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RESUMO

Introducgao e justificativa: A doenga degenerativa dos discos intervertebrais € uma
das principais causas de dor lombar, sendo associada a multiplos fatores ambientais,
ocupacionais, epigenéticos e genéticos. O tratamento inicialmente €& conservador,
incluindo medicamentos, infiltragcdes e fisioterapia. A cirurgia € indicada apenas nos
casos refratarios, sintomaticos e com concordancia clinica-radiolégica. Para o
conhecimento fisiopatoldgico do processo degenerativo, € necessario a compreensao
dos mecanismos de morte e regeneragao celular. O Estresse Oxidativo tem sido
estudado como um dos principais fatores moleculares que induzem a degeneragao
discal e tem atraido interesse dos pesquisadores pela sua relacdo com as doencas
neurodegenerativas e a fatores biologicos ligados ao envelhecimento.

Objetivos: Avaliar o estresse oxidativo no disco intervertebral humano na doenga
degenerativa lombar através de marcadores proteicos, genéticos e bioquimicos para
auxiliar na compreensao do papel do estresse oxidativo na degeneragéo do disco.
Métodos: Amostras de disco intervertebral foram obtidas de pacientes submetidos a
tratamento cirurgico para disturbios da coluna lombar, divididos em grupos leves
(graus de Pfirrmann |l e 1ll) e graves (graus de Pfirrmann IV e V). As seguintes analises
foram realizadas: | - imunohistoquimica para avaliar a expressao das proteinas
antioxidantes TRX e PRDX/PAG1, Il - RT-qPCR para verificar a expressao dos genes
NF-kB, GSK3p e P21/ CDKN1A, e lll - Testes bioquimicos para quantificar a proteina
sulfidril e determinar a produc¢ao de éxido nitrico para verificar os niveis de estresse
oxidativo.

Resultados: A proteina TRX mostrou expressdo positiva predominante em
condrocitos e fibroblastos, com expresséo significativamente maior nos graus de
doenga mais leves (75,32 £ 6,65) em comparagao com os mais graves (68,98 + 8,25)
(p =0,001). PRDX/PAG1 exibiu expressdo mais alta em aglomerados de condrocitos
NP e em doengas mais leves (65,70 £ 12,15) (p < 0,001). Todos os genes avaliados
mostraram tendéncia de aumento da express&o nos graus mais graves da doenga e
apresentaram uma correlagao estatistica positiva de Pearson, especialmente o gene
P21/ CDKN1A, que demonstrou hiperexpressdo genética com diferenga estatistica
significativa nos graus mais graves de patologia (p = 0,038). A proteina sulfidril foi
mais abundante em graus leves em comparagdo com graus graves de patologia
(14,42 £ 6,37 vs. 7,52 £ 3,26, p = 0,009). A quantidade de 6xido nitrico produzida foi
maior entre aqueles com degeneracado grave em comparagao com aqueles com
degeneragdo moderada (9,29 + 2,55 vs. 8,02 £ 0,92, p = 0,290).

Conclusées: A degeneragdo do disco lombar resulta de varios fatores, incluindo
estressores mecanicos, metabdlicos, inflamatorios e genotoxicos. De acordo com este
estudo, os graus mais graves desta patologia (Escala de Pfirrmann) ocorrem devido
a reducgao da atividade antioxidante (TRX, PRDX/PAG1, proteinas sulfidril), aumento
da expressao de genes inflamatorios e senescentes (NF-kB, GSK3[3, P21/ CDKN1A)
e elevada produgao de oxido nitrico, levando em ultima analise a apoptose celular.

Palavras-chave: Degeneragao do disco intervertebral; degeneragéo do disco lombar;
disco intervertebral; dor lombar; estresse oxidativo; tiorredoxina; peroxirredoxina; NF-
KB; GSK3pB; p21; dxido nitrico, sulfidril.



Abstract

Introduction and Justification: Degenerative disc disease is one of the leading
causes of low back pain, associated with multiple environmental, occupational,
epigenetic, and genetic factors. Initial treatment is conservative, including medications,
injections, and physiotherapy. Surgery is indicated only in refractory cases,
symptomatic patients with clinical-radiological agreement. To understand the
pathophysiology of the degenerative process, it is necessary to comprehend the
mechanisms of cell death and regeneration. Oxidative stress has been studied as one
of the main molecular factors inducing disc degeneration and has attracted
researchers' interest due to its relationship with neurodegenerative diseases and
biological factors associated with aging.

Objectives: To evaluate oxidative stress in the human intervertebral disc in lumbar
degenerative disease through protein, genetic, and biochemical markers to aid in
understanding the role of oxidative stress in disc degeneration.

Methods: Intervertebral disc samples were obtained from patients undergoing surgical
treatment for lumbar spine disorders, divided into mild (Pfirrmann grades Il and Ill) and
severe (Pfirrmann grades IV and V) groups. The following analyses were performed: |
- immunohistochemistry to assess the expression of antioxidant proteins TRX and
PRDX/PAG1, Il - RT-gPCR to verify the expression of genes NF-kB, GSK3[3, and P21/
CDKN1A, and Il - Biochemical tests to quantify the sulfhydryl protein and determine
nitric oxide production to ascertain oxidative stress levels.

Results: TRX protein showed predominantly positive expression in chondrocytes and
fibroblasts, with significantly higher expression in milder disease grades (75.32 £ 6.65)
compared to the more severe ones (68.98 + 8.25) (p < 0.001). PRDX/PAG1 exhibited
higher expression in clusters of NP chondrocytes and in milder diseases (65.70 +
12.15) (p < 0.001). All evaluated genes showed a tendency for increased expression
in the most severe degrees of the disease and presented a positive Pearson statistical
correlation, particularly the P21/ CDKN1A gene, which demonstrated genetic
hyperexpression with significant statistical difference for the most severe degrees of
pathology (p = 0.038). The sulfhydryl protein was more abundant in mild grades
compared to severe grades of pathology (14.42 £ 6.37 vs. 7.52 £ 3.26, p = 0.009). The
amount of nitric oxide produced was higher among those with severe degeneration
compared to those with moderate degeneration (9.29 £ 2.55vs. 8.02 £ 0.92, p = 0.290).
Conclusions: Lumbar disc degeneration results from various factors, including
mechanical, metabolic, inflammatory, and genotoxic stressors. According to this study,
the most severe grades of this pathology (Pfirrmann Scale) occur due to reduced
antioxidant activity (TRX, PRDX/PAG1, sulfhydryl proteins), increased expression of
inflammatory and senescent genes (NF-kB, GSK3[3, P21/ CDKN1A), and elevated
nitric oxide production, ultimately leading to cellular apoptosis.

Keywords: Intervertebral disc degeneration; lumbar disc degeneration; intervertebral
disc; low back pain; oxidative stress; thioredoxin; peroxiredoxin; NF-kB; GSK38; p21;
nitric oxide, sulfhydryl.



