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RESUMO

QUANTIFICACAO DE BIOMARCADORES EM PACIENTES
COM FIBROMIALGIA SUBMETIDOS A TERAPIA COM ACUPUNTURA

AUTORA: Elizandra Leal Steffen
ORIENTADOR: Dr. José Edson Paz da Silva
CO-ORIENTADORA: Dra. Micheli Mainardi Pillat

A fibromialgia (FM) € uma sindrome caracterizada por dor crénica, difusa e sintomas
sistémicos. Sua etiologia e patogénese ainda nédo estdao completamente elucidadas.
A terapia empregada na FM consiste preponderantemente na utilizacdo de
medicamentos (analgésicos, anti-inflamatdrios, antidepressivos e relaxantes
musculares), no entanto, terapias, ndo-farmacolégicas, como a acupuntura vem se
destacando no tratamento desta sindrome pelo fato de proporcionar alivio da dor e
maior bem-estar fisico aos pacientes. A presente pesquisa teve por objetivo quantificar
e avaliar os niveis de biomarcadores laboratoriais, destacando-se algumas citocinas
pré- e anti-inflamatérias em pacientes com FM submetidos a acupuntura. Um total de
40 pacientes do sexo feminino entre 20 e 60 anos, com diagnéstico de FM segundo
os critérios da American College of Rheumatology, foram randomizadas em dois
grupos: Acupuntura - A (n= 20), o qual recebeu acupuntura real e Sham — S (n=20), o
qual recebeu acupuntura placebo. As interven¢des ocorreram uma vez por semana,
durante quatro semanas consecutivas, com duracao de 30 minutos cada. As pacientes
foram submetidas a duas coletas sanguineas: uma antes da primeira sessao de A ou
S e, outra, apdés a quarta e Ultima sessdo das intervencdes. Um terceiro grupo
(controle - C), composto por 16 mulheres saudaveis, foi submetido & uma Unica coleta
sanguinea, sem intervencdo alguma. Os resultados obtidos através do hemograma
completo, colesterol total, triglicerideos, &cido Urico, creatinina, proteina C reativa,
creatinoquinase, interleucina-2, interleucina-4, interleucina-6, interleucina-10, fator de
necrose tumoral-a (TNF-a), interferon-gama (IFN-y) e interleucina-17A foram
analisados no software IBM SPSS Versdo 25, admitindo-se significancia de 5%.
Valores significativamente aumentados na amplitude de distribuicdo dos glébulos
vermelhos, &cido urico, proteina C reativa e triglicerideos foram detectados nas
pacientes com FM (A e S) em relacdo ao controle, antes das intervencées com
acupuntura. Houve uma diferenca significativa na contagem de plaquetas do grupo A
em relacdo ao grupo S, antes das intervencbes, porém, apés 4 semanas de
acupuntura, ambos os grupos nao apresentaram diferenca significativa na contagem
de plaquetas. Entre as citocinas dosadas, as pacientes fibromialgicas apresentaram
niveis séricos reduzidos de TNF-a e niveis séricos aumentados de IFN-y em
comparacao ao controle, antes das intervencdes. Observou-se que pacientes com FM
apresentam alguns resultados bioquimicos, hematolégicos e imunoldgicos alterados
em relag@o ao controle. No entanto, a acupuntura ndo alterou os niveis de citocinas
significativamente.

Palavras-chave: Fibromialgia. Acupuntura. Biomarcadores. Inflamagé&o. Citocinas.



ABSTRACT

STUDIES INVOLVING LABORATORY MARKERS IN PATIENTS WITH
FIBROMYALGIA UNDERGOING ACUPUNCTURE THERAPY

AUTHOR: Elizandra Leal Steffen
ADVISOR: Dr. José Edson Paz da Silva
CO- ADVISOR: Dra. Micheli Mainard Pillat

Fibromyalgia (FM) is a syndrome characterized by chronic, diffuse pain and systemic
symptoms. Its etiology and pathogenesis are still not completely understood. The
therapy used in FM mainly consists of the use of medications (analgesics, anti-
inflammatories, antidepressants and muscle relaxants), however, non-
pharmacological therapies, such as acupuncture, have stood out in the treatment of
this syndrome because it provides pain relief and greater physical well-being for
patients. The present research aimed to quantify and evaluate the levels of laboratory
biomarkers, highlighting some pro- and anti-inflammatory cytokines in patients with FM
undergoing acupuncture. A total of 40 female patients between 20 and 60 years old,
diagnosed with FM according to the criteria of the American College of Rheumatology,
were randomized into two groups: Acupuncture - A (n = 20), which received real
acupuncture and Sham - Y (n = 20), who received placebo acupuncture. The
interventions took place once a week, for four consecutive weeks, lasting 30 minutes
each. The patients underwent two blood samples: one before the first session of A or
S and another after the fourth and last session of interventions. A third group (control
- C), composed of 16 healthy women, was submitted to a single blood collection,
without any intervention. The results obtained through the complete blood count, total
cholesterol, triglycerides, uric acid, creatinine, C-reactive protein, creatinokinase,
interleukin-2, interleukin-4, interleukin-6, interleukin-10, tumor necrosis factor-a (TNF-
a ), interferon-gamma (IFN-y) and interleukin-17A were analyzed using IBM SPSS
Version 25 software, assuming a significance of 5%. Significantly increased values in
the distribution range of red blood cells, uric acid, C-reactive protein and triglycerides
were detected in patients with FM (A and S) in relation to control, before acupuncture
interventions. There was a significant difference in the platelet count of group A
compared to group S, before the interventions, however, after 4 weeks of acupuncture,
both groups did not show significant difference in the platelet count. Among the dosed
cytokines, fibromyalgia patients had reduced serum levels of TNF-a and increased
serum levels of IFN-y compared to control, before interventions. It was observed that
patients with FM have some altered biochemical, hematological and immunological
results in relation to the control. However, acupuncture did not change cytokine levels
significantly .

Keywords: Fibromyalgia. Acupuncture. Biomarkers. Inflammation. Cytokines.
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1 APRESENTACAO

As sec¢Bes Material e Métodos e Resultados encontram-se no Manuscrito |. Os
itens Discussédo e Conclusdo encontram-se no final da tese e apresentam comentarios
gerais sobre os manuscritos I, Il e lll, contidos neste trabalho. As Referéncias, referem-
se somente as citacdes que aparecem nos itens Introducdo, Revisdo Bibliografica e
Discussao desta tese, uma vez que as referéncias utilizadas para a elaboracdo dos
manuscritos (I e Il) e do artigo cientifico (lll) estdo mencionadas nos mesmos. O
manuscrito | foi submetido para a Brazilian Journal of Medical and Biological
Research, o manuscrito Il foi submetido para a Immunology Letter; e o artigo Il foi

publicado na Annals of Clinical Immunology and Microbiology.



2 INTRODUCAO

A Fibromialgia (FM) é uma condi¢cdo reuméatica que acomete cerca de 2% da
populacao e que afeta principalmente mulheres (ELMAS et al., 2016). A Sindrome da
Fibromialgia (SFM) é caracterizada por dor musculoesquelética difusa e crénica. Além
da dor, varios outros sintomas compreendem o quadro clinico de FM, entre eles,
estresse, fadiga, distarbios do sono, distarbios cognitivos, parestesias de
extremidades, rigidez matinal e alteracdes psicologicas, como depressao e ansiedade
(ELMAS et al., 2016; FEIBERG et al., 2017).

A complexidade e quantidade de sintomas da FM, demonstrados pelos
pacientes, sugerem uma etiologia multifatorial para esta condicdo. Alteracdes
genéticas, cognitivas comportamentais, neuroendocrinas e imunolégicas parecem
interagir, resultando na génese e evolu¢do do quadro clinico da FM (FERNANDES;
MARECO; JALECO, 2012; ERNERG et al., 2018).

Por sua vez, o envolvimento do sistema imunolégico na SFM vem sendo alvo
de estudos constantemente. Um disturbio no perfil de citocinas pro- e anti-
inflamatorias tem sido apontado como uma possivel causa da doenca, mediante 0s
sinais clinicos de dor exorbitante apresentados pelos pacientes (FERNANDES;
MARECO; JALECO, 2012; ERNBERG et al., 2018). Embora, em alguns casos, 0s
achados, sejam contraditorios e inconclusivos, a maioria deles apoia a participacao
da resposta imune no inicio e na perpetuacdo dos sintomas mostrados pelos
pacientes com FM (FERNANDES; MARECO; JALECO, 2012).

A heterogeneidade de sintomas apresentada pelos fibromiélgicos somada a
inexisténcia de um achado fisico ou teste de laboratério especifico para a FM dificulta
o diagnostico desta condigdo (ELMAS et al., 2016). Desta forma, o diagnostico de FM
continua sendo exclusivamente clinico, com base no histérico (sintomas) e exame
clinico (deteccdo dos pontos dolorosos) do paciente (FERNANDES; MARECO;
JALECO, 2012; ERNBERG et al., 2018). No entanto, varios testes sanguineos sao
recomendados na triagem de pacientes com suspeita de FM para excluir diagndsticos
alternativos, mas ainda ndo esta claro se estes, efetivamente contribuem para o
processo diagnoéstico da sindrome (ELMAS et al., 2016; LESUIS et al., 2016).

Por sua vez, o tratamento ideal da FM requer uma abordagem multidisciplinar
com a combinacdo de modalidades farmacoldgicas e nado-farmacolégicas, pois a

terapia medicamentosa (antidepressivos, relaxantes musculares, analgésicos, anti-
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inflamatorios ndo esteroidais, etc.) de forma isolada ndo promove a remissdo completa
dos sintomas (HEYMANN et al., 2010; STIVAL et al., 2014; HAUSER et al., 2017;
ERNBERG et al., 2018). A acupuntura, modalidade de terapia hdo medicamentosa,
produz efeitos neurobioldgicos que interferem sobre 0s neurotransmissores
relacionados a dor cronica e depressdo e tem proporcionado alivio da dor em
individuos com FM. (MARTINEZ; MACIAS, 2012; STIVAL et al., 2014).

Diante deste contexto, a presente pesquisa justifica-se pela busca por
evidéncias que conduzam a um maior entendimento acerca do comportamento de
biomarcadores, destacadamente as citocinas, em individuos com FM, tanto antes

guanto apds receberem acupuntura.



3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar o comportamento de biomarcadores laboratoriais, destacando-se
algumas citocinas pro- e anti-inflamatérias em pacientes com FM antes e apés 4

semanas de terapia com acupuntura.

3.2 OBJETIVOS ESPECIFICOS

* Quantificar e comparar paradmetros hematologicos (hemograma completo),
bioguimicos (colesterol total, triglicerideos, &cido Urico, creatinina e creatina quinase)
e inflamatorios (proteina C reativa e citocinas pro- e anti-inflamatorias: interleucina-2,
interleucina-4, interleucina-6, interleucina-10, fator de necrose tumoral-alfa, interferon-
gama e interleucina 17-A) de pacientes com FM (grupos A e S) com um grupo controle;

* Analisar os resultados dos parametros hematoldgicos (hemograma completo),
bioquimicos (colesterol total, triglicerideos, acido urico, creatinina e creatina quinase)
e inflamatorios (proteina C reativa e citocinas pro- e anti-inflamatérias: interleucina -2,
interleucina-4, interleucina-6, interleucina-10, fator de necrose tumoral-alfa, interferon-
gama e interleucina 17-A) intragrupos A e S, respectivamente, antes e apos 4
semanas de intervencao;

» Verificar o comportamento dos parametros hematolégicos (hemograma
completo), bioquimicos (colesterol total, triglicerideos, acido Urico, creatinina e
creatina quinase) e inflamatorios (proteina C reativa e citocinas pro- e anti-
inflamatorias: interleucina -2, interleucina-4, interleucina-6, interleucina-10, fator de
necrose tumoral-alfa, interferon-gama e interleucina 17-A), apés 4 semanas de

intervencao, nos grupos A x S.



