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Abstract. Recently, oxidative stress has been suggested as participating in the development of osteoporosis. Glutathione
peroxidase 1 (GPX1) is one of antioxidant enzymes responsible for the defence of cells against oxidative damage and thus for
protection against age related diseases such as osteoporosis.
The aim of present study was to associate genetic variances of GPX1 enzyme with bone mineral density (BMD) and biochemical
bone turnover markers and to show the influence of antioxidative defence system in genetics of osteoporosis.
We evaluated 682 Slovenian subjects: 571 elderly women and 111 elderly men. All subjects were genotyped for the presence of
GPX1gene polymorphisms Pro198Leu and polyAla region. BMD and biochemical markers were also measured. General linear
model analysis, adjusted to height, and (one-way) analysis of variance were used to assess differences between the genotype.and
haplotype subgroups, respectively.
The significant or borderline significant associations were found between the polyAla or the Pro198Leu polymorphisms and total
hip BMD (0.018; 0.023, respectively), femoral neck BMD (0.117; 0.026, respectively) and lumbar spine BMD (0.032; 0.086,
respectively), and with biochemical bone turnover markers such as plasma osteocalcin (0.027; 0.025, respectively) and serum
C-terminal telopeptide of type I collagen concentrations (0.114; 0.012, respectively) in whole group. Haplotype analysis revealed
that the 6-T haplotype is associated significantly with low BMD values (p < 0.025) at all measured locations of the skeleton, and
with high plasma osteocalcin concentrations (p = 0.008).
This study shows for the first time that the polymorphisms polyAla and Pro198Leu of theGPX1 gene, individually and in
combination, are associated with BMD and therefore may be useful as genetic markers for bone disease. Moreover, it implies
the important contribution of the oxidative stress to pathogenesis of osteoporosis.
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1. Introduction

Osteoporosis is a complex, polygenic disorder, char-
acterized by low bone mineral density (BMD), of which
genetic predisposition accounts for between 50 and
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85% of the variance [1–5]. The contributions of specif-
ic gene polymorphisms are likely to be relatively small;
however they may still be important in the pathogenesis
of osteoporosis [3,5].

Recently, oxidative stress has been reported as par-
ticipating in the development of osteoporosis [2,6–
11]. Osteoporosis belongs to the age-related diseases,
in which increased risk of oxidative stress, excessive
production of reactive oxygen species (ROS), and de-
creased effectiveness of the antioxidant defence system
occur [1,2,6–8,12–14]. In tissue homogenates from the
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femora of ovariectomized rats, a popular model of post-
menopausal osteoporosis, significantly increased levels
of lipid peroxidation and hydrogen peroxide and de-
creased levels of enzymatic antioxidants like superox-
ide dismutase (SOD), glutathione peroxide (GPX) and
glutathione transferases (GSTs) were found, compared
to control group [10,15–19]. Moreover increased pro-
duction of ROS in the form of superoxide assessed by
increased levels of lipid peroxidation end-product mal-
ondialdehyde was detected in postmenopausal women,
aged 40–65 years. [7,20].

Osteoblasts produce enzymatic antioxidants such as
GPX1, which is a major intracellular enzyme that cat-
alyzes the degradation of peroxides by oxidizing glu-
tathione with the formation of its conjugates, there-
by preventing cellular injury [22–24]. Furthermore,
osteoclast-generated superoxides contribute to bone
degradation and, interestingly, H2O2 may stimulate
osteoclast differentiation, RANKL expression in hu-
man osteoblast-like MG63 cell line, and osteoclast for-
mation, and enhance activity of mature osteoclasts in
mouse calvariae [10,15,19,21].

In addition, in comparative protein expression pro-
filing study of circulating monocytes (CMCs) in Chi-
nese premenopausal females with extremely discor-
dant BMD a SOD2 and GPX1 showed differential
protein expressions, which might affect CMCs’ trans-
endothelium differentiation, and/or downstream osteo-
clast functions, thus contribute to differential osteoclas-
togenesis and finally lead to BMD variation [22].

