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PHARMACOGENETIC TESTING ON WARFARIN AND CLOPIDORGEL
IN CONDITIONS OF A MULTIPROFILE HOSPITAL

Ketova G. G., Barysheva V. O.
South Ural State Medical University, Chelyabinsk, Russian Federation

PAPMAKOIEHETUMECKOE TECTUPOBAHUE HA BAPPAPUH
U KAOMUAOTPEA B YCAOBUAX MHOTONMPOPUABHOTO CTALUOHAPA

. T. KeToBq, B. O. bapbiwesa

KOXXHO-YPAAbCKMU FTOCYAAPCTBEHHBIM MEAULLUHCKUIA YHUBEPCUTET,
YeaabuHck, Poccunckas Peasepaums

In the study 236 patients was included. Decoding of the genotypes was carried out with kits of reagent for deter-
mining genetic polymorphisms associated with the metabolism of warfarin or clopidogrel with detection PCR results
in real-time; and melting curve analysis, qualitative analysis (<NPO DNA-Technology», Russia). The age mean age of
the patients was 57.5+12.01 years. Gender differences included 54.6 % male. Clopidogrel sensitivity is influenced
by several genetic polymorphisms: ABCB1: CC — 19.1 %, CT - 42.6 %, TT — 31.2 %. CYP2C19*2: GG - 78.7 %, AA -
2.1 %. CYP2C19*3: GG - 100 %. CYP2C19*17: CC - 57.4 %, CT - 36.9 %, TT - 5.7 %. Allelic variants:*1/*1 - 39.7 %,
*1/*2 = 15.6 %, *2/*17 - 4.3 %, *2/*2 — 2.1 *1/*17 - 32.6 %, *17/*17 — 5.7 %. Thus, the prevalence of genotypes
associated with resistance to clopidogrel in the studied population is 22.0 %. The frequency of genotypes associated
with high sensitivity to warfarin in the studied population was: CYP2C9*1/*2 - 17.9 %, CYP2C9*1/*3 - 13.7 %, CY-
P2C9 *2/*3 - 2.1 %, AAVKORC1 - 21.1 %.

Keywords: pharmacogenetics, pharmacogenetic testing, warfarin, clopidogrel, personalized medicine

MccnepoBaHume BkOUYMI0 236 naumeHToB. PaclungpoBka reHOTUNOB NpoBoAMiack ¢ NoMoLLbio HabopoB pea-
reHToB AJ1s onpeaesieHns reHeTUYeckKnx nNoanMopdruaMoB, acCoOLMMPOBAHHbLIX C MeTaboM3mMom BapdapuHa nnm
Knonugorpena, ¢ getekumen pesynstaTtos MNLP B peanbHOM BpeMeHU; aHann3 KpUBbIX MAABEHUS, KQYeCTBEHHbIN
aHanus («HMO OHK-TexHonorus», Poccus). CpenoHuii Bo3pacT coctanan 57,5+12,01 net. lfeHoepHaa BbiOopka
Bktoymna 54,6 % nauyeHToB MYXCKOro nofa. Ha 4yBCTBUTENbHOCTb K KNOMNWUAOrPENy BAUSAAN HECKOJIbKO FEHETU-
yeckux nonnmopduamos: ABCB1: CC — 19,1 %, CT - 42,6 %, TT — 31,2 %; CYP2C19*2: GG - 78,7 %, AA - 2,1 %;
CYP2C19*3: GG - 100 %; CYP2C19*17: CC - 57,4 %, CT - 36,9 %, TT — 5,7 %. Allelic variants:*1/*1 - 39,7 %, *1/*2 -
15,6 %, *2/*17 - 4,3 %, *2/*2 - 2,1 *1/*17 - 32,6 %, *17/*17 — 5,7 %. Taknum 06pa3om, pacnpoCTPaHEHHOCTb FreHO-
TUMNOB, aCCOLMMPOBAHHbLIX C PE3UCTEHTHOCTLIO K KNONuaorpeny B uccnenyemMom nonynsumm, coctaenset 22,0 %. Ya-
CTOTa reHOTUMNOB, CBSA3AHHbIX C BbICOKOW YyBCTBUTENIbHOCTbIO K BapdapuHy, B UccreayemMoi nonynsaumm coctaBmna:
CYP2C9 *1/*2-17,9 %, CYP2C9 *1/*3 - 13,7 %, CYP2C9 *2/*3 - 2,1 %, AAVKORC1 - 21,1 %.

