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Abstract. Osteoporosis is a common skeletal disease characterized by low bone mineral density and microstructural deterioration of bone tis-
sue, which increases the risk of fragility fractures. Several drugs are available for the treatment of osteoporosis. Among them, alendronate, be-
longing to the amino-bisphosphonate family, is widely used. The therapeutic response to antiosteoporotic therapy is variable, ranging from 70
to 75%, based on changes in bone mineral density. Studies have been conducted to search for an explanation for this variation, especially in the
pharmacogenetics field. Multiple single nucleotide polymorphism were evaluated regarding treatment response to alendronate based on base-
line characteristics, biochemical markers of bone turnover, bone mineral density and genotype in postmenopausal women with primary osteo-
porosis from different ethnic groups. The most promising results seems to be those reported in genes of the mevalonate and Wnt pathway, as
their components (e.g. FDPS, SOST, LRPS etc.) have been shown to have a certain impact in mediating treatment response to alendronate in
different populations.
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Introduction and rehabilitation is often incomplete, resulting in a huge so-

Osteoporosis (OP) is a common skeletal disease characterized cial and economic burden. Vertebral fractures may cause acute

by low bone mineral density (BMD) and microstructural de- pain and loss of functipn and they.often Fecur, however, and the
terioration of bone tissue, which increases the risk of fragility consequent disability increases with their number. Distal radial
fractures (Ralston 2010) fractures also lead to acute pain and loss of function, but func-

tional recovery is usually good or excellent (Kanis et al 2019;
Lopez-Delgado et al 2016).

To date, several drugs are available for the treatment of OP.
Among them, amino-bisphosphonates (N-BPs) have a potent
anti-osteoclastic effect that results in an inhibition of bone re-
sorption, increased bone mass and decreased risk of both ver-
tebral and peripheral fractures. Furthermore, it is important to
highlight that N-BPs may prevent apoptosis in osteoblasts by a
cell survival mechanism through extracellular signal-regulat-
ed kinases that affects the production of bone mass (Riancho
et al 2012).

Alendronate (ALN), a potent and specific inhibitor of osteo-
clast-mediated bone resorption belonging to the N-BP family,
is widely used in Europe, America and Asia (Ogawa & Ouchi
2012). ALN acts by inhibition of the farnesyl pyrophosphate
synthase in osteoclasts, of which the nitrogen moiety makes it
more affinitive with bone mass (Tsoumpra et al 2015).

Bone is a living tissue that is constantly renewed through a pro-
cess called ‘bone remodeling’, which consists of a resorption
phase (removal of old bone by osteoclasts) and a formation phase
(replacing the resorbed tissue by osteoblasts). This process is
controlled by complex genetic, hormonal, nutritional and envi-
ronmental factors. When bone resorption exceeds bone forma-
tion, microarchitectural changes occur, bone strength is compro-
mised and the risk of fracture increases (Riancho & Hernandez
2012). BMD is an important predictor of fractures and it is also
used as a diagnostic standard for OP (Boudin et al 2016).

Fracture prevention is the most important clinical goal of OP
therapy, as they are a major cause of morbidity in the popula-
tion (Sebba 2008). Common fracture sites related to bone fra-
gility are those of the hip (proximal femur), proximal humer-
us, distal radius and the vertebral bodies. Hip fractures cause
acute pain and loss of function, and nearly always require in-
patient care. Also, more importantly, recovery is mainly slow
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Studies have demonstrated that treatment ALN increases BMD
and decreases the risk of vertebral fractures by 50% and the risk
of peripheral fractures (e.g. hip, radius) by 20—-30%. Although
the therapeutic use of ALN is effective, the expected response
to antiosteoporotic therapy seems to be variable, ranging from
70 to 75% of cases, based on changes in BMD. Approximately
8-25% of patients had a change in lumbar spine BMD less
or equal to 0% after 2 years treatment of ALN, risedronate or
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ibandronate (Nguyen & Eisman 2006; Cummings et al 1998;
Quandt et al 2005; Bonnick et al 2007; Crilly et al 2000).

