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Abstract: Background: Myocardial Infarction (MI) is one of the leading causes of morbidity and mor-
tality in Egypt and worldwide. Vitamin D deficiency has long been linked to incidence of cardiovascu-
lar diseases. Several factors were reported to contribute to serum vitamin D level including exposure to
sunlight. However, genetic variations in the vitamin D metabolic pathways have also been considered
as strong determinants of vitamin D levels. CYP2R1 is the major 25-hydroxylase enzyme that is re-
sponsible for the 1st activation step of vitamin D.

Objective: to investigate the contribution of polymorphisms in CYP2R1 gene to vitamin D deficiency

and incidence of MI in Egyptians.
ARTICLE HISTORY

Methods: The study included 323 subjects; 185 MI patients and 138 healthy controls. Serum 250HD3,
250HD?2 and total 250HD levels were measured using LC-MS/MS. SNPs 152060793 and rs1993116
were determined by polymerase chain reaction - restriction fragment length polymorphism (PCR-
Dpor RFLP) which is considered one of the most commonly used techniques in genotyping. SNP
00000000000000000000000000000000  rs10766197 was detected using TagMan allele discrimination assay.

Results: Serum 250HD3, 250HD2 and total 25SOHD levels were found to be significantly lower in MI
patients than controls. The three studied SNPs were associated with significantly different total
250HD levels and their genotype distributions differed significantly between MI patients and controls
where the high risk genotypes were AG/AA for rs2060793, AG/GG for rs1993116 and AG/AA for
rs10766197. Additionally, the concurrent presence of high risk genotypes of the three studied SNPs
rendered those individuals at extremely higher risk for M1 than each individual SNP (OR 14.1, 95% CI
(3.1-64.7), p-value =< 0.0001).

Received: December 31, 2017
Revised: April 04,2018
Accepted: May 26,2018

Conclusions: Genetic variants of CYP2R1 are key determinants of serum 250HD levels and are
highly associated with MI risk.
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1. INTRODUCTION vitamin D were significantly linked to cardiovascular risk

Over the past two decades, vitamin D deficiency has been factors including hypertension, hyperlipidemia, chronic kid-

reported to be associated with several disorders including
cardiovascular diseases, fractures and cancer [1]. Numerous
studies have demonstrated the predominance of vitamin D
deficiency in patients with cardiovascular disease and its
strong relation with mortality [2]. Additionally, low levels of
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ney disease, and diabetes [3].

Myocardial infarction is one of the main causes of death
and disability worldwide. Severe vitamin D deficiency in
patients with acute coronary syndromes was shown to be
remarkably and independently associated with in-hospital
death [4]. Preliminary clinical trials reported that vitamin D
supplementation was highly beneficial in patients with CVD

[5].

Vitamin D is obtained naturally by skin exposure to sun
light (UVB radiation coming from sunlight is considered the
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major source of the vitamin) or from diet or supplements. It
is biologically inactive and undergoes two hydroxylation
steps to proceed to its active form. The 1st hydroxylation
step is performed by the enzyme 25-hydroxylase to produce
25(OH)D, the major circulating form of inactive vitamin D
[6]. CYP2R1 had been reported as the major 25-hydroxylase
enzyme in humans with a 26-fold higher hydroxylation ac-
tivity toward vitamin D3 than CYP27A1 [7].

Vitamin D deficiency can occur as a result of many ge-
netic and non-genetic factors. Recent genome wide associa-
tion studies called attention to the potential role of the ge-
netic variants of proteins involved in the vitamin D pathway,
whether synthesis, metabolism, transport or elimination, in
the control of its circulating levels [8]. Studies on Dutch
older population estimated the responsibility of genetic vari-
ability for 35% of the differences in 25(OH)D status among
their population [9]. Despite of the growing body of evi-
dence that suggests the association of CYP2R1 genetic po-
lymorphisms and increased risk of vitamin D deficiency
[10], more studies on different populations are still needed
due to limited ethnic groups that were involved in the previ-
ous studies.