4 REVISAO BIBLIOGRAFICA

4.1 FIBROMIALGIA

A FM é uma sindrome de dor reumatica cronica, ndo articular, caracterizada
por mialgias generalizadas e aumento da sensibilidade a palpacdo de diferentes
pontos do corpo. Trata-se de um estado de saude complexo e heterogéneo no qual
ocorre um distarbio no processamento da dor caracterizado por alodinia (resposta
dolorosa a um estimulo normalmente indcuo) e hiperalgesia (reacdo extremamente
dolorosa a um estimulo geralmente doloroso) associado a outras caracteristicas
secundéarias (HEYMANN et al.,, 2010; FERNANDES; MARECO; JALECO, 2012;
FEINBERG et al., 2017; HAUSER et al., 2017).

Esta sindrome é tipicamente acompanhada de rigidez matinal, sensibilidade a
ruido alto, luz forte e temperaturas extremas (FEINBERG et al., 2017). Além disso,
sintomas como depressédo, ansiedade, enxaqueca, cefaleia tensional, problemas
digestivos (sindrome do intestino irritAvel, refluxo gastrico), bexiga irritavel ou
hiperativa, dor pélvica e disfuncdo temporomandibular costumam estar associados a
FM, podendo variar em intensidade no mesmo individuo e ser agravado pelo estresse
(AMERICAN COLLEGE OF RHEUMATOLOGY, 2018).

4.1.1 Epidemiologia da FM

A FM é a segunda enfermidade reumatica mais frequente em todo o mundo,
afetando aproximadamente 2% da populacdo (MARTINEZ; MACIAS, 2012; HAUSER
et al., 2017). Uma revisdo acerca desta enfermidade relatou a prevaléncia média
global de 3,1 % nas Américas, 2,5% na Europa e 1,7% na Asia (HAUSER et al., 2017).
A FM afeta ambos os sexos e pessoas de todas as idades, no entanto 80 a 90% séo
mulheres de meia-idade. Ainda, membros da familia de pacientes com FM tem um
maior risco de ter esta sindrome (HAUSER et al., 2017).

No Brasil, a FM acomete cerca de 3% da populagcdo, mais frequentemente
mulheres entre 30 e 55 anos, porém, nao se restringe a este sexo ou faixa etaria
(SOCIEDADE BRASILEIRA DE REUMATOLOGIA, 2018). Em um estudo realizado
em Montes Claros, MG, por exemplo, a FM foi a segunda doenc¢a reumatologica mais

frequente e observou-se prevaléncia de 2,5% na populagdo, sendo a maioria do
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género feminino, das quais 40,8% encontravam-se entre 35 e 44 anos (HEYMANN et
al., 2010).

4.1.2 Etiologia e patogénese da FM

Apesar da FM ser uma sindrome bastante antiga foi na década de 70 com os
avancos da investigacao clinica e laboratorial que o conceito atual desta sindrome
comegou a se estruturar, desde entéo, vem sendo mais profundamente estudada nas
Gltimas trés décadas (HEYMANN et al., 2010; MARTINEZ; MACIAS, 2012). Todavia,
ainda ndo se alcancou um consenso unanime entre clinicos e pesquisadores sobre a
etiologia e patogénese da FM até os dias de hoje (FERNANDES; MARECO; JALECO,
2012; HAUSER et al., 2017).

Sao varias as especulacdes exploradas para compreender os mecanismos
fisiopatoldgicos que desencadeiam a FM, dentre elas: a funcdo do eixo hipotalamo-
pituitario-adrenal; anomalias na funcéo do processamento sensorial; fatores de perfil
psicolégico e de comportamento; alteracbes do sono e musculares e mais
recentemente fatores genéticos (genes do transportador de serotonina 5, catecol-O-
metiltransferase e o receptor D4 de dopamina) (MARTINEZ; MACIAS, 2012;
ERNBERG et al., 2018).

4.1.3 Diagno6stico da FM

Embora a FM esteja associada com varios sintomas, ainda ndo ha um achado
especifico ou teste laboratorial diagndstico para esta sindrome. Assim, o exame fisico
e testes laboratoriais sdo muito uteis na descoberta da FM (ELMAS et al., 2016).

O diagndstico clinico da FM é guiado pelos critérios estipulados pelo Colegiado
Americano de Reumatologia, tais como:

» Dor cronica e difusa verificada em pelo menos 11 dos 18 pontos dolorosos
pré-definidos nos quatro quadrantes corporais (Figura 1), durante a semana
antecedente ao exame, mais o nivel de gravidade dos seguintes sintomas fisicos:
fadiga, problemas cognitivos (memdria/raciocinio), problemas com sono, dentre
outros.

» Duracao dos sintomas por pelo menos 3 meses ou nivel semelhante;
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* Nenhum outro problema de saude que poderia explicar a dor e demais
sintomas (HEYMANN et al., 2010; AMERICAN COLLEGE OF RHEUMATOLOGY,
2015; FERNANDES; MARECO; JALECO, 2012).

Figura 1 — Pontos sensiveis na fibromialgia

1. Insercdes do musculo suboccipital. 2. Espacos intertransversais C5-C7. 3. Ponto médio da borda
superior do musculo trapézio. 4. Insercdo do musculo supraespinhal acima da borda medial da espinha
escapular. 5. Segunda jungdo costocondral. 6. 2 cm distal ao epicondilo lateral do Umero. 7.
Quadrantes superiores externos das nadegas. 8. Posterior a proeminéncia trocantérica.

9. Condilo femoral medial.

Fonte: Adaptado de Garwal et al. (2021).

4.2 TESTES LABORATORIAIS NA FM

4.2.1 Perfil hematolégico na FM

Pressupde-se que testes laboratoriais de rotina, como o0 hemograma completo,
esteja dentro do intervalo normal de valores em pacientes com FM (ELMAS et al.,
2016), no entanto poucas publicacbes comparam o0s niveis de biomarcadores
laboratoriais rotineiros de pacientes com FM com os niveis de pacientes saudaveis.
Em 2016, Elmas et al. avaliando varios parametros fisiologicos em mulheres com FM
e comparando a um grupo controle verificaram dentre todos os biomarcadores
dosados (hemoglobina, contagem de células brancas, contagem de plaquetas e niveis
de proteina C reativa) um aumento, apenas, na contagem de plaguetas das pacientes

com FM em relacdo as pacientes saudaveis.
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4.2.2 Perfil lipidico na FM

Devido ao fato de muitos pacientes com FM apresentarem maior prevaléncia
de sobrepeso e obesidade que a populacdo em geral (CORDERO et al., 2014), a
relacdo entre obesidade e sensibilidade néo articular comecou a ser mais estudada.
Uma pesquisa desenvolvida pela Associacdo Nacional de Fibromialgia dos Estados
Unidos, que envolveu cerca de 2500 participantes, identificou varias questées acerca
dos habitos e cuidados com a saude que pacientes com FM devem ter e o impacto da
obesidade nesta sindrome (CORDERO et al., 2014). Os pesquisadores encontraram
uma correlacao significativa entre o indice de massa corpérea (IMC), sintomas clinicos
e perfil lipidico (colesterol total, triglicerideos, etc.) em pacientes fibromiélgicos,
alertando para a importancia de programas de tratamento que incorporem estratégias
para perda de peso, incluindo mudancas no estilo de vida com dieta adequada e
atividade fisica de baixo impacto (CORDERO et al., 2014).

4.2.3 Proteina C reativa na FM

Acredita-se que a proteina C reativa (PCR), que antes era considerada um
biomarcador de infeccdo subjacente ou injaria tecidual, também reflita uma inflamacéo
sistémica cronica e € considerada um biomarcador pré-inflamatorio confiavel
frequentemente incluido no diagnostico laboratorial das doencas reumatoldgicas
(FEINBERG et al., 2017).

FEINBERG et al. (2017), investigando a relacdo entre os niveis da PCR sérica
com a FM constatou uma associagdo positiva em pacientes com FM (5,54 mg/dL)
comparado ao Controle (3,75 mg/dL). Resultado este, em parte, explicado por fatores

o IMC, comorbidades associadas, humor prejudicado e disturbios do sono.

4.2 .4 Perfil de Citocinas na FM

As citocinas sdo pequenas proteinas ndo estruturais secretadas por células
especificas do sistema imunolégico em resposta a um estimulo e atuam como
mensageiras quimicas entre as células. Também estdo envolvidas em processos

como crescimento e diferenciacdo celulares, reparacéo dos tecidos e modulacéo de
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respostas imunologicas agudas e crbnicas (FERNANDES; MARECO; JALECO,
2012).

O interesse pelas citocinas, como potenciais mediadores de sintomas na FM,
comecou em 1988 quando Wallace, Margolin & Waller, relataram o inicio agudo de
sintomas de FM (dor, fadiga, distirbios do sono e do humor) em pessoas com
carcinoma terminal de células renais e melanoma, as quais eram tratadas com IL-2.
Desde entdo, a relagao entre citocinas, dor e FM vem sendo amplamente estudada,
baseando-se na hipotese de associacdo entre estas varidveis (RANZOLIN, 2016).

As citocinas influenciam a atividade, a diferenciacdo, a proliferacdo e a
sobrevida da célula imunolégica, assim como regulam a producéo e a atividade de
outras citocinas, que podem aumentar (pré-inflamatérias) ou atenuar (anti-
inflamatorias) a resposta inflamatoria. Algumas citocinas podem ter acdes pro- (Thl e
Th17) ou anti-inflamatorias (Th2) (OLIVEIRA et al., 2011).

Estudos clinicos tém evidenciado uma associacdo da FM com a desregulacao
dos niveis circulantes de citocinas pro-inflamatorias, efetuando a disfuncdo neural da
dor relacionada com neurotransmissores. As citocinas tradicionalmente classificadas
como pro-inflamatdrias: interleucina-1a (IL-1a), interleucina-1f (IL-1B), interleucina-2
(IL-2), interleucina-6 (IL-6) e o fator de necrose tumoral-a (TNF-a) e, citocinas anti-
inflamatorias: interleucina-4 (IL-4) e interleucina-10 (IL-10), induzem determinados
sintomas consoantes a sua concentracdo, tais como: fadiga, febre, sono, dor e
mialgia, todos observados em pacientes com FM (HERNANDEZ et al.,, 2010;
FERNANDES; MARECO; JALECO, 2012; RANZOLIN et al., 2016).

As citocinas foram agrupadas em interleucinas (IL, numerada sequencialmente
de IL-1 a IL-35), fatores de necrose tumoral (FNT), quimiocinas (citocinas
guimiotaticas), interferons (IFN) e fatores de crescimento mesenquimal (RAEBURN et
al.,, 2002; SOMMER C & WHITE F., 2010) Na presente tese foram analisadas as
citocinas: interleucina-2, interleucina-4, interleucina-6, interleucina-10, interleucina-

17A, interferon-gama e fator de necrose tumoral.

