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Abstract

Background: Asthma are associated with the vitamin D axis. Genetic variations of VDBP, notably rs7041 and rs4588,
influence circulating vitamin D levels. However, data on their link to asthma are inconsistent, and ethnic differences
remain unclear.

Objective: We explored how genetic variations in VDBP affect vitamin D levels and susceptibility to asthma across
diverse ethnic populations.

Methods: In our cross-ethnic study, we analyzed vitamin D levels and VDBP polymorphisms (rs7041 and rs4588)
in Taiwanese, Mongolian, Lithuanian, and Latvian populations. Our study included 363 asthmatic subjects and
481 non-asthma controls. We performed genotyping for rs7041 and rs4588 and assessed serum concentrations of
25-hydroxyvitamin D [25(OH)D], examining the associations between VDBP polymorphisms, vitamin D levels, and
asthma.

Results: The study found significant differences in vitamin D levels among ethnic groups. Non-asthmatic individuals
from Taiwan had higher concentrations, while asthma subjects in both Taiwanese and Lithuanian populations
showed lower levels compared to their non-asthma counterparts (both p-value < 0.001). VDBP polymorphisms were
associated with asthma in the Latvian population, with the rs7041 GG vs. GT+TT showing an odds ratio (OR) of 1.72
(95% confidence interval (CI): 1.10-2.69, p = 0.016) and the rs4588 CC vs. CA+AA showing an OR of 1.88 (95%CI:
1.24-2.84, p = 0.003). However, this association was not observed in other populations.

Conclusion: Our cross-ethnic study underscores the intricate relationship between VDBP genetic variations, vitamin
D levels, and asthma vulnerability. The association of VDBP polymorphisms with asthma seems to differ among

populations, emphasizing the importance of a nuanced comprehension of these connections.
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Introduction

Pulmonary disorders, such as bronchial asthma, have been
intricately linked to the vitamin D axis, a complex interplay
involving vitamin D, vitamin D binding protein (VDBP), and
the vitamin D receptor.”* VDBP, a serum protein, exhibits
a high affinity for circulating vitamin D and possesses
immunomodulatory functions crucial in various lung
diseases, including chronic obstructive pulmonary disease,
tuberculosis, and asthma.*** Its role in functions such as
macrophage activation and neutrophil chemotaxis makes
VDBP a pivotal component of the Vitamin D axis.>®

The GC (group-specific component) gene, located at
4ql1-13, gives rise to VDBP, with prominent genetic
variants, namely rs7041 and rs4588, exerting influence on
approximately eighty percent of VDBP level variation.” These
single nucleotide polymorphisms (SNPs) have been linked to
circulating vitamin D levels or function®® and display distinct
allele frequencies across diverse ethnic groups.'

Explorations into VDBP polymorphisms and their
association with bronchial asthma have been conducted in
various populations. Noteworthy associations have been
reported in adult and pediatric Chinese in patients with a
significant association between VDBP polymorphism and
bronchial asthma.'>'> Conversely, in Egyptian children and
adolescents, protective effects were observed for rs4588 CA
and AA genotypes, while the rs7041 GG genotype exhibited
an increased frequency in asthma patients.” The Kurdish
population revealed a correlation between the rs7041 GG
genotype and an elevated risk of asthma progression.
However, studies in Hong Kong Chinese children found
no significant association between VDBP polymorphism
and asthma.” These investigations often focused solely on
VDBP gene polymorphisms without considering potential
environmental or non-genetic influences.
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The Baltic Sea region in Europe, Mongolia in Central
Asia, and Taiwan in east Asia are situated at varying
latitudes in the northern hemisphere, present diverse ethnic
backgrounds and distinct geographical conditions, including
variations in sunshine exposure, temperature fluctuations,
and dietary practices. Earlier, a comparison was made
regarding the prevalence of allergic asthma among children
in the populations of Lithuania, Latvia, and Taiwan.'
In a population genetic study, diversity in the PSMA6
(rs2277460, 1rs1048990), PSMC6 (rs2295826, rs2295827),
and PSMA3 (rs2348071) genes was observed among these
three populations.'” Subsequently, these genetic variants were
recognized to be correlated with childhood asthma in both
Latvian and Taiwanese populations.’ Moreover, Vitamin D
plasma concentration and vitamin D receptor genetic
variants were found to confer risk of asthma in Taiwanese and
Mongolian population.”” Hence, conducting a comparative
analysis, encompassing factors such as vitamin D serum levels
and genetic variations in VDBP linked to heightened asthma
susceptibility, assumes great significance. This research aims
to contribute insights into the role of vitamin D in preventing
or potentially treating bronchial asthma within distinct ethnic
populations across diverse geographical locations.

