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ARTICLE INFO                                         ABSTRACT 
 

 
 

 

Variability in pharmacokinetics and drug response accounts for single-nucleotide variants/ 
polymorphisms (SNVs/SNPs) as well as copy-number variants (CNVs). While the role of 
SNVs/SNPs on drugs metabolism has been extensively studied, little is known about the CNVs. 
Cytochrome P450 2C19 (CYP2C19) gene variants and their overall effects on the clinical outcomes 
of patients with Acute Coronary Syndromes (ACS) treated with Clopidogrel in a dual antiplatelets 
therapy, remain still controversial although bed-side genetic-driven care has been shown to be 
feasible. We sought to evaluate the impact of CYP2C19 CNVs on the clinical outcomes in Sardinian 
patients who underwent percutaneous coronary interventions (PCI) and received clopidogrel therapy 
having as control population Italian continental (Sicilian ancestry included). The prevalence of 
CYP2C19 CNVs were assessed by means of three dedicated TaqMan assays (Hs05148033_cn, 
Hs02932336_cn and Hs05107177_cn) in 100 Sardinian patients who underwent PCI. The control 
population was made of 200 Italian continental patients (of whom 60 individuals of Sicilian ancestry). 
Clinical relevant outcomes (adverse cardiovascular events, stent thrombosis and bleeding) and 
CYP2C19 CNVs were then associated in these two groups. The primary observation was the 
identification of CYP2C19 gene CNVs in the Sardinian population at higher rate: 7.2% of deletion 
and 3.2% of duplication alleles respectively in Sardinian vs 1.2% and 0.7% in the control group. The 
second finding showed that the CYP2C19 deletion allele is at increased risk of a composite of 
cardiovascular death, myocardial infarction, symptom-driven revascularisation compared with non-
carriers (10.58% vs 6.07%, OR: 1.99, 95% CI, pz<0.001). Stent thrombosis (ST) is also more 
frequent in the deletion allele carriers (2.22% vs 0.44%, OR: 4.77, 95% CI, p<0.001). The risk of 
bleeding is higher in the duplication allele carriers. In conclusion, genetic testing including the search 
for CNVs, may be helpful to personalize patients’ care being the dual antiplatelets therapy pivotal for 
patients undergoing PCI. 
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INTRODUCTION 
 

Genetic variations overall contribute to the variability in 
response to drugs between 18-32% (1). Although the 
incorporation of pharmacogenomics (PGx) into clinical 
practice is here to come and the recent introduction of a 
portable USB compatible handheld DNA sequencers offers 
available bed-side genotyping of individuals without need of a 
laboratory (2), this stage has not been reached yet. 

The Cyotchrome P450 (CYP; 10q23.33) enzymes are the 
major system that catalyse phase I drug metabolism of about 
20% of the clinically used drugs (3). About 52 allelic variants 
of the CYP2C19 gene due to Single Nucleotide 
Polymorphisms (SNPs)/Variations (SNVs) have been reported 
(https://www.pharmvar.org/gene/CYP2C19) with evidences of 
different genotype-phenotype associations according to the 
ethnic groups (4-6).Based on to the genotype and its effects, 
subjects are categorized as poor metabolizers (PMs) if carrying 
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either of the most common defective CYP2C19 allele namely 
CYP2C19*3 (c.636G>A; rs4986893) or the CYP2C19*2 
(c.681G>A; rs4244285); extensive metabolizers (EM) if 
carrying no variant alleles; ultra-rapid metabolizers (UMs) if 
carrying the CYP2C19*17 (c-806C>T; rs12248560; Table 1). 
In addition, discrepancies observed between the genotype-
phenotype association studies in the CYP2C19 led to the 
identification of Copy Number Variants of this gene (CNVs; 
7). 

 

Table 1 List of the recurrent CYP2C19 (Ref Seq NM_00769) 
allelic variants and their clinical effects (if known): allele 

name, coding effect, change at the protein level, rs name (as 
from the dB SNP database) and clinical annotations are 

provided. 
 

