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INTRODUCTION

Background: There is a specific polymorphism of the ACAN gene called the varia-
ble number of tandem repeats (VNTR), which is particularly interesting in the light
of the development of intervertebral disc pathology and associated low back pain.
Materials and methods: The nucleus pulposus specimens were harvested from
the L5/S1 intervertebral discs. The aggrecan content was determined using en-
zyme-linked immunosorbent assay (ELISA). Moreover, the VNTR polymorphism
in the ACAN gene was evaluated.

Results: The genotyping of VNTR polymorphism in ACAN gene was successful
in 94 tissue samples (48 homozygotes and 46 heterozygotes). The alleles were
divided into four groups, in accordance with the number of tandem repeats in
the ACAN gene. No difference between groups in the mean aggrecan mass nor
in the mean degree of tissue moisture was observed.

Conclusions: No relationship between the ACAN gene VNTR polymorphism and
the aggrecan content was observed in studied Caucasian cadavers. Such a rela-
tionship may be a more complex phenomenon and exists in other populations.
(Folia Morphol 2023; 82, 2: 269-273)
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include age, body mass index, chronic diseases as well

Low back pain is a common problem, which will
eventually affect almost everyone in the population
[2, 9]. It is diagnosed in patients across a variety of
countries of differing socioeconomic status, profession
and age groups [7]. While mechanical factors related
to trauma and/or occupation such as heavy lifting may
result in morphological damage to the intervertebral
discs (IVDs) or contiguous soft tissues, many other risk
factors of low back pain have been hypothesized; these

as genetic predisposition [2, 17]. Many studies have
explored the significance of genetic polymorphisms in
the pathogenesis of intervertebral disc degeneration
(IDD) [3, 13]. One of the possible candidates is the
ACAN gene (encoding aggrecan core protein). Its prod-
uct constitutes the major proteoglycan of IVDs and the
articular cartilage. The content of the aggrecan in IVDs
has been shown to be crucial to their function [15].
A dense network of this proteoglycan forms aggre-
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gates which are osmotically active to draw water into
the IVDs and cause an increase in the osmotic pressure
of the tissue to allow for movement and the weight
bearing functions of the spine [16]. It was reported
that loss of this proteoglycan may play a role in the
development of osteoarthritis and degenerative IVD
disease [11]. There is a specific polymorphism of the
ACAN gene called the variable number of tandem re-
peats (VNTR), which is particularly interesting. Precisely
the humans were described to have between 11 to 33
repetitions of a specific 57 nucleotide sequence [6].

In a systematic study, Cong et al. [4, 6] suggested
an interaction between obesity and this polymorphism
in the development of IVD pathology in individuals
of Han Chinese ethnicity, whilst another study by the
same research group suggested a similar multiplicative
relationship between VNTR, smoking and IDD. There-
fore, the presence of this polymorphism may indeed
impact the robust, weight-bearing functions of the
spine. Moreover, the meta-analysis performed by Gu
et al. [8] suggested the increased risk of IDD related to
presence of shorter (13-25 repetitions) compared with
the normal, longer alleles in the ACAN gene. Such a re-
lationship was found only in Asian populations, howev-
er not in Europeans [8]. Therefore, the aim of this study
was to attempt to investigate the possible relationship
between the VNTR polymorphism in the gene encoding
aggrecan and its content within the Caucasian donor’s
IVDs using accurate molecular methods.

MATERIALS AND METHODS

Sample preparation

The specimens were harvested from the L5/S1 IVDs
collected from the 100 male cadaveric donors of age
between 18 and 80. Additionally, the following exclu-
sion criteria were used: ankylosing spondylitis, visible
injury or/and surgery to the spine or such history. The
mean age of the donors was 42.09 + 12.29 (all male
Caucasian cadavers) [14].

After harvesting, all tissue samples were shattered
manually using a scalpel into pieces of size ~1 mm in
every dimension. Then, the specimens were transferred
to test tubes which were then weighed. Sample masses
were calculated using the equation: weight of tube with
sample — weight of empty tube = weight of sample.

