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Abstract 
Objective: To describe the relationship between autophagy and apoptosis and 
the possible signaling pathways involved in degenerative lumbar interverte-
bral disc. Summary of Background Data: Autophagy and apoptosis are reg-
ulatory cellular mechanisms that determine many pathologies, including de-
generative intervertebral disc disease. The interactions between these events 
in the damage or protection of intervertebral disc cells and in cellular ho-
meostasis remain controversial. Methods: The sample size was twenty pa-
tients who underwent lumbar spine surgery for symptomatic disc herniation 
or spondylolisthesis. Intervertebral discs were classified by magnetic reson-
ance as Pfirrmann grade IV and grade V. Six patients were operated on two 
levels, resulting in twenty-six intervertebral discs that were submitted to im-
munohistochemistry to verify the protein expression of autophagy and apop-
tosis markers. Results: The autophagic markers had greater protein expres-
sion 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. Con-
clusions: Autophagy had the greatest protein expression negative profile com-
pared to apoptosis. Caspase 8 had the highest protein expression in apoptosis. 
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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 [1] [2] 
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[3]. Clinical and radiological correlation through magnetic resonance imaging 
(MRI) is essential for proper management, since intervertebral disc (IVD) dege-
neration is an aging process [4] [5] [6]. External and internal factor associated 
with DDD are labor-related (i.e. excessive vibration), smoking, aging and genetic 
predisposition [5] [6] [7].  

Apoptosis is programmed cell death responsible for maintaining homeostasis 
by the induction of death of pathological cells [8]. However, the excess of apop-
tosis is harmful and can cause DDD [9]. Signaling caspases 8, 9, and effector 
caspase 3 are the commonest way to detect apoptosis [10]. Apoptosis can occur 
via two main pathways, extrinsic and intrinsic. Caspase 8 is increased when the 
extrinsic pathway is activated and caspase 9 when the intrinsic pathway is acti-
vated [11] [12]. Even though caspase 8 and 9 act in distinct molecular processes, 
both activate a proteolytic cascade, which ultimately results in the apoptotic sig-
nal [13]. 

Autophagy is a homeostatic mechanism through which a basal level of auto-
phagy recycles and exchanges the damages organelles, proteins and cytoplasmic 
components [14] [15]. It functions as an adaptation to stress through delivery of 
metabolic substrates to cells in an event of energy shortage, providing cell sur-
vival and growth [14]. There is progressive breakdown of extracellular matrix 
(ECM) components as a response to different stimuli such as nutrient depriva-
tion causing excessive autophagy, accumulation of Il-1β and TNF leading to cell 
death [8] [9] [16] [17]. Autophagy Related Genes ATG types 3, 4 and 7 as well 
LC3 and SQSTM1 proteins are essential to the autophagic process [18]. In mam-
malian cells, LC3 is expressed in multiple isoforms: LC3A, LC3B, and LC3C [13] 
[19]. The increasing levels of LC3A-II versus LC3B-II behave in different ways in 
different tissues or cell lineages, not defining which is the “best isoform” to be 
monitored [14]. Even though autophagy acts mainly as a protector of the dege-
nerative state, if excessive it may result in autophagic cell death [16] [17]. 

IVD preservation is achieved by the cellular balance via autophagy and apop-
totic suppression [20] [21]. This study aims to better understand the crosstalk 
between autophagy and apoptosis and the signaling pathways involved in IVD 
degeneration. 

2. Patients and Methods 
2.1. Clinical 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 streng-
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thening. Radiological investigation with lumbar spine X-ray and magnetic re-
sonance 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 sur-
gery. 

The Specific Inclusion Criteria for this study were: 1) Patients with degenera-
tion of the lumbar spine IVD diagnosed with clinical-radiological agreement; 2) 
Refractory to conventional clinical treatment; 3) Patients without satisfactory 
response to conservative clinical treatment, on average, for two to three months 
and 4) Patients who signed the informed consent form agreeing with the study. 
Thus, the Exclusion Criteria were: 1) Clinical-radiological dissociation; 2) Patients 
on labor compensation; 3) Presence of IVD infection; 4) Previous surgery at the 
site of the intervertebral disc and 5) Patients who do not sign the consent form 
agreeing with the research. The selection of patients (inclusion and exclusion 
criteria) allowed obtaining high reliability in the results and statistical strength in 
the evaluated data. 

