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Farmakogenetik

Ahmet OZERCAN'!

GIRIS

Farmakogenetik (PGt); genetik ¢esitliligin farma-
kolojik tedaviye yanit ve/veya kullanilan farmako-
lojik tedavinin yan etkileri ile iliskisi gibi ilaglarin
giivenligi ve etkinligi konularinin aragtirildig: bir
bilim dalidir. Farmakogenetik terimi ilk olarak
1959da Friederich Vogel tarafindan kalitimin
farmakolojik tedavi yanit1 izerindeki etkisini ta-
nimlamak i¢in kullanilmistir. {lk farmakogenetik
caligmalarin ¢ogunda genetik varyasyonun feno-
tipik belirtegleri (kan veya idrardaki ilag/metabo-
lit konsantrasyonlari, dogrudan enzim aktivitesi
ol¢timleri gibi) kullanilmis ve ilaglarin farmako-
kinetigi (absorbsiyon, dagilim, metabolizma ve
eliminasyonu) ve farmakodinamigi (reseptorler
ve tagsiyicl proteinler) hakkinda onceki bilgilere
dayanilarak secilen aday genlere odaklanilmistir.
Bu nedenlerle ilk arastirmalardaki ilerlemeler si-
nirli olmustur. 2003’te Insan Genom Projesinin
tamamlanmasiyla daha kapsamli genetik bilgi
tabani ve gelismis molekiiler teknolojilerle far-
makogenetik alani hizla gelisim gostermistir. Bu
ilerlemelerden en onemlisi genom ¢apinda ilig-
kilendirme caligmalar1 (GWAS) ile tim genom
boyunca genetik degiskenligin incelenebilir ol-
masidir. Bu ilerlemeler, incelenen tek genlerden
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neredeyse tiim genomun incelenmesini tanimla-
yan yeni bir terim olan farmakogenomik (PGx)
kavramini ortaya ¢ikarmistir. Farmakogenetik ve
farmakogenomik giinéimiizde siklikla birbirinin
yerine kullanilmaktadir ve her iki tanim da ilag
metabolizasyonunda rol oynayan enzimler, ilag
tasiyic1 proteinler, ilaglarin hedef reseptorleri ile
iligkili genetik farkliliklarin, ilaglarin etkinligi ve/
veya tolere edilebilirligine etkisini arastiran genis
¢alisma alanini icermektedir (1-5).

PGx; kisiye 6zel genetik degiskenligin ilag doz-
larinin optimizasyonu, ilaglarin etkinligi ve ilag
yan etkileri ile iliskisini inceler, genetik cesitliligin
tedaviye etkisini degerlendirerek kisisellestirilmis
tedavinin gelisiminde 6nemli rol oynar (6).

GENETIK CESITLILIK VE TEK
NUKLEOTID POLIMORFiZMLERI (SNP)

Genetik varyasyonlarin kaynaginin ¢ogu geno-
mun farkl béliimlerinde ve farkli oranlarda mey-
dana gelen mutasyon siiregleri ile agiklanmak-
tadir. Genetik degiskenligin kapsami, mutasyon
oranindan ve mutasyonun gozlendigi popiilasyo-
nun biytikligiinden etkilenir (7).

Genetik cesitlilige neden olan en yaygin mu-
tasyonel degisiklik tiirii DNA dizisinde tek bir
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caligmalarda farkli sonuglar olsa da tedavi bas-
langicindan 6nce farmakogenetik test ile kisilerin
metabolizor fenotiplerinin belirlenmesi halen yay-
gin bir klinik uygulama degildir (riskli gruplarda
karbamazepin ve okskarbazepin i¢in HLA testleri
harig). Klinisyenler bir ilacin iyi tolere edildigi ve
etkili oldugu durumda PGx testlerini uygulama
konularinda dikkatli olmalidirlar. Genetik poli-
morfizme bagli kisiler arasi farklilik klinisyenler
tarafindan tedavi baslangicinda, tedavi yanitinin
degerlendirilmesinde, ¢oklu ila¢ kullaniminda ve
yan etki takibinde degerlendirilmeli; bu durumla-
r1 etkileyecek bireysel ve gevresel 6zelliklerle bir-
likte diistintilmelidir.

Tiirkiyede PGx testleri gogunlukla 6zel gene-
tik laboratuvarlarda uygulanmaktadir. Klinisyen-
ler tarafindan PGx testi istenirken, psikotroplarla
iliskili ilag-gen etkilesiminde kilavuzlar arasinda
tutarliligin olmadig hatirlanmalidir. Ticari ¢oklu
gen panelleri icerisinde klinisyenin tedavi yone-
timini etkilemeyecek gen panelleri bulunabilir.
Bu yiizden klinisyenler hangi durumlarda PGx
testlerine basvurulacagi, mevcut duruma sebep
olabilecek farmakogenetik etkilesim, istenilecek
gen panelleri ve test sonuglarinin nasil yorum-
lanacag1r konularinda ayrintili bilgi almak igin
CPIC, DPWG, FDA kilavuzlarina ve gevrimigi
farmakogenetik bilgi tabanlarina bagvurabilirler
(38,50).

