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Abstract Vitamin D receptor polymorphisms may pre-
dispose that not all individuals could have benefits from the
nutritional supplementation of 25-hydroxyvitamin D. Fur-
thermore, vitamin D-related cardiovascular effects may
also be influenced by soy isoflavones considered endocrine
regulators of cardiovascular homeostasis. To find possible
gene—diet interactions by evaluating individualized lipid
metabolism benefits from an increase in soy and 25-hy-
droxyvitamin D intake, 106 healthy individuals, genotyped
for vitamin D receptor (VDR) gene polymorphism
rs1544410 (Bsml) were randomly assigned to either no
intake, to daily 250 mL or 500 mL of a 25-hydroxyvitamin
D supplemented SB for 2 months. The soybean beverage
induced differences in cardiovascular risk factors (lipid
profile, blood pressure, TNFo and MCP-1), as well as
vitamin D metabolites in a dose-gene-dependent relation.
Thus, VDR Bsml polymorphism affected individual
response being the GG genotype the ones that showed
dose-dependent manner responsiveness in the reduction in
total cholesterol, LDL and triglycerides in comparison with
the AA/AG genotype. These differences were associated
with increased plasma levels of 1o,25-dyhydroxyvitamin
D3 in the carriers of the GG genotype. It was concluded
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that metabolic response to 25-hydroxyvitamin D and soy-
bean supplementation is dependent on VDR Bsml GG
genotype due to a higher conversion rate from vitamin D
precursors.
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Introduction

Soy intake has been regarded as a one of the principal
nutritional interventions for the prevention and treatment of
cardiovascular diseases, principally because of its capacity
to control glucose (Azadbakht et al. 2007), lipid homeo-
stasis (Hermansen et al. 2005) and the regulation of
inflammation (Miraghajani and Azadbakht 2011). How-
ever, some discrepancies in the results have been reported
in the literature with respect to the net effects of soy intake
in metabolism biomarkers. Recently, a meta-analysis has
shown a lack of significant overall effect of soy intake on
improvements of fasting glucose and insulin concentrations
(Liu et al. 2011), whereas other meta-analyses on serum
lipoproteins have shown that regular consumption of soy
protein daily (15-30 g) has a significant favorable impact
on serum lipoprotein and risk factors for coronary heart
disease (Anderson and Bush 2011), while other studies
have not found any effect (Matthan et al. 2007). The rea-
sons for these discrepancies can be the heterogeneity of
soybean preparations—this food per se is a complex mix-
ture of several nutrients and other known and unknown
compounds—as well as the degree of responsiveness
between subjects. This individual response capacity is due
to differences in the metabolization of its compounds
(Hall et al. 2006) and possibly to diverse interactions of
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isoflavones and other bioactive compounds with several
receptors controlling transcriptional responses to nutrient
and non-nutrient substances in soy.

Between the factors that control genetic transcription
with relationship to metabolic syndrome and cardiovascu-
lar diseases, recently emphasis has been placed on the role
of vitamin D in areas beyond bone metabolism and calcium
homeostasis. As vitamin D receptor (VDR) gene is
expressed in a large number of tissues, it is not surprising
that ligand-activated VDR modulates expression of multi-
ple targeted genes (Makariou et al. 2011), which is argued
with the fact that vitamin D deficiency has been associated
with risk factors for cardiovascular disease, metabolic
syndrome and even with overall mortality (Schoéttker et al.
2012).

The endocrine actions of the active form of vitamin D
(10,,25(0OH),D3) are mediated both by genetic and nonge-
netic pathways. The former are activated by the binding of
10,25(0OH),D3 to a specific cytosolic/nuclear VDR, a
member of the steroid/thyroid hormone receptor super-
family (Wang et al. 2012). The human VDR gene is located
on chromosome 12ql12-ql4, and five common polymor-
phisms have been typically associated with VDR activity
(Audi et al. 2004; Capoluongo et al. 2006; Chang et al.
2000; Garcia et al. 2007; Panierakis et al. 2009; Taverna
et al. 2002), namely Cdx2 (rs11568820), FokI
(rs10735810), Taql (rs731236), Bsml (rs1544410) and
Apal (rs7975232). The Cdx2 polymorphism is located in
the promoter region of the VDR gene, with the A allele
giving higher transcriptional activity of the gene. The FokI
RFLP is located in the coding region of the VDR gene and
leads to the production of a VDR protein that is three
amino acids longer. Although no significant differences in
ligand affinity, DNA binding or transactivation activity
have been found between the two allelic Fokl forms, the
shorter RFLP variant display higher activity of the receptor
than the longer one. Last, the Bsml, Apal and Taql RFLPs
are located in the 3’ end of the gene. Bsml does not alter
the structure or function of the final VDR protein produced,
but it is strongly linked with a poly (A) repeat and may
affect VDR messenger RNA stability (Vuolo et al. 2012).

