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Abstract. Polymorphism of CYP3A4*1G gene as a predictor of the hepatotoxicity of antituberculosis therapy.
Poludenko H.O., Antonenko P.B., Antonenko K.O., Makarenko O.V. The risk of anti-tuberculosis (ATB) drug-
induced liver injury could be determined by genotype polymorphism of the xenobiotic-metabolizing enzymes. The aim of
presented research was the investigation of an impact of CYP3A4*1G polymorphism on liver function in patients with
TB during anti-tuberculosis therapy. There were analyzed case histories of 105 patients with newly diagnosed
pulmonary TB at Odessa Regional TB Hospital in 2012-2014. We have considered their medical records at the
beginning and at the end of inpatient treatment including activity of biochemical indices such as total bilirubin, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutathione transferase (GGT). The genotype
CYP344*1G, 20230G>A was detected by PCR. At the beginning of the treatment the level of studied biochemical
indices was almost the same regardless of CYP3A4*1G genotype. After the conducted in-patient treatment the
biochemical indices in fast metabolizers insignificantly increased, while the level of bilirubin dropped by 10.4%
(p<0.05). In slow metabolizers after in-patient treatment the serum total bilirubin level increased by 8.0% (p<0.05), the
activity of ALT raised by 67.2% (p<0.05), AST — by 37.4% (p>0.05), also the number of the patients with ALT and AST
level beyond normal almost doubled. After completion of in-patient treatment in moderate and slow metabolizers serum GGT
activity increased by 2.5 times (p<0.05) and 1.3 times (p>0.05) correspondently, among fast metabolizers — on the contrary,
the number of the individuals with increased GGT level dropped (p<0.05). Thus in slow metabolizers according to
CYP3A44*1G genotype afier completion of in-patient stage of anti-TB treatment the level of cytolysis and toxicity indexes was
much higher than in fast metabolizers. That is why detection of CYP344*1G genotype of TB patients at the beginning of TB
treatment could help to recognize a group of the individuals with increased risk of liver injury during therapy.

Pedepar. IMosmmopdusm rena CYP3A4*1G kak NpPeANKTOP TeNaTOKCHYHOCTH IIPOTHBOTYOEpKYJIe3HOM
Tepanuu. I[loaynenko A.A., AntoHenko IL.B., AnTonenko E.A., Maxkapenko O.B. Puck nexapcmeennozo no-
8pedCcOenUsl neveHy npomusomyOepKyIesHbIMY NPEenapamamy  3a6Ucum om noauMopusma @Gepmenmos, memabo-
ausupyrowux kcenobuomuxu. Llenvio dannoeo uccrnedosanus Oviio usyuenue emusinus noaumoppusma CYP3A4*1G ua
Qynryuonanvoe cocmosinue nevenu y oonvHvlx mybepkynesom (TB) nezkux 60 epemst npomueomyoepKyiesHou mepanui.
bBoun nposeden ananuz meduyunckux xapm 105 6onvHbix ¢ enepevie svisgiennvim Th neexux ¢ Odecckom 061ACMHOM
npomugomybepkynesHom oucnarcepe 6 2012-2014 2e. Yuumvleanu Ouoxumuueckue noxazamenu, maxkue KaxK OUTUpyOuH,
ananunamunompancgpepasa (AnT), acnapmamamunompancepaza (AcT) u eamma-enymamuonmpancgepaza (I'T®) ¢
Hauane u npu 3asepuieHuy cmayuoraproeo aeverus. Ienomun CYP3A4*1G, 20230G>A onpedensinu ¢ nomowwto TIL[P. B
Hauane ieyeHus ypoeeHb UCCIe008aAHHBIX DUOXUMUYECKUX NOKA3amenell NPAKMuYecKy He OMauYancs y Hocumenell pasHozo
eenomuna CYP3A4*1G. Ilocie npogedennoco nevenuss OuoXxumuyeckue NOKA3amenu y OblcmpblX Memabonu3amopos
HEe3HAUUMETbHO GbIPOCIU, OOHAKO YpOo8eHb bOunupyouna, uaobopom, chuzumucs Ha 10,4% (p<0,05). V meonenmnvix
Memabonu3amopos nocie CMmayuoHapHoll Gasel neveHus yposeHb obujeco bunupybuna 6 kpoeu yeenuuuics na 8,0%,
axmusnocmv AnT evipocia na 67,2% (p<0,05), AcT — na 37,4% (p>0,05),; maxoice Konuuecmeo nAyueHmo8 ¢ npesviuieHuem
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HOPMAJIbHO2O  YPOBHA  NPAKMUYECKU yOGOM/lOCb.