Gene Allele name Coding Protein Rsname Effetc 
CYP2C19 

NM_00769 
CYP2C19*1 - - - wild type 

 
CYP2C19*17 c.-806C>T 5’UTR rs12248560 higheractivity 

 
CYP2C19*4 c.1A>G splice site rs28399504 none 

 
CYP2C19*8 c.358T>C p.Trp120Arg rs41291556 poor 

 
CYP2C19*6 c.395G>A p.Arg132Gln rs72552267 poor 

 
CYP2C19*3 c.636G>A p.Trp212X rs4986893 none 

 
CYP2C19*2 c.681G>A splice site rs4244285 none 

 
CYP2C19*7 c.819+2T>A splice site rs72558186 none 

 
CYP2C19*5 c.1297T>C p.Arg433Trp rs56337013 reduced 

 

CYP2C19 is important for the metabolism of a variety of drugs 
including clopidogrel, omeprazole and phenytoin (8-10). In the 
setting of acute coronary syndromes (ACS), among patients 
treated with clopidogrel, carriers of a reduced-function 
CYP2C19 allele (namely the CYP2C19*2) have significantly 
lower levels of the active metabolite of clopidogrel, 
diminished platelet inhibition, and a higher rate of major 
adverse cardiovascular events, including stent thrombosis, with 
respect to noncarriers(11) and the CYP2C19 genotyping for 
Clopidogrel resistance at the point of care, although debated, 
has been recently shown to be effective (12-13). However, the 
individuals’ response to Clopidogrel is not fully explained 
based solely on the available genotypes. Therefore, in this 
paper we sought at evaluating the presence of CYP2C19 gene 
CNVs within a genetically homogenous population of ACS 
patients of Sardinian origin compared to Italian continental 
subjects (30% of whom of Sicilian ancestry) with the aim of 
explaining such differences in drug response (14). 
 

MATERIAL AND METHODS 
 

Blood samples and informed consent. Genomic DNA of all 
the enrolled individuals (n=300) was extracted from whole 
blood using the Maxwell 16 and associated AS1010 chemistry 
(Promega). Quality and quantity of isolated DNA were 
measured using the Nanodrop 2000 (ThermoFisher). All of the 
patients were of Italian ancestry and were hospitalized because 
of ST-segment elevation or non-ST-segment elevation ACS 
(Figure 1).  
 
 

 
Figure 1 The study enrolled 300 ACS patients (100 Italian Sardinian and 200 Italian 

Continental; upper part of the figure); the CYP2C19 gene was studied by means of three 
Taqman Copy Number Assays (Hs05148033_cn, Hs02932336_cn and Hs05107177_cn) 
spanning respectively the exon/intron boundaries of exons 1, 2 and 9 (lower part of the 

Figure). 

Each enrolled individual gave his/her informed consent for 
DNA banking and DNA genotyping as per the research aims 
of this study. The patients’clinical characteristics are listed in 
Table 2.  

 

Table 2 Baseline demographics and clinical characteristics of 
the two population present inthis study. Date are presented as 

percentage (± standard deviation when present). 
 

 
Allpatients 

(n=300) 
Sardinians 

(n=100) 

Italian 
Continental 

(n=200) 
Demographics 

   
Age, yrs 71.5±13.7 74.2 68,8 
>80 yrs 38.2±8.9 37,2 39,1 
female 29±5.6 32,5 25,5 

Cardiovascular Risk 
Factors    

Family History 24,2 25,8 22,6 
Hypertension 65,2 63,9 66,5 
Dyslipidemia 62,5 67,4 57,6 

Acute 
CoronarySyndromes    

STEMI 32,4 33,9 30,9 
NSTEMI 64,8 63,7 65,9 

Unstable angina 2,1 3,2 1 
Revascularisation 

   
PCI 61.3 60.2 62.4 

CABG 9.35 9.8 8.9 
 

Patients outcomes. The primary purpose of the study was the 
assessment of the presence of CNVs in the CYP2C19 gene and 
their possible association in the setting of ACS. To this end we 
looked at the presence of composite cardiovascular death and 
the first occurrence of nonfatal myocardial infarction, nonfatal 
stroke, and major bleeding (defined according to the Bleeding 
Academic Research Consortium type 3 to 5) within 12 months 
after hospitalization. Subsequently we looked at the composite 
of the primary endpoint plus the occurrence of definite 
or probable stent thrombosis.  
 

