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osteoporosis there is an imbalance between osteo-
blastic and osteoclastic activity favoring bone re-
sorption1 mainly due to variations in hormonal fac-
tors with an impact in bone, with a especially rele-
vant role for estrogens. Many other factors inter-
vene in the regulation of bone metabolism,
including the components of neuronal system like
leptin, neuropeptide Y receptors and neurotrans-
mitters and its transporters like glutamate and glu-
tamate/aspartate transporter2-4. 

Serotonin (5HT) is a neurotransmitter with rele -
vant functions in the central nervous and cardio-
vascular systems (CNS; CVS) and in the gastroin-
testinal tract (GIT)1,5,6. It was postulated that the
serotoni ner gic neurotransmitter system may have,
somehow, a role in bone metabolism7-9 and more
recently a relationship with leptin was also high-
lighted10.

Although some studies support the hypothesis
that 5HT is also produced by bone cells, this is still
unclear1. 

5HT synaptic and extracellular concentrations are
strictly regulated by a specific serotonin transporter
(5HTT, SLC6A4) responsible for its reuptake after re-
lease11. 

5HTT gene is located in 17p11.2 region and is or-
ganized in 14 exons spanning 31Kb12. Two polymor-
phic regions have been reported in this gene. One lo-
cated in the promoter (5HTTLPR) is an insertion/
/deletion polymorphism of 44 bp leading to long (L)
and short (S) alleles which differ in their transcrip-
tional activi ty (allele L has the hi ghest)13 . The other
polymorphism sited in the intron 2 (5HTTVNTR)
consists of a variable number of tandem repeats
(VNTR) containing 9, 10 or 12 copies of a 17 bp ele-
ment. This gives rise to 3 different alleles (9, 10 and
12) and 6 different genotypes (12/12, 12/10, 12/9,
10/10, 10/9, 9/9). Allele 9 is the less common and
may not even appear in some populations. Although
located in an intro nic region, recent studies have
shown that VNTR ope rates as an enhancer of gene
transcription lea ding to quantitative and qualitative
differences in trans criptional rate. Allele 12 is re-
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Introduction 

Osteoporosis is a severe metabolic bone disease
characterized by microarchitectural deterioration
and a decrease in bone strength leading to an in-
creased risk of fractures. It occurs as a consequen-
ce of poor bone mass acquisition during growth or
more frequently as a consequence of bone loss due
to increased bone resorption. In post-menopausal
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portedly associa ted with higher gene transcription14.
Regarding the organization of the human 5HTT
gene, the role of VNTR in the regulation of 5HTT ex-
pression is proba bly related to the fact that this poly-
morphism is followed by an activating protein (AP-
1) motif, a putati ve binding site for a transcription
factor comprising the heterodimer c-fos / c-jun,
which may play a role in the regula tion of 5-HTT ex-
pression. Alternatively, a small number of VNTR re-
peats may influence the stability of messenger RNA
transcription12.

Studies on the role of 5HT in the regulation of
bone metabolism have been advanced by the iden-
tification of functional 5HT receptors in os-
teoblasts, osteocytes and in a population contai -
ning osteoblast precursor cells. Serotonin trans-
porter (5HTT) was described in osteoblasts, os-
teoclasts and osteocytes7,8. 5HTT is responsible for
5HT uptake in osteoblasts and osteocytes. In os-
teoclasts, it seems to regulate cell differentiation
but not its activation7, 8.

Recent studies demonstrated a direct relation be-
tween selective 5HT reuptake inhibitors (SSRIs) and
a decrease in bone mass15. On the other hand, 
other studies revealed that a 5HTT blockade reduces
osteoclast differentiation but not activation7. Both
studies support the hypothesis that 5HT has a rele-
vant role in the regulation of bone meta bo lism. The
5HT transporter seems to play a role, but the exact
biological mechanisms involved remain unclear. 

The aim of this study was to evaluate the asso-
ciation of 5HTT gene polymorphisms 5HTTVNTR
and 5HTTLPR with osteoporosis. 

