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Background: We designed an association study among 267 cases of children with sepsis and 283 healthy controls, by geno-
typing 9 variants in the VDR gene.

Material/Methods: This was a hospital-based, case-control, genetic association study. In addition to 3 genetic modes of inheri-
tance, haplotype and interaction analyses were employed to examine the prediction of VDR gene for pediatric
sepsis. Effect-size estimates are expressed as odds ratio (OR) and 95% confidence interval (Cl).

Results: Two variants in the VDR gene, rs2107301 and rs2189480, were found to play a leading role in susceptibility to
sepsis in children. The mutant homozygotes of rs2107301 (CC) and rs2189480 (CC) were associated with a re-
duced risk of sepsis compared with the corresponding wild homozygotes (OR: 0.44 and 0.43, 95% Cl: 0.21-0.92
and 0.23-0.81, p: 0.03 and 0.009, respectively). The mutations of rs2107301-C and rs2189480-C alleles were
associated with reduced sepsis risk. Haplotype C-C-C-C-C-T-C-A-G in the VDR gene was significantly associat-
ed with a 0.59-fold decreased risk of sepsis (95% Cl: 0.12-0.76, p: 0.02). In the haplotype—phenotype analysis,
significant association was noted for high-density lipoprotein, even after simulation correction (p,, <0.05).

Conclusions: Taken together, our findings indicate that the VDR gene may be a sepsis-susceptibility gene in Chinese Han
children.
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Background

Sepsis is commonly seen among critically ill children world-
wide, with a prevalence rate of 8.2% and an in-hospital mor-
tality rate as high as 25% [1]. The Resolution on Sepsis by the
United Nations World Health Assembly in 2017 recognized
sepsis as a global threat in children and a priority to address
during the next decade [2]. Sepsis is a polygenic and multifac-
tor symptom, with ambiguous etiology [3]. There is evidence
from studies of twins with late-onset sepsis [4,5] showing that
genetic variability may influence the susceptibility to sepsis
through the innate immune system. These genetic variants
explain different outcomes of pediatric patients under stan-
dardized treatments, and also provide important clues for new
mechanisms of sepsis.

The candidate gene approach assumes that the gene with a
known biological function is the host one regulating the inves-
tigated traits [6,7]. Using this approach, our previous study re-
vealed that the gene encoding vitamin D receptor (VDR) may
be a candidate for sepsis risk, as some variants showed a cu-
mulative effect on neonatal sepsis cases [8]. VDR is a kind of
nuclear receptor that plays a central role in 1, 25-dihydroxyvi-
tamin D3’s biological actions, and regulates mass gene expres-
sion, cellular proliferation and differentiation, and immune re-
sponse, largely in a ligand-dependent manner [9,10].

Animal experiments have shown that the activation of VDR
can protect or attenuate organ injury through inhibiting cell
apoptosis, and has even been shown in a mouse model to re-
verse sepsis-induced immunosuppression through enhancing
autophagy [11-13]. Therefore, we developed the hypothesis
that the VDR gene is a candidate gene of sepsis, and designed
a case-control study among 267 children with sepsis and 283
healthy children by genotyping 9 variants in the VDR gene to
see whether they can predict the risk of sepsis among chil-
dren in China.

Material and Methods

Study Children

This study was a hospital-based, case-control, genetic asso-
ciation study. Recruitment was carried out at the Emergency
Department and Intensive Care Unit (ICU) of the Capital Institute
of Pediatrics, Beijing, China. A total of 267 children with sep-
sis who met the criteria for treatment during the period from
October 2017 to April 2020 and 283 healthy controls were in-
cluded. The conduct of this study was approved by the Ethics
Review Committee of the Capital Institute of Pediatrics in
Beijing, China (approval ID SHERLL 2013075). All participants
read and signed the informed consent form. If children were
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unable to sign the consent form, the guardians signed on their
behalf. This study complied with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

The inclusion criteria were: a) patients under 12 years old ad-
mitted to the Pediatric Intensive Care Unit (PICU) diagnosed
with sepsis; b) patients were included if they fulfilled criteria
of the International Pediatric Sepsis Consensus Conference:
Definitions for sepsis and organ dysfunction in pediatrics [14].
The exclusion criteria were as follows: a) patients with known
autoimmune disease and cancer; b) using immunosuppressant
or immunomodulator; c) congenital organ dysfunction and d)
diagnosis of sepsis or shock over 72h.