A large number of studies have been published which
have investigated the association between these four
polymorphisms with several diseases but the results have
been inconclusive. Bsml polymorphism has been associ-
ated with hyperparathyroidism (Carling et al. 1995) and
osteocalcin levels (Morrison et al. 1994), which was further
related to bone mineral density. Related to cardiovascular
disease, the B allele (G allele) of the Bsml genotype has
been associated with higher levels of blood pressure in
healthy men (Muray et al. 2003) but not associated with the
prevalence and severity of coronary artery disease (Ortlepp
et al. 2003). Therefore, it has been suggested that the
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overall effect of the polymorphism may be strongly influ-
enced by some other nongenetic factors like diet.

In this line, vitamin D status is well known to be
affected by dietary factors. Moreover, several studies and
clinical practices have shown that estrogen and vitamin D
can be effective in the management of postmenopausal
metabolic changes. Likewise, soy isoflavones, which
shares structural similarity with estrogen, have reported to
induce hormonal changes in postmenopausal women
(Hooper et al. 2009). However, relatively few studies have
investigated the interaction of soy intake with vitamin D
metabolic effects. Therefore, in this study, it was evaluated
the effect of the daily supplementation with a soy beverage
(SB) enriched with 25-hydroxyvitamin D (25(OH)D3) for
2 months in cardiovascular disease risk factors, accounting
the Bsml VDR polymorphism (rs1544410) as a possible
source for patient responsiveness.

Materials and methods
Soybean beverage description

The SB employed in the study is commercially available in
Spain (Grupo Leche Pascual, Aranda de Duero, Spain).
The nutritional composition is shown in Table S1 (Sup-
plemental material), depicting the nutritional label descri-
bed in the product. This SB is fortified in vitamin A & D
(retinol and 25(OH)-hydroxycholecalciferol, respectively).
The product was presented in individual bricks of 250 mL
of content.

Subjects and study design

A total of 106 nonsmoker individuals (68 women and 38
men with an average age of 33.7 £ 12.2) were recruited
through brochure distribution within the University com-
munity and research group website. At the baseline, par-
ticipants were randomly assigned to the Soybean beverage
1 (SB1: 250 mL/day), Soybean beverage 2 (SB2: 500 mL/
day) or the control group. Baseline characteristics of vol-
unteers are described in Table S2 (Supplemental material).
No statistical differences in anthropometrics and bio-
chemical parameters were found between groups. Subjects
were allowed to consume their regular diet along the study,
and daily dietary recalls of soybean beverage intake was
measured to determine treatment adherence. Blood samples
for biochemical determination, blood pressure and an-
thropometrics information were collected in fasted subjects
at the baseline (11 h, 16 min daylight duration) and at
week 8 (14 h, 01 min daylight duration) of experimenta-
tion. Subjects gave their informed consent to participate in
the intervention, and all experimental procedures were in
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agreement with the ethical standards in accordance with the
policy statements of the institutional review board of
University of Lleida (Catalonia-Spain).

Blood biochemical and anthropometric analysis

Blood samples were collected in 12-h overnight fasting
subjects by venipunction into Vacutainer® tubes. Total
cholesterol, LDL cholesterol, HDL cholesterol and triglyc-
erides were determined in the Biochemical Analysis Ser-
vices of the Hospital Universitari Arnau de Vilanova (Lleida,
Spain). TNFa & MCP-1 were determined using a XMAP
Milliplex kits (Human Metabolic Hormone Panel Cat.
#HMH-34K Millipore) following manufacturer instructions.
Height and weight was recorder at baseline and after 8 weeks
of the beginning of the intervention period. Blood pressure
was measured using an electronic sphygmomanometer
(OMROM, M6 Comfort, OMROM Health Co, Japan).