Copy number variation assessment. The variations in the 
allelic content of the CYP2C19 gene were made by means of 
the comparative Ct method (or relative quantification) as 
elsewhere described (7,15). The primers and probes set used 
for the CYP2C19 (target gene) and RNAseP (reference gene; 
RPPH1A30064) amplification are listed in Figure 1 (lower 
part). Total PCR reaction was of 25 ul containing the 
following: 12.5 ul of 2X TaqMan Gene Expression Master 
Mix, 1.25 ul of TaqMan assay and 10 ng of gDNA (all of the 
reagents were purchased by ThermoFisher) and run on a ABI 
PRISM 7500 platform under universal amplification 
conditions. 
 

Statistical analysis.STATA4 (Stata software) was used for 
secondary statistical data analysis after performing primary 
analysis for CNVs by means of the SDS Software 
(ThermoFisher).  Data were expressed as mean ±SD. The copy 
number range between 1.6-2.1 was considered as normal 
diploid copy number for the CYP2C19 gene. Descriptive 
statistics were used to compare the baseline characteristics of 
the patients’ groups.  The cumulative incidence of the 
endpoints during the 12 months of follow-up were graphically 
represented by means of Aalen-Johansen curves, and the 
significance of the differences between the sub-distribution of 
the hazards was tested by using the Fine-Gray model. All of 
the tests were 2-sided at a significance level of 0.05.  
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RESULTS 
 

A total of 300 patients were enrolled in this study: 100 of 
Sardinian ancestry and 200 Italian Continental (30% of whom 
of Sicilian ancestry; Figure 1). The mean age of the population 
was 71.5± 13.7 years (range between 30 to 98 years), with the 
38.2% of the patients > 80 years. Taking into account the 
proportion of revascularization by means f PCI (61.3%) and 
CABG (9.35%), these patients can be considered a high-risk 
study population.  
 

Genotyping results. In Table 3 are summarised the genotyping 
results of the enrolled patients.  
 

Table 3 Number of deleted and duplicated CYP2C19 alleles in 
the two populations (Italian Sardinian and Italia continentals); 

MACE (major cardiovascular events in the follow-up); NS: not 
significant; NA: not applicable. 

 

 
CYP2C19 

Deletiontion 
CYP2C19 

Duplication 
Sardinians (n=100) 7 (7%) 3 (3%) 

Italian Continental (n=200) 2 (1%) 1 (0.5%) 
P <0.001 <0.001 

MACE Sardinians (n=100) 12 (12%) - 
MACE Italian Continental (n=200) 27 (13.5%) - 

P NS NA 
BleedingSardinians (n=100) - 5 (5%) 

BleedingItalian Continental (n=200) - 15 (7.5%) 
P NA NS 

 

By assessing the presence of large gene InDels, we found 
CNVs to be present within the CYP2C19 gene at a higher rate 
in the Sardinian DNAs compared to the Italian continental 
DNAs.  More in depth, by analysing the full CYP2C19 gene 
length with three TaqMan copy number assays spanning from 
the 5’UTR to the 3’ UTR (Hs05148033_cn, Hs02932336_cn 
and Hs05107177_cn; Figure 1), we found in the Sardinian 
population the presence of 7% (n=7) deleted and 3% (n=3) 
duplicated alleles respectively vs 1% (n=2) and 0.5% (n=1) in 
the control group. Figure 2 shows the raw data as from the 
SDS software when applying the Ct method in order to 
assess the copy number variation (s).  
 