DNA Extraction and Quality Control

Venous blood samples were taken in 5-mL Vacutainer tubes
with K.-EDTA from each participant. Plasma was separated by
centrifugation at 4°C, then frozen in a freezer at -80°C. The
RelaxGene Blood DNA System (Tiangen Biotech, Beijing, China)
was used to extract genomic DNA from white blood cells ac-
cording to the manufacturers’ guidelines. The specific process
of DNA extraction is provided in Supplementary File 1. Then,
we used a spectrophotometer to determine concentration (at
A260 nm) and purity (at A260/A280 ratio) of DNA.

Variant Selection

Nine variants in the VDR gene were selected: rs9729, rs2107301,
rs2189480, rs2239185, rs3782905, rs4516035, rs7139166,
rs11168266, and rs11168293. The selection of these vari-
ants was based on published papers [15-19] and the NCBI-
Gene website analysis (https://www.ncbi.nlm.nih.gov/gene/).

Genotyping

The 9 variants in the VDR gene were amplified by polymerase
chain reaction (PCR) and sequenced by 3730 sequencing anal-
ysis. The primer sequences were designed according to the ge-
nomic sequence deposited in the NCBI database; 10% of the
samples were randomly selected and re-genotyped to ensure
the consistency of results. Sequencing results’ alignment and
multiple comparisons were analyzed by Chromas Lite version
2.01 (http://www.technelysium.com.au). PCR was performed
using the following parameters: denaturation for 5 min at 95°C,
30 cycles of 95°C for 15 s, Tm°C for 15 s (annealing temper-
atures are provided in Supplementary File 2), and extension
for 1 min at 72°C, with a final extension for 7 min at 72°C. The
DNA extraction procedure and primer sequences are provided
in Supplementary File 2.
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Statistical Analysis

For database management and statistical analysis, we used
STATA software Release 14.1 (Stata Corp, TX). Continuous vari-
ables are expressed as mean (standard deviation), and com-
pared using the t test or Mann-Whitney U test between sep-
sis and healthy control groups according to its distribution.
Categorical variables are described as number (percentage)
and we performed the %2 test to assess differences between
groups. Genotypes and allele differences were compared us-
ing the y? test or Fisher's exact test (if 1 observation’s fre-
quency was lower than 5). Sepsis risk conferred by different
genotypes was calculated by logistic regression analysis after
adjusting for age and sex. Effect size was described as odds
ratio (OR) and 95% confidence interval (95% Cl). Two-sided
P<0.05 was considered statistically significant. We used the
additive model and dominant model to calculate risk predic-
tion of the 9 studied variants for sepsis risk.

Generally, a haplotype is a combination of multiple alleles
on one chromosome. We did some haplotype-based statisti-
cal analysis to explore the interactions of these variants. The
Haplo.em program was used to compute the haplotype fre-
quencies for the variants in different groups. Haplo.glm and
haplo.cc were used to calculate effect sizes for each variant
and haplo.score was used to estimate an individual’s pheno-
type as a function of each inferred haplotype. Simulate P (p_, )
was the statistical value after 1000 replicates. All the statis-
tical analyses based on haplotype were implemented in the
program Haplo.stats software (version 1.4.0) developed using
R language (http://www.r-project.org).

Interaction analysis was implemented using the open-source
multifactor dimensionality reduction (MDR) software package
Release 3.0.2 available from http://www.multifactordimension-
alityreduction.org/. Interaction circle graphs were used to vi-
sualize the nature of the dependencies.

Results

Baseline Characteristics

Table 1 shows the baseline characteristics of sepsis cases and
healthy controls. Controls were significantly older than cases
(45 months vs 29 months, p<0.001), and males were overrep-
resented among cases.

Single Variant Analysis
Table 2 shows the genotype distributions and allele frequen-

cies of 9 variants in the VDR gene. The genotype distribu-
tions differed very significantly for rs2107301 and rs2189480
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Table 1. The baseline characteristics of study children.