4.3 FORMAS DE TRATAMENTO DA FM

Os recursos terapéuticos utilizados na FM e recomendados pela Sociedade
Brasileira de Reumatologia, séo paliativos. Eles estdo voltados apenas para a melhora

dos sintomas, sem cura definitiva da sindrome. Para tratar a FM de forma adequada
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o ideal € que haja uma abordagem multidisciplinar, individualizada, com a combinacao
de terapéutica farmacolégica (analgésicos, anti-inflamatorios, antidepressivos,
relaxantes musculares) e ndo farmacoldgica (exercicios musculoesqueléticos,
alongamento, fortalecimento muscular, reabilitagdo e fisioterapia, relaxamento, terapia
cognitivo-comportamental, acupuntura, entre outros.) (HEYMANN et al., 2010;
MARTINEZ; MACIAS, 2012; HAUSER et al., 2017).

Classes terapéuticas como a dos relaxantes e sedativos, que melhoram a dor,
os transtornos do sono e humor; bloqueadores da recaptacdo de serotonina, com
efeito analgésico periférico e central e benzodiazepinicos, para os transtornos de sono
sao bastante consumidos por pacientes com FM. Medicamentos a base de duloxetina,
pregabalina e tramadol sdo utilizados na presenca de dor severa e medicamentos a
base de amitriptilina, ciclobenzaprina e, também, a pregabalina na presenca de
disttrbios do sono (HAUSER et al., 2017).

Como terapia ndo farmacoldgica recomenda-se a realizacdo de exercicios
aerdbicos de baixo impacto como dancga, hidroginastica, natagcdo ou caminhada, por
exemplo. Outro recurso terapéutico importante é o suporte psicolégico para pacientes
com FM, devido aos distUrbios psiquiatricos, provavelmente envolvidos (PASSOS;
VILAS BOAS; VIEIRA, 2016).

4.3.1 Acupuntura no tratamento da FM

Um recurso terapéutico ndo farmacoldgico que vem sendo cada vez mais
procurado e utilizado por portadores de FM é a acupuntura. Esta técnica se
fundamenta na ativacdo de sistemas enddgenos de controle da dor, alteracdo no
processamento sensorial do sistema nervoso central (aumento do limiar da dor) e
modifica¢cdes na codificacdo do hipotadlamo (sistema nervoso autbnomo) (MARTINEZ;
MACIAS, 2012). A acupuntura além de minimizar a dor, presente na FM, supre a
necessidade de se reduzir o consumo exacerbado de medicamentos e
consequentemente 0S Custos COmMoO 0S Mesmos.

As investigacgOes cientificas sobre a influéncia da acupuntura no tratamento da
FM centram na avaliacdo desta técnica sobre a dor, bem-estar global, qualidade do
sono, fadiga, bem-estar mental e eventos adversos. Apesar das diferencas

metodoldgicas empregadas, nos diversos estudos, a acupuntura tem sido identificada
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como um tratamento eficaz para individuos com diagnostico de FM (DEARE et al.,
2013).

Stival et al. (2014), avaliaram a eficacia da acupuntura no tratamento da FM,
considerando como desfecho primario a resposta imediata da escala visual analégica
(EVA) para avaliacdo da dor. Verificou-se um tamanho de efeito bastante significativo
na reducao imediata da dor em pacientes portadoras de FM submetidos a acupuntura
em relacdo aos pacientes que receberam um procedimento placebo (acupuntura

sham).

4.4 BRADICININA, COVID-19 E FIBROMIALGIA

A doenca de coronavirus 2019 (COVID-19) causa sindrome respiratoria aguda
grave coronavirus-2 (SARS-CoV-2) e tem sido caracterizada como uma pandemia
global. A Enzima Conversora de Angiotensina 2 (ECA2) esta no centro da COVID-19,
umavez que atua como receptora do SARS-CoV-2 nas células do organismo humano,
incluindo as células pulmonares. Esta enzima € fundamental na inativacdo da
Angiotensina Il (ANGII) e regula o sistema calicreina-cinina, do qual a bradicinina é
um peptideo ativo (peptideo vasoativo).

Pesquisadores, analisando os conceitos sobre o papel da ECA2, porta de
entrada do SARS-CoV-2, na fisiopatologia da COVID-19, sugerem que haja uma
desregulacdo do sistema calicreina/cinina e sua interagdo com o0s sistemas
renina/angiotensina (RAS), sistema de coagulacao (CS) e complemento. A hipbtese é
de que a inflamacéo descontrolada sob o evento da tempestade de citocinas, tipica
da forma grave de COVID-19, anda junto com hipercoagulacédo e que a unidao tem
como elo a desregulacdo do KKS provocada pelo mecanismo viral especifico da
doenca. Desta forma, uma terapéutica visando a diminui¢cdo dos estragos causados
pela infeccdo por SARS-CoV-2 teria énfase na inibicdo do KKS, por bloqueio de
receptores B1 e B2 da bradicinina (B1R e B2R) ou por bloqueio da acdo da calicreina
(importante na produgdo de cininas), interferindo nos eventos inflamatorios e
trombogénicos ao mesmo tempo.

A doenca de coronavirus 2019 (COVID-19) causa sindrome respiratoria aguda
grave coronavirus-2 (SARS-CoV-2) e tem sido caracterizada como uma pandemia
global (POPE, 2020). A Enzima Conversora de Angiotensina 2 (ECA2) esta no centro

da COVID-19, uma vez que atua como receptora do SARS-CoV-2 nas células do
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organismo humano, incluindo as células pulmonares. Esta enzima é fundamental na
inativacdo da Angiotensina Il (ANGII) e regula o sistema calicreina-cinina, do qual a
bradicinina é um peptideo ativo (peptideo vasoativo) (SCHOLZ et al., 2020).
Pesquisadores, analisando os conceitos sobre o papel da ECA2, porta de

entrada do SARS-CoV-2, na fisiopatologia da COVID-19, sugerem que haja uma
desregulacdo do sistema calicreina/cinina e sua interacdo com o0s sistemas
renina/angiotensina (RAS), sistema de coagulacéo (CS) e complemento. A hipétese é
de que a inflamacdo descontrolada sob o evento da tempestade de citocinas, tipica
da forma grave de COVID-19, anda junto com hipercoagulacdo e que a unido tem
como elo a desregulacéo do sistema calicreina/cinina provocada pelo mecanismo viral
especifico da doenca. Desta forma, uma terapéutica visando a diminuicdo dos
estragos causados pela infeccdo por SARS-CoV-2 teria énfase na inibicdo do sistema
calicreina/cinina por bloqueio de receptores Bl e B2 da bradicinina (B1R e B2R) ou
por bloqueio da acéo da calicreina (importante na producédo de cininas), interferindo
nos eventos inflamatorios e trombogénicos ao mesmo tempo (RAMALHO, 2000).

Outro efeito importante e amplamente estudado de bradicinina é na
sensibilizacdo a dor (Staud e Smitherman, 2002; Ossipov, Dussor e Porreca, 2021).
Nesse contexto, destaca-se a Fibromialgia, sindrome caracterizada como dor crénica
primaria generalizada (Clauw, 2014). Evidéncias de um modelo de dor semelhante a
fibromialgia em camundongos demonstra que a bradicinina pode estar envolvida na
fisiopatologia desta sindrome (BRUSCO et al.,, 2017; BRUSCO et al., 2019). Na
verdade, esses animais apresentam altos niveis de bradicinina no nervo ciatico e no
cortex cerebral e o blogueio farmacoldgico ou genético de B2R e B1R reduz os
sintomas de dor semelhantes a fibromialgia (por exemplo, alodinia mecéanica,
sensibilidade ao frio e nocicep¢ao) (BRUSCO et al., 2019).

Nesse sentido, o bloqueio do sistema calicreina-cinina pode ter um efeito de
melhora na doenca causada pelo SARS-CoV-2 e, talvez, nos sintomas de dor da
fibromialgia. Varios ensaios clinicos estao recrutando pacientes para avaliar os efeitos
dos medicamentos que modulam o sistema calicreina-cinina em pacientes com
COVID-19 (Identificador  ClinicalTrials.gov: NCT04414631; NCT04628000;
NCT04549922; NCT04568096).
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Abstract

This study aimed todetermine and compare the influence of real
acupuncture (RA) with sham acupuncture (SA) in the treatment of fibromyalgia (FM)
through the results found in biochemical, hematological and immunological markers
(IL-2, TNF-a, IL-6, IFN-y, IL-17A, IL-4 and IL-10). Double-blind study comprising 40
FM female patients aged 20 to 60 years old randomized in 2 groups to receive RA or
SA. 4 acupuncture sessions (RA or SA) were carried out, 30 minutes long each, for
4 consecutive weeks. Venous blood samples were collected from all FM patients
before the 1t intervention and immediately after the last. For the control group,
15 healthy patients were selected, who were then submitted to a single collection of
venous blood. Venous blood samples were collected before the 1St intervention
and immediately after the last. The quantification of serum cytokines was performed
by flow cytometry technique using cytometric bead array. Significantly increased
values were found in the distribution width of red cells, uric acid, ultrasensitive C-
reactive protein and triglycerides of patients suffering from FM compared
to control, before the interventions. There was a significant difference in the total
platelet count among FM patients undergoing RA, though, with decreased values after
4 weeks of intervention. The cytokines analyzed showed reduced TNF-a serum levels
and higher IFN-y levels in FM patients compared to the control. FM alters some
biochemical e hematological results. Although differences of the biomarkers analyzed
in this study were not very intense, our data suggest that the acupuncture therapy
modulates these mediators.

Key words: Fibromyalgia; Biomarkers; Cytokines; Acupuncture; Serum

Introduction

Fibromyalgia (FM) is a syndrome defined by chronic, continuous or recurrent
pain, which lasts at least 3 to 6 consecutive months. FM is debilitating and involves
onerous expenses for the patient!. Fibromyalgia syndrome is the second most
common rheumatic disease worldwide, affecting approximately 2% of the population?.
It impacts both sexes in a female/male ratio of 3:1 in epidemiological studies® and
the majority of those affected are middle-aged women?.

In addition to the painful condition, somatic symptoms such as fatigue, insomnia,
cognitive and mood disorders are also displayed by individuals with FM458,
Comorbidities such as depression, anxiety, chronic fatigue syndrome, myofascial
syndrome, irritable bowel syndrome and nonspecific urethral syndrome may also be
present, contributing to the pain and decreased quality of life of patients
with fibromyalgia®.

Consequently, patients with FM make use of a wide variety of pharmacological
and non-pharmacological therapies to treat their symptoms and comorbidities,
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generating for themselves and health systems costs proportional to the degree of
disease severity®>456, The most widely used drugs in the treatment of FM
are analgesics, antidepressants and muscle relaxants, making the
treatment costly, besides the possible side effects theycan trigger?.
Thus, acupuncture, a non-pharmacological therapeutic modality, has been largely
used by patients with FM as an alternative/complement to the conventional method for
the treatment of chronic pain?%. This technique is based on the activation of
endogenous pain control systems, alteration in the sensory processing of the central
nervous system (increased pain threshold) and changes in the “coding” of the
hypothalamus (autonomic nervous system)?. Studies involving patients undergoing FM
acupuncture have been demonstrating improvements in the pain, overall wellbeing,
quality of sleep, fatigue, mental wellbeing, and adverse events, besides
simultaneously reducing costs and the use of medications by these individuals’.