Several studies have been conducted to search for an explana-
tion for this variation based on baseline characteristics, early
changes in biochemical markers of bone turnover and early
changes in BMD. In patients treated with N-BPs, the early
decrease in bone turnover is related to the long-term increase
in BMD (Briot & Roux 2005). Also, the effects of N-BPs on

Table 1. Association between genetic polymorphisms and treatment response to alendronate based of bone mineral density

Study Year Gene Polymorphism n Ethnicity Results p-value
Palombaetal. 2003 VDR 151544410 (Bsmli) 68  Italian bb genotype: higher increase in spine BMD  <0.01
Creatsa et al. 2011 VDR 151544410 (Bsml) 42 Greek BB genotype: less increase in spine BMD 0.054

151544410 (Bsmli) 150 TItalian No significant association 0.97
Conti et al. 2015 VDR
rs2228570 150 Italian TT genotype: higher increase in BMD <0.047
OPG 10 SNPs (data not shown)
Zheng et al. 2016 RANKL 4 SNPs (data not shown) 501 Chinese No significant association >0.05
RANK 16 SNPs (data not shown)
A163G ) Genotype AA: higher increase in hip BMD  0.014
Wang et al. 2009 OPG 67  Chinese . . o
T245G Genotype TT: higher increase in hip BMD  0.046
rs10161126 G allele: higher increase in spine BMD 0.002
MVK  rs4766613
rs11067376
PMVK rs4578216
Wang et al. 2014 GGPS1 2 SNPs (data not shown) 500 Han Chinese o _
No significant association 0.05
FDFT1 10 SNPs (data not shown)
1IDI2 4 SNPs (data not shown)
MVD 2 SNPs (data not shown)
FDPS 1511264359
) TT: less increase in spine BMD
rs1234612 545 Chinese 0.018
Zhou et al. 2015 SOST TC: higher increase in spine BMD
rs865429 545  Chinese CC genotype: less increase in hip BMD 0.009
. C allele: higher increase in spine BMD
Zhou et al. 2014 LRP5 rs3736228 (A1330V) 607 Chinese ) o 0
TT genotype: less increase in spine BMD
rs2241529 ) AA genotype: less increase in total hip BMD 0.016
Wang et al. 2016 DKKI1 639 Chinese o o
4 SNPs (data not shown) No significant association >0.05
Marini et al. 2008 FDPS  rs2297480 234 Danish CC genotype: less increase in BMD 0.6
FPDS 3 SNPs (data not shown) )
Choi et al. 2009 144 Korean No significant association >0.05
GGPS1 2 SNPs (data not shown)
rs2297480 AA genotype: higher increase in BMD 0.001
Olmos et al. 2012 FDPS  rs11264359 1186 Spanish AA genotype: higher increase in BMD 0.001
rs17367421 No significant association 0.6
Liu et al. 2013 FDPS 152297480 639 Chinese No significant association >0.05
Arko et al. 2002 ERp Rsal 79  Slovenian  No significant association 0.09
Han et al. 2016 GGPPS 6 SNPs (data not shown) 540 Chinese No significant association >0.05
IL17A  rs7747909 No significant association >0.05
IL23R  rs10889677 No significant association >0.05
Lima et al. 2017 69  Brazilian : : .
IL12B  rs3212227 TT genotype: higher increase in BMD 0.058
INF-y 52069705 GG genotype: higher increase in BMD 0.016
SNP=Single Nucleotide Polymorphism; n=number of participants; BMD=bone mineral density
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the mevalonate pathway can explain not only their molecular
mechanism of action, but also the different potency of the var-
ious amino-bisphosphonate compounds. But the main focus
is towards genetic factors, believed to influence the response
to antiosteoporotic drugs in terms of BMD and bone turnover
markers (Russell et al 2008; Ferlazzo et a 2006).

In the last decades, researchers have turned their attention to-
wards new areas of interest, pharmacogenetics and pharmacog-
enomics, starting from the premises that response to therapeu-
tic agents is influenced by an individual’s underlying genotype,
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which could explain the different responses that are common-
ly observed in clinical practice (e.g. good, moderate or no re-
sponse). Knowledge of a person’s genotype could allow tailor-
ing drug treatments and target those most likely to benefit and
have less adverse effects. Given the high prevalence of OP, it
would be desirable to have pharmacogenetic data allowing to
tailor drug therapy to patient’s characteristics. This would in-
crease the chances of obtaining a good treatment response (e.g.
increase bone strength and reduce fracture risk), while also
maybe limiting the possibility of adverse effects (Gennari et al

Table 2. Association between genetic polymorphisms and treatment response to alendronate based on bone turnover markers