Characteristics Cases Controls
Sample size 267 283
CAge(months) 20435+ a5:38
Cse, N 182 (68%)° 149 (53%)
16 (mmol) 14 (1020 08 (0610
CHDL (mmol) 07 (0510 14 (L1-16)
DL (mmolt) 19 (1324) 22 (1927)
Camvon 26 (1046 55 (37-74)
wony 415 (306-746) 229 (207-253)
CHBDH (mmol/l) 290 (215463 169 (150-189)
CckmB (U 19 (731 2 (1825
CUrea mmol) 34 2551 38 (31-46)
MBED 34 (3038 a4 (a1-46)
O 129 (92-177) 196 (158-241)
wec oy 16 (1123 72 (5886)
RBC(IO) 40 (3545 46 (43-49)
CHGB (mmol) 110 (95-124) 126 (121-135)
CPT (mmol) 300 (210-428) 296 (236-337)

TG — triglyceride; HDL — high-density lipoprotein; LDL — low-
density lipoprotein; AMY — amylase; LD — lactate dehydrogenase;
HBDH - hydroxybutyrate dehydrogenase; CKMB — creatine
phosphokinase-Mb; ALB — albumin; ALP — alkaline phosphatase;
WBC — white blood cell; RBC - red blood cell; HGB — hemoglobin;
PLT — platelets. Data are expressed as mean+standard

deviation or median (interquartile range) or number (%), where
appropriate. The p was calculated using the t-test or Mann-
Whitney U test or y? test, where appropriate. * p<0.05 between
cases and controls.

between cases and controls (p: 0.01 and 0.004, separately).
The mutant allele frequencies of rs2107301 (C) and rs2189480
(C) were significantly higher in healthy controls than in sep-
sis groups (p: 0.003 and 0.001, respectively). There was no
hint of significant differences in the other 7 variations, either
in genotype distributions or allele frequencies, between the 2
groups. The effect size of each variations’ genotype was cal-
culated using their wild homozygous genotype as a reference
(Table 2). The mutant homozygous genotypes of rs2107301
(CC) and rs2189480 (CC) were associated with reduced risk
compared to the wild homozygous genotype (OR: 0.44 and
0.43, 95% Cl: 0.21-0.92 and 0.23-0.81, p: 0.03 and 0.009, re-
spectively). Among the genotypes of rs2189480, the CA geno-
type also showed a lower risk of sepsis than the AA type (OR:
0.62, 95% Cl: 0.43-0.90, p: 0.01). In the genotypes of the re-
maining variations, the differences in effect size were not sig-
nificant. All p values were calculated after adjusting for age
and sex in logistic regression analysis.
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Table 2. Genotype and allele distributions of VDR gene 9 studied variants between cases and controls, and genotype-based risk
prediction for sepsis mortality risk.

Variants Cases (n=267) Controls (n=283) JAET OR, 95% Cl, p value
rs9729 cc 133 (52%) 144 (53%) 0.98 Reference group
A 104 (@1%) 112 @%) 1.05,072-152,081
YT R 8 % 113,055-231,074
A 7% 7% o7
2107301 T 154 (59%) 135 (48%) o001 | Reference group
< 95 (3% 121 (3%  070,048101,006
< 12 &% 26 % 044021092003
< 2% 3% 0003
12180480 Mmoo 137 (2% 109 (39%) 0004 | Reference group
T 106 (40%) 137 (@9%) 062043090001
¢ 19 @ 3% 043,023-081,0000
< 7% 3% o000t
12230185 «© 135 (51%) 154 (55%) 032 | Reference group
- 108 (41%) 15 @%) 1.11,077-159,059
T 0 ©% B3oew 194,091-414,009
T 8% %% 024
153782005 «c 192 (% 195 (5% 020 | Reference group
@ 8 0% 60 (3%  083,053131,043
e 104w s @%»  026003239,023
@« ne 3% o013
1s4516035 T 49 ©5%) 267 (6% 041 | Reference group
a1 e® 0 @w 162,0.66-394,029
< o % Y Unavailable
< % % o5
Crs7139166 cc 28 95%) 271 (6% 054 | Reference group
B VI no@w 152,064-363,035
B o % T Unavailable
N % % o0
s11168266 GG 135 (2% 149 (53%) 072 | Reference group
oA 104 (@o%) 105 (8% 115,0.79-168,045
™M 20 ©% 26 %  089,046170,072
A 2% 26
s11168203 GG 250 (9653%) 272 (96.80%) 086 | Reference group
et °o G °o Gx» 124,046-335,068
T o 0% o % Unavailable
T % % 09

OR - odds ratio; 95% Cl — 95% confidence interval. The p values were calculated after adjusting for age and sex in a logistic regression
analysis.
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Table 3. The unadjusted and adjusted risk prediction of 9 studied variants for sepsis mortality risk under additive and dominant
models, respectively.