Materials and Methods
Study Population and Clinical Evaluation

Informed consent, obtained through a comprehensive
respiratory questionnaire modeled after the British Medical
Society and aligned with the European Community
Respiratory Health Survey (ERCHS)* and ISAAC,* was
mandatory for all participants or their guardians.

Asthma diagnosis criteria comprised a history of
wheezing, shortness of breath during or without concurrent
respiratory infections, chronic coughing for over a month,
and a bronchodilator test confirming a 15% increase in
FEV,. Non-asthma controls met stringent criteria ensuring
the absence of asthma history and diagnosis. Additional
evaluations included skin prick tests for allergen
identification of sensitization to allergen, differential blood
counts, total serum IgE levels, and IgE levels specific to
house dust and mixed pollen, analyzed using the Unicap
system (Pharmacia, Diagnostic, Sweden) or immunoblot
method (Euroline, EUROIMMUN, Germany). A positive
skin prick test was defined as the presence of > 1 reaction
with a wheal diameter > 3 mm. Total serum IgE levels were
measured using solid-phase immunoassay (Pharmacia
IgE EIA; Pharmacia Diagnostics). In the Lithuanian study
subjects measurements of total IgE level in serum were
performed by the enzyme-linked immunosorbent assay
(ELISA) commercial kit (IBL International, Hamburg,
Germany). Limit of detection was 0.8 IU/ml. Non-allergic
subjects were identified by a total serum IgE < 100 IU and
negative skin prick test results.

All Taiwanese subjects were Han-Taiwanese residing
in Taiwan, while study subjects of Mongolia, Latvia and
Lithuania were all enrolled from an outpatient department
in their own countries, including asthmatic children and
adults, with clinical assessments mirroring the Taiwanese
study group.
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Ethics approval and consent to participate

Approval for this study was obtained from the Ethical
and Clinical Trial Committee of National Cheng-Kung
University Hospital in Tainan, Taiwan, and from the School
of Medicine at Mongolian National University of Medical
Sciences in Ulaanbaatar, Mongolia (IRB No: A-BR-106-021;
collaborative project). The research conducted in Latvian
and Lithuanian populations adhered to the principles
of the Declaration of Helsinki, with approval the study
protocol by the Central Medical Ethics Committee of Latvia
(IRB No: 01-29.1.2/4798) and Lithuania (IRB No: BE-2-74),
respectively.

Measurement  of  25-hydroxyvitamin D  [25(OH)D]
Concentration

For participants originating from Taiwan and
Mongolia, the serum concentration of 25(OH)D was

evaluated using a sandwich enzyme immunoassay (EIA)
employing a commercial kit (catalog number AC-57SFl;
Immunodiagnostic Systems, Fountain Hills, AZ, USA).
In the Lithuanian research cohort, 25(OH)D serum levels
were determined via ELISA wusing a commercial kit
(BioVendor, Brno, Czech Republic) with a detection limit
set at 2.81 ng/ml. In a Latvian study group encompassing
both patients and healthy individuals, serum 25(OH)D levels
were assessed utilizing an enzyme-linked immunosorbent
assay (25-OH-vitamin D ELISA, IBL International GmbH,
TECAN).

DNA Preparation

Genomic DNA  extraction from nucleated blood
samples of all study subjects from participating countries
using the QIAamp DNA blood kit (QIAGEN, Valencia,
CA, USA/Hilden, Germany) or similar kit for genomic
DNA extraction (Thermo Fisher Scientific) following the
manufacturer’s instructions. Extracted genomic DNA
underwent agarose gel electrophoresis, spectrophotometry
quantification, and subsequent storage at —80°C until use.

SNP Genotyping

In the Lithuanian group the selected genetic
polymorphisms were analyzed using predesigned and readily
available TagMan SNP Genotyping Assays probes (Thermo
Fisher Scientific, CA, USA) using a QuantStudio 3 Real-Time
PCR System (Thermo Fisher Scientific, MA, USA). The
standard genotyping PCR program was used: 95°C for 10 min
(polymerase activation), 95°C for 15 s (denaturation), and
60°C for 1 min (annealing and extension). The genotyping
was following the manufacturer’s instructions.