Moreover, the gene expression profile of 2T3 pre-
osteoblasts, exposed to microgravity to stimulate the
bone loss via inhibition of differentiation of pre-
osteoblasts into mature osteoblasts, showed downregu-
lation of GPX1 [23]. Additionally, microarray analysis
of primary human osteoblast cell lines of osteoporotic
and non-osteoporotic women and men, performed in
our laboratory, showed significant differential expres-
sion profile of genes, involved in antioxidative defence
system [24].

Another evidence for possible involvement of antiox-
idative defence geneGPX1, located at 3p21.3, comes
from meta-analysis of the genome-wide linkage study
and bone mineral density performed on 12,685 individ-
uals. This study has shown the linkage of osteoporosis
to chromosome 3p22.2-3p14.1 position,whereGPX1is
located [25]. This result was independently confirmed
two years after by Huang et al. showing that the sus-
ceptibility loci for osteoporosis are at 3p14-25 [26].

Individuals with reduced GPX1 activity exhibit an
increased incidence of oxidative stress-related diseases

such as breast cancer, colon, prostate, and lung can-
cer [27–31]. Peroxidase overexpression, supported by
selenium, was shown to suppress tumour cell growth
in nude mice [32,33].

On the DNA level, a list of genes and polymorphisms
has been found associated with BMD or other pheno-
types of osteoporosis. However, little effort has been
made to establish whether there is an association be-
tween osteoporosis in humans and functional polymor-
phisms of antioxidative stress-related genes. So far the
significant link has already been obtained between ge-
netic polymorphisms of catalase and BMD values [1].
Furthermore, the significantly lower antioxidant activ-
ities of the GPX1 protein has been observed in the
groups of subjects with osteoporosis [6,21], however
no correlation was established so far on the DNA level.

GPX1gene contains many polymorphic sites. A sin-
gle substitution of C to T at codon 198, which changes
Pro to Leu, reduces the activity by 10% in comparison
to wild type enzyme [28]. Furthermore,in vitro func-
tional analysis indicated that 198Leu, in combination
with 6Ala repeats of PolyAla polymorphism, decreases
the GPX1 protein activity by 40% [34]. This suggests
that Ala repeats only together with Pro198Leu influ-
ence the GPX1 activity [35]. The importance of this
polymorphism was shown by Winter and colleagues.
Presence of one or two 6Ala alleles appeared to be
a modest risk of coronary artery disease [36]. Hap-
lotype combinations of−602A/G,+2C/T, 5Ala/6Ala
and Pro198Leu inGPX1 are significantly associated
with the intimae-media thickness of carotid arteries and
risk of cardiovascular diseases in type 2 diabetes pa-
tients [34]. Pro198Leu polymorphism also affects al-
tered personality traits in healthy persons [37]. As-
sociation between the activity of GPX1 enzyme and
the development of osteoporosis has been established
in mouse and postmenopausal women [7,17,20], how-
ever as far as our knowledge, no evidence associating
genetic variance ofGPX1with osteoporosis has been
reported.

According to evidences presented above and our mi-
croarray data [24] on expression of GPX1 we hypothe-
sized that BMD and biochemical bone turnover mark-
ers could be associated with two known functional
polymorphisms inGPX1gene – a polyAla polymor-
phism and the Pro198Leu polymorphism – individual-
ly and in combination, and that the genetic component
of the antioxidative stress response is involved in bone
metabolism.
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2. Materials and methods

2.1. Subjects

The study included 682 Slovenian subjects, consist-
ed of 571 elderly women and 111 elderly men. The
subjects were referred to the outpatient departments of
the University Medical Centre, Ljubljana, the General
and Teaching Hospital, Celje, and the University Med-
ical Centre, Maribor, Slovenia for BMD measurement.
Each subject was examined clinically and routine bio-
chemical tests were performed to exclude systemic and
metabolic bone diseases other than primary osteoporo-
sis. None had previously taken any drug known to influ-
ence bone metabolism. Osteoporosis was defined ac-
cording to the World Health Organization criteria [38].
All of the participants gave their written informed con-
sent before enrolment in the study. The study was ap-
proved by the National Medical Ethics Committee of
the Republic of Slovenia.

2.2. Genotyping

2.2.1. Blood sampling
Peripheral venous blood was drawn into Vacutain-

er tubes containing EDTA (Becton Dickinson, Ruther-
ford, USA) and stored at−20◦C for a maximum of
4 days. Genomic DNA was isolated from peripheral
blood leukocytes using standard methodology [39].

