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SNPs within CHRNA5-A3-B4 and (YP2A6/B6, nicotine metabolite concentrations
and nicotine dependence treatment success in smokers

Jaroslav A. Hubacek?, lvana Kurcova®, Vera Maresova®, Alexandra Pankova“?, Lenka Stepankova‘, Kamila Zvolska©,
Vera Lanska¢, Eva Kralikova<!

Aim. Plasma values of nicotine and its metabolites are highly variable, and this variability has a strong genetic influ-
ence. In our study, we analysed the impact of common polymorphisms associated with smoking on the plasma values
of nicotine, nicotine metabolites and their ratios and investigated the potential effect of these polymorphisms and
nicotine metabolite ratios on the successful treatment of tobacco dependence.

Methods. Five variants (rs16969968, rs6474412, rs578776, rs4105144 and rs3733829) were genotyped in a group of
highly dependent adult smokers (n=103). All smokers underwent intensive treatment for tobacco dependence; 33
smokers were still abstinent at the 12-month follow-up.

Results. The rs4105144 (CYP2A6, P<0.005) and rs3733829 (EGLN2, P<0.05) variants were significantly associated with
plasma concentrations of 30H-cotinine and with 30H-cotinine: cotinine ratios. Similarly, the unweighted gene score
was a significant (P<0.05) predictor of both cotinine:nicotine and 30H-cotinine:cotinine ratios. No associations between
the analysed polymorphisms or nicotine metabolite ratios and nicotine abstinence rate were observed.

Conclusion. Although CYP2A6 and EGLN2 polymorphisms were associated with nicotine metabolism ratios, neither
these polymorphisms nor the ratios were associated with abstinence rates.
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INTRODUCTION The majority of nicotine within the body (up to 80%)
is metabolised through cytochrome P4502A6 (CYP2A6)
Nicotine is the agent in tobacco that leads to addic-  (ref.*). The CYP246 gene is highly polymorphic® and is
tion. After exposure to tobacco smoke, nicotine is quickly = characterised by extreme interindividual variability;
metabolised within the body (primarily in the liver) by oxi- almost 50 variants of the gene have been described to
dation to cotinine and further by hydroxylation to trans-3'-  date*®. Common polymorphisms within this gene have
hydroxycotinine (30H-cotinine). These metabolites are  been associated with nicotine dependence, age of smoking
excreted from the body primarily through urine, but their  initiation and daily cigarette consumption’®.
concentrations are also measurable in blood and saliva The progress made in identifying the genetic fac-
and detectable in nails and hair!. The half-life of nicotine  tors that lead to nicotine/tobacco dependence has been
in the blood is relatively short, that is, approximately 1 h.  achieved largely due to the findings of genome-wide
Plasma levels of cotinine and nicotine metabolite ra-  association studies (GWAs). These studies have found
tios (NMRs, cotinine:nicotine and 30H-cotinine:cotinine  that variants within CYP2A46 (rs4105144), CHRNB3/A6
ratios) are widely used as indicators of phenotypic activ-  (rs6474412), nicotinic receptor genes (rs16969968 and
ity, especially as a measure of CYP2A6 enzyme activity?,  rs578776) and EGLN2 (rs3733829) are major genetic de-
which is a parameter of nicotine catabolism. These ratios, terminants of dependence’™. The biological importance
which measure the rate of nicotine metabolism, have been  of some of these variants has also been confirmed in the
reported to be associated with the number of cigarettes  Czech-Central European Slavic population'®.
smoked per day and the likelihood of cessation’.
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The aim of our study was to determine whether com-
mon polymorphisms associated with nicotine dependence
are associated with plasma levels of nicotine metabolites
and whether they can be used as predictors (individu-
ally or together) for the successful treatment of nicotine
dependence.

MATERIALS AND METHODS

Patient selection and examination

The study participants were defined according to the
WHO'’s definition as regular smokers who were motivated
to stop smoking and were heavy nicotine-dependent (for
their general characteristics, see Table 1). The partici-
pants presented for treatment of tobacco dependence at
the Centre for Tobacco-Dependent Patients'"* in Prague
between February 2013 and May 2015.

The baseline visit to this centre, which followed an
identical procedure for all subjects, is described in details
elsewhere!?. Briefly, the degree of tobacco dependence
(Fagerstrom Test for Cigarette Dependence [FTCD])
(ref.'*15) was evaluated, a complete medical history was re-
corded, and basic physical examinations were performed.
Intensive tobacco-dependence treatment procedures
consisted of pharmacotherapy and 2-hour psycho-behav-
ioural intervention (www.slzt.cz/intervention-structure)
in accordance with Czech and international treatment
guidelines''®. Blood was collected for analysis of nicotine
metabolites and DNA isolation. The follow-up period was
at least 12 months after the first visit. The follow-up visits
were performed one or two weeks after inclusion in the
study and at 6 months during this time period.

