insufficiency were excluded. Each clinical trial had strict
inclusion criteria and the diagnoses were confirmed by a doctor with more than 15 years of
experience in chronic pain management. The diagnosis was determined by the presence of
clinical complaints and physical examination, as well as current and past medication, medical and
psychiatric care. Within it were patients who had experienced pain both scored in the visual
analog scale (VAS) as > 40mm (i.e., moderate or severe pain - which was an inclusion criteria
shared by the clinical trials used) (13) and that lasted >3 months, associated with functional
disability. Functional disability was assessed using a structured questionnaire with dichotomous
questions (yes/no), inquiring whether the disease had troubled patients, in the last 3 months, with
(1) work; (2) enjoyable activities; (3) responsibilities at home; (4) relationships; (5) personal
goals; and (6) thinking clearly, problem solving, concentrating, or recall. For inclusion, patients
had to have at least one positive answer.
Trials details criteria are summarized as follow:
1. Diagnosis criteria for Osteoarthritis (OA): Confirmation of OA required by the clinical
and radiographic criteria of the American College of Rheumatology (14). Furthermore, in
OA, the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) was
also used because it is a valid, reliable, and responsive instrument commonly used to
assess pain and disability in studies of knee OA (15). The WOMAC is based on
symptoms in the preceding 48 hours for assessing pain, joint stiffness, and perceived
disability through 24 questions using Liker scales. The disability subscale is comprised of
17 items and assesses perceived physical function in different daily situations (e.g.,
getting in and out of a car). Patients with a disability score on the WOMAC > 21 were
included.
2. FM diagnosis adhered to the 2010 American College of Rheumatology criteria (16).
3. Endometriosis was confirmed by laparoscopy and, for its inclusion, it had to be associated
with pelvic pain and/or dyspareunia of moderate to severe intensity (pain level > 4 on the
VAS)(13) lasting >6 months.
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4. Chronic Tensional Type Headache (CTTH): the diagnosis was based on criteria from the
International Classification of Headache Disorders (17). The participants had to
experience headaches with the following characteristics for more than 180 days in the last
year: pain lasting hours to days or unremitting; bilateral, pressing or tightening (non-
pulsating) quality; mild or moderate intensity; and not aggravated by routine physical
activities. A headache treatment specialist confirmed the diagnosis.

5. Volunteers: Pain-free control volunteers were prospectively recruited. They were invited
from the community using media advertisement. They were asked to complete screening
questionnaires, and were excluded if they were experiencing any painful condition (either
acute or chronic); used analgesics or corticosteroids; had any rheumatologic, psychiatric,
or neurological disorder; had abused of alcohol or psychotropic substances during the 6
months previous to the screening; or used medications with known effects on the central
nervous system (CNS). After obtaining informed written consent, a structured interview
and respective serum tests were performed. All biological samples were collected at the
HCPA in agreement with institutional policies. None of the control volunteers underwent
physical examination. Although apparently healthy population, they might have
underlying disease, or asymptomatic tender points. The lack of pain symptoms or use of
analgesics or other drugs in the last 6 months, makes the presence of current disease
unlikely. None of the patients, neither the pain-free volunteers, received compensation
(monetary or of any other kind) for participating in the studies.

Serum Neuroplasticity Mediators’ Concentration

The BDNF and serum S100B serums were the dependent variables of interest. Biological
samples were collected early in the morning. All the material was obtained in plastic tubes and
centrifuged for 10 minutes at 4500 rpm at 4°C. The serum was frozen at —80°C until further
analyses. Serum mediator concentrations were determined by using BDNF (Chemi-
Con/Millipore, catalogue #CYT306, kit's lower detection limit = 7.8 pg/mL) and S100B
(Millipore, Missouri, USA, catalogue #EZHS100B-33 K, Kkit's lower detection limit = 2.7
pg./mL) enzyme-linked immunosorbent assay kits (ELISA), according to the manufacturers’

instructions.
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Potential Confounding Variables

All of the psychological tests used in these studies had been validated for the Brazilian
population and were applied by an experienced physiatrist in the administration of these tests.
The patients’ baseline depressive symptoms were assessed using the Hamilton Depression Rating
Scale (HDRS) (18). According to their Hamilton Depression Rating Scale score, patients’
depression symptoms were classified as mild if ranging from 11 to 17; and moderate to severe if
>18. OA patients’ depressive symptoms were evaluated using the Beck Depression Inventory
(BDI). BDI scores were classified as mild if <18 and as moderate to severe if >18. (19). The
number of doses used weekly within the last 3 months determined analgesic use. Demographic
data and medical comorbidities were surveyed using a standardized questionnaire from our

laboratory.

