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Background: The main objective of this study is sought to determine the impacts of
PCSK9, WDR12, CDKN2A, and CXCL12 polymorphisms on warfarin sensitivity and
responsiveness in Jordanian cardiovascular patients during the initiation and stabilization
phases of therapy.

Methods: This study took place at the anticoagulation clinic at Queen Alia Heart Institute
(QAHI) in Jordan. DNA samples were collected from 212 cardiovascular patients and 213
healthy controls. Genomic SNPs genotyping was conducted using the MassARRAY System
at the Australian Genome Research Facility.

Results: This study assessed 10 polymorphisms (rs11206510 within the PCSK9 gene,
1s6725887 and rs7582720 within the WDRI2 gene, rs4977574, rs10757278, and rs1333049
within the CDKN2A gene, 152862116, rs7906426, rs1746048, and rs268322 within the
CXCL12 gene) in 212 Jordanian cardiovascular patients. Carriers of CDKN2A rs1333049,
rs10757278, and PCSK9 rs11206510 polymorphisms had an increased risk of resistance
during the initiation phase of warfarin therapy compared to those who do not carry it, or
those who are carrying one polymorphism only (P < 0.05), while carriers of CXCL12
157906426 polymorphism had similar increased risk but during the stabilization phase of
warfarin therapy (P < 0.05).

Conclusion: Carriers of CXCL12 rs2862116 polymorphism had an increased risk to be
warfarin extensive responders compared to those with no or only one polymorphism (P =
0.01). However, the presence of PCSK9 rs11206510 polymorphism affects the warfarin
maintenance doses (P > 0.0001).
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Introduction

Warfarin is the most oral anticoagulant used to control blood coagulation in patients
with cardiovascular diseases (CVDs) such as venous thrombosis, atrial fibrillation,
patients with a thrombosis history, and cardiac valve replacements.' Warfarin
effect as an anticoagulant is monitored using the international normalized ratio
(INR), which is the measurement of the patient’s thrombotic status, and is targeted
to be kept within a strict therapeutic range. This is necessary especially with the
close relationship between the risk of hemorrhage and the high INR measurements
and, on the other hand, between the risk of stroke or thromboembolism and the low
INR measurements.>* Warfarin controls the thrombotic status and maintains the
INR within the therapeutic range by inhibiting the vitamin K epoxide reductase
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(VKOR) enzyme, which is integral for the production of
active clotting factors such as II, VII, IX, and X.>6
Although Warfarin is the most commonly used anticoagu-
lant since 1954,” the use of this type of anticoagulant is
hindered by the high variability in response between dif-
ferent patients and the required dosage adjustment. This
may be attributed to the differences in age, diet, liver and
renal functions, concomitant diseases, and the use of con-
comitant medications.® "'

Genetic variability was suggested to be able to affect
and change the trend of response and patients’ sensitivity
to warfarin therapy.'>'? Tens of genes may play integral
roles in warfarin metabolisms such as VKORC1, CYP2C9,
FVII, and APOE."* Among these genes, the polymorphism
of CYP2C9 and VKORC1 genes are considered the main
sources of those genetic variations that influencing war-
farin metabolism. Concomitantly, many studies have been
extensively conducted on both of them and in different
populations or ethnic groups.'® Studying more genes that
may influence CVD or warfarin metabolism can help in
finding more accurate therapeutic strategies with minimum
adverse side-effects and pave the way for a more proper
application of personalized medicine in therapeutics,
which is advantageous over the traditional approach of
the trial-and-error.'®!” Therefore, four genes (PCSKY,
WDR12, CDKN2A4, and CXCL12) were analyzed to deter-
mine if they can have any effect on the sensitivity and
responsiveness of warfarin. Pro-protein-convertase subtili-
sin-Kexin type 9 (PCSK9) gene was found to be associated
with Coronary heart disease (CHD) in some populations,
due to its ability to modulate cholesterol metabolism by
controlling LDL receptor (LDLR).'®'* D Repeat Protein
12 (WDR12) gene encodes a protein that has integral roles
in a wide range of cellular processes, including prolifera-
tion and cell division, cell cycle progression, ribosome
biogenesis, and regulate lipid level.>>** Several studies
found that the polymorphisms within the WDRI2 gene
were involved in some CVD in the white population.®***
Moreover, the cyclin-dependent kinase inhibitor 2A gene
(CDKN24), a tumor suppressor gene that is involved in the
regulation of many cellular processes including prolifera-
tion, aging, and apoptosis, was found to be related to
different diseases including CVD.*?° Also, the
Chemokine (C-X-C motif) ligand 12 (CXCLI2) gene, a
family member of the CXC-chemokines, was found to be
associated with CVD through arterial remodeling and
thickening.”**’ We hypothesized that there is a correlation
between the genomic polymorphisms found in the PCSK?9,

WDR12, CDKN2A4, and CXCLI2 genes with warfarin sen-
sitivity and responsiveness. To test this hypothesis, geno-
typing of the genomics variations was analyzed and
in the PCSK9, WDRI2, CDKN2A,
CXCLI12 genes, and thus, understand the impacts of
PCSK9, WDR12, CDKN2A, and CXCL12 polymorph-
isms on the CVD’s risks in Jordanian patients, and to

determined and

analyze their effects on warfarin response and sensitivity
in those patients.

Patients and Methods
Study Design and Population

A population of 425 subjects including 212 cardiovascular
patients and 213 healthy controls was recruited for the aim
of this study. The healthy control subjects were older than
18 years of age and/or were free of any CVD. After being
informed about the aims of the study and signing the
proper informed consent, the cardiovascular patients from
the anticoagulation clinics at the Queen Alia Heart
Institute (QAHI) with matched ages were recruited.
Those selected patients started the warfarin therapy at
any time between January 2014 and November 2015 and
Those
patients who did not visit the anticoagulation clinic reg-

continued on warfarin for 3 or more months.

ularly have lost their clinical data, receiving concomitant
mediations that are interacting with warfarin, pregnant
women and alcoholic abusers were all excluded from the
study. Both the institutional review board (IRB) commit-
tees at Jordan University of Science and Technology and
the Royal Medical Services approved this study with ethi-
cal code number 13/78/2014. This study was also con-
ducted in accordance with the Declaration of Helsinki.