Serum vitamin D metabolites determination

Serum vitamin D metabolites were determined by UHPLC-
MS/MS following the procedure described by Aronov et al.
(2008). Interday and intraday CV was below 2.5 and 5 %,
respectively.

VDR Bsml (rs1544410) genotype determination

DNA was isolated from buccal epithelial cells, obtained
using BuccalAmp swabs (Epicenter BioTechnologies,
Madison, Wisconsin). DNA samples were later processed
according to manufacturer’s instructions. Validated TagMan
assay for SNPs rs1544410 (also known as Bsml) was pur-
chased from Applied Biosystems (Carlsbad, USA) and used
for the determination of individual genotypes, as described
elsewhere (McGuigan and Ralston 2002). The iCycler’s
Allelic Discrimination Software analyzed the fluorescence
levels in each sample and automatically classified the sample
in one of two groups, depending on the presence/absence of
allele A (also known in the literature as allele B): Group A
consisted of Homozygous AA and Heterozygous AG, and
represented around 60 % of the total sample. Group G con-
tained the Homozygous GG, around 40 % of individuals of
the analyzed sample. These frequencies are consistent with
HapMap CEU allele frequencies for this polymorphism (65
vs. 35 %) and are also consistent with the expected allele and
genotype frequencies for a European population under
Hardy—Weinberg equilibrium.

Statistics

Statistical analysis was conducted using SPSS version 17.0
for Windows. Normality of variables was checked using

Kolmogorov—Smirnov test. One way ANOVA or paired
t Student test was performed within each one of the groups
for the different parameters determined, with post hoc
analyses when appropriate. Differences with p < 0.05 were
considered significant. Data are presented as mean = SD
for the number of subjects in each group.

Results

Soy beverage intake effects on cardiovascular disease
risk factors and vitamin D metabolites profile

The SB treatment was prescribed to be taken ad libitum
once or twice a day at the study period in the SB1 and SB2
groups, respectively. Most volunteers in the SB1 group
reported that the main period of intake was during the
morning, while volunteers from the SB2 group reported
one dose in the morning and the other in the afternoon. The
mean adherence to the treatment of the volunteers, mea-
sured by dietary recall, was as high as 90 % in both SB1
and SB2 groups.

Although the high degree of adherence reported, the
effect of 2-month consumption of the SB, without any
nutritional intervention or advice, was minor in relation to
measured cardiovascular disease risk factors (Table 1).
Slight changes in the lipid profile and selected inflamma-
tion biomarkers were observed.

In relation to vitamin D plasma metabolites, as expec-
ted, a significant increase in the levels of 25(OH)D3 was
observed in SB1 and SB2 groups. The observed change in
the pre-activated form of the vitamin D was not con-
founded by seasonal changes, since the control group
showed a reduction in its plasma levels (not statistically
significant) through daylight duration increased. Moreover,
the increase in 25(OH)D3 contents may corroborate the
adherence of the soy treatment in both experimental groups
since the soy beverage was supplemented with 25(OH)D3
(Table S1).

Few reports in the literature have found any evidence of
the increase in the plasma levels of the pre-activated form
of vitamin D after soy supplementation. Some authors
suggest that isoflavones, like genistein, may increase and
decrease the activity of the CYP27B1 and CYP24
enzymes, respectively, and therefore modify the plasma
levels of 1a2,,25(0OH),D3 and 24R,25(0OH),D3 (Cross et al.
2004). However, no reports have been found about the
effects of soy or soy compounds in the activity of CYP27A
and CYP27B, responsible for the first hydroxylation of
cholecalciferol in the liver. Taking all together, it seems
that the increase in the levels of 25(OH)D3 could be mainly
explained by its higher oral intake provided by the soy
beverage.
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Table 1 Main effects observed between groups after 2 months of
soybean beverage intake in cardiovascular disease risk parameters