ITlocne CMAayuoOHapHoco JiedeHus 'y YMEpPEeHHbIX U MeOIeHHbIX

Mmemabonuzamopos akmuerHocms I T® ysenuuunacs 6 2,5 (p<0,05) u 1,3 pasa (p>0,05) coomsemcmesento, cpedu bbicmpbix
Memabonu3amopos — HA0Oopom, Koauvecmeo ¢ nosviuteHHviM yposHem I'T® ymenvuunoce (p<0,05). Takxum obpasom, y

MeOIeHHbIX Mema60ﬂu3am0p06 CO2NIACHO

cenomuny CYP344*1G

nocile  3a8epuieHust  CMAayuoHaphou  ¢hazvl

npOMuUEoOmy6epKy1esHoll hasvl YposeHb MApKepos8 YUmoau3a i UHMOKCUKAYUYU ObLl SHAUUMETbHO 8blule, Yem Y ObICIpbIX
memabonuzamopos. Ilosmomy onpedenenue cenomuna CYP3A4*1G y TB-bonvuvix 6 Hauane npomueomy6epKyie3Hou
mepanuy no360UM ONpeoeums pynnuvl 6OILHLIX ¢ HOBBIUEHHBIM PUCKOM NIEKAPCBEHHO20 NOPAMHCEHUS NEUeHl.

Tuberculosis (TB) remains an important problem
for Eastern European countries, including Ukraine.
Unfortunately, there is a spread of multidrug-
resistant (MR TB) and extensively drug-resistant
(DR TB) tuberculosis, TB/HIV co-infections [3].
Frequent reasons for treatment interruptions are an
increase in the number of adverse reactions at the
end of the main course of chemotherapy [2]. Among
the measures that can prevent the development of
side effects of anti-tuberculosis therapy, an im-
portant place is the personalization of treatment, that
is, the correction of pharmacotherapy depending on
the genetic characteristics of patients [1]. It is known
that in tuberculosis patients who are fast meta-
bolizers according to the CYP2EI genotype, slow
acetylators according to the NAT2 genotype, or slow
metabolizers CYP3A44*1B, the risk of liver damage
is higher [5, 6, 10]. According to the literature, the
enzyme cytochrome (CYP) 3A4/5 is involved in the
metabolism of more than a third of drugs [9]. The
activity of the enzyme is largely determined by the
polymorphism of the corresponding CYP3A4 genes
[9]. It is known that the presence of the polymorphic
allele */G is accompanied by a slowdown in the
metabolism of the opioid fentanyl, which is
associated with a decrease in the expression of
CYP3A4 mRNA; with an increase in the risk of
ischemic stroke [7, 11], an increase in the hypo-
lipidemic effectiveness of atorvastatin and the
hypotensive effect of amlodipine [8, 13]. At the
same time, in the literature there are no studies on
the significance of the CYP344*1G polymorphism
in tuberculosis patients.

The aim of this study was to study the signi-
ficance of the CYP3A44*I1G polymorphism for the
functional state of the liver in patients with
pulmonary TB receiving anti-tuberculosis therapy.

MATERIALS AND METHODS OF RESEARCH

An analysis of the medical records of 105
patients with pulmonary tuberculosis, diagnosed for
the first time at the end of inpatient treatment at
Odesa Regional TB Hospital in 2012-2014 was
carried out.

The study was conducted in accordance with the
principles of bioethics set forth in the Declaration of
Helsinki "Ethical Principles of Medical Research
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Involving Humans" and the "Universal Declaration
of Bioethics and Human Rights (UNESCO)".