Out of the 350 cardiovascular patients who were initi-
ally examined, 50 patients were excluded for not fulfilling
the study criteria, and 300 patients were referred for parti-
cipation in this study (Figure 1). Then after, during the
study processes, 80 patients were excluded due to their
refusal, insufficient follow-up, or inability to continue on
the scheduled therapeutic program for the targeted period.
Therefore, 220 patients eventually participated in the
study. At the genotyping step, eight more patients were
subsequently excluded due to the failure of genotyping.
Finally, only 139 out of the 212 remaining participants
were able to reach the therapeutic stabilization phase.
Patients’ demographics and clinical characteristics for
each group were listed in a previous study by AL-Eitan
et al (2019)."
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exclusion criteria
(n=50)

Patients refuse or
could not finish the
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Patients consented to the
genetics study & were assessed
by Royal Medical Services
(RMS) (n=220)

L_>

Warfarin intake
patients (n=212)

——

Patients achieved the
stabilization phase of
therapy and investigated in
the study (n=139)

Figure | A flow chart demonstrating the study flow and design.

Data Collection and Follow-Up Time

The blood samples were collected from patients during their
visits to the anticoagulant clinic and from all healthy control
subjects to the determination of the venous INR and SNP
genotypes within PCSK9, WDR12, CDKN2A, and CXCL12
genes. Data including relevant demographic and clinical
characteristics were recorded. The dose for warfarin and the

Patients failed to
genotyping (n=8)

Patients did not reach
the stabilization phase
(n=73)

INR values were recorded in both the initiation (when first
used) and the stabilization (the INR is stabilized within the
therapeutic range for 3 months) phases.

SNP Selection and Genotyping
In this study, 10 SNPs within PCSK9, WDR12, CDKN24,
and CXCLI2 genes were obtained from public databases,
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including the SNP database of the National Center for
Biotechnology Information (NCBI) (http://www.ncbi.nlm.

nih.gov/SNP/) and the Applied Biosystems SNP database
(http://www.appliedbiosystems). Information about the

aforementioned SNPs, including the genes, their SNP
IDs, and their loci are shown in (Table S1). The Wizard
Genomic DNA Purification Kit (Promega) was used for
genomic DNA extraction. The genotype profile of the
samples that fulfill the quantitative requirements was iden-
tified on a MassARRAY System (PLEX GOLD)
(Sequenom, San Diego, CA, USA) at the Australian
Genome Research Facility (AGRF). Information is avail-
able upon request about the MassARRAYTM system pro-
tocols and the used genes primers. The Sequenom
MassARRAYTM system protocol consists of five steps:
Template Amplification, Dephosphorylation, SBE reac-
tions. Sample conditioning and transfer and Genotype call-
ing and bioinformatics.

Outcome Measures

This study focused on the evaluation of the warfarin
responsiveness and sensitivity during both the initiation
and stabilization phases of therapy. Therefore, patients
were classified into two categories. The first category
was distinguished based on warfarin sensitivity according
to Gordon's study (2009).%® In this category, patients were
classified into three groups:

1. Extensive metabolizer or warfarin resistance group,
requiring a higher dose (>49 mg/week) of warfarin
to achieve the therapeutic INR.

2. Warfarin response group or moderate metabolizers,
needing an intermediate dose of 21-49 mg/week.

3. Warfarin-sensitive or poor metabolizers, requiring a
low dose of warfarin (<21 mg/week).

The second category was based on warfarin respon-
siveness, patients were divided into three groups according
to Higashi et al (2002):*°

1. Good responders who have an INR value within the
target therapeutic range.

2. Poor responders (The value of the INR beneath the
targeted therapeutic range).

3. Ultra-responders (INR over the therapeutic range).

Finally, the maintenance dose during the stabilization
phase is defined as the mean average of the administered

doses to the patient during that time. All unchanged
weekly doses based on the measurements of the INR for
no less than two consecutive visits were used to calculate
the stable maintenance dose.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)
version 21.0 was used to conduct all statistical analyses.
Microsoft Excel was used to calculate simple call rates and
discrepancies. The Pearson X2 test was used to calculate
the deviation from Hardy Weinberg Equilibrium (HWE).
Moreover, the Court lab-HW calculator was used to cal-
culate the Minor allele frequencies (MAF) and HWE
p-values for genotypic distribution. To test for the associa-
tion between the studied SNPs and the warfarin response,
different analyses tests were conducted, including the chi-
square (Kruskal-Wallis and Tukey Pairwise comparison)
tests. The haplotype genetic analysis test was performed
using SNPStats software (https://www.snpstats.net/
start.htm).

Results
Study Group

A total of 212 cardiovascular patients with warfarin intake
finally succeeded in participation in the current study. The
samples from those patients were valid to be used in the
investigation for the association of PCSK9, WDRI2,
CDKN2A, and CXCL12 polymorphisms with the risks
of CVD. Besides, the effect and association between
those SNPs and both the sensitivity and responsiveness
profile of warfarin were studied at both phases of therapy;
the initiation and the stabilization phases. However, only
139 of the participants reached the late stage of therapy
stabilization and, therefore, were included in the evalua-
tion of the effect of these polymorphisms on the respon-
siveness and sensitivity to warfarin. Overall, 18.7% of the
participants were poor metabolizers, 18.0% extensive
metabolizers, and 63.3% good metabolizers, with an aver-
age age of 54.2, 47.6, and 53.2 years, respectively. The
demographic characteristics, indications for anticoagula-
tion therapy, and warfarin required dose for each group
were summarized in a previous study by Al-Eitan et al.*°

All 10 candidate SNPs that were investigated in this
study were following the HWE except WDR12 rs7582720
SNP. All SNPs were polymorphic and surpassed the tests
for quality control with both a low discrepancy rate and a
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high accuracy. The minor alleles and their frequencies for
the studied SNPs are shown in (Table S2).

