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Abstract

Fibromyalgia (FM) is a complex, chronic condition, which causes widespread
musculoskeletal pain, fatigue and a variety of other symptoms. Many poly-
morphisms related to neuroendocrine system function as the ApoE isoforms,
Vall58Met polymorphism in COMT, as well as a 44 bp deletion located in
5-HTTLPR, have been studied. Other polymorphisms have been related to in-
flammatory response such as the 70 bp VNTR in IL-4 or to citokine levels.
Furthermore, some studies focused on finding out new FM related SNPs, have
been performed by genome wide association scan (GWAS). The target of this
work was to study a possible linkage of a collagen type I polymorphism
(COL1Al rs180012 SNP) affecting bone mineralization, with fibromyalgia.
Results obtained show a clear association of sshomozygous genotype with FM
patients no dependent on bone mineralization.
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1. Introduction

Fibromyalgia (FM) is a complex, chronic condition, which causes widespread
musculoskeletal pain, fatigue and a variety of other symptoms such as sleep dis-
turbance, headache and variable degrees of anxiety and depression [1]. It is a
very heterogeneous disease, which probably affects different systems. Patients
with FM have a reduced pain threshold and impaired mobility leading to the in-
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ability to fulfill an ordinary way of life.

The main symptom in FM is musculoskeletal pain, suggesting a possible but
unknown impairment or general collagen defect. In this sense, some studies
about the collagen metabolism and structure in patients with FM have been car-
ried out, showing structural alterations in skin [2] and lower concentration of
collagen metabolism markers in muscle or urine [3] [4]. As a whole, all these
findings point to a possible common genetic origin.

In agreement with that, a polymorphism affecting the sp1 transcription factor
binding site in the type I collagen al chain gene, (rs180012 in COL1A1) has been
studied. It has been shown that one of the COL1Al genotypes (ss) leads to a
wrong packaging of the protein affecting bone mineralization [5]. This poly-
morphism has been associated with bone mineral density (BMD) [6], osteoporo-
sis [7] and fragility fractures.

Functional analysis has shown that s allele (g.2046G > T) of the Sp1-COL1A1
binding site polymorphism is associated with a higher rate of DNA-protein
binding, leading to transcription increase, and enhancing levels of COL1A1 pro-
tein [8]. This over-production leads to an imbalance between type I collagen al
and a2 chains resulting in impaired bone strength and mass.

Taking all together, the aim of this study was to find out if the rs180012 po-
lymorphism was associated to FM. In addition, a whole body Dual X-ray Absor-
ciomoetry (DXA) test, which is considered the gold standard method to establish
body composition parameters, was performed on a representative group of par-
ticipants, in order to find out a potential association between this polymorphism
and BMD values in FM.

2. Materials and Methods

Ethical clearance: The Research Ethics Committee of the Aragon Government
(CEICA, Spain) accepted the protocol and each subject signed an informed con-
sent according to the declaration of Helsinki before entering the study. Life style
information was collected through personal interviews using structured ques-
tionnaires and followed by physical examination.

Patients group. Two hundred and thirteen women from the Association of
Fibromyalgia and Chronic Fatigue Syndrome of Aragon (ASAFA) were re-
cruited for our study. All of them had been diagnosed of FM, according to the
ACR criteria, at least five years before the start of the study.

Control group. To compare with the patient group, one hundred and thirty
six age-matched women were selected. None of them have reported pain epi-
sodes in the previous six months or was diagnosed from any pain related disease.

Genotyping. Peripheral blood samples were collected in 5 mL EDTA Vacu-
tainer tubes. DNA was obtained following the standard procedure with some
modifications. COL1A1 rs180012 SNP was genotyped by PCR and subse-
quent Sanger sequencing analysis. Primers used for the amplification were
F-5-TAACTTCTGGACTATTTGCGGACTTTTTGG-3* and R-5-GTCCAG
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CCCTCATCCTGGCC-3’ and Tm was 62°C. Capillary sequencing was per-
formed 96 well plates including water blanks and DNA samples with known ge-
notypes to monitor quality control in a 3100 Avant sequencer (Applied Biosys-
tems) following the manufacturer protocol.

Body composition measurements. A subgroup consisting of 27 patients and
24 controls was selected randomly to perform the body composition assessment.
A dual-X-ray absorptiometry (DXA) scanner (QDR-Explorer, Hologic Corp.,
Software version 12.4, Waltham, MA, USA) was used to evaluate whole-body
bone mineral content, BMC (g), and bone mineral density, BMD (g/cm?) as pre-
viously described [9]. All DXA scans were performed with the same software
and device, which was regularly calibrated by the same technician who had been
fully trained in the position of the participants, operation of the scanner and
analysis of results, according to manufacturer guidelines.

Statistical analysis. Data are presented as mean + SD. In case of quantitative
variants, Kolmogorov-Smirnoff test was applied to test normality of the distribu-
tion, followed by Mann-Whitney U test, or Unpaired T-test. Significant differ-
ences were assumed when P < 0.05. The genotypic distribution in controls and
patients was calculated by contingency table analyses.

All statistical analysis were carried out with the statistical packages Stat View
5.0 © 1992-98 SAS Institute Inc.

3. Results

All subjects, controls (age 52.5 + 7.8) and patients (age 52.5 + 7.8), were asked to
fulfill a nutritional, medical, life habits and familial history questionnaire. No
significant differences were found among the collected characterization data. In-
terestingly there was no significant differences in the amount of directed physi-
cal activity. In this sense and as expected all the patients were recruited from
ASAFA, (association of FM patients) which promotes and organizes physical ac-
tivities for its members.

