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1. UVOD

Farmakogenetika proučava uticaj genetičkih varijanti na odgovor na terapiju. Genetičke varijacije mogu uticati na ekspresiju, strukturu, stabilnost i aktivnost proteina kojeg kodiraju, a u skladu sa njihovim prisustvom može se predvideti odgovor na terapiju (efikasnost i toksičnost leka) i da se u skladu sa genetičkim karakteristikama svakog pacijenta terapija personalizuje.[1] CYP2C19 (cytochrome P450 family 2 subfamily C member 19) je gen koji kodira klinički značajan istoimeni enzim koji je važan u metabolizmu širokog spectra lekova: antiepileptika, antimalarika, benzodiazepina[2], tricikličnih antidepresiva[2,3], inhibitora protonske pumpe[2,4] i antiagregacijskih lekova[2,5]. CYP2C19 gen je izuzetno polimorfan sa preko 25 alela. CYP2C19*2 je farmakogenetički najznačajnija genetička varijanta, jer je relativno česta i što uslovljava značajno smanjenje aktivnosti enzima tako što menja iskrajanje primarnog transkripta (splice mutacija)[6]. Cilj ovog rada je bio da se odredi učestalost genetičke varijante CYP2C19*2 u srpskoj populaciji u cilju potvrde njenog farmakogenetičkog značaja.
2. MATERIJAL I METODE

U studiju je bila uključena 51 zdrava osoba iz srpske populacije. DNK je izolovana iz bukalnih briseva korišćenjem QIAamp DNA Mini Kit (Qiagen). Umnožen je region DNK koji obuhvata varijantu CYP2C19*2. Uslovi PCR reakcije su ranije opisani [7]. Restrikciona digestija je urađena MspI enzimom (Thermo Scientific). Produkti digestije su analizirani agaroznom gel elektroforezom.
Tabela br.1 – Dužine fragmenata nakon digestije
	Varijanta
	Dužina PCR produkta (bp)
	Restrikcioni enzim
	Dužine fragmenata (bp)

	
	
	
	Alel G
	Alel A

	c.681G>A
	168
	MspI
	118+50
	168


3. REZULTATI I DISKUSIJA

Rezulatati istraživanja na 51 zdravoj osobi iz srpske populacije su pokazali da je učestalost CYP2C19*2 alela 13,73%, a učestalost genotipova GG 76,47%, GA 19,61% i AA 3,92% (Slika 1 i 2). Učestalosti genotipova su bili u skladu sa principima Hardi-Vajnbergove ravnoteže (p=0,22). CYP2C19*2 je najučestaliji u narodima Istočne Azije (30,26%) i starosedeocima Okeanije (61,30%), dok se kod naroda Centralne Evrope (13,07%), Skandinavije (16,20%) i ruskog naroda (12,27%), a pogotovo egipatskog naroda (8,65%) može uočiti značajno manja učestalost. Upoređivanjem literature sa dobijenim podacima, može se potvrditi genetička sličnost srpske populacije sa ostatkom bele populacije, za razliku od naroda Azije i Afrike.
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Slika 1: Određivanje genotipa ispitanika nakon restrikcione digestije i gel elektroforeze
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Slika 2: Učestalosti genotipova za varijantu CYP2C19*2 u srpskoj populaciji

Rezultati ove studije pokazuju da gotovo ¼ srpskog stanovništva (23,53%) nosi barem jedan nefunkcionalan alel, što u kliničkom pogledu ima veliki značaj kod pacijenata koji primaju lekove koje metaboliše CYP2C19 enzim.
4. ZAKLJUČAK

CYP2C19*2 je relativno čest alel u srpskoj populaciji sa učestalošću od 13,73%. Oko 23,5% srpske populacije nosi barem jedan nefunkcionalni alel što može biti od velike važnosti kod pacijenata koji primaju lekove koje metaboliše CYP2C19 enzim. Bilo bi poželjno da se pacijentima odredi CYP2C19 status pre početka terapije nekim od navedenih lekova u cilju efikasnijeg lečenja i smanjivanja potencijalno štetnih efekata lekova u skladu sa principima personalizovanog lečenja.
5. REFERENCE

[1] McMillin, G.A., 2007. Pharmacogenetics. In D. E. Bruns, E. R. Ashwood, & C. A. Burtis, eds. Fundamentals of Molecular Diagnostics. pp. 197–215