Association of PCSK9, WDR 2,

CDKN2A, and CXCLI12 SNPs with CVD
Among 10 SNPs of PCSK9, WDRI2, CDKN2A4, and
CXCL12 genes, only rs4977574 SNP of CDKN2A4 gene
showed a significant association with CVD (P = 0.04).
Genotypic and allelic frequencies at PCSK9, WDRI?2,
CDKN2A4, and CXCLI2 gene loci in patients and control
subjects are shown in (Table 1). Moreover, significant
differences were found between CXCL12 haplotypes
(CTAA and CTAG) and CVD among patients and controls
with (P = 0.04) and (P < 0.0001), respectively (Table S3).

Association of PCSK9, WDRI2,
CDKN2A, and CXCLI12 Polymorphisms
with Warfarin Sensitivity

No significant association between all 10 SNPs and war-
farin sensitivity among the three warfarin-sensitive groups
during the initiation phase of therapy were found (P >
0.05) (Table 2). Carriers of the wild-type (CC) of
rs11206510 SNP in the PCSK9 gene had a significantly
higher risk (60.0%) of being resistant to warfarin (P =
0.03) compared to the carriers of the other polymorphisms
(CT) and (CT) (Table 2). For the CDKN2A polymorph-
isms, carriers of the wild-type (CC) of rs1333049 SNP had
a significantly higher risk (28.3%) of being resistant to
warfarin (P = 0.04) compared with carriers of (GC)
(11.2%) and (GG) (16.0%) polymorphisms (Table 2).
Moreover, carriers of the CDKN2A rs10757278 SNP
(GG) had a significantly higher risk (30.4%) of being
resistant to warfarin (P = 0.01) compared to wild-type
(AA) subjects (12.2%) or carriers of the polymorphism
(GA) (12.1%) (Table 2). However, a significant associa-
tion was found between CDKN2A haplotype (CGA) (P =
0.0001) and warfarin sensitivity (Table S4). Also, two
haplotypes of the CXCLI2 gene (TCAA and CTAQG)
showed significant associations with warfarin sensitivity
(P = 0.03) and (P = 0.04), respectively (Table S4).
Moreover, no significant association was found between
CXCL12 polymorphism and sensitivity to warfarin (P >
0.05) (Table 3) during the stabilization phase of therapy.
But carrier of (GG) genotype of CXCL12 rs7906426 SNP
had a significantly higher risk of being resistant to war-
farin compared to the carriers of the other genotypes (P =
0.04) (Table 3).

Association of PCSK9, WDR12,
CDKN2A and CXCLI12 SNPs with
Variability on Warfarin Required Doses

No significant differences were found between PCSK9,
WDR12, CDKN2A, and CXCL12 polymorphisms and
warfarin Initiation doses (P > 0.05) (Table 4). In contrast,
a significant association was observed between
rs11206510 SNP of the PCSK9 gene and warfarin
Maintenance doses (P > 0.0001) (Table 4). The post-
hock multiple comparisons test was used to the
Association of PCSK9, WDR12, CDKN2A and CXCL12
SNPs with variability on warfarin required doses, the test
reveals that there was a significant association between
rs11206510 SNP of the PCSK9 gene and warfarin
Initiation and Maintenance doses (P > 0.05) (Table S5).

Association of PCSK9, WDRI12,
CDKN2A, and CXCLI2 Polymorphisms

and Warfarin Responsiveness

There were no significant differences between the frequen-
cies for the polymorphisms among the three groups: poor,
good, and ultra-responders during the Initiation Phase of
Therapy (P > 0.05) (Table 5). In contrast, a significant asso-
ciation was observed between CXCL12 rs2862116 SNP and
warfarin responsiveness during the stabilization phase of
therapy (P = 0.01) (Table 6). In fact, carriers of this SNP in
the wild-type (AA) and the polymorphic genotype (AG)
were considered as extensive responders (Table 6).
Moreover, a significant association was observed between
the CAG genetic haplotype of the CXCL 12 gene and warfarin
responsiveness (P = 0.029) (Table S6).

Association of PCSK9, WDR2,
CDKN2A, and CXCLI2 Polymorphisms
and INR Values

A significant difference was observed between INR values
measured at the initiation phase of therapy and CDKN2A
rs4977574 SNP (P = 0.04) (Table 7), and this SNP has
remained significant even after the post-Hock multiple com-
parisons test with p<0.05 (Table S7). Moreover, A significant
difference was found between Maintenance INR values and
rs2862116 SNP of the CXCL12 gene (P = 0.04; Table 7).

Discussion
In the current study, researchers examined the role of the
PCSK9, WDR12, CDKN2A, and CXCL12 polymorphisms
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Table | The Allelic and Genotypic Distributions of PCSK9, WDR12, CDKN2A, and CXCLI2 SNPs in 212 Cardiovascular Patients