Some basic anthropometric parameters were measured in both groups. The
values were uniform and similar between populations, however significant dif-
ferences were observed in weight and subsequently in body mass index (BMI),
with patients presenting overweight, since BMI is over 25 (Table 1).

Regarding the genetic study of the SP1 binding site polymorphism in
COL1A1l, we found a very strong correlation between the ss genotype and the
patient group. Contingency table showed a strong correlation between the ss
genotype and the FM group (y* = 27.57 with 1 DF and P < 0.0001) showing an
accumulation of the ss genotype. When the contribution of the polymorphism
genotypes to > was examined, it could be appreciated that COL1A1 ss (y* con-
tribution 13,521) was responsible for the high y* Furthermore, a post hoc analy-
sis on the cell contribution to y* revealed that a significant deviation from the
expected frequencies could be observed for the enhanced presence of COL1A1 ss

allelein the patient group. On behave of these results, the allele frequencies of
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rs18002 were determined, showing a strong difference between control (S, p =
0.79; s, q = 0.21) and patient (S, p = 0.64; s, q = 0.36) population (Figure 1).
Finally, as shown in Figure 2, no differences could be observed in the BMD

Table 1. Major anthropometrical parameters in control and FM groups. Numbers cor-
respond to mean values + standard deviations. P corresponds to Fischer’s PLSD post-hoc
test. Perim: perimeter.

Control Patient
P
Mean £ SD Mean + SD
Hip per®. (cm)* 97.92 + 8.8 103.2 £ 12.1 0.16
Waist per®. (cm)* 76.6 £9.8 83.42 +13.9 0.12
Weight (Kg)"' 61.08 £ 8.5 70.77 £ 14.9 0.004
Height (cm)' 160.57 + 6.3 157.9 + 6.2 0.13
BMI (Kg/(m)>)' 23.7 +3.08 284 +6.24 0.0005
*Per: Perimeter; *Mann-Whitney U test, K-S P < 0.05; 'Unpaired T-test, K-S P > 0.05.
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Figure 2. Correlation between BMD values and genotype. Comparison between bone
mineral density values in control and patient population, taking the whole two popula-
tions together and splitting them by genotype.
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values between control and patient group. Moreover, no differences were ob-

served when splitting these populations by the rs180012 genotypes.

4. Discussion

FM is a common disorder in which musculoskeletal pain, stiffness and muscle
fatigue appear as the main symptoms. Different studies have reported contro-
versial results about possible defective muscle fibres [10] [11] [12]. In this study
we focused on a possible genetic background, looking for a correlation between
FM and a SNP (rs180012) which has been previously associated with abnormal
structure of the COL1A1 molecule which plays a very important role in skeletal
muscle structures [5] [8]. In addition, DXA analysis was carried out to find the
potential correlation between FM and abnormal BMD values in patients.

Several authors studying osteoporosis and post-menopausal women have re-
ported correlations between the rs180012 genotypes and BMD values. These
studies showed association with bone density, fragility fractures [13] and bone
mineralization [5]. Recent studies showed correlation of this COL1A1 poly-
morphism to BMD in spine and femur [14].

In the current study, a strong association (p < 0.0001) between the s allele in
the COL1A1 polymorphism studied and FM presence was found. The rs18002
SNP has been associated by several authors to an increase of the gene transcrip-
tion and the subsequent increase in the corresponding protein rates. Subse-
quently, the imbalance produced between the collagen type 1 al and a2 chains
would lead to a reduced bone mass and a deficiency in the bone strength in allele
s carriers, what would affect their bone mineralization. Moreover, retrospective
meta analysis showed that the carriage of the s allele is associated with low BMD
[15], homozygotes for this allele were found to be associated to low BMD and
vertebral fractures in a large study with over 20.000 participants of the Genetic
Markers for Osteoporosis (GENOMOS) study [16].

Our study indicates no correlation between the genotype of the polymorphism
in the first intron of the COL1A1 gene and the BMD values measured by DXA in
the studied population, neither taking the whole population together, nor split-
ting it into controls and patients. However, a strong correlation was found when
analyzing data referring to the rs180012 genotype. In the FM patient group, the
ss genotype was highly represented, whereas no genotype showed correlation
with the controls.

Previous studies have shown a diminished collagen type 1 metabolite rate in
urine and a wrong packaging for this protein in skin samples when FM patients
were studied [2]. Furthermore, Gronemann et a/. showed a lower collagen con-
centration in muscle of FM patients vs control group [3], which would explain
weakness of the supportive connective tissue and a reduced increase of muscle
collagen in response to exercise. This situation would increase the number of
micro-injuries in FM patients, since their lower collagen concentration in mus-

cle would reduce their capability to restore these micro-injuries.
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The current study supports the above mentioned hypothesis as a strong cor-
relation between FM and the ss genotype has been found, appearing as a possible
mechanism determining a lower content of functional collagen in muscle. Very
interestingly, spl is a widely present transcriptional factor with very specific and
variable tissue, functional, epigenetic and multifactorial agents [17]. This points
to the possibility of a tissue specific action of the SNP variants effects, changing
specifically in different tissues and diseases. In any case, our findings open the
question of rs180012 SNP as a possible genetic risk factor for developing FM or
other musculoskeletal pain syndromes.
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