Materials and Methods

Subjects
Blood samples were obtained from 275 Caucasian
individuals, 218 Females and 57 Males (Clínica de
Endocrinologia, Diabetes e Metabolismo de Lis-
boa) after they were assessed for bone mineral den-
sity (g/cm2) by dual X-ray absorptiometry (DXA) at
the lumbar spine (L1-L4), proxi mal femur and dis-
tal forearm, using the QDR Discovery W densito-
meter (Hologic Inc.). T-scores at lumbar spine,
femoral neck and total hip were used to classify the
bone mineral density, according to the World
Health Organization operational definition of os-
teoporosis. Patients having at least one T Score 
≤ -2,5 at one or more measurement sites were clas-
sified as osteoporotic (regardless whether they had

primary or secondary osteoporosis). Those with a
T-Score ≥ -1 were included in the normal bone mass
group. Osteopenic individuals were exclu ded. All
of them signed an informed consent. Some clinical
characteristics of controls (normal bone mass) and
patients (osteoporotic) are summarized in Table I.

DNA Extraction
Peripheral Blood was collec ted into 5 ml tubes con-
taining EDTA and stored at –20 ºC until analysis.
DNA was isolated from leukocytes by an adapted
non-enzymatic DNA extraction procedure16.

Genetic polymorphisms identification. 5HTT 2nd

intron VNTR and 5HTT promoter variant analysis
Genomic DNA was amplified by polymerase chain
reaction (PCR) to identify two different polymor-
phisms in 5HTT gene, one located within intron 2
(5HTTVNTR) and the other in the promoter (5HT-
TLPR). Primers used as well as PCR conditions
were designed by the authors. For 5HTTVNTR we
used the primers 5’GTCAGTATCACAGGCTGC -
 GAG3’ and 5’TGTTCCTAGTCTTACGCCAGTG3’
and the amplification reaction was made in a final
volume of 50 µl containing 200 ng DNA, 10 pmol
of each primer, 0.2 mM dNTPs, 1.5 mM MgCl2 and
2U Taq Polymerase. The amplification program
comprised an hot start of 94ºC/2 min, 35 cycles of
denaturation 94ºC/30s, annealing 57ºC/30s and
extension 72ºC/30s and a final extension of
72ºC/5min. For 5HTTLPR we used the primers 
5’GGCGTTGCCGCTCTGAATGC3’ and 5’GGGACT-
GAGCTGGACAACCAC3’ and the amplification 
reaction followed the protocol above using 1U Taq
Polymerase and an annealing temperature of 61ºC.

Both polymorphisms resulted in different ampli-
cons as determined by 4 or 3% agarose gel (Fi gure 1).

Statistical analysis
Statistical analysis was performed with the pro-
gram SPSS 16.0. Continuous variables showed a
normal distribution (One-Sample Kolmogorov-
-Smirnov Test) and so we used T-test and ANOVA
to compare controls and patients. To compare al-
lele and genotype frequencies we used Chi-square
test and Odds Ratio. 

For 5HTTVNTR, as alleles 10 and 9 are the ones
associated with a decrease in gene transcriptional
rate when we compared allele frequencies between
groups we did it in two different ways. We started
by analyzing the three alleles separately and then
we assessed combined allele 9 and 10 in just one
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group. In respect to genotype frequencies we stu -
died the 4 genotypes separately and then we did
different genotype combinations. 

Differences between groups were considered
significant for P-values < 0.05.

Results 

Table I shows the characterization of the two stu -
died groups in terms of age, Body Mass Index (BMI)
and Body Mineral Density (BMD) in different parts
of the skeleton. It shows that the two studied
groups (osteoporosis and normal bone mass) have

a similar gender distribution and that they differ
significantly in terms of age and BMI. 

To account for this differences, we compare age
and BMI of each 5HTTVNTR genotype (12/9,
10/10, 12/10, 12/12) in each studied population
separately (OST and NBM) and in all individuals
(OST + NBM). We did not find association between
age or BMI and 5HTTVNTR (Tables II and III).

Table IV shows allele and genotype frequencies
for the intronic polymorphism (5HTTVNTR) in pa-
tients and controls. These two groups were in
Hardy-Weinberg equilibrium for genotype distri-
bution (data not shown).

Regarding allele frequencies, although we did
not find significant differences, we could be able
to observe higher frequency of allele 12 among os-
teoporotic patients. 