and 213 Healthy Controls

Gene SNP ID Model Patients % Controls % P-value*
PCSK9 rs1 1206510 T/IC 83/17 83/17 0.83
TT/CT/CC 67.9/29.7/2.4 70.4/25.8/3.8 051
TT/(CT+CC) 67.9/32.1 70.4/29.6 0.58
(TT+CT)/CC 97.6/2.4 96.2/3.8 0.40
T/IC 87/13 90/10 0.28
WDRI2 rs6725887 TT/CT/CC 77/20.1/2.9 80.5/18.6/1 0.30
TT (CT+CC) 77123 80.5/19.5 0.39
(TT+CT)/CC 97.1/12.9 99/1 0.14
T/IC 86/14 89/11 0.21
rs7582720 TT/TC/CC 75.5/21.7/2.8 79.3/19.7/0.9 0.28
TT/(TC+CC) 75.5/24.5 79.3/20.7 0.34
(TT+TC)/CC 97.2/2.8 99.1/0.9 0.14
AIG 51/49 52/48 0.73
CDKN2A rs10757278 AA/GA/GG 23.2/55/21.8 29.6/44.6/25.8 0.09
AA/(GA+GG) 23.2/76.8 29.6/70.4 0.14
(AA+GA)/GG 78.2/21.8 74.2/25.8 0.33
G/C 51/49 52/48 0.83
rs1333049 GG/GC/CC 23.6/54.7/21.7 29.1/45.1/25.8 0.14
GG/(GC+CC) 23.6/76.4 29.1/70.9 0.2
(GG+GC)/CC 78.3/21.7 74.2/25.8 0.32
G/IA 57/43 57/43 0.84
rs4977574 GG/GA/AA 30.2/52.8/17 37.1/40.4/22.5 0.04
GG/(GA+AA) 30.2/69.8 37.1/62.9 0.13
(GG+GA)/AA 83/17 77.5/22.5 0.15
CcIT 77123 76/24 0.71
CXCLI2 rs|1746048 CC/TC/TT 61.3/31.6/7.1 59.1/33.8/7 0.89
CC/(TC+TT) 61.3/38.7 59.1/40.9 0.65
(CCH+TC)/TT 92.9/7.1 93/7 0.99
/T 95/5 92/8 0.56
rs268322 CCICT/TT 89.2/10.8/0.0 85.5/13.6/0.9 0.17
CC/(CT+TT) 89.2/10.8 85.5/14.5 0.25
(CCHCT)/TT 100/0.0 99.1/0.9 0.09
AIG 97/3 96/4 0.56
rs2862116 AA/AG/GG 94.3/5.2/0.5 93/6.6/0.5 0.83
AA/(AG+GG) 94.3/5.7 93/7 0.56
(AA+AG)/GG 99.5/0.5 99.5/0.5 |
AIG 87/13 85/15 0.57
rs7906426 AA/AG/GG 75.8/21.8/2.4 73.2/24.4/2.4 0.82
AA/(AG+GG) 75.8/24.2 73.2/26.8 0.54
(AA+AG)/GG 97.6/2.4 97.6/2.4 I

Note: *Chi-Square test with p < 0.05.

in an increased risk of CVD, in addition to warfarin sensitiv-
ity and response in patients from Jordan with CVD during
both phases of warfarin therapy; initiation and stabilization
phases. Several studies identified the association of these

genes with an increased risk of CVD in a certain population.
For example, according to Schunkert (2011), rs11206510
SNP of the PCSK9 gene was associated with increased risk
of CHD in the European population,®® as such, the
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Table 2 Association of PCSK9, WDR 12, CDKN2A, and CXCL12 SNPs with Warfarin Sensitivity During the Initiation Phase of Therapy

Gene SNP ID Genotype Sensitive Moderate Resistant Overall p-value*
PCSK9 rs11206510 cC (0/5) 0.0% (2/5) 40.0% (3/5) 60.0% 0.08
P-value* 0.63 0.37 0.03
cT (12/63) 19.0% (41/63) 65.1% (10/63) 15.9%
P-value* 0.58 0.74 |
™ (20/144) 13.9% (103/144) 71.5% (21/144) 14.6%
P-value* 0.77 0.48 0.7
WDRI2 rs6725887 cC (1/6) 16.7% (5/6) 83.3% (0/6) 0.0% 0.78
P-value* | 0.73 0.55
CT (5/42) 11.9% (29/42) 69.0% (8/42) 19.0%
P-value* 0.79 | 0.86
T (26/161) 16.1% (109/161) 67.7% (26/161) 16.1%
P-value* 0.83 0.92 |
rs7582720 CC (1/6) 16.7% (5/6) 83.3% (0/6) 0.0% 0.73
P-value* | 0.74 0.55
TC (5/46) 10.9% (32/46) 69.6% (9/46) 19.6%
P-value* 0.66 | 0.76
TT (26/160) 16.3% (109/160) 68.1% (25/160) 15.6%
P-value* 0.71 0.92 0.96
CDKN2A rs10757278 AA (6/49) 12.2% (1/49) 75.6% (6/49) 12.2% 0.05
P-value* 0.86 0.55 0.7
GA (18/116) 15.5% (84/116) 74.4% (14/116) 12.1%
P-value* 0.93 0.54 0.21
GG (7/46) 15.2% (25/46) 54.3% (14/46) 30.4%
P-value* | 0.05 0.0l
rs1333049 CcC (7/46) 15.2% (26/46) 56.5% (13/46) 28.3% 0.08
P-value* | 0.12 0.04
GC (20/116) 17.2% (83/116) 71.6% (13/116) 11.2%
P-value* 0.63 0.65 0.11
GG (5/50) 10.0% (37/50) 74.0% (8/50) 16.0%
P-value* 051 0.67 |
rs4977574 AA (2/36) 5.6% (28/36) 77.8% (6/36) 16.7% 0.09
P-value* 0.21 0.45 |
GA (18/112) 16.1% (81/112) 72.3% (13/112) 11.6%
P-value* 091 0.52 0.18
GG (12/64) 18.8% (37/64) 57.8% (115/64) 23.4%
P-value* 0.62 0.07 0.15
CXCLI2 rs1746048 cC (19/130) 14.6% (88/130) 67.7% (23/130) 17.7% 0.84
P-value* 0.97 0.9 0.71
TC (10/67) 14.9% (47/67) 70.1% (10/67) 14.9%
P-value* | 0.96 0.96
T (3/15) 20.0% (11/15) 73.3% (1/15) 6.7%
P-value* 0.86 0.93 0.59
rs268322 cC (28/181) 14.8% (131/181) 69.3% (30/181) 15.9% 0.92
P-value* 0.95 0.92 0.98
cT (4123) 17.4% (15/23) 65.2% (4123) 17.4%
P-value* 0.95 0.92 0.98

(Continued)
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Table 2 (Continued).