 
 

Figure 2 Raw quantitative data as from the SDS System 7500 software (run in 
Gene Expression mode): the red sample showed a duplicated allele compared 

to all of the other samples. 
 

Patients outcomes. All of the 300 patients were followed up 
for at least one year (14±2 months). Major cardiovascular 
events (a composite of the following cardiovascular death, re-
occurrence of nonfatal myocardial infarction, nonfatal stroke 
and stent thrombosis) occurred in 12(12%) Sardinian patients, 
7 of them with deletion allele vs 27 Italian continental (13.5%) 
with the same genetic make-up (p<0.001). Major bleeding 
events occurred in 5 (5%) Sardinian patients, 3 of them 

carrying the CYP2C19 duplicated allele with respect to 
17(7.5%) Italian continental, 1 of them carrying the duplicated 
allele (p<0.011). 
 

DISCUSSION 
 

Biological mechanisms and genetic factors underlying the 
individual Clopidogrel response are heterogeneous and still 
remain elusive. Previous genetic and clinical trials have 
focused almost exclusively on the role of common, recurrent 
genetic variants, mostly involving single nucleotide change 
(Single Nucleotide Polymorphisms or SNPs) and have 
identified only a small fraction of the expected heridability 
(16, 12). 
 

CYP2C19 is the main factor for metabolism of drugssuch as 
omeprazole, lansoprazole, imipramine, propranolol, diazepam 
and clopidogrel. Some CYP2C19 genetic variants may produce 
non-functional alleles and therefore no enzyme activity is left 
to metabolize these drugs correctly. The frequencies of these 
genetic variants show regional variability. For instance, the 
CYP2C19*2allele has a frequency of 21.4%, 14.4%, 15%, 
13.6%, 13.1%, 23%, 32%, 39% and >75% respectively in the 
Iranian, Swedish, German, Ethiopian, Zimbabwean, Chinese-
Taiwanese, Filippino and Malenesian populations respectively 
(6). Among patients treated with Clopidogrel, carriers of the 
CYP2C19*2 show markedly lower levels of the active 
metabolite of the drug, decreased platelet inhibition and higher 
rate of subsequent cardiovascular events compared with non-
carriers. Conversely, CYP2C19*17 allele is reported to be 
associated with higher risk of bleeding in carriers (17).Hence 
testing for CYP2C19 variants in the patients’ population may 
be useful since Clopidogrel still is a high-priority drug for 
clinical treatments of Acute Coronary Syndromes.  
 

CYP2C19 copy number variations so far have little or not fully 
evaluated. Only recently, CNVs of  CYP2C19, CYP4F2 and 
SLCO1B3  have been investigated in a large cohort of 2,504 
whole genomes from the 1000 Genomes Project and 59,898 
exomes from the Exome Aggregation Consortium identifying 
208 genes’ rearrangements (0.33%; 18).  However, the present 
study was aimed at evaluate the presence of CYP2C19alleles’ 
deletions/duplications in a cohort of 300 individuals (600 
chromosomes) with Acute Coronary Syndromes of whom 100 
of Sardinian ancestry. A total of 13 CYP2C19 large Ind/Dels 
were found. Deleted alleles (n=9) were more frequent in 
patients with MACE events, while Insertion alleles (n=4)were 
more abundant in patients with bleeding events. Although the 
aim of this study was to evaluate the presence of gross 
Cytochrome P450 2C19 gene-rearrangements and not their 
association with clinical outcomes, these findings may prompt 
to further genetically characterise patients when guided 
genetic-therapies are in place. 
 

Study limitations. There are several limitations to our study. 
First the sample size accounts only for 600 chromosomes but 
all of the 300 patients were completely followed-up for one 
year. In addition, the ethnicity is solely Italian and the genetic 
data arise from a single centre. Therefore, duplication studies 
with other European populations are warrantied as well as the 
involvement of other genotyping facilities.  
 