In Latvian study group the SNP rs4588 C>A
(chr4:71752606) and rs7041 G>T (chr4:71752617) were
genotyped by restriction fragment length polymorphism
(RFLP) analysis. Since these polymorphisms are 11 base
pairs apart, a single primer pair was used to amplify the
PCR product. Oligonucleotide primers were designed using
an online Primer-BLAST tool (http://www.ncbi.nlm.nih.gov/
tools/primer-blast/): forward, 5° GCCTGTGTTCACAGACTC
TTTTG 3, and reverse, 5 GGACTTCCAATTCAGCAGCGA
3’. The PCR products (634 bp) were digested in a total

volume of 10 pl using Styl and Haelll (5 U/pl, Thermo
Scientific, USA) restriction enzymes, respectively. The quality
and quantity of DNA were determined using agarose gel
electrophoresis and spectrophotometry. For quality control,
16 randomly selected samples were genotyped in duplicate
in different experiments with a genotyping concordance
of 100%. Genotyping data were also verified by direct
sequencing of the corresponding DNA fragments in both
directions. An Applied Biosystems 3130 xI genetic analyzer
was used for this purpose.

In Taiwan and Mongolian populations, selected SNPs
underwent genotyping utilizing the high-throughput
384-microtiter plate MassARRAY™ System, SEQUENOM®.
The genotyping process involved amplification of DNA
containing the SNP site, followed by the homogenous
MassEXTEND™ (hME) assay. This assay utilized label-free
primer extension chemistry to generate allele-specific
diagnostic products, each with a unique molecular weight
distinguishable through matrix-assisted laser desorption
ionization time-of-flight mass spectrometry. SNPs with a call
rate below 90% were excluded from statistical analysis.

Statistical Analysis

The quality of genotype data underwent assessment
through tests for Hardy-Weinberg equilibrium (HWE)
proportions and Mendelian inheritance consistency. The
x* test identified associations between allergic asthma and
each SNP. Logistic regression analyses were conducted to
detect associations between allergic asthma status and the
interaction of VDBP SNP and serum vitamin D concentration
in case-control samples. In the logistic regression models,
the SNP genotype was coded as 0 and 1, representing whether
the risk genotype was carried or not by the individual.

Results

In total, DNA samples were gathered from 178 individuals
of Taiwanese origin, 90 from Mongolia, 175 from Lithuania,
and 401 from Latvia. Among these, 51 individuals with
bronchial asthma were studied in the Taiwanese group, 65
in the Mongolian group, 98 in the Lithuanian group, and
149 in the Latvian group. The demographic characteristics of
enrolled samples were listed in Table 1.

SNPs rs7041 and rs4588 of the VDBP gene were conducted
genotyping to enrolled samples. The genotype distribution
and comparison between asthma and non-asthma subjects
were listed in Table 2. In the 2 x 3 contingency table analysis
by x* test, only rs4588 showed significance (p = 0.006) in
Latvian group.

We conducted additional analysis on the genotype data
using a dominant/recessive model. Within the Lithuanian
population, the comparison of rs4588 AA vs. CA+CC through
a2 x 2 x* test resulted in a p-value of 0.045. After adjusting
for sex and age through logistic regression, the p-value
remained significant at 0.044, with an odds ratio (OR) of
3.50 (95% confidence interval: 1.03, 11.84). Although a
nominal significance was detected, the findings did not
achieve statistical significance following multiple comparison
correction (Bonferroni correction, with a significance level of
p < 0.025, adjusted from p < 0.05/2).
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Table 1. Demographic characteristics of study subjects.