Statistical Analysis

Comparisons between continuous variables were performed using either ANOVA or
Kruskal- Wallis tests according to the variables’ distribution. To evaluate the supposition of
ANOVA model we proceed to the residual analysis. Level of significance for post hoc analyses
was adjusted for multiple comparisons by Bonferroni correction. Categorical variables were
compared using the square or Fisher exact test.

A MANCOVA model was used to adjust models for 2 dependend variables S100B and
BDNF levels. the relationship between the BDNF and S100 (dependent variables) according to
the spectrum of structural pathology present or absent. Covariates that could interfere in theses
results were included in the model: pain severity, age, degree of depressive symptoms and use of
psychotropic medications. The covariates were checked for their multicollinearity. The model
was adjusted to deal with heteroscedasticity through a the heteroscedasticity-consistent
covariance matrix (20). The alpha level was set at 0.05. The data were analyzed using SAS
Studio.

Results

A sample of 315 patients was allocated from six different studies conducted by the same

research group. 382 patients were excluded because they did not meet the inclusion criteria (VAS
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<40mm). According to their underlying pathologies, chronic pain patients were divided into two
groups considering the central sensitization syndrome with persistent somatic/visceral
nociceptive input (the presence of structural lesion) or its absence. Patients with osteoarthritis (n
= 88) and endometriosis (n = 36) were included in the group with structural pathology, and
patients with fibromyalgia (n=117) and tensional headache (n=33) were grouped as absent
structural lesion. For the non-patient comparison sample, 41 female volunteers were screened.

Final samples characteristics are presented in Table 1.

Insert FIG 1
Fig 1. CONSORT 2010 flow diagrams. The present cross-sectional study pooled baseline data
from six clinical trial runs at Hospital de Clinicas de Porto Alegre (HCPA), that recruited women

with fibromyalgia, osteoarthritis, endometriosis, and chronic tension type headache.

The groups classified with respect to age, body mass index, pain severity, depressive symptoms,
and use of pain medicatios (table 1). The differences in pain and in depressive symptoms were
expected in the non-patient comparison sample because they were requirements for their
inclusion. The distribution of the neuroplasticity mediators varied significantly across the

presence or absence of structural pathology (fig 2).

Insert Table 1

Table 1. Sample Characteristics

Insert FIG 2
Fig 2. Serum neuroplasticity mediator concentration according to the presence or absence of

structural lesion

Table 2 and Fig 3 shows the neuromodulators values controlling to confounding factors as
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degree of pain, depression or analgesic consumption. BDNF serum concentration was higher and
not different in patients with fibromyalgia and headache, the CSS group without structural
pathology. In contrast, the concentrations of S100B were higher in patients with osteoarthritis,
endometriosis and fibromyalgia in comparison to controls and tensional headache patients.

Insert Table 2

Table 2 — Serum Neuroplasticity Mediator’s Concentration

Insert FIG 3

Fig 3. Serum neuroplasticity mediator concentration. Differences were tested using MANCOVA
adjusted to covariates: moderate/severe depression, age, pain scale, and use of pain medication.

The groups sharing a letter are not significantly different.

DISCUSSION

This study supports the hypothesis that BDNF and S100B neuromodulators present
different serum levels according to the background disease associated to the chronic pain.
Our main find is the confirmation of the increase BDNF in patients with CSS without structural
pathology, as in fiboromyalgia and chronic tension headaches. In these groups, the BDNF serum
level - controlled to other factors such as depression, age, pain levels, and the use analgesics -
was significantly greater than in women that are healthy or affected by diseases with the presence
of structural pathology, namely with persistent nociceptive stimulus.

Both fibromyalgia and chronic tension headache share common sensitization mechanisms
as amplification of afferent signals and inadequate descendent inhibitory control (22) associated
to a psychological chronic stress. In CTTH it has been demonstrated that continuous nociceptive
input from pericranial myofascial tissues may induce supraspinal sensitization and thereby the
chronification of headaches (23). The psychological stress condition may cause a prolonged
increase of muscle tone via the limbic system and at the same time potentiate pain facilitation