KAYNAKLAR

1. Bousman CA, Menke A, Miiller DJ. Towards pharma-
cogenetic-based treatment in psychiatry. Journal of
Neural Transmission. Springer Vienna; 2019;126(1):
1-3. d0i:10.1007/500702-018-01968-9

Padmanabhan S. Chapter 1 - Pharmacogenomics and
Stratified Medicine. In: Padmanabhan SBT-H of P and
SM (ed.) San Diego: Academic Press; 2014. p. 3-25. do-
i:https://doi.org/10.1016/B978-0-12-386882-4.00001-3
Yeo K-TJ, Babic N, Wu AHB. Issues in Translation of
Pharmacogenomics into Clinical Practice BT - Pharma-
cogenomic Testing in Current Clinical Practice: Imple-
mentation in the Clinical Laboratory. In: Wu AHB, Yeo
K-TJ (eds.) Totowa, NJ: Humana Press; 2011. p. 3-14.
doi:10.1007/978-1-60761-283-4_1

Collins FS, Morgan M, Patrinos A. The Human Geno-
me Project: Lessons from large-scale biology. Science.
2003;300(5617): 286-290. doi:10.1126/science.1084564

93

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kronik Psikiyatrik Hastaliklarda Farmakogenetik ——

Zandi PP, Judy JT. The promise and reality of phar-
macogenetics in psychiatry. Psychiatric Clinics of
North America. Elsevier Ltd; 2010;33(1): 181-224. do-
i:10.1016/j.psc.2009.12.001

Shah RR, Shah DR. Personalized medicine: Is it a phar-
macogenetic mirage? British Journal of Clinical Phar-
macology. 2012;74(4): 698-721. doi:10.1111/j.1365-
2125.2012.04328.x

Ozden A, Emir E Genetik Polimorfizm ve Polimorfizm
Calismalar1. Giincel Gastroenteroloji. 2006; 24-28.
Murphy KM, Cooper A, Tobias ES. Chapter 3 - The
Human Genome, Gene Regulation, and Genomic Va-
riation. In: Padmanabhan SBT-H of P and SM (ed.) San
Diego: Academic Press; 2014. p. 41-56. doi:https://doi.
org/10.1016/B978-0-12-386882-4.00003-7

Wright AF. Genetic Variation: Polymorphisms and Mu-
tations. eLS. 2005; 1-10. doi:10.1038/npg.els.0005005
Vose CW, Ings RMJ. CHAPTER 7: Drug Metabolism. The
Handbook of Medicinal Chemistry. Royal Society of Che-
mistry; 2014. p. 184-207. doi:10.1039/9781782621836-
00184

Zhao M, Ma ], Li M, et al. Cytochrome p450 enzymes
and drug metabolism in humans. International Journal
of Molecular Sciences. 2021;22(23): 1-16. do0i:10.3390/
ijms222312808

Ingelman-Sundberg M. The human genome project and
novel aspects of cytochrome P450 research. Toxicology
and Applied Pharmacology. 2005;207(2 SUPPL.): 52-56.
doi:10.1016/j.taap.2005.01.030

Manikandan P, Nagini S. Cytochrome P450 Structure,
Function and Clinical Significance: A Review. Current
Drug Targets. 2017;19(1): 38-54. doi:10.2174/13894501
18666170125144557

Preissner SC, Hoffmann ME, Preissner R, et al. Poly-
morphic cytochrome P450 enzymes (CYPs) and their
role in personalized therapy. PLoS ONE. 2013;8(12):
1-12. doi:10.1371/journal.pone.0082562

Cytochrome (CYP) P450 Metabolism - PsychDB. [On-
line] https://www.psychdb.com/meds/cytochro-
me-p450#cyp-table-1

Demet MM, Deniz E Simsek E, et al. Prevalence of
prescription of psychotropic drugs and drug-drug in-
teractions: The cytochrome P450 system. Klinik Psi-
kofarmakoloji Bulteni. Celal Bayar Universitesi, Tip
Fakiiltesi, Psikiyatri Anabilim Dali; 2003;13(2): 43-49.
https://search.ebscohost.com/login.aspx?direct=tru-
e&db=edselc&AN=edselc.2-52.0-0037696790&lan-
g=tr&site=eds-live&scope=site&authtype=ip,uid
Hakkola J, Hukkanen J, Turpeinen M, et al. Inhibiti-
on and induction of CYP enzymes in humans: an up-
date. Archives of toxicology. 2020;94(11): 3671-3722.
d0i:10.1007/500204-020-02936-7