The major aim of the current study was to explore the
effect of rs2060793, rs1993116 and rs10766197 SNPs in
CYP2RI1 gene on vitamin D levels and the incidence of
myocardial infarction in the Egyptians. The 3 SNPs included
in the current study were rs2060793 in the promoter region,
rs10766197 in the 5' flanking region and rs1993116 in intron
1 of CYP2RI gene.

2. METHODS
2.1. Study Participants

Three hundred twenty-three subjects participated in the
study and were subdivided into two groups. One hundred
eighty-five MI patients with a mean age of 54.75 + 0.7 years
(mean + SEM) were recruited from the inpatients and outpa-
tients of the National Heart Institute (NHI) in Imbaba, Cairo,
Egypt. They had either ST elevated myocardial infarction
(STEMI); non-ST elevated myocardial infarction (NSTEMI),
or Unstable angina that progressed into MI. Random unre-
lated one hundred thirty-eight healthy volunteers aged 49.49
+ 0.86 years (mean = SEM) were enrolled in the control
group. Exclusion criteria for both groups included muscu-
loskeletal diseases, kidney disease, major organ failure or
intake of medications known to affect vitamin D levels or its
metabolism. All appropriate steps have been taken in obtain-
ing informed consent of all human subjects participating in
the research. Furthermore, the procedures employed were
reviewed and approved by our institutional ethics committee.

2.2. Assessments
2.2.1. Clinical Assessment

A wall mounted stadiometer was used to measure par-
ticipants’ height in centimeters. A regular balance was used
to measure their weight in kilograms. BMI (kg/m2) was cal-
culated. ECG and cardiac enzymes were used to diagnose ST
elevated MI, non-ST elevated MI and unstable angina.

Sedky et al.

2.2.2. Laboratory Studies

Blood samples were collected from all subjects involved
in the study in EDTA vacutainers and centrifuged at 2,500
rpm for 15 minutes at 4°C. The resulting plasma was stored
at -80°C until 25(OH)D analysis. Levels of total 25-
hydroxyvitamin D (D2 and D3) were determined using liquid
chromatography tandem mass spectrometry (LCMS/MS). The
instrument Waters ACQUITY Xevo TQD system, which
consists of an ACQUITY UPLC H-Class system and
XevoTM TQD triple-quadrupole tandem mass spectrometer
with an electrospray ionization (ESI) interface (Waters
Corp., Milford, MA, USA) was used for detection. Acquity
BHE C18 100 mm x 2.1 mm column (particle size, 1.7 um)
was used to separate analytes (Waters, Wexford, Ireland).
Subjects identified as having normal/sufficient vitamin D
levels if their plasma 25(OH)D concentrations were greater
than or equal to 30 ng/mL, whereas insufficient and deficient
if their plasma 25(OH)D levels between 20 and 29 ng/mL
and less than 20 ng/mL, respectively. Intra-assay coefficient
of variations (CVs) are 1.4, 3.09 and 1.98 % at 15, 33 and
100 ng/ml of 25OHD3 and 3.55, 2.56, 3.82 % at 10, 50 and
100 ng/ml of 250HD?2, respectively. Inter-assay CVs are
7.96, 6.29 and 6.58 % at 15, 33, and 100 ng/ml of 250HD3
and 9.2, 6.76, and 6.67 % at 10, 50, and 100 ng/ml, respec-
tively.

2.2.3. Genetic Studies

2.2.3.1. Extraction_and Purification of DNA from Human
Blood by Spin Protocol

DNA extraction and purification from whole blood was
done using ABIO pure extraction kit (Cat #: M501DP100,
Bothell, Washington, USA). The purified DNA was free of
protein, nucleases, and other contaminants or inhibitors.
DNA was stored at -20°C for PCR analysis.

