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To the Editor

Genetic variability along with smoking determines an individ-
ual’s susceptibility towards lung cancer. A person’s inherent
detoxification system is responsible for metabolising xenobi-
otic compounds present in tobacco smoke. CYPIAI gene,
belonging to the cytochrome P450 family which codes for
enzyme aryl hydrocarbon hydrolase (AHH) plays an impor-
tant role in Phase I biotransformation leading to the activation
of pro-carcinogens. These pro-carcinogens further bind to
DNA forming DNA adducts causing mutations [1]. Whereas
in Phase II biotransformation mediated by Glutathione-S-
Transferases (GSTs) eliminate carcinogens by rendering them
water soluble by conjugation reactions [2]. Therefore the tox-
icity effects of carcinogens, its absorption and removal are
delicately mediated by the tandem coordinated balance be-
tween the phase-I and phase-II enzymes. It is likely that ge-
netic polymorphisms within the two xenobiotic metabolic sys-
tems might play an important role in the determining individ-
ual’s susceptibility to lung cancer. Amongst the four allelic
variants of CYPIAI gene, m1 and m2 are found to play a role
in lung carcinogenesis. The m1 polymorphism in the 3’ non-
coding region (3'-UTR) of the CYP1A41 gene results in elevat-
ed induction of the enzyme, and thus, increased levels of ac-
tivated intermediates. The m2 polymorphism located in heme
binding region results in an increase in microsomal enzyme
activity [3]. In case of phase —II detoxification both the
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GSTMI1 and GSTT]I gene deletions in the populations render
the enzymes inactivated thereby hindering the detoxification
mechanism [4].

Various studies have been done so far to observe the sig-
nificance of single and combined effect of genotypic varia-
tions of CYP1A1 and GST polymorphism on the develop-
ment of lung cancer in Asian population particularly amongst
Indian, Chinese and Japanese [5]. In pooled analysis on Asian
population suggested that there was a significant association
between the genotype of CYP and GST polymorphism with
development of the lung cancer [5]; whereas some other stud-
ies observed no association between them. Keeping the con-
tradictory data available so far from different and same popu-
lations the primary objective of the study was to evaluate the
influence of genetic polymorphisms in genes coding for
xenobiotic-metabolizing enzymes like CYPIAI Mspl,
CYPIAI 1le***Val, and GSTMI and GSTTI on lung cancer
risk overall and on basis of histological sub-types with a large
sample size. Very few studies have been conducted so far in
Indian population to observe the combined effects of CYP and
GST polymorphism towards susceptibility of lung cancer.
Another important objective was to the test the hypothesis that
whether lung cancer risk is increased in patients carrying rare
combinations of phase I and phase II variant genotypes.

Peripheral blood from each of the 320 lung cancer patients
and 320 controls was collected from the Department of
Pulmonary Medicine, Post Graduate Institute of Medical
Education and Research (PGIMER) Chandigarh and its
DNA was extracted. This study has been reviewed and ap-
proved by the Institute ethics committee of PGIMER.
Informed written consent was obtained from all participants
and their representatives. There was no age, gender, smoking,
histological or tumour node metastasis (TNM) stage restric-
tions. The control group of the study consisted of unrelated
volunteers having no lung cancer history at the time of blood
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collection who were pair-matched for sex, age (+10 years) and
smoking parameters in order to avoid any sampling bias.
Genotyping of CYPIAI ml and m2 polymorphisms was car-
ried out by PCR-RFLP technique which was earlier reported
by Cascorbi et al., [6]. Similarly genotyping of GSTM1 and
GSTTI was done using multiplex PCR where the presence or
absence of GSTM1 and GSTT1 was detected [4]. To assess
the risk for lung cancer in CYP and GST as single and combine
polymorphisms adjusted Odds Ratio (ORs) along with 95 %
Confidence Intervals (CI) were calculated using logistic re-
gression analysis with adjustment for possible confounders
(age and pack-years of smoking as continuous variables; and
gender as a nominal variable. All statistical analysis were
evaluated using statistical software Medcalc 15.5.5 (Medcalc
software, Ostend, Belgium) and SPSS version 20.0. (Chicago,
IL, USA) software.