from the brain stem to the spinal dorsal horn (24).
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In fibromyalgia there is also a scarce evidence of structural pathology, that is, a non-
nociceptive component related to the phenomenon of central sensitization. It is considered a
disorder of the nociceptive processing with immunity system deregulation and inflammation (25).
In addition, affective changes and mood disorders are typically observed in both diseases. BDNF
orchestrates mechanisms of neuronal plasticity and survival, holding the capacity to sensitize
peripheral nociceptors and increasing excitability of second order neurons (in the dorsal horn).
Furthermore, BDNF levels alter the descending nociceptive inhibition towards nociceptive
facilitation in the brain. It is also an important facilitator of long-term potentiation (LTP),
especially in regions involved in learning and memory, which may be related to the generation
of pain memories in chronic pain patients (26). Giving this multiplicity of actions, our results
corroborate that pain associated to central sensitivity and related to central nervous dysfunction
has a biological substrate. This study confirms the previous study of our group that observed
increased levels of BDNF and TNF alpha in patients with CSS without structural pathology,
represented by fibromyalgia and myofascial pain (3). In addition, our group demonstrated that the
BDNF serum may be involved in the processes that mediate the disinhibition of motor cortex
excitability, along with the function of the descending inhibitory pain modulation system,
independently of the physiopathology mechanism of musculoskeletal pain syndromes (9). In
patients with CTTH BDNF levels changed after pain modulation provided by eletroacupuncture

analgesia versus sham stimulation (27).

These findings are important in narrowing the gap between the patient's perception of
their illness and their  health care professional. Patients with ‘unexplained’ chronic
musculoskeletal pain who are misinformed about pain, have low adherence for active treatments
(28). The objective serum biological marker could help reconceptualise pain before initiating the
treatment. Also, this approach can prevent the patient from suffering about the scientific
background of their pain. The early CSS diagnosis can help reduce the staff and resources
invested in misleading and stressful tests (e.g., laparoscopy, imaging, nerve conduction studies),
enabling efforts to be directed toward safer and effective interventions (e.g., psychotherapy,
physical activity) (3).

Distinctively, while the BDNF was predominantly higher in chronic pain patients without
structural pathology, the S100B levels were predominantly elevated in patients with CSS with

structural pathology, represented by OA and endometriosis. However we have found the same
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elevation in fibromyalgia, but in lower levels than in OA. Osteoarthritis carries a strong
nociceptive joint component associated to central sensitization in advanced stages. This central
sensitization was demonstrated in a cross-sectional study on women with OA in which the
change in cortical plasticity was associated with less intracortical inhibition (29). Several key
mediators are particularly involved in the generation and maintenance of OA pain, such as NGF,
that binds to the TrkA receptor, and cytokines (30).

Glia is thought to be involved in the propagation and modulation of acute and chronic
painful stimuli, as well as in the neurotransmission and plastic changes. S100B protein is released
from the glia after neuronal damage, for instance, after a head injury [12] or cardiopulmonary
bypass. In an animal model it was observed a significant increase in S100B expression after
pulpar tooth injury (31). Furthermore, in a recent study with patients submitted to bilateral total
knee arthroplasty, liquoric S100B decreased significantly 1 week after the operation, compared to
the basal value (638 £ 178 vs. 509 = 167pg/m, p=0.019) (32). A decrease in S100B could be
associated with a potent postoperative analgesic strategy to maintain numeric rating pain
scores<4.

Patients with endometriosis also have shown elevated basal levels of S100B in our
sample. Endometrial lesions give rise to different types of pain, including visceral and myofascial
nociception. Visceral nociception and peripheral sensitization are secondary to the direct
innervation of endometrial injuries, but over time, central sensitization creates a process for pain
sustention that is independent of the initial pathology. Besides, the viscerosomatic convergence
provides the means for pain referral to somatic structures and induces the muscle spasm reflex
and the eventual formation of myofascial trigger points too. These trigger points, in turn, may
serve as an extra source of nociceptive input, becoming a key component of chronic pelvic pain
(33). As far we know, this is the first exploratory study that has shown increased S100B levels in
women with moderate to severe chronic pelvic pain. Giving the complex pain physiopathology
associated to endometriosis, it is reasonable to consider S100b as promising biomarker.

Limitations

This study has some limitations. First, neuroplasticity mediators are not specifically for
CSS. They have demonstrated association in different scenarios other than pain-like mood or
psychiatric disorders, inflammation, trauma, and even physical exercises (34). BDNF and S100B
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could also be influenced by both pain severity and depression symptoms. These two factors
differed between our samples and to address the potential confounding effect, we included them
as covariates in our analysis. Second, the division of CSS in absence or presence of structural
pathology may be suboptimal. Granted the complexity of each syndrome, and the presence of
multiple mechanisms that could contribute to the final perception of pain, an approach to design
the signature of each disease could be considered. Third, our sample is strictly made of females
and the results related to BDNF could not be extrapolated to males. In a experimental acute pain
model in volunteers, it was demonstrated that gender interferes in BDNF levels (35). Finally the
study's cross-sectional nature allows associations and not any causality inference, which requires

future investigations.

