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For a long time it is known about differences in efficiency and toxicity of medicines in different patients. This may be
due to the genetic polymorphism of the human genes, which determine drug metabolism. In this connection, the study
of the genetic polymorphism, which controls the processes of drug biotransformation in human, and its influence on the
effectiveness and safety of treatment of different diseases, including tuberculosis (TB), is an important task of clinical
pharmacology. The review presents the data on differences of genotypes, which determine the activity of two cytochromes
(CYP) 450 - CYP2E1 and CYP2(9, as well as N-acetyltransferase-2 (NATZ2) for the concentration in blood of the most effec-
tive antituberculosis drugs - isoniazid and rifampicin, for efficiency and toxicity of TB treatment. It has been shown that
polymorphism of the CYP2C9, CYP2E1, NAT2, GST, UGT genotype in TB patients can be used as predictors of antitubercular
drug-induced liver injuries. Variation of human genes that control transcription of interleukins, interferon-y, SLC11A1, etc.,
allows predicting TB susceptibility and the treatment outcome.

tarting from ancient time

doctors noticed the presen-
ce of differences in efficiency and
toxicity of one drug in different
persons. These differences can be
related to the human genetic po-
lymorphism, which determine me-
tabolism and transport of medi-
cines or their pharmacological ac-
tivity [20]. The genetic polymor-
phism affects the activity of seve-
ral cytochromes of (CYP) 450 CYP,
suchas CYP2D6,2(C9, 2C19 that can
alter efficiency of certain medici-
nes, for example codeine, tamoxi-
fen, clopidogrel, warfarin, etc., and
it also affects the enzymes activity of
the second phase of biotransforma-
tion - thiopurin-methyltransferase,
N-acetyltransferase-2 (NAT2) that
can alter efficiency of 5-ftoruracil,
azathioprin, isoniazid, etc. For today
in practical medicine the genetic
testing of the CYP2(C9 gene is per-
formed before administration of
the anticoagulant warfarin, the
CYP2(C19 gene - before admini-
stration of the antiaggregant clo-
pidogrel, etc. [20, 29, 33].

According to polymorphism of
NATZ the individuals may have the
rapid, intermediate, or and slow
type of acetylation. On the one hand,
the genotype of “slow acetylator”
can determine development and
the clinical course of parodonti-
tis, diabetes mellitus, bronchial
asthma, etc. [7, 23]. On the other
hand, the NATZ polymorhism af-
fects the rate of inactivation and,
therefore, the concentration in blood
of certain medicines, including an-
tituberculosis drug isoniazid [34].
Thus, determination of the geno-
type/phenotype of NAT2 can ser-
ve as a supplementary method for
improving the pharmacotherapy
efficiency and minimization of side
effects during treatment of certain
diseases, for instance tuberculo-
sis (TB). It is very important sin-
ce according to the incidence of TB
(59.5 cases per 100 000 of the po-
pulation in 2014) Ukraine belongs
to the countries with a high mor-
bidity, which stipulates medical
and social importance of the TB
problem in Ukraine [11]. Among
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the causes of the TB-treatment failu-
re there is the absence of the in-
dividual approach in dosing of an-
tituberculosis drugs in relation to
the genetic polymorphism deter-
mining biotransformation of an-
tituberculosis agents. According
to the DOTS-strategy for TB-treat-
ment adopted in Ukraine in 2006
a daily dose of isoniazid was de-
creased from 5-15 mg/kg of the
body weight to 4-6 mg/kg. At the
same time there is a shortage of
information regarding the level of
antituberculosis agents in the or-
ganism of patients. In most cases
the studies indicate a significant
prevalence of the sub-effective con-
centrations of drugs [35]. The main
cause of the low concentration of
isoniazid in blood of patients can
be associated with neglecting the
genetic polymorphism that affects
biotransformation of antitubercu-
losis drugs. In this connection, the
study of the genetic polymorphism,
which controls the processes of
drug biotransformation in human,
and its influence on the effective-
ness and safety of treatment of TB
is an important task of clinical phar-
macology. It will allow to intro-
duce genotyping as a useful tool
of optimization of TB pharmaco-
therapy.
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In carriers of variant alleles
*2, *3 according to the CYP2C9 ge-
notype (the so-called “slow me-
tabolizers”) the concentration of
rifampicin in 4 h after its admini-
stration was by 25.1 and 22.2%
higher than in “intermediate me-
tabolizers” (heterozygote genoty-
pes *1/*2, *1/*3) and “rapid meta-
bolizers” (homozygote genotype
*1/*1), respectively; in 6 h the con-
centration of isoniazid was higher
by 68.8 % than in “intermediate
metabolizers” (P<0.05) [12]. Itin-
dicates decrease of biotransforma-
tion of rifampicin and isoniazid in
carriers with the genotype of “slow
metabolizers”, and confirms invol-
vement of this CYP isoforms in the
metabolism of the drugs studied.
The CYP2C9 enzyme can partici-
pate in the metabolism of isonizid
as CYP2E1 (Fig. 1). Rifampicin chan-
ges into deacetylrifampicin at first,
but further metabolites of rifam-
picin are not exactly known. Thus,
CYP isoforms are the putative par-
ticipants of rifampicin biotrans-
formation.