Basal 2 months P
A. Soy beverage 1 (250 mL/day)
Lipid profile (mg/dL)
Total cholesterol 183.7 £ 29.1 183.4 £ 27.4 0.879
LDL 109.0 £ 26.1 107.4 £ 26.3 0.367
HDL 683 =114 70.3 £ 10.4 0.124
Triglycerides 96.2 £+ 43.0 959 +37.1 0.954
Blood pressure (mmHg)
Systolic 122 £ 13 118 £ 9 0.042
Diastolic 82 £ 11 76 £ 7 0.006
Inflammation biomarkers (pg/mL)
TNFo 45+13 43+ 14 0.447
MCP-1 321 £ 96 313 £ 98 0.548
Vitamin D (ng/mL)
25 D3 180+ 5.6 250+54 <0.001
1,25 D3 0.32 £0.10 0.32 £0.11 0.468
24R,25 D3 23+15 26 £ 1.8 0.823
B. Soy beverage 2 (500 mL/day)
Lipid profile (mg/dL)
Total cholesterol 180.3 £29.2 179.6 £ 30.0 0.820
LDL 107.1 £25.2 105.2 £ 24.6 0.482
HDL 68.5 + 12.4 71.0 £ 12.6 0.111
Triglycerides 79.9 £25.7 74.7 £ 17.5 0.323
Blood pressure (mmHg)
Systolic 120 + 9 116 £+ 10 0.075
Diastolic 5+7 74 £ 8 0.310
Inflammation biomarkers (pg/mL)
TNFa 48 +£1.6 4.6 £ 1.4 0.306
MCP-1 334 £ 82 339 £ 88 0.638
Vitamin D (ng/mL)
25 D3 205 £6.3 260 £52 <0.001
1,25 D3 0.29 £ 0.12 0.34 £ 0.11 0.498
24R,25 D3 28+ 14 26£13 0.050
C. Control
Lipid profile (mg/dL)
Total cholesterol 176.4 £ 29.6 176.8 £ 32.3 0.883
LDL 104.6 £ 26.6 101.0 £+ 26.9 0.154
HDL 64.6 + 13.8 66.9 £ 13.0 0.077
Triglycerides 93.3 £ 37.8 98.9 £ 435 0.604
Blood pressure (mmHg)
Systolic 124 £ 13 116 £+ 12 0.003
Diastolic 75 £ 10 73+ 8 0.624
Inflammation biomarkers (pg/mL)
TNFo 40+£12 42+13 0.042
MCP-1 308 £ 103 320 + 107 0.266
Vitamin D (ng/mL)
25 D3 203 £ 6.0 212 +£55 0.251
1,25 D3 0.42 £ 0.08 0.35 £ 0.08 0.497
24R,25 D3 3.1+0.7 28+ 1.2 0.096

Paired ¢ Student test was performed within each one of the groups for the
different parameters analyzed. Statistically differences were observed
between basal and after 2 months of treatments in the levels of 25(OH)D3
in the soy beverage group 1 and 2
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Influence of VDR Bsml (rs1544410) alleles
in cardiovascular risk factors profile: basal and response
to SB intake

Bsml polymorphism is located near the 3’UTR region of
the VDR gene, which has been reported to be involved in
the regulation of the expression of VDR, especially through
regulation of mRNA stability (Decker and Parker 1995;
Morrison et al. 1994). According to the HapMap-CEU
allele distribution for Europeans, similar results have been
found in this study with respect to A and G allele distri-
bution, being the A allele the one with the higher incidence
of around 60 % of the study population.

At the baseline of the study, no differences were found
between the carriers of the two different alleles in the
plasma lipid profile, vitamin D metabolites, the selected
inflammation biomarkers and blood pressure (Fig. 1),
except to a slightly higher level in triglyceride found in the
carriers of the G allele. These suggest that the Bsml
polymorphism has not a major influence in parameters of
cardiovascular disease risk. Notwithstanding, it should be
noted that the number of subjects included in the study is
relatively low. In the same way, no reports relating this
polymorphism with cardiovascular disease risk parameter
have been found in the literature, implying that BsmI may
not predispose to a higher cardiovascular disease risk.

However, after 2 months of SB intake, the carriers of the
G allele showed a higher grade of responsiveness to the
treatment, especially in blood lipid profile. In these carri-
ers, it was found a significant reduction in the levels of total
cholesterol (Fig. 2a), LDL cholesterol (Fig. 2b) and HDL
cholesterol (Fig. 2¢) (p < 0.013, p < 0.032 and p < 0.049
for VDR according 2 way ANOVA controlling VDR and
treatment) and a not significant reduction in the triglycer-
ides levels (Fig. 2d). Moreover, in relation to blood pres-
sure, it was observed differences in the relationships
exhibited between systolic and diastolic blood pressures
and plasma concentrations of 24R,25(OH),D3 (Fig. 3)
between the two allelic types. Thus, while highly signifi-
cant inverse correlations were present in the A allele group,
these relationships were lost in the G allele group.