Conclusion

The present finding has presented increased BDNF levels in chronic pain patients with
CSS in the absence of tissue injury. Otherwise, S100B had predominantly increased levels in
chronic pain patients with tissue injury. Taking in consideration the overlapping symptoms and
pathophysiological findings in some conditions, these biomarkers could be used individually as
an objective profile validation of the CSS. Also, they have the potential to be studied as markers
of either the active disease or treatment evolution, since their measurement requires only blood

analysis.
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Fig 1: CONSORT 2010 flow diagrams. The present cross-sectional study pooled baseline data
from six clinical trials run at Hospital de Clinicas de Porto Alegre (HCPA), that recruited women
with fibromyalgia, osteoarthritis, endometriosis and chronic tension type headache.
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Fig 2 Serum neuroplasticity mediators concentration according the presence or absence of

structural lesion
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Fig 3 Serum neuroplasticity mediators concentration. Differences were tested using MANCOVA
adjusted to covariants: moderate/severe depression, age, pain scale and use of pain medication.
The groups sharing a letter are not significantly different.
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Table 1. Sample Characteristics

Healthy Tension

Controls  Osteoarthritis Endometriosis Fibromyalgia Headache P
Characteristics

(n=41) (n=288) (n=36) (n=117) (n=33)
Age (years) 30.78 (10.5) 64.55(7.86)  37.22 (5.91) 49.34 (8.7)  39.97 (10.2) 0.00
Body mass index (kg / m2) 23.18 (2.96) 29.33(4.60)  25.12 (5.75) 26.2 (5.49) 24.80(3.27) 0.00
Years of study 10.34 (6.94) 8.6 (4.79) 10.88 (2.80)  10.54 (4.18) 14,12 (3.60) 0.00
Smoking (yes / no) - 3/85 6/30 15/102 1/40 0.01
Alcohol Consumption (yes / no) - 17/71 7129 23/94 15/26 0.00
Psychopharmaceuticals (yes / no) - 38/50 7129 78/39 9/24 0.00
Depessve sz\‘)srtg)ms (Absent- i 17/71 14/22 79/38 033 0.00
Chronic Disease (yes / no) - 72/16 13/23 45/72 7/26 0.00
(S)gi”;g’) Arterial Hypertension i 53/35 3/33 20/88 231 0.00
;Ar::g)te Myocardial Infarction (yes 4/84 0/36 1/116 0/33 0.13
Diabetes Melito (yes / no) - 15/73 0/36 3/114 0/33 0.00
Asthma (yes / no) - 9/79 2/34 5/112 2/31 0.18
Thyroid Diseases (yes / no) - 21/67 3/33 1/116 3/30 0.00
VAVQZ‘LQ(ES';: gg’;z;"gpg%ggeoses / - 42/46 13/23 98/19 14/19 0.0
Pain in EAV 0.0 5.54 (2.40) ?? 6.95 (1.76) 6.24 (1.49) 0.00
Painkiller 0.0 5.80 (6.50) 2.78 (2.58)  14.50(12.06) 5,64 (5,21) 0.00
Sleep Quality 437 (3.54) 19.33(11.64) 17.2(7.00) 16.98 (8.09) 17,42(7,04) 0.00

Data are presented as mean (standard deviation). Abbreviations: Not Rated (NR)
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Table 2 — Serum Neuroplasticity Mediator’s Concentration

Neuroplasticity Pain-free controls Ostheoartrite Endometriose  Fibromialgia Headache P*
Mediators (n=17) (n=86) (n=36) (n=79) (n=33)
BDNF levels 23,17 (8,85)" 25.17 (10,4)° 24,03 (8,41)° 38,92(19,8)* 37,54(17,3)* 0.00
(pg/mL)
S100B levels 11,23 (8,27)° 23,99 (11,06)° 20,27 (10,07)*° 19,40 (9,71)° 14,82(4,63)* 0.01
pg/mL)

Differences were tested using MANCOVA adjusted to covariants: moderate/severe depression,
age, pain scale and use of pain medication. The groups sharing a letter are not significantly

different.
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8. CONSIDERAGCOES FINAIS

8.1 Conclusdo

Dor é um dos sintomas médicos de maior importancia e seu processo cronificacdo deve
ser e compreendido. O complexo processo pro-inflamatério de sinalizagdo central contribui de
forma significativa para a ampliacdo e manutencdo de niveis elevados de dor, e 0 estudo de seus
marcadores e processos biologicos tornam-se um alvo importante. A dor cronica e 0s sistemas
imunoldgicos se autorregulam e esse mecanismos e marcadores ndo sdo completamente
conhecidos.