Bone turnover

Study Year Gene n Ethnicity markers Results p-value
. ocC
Palomba etal. 2003 VDR 68 Italian DPD bb genotype (rs1544410): lower serum levels after treatment <0.01
Ca
PINP
Creatsaetal. 2011 VDR 42 Greek ocC No significant association before or after treatment >0.05
CTX
25-OH-VIT D
Ca
Conti et al. 2015 VDR 150 Italian e No significant association before or after treatment >0.05
] CTX AA genotype (rs851054): higher serum levels at baseline<0.05
Zhou et al. 2015 SOST 545 Chinese
25-OH-VIT D No significant association before or after treatment >0.05
CC and CT genotypes (rs3736228): lower serum levels
CTX 0
after treatment
Zhou et al. 2014 LRP5 607 Chinese
ALP CC and CT genotypes (rs3736228): lower serum levelso
after treatment
. ALP No significant association before or after treatment >0.05
Wang et al. 2016 DKKI1 639 Chinese
CTX Correlation with 751528877 and rs2241529 at baseline  <0.05
) CTX CC genotype (rs2297480): lower serum levels after treatment 0.049
Marini et al. 2008 FDPS 234 Danish
ocC No significant association before or after treatment >0.05
Ca No significant association before or after treatment >0.05
Phosphate No significant association before or after treatment >0.05
Liu et al. 2013 FDPS 639 Chinese
ALP CC genotype (rs2297480): lower serum levels after treatment <0.05
CTX No significant association before or after treatment >0.05
ocC
Arko et al. 2002 ERP 79 Slovenian - No significant association before or after treatment >0.05
Ca No significant association before or after treatment >0.05
Phosphate No significant association before or after treatment >0.05
Han et al. 2016 GGPPS 540 Chinese ALP No significant association before or after treatment >0.05
CTx TT genotype of rs10925503: higher serum levels 0.012
25-OH-VIT D No significant association before or after treatment >0.05
IL17A ALP Correlation with INF-y -1616 genotypes (GG/AA) at baseline < 0.0001
. . 4 s
IL23R Ca Correlation with IL23R +2284 genotypes (CC/CA) af: 0.016
ter treatment
Lima et al. 2017 69 Brazilian
IL12B PTH Correlation with INF-y -1616 genotypes (AA/GA) at baseline 0.017
INF-y 25-OH-VITD Correlation with IL17A +672 genotypes (GG/GA) and<0' 05

IL12B +1188 genotypes (TT/TG) after treatment

OC=osteocalcin; DPD=urinary deoxypyridinoline; Ca=total calcium; P1NP=procollagen type 1 amino-terminal propetide; CTX=C-
telopeptide; 25-OH-Vit D=25-hydroxyvitamin D; ALP= alkaline phosphatase; PTH=parathyroid hormone
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2002; Liu et al 2006; Marini & Brandi 2009; Marini & Brandi
2012; Marini & Brandi 2013).

As an individual’s response to drugs is under the control of
genes, genetic profiles could help clinicians predict individual
drug response and prescribe the right drug and dose, thereby
optimizing efficacy and lowering risk of adverse effects. The ob-
jective of personalized medicine is to create a crossover bridge
from the traditional ‘one-drug-fits-all’ to genotype-based indi-
vidualized therapies (Marini & Brandi 2014).

In the last decades, a handful of OP candidate genes have been
investigated with regard to response to antifracture agents such
as ALN. The main studies are reviewed below and their main
characteristics are outlined in Table 1 and Table 2.

Discussion

Today, it is well established the fact that genetic factors account
for approximately 15-30% of personal drug response and for up
to 95% for drug effects. The genetics of OP comprises two main
areas: genetics of disease susceptibility and pharmacogenetics
of drug response. While the former has been widely studied,
the latter still requires much more information and research, as
the results are inconclusive.

Pharmacogenetics has an important role in the field of person-
alized medicine. It represents the intersection of pharmacology
and genetics, with a focus on correlating DNA polymorphisms
and/or gene expression with a drug’s efficacy or toxicity. The
major goal is to develop specific genetic tests to identify ,,good
responders” and patients at risk for developing adverse reactions.
Currently, application of pharmacogenetics into clinical prac-
tice is limited to a few drugs, and the genetic prediction of drug
response is far from clear for many complex diseases. When
talking about chronic disorders, such as metabolic bone diseases
like OP, that require long-term drug therapy, it is important to
choose the most effective and risk-free pharmacological agent.
If common polymorphisms in the candidate genes for OP mod-
ify the effects of ALN on BMD or bone turnover markers, iden-
tifying and characterizing them might help physicians assess
the pharmacogenetic profile of ALN therapy and could lead to
a new understanding about bisphosphonate action and its regu-
lation of bone metabolism.