2.2.2. Polymerase chain reaction(PCR)
Because ofGPX1pseudogene, we designed new pair

of primers for amplification of DNA fragment. The
sequences of primers were as follows:

PolyAla-forward: 5‘-GCCGCCGGCCAGTTAAAA
GG-3‘,

PolyAla-reverse: 5‘-AAGTAGTACCTTGCCCCGC
AGG-3‘,

Pro198Leu-forward: 5‘-GTTCTAGCTGCCCTTCT
CTC-3‘,

Pro198Leu-reverse 5‘-ACAGGACATACACACAG
TTCTG-3‘.

Fragments for the PolyAla region and the Pro198Leu
polymorphism of the geneGPX1 were amplified by
PCR. Following cycling conditions for each primer pair
were used: an initial 10 min at 95◦C followed by 38 cy-
cles of 1 min at 95◦C, 30 s at 62.5◦C, 30 s at 72◦C, and
finally 8 min at 72◦C; and an initial 10 min at 95◦C
followed by 35 cycles of 1 min at 95◦C, 30 s at 58◦C,
30 s at 72◦C, and finally 8 min at 72◦C, respectively.

The PCR mixture (20µL) contained genomic DNA
(100ng), 1xPCR buffer, 0,2 mM of each of the four de-
oxyribonucleotides, 1.5 mM MgCl2, 0.25µmol/L µM
each of oligonucleotide primers and 0.5U of AmpliTaq
Gold polymerase (Applied Biosystems, Roche Molec-
ular Systems Inc., Brandenburg, New Jersey, USA).

2.2.3. Restriction fragment length polymorphism
(RFLP) analysis

An ApaI-RFLP assay for Pro198Leu polymorphism
was constructed using NEBCutter V2.0 [40]. Before
the restriction, PCR products were synthesized suc-
cessfully for 682 samples. In RFLP analysis the re-
striction of the polymorphic region and the constitutive
region with ApaI enzyme, obtained from New England
Biolabs (Beverly, MA, USA), was used as outlined by
the manufacturer. The products of the restriction were
analysed by 3% agarose gel electrophoresis.

2.2.4. Denaturing high performance liquid
chromatography(DHPLC)

12 µl of the PCR products were injected in-
to a preheated reverse-phase column (DNASep Col-
umn, Transgenomic) of a WAVE MD DHPLC system
(Transgenomic) equilibrated by an ion pairing agent
TEAA 0.1 M (Triethylammonium acetate). PolyAla
polymorphism was determined using a sizing method
by a linear acetonitrile gradient, achieved by mixing a
buffer A (TEAA 0.1 M) with a buffer B (TEAA 0.1 M
and acetonitrile 25%) with 1.4% per minute gradient
increase from the start gradient of 40% up to stop gra-
dient of 60% of the buffer B at constant temperature
54◦C and constant flow rate of 0.9 ml/min. The eluted
DNA was detected at 260 nm (Fig. 1). Genotypes of 682
individual PCRs were determined using the sizing call-
ing routine (Transgenomic Navigator Software 1.6.2.).
All of six different genotype combinations were also
detected and confirmed by automated sequencing.

Genotyping of both polymorphisms was repeated on
a random 5% of samples and results were identical to
the original run.

2.2.5. Direct sequencing of the GPX1 amplicons
PCR products with different genotypes of Pro198Leu

and PolyAla polymorphic regions were purified us-
ing GenElute PCR Clean Up Kit (Sigma-Aldrich Co.,
St.Louis, MO, USA) and confirmed by sequencing.
Samples were sequenced by MWG Biotech AG (Ebers-
berg, Germany) with the Value Read Service, using the
fluorescence-based dideoxy chain terminator method.
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Fig. 1. Results of denaturing high performance liquid cromatography related to different genotypes of PolyAla polymorphism.

2.3. BMD measurement

BMD was measured at the lumbar (L2–L4) spine
(BMDls), total hip (BMDtot) and femoral neck
(BMDfn) by dual-energy X-ray absorptiometry (DXA)
(QDR-4500, Hologic Inc., Waltham, MA, USA) in
Ljubljana, Celje and Maribor. A cross-calibration study
of the precision of measurements between the centres
had previously been performed. A correction factor
was not considered necessary.