Solubilisation

The solution of 4 M guanidine hydrochloride
(Sigma-Aldrich, G3272-100G), 1 M sodium ace-
tate (Sigma-Aldrich, S2889-250G), Triton 2% (Sig-
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ma-Aldrich, X100-1L) and protease inhibitor cocktail
(Sigma-Aldrich, P8340-1ML) was added to the tissue
samples homogenized as described above. Then spec-
imens were processed at 4°C overnight on the labo-
ratory shaker which was set on gentle shaking. After
the solubilisation, test tubes were centrifuged at 3000
rpm for 10 min to obtain a supernatant which was
transferred to new test tubes and was stored at—20°C.

Enzyme-linked immunosorbent assay (ELISA)

The temperature of the supernatant was raised to
~20°C. Then, the solutions were diluted (2-10 times)
in fresh tubes with deionized water (Milli-Q Millipore
device) to acquire concentrations in the range of de-
tection of the method. ELISA was performed in accord-
ance with the protocol provided by the manufacturer
(RayBiotech, ELH-ACAN-1). Then, the absorbance was
assessed at 450 nm using plate reader (Bio-TEK Synergy
HT). The aggrecan concentration was established based
on the mean of two separate measurements according
to the standard curve constructed for each plate.

Genetic polymorphism in ACAN gene

DNA was extracted from samples using Xpure
Genomic Mini kit (A&amp;A Biotechnology, Gdansk)
according to the protocol recommended by the man-
ufacturer. Purity of obtained DNA isolates was assessed
using NanoDrop spectrophotometer (Thermo Scientific,
Waltham, MA) and DNA concentration was measured
with Qubit fluorometer (Thermo Scientific, Waltham,
MA). Polymerase chain reaction (PCR) amplification
of the CS1 domain in aggrecan gene was performed
using the specific primers (sense primer: 5’-TAGAG-
GGCTCTGCCTCTGGAGTTG-3’ and anti-sense primer:
5'-AGGTCCCCTACCGCAGAGGTAGAA-3’). PCR reaction
mixture consisted of: 1X Gold Buffer, 1.5 mM Mgdl 2,
0.25 mM of dNTPs, 0.6 uM of each primer, 50 ng of
DNA, 1 U of AmpliTaq Gold DNA Polymerase (Applied
Biosystems, Foster City, CA) and DNase-free water up to
25 uL. PCR was performed on C1000 Touch Thermal Cy-
cler (Bio-Rad Laboratories, Hercules, CA) using following
temperature profile: 95°C for 4 min, 33 cycles of 30 s at
95°C, 30 s at 63°C, 2 min at 72°C, and final extension at
72°C for 10 min. PCR products were analysed for their
size on 2100 Bioanalyzer (Agilent) utilizing High Sensi-
tivity DNA Assay. Number of repeats in the VNTR region
was determined by comparison of the amplicon length.
The alleles were divided into four groups, in accordance
with the number of tandem repeats in the ACAN gene
(I: A11-25; Il: A26-27; lll: A28-30; IV: A31-33).
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Figure 1. A. The histogram of allele frequencies; B. The distribution of aggrecan mass, considering the degree of moisture and allele type.

Table 1. Mean aggrecan mass per dry tissue and mean degree of moisture by number of tandem repeats in the ACAN gene

Alleles Mean aggrecan mass per dry tissue [ng/g] (SD) P-value* Mean degree of moisture (SD) P-value*
A11-25 55.83 (6.56) 0.1515 0.73(0.05) 0.6264
A26-27 41.60 (17.96) 0.77 (0.04)
A28-30 51.76 (38.18) 0.76 (0.04)
A31-33 35.12(17.94) 0.75(0.05)

*Kruskal-Wallis test; SD — standard deviation

Statistical analysis RESULTS

Statistical analysis and data visualization were
conducted using R Software (version 1.2.5042). For
group comparison performance, Kruskal-Wallis test
was applied, according to its assumptions. The corre-
lation between variables was computed using Spear-
man’s method. The significance level was set to 0.05.