2.2.3.2. Determination of rs2060793 Polymorphism of
CYP2RI1

SNP rs2060793 of CYP2R1 gene was detected using
PCR-RFLP. The PCR reaction was performed in a final vol-
ume of 50 pl containing 10 pl genomic DNA, 3 pul (10
pmole/ul) of each primer, 25 ul of RedTaq Master Mix and 9
pl nuclease free water. PCR cycles were as follows: initial
denaturation at 95°C for 5 min. followed by 29 cycles each
of denaturation at 95°C for 30 sec, annealing at 61°C for 45
sec and extension at 72°C for 45 sec. A final extension step
was carried out at 72°C for 10 min. The primers used were
forward (5° — 3°): CCTTCCAACATCGCTGTCTCT and
reverse (5 — 3°): CTCTCAGAGGACAAGGTTTGCT. The
resulting PCR product size was 336 bp. Enzyme digestion
(RFLP) of PCR product was carried out using Thermo Sci-
entific Fastdigest Hinfl restriction enzyme (#FD0804, Lot:
00439235, Carlsbad, California, US). The digested products
were subjected to electrophoresis on 1.4% agarose gel
stained with ethidium bromide. Digested fragments of 237
bp and 99 bp indicate the presence of the G allele, while the
appearance of only 1 undigested fragment of 336 bp indi-
cates the presence of A allele (Fig. 1).
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Fig. (1). A representative picture of the outcome of gel electropho-
resis to detect SNP rs2060793.

2.2.3.3. Determination of rs1993116 Polymorphism of
CYP2RI1

SNP rs1993116 of CYP2R1 gene was also determined
using PCR-RFLP. The primers used in PCR were forward
(5> — 3°): CCTTCCAACATCGCTGTCTCT and reverse (5’
— 3”): CTCTCAGAGGACAAGGTTTGCT. The PCR reac-
tion final volume was 50 pl containing 10 pl genomic DNA,
3 ul (10 pmole/pl) of each primer, 25 ul of RedTaq Master
Mix and 9 ul nuclease free water. PCR cycles were as fol-
lows: initial denaturation at 95°C for 5 min. followed by 29
cycles each of denaturation at 95°C for 30 sec, annealing at
56 °C for 45 sec and extension at 72°C for 45 sec. A final
extension step was carried out at 72°C for 10 min. The re-
sulting PCR product size was 552 bp. Enzyme digestion
(RFLP) of PCR product was carried out using Sphl-HF re-
striction enzyme (New England BioLabs, Lot: 0031608).
The digested products were subjected to electrophoresis on
1.4% agarose gel stained with ethidium bromide. In the pres-
ence of the A allele the restriction enzyme digests the PCR
product to 400 bp and 152 bp fragments while the G allele
appears as one undigested fragment of 552 bp (Fig. 2).

552 bp
L 400 bp

152 bp

Fig. (2). A representative picture of the outcome of gel electropho-
resis to detect SNP rs1993116.

2.2.3.4. Determination of rs10766197 Polymorphism of
CYP2RI1

SNP rs10766197 was assessed using TagMan® allele
discrimination assay on Applied Biosystems Fast Real Time
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PCR (CA, USA). Genotyping was performed in duplicate,
and the results showed 100% reproducibility.

2.3. Statistical Analyses

Analyses were carried out using GraphPad Prism soft-
ware, version 6.0land IBM SPSS software, version 22.0.
Data are represented as mean = SEM. D’Agostino and Pear-
son omnibus test, as well as, Shapiro-Wilk normality test
was used to test for normality. Serum 25(OH)D levels were
compared for each CYP2R1 SNP using the Kruskal-Wallis
test, and Mann-Whitney test was performed to assess the
paired difference between two genotypes within each SNP.
Multvariate logistic regression analysis was performed to
eradicate the influence of the other perplexing factors of vi-
tamin D status (s-25OHD levels) such as age, sex, BMI and
smoking. The genotype distribution of each SNP was as-
sessed for Hardy-Weinberg equilibrium (HWE). To compare
differences between genotypic groups, odds ratio (Fisher's
exact test) was used. P-values <0.05 were considered statis-
tically significant.