CONCLUSION 
 

Our study demonstrates once more the complexity of 
developing personalised therapies for treatment of ACS. 
Genotype data should include not only recurrent SNPs but 
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additional search for large gene-rearrangements although much 
less frequent but with a strong effect on the final phenotype. 
 

References 
 

1. Sim SC, Ingelman-Sundberg M. Update on allele 
nomenclature for human cytochromes P450 and the 
Human Cytochrome P450 Allele (CYP-allele) 
Nomenclature Database. Methods Mol Biol.  
2013;987:251-9 

2. Jain M, Koren S, Miga KH, Quick J, Rand AC, 
Sasani TA, Tyson JR, Beggs AD, Dilthey AT, Fiddes 
IT, Malla S, Marriott H, Nieto T, O'Grady J, Olsen 
HE, Pedersen BS, Rhie A, Richardson H, Quinlan 
AR, Snutch TP, Tee L, Paten B, Phillippy AM, 
Simpson JT, Loman NJ, Loose M.Nanopore 
sequencing and assembly of a human genome with 
ultra-long reads. Nat Biotechnol. 2018 Apr; 
36(4):338-345. 

3. Ingelman-Sundberg M, Sim SC, Gomez A, 
Rodriguez-Antona C.Influence of cytochrome P450 
polymorphisms on drug therapies: pharmacogenetic, 
pharmacoepigenetic and clinical aspects. 
PharmacolTher. 2007 Dec;116(3):496-526. 

4. He N, Yan FX, Huang SL, Wang W, Xiao ZS, Liu 
ZQ, Zhou HH. CYP2C19 genotype and S-
mephenytoin 4'-hydroxylation phenotype in a Chinese 
Dai population. Eur J Clin Pharmacol. 2002 Apr; 
58(1):15-8 

5. Chang M, Dahl ML, Tybring G, Götharson E, 
Bertilsson L. Use of omeprazole as a probe drug 
for CYP2C19 phenotype in Swedish Caucasians: 
comparison with S-mephenytoin hydroxylation 
phenotype and CYP2C19 genotype. 
Pharmacogenetics. 1995 Dec;5(6):358-63. 

6. Dehbozorgi M, Kamalidehghan B, Hosseini I, 
Dehghanfard Z, Sangtarash MH, Firoozi M, 
Ahmadipour F, Meng GY, HoushmandM..Prevalence 
of the CYP2C19*2 (681 G>A), *3 (636 G>A) and 
*17 (-806 C>T) alleles among an Iranian population 
of different ethnicities. Mol Med Rep.  2018  
Mar;17(3):4195-4202 

7. Devendran A, Uppugunduri CR, Sundaram 
R, Shewade DG, Rajagopal K, Chandrasekaran A. 
Relative Copy Number Variations of CYP2C19 in 
South Indian Population. Mol Biol 
Int. 2012;2012:643856 

8. Gurbel PA, Bliden KP, Antonino MJ, Stephens 
G, Gretler DD, Jurek MM, Pakyz RE, Shuldiner 
AR, Conley PB, Tantry US. The effect of elinogrel on 
high platelet reactivity during dual antiplatelet 
therapy and the relation to CYP2C19*2 genotype: 
first experience in patients. J ThrombHaemost. 2010 
Jan;8(1):43-53 

9. Furuta T, Sugimoto M, Nakamura A, Shirai 
N.Susceptibility to antibiotics and drug metabolism in 
patients with H. pylori infection refractory to the 
initial treatment--therapeutic strategy based on 
susceptibility to CAM and CYP2C19 polymorphism. 
Nihon Rinsho. 2005 Nov;63 Suppl 11:426-33 