Smoking status after one year of follow-up was verified
by measuring carbon monoxide (CO) in expired air with
a cut-off < 6 ppm (Smokerlyzer Micro+ device; Bedfont,
Maidstone, Kent, England) according to the Russell
Criteria®.

All study patients provided informed consent. The pro-
tocol of the study was approved by the ethics committees
of the participating institutes and is in agreement with the
Helsinki Declaration of 1975.

DNA analysis

DNA was isolated from frozen EDTA blood us-
ing a standard “salting-out” method". Three variants
(rs16969968, 16474412 and rs578776) were genotyped
using PCR-RFLP, as described in detail previously?.
The remaining two variants (rs4105144 and rs3733829)
were analysed using TagMan assays (C43815914 and C
2883084 1) on the 7300 Real-Time PCR System'®. The
fact that different methods were used to genotype differ-
ent SNPs seemed not to be of importance because the
different genotyping methods are of a notably similar (and
high) accuracy?'.

Analysis of nicotine metabolites
An analytical procedure®’ was modified and validated
for the simultaneous identification and quantification of
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nicotine, cotinine and trans-3'-hydroxycotinine in plasma.
Blood for plasma preparation was obtained at a fasting
state, approximately 8-12 h after the last cigarette. Solid
phase extraction (Bond Elut® Certify SPE Cartridges)
and liquid chromatography-tandem mass spectrometry (Q
Trap® LC-MS/MS 3200 triple quadrupole/linear ion trap
mass spectrometer with a TurbolonSpray source (MDS
Sciex, Ontario, Canada)) were used. The special chroma-
tography column Restek Allure PFP Propyl 50x2,1 mm,
5 um ID (Cat. No: 9169552) with an appropriate pre-
column (Cat. No: 25083) was used. As internal standards
for quantification of analytes corresponding deuterated
derivatives nicotine—d3, cotinine-d3, 3-hydroxycotinine-d3
were used.

The limit of detection was 2.0 ng/mL with linearity
from 5.0 to 400.0 ng/mL.

Correlation coefficients were greater than 0.99. At two
concentrations spanning the linear range of the assay, the
intra-assay imprecisions were < 4.0%, while the analytical
recovery (bias) was 100.5 - 103.2%.

Statistical analysis

Based on the results of individual SNPs, unweighted
gene scores were created for 96 subjects; in this case, four
polymorphisms were successfully genotyped. Variant
1s578776 was excluded from the calculation because it had
almost no effect on plasma nicotine or cotinine concentra-
tions. The genotypes associated with the lowest level of
nicotine metabolites were scored with 0 points, heterozy-
gotes were scored with 1 point and homozygotes (associ-
ated with the highest value of nicotine metabolites) were
scored with 2 points. The minimum score value achieved
was 0, while the maximum was 6. Because there were
very small numbers of subjects within the “0” (n=1), “1”
(n=3) and “6” (n=7) groups, groups consisting of subjects
with (0 + 1 + 2) points and (5 + 6) points were created.
ANOVA or the Kruskal-Wallis test were used for statisti-
cal analysis. P values at or below 0.05 were considered to
be significant.

RESULTS

A total of 103 patients participated in the study
(Table 1). The genotype frequencies of individual SNPs
(for more details, see Table 2) corresponded with results
obtained from previous studies™ .

There was high variability in nicotine and nicotine
metabolite concentrations (see Table 1 for means and
S.D. values). Importantly, age and sex were not signifi-
cantly associated with the examined variables (not shown
in detail).

Concentrations of CO at baseline were not signifi-
cantly associated with treatment success (see Table 1),
nor were single polymorphisms or gene score values (data
not shown in detail).

There were no significant differences in cotini-
ne:nicotine ratios (P=0.36) for successfully (n=33, 10.9
+ 8.6) and unsuccessfully (n=70, 13.2 = 14.7) treated
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Table 1. General characteristics of examined patients - heavily dependent smokers.

Parameter All patients Successfully treated Unsuccessfully treated
n 103 33 70

Sex (male/female) 52/51 17/16 35/35
Age (years) 42.7+13.1 45.8+14.0 415+ 12.5
FTCD 5.80+1.82 5.47 £ 1.84 5.94 £ 1.82
Nicotine (ng/mL) 19.7£12.8 18.7 £ 12.1 20.6 + 14.7
CO* (ppm) 172 +£9.7 17.8 £ 8.0 17.1+10.3
Cotinine (ng/mL) 180 + 89 166 + 88 186 + 95
30H-cotinine (ng/mL) 115 £ 85 115 + 86 115 £ 68
Cotinine:nicotine 12.4£12.9 11.0 £ 8.7 13.0 £ 14.5
30H-cotinine:cotinine 0.73 £ 0.61 0.88 + 0.84 0.67 £0.37

All values were obtained before the treatment. No significant differences were detected between successfully and unsuccessfully treated subjects.

