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1. INTRODUGAO

A dor lombar é causa primaria de incapacidade laborativa em paises
desenvolvidos (1). Pode atingir até 65% das pessoas, anualmente, acima dos 40 anos
de idade, e até 84% em algum momento da vida (2). O custo de utilizagdo dos
sistemas de saude aliado ao periodo afastado do trabalho representa a relevancia do
topico, com estimativas de custos de até US$ 50 bilhdes de dolares (3,4). Na regido
Sul do Brasil a prevaléncia é de 72% na populacdo geral, sendo 69,7% nas pessoas
com idade inferior a 40 anos (5).

Determinam-se fatores de risco para o desenvolvimento de dor lombar crénica:
ambiente de trabalho (p.ex. trabalhadores expostos a vibragao), trauma lombar prévio,
estilo de vida (sedentarismo, indice de massa corporal elevado), tabagismo,
aterosclerose, senescéncia e predisposi¢cado genética (6—8). A progressédo da doenga
degenerativa discal (DDD) e o aparecimento de sintomas dolorosos necessitam, além
da predisposicdo genética, do principal gatilho extrinseco, que s&o os fatores
ambientais de estilo de vida, tabagismo e obesidade (4,9,10).

O diagnéstico e planejamento do tratamento é realizado pela anamnese,
exame neuroldgico e sua correlagdo com a ressonancia nuclear magnética (RNM)
(10). ADDD da coluna lombar pode ser classificada de acordo com o grau de desgaste
do disco intervertebral (DIV) através da escala de Pfirrmann. A classificacdo de
Pfirrmann varia entre as caracteristicas normais do DIV (Grau 1) até o DIV de maior
degeneragao (Grau 5) (10,11). O tratamento cirurgico € indicado em apenas 20% dos
pacientes com hérnia de disco lombar (HDL), pois a hérnia & reabsorvida em
aproximadamente 80% dos casos (12-15).

1.1 Anatomia e fungao do disco intervertebral

O DIV é um tecido fibrocartilaginoso avascular que inclui um nucleo pulposo
(NP) interno e circundado pelo anulo fibroso (AF), e ambos fixados no corpo vertebral
através dos platés cartilaginosos (16). O AF é uma estrutura concéntrica lamelar de
fibras de colageno tipo | obliquas, envolvendo o NP (17). O NP possui inicialmente
células notocordais substituidas gradualmente por condrocitos (18). O NP é formado
por proteoglicanos e colageno tipo Il (18). O platb cartilaginoso € composto por placas
de cartilagem vascularizadas que permitem a difusdo de nutrientes para o AF e o NP
(17-19).

O microambiente do DIV é caracterizado por privacdo de nutrientes, havendo

na sua degeneragéo niveis elevados de citocinas e estresse oxidativo (20-23). Com



a idade, baixas concentragbes de tensdo de oxigénio no centro do disco geram
metabolismo anaerdbio, que resultam em altas concentragdes de acido latico e baixo
pH (18). As deficiéncias no transporte metabolico parecem limitar tanto a densidade
da matriz de colageno, quanto a atividade metabdlica das células discais (8). O
processo degenerativo local metabdlico ou mecéanico (trauma, movimentos
repetitivos) aumenta a produgdo de citocinas e estresse oxidativo, com perda
progressiva da capacidade de remodelagdo tecidual (8). O conhecimento dos
mecanismos de degeneragao do DIV e o equilibrio tecidual de apoptose/autofagia sdo
importantes para melhor entender o mecanismo fisiopatolégico da degeneragao
discal, seu tratamento e o prognostico do paciente (24,25).

1.2 Apoptose

A apoptose € a morte programada da célula. Ela pode ser desencadeada pelo
envelhecimento, pela resposta inflamatéria acentuada ou secundaria a um dano
celular. A apoptose preserva a homeostase dos tecidos através da eliminacédo de
células desnecessarias ou disfuncionais (26—28). A apoptose esta associada com a
senescéncia e a degeneragao das ceélulas do DIV, demonstrando a importancia dos
estudos e das terapias vinculadas a supressao da apoptose para a terapéutica da
DDD (26,29).

A apoptose pode ocorrer pela via extrinseca (citoplasmatica) ou pela via
intrinseca (mitocondrial). No entanto, apesar das vias atuarem de maneiras distintas,
ambas ativam uma cascata de reagdes proteoliticas envolvendo a ativagdo das
caspases iniciadoras (2, 8, 9, 10) e executoras (3, 6, 7), resultando na amplificagdo do
sinal apoptético (26,29). A apoptose ¢é iniciada com a ativagao das caspases 8 e 10
na superficie celular (via extrinseca) (30). Em seguida, as caspases executoras 3, 6 e
7 sédo acionadas e responsaveis pela protedlise e a morfologia apoptoética da célula
(31). Apos liberagéo do citocromo C pela mitocondria (via intrinseca), ha uma ativagao
via APAF-1 da caspase iniciadora 9 (32). Ao remover a inibicado da XIAP, ha uma
predominancia do canal executor da caspase 3 (33) — vide figura 1.
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Figura 1 — llustragdo da via intrinseca e extrinseca da apoptose (31).
XIAP: Inibidor da proteina de apoptose ligado ao X. Smac: € uma proteina
mitocondrial que promove ativacdo da Caspase-9. HirA2: serina protease htra2. ML-

IAP: inibidor da apoptose produzido por melanoma.

1.3 Autofagia

A autofagia € um processo catabdlico e evolutivo de degradagdo dos
componentes citosolicos, como proteinas e organelas para formagao dos lisossomos.
Como consequéncia, influencia na homeostasia e manutencéo energética ao fornecer
energia em resposta aos estimulos intracelulares e extracelulares (p.ex. privagao
nutricional) (34,35). Muitas doencgas degenerativas estdo associadas a disfuncdo do
processo autofagico (36).

