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Introduction: Warfarin has been in use for more than 60 years; however, it has serious side
effects including major bleeding. The high interpatient variability in the required dose
impacts the sensitivity and responsiveness to warfarin in different patients. This study aims
to assess the influence of CDHR3, CACNACI, and LTA gene polymorphisms on the
variability of warfarin dose requirements and susceptibility to coronary heart disease in the
Jordanian population.

Methods: This study was conducted in the anti-coagulation clinic in Queen Alia Heart
Institute in Amman, with 212 patients in total. Three SNPs were genotyped within CDHR3
(rs10270308), CACNACI (rs216013), and LTA (rs1041981) genes.

Results: Our findings revealed that patients with LTA polymorphism are more prone to
warfarin sensitivity than others. Furthermore, carriers of the LTA polymorphism needed
a lower initial dose of warfarin and are associated with less variation in doses required to
achieve target INR.

Conclusion: The current study could help in understanding the role of genetic variability in
warfarin dosing and matching patients to different treatment options. Clinical applications of
these findings for warfarin treatment may also contribute to improving the efficacy and safety
of warfarin treatment in Jordanian patients with cardiovascular disease.
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Introduction

Anticoagulant therapy has high efficacy and applicability in many pathologies and
it has been used heavily lately.' For example, warfarin is known to be the most
commonly used anticoagulant and has been used in clinical medicine for more than
40 years now.’ It is an oral medication that works as a competitive inhibitor of
vitamin K epoxide reductase complex 1 (VKORCI) and reduces the regeneration of
vitamin K, which is needed as a cofactor for the activation of several clotting
factors (eg, II, VII, IX and X) and anticoagulant proteins (eg, S, C and Z).*°
Warfarin is a synthetic compound that is administered as a racemic mixture contain-
ing 50% S and 50% R enantiomers due to the asymmetric carbon in its structure.®’
It is mainly metabolized in the liver by cytochrome P450.” Warfarin is primarily
used in the prevention of thrombo-embolic complications caused by many diseases
including cardiac valve replacement and atrial fibrillation.® It has been proven that
warfarin lower the risk of developing stroke by 64% in atrial fibrillation patients.?
Other indications for warfarin use include: prophylaxis and treatment of arising
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pulmonary embolisms, venous thrombosis, ischemic

stroke, myocardial infarction, valve prosthesis, intracar-
diac thrombus and other cardiovascular diseases.”®®

However, warfarin has been characterized by a narrow
therapeutic index, slow onset-of-action, titrated dosing,
and a high interpatient variability of pharmacokinetic and
pharmacodynamics parameters.” Therefore, warfarin is
still considered one of the top 10 medications associated
with adverse effects. If the dose is too high, it may cause
a major bleed.'” In fact, 2-3% of patients starting warfarin
have a major bleed in the first year but the hemorrhage rate
is based on the International Normalized Ratio (INR); an
expression of the patient’s prothrombin period.'"'? If the
INR is too low, patients are at risk of thromboembolic
disease.” An INR of 2-3 is usually considered as the
therapeutic range of anticoagulation.® However, even
when holding patients within a small range of the target
INR, safety and efficacy of therapy are not guaranteed.'*'
Therapeutic guidelines have recommended introducing
warfarin near the expected maintenance dose and then
modifying the dose by trial and error to reduce such
adverse effects throughout the duration of use of warfarin
and particularly during the initiation phase.’

The dosage of warfarin has been shown to be influ-
enced by many clinical factors including vitamin K usage,
age, and clinical characteristics of the patient, comorbid-
ities, concomitant drugs, diet, and genetics.>'> The genetic
causes of warfarin response variation have been exten-
sively studied over the past 2 decades.” Among these,
variants in genes encoding warfarin target (eg, VKORCI)
and genes encoding warfarin metabolism (eg, CYP2C9)
were affected by time and dose to meet target INR in
patients treated with warfarin.'® Nonetheless, other genes
(eg, CYP4F2, epoxide hydrolase 1 (EPHXI), gamma-
glutamyl carboxylase (GGCX), calumenin (CALU) and
CYP2C19) have also been studied in different ethnic
groups.®'” Dosage of warfarin can be predicted using
a number of algorithms that include both clinical and
genetic information.'® The inclusion of the genetic infor-
mation in addition to the clinical characteristics into the
dosing algorithms has improved the predictability of war-
farin dose for each patient.'®° The Lymphotoxin-o (LTA)
gene is a proinflammatory cytokine that is expressed in
atherosclerotic lesions.>*'** Some studies have shown
that the risk of ischemic strokes and coronary artery dis-
ease is substantially affected by LTA polymorphisms.>*
The formation of adhesion molecules and cytokines is
induced by LTA, indicating its contribution to the