Multiple studies have been conducted on genes, single nucleo-
tide polymorphisms (SNPs) and pathways of interest to search
for an explanation for this variation in treatment response based
on baseline characteristics, early changes in biochemical mark-
ers of bone turnover and early changes in bone mineral density.
One of the first gene considered in relation with the genetics of
osteoporosis is vitamin D receptor gene (VDR). Vitamin D is a
steroid hormone that plays an important role in calcium home-
ostasis and bone metabolism, and VDR gene mediates normal
bone mineralization and remodeling (Kochupillai 2008). Since
Morrison et al (1994) reported a relationship between the VDR
gene and BMD, discordant studies have been published and it
is still not clear whether VDR genotypes influence bone mass
accretion and/or postmenopausal bone loss (Uitterlinden et al
2006; Moran et al 2015; Mohammadi et al 2014). Palomba et
al (2003) analyzed an association between rs/544410 SNP of
VDR gene and response to ALN after 12 months of treatment
in 68 postmenopausal Caucasian women, showing that the
TT genotype has a better response in terms of BMD than CC
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genotype (p< 0.01) and that serum and urinary levels of bone
turnover markers also decreased significantly more, while het-
erozygous CT showed an intermediate response that was not
significantly different. Creatsa et al (2011) also investigated
the possible VDR rs/544410 genotype-alendronate treatment
interaction. Patients with the CC genotype had lower lumbar
spine BMD (P =0.054) and T-score (P = 0.030) versus subjects
with at least one T allele (CT or TT).In terms of bone turnover
markers, total calcium (Ca), serum osteocalcin (OC), procol-
lagen type 1 amino-terminal propetide (P1NP), 25-hydroxyvi-
tamin D (25-OH-VIT D) and serum C-telopeptide (CTX) were
evaluated before and after ALN treatment, but no significant
association was found between genotypes. Interestingly, Conti
et al (2015) showed that therapeutic response was independent
of rs1544410 genotypes in 150 patients treated with ALN for 3
years. The same author (Conti et al 2015) found association be-
tween treatment response to ALN and another polymorphism of
the VDR gene, rs2228570 (C/T). The homozygous TT carriers
showed a marked improvement in term of delta t-score (calcu-
lated as the difference between the t-score after three years of
treatment and the t-score at baseline) than both heterozygous
TC and homozygous CC (both p < 0.0001). Furthermore, no
difference between Ca and alkaline phosphatase (ALP) values
before and after treatment was observed. Even though stud-
ies show discordant results, CC genotype of rsi544410 SNP
in the VDR gene was found to have lower BMD values and an
unsatisfactory response to ALN, making it a SNP that should
be considered as a possible factor influencing the efficacy of
the anti-osteoporotic treatments, but further research is needed
in the area.