Existem trés tipos de autofagia: |-macroautofagia; |lI- microautofagia; Ill-
autofagia mediada por chaperonas. A macroautofagia é responsavel por 90% da
autofagia celular e tem seu mecanismo de acdo melhor estudado (36). A
macroautofagia e a autofagia mediada por chaperonas sao eventos modulados com
0 avancgo da idade e podem estar relacionados com o agravamento da doencga discal
degenerativa (37). Na microautofagia, os componentes citosolicos s&o incorporados
diretamente em lisossomos atraveés da invaginagdo da membrana lisossomal (37).

O nivel basal de autofagia permite a troca ou reciclagem de organelas

danificadas, proteinas e conteudos citoplasmaticos. Esta fungdo permite uma



adaptacdo ao estresse pela entrega de substratos metabdlicos as células para
suplementar a demanda de energia, fortalecendo assim o crescimento e garantindo a
sobrevivéncia celular (38). Ao estimular a via PISK-AKT, sob indu¢do da Rheb-GTP
ha um estimulo da mTOR e inibigado do fluxo autofagico (36). Sob stress (acumulo de
organelas danificadas ou hiperosmatico p.ex.), ha uma modulagdo negativa da mTOR
resultando no favorecimento da autofagia (36). Com este fendmeno positivo sobre a
MTOR ha um acumulo do complexo ULK, resultando em estimulo a Beclin 1, e
subsequentemente ATG16L, constituindo o estagio do fagoforo (36). Nesse estagio
ha uma conjungédo com as outras ATG 5 e 12, formando o complexo ATG5-ATG12-
ATG16L (36). Esse complexo ira favorecer a fosfatidiletanolamina (PE) a converter a
proteina LC3-| (citosodlica) na LC3-Il (intra-autofagossémica), que é marcadora na
formacé&o do autofagossomo e atividade lisossémica (Figura 2) (39).
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\

phagophore = ———— autophagosome

Figura 2 — llustragdo do processo de autofagia (36).

Em células de mamiferos a LC3 é expressa em multiplas isoformas: LC3A,
LC3B, LC3B2 e LC3C (40,41). Cadeia Leve 3 da proteina 1 associada a microtubulos
(ou LC3) & uma proteina ubiquitina essencial para a formagdo da membrana
autossémica (42). Essa proteina possui duas formas: LC3-| soluvel (18kDa), derivada
de uma pro-LC3 30kDa apos a clivagem pela proteina ATG4, e a forma membranosa
LC3-1l (16kDa), localizada na membrana interna e externa do autofagossomo (42).



Em diferentes tecidos ou linhagens celulares o aumento dos niveis de LC3A-Il versus
LC3B-Il comporta-se de maneira distinta, sendo que n&do ha a definicdo correta de
qual a “melhor isoforma” a ser monitorada (43). O grau de ativagdo autofagica deve
ser controlado para permitir a viabilidade celular pois, apesar da autofagia ser um
sistema protetor das células, se executada em excesso, pode ocasionar um efeito
deletério de morte celular (44—-47).

1.4 Relagao Apoptose e Autofagia

Apesar da sobrecarga mecanica, hipéxia ou estresse oxidativo do DIV, a
preservagao celular € mantida utilizando o controle de componentes celulares por
macroautofagia e supressao da apoptose (48,49). Em ambientes predominantemente
hostis, a autofagia inibe a apoptose e regula o metabolismo energético das células do
DIV, inibindo o processo degenerativo. Apesar do avango da ciéncia, existem
controvérsias sobre a influéncia positiva ou negativa da autofagia sobre a apoptose
celular no paciente com doenga do DIV (47).

Quando nutrientes s&o suficientes, Beclin-1 e Bax/Bak ligam-se a Bcl-2 ou Bcl-
xL impedindo o inicio da autofagia e apoptose (47). Apds estimulo de situagdes de
estresse oxidativo, ha a interrupcéo da interagao entre os componentes e indug¢ao dos
processos autofagico e apoptotico: pré-apoptose BH3, fosforilagdo mediada por DAPK
do dominio da Beclin-1, fosforilagdo mediada por JNK da Bcl-2, ligagdo da molécula
DAMP/HMGB-1 a Beclin-1 (Figura 3) (47).

Sob condigbes de privagdo nutricional prolongada, Bcl-2 fosforilada liga-se
diretamente a proteina pro-apoptotica Bax e inibe a apoptose (47). Porém, sob
condigdes nutricionais extremas, JNK1 induz a hiper-fosforilagdo da Bcl-2, com
dissociagdo subsequente da Bax e promocg¢ao da apoptose diretamente em vias
ligadas a caspase 3 efetoras (47). Portanto, a dissociacdo da Bcl-2 originada da
Beclin-1 promove também predominancia a autofagia (anti-apoptoética), sendo a
fosforilagdo mediada pela JNK, uma conexdo importante entre ambos os fenémenos
(50).
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Figura 3:

equilibrio entre autofagia e apoptose (47).

llustragcdo da influéncia do estresse celular sobre a quebra do

O papel protetor da autofagia pode ser explicado na sua tentativa de prever o

catabolismo da matriz extracelular no ambiente inflamatério do disco degenerado,

porém sua resposta é variavel mediante o estimulo e/ou stress oxidativo (49). Em

situagdes de privagdo nutricional, ha uma predominéncia da autofagia através de

modulac&o da via mTOR (controle do balango energético), e superexpressao do gene

bcl-2 para inibigdo da apoptose (inibicdo da caspase 3 e aumento da expressao do

colageno tipo 2 e agrecan), com o objetivo de sobrevivéncia celular (51). Torna-se

cada vez mais evidente que a apoptose e a autofagia sdo processos interligados,

equilibrados, com vias complementares envolvidas na patogénese da DDD. Esta inter-

relacao é critica para o destino da célula do DIV.
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ABSTRACT

Study Design: Basic-Science Paper

Objective: To describe the relationship between autophagy and apoptosis and the
possible signaling pathways involved in degenerative lumbar intervertebral disc.
Summary of Background Data: Autophagy and apoptosis are regulatory cellular
mechanisms that determine many pathologies, including degenerative intervertebral
disc disease. The interactions between these events in the damage or protection of
intervertebral disc cells and in cellular homeostasis remain controversial.