Gene SNP ID Genotype Sensitive Moderate Resistant Overall p-value*
rs2862116 AA (31/200) 15.5% (137/200) 68.5% (32/200) 16.0% 0.94
P-value* 0.8 0.9 [
AG (H/11) 9.1% 8/11) 72.7% (2/11) 18.2%
P-value* 0.85 0.96 0.98
GG (0/1) 0.0% (1/1) 100% (0/1) 0.0%
P-value* 0.91 0.8 0.91
rs7906426 AA (22/160) 13.8% (114/160) 71.3% (24/160) 15.0% 0.27
P-value* 0.6 0.37 0.63
AG (10/46) 21.7% (28/46) 60.9% (8/46) 17.4%
P-value* 0.37 0.43 0.91
GG (0/5) 0.0% (3/5) 60.0% (2/5) 40.0%
P-value* 0.74 0.97 0.34

Note: *Chi-square test with p < 0.05.

rs11206510-C allele was accompanied with the early-onset
CHD, but not with overall CHD in Han Chinese according to
Xu (2010).>' On the other hand, another study by Lv et al
demonstrated that the rs11206510 SNP was significantly
accompanied by CHD in Han Chinese.>” Similar to these
conflicting results, some studies found that the WDRI12
polymorphisms were involved in CVD in some populations,
while other studies failed to find the association between
these polymorphisms and the disease. PCSK9 polymorph-
isms were not associated with coronary artery disease risk in
Southern Chinese Han population.*® Moreover, the associa-
tion of the WDR12 polymorphisms with CVD was proved by
Schunkertet al (2010).%* While Lopez -Mejias et al were not
able to confirm this association of the WDRI2 gene with
CVD in Southern European patients.’** Moreover,
CDKN2A and CXCL12 polymorphisms were turned up to
be accompanied by CAD in different populations.>>*’
Therefore, the association between these genes and CVD in
the Jordanian population was assessed, it was found that only
CDKN2A 154977574 SNP was associated with CVD, possi-
bly due to the role of the CDKN2A gene in controlling the cell
cycle, and controlling the G1 phase progression pathway, that
enhances the functions of the genes which is integral for cell
proliferation and cell cycle progression.>® Increasing this
pathway activity in cardiovascular tissues leads to a high
proliferation rate, and expedites remodeling and hypertrophy
of both the vascular and cardiac tissues, thus, increasing the
patients' susceptibility to CAD.*®

In addition to the CTAA and CTAG genetic haplotype
blocks of the CXCL12 gene that showed significant associa-
tion with CVD, this gene plays an integral role in the

proliferation and accumulation of progenitor cells of the
smooth muscles, cell arrest, angiogenesis, and cell survival,
that may explain the involvement of this gene in CVD.?” The
allelic frequencies of the polymorphisms in our Jordanian
population were approximately in agreement with those
found in other ethnicities, for instance, the PCSK9
rs11206510 T allele, that can be found in about 81% of
Caucasians, 94% of Chinese Han population, and 83% in
our population, and the CXCL12 rs1746048 C allele, that can
be found in about 84% of Caucasians, 64% of Chinese Han
population, and 77% in our population. These contradictory
results reflect the heterogeneity of CVD, as such, many
interactions between a variety of genetic and the environ-
mental factors are involved in the pathogenesis of CVD.
Restricted to our knowledge, we could not find valid studies
that can show any association between PCSK9, WDRI12,
CDKN2A, and CXCL12 polymorphisms and the warfarin
metabolism in Jordanian patients with CVD. The results out
of the current pharmacogenetic study indicate that no signif-
icant association was found of PCSK9, WDR12, CDKN2A,
and CXCL12 polymorphisms with warfarin sensitivity
among all categorical groups (resistant, moderate, and sensi-
tive) during both phases of the therapy; the initiation and the
stabilization phases (P > 0.05). However, significant associa-
tions were found between PCSKO rs11206510 and CDKN2A
rs1333049 SNPs and resistance to warfarin, indicated that
patients with these polymorphisms required higher warfarin
doses to achieve its therapeutic effect. Moreover, carrying a
CDKN2A CGA and CXCLI12 (TCAA and CTAG) genetic
haplotype blocks were associated significantly with the sen-

sitivity of warfarin.
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Table 3 Association of PCSK9, WDRI12, CDKN2A, and CXCLI2 SNPs with Warfarin Sensitivity During the Stabilization Phase of

Therapy
Gene SNP ID Genotype Sensitive Moderate Resistance Overall p-value*
PCSK9 rs11206510 CcC (0/4) 0.0% (2/4) 50.0% (2/4) 50.0% 0.63
P-value* 0.71 0.88 0.46
CT (7/43) 16.3% (28/43) 65.1% (8/43) 18.6%
P-value* 091 0.87 0.63
TT (13/92) 14.1% (56/92) 60.9% (23/92) 25.0%
P-value* | 0.94 0.89
WDRI2 rs6725887 CcC (1/5) 20.0% (4/5) 80.0% (0/5) 0.0% 0.50
P-value* 0.94 0.68 0.44
CcT (5/28) 17.9% (14/28) 50.0% (9/28) 32.1%
P-value* 0.86 0.39 0.54
TT (14/104) 13.5% (66/104) 63.5% (24/104) 23.0%
P-value* 0.83 0.92 |
rs7582720 CcC (1/5) 20.0% (4/5) 80.0% (0/5) 0.0% 0.72
P-value* 0.94 0.70 0.45
TC (5/32) 15.6% (18/32) 56.3% (9/32) 28.1%
P-value* 0.98 0.76 0.80
TT (14/102) 13.7% (64/102) 62.7% (24/102) 23.5%
P-value* 0.93 0.94 |
CDKN2A rs10757278 AA (6/32) 18.8% (16/32) 50.0% (10/32) 31.3% 0.47
P-value* 0.74 0.31 0.54
GA (10/78) 12.8% (53/78) 67.9% (15/78) 19.2%
P-value* 0.82 0.22 0.34
GG (4/28) 14.3% (16/28) 57.1% (8/28) 28.6%
P-value* | 0.87 0.8l
rs1333049 CcC (4/28) 14.3% (16/28) 57.1% (8/28) 28.6% 0.15
P-value* | 0.85 0.80
GC (11/79) 13.9% (55/79) 69.6% (13/79) 16.5%
P-value* 0.99 0.10 0.07
GG (5/32) 15.6% (15/32) 46.9% (12/32) 37.5%
P-value* 0.98 0.14 0.11
rs4977574 AA (3/21) 14.3% (10/21) 47.6% (8721) 38.1% 0.39
P-value* | 0.34 0.24
GA (10/80) 12.5% (54/80) 67.5% (16/80) 20.0%
P-value* 0.76 0.28 0.48
GG (7/38) 18.4% (22/38) 57.9% (9/38) 23.7%
P-value* 0.71 0.84 |
CXCLI2 rs1746048 cc (10/82) 12.1% (54/82) 65.9% (18/82) 22.0% 0.60
P-value* 0.68 0.51 0.84
TC (7/44) 15.9% (24/44) 54.5% (13/44) 29.5%
P-value* 0.94 0.48 0.55
TT (3/13) 23.1% (8/13) 61.5% (2/13) 15.4%
P-value* 0.64 I 0.76
rs268322 CC (18/121) 14.9% (72/121) 59.5% (31/7121) 25.6% 0.30
P-value* 0.91 0.33 0.40
CT 2/18) 11.1% (14/18) 78.8% (2/18) 11.1%
P-value* 0.91 0.33 0.40