The allelic and genotypic frequencies of CYPIAI ml and
CYPIAI m2 were found to follow the Hardy Weinberg equi-
librium. As shown in Table 1 it was observed that subjects
having mutant genotype of CYPIAI ml were at two fold
higher risk of lung cancer which was found to be significant
(OR = 2.31;95%CI = 1.2-4.3;p = 0.008). Also for SQCC
histological sub-type, the association was found to be stronger
and statistically significant (OR = 3.37; 95 % CI = 1.6-7.1;
p = 0.001) in comparison to ADCC or SCLC. In case of
CYP1A41 m2, patients with heterozygous genotype (/le/Val) a
2-fold increased risk towards lung cancer was observed
(OR = 1.96 95%CI = 1.3-2.8; p = 0.0004). Individuals with
GSTM1 null genotype were at a significant risk for developing
lung cancer as compared to the subjects who had presence of
GSTM]I gene (OR =1.68; 95%CI=1.2-2.3, p=0.001). When
stratified according to histology, it was observed that subjects
having GSTM1I null genotype had risk towards ADCC
(OR = 1.79; 95%CI = 1.1-1.1-2.8; p = 0.01) and SCLC
(OR = 1.77; 95%CI = 1.0-3.00, p = 0.03) which was found
to be statistically significant. The findings in the present study
are in line with previous study conducted on an Indian popu-
lation [7]. However Kumar et al. observed that CYPIAI ml
polymorphism show no such significance in North Indian
population of Delhi [8]. Similarly, studies conducted in vari-
ous other ethnic Asian populations like Chinese [9] have also
confirmed an association of the CYPIAIl ml polymorphism
with lung cancer development. The results presented in the
current study are inconsistent with those reported in the study
done on Caucasians [3]. Our study has also observed a strong
and significant association for lung cancer susceptibility in
those group of individuals having heterozygous genotype
(lle/Val) of the CYP1A1 m2 gene (p = 0.0004), furthermore
both SQCC and ADCC sub-types were also associated with
this genotype. The data is consistent with other Indian studies
and some other Asian studies who also have reported an as-
sociation for the heterozygous genotype of CYPIAI m2 gene
towards risk for lung and. It has been reported that the
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frequency of the mutant (Val/Val) genotype is highly repre-
sented in Japanese and Chinese as compared to Indian popu-
lation [10]. However, Sobti et al. reported a high frequency of
m2 mutant genotype in a North Indian study as compare to our
current study [11]. The present study has also revealed that
absence of GSTM1 gene might be a risk factor of acquiring
lung cancer in North Indian population. Similar studies done
on Chinese, Korean, Japanese and Caucasian [12] populations
have shown consistent results with this study. These studies
have reported 5055 % subjects lack GSTM1 gene in popula-
tion which is in agreement with our data. However, our data is
inconsistent with studies done in North-East population of
India [7]. Furthermore GSTT1 null genotype and lung cancer
risk has also been studied in varied ethnicity with conflicting
results. The current study is consistent with a study done in
Tunisian [13] population who have also reported a higher risk
for ADCC as compared to SQCC with a similar genotype.
However many previous studies have reported no significant
association of GSTTI with either ADCC OR SQCC [14].
These differences might be due to either intra or inter-ethnic
differences that exist in Indian populations. Thus our results
show the impact of ethnicity on the overall distribution of
genotypes for the GST gene.

Furthermore analysis was conducted to elucidate whether
the genotypic combinations between CYPIA1, GSTMI and
GSTTI genes play an important role towards susceptibility
for lung cancer as shown in Table 2. For the combination of
CYPIAI and GSTM1 taking the wild type genotype (77) of
CYPI1AI gene along with presence of GSTM1 genotype as a
reference group, it was observed that subjects carrying the
mutant form of the gene along with GSTMI null genotype
had 2.47 fold increased risk for lung cancer. Furthermore
when stratified on basis of histological sub-types the high risk
genotypic combination of mutant CYPIAI ml and null
GSTM1 gene was found to be strongly associated with
SQCC (OR = 3.35;95%CI = 1.28-9.8; p = 0.01). Similarly,
the combined role of CYPI1AI m2 (lle/Vail) and GSTM1 genes
to alter the risk for lung cancer was evaluated. It was observed
that the individuals with CYPIAI m2 (lle/Val) and GSTM1
null genotypic combination were at three fold increased risk
for overall lung cancer (OR = 2.80; 95%CI = 1.6-4.8;
p = 0.0003) and this risk was found to be more elevated for
ADCC (OR =3.31; 95%CI = 1.6-6.7; p = 0.001). In case of
combined genotype of CYPIAI ml and GSTTI gene, it was
observed that subjects carrying the genotypic combination of
mutant CYPI1A1 ml (CC) allele and GSTT! null genotype
were at four times risk towards lung cancer. On the other hand
in case of combined genotype of CYPIAI m2 polymorphism
with GSTTI gene, the presence of a copy of CYPIAI m2
heterozygous variant allele and null genotype of GSTT/
showed a two-fold increased risk for overall lung cancer, how-
ever this risk was found to be significantly elevated in case of
ADCC (OR =3.95; 95%CI = 1.6-9.3; p = 0.001).