Methods: The sample size was twenty patients who underwent lumbar spine surgery
for symptomatic disc herniation or spondylolisthesis. The intervertebral discs were
classified by magnetic resonance as Pfirrmann grade IV and grade V. Six patients
were operated on two levels, resulting in twenty-six intervertebral discs that were
submitted to immunohistochemistry (anti-LC3A, anti-LC3A/B, anti-caspase8, anti-
caspase9) to verify the protein expression of autophagy and apoptosis markers.
Results: The autophagic markers had greater protein expression in the human
intervertebral disc (Pfirrmann Grades IV and V). Under these conditions, autophagy
and apoptosis showed a negative correlation. Regarding apoptosis, caspase 8
presented the highest protein expression, which allows inferring the preference for the
extrinsic pathway in cell death.

Conclusions: Autophagy had the greatest protein expression negative profile
compared to apoptosis. Caspase 8 had the highest protein expression in apoptosis.
Level of Evidence: 4.

Key words: intervertebral disc degeneration, autophagy, apoptosis, crosstalk
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1. INTRODUCTION

Degenerative disc disease (DDD) has been considered the commonest cause
of low back pain (LBP) symptoms, with a heavy social and economic burden'-3. Clinical
and radiological correlation through magnetic resonance imaging (MRI) is essential for
proper management, since intervertebral disc (IVD) degeneration is an aging process*
6. External and internal factors associated with DDD are labor-related (i.e. excessive
vibration), smoking, aging and genetic predisposition®’.

Apoptosis is programmed cell death responsible for maintaining homeostasis
by the induction of death of pathological cells®. However, the excess of apoptosis is
harmful and can cause DDD®. Signaling caspases 8 and 9 and effector caspase 3 are
the commonest way to detect apoptosis'®. Apoptosis can occur via two main pathways,
extrinsic and intrinsic'''2. Caspase 8 is increased when the extrinsic pathway is
activated and caspase 9 when the intrinsic pathway is activated’"'2. Even though
caspase 8 and 9 act in distinct molecular processes, both activate a proteolytic
cascade which ultimately results in the apoptotic signal™®.

Autophagy is a homeostatic mechanism through which a basal level of
autophagy recycles and exchanges the damaged organelles, proteins and cytoplasmic
components™15, It functions as an adaptation to stress through delivery of metabolic
substrates to cells in an event of energy shortage, providing cell survival and growth 4.
There is progressive breakdown of extracellular matrix (ECM) components as a
response to different stimuli such as nutrient deprivation causing excessive autophagy,
accumulation of IL-1R and TNF leading to cell death®®16.17 Autophagy Related Genes
ATG types 3, 4 and 7 as well LC3 and SQSTM1 proteins are essential to the
autophagic process 8. In mammalian cells, LC3 is expressed in multiple isoforms:
LC3A, LC3B, and LC3C"3'°. The increasing levels of LC3A-Il versus LC3B-Il behave
in different ways in different tissues or cell lineages, not defining which is the “best
isoform” to be monitored’. Even though autophagy acts mainly as a protector of the
degenerative state, if excessive it may result in autophagic cell death'®17.

IVD preservation is achieved by the cellular balance via autophagy and
apoptotic suppression??2'. This study aims to better understand the crosstalk between
autophagy and apoptosis and the signaling pathways involved in IVD degeneration.



17

2. PATIENTS AND METHODS

2.1. Ethics statement
This study was conducted in accordance with ethical standards and approved
by the Ethics Committee of the University of Caxias do Sul (CEP/UCS 2.503.156). The

patients were invited by an informed consent form.

2.2. Patient Selection

The symptomatic patients with spondylolisthesis or lumbar disc herniation were
evaluated and treated initially with analgesic and anti-inflammatory medication,
epidural infiltration, postural care, motor physical therapy and muscle strengthening.
Radiological investigation with lumbar spine X-ray and magnetic resonance imaging
(MRI) were performed if the symptoms persisted for two weeks. The surgical indication
was determined by pain aggravation and progressive loss of motor function, with a
clinical-radiological concordance. The final decision for surgery was made by the
patient and their family after explaining the efficacy and risks of surgery, and
postoperative care. The patient was invited to enter the study and signed the informed
consent form if it was decided to perform surgery. The exclusion criteria were the

presence of previous lumbar spine surgery or infection.

20 patients / 5 images per antibody

/ 4 antibodies per sample
v
26 samples

Fig.1: Number of patients and results for analysis.

520 images for analysis

2.3. Radiological and clinical evaluation

The severity of the lumbar spine IVD was determined by magnetic resonance
using the Pfirrmann scale*. The Pfirrmann scale ranks the severity of IVD from grade
| (normal) to grade V (severe degeneration) by acquisition of T2-weighted fast average
spin-echo images*.

The clinical evaluation was performed by the Oswestry lumbar functionality
(ODI) questionnaire??. The scale consists of 10 questions with six alternatives, value

ranges from O to 5. The total score is divided by the number of questions answered
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multiplied by the number 5 and the result of this division is multiplied by 100. ODI is
classified as minimum disability (0 - 20%), moderate disability (21-40%), severe
disability (41-60%), patient who appears invalid (61-80%), and bed-restricted
individuals (81-100%)%.

2.4 IVD samples and tissue fixation

The fragments of IVD removed during the surgical procedure were collected
and washed twice in sterile vats protected from the light, containing buffered 10%
formalin (pH 7.4). This material was transported to the Cell Therapy Laboratory of the
University of Caxias do Sul. All samples remained in buffered formalin 10% (pH 7.4)
for 24h for complete tissue fixation. After this period, they were catalogued and
analyzed macroscopically, where size, coloring, texture and other elements of the

piece were evaluated to aid in the study.

2.5 Hematoxylin and Eosin staining

Samples were then dehydrated with consecutive ethyl alcohol 100% baths,
diaphanized in xylol and embedded in paraffin. The blocks containing the selected
samples were cut into 3um sections using Leica microtome RM 2120RT (Leica,
Bannockburn, IL, U.S.A.) with high profile razors (Leica, Bannockburn, IL, U.S.A.).

