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The Effects of Polymorphisms of Death Pathway Genes 
and Mitochondrial Pathway Genes in Intervertebral Disc 
Degeneration

ABSTRACT

Various molecules and pathways that regulate cellular apop-
tosis have been reported. One of these is death receptor path-
way and another one is the mitochondrial pathway. The Fas/
Fas Ligand (FasL) complex participates in the death receptor 
pathway. Fas, which is a cell surface receptor, triggers cell 
death signal through binding to FasL. In herniated human disc 
tissue, increased expression of Fas and FasL has been dem-
onstrated (15, 16). The mitochondrial pathway is triggered by 
up-regulation of wild-type p53 and is carried on by regulation 

█    INTRODUCTION

Intervertebral disc degeneration (IVDD) is a pathology that 
is frequently seen in adults and causes morbidity. Although 
its etiology is not well known, it is known that histological 

changes in the anatomical regions of the intervertebral disc 
(IVD) cause cell death and degradation of the extracellular 
matrix (ECM) (3). It has been suggested that apoptosis, 
especially in disc cells, promotes degenerative process by 
causing cellular loss (1, 5). 

AIm: It has been proposed that apoptosis is effective on intervertebral disc degeneration. This study is the first study in which both 
polymorphisms and expressions of apoptotic genes in patients with intervertebral disc degeneration (IVDD) are evaluated together. 
The aim of our study is to determine whether polymorphisms and expressions of apoptotic genes involved in both pathways are 
related with grades of IVDD or not.    
mATERIAl and mEThODS: Blood and tissue samples of 100 patients diagnosed with lumbar disc degeneration were collected. 
Patients were divided into 2 groups according to their radiological degeneration grades; grade 2 (mild), and grade 3 and 4 (severe). 
Polymorphisms in Fas (rs 2234767), Bcl-2 (rs 1801018) and Bax (rs 4645878) genes were determined with real-time PCR. Expressions 
of these genes were analyzed immunohistochemically following histological degeneration scoring.     
RESUlTS: Whereas no relationship was found among polymorphisms of Fas and Bax genes and their expressions, we have 
determined a relationship among GG genotype of Bcl-2 and their expressions. Additionally, the ratio of Bax-positive cells was 
related with IVDD grades. Moreover, radiological degeneration grades were compatible with histological degeneration scores.   
CONClUSION: GG genotype of Bcl-2 gene may influence the level of its expression and may be effective on the development of 
IVDD. Additionally, expression of Bax gene may be related with different grades of IVDD.        
KEywORDS: Apoptosis, Expression, Intervertebral disc degeneration, Polymorphism 
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of Bcl-2 and Bax (9). As a result of the blockade of the anti-
apoptotic effect of Bcl-2 and impairment of the equilibrium 
between Bcl-2 and Bax, the permeability of the mitochon-
drial membrane increases and the organ swells and ruptures. 
These two pathways participating in process of apoptosis 
bind to each other with a pro-apoptotic protein called Bid (14). 
It is thought that the Bid protein functions by either inhibiting 
anti-apoptotic proteins such as Bcl-2 or activating pro-apop-
totic proteins such as Bax (23). 

After detection of excessive cellular loss especially in the 
nucleus pulposus during the process of IVDD, studies have 
concentrated on the genes of apoptosis. It has been decided 
that a relationship among IVD cells that decrease as a result 
of excessive programmed cell death and degradation of 
extracellular matrix (1, 15, 16). However, in IVDD, in which 
genetics have been supposed to participate in the etiology, no 
study that investigated whether polymorphisms of the genes 
of apoptosis have an effect on the expression of these genes 
was encountered.

In this study, we aimed to determine whether polymorphisms 
of death pathway genes (Fas) and mitochondrial pathway 
genes (Bcl-2 and Bax) influence expressions of Fas, Bcl-2 and 
Bax in human IVD tissue. 