In genotype frequencies, as we expected by
knowing how this polymorphism affects gene
trans cription, we just found significant differences
when we included individuals 10/10 and 12/9 (ho-
mozygotes for one of the shorter alleles, allele 10
and carriers of allele 9) in one group and indivi -
duals 12/10 and 12/12 (homozygotes for the long
allele and heterozygotes) in another group. Signi -
ficant higher frequencies of 12/10 and 12/12 geno-
types were detected in the osteoporosis group
(92.1% vs 81.7%). They show a risk factor of 2,620
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5HTTLPR

207 bp (Allele 10)190 bp (Allele 9)
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Figure 1. Diagram representing an agarose gel showing

the number of base pairs of each allele for the two 

studied polymorphisms

Table I. Characterization of normal bone mass and osteoporosis groups

P
(χ2 testa

and
Normal bone mass Osteoporosis ANOVA)

Female (F) Male (M) F+M Female (F) Male (M) F+M
N 150 (80,6%) 36 (19,4%) 186 68 (76,4%) 21 (23,6%) 89 0,540a

Age (years) 47,01±12,40 54,40±12,67 48,44±12,79 64,59±10,34 61,45±7,11 63,85±9,73 <0.001

Body Mass Index 

(BMI) (kg/m2) 29,99±5,61 30,96±4,12 30,18±5,38 26,66±4,63 27,62±4,07 26,89±4,50 <0.001

BMD Lumbar spine 

(L1-L4) (g/cm2) 1,07±0,10 1,19±0,14 1,10±0,12 0,74±0,11 0,84±0,15 0,76±0,13 <0.001

BMD Trochanter 

(g/cm2) 0,77±0,09 0,90±0,12 0,79±0,11 0,58±0,08 0,67±0,14 0,60±0,10 <0.001

BMD Neck of the 

femur (g/cm2) 0,90±0,11 1,00±0,14 0,92±0,12 0,67±0,10 0,77±0,14 0,70±0,12 <0.001

BMD Total Femur

(g/cm2) 1,01±0,11 1,16±1,13 1,04±0,13 0,77±0,09 0,92±0,15 0,81±0,12 <0.001

BMD Distal forearm 

(g/cm2) 0,70±0,05 0,80±0,08 0,71±0,07 0,57±0,08 0,67±0,06 0,59±0,09 <0.001



órgão of ic ial da soc iedade portuguesa de reumatologia - acta reumatol port. 2011;36:14-19

17

jo a na t. fer rei ra e col.

(OR=2,620 CI 95% [1,112-6,172], P=0,037) for the
development of this pathology comparing with in-
dividuals with genotypes 10/10 and 12/9.

No association was observed in the osteoporo-
sis group for the polymorphism in the promoter –
5HTTLPR (Table V).

Discussion

As Serotonin has been implicated in the control of
eating behavior and body weight17, changes in its
metabolism, for example, as a result of 5HTTVNTR,
may induce differences in BMI. In spite of this, in
our study, this variable doesn’t seem to be manipu -
lated by 5HTTVNTR.

Previous studies from our research group poin ted
to a deregulation of 5HT metabolism in osteoporo-
sis as we demonstrated that intraplatelet 5HT is in-
creased in osteoporotic patients (data not published). 

We hypothesize that individuals carrying geno-
types 12/12 or 12/10 of 5HTTVNTR have higher
amounts of 5HTT. If we consider what is known
about the role of this transporter in osteoblasts, we

may assume that the reuptake process by this cells
should be activated leading to an increase in bone
mass as reported by other authors15. On the other
hand, if we regarded the role of 5HTT in both for-
mation and differentiation of osteoclasts we may
assume that in these individuals these processes are
activated leading to a deregulation of bone homeos -
tasis through an increase of osteoclastic function. 

Although our results are in accordance with
some data already published7, they are contradic-
tory with other studies, especially those regarding
the role of SSRIs in bone mass16. In that way, our
study may be assumed as a support for the im-
provement of studies regarding the role of SSRIs in
the regulation of bone mass and as a contribution
for the knowledge about the role of 5HT meta -
bolism in bone remodeling process. 