Hematoxylin and Eosin staining was obtained by standard protocol. Thus, the
slides were diaphanized, dehydrated and stained with Harris Hematoxylin solution
(WCOR) followed by Yellowish Eosin (Sigma-Aldrich®, Missouri, USA). The final step
of the slides was performed with Eukitt® quick-hard mounting medium (Fluka Analytical
- Thermo Fisher Scientific, Massachusetts, USA).

Images were analyzed using conventional optical microscopy Leica DM2500
(Leica Microsystems, Bannockburn, IL, U.S.A.). The images were captured with the
LAS V4.4 software microscope (Leica Microsystems, Bannockburn, IL, U.S.A.). It
should be noted that such basic staining was used only as a way of visual support of
the quality of the tissue before the images of immunohistochemistry that were

generated, not being part of the analysis and results of the study.

2.6 Immunohistochemistry
Immunopositivity for the relation between apoptosis and autophagy expression

was assessed on paraffin tissue sections (3um thick) by using polyclonal antibody anti-
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Caspase 8 (1:1000, Cat. Number PA1-29159, Thermo Fischer Scientific,
Massachusetts, EUA), polyclonal antibody anti-Caspase 9 (1:500, Cat Number PA1-
29160, Thermo Fischer Scientific, Massachusetts, EUA), polyclonal antibody anti-
LC3A/Cleaved (1:10, Cat Number PA5-35196, Thermo Fischer Scientific,
Massachusetts, EUA) and polyclonal antibody anti-LC3A/LC3B (1:200, Cat Number
PA1-16931, Thermo Fischer Scientific, Massachusetts, EUA). High-temperature
antigen retrieval was performed by immersion of the slides into Standard Saline Citrate
2X (3M Sodium Chloride and 0,3M citric acid, pH 7) at 98—-100°C. The peroxidase was
blocked by incubating the sections with 3% hydrogen peroxide for 20min. The
nonspecific protein binding was blocked with 15% milk serum solution for 12 min. After
incubation at 37°C (30 minutes) and room temperature (45 minutes) with primary
antibodies, the slides were washed with PBS 1X (0.8% NaCl, 0.02% KCI, 0.02%
KH2PO4, 0.088% Na2HPO4) and incubated with the secondary antibody (HiDef
Detection Amplifier Mouse & rabbit, Cell Marque Corporation, Califérnia, EUA) for 12
minutes at room temperature and by detection polymer (HiDef DetectionHRP Polymer
Detector, Cell Marque Corporation, Califérnia, EUA) for 12 minutes more at room
temperature. The sections were washed in PBS 1X (0.8% NaCl, 0.02% KCI, 0.02%
KH2PO4, 0.088% Na2HPO4), and the visualization was completed by using 3,3
diaminobenzidine (Cell Marque Corporation, Califérnia, EUA) in chromogenic solution
and counterstained lightly with Harris’s Hematoxylin (WCOR) solution. Images were
examined with a Leica DM2500 optical microscope (Leica Microsystems,
Bannockburn, IL, U.S.A.) and the images were captured with the LAS V4.4 software
microscope (Leica Microsystems, Bannockburn, IL, U.S.A.). Five images of each
sample were captured at x200 magnification 23.

Digitized RGB images were analyzed using Image NIH (National Institute of
Health) Image J 1.52a Software (NIH, Bethesda, MD, USA) to quantify the
immunopositive Caspase 8, Caspase 9, LC3A/Cleaved, LC3A/LC3B. A specific macro
was created for each antibody to quantify the immunopositivity of the labeled proteins
in the immunohistochemical reactions based on the color of the pixel.

The dark-to-medium brown regions in the sample were selected and used as
positive immunolabeling. When necessary, the brightness intensity within ImagedJ was
used to aid the program analysis. The software generated a macro, which allowed
determining the optical density of the positive regions as arbitrary units (AU). All

immunohistochemical reactions had the presence of at least one positive control for
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the primary antibody used (anti-caspase 9, anti-caspase 8, cleaved anti-LC3A and

anti-LC3A/3B), ensuring the immunohistochemical assay.

2.7 Statistical Analysis

Data was stored in the Excel 2007 program. Statistical analysis was performed
through the R Project for Statistical Computing 3.6.1 (\free software Foundation’s GNU
General Public License) for FreeBSd and Linux. The evaluation was performed in five
images giving greater statistical strength to the tests. All immunohistochemistry data
were correlated with radiological and clinical information of patients using the
Spearman correlation test and Mann-Whitney U test with generalized linear model
gamma (GLM). Statistical significance was considered when p <0.05.

3. RESULTS

Specimens from human nucleus pulposus were obtained from 20 patients who were
submitted to lumbar surgery for degenerative disc disease (DDD) or lumbar disc
herniation. From the entire number of patients, we obtained 26 biological samples of
IVD for the study.

3.1 General aspects

A total of 26 samples of human nucleus pulposus were obtained from 20
patients, 6 of the patients had removal of 2 IVD discs (Table 1). The sex was equally
distributed as male (n=10) and female (n=10). Median age was 49 (range 35-72). The
mean and standard deviation of the preoperative ODI questionnaire was 65.8+-6,14
(range 55-75) (Table 1).

3.2 Autophagy had a greater protein expression
LC3A had the greatest protein expressed in AU through Imaged analysis when
compared with LC3A/LC3B, Caspase 8 and Caspase 9 (Figure 1). Higher median

values related to superior autophagic activity were observed, perhaps associated with
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the degenerative degree of the samples (Pfirrmann Grades IV and V only).

o o

LC3A : : ; u e Anti LC3A/B

Caspase 8 Caspase 9

Figure 1: Protein expression in autophagy and apoptosis. Values showed in a
boxplot demonstrate the median and interquartile range values and next is the protein
expression as visualized in immunohistochemistry (x200 magnification). Black arrows
mark the protein expression in optical microscopy. Examples of four samples for (A)
antibody anti-LC3A, (B) antibody anti-LC3A/LC3B; C) antibody anti-caspase8; D)
antibody anti-caspase9.