[2] Scott, Stuart A., et al. "PharmGKB summary: very important pharmacogene information for cytochrome P450, family 2, subfamily C, polypeptide 19."Pharmacogenetics and genomics 22.2 (2012): 159.
[3] Hicks, J. Kevin, et al. "Clinical Pharmacogenetics Implementation Consortium (CPIC) guideline for CYP2D6 and CYP2C19 genotypes and dosing of selective serotonin reuptake inhibitors." Clinical Pharmacology & Therapeutics 98.2 (2015): 127-134.
[4] Kuo, Chao-Hung, et al. "CYP2C19 polymorphism influences Helicobacter pylori eradication." World J Gastroenterol 20.43 (2014): 16029-16036.
[5] Sabatine, Marc S., et Jessica L. Mega. "Pharmacogenomics of antiplatelet drugs." ASH Education Program Book 2014.1 (2014): 343-347.
[6] Fricke-Galindo, I., et al. "Interethnic variation of CYP2C19 alleles,‘predicted’phenotypes and ‘measured’metabolic phenotypes across world populations." The pharmacogenomics journal (2015).

[7] De Morais, S. M., et al. "The major genetic defect responsible for the polymorphism of S-mephenytoin metabolism in humans." Journal of Biological Chemistry 269.22 (1994): 15419-15422.
Determination of frequency of genetic variant CYP2C19*2 in Serbian population

Konstantin Kostić

School of Pharmacy and Physiotherapy & Regional Center for Talented Youth Belgrade II ; E-mail: kostic.prof@gmail.com
Supervisor: dr Nikola Kotur, research assistant at Institute of Molecular Genetics and Genetic Engineering (IMGGE), University of Belgrade

1. INTRODUCTION

Pharmacogenetics examines the relation of genetic variations and response to drugs. Genetic variations could affect expression, structure, stability and activity of the encoded protein, and in their presence response to therapy could be predicted (effectiveness and toxicity of medication). In accordance with genetic characteristics of a patient, therapy could be personalized.[1] CYP2C19 (cytochrome P450 family 2 subfamily C member 19) is a gene which encodes clinically important enzyme which is important in the metabolism of many medications: antiepileptic, antimalarial, benzodiazepines[2], tricyclic antidepressants[2,3], inhibitors of proton pump[2,4] and antiplatelet drugs[2,5]. CYP2C19 gene is highly polymorphic, with over 25 variant alleles. CYP2C19*2 is the most important genetic variant, because of its high frequency. Moreover, it causes significant decrease of enzyme activity by creating an aberrant splice site [6]. The aim of this study was to determine the frequency of genetic variant CYP2C19*2 in Serbian population in order to confirm its pharmacogenetics relevance.

2. MATERIALS AND METHODS
Subjects included 51 healthy volunteers of Serbian origin. DNA is isolated from buccal swab using QIAamp DNA Mini Kit (Qiagen). DNA region which contained genetic variant CYP2C19*2 is amplified using PCR assay[7]. Restriction fragment lenght polymorphism (RFLP) assay was performed using MspI enzyme (Thermo Scientific). Products of digestion were analyzed by agarose gel electrophoresis.

Table 1 – Lenght of fragments after digestion
	Genetic variant
	Lenght of PCR product (bp)
	Restriction enzyme
	Lenghts of fragments (bp)

	
	
	
	Allele G
	Allele A

	c.681G>A
	168
	MspI
	118+50
	168


3. RESULTS AND DISSCUSION

Results of this study on 51 Serbian healthy volunteers showed that the frequency of CYP2C19*2 allele is 13.73%, and that the frequencies of genotypes GG 76.47%, GA 19.61% and AA 3.92% (Figure 1 and 2). Frequencies of genotypes were in accordance with principles of Hardy-Weinberg equilibrium (p=0.22). CYP2C19*2 is the most frequent in populations of East Asia (30.26%) and Native Oceaninas (61.30%), while populations of Central Europe (13.07%), Scandinavia (16.20%) and Russia (12.27%), and especially Egyptian population (8.65%) have significantly lower frequency of this allele. By comparing published and current study data, generic similarity of Serbian population with the rest of Caucasians can be noticed as well as difference from Asian and African populations.
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Figure 1: Determing genotype after digestion and gel electrophoresis
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Figure 2: Frequences of genetoypes of genetic variant CYP2C19*2 in Serbian population

Results of this study show that almost ¼ of Serbian population (23.53%) carries at least one loss-of-function allele, which is of great significance for patients who uses medications metabolized by CYP2C19 enzyme.

4. CONCLUSION

CYP2C19*2 is relatively frequent allele in Serbian population with the frequency of 13.73%. Around 23.5% of Serbian population carries at least one loss-of-function allele which has a great significance for patients treated with drugs metabolized by CYP2C19 enzyme. Determining CYP2C19 status of people who are treated with these medicaments is highly recommendable in order to get more efficient treatment and decrease potential harmful effects.
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