As mediators of estrogen action, the genes encoding ERa and
ERp have been considered important candidates for the determi-
nation of osteoporotic risk (Gennari et al 2005). The association
of 51256049 polymorphism in the Erf} gene and response to
ALN treatment was evaluated by Arko et al (2002), but showed
no statistically significant correlation between genotypes and
changes in lumbar spine or femoral neck BMD, serum OC and
urinary deoxypyridinoline (DPD) after 1 year of ALN therapy,
only a trend towards lower increase in lumbar spine BMD of
heterozygous patients (p = 0.099). It is well-established that es-
trogen deficiency plays an important role in the pathogenesis
of postmenopausal osteoporosis (Rapuri et al 2006), but their
implication in treatment response to ALN and other N-BPs
is not well known. It is unclear whether their involvement is
mainly important in patients treated with hormone therapy, as
most studies in the field showed, or their implications are wider.
The osteoprotegerin (OPG)/receptor activator of nuclear factor-
kappaB (RANK)/RANK ligand (RANKL) system is an addi-
tional mechanism correlated to both bone resorption and bone
formation. Normally, osteoblasts express RANKL, which in-
teracts with RANK that induces osteoclast differentiation and
proliferation. As a control mechanism, osteoblasts also secrete
OPG, which binds to RANKL and prevents osteoclast activa-
tion. Given this data, several studies have suggested that poly-
morphic variants in the RANKL, RANK, and OPG genes may
influence bone density and bone turnover (Hsu et al 2006; Kim
etal 2007). Wang et al (2009) analyzed 2 SNPs in the OPG gene
(A163G and T245G) in 67 postmenopausal Chinese women un-
dergoing ALN treatment for 1 year, showing that at site A163G,
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the percentage of hip BMD increase was higher in genotype AA
of A163G (p=0.014) and in genotype TT for T245G (p=0.046).
Recently, Zheng et al (2016) evaluated 40 SNP’s in the OPG,
RANKL, and RANK genes in relation to treatment response
to ALN. Although the 757239261 polymorphism of the RANK
gene was significantly associated with baseline L1-L4 BMD
(p=0.0004) and that patients with an A allele (C/A and A/A) of
the same polymorphism had a higher baseline L1-L.4 BMD than
did patients with the C/C genotype, no association was observed
between any SNP and BMD change or treatment response to
1 year of alendronate therapy in 501 postmenopausal Chinese
women with osteoporosis or osteopenia.

Despite the interesting results regarding VDR, ERa, Erf or
OPG/RANK/RANKL, none of the above-mentioned studies
have investigated the molecular targets of N-BPs. In fact, nei-
ther of them can be directly associated with the N-BPs molec-
ular mechanism of action, and how could they modulate treat-
ment response to N-BPs are still unknown.

Dickkopf WNT Signaling Pathway Inhibitor 1 (DKK1), a pro-
tein coding gene and an inhibitor of Wnt pathway by interact-
ing with low density lipoprotein receptor-related protein 5/6
(LRP5/6), modulates bone formation and leads to decreased
osteoblast number, decreased bone formation rate, and lower
serum OC levels (Yao et al 2011; Cheng et al 2011). In a cohort
of 60 postmenopausal women, DKK1 was increased in the se-
rum of patients with reduced BMD (Wagner et al 2011). Thus,
DKKI1 has been an attractive therapeutic target for osteoporosis.
In recent years, polymorphisms of DKK1 have been found to
correlate to BMD and fracture risks (Ahmed et al 2013). Five
SNP’s of DKK1 gene were analyzed in 639 Chinese postmeno-
pausal women with osteoporosis or osteopenia. After 12 months
of ALN treatment, only 752241529 polymorphisms of DKK/
significantly correlated to percentage changes in total hip BMD
(p=0.040). Participants with AA genotype had less increase in
total hip BMD than women with AG genotype (p=0.016). No
correlation was found between the other SNPs of DKK/ and
bone response to ALN treatment. As for biochemical mark-
ers of bone turnover, only serum CTX correlated at baseline
with 2 SNPs, rs1528877 and rs2241529, respectively (p<0.05)
(Wang et al 2016).

Sclerostin, an osteocyte-derived inhibitor of osteoblast activity,
antagonizes Wnt signaling in both osteocytes and osteoblasts
by binding to the lipoprotein receptor-related protein (LRP5/6)
coreceptor (Canalis 2013; Ke et al 2012). Sclerostin is encoded
by SOST gene. Loss-of-function mutations of SOST lead to rare
genetic skeletal disorders such as sclerosteosis and Van Buchem
disease, associating with a high BMD phenotype and low risk
of fractures (Lewiecki 2014). Zhou et al (2015) correlated pol-
ymorphisms in the SOST gene for the first time to responsive-
ness in terms of BMD to ALN treatment in 545 Chinese post-
menopausal women. After 12 months of treatment, genotypes
at rs1234612 locus were associated with percentage change of
lumbar spine BMD (p=0.015). Participants with homozygous
common alleles had less increase in lumbar spine BMD than
those with heterozygous genotypes (p=0.018). Genotypes at
rs865429 locus were associated with percentage changes in fem-
oral neck BMD after 12 months of treatment (p=0.030), while
homozygous minor alleles had less increase. He concluded that
changes of lumbar spine BMD were correlated to rs1234612

Volume 11 | Issue 2

Page 70

Ciubean et al 2019

and changes of femoral neck BMD were correlated to 7s865429.
In terms of bone markers, genotypes at only rs/513670 locus
were associated with percentage changes in serum ALP levels
(p = 0.005) after 3 months of treatment. Genotypes at the other
SNPs loci were uncorrelated to percentage change of ALP or
CTX after treatment.