All tuberculosis patients received standard
therapy, in accordance with the order of the Ministry
of Health of Ukraine No. 384 dated 06.9.2006.
Biochemical parameters were taken into account:
total bilirubin, thymol test for alanine aminotrans-
ferase (ALT), aspart-tataminotransferase (AST),
gamma-glutamyltransferase (GGT), which were
measured on the HumaStar300 automatic analyzer
(“Human GmbH,” Germany). To maintain quality,
daily Serodos and monthly Prevecal international
control were carried out, as well as annual veri-
fication at the state institution "Odesa Regional
Center for Standardization, Metrology and Certi-
fication". In the first week of treatment, the
CYP344*1G, 20230G>A genotype using PCR was
determined in patients [13]. Statistical data were
calculated using Statistica 10.0 software (Dell
Software, Austin, TX, USA; Serial number:
STA999K347150-W). If necessary, both parametric
methods (t-test) and non-parametric methods (Mahn-
Whitney, Sign test, y2-test) of statistical data
processing were used. The Shapiro-Wilk test was
used to determine the normality of the distribution.

RESULTS AND DISCUSSION

Homozygous individuals with a wild type for the
studied CYP3A4*1G gene were defined as fast
metabolizers (*1/*1); individuals who had one
mutated allele were defined as moderate meta-
bolizers (*1/*1G); and individuals who were homo-
zygous for the mutant gene were defined as slow
metabolizers (*/G/*1G). It was established that
among 105 tuberculosis patients, 96 (91.4%) indi-
viduals belonged to fast metabolizers, 5 (4.8%) and
4 (3.8%) individuals belonged to moderate and slow
metabolizers. At the beginning of inpatient
treatment, the highest level of bilirubin was obser-
ved in carriers of the fast metabolizer genotype, the
level was slightly lower in moderate and slow
metabolizers, and in the latter it was 30.2% lower
than in fast metabolizers (p=0.007) (Table 1).

Hyperbilirubinemia was observed in almost a third
of carriers of the fast metabolizer genotype; among
moderate metabolizers there were 20% of such
patients, among slow metabolizers — none (Fig. 1A).
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Table 1

Biochemical indices at the onset of treatment depending on genotype CYP3A44*1G (M£SEM)

Genotype CYP344*1G
*1/1 *1/1G *1G/1G *1/1G+*1G/1G
Total bilirubin 14.67+0.53 11.93+1.40 8'71&1'42 10.24+0.82
P=0.007
Thymol test 2.28+0.19 1.85+0.79 2.60+0.42 2.23+0.43
ALT 23.99+1.57 22.67+4.91 22.00+3.16 22.34+1.39
AST 28.47+1.52 26.20+6.68 19.00+3.92 23.00+3.93
GGT 29.44+2.30 33.33+4.23 28.67+4.99 29.00+2.93

Note: p; — compared with the group *1/*1.

At the onset of the treatment, the highest activity
of cytolysis indices — enzymes ALT and AST was
observed in fast metabolizers, the lowest — in slow
metabolizers, at the same time the difference was
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unreliable. About a fifth part of patients had an
increase in the activity of AST and about a quarter
of patients had an increase in the activity of ALT
(Fig. 2A, 2B).
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Fig. 1. Number of patients with the increased level of total bilirubin (A)
and thymol test (B) in blood before and after treatment

Every fifth patient among carriers of the geno-
type of fast and moderate metabolizers had increased
activity of the cholestasis index of glutathione-
transferase and thymol test, while among carriers of
the genotype of slow metabolizers there were no
such patients. Also, there were no significant dif-
ferences in the average level of GGT activity and
thymol test in carriers of different */G genotypes.
Among carriers of the genotype of fast and moderate
metabolizers, approximately 20% of patients had
indicess that exceeded the normal level, while among
slow metabolizers there were no such patients (Fig. 3).
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After the end of the inpatient stage of treatment
in fast metabolizers, a decrease in the content of
total bilirubin in the blood by 10.4% (p=0.023; CI=-
2.85...-0.21) was observed; a certain decrease was
also observed in moderate metabolizers (Table 2).
Also, the number of patients with hyperbilirubi-
nemia among fast and moderate metabolizers
decreased relative to the initial index — from 31.3%
to 14.6% in fast metabolizers (p=0.010) and from 20%
to 0 in moderate metabolizers (p>0.05) (Fig. LA).