Kno4yeBbie cioBa: papmMmakoreHeTrka, papmMakoreHeTu4eckoe TecTupoBaHne, BapdapuH, K1onuaorpes, nepco-
Ham3npoBaHHas MeanunHa

to establish the influence of genetic factors on
drug efficacy and adverse reactions.
Genetic polymorphisms, SNPs (Single Nucleotide
Polymorphism) being the most common, are minimal
changes in genetic information, present in more than

Pharmacogenetics and pharmacogenomics aim

1 % of the population, considered to be normal vari-
ants, but nevertheless, in certain circumstances, they
may have a phenotypic impact. These genetic poly-
morphisms make an important contribution to the great
inter-individual and inter-ethnic variability in drug re-
sponse [7].
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Warfarin is the most widely prescribed anticoagulant
for thromboembolic therapy. However, owing to its narrow
therapeutic index and the large inter-individual variability
in its maintenance dose, warfarin is not easy to dose. To
determine the effective therapeutic dose, frequent moni-
toring of the international normalized ratio (INR) followed
by careful dose adjustments is required for each individ-
ual and it often takes 30-60 days to find out the mainte-
nance dose.

Genetic variations in the CYP2C9 and VKORC1 genes
could significantly influence warfarin responsiveness
across various ethnic groups, because products of these
genes play essential roles in the pharmacokinetics and
pharmacodynamics of warfarin [2].

Clopidogrel is a prodrug, requiring metabolism before
it can inhibit adenosine diphosphate-induced platelet
aggregation. The pharmacodynamic response to clopi-
dogrel varies widely from subject to subject, and about
25 % of patients treated with standard clopidogrel doses
display low ex vivo inhibition of ADP-induced platelet ag-
gregation.

This poor response to clopidogrel is associated with
an increased risk of recurrent ischemic events [4, 9].

There is growing evidence that the response to clopi-
dogrel may be influenced by pharmacokinetic variables
such as intestinal absorption and metabolic activation in
the liver, both of which are affected by genetic polymor-
phisms [4, 9].

Hepatic metabolization of clopidogrel is achieved by
a different hepatic CYP isoenzymes, including CYP2C19,
3A4/5, 1A2, 2B6, and 2C9. Evidence is accumulating
that the polymorphically expressed isoenzyme CYP2C19
constitutes a dominant part in this process. A loss-of-
function polymorphism in the CYP2C19 gene, known as
the CYP2C19*2 allelic variant, has been associated with
higher levels of ADP-induced platelet aggregation values
in clopidogrel-treated patients and consequently a high-
er risk of major adverse cardiovascular events, including
the occurrence of stent thrombosis (ST) [8].

Material and Methods. This study was carried out
2013-2016 in Chelyabinsk. Pharmacogenetic testing for
identifying of warfarin sensitivity, clopidogrel resistance
and for selection of doses of proton pump was initiated in
the Clinic of South Ural state medical University.

In the study blood of 236 patients was used as the
genetic material for PCR. Obtaining a DNA sample from
whole peripheral blood for genetic studies was made
using the kit of reagents for DNA extraction «SAMPLE-
RAPID-GENETICS» («NPO DNA-Technology»).

Decoding of the genotypes was carried out on the
detecting amplifier DT-96 («NPO DNA-Technology»,
Russia) with detection of the PCR results in real time and
kits of reagent for determining genetic polymorphisms
associated with the metabolism of warfarin or clopidogrel
with detection PCR results in real-time; and melting curve
analysis, qualitative analysis («KNPO DNA-Technology»,
Russia).

Interpreting the results of pharmacogenetic
testing on clopidogrel resistance was based on
practical recommendations and the information in The
Pharmacogenomics Knowledgebase (www.pharmgkb.
org). Determinations of warfarin dose were also based on
practical recommendations and online calculator (www.
warfarindosing.org).

After interpretation of results personalized selection
of therapy, including the identification of a suitable drug
and dosing regime was carried out. Statistics analysis
was carried out using the program SPSS Statistics 15.0.

Results and Discussion. The study included the
results of the 95 pharmacogenetic tests to determine
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warfarin sensitivity. The age of patients ranged from
14 to 82 years (mean age 63.0x11.57 years), 34.7 %
of the patients were male, mean weight of patients
was 86.3+22.6 kg (from 48 kg to 150 kg), mean height
165.7+£9.5 cm (from144 cm to 189 cm). All patients were
classified as Caucasian. 13.7 % of patients were smokers.

Among the indications for the testing the most com-
mon was atrial fibrillation (70.5 %). Patients also received
warfarin because of a prosthetic valve (12.6 %), both
prosthetic valve and atrial fibrillation (4.3 %), after
thrombosis of different localization (including stroke and
deep vein thrombosis) (5.3 %) and other indications (7.4 %).

Liver diseases (cirrhosis, steatosis, chronic viral
hepatitis C) that may change the metabolism of warfarin
were detected in 5.3 % of patients.