2.3. Radiological and Clinical Evaluation 

The severity of the lumbar spine IVD was determined by magnetic resonance 
using the Pfirrmann scale [4]. The Pfirrmann scale ranks the severity of IVD 
from grade I (normal) to grade V (severe degeneration) by acquisition of T2- 
weighted fast average spin-echo images [4]. 

The clinical evaluation was performed by the Oswestry lumbar functionality 
(ODI) questionnaire [22]. The scale consists of 10 questions with six alternatives, 
value ranges from 0 to 5. The total score is divided by the number of questions 
answered 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%) [22]. 

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 24 h 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, dia-
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phanized in xylol and embedded in paraffin. The blocks containing the selected 
samples were cut into 3 μm sections using Leica microtome RM 2120RT (Leica, 
Bannockburn, IL, USA).  

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

Images were analyzed using conventional optical microscopy Leica DM2500 
(Leica Microsystems, Bannockburn, IL, USA). The images were captured with 
the LAS V4.4 software microscope (Leica Microsystems, Bannockburn, IL, USA). 
It should be noted that such basic staining was used only as a way of visual sup-
port 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 (3 µm thick) by using polyclonal antibo-
dy anti-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 antibo-
dy anti-LC3A/Cleaved (1:10, Cat Number PA5-35196, Thermo Fischer Scientif-
ic, Massachusetts, EUA) and polyclonal antibody antiLC3A/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˚C - 100˚C. The peroxidase was blocked by incubating the sections with 
3% hydrogen peroxide for 20 min. 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% KCl, 0.02% KH2PO4, 0.088% Na2HPO4) 
and incubated with the secondary antibody (HiDef Detection Amplifier Mouse 
& rabbit, Cell Marque Corporation, Califórnia, EUA) for 12 minutes at room 
temperature and by detection polymer (HiDef DetectionHRP Polymer Detector, 
Cell Marque Corporation, Califórnia, EUA) for 12 minutes more at room tem-
perature.  

The sections were washed in PBS 1X, and the visualization was completed by 
using 3,3'-diaminobenzidine (Cell Marque Corporation, Califórnia, EUA) in 
chromogenic solution and counterstained lightly with Harris’s Hematoxylin 
(WCOR) solution. 

Images were examined with a Leica DM2500 optical microscope (Leica Mi-
crosystems, Bannockburn, IL, USA) and the images were captured with the LAS 
V4.4 software microscope (Leica Microsystems, Bannockburn, IL, USA). Five 
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images of each sample were captured at 200× 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 Cas-
pase 8, Caspase 9, C3A/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 Im-
ageJ 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 posi-
tive control for the primary antibody used (anti-caspase 9, anticaspase 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 per-
formed in five images giving greater statistical strength to the tests. All immuno-
histochemistry data were correlated with radiological and clinical information of 
patients using the Spearman correlation test and MannWhitney U test with ge-
neralized linear model gamma (GLM). Statistical significance was considered 
when p < 0.05.  

3. Results 

Specimens from human intervertebral disc were obtained from 20 patients who 
were submitted to lumbar surgery for degenerative disc disease (DDD) or lum-
bar disc herniation. From the entire number of patients, we obtained 26 biologi-
cal samples of IVD for the study. 

3.1. General Aspects 

A total of 26 samples of human intervertebral discs were obtained from 20 pa-
tients, 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 ques-
tionnaire 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 ImageJ analysis when 
compared with LC3A/LC3B, Caspase 8 and Caspase 9 (Figure 1). Higher me-
dian values related to superior autophagic activity were observed, perhaps asso-
ciated with the degenerative degree of the samples (Pfirrmann Grades IV and V 
only). 
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Table 1. Clinical-radiological data of the study patients. 

 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 M 70 

P13 L4-L5 4 66 F 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 

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  
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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 (200× 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-caspase 8 and (D) Antibody anti-caspase 9. 
 

and caspase 8 (P < 0.002), insinuating a prevalence of the extrinsic apoptotic 
pathway over the intrinsic one. 