Hahn M, Roll SC. The influence of pharmacogenetics
on the clinical relevance of pharmacokinetic drug-drug
interactions: Drug-gene, drug-gene-gene and drug-
drug-gene interactions. Pharmaceuticals. 2021;14(5).
doi:10.3390/ph14050487



——  PSIKiYATRIK HASTALIKLARDA PSIKOFARMAKOLOJiK YAKLASIMLAR

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hanley MJ, Cancalon P, Widmer WW), et al. The effect of
grapefruit juice on drug disposition. Expert Opinion on
Drug Metabolism and Toxicology. 2011;7(3): 267-286.
doi:10.1517/17425255.2011.553189

Briguglio M, Hrelia S, Malaguti M, et al. Food bioacti-
ve compounds and their interference in drug pharma-
cokinetic/pharmacodynamic profiles. Pharmaceutics.
2018;10(4). doi:10.3390/pharmaceutics10040277

Hicks JK, Bishop JR, Gammal RS, et al. A Call for Clear
and Consistent Communications Regarding the Role of
Pharmacogenetics in Antidepressant Pharmacotherapy.
Clinical Pharmacology and Therapeutics. 2020;107(1):
50-52. doi:10.1002/cpt.1661

Milosavljevi¢ F, Bukvi¢ N, Pavlovi¢ Z, et al. Association
of CYP2C19 and CYP2D6 Poor and Intermediate Me-
tabolizer Status with Antidepressant and Antipsycho-
tic Exposure: A Systematic Review and Meta-analysis.
JAMA Psychiatry. 2021;78(3): 270-280. doi:10.1001/
jamapsychiatry.2020.3643

Jukic MM, Smith RL, Haslemo T, et al. Effect of CY-
P2D6 genotype on exposure and efficacy of risperidone
and aripiprazole: a retrospective, cohort study. The lan-
cet. Psychiatry. Lancet Psychiatry; 2019;6(5): 418-426.
doi:10.1016/52215-0366(19)30088-4

Hizli Sayar G, Eryilmaz G, Ozten E, et al. Psikiyatride
sitokrom P450 fenotiplemesinin kullanimi. Anadolu
Psikiyatri Dergisi. 2014;15(4): 358-364. doi:10.5455/
apd.42867

Stikrii Aynacioglu A, Sachse C, Bozkurt A, et al. Low
frequency of defective alleles of cytochrome P450 en-
zymes 2C19 and 2D6 in the Turkish population. Cli-
nical pharmacology and therapeutics. Clin Pharma-
col Ther; 1999;66(2): 185-192. doi:10.1053/CP.1999.
V66.100072001

AYNACIOGLU $. The Importance of Pharmacogeneti-
cs on the Drug Therapy of Psychiatric Diseases. Journal
of Clinical Psychiatry. 2001;4(4): 249-252. https://dx.
doi.org/

Dean L. Carbamazepine Therapy and HLA Genotype.
Medical Genetics Summaries. 2012;(Md): 1-18. http://
www.ncbi.nlm.nih.gov/pubmed/28520367

Corponi E Fabbri C, Serretti A. Pharmacogenetics in
Psychiatry. Advances in pharmacology (San Diego, Ca-
lif.). United States; 2018;83: 297-331. doi:10.1016/bs.ap-
ha.2018.03.003

Bousman C, Al Maruf A, Muller DJ. Towards the in-
tegration of pharmacogenetics in psychiatry: a mini-
mum, evidence-based genetic testing panel. Current
Opinion in Psychiatry. 2019;32(1): 7-15. doi:10.1097/
YCO.0000000000000465

Jeffrey Shuren, M.D., J.D., director of the FDA’s Center for
Devices and Radiological Health and Janet Woodcock,
M.D.,, director of the FDA% Center for Drug Evaluation
and Research on agency’s warning to consumers about
genetic tests that claim to predict patients’ responses to
specific medications | FDA. [Online] https://www.fda.
gov/news-events/press-announcements/jeffrey-shu-
ren-md-jd-director-fdas-center-devices-and-radiologi-
cal-health-and-janet-woodcock-md

94

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Bousman CA, Bengesser SA, Aitchison KJ, et al. Re-
view and Consensus on Pharmacogenomic Testing in
Psychiatry. Pharmacopsychiatry. 2021;54(1): 5-17. do-
i:10.1055/a-1288-1061

van Schaik RHN, Miiller DJ, Serretti A, et al. Pharma-
cogenetics in Psychiatry: An Update on Clinical Usa-
bility. Frontiers in Pharmacology. 2020;11(September):
1-6. doi:10.3389/fphar.2020.575540

