
Abstract. Background/Aim: The present study aimed to
investigate the role of an aggrecan (ACAN) gene variant and
proteoglycan levels in the risk of lumbar degenerative disc
disease (LDDD). Materials and Methods: A total of 108
patients with LDDD and 103 healthy controls were enrolled.
Molecular assessment of the ACAN gene (c.6423T>C)
variant was determined by real time-polymerase chain
reaction. Proteoglycan levels in serum were measured with
enzyme-linked immunosorbent assay. Results: The frequency
of all alleles and genotypes in all study groups were
distributed according to the Hardy–Weinberg equilibrium. In
addition, no association between the ACAN gene
(c.6423T>C) variant and presence of risk factors for LDDD
was detected. However, proteoglycan levels were
significantly lower in patients with LDDD compared to the
control group (p<0.00001). Conclusion: Our findings
suggest that proteoglycan has emerged as a potential novel
biomarker which might be used for prediction of LDDD risk.

Lumbar degenerative disc disease (LDDD) is the most
common cause of lower back pain and radicular pain. LDDD
is generally related to lumbar disc herniation, which is a

multifactorial spinal disorder causing workforce loss, disability
and increasing healthcare costs (1-4). Lower back pain is
mainly related to lumbar disc disease and affects approximately
50% of the population during their lifetime. The incidence of
radicular pain is between 13% and 40% (5-7). Some studies
demonstrated that surgical treatment was indicated in 20% of
patients with LDDD due to persistent and severe radicular pain
(8, 9). The degenerative process is multifactorial and
irreversible and related to mechanical dysfunction (10, 11).
Gender, age, body mass index of patients, excessive physical
activity, smoking habit, and severe stress exposure of the spine
are the most common factors involved in the development of
LDDD (12). Genetic factors also play a critical role in this
process. In light of recent improvements in research, genetic
mechanisms have become the major factors considered in the
development of LDDD (13-23). 

Proteoglycans are glycosylated proteins which are
attached to highly anionic glycosaminoglycan with covalent
bonds. Proteoglycans are found in different forms within
different types of extracellular matrix and connective tissues.
Proteoglycans in the nucleus pulposus of intervertebral discs,
contain glycosaminoglycan chains of chondroitin sulfate and
keratan sulfate attached to a polypeptide with covalent
bonds. The keratan sulfate chains form clusters in so-called
keratan sulfate-rich regions or in the protein core regions of
proteoglycans in new developed hyaline cartilage and
immature nucleus pulposus. Proteoglycan distribution in the
intervertebral disc is important regarding the streaming
potential, swelling and compressive properties of the tissue
(24). Because of the decrease of proteoglycan with aging, the
disc starts to dehydrate and recurrent damage occurs. As a
result of this, the disc enters a degenerative process and
herniation of nucleus pulposus arises (25).
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Aggrecan encoded by the ACAN gene on chromosome
15q26.1 is the main proteoglycan component in hyaline
cartilage and the nucleus pulposus of the intervertebral disc,
with multiple functional domains (26). It is directly
responsible for the maintenance of disc hydration with the
help of osmotic pressure ensured by its chondroitin and
keratan sulfate chains (27). Pathological processes in genetic
variants of the aggrecan gene may alter the structural and
functional characteristics of this extracellular matrix
molecule. There are a limited number of studies focused on
the correlation of (c.6423T>C) polymorphism of the ACAN
gene with disc degeneration and herniation (28, 29). 

Therefore, we designed a case–control study in a Turkish
group and evaluated the correlation between the ACAN
(c.6423T>C) polymorphism, proteoglycan levels and
development of LDDD. 

Materials and Methods
Study participants and clinical investigation. A total of 211
individuals were included in this prospective case–control study. All
of the participants were selected from patients followed-up by the
Neurosurgery Department of Yeditepe University in Istanbul,
Turkey. The study was evaluated and approved by Yeditepe
University Ethical Committee (no. 729; 24 May 2017).