99



KJIIHI9HA MEJIHITHHA

% 60
50 .
Pt i X
40 — - — .... .
2 T // .......... :
i P ,
10
0
before treatment after treatment
—— /%1 PP
A

% 60
50
40
30
20
10

before treatment after treatment

—aA—-*1G/1G — X *1/*1G+*1G/*1G

B

Fig. 2. Number of patients with the increased activity of ALT (A) and AST ACT (B)
in blood before and after treatment

At the end of inpatient treatment, there was an
incredible decrease in thymol test indices in
moderate and slow metabolizers, while in fast
metabolizers this index remained almost unchanged
both in terms of the average level and the number of
patients with an excess of the normal thymol test
index — 19.8% before treatment and 24.0% after
completion of treatment (p>0.05) (Table 2; Fig. 1B).

After inpatient treatment, the activity of cytolysis
markers ALT and AST in tuberculosis patients with
the genotype of fast metabolizers increased unre-
liably by 6.0% and 2.2% (p>0.05). In slow meta-
bolizers, the activity of ALT and AST increased by
67.2% (p<0.05) and by 37.4% (p>0.05); the number
of patients with ALT and AST activity that exceeded
the normal level also doubled, but, given the rela-
tively small number of patients with a polymorphic
allele and a significant margin of error, the dif-
ference was unreliable (Table 2; Figs. 2A and 2B).
Among carriers of the genotype of slow meta-

bolizers, the activity of ALT and AST during treatment
increased by 72.7% (P=0.033; CI=-30.14...-1.86) and
110.5% (P=0.049); every second patient had an
excess of the normal level of ALT and AST,
although before the onset of treatment, these were
25% and 0%, respectively. GGT activity during
treatment in fast metabolizers practically did not
change, although the number of patients with
exceeding the limit indices decreased from 19.8% to
7.3% (p=0.02). In moderate and slow metabolizers
GGT activity increased by 2.5 (p=0.001; CI=-
60.85...-19.49) and 1.3 times (p>0.05), respectively;
the number of patients with the genotype of
moderate metabolizers increased by 2.5 times rela-
tive to the initial level (p>0.05) (Table 2; Fig. 3).
Among moderate metabolizers, the average GGT
activity at the end of inpatient treatment decreased
by 2.4 times compared to fast metabolizers
(p1<0.001; CI=-53.79...-32.35).
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Fig. 3. Number of patients with the increased activity of GGT in blood before and after treatment
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Table 2
Biochemical indices at completion of inpatient treatment
depending on genotype CYP344*1G (MSEM)
Genoytpe CYP344*1G
1/ 1/1G *1G/1G */IG+*1G/IG
Total bilirubin 13.14:0.41 10.80::0.89 12.88+0.67 11.99:0.61
p>=0.023 p:<0.001
(CI=-2.85...-0.21) (C1=2.33...6.03)
Thymol test 2.38+0.18 1.08+0.29 1.88+0.18 1.48+0.21
ALT 25.43+1.62 36.67+10.78 38.00:4.84 37.29+8.23
p:=0.033 (CI=-30.14...- pi=0.045
1.86) (C1=-23.42...-0.30)
p2=0.005 (CI=-25.17....-4.73)
AST 29.10+1.42 37.00+6.15 41.00+8.24 38.78+4.41
p:=0.049 p:=0.017
CI=-28.30...-3.26
pi=0.048
CI1=-19.26...-0.10
GGT 30.431.17 73.5047.91 36.00+5.04 53.20+6.59
P1<0.001 p>=0.004
(CI=-53.79..-32.35) C1=-39.49...-8.91
p2=0.002 (CI=-60.85..- P1<0.001

19.49)

CI=-31.28...-14.26

Notes: p; —compared with the group *1/*1; p, — compared with the state before treatment.

Also, among carriers of the genotype of moderate
metabolizers, cases of exceeding the limit indices of
GGT occurred 6.8 times more often than among fast
metabolizers (p=0.042).