(Continued)
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Table 3 (Continued).

Gene SNP ID Genotype Sensitive Moderate Resistance Overall p-value*
rs2862116 AA (19/131) 14.5% (81/131) 61.8% (31/131) 23.7% 0.99
P-value* 0.99 | |
AG (1/8) 12.5% (5/8) 62.5% (2/8) 25.0%
P-value* 0.99 | |
rs7906426 AA (18/108) 16.7% (65/108) 60.2% (25/108) 23.1% 0.08
P-value* 0.39 0.8l 0.92
AG (2/28) 7.2% (20/28) 71.4% (6/28) 21.4%
P-value* 0.47 0.49 0.94
GG (0/2) 0.0% (0/2) 0.0% (2/2) 100.0%
P-value* 0.84 0.20 0.04

Note: *Chi-square test with p < 0.05.

Table 4 Association of PCSK9, WDR12, CDKN2A, and CXCLI2 SNPs with Variability on Warfarin Required Doses

Gene SNP ID Genotype Initiation Dose Overall p-value* Maintenance Dose Overall p-value*
PCSK9 rs11206510 Ccc 61.88 [20.94] 0.05 84.53 [31.76] <0.0001
CT 39.51 [35.83] 36.07 [15.16]
T 36.59 [13.92] 37.72 [15.76]
WDRI2 rs6725887 cC 33.23 [10.47] 0.79 32.70 [12.73] 0.48
CT 36.91 [15.08] 41.79 [22.24]
T 38.62 [22.26] 38.09 [16.93]
rs7582720 CcC 33.23 [10.47] 0.81 32.70 [12.73] 0.6l
TC 37.02 [14.86] 40.63 [21.12]
T 38.54 [25.28] 38.20 [17.03]
CDKN2A rs10757278 AA 37.29 [18.11] 0.79 41.15 [22.0] 0.60
GA 37.70 [27.29] 37.41 [16.46]
GG 40.20 [15.14] 39.21 [16.93]
rs1333049 cC 40.05 [15.05] 0.69 39.21 [16.93] 0.15
GC 36.87 [27.27] 36.31 [15.97]
GG 38.97 [18.21] 43.53 [22.18]
rs4977574 AA 40.24 [17.09] 0.79 43.06 [20.85] 0.46
GA 37.25 [28.11] 37.80 [17.45]
GG 38.24 [15.00] 37.67 [17.09]
CXCLI2 rs|1746048 cc 38.60 [27.07] 0.90 38.56 [18.33] 0.92
TC 37.00 [15.50] 39.08 [18.57]
T 38.07 [11.53] 36.80 [12.80]
rs268322 cc 38.51 [24.02] 0.42 39.25 [18.45] 0.24
CT 34.36 [12.62] 33.93 [12.75]
rs2862116 AA 37.97 [23.6] 091 38.74 [18.19] 0.62
AG 38.78 [12.01] 3553 [11.86]
GG 4750 [...]
rs7906426 AA 36.95 [14.06] 0.26 37.85[16.78] 0.09
AG 40.77 [41.64] 39.94 [21.03]
GG 51.64 [17.39] 65.30 [13.72]

Note: *One-way ANOVA test with p < 0.05 is considered significant, mean standard deviation in square brackets.
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Table 5 Association of PCSK9, WDR12, CDKN2A, and CXCL12 SNPs with Warfarin Responsiveness During the Initiation Phase of