A total of 108 out of the 211 participants were patients with lumbar
disc herniation and the remaining 103 participants were healthy
individuals (control group). None of the healthy individuals had ever
experienced symptoms of back pain or radiculopathy. Regarding the
clinical evaluation of patients, neurological examination, lumbar
magnetic resonance imaging (MRI), visual analog scale (VAS) scoring
to define the pain level, and Oswestry Disability Index (ODI) scoring
were performed (30). The inclusion criteria of the case group were
lower back pain and leg pain related to lumbar disc degeneration, and
lumbar intervertebral disc protrusion diagnosed with lumbar MRI.
Patients who had infection, trauma, congenital anomalies, osteoporosis,
oncological pathologies, spinal stenosis, spondylolisthesis, vertebral
fractures, or spinal deformities in their medical history were excluded
from the study. During the examination, the level of pain was scored
with VAS and quality of life was scored with ODI for each patient. The
clinical findings were recorded and followed-up prospectively. The
demographic characteristics of the patients and controls were extracted
from their medical records. Written informed consent was obtained
from all patients and volunteers in the control group. Blood samples
were collected 24-48 h before surgical intervention to determine the
proteoglycan values. After centrifugation of blood, plasma samples
were frozen at −80˚C.

Isolation of DNA. After acquiring informed consent of the
participants, peripheral blood samples were drawn into EDTA tubes.
DNA extraction was performed with iPrep Purification Instrument
(Invitrogen, Life Technologies, Carlsbad, CA, USA) using 350 μl
of peripheral blood and Invitrogen iPrep PureLink gDNA blood
isolation kit (Invitrogen, Life Technologies). Isolated DNA samples
were measured with NanoDrop 2000 (Thermoscientific, Waltham,
MA, USA). Optical density ranges of 1.7-1.9 were accepted for
genotyping and the final DNA concentration of samples after the
dilution was approximately 100 ng/μl.

Identification of ACAN gene (c.6423T>C) polymorphism.
Genotyping for ACAN gene rs1042631 polymorphism was
performed with Applied Biosystems 7500 Fast Real-Time PCR
instrument (Applied Biosystems, Foster City, CA, USA) and
TaqMan Genotyping Assay, TaqMan Genotyping Master Mix
(TaqMan Reagents, Applied Biosystems) with 100 ng of DNA
sample. The reaction mixture and conditions were according to the
recommendations of the manufacturer: The reaction conditions were
10 min at 95˚C hold stage and 40 cycles for 15 sec at 92˚C
denaturation and 60 sec at 60˚C annealing/extension. Allelic
discrimination of samples by collecting and interpreting
fluorescence signals of hybridization probes was performed using
the software of the 7500 Fast Real-Time PCR device. 

Analysis of serum proteoglycan levels. Serum proteoglycan levels
were measured with Human Proteoglycan Enzyme-linked
Immunosorbent Assay (ELISA) Kit (Bioassay Technology
Laboratory, Yangpu Dist., Shangai, China). Serum collection and
measurements were performed according to the instructions of the
manufacturer. Peripheral blood samples were collected into gel-
containing tubes and left to clot for 15 minutes at room temperature.
The clotted samples were centrifuged 1,106 × g. All standards and
reagents were prepared and brought to room temperature before the
procedure. Fifty microliters of each standard were added to a
standard well, 40 μl of sample was added to sample wells, and then
10 μl antibody to proteoglycan was added to sample wells.
Subsequently, 50 μl streptavidin-horseradish peroxidase was added
to the sample and standard wells but not to blank wells and then the
plate was covered with a sealer and left to incubate for 60 minutes
at 37˚C. After the completion of the incubation, the sealer was
removed and the plate was washed five times with a wash buffer
then 50 μl of substrate solution A and 50 μl of substrate solution B
were added to each well including blank wells and plates were
covered with a sealer and left to incubate for 10 minutes at 37˚C.
After incubation, 50 μl of stop solution was added to all wells and
optical density measurements were performed with a microplate
reader (Poweam Medical Co. Nanjing City, Jiangsu Province,
China) at a wavelength of 450 nm for 20 minutes following the
addition of the stop solution.