Osteoporotic patients, as we expected, are ol der
than the ones with normal bone mass. This may
represent an important limitation to the study and
compromise our conclusion. We can not predict
whether individuals with NBM will still in the same
group if they were older or if they will have osteo-
porosis or not. It would be interesting if we could

Table III. 5HTTVNTR genotype  frequencies according to Body Mass Index (BMI) 

12/9 10/10 12/10 12/12 P 
(ANOVA)

OST – 28,84±6,84 26,82±3,65 26,62±4,86 0,484

(n=7) (n=42) (n=40)

NBM 30,95±4,09 30,91±5,83 29,75±5,42 30,32±5,24 0,754

(n=4) (n=30) (n=82) (n=70)

OST+NBM 30,95±4,09 30,52±5,99 28,76±5,08 28,98±5,39 0,300

(n=4) (n=37) (n=124) (n=110)

OST – Osteoporosis group; NBM – Normal Bone Mass group

Table II. 5HTTVNTR genotype  frequencies according to age

P 
12/9 10/10 12/10 12/12 (ANOVA)

OST – 57,80±15,94 66,10±8,57 62,54±9,14 
0,057

(n=7) (n=42) (n=40)

NBM 45,08±8,21 50,79±15,40 48,37±11,90 47,71±12,89 
0,680

(n=4) (n=30) (n=82) (n=70)

OST+NBM 45,08±8,21 52,12±15,53 54,37±513,74 53,10±13,66
0,494

(n=4) (n=37) (n=124) (n=110)

OST– Osteoporosis group; NBM– Normal Bone Mass group
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Table IV. Allele and genotype 5HTTVNTR frequencies

P P
Allele 12 Allele 10 Allele 9 (χ2 test) Allele 12 Allele 9+10 (χ2 test)

OST (n= 89) 122 56 0 122 56

(68,5%) (31,5%)
0,102

(68,5%) (31,5%)
0,093

NBM (n= 186) 226 142 4 226 146

(61,4%) (38,6%) (1,1%) (60,7%) (39,3%)

12/9 10/10 12/10 12/12 P (χ2 test)
OST (n= 89) 0 7 (7,9%) 42 (47,2%) 40 (44,9%)

0,308
NBM (n= 186) 4 (2,2%) 30 (16,1%) 82 (44,1%) 70 (37,6%)

12/9+10/10 12/10 12/12 P (χ2 test)
OST (n= 89) 7 (7,9%) 42 (47,2%) 40 (44,9%)

0,070
NBM (n= 186) 34 (18,3%) 82 (44,1%) 70 (37,6%)

12/9+10/10 12/10+12/12 P (χ2 test)/Odds Ratio
OST (n= 89) 7 (7,9%) 82 (92,1%) 0,037
NBM (n= 186) 34 (18,3%) 152 (81,7%) OR=2,620 CI  95% 

[1,112-6,172]
12/9+12/10+12/12 10/10 P (χ2 test)

OST (n= 89) 82 (92,1%) 7 (7,9%)
0,091

NBM (n= 186) 156 (83,9%) 30 (16,1%)

12/9+10/10+12/10 12/12 P (χ2 test)
OST (n= 89) 49 (55,1%) 40 (44,9%)

0,305
NBM (n= 186) 116 (62,4%) 70 (37,6%)

OST – Osteoporosis group; NBM – Normal Bone Mass group

Note: Numbers above the percentages represent the number of individuals within the group

perform a prospective study of these individuals or
if we could pare the ages of the two studied groups
(OST and NBM).

In spite of this limitation, as far as we know, this
is one of the few studies that report a possible asso-
ciation between 5HTTVNTR and osteoporosis ope -
ning the hypothesis that the determination of this
specific polymorphism of serotonin transporter gene
may contribute to the identification of individuals at
high risk for the development of osteoporosis.
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Table IV. Allele and genotype 5HTTLPR  frequencies

P P
L/L L/S S/S (χ2 test) Allele L Allele S (χ2 test)

OST (n= 73) 25 37 11 87 59

(34,2%) (50,7%) (15,1%)
0.883

(59,6%) (40,4%)
0.704

NBM (n= 179) 56 93 30 205 153

(31,3%) (52,0%) (16,7%) (57,3%) (42,7%)

OST – Osteoporosis group; NBM – Normal Bone Mass group

Note: Numbers above the percentages represent the number of individuals within the group
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