Variants Model Additive model Dominant model
Unadjusted 1.02, 0.78-1.35, 0.87 1.02, 0.72-1.43, 0.93

D e
Adjusted 1.24, 0.46-3.35, 0.68 1.24, 0.46-3.35, 0.68

Data are expressed as odds ratio, 95% confidence interval, p value. The p values were calculated after adjusting for age and sex in a
logistic regression analysis.

Table 4. Haplotype frequencies (>1% in all cases and controls) of variants in VDR genes between cases and controls, and haplotype-
based risk prediction for sepsis mortality risk.

Haplotype* All Cases Controls Hap-Score P P.. OR (95% Cl, P)
C-T-A-C-C-T-C-G-G 0.44 0.46 0.41 2.16 0.03 0.04 Ref.
CATATCTCAG 018 020 017 s 025 027 103 (0.70-150,025)
CCCCGTCGG 010 009 o011 148 014 015 065 (041-1.02,0.14)
ccooeTeee 006 005 o007 121 023 026 060 (0.33-112,023)
cTCCoTeGG 006 005 006 071 048 052 076 (042-136,048)
CACCTCTCAG 004 004 o004 037 071 065 086 (041-181,071)
ccocoTcAG 003 o001 o004 232 002 003 031(0.12:076,000)
CCACCTCGG 002 003 002 o068 050 o054 130 (0.51-333,050)
CATCTCTCAG 001 o001 o002 087 038 039 0.53(0.11-262,038)

Hap-Score — haplotype score, P - simulated p value; OR - odds ratio; 95% Cl — 95% confidence interval. * Alleles in each haplotype
were in order of rs9729, rs2107301, rs2189480, rs2239185, rs3782905, rs4516035, rs7139166, rs11168266 and rs11168293
polymorphisms.
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Table 5. Global testing of all haplotypes with anthropometric
index and clinical biomarkers.

Characteristics st(i lt?:tai::s
Age (month) 14.05 0.93 0.77
TG (mmolt) 1235 093 077
CHDL(mmol) 6956 <0001 002
OL(mmol) 1512 082 069
Caweny 592 100 082
‘oo 676 099 077
CHBDH (mmol) 900 099 082
Cams Uy 53 100 075
CUrea(mmol) 2726 05 022
mBEY 398 100 069
CAPUA) 3094 012 018
wecov) 1099 098 079
CRBCOO) 19020 070 060
CHGB (mmoll) 2301 046 037
P (mmol) 2704 05 027

TG — triglyceride; HDL — high-density lipoprotein; LDL — low-
density lipoprotein; AMY — amylase; LD — lactate dehydrogenase;
HBDH - hydroxybutyrate dehydrogenase; CKMB — creatine
phosphokinase-Mb; ALB — albumin; ALP — alkaline phosphatase;
WBC — white blood cell; RBC - red blood cell; HGB — hemoglobin;
PLT — platelets.

The unadjusted and adjusted risk predictions of the 9 stud-
ied variants in the VDR gene for sepsis mortality risk were cal-
culated in both additive and dominant models to correct for
some mutant homozygotes that were not sufficiently numer-
ous, which has an impact on the predictive value (Table 3). In
general, 2 variants, rs2107301 and rs2189480, showed sig-
nificant protective effects under the additive and dominant
model. The effect sizes were: rs2107301 in the additive model
(OR: 0.68, 95% Cl: 0.51-0.91, p: 0.008), rs2107301 in the dom-
inant model (OR: 0.65, 95% Cl: 0.46-0.93, p: 0.02), rs2189480
in the additive model (OR: 0.64, 95% Cl: 0.49-0.84, p: 0.001),
and rs2189480 in the dominant model (OR: 0.58, 95% Cl:
0.41-0.83, p: 0.003). All the results were meaningful regard-
less of whether factors were adjusted or not.

Haplotype Analysis and Haplotype-Phenotype Association

Table 4 presents the derived haplotype frequencies and risk
estimates for pediatric sepsis. Haplotype C-T-A-C-C-T-C-G-G
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Figure 1. The interaction of 9 variants under study in
predisposition to pediatric sepsis.