In addition to the observed relationship, a change in
plasma vitamin D metabolites (Fig. 4) was also observed
between the two types of alleles, where an increase in the
25(0H)D3 (p < 0.05 for treatment by 2-way ANOVA) and
activated form of vitamin D (Fig. 3c) (p < 0.01 for treat-
ment by 2-way ANOVA) without a major reduction in the
24R,25(0OH),D3 (Fig. 3b) was reported. The behavior
observed in the parameters described showed a dose
response effect between the different doses of soy bever-
age. Accordingly, an opposite effect was observed in the
carriers of the A allele, which infer that the net effects of
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the SB intake could be explained in part due to differences
in VDR Bsml polymorphism. In this context, it seems that
the volunteers from the G allele may obtain more benefit
from the supplementation of SB than the carriers of the A
allele, in a relationship with a higher amount of activated
vitamin D.

One of the possible explanations of the differences in
the effect between alleles could be explained in part due

to the differences in the levels of the activated form of
vitamin D in the G allele group (Fig. 3c). For instance, it
has been reported that the intraperitoneal injection of the
activated form of vitamin D (10,25(0OH),D3) modulates
the expression of enzymes involved in lipid homeostasis;
mainly down-regulating FAS and ACC, and up-regulat-
ing CPT-1 and PPARa (Yin et al. 2012), explaining the
lower doses of cholesterol and triglycerides observed in
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Fig. 3 Correlation between the
blood pressure and the levels of
24R,25(0OH),D3 between
subjects with different VDR
Bsml (rs1544410) alleles. A
significant correlation was
observed between the levels of
24R,25(0OH),D3 and systolic
and diastolic blood pressure in
subjects with the A allele (a and
b) (p = 0.0082 and 0.0002,
respectively), whereas the
subjects with the G allele (¢ and
d) showed no correlation

(p = 0.1864 and 0.6971,
respectively)

Fig. 4 Net changes in vitamin
D metabolite concentrations
after 2 months of soy beverage
supplementation between
subjects with different VDR
Bsml (rs1544410) alleles. No
changes were observed in the
pre-activated form of vitamin
D3 (a), whereas a reduction in
24R,25(0OH),D3 (b) and an
increase in the activated form
(c) were observed in subjects
with the G allele. Statistically
differences were found in the
increase in the activated form of
vitamin D3 in subjects in the
SB2 group with the G allele
compared to control subjects
with the G allele. Almost no
differences were observed due
the treatment in subjects with
the A allele

the carriers of the G allele.

vitamin D deficiency is associated with an unfavorable
lipid profile in cross-sectional analyses, the supplemen-
tation of 25(OH)D3 or its increase in plasma concen-
trations is not associated with a improvement in lipid
profile as it has been described in several studies (Ponda
et al. 2012; Wood et al. 2012). Same findings are
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observed in this study, where the supplementation of the
pre-activated form of vitamin D did not show any
improvement in the lipid profile in the whole population
studied (Table 1). In the same way, the carriers of the A
allele which
25(OH)D3 (Fig. 3a) did not show an improvement in the
lipid profile.

increase in the levels of
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Fig. 5 Homeostatic regulation of vitamin D metabolites controlled
by VDR and the influence of VDR polymorphism Bsml transcrip-
tional activity. Soy compounds together with higher plasma amounts
of 25(OH)D3 may induce a higher conversion of the activated form of
vitamin D (7). The increase in 10,25(OH),D3, recognized by the
VDR (2), reduction in the expression of CYP27B1 and increase in the
expression of CYP24 (3) modifying the plasma levels of
10,25(0OH),D3 and 24R,25(0OH),D3 (4). This homeostatic regulation

Complementarily, as shown in Fig. 3d, there is a sig-
nificant correlation between the levels of the activated and
24R,25(0OH),D3 forms of vitamin D in A allele group,
which is considered to be homeostatically controlled since
both metabolites are inversely regulated by the VDR,
CYP27B1 and CYP24 enzymes and other related hormones
(Anderson et al. 2004). This correlation is lost in the car-
riers of the G allele, where an increase in the levels of both
metabolites is observed, suggesting that VDR cannot reg-
ulate the changes in the concentrations of plasma vitamin D
metabolites. In this context, it is proposed that the benefi-
cial effects of SB supplementation in the carriers of the G
allele could be mainly attributed to the resulting differences
in the levels of the activated form of vitamin D.