2.4. Measurement of biochemical bone turnover
markers

The plasma and serum samples were analysed in a
routine laboratory using standard procedures as out-
lined by the manufacturers. Blood samples were col-
lected between 8:00 a.m. and 10:00 a.m. after an
overnight fast.

Osteocalcin (pOC) in heparinized plasma was deter-
mined in a subgroup of 289 subjects by a solid phase,
two-site chemiluminescent enzyme-labelled immuno-
metric assay (Immulite Osteocalcin Diagnostic Product
Corporation, Los Angeles, CA, USA). The intra- and
inter-assay variations were 3.9 and 5.2%. Concentra-
tions of serum C-terminal crosslinking telopeptides of
type I collagen (sCTX) were measured in a subgroup
of 247 subjects by the enzyme-linked immunosorbent
assay (Serum CrossLaps ELISA, Nordic Bioscience
Diagnostics A/S, Herlev, Denmark).

2.5. Statistical analysis

Hardy-Weinberg equilibrium was tested for each
polymorphismusing theχ2 test. Kolmogorov-Smirnov
normality test was conducted before association anal-

ysis and data transformation was performed where ap-
propriate. The standardized measures of LD, denot-
ed asD′ andr2, were assessed using the EMLD soft-
ware [41], which calculates pair-wise LD based on SNP
genotype data from unrelated individuals. For two in-
dependent loci, the difference (D) is that between the
actual and expected gametic frequencies and is usually
expressed as a standardized difference (D’). D measures
the statistical association of alleles in forming gametes
and is related to the Pearson correlation coefficient (r).
D’ is used to assess the probability of historical re-
combination, whereas r2 is the most relevant measure
in the association studies [41]. SNPAlyze V7.0 Stan-
dard software program was used to estimate haplotypes
from genotype data for individual participants. For the
purpose of statistical analysis, we used only haplotype
data in which the probability of correct haplotype in an
individual participant assignment was estimated to be
80% or greater. In haplotype analysis, subjects were
coded according to whether they had two copies, one
copy, or no copies of the haplotype under study.

For each genotype, the differences in age, weight,
height and body mass index (BMI) between genotype
subgroups were compared in elderly women and in
elderly men.

Differences in BMD, pOC and sCTX between the
genotype and haplotype subgroups were tested using
analysis of variance (one-way ANOVA) followed by
Scheffe’s post hoc test with significance level of 95%
and general linear model analysis, using height as a
covariate. P values less than 0.05 were considered
statistically significant. All statistical analyses were
performed using the statistical software package SPSS
15.0 for Windows (SPSS Inc., Chicago, IL, USA).
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Table 1
Characteristics of the whole study group

Mean± S.D. (N = 682)

Age (years) 62.04± 9.79
Height (cm) 162.28± 7.40
Weight (kg) 71.37± 13.13
BMI (kg/m2) 27.12± 4.46
Years since menopause (only women) 11,91± 9.61
Sex (N (%) men/women) 111 (16.28) / 571 (83.72)
Femoral neck BMD (g/cm2) 0.72± 0.14
Total hip BMD (g/cm2) 0.88± 0.16
Lumbar spine BMD (g/cm2) 0.91± 0.18
sCTX (pmol/L) 3564.01± 2008.03
osteocalcin (µg/L) 18.59± 11.45

Abbreviations: BMI, body mass index; BMD, bone mineral density;
sCTX, serum C-terminal crosslinking telopeptides of type Icollagen;
N, number of samples.

3. Results

3.1. Design of new primers for PCR reactions

For the genotyping of Pro198Leu polymorphism we
used two different pairs of the primers. Firstly, the PCR
fragments had been prepared by the primers as follows:
forward: AGC CCA ACT TCA TGC TCT TC; reverse:
CAG GTG TTC CTC CCT CGT AG. The data of geno-
types of all samples had been obtained by using 10%
PAGE after the restriction by the enzyme ApaI. Next we
checked specific genotype such as CT, CC and TT with
the sequencing and BLAST tool was used to search for
similar sequences. We found the presence of pseudo-
gene homologous to this region, therefore new primers,
located outside of homologous regions, were designed
and the specificity of PCR products were confirmed
by the sequencing of all three different genotypes PCR
fragments. Interestingly genotyping results obtained
by new set of primers showed 4,3% lower frequencies
of CT genotypes and 4,4% higher frequencies of TT
genotypes of using specific PCR product in comparison
to genotyping from PCR products obtained by initial
pairs of primers.