Therapy
Gene SNP ID Genotype Poor Responder Good Responder Extensive Responder Overall p-value*
PCSK9 rs11206510 CC (1/5) 20.0% (4/5) 80.0% (0/5) 0.0% 0.8l
P-value* I 0.98 0.87
CT (10/63) 15.9% (48/63) 76.2% (5/63) 7.9%
P-value* 0.83 | 0.50
TT (28/144) 19.4% (110/144) 76.4% (6/144) 4.2%
P-value* 0.85 | 0.62
WDRI2 rs6725887 CC (1/6) 16.7% (5/6) 83.3% (0/6) 0.0% 0.75
P-value* I 0.98 0.84
CT (5/42) 11.9% (35/42) 83.3% (2/142) 4.8%
P-value* 0.50 0.51 0.99
TT (32/161) 19.9% (120/161) 74.5% (9/161) 5.6%
P-value* 0.51 0.45 0.93
rs7582720 CcC (1/6) 16.7% (5/6) 83.3% (0/6) 0.0% 0.56
P-value* I 0.92 0.84
TC (5/46) 10.9% (39/46) 84.4% (2/46) 4.3%
P-value* 0.33 0.32 0.96
TT (33/160) 20.6% (118/160) 73.8% (9/160) 5.6%
P-value* 0.34 0.28 0.88
CDKN2A rs10757278 AA (8/49) 16.3% (40/49) 81.6% (1/49) 2.0% 0.65
P-value* 0.9 0.61 0.52
GA (22/116) 19.0% (88/116) 75.9% (6/116) 5.2%
P-value* 0.98 0.99 |
GG (9/46) 19.6% (33/46) 71.7% (4/46) 8.7%
P-value* 0.98 0.71 0.49
rs1333049 CcC (10/46) 21.7% (32/46) 69.6% (4/46) 8.7% 0.59
P-value* 0.8 0.47 0.48
GC (20/116) 17.2% (90/116) 77.6% (6/116) 5.2%
P-value* 0.89 091 |
GG (9/50) 18.0% (40/50) 80.0% (1/50) 2.0%
P-value* I 0.79 0.51
rs4977574 AA (9/36) 25.0% (27/36) 75.0% (0/36) 0.0% 0.48
P-value* 0.53 0.98 0.31
GA (18/112) 16.1% (87/112) 77.7% (71112) 6.3%
P-value* 0.65 0.9 0.76
GG (12/64) 18.8% (48/64) 75.0% (4/64) 6.2%
P-value* | 0.95 0.9
CXCLI2 rs1746048 cc (27/130) 20.8% (98/130) 75.4% (5/130) 3.8% 0.46
P-value* 0.53 0.9 0.54
TC (10/67) 14.9% (53/67) 79.1% (4/67) 6.0%
P-value* 0.67 0.82 0.94
TT (2/15) 13.3% (1'1/15) 73.3% (2/15) 13.3%
P-value* 0.87 0.96 0.34
rs268322 CC (34/181) 18.0% (144/181) 76.2% (11/181) 5.8% 0.92
P-value* 0.95 0.92 0.98
CT (5/23) 21.7% (18/23) 78.3% (0/23) 0.0%
P-value* 0.95 0.92 0.98
(Continued)
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Table 5 (Continued).
Gene SNP ID Genotype Poor Responder Good Responder Extensive Responder Overall p-value*
rs2862116 AA (37/200) 18.5% (154/200) 77.0% (9/200) 4.5% 0.07
P-value* 0.99 0.72 0.11
AG (1/11) 9.1% 8/11) 72.7% (2/11) 18.2%
P-value* 0.72 0.96 0.2
GG (1/1) 100% (0/1) 0.0% (0/1) 0.0%
P-value* 0.18 0.14 0.98
rs7906426 AA (29/160) 18.1% (122/160) 76.3% (9/160) 5.6% 0.50
P-value* 0.97 0.98 |
AG (9/46) 19.6% (36/46) 78.3% (1746) 2.2%
P-value* | 0.94 0.69
GG (1/5) 20.0% (3/5) 60.0% (1/5) 20.0%
P-value* 0.89 0.58 0.32

Note: *Chi-square test with p < 0.05.

Table 6 Association of PCSK9, WDRI2, CDKN2A, and CXCLI2 SNPs with Warfarin Responsiveness During the Stabilization Phase of

Therapy

Gene SNP ID Genotype Poor Responder Good Responder Extensive Responder Overall p-value*

PCSK9 rs11206510 cC (0/4) 0.0% (4/4) 100.0% (0/4) 0.0% 0.65
P-value* 0.87 0.78 091
CT (1/43) 2.3% (40/43) 93.0% (2/143) 4.7%
P-value* 0.41 0.63 0.99
TT (8/92) 8.7% (80/92) 87.0% (4/92) 4.3%
P-value* 0.33 0.49 |

WDRI2 rs6725887 CcC (1/5) 20.0% (4/5) 80.0% (0/5) 0.0% 0.37
P-value* 0.47 0.80 0.89
CT (0/28) 0.0% (26/28) 92.9% (2/28) 7.1%
P-value* 0.29 0.77 0.73
TT (8/104) 7.7% (92/104) 88.5% (4/104) 3.8%
P-value* 0.64 0.93 0.87

rs7582720 CcC (1/5) 20.0% (4/5) 80.0% (0/5) 0.0% 0.35

P-value* 0.46 0.79 0.89
TC (0/32) 0.0% (30/32) 93.8% (2/32) 6.3%
P-value* 0.24 0.64 0.83
TT (8/102) 7.8% (90/102) 88.2% (4/102) 3.9%
P-value* 0.55 0.83 0.93

CDKN2A rs10757278 AA (1/32) 3.1% (30/32) 93.8% (1/32) 3.1% 0.82
P-value* 0.67 0.63 0.93
GA (6/78) 7.7% (69/78) 88.5% (3/78) 3.8%
P-value* 0.82 0.96 0.95
GG (2/28) 7.1% (24/28) 85.7% (2/28) 7.1%
P-value* 0.99 0.8l 0.72

rs1333049 CcC (2/28) 7.1% (24/28) 85.7% (2/28) 7.1% 0.82
P-value* 0.99 0.80 0.71
GC (6/79) 7.6% (70/79) 88.6% (3/79) 3.8%
P-value* 0.83 0.97 0.94
GG (1/32) 3.1% (30/32) 93.8% (1/32) 3.1%
P-value* 0.68 0.64 0.93
(Continued)
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Table 6 (Continued).