Also it is needed to consider the daily dose of several
drugs:

Amiodarone: most of patients (90.5 %) did not receive
amiodarone, 3.2 % of patients received this drug in a
dose of 600 mg/day, 2.1 % in the dose of 200 mg/day and
1.1 % of patients were treated with amiodarone at doses
of 50, 300, 400 and 1200 mg/day.

Statins: 33.7 % of patients did not use statins. The
rest used atorvastatin (31.6 %), rosuvastatin (15.8 %) or
simvastatin (18.9 %).

Antifungal drugs and sulfonamides: 100 % of patients
did not accept these drugs.

The warfarin sensitivity is influenced by several
genetic polymorphisms:

VKORC1 is a gene on 16 chromosome, which encodes
vitamin K epoxide reductase complex subunit 1 and is
responsible for the recovery of vitamin K. Several SNPs
are associated with warfarin dose, which is different from
normal.

Among our patients most often were heterozygotes
GA (43.2 %), homozygotes AA and GG were found less
frequently (21.1 % and 35.8 % of cases respectively) .

CYP2C9 is the main enzyme responsible for the
inactivation of warfarin [5]. The two most common
mutations in the gene CYP2C9 (*2 and *3) require the
appointment of lower doses of warfarin because the
gene loses its functionality, and warfarin remains in the
blood longer. Polymorphisms of CYP2C9 significantly
dependent on race.

In our study the most common variant of CYP2C9*2
was homozygous variant CC (80.0 %) and the most rare
was homozygous variant TT (1.1 %). The heterozygous
variant was found in 18.9 % of patients.

It was shown that the allelic variant CYP2C9*3 also
influences the variation of warfarin dose [1, 7]. Among
the treated patients AA was found in 83.2 % cases, AC —
in 16.8 %. Homozygous CC was not found.

Several studies have also found a link SNP CYP4F2
1347 G>A (rs2108622) and maintenance doses of oral
anticoagulants [2]. Among the patients in our study
frequency of the homozygous variant CC amounted
to 61.0 %, the homozygous variant TT was detected in
7.4 %, the heterozygous variant CT in 31.6 %.

Thus in our study the allelic variant *1/*1 was met
in 66.3 % patients, *1/*2 in 17.0 %, *1/*3 in 13.0 %
and *2/*3 was detected in 2.2 % of cases. The dose of
warfarin was selected individually. The minimum dose
selected by using pharmacogenetic testing was 0,7 mg,
the maximum dose was 9.8 mg. The average dose was
4.0£1.77 mg. Frequency of genotypes associated with
high sensitivity to warfarin in the study population was:
CYP2C9*1/*2-17.9 %, CYP2C9*1/*3 - 13.7 %, CYP2C9
*2/*3 - 2.1 % G3673A (AA) of VKORC1 - 21.1 %.

141 tests were analyzed to assess the frequency of
distribution of genotypes associated with resistance to
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clopidogrel. Due to the fact that for the selection of doses
of proton pump inhibitors are used the same points a
combined test to determine these two parameters is used
in the Clinic of the South Ural state medical University.

The age of the patients ranged from 23 to 83 years
(mean age was 57.5+12.01 years). Gender differences
included 77 male (54.6 %) and 64 female patients
(45.4 %).

This patients had different indications for receiving
clopidogrel: myocardial infarction (7.1 %), coronary
artery stenting (17.0 %), other forms of CHD (26.2 %),
stroke (2.1 %). For 47.5 % of patients this analysis
was conducted to study the frequency of genotypes
associated with resistance to clopidogrel, with no
indications for taking this drug at the time of blood
sampling.

For the formation of the conclusion about resistance
to clopidogrel genetic information is also needed:

1. ABCB1 (MDR1) - this gene encodes P-glycoprotein
and is responsible for intestinal absorption of clopidogrel.
Variants of this gene have an impact on clopidogrel
therapy [6, 11], reducing its effectiveness in some cases.

Among our patients genotype CC was detected in
19.1 % of patients, CT in 42.6 % and TT in 31.2 % of

patients.

2. CYP2C19.

Resistance to clopidogrel in patients with
cardiovascular diseases in different populations

is associated with genetic variants of cytochrome
P450(CYP) [5, 10]. Polymorphisms of CYP2C19 affect
both phases of liver metabolism of clopidogrel. Carriers
of at least one of CYP2C19 alleles associated with slow
metabolism (*2 or *3) have lower plasma concentrations
of the active metabolite and lower inhibition of platelet
aggregation [8].