3.2. Hardy-Weinberg equilibrium and genotype
distribution

682 DNA samples were screened to determine the
genotypes frequencies in the Slovenian population.
Pro198Leu polymorphism in exon 2 was analysed by
PCR-RFLP and PolyAla repeat polymorphism in exon
1 was analysed using DHPLC. Characteristics of the
study group are listed in Table 1. The frequencies of
all genotypes are summarized in Table 2.

The observed genotype frequency distributions for
both polymorphisms were not significantly different
from the Hardy-Weinberg distribution at the 5% lev-
el. The genotype distributions of the Pro198Leu poly-
morphism and the PolyAla repeat in the whole group
(N = 682) were determined by Fisher exact test, with
P values of 0.9747 and 0.336 respectively.

The subjects were divided according to their geno-
type. They did not differ in average age, height, weight,
BMI or sex, except that the height in subgroups cor-
related with Pro198Leu polymorphism with p value of
0.034.

3.3. Association of Pro198Leu polymorphism with
BMD and biochemical bone turnover markers

In whole group, ANCOVA analyses (adjusted to co-
variate of height) of BMD and bone turnover markers
(in logarithmic scale where appropriate, to achieve nor-
mality of the distribution) showed significant associ-
ations of Pro198Leu polymorphism with BMD levels
of femoral neck and total hip, concentrations of pOC
and of sCTX with p values of 0.026, 0.023, 0.025 and
0.012, respectively (Fig. 2 (a)).

3.4. Association of PolyAla region genotypes with
BMD and biochemical bone turnover markers

Significant associations were found in the whole
group between the PolyAla region genotypes and the
BMD of total hip and lumbar spine, and pOC concen-
tration, with significances of 0.018, 0.032 and 0.027.
The association with BMD of femoral neck was of bor-
derline significance (p = 0.117) (Fig. 2 (b)).

3.5. Association of haplotypes 5-C, 6-T, 7-C with
BMD and biochemical bone turnover markers

No evidence of strong LD was shown within two
possibleGPX1gene polymorphisms: Pro198Leu and
PolyAla (D‘ = 0.8745, r2 = 0.2723).

The interactions between different genotypes were
studied by constructing 5-C, 5-T, 6-C, 6-T, 7-C and 7-T
haplotypes using PolyAla repeat polymorphism with
5Ala, 6Ala and 7Ala alleles and Pro198Leu polymor-
phism with C and T alleles. Three haplotypes were se-
lected with haplotype frequency> 0.05 (Table 2) and
analysed further with respect to their association with
BMD and biochemical markers. Significant associa-
tions were found between 6-T haplotype and BMD val-
ues of femoral neck, total hip and lumbar spine, with p
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Table 2
Genotype and haplotype frequencies of the PolyAla region (5Ala/6Ala/7Ala) and the Pro198Leu (C/T) polymorphism in whole study group

PolyAla Genotype frequencies Pro198Leu Genotype frequencies Haplotype combinations Haplotypes Haplotype frequencies
genotypes (N = 682) % (N) genotypes (N = 682) % (N) (N = 673)

5/5 25,8 (176) C/C 48,1 (328)/*48,4(330) Haplotype 1: 5Ala-Pro 5-C# 0.4518 (N = 304)
6/6 10,6 (72) C/T 43,5 (297)/*47,8(326) Haplotype 2: 6Ala-Leu 6-T# 0.2814 (N = 189)
7/7 5,6 (38) T/T 8,4 (57)/*3, 8(26) Haplotype 3: 7Ala-Pro 7-C# 0.2089 (N = 141)
5/6 26,7 (182) Haplotype 4: 6Ala-Pro 6-C 0.0342 (N = 23)
5/7 16,1 (110) Haplotype 5: 5Ala-Leu 5-T 0.0186 (N = 13)
6/7 15,2 (104) Haplotype 6: 7Ala-Leu 7-T 0.0052 (N = 3)

N, number of samples; Ala, alanine; Pro, proline;#The selected haplotypes for further statistical analysis.∗Results of genotyping on unspecific
PCR fragments because of the pseudogene.