█    mATERIAl and mEThODS
Subjects

One hundred patients, (mean age 49.03±12.52 years) 
diagnosed as lumbar IVDD with magnetic resonance imaging 
(MRI), were involved in this study. While the study group 
was being organized, external factors that may cause disc 
degeneration such as heavy lifting, using vibrating vehicles, 
and smoking were excluded. Grading of disc degeneration 
was made according to Schneiderman’s classification (18): 
Grade 1 (normal) normal signal intensity, Grade 2 (intermediate) 
heterogeneously reduced signal intensity, Grade 3 (marked) 
diffuse signal loss, Grade 4 (absent) absence of signal. For 
Grade 1 patients, non-operative medical treatment was 
planned. Patients who were decided to be operated were 
grouped as Grade 2 (mild form) and Grade 3-4 (severe 
form). Prior to the operation, information was given to the 
patients and informed consent that was approved by ethics 
committee of the university were signed by the patients. 
During lumbar discectomy, blood and tissue samples were 
collected from the patients. Tissue samples were fixated with 
10% formalin and buried in paraffin blocks for histological and 
immunohistochemical analysis. Deoxyribonucleic acid (DNA) 
extraction was performed from the blood samples collected 
in hemogram tubes. 

Genetic Analysis

Genomic DNA of each patient was extracted using GeneJet 
DNA Purification Kit (Thermo Scientific Labvision Corp, 
Fremont, CA, USA). From all DNAs, polymorphisms of 
Fas gene (rs 2234767), Bcl-2 gene (rs 1801018) and Bax 
gene (rs4645878) were determined using, FastStart DNA 
MasterPLUS HybProbe (Roche Diagnostics, Germany) in 

LightCycler® Nano device and specific primaries according 
to following parameters: 95°C for 10 minutes, followed by 
45 cycles with at 95°C for 10 seconds and at 60°C for 10 
seconds and at 72°C for 15 seconds.

histopathological Examination

Tissue preparation: For histopathological examinations, the 
tissues were fixed in 10% neutral formalin. Routine tissue 
processing was subjected to samples. Then the samples were 
embedded in paraffin and 5 µm sections were taken to classic 
and poly-lysine-coated slides.

hematoxylin–Eosin and Alcian Blue-PAS staining: Sections 
were deparaffinized and rehydrated and then Hematoxylin–
Eosin (H&E) and Aniline Blue-PAS stainings were performed 
for determining Histological Degeneration Score (HDS) 
described by Boos et al. (4). All the samples were evaluated 
under light microscope (Eclipse E-600, Nikon, Japan) using an 
image analysis system (NIS Elements Nikon, Japan). 

The grading system is based on four parameters as follows; 

1. Cell density (chondrocyte proliferation) 

2. Structural alterations (tears and clefts) 

3. Granular changes 

4. Mucous degeneration 

All the criteria were described at Table I. While H&E staining 
was used for evaluation of cell density, structural alterations 
and granular changes (Figure 1A-C), Aniline Blue-PAS staining 
was used for the evaluation of mucoid degeneration (Figure 
1D).

Immunohistochemistry for Fas, Bcl-2 and Bax 

Sections were taken onto poly-lysine-coated slides and then 
the slides were labeled with Fas (Figure 2A,B), Bcl-2 (Figure 
2C,D), and Bax (Figure 2E,F) primary antibodies for the 
immunohistochemically evaluation. Citrate buffer (pH=6.0) 
was used for antigen retrieval in microwave. 3% hydrogen 
peroxide was used for blocking endogenous peroxidase 
activity for 12 minutes. Bax primary antibody (BioGenex 
PU347-UP, 1/50 dilution), Bcl-2 primary antibody (BioGenex 
NU 541-UC,1/50 dilution) and Fas primary antibody (Thermo 
Scientific, PA-1 37368, 1/50 dilution) were dropped all the 
slides and incubated overnight at +4°C. After incubation, 
horseradish peroxidase (HRP) secondary antibody kit (Anti-
polyvalent HRP, Labvision Corp, Fremont, CA, USA) was used 
as a secondary antibody and sections were visualized with 
AEC kit (Labvision Corp, Fremont, CA, USA). Finally, all slides 
were counterstained with Mayer’s Hematoxylin and mounted 
with water-based mounting medium. All preparations were 
evaluated by two different histology specialists who did not 
know clinical and radiological data. 