On the other hand, the etiology of FM is not fully elucidated and definitive
laboratory diagnostic tests for this disease are still a challenge. It is speculated
that factors such as dysfunction of the autonomic and central nervous system,
cytokines, neurotransmitters, hormones, immune system and external stressors are
involved in the pathogenesis of this syndrome®”8. Thus, identifying possible significant
differences in biomarkers of patients with FM becomes indispensable and, possibly,
can help in understanding the etiology of the disease, envisioning a laboratory
diagnosis.

Some cytokines, both pro-inflammatory (profile Thl: IL-2, TNF-a, IL-6 and IFN-
y; profile Th17 — IL-17A) and anti-inflammatory (profile Th2: IL-4 and IL-10)
are promising targets for study in FM patients. They are usually involved in pain
processing due to neurogenic inflammation induced by an inflammatory response
to allergens, infectious agents, irritants, chemical exposures or emotional stress and
induce symptoms such as fatigue, fever, sleep, pain and myalgia, present in
FM. Additionally, acupuncture has been associated with significant changes in the
levels of intracellular cytokines, such as IL-4, IL-1 and IFN-y1°, as well as with
attenuating psychological distress*?.

Thus, it is essential to achieve a greater understanding of the laboratory
alterations that lead and/or contribute to this pathological state, in order to achieve
higher accuracy in the diagnosis and, consequently, a more adequate, early and

effective therapeutic approach for FM&12,



29

However, this research is justified by the scarcity of studies relating laboratory
findings in fibromyalgia patients undergoing acupuncture. This is the first clinical trial
ever carried outinvolving laboratory markers and FM patients treated with real

and sham acupuncture.

Material and Methods

Experimental, randomized, controlled study, with blind evaluation of the
outcomes performed at the Functional Investigation Laboratory of the Physiotherapy
Course at the Universidade Federal de Santa Maria (UFSM) with collaboration of the
Rheumatology Service of Hospital Universitario de Santa Maria (HUSM), Department
of Clinical and Toxicological Analysis (DACT), Clinical Biochemistry Research
Laboratory (LABICLIN) and Experimental and Applied Immunology Laboratory of the
Department of Microbiology and Parasitology (Demip), all belonging to the Health
Sciences Center at UFSM. This research was approved by the Ethics Committee on
Research in Human Beings of UFSM — CAEE (case number 66638917.1.0000.5346).

Subjects

Forty female patients, aged between 20 and 60 years old, diagnosed with
FM were selected. For the control group, 15 healthy patients were chosen (Figure 1).
Patients with contraindications to acupuncture, patients with severe psychiatric iliness,
patients with neurological or sensitive deficits, patients with infection, pregnant women
and lactating mothers were excluded. Subjects with FM were randomized in 2 groups;
this way, 20 FM patients underwent RA and another group of 20 patients was
submitted to SA (placebo). All participants, inserted
in this study, previously consented to their participation and signed the free and

informed consent form (FICF).

Procedures

Acupuncture was performed by a physiotherapist qualified for this procedure
and the patients were submitted to 4 sessions of RA or SA, lasting 30 minutes each,
once a week, for a period of 4 consecutive weeks. The acupuncture methods applied in
patients were standardized according to their intervention group identically. The sites

chosen for acupuncture were the same used in the study by STIVAL et al., in 2014:
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intestine 4, stomach 36, liver 2, spleen 6, pericardium 6 and heart 7, bilaterally, as
shown in Figure 2. Disposable 0.25mm x 40mm stainless steel needles were used,
inserted perpendicularly at the points described above; however, in the SA the inserts
were superficial and at a distance of 15mm to the left of the true points.

All participants were checked for baseline characteristics such as age, weight,
height, FM diagnostic time, comorbidities, drug therapy, among others. All
participants with FM were subjected to the collection of venous blood before the first
and after the fourth and final intervention, observing a period of fasting of 8 to 12
hours. The control group was submitted to a single venous blood collection. Blood
collection followed the standard venipuncture technique. The samples were divided
into 2 tubes (Vacutainer®, BD Diagnostics, USA), one containing an EDTA
anticoagulant, for the complete blood count and another without anticoagulant, for the

serum (extracted after centrifugation of the sample at 3000 rpm for 15 minutes).

Biochemical e hematological analyses

The automated system BS-380 Mindray®, Shenzhen, China, was used for the
dosages of total cholesterol, triglycerides, uric acid, creatinine, creatine kinase, and C-
reactive protein; to obtain levels of total cholesterol, triglycerides, and uric acid, we
used enzyme tests with Bioclin® kits; for creatinine levels, we used kinetic tests with
Bioclin® kits; for US-CRP levels, we used immunoturbidimetric tests with Bioclin® kits,
and for CK NAC UV levels we used kinetic tests with Wiener LAB® kits. To perform
complete blood counts, the hematology analyzer Sysmex KX-21N™  China, was

adopted.

Cytokine detection and analysis
Flow cytometry experiments for measurement of IL-2, TNF-q, IL-6, IFN-y, IL-

17A, IL-4 and IL-10 were performed as previously described®® and according to
manufacturer instructions [BD™ Cytometric Bead Array (CBA) Human Th1/Th2/Th17
Cytokine Kit]. Briefly, serum was incubated with beads for 2 hours. After two washes,
beads were incubated with the secondary antibody for 1 hour. The measurements
were performed on BD Accuri™ C6 Plus Flow Cytometer and analyzed with Flowjo
V10 software (Flowjo, Ashland, OR).


http://www.biocompare.com/Editorial-Articles/41827-Cytokine-Detection-and-Analysis-Finding-the-Method-That-s-Right-for-You/
http://www.biocompare.com/Editorial-Articles/41827-Cytokine-Detection-and-Analysis-Finding-the-Method-That-s-Right-for-You/

31

Statistical analysis

The normality of the results was verified using the Shapiro-Wilk test. The
independent or paired t-test was applied for normal data in the comparison between
groups, or the Mann-Whitney or Wilcoxon test when normality was compromised. The
results are presented as median and standard error of the mean. The differences were
considered significant when the results showed value p < 0,05. The software IBM
SPSS Version 25 was used as a computational tool for the statistical analysis of the
data.

Results

The clinical characteristics of the individuals studied in both groups are found
Table 1. The average age of patients who were randomized to receive RA was 49.21
years old and the patients randomized to receive SA was 51. Almost half of the total
number of patients with FM were obese. The majority of fiboromyalgia patients have
comorbidities associated with FM (90.6%) and more than 90% of the patients make
continuous use of drug therapy, predominantly analgesics and antidepressants.

Significantly higher serum levels of UA (5.35 mg/dL £0.22 vs. 3.1 mg/dL +0.25;
p<0.001); US-CPR (4.6 mg/L £1.17 vs. 1.7 mg/L +0.51; p=0.006); TG (131.5 mg/dL
+19.78 vs. 74 mg/dL £19.46; p=0.003) and RDW (13.45 £0.11 vs. 12.9 £7.94, p=0.048)
were found in patients with FM in relation tothe control group, before the
interventions. The complete data can be seen in Table 2.

Among patients undergoing RA there was a significant difference in total
platelet count (PLT), which decreased after 4 weeks of intervention (263.5 £14.94 vs.
257 £11.27, p = 0.044), as shown in Table 3. The other biomarkers evaluated in the
laboratory  routine (white blood cell count, red blood cell count,
hemoglobin, hematocrit, total cholesterol, creatinine, and creatine kinase) did not
display significant statistical differences between the intervention groups (RA or SA).

Finally, given that cytokines are associated with many symptoms of FM and
studies report that acupuncture may modify their levels'®114 we investigated serum
levels of IL-2, TNF-q, IL-6, IFN-y, IL-17A, IL-4 and IL-10 in control patients and with
FM (Figure 3) submitted to RA or SA (Figure 4). We observed lower serum TNF-a
(Figure 3E) and higher serum IFN- y in FM patients (Figure 3C) in relation to the control
group. The other interleukins dosed showed an increase in patients with FM, but with
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no significant difference. On the other hand, neither RA nor SA altered serum levels of

cytokines in FM patients significantly (Figure 4).

Discussion

The mean age of patients with FM in the present study confirms the higher
prevalence of this syndrome in middle age®. The vast majority of fiboromyalgia patients
were overweight (overweight/obesity). Consequently, patients with FM
had significantly increased triglyceride levels before the interventions in relation to the
control group, which corroborates previous data in the literature that show significant
correlation between FM, overweight and lipid profile!®.

Nevertheless, the significantly increased dosage of US-CRP levels in FM
patients before interventions in relation to control is in line with the results obtained by
FEINBERG et al., 2017, in which CRP was significantly higher among patients with
fiboromyalgia (M=5.54 +9.8) compared to the control group (M=3.75 £7.2). These
authors mention the potential influence of BMI and comorbidities in this relationship
with C-reactive protein. Yet, significantly higher levels of uric acid in FM patients before
the interventions observed in this study converge with the results of the transversal
study conducted by DORIO et al., 2016, in which higher uric acid levels were
associated with increased BMI and lower intensity of physical activity.

Nonetheless, most hematological and biochemical biomarkers measured did
not significantly differ between FM patients and the control group. In 2016, a study
conducted by ELMAS et al. evaluated several physiological parameters in women with
fibromyalgia compared to a control group, such as hemoglobin, white cell count,
platelet count and C-reactive protein levels, and most of the variables analyzed did not
differ significantly either between groups. Results of routine laboratory tests in patients
with FM are frequently within the normal range of values?'’.

The hypothesis that cytokines may be involved in the generation of pain and
hyperalgesia in inflammatory and neuropathic conditions was proposed based on
evidence that cytokines establish communication between the immune system and the
nervous system?'®. Probably the disproportion of pro-inflammatory and anti-
inflammatory cytokines leads to chronic peripheral sensitization of the nervous system
as a major contributor to pain'®. Among the cytokines evaluated in the serum, TNF-q,

a pro-inflammatory cytokine, proved lower in FM patients in relation to the control; such



33

data was also observed in studies conducted by Garcia-Lozano et al., 2008;
Hernandez et al. (2010) and Kadetoff et al. (2011). Still, IFN- vy, also pro-inflammatory,
proved higher in the serum of FM patients, as also pointed out by Ortega et al. (2009).
IFEN- y is an important cytokine that directs the pro-inflammatory Thl profile of T
lymphocytes, suggesting that these patients may be more prone to responses with this
profile. The other cytokines (pro-inflammatory: IL-2, IL-6 and IL-17A and anti-
inflammatory: IL-4 and IL-10), despite not having presented significant
differences, were increased in patients with FM compared to the control group. As for
the patients randomized to receive RA, they showed the same increased levels of IL-
2, IL-6 and IL-17A and decreased levels of IL-4, IL-10, IFN- y and TNF-a in relation to
patients that underwent SA, but not significantly.

Comorbidities associated with FM and consequently the drug therapy used are
factors that compromise the results concerning this subject, since these are inherent
biases in most patients with this syndrome, difficult to control. Knowing that
factors such as stress, diurnal variation, physical activity, changes in diet,
depression, medication, among others, affect cytokine levels, the great variation found
among subjects is justified!®?4. Consequently, studies assessing the profile of
biomarkers in FM patients and healthy subjects are scarce, and even scarcer with FM
patients undergoing acupuncture therapy.

Through the results observed in this sample, neither routinely used biomarkers
nor more specific ones, such as cytokines, were expressive enough to suggest a
promising diagnostic biomarker for FM, but some cytokines had their concentrations
increased and others decreased after the interventions, suggesting that these
biomarkers were modulated with acupuncture therapy. Maybe future studies with
different protocols, a higher number of individuals and longer follow-up are needed to
investigate the relation between cytokines, fiboromyalgia and the potential effect of
acupuncture in these regulatory proteins in order to establish effective therapeutic

strategies.
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Table 1: Characteristics of patients with fiboromyalgia versus healthy control.