Fig. 2. BMD values and biochemical markers in relation to Pro198Leu genotypes (C/C, C/T and T/T (a)) and PolyAla repeat genotypes (5/5, 5/6,
5/7, 6/6, 6/7, 7/7 (b)). Numbers under each graph indicate the number of study samples included for statistical analysis.

values of 0.025, 0.007, 0.011, and pOC concentrations
with a p value of 0.008 obtained by One-way ANOVA
statistic analysis (Fig. 3). No association with sCTX
was found in any of the haplotype combination under
the study.

4. Discussion

In the present study we have shown for the first
time that the genetic variability of the antioxidant en-
zyme GPX1 influences BMD on all measured skeletal
sites and bone tissue markers as osteocalcin and the
C-terminal telopeptide of collagen type I.

Since osteoporosis is an age related disease, in which
excess production of reactive oxygen species and de-

crease of non-enzymatic and enzymatic defences to ox-
idative stress occur [1,42], we hypothesised that genet-
ic variability in these genes has an important influence
on the development of osteoporosis.

For this purpose we studiedGPX1gene that codes
for an antioxidant enzyme, which is involved in the
degradation of peroxides and hydroperoxides and there-
fore contributes significantly to oxidative stress in nor-
mal cells [42]. Individuals with reduced GPX1 activi-
ty have a significantly increased incidence of oxidative
stress-related diseases, such as breast, colon, bladder
and lung cancer and coronary artery disease [27–29].
Association between the activity of GPX1 enzyme and
osteoporosis has been established in mouse and post-
menopausalwomen [7,17,20], howeverno evidence as-
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Fig. 3. BMD values and concentrations of biochemical markers (pOC and sCTX) in relation to different combinations of haplotypes in the whole
study group. 0, 1, 2 indicate the number of haplotypes in eachstudy subject, with selected haplotypes such as: 5-C (dotted), 6-T (horizontal
lines), 7-C (dashed lines). P values below each graph are calculated by ANOVA statistical analysis for all three haplotype combinations (5-C,
6-T, 7-C) in line. Numbers in brackets above each graph indicate the number of included study samples for statistical analysis.

sociating genetic variance ofGPX1with osteoporosis
has been reported.GPX1contains multiple polymor-
phic sites. We selected two evidently functional vari-
ants, Pro198Leu and PolyAla ofGPX1gene, associ-
ated with decreased activity of the GPX1 enzyme [28,
34], to conduct an association study with BMD and
biochemical markers of osteoporosis.

In present study, the significant associations have
been established between both Pro198Leu and PolyAla
polymorphisms, individually or in combination, and
BMD values of lumbar spine, femoral neck and total
hip, and biochemical bone turnover markers, such as
pOC level and sCTX concentration in whole group.
This demonstrates an involvement of genetic variabil-
ity in GPX1 in the development of osteoporosis. Our
results show that significantly (p < 0.03) higher BMD
values of femoral neck and total hip were detected in
individuals carrying the C/C genotype of Pro198Leu
polymorphism and the lowest values of BMD in indi-
viduals carrying a minor homozygous genotype T/T.
Results on polyAla polymorphism showed the lowest
BMD values in the group carrying 6/6 genotype, fol-
lowed by individuals carrying 5/5 Ala and then 7/7 Ala,
which exhibited the highest BMD values. Differences

between 6/6 and 7/7 genotype were significant (p <

0.03), showing that the 7/7 Ala variant protects against
osteoporosis. These results were corroborated by ob-
servation of differences between heterozygotic individ-
uals in whom those with variant 6/7 Ala had higher
BMD than 6/6, and 5/7 higher than 5/5 but lower than
7/7.

Moreover, the haplotype analysis revealed signifi-
cant association of haplotype combination 6-T with
low BMD values at all locations of measurement (p <

0.025). Subjects carrying 7-C or 5-C haplotype com-
binations have higher BMD values, suggesting a lower
risk of early development of osteoporosis.