(alleles arranged by order of rs9729, rs2107301, rs2189480,
rs2239185, rs3782905, rs4516035, rs7139166, rs11168266,
and rs11168293, with the same hereafter) was the most com-
mon (frequency less than 1% is not displayed). Frequency of
haplotype C-C-C-C-C-T-C-A-G was significantly higher in con-
trols than in cases (4% vs 1%, p: 0.02) and was significantly
associated with a 0.59-fold decreased risk of pediatric sepsis
(95% Cl: 0.12-0.76, p: 0.02). Other haplotypes had no signifi-
cant association with sepsis risk.

We explored a haplotype—phenotype association by taking all
haplotypes of the 9 studied variants as a whole, and tested
the comprehensive correlation of haplotypes with all collect-
ed baseline characteristics (Table 5). A significant association
was noted for high-density lipoprotein (HDL) in sepsis patients
after simulation correction (p,, <0.05).

Interaction Analysis

The interaction of the 9 variants under study in predisposition
to sepsis in children is displayed in Figure 1. Blue lines and
green lines represent antagonism, and the intensity of blue
was stronger than that of green; red lines or orange lines rep-
resent synergistic effect, and the intensity of red was stron-
ger than that of orange (this study did not produce red or or-
ange lines, indicating that antagonism was dominant among
various sites). Overall, there was no evidence of synergistic in-
teraction between variants.
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Discussion

Our results support the hypothesis of this study, by showing
that the VDR gene might be a candidate gene for pediatric
sepsis. Specifically, 2 variants in the VDR gene, rs2107301 and
rs2189480, may play a leading role in susceptibility to sepsis.
In addition, the mutations of rs2107301-C and rs2189480-C
alleles may be factors protecting against sepsis. To the best of
our knowledge, this is the first study reporting an association
between these 9 variants and sepsis susceptibility.

The study by Zeljic et al [20] evaluated 4 variants in the VDR
gene in predisposition to sepsis, and they found only 1 variant
was significantly associated with this disease. However, wheth-
er the VDR gene is a sepsis-susceptibility gene still needs fur-
ther exploration. To extend the findings of previous studies,
we genotyped 9 intronic variants in the VDR gene and found
the significant contribution of rs2107301 and rs2189480 to
sepsis in Chinese children, especially for the mutant homozy-
gotes. As the 2 significant variants are mapped on the intron-
ic regions, it is reasonable to speculate that 1 or 2 of these
variants may be in linkage disequilibrium with other function-
al variants in or adjacent to the VDR gene. In addition, the 2
variants might play a part in the process of selective splicing
during transcription [21].

Our study provides evidence of associations of rs2107301 and
rs2189480 with sepsis risk for the first time. As is known, sep-
sis is a multi-system disease. While VDR is almost ubiquitous-
ly expressed, nearly all cells respond to 1,25-dihydroxyvitamin
D [22]. Animal experiments showed that when VDR-deficient
mice were exposed to predisposing factors, their sensitivity to
autoimmune diseases increased significantly, which may due to
inhibiting the NF-xB pathway and activating autophagy [9,22].
After blocking NF-kB pathways, VDR signaling suppressed miR-
802 expression or activated CD4+ T cells to participate in the
immune response [23]. It is reasonable to consider that VDR
gene mutation may affect immune status so that pathogens
cannot be eliminated effectively, and then cause an outbreak
of sepsis. These variants have also been reported to be relat-
ed with primary diseases such as essential hypertension, as
well as tumor development [24-26].

In the test of all haplotypes with clinical biomarkers, we found
a significant association noted for HDL in sepsis patients.
This suggests that the effect of haplotypes on sepsis is re-
lated to HDL. HDL particles are emulsions of metabolites, lip-
ids, and proteins that protect by removing cholesterol from
tissues, so high levels of HDL have a protective effect on the
body [27-29]. However, a low HDL level was associated with the
VDR gene [30,31]. Previous studies have shown that VDR genet-
ic variants can change energy metabolism by regulating adipose
tissue activity, especially in rs2189480, an AAA haplotype can

CLINICAL RESEARCH

even increase the risk of cardiovascular disease [32-34]. The
effect of the VDR gene on HDL occurs via multiple channels.
Studies in VDR-KO mice and VDR-Tg mice showed that over-
expression of VDR corresponded with decreased expression of
uncoupling proteins [34,35]. However, mice with adipose-spe-
cific VDR deletion expressed elevated white adipose tissue and
overexpressed Ucpl and Pparg, supporting that these genes
act as VDR targets in mature adipocytes [35]. White adipose
tissue dysfunction has a serious impact on both the quanti-
ty and function of HDL and other lipoproteins, indirectly pro-
viding evidence that VDR regulates HDL [36]. Collectively, our
research supports the views discussed above, and we specu-
late that HDL may be a ring node in the pathogenesis of VDR
genetic variants associated with sepsis risk.