Ethics

The study protocol was accepted by the local
bioethical committee. This study was performed in
accordance with the principles of the Declaration of
Helsinki and its later amendments.
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In this study, the genotyping of VNTR polymor-
phism in ACAN gene was successful in 94 tissue
samples (48 homozygotes and 46 heterozygotes).
The distribution of the VNTR alleles was in accordance
with the Hardy-Weinberg equilibrium (Fig. 1A). No
difference between allele groups in the mean aggre-
can mass nor in the mean degree of tissue moisture
was observed (Table 1). Consistently, no correlation
between aggrecan mass and the water content (p-val-
ue = 0.173) was found. The distribution of aggrecan
mass, considering the degree of moisture and allele
type is shown in Figure 1B.
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DISCUSSION

To the best of the authors knowledge, it was
the first human study analysing the influence of the
VNTR polymorphism in ACAN gene on the concentra-
tion of the aggrecan in the IVDs nucleus pulposus in
Caucasian sample. The main goal was to investigate
this hypothesized relationship using objective and
accurate molecular methods.

Noteworthy is the fact that many case-control
studies on VNTR polymorphism in ACAN gene and
the IDD have been performed in the past, reporting
frequently contradicting results [4, 6, 8]. Although
they brought a plethora of valuable data, the signif-
icant bias likely existed due to uncontrolled factors
contributing to the final development of the IDD,
which was the main outcome based on what the cases
and controls were allocated. It is well-known that
the low back pain symptoms are related not only to
the pathology of the IVD, but also to morphological
changes in the surrounding tissues such as lumbar
facet joints, etc. [10]. Therefore, as it was shown in
the literature that aggrecan concentration decreases
in IVD with degeneration and aging, in this study it
was decided to analyse this objective and isolated
outcome, which is also the most logical causative
result of the ACAN gene altered expression [1, 12].

The results of this study showed no relationship
between the presence of short alleles and the ag-
grecan concentration in the nucleus pulposus of the
L5/S1 IVDs. Interestingly, the meta-analysis performed
by Gu et al. [8], found a relationship between the IDD
and the presence of the shorter alleles of the ACAN
gene in Asian population, but reached no statistical
significance pooling European samples. Together with
our observations it is likely that such phenomenon
may be ethnic specific and/or other cofactors may
play a significant role.

Moreover, the recent systematic study performed
by Cong et al. [5] found that the A21 allele (with 21
repetitions of a specific 57 nucleotide sequence) in
ACAN gene is overexpressed in patients with IDD in
their pooled sample. Interestingly, such a relationship
was not identified for the rest of shorter and any other
alleles [5]. However, in our study this allele had no
representation among studied individuals. One must
remember that considering our sample size, prevalence
of particular alleles is relatively low and such compari-
sons require testing on numerous populations.

Interestingly, the specimens from donors with
the shortest alleles (A11-A25) were found to have
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lower water content than the IVDs from the other
three groups (72.7% vs. 76.0%); however, this dif-
ference was not significant. This observation may
suggest that despite the VNTR in the ACAN gene does
not influence the aggrecan dry mass in the nucleus
pulposus of the lumbar IVD, it may alter its water
attracting function. However, such a hypothesis can-
not be confirmed by this study and requires further
well-designed research.

Our study is limited by the uniform sex and eth-
nicity of the donors. However, it was designed to
establish possible association in the Caucasian male
population. Further, large studies on different popu-
lations are required in the future. The other limitation
is a number of specimens included. However, it is
challenging to perform larger cadaveric studies, and
it is important that the results of this study can be
pooled in systematic studies in the future to obtain
more statistical power.

CONCLUSIONS

In summary, no relationship between the ACAN
gene VNTR polymorphism and the aggrecan content
was observed in studied Caucasian cadavers. Such
a relationship may be a more complex phenomenon
and exist in other populations.
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