In carriers with variant geno-
types of CYP2E1*CD; *CC (“slow
metabolizers”) there is a higher
concentration of isoniazid than in
individuals with the wild-type ge-
notype *DD (“rapid metabolizers”)
(P>0.05) [2]. These data coincide
with the data of G.Ramachandran,
S.Swaminathan, 2012, according
to which CYP2E1 is involved in the
metabolism of isoniazid. In “slow
metabolizers” the concentration
of rifampicin in 6 h after its ad-
ministration was also higher by
17.6% than in the “rapid metabo-
lizers” (P<0.05). Based on these
data it is possible to speak about
a certain involvement of the enzyme
CYP2E1 in the metabolism of ri-
fampicin and, to a lesser extent,
in the metabolism of isoniazid.

In patients with pulmonary TB,
who according to the NATZ geno-
type belonged to “slow acetylators”
(SA), a significantly higher con-
centration of isoniazid in blood
was observed in 4 and 6 h after its
administration by 20.6 and 38.0%
(P<0.05), respectively, than in “ra-
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Fig. 1. The putative metabolic cycle of isoniazid (according to Geetha
Ramachandran, Soumya Swaminathan, 2012 [27])

pid acetylators” (RA) [6]. The num-
ber of patients with the RA geno-
type, who had the sub-therapeu-
tic concentration of isoniazid, in
6 after its administration was 2 ti-
mes greater than in SA (42.4 vs
19.6%; x*=4.054; P<0.05). The data
presented confirm the importan-
ce of determining the NATZ geno-
type in TB-patients in order to cor-
rect the therapeutic dose of iso-
niazid. Therefore, detection of the
NAT?2 genotype in TB-patients pro-
vides accurate information for pre-
diction of the acetylator pheno-
type because of the close relation-
ship between the acetylation ge-
notype and the acetylator pheno-
type [29].

Marked inter-subject variations
of rifampicin concentrations may
be associated with single nucleo-
tide polymorphisms of the human
transporter gene SLCO1B1 [37].
Variability of carboxylesterase 2,
especially c.22263A.G in the pro-
moter region, may also alter rifam-
picin metabolism by affecting the
gene expression [31].

If the gene polymorphism af-
fects the level of antituberculosis
drugs in blood of TB-patients, it
may also have influence on the ef-
fectiveness and toxicity of anti-
tuberculosis treatment.

According to the CYP2C9 geno-
type at the end of in-patient treat-

ment the processes of resorption
of TB-infiltrates and the absence
of pulmonary destruction were
observed in “slow metabolizers”
[12]. For example, resorption of
TB-infiltrates in lungs was obser-
ved in 82.8% of “rapid”, 91.0% “in-
termediate” and 100% “slow me-
tabolizers” (P>0.05). Both at the
beginning and at the end of in-pa-
tient treatment the activity of gam-
ma-glutaminetransferase (GGT) in
the blood plasma usually increas-
ed in hepatitis was higher in “slow
metabolizers” than in “interme-
diate metabolizers” by 38.8 and
53.8%, respectively (P<0.05). It can
be explained by high levels of
isoniazid and rifampicin in this
group [1].