Limitations

Several limitations should be acknowledged for this study.
Firstly, there was a significant difference between groups in
sex and age. Although we carried out statistical adjustments,
the bias cannot be eliminated. Secondly, as an observational
case-control association study, our results cannot prove the
cause-effect relationship between VDR gene and pediatric sep-
sis risk. Thirdly, a small-sample bias may exist in this study,
so the results should be considered as preliminary. Fourthly,
the genetic variation coverage in the VDR gene was limited.

Conclusions

Taken together, our findings indicate that the VDR gene may
be a sepsis-susceptibility gene in children from China. In par-
ticular, 2 variants in the VDR gene, rs2107301 and rs2189480,
played a leading role in predicting pediatric sepsis risk. We
agree that future large-scale, well-designed studies are war-
ranted to further confirm or refute the findings of this study.
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Supplementary Materials

File 1. DNA extraction procedure.

1. Preparation of samples: Pipet 200 pl sample to the microcentrifuge tube. If the volume is less than 200 pl, adjust vol-
ume to 200 pl with buffer GA. If the sample volume is more than 200 pl, e.g.300 pl-1ml, please refer the following step:
add 3 times volume Red Cell Lysis Buffer to the sample, then invert the tube and close the cap. Stay the tube in room
temperature (15-25°C) for 5min, and centrifuge at 12,000 rpm (~13,400xg) for 1 min, then discard the flow-through
and pipet 200 pl buffer GA and mix by pulse-vortexing.

2. Add 20 pl Proteinase K, mix thoroughly by vortexing. If the sample is tissue: incubate at 56°C until the tissue is com-
pletely lysed.

3. Add 200 pl Buffer GB to the sample, mix thoroughly by vortexing, and incubate at 70°C for 10 min to yield a homoge-
neous solution. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the inside of the lid.

4. Add 200pl ethanol (96-100%) to the sample, and mix thoroughly by vortexing for 15 s. A white precipitate may form
on addition of ethanol. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the inside of the lid.

5. Pipet the mixture from step 4 into the TIANamp Spin Column CB3 (in a 2 ml collection tube) and centrifuge at 12,000
rpm(~13,400xg) for 30s. Discard flow-through and place the spin column into the collection tube.

6. Add 500 pl Buffer GD to TIANamp Spin Column CB3, and centrifuge at 12,000 rpm (~13,400xg) for 30s, then discard
the flow-through and place the spin column into the collection tube.

7. Add 700pl Buffer PW to TIANamp Spin Column CB3, and centrifuge at 12,000 rpm (~13,400xg) for 30s. Discard the flow-
through and place the spin column into the collection tube.

8. Add 500pl Buffer PW to TIANamp Spin Column CB3, and centrifuge at 12,000 rpm (~13,400xg) for 30s. Discard the flow-
through and place the spin column into the collection tube.

9. Centrifuge at 12,000 rpm (~13,400xg) for 2 min to dry the membrane completely.

10. Place the TIANamp Spin Column CB3 in a new clean 1.5 ml microcentrifuge tube, and pipet 50-200 pl Buffer TE or dis-
tilled water directly to the center of the membrane. Incubate at room temperature (15-25°C) for 2-5 min, and then cen-
trifuge for 2 min at 12,000 rpm (~13,400xg).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932518-8




He D. et al:
VDR and sepsis in Chinese children
© Med Sci Monit, 2021; 27: €932518

CLINICAL RESEARCH

File 2. Primers involved in the experiment.