Healthy Control

FM (n=32) (n=15) Pvalue
Age (years) 51,12+ 6,66 47,47 +6,82 0,074%
Weight (kg) 76 +13,66 70,21 + 10,99 0,1577
Height (cm) 1,60 + 0,06 1,64 + 0,06 0,045%
BMI (kg/m?) 29,35+5,67 2595+3,61 0,453?
Normal weight 8 (25%) 5 (33,3%)
Overweight 9 (28,1%) 7 (46,7%) 0,2423
Obesity 15 (46,9%) 3 (20%)
FM diagnosis
Less than 1 year 8 (25%) - -
Between 1 and 2 years 2 (6,3%) - -
Over 2 years 22 (68,7%) - -
Comorbidities
Yes 29 (90,6%) - -
No 3 (9,4%) - -
Analgesic medication
Yes 31 (96,9%) - -
No 1(3,1%) - -
Antidepressant
medication
Yes 29 (90,6%) 2 (13,3%) <0,0013*
No 3 (9,4%) 13 (86,7%)
Smoker
Yes 2 (6,3%) 1 (6,7%) 14
No 30 (93,7%) 14 (93,3%)

Data are presented as mean(xSD). BMI= body mass index. *Mann-Whitney test; 2Independent t test t;
8Chi-square; “Fisher's exact test; *p <0,05.
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Table 2: Evaluation of biomarkers in patients with fiboromyalgia (FM) versus healthy control.

Fibromyalgia Healthy Control

(n=32) (n=15) P value
WBC (10-3U/L) 6,48 £ 0,39 6,2+ 0,38 0,741
NLR (%) 1,64 +0,16 1,32+0,26 0,101
RBC (105U/L) 4,44 + 0,06 4,51 + 0,07 0,6241
Hb (g/dL) 13,25+ 0,18 13+0,15 0,3832
HCT (%) 40,1 + 0,49 39,9+£0,54 0,5972
RDW (%) 13,45+0,11 12,9+ 7,94 0,048"
PLT (10-3U/L) 263,5+ 10,37 246 + 13,27 0,1322
MPV (fL) 10,1 + 0,17 10,1+ 0,20 0,9882
UA (mg/dL) 5,35+ 0,22 3,1+0,25 <0,001%
Cr (mg/dL) 0,87 £ 0,02 0,91 £ 0,03 0,6372
CK (U/L) 92,5 £ 13,07 80 + 10,94 0,338
TC (mg/dL) 205 £ 9,89 207 + 7,25 0,2182
TG (mg/dL) 131,5+ 19,78 74 + 19,46 0,003"
Us-CRP (mg/L) 46+1,17 1,7+0,51 0,006%

Data are presented as median (xtSEM). A: acupuncture; P: placebo; WBC: white blood count; NLR:
neutrophil-lymphocyte ratio; RBC: red blood count; Hb: hemoglobin; HCT: hematocrit; RDW: red
cell distribution width; PLT: platelets; MPV: mean platelet volume; UA: uric acid; Cr: creatinine; CK:
Creatine kinase; TC: cholesterol; TG: triglycerides; us- CRP: ultrasensitive C reactive protein. 1 Mann-
Whitney test; 2 independent test t; *p < 0,05.
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Table 3: Evaluation of routine biomarkers before and after interventions in the acupuncture
and sham groups in fibromyalgia patients, respectively.

Acupuncture (n=17) Sham (n= 15)

Variables Before After p Before After p
TC (mg/dL) 199,5+12,08 214,5+10,96 0,201' 208+18,58 220+17,69 0,551?
TG (mg/dL) 124+33,22 149+28,90 0,408' 133+21,46 135+14,20 0,755!
UA (mg/dL) 4,85+0,29 5,15+0,32 0,622 5,5+0,37 5+0,49 0,580?
Cr (mg/dL) 0,86+0,03 0,87+0,04 0,652' 0,92+0,04 0,97+0,05 0,1662

CK (U/L) 79,7+20,35 67,4t13,29 0,084 103,6+16,5 107,1+18,88 0,6092

us-CRP (mg/L) 4,75+2,04 3,241,19 0,642t  3,7+0,85 2,1+1,3 0,955
WBC (103 UL) 6,78+0,59 6,35+0,41 0,554' 6,29+0,48 7,1+0,51  0,5472
RBC (106 U/L) 4,45+0,07 4,46+0,07 0,2242  4,43+0,09 454+0,12 0,426!

Hb (g/dL) 12,6540,25 13+0,22 0,5862 13,5+0,23  13,5+0,29 0,4362

HCT (%) 39,15+0,59  39,05+0,55 0,3062 40,8+0,69  39,7+0,95 0,148

RDW (%) 13,5+0,12 13,55+0,14 0,370 130,22 13,2+0,18 0,588!

PLT (103 U/L) 263,5+14,94 257+11,27 0,044> 270+14,31 248+17,79 0,100!

NLR (%) 1,85+0,27 1,64+0,19 0,636' 1,43+0,16 1,72+77,86 0,328!

MVP (fL) 10,05+0,23 9,9+0,21 0,6402 10,1+0,27 9,6+0,32 12

Data are presented as median (xSEM). A: acupuncture; P: placebo; TC: total cholesterol; TG:
triglycerides; UA: uric acid; Cr: creatinine; CK: creatine kinase; us-CRP : ultrasensitive C reactive
protein; WBC: white blood count; RBC: red blood count; Hb: hemoglobin; HCT: hematocrit; RDW: red
cell distribution width; PLT: platelets; NLR: neutrophil-lymphocyte ratio; MPV: mean platelet volume.
1Wilcoxon test; 2Paired t-test; *p < 0,05.
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Figure 1: Flow chart of the participants included in the study.
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Figure 2: Points used in acupuncture treatment. Pericardium 6 (PC6); Heart 7 (H7); Stomach
36 (ST36); Liver 2 (LVR2); Large intestine 4 (L14); Spleen 6 (SPL6), bilaterally.
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Figure 3: Control (n=15). FM (n=32). Cytokine (IL-2, TNF-qa, IL-6, IFN-y, IL-17A, IL-4 and IL-
10) profiles in serum in healthy control and FM (fibromyalgia) groups. The cytokines were
analyzed by flow Cytometry (Cytometric Bead Array). The measurements were performed on

BD Accuri™ C6 Plus Flow Cytometer and analyzed with FlowJo V10 software. Data presented
as median (pg/mL) £ SEM.
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Figure 4: Control (n=15). FM (n=32). Cytokine (IL-2, TNF-q, IL-6, IFN-y, IL-17A, IL-4 and IL-
10) profiles in serum in FM (fibromyalgia) patients after sham or acupuncture therapy. The
Cytokines were analyzed by flow Cytometry (Cytometric Bead Array). The measurements were

performed on BD Accuri™ C6 Plus Flow Cytometer and analyzed with FlowJo V10 software.
Data presented as median (pg/mL) £ SEM.
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Highlights

- Patients with SARS-CoV-2 can present bradykinin (BK) storm.

- BK might trigger edema, inflammation, and pain observed in patients with
SARS-CoV-2.

- Fibromyalgia (FM) models show that BK may be involved in pathophysiology.

- Studies have demonstrated the role of BK in mood symptoms, anxiety, and
memory decline.

- Neurological symptoms of FM and specially COVID-19 might be triggered by
BK.

Currently the world is going through an outbreak of SARS-CoV-2 that can trigger
COVID-19. SARS-CoV-2 can bind to two receptors on host cells: angiotensin-
converting enzyme 2 (ACE2) and CD147 (also known as Basigin or EMMPRIN):23,
This interaction between the virus spike protein and ACE2 or CD147 on the host cell
is the first step for SARS-CoV-2 invasion, intracellular infection cycle and, posteriorly,
dissemination of the virus among other cells. COVID-19 usually affects multiple organ
systems and some of its main symptoms are fatigue, dry cough, shortness of breath,
headaches, muscle aches, chest tightness, and sore throat*. From the first week to the
sixth month, the most frequent symptoms are fatigue, post-exertional malaise, and
cognitive dysfunction. In the seventh month, most symptomatic patients report that
physical activities or mental stress are the main triggers for relapses*. However, the
cellular and molecular mechanisms that result in these symptoms are still unknown.

ACE2 is the main receptor for SARS-CoV-2 invasion'. The invasion occurs
through interaction between the viral spike protein and ACE2 and depends on
TMPRSS?2 for priming®. After binding to the receptor, the complex spike/ACE2, and
consequently the virus, is internalized through endocytosis, dependent on
phosphatidylinositol 3-phosphate 5-kinase (PIKFYVE), two-pore channel subtype 2
(TPCNZ2), and cathepsin L (CTSL)®. Interestingly, SARS-CoV-2 infection increases
ACE2 expression in cells from the bronchoalveolar lavage fluid (BALF) of patients with

COVID-19, contributing to deregulation of the kallikrein-kinin system’.
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Bradykinin in SARS-CoV-2 infection

Bradykinin (BK) and des-Arg9-BK are important active peptides that trigger the
effects of the kallikrein-kinin system. Activation of this system can begin in FXII of the
intrinsic coagulation pathway. This factor activates the serine protease kallikrein 1,
which is responsible for cleaving the inactive pre-protein kininogen (circulating HMWK
or tissue LWMK) giving rise to BK. This kinin can be degraded by the angiotensin-
converting enzyme (ACE), resulting in an inactive peptide, or by the carboxypeptidase
N enzyme, originating des-Arg9-BK. Among the positive feedback loops that regulate
this system is the fact that kallikrein is capable of activating FXII®. On the other hand,
one of the main negative regulators of this route, which normally keeps it under control,
is the C1-Inhibitor.

BK and des-Arg9-BK trigger their effects by binding to kinin B2 and B2 receptors
(B1R and B2R), respectively. Classic effects of the bradykinin signaling through B2R
are vasodilation, increased vascular permeability, increased blood-brain barrier
permeability, natriuresis, and stimulation of the pain pathway and inflammatory
responses. Similarly, Arg9-BK/B1R signaling induces neutrophil recruitment and
increases vascular permeability®1%11, B2R is expressed on epithelial cells of the lung,
kidneys, intestine, blood vessels and brain, while B1R expression is extremely
increased after injury and inflammatory response.

Interestingly, the kallikrein-kinin system may be intensively activated in patients
infected with SARS-CoV-2. Analyses on gene expression data from cells of the
bronchoalveolar lavage fluid (BALF) of patients with SARS-CoV-2 demonstrated some
critical changes in this system’: (1) mRNA of C1-Inhibitor is downregulated (-33 fold)
in COVID-19 patients compared to control, canceling the suppression of FXII and
triggering continuous production of BK; (2) ACE expression, which degrades BK, is
downregulated (-8 fold) in SARS-CoV-2 BALF; and (3) ACE2 expression is high (199
fold) in infected subjects, causing increase in Angiotensin 1-97. This peptide
exacerbates BK-effects, such as pain and vascular permeability, and possibly induces
resensitisation of B2R213, The expansion of this imbalance increases BK on a system-
wide level, which can lead patients to experience a “bradykinin storm”.