Discussion

Soybean, a most food items, is a complex mixture of
compounds that may include known nutrients and bioactive
compounds and unknown compounds not properly char-
acterized. This feature makes it difficult to attribute a
food’s observed effect to a single compound. In this sense,
despite the effect of soy and soy compounds in health has
been widely studied, in the clinical practice, different

l° A\ CYP27B1 —— '10(,25(OH)2D3

_o Ivor 7 @ P)

~

I+ A CcYP24 —— 124R,25(OH)2D3

is not effective in volunteers of the G allele Bsml polymorphism,
which is recognized to induce a low-stability RNA and therefore
changes in the VDR activity. In this context, the increase in
10,25(0OH),D3 induced by soy compounds and vitamin D (5) is not
effectively regulated by VDR (6), suggesting that the expression of
the CYP27B1 and CYP24 enzymes are not controlled (7), inducing
higher plasma levels of 1a,25(0OH),D3 (8)

response to its treatment has been observed between sub-
jects. These differences have in some cases been attributed
to different isoflavone metabolization processes during
colonic fermentation (Jacobs et al. 2009), as well as gender
and age (Ko et al. 2010) and some genetic variants, for
example, involved in lipid metabolism (Torres et al. 2009).
However, even that gene—disease association has been well
characterized in some cases; there still is few evidence of
the effect of nutritional intervention in individuals from the
different variants described. In addition, most of the
genetic variants taking into account are based on pheno-
typic differences found before interventional studies and
not based in the individually determined differences in
response due to genetic variance.

In this context, results from this study, without taking
into consideration the genetic variability of the volunteers,
showed a great variance in the changes in lipid profile
between subjects; after statistic analysis of the data, it was
concluded that 2 months of soy beverage treatment did not
confer a major effect in the lipid profile as shown in
Table 1.

Notwithstanding, one of the main findings of this study
is the description of the possible interaction between soy
consumption and vitamin D metabolism. The results from
this study show that some of the effects of soy treatment
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can be explained because of its effects in vitamin D
metabolites, which may depend on the sensitivity to vita-
min D signaling determined by the polymorphisms in its
receptor.

Since the expression of CYP27B1 and CYP24 toward
the production of the activated and 24R,25(OH),D3 forms
of vitamin D, respectively, may depend on the circulating
levels of the different forms of vitamin D, it is necessary
to point out that the expression of these enzymes is
induced after the activation of the VDR (Schwartz et al.
2001). In this context, as it is hypothesized in Fig. 5, high
levels of 10,25(0OH),D3, recognized by VDR, induce a
higher expression of the CYP24 enzyme in direction to
reduce its levels producing a higher amount of
24R,25(0OH),D3. In the same way, lower levels of the
activated form of vitamin D may increase the expression
of the CYP27B1 enzyme toward an increase in
10,,25(OH),D3. This homeostatic behavior seems to be
lost in the carriers of the G allele and may explain the
increase in the levels of the activated form of vitamin D
after the chronic consumption of SB.

In this manner, it is possible to argue that the volunteers
of the G allele, which transcript a low stability VDR
mRNA and hence a low content of VDR (Morrison et al.
1994), may have a low response to plasma modifications of
vitamin D levels. The cellular differences in the content of
VDR could induce to a higher and lower levels of the
activated and 24R,25(0OH),D3 forms of vitamin D as it is
observed in Fig. 3c, b, respectively, circumstance not
observed in volunteers from the A allele. Therefore, vol-
unteers with the G allele could be benefited either by
increased production or decreased destruction of vitamin D
active form induced by soybean compounds. The later
question to be responded is how the soybean intake induces
a higher plasma content of the activated form of vitamin D
and the implications and influence of extra-renal tissues
involved in the activation of vitamin D, e.g., small intestine

enterocytes with direct contact with soy beverage
compounds.
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