O presente estudo foca no estudo da fisiopatologia da dor e assim como outros trabalhos,
pertencentes a0 mesmo grupo de pesquisadores, estd envolvido no mecanismo do estudo da
neuroplasticidade, com énfase em dor. Os dados do nosso estudo demonstraram associagao entre
os niveis de BDNF e S100B em patologias de componente somatico/visceral em um padrdo de
associacdo inverso, considerando-se a presenca ou auséncia de lesdo estrutural somatica/visceral.

Esses resultados apresentados podem além de virem a contribuir para a melhor
compreensdo dos mecanismos subjacentes de patologias que envolvam dor crbnica, abrir
precedentes para elaboracéo de novos tratamentos e métodos diagndsticos que envolvam aspectos

patolégicos de neuroplasticidade.

8.2 Perspectivas

Nos ultimos anos muito se descobriu a cerca da fisiopatologia da dor aguda, bem como da
dor crbnica. O manejo terapéutico dos diferentes grupos fisiopatoldgicos de dor também
apresentou grande avanco na ciéncia, porém ainda ndo se dispGe de um mecanismo diagndstico
eficaz e precoce da SCC, seja por meio de marcadores séricos ou outros exames complementares,
diagnostico da SCC vem a ser essencialmente clinico.

Esse presente estudo faz parte de uma linha de pesquisa desenvolvida no laboratério de
dor e neuromodulacdo do Hospital de Clinicas de Porto Alegre — HCPA, o qual é voltado ao
estudo da plasticidade neuronal adaptativa de doencas que cursam com dor crénica. Como parte

da evolugéo dessa mesma linha de pesquisa vamos sugerir o estudo com novos marcadores como
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, por exemplo, o Nerve Gronw Factor — NGF o qual também apresenta bastante relacdo com
sindromes de dor cronica.

Essa dissertacdo corrobora para o desenvolvimento da linha de pesquisa que estuda
processos de neuromodulacgéo, os resultados obtidos poderdo ajudar em pesquisas futuras usando
estratégias metodoldgicas em que se pode inferir causalidade, tendo em vista este ter sido um

estudo transversal.
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9.1 STROBE Statement—Checklist of items that should be included in reports of
observational studies

Item
No

Recommendation

Please insert check
where included or N/A
where not applicable

Title and abstract

(a) Indicate the study’s design with a commonly used
term in the title or the abstract

41-2

(b) Provide in the abstract an informative and balanced
summary of what was done and what was found

42

Introduction

Background/rationale

Explain the scientific background and rationale for the
investigation being reported

43-4

Obijectives

State specific objectives, including any prespecified
hypotheses

44

Methods

Study design

Present key elements of study design early in the paper

44

Setting

Describe the setting, locations, and relevant dates,
including periods of recruitment, treatment, follow-up,
and data collection

45-6

Participants

Participants

13*

(a) Cohort study—Give the eligibility criteria, and the
sources and methods of selection of participants.
Describe methods of follow-up

Case-control study—Give the eligibility criteria, and the
sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and
controls

Cross-sectional study—Give the eligibility criteria, and
the sources and methods of selection of participants

45-6

(b) Cohort study—For matched studies, give matching
criteria and number of treated and untreated
Case-control study—For matched studies, give matching
criteria and the number of controls per case

(a) Report numbers of individuals at each stage of study—
eg numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing
follow-up, and analysed

N/A

45-6

(b) Give reasons for non-participation at each stage

48

Descriptive data

14*

(a) Give characteristics of study participants (eg
demographic, clinical, social) and information on other
treatments and potential confounders

48

(b) Indicate number of participants with missing data for
each variable of interest

48

(c) Cohort study—Summarise follow-up time (eg, average
and total amount)

48

Variables

Clearly define all outcomes, treatments, predictors,

48



potential confounders, and effect modifiers. Give diagnostic
criteria, if applicable

67

Data sources/ 8* For each variable of interest, give sources of data and
measurement details of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than
one group
Bias 9 Describe any efforts to address potential sources of bias N/A
Study size 10 Explain how the study size was arrived at 44-45
Quantitative 11 Explain how quantitative variables were handled in the 47
variables analyses. If applicable, describe which groupings were
chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to 47
control for confounding
(b) Describe any methods used to examine subgroups and 46
interactions
(c) Explain how missing data were addressed N/A
(d) Cohort study—If applicable, explain how loss to follow- 44
up was addressed
Case-control study—If applicable, explain how matching of
cases and controls was addressed
Cross-sectional study—If applicable, describe analytical
methods taking account of sampling strategy
(e) Describe any sensitivity analyses N/A

*Give information separately for cases and controls.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background
and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article
(freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at http://www.strobe-statement.org.
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