At the beginning of treatment
in “rapid metabolizers” according
to the CYP2E1 genotype the level of
bilirubin in blood was higher than
in “slow metabolizers” by 33.2%,
the activity of alanine aminotrans-
ferase (AIAT) and GGT - by 65.6
and 41.0%, respectively (P<0.05)
[3]- At the end of in-patient treat-
ment the activity of aspartate ami-
notransferase (AsAT) and AIAT in
“rapid metabolizers” was higher
than in “slow metabolizers” by 49.5
and 23.9%, respectively (P<0.05).
The high level of hepatotoxicity
markers in “rapid metabolizers”
can be explained by their more
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Fig. 2. The effect of the genetic polymorphism of TB-patients on pharmacokinetics of antituberculosis drugs,
effectiveness and toxicity of freatment [2]

expressed capability to form to-
xic metabolites in the liver than in
“slow metabolizers” [18, 25, 26].
It is known that CYP2E1 is invol-
ved in the cell alteration through
the formation of reactive oxida-
tion products and in the metabo-
lism of acetone, benzene, benzo-
pyrene, tetrachloride carbon and
other compounds [9]. As a result,
there is formation of hydrogen per-
oxide, free radical peroxide and
hydroxyl that can damage organs,
primarily the liver. According to
G.Ramachandran, S.Swaminathan,
2012, the enzyme CYP2E1 is in-
volved in formation of toxic me-
tabolites of isoniazid. Thus, the exi-
stence of association between the
genotype of “rapid metabolizers”
in patients with pulmonary TB with
higher risk of hepatotoxicity in re-
lation to “slow metabolizers” is quite
logical. However, some researchers
did not find association between
the CYP2E1 gene polymorphism
and the risk of drug-induced he-
patitis [32].

According to NATZ in carriers
of the RA genotype termination
of the pulmonary destruction was
1.3 times longer than in SA (71.75+
+6.28 against 54.71+2.83 days,
P<0.05) [2]. At the end of in-pa-
tient treatment, according to the
culture method, in individuals with
the SA genotype the bacterioex-
cretion occurred in 1.2 times faster
than in RA (67.14+3.31 days vs
82.67+5.94 day, P<0.05; C=2.25-
28.81). This fact confirms more ra-

pid achievement of the therapeu-
tic effect in patients with pulmo-
nary TB with the SA genotype than
in patients with the RA genotype.
At the moment of hospital dischar-
ge the activity of markers of the li-
ver damage in SA were higher than
in RA. For example, the level of to-
tal bilirubin in blood was higher
by 17.5% (P<0.01), thymol test -
by 39.8% (P<0.01), the activity of
AIAT and AsAT - by 23.2 and 26.4%
(P<0.01), respectively, GGT - by
13.7% (P<0.05).

Thus, the presence of the SA
genotype was associated with the
better therapeutic effect of TB treat-
ment and the greater risk of hepa-
totoxicity development compared
to RA (Fig. 2).

The data obtained coincide with
the findings of AzumaJ. etal, 2013,
according to which selection of the
isoniazid dose in relation to the
acetylation genotype reduces to-
xicity and improves the effective-
ness of TB treatment [21]. The slow
acetylator status of NAT2 as a risk
factor for isoniazid-induced hepa-
totoxicity was observed in the stu-
dy conducted in the Tunisian pa-
tients with tuberculosis [14]. A re-
cent meta-analysis by Wang et al.
(2012) of 14 studies showed a sig-
nificant association between the
SA genotype and the risk of an-
tituberculous drug-induced liver
toxicity [24].

It is known that NAT2 enzyme
metabolizes isoniazid to acetyli-
soniazid [29]. In SA according to

the NATZ2 genotype the biotrans-
formation of isoniazid primarily
occurs with formation of acetyl
isoniazid that is less toxic, and is
accompanied by the lower risk of
adverse effects of isoniazid [27].
Isoniazid causes disbalance bet-
ween the prooxidant and antioxi-
dant activity. It can simultaneous-
ly increase the level of peroxida-
tion products associated with the
isoniazid-induced hepatotoxicity
and decrease the activity of the an-
tioxidant system [13]. It is known
that principal toxic effects of iso-
niazid are associated with forma-
tion of toxic metabolites - acetyl
hydrazine [28], hydrazine and hyd-
razones [17]. Therefore, it is logi-
cal that in carriers with the RA ge-
notype isoniazid mainly transforms
into acetyl isoniazid that is less
toxic than hydrazine. In addition,
the presence of mutated alleles
(SA) in TB-patients is associated
with a high risk of microalbumi-
nuria - the renal excretory func-
tion disorder [5].