LRP5 (low-density lipoprotein receptor-related protein 5) is the
most important membrane receptor of the Wnt signaling path-
way and it was reported as a candidate gene for susceptibility
to osteoporosis and also in response to risedronate treatment
in men (Kruk et al 2009). Loss-of-function mutations of LRP5
lead to osteoporosis-pseudoglioma syndrome, whereas activat-
ing mutations are responsible for autosomal dominant inherit-
ed disorders characterized by high bone mass (Balemans et al
2007). Zhou et al (2014) investigated the association between
rs3736228 polymorphism of the LRP5 gene in 576 postmeno-
pausal women. Even though they did not find an association be-
tween this polymorphism and BMD, serum levels of ALP and
CTX at baseline, final results show that the presence of the C al-
lele led to a larger increase in lumbar spine BMD after 6 and 12
months of treatment. Also, women that are T homozygotes may
have a poor response to ALN treatment. As for markers of bone
resorption and formation, participants with CC and CT geno-
types had a larger decrease of serum CTX and ALP levels than
women with TT genotype after ALN treatment (both p = 0.000).
One of the most important signaling pathways in bone is Wnt,
as it is crucial in differentiation and proliferation of bone cells,
making its components (e.g. SOST, LRP5 and DKK 1) worthy
of being studied in regard to OP and treatment response to an-
tiosteoporotic agents. For all the SNPs studied regarding their
involvement in treatment response to ALN, interesting results
have emerged, but only relevant to the Chinese population.
Knowing that there could be different allelic or genotypic distri-
bution in Caucasians compared to Asian populations, and there
is no data published so far, it is important to test these hypoth-
eses in other ethnic groups.

Farnesyl diphosphate synthase (FDPS) is a key enzyme of the
mevalonate pathway and the main target for N-BPs, thus allelic
variants of the FDPS gene could be associated with response to
ALN treatment. Because FDPS is inhibited by all the N-BPs,
the antiresorptive potency of various N-BPsseems to correlate
with their ability to inhibit FDPS (Venegas et al 2010; Ferlazzo
etal 2006). Marini et al (2008) analyzed the correlation between
rs2297480 polymorphism in the FDPS gene and response to
ALN in 234 Danish postmenopausal women. Results show that
spine and femur BMD increases was lower in patients with CC
genotype compared to AC and AA genotype, but it did not reach
statistical significance (p=0.60), suggesting that the presence of
the A allele could predict a better treatment response to ALN. In
a study of 144 Korean women, Choi et al. (2009) did not find
an association of two SNP’s in the FDPS gene (152297480 and
rs11264361) with BMD response after 12 months of bisphos-
phonate therapy. However, Olmos et al. (2012) showed a sig-
nificant association between rs2297480 alleles and hip BMD
changes induced by N-BS’s. Women with AA genotype gained
1% per year of BMD, and women with CC genotype lost about
1.6%. Also, the rs11264359 polymorphism in the FDPS gene
showed similar trends. Interestingly, Liu et al. (2013) showed no
significant difference in BMD at lumbar spine among different
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genotypes of FDPS in 639 postmenopausal Chinese women
after 12 months of ALN treatment. As for biochemical mark-
ers, CC genotype of 52297480 had lower serum levels of ALP
after treatment.

Also, more recently, Wang et al (2014) showed that genotypes
of rs11264359 polymorphism in the FDPS gene have no sig-
nificant association with treatment response to ALN in terms of
BMD. The same group of authors (Wang et al 2014) analyzed
23 SNP’s in 7 genes that encode key enzymes of the mevalonate
pathway as candidates to explain the variable responses in BMD
to ALN treatment in 500 postmenopausal Han Chinese women.
He concluded that one SNP, 7570161126 in MVK (mevalonate
kinase) gene, is significantly associated with BMD response at
L1-L4 (p=0.002) and that the G allele of ns/0161126 could be
a genetic factor positively associated with being a responder in
terms of BMD at the lumbar spine.