3. RESULTS
3.1. Baseline Analysis

The baseline characteristics for all study subjects are
shown in Table 1. The mean BMI for patients was found to
be remarkably higher than that of the control subjects, and
within both groups; women tend to have higher BMI than
men. The percentage of smokers was significantly higher in
MI patients than the controls. The majority of MI patients
enrolled in the study were diagnosed with STEMI (72%).

3.2. Levels of 250HD3, 250HD2 and Total 250HD
among Study Participants

The majority of MI patients enrolled in this study (82%)
were found to be deficient in vitamin D, contrarily, only very
few healthy volunteers (3%) were deficient in vitamin D
(Table 1). In individuals with MI, the percentage of those
with insufficient 250HD levels was 12 % which is also
higher than the percentage of those with insufficient 20HD
levels in the control group (9 %). Levels of 250HD3,
250HD2 and total 250HD were significantly lower in MI
than in the control group (p <0.0001) (Table 1). No signifi-
cant difference in 250OHD levels between the different sub-
types of MI patients (STEMI, NSTEMI and unstable angina)
was observed. However, significantly lower 250HD3,
250HD2 and total 250HD levels were only observed be-
tween each subtype of MI patients and the control group (p
<0.0001 for each subtype vs. controls) (Table 2).

3.3. Relationship between CYP2R1 Polymorphisms
(rs2060793, rs1993116 and rs10766197) and 25(OH)D in
all Study Subjects

A significant difference in 250HD levels was observed
between CYP2R1 genotypes in the three studied SNPs. In
rs2060793 SNP, total 250HD level was 31.4 + 1.4 ng/ml
(mean £ SEM) in the major genotype GG, 28.6 + 1.4 ng/ml
in heterozygous and 20.6 + 1.4 in the minor genotype AA (p
=0.0003). A similar trend was observed in SNP rs10766197,
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Table 1. Baseline demographics, genotype distribution and clinical characteristics of the study population.
MI Patients Healthy Volunteers (Control Group)
Overall, N=185 Men, N=133 ‘Women, N=52 Overall, N=138 Men, N=123 ‘Women, N=15
Age (years) 54.8+0.7 53.6+0.8 57.7+15 49.5+0.86 492409 51.6 3.1
BMI (kg/m2) 2544 (0.3%** 247+£0.4 27.3+£0.6 22.1+0.15 22+0.2 22.7+£04
Smokers / Non-Smokers, N (%)
Smokers 99 (549%) 97 (73%) 2 (4%) 41 (30%) 37 30%) 4 (27%)
Non-smokers 86*** (46%) 36 (27%) 50 (96%) 97 (70%) 86 (70%) 11 (73%)
Other Chronic Conditions
Diabetes, N(%) 19 (10%) 14 (11%) 5 (10%) None None None
Hypertension, 13 (7%) 7 (5%) 6 (12%) None None None
N(%)
Vitamin D
Serum 25(OH)D 17.4 £ 0.4%%* 178405 164+0.7 433%1.1 434%12 424+27
(ng/ml)
25(0OH)D = 30 o o o o o o
ng/ml N (%) 10 (6%) 9 (6%) 1.(2%) 121 (88%) 107 (87%) 14 (93%)
25(OH)D 20-30 . . ) ) ) .
ng/ml N (%) 23 (12%) 18 (14%) 5 (10%) 12 (9%) 11 (9%) 1 (7%)
25(0H)D <20 . . . 5 5
gl N (%) 152 (82%) 106 (80%) 46 (88%) 5 (3%) 5 (4%) None
CYP2R1 Genotype
rs2060793 SNP
GG, N (%) 79 (43%) 54 (41%) 25 (48%) 70 (51%) 60 (49%) 10 (67%)
AG, N (%) 67 (36%) 48 (36%) 19 (37%) 53 (38%) 48 (39%) 5(33%)
AA, N (%) 39 (21%) 31 (23%) 8 (15%) 15 (11%) 15 (12%) None
rs1993116 SNP
GG, N (%) 110 (60%) 73 (55%) 37 (71%) 50 (36%) 45 (37%) 5(33%)
AG, N (%) 67 (36%) 52 (39%) 15 (29%) 57 (41%) 50 (41%) 7 (47%)
AA, N (%) 8 (4%) 8 (6%) None 31 (23%) 28 (23%) 3 (20%)
rs10766197 SNP
GG, N (%) 34 (18%) 26 (20%) 8 (15%) 38 (28%) 35 (29%) 3 (20%)
AG, N (%) 96 (52%) 68 (51%) 28 (54%) 69 (50%) 59 (48%) 10 (67%)
AA, N (%) 55 (30%) 39 (29%) 16 (31%) 31 (22%) 29 (23%) 2 (13%)
Clinical Diagnosis
ST elevzf,;e;i ML N 134 (72%) 101 (76%) 33 (64%) None None None
0
Non-ST elevated o o o
ML, N (%) 31 (17%) 22 (17%) 9 (17%) None None None
Unmblﬁ;‘;gma’ N 20 (11%) 10 (8%) 10 (19%) None None None
0