Statistical analysis. The statistical analyses were performed with
IBM SPSS Statistics version 23 (IBM Corp., Armonk, NY, USA).
The differences between the groups regarding genotypes were
analyzed with chi-square and Fisher’s exact tests. Comparisons of
the demographic information were evaluated with Student’s t-test
and one-way analysis of variance (ANOVA). The frequencies of the
ACAN alleles were assessed with gene counting methods. For all
analyses, differences with p<0.05 were considered statistically
significant.

Results 

A total of 108 patients and 103 controls were included in the
analysis. The mean age of the patients with LDDD and
healthy controls were 41.11±9.65 and 39.20±8.98 years
respectively. There was no significant difference between the
groups considering the mean age (p=0.139). The gender
proportion was significantly different between the groups
(p=0.457), (45.4% males and 54.6% females in the LDDD
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group; 50.5% males, 49.5% females in the control group).
Mean ODI score was 54.185±20.577, meanwhile VAS scores
was 63.333±21.874 for the patient group.

The allelic and genotypic frequencies of the ACAN gene
(c.6423T>C) in patients with LDDD and controls are given
in Table I. The genotypic frequencies of the ACAN gene
(c.6423T>C) in patients with LDDD and controls were
consistent with the Hardy–Weinberg equilibrium (χ2=2.075;
p=0.354). Furthermore, we did not find any significant
difference between the LDDD and control groups regarding
the distribution of ACAN (c.6423T>C) alleles (p>0.05). 

The serum proteoglycan level was 79.166±92.327 pg/ml
in patient group, while it was 162.1971±125.25 pg/ml in the
control group. These results indicated that serum
proteoglycan levels were significantly lower in patients with
LDDD compared to the control group (p<0.00001).
However, there was no correlation between VAS, ODI and
proteoglycan values (p>0.05). We also evaluated the
relationship between the pain scores (VAS and ODI) and
genotype but did not detect any significant difference.

Discussion

LDDD is a common disability causing musculoskeletal
symptoms and it is the most important cause of mobility
limitation and workforce loss throughout the world (31).
Intervertebral disc degeneration is considered to be the
primary cause of lower back pain, which is an irreversible
process via molecular changes in nucleus pulposus (32). 

Proteoglycan distribution in the intervertebral disc is
important regarding the streaming potential, swelling and
compressive properties of the tissue (24, 33). Proteoglycans,
mainly aggrecan, are the second greatest component of the
disc in terms of dry weight after collagen, which constitutes
5-8% of the outer annulus and 11-20% of the inner annulus
(34). Impaired regulation of collagen fibrillogenesis by
proteoglycans may result in disruption of the lamellar structure
and can be related to scoliosis (35). Because of the loss of
proteoglycans with increasing age, the disc starts to dehydrate

and degenerative processes cause recurrent damage. These
processes contribute to disc degeneration and herniation of the
nucleus pulposus (25, 36). Continuous compressive forces
applied to the disc trigger changes in proteoglycan and
collagen molecules (37). Hydrostatic pressure induces the
production of nitrous oxide in the disc cells, which is one of
the mediators that changes proteoglycan synthesis in response
to hydrostatic pressure (38). Notochordal cells play a vital role
in the maintenance of disc integrity through the stimulation of
proteoglycan synthesis (39).

Robinson et al. conducted a study on diabetic and non-
diabetic patients with disc herniation. In the disc tissue of
diabetic patients, proteoglycans had a lower buoyant density
and substantially under-sulfated glycosaminoglycans, which
was related to specific neurological damage in these patients,
and may lead to an increased susceptibility to disc herniation
(40). Cs-Szabo et al. measured mRNA and protein content
of aggrecan, bi-glycan, decorin, versican, and fibromodulin
in annulus fibrosus and nucleus pulposus. They reported that
the mRNA and protein content of all proteoglycans were
significantly increased at initial stages of disc degeneration
and decreased in severely degenerated tissues. On the
contrary, in nucleus pulposus, matrix components were
reduced progressively parallel with an increasing degree of
degeneration (41).