Gene SNP ID Genotype Poor Responder Good Responder Extensive Responder Overall p-value*

rs4977574 AA (1721) 4.8% (20/21) 95.2% (0/21) 0.0% 0.82
P-value* 0.94 0.63 0.57
GA (6/80) 7.5% (70/80) 87.5% (4/80) 5.0%
P-value* 0.85 0.75 0.90
GG (2/38) 5.3% (34/38) 89.5% (2/38) 5.3%
P-value* 0.94 | 0.95

CXCLI2 rs1746048 CcC (6/82) 7.3% (74/82) 90.2% (2/82) 2.4% 0.25

P-value* 0.89 0.90 0.43
TC (3/44) 6.8% (39/44) 88.6% (2/44) 4.5%
P-value* | 0.99 |
TT (0/13) 0.0% (11/13) 86.6% (2/13) 15.4%
P-value* 0.61 0.86 0.12

rs268322 CcC (7/121) 5.8% (108/121) 89.2% (6/121) 5.0% 0.45
P-value* 0.69 | 0.63
CcT 2/18) 11.1% (16/18) 88.9% (0/18) 0.0%
P-value* 0.69 | 0.63

rs2862116 AA (9/131) 6.8% (118/131) 90.1% (4/131) 3.1% 0.01
P-value* 0.74 | 0.01
AG (0/8) 0.0% (6/8) 75.0% (2/8) 25.0%
P-value* 0.74 | 0.0l

rs7906426 AA (7/108) 6.5% (96/108) 88.9% (5/108) 4.6% 0.98
P-value* | 0.99 0.96
AG (2/28) 7.1% (25/28) 89.3% (1/28) 3.6%
P-value* 0.99 | 0.98
GG (0/2) 0.0% (2/2) 100.0% (0/2) 0.0%
P-value* 0.93 0.88 0.96

Note: *Chi-square test with p < 0.05.

In addition to the results mentioned above, patients were
divided into three groups of responders (extensive, good, and
poor) based on the average measurements of their INR dur-
ing both phases of therapy; the initiation and the stabilization
phases. The study findings indicated that there are no sig-
nificant differences between all groups and with all poly-
morphisms during the imitation phase, and only CXCL12
rs2862116 SNP showed a significant difference during the
stabilization phase. Moreover, only CDKN2A CAG genetic
haplotype block affects warfarin responsiveness in Jordanian
patients. According to current results, there was not any
significant influence of any of those polymorphisms on the
dose of warfarin when considering the initiation phase of
therapy. However, during the stabilization phase, only the
PCSK9 rs11206510 SNP was able to demonstrate a signifi-
cant association with warfarin doses. Moreover, only
CDKN2A rs4977574 SNP showed a significant difference
concerning the INR

during the initiation phase

measurements, in contrast, CXCL12 rs2862116 SNP showed
a significant difference with regards to the maintenance
measurements of the INR. It is also possible that the
Jordanian patients carry further gene mutations that can be
involved in the pathway of coagulation. One of the limita-
tions of this study is the number of individuals involved in the
study. Therefore, further investigations with a larger sample
size in different Arab populations are required to confirm the
findings of this study.

Conclusions

In the present study, the frequencies of PCSK9, WDRI12,
CDKN2A, and CXCL12 polymorphisms were examined in
the Jordanian population and, then after, we examined their
effects on the sensitivity and responsiveness to warfarin
during both phases of therapy; the initiation and the stabiliza-
tion phases. In conclusion, this study demonstrated a signifi-
cant association between the CDKN2A rs4977574 SNP and
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Table 7 Association of PCSK9, WDR12, CDKN2A, and CXCLI12 SNPs with INR Treatment Outcome

Gene SNP ID Genotype Initiation INR Overall p-value* Maintenance INR Overall p-value*
PCSK9 rs11206510 CcC 1.96 [0.35] 0.25 2.53 [0.5] 0.35
CcT 2.53 [0.88] 2.75 [0.42]
TT 2.44 [0.73] 2.67 [0.37]
WDRI2 rs6725887 CcC 2.72 [0.62] 0.23 2.56 [0.56] 0.74
CcT 2.29 [0.53] 2.70 [0.39]
TT 2.49 [0.82] 2.84 [0.39]
rs7582720 CcC 2.72 [0.62] 0.22 2.56 [0.56] 0.67
TC 2.30 [0.52] 2.67 [0.38]
TT 2.49 [0.83] 2.71 [0.39]
CDKN2A rs10757278 AA 2.38 [0.70] 0.66 2.61 [0.36] 0.42
GA 2.50 [0.77] 2.72 [0.37]
GG 2.45 [0.83] 2.71 [0.49]
rs1333049 CcC 2.42 [0.88] 0.41 2.71 [0.49] 0.47
GC 2.52 [0.75] 2.72 [0.36]
GG 2.35 [0.70] 2.62 [0.36]
rs4977574 AA 2.19 [0.54] 0.04 2.62 [0.39] 0.66
GA 2.56 [0.79] 2.70 [0.36]
GG 2.43 [0.82] 2.72 [0.46]
CXCLI2 rs1746048 CC 2.40 [0.76] 0.25 2.67 [0.39] 0.79
TC 2.51 [0.79] 2.72 [0.39]
TT 2.72 [0.75] 2.72 [0.40]
rs268322 CcC 2.44 [0.77] 0.39 2.70 [0.39] 0.45
CcT 2.59 [0.76] 2.63 [0.40]
rs2862116 AA 2.46 [0.97] 0.62 2.68 [0.38] 0.04
AG 2.47 [0.50] 2.96 [0.45]
GG 1.70 [..]
rs7906426 AA 2.45 [0.74] 0.08 2.70 [0.40] 0.53
AG 241 [0.77] 2.68 [0.34]
GG 3.22 [1.52] 3.00 [0.57]

Note: *One-way ANOVA test with p < 0.05 is considered significant, mean standard deviation in square brackets.

the risk of CVD in the Jordanian population. Moreover, the
presence of certain genotypes of the CDKN2A rs1333049
and rs10757278, and the PCSK9 rs11206510 polymorphisms
significantly affected the resistance profile of warfarin during
the initiation phase of therapy, while the CXCL12 rs2862116
SNP significantly affected responsiveness to warfarin during
the stabilization phase of therapy. Moreover, PCSK9
rs11206510, CDKN2A  rs4977574, and CXCLI12
rs2862116 SNPs showed significant differences in warfarin
maintenance doses, initiation INR, and maintenance INR,
respectively. Further studies with a larger sample size and
possibly different populations will be required to confirm our
results.
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