One more CYP-isoform can cont-
rol development of drug-induced
hepatotoxicity. The G516T poly-
morphism in the CYPZB6 gene is
a key predictor of the therapeu-
tic response to treatment in TB
patients [19].

Glutathione-S-transferases
(GSTs) are a group of enzymes in-
volved in detoxification of nume-
rous medicines, including antitu-
berculosis drugs [27]. The nega-
tive impact of the GSTM-null and
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GSTT-null genotype in patients with
tuberculosis was determined on
the processes of detoxification and
accumulation of metabolites in the
body causing toxicity and allergic
reactions [10]. The patients with
pulmonary TB the genotypes of
del GSTM1 and del GSTT1 are as-
sociated with the renal excretory
function disorder under the effect
of toxic anti-TB drugs. In patients
with GSTT1 gene deletion 100%
incidence of the renal excretory
function disorders is at the pre-
hospital stage of treatment [5].

Most studies of antitubercular
drug-induced liver injuries (ATLI)
are focused on the genetic poly-
morphism of genes encoding me-
tabolic enzymes, including NAT2,
GST and CYP450 [16]. However,
there are other gene polymorphisms
that can affect development of ATLI.
Other possible genetic variation
mechanisms involve HLA (human
leukocyte antigen), UDP glucuro-
nosyltransferase (UGT), etc. The
glucuronidation reaction is me-
diated by UGT. Currently, 15 iso-
forms of UGT in human are known,
and 8 of them are encoded by
UGT1A. In the Taiwan population,
it was shown that the variants of
UGT1A were associated with an-
tituberculosis-induced hepatoto-
xicity [15].

Probably the immune system
also contributes to the onset of
ALTI. It was suggested that ATLI
was more likely in subjects of the
HLA-DQB1*05/*05 genotype sy-
stem [16]. The logistic regression
analysis showed that there was a
significantly greater risk of ATLI
(OR8-89;95%CI1-36-57-93,P<0-05)
in patients with the TT genotype
of pregnane X receptor PXR gene
(rs3814055) compared to those
of the wild-type CC genotype [40].

At the individual level, the dif-
ferences in the host immune re-
sponse play critical roles in TB sus-
ceptibility and progression. For
example, macrophages mediate the
host innate immune response to
M. tuberculosis through pathogen
recognition and activation of an
inflammatory response [8, 39]. Mac-

rophages also express Toll-like re-
ceptors (TLRs) that mediate pro-
duction of cytokines and act as
principal receptors in the innate
response to M. tuberculosis. Poly-
morphism of TLR, is a risk factor
for susceptibility to pulmonary TB
by different immune mechanisms
[39]. Interleukins also play impor-
tant role in resistance to TB. The
results obtained suggest that po-
lymorphism of IL-10 and IL-6 is
associated with the increased TB
risk in the Europeans and Asians
[22]. For instance, the IL-10 -
1082G/A polymorphism is asso-
ciated with the increased TB risk
in the Europeans, while the IL-10
-819C/Tand IL-10 - 5924 /C po-
lymorphisms in the Asians. How-
ever, the IL-6 - 174G/C polymor-
phism might be a genetic risk fac-
tor that decreases TB susceptibi-
lity in Asians [22]. In the severe
course of TB there is a decrease
of interleukin-2 production (IL-2)
that is responsible for macropha-
ge activation and initiation of the
interferon-y synthesis and at the
same time there is an increase of
IL-10 expression that has the im-
munosuppressive activity [4].