Hicks JK, Sangkuhl K, Swen JJ, et al. Clinical phar-
macogenetics implementation consortium guideline
(CPIC) for CYP2D6 and CYP2C19 genotypes and do-
sing of tricyclic antidepressants: 2016 update. Clinical
Pharmacology and Therapeutics. 2017;102(1): 37-44.
doi:10.1002/cpt.597

Hicks JK, Bishop JR, Sangkuhl K, et al. Clinical Phar-
macogenetics Implementation Consortium (CPIC) gu-
ideline for CYP2D6 and CYP2C19 genotypes and do-
sing of selective serotonin reuptake inhibitors. Clinical
Pharmacology and Therapeutics. 2015;98(2): 127-134.
doi:10.1002/cpt.147

Brouwer JMJL, Nijenhuis M, Soree B, et al. Dutch Phar-
macogenetics Working Group (DPWG) guideline for
the gene-drug interaction between CYP2C19 and CY-
P2D6 and SSRIs. European Journal of Human Genetics
2021. Nature Publishing Group; 2021; 1-7. doi:10.1038/
s41431-021-01004-7

Table of Pharmacogenetic Associations | FDA. [Online]
https://www.fda.gov/medical-devices/precision-medi-
cine/table-pharmacogenetic-associations#updates
Pritchard D, Patel JN, Stephens LE, et al. Comparison of
FDA Table of Pharmacogenetic Associations and Clini-
cal Pharmacogenetics Implementation Consortium gu-
idelines. American Journal of Health-System Pharmacy.
2022;79(12): 993-1005. doi:10.1093/ajhp/zxac064
Clinical Guideline Annotations. [Online] https://www.
pharmgkb.org/guidelineAnnotations

Murphy LE, Fonseka TM, Bousman CA, et al. Ge-
ne-drug pairings for antidepressants and antipsychotics:
level of evidence and clinical application. Molecular Psy-
chiatry. Springer US; 2022;27(1): 593-605. doi:10.1038/
s41380-021-01340-6

Dean L. Venlafaxine Therapy and CYP2D6 Genotype.
Medical Genetics Summaries. 2012;(MD): 1-11. http://
www.ncbi.nlm.nih.gov/pubmed/28520361
Prioritization of CPIC Guidelines — CPIC. [Online] htt-
ps://cpicpgx.org/prioritization-of-cpic-guidelines/
Yoshida K, Miiller DJ. Pharmacogenetics of Antips-
ychotic Drug Treatment: Update and Clinical Impli-
cations. Complex Psychiatry. 2019;5(Suppl. 1): 1-26.
doi:10.1159/000492332

Annotation of DPWG Guideline for aripiprazole and CY-
P2D6. [Online] https://www.pharmgkb.org/guideline-
Annotation/PA166104937/annotation

Annotation of DPWG Guideline for risperidone and CY-
P2D6. [Online] https://www.pharmgkb.org/guideline-
Annotation/PA166104943



45.

46.

47.

48.

49.

50.

Swen JJ, Nijenhuis M, De Boer A, et al. Pharmacogene-
tics: From bench to byte an update of guidelines. Clini-
cal Pharmacology and Therapeutics. Nature Publishing
Group; 2011;89(5): 662-673. doi:10.1038/clpt.2011.34
Annotation of DPWG Guideline for quetiapine and CY-
P3A4. [Online] https://www.pharmgkb.org/guideline-
Annotation/PA166265421

Phillips EJ, Sukasem C, Whirl-Carrillo M, et al. Clinical
Pharmacogenetics Implementation Consortium Guide-
line for HLA Genotype and Use of Carbamazepine and
Oxcarbazepine: 2017 Update. Clinical Pharmacology
and Therapeutics. 2018;103(4): 574-581. doi:10.1002/
cpt.1004

Manson LEN, Swen JJ, Guchelaar HJ. Diagnostic Test
Criteria for HLA Genotyping to Prevent Drug Hyper-
sensitivity Reactions: A Systematic Review of Actionab-
le HLA Recommendations in CPIC and DPWG Guide-
lines. Frontiers in Pharmacology. 2020;11(September).
doi:10.3389/fphar.2020.567048

Annotation of DPWG Guideline for lamotrigine and
HLA-B. [Online] https://www.pharmgkb.org/guideli-
neAnnotation/PA166265341

Kumar A, Kearney A. The use of pharmacogenetic tes-
ting in psychiatry. Journal of the American Association of
Nurse Practitioners. 2021;33(11): 849-851. doi:10.1097/
JXX.0000000000000666

95

Kronik Psikiyatrik Hastaliklarda Farmakogenetik ——