pathogenesis of atherosclerosis, coronary artery disease
and inflammation which in turn might alter the dose
needed for warfarin to reach the target INR.”> Another
gene has been also linked with cardiovascular disease in
hypertensive patients is calcium voltage-gated channel
subunit alphal A (CACNACI)."®** This gene has become
of interest in previous studies where it showed some sig-
nificance to warfarin dosage.’® The Cadherin-related
family member 3 (CDHR3) gene have been strongly
linked to asthma and some other studies have established

infarction.?> 27

an inverse relation with myocardial
Therefore, this study aimed to assess and evaluate the
influence of CACNACI, LTA, and CDHR3 variants on

warfarin dosage requirement among Jordanian patients.

Materials and Methods
Study Design and Patients

In accordance with the Declaration of Helsinki, a total of
220 patients visiting the Queen Alia Heart Institute were
included in this study. Between January 2014 and
November 2015, all cardiovascular patients began antic-
oagulation treatment at anti-coagulation clinic in Amman-
Jordan. Participating patients should have been at least 18
years of age before beginning therapy in order to be
included in our analysis and should have attended the
clinic regularly for at least 3 months. Patients who were
taking any pharmacokinetics interacting drugs according
to Dutch standards
interactions,”® have lost their clinical data, alcoholics or

for the treatment of coumarin

were pregnant throughout the time of the study were
totally excluded from the study. Patients who met the
inclusion criteria were interviewed, had the study goals
clarified, and signed a consent form of participation.
A written informed consent from all participants has also
been obtained. This research was approved by the Jordan
University of Science and Technology (JUST) (ethical
code number 13/78/2014).

Initially, 300 patients out of the 350 who were origin-
ally evaluated were referred to participate in the study.
According to the exclusion criteria, a total of 80 was
excluded. The remaining 220 consented to participate in
our study. Eight patients also were excluded from this
study due to either degradation of DNA samples or low
DNA content. Finally, out of the remaining 212 patients,
139  only  reached the
Pharmacogenetics analysis was conducted based on two

stabilization  phase.

phases: the initiation phase relies on data of 212 patients
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and the stabilization phase depends on 139 patients who
have reached the maintenance phase of treatments as pre-

viously described by AL-Eitan et al.*’

Data Collection and Follow-Up Time

Between January 2014 and November 2015, data were col-
lected for all patients including a range of demographic
characteristics (eg, age, gender, smoking, eating habits, and
Body Mass Index). Moreover, clinical data (eg, the indication
for prescribing anticoagulants, current INR, therapeutic INR,
the dosage of anticoagulant use, duration of use, hemorrhage,
lipid profile (low-density lipoprotein; LDL level, high-
density lipoprotein; HDL level, and cholesterol), co-
morbidities and other medications in use) was also collected.

SNP Selection and Genotyping

The targeted SNPs for analysis were extracted from the
National Biotechnology Information Center (NCBI) SNP
database, and the Applied Biosystems SNP database. For
the L74, CDHR3, and CACNACI genes, 3 SNPs have
been selected. Table 1 lists the names, IDs and positions
of the selected genes. Genomic DNA was extracted using
the Wizard Genomic DNA Purification Kit (Promega
Corporation, Madison, WI, USA). Samples met the quan-
titative requirements of the study were subsequently
imported to the Australian Genome Research Facility
(AGRF) for genotyping using the Mass ARRAY™
System (iPLEX GOLD) (Sequenom, San Diego, CA,
USA). Upon request, the primers for the L74, CDHR3,
and CACNACI genes and the Mass ARRAY™ system

protocol information used are available.

Outcome Measure

In order to assess the main objective of the research, which
is the sensitivity to warfarin; patients were first divided
into three main classes based on the Gordon study.*® These
groups were as follows:

Table | Genes and SNPs Characteristics

Gene SNP Chr. Alleles Variant
Position* Type
CDHR3 rs10270308 | 7:106030821 TIC Synonymous
CACNACI rs216013 12:2620466 AIG Intron
LTA rs1041981 6:31573007 C/IA Missense

Note: *From NCBI Human Genome Assembly Build.

1. High Metabolizers or warfarin resistance group
(this
>49 mg of warfarin per week).

category includes patients who needed

2. Moderate Metabolizers or warfarin response groups
(this
between 21 and 49 mg of warfarin per week).

category includes patients who needed
3. Low metabolizers or warfarin-sensitive groups (this
category includes patients who needed <21 mg of

warfarin per week).