*** Significant difference from the control group at p < 0.0001. Age, BMI and serum 250HD levels are referred to in the table as mean + SEM.
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250HD levels among different groups of MI patients vs. control subjects. No significant difference is observed among

different groups of patients. However, a significant difference is obtained between each of the studied MI patients groups

vs. the control group.

Controls STEMI NSTEMI Unstable Angina
250HD3 (ng/ml) 31.5+0.9 13.2£0.4 *** 154 £1.3 #** 13.6 £ 1.1 ***
250HD2 (ng/ml) 11.8+0.6 3.6 £0.2 *** 4.1 £0.3 #** 4.3+£0.5 *#**

Total 250HD (ng/ml) 433+1.1 16.8 £0.5 *** 19.5 £ 1.4 #** 17.9 £ 1.2 #**
*** Significant difference from the control group at p < 0.0001.
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Fig. (3). Boxplots showing the median and interquartile levels (25th and 75th) for 25(OH)D levels in all study subjects (N = 323) according to
CYP2R1 genotypes, using A 152060793, B 151993116 and C rs10766197 SNPs. Solid black lines represent the median 25(OH)D levels.
There was a significant difference in 25(OH)D levels between genotypes in rs2060793 (p = 0.0003), rs1993116 (p < 0.0001), and rs10766197
(p = 0.001) by Kruskal-Wallis test. Mann-Whitney test p-values are shown in the body of the figure. The highest levels of 250HD were ob-
served in subjects who were homozygous for the major genotype (GG) for 152060793 and rs10766197 SNPs and in subjects who were homo-

zygous for the minor genotype (AA) for rs1993116 SNP.

where the highest total 250HD was associated with the ma-
jor genotype GG (33.2 £ 1.9 ng/ml). The total 250HD was
28.2 + 1.3 ng/ml in the heterozygous genotype and 25 + 1.5
ng/ml in the minor genotype AA (p = 0.001). A different
pattern was observed in 11993116 where the total 250HD
level was 43.18 + 3.179 ng/ml in the minor genotype AA,
28.98 + 1.440 ng/ml in the heterozygous and only 24.6 £ 1
ng/ml in the major genotype GG of (p < 0.0001). The me-
dian, as well as, the interquartile levels (25th and 75th) for
25(0OH)D levels in all study subjects are clearly demon-
strated by (Fig. 3). Multivariate logistic regression analysis
showed that each of the three polymorphisms (rs2060793,
rs1993116 and rs10766197) is an independent factor associ-
ated with s-250HD levels (P < 0.05).

3.4. Relationship between CYP2R1 Polymorphisms
(rs2060793, rs1993116 and rs10766197) and the Inci-
dence of MI among the Egyptian Population

There was no deviation from HWE for the three studied
polymorphisms, where p = 0.31 for rs2060793, p = 0.06 for
1s1993116 and p = 0.98 for rs10766197, (Table 3). The
genotypic distribution of the three studied polymorphisms
differed significantly among patients and controls (p = 0.04,
0.04 and < 0.0001 for rs2060793, rs10766197 and rs1993116,
respectively). We constructed an analysis model in which the
individuals with putatively most advantageous genotypes,
low-risk genotypes were considered the reference group.
Those individuals were demonstrated to possess homozygous
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Table 3. Baseline characteristics of individual SNPs of CYP2R1. All the calculations below are based on the control subjects to de-

tect the original characteristics of the SNP.