10. Scott SA, Sangkuhl K, Shuldiner AR, Hulot 
JS, Thorn CF, Altman RB, Klein TE.PharmGKB 
summary: very important pharmacogene information 
for cytochrome P450, family 2, subfamily C, 

polypeptide19.Pharmacogenet Genomics. 2012 Feb;2
2(2):159-65 

11. Mega JL, Close SL, Wiviott SD, Shen L, Walker JR, 
Simon T, Antman EM, Braunwald E, Sabatine MS. 
Genetic variants in ABCB1 and CYP2C19 and 
cardiovascular outcomes after treatment with 
clopidogrel and prasugrel in the TRITON-TIMI38 
trial: a pharmacogenetic analysis. Lancet. 2010 Oct 
16;376(9749):1312-9 

12. Notarangelo FM, Maglietta G, Bevilacqua P, Cereda 
M, Merlini PA, Villani GQ, Moruzzi P, Patrizi G, 
Malagoli Tagliazucchi G, Crocamo A, Guidorossi A, 
Pigazzani F, Nicosia E, Paoli G, Bianchessi M, 
Comelli MA, Caminiti C, Ardissino D. 
Pharmacogenomic Approach to Selecting Antiplatelet 
Therapy in Patients With Acute Coronary Syndromes: 
The PHARMCLO Trial. J AmCollCardiol. 2018 May 
1;71(17):1869-187 

13. Marziliano N, Notarangelo MF, Cereda M, Caporale 
V, Coppini L, Demola MA, Guidorossi A, Crocamo 
A, Pigazzani F, Boffetti F, del Giudice F, Orsini F, 
Pirola D, Cocci A, Manzalini C, Casu G, Bianchessi 
M, Ardissino D, Merlini PA. Rapid and portable, lab-
on-chip, point-of-care genotyping for evaluating 
clopidogrel metabolism. Clin Chim Acta. 2015 Dec 
7;451(Pt B):240-6 

14. Barizzone N, Zara I, Sorosina M, Lupoli S, Porcu E, 
Pitzalis M, Zoledziewska M, Esposito F, Leone M, 
Mulas A, Cocco E, Ferrigno P, Guerini FR, Brambilla 
P, Farina G, Murru R, Deidda F, Sanna S, Loi A, 
Barlassina C, Vecchio D, Zauli A, Clarelli F, Braga 
D, Poddie F, Cantello R, Martinelli V, Comi G, Frau 
J, Lorefice L, Pugliatti M, Rosati G; PROGEMUS 
(PROgnosticGEneticfactors in MUltipleSclerosis) 
Consortium PROGRESSO (Italian network of 
Primary Progressive Multiple Sclerosis) Consortium, 
Melis M, Marrosu MG, Cusi D, Cucca F, Martinelli 
Boneschi F, Sanna S, D'Alfonso S. The burden of 
multiple sclerosis variants in continental Italians and 
Sardinians. MultScler. 2015 Oct;21(11):1385-95 

15. Marziliano N, Sapere N, Orsini F, Motta V, Veronese 
S, Gambacorta M, Merlini PA, Intrieri M. A 
quantitative-PCR protocol rapidly detects αGAL 
deletions/duplications in patients with Anderson-
Fabry disease. Mol Genet Metab. 2012 Apr; 
105(4):687-9. 

16. Vrablik M, Zlatohlavek L, Stult T, Adamkova V, 
Prusikova M, Shwarzova L, Hubacek JA, Ceska R. 
Statin associated myopathy: from genetic 
predisposition to clinical management. Physiol Res 
2014; 63:S327-S334 

17. Wang H, An N, Wang H, Gao Y, Liu D, Bian T, Zhu 
J, Chen C. Evaluation of the effects of 20 
nonsynonymous single nucleotide polymorphisms of 
CYP2C19 on S-mephenytoin 4'-hydroxylation and 
omeprazole 5'-hydroxylation. Drug MetabDispos. 
2011 May;39(5):830-7 

18. Santos M, Niemi M, Hiratsuka M, Kumondai 
M, Ingelman-Sundberg M, Lauschke VM, Rodríguez-
Antona C. Novel copy-number variations in 
pharmacogenes contribute to interindividual 
differences in drug pharmacokinetics. Genet 
Med. 2018 Jun;20(6):622-629 

 