BK levels can rise at a system-wide level, but BK/B2R signaling will induce
vasodilatation and increased vascular permeability mainly in tissues infected by SARS-

CoV-2 and regulated by ACE, such as the lung. In fact, BK effects make the lung prone
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to vascular leakage, triggering angioedema, which is an important feature of COVID-
19. Moreover, BK-driven pulmonary edema might favor the acute respiratory distress
syndrome (ARDS) observed in some patients'#. Obviously, this pathway potentiates
inflammation in a positive feedback, since it results in leakage of proteins from the
immune system (as complement and cytokines) and from the kallikrein-kinin system,
as well as favors the leukocyte infiltration. In addition, activation of kinin receptors
directly stimulates the production of inflammatory mediators, such as prostaglandin E2
and interleukin-1B (IL-1B). Taken together, bradykinin storm might trigger edema,

inflammation, and pain observed in patients with SARS-CoV-2, beginning in the lungs.

Bradykinin in Fibromyalgia

Another important and widely studied effect of BK is on pain sensitization>16,
In this context, we highlight the Fibromyalgia, a syndrome characterised as generalised
chronic primary pain that affects 2-8% of the world population!’. Evidences from a
fibromyalgia-like pain model in mice demonstrate that BK may be involved in the
pathophysiology of this syndrome!819, In fact, these animals present high levels of BK
in the sciatic nerve and cerebral cortex and the pharmacological or genetic blockade
of B2R and B1R reduces fibromyalgia-like pain symptoms (e.g., mechanical allodynia,
cold sensitivity, and overt nociception)!®. These findings are important, since they
suggest BK/B2R signaling inhibitory drugs as therapeutic alternatives in the treatment
of fibromyalgia pain symptoms (which is the main clinical feature of the disease).
Furthermore, such results suggest that patients with fibromyalgia may present pain
symptoms even higher during SARS-CoV-2 infection due to BK storm.

In addition to chronic diffuse pain, patients with fiboromyalgia present fatigue,
sleep disturbance, mood symptoms, and other somatic complications. This scenario
affects the quality of life of the patients as well as their performance at work. Mohabbat
and co-workers (20 - 2020) suggest that fybromyalgia patients are an extremely
vulnerable population in the setting of COVID-19. These patients share the same
concerns that all population is facing in this pandemic moment, but it is well known that
mental/emotional (or even financial) stressors potentiate the underlying process of
central sensitization of pain and other sensory stimuli that, in turn, increase symptoms.
Several systems/pathways can modulate fibromyalgia symptoms when

hyperactivated, such as hypothalamicpituitary-adrenal axis, sympathetic nervous
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system, and endogenous opioid system!’20, Although they are not the focus of this
study, these systems/pathways are very important in the development of chronic
symptoms and conditions. Moreover, recent studies have demonstrated the role of the

kallikrein-kinin system in mood symptoms, anxiety and memory decline.

BK Effects on the nervous system: Involvement in symptoms of SARS-CoV

infection and Fibromyalgia?

In the central nervous system, BK alters several cellular and molecular
processes, such as blood-brain barrier permeability, blood pressure, pain perception,
release of neurotransmitter glutamate, neural stem cell proliferation, and
neurogenesis?l. The Kallikrein-kinin system is involved in the pathophysiology of
several brain diseases, including epilepsy, Alzheimer’s disease, traumatic brain injury,
and multiple sclerosis??>. The role of the Kallikrein-kinin system in these
pathophysiology diseases is well-known?3, but an increasing number of studies have
suggested its role also in psychiatric illnesses. A study with 306 genes that regulate
neurotransmitters indicated an association between a polymorphism within the
promoter region of B2R and panic disorder?*, whereas another meta-analysis study
demonstrated that a single nucleotide polymorphisms of B2R are the most strongly
associated to this disorder?®. BK injection into periaqueductal grey (midbrain structure)
triggers panic-like behavior in rodents through B2R and p-—opioid receptors?%:27,
Rouhiainen and co-workers (2019) observed variants in genes for kininogen-1, B2R,
and B1R associated with anxiety disorders in humans. Furthermore, exogenous BK
into the cerebrospinal fluid of rats increases anxiety-like behavior and decreases social
interaction. On the other hand, the pharmacological blockade of B2R decreases the
levels of a physiological anxiety measure, the stress-induced hyperthermia®®. Taken
together, these data suggest that BK regulates some stress responses through B2R.
As mentioned above, high levels of BK are observed in cerebral cortex of mice with
fibromyalgia-like pain symptoms. However, no study has been conducted with patients.
Moreover, BK effects modulating stress responses suggest other potential effects of
the “bradykinin storm” in SARS-CoV-2 patients. This storm could explain several
neurological symptoms of COVID-19, such as encephalopathy, dizziness, headache,

cognitive impairment, and ischemia?®. SARS-CoV-2 may infect the brain®°, but BK
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measurements in the cerebrospinal fluid of infected individuals have not yet been

performed.

Therapeutic alternatives by blocking the Kallikrein-kinin system

Not only patients with fiboromyalgia but also with COVID-19 could benefit from
pharmacological therapies that increase ACE, decrease BK, or block BR2. There are
several FDA-approved drugs that could be explored in clinical trials. Icatibant, e.g., is
a B2R antagonist and Ecallantide inhibits Kallikrein-1, reducing BK production3.
Androgens (danazol and stanasolol) increase C1-inhibitor expression3?; vitamin D
regulates renin production, influencing in BK signaling®3; and zinc inhibits proteases as
kallikrein-1, suppressing BK production34. Still, several recombinant C1l-inhibitors
(Berinert/ Conestat alfa/Cinryze/Haegarda/Ruconest) inhibit FXIl and Kallikrein,
decreasing BK production, as well as an antisense oligonucleotide therapy inhibits pre-
kallikrein synthesis and is being tested in patients with COVID-19 (ClinicalTrials.gov
Identifier: NCT04549922). In this sense, the blockade of the Kallikrein-kinin system
might have an ameliorating effect on the disease caused by SARS-CoV-2 and perhaps
on fibromyalgia pain symptoms. In fact, several clinical trials are recruiting patients to
assess the effects of drugs that modulate the kallikrein-kinin system in patients with
COVID-19 (ClinicalTrials.gov Identifier: NCT04414631; NCT04628000;
NCT04549922; NCT04568096). It is worth mentioning that kinin is also a pro-
inflammatory mediator and, therefore, blocking this system might indirectly benefit

inflammatory states.
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Abstract

The world is going through an outbreak of SARS-CoV-2 that can trigger the COVID-19. This article
presents aliterature review on COVID-19-related cytokines that can involve a higher risk of severe
infection in patients with chronic inflammatory diseases. The key cytokines during the course of
COVID-19, from the middle and severe clinical stage to early recovery stage, have been mapped,
enabling to identify profiles involved in inflaimmatory storms (which can lead patients to death)
and in the recovery of the disease. Levels of specific cytokines provide a patient prognosis as well as
anti-cytokine drugs are an important therapeutic strategy for COVID-19 treatment. Patients with
fibromyalgia and other chronic inflammatory diseases present inflimmatory immune signature
similar to COVID-19 patients, suggesting a higher risk of hyper-inflammation trigged by SARS-
CoV-2. Moreover, patients with these diseases can use immunomodulatory and immunosuppressive
drugs, resulting in different immunological states to battle SARS- CoV-2 infection.

Keywords: SARS-CoV-2; Hyper-infllammation; Treatment; Humanized antibodies;

Inflammatory storm; Comorbidities

Introduction

On March 11%2020, the World Health Organization (WHO) announced the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) outbreaks to be a pandemic that started in
the Whuhan Province in China rapidly spread throughout the world [1]. The Coronavirus Disease
2019 (COVID-19), caused by SARS-CoV-2, a Betacoronavirus with close relations with MERS-CoV
(Middle East Respiratory System Syndrome coronavirus) and SARS-CoV-1, leads to an intense
activation of the innate immune cells, especially in patients who develop the severe disease [2,3].

The signs and symptoms of the SARS-CoV-2 infection vary from no symptom, to a rapid
progression of the COVID-19, and may lead the patient to death, depending on the immune
response of the host [1,2]. The main risk factors are age and comorbidities, especially chronic
obstructive pulmonary diseases, diabetes mellitus and cardiopathies. The risk of infection with
severe outcome is also related to the exposure to high viral levels, causing a major occurrence of
severe COVID-19 in health professionals [1].

COVID-19 and Chronic Inflammatory Diseases: A Perspective
from Fibromyalgia

Patients with Immune-Mediated Inflammatory Diseases (IMIDs), such as rheumatoid arthritis,
spondylarthritis, Crohn's Disease, psoriasis, as well as patients with diseases that change serum
levels of cytokines, such as fibromyalgia, may present a higher risk to develop a severe form of
COVID-19 [1,3]. The fibromyalgia syndrome is a chronic rheumatic condition characterized by a
generalized pain. Despite not being a self-immune disease, there is solid evidence about the role of
the inflammation on pathogenesis, maintenance, and treatment of this syndrome. In fact, cytokines,
chemokines, lipid measurers, reactive species and several factors derived from the plasma sustain
the patients’ pathologic inflammatory condition with fibromyalgia and the possible higher risk to
develop severe COVID-19 [4].

Several Studies about the immune response against SARS-CoV-2 have contributed on the
identification of biomarkers for the prognostic of infected patients and for therapeutic targets
in COVID-19 treatment. The levels of several pro-inflammatory cytokines, such TNFa, IL-1,
IL-6, TL-8, IL-17A, G-CSF and GM-CFS, besides chemokines, such as MCP1, IP10 and MIP1q,
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are high in patients with COVID-19 [3]. Moreover, the severity of
the COVID-19 shows positive correlation with the levels of pro-
inflammatory cytokines IL-17A, IL-6, IL-15, TNFa and IFN-y [2].
In fact, it is observed an exaggerated immune reaction in severely
ill individuals with SARS-CoV-2. These aberrant innate immunity
responses affects the functioning of the patient’s organs and, on the
contrary of what is expected, play a role on bad prognostics and death
of the infected individual with SARS-CoV-2.

It is known that in several IMIDs, independently of the target
tissue or the pathogenesis response Thl, Th2 or Thl7, it is observed
an exaggerated, inappropriate, and sustained innate and adaptive
immune response [3]. In fibromyalgia, immune changes also occur
and lead to an inflammatory condition. In this pathology the balance
between pro- and anti-inflammatory cytokines is interrupted in favor
of pro-inflammatory.

Cytokines, such as TNFa, IL-1p, IL-6 and IL-8 [4,5]. The IL-6,
alongside the TNFa, deserve a highlight since they are main cytokines
released in affected tissues and are significantly elevated in the serum
of patients with fibromyalgia. In addition, the IL-6 levels also correlate
with the severity and pain sensation in fibromyalgia as well as with
the severity of the COVID-19, being considered one of the main
biomarkers for the bad prognosis of the SARS-CoV-2 infection [4].

Considering the complex scenario of the SARS-CoV-2 infection
and the pre- existing inflammatory condition in patients affected
by other pathologies, it has been suggested that all patients infected
by SARS-CoV-2 undergo a hyper-inflammation triage. This triage
could identify those patients benefited by immunosuppression
or immunomodulation [6]. The Tocilizumab is an example of
immunomodulatory drug. This humanized antibody anti-IL6
receptor, originally created to treat arthritis, has presented benefits on
thetreatment of thesevere COVID-19andis undertesting in more than
45 clinical trials (https://clinicaltrials.gov/ct2/results?cond=COVID-
19&term=Tocilizumab&ecntry=%& state=&city=&dist=). As the IL-6 is
high in patients with fibromyalgia and this cytokine is an aggravating
agent of the COVID-19, such a fact, per se, could explain a possible
tendency in these patients to develop a severe SARS-CoV-2 infection.
In fact, it is suggested that patients affected by this rheumatic condition
are monitored as for their IL-6 levels and, in case of worsening of the
clinic stage by viral infection, the use of IL-6 inhibitors (Tocilizumab,
Clazakizumab or Sarilumab) are considered (after approval of these
drugs).