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 Pfirr-
mann Grades IV and V IVDs. As autophagy specific protein expression, we found 
LC3A predominant. Baseline and response profile expression for both LC3A-II 
and LC3B-II can assess the autophagic flux [24]. The confocal microscopy with 
double immunofluorescence showed a lack of autophagosomes LC3A-II and 
LC3B-II proteins expression [24]. The present study showed an immunohisto-
chemistry marking with a prominent cytoplasmic localization of LC3A and nuc-
leolar region of LC3A/LC3B. A similar finding was observed in another study 
[24]. Isoform LC3C is poorly or not expressed in most normal tissues [19] [25] 
[26]. 

Autophagy has a variety of pathophysiological roles, such as starvation adap-
tation, intracellular protein and organelle clearance, development, antiaging, eli-
mination of microorganisms, cell death, tumor suppression and antigen presen-
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tation [15]. Autophagy can harm the cells when there is a loss of balance be-
tween destruction and construction, with higher levels of destruction [27]. 

If the PI3K-AKT pathway is induced under stress (Theb-GTP), mTOR is in-
fluenced and autophagic flow is inhibited [28]. The stress causes a negative mod-
ulation over mTOR resulting in a pro-autophagy phenomenon [28]. When mTOR 
is suppressed, the ULK complex leads to a Beclin-1 stimulation and subsequently 
ATG16L, which characterizes the phagophore stage [29]. In conjunction with 
ATG5 and ATG12, it forms the ATG5-ATG12-ATG16L complex, which will ul-
timately favor the conversion of cytosolic LC3-I into intra-autophagosomal LC3- 
II through phosphatidylethanolamine (PE), constituting a marker of autopha-
gosome formation and lysosomal activity with higher protein expression of the 
later. 

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 degene-
ration might act or attenuate the natural apoptotic effect in NP cells, enabling a 
protective or pro-survival effect of NP cells [30]. 

Rat NP cells exposed to compression underwent ROS-mediated autophagy, 
leading to cell degeneration and increased levels of Beclin 1 and processing of 
LC3B-I to LC3B-II, a marker for autophagosome formation [31]. Appropriate 
autophagic activity enhances the survival of NP cells under conditions of serum 
deprivation, whereas excessive autophagy triggers apoptosis of NP cells [32]. 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-II to LC3-I, 
with the autophagy being suppressed under higher (>20%) mechanical tension 
as apoptosis progresses [8]. 

A group of cysteine proteases or caspases are activated via extrinsic or intrin-
sic signaling pathways when an apoptotic cascade is initiated [11]. Caspase 9 
(recruited by APAF-1), resulting from interaction to cytochrome-C, forms the 
apoptosome and leads to nuclear breakdown through effector caspases [11] [33]. 

Our results showed that caspase 9 was more active in advanced degenerated 
discs, Pfirrmann V, hypothesizing that cell degeneration is accompanied by a ra-
diological progression into final deterioration of the disc itself. The intrinsic path-
way is regulated by various proteins: NF-kB and Bcl-2 protein families [34]. An-
ti-apoptotic Bcl-2 members repress apoptosis by blocking the release of cytoch-
rome c whereas the pro-apoptotic members promote apoptosis [35]. 

A significant inverse correlation between apoptosis and autophagy was ob-
served in the present study. The inverse correlation was mainly represented by 
antibody anti-LC3A versus protein expression of caspase 8, showing that an in-
crease 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 [36]. Death-inducing signaling com-
plex (DISC) is formed with initiator caspase 8 and 10 as procaspases, driving 
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their autocatalytic process and releasing into cytoplasm and activating effector 
caspases [36] [37] [38]. 

IVD cell senescence is positively related to degree of DDD in adults [39]. 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 [40] (Figure 2). 

Furthermore, nutrient deprivation may significantly induce autophagosome 
formation [41]. Hypoxia also activate autophagy, through hypoxia-inducible-factor 
(HIF) and downstream TOR inhibition of AMP-activated protein kinase (AMPK) 
[41]. 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 pub-
lications cited above that documented the same predominance of autophagy 
over apoptosis [8] [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 [42]. The metabolism in disc cells is partly anaerobic, leading 
to high lactic acid concentrations and low pH conditions [42]. Bid, cytochrome 
C and activated caspase 9 and 3 were intensively detected in herniated NP tissues 
[43]. 