SNP HWE, P MAF, % M/m X2
152060793 0.31 30 % G/A 1.04
rs1993116 0.06 43 % G/A 3.44
rs10766197 0.98 47 % G/A 0.0009

Table4. Genetic variations in CYP2R1 and risk of MI.
Genotype of CYP2R1 Cases (n=185) Controls (n=138) OR (95% CI) p-value
rs2060793
GG 79 (42.7) 70 (50.7) 1
AG 67 (36.2) 53 (38.4) 1.1(0.7-1.8) 0.71
AA 39 (21.1) 15 (10.9) 23(12-4.5) 0.02
AA/AG 106 (57.3) 68 (49.3) 14(09-22) 0.18
rs1993116
AA 8 (4.32) 31(22.5) 1
AG 67 (36.2) 57 (41.3) 4.6(1.9-10.7) 0.0002
GG 110 (59.5) 50 (36.2) 8.5(3.7-19.9) <0.0001
GG/AG 177 (95.7) 107 (77.5) 6.4 (2.8 - 14.5) <0.0001
rs10766197
GG 34 (18.4) 38 (27.5) 1
AG 96 (51.9) 69 (50) 1.6 (0.9-2.7) 0.16
AA 55(29.7) 31(22.5) 2(1.1-3.8) 0.04
AA/AG 151 (81.6) 100 (72.5) 1.7(0.1-2.9) 0.06

Values are presented as number (%) or OR (95% CI).
OR, odds radio; CI, confidence interval.

GG genotype for 152060793, AA genotype for rs1993116
and GG genotype for rs10766197.

HWE, P refers to the p-value for Hardy-Weinberg equi-
librium, MAF% represents the minor allele frequency, M/m:
major/minor alleles, X2: the goodness of fit “Chi-square”
with 1 degree of freedom.

In both rs2060793 and rs10766197 polymorphisms, only
the AA genotype was found to be significantly associated
with the risk of MI when compared to reference group (OR
23; p = 0.02 and OR 2; p = 0.04, respectively). For
rs1993116 polymorphism, the carriers of the G allele showed
a higher risk for the incidence of MI (OR 8.53 for homozy-
gous genotype GG (p < 0.0001), 4.56 for heterozygous geno-
type AG (p = 0.0002) and 6.41 for GG/AG (p < 0.0001))
(Table 4).

Additionally, we examined possible combined effects of
genotypes of the three SNPs on the risk of MI by calculating
ORs for all of the combinations of two and three of the risk

genotypes. Similar to the previous model, the reference
group consisted of individuals with the combinations of the
low risk genotypes.

When combinations of two putative high risk genotypes
were examined, the concurrent presence of 152060793
AG/AA and 1510766197 AG/AA high-risk genotypes posed
a more than 2-fold risk of MI (OR, 2.5; p = 0.03) while the
coexistence of 1s1993116 AG/GG and rs10766197 AG/AA
high-risk genotypes showed more than 4-fold risk of MI
(OR, 4.7; p = 0.009). The coexistence of rs2060793 AG/AA
and rs1993116 AG/GG high-risk genotypes posed a more
than 16-fold risk of MI and which is the highest risk of MI
amongst all (OR, 17; p <0.0001) (Table 5).

When three of the putative high risk genotypes were
combined, individuals with high-risk genotypes rs2060793
AG/AA, 151993116 AG/GG and rs10766197 AG/AA were at
14.1-fold risk of MI (p < 0.0001) (Table 6). These results
shed the light on the strong synergistic effect of the three
studied polymorphisms.
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TableS. Combined effects of two CYP2R1 genotypes (rs2060793, rs1993116 or rs10766197) and risk of MI.