Warfarin responsiveness was the second goal of the study
and thus patients were further classified into 3 other cate-
gories according to Higashi et al,®' that are:

1. Good Responders (these patients have an INR that
is in the target range, ie, therapeutic range).

2. Low Responders (these patients have an INR that is
below the target range).

3. Ultra-Responders (these patients have an INR
above the target range).

Finally, the definition of the maintenance dose is the
average of all doses given to the patient during the period
with stable anticoagulation. All weekly settled doses for at
least two following visits under therapeutic INR were used
to estimate the stable maintenance dose.

Statistical Analysis

The statistical package for social sciences (SPSS, v21.0)
was used in the current study. The Chi-square test, the
unidirectional variance analysis, the one-way ANOVA fol-
lowed by Turkey HSD post hoc multiple comparison test,
and the Kruskal Wallis non-parametric correlation test are
used to assess which of the SNPs are correlated with
warfarin response. The minor allele frequency (MAF)
and the Hardy—Weinberg balance (HWE) P-values were
determined for each SNP.

Results

The study group comprised of 212 unrelated Jordanian
(Arab) patients treated with warfarin as anticoagulant
treatment. The mean age (£SD) of these patients was
56.03+ (17.68) years with a range of 18 to 85 years. The
median age of the patients was 60 (range: 18 to 85). Both
genotype and phenotype data were available for these
patients. Our study included a total of 212 patients with
an average age of 47.6£17.7 years in the extensive meta-
bolizer group, 53.2+15.3 years in the good metabolizer
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Table 2 Association of CDHR3, CACNACI, and LTA SNPs with Warfarin Sensitivity During the Initiation Phase of Treatment with

Warfarin in Cardiovascular Patients (n=212)

Gene SNP Genotype Sensitive Moderate Resistance Overall P-value*
CDHR3 rs10270308 CcT (2/14) 14.3% (10/14) 71.4% (2/14) 14.3% [
P-value 0.99 0.98 0.99
TT (30/196) 15.3% (135/196) 68.9% (31/196) 15.8%
P-value 0.99 0.98 0.99
CACNACI rs216013 AA (22/120) 18.3% (77/120) 64.2% (2/120) 17.5% 0.243
P-value 0.14 0.10 0.53
AG (9/79) 11.4% (57179) 72.2% (13/79) 16.5%
P-value 0.24 0.41 0.08
GG (1/12) 8.3% (11/712) 91.7% (0/12) 0.0%
P-value 0.53 0.92 0.12
LTA rs1041981 AA (2/20) 10% (13/20) 65% (5/20) 25% 0.05
P-value 0.50 0.69 0.25
CA (18/106) 17% (79/106) 74.5% (9/106) 8.5%
P-value 0.44 0.08 0.003
CcC (12/86) 14% (54/86) 62.8% (20/86) 23.3%
P-value 0.70 0.11 0.02

Note: *P value <0.05 is considered significant.

group, and 54.2+18.4 years in the low metabolizer group.
These patients included 83 males (59.7%) and 56 females
(40.3%). The most common co-morbidity in studied
patients was hypertension. For further information, the
clinical and demographic data are summarized in pre-
viously published study by AL-Eitan et al.*® The average

age for controls was 37.5£13.7, 53.6% of them were male
and 46.3% were female.

Table 2 shows that LT4 gene polymorphism
rs1041981 (CA) is the most common polymorphism in
the LTA gene with 106 patients. Significance was found
between the polymorphism and warfarin sensitivity

Table 3 Association of CDHR3, CACNACI, and LTA SNPs with Warfarin Sensitivity During the Stabilization Phase of Treatment with

Warfarin in Cardiovascular Patients (n=139)

Gene SNP Genotype Sensitive Moderate Resistance Overall P-value*
CDHR3 rs10270308 CcT (0/9) 0.0% (719) 77.8% (2/9) 22.2% 0.427
P-value 0.19 0.32 0.92
TT (20/128) 15.6% (77/128) 60.2% (31/128) 24.2%
P-value 0.19 0.32 0.92
CACNACI rs216013 AA (11/77) 14.3% (47/77) 61% (19/77) 24.7% 0.117
P-value 0.92 0.84 0.84
AG (6/55) 10.9% (35/55) 63.6% (14/55) 25.5%
P-value 0.32 0.69 0.76
GG (3/6) 50% (3/6) 50% (0/6) 0.0%
P-value 0.01 0.55 0.16
LTA rs1041981 AA (2/17) 11.8% (9/17) 52.9% (6/17) 35.3% 0.312
P-value 0.76 0.42 0.23
CA (11/69) 15.9% (47/69) 68.1% (1'1/69) 15.9%
P-value 0.62 0.13 0.04
CcC (7/53) 13.2% (30/53) 56.6% (16/53) 30.2%
P-value 0.76 0.32 0.16

Note: *P value <0.05 is considered significant.