649

Combinations of the Variant Genotypes of CYP1A41, GSTMI and GSTT1

QSEASIP [JIM UOIJBIDOSSE MOYS SO[QE) UI SIOqUINU Plog

sad£jqns [eo13ojoisiy pue snjejs Juryows Topuag v3e 10J Sunsnlpe 1oye SISAJeuUR ONSISO] [BUONIPUOOUN AQ PIIRMITED AIoM SINTeA-d SUIPUOdSILInd JI9Y) PUB S[EAISIUL 90USPYUOI %, GG “ONRI SPPO paisnlpy

190 (€z9061'T  (L6DSI 00 (0c0DILT (+'92) 8¢ 620 (€1-€0)1L0 (1ren 9t 7o (LI1-L0)81'T  (#61)T9 QLD LS [N
Jod (399 001 (€08) 19 REX | (399 001 (9¢L) 8L EEX | (399 001 (6°L8) 911 EEN | (33 00T (9°08) 85T (zz8) €9z oamisod
LLISD
€00  (0¢0DLLT (6°€9) 1 100 (8T T D6LT (6°19) s§ L00  (TT60) LT iy e9o 1000 (€7D 89T (0S) 091 (1'8¢) ze1 TN
REN| (399 001 (T9v) s¢ REX | (399 001 (1'8p) 18 REN | (39%) 001 (€29) 69 REN | (3D 001 (09) 091 (6°19) 861 QAINSOq
INISD
91°0 110 AVIN
S LE D
99C €8¢ v
SIo  (8780)SSI (€900  S000 (€€ TDE0T (8se)8¢ 7000 (€T LOT e vy 10000 (9D 8T (TTE) €01 (600) L9 DD + DV
660 (0000 00 0o €50 (#'+-50°0) 0S°0 601 St0  (SL+0)€LT (€€ §90 (9TT0)SLO €Dy @)L DD
800 (I'e601LT  (€900T 7000 (9¢€D6IT (6¥e) L T000 (yEeTIOIT T19) 17 $0000 (8T-€D 9T  (60€) 66 (L'81) 09 [9)4
Jd (w001 (L€L)9s ECN (390001 (T9) 89 Jou (390001 (999) 88 EEN (300’1 (8L9) LIT (1'6L) €T vV
ut [VI1dAD
€0 870 AVIN
01 06 o)
It 0T L
SI0 (P80 9l (T69) s¥ 060 (ST-9°0) L60 (09) € 870 (6'1-8°0)ST'I (199) L €C0 (O1-80 171  (L¥S) SLT (909) 291 DD+ DL
Se0 (€550 I1LT 99 ¢ 620  (8€90)091 e or 10000 (I'L-971)LEE (Tsnoz 8000 (D icc (601 SE (9°9) 81 o)
810  (F'T-80)SH'I (929) oF €90  ('1-50) 6870 (90p) e €60 (ST90 10T (6°0p) S L90 (F'1-L0) LO0'T  (8¢h) Ovl (Sp) vl oL
REX | (39900°1 (80p) 1€ REN| (39900°1 (09) €5 REN| (399)00°1 (6°¢P) 8 REN| (30001 (£°Sh) Pl (t'6v) 851 IL
[ [VIdAD
onea-d (1D % $6) 4O (%) 9L =N onea-d (1D % $6) 0 (%) 901 =N onea-d (1D % S6) M0 (%) TE1 =N
I0%s6)  0te=N 0T€ =N
rBUIOUIDILD 3UN] [[90 [[eWS BUIOUIOIROOUIPY rwourore)) [[99 snowrenbg  anjea-d A0 (%) ‘sase) (%) ‘sjonuo)