Genotype of CYP2R1 Polymorphisms Cases/Controls OR (95% CI) p-value
152060793 rs1993116
GG AA 2/19 1
GG AG/GG 77/51 143 (3.2-64.3) <0.0001
AG/AA AA 6/12 4.8(0.8-27.5) 0.11
AG/AA AG/GG 100/56 17 (3.8 -75.6) <0.0001
rs2060793 rs10766197
GG GG 13/19 1
GG AG/AA 66/51 1.9(0.9-42) 0.16
AG/AA GG 21/19 1.6 (0.6 -4.1) 0.35
AG/AA AG/AA 85/49 25(1.2-5.6) 0.03
rs1993116 rs10766197
AA GG 4/10 1
AA AG/AA 4/21 0.5(0.1-2.3) 0.42
AG/GG GG 30/28 2.7(0.8-9.5) 0.15
AG/GG AG/AA 147/79 4.7 (1410 15.3) 0.01
OR, odds radio; CI, confidence interval.
Table 6. Combined effects of three CYP2R1 genotypes (rs2060793, rs1993116 or rs10766197) and risk of MI.
Genotype Cases/Controls OR (95% CI) p-value
152060793 rs1993116 rs10766197
GG AA GG 2/4 1
GG AA AG/AA 2/15 3.8(0.4-35.6) 0.27
GG AG/GG GG 11/15 5.5(1.-29.2) 0.04
AG/AA AA GG 2/6 2.5(0.3-22.1) 0.57
GG AG/GG AG/AA 66/36 13.8 (3-63.5) <0.0001
AG/AA AA AG/AA 4/6 5(0.7 - 34.9) 0.15
AG/AA AG/GG GG 19/13 11 (2.1-56.3) 0.002
AG/AA AG/GG AG/AA 81/43 14.1 3.1 - 64.7) <0.0001

OR, odds radio; CI, confidence interval.

4. DISCUSSION

MI is one of the leading causes of morbidity and mortal-
ity worldwide. Many research studies reported the effect of
vitamin D deficiency on vascular smooth muscle cell prolif-
eration, inflammation, vascular calcification, renin-angiotensin
system (RAS), and blood pressure [11]. Other studies exam-
ined the relationship between vitamin D levels and the risk
of MI in particular. An early Danish study showed that pa-
tients with angina or MI had significantly lower 250HD
levels than the control group [12]. In a New Zealand case-
control study of patients with MI, the relative risk (RR) of
MI decreased in correspondence with the increase in 25SOHD
levels [13]. In harmony with these results, our study revealed
a strong association between 250HD levels and the risk of

MI. The mean serum 250HD3, 250HD2 and total 250HD
were less than two-fold in MI patients group than the control
group. On the other hand, a recent Polish study suggested
that the parathyroid hormone, not the vitamin D, is signifi-
cantly raised among the patients with heart failure. This dis-
crepancy might be due to the relatively smaller sample size
of this study compared to our present study. Parathyroid
hormone levels were not assayed in the present study [14].

The mechanism by which vitamin D protects against MI
can be explained by its ability to downregulate the expres-
sion of renin [15] and angiotensinogen genes by hindering
the activity of their promotors [16], thus, causing the activity
of RAAS to drop down and protecting against hypertension
which is a major risk factor for MI. Moreover, 1,25(OH)2D
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acts on the vascular smooth muscle cells and activates the
generation of vascular endothelial growth factor (VEGF)
which is highly essential for endothelial repair [17]. Vitamin
D possesses a potent anti-inflammatory activity as well; it
downregulates the expression of pro-inflammatory cytoki-
nes, such as tumor necrosis factor (TNF) and IL-6 [18] and
upregulates the anti-inflammatory cytokines, IL-10 and in-
duce IL-10 receptor expression [19].