It is known that the level of bilirubin and thymol
in the blood characterizes the detoxifying function of
the liver. Therefore, at the onset of treatment, the
highest content of bilirubin was observed in carriers
of the genotype of fast metabolizers, the lowest — in
slow metabolizers. After the inpatient phase of anti-
tuberculosis therapy, the content of bilirubin
decreased in fast metabolizers and to some extent —
in moderate metabolizers. Perhaps this is due to the
property of some anti-tuberculosis drugs, in par-
ticular rifampicin to induce the enzymatic function
of the liver with a gradual decrease in the content of
rifampicin and the number of patients with hyper-
bilirubinemia [12]. At the same time, the bilirubin
content probably increased only in carriers of the
genotype of slow metabolizers, which is probably
related to the lower ability of rifampicin to induce
liver enzymes and the deterioration of the deto-
xifying function of the liver in this group of patients.
At the beginning, the activity of cytolysis indices
ALT and AST probably did not differ between the
groups, however, a certain tendency was observed
for a higher activity of AST in fast metabolizers than
in moderate and especially slow metabolizers — the
lowest activity of AST was observed in the latter.

22/ Tom XXVII/ 1

The inpatient stage of treatment was accompanied
by a slight increase in the activity of cytolysis
indices in carriers of the fast metabolizer genotype
and a significant increase in both average activity
indices and an increase in the number of patients
with hyperfermentemia among carriers of poly-
morphic alleles (moderate and slow metabolizers).
At the onset of treatment, the highest level of GGT
in the blood plasma, which is considered as a marker
of cholestasis, was observed in moderate metabo-
lizers, slightly lower in fast and slow metabolizers.
During inpatient treatment, GGT activity in fast
metabolizers practically did not change, while the
number of patients with hyperenzymemia even dec-
reased relative to the initial level. Among carriers of
the genotype of slow and especially moderate meta-
bolizers, an increase in GGT activity was observed,
as well as an increase in the number of patients with
hyperenzymemia.

The given data indicate that at the onset of
treatment significant differences in liver function
were not observed in carriers of different
CYP3A44*1G genotypes, although carriers of the fast
metabolizers genotype had the highest indicators of
cytolysis markers, higher bilirubin content; in
carriers of the genotype of slow metabolizers — on
the contrary, the indicated indicators were the lo-
west. After the inpatient treatment, the bilirubin
content decreased in carriers of the fast metabolizer
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genotype, which is probably related to the induction
of liver enzymatic systems under the influence of
rifampicin, the indicators of cytolysis and cholestasis
did not change significantly. The presence of a
polymorphic allele was associated with a significant
increase in the activity of cytolysis markers ALT
and AST, especially in the case of a homozygous
state of the polymorphic allele (slow metabolizers);
increase in the activity of the cholestasis marker
GGT (mostly in the heterozygous state of the allele -
moderate metabolizers). In the literature, there are
certain contradictions regarding the impact of the
studied polymorphism on metabolic activity — accor-
ding to some data, the presence of the variant allele
*1G is associated with a decrease in enzyme activity
and an increase in the content of medicinal prepa-
rations (fentanyl, atorvastatin, and amlodipine) [8,
11, 13 ], according to others — on the contrary, with
an increase in enzyme activity and a decrease in the
content of drugs (cyclosporine) [4]. According to
our data, the presence of the variant allele was
accompanied by a slowdown in the biosynthetic
(second) phase of biotransformation in the liver, as
well as by intensive cytolysis, including in the liver,
which is probably associated with a slowdown in
biotransformation of antituberculosis drugs and the
accumulation of toxic compounds.
CONCLUSIONS

1. Polymorphism of the CYP3A4*1G gene does
not have no significance for the initial functional
state of the liver in patients with tuberculosis.

2. The presence of the genotype of slow meta-
bolizers is an unfavorable factor in terms of the
probability of liver damage, deterioration of the
detoxifying function of the liver during anti-
tuberculosis therapy.

3. Determination of the CYP3A4*1G genotype in
tuberculosis patients makes it possible to identify
risk groups for liver damage, which will allow
timely correction of pharmacotherapy.
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