Intrinsic and extrinsic pathways of apoptosis may function independently 
with a crosstalk between them [37]. An activation of caspase 8 is observed pro-
moting a processing of tBid, which subsequently stimulates Bax and Bak to en-
gage intrinsic pathway [37]. Upregulation of proapoptotic receptors, such as DR5 
by p53 (tumor suppression) may also augment extrinsic signaling [34]. 

Messenger RNA expressions of LC3-II/I and Beclin-1 were smaller in nucleus 
pulposus (NP) cells from DDD compared to cells from lumbar vertebral frac-
ture, signaling that autophagy may develop a protective role in IVD degenera-
tion [44]. Similar correlations in SIRT1, caspase 3, collagen II and apoptosis le-
vels in the degenerative NP were observed in the literature [44] [45]. Human NP 
had similar results to those of other different tissues [46] [47]. Apoptotic path-
way proteins were analyzed in Pfirrmann grade IV with higher amounts of 
cleaved caspases 3 and 9 in a group with low nutrition compared to a normal 
one [48]. 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 [48]. 

If starvation was induced, autophagy was moderately increased and apoptosis 
of the cells maintained at a low level [49]. When it was stimulated to an ex-
tremely high level, apoptosis increased [49]. Early and moderate autophagy were 
beneficial to the survival of the IVD cells, while late and excessive autophagy led 
to death [50]. Also, it can represent a desperate attempt to mitigate the stress of 
the cells before apoptosis activation [49]. A regulatory process linking autho-
phagy and apoptosis, enables a more controlled and precise response to a stress 
signal [49]. Autophagy and apoptosis shared the same set of cellular regulatory 
proteins and they could be induced by the same stimuli [51]. The interactions 
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Figure 2. Mechanism for degenerative lumbar intervertebral disc.  

 
between autophagy and apoptosis on damage or protection of the IVD cells and 
the homeostasis of disc matrix, remain controversial [52]. Our sample was con-
stituted by degenerative IVD, Pfirrmann grades IV and V. It would be unethical 
to operate on grades I through III. Autophagy and apoptosis are key elements in 
determining cell fate, as well as their complex interactions and individual cha-
racteristics. It is difficult to identify a single exclusive factor that would change 
the balance and decide for a pro-survival or pro-death concept. It is important to 
clarify that the authors consider it important to expand the data and obtain 
more studies on the relationship between autophagy and apoptosis in LDD. This 
is because this topic still has many gaps to be filled and understood due to its 
complexity, based on further studies determining new autophagic and apoptotic 
markers, thus making the data in this manuscript and others clearer and the pa-
thology easier to understand. 

5. Conclusion 

Autophagy had the greatest protein expression in human DDD. Under such con-
ditions, autophagy and apoptosis showed a negative correlation. Caspase 8 had 
the highest protein expression in apoptosis, meaning a preference for the extrin-
sic pathway in human IVD Pfirrmann Grades IV and V IVD. It is noteworthy 
that due to the breadth and complexity of the topic, more studies should be car-
ried out, where we can evaluate other caspases and autophagic processes, thus 
making the results of this study more consistent and applicable to clinical medi-
cine. 
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Abbreviations and Acronyms 

IVD: intervertebral disc 
DDD: degenerative disc disease 
LBP: low back pain 
IDD: intervertebral disc degeneration 
NP: nucleus pulposus 
ECM: extracellular matrix 
ATG: autophagy related genes 
LC3: microtubule-associated protein 1A/1B light chain 3B 
MRI: magnetic resonance imaging 
AU: arbitrary units 
GLM: generalizes linear model 
APAF1: Apoptotic protease activating factor 1 
TNFR1: tumor necrosis factor receptor 1 
Fas: apoptosis antigen 1 
DISC: death-inducing signaling complex 
m-TOR: mammalian target of rapamycin 
TOR: target rapamycin 
PKA: Ras-c-AMP-dependent protein Kinase A 
SIRT1: sirtuin 1 
AF: annulus fibrosus 
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