3.3 Autophagy versus apoptosis

A statistically significant result (p<0.001) was observed between autophagy
markers (LC3A and LC3A/LC3B) and apoptotic ones (caspase 8 and caspase 9).

A negative Rho (-0.58) between the autophagy and apoptosis was observed by
Spearman correlation. Autophagy is negatively correlated with apoptosis in DDD -
Pfirrmann Grades IV and V (p<0.001).

3.4 LC3A vs Caspase 8
GLM analysis showed a positive relation between protein expression of LC3A
and caspase 8 (P<0.002), insinuating a prevalence of the extrinsic apoptotic pathway

over the intrinsic one.
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3.5 Pfirrmann vs Autophagy and Apoptosis

The GLM analysis between Pfirrmann grade, autophagy and apoptosis, showed
a statistical significant (p<0,03) result only at the variables IVD Grade V and caspase
9.

4. DISCUSSION

An inverse correlation was found between autophagy and apoptosis in
Pfirrmann Grades IV and V IVDs. As autophagy specific protein expression, we found
LC3A predominant.

Baseline and response profile expression for both LC3A-Il and LC3B-IlI can
assess the autophagic flux?*. The confocal microscopy with double
immunofluorescence showed a lack of autophagosomes LC3A-Il and LC3B-II proteins
expression?*. The present study showed an immunohistochemistry marking with a
prominent cytoplasmic localization of LC3A and nucleolar region of LC3A/LC3B. A
similar finding was observed in another study 2?*. Isoform LC3C is poorly or not
expressed in most normal tissues'92%:26,

Autophagy has a variety of pathophysiological roles, such as starvation
adaptation, intracellular protein and organelle clearance, development, anti-aging,
elimination of microorganisms, cell death, tumor suppression and antigen
presentation’. Autophagy can harm the cells when there is a loss of balance between
destruction and construction, with higher levels of destruction?’.

If the PI3K-AKT pathway is induced under stress (Theb-GTP), mTOR is
influenced and autophagic flow is inhibited)?®. The stress causes a negative
modulation over mTOR resulting in a pro-autophagy phenomenon?. When mTOR is
suppressed, the ULK complex leads to a Beclin-1 stimulation and subsequently
ATG16L, which characterizes the phagophore stage?. In conjunction with ATG5 and
ATG12, it forms the ATG5-ATG12-ATG16L complex, which will ultimately favor the
conversion of cytosolic LC3-1 into intra-autophagosomal LC3-Il through
phosphatidylethanolamine (PE), constituting a marker of autophagosome formation
and lysosomal activity with higher protein expression of the latter (Figure 2)?°.
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Figure 2: The autophagosome formation and determination of the autophagic
flux and autophagosome formation — schematic drawing. Blue arrows indicate

stimulation and red arrows indicate suppression.

Hence, with our results trending toward a dominant autophagic phenomenon
via LC3A expression, we hypothesize that the constant axial compression and
translational movement influenced the IVD degeneration process. The degeneration
might act or attenuate the natural apoptotic effect in NP cells, enabling a protective or
pro-survival effect of NP cells®.

Rat NP cells exposed to compression underwent ROS-mediated autophagy,
leading to cell degeneration and increased levels of Beclin 1 and processing of LC3B-
| to LC3B-Il, a marker for autophagosome formation3'. Appropriate autophagic activity
enhances the survival of NP cells under conditions of serum deprivation, whereas
excessive autophagy triggers apoptosis of NP cells®2. In a similar model, protein
expression significantly increased in LC3 and Beclin 1 in IVD with exposition to 20%
compression, as well as the ratio of LC3-Il to LC3-I, with the autophagy being
suppressed under higher (>20%) mechanical tension as apoptosis progresses®.

A group of cysteine proteases or caspases are activated via extrinsic or intrinsic
signaling pathways when an apoptotic cascade is initiated!'. Caspase 9 (recruited by
APAF-1), resulting from interaction to cytochrome-C, forms the apoptosome and leads
to nuclear breakdown through effector caspases™'-33.
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Our results showed that caspase 9 was more active in advanced degenerated
discs, Pfirrmann V, hypothesizing that cell degeneration is accompanied by a
radiological progression into final deterioration of the disc itself. The intrinsic pathway
is regulated by various proteins: NF-kB and Bcl-2 protein families34. Anti-apoptotic Bcl-
2 members repress apoptosis by blocking the release of cytochrome ¢ whereas the
pro-apoptotic members promote apoptosis®.

A significant inverse correlation between apoptosis and autophagy was
observed in the present study. The inverse correlation was mainly represented by
antibody anti-LC3A versus protein expression of caspase 8, showing that an increase
in autophagy resulted in suppression of an extrinsic apoptotic pathway. To initiate the
extrinsic pathway, also called cytoplasmic, there is an activation of pro-apoptotic
receptors such as tumor necrosis factor receptor 1 (TNFR1), death receptors (DRs)
and Fas on the cell surface®. Death-inducing signaling complex (DISC) is formed with
initiator caspase 8 and 10 as procaspases, driving their autocatalytic process and
releasing into cytoplasm and activating effector caspases3¢-3.

IVD cell senescence is positively related to degree of DDD in adults®®. After
senescence is initiated, it will result in a decrease in the number of viable and functional
disc cells because their replication cannot resist disc cell loss caused by apoptosis or
cell death*®®. Furthermore, nutrient deprivation may significantly induce
autophagosome formation*'. Hypoxia also activates autophagy, through hypoxia-
inducible-factor (HIF) and downstream TOR inhibition of AMP-activated protein kinase
(AMPK)*'. Since our sample consisted only of Pfirrmann grades IV and V, we assume
that a progressive state of DDD was in progress, which corroborated other publications
cited above that documented the same predominance of autophagy over
apoptosis®30.31:41,

Hypoxia and nutrient starvation in IVD cells are common. The cells at the center
of the IVD only acquire nutrition from fluid flow or diffusion through the vertebral
endplates*2. The metabolism in disc cells is partly anaerobic, leading to high lactic acid
concentrations and low pH conditions*?. Bid, cytochrome C and activated caspase 9
and 3 were intensively detected in herniated NP tissues*.