Rs number Primer name Primer sequences Tm (°C) Product length (bp)

VDR-P1-F CCTTGCACCTGCATCCGTAG

rSO729 60 856
VDR-P1-R GAAAAGGACACCGGACCATGA
VDR-P2-F CTGTGCCGTTCATTTGGA

rs2107301 60 284
VDR-P2-R AGTGTTGGGCTGTCTGGT
VDR-P3-F AGAGAGCAGCTGAGGCAATG

rS2189480 60 415
VDR-P3-R GGACACCATTACGCTCTGGA
VDR-P4-F TCATTGCCATTTCCATAC

r$2239185 60 387
VDR-P4-R GACATTTACACCCTCCTCT
VDR-P5-F GACAGATGGTCCTTTCTT

rS3782905 58 693
VDR-P5-R AATCCACTACCCACTACA
VDR-P6-F GATGGCTGCGGAAAACTCAC

rS4516035 60 470
VDR-P6-R ATTGAGTTGTGAGGGGCTGG
VDR-P7-F AGGCATAGCGTTTGATTG

rS7139166 58 212
VDR-P7-R GGTATTGGTGGTTGGAAA
VDR-P8-F TTTCACCATAGCAAACCCAA

rS11168266 60 391
VDR-P8-R CTCCCAGCAGGCAGACAT
VDR-P9-F ACCAAGGAACCCTGAGAC

rS11168293 60 481
VDR-P9-R GAAGGCAAATAGGAAACAAT

References:

1. Weiss SL, Fitzgerald JC, Pappachan J, et al. Global epidemiology of pediat- 13. Shang S, Wu J, Li X, et al. Artesunate interacts with the vitamin D receptor
ric severe sepsis: The sepsis prevalence, outcomes, and therapies study. to reverse sepsis-induced immunosuppression in a mouse model via en-
Am ) Respir Crit Care Med. 2015;191(10):1147-57 hancing autophagy. Br J Pharmacol. 2020;177(18):4147-65

2. Schlapbach LJ, Kissoon N. Defining pediatric sepsis. JAMA Pediatr. 14. Goldstein B, Giroir B, Randolph A. International pediatric sepsis consen-
2018;172(4):312-14 sus conference: definitions for sepsis and organ dysfunction in pediatrics.

3. Chen F, Wang Y, Zhang W, et al. A functional polymorphism-mediated dis- Pediatr Crit Care Med. 2005;6(1):2-8
ruption of EGR1/ADAM10 pathway confers the risk of sepsis progression. 15. Ban Y, Taniyama M, Ban Y. Vitamin D receptor gene polymorphism is asso-
mBio. 2019;10(4);e01663-19 ciated with Graves’ disease in the Japanese population. J Clin Endocrinol

4. Dahmer MK, Randolph A, Vitali S, et al. Genetic polymorphisms in sepsis. Metab. 2000;85(12):4639-43
Pediatr Crit Care Med. 2005;6(3 Suppl.):561-73 16. Kaya-Akyiizlii D, Kayaalti Z, Sdylemez E, et al. Does maternal VDR Fokl sin-

5. Bizzarro MJ, Jiang Y, Hussain N, et al. The impact of environmental and ge- gle nucleotide polymorphism have an effect on lead levels of placenta, ma-
netic factors on neonatal late-onset sepsis. ) Pediatr. 2011;158(2):234-8.e1 ternal and cord bloods? Placenta. 2015;36(8):870-75

6. Zhu M, Zhao S. Candidate gene identification approach: progress and chal- 17. Meyer V, Bornman L. Cdx-2 polymorphism in the vitamin D receptor gene
lenges. Int ) Biol Sci. 2007;3(7):420-27 (VDR) marks VDR expression in monocyte/macrophages through VDR pro-

’ o moter methylation. Inmunogenetics. 2018;70(8):523-32

7. Yue LL, Wang FC, Zhang ML, et al. Association of ATM and BMI-1 ge- i .
netic variation with breast cancer risk in Han Chinese. J Cell Mol Med. 18. Yang Z, Wang Q, Zhong JF, et al. Polymorphisms of the VDR gene in pa-
2018;22(7):3671-78 tients with nephrolithiasis in a Han Chinese population. Urolithiasis.

’ ) 2019;47(2):149-54

8. Tayel SI, Soliman SE, Elsayed HM. Vitamin D deficiency and vitamin D re- X o
ceptor variants in mothers and their neonates are risk factors for neona- 19. Zhang L, Zhang S, He C, et al. VDR gene polymorphisms and allergic diseas-
tal sepsis. Steroids. 2018;134:37-42 es: Evidence from a meta-analysis. Immunol Invest. 2020;49(1-2):166-77

9. Bakke D, Sun J. Ancient nuclear receptor VDR with new functions: Microbiome 20. Zeljic K, Elkilany A, Supic G, et al. Vitamin D receptor gene polymorphisms
and inflammation. Inflamm Bowel Dis. 2018;24(6):1149-54 association with the risk of sepsis and mortality. Int J Immunogenet.