1096

submit your manuscript

Dove

International Journal of General Medicine 2021:14



http://www.dovepress.com
http://www.dovepress.com

Dove

Alghamdi et al

Table 4 Association of CDHR3, CACNAC/, and LTA SNPs with Variability on Warfarin Required Doses

Gene SNP Genotype Initiation Dose Overall P-value* Maintenance Dose Overall P-value*
CDHR3 rs10270308 CcT 37.65 [11.15] 0.945 38.43 [18.17] 0.515
TT 38.09 [23.77] 42.48 [14.81]
CACNACI rs216013 AA 39.13 [28.79] 0.593 38.68 [18.71] 0.173
AG 37.51 [1231] 40.01 [17.01]
GG 32.27 [9.79] 25.67 [9.74]
LTA rs1041981 AA 41.67 [15.69] 0.506 43.20 [22.51] 0.006
CA 36.32 [28.07] 33.74 [12.08]
CcC 39.37 [16.87] 43.64 [16.99]

Notes: *P value <0.05 is considered significant. Mean standard deviation in square brackets.

during the initiation phase (P= 0.003). Nonetheless, the

(CC) polymorphism has also shown significance
between the polymorphism and the sensitivity to war-
farin (P= 0.02). None of the CDHR3 gene or CACNACI
gene polymorphisms have shown any significance in the
initiation phase.

The chi-square test results presented in Table 3 show
a significant p-value of 0.01 when it comes to the associa-
tion of CACNACI gene polymorphism (GG) with warfarin
sensitivity during the maintenance phase of therapy.
Interestingly, 50% of the (GG) polymorphism of the
CACNACI gene are found to be sensitive for warfarin
needing less than 21 mg/week to maintain a stable ther-
apeutic INR. Furthermore, the LTA polymorphism (CA)
has shown a significant association with warfarin sensitiv-
ity. Thus, the L74 gene polymorphism has shown signifi-
cance in both the initiation and maintenance phases when

it comes to warfarin sensitivity.

The ANOVA test revealed a significant association
between the L74 gene polymorphisms and the variability on
warfarin required doses with a P-value of 0.006 (Table 4). The
(CA) polymorphisms, which showed a significant association
with the sensitivity to warfarin in both the initiation and main-
tenance phases, have a mean initiation dose 0of 36.32+28.07 mg
which is the second least initiation dose between the studied
gene polymorphisms. Remarkably, the (CA) polymorphism
values show that the patients needed a lower dose of warfarin
as a maintenance dose when compared to the starting initiation
dose. The least initiation dose was observed in the (GG) poly-
morphism of the CACNACI gene (32.27+9.79 mg). On the
other hand, the highest initiation dose was observed in the
(AA) polymorphism of the LTA gene (41.67+15.69 mg).
A significance can be deduced with the post-hoc multiple
comparisons test (Table 5) between the maintenance dose of
the (CA) polymorphism patients when compared to the (CC)
polymorphism of the L74 gene (P= 0.009).

Table 5 Post Hoc Tests for the Association of CDHR3, CACNACI, and LTA SNPs with Variability on Warfarin Required Doses

Gene SNP Genotype Initiation Dose Maintenance Dose
P-value*® P-value*
CACNACI rs216013 AA AG 0.88 0.89
GG 0.59 0.19
AG AA 0.88 0.89
GG 0.75 0.15
GG AA 0.59 0.19
AG 0.75 0.15
LTA rs1041981 AA CA 0.61 0.09
cC 0.92 0.96
CA AA 0.61 0.09
CcC 0.63 0.009
CcC AA 0.92 0.96
CA 0.63 0.009

Notes: *P value <0.05 is considered significant. Compare the means of initiation and maintenance dose among all genotypes. Post hoc are not performed for rs10270308
because it is fewer than three groups.
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Finally, no significant associations were found between
the studied SNPs and response to warfarin during the
initiation and maintenance phases (Tables S1 and S2).
Moreover, no significant association was found between
the studied SNPs and treatment outcomes (Tables S3
and S4).