SNPs can be considered the primary contributor to gene
variations among individuals. They are commonly known for
their ability to induce phenotypic differences between indi-
viduals of the same species. Their role in the development of
many diseases, as well as, in determination of the response
of different individuals to drug treatment has obviously come
into view. SNPs can also serve as valuable biological mark-
ers [20]. Although several studies were performed to link
polymorphisms in vitamin D metabolizing proteins with se-
rum vitamin D levels, limited ethnic groups were involved in
these studies. Studies have focused primarily on populations
of European descent [21]. The association between the po-
lymorphisms of CYP2RI1, the gene responsible for 25-
hydroxylation of vitamin D, and 25SOHD has been previously
studied in European [22], Chinese [23] and very little in
Arab populations [24]. The genotypes of the CYP2RI1
152060793 polymorphism were significantly associated with
vitamin D status in northeastern Han Chinese children [23a].
In the current study, we aimed to investigate the effect of
three genetic polymorphisms of CYP2R1 on the circulating
250HD levels and the incidence of MI in the Egyptian popu-
lation.

Many preceding studies reported an association between
250HD levels and some polymorphisms of CYP2R1 such as
rs2060793[2 1993116 [26] and rs10766197 [25b]. Inter-
estingly, these¢ Tindings were highly similar to our results.
Our findings also depict a strong association between the three
examined polymorphisms in CYP2R1 gene and 250HD lev-
els. However, in a study done on participants from 11 centers
in the continental United States and Puerto Rico, rs10766197
polymorphism of CYP2R1 was the only contributor to serum
response to vitamin D supplementation while other genetic
factors did not contribute to these changes [27].

The current study results showed that the major genotype
(GG) of both rs2060793 and rs10766197 and the minor
genotype (AA) of 151993116 were associated with highest
levels of plasma 250HD. Similar to our results, Zhang et al.
reported that carriers of the rs10766197 homozygous geno-
type (GG) had the highest mean 250HD concentrations of
the study participants (19.48 ng/ml), followed by the het-
erozygous genotype (18.17 ng/ml) and the least mean
250HD levels were recorded for carriers of the homozygous
variant genotype (17.87 ng/ml) 23b. The A allele of
152060793 was defined as the strongest SNP-risk all or
vitamin D levels in a genome wide association study| r
results were also similar to a large study that involved more
than 60 thousands Singapore Chinese men and women which
reported that major allele of rs1993116 was associated with
lower 25(OH)D concentrations [28]. On the contrary, SNP
rs1993116 did not show any association with vitamin D level
in orthopedic outpatients living in Eastern province of the
Kingdom of Saudi Arabia [29].

Sedky et al.

Studies that investigated the role of CYP2R1 in MI sus-
ceptibility are scarce. Our research group had previously
provided some evidence that SNP rs10741657 of CYP2RI1
gene predicted both 25(OH)D levels and CAD incidence in
the Egyptian subjects [30]. Both rs1993116 and rs10766197
SNPs of CYP2R1 were not investigated before for their as-
sociation with the incidence of MI. Our findings revealed a
strong association between each of the three examined SNPs
in CYP2RI (rs2060793, rs1993116 and rs10766197) and
risk of MI in a very similar pattern to that observed in
250HD levels. We found out that the same genotypes that
are highly linked to low 250HD levels pose a significantly
higher risk to MI incidence.

In addition to examining the individual relationship of
each SNP with the incidence of MI, we aimed to assess the
combined effects of two and three high risk genotypes on MI
incidence. Our findings revealed an extremely higher risk in
case of the concurrent presence of two or three high risk
genotypes than in the presence of a single high risk geno-
type, which suggests an additive or a synergistic effect of
these genotypes.

CONCLUSION

Vitamin D deficiency is associated with the incidence of
MI. The three studied CYP2R1 genetic polymorphisms
(rs2060793, 1s1993116 and rs10766179) are linked to low
serum vitamin D levels and pose a considerable risk for MI in
the Egyptian population. Furthermore, the concurrent presence
of high risk genotypes rs2060793 AG/AA, rs1993116 AG/GG
and rs10766197 AG/AA were associated with an extremely
higher risk “about 14 fold higher risk” for MI as a result of
their synergistic effect.
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