In each sample, 100 cells were counted in different areas 
and the number of immunopositive cells and then the ratio of 
immunopositive cells/all the counted cells were calculated. All 
the data were statistically analyzed.
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Figure 1: 
A) Healthy 
intervertebral 
disc 
B) Granular 
degeneration 
(arrow) 
C) Increased 
cell density and 
huge clones 
(arrow head), 
and tears and 
clefts (arrow) 
D) Mucous 
degeneration 
areas stained 
in dark blue 
(arrow). 
A, B, C) 
Hematoxylin–
Eosin Staining 
D) Alcian Blue-
PAS Staining 
(x10, scale 
bar=50 µm).

Table I: Modified Parameters of Disc Degeneration (4)

Criteria Grading

Cell density (Chondrocyte proliferation)
Multiple chondrocytes growing in small rounded groups or 
clusters sharply demarcated by a rim of territorial matrix

0= no proliferation
1= increased cell density
2= connection of two chondrocytes
3= small size clones (several chondrocytes grouped 
together, 3-7 cells)
4= moderate size clones (8-15 cells)
5= huge clones (>15 cells)

Structural alterations (tears and clefts)
Concentric tears following the collagen fiber bundle 
orientation in the annulus fibrosus or radiating defects 
extending from nucleus pulposus to the outer annulus 
lamellae parallel or oblique to the end plate (clefts)

0= absent
1= rarely present
2= present in intermediate amounts between 1 and 3
3=abundantly present
4=scar/tissue defects

Granular changes
Eosinophilic staining amorphous granules within the 
fibrocartilage matrix

0= absent
1= rarely present
2= present in intermediate amounts between 1 and 3
3=abundantly present

mucous degeneration
Cystic, oval or irregular areas with intense deposition of 
acid mucopolysaccharides staining dark blue with Alcian 
Blue PAS

0=absent
1= rarely present
2= present in intermediate amounts between 1 and 3
3= abundantly present

Histologic Degeneration Score (HDS) 0-15 points

A B

C D
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Figure 2: Immunopositivity was seen for Fas (A-B), Bcl-2 (C-D) and Bax (E-F) in degenerated disc cells (immunohistochemical staining 
with Fas, Bcl-2 and Bax primary antibodies, (x20, scale bar =50 µm).

Statistical Analyses

For comparison of degeneration grades and genotypes of Fas, 
Bcl-2 and Bax, Chi-square test was used. Numerical values 
obtained as a result of histological analyses (as mean±SD) 
were compared by using one-way ANOVA and Tukey’s HSD 

tests. Relationship of expressional levels regarding Fas, Bcl-2 
and Bax with histological and radiological scores was evalu-
ated with Independent t-test. The level of significance was de-
termined to be p≤0.05. 

A B

C D

E F
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suggested that Fas was effective in early disc degeneration 
(2). However, in our study, no difference has been observed 
among degeneration grades in terms of ratio of Fas-positive 
cells. We believe that this result is due to that majority of our 
patients were chronic cases who had complaint of lumbar 
pain for a long period of time.

In studies conducted in human herniated IVD tissue, Fas and 
FasL were reported to be expressed more in non-contained 
discs compared to contained discs (15, 24). Fas polymor-
phism -1377G>A (rs2234767) is a substitution related with 
Sp1 binding site localized in FAS promoter. Sibley et al. (21) 
reported a significant relationship between the -1377 G al-
lele and high level of gene transcription. Zhu et al. suggested 
that variations in Fas and FasL genes may induce apoptotic         

█    RESUlTS
For this study, 100 pieces of IVD tissues and 100 samples 
of peripheral blood collected from 100 patients with lumbar 
disc degeneration were used. The polymorphisms of Fas, 
Bcl-2 and Bax genes were assayed using DNA samples 
collected from all of the patients. Genotypes of these genes, 
immunohistochemical expressions of genes and radiological 
degeneration grades were compared with each other. 