The analysis of patients results for determination of
the alleles CYP2C19*2 in our study revealed that «wild»
type GG was most common (78.7 %), and variant AA
was the most rare (2.1 %). Heterozygotes were found in
19.1 % of cases.

3. Allele CYP2C19*3 is also associated with resistance
to clopidogrel. Wild type is the genotype GG is associated
with normal activity of clopidogrel. All patients in our study
were carriers of GG genotype.

4. Allele CYP2C19*17 (-806 C>T) is associated with
the phenotype of ultrafast metabolism [11] and reduced
efficacy of standard doses of proton pump inhibitors [3,
12]. Carriers of this polymorphism also associated with
an increased risk of bleeding on clopidogrel [8].

According to our study most often were variants CC
(57.4 %) and CT (36.9 %). The TT variant was found in
5.7 % of cases.
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SOLUBLE MOLECULES OF IMMUNOGLOBULINS SUPERFAMILY
IN RHEUMATOID ARTHRITIS
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PACTBOPUMBIE MOAEKYAbI CYNEPCEMEACTBA UMMYHOTAOBYAUHOB
NMPU PEBMATOUAHOM APTPUTE

M. B. Kopou, B. A. Caputxaaaq, A. B. iroaa

CTaBPONOALCKMI FOCYAQPCTBEHHbIM MEAULLMHCKMI YHUBEPCUTET, Poccuitckas Peaepaums

Relationship of intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and
platelet-endothelial cell adhesion molecule-1 (PECAM-1) blood levels with features of course of rheumatoid arthritis
was studied. 134 patients with rheumatoid arthritis (104 women, 30 men) at age from 20 to 66 years included in study.
Duration of joint syndrome was 11.06+0.72 years. In majority of patients high degree of activity, lll radiological stage,
Il and Il functional classes of rheumatoid arthritis were diagnosed. Plasma concentration of adhesion molecules was
studied by means of ELISA.

Increase of levels of all adhesion molecules was observed (p<0.05). concentration of VCAM-1 and PECAM-1
in plasma was higher in seropositive patients or in presence of antibodies to cyclic citrullinated protein (p<0.05).
In patients with late clinical stage levels of ICAM-1 and PECAM-1 were higher, than in early rheumatoid arthritis
(p<0.05). High activity of disease was combined with raised plasma levels of ICAM-1 (p<0.05). Presense of systemic
manifestations of disease and hematological disorders (hyperthrombocytosis) was accompanied by higher blood
levels of all adhesion molecules (p<0.05). In values of SCORE scale of 5 and more points concentration of ICAM-1
and VCAM-1 in blood was higher (p<0.05), than in cases of low and moderated cardiovascular risk.

Thus, the pathogenetic importance of immunoglobulins superfamily molecules in formation and progressing
of rheumatoid arthritis is proved. Strengthening of adhesive function of endothelium is interfaced to increased
cardiovascular risk.

Keywords: rheumatoid arthritis, immunoglobulins superfamily molecules, activity, systemic manifestations,
cardiovascular risk

M3yyeHa B3aMMOCBA3b MIa3MEHHOr0 CoAepXaHus Monekyn mexknetoyHon agresuu-1 (ICAM-1), agresuu co-
cyauctoro aHpotenus-1 (VCAM-1), agresuvn sHpotenus n tpomboumnto-1 (PECAM-1) ¢ 0COBGEHHOCTAMU TEYEHMS
peemaTtougHoro aptputa. O6cnenosaHo 134 605bHbIX peBMaTonaHbiM apTpuTom (104 xeHwmHbl, 30 MyX41H) B BO3-
pacTte o1 20 0o 66 netT. AnmMTenbHOCTb CycTaBHOro cuHapoma coctasuna 11,06+0,72 net. Y 60nbLUMHCTBA NALWMEHTOB
LONAarHoCTUPOBAHbI BbiCOKasi CTeneHb akTUBHOCTK, |l peHTreHonornyeckasn cragus, Il n lll @yHKUMOHaNbHbIE KNacchbl
peBmMaTonaHoOro aptTputa. KoHueHTpauus naydyaemMblx MoOnekyn B nnasme onpenensnace metonom NOA.

YCTaHOBNEHO yBeNNYEHNE copepxaHnsa Bcex monekyn aaresuu (p<0,05). KoHueHtpaums VCAM-1 u PECAM-1 B
nnasme 6blna BbilE Y CEPONO3UTUBHBLIX MALMEHTOB U NPU HANMYUM aHTUTEN K UUKINYECKOMY LIUTPYSIMHUPOBAH-
Homy nenTtuay (p<0,05). Y 60nbHbIX C N03OHeN knuHu4eckon ctagmert 3aHadenns ICAM-1 n PECAM-1 G6binu Bbilwe,
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