2017;44(3):129-34
10. Wang Y, Zhu J, DeLuca HF. Where is the vitamin D receptor? Arch Biochem ® . . . . X
Biophys. 2012;523(1):123-33 21. Baralle D, Baralle M. Splicing in action: Assessing disease causing sequence
3 L L o changes. ) Med Genet. 2005;42(10):737-48
11. Du J, Jiang S, Hu Z, et al. Vitamin D receptor activation protects against li- . . . i i
popolysaccharide-induced acute kidney injury through suppression of tu- 22. Bouillon R, Carrnellgt G, Verlinden L, et al. Vitamin D and human health:
bular cell apoptosis. Am J Physiol Renal Physiol. 2019;316(5):F1068-77 Lessons from vitamin D receptor null mice. Endocr Rev. 2008;29(6):726-76
12. Kong J, Zhu X, Shi Y, et al. VDR attenuates acute lung injury by block- 23. Zhao B, Xu N, Li R, et al. Vitamin D/VDR signaling suppresses microRNA-

ing Ang-2-Tie-2 pathway and renin-angiotensin system. Mol Endocrinol.
2013;27(12):2116-25

802-induced apoptosis of keratinocytes in oral lichen planus. FASEB J.
2019;33(1):1042-50

Indexed in:

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932518-9




CLINICAL RESEARCH

24.

25.

26.

27.
28.

29.

30.

Zgaga L, O;Sullivan F, Cantwell MM, et al. Markers of vitamin D exposure
and esophageal cancer risk: A systematic review and meta-analysis. Cancer
Epidemiol Biomarkers Prev. 2016;25(6):877-86

Gu H, Wang X, Zheng L, et al. Vitamin D receptor gene polymorphisms and
esophageal cancer risk in a Chinese population: A negative study. Med
Oncol. 2014;31(2):827

Shen F, Guo C, Wang Y, et al. Low serum 25-hydroxyvitamin D levels may
increase the detrimental effect of VDR variants on the risk of essential hy-
pertension. Eur J Clin Nutr. 2020;74(7):1091-99

El Khoudary SR. HDL and the menopause. Curr Opin Lipidol. 2017;28(4):328-36

Gordon DJ, Rifkind BM. High-density lipoprotein — the clinical implications
of recent studies. N Engl ) Med. 1989;321(19):1311-16

Kajani S, Curley S, McGillicuddy FC. Unravelling HDL-looking beyond the
cholesterol surface to the quality within. Int J Mol Sci. 2018;19(7):1971

Al-Daghri NM, Al-Attas OS, Alkharfy KM, et al. Association of VDR-gene vari-
ants with factors related to the metabolic syndrome, type 2 diabetes and
vitamin D deficiency. Gene. 2014;542(2):129-33

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

31.

32.

33.

34.

35.

36.

€932518-10

He D. et al:
VDR and sepsis in Chinese children
© Med Sci Monit, 2021; 27: €932518

Gussago C, Arosio B, Guerini FR, et al. Impact of vitamin D receptor poly-
morphisms in centenarians. Endocrine. 2016;53(2):558-64

Sun, H, Long, SR, Li, X, et al. Serum vitamin D deficiency and vitamin D re-
ceptor gene polymorphism are associated with increased risk of cardiovas-
cular disease in a Chinese rural population. Nutr Res. 2019;61:13-21

Shen F, Wang Y, Sun H, et al. Vitamin D receptor gene polymorphisms are
associated with triceps skin fold thickness and body fat percentage but
not with body mass index or waist circumference in Han Chinese. Lipids
Health Dis. 2019;18(1):97

Xu Y, Lou Y, Kong J. VDR regulates energy metabolism by modulating re-
modeling in adipose tissue. Eur J Pharmacol. 2019;865:172761

Matthews DG, D’Angelo J, Drelich J, et al. Adipose-specific VDR deletion al-
ters body fat and enhances mammary epithelial density. J Steroid Biochem
Mol Biol. 2016;164:299-308

Juarez-Rojas JG, Torre-Villalvazo I, Medina-Urrutia AX, et al. Participation of
white adipose tissue dysfunction on circulating HDL cholesterol and HDL par-
ticle size in apparently healthy humans. Int ) Obes (Lond). 2020;44(4):920-28

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