The SLC11A1-encoded pro-
duct is an integral membrane pro-
tein that is exclusively expressed
in the lysosomal compartment of
macrophages and monocytes. The
precise role of SLC11A1 in TB di-
sease is still controversial. Li et al.
(2011) showed the relationship
between TB susceptibility and the
D543N polymorphism of SLC11A1
[24]. It was found that D543N (the
G/A genotype) was associated with
the treatment failure in patients
with pulmonary TB [OR=11.61,
95%, C1=3.66-36.78] [30]. The pre-
sence of the GSTM1 null allele is
associated with the chronic form
of TB. The percentage contribution
of SA in the group of patients with
pulmonary TB is significantly higher
compared to the group of healthy
individuals [4].

It was determined that poly-
morphisms of CYP2C19 and CYP2E1
in patients with pulmonary TB had
no correlation with development

of the multidrug resistance (the
simultaneous resistance to isoni-
azid and rifampicin) in strains of
M. tuberculosis. Concerning the gene
polymorphism of CYP2C9 it should
be noted that the multidrug re-
sistant TB occurred in 22.4% of
patients with the genotype of “ra-
pid metabolizers”; in 13.6% of in-
dividuals with the genotype of “in-
termediate metabolizers” and did
notappear in patients with the ge-
notype of “slow metabolizers” [2].
[t is noteworthy that patients with
the “slow metabolizers” genotype
had the highest concentration of
isoniazid and rifampicin (P<0.05)
in relation to other genotypes of
CYP2(9. According to the NATZ ge-
notype at the completion of treat-
ment RA had the multidrug resi-
stant M. tuberculosis strains in 3.5 ti-
mes more often than SA (33.3 vs
9.4%; P<0.05).

Thus, the given review presents
new information about the effect of
the genetic polymorphism in TB-
patients regulating drug biotrans-
formation in human on the effica-
cy and safety of anti-TB treatment.

CONCLUSIONS

1. The screening study of the
NAT?Z genotype in TB-patients al-
lows to identify the group of pa-
tients with the genotype of “ra-
pid acetylators” characterized by
alower efficacy of treatment and
a greater risk of appearance of the
multidrug-resistant M. tuberculo-
sis strains, it determines the need
for the individual dose selection
of isoniazid in relation to the NAT2
genotype.

2. At the beginning of the an-
tituberculosis treatment it is re-
commended to determine among
patients with pulmonary TB the
individuals with the “slow acety-
lators” genotype of the NATZ gene,
“slow metabolizers” of the CYP2C9
gene, “rapid metabolizers” of the
CYPZE1 gene, it allows to select
the group of patients with a high
risk of adverse reactions, in parti-
cular hepatotoxicity that requires
a careful monitoring of the liver
function and its pharmacological
correction.
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®APMAKOTEHETUYHI OCOBJIMBOCTI JIDAWHHU, 110 BIIVIMBAKOTDH HA AI10 TIPOTUTYBEPKY/IbO3HUX ITPEINAPATIB
I1.b.AHmoHeHKo, B.fI.erc;oH, I'B.3aiiuenko* B.B.lodosaH

Odecwvkuii HayioHa1bHULl MeduyHUll yHieepcumem, [Hcmumym nideuwenHs keaaigikayii cneyianicmie gpapmayii
HayionaavHoz2o ghapmayeemuqHo20 yHieepcumemy*