Keshari et al. evaluated 17 cadaveric disc tissue
specimens and biochemical analyses were performed for
proteoglycan and collagen in annulus fibrosus and nucleus
pulposus. They detected a decline in the concentration of
proteoglycans in degenerated nucleus pulposus (42). Iatridis
et al. evaluated intervertebral discs and reported that
glycosaminoglycan content was between ~40 and 600 μg/mg
(dry tissue), with the highest concentration in the nucleus
pulposus and lowest in the annulus fibrosus. Usually,
posterior regions had higher glycosaminoglycan content than
anterior parts of the annulus fibrosus, although values were
not as high as in the nucleus pulposus (24). Singh et al.
evaluated 46 discs and reported that total proteoglycan and
collagen contents in both the annulus fibrosus and nucleus
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Table I. The allelic and genotypic frequencies of aggrecan (ACAN) variant c.6423T>C in patients with lumbar degenerative disc disease (LDDD)
and control.

ACAN (c.6423T>C)                        LDDD, n (%)                     Control, n (%)                           OR                              95% CI                           p-Value

Genotype                                                                                                                                                                                                                         
   CC                                                59 (54.6%)                         57 (55.3%)                              0.972                         0.565-1.672                         0.917
   CT                                                 42 (38.9%)                         34 (33%)                                 1.291                         0.735-2.270                         0.374
   TT                                                   7 (6.5%)                           12 (11.7%)                              0.526                         0.198-1.392                         0.190
Allelic count                                                                                                                                                                                                                   
   C                                                 160 (74.07%)                     148 (71.15%)                            1.903                         0.718-5.040                         0.190
   T                                                   56 (25.93%)                       60 (28.85%)                            1.029                         0.598-1.771                         0.917

OR: Odds ratio; CI: confidence interval.



pulposus consistently decreased with increasing age (43).
Our study appears to be the first in literature to evaluate
proteoglycans in the serum of patients with LDDD.
Proteoglycan levels, which were analyzed with ELISA, were
lower in patients with disc degeneration than in the controls. 

Structural and functional molecules in the disc degradation
pathway are suitable candidates for genetic correlation studies.
There are only a limited number of studies focused on the
correlation between ACAN gene (c.6423T>C) and the risk of
LDDD. In the first study, which was conducted by Kawaguchi
et al. with 64 individuals, the relationship between this
polymorphism and LDDD was examined and a significant
difference was determined between the distribution of allele
sizes and the severity of MRI-defined LDDD. They
investigated a group of Japanese women between 20 and 29
years of age and showed that A18 (18 repeats) and A21 (21
repeats) were over-represented in these females with multilevel
and severe degeneration (17). In a Korean population, Kim et
al. found that in individuals with degeneration who were
younger than 40 years, the A21 allele was over-represented
(44). The most important limitation of both studies was that
young individuals, who were exposed relatively less to
workloads and other stresses, were enrolled so that the results
did noticeably reflect the genetic relationships.

Videman et al. showed the T mutant allele of the of the
ACAN gene (c.6423T>C) variant to be significantly correlated
with the signal intensity of T2-weighted disc signal from MRI,
which reflects the water concentration in the disc, and
increased the rate of disc herniation in a Finnish population
(28). Roughley et al. studied 102 individuals with an average
age of 55 years and were not able to find a similar correlation
(16). In their study, all of the patients had lower back pain and
were diagnosed by lumbar MRI for surgical decompression
treatment. The authors suggested that there was an association
between ACAN polymorphism and function of the protein,
which consists of CS1 and CS2 domains. The gene encoding
the CS1 domain displays size polymorphism, with a variable
number of tandem repeats. They showed that change in the
CS1 domain arising from one short allele of the gene (less than
25 repeats) was not sufficient to impair disc function.

As far as we know, there is no published study focused on
the relationship between this variant in the ACAN gene and
LDDD risk in the Turkish population. In our study, the
ACAN gene (c.6423T>C) variant was not found to have any
correlation with the development and severity of LDDD. 

In conclusion, this study is the first to evaluate the
relevance of the ACAN gene (c.6423T>C) variant and
proteoglycan levels in respect to LDDD risk. The assessment
of proteoglycan values may provide information which may
lead to the usage of proteoglycan as a biomarker for LDDD.
Further functional studies are needed to evaluate correlations
between genotype and clinical characteristics of patients in
large cohorts of various ethnicities. 
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