Asian
Taiwanese (n = 178)
Sex (male)
Age
Mongolian (n = 90)
Sex (male)
Age
Caucasian
Lithuanian (n = 175)
Sex (male)
Age
Latvian (n = 401)
Sex (male)

Age

Asthma

51
36 (71%)
7.76 (4.087)
65
39 (60%)

12.00 (10.434)

98
32 (33%)
42.68 (13.557)
149

95 (64.181)

11.72 (9.77)

N (%)/Mean (SD)

127
15 (12%)
28.16 (9.196)
25
14 (56%)

27.75 (13.159)

77
28 (36%)
35.08 (12.414)
252

104 (41.012)

48.52 (9.07)

<0.001

<0.001

0.730

<0.001

0.072

<0.001

<0.001

<0.001

Table 2. Genotyping Distribution of rs7041/rs4588, Vitamin D Levels, and Their Association with Asthma in a Multicultural

Study Cohort

rs7041* (Asp416Glu)
GG
GT
TT
P value
rs4588* (Thr420Lys)
@
CA
AA
Pvalue
Vitamin D**

P value

24 (47%)
23 (45%)

4 (8%)

29 (57%)
19 (37%)

3 (6%)

26.44 (13.22)

60 (48%) 4 (6%) 1 (4%)
47 (38%) 33 (51%) 17 (68%)
17 (14%) 28 (43%) 7 (28%)
0.468 0.338
72 (58%) 32 (49%) 17 (68%)
47 (38%) 31 (63%) 8 (32%)
5 (4%) 2 (3%) 0
0.868 0.227
69.05(29.33) | 14.96 (5.91) -
<0.001

17 (17%)
43 (47%)

31 (34%)

46 (49%)
34 (36%)

14 (15%)

17.29 (6.87)

9 (11%)
43 (57%)
24 (32%)

0.364

39 (52%)
32 (43%)
4 (5%)
0.128
24.24 (7.19)

<0.001

72 (48%)
63 (42%)

14 (9%)

47 (32%)
73 (49%)

28 (19%)

26.69 (10.74)

97 (39%)
119 (47%)
36 (14%)

0.053

58 (23%)
124 (50%)
66 (27%)
0.006
24.68 (7.68)

0.26

AS: asthma; NAS: Non-asthma; *The genotype was presented by count (%); **The vitamin D concentration is presented as the mean (SD) of vitamin D

concentration.
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Table 3. The association of genetic variants of VDBP and Vitamin D concentration.

Taiwan mean (SD)

Lithuania mean (SD)

Latvia mean (SD)

rs7041 (Asp416Glu)
GG 51.85 (28.93) 18.57 (6.36) 29.22 (11.57)
GT 58.59 (34.96) 21.74 (7.66) 25.76 (9.49)
TT 70.71 (32.90) 19.87 (8.55) 24.54 (8.63)
P value (ANOVA) 0.047 0.132 0.153

rs4588 (Thr420Lys)
CcC 56.22 (33.35) 20.79 (8.40) 26.91 (10.97)
CA 58.43 (31.94) 20.47 (7.54) 24.83 (8.51)
AA (GC2/GC2) 50.78 (23.31) 20.18 (7.81) 27.68 (10.51)
P value (ANOVA) 0.790 0.943 0.409

In the Latvian population, the comparison of rs7041 yielding conflicting results in previous studies.*® Our

GG vs. GT+TT vyielded a p-value of 0.016, with an OR of
1.72 (95% confidence interval: 1.10-2.69). For rs4588 CC
vs. CA+AA, the p-value was 0.003, and the corresponding
odds ratio was 1.88 (95% confidence interval: 1.24-2.84).
No significant results were found in Taiwanese and Mongolian
groups.

The comparison of vitamin D blood levels between
asthma and non-asthma subjects revealed that in Taiwanese
and Lithuanian populations, asthma subjects exhibited
lower vitamin D levels than their non-asthma counterparts
(Table 2). However, this trend was not observed in the
Latvian population. In the Mongolian population vitamin D
levels were determined only in asthma patients.

The relationship between blood vitamin D levels and the
genotypes of rs7041 and rs4588 was assessed using Analysis of
Variance (ANOVA). A statistically significant association was
observed solely in the Taiwanese population for the rs7041
genotype (Table 3). Subsequent post hoc analysis revealed
that the GG genotype group was significantly associated with
the lowest vitamin D levels (p = 0.017).

Discussion

Our investigation into the relationship between VDBP
genetic variants, vitamin D levels, and bronchial asthma
across diverse ethnic populations yielded several noteworthy
findings. Notably, we observed significant differences in
vitamin D levels among ethnic groups, with non-asthmatic
individuals in Taiwan displaying notably higher vitamin D
concentrations than counterparts in Mongolia, Lithuania,
and Latvia. Surprisingly, VDBP polymorphisms were
associated with asthma in the Latvian populations but not
in the Lithuanian, Taiwanese and Mongolian populations.