Besides IL-6 inhibitors, other inhibiters of cytokines (TNFa and
IL-17A) also can minimize the hyper-inflammatory condition, which
is part of the severe COVID-19 pathogenesis and can be favored by
pre-existing inflammatory pathologic diseases [2,3,7]. These drugs
present the great benefit of being highly selective for individual
mediators of the inflammation cascade; therefore, they do not take
a large immunosuppression that could delay the specific adaptation
response that is fighting the SARS-CoV-2 infection. However, specific
humanized antibodies are usually expensive and hard to find.

In this context, one of the drug classes mostly used for IMIDs
are corticoids. These are non-selective anti-inflammatory drugs act
extensively suppressing the immune system, and for that reason
are also classified as immunosuppressors. Additionally, in order to
suppress the exacerbated innate immune response of the host, more
than 20 clinical trials have investigated a Glucocorticoid (GC) therapy
in the COVID-19 (clinicaltrials.gov). The risk of this therapeutic
strategy with GC (specially elevated doses) is causing suppression

of specific responses anti-SARS-CoV-2 and, therefore, delay the
elimination time of the virus, since the GC suppress the T CD4 cell
response, that are crucial to start immune responses, and also the
TCD8 cell response, which are specialists in eliminating the infected
cells [8]. As for the soluble mediators, it is known that the GC can
be beneficial in the treatment of the COVID-19, since they suppress
almost cytokines related with the inflammatory storm that may lead
the patient to death. However, due to the large immunosuppressive
action, these drugs also suppress important cytokines for the person’s
recovery, such as the IL-2 [9]. The immune profiles of patients who
recover from the COVID-19 have shown the participation of the IL-2
(early recovery stage) and [10], for that reason being administrated
in SARS-CoV-2 patients in a phase 2 clinical trial held in France
(Clinical Trials.gov Identifier: NCT04357444). Another aggravation is
the fact that in individuals with fibromyalgia a exaggerated physical
response in the organism to the a persisting stimulus takes place
(chronic stress, anxiety, depression) and that weakens the immune
system facilitating a viral infection and possibly prejudicing SARS-
CoV-2 clearance [1]. One of the mechanisms for such exaggerated
responses to persisting stimulus involves the elevated levels of pro-
inflammatory cytokines. The L-6, for instance, already mentioned
for being highly concentrated in serum of patients with fibromyalgia,
leads to fatigue, hyperalgesia, and depression and activates
sympathetic nervous system [5].

The hydroxychloroquine, a drug that has been widely studied
due to its potential effect on SARS-CoV-2 infection, has been used
for more than 50 years in the treatment of rheumatic diseases, such
as rheumatoid arthritis and lupus erythematosus. Several patients
diagnosedwith systemiclupuserythematosus alsopresent fibromyalgia
[11]. Possible beneficial mechanisms of hydroxychloroquine in these
rheumatic diseases include the suppression of the TNFa, IL-6 and
IL-1p expressions, as shown in human monocytes/macrophages
[12,13]. Thus, patients using hydroxychloroquine chronically for the
treatment of rheumatic diseases possibly do not have high levels of
these pro-inflammatory cytokines. Furthermore, whether the anti-
SARS-CoV-2 efficacy is proven, they would be upon appropriate
treatment since first exposition with the virus.

The uncertainties mostly concerning to patients with IMIDs and
fibromyalgia are: If they continue working in health care or other
frontline actions (the one who do so), due to the risk of seriously
falling ill. They must carry on with their immunosuppressive drugs
and if there will be shortage/lack of them (Hydroxychloroquine for
instance). Therefore, rheumatologists have recommended patients
should not discontinue their rheumatic medications unless they get
sick and have high fever or serious infection: They must not stop
their corticosteroids, if it is part of their daily use; they must not look
for medical care for suspicion of SARS-CoV-2 infection unless they
match the profile for testing (which is specific from place to place, but
it may include fever, shortness of breath and cough) [1,4].

During and after the end the COVID-19 pandemic, the world
economy will be damaged and patients will undergo stress, lack
of income or unemployment and possibly little or no access to
healthcare to their chronic diseases and uncertainties in their medical
supplies. Unfortunately, a lot of people will die due to the pandemic
and other may face worse outcomes in their chronic diseases because
they cannot access their doctors on account of the quarantine and
redirect of hospital resources to treat severely sick people infected by
SARS-CoV-2.

Remedy Publications LLC.

2020 | Volume 2| Issue 1 | Article 1013

54



Micheli Mainardi Pillat, et al.,

Annals of Clinical Inmunology and Microbiology

References

1.

Pope JE. What does the COVID-19 pandemic mean for rheumatology
patients? Curr Treatm Opt Rheumatol. 2020;30:1-4.

. Pacha O, Sallman MA, Evans SE. COVID-19: A case for inhibiting IL-17?

Nat Rev Immunol. 2020;20(6):345-6.

. Schett G, Sticherling M, Neurath MF. COVID-19: Risk for cytokine

targeting in chronic inflammatory diseases. Nat Rev Immunol.

2020;20(5):271-2.

. Benlidayi IC. Role of inflammation in the pathogenesis and treatment of

fibromyalgia. Rheumatol Int. 2019;39(5):781-91.

. Rodriguez-Pint6 I, Agmon-Levin N, Howard A, Shoenfeld Y. Fibromyalgia

and cytokines. Immunol Lett. 2014;161(2):200-3.

. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ.

COVID-19: Consider cytokine storm syndromes and immunosuppression.
Lancet. 2020;395(10229):1033-4.

. Feldmann M, Maini RN, Woody JN, Holgate ST, Winter G, Rowland

M, et al. Trials of anti-tumors necrosis factor therapy for COVID-19 are
urgently needed. Lancet. 2020;395(10234):1407-9.

. Ledford H. How does COVID-19 kill? Uncertainty is hampering doctors’

ability to choose treatments. Nature. 2020;580(7803):311-12.

. Northrop JP, Crabtree GR, Mattila PS. Negative regulation of interleukin 2

transcription by the glucocorticoid receptor. ] Exp Med. 1992;175(5):1235-
45,

. Wen W, Su W, Tang H, Le W, Zhang X, Zheng Y, et al. Immune cell

profiling of COVID-19 patients in the recovery stage by single-cell
sequencing. Cell Discov. 2020;6:31.

. Taylor J, Skan J, Erb N, Carruthers B, Bowman S, Gordon C, et al.

Lupus patients with fatigue - is there a link with fibromyalgia syndrome?
Rheumatology. 2000;39(6):620-3.

.Jang CH, Choi JH, Byun MS, Jue MD. Chloroquine inhibit production

of TNF-a, IL- 1b and IL-6 from liopoly-saccharide-stimulated
human monocytes/macrophages by different modes. Rheumatology.
2006;45(6):703-10.

.Silva JC, Mariz HA, Rocha Jr LF, de Oliveira PSS, Dantas AT, Duarte

ALBP et al. Hydroxychloroquine decreases Thl7-related cytokines in
systemic lupus erythematosus and rheumatoid arthritis patients. Clinics.
2013;68(6):766-71.

Remedy Publications LLC.

2020 | Volume 2| Issue 1 | Article 1013

55



7 DISCUSSAO

Acredita-se que o surgimento da SFM ocorra pelo processamento sensorial
central do sinal de dor anormal, envolvendo a interagcdo entre neurotransmissores,
estressores externos, constru¢gdes comportamentais, horménios e sistema nervoso
simpatico (BAZZICHI et al., 2007). A etiopatogénese da FM, assim como o exato papel
que as citocinas desempenhem nesta sindrome ainda ndo estdo bem claros. Por
consequéncia ndo ha testes hematoquimicos ou instrumentais especificos como base
diagnoéstica (BAZZICHI et al., 2007). No entanto, os testes laboratoriais e 0 exame
fisico sdo uteis, ndo sO, para se descartar outras patologias, como também, para
fechar o diagndstico de FM (ELMAS et al., 2016).

J&, o tratamento (paliativo) ideal para esta sindrome requer uma abordagem
multidisciplinar, individualizada, com a combinacéo de terapia farmacologica e ndo-
farmacolégica (HEYMAN et al., 2010; RIBEIRO et al., 2017; ERNBERG et al., 2018).
Dentre as modalidades ndo-farmacoldgicas, a acupuntura, técnica que altera o
processamento sensorial da dor (aumenta o limiar da dor), reduz significativamente o
consumo de farmacos por parte dos individuos que recorrem a esta terapia
(MARTINEZ & MACIAS, 2012).

No Manuscrito | foi demonstrado que os pacientes portadores de FM tendem a
apresentar sobrepeso/obesidade, como constatado por Cordero et al. (2014) que
encontraram maior prevaléncia de sobrepeso e obesidade em individuos com FM que
na populacao em geral. Por consequéncia, no presente estudo, as pacientes com FM
apresentaram niveis de AU, TG e PCR-Us significativamente aumentados em relacéo
ao grupo controle, dados estes, muito provavelmente, influenciados por fatores como
IMC e comorbidades associadas a FM (FEINBERG et al. 2017). Quanto as dosagens
das citocinas, verificou-se que as pacientes com FM apresentaram TNF sérico
diminuido corroborando com os achados de GARCIA-LOZANO et al.,, 2008;
HERNANDEZ et al.,, 2010 e Kadetoff et al., 2011 e, apresentaram IFN- y sérico
aumentado em relagcdo ao grupo controle (ORTEGA et al., 2012). Embora as
diferencas, encontradas nos biomarcadores analisados neste estudo, antes e apés
guatro semanas de terapia complemenar com acupuntura, ndo tenham sido muito
intensas, é possivel veriricar algumas alteracfes, tais como nas plaquetas totais. A

grande variacdo encontrada nos resultados, destacadamente nas citocinas, em
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sujeitos com FM €, em parte, justificada por interferentes como estresse, variacao
diurna, atividade fisica, alteracfes de dieta, depressédo e medicacéao utilizada.

No segundo Manuscrito, o peptideo bradicinina foi relacionado com os
sintomas neurologicos, dor e inflamacéo observados na doenca desencadeada por
SARS-CoV-2, o qual também pode estar presente na FM. Estudos com modelos
animais de dor associada a FM sugerem que este peptideo estd envolvido na
patofisiologia desta sindrome (BRUSCO et al., 2017; BRUSCO et al., 2019). J4, o
Artigo cientifico, discute a relagdo da COVID-19 com algumas citocinas especificas,
as quais, na doenca por coronavirus sdo capazes de fornecer um progndstico do
paciente, bem como, algumas drogas anticitocinas sdo uma estratégia terapéutica
importante para o tratamento da COVID-19 (JANG et al., 2006). Pacientes com
fibromialgia e outras doencas inflamatérias crénicas apresentam assinatura imune
inflamatoria semelhante a pacientes com COVID-19, sugerindo maior risco de
hiperinflamacdo desencadeada pela SARS-CoV-2 (SCHETT; STICHERLING;
NEURATH, 2020). Além disso, pacientes com essas doencas podem usar drogas
imunomoduladoras e imunossupressoras, resultando em diferentes estados

imunoldgicos para combater a infeccdo por SARS-CoV-2.