GGPSI1 (geranylgeranyl pyrophosphate synthase) is another
important target of N-BPs in osteoclasts, which belongs to the
trans-prenyltransferase family. ALN inhibits GGPS1 in the me-
valonate pathway, which is why genetic variance of GGPS1 gene
is speculated to affect the skeletal response to ALN (Dudakovic
et al 2008; Chen et al 2013). In a recent study on 540 Chinese
women, BMD at the lumbar spine and femoral neck had no
obvious difference among all genotypes of GGPS1 gene after
ALN treatment. Of the six SNP’s analyzed, TT genotype of
rs10925503 polymorphism had significantly higher serum CTX
level than those with TC or CC genotype, but no significant dif-
ferences in percentage changes of serum ALP and CTX levels
were found after 12 months of ALN treatment (Han et al 2016).
Given the fact that the mevalonate pathway is the main target
for N-BPs, it is a perfect place to start the search for candidate
genes involved in treatment response to this pharmacological
agent. Results of the studies conducted so far, although they re-
quire confirmation in larger populations, suggest the possible
use of pharmacogenetic screening in the choice of ALN as an
antiosteoporotic agent.

It is presumed that there are also other pathways that could influ-
ence BPs therapeutic response, particularly the immune related
ones. Among them, cytokines and their network are known to
display several essential functions in the bone remodeling and
are closely related to OP treatment (Yuan et al 2012; Talaat et al
2015). Recently, cytokines such as IFN-y have been described
as inhibitor of RANK/RANKL/OPG pathway through TRAF
6 protein degradation and IL-17 as inducer of RANK-L and
Th17 cells production, both affecting bone homeostasis pro-
cesses (Talaat et al 2015; Guerrini & Takayanagi 2014). In a
recent study, Lima et al (2017) analyzed 4 SNPs in the IL23R,
IL17A, IL12B and IFN-y genes and their relation with treat-
ment response in 69 postmenopausal women from Northeast
Brazil treated over a period of 1—4 years with BPs (77% of
patients used alendronate, followed by risendronate-16% and
ibandronate-7%). Results show that only the INF-y -1616 pol-
ymorphism exhibited association regarding BMD changes.
The GG genotype was associated with increased BMD values
in FN area (GG/AA, p = 0.016) and decreased BMD values in
TH area (GG/GA, p = 0.019; GG/AA, p = 0.011) after 3 and
4 years of treatment. Additionally, IL12B +1188 T/T genotype
showed a trend of association (TT/TG; p=0.058), with increased
BMD values in TH area after 1 year of treatment. Among the
other SNPs, no significant differences were observed. As for
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biochemical markers, IL17A +672 G/A and IL12B +1188 T/G
genotypes were associated with higher vitamin D levels. Even
though the immune pathways are believed to have an important
part in bone metabolism, more research is needed in this area.
Results from pharmacogenetic studies seem to suggest that
patient genotyping could be useful to target osteoporosis drug
treatments to subjects most likely to respond in terms of BMD
and bone turnover marker variation. However, most of these
studies have used a candidate gene approach and included small
numbers of patients and very few of them have been replicated
in two or more independent cohorts. Also, due to some limita-
tions, such as inadequate sample size or sampling errors, genetic
differences between different ethnic groups and the complexity
of human genome, at the moment no definite gene variations
have been conclusively shown to be responsible for the regu-
lation of any anti-osteoporotic drug response.

The application of specific genetic tests to identify subjects most
likely to respond well and not to develop adverse reactions be-
fore the beginning of drug treatment is important mostly for
chronic diseases, such as OP, that require long-term pharmaco-
logical treatment. Also, pharmacogenetics could help map new
molecular drug targets, moving from ‘one drug fits all’ to per-
sonalized therapy. Certainly, the genes to be evaluated should
be those encoding drug targets, drug metabolizing enzymes and
drug transporters.

Conclusion

In conclusion, pharmacogenetic association studies need to be
extended and confirmed in larger cohorts, in different ethnic
groups and/or in multicentric studies. The field of pharmacoge-
netics still requires much more information and research, as the
results are inconclusive. In the future, pharmacogenetic tests,
prior to initiating a certain drug, especially for a chronic disease
like OP, could optimize the pharmacological therapy to have
maximum efficacy and minimal adverse effects.. The results
of the studies described above are promising, as they show the
potential use of pharmacogenetic tests to tailor decisions about
the prescription of ALN in women with OP. The most promis-
ing genes that could predict treatment response to ALN seem
to be mainly those involved in the mevalonate or Wnt pathway.
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