The highest levels of serum CTx in homozygous
genotype T/T in Pro198Leu polymorphism and in 6/6
genotype in PolyAla polymorphism are in accordance
with the lowest BMD observed in these two genotypes.
High bone turnover, as reflected by increased levels
of serum CTx is being associated with low bone mass
and is a major determinant of osteoporosis [43]. The
mechanisms by whichGPX1polymorphisms might in-
duce increased bone resorption are not known. In this
context it is interesting that plasma total antioxidant
status and oxidative stress were shown to be higher in
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postmenopausal women with osteoporosis than in con-
trols [44]. Furthermore, reactive oxygen species seem
to act as an intracellular signal mediator for osteoclast
differentiation and consequently for osteoclast activi-
ty [45].

Differences in plasma osteocalcin concentrations
were less pronounced than those in serum CTx concen-
trations. This finding is in line with osteocalcin high bi-
ological and diurnal variability as well as with presence
of osteocalcin fragments in the serum, which makes it
less accurate in predicting BMD [46,47].

An interesting observation was the association be-
tween genotypes of Pro198Leu polymorphism and
height (p = 0.034) in the whole group. This finding
might be explained by the fact that people with ho-
mozygotic Pro198 have stronger bones, given the high-
er BMD values, again supporting results presented in
this study. However we do not have any data on sub-
jects‘ height loss through time, which would corrobo-
rate our finding even further.

Finally, when reviewing the human genome we not-
ed pseudogene ofGPX1at the site 3q11-q12. The frag-
ment of pseudogene has the same size as the amplified
PCR product, prepared for Pro198Leu genotyping of
theGPX1gene at first, based on the sequence available
in GenBank (accession no. NC000003.10). More-
over using standard 2% agarose gel and 10% polyacry-
lamide electrophoresis we were unable to separate the
two products. Therefore we confirmed amplification
of the pseudogene with automated sequencing. Novel
primers listed in Materials and methods were chosen
outside homologous regions and the specificity of the
PCR product was checked using automated sequenc-
ing. This finding has deeper implications since the re-
view of many studies [48–50] showed that the presence
of pseudogene was not taken into consideration. This
might be a due to the relatively late discovery [51] of
pseudogene, however it still raises doubts about quality
of their results. Importantly, both interrogatedpolymor-
phisms were in Hardy-Weinberg equilibrium showing
thep > 0.3.

However, the present study has some limitations.
Firstly, the specific action mechanism of GPX1 enzyme
in the pathogenesis of osteoporosis is far from clear.
Secondly, no data on fragility fractures and the bone
quality of bone were available for the analysis. Third-
ly, current sample size allowed only a limited power to
detect interactions. By expanding the sample size, we
could further investigate genetic influence of the stud-
ied gene on the development of osteoporosis. More-
over in our study, no data on external factors that in-

fluence BMD such as dietary calcium and vitamin D
intake, smoking habits, alcohol consumption and phys-
ical activity were collected and analysed. However, our
group was ethnically homogenous and the participants
originate from the same environment and have similar
lifestyles. In our study, we did not fully cover all ge-
netic variation in theGPX1gene, since only variants
that affect the activity of the enzyme were studied.

In summary, we conclude that the Pro198Leu and
PolyAla polymorphisms are associated, individually or
in combination, with BMD and bone turnover mark-
ers in Slovenian patients. Moreover, the 6-T haplotype
was associated significantly with low levels of BMD
and high concentrations of osteocalcin. These results
support the role of theGPX1 gene and of oxidative
stress in the development of osteoporosis and indicate
that genetic variance of the other proteins involved in
the antioxidative response,such as catalase, glutathione
reductase, glutathione S-transferase, could also be as-
sociated with osteoporosis. By further investigation of
the genetic interactions between these genes, the num-
ber of the studied SNPs should be increased and con-
firmed in the larger cohorts. Further biological and/or
functional evidence would be needed to confirm the
suggested influence ofGPX1variants on the BMD reg-
ulation. However, these results further emphasize and
contribute to our understanding of the genetic compo-
nent in osteoporosis.
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