Table 2. Plasma concentrations of nicotine metabolites according to the individual genotypes of analysed polymorphisms.

rs4105144 CcC CT TT P

n 59 33 11

Nicotine 189+ 11.8 20.7 £ 14.0 20.9 + 16.8 0.91
Cotinine 171 £ 76 195 = 111 178 = 112 0.75
30H-cotinine 126 £ 91 113 £ 67 63 81 0.003
Cotinine:nicotine 109+64 12.2 £ 10.1 21.4 +33.2 0.91
30H-cotinine:cotinine 0.85+0.67 0.67 £0.44 0.32+0.31 0.0005
rs3733829 TT TC CcC P

n 38 48 15

Nicotine 21.1 £ 16.9 18.1£9.8 19.8 £10.9 0.96
Cotinine 188 + 109 166 + 83 191 £ 75 0.47
30H-cotinine 94 £ 63 124 £ 101 143 £ 65 0.03
Cotinine:nicotine 12.7 £ 10.6 12.6 + 16.1 11.5+6.6 0.65
30H-cotinine:cotinine 0.60 £ 0.48 0.82+0.71 0.84 £ 0.47 0.02
rs578776 CC CT TT P

n 67 31 5

Nicotine 19.2 +12.9 20.4 +13.4 22.6 +14.7 0.82
Cotinine 182 + 97 175 + 88 176 = 65 0.96
30H-cotinine 119 £ 95 107 £ 58 116 £ 88 1.00
Cotinine:nicotine 10.5+7.7 10.3+6.1 13.5+15.3 0.48
30H-cotinine:cotinine 0.63+0.34 0.74 £ 0.67 0.74 £ 0.59 0.99
rs6474412 TT TC CcC P

n 60 35 6

Nicotine 20.0 = 13.0 19.9 £12.2 20.6 +18.4 0.98
Cotinine 188 £ 100 177 + 80 138 £ 69 0.36
30H-cotinine 114 £ 75 127 £ 102 67 + 42 0.21
Cotinine:nicotine 11.2+6.9 12.2 +10.5 24.7+42.5 0.77
30H-cotinine:cotinine 0.72 £0.56 0.80 +0.72 0.48 +£0.24 0.33
rs16969968 GG GA AA P

n 41 42 20

Nicotine 19.5+£12.8 214 +£13.5 16.5+12.4 0.44
Cotinine 169 £ 84 197 £ 99 164 £ 94 0.32
30H-cotinine 107 £ 62 108 = 72 149 + 133 0.74
Cotinine:nicotine 10.3+5.8 139 £ 17.0 13.6 £ 13.4 0.55
30H-cotinine:cotinine 0.75 £ 0.67 0.63+0.45 0.92+0.72 0.11
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Table 3. Association between gene score (created from the rs4105144, rs3733829, rs6474412 and rs16969968 polymorphisms)
and nicotine metabolite ratios.

Gene score n Cotinine:nicotine 30H-cotinine:cotinine
0-2 24.0 + 34.4 0.41 £0.31
3 20 11.2+£6.5 0.51 £0.29
4 17 109+ 124 0.83+0.59
5-6 50 11.5+6.8 0.86 £0.71
P 0.05 0.005

The P value is calculated to determine trends.

smokers and no significant (P=0.51) differences in 30H-
cotinine:cotinine ratios for successfully (0.88 + 0.82) and
unsuccessfully (0.67 + 0.37) treated smokers.

The individual SNPs that impacted the plasma values
of the studied parameters are summarised in Table 2.

In agreement with previous observations, the strongest
effect on plasma values of nicotine metabolites was ob-
served in the case of the rs4105114 polymorphism within
the surroundings of the CYP2A46 gene (P<0.0005 for 30H-
cotinine:cotinine ratio). The second strongest individual
SNP to have a significant effect on nicotine metabolism
values was the rs3733829 polymorphism (EGLN2 gene;
P<0.02). The other three analysed polymorphisms had
no significant effect on nicotine metabolite values or on
nicotine metabolite ratios.

Gene score values had no effect on the plasma levels
of individual metabolites but were significantly (Table 3;
P<0.05 and 0.005, respectively) associated with NMRs.

We did not observe any association between plasma
levels of nicotine metabolites or their ratios and 12-month
abstinence rates, even though the FTCD values were
slightly lower in successfully treated patients (Table 1).

Finally, polymorphisms were not associated with
12-month abstinence rates (data not shown in detail).

DISCUSSION

Cotinine, the predominant metabolite of nicotine, is
widely used as a marker of nicotine intake'.