8 CONCLUSAO

A presente investigagdo, diferentemente das demais pesquisas acerca do
comportamento de biomarcadores na FM realizadas ao longo das ultimas décadas,
verificou de forma inédita o comportamento destes em pacientes fibromiagicos apos
terapia com acupuntura durante um més. Os resultados laboratoriais encontrados nao
demonstraram um padréo claro de biomarcadores comuns nos fibromiélgicos, tanto
antes quanto apos terapia com acupuntura. Destacadamente, verificamos que as
citocinas, apesar de desempenharam um importante papel na FM n&o sao
biomarcadores fiaveis desta sindrome. Desta forma, o diagnéstico da FM permanece
dependente dos sintomas clinicos apresentados pelos pacientes (primordialmente do
exame fisico) e a combinacdo de uma terapia farmacoldgica e nédo-farmacolégica,

individualizada € o mais indicado para conviver a FM.
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APENDICE A — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

O Programa de Pés-Graduacédo em Ciéncias Farmacéuticas e o Programa de
Pés-Graduagcdo em Reabilitagdo Funcional da Universidade Federal de Santa Maria
convidam vocé para participar da pesquisa nomeada Fibromialgia: Estudos
envolvendo mecanismos fisiopatolégicos associados a dor, inflamacéo e dano
muscular e o potencial efeito da acupuntura sobre estes processos, que tem por
objetivo determinar através da acupuntura e exames laboratoriais o alivio da dor em
pacientes com fibromialgia.

Todas as informacdes necessarias serdo confidenciais, utilizadas estritamente
nesta pesquisa e sua identidade sera preservada.

Para atingir os objetivos propostos nesta pesquisa, este termo de
consentimento sera dividido em 2 grupos de participantes:

Grupo 1 — Pacientes com Fibromialgia e Grupo 2 — Pacientes Saudaveis.

Grupo 1 — Pacientes com Fibromialgia

Sua participacdo nesta pesquisa consiste em responder um questionario
contendo alguns dados de identificacdo e dados referentes a fibromialgia e outras
doencas que vocé apresente; responder questdes contidas na escala visual analdgica
(EVA), que avalia a dor; responder um questionario de impacto da fibromialgia (QIF),
gue avalia a qualidade de vida; ter sua intensidade de dor verificada pelo algbmetro;
ser submetida a 4 sessdes de acupuntura (tratamento ou placebo, conforme o grupo
em que vocé for inserida por sorteio) com duracdo de 30 minutos cada, 1 vez por
semana, durante 4 semanas consecutivas, sem que vocé deixe, em momento algum,
de continuar seu tratamento medicamentoso e atividades cotidianas e 2 coletas de
sangue venoso para realizacdo de exames laboratoriais. A primeira coleta sera
efetuada antes do inicio das sessfes de acupuntura, para a qual vocé sera instruida
a estar em jejum. A outra coleta sera realizada depois da ultima sessdo de acupuntura
(4° sessao).

Vocé estara ciente de que serd necessario ir até o Departamento de
Fisioterapia da UFSM, localizado no prédio 26C do campus universitario 1 vez por

Comité de Etica em Pesquisa da Universidade Federal de Santa Maria
Avenida Roraima, 1000 - Prédio da Reitoria - 2° andar - Sala Comité de Etica
Cidade Universitaria - Bairro Camobi
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semana, durante 4 semanas consecutivas, que as sessfes de acupuntura serao
agendadas com antecedéncia pelos responsaveis desta pesquisa e que O
deslocamento para a universidade sera de sua responsabilidade.

Caso, vocé se sinta cansada ou desconfortavel respondendo os questionarios
ou durante a acupuntura, estes procedimentos serdo interrompidos e vocé terd total
liberdade para continuar ou ndo participando da pesquisa.

Sua participagdo e aceite para participar desta pesquisa é voluntéria e,
portanto, vocé ndo receberd nenhum tipo de recompensa financeira e podera retirar
seu consentimento em qualquer fase da pesquisa sem penaliza¢do alguma.

A acupuntura sera efetuada pelo fisioterapeuta engajado nesta pesquisa com
especializacdo neste procedimento. Serdo utilizadas agulhas descartaveis préprias
para acupuntura em 12 pontos do seu corpo e o desconforto da acupuntura se resume
a picada local. No entanto, pequenos hematomas (manchas roxas) podem se formar
apos as sessOes de acupuntura, mas costumam desaparecer em poucas horas ou
dias e ndo requerem nenhum cuidado especial.

J4, a coleta de sangue venoso serd feita pela farmacéutica-bioquimica,
também, engajada nesta pesquisa e todo o material utilizado sera descartavel. Apos
a coleta, vocé deve pressionar, sem massagear, o local da retirada de sangue durante
3 a5 min com o braco estendido. Vocé, também, deve evitar dobrar o braco por alguns
minutos e evitar carregar peso no brago puncionado para evitar o surgimento de
equimose (extravasamento de sangue) e hematoma no local da coleta.

Caso ocorra hematoma, tanto nos pontos de acupuntura quanto no local da
coleta de sangue venoso, vocé deve colocar compressas de gelo por 15 min, a cada
hora nas primeiras 6 horas, nos pontos com hematoma. Depois, vocé pode colocar
compressas mornas para ajudar a eliminar o hematoma mais rapidamente, ou entéo,
usar um gel anti-inflamatério 3 ou 4 vezes por dia, que também acelera o
desaparecimento do hematoma.

Vocé terd acesso a todos os resultados obtidos através dos questionarios e dos
exames laboratoriais propostos nesta pesquisa, 0s quais serdo disponibilizados para

vocé no término das 4 semanas de tratamento, sem nenhum custo.
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Além disso, ao término do projeto, se for verificada uma melhora significativa
entre as pacientes submetidas a acupuntura em relagcdo as pacientes do grupo
placebo, as participantes sorteadas para pertencer ao grupo placebo seréo contatadas
e Ihes seréo oferecidas 4 sessdes de acupuntura medicamentosa.

Este Termo de Consentimento Livre e Esclarecido sera redigido em duas vias,
ficando uma em posse do pesquisador responsavel por esta pesquisa e outra com

VOCEé, participante da pesquisa.

Grupo 2 — Pacientes Saudaveis

Sua participacdo nesta pesquisa consistira em responder um questionario para
coleta de alguns dados de identificacdo e apenas 1 coleta de sangue venoso, em
jejum, para a realizacéo de exames laboratoriais.

Caso vocé se sinta cansada ou desconfortavel durante a aplicacdo do
guestionario as perguntas serao interrompidas e vocé tera liberdade para continuar
ou néo participando da pesquisa.

A coleta de sangue venoso sera efetuada pela farmacéutica-bioquimica
engajada nesta pesquisa e todo material utilizado € descartavel. Os desconfortos e
riscos da coleta de sangue serdo apenas aqueles decorrentes de uma coleta usual
em laborat6rio clinico (pequena mancha roxa no local e/ou leve dor local) que poderao
Ou Nao ocofrrer.

Apbs a coleta, vocé deve pressionar, sem massagear, o local da retirada de
sangue com algodéao durante 3 a 5 min com o braco estendido. Vocé, também, deve
evite dobrar o braco por alguns minutos e evitar carregar peso no braco puncionado
para minimizar o surgimento de equimose (extravasamento de sangue) e hematoma
no local da coleta.

Caso ocorra hematoma no local da coleta, vocé pode colocar compressas de
gelo por 15 min, a cada hora nas primeiras 6 horas no local do hematoma. Depois,
vocé pode colocar compressas mornas para ajudar a eliminar o hematoma mais
rapidamente ou usar um gel anti-inflamatério 3 ou 4 vezes por dia para acelerar o

desaparecimento do hematoma.
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Sua participacao e aceite nesta pesquisa sao voluntarios e, portanto, vocé nao
recebera nenhum tipo de recompensa financeira, podendo retirar meu consentimento
em qualquer fase da pesquisa sem penalizacao alguma.

Vocé ter4 acesso a todos os resultados obtidos nos exames laboratoriais,
depois de processados, sem nenhum custo.

Este Termo de Consentimento Livre e Esclarecido sera redigido em duas vias,
ficando uma em posse do pesquisador responsavel por esta pesquisa e outra com

VOCEé, participante da pesquisa.

Ciente e de acordo com o que foi anteriormente exposto

() paciente com fibromialgia - grupo 1;
() participante saudavel - grupo 2,

concordo em participar desta pesquisa, assinando este consentimento.

Assinatura da Participante:

Assinatura do Pesquisador Responsavel pela pesquisa:

Santa Matria, .......... A€o, de 2017/2018.

Em caso de davidas entrar em contato com o prof. orientador Dr. José Edson
Paz da Silva pelo fone 3220-8503 ou com um de seus alunos de pos-graduacao:
Gustavo Urbanetto Baelz, pelo celular 99621-5319 e Elizandra Leal Steffen, pelo fone
3317-0615 ou celular 99922-2073, ou ainda, com o Comité de Etica em Pesquisa da
UFSM pelos fones 3220-9362 ou 3220-962.
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APENDICE B — QUESTIONARIO

Questionario aplicado as participantes do projeto Fibromialgia: estudos
envolvendo mecanismos fisiopatoldgicos associados a dor, inflamacgao e
dano muscular e o potencial efeito da acupuntura sobre estes processos:
Grupo Tratamento (pacientes com fibromialgia submetidas a acupuntura); Grupo
Placebo (pacientes com fibromialgia submetidas a sham acupuntura) e Grupo
Controle (pacientes saudaveis).

Dados acerca da Fibromialgia:

Participante saudavél, sem fibromialgia: ( )Sim ( )N&o

Tempo de diagndstico de fibromialgia: (  )menos de 6 meses ( )entre 6 meses a
lano ( )entrela?2anos( )mais de 2 anos

Comorbidades associadas: Qual(is) e ha quanto tempo?

Medicamentos utilizados no tratamento:

( ) Analgésico. Qual(is):

( ) Anti-inflamatério. Qual(is):

( ) Antidepressivo. Qual(is):

( ) Outras categorias. Qual(is):

E fumante: ( )Sim ( )N&o. Quantidade de cigarros consumidos por dia:

Pratica atividade fisica regularmente: ( ) Nao ( )Sim. Quantas vezes por semana,

durante quanto tempo:

Medidas antropométricas:
Peso ao ingressar no grupo de estudo:
Altura:

indice de massa corpérea (IMC):

Grupo de estudo:
( ) Tratamento (participante com fibromialgia submetida a acupuntura)
( ) Placebo (participante com fibromialgia submetida a sham acupuntura)

( ) Controle (participante saudavel)



Intervencdes:

12 intervencao: ( )Compareceu ( )N&o compareceu
22 intervencéao: ( )Compareceu ( )N&o compareceu
32 intervencéao: ( )Compareceu ( )Nao compareceu

42 intervencdao: ( )Compareceu ( )Nao compareceu

Resultados dos exames laboratoriais:
Hemograma:

Glicose de jejum:

Colesterol total:

Triglicerideos:

Acido urico:

Creatinina:

Proteina C reativa (PCR):
Creatina quinase (CK):
Interleucina-2 (IL-2):
Interleucina-4 (IL-4):
Interleucina-6 (IL-6):
Interleucina-10 (IL-10):

Fator de Necrose Tumoral (TNF):
Gama-Interferon (IFN):
Interleucina-17A (IL-17A):

Contato telefonico:
Telefone residencial:

Celular:

Assinatura do responsavel pela coleta dos dados:
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