The association between VDBP polymorphisms and
asthma has been explored in various populations' 4?22

investigation extends this inquiry to diverse ethnic groups,
including Taiwanese, Mongolian, Lithuanian, and Latvian
individuals. The observed differences in vitamin D levels and
VDBP polymorphisms underscore the need for a cross-ethnic
perspective in understanding the role of these genetic
variants in asthma pathogenesis. Previous studies have
found that community-dwelling black Americans, compared
to whites, exhibit lower levels of total 25-hydroxyvitamin
D and vitamin D-binding protein, leading to similar
concentrations of estimated bioavailable 25-hydroxyvitamin
D.” This illustrates differences in vitamin D levels across
ethnicities. One important finding is the significant disparity
in vitamin D levels among the ethnic groups, particularly
in Taiwan, where non-asthmatic individuals exhibited
significantly higher average vitamin D concentrations
compared to the other populations. This observation aligns
with the existing literature on the influence of geographical
and environmental factors on vitamin D synthesis,
emphasizing the importance of considering regional
variations in vitamin D exposure. The differences in
vitamin D levels observed in various study groups may be
attributed to environmental, geographical and genetic
factors. Geographical locations significantly influence
the amount of sunlight exposure individuals receive.
Consequently, individuals residing in different regions
may exhibit distinct Vitamin D levels due to variations in
sunlight availability or dietary habits.” The dietary habits in
Latvia, Lithuania and Taiwan or Mongolia differ significantly
due to cultural and geographic factors. These distinctions
can influence the intake of vitamin D through food sources,
which, in turn, may impact the vitamin D levels in the
respective populations. Moreover, there is a possibility that
the VDBP gene interacts with other genes in the Vitamin D
metabolic pathway and may influence the impact vitamin D
level.
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Contrary to our expectations, VDBP polymorphisms
did not show a consistent association with asthma across
all populations. While associations were identified only in
Latvia, no significant correlation was found in Lithuania,
Taiwanese and Mongolian populations. This discrepancy
underscores the complexity of the relationship between
genetic factors and asthma susceptibility and suggests that
the impact of VDBP polymorphisms on asthma may be
modulated by vitamin D level and population-specific factors.

It is crucial to note that the VDBP variants studied
(GelE,  GcelS, and Gc2) exhibit distinct functional
characteristics. Gc2 corresponds to the rs4588 C allele,
while Gcl corresponds to the A allele. Gel can further be
differentiated into GclF and GclS based on the rs7041
allele. The GclF and GcelS variants reportedly have a higher
affinity for 25(OH)D than the Gc2 variant.?® This distinction
suggests a potential mechanism wherein the GclF and
GclS variants may lead to a more efficient delivery of
25(OH)D to target tissues. Conversely, the Gc2 variant is
associated with decreased circulating concentrations of
25(0OH)D, 1,25(0OH)2D, and DBP»?° These functional
nuances contribute to the complexity of the relationship
between VDBP genetic variants and asthma susceptibility.
The impact of VDBP genetic polymorphism on asthma
susceptibility appears to be intricately linked to vitamin D
levels. These findings emphasize the importance of
considering both genetic and environmental factors in
unraveling the complexities of asthma etiology.

The strengths of our study lie in its cross-ethnic design
and inclusion of diverse populations with distinct genetic
backgrounds and environmental exposures. However,
certain limitations should be acknowledged, such as the
relatively small sample size in some ethnic groups and the
potential influence of unexplored environmental factors.
The collected samples were constrained by varying sampling
conditions across regions and inconsistent age distributions,
preventing us from exploring differences between childhood
and adult asthma. While asthma diagnosis may not
be unequivocally established in preschool children, the
association between vitamin D or VDBP and asthma is
relevant to both adult and pediatric asthma. Future research
with larger and more diverse cohorts, along with a more
comprehensive exploration of environmental influences,
will be crucial to refining our understanding of the intricate
interplay between genetic variants, vitamin D, and asthma
susceptibility. Overall, our study contributes valuable insights
into the complex relationship between genetic variants,
vitamin D levels, and asthma across diverse populations,
paving the way for more targeted investigations in this
evolving field of research.

In conclusion, our results carry significant implications
for understanding the complex interplay between genetic
factors, vitamin D levels, and asthma susceptibility. The
observed differences among ethnic groups highlight the
importance of considering regional variations in vitamin D
exposure and genetic predispositions.
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