Kawuosi caosa: eenemuyunuil nosaimopgpiam; mybepkynvos; CYP; NAT2

30asHa eidomo npo gidminHocmi 6 epekmusHocmi i mokcuuHocmi Aikapcbkux npenapamis y pisHux xeopux. Lle mooice
6ymu nog’si3aHo 3 2eHeMuYHUM NOAIMOPPIZMOM 2eHi8 A00UHU, WO BUHAYAIOMb MeMaboi3M AiKie. Y 368’13Ky 3 yuM eu-
B8YEHHSI 2eHeMUYHO20 NOAIMOPPI3MY A0OUHU, WO KOHMPOI0E biompaHcgopmayir, ma iozo enaue Ha ehekmugHicmo
i 6e3neuHicmb AIKy8AHHS PI3HUX 3AX80PHBAHD, 8KAI04a0YU mybepkyavo3 (TE), € saxcaugum 3a80aHHsIM KAIHiUHOT hap-
Mmakos0¢2ii. B 0ea0i Ha800s1mbcsi daHi wodo 3HaueHHs1 8IOMIHHOCMell 2eHOMUNIB, IKI BU3HAYAOMb AKMUBHICMb 080X
yumoxpomie (CYP) 450 - CYP2E1 i CYP2C9, a makodxc N-ayemuampaHcgepasu-2 (NATZ2), das emicmy Halibiabw edek-
MusHUX npomumy6epKy/1b03HUX npenapamie i3oHiazudy i pugpamniyuny das efpekmusHocmi i mokcuuHocmi AiKy8aHHS
TE. IlokasaHo, wo noaimopgism eenHomunie CYP2C9, CYP2E1, NAT2, GST, UGT y xeopux Ha TE modce sukopucmosysa-
mucb K npedukmop ypaxceHHsl ne4iHKU, cCnpu4uHeHe npomumy6epky/1b03HUMU Npenapamamu. Bapiamuenicmo cenis
J100UHU, WO KOHMPOJIHI0Mb MPAHCKpUNYito HU3KU iHmep.elikiie, inmepgepony-y, SLC11A1 mowo, donomazae neped-
6auamu cxuabHicms do possumky Th i efpekmusHicmb 1020 AIKY8AHHS.

®APMAKOTEHETUYECKUE OCOBEHHOCTHU YE/IOBEKA, KOTOPBIE BJIMAIOT HA AEVCTBUE
IMPOTUBOTYBEPKYJ/IE3HBIX ITPEIIAPATOB

I1.b.AnmoneHnko, B.H.KpecioH, A.B.3aiiuenko*, B.B.I'odoeaH

Odecckuli HAYUOHAMbHbIIT MeduyuHCcKull yHugepcumem, HHcmumym noesiuieHus Keaaughukayuu cneyuaaucmos
dapmayuu HayuonaavHozo hapmayesmuyeckozo yHugepcumema*

Kawuesvle cnoea: eenemuueckutl noaumopgpusm; mybepkyaes; CYP; NAT2

H3dasHa uzeecmHo 06 omauvusx 8 apekmusHocmu u MOKCUHHOCMU JIeKAPCMBEHHbIX NPenapamos npu Je4eHuu pas-
HbIX 60/1bHbIX. IMO MOKHCEM 6blMb CB53AHO C 2eHEMUYECKUM NOJAUMOPPUIMOM 2eHO8 He/108eKd, KOmopble onpedeasiom
MemaboausM aekapcms. B cesazu ¢ amum usyueHue zeHemu4eckozo nOAUMOPPHUIMA Yen08eKa, KOMOpbLll KOHMpPoAUpyem
6uompaHcopmayuro, u e2o sausiHUe Ha IPPekmusHoCMb U 6€30NACHOCMb SeHeHUs PA3AUYHbIX 3a60.1e8aHUlL, 8K/10-
uas mybepkyne3s (Th), seasemcs sadxcHeliwum 3adaHuem KauHu4eckoll papmakosoauu. B 063ope npusodsamcs daHHble
OMHOCUMebHO OMJ/IU4ULl 2eHOMUNO08, Komopble onpedesiiom akmugHocmb dgyx yumoxpomos (CYP) 450 - CYP2E1 u
CYP2(C9, a makace N-ayemuampancgpepasoet-2 (NAT2) das codepicanus Hauboaee 3ghekmusHbIX npomusomybepky-
J1e3HbIX Npenapamos u3oHuasuoa u pupamnuyuHa oas spekmusHocmu u mokcuuHocmu nevenus: Thb. [lokasaHo, umo
noaumopgusm zenomunog CYP2C9, CYP2E1, NATZ2, GST, UGT y 6oabHbix TE Modicem Ucno/1b308amucsl Kak npedukmop
nopaiceHusl nevyeHu, 8bI36AHHO20 NPOMUBOMYbEPKY/1e3HbIMU Npenapamamu. Bapuamusnocmu 2eHog uesnoseka, komo-
pble KOHMPOAUPYIOmM MpaHCKpunyuio psaoa uHmepetikuHos, uHmepgepowa-y, SLC11A1 u m.d., nosgo1s1em npedsudems
cka0HHOCMb K pazsumuio Th u agpghekmusHocmbs e2o sedeHusl.
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