Distribution of genotypes of Fas, Bcl-2 and Bax according to 
their disc degeneration grades were demonstrated in Table II. 
Of all patients; 2% had AA genotype, 19% had AG genotype 
and 79% had GG genotype. AA genotype of Fas gene was 
not encountered in mild-type degeneration group. Frequency 
of genotypes of Bcl-2 gene was as follows, respectively: AA 
(34%), AG (46%) and GG (20%). AA genotype of Bax gene 
was not encountered in any of the patients. Distribution of 
other genotypes of Bax gene was found to be as follows: AG 
(18%) and GG (82%). No relationship has been found among 
genotypes of Fas, Bcl-2 and Bax and radiological degeneration 
grades (p=0.59; p=0.98; p=0.20, respectively) (Table II). When 
distribution of genotypes of Fas, Bcl-2 and Bax and ratio 
of positive cells were compared, a relationship was found 
only among GG genotype of Bcl-2 gene and Bcl-2-positive 
cells (p=0.01). The ratio of Bcl-2-positive cells detected in 
GG genotype of Bcl-2 was more than those in AA and AG 
genotypes (Table III). Whereas no relationship was found 
among positive-cell ratio of both of Bcl-2 and degeneration 
grades (p=0.96 and p=0.72, respectively), a relationship was 
found among Bax-positive cell ratio and degeneration grades 
(p=0.05). In comparison of HDS and radiological degeneration 
grades, a difference was determined between mild and severe 
degeneration groups (p≤0.001). Radiological and histological 
degeneration scores were compatible with each other (Table 
IV). It was determined that histological degeneration scores 
of patients who were evaluated as high-grade radiologically 
were also high. 

█    DISCUSSION
IVDD is among commonly encountered causes of lumbar 
pain. In studies conducted in different populations, it has 
been reported that various genes may be related with this 
disease (11). Apoptosis is programmed cell death and it does 
not only participate in cell proliferation and differentiation, 
but also is responsible for pathogenesis of various diseases. 
Recent studies have suggested that apoptosis of disc cells 
leads to loss of IVD cells (1, 10) and extracellular matrix (ECM) 
degradation (1, 15). 

Both death receptor pathway and mitochondrial pathway 
are simultaneously responsible for apoptosis in IVDD (24). 
Death receptor pathway is the most studied pathway related 
with apoptosis. Fas/FasL system plays an important role in 
this pathway. Expressions of Fas and FasL in normal and 
degenerated disc tissues were assayed in animal models. In 
rats in which IVD degeneration was induced, Fas expression 
was reported to be 8-fold increased 3 weeks after annular 
laceration compared to normal IVD. Based on this result, it was 

Table II: Comparison of Fas, Bcl-2 and Bax Genotypes and the 
Grades of Disc Degeneration 

Genotypes Grade 2 (mild) 
(n=33)

Grade 3 and 4 
(severe) (n=67)

p 
values

Fas

AA 0 2

0.59AG 6 13

GG 27 52

        Bcl-2

AA 11 23

0.98AG 15 31

GG 7 13

Bax

AG 3 15
0.20

GG 30 52

Table III: Comparison of Genotypes and Immunohistochemical 
Expressions of Fas, Bcl-2 and Bax

Genes Genotypes % Stained Cells 
(mean±SD)

p 
values

Fas
AA 40.0±33.94

0.79AG 38.32±13.87

GG 40.75±13.21

Bcl-2

AA 16.03±8.57

0.01AG 17.72±11.95

GG 25.25±12.77*

Bax
AG 31.06±14.70

0.21
GG 35.77±14.33

*p≤0.05, compared with AA and AG by using Tukey HSD test.
SD: Standard Deviation.
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extrusion- and sequestration-type disc herniations, density of 
Bax-positive cells was more.

█    CONClUSION 

Our study is the first one to examine both polymorphisms 
and expressions of apoptotic genes together in patients 
with IVDD. Whereas no relationship was found among 
polymorphisms in Fas and Bax genes and their expressions, 
we determined a relationship between GG genotype of Bcl-
2 and its expression. However, we believe that the samples 
from degeneration groups to be less influenced our results 
negatively. Therefore, we suggest that repetition of a similar 
assay with genes involved in apoptotic pathways in different 
ethnic societies will be beneficial. 
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