Intrinsic and extrinsic pathways of apoptosis may function independently with a
crosstalk between them?®. An activation of caspase 8 is observed promoting a
processing of tBid, which subsequently stimulates Bax and Bak to engage intrinsic
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pathway %7. Upregulation of proapoptotic receptors, such as DR5 by p53 (tumor
suppression) may also augment extrinsic signaling®*.

Messenger RNA expressions of LC3-Il/l and Beclin-1 were smaller in nucleus
pulposus (NP) cells from DDD compared to cells from lumbar vertebral fracture,
signaling that autophagy may develop a protective role in IVD degeneration*4. Similar
correlations in SIRT1, caspase 3, collagen Il and apoptosis levels in the degenerative
NP were observed in the literature**45. Human NP had similar results to those of other
different tissues*¢4’. Apoptotic pathway proteins were analyzed in Pfirrmann grade 1V
with higher amounts of cleaved caspases 3 and 9 in a group with low nutrition
compared to a normal one“8. Also, in a group with low nutrition (starvation) Bax protein
expression was increased and Bcl-2 was attenuated, indicating a more advanced
stage of degeneration®.

If starvation was induced, autophagy was moderately increased and apoptosis
of the cells maintained at a low level*®. When it was stimulated to an extremely high
level, apoptosis increased*. Early and moderate autophagy were beneficial to the
survival of the IVD cells, while late and excessive autophagy led to death®. Also, it can
represent a desperate attempt to mitigate the stress of the cells before apoptosis
activation*®. A regulatory process, linking authophagy and apoptosis, enables a more
controlled and precise response to a stress signal*®. Autophagy and apoptosis shared
the same set of cellular regulatory proteins and they could be induced by the same
stimuli®’. The interactions between autophagy and apoptosis on damage or protection
of the IVD cells and the homeostasis of disc matrix, remain controversial®2.

Our sample was constituted by degenerative IVD, Pfirrmann grades IV and V.
It would be unethical to operate on grades | through lll. Autophagy and apoptosis are
key elements in determining cell fate, as well as their complex interactions and
individual characteristics. It is difficult to identify a single exclusive factor that would

change the balance and decide for a pro-survival or pro-death concept.

5. CONCLUSION

Autophagy had the greatest protein expression in human DDD. Under such
conditions, autophagy and apoptosis showed a negative correlation. Caspase 8 had
the highest protein expression in apoptosis, meaning a preference for the extrinsic
pathway in human IVD Pfirrmann Grades IV and V IVD.
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Figures Legends

Table 1: Demographic data from patients, as well pre-operative Oswestry Disability
Scale (ODI).

Figure 1: Protein expression in autophagy and apoptosis. Values showed in a boxplot
demonstrate the median and interquartile range values and next is the protein
expression as visualized in immunohistochemistry (x200 magnification). Black arrows
mark the protein expression in optical microscopy. Examples of four samples for (A)
antibody anti-LC3A, (B) antibody anti-LC3A/LC3B; C) antibody anti-caspase8; D)
antibody anti-caspase9.

Figure 2: The autophagosome formation and determination of the autophagic flux
and autophagosome formation — schematic drawing. Blue arrows indicate stimulation

and red arrows indicate suppression.
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APPENDICES |
Table 1
Disc Level Pfirrmann Age Gender  Oswestry

P1 L4-L5 4 46 F 65

P2 L4-L5 4 46 M 75
L5-S1 5 75

P3 L4-L5 5 68 F 70

P4 L4-L5 4 46 F 75

P5 L4-L5 4 49 M 65

P6 L4-L5 4 39 M 65

P7 L5-S1 4 35 F 60

P8 L3-L4 4 72 F 70
L5-S1 5

P9 L5-S1 4 51 M 60

P10 L4-L5 5 57 M 55
L5-S1 4

P11 L3-L4 5 64 F 65
L4-L5 5

P12 L5-S1 5 39 70

P13 L4-L5 4 66 65

P14 L4-L5 4 43 F 70
L5-S1 4

P15 L4-L5 4 44 M 75

P16 L5-S1 5 38 M 60

P17 L4-L5 4 48 F 65

P18 L4-L5 4 46 F 55

P19 L4-L5 4 59 M 60
L5-S1 5

P20 L3-L4 5 71 M 70
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APPENDICES II

FIGURE 1
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CONSIDERACOES FINAIS E PERSPECTIVAS

E evidente a caréncia de marcadores biolégicos e moleculares que auxiliem no
diagnostico das doengas degenerativas do disco. Considerando que os processos de
degeneragao celular podem estar envolvidos na progressado da degeneragéo discal,
os marcadores-alvo selecionados neste estudo podem surgir como biomarcadores de
avaliacao da progressdo da DDD da coluna lombar com o intuito de serem aplicados
na pratica médica. Tal compreensdo sera necessaria para prover um tratamento mais
eficaz e direcionado aos pacientes de doenca prevalente e de alto impacto econémico-
social como a dor lombar.

O seguimento deste trabalho tera como metas: (1) a analise quali-quantitativa
do DIV; (2) a mensuragao da atividade da caspase 3 (executora); (3) a verificagao da
caspase 8 e 9 sob citometria de fluxo; (4) a correlagédo entre os graus de apoptose e
densidade de colageno no disco intervertebral sob citometria de fluxo (item inédito na

literatura); e (5) a dosagem de marcadores para autofagia mediada por chaperonas.
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: Relacdo do Grau da Discopatia Degenerativa Lombar com a Genotoxicidade,
Apoptose

e Autofagia Pesquisador: Asdrubal Falavigna

Area Tematica:

Versao: 1

CAAE: 82871617.5.0000.5341

Instituicao Proponente: Fundacéo Universidade de Caxias do Sul - FUCS/RS Patrocinador
Principal: Financiamento Proprio

DADOS DO PARECER
Numero do Parecer: 2.503.156
Apresentacao do Projeto:

Trata-se de projeto intitulado Relagéo do Grau da Discopatia Degenerativa Lombar com a
Genotoxicidade, Apoptose e Autofagia. Os pacientes sintomaticos com discopatia degenerativa
lombar (DDL)serao avaliados e tratados inicialmente com medicagao analgésica e antiinflamatoérios,
seja por via oral ou infiliracéo, cuidados posturais, fisioterapia motora e fortalecimento muscular. Nao
havendo melhora clinica em 2 semanas, os pacientes serao encaminhados para investigagao
radiologica através de raios-X simples de coluna e RM. A escolha do tratamento cirdrgico sera feita
unicamente pelo paciente ap6s discussao, com seus familiares e esclarecidas suas dividas quanto
ao resultado médico. Se a decisao do paciente for realizar a cirurgia, 0 mesmo sera informado sobre
o projeto de pesquisa a ser desenvolvido. Os pacientes serdo plenamente informados de que o envio
do disco intervertebral para analise e estudo da relagéo da DDL com a genotoxicidade, apoptose e
autofagia. Este estudo nao ird modificar o procedimento cirlirgico, uma vez que 0 mesmo é
desprezado no lixo hospitalar. Ou seja, o planejamento, a técnica cirirgica e suas etapas de
acompanhamento ndo mudam com a participagéo ou ndo no projeto de pesquisa. Se o paciente
estiver participando da pesquisa, partes dos fragmentos do disco retirado no processo cirdrgico para
o tratamento do paciente serao armazenados em recipientes especificos contendo: |- PBS 1X
(Tampao fosfato alcalino) para a avaliacao de danos no DNA (Ensaio Cometa e Micronucleos),
[IFormalina 10% tamponada para analise histopatolégica e imunohistoquimica e IlI- Nitrogénio
Liquido para a verificagdo de fragmentacéo no DNA.
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Fax: (54)3218-2100 E-mail: cep-ucs@ucs.br

CAXIAS DO SUL



38

QB

UNIVERSIDADE DE CAXIAS DO SUL - RS

Continuagéo do Parecer: 2.503.156

Todos os recipientes utilizados na coleta serdo encaminhados ao Laboratério de Terapia Celular da
Universidade de Caxias do Sul para a realizagao das analises.

Os discos intervertebrais degenerados serdo obtidos somente mediante o consentimento e assinatura
do TCLE. O estudo contara com a participagao de 40 pacientes. O anonimato dos pacientes serao
sempre mantidos durante todo o estudo. Esta pesquisa ndo se trata de um estudo piloto. Foram
determinados 40 pacientes, pois esta patologia apresenta 5 graus de degenera¢éo, sendo importante
para a presente proposta de pesquisa a correlacdo dos dados obtidos com os graus de severidade da
doenca. Cabe ressaltar, que para todos os ensaios avaliados neste estudo havera representatividade
amostral dos distintos graus de degeneracéo, permitindo a definicdo dos fatores prognésticos
envolvidos na degeneracgéo do disco intervertebral.O grupo controle sera feito com a participagao de
5 pacientes que tenham indicagao cirurgica para retirada do DIV por outras patologias, que nao a
degeneracéo do disco intervertebral. Isto permite gerar evidéncias comparativas adequadas e
correlacdo estatistica na definicao da relagao da genotoxicidade, autofagia e apoptose na DDL.
Dessa forma, cabe salientar, que o disco intervertebral controle negativo da

DDL sera proveniente de pacientes com escoliose em que houver a necessidade da retirada do disco
intervertebral. Todos esses pacientes possuem indicacao cirlrgica para a resolugao do seu problema
de saude. E importante salientar que os pacientes que concordarem em doar o disco intervertebral a
ser usado na pesquisa como controle negativo da DDL e participar do estudo mediante assinatura e
concordancia do TCLE, n&o serdo tratados cirurgicamente com o objetivo de realizar a pesquisa.
Todos os preceitos éticos ja informados acima, serao seguidos também com estes pacientes. Para
avaliacao histologica, os discos intervertebrais coletados em formalina 10% tamponada (pH7,4) serdo
enviados diretamente ao Laboratério de Terapia Celular da Universidade de Caxias do Sul onde
serdo processados e corados com Hematoxilina e Eosina (H&E) e Tricromico de Masson. Ainda,
serao utilizados marcadores imunohistoquimicos para Caspase 3, 8 e 9 (apoptose); LC3A/B,
MAP1LC3A, SQSTM1/p62 e Histona H3 (autofagia). Para analise genotoxica serao utilizados o
Ensaio Cometa e Teste de Micronlcleos.

Objetivo da Pesquisa:

Objetivo Primario:

O objetivo deste estudo sera avaliar através de ensaios de genotoxicidade as células do disco
intervertebral e a severidade da DDL, além de,

determinar os fatores de autofagia e apoptose relacionados com a patologia e correlacionar todos os
resultados obtidos com os dados clinicoradiolégicos
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dos pacientes.

Objetivo Secundario:

- Verificar a histopatologia do disco intervertebral degenerado por meio de coloragdes histoldgicas.-
Determinar danos no DNA do disco intervertebral

degenerado pelas técnica do Ensaio Cometa; Micronucleos e fragmentagao de DNA.- Avaliar os
eventos de apoptose e autofagia no disco

intervertebral degenerado por meio da técnica de imunohistoquimica.- Mensurar a atividade das
caspases 3 e 9.- Relacionar os resultados obtidos

na avaliacao histopatolégica, genotoxica, autofagica e apoptética.- Correlacionar os dados clinicos
com as informagdes radiologicas de raio-X e

Ressonancia Magnética (RM).

Avaliacao dos Riscos e Beneficios:

Riscos: Segundo os ltens 11.22 e IV.3.b, da Resolugcao CNS no 466 de 2012 toda pesquisa apresenta
riscos nas dimensoes fisica, psiquica, moral, intelectual, social, cultural ou espiritual do ser humano.
Além disso, a participacéo na pesquisa, pode acarretar riscos ligados a manutencao do sigilo e
confidencialidade durante a coleta e uso dos dados. Apesar de estes riscos existirem em qualquer
pesquisa, 0s pesquisadores responsaveis pelo

estudo manterdo o maximo de sigilo e confidencialidade possivel quanto as informagdes do paciente.
A pesquisa sera realizada somente com o material do disco intervertebral descartado na cirurgia.
Portanto, os riscos que podem vir a existir do processo cirlrgico estao relacionados somente ao
tratamento da doenca e ndo a pesquisa proposta.