Discussion

Genetic testing for multiple SNPs in different candidate
genes was performed to optimize the information and
decrease the cost of large degrees of freedom in testing
multiple parameters. For example, lymphotoxin-alpha
(LTA) is a which
a cytokine produced by various lymphocytes” and genetic

protein-coding  gene, encodes
variations in the LTA gene have been linked to a number
of inflammatory diseases.*> The L7A4 gene plays a major
role in local inflammatory response and regulation of the
immune system.’>*> Several preliminary studies have sug-
gested the involvement of the L74 gene to the pathogen-
esis of atherosclerosis and coronary artery disease as it is
expressed in atherosclerotic plaques in animal
models.>?!'** However, a previous meta-analysis study
showed no significant association of the L74 gene and
CHD risk.*>* On the other hand, a more recent meta-
analysis study indicated that some LTA polymorphisms
have a significant effect on the possibility of having an
ischemic ~ stroke in  non-hypertensive  patients.*
A significant association has been established between
the LTA SNP rs1041981 and warfarin sensitivity during
both initiation and maintenance phases in our study, while
a significant association was established between the LTA
SNP rs909253 and the warfarin dose and time in Borges
et al findings.” A number of gene polymorphisms and their
effect on warfarin sensitivity have been studied in different
populations of different ethnicities. These studies linked
CYP2C9, VKORCI, CYP4F2, EPHXI1, CALU, APOE,
and PROC with warfarin sensitivity in Caucasians and
African Americans.>* Recent studies confirmed the pre-
sence of an association in the CYP2C9 and VKORCI1
polymorphisms and warfarin sensitivity in the Jordanian
patients.'”3

Our current study did not show any significance
between the CDHR3 gene and warfarin sensitivity or
responsiveness during the maintenance phase of therapy.
The CDHR3 gene that encodes cadherin-related family
member 3, have been linked in previous studies to
asthma and an increase in hospitalization risk in addition

to an increase in the number of exacerbations.”*

However, to our knowledge, no links have been made
in previous literature between CDHR3 polymorphisms
Thus,
further studies are needed to prove an association

and warfarin sensitivity and responsiveness.

between the CDHR3 gene and warfarin dosage. The
results presented above have demonstrated an association
between CACNACI (rs216013) and warfarin sensitivity

during maintenance phase. CACNACI gene is
a membrane calcium-channel encoding gene that has
been linked to  myocardial infarction,'®2%3°

Interestingly, the gene has been also linked to bipolar
disorder and schizophrenia.’” This gene has shown no
significance with warfarin maintenance dose in
a previous genome-wide study.*®

Moreover, algorithms have been used in previous stu-
dies that included the polymorphisms of certain genes and
the clinical information of the patients to predict the
appropriate warfarin dose needed for every patient in
order to reduce the interpatient variability of warfarin
and to avoid the severe side effects of the medication.'®
The addition of more associated gene polymorphisms to
the algorithm will help in the study of an effective war-
farin dosing algorithm. Compared to a fixed-dose
approach, the European Pharmacogenetic Anticoagulation
Trial (EU-PACT) has shown more time in the therapeutic
range with the use of a pharmacogenetic algorithm.***’
On the contrary, a study on the US population, the
Clarification of Optimal Anticoagulation through
(COAG), deduced that the wuse of

a pharmacogenetic algorithm did not show any enhance-

Genetics

ment in the time in the therapeutic range.”® However, in
the Jordanian population and more widely in the MENA
(Middle East and North Africa) region, little research has
been done to add more gene polymorphisms to the dosing
algorithm and to establish a better picture of the genetic
variations and their effects on the warfarin sensitivity in
the region. This is because pharmacogenomics in the
Jordanian population requires more effort and education
especially for healthcare provider.** The integration of
clinical training and pharmacogenomics training will help
achieve obvious benefits for the entire community. There
are some limitations to this study, where the study has
been done on a small sample size. Therefore, a larger
sample size is required to validate and confirm the current
findings. In addition, all patients visited the same clinic
and to get a more inclusive depiction of the actual
Jordanian population, more patients should have been
taken from different clinics around Jordan.
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Conclusion

The current study has shown a considerable linkage
between the LTA gene polymorphisms and warfarin sensi-
tivity during the initiation and maintenance phases of
warfarin treatment among cardiovascular disease patients
in the Jordanian society. Being a carrier for an LTA poly-
morphism is associated with variation in warfarin dose
required to achieve the target or therapeutic INR.
However, further studies are needed to validate this finding
and confirm the genetic association between CACNACI
gene polymorphisms and warfarin sensitivity using
a larger sample size. Conclusively, future extended phar-
macogenomics study should be conducted to study the
effects of more candidate genetic factors and other clinical
manifestations in warfarin-sensitive and responsive
patients. Finally, the current study could help in under-
standing the role of genetic variability in warfarin dosing
and matching patients to different treatment options.
Clinical translation of obtained perception may attribute
to increased potency and safety of warfarin treatment in

cardiovascular patients.
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