In our study, we confirmed that genetic variability
plays an important role in determining the plasma lev-
els of nicotine metabolites. However, we were unable to
confirm an association between plasma levels of nicotine
metabolites or nicotine metabolite ratios and successful
tobacco dependence treatment (smoking cessation). This
effect may have been attributable to the small sample size.

The interesting finding of our study is the association
between the rs3733829 tagging variant within the EGLN2
(egl-9 hypoxia-inducible factor 2) gene and plasma levels
of cotinine. This finding is of particular interest because
it is the only variant that was not confirmed as a signifi-
cant predictor of smoking dependence in our previous
study, in which only a borderline (P=0.07) association
was detected!®. However, this finding does correspond
with the results of recent GWAs (ref.?*), which have also
detected SNPs within EGLN?2 as markers of nicotine me-
tabolism.
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The most significant determinant of NMR in our
study was the rs4105144 polymorphism within the
CYP2A46/CYP2B6 loci. This result is in agreement with
the current consensus on the role of this locus in nicotine
metabolism?. The CYP2A6 pathway is directly involved
in tobacco addiction because it converts up to 80% of
nicotine?®; therefore, it is not surprising that the genetic
variability within these nicotine-metabolising enzymes is
considered the most significant predictor of nicotine me-
tabolite concentrations and NMRs (ref.?’). The rs4105144
polymorphism is in almost complete linkage disequilibri-
um with enzyme null alleles’ (rs1801572 polymorphism).
Nucleotide exchange regulates CYP2A46 expression and is
localised within the putative binding site for the glucocor-
ticoid receptor transcription factor?.

Interestingly, Bloom et al.? suggested that although
the abovementioned SNPs within the EGLN2 and CYP2A46
loci are both mentioned as a proxy of CYP2A6 function-
ality, if analysed together, EGLN?2 is not an independent
marker of nicotine metabolism. Unfortunately, our study
has insufficient power (a relatively low number of sub-
jects are included) to analyse all possible combinations
of alleles.

Several large studies have focused on the association
between cotinine levels and genetic variability. In agree-
ment with the European Prospective Investigation into
Cancer and Nutrition (EPIC) study?” we confirmed an
association between the rs4105144 variant and measure-
ments of nicotine metabolism. Howeyver, in our study, this
association was expressed as a relation between SNP and
30H-cotinine but not cotinine itself.

An interesting discrepancy between the EPIC study
and ours relates to rs16969968. Although this variant
localised within the cluster of A5-A3-B4 nicotinic re-
ceptors is the strongest determinant of smoking depen-
dence?*%3! and is significantly associated with cotinine
levels in a large sample of 12 500 subjects from six pooled
studies®?, we confirmed the association in Czech smokers
with smoking dependence'®; however, we observed only
minor trends in terms of the effect of this SNP on nicotine
metabolites or their ratios. In a study by Falcone et al.,’
although no connection was observed between this SNP
and NMR, an association was reported for the number
of cigarettes smoked per day. This finding confirms that
the mechanism by which this variant influences smoking
dependence is independent of nicotine metabolism.

The remaining two variants (rs578776 within the clus-
ter of nicotinic receptors and rs6474412 in the vicinity
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of CHRN3B/A6) did not significantly influence smoking
cessation success or plasma values of nicotine metabolites
or NMRs.

Offsetting the strengths of our study (ethnic homoge-
neity of the patients, homogeneous group of dependent
smokers, supervised intensive treatment, long follow-up
time) are its limitations. The abovementioned criteria
did not allow us to assemble a large group of patients
or to compare abstainers and cessation failures in detail;
as a result, the statistical power of our study is relatively
low. Furthermore, there is considerable variability within
the CYP2A6 gene. We analysed only one SNP within this
gene, and although GWAs show that it is the most signifi-
cant predictor of smoking behaviour, there are no data on
subjects with loss-of-function alleles in our study. Finally,
we did not analyse concomitant medication, which could
have interacted with nicotine metabolism (drugs metabo-
lised through the CYP2A6 pathway).

The large range of plasma nicotine metabolite concen-
trations observed in our study, as well as in the abovemen-
tioned studies in successfully and unsuccessfully treated
dependent patients, suggests that the potential of NMRs
to predict treatment success is questionable. Due to the
large span of values, data could be significant at the popu-
lation level but weakly predictive at individual levels. As
such, NMRs are unlikely to be used as a future key predic-
tor in personalised medicine®*34.

Although NMRs are widely suggested as potential
markers of nicotine dependence, their real relation to nic-
otine dependence seems to be minor*'®, especially because
of their large interindividual variability. This variability is
observed because other factors can also partly influence
NMR values, such as genetic and dietary differences, as
well as age, sex and the use of some medications’.

CONCLUSION

Circulating levels of nicotine metabolites are unlikely
to be strong predictors for the successful treatment of
nicotine dependence in individual cases.
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