Beneficios: Através deste estudo poderemos ter beneficios para futuros pacientes com esta patologia:
(1) melhor entendimento da doencga, de seus possiveis fatores etiologicos e dos mecanismos
associados; (2) definicao de marcadores prognosticos que possam auxiliar no tratamento da patologia
e na definicao de fatores degenerativos; e (3) determinagao de aspectos relevantes da biologia da
DDL em futuras pesquisas aplicadas que possam

contribuir com os aspectos terapéuticos da doenga. Os beneficios obtidos na presente pesquisa
auxiliarao futuros pacientes a terem menos sofrimento fisico, psicologico e social.

Comentarios e Consideracdes sobre a Pesquisa:

Pesquisa bem desenhada e que cumpre os preceitos éticos de protecao ao participante do estudo.
Consideracoes sobre os Termos de apresentacao obrigatoria:

Folha de Rosto assinada pelo Prof. Dagoberto Godoy. TCLE adequado. Consentimento da entidade
Endereco: FRANCISCO GETULIO VARGAS Bairro: PETROPOLIS

UF: RS Municipio: Telefone: (54)3218-2829

CEP: 95.070-560
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Hospital Saude assinada pelo diretor técnico.

Conclusbes ou Pendéncias e Lista de Inadequacées:

Nao ha pendéncias.

Consideracoes Finais a critério do CEP:

40

Diante do exposto, o Comité de Etica em Pesquisa da Universidade de Caxias do Sul, de acordo com
as atribui¢des definidas nas Resolugdes CNS 466/12 e CNS 510/16, aprova o projeto para dar inicio

a pesquisa.

E dever do CEP acompanhar o desenvolvimento da pesquisa, por meio de relatorios parciais e final.
Solicitamos que os relatérios contemplem o andamento da pesquisa, as modificacées de protocolo,
cancelamento, encerramento, publicacées decorrentes da pesquisa e outras informacgdes pertinentes.
Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e
sucinta, identificando a parte do protocolo a ser modificada e as suas justificativas.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem [Autor Situacao|

Informagdes Basicas |PB_INFORMAGOES_BASICAS_DO_P 21/12/2017 Aceito

do Projeto ROJETO_1051799.pdf 14:24:24

TCLE / Termos de

Assentimento / 21/12/2017 [Asdrubal .

Justificativa de Termo_Saude_PDF.pdf 14:19:50 Falavigna Aceito

Auséncia

TCLE / Termos de

Assentimento / . 21/12/2017 [Asdrubal .

Justificativa de TCLE_Autofagia_Apoptose_IDD.docx 14:19:41 Falavigna Aceito

Auséncia

Projeto Detalhado / . . 21/12/2017 [Asdrubal .

Brochura Investigador Projeto_PB_Autofagia_Apoptose_IDD.d ocx 14:19:20 Falavigna Aceito
21/12/2017 |Asdrubal .

Folha de Rosto Folha_de_Rosto.pdf 14:16:31 Falavigna Aceito

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:

Nao

Endereco: FRANCISCO GETULIO VARGAS Bairro: PETROPOLIS
UF: RS Municipio: Telefone: (54)3218-2829

CEP: 95.070-560
Fax: (54)3218-2100 E-mail:
CAXIAS DO SUL

cep-ucs@ucs.br
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Titulo da Pesquisa: Relacao do Grau da Discopatia Degenerativa Lombar com a Genotoxicidade, Apoptose
e Autofagia
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Area Tematica:

Versao: 1

CAAE: 82871617.5.0000.5341

Instituicdo Proponente: Fundacao Universidade de Caxias do Sul - FUCS/RS
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 2.503.156

Apresentacao do Projeto:

Trata-se de projeto intitulado Relagdo do Grau da Discopatia Degenerativa Lombar com a Genotoxicidade,
Apoptose e Autofagia. Os pacientes sintoméaticos com discopatia degenerativa lombar (DDL)serdo avaliados
e tratados inicialmente com medicagédo analgésica e antiinflamatorios, seja por via oral ou infiltragéo,
cuidados posturais, fisioterapia motora e fortalecimento muscular. Ndo havendo melhora clinica em 2
semanas, 0s pacientes serdo encaminhados para investigacéo radiolégica através de raios-X simples de
coluna e RM. A escolha do tratamento cirargico sera feita unicamente pelo paciente ap6s discusséo, com
seus familiares e esclarecidas suas duvidas quanto ao resultado médico. Se a deciséo do paciente for
realizar a cirurgia, 0 mesmo sera informado sobre o projeto de pesquisa a ser desenvolvido. Os pacientes
seréo plenamente informados de que o envio do disco intervertebral para anélise e estudo da relacao da
DDL com a genotoxicidade, apoptose e autofagia. Este estudo n&do ir4 modificar o procedimento cirargico,
uma vez que o mesmo € desprezado no lixo hospitalar. Ou seja, o planejamento, a técnica cirirgica e suas
etapas de acompanhamento ndo mudam com a participagdo ou néo no projeto de pesquisa. Se o paciente
estiver participando da pesquisa, partes dos fragmentos do disco retirado no processo cirargico para o
tratamento do paciente serdo armazenados em recipientes especificos contendo: |- PBS 1X (Tampéao
fosfato alcalino) para a avaliagdo de danos no DNA (Ensaio Cometa e Micronucleos), lIFormalina 10%
tamponada para andlise histopatolégica e imunohistoquimica e Ill- Nitrogénio Liquido para a verificagéo de
fragmentagéo no DNA.

Endereco: FRANCISCO GETULIO VARGAS

Bairro: PETROPOLIS CEP: 95.070-560
UF: RS Municipio: CAXIAS DO SUL
Telefone: (54)3218-2829 Fax: (54)3218-2100 E-mail: cep-ucs@ucs.br

Péagina 01 de 05

42