sadAjouad 0y uonear ur sadAigns 5130[0ISIY UIBW JY) 0] PUE [[BIIAO 190URD Jun| 10} SYQ pAsnpy [ JqeL

pringer

Qs



Y. Girdhar et al.

650

sad£qns [eo130]01s1y pue snyeys Jujowss ‘1opuss ‘age 10J Sunsnipe 19)Je sisAJeur dNSIFO] [RUONIPUOOUN AQ PIJR[NI[RD dIdM SaN[A-d FUIPUOdSaLId 1Y) PUR S[RAIUL 3DUSPLIUOD %, G6 ‘ONRI SPPO pAsn(py

160  (I'v—=C0) LOT t9) ¢ 000  (SL+Doge wsnzl €0 (6'€90) LST (168 S0°0 (8'¢6°0) €6'1 811 t¢ 0’91 MWD + OV
66°0 (0°0-0°0) 0°0 00 66°0 0°0-00) 0°0 00 66°0 0°0-00) 0°0 00 66°0 0000 00 00 €D¢ jILLi%s}s)
SLO  ®Y€0 T t9 ¢ 1000 (€691 s6¢ wsnzl 120 (Ot—L0) 181 (168 200 O+-116CT 811 t¢ Lo el [nw/oy
EEN| (30001 9°¢6) ¥t EEN| (390001 (€18) T8 REN| (390001 (606) 08 FEN| (39000 T (T88) 6LI (0¢6) 21T uesad/ vy
anea-d (1D % S6) 0 (%) Ly =N °nead  (1D% S6) M0 (%) v9=N anpead  (1D% S6) 40 (%) 88 =N 0T =N 8TT =N LLISD sA
BUWIOUIOIED FUN] [[90 [[eWIS BUWIOUIOIEOOUPY BUWIOUIOIE)) [[99 snowenbg  onjea-d 1D % S6) 0 (%) ‘sase) (%) ‘sjonuo) u [V TdAD
610  (65L0)€0T (€€ L €00 (SroDiIce ($°67) 81 180  (TT€0)T60 8¢ 8 Tro (8780) LS (20 ¥ (LD LT 1MuDD + DL
9'0  (9°05-1°0) 88T €91 800 (60780 €I't 9+ 500 (95T-60) 96t 69t Y00  (6ST-0'1) 90¥ 096 61 ¢ w20
170 (6590661 009 600 (I't-80) €61 0€D ¥1 €co  (S1-1°0) 050 9+ 870 (€790 sT1 ($91) sT (S5 vt [mwOL
Jod (399)00°1 (L9L) €T 304 (399)00°1 (0L €+ Jod (339)00°1 (z98) 05 Jod (300 T (S°LL) LIT ($28) 8TI1 juasaxd/I L
onea-d (1D % S6) 40 (%) 0€ =N onea-d  (1D% S6) MO (%) 19=N onead  (1D% $6) O (%) 85 =N ISI=N SSI =N LLISD sA
BUWIOUIOIED JUN] [[90 [[eWIS BUIOUIOIBIOUPY BUWIOUIOIR)) [[99 snowenbg  anjea-d (1D % $6) 40 (%) ‘sase) (%) ‘sjonuo) T [V IdAD
L00  (09-60) €€ (8508 1000 (L9971 I¢€ (€°L¢) 61 9000 (¥'S€1)89C (T0g) 61 £000°0 (8%-91) 08°C (6°0¢) 9t OvD LT IMWDO + DV
660 (0°0-0'0) 0°0 o 80 (0CTI-10) STT 01 180 (9°€1-1°0) €€°'1 D1 860  (8'S—L1'0) 101 (ke ((aok4 [Inwno
Y00 (8901 79T (8508 90000 (LLLTDLYE (€59) 81 000  (6'S—€1) 8T (98081 10000  (4'S—TL'D) LOE (560 ¥t ((ada9Xvd /oy
EEN| (39¥)00°1 (TyL) €T FEN| (39¥)00° 1 (L29) te EEN| (39)00' 1 (8'69) ¥t 3oy (00T (1'69) €01 (¥°$8) 851 yuasaid/ vy
snea-d (1D % $6) MO (%) 1€ =N anea-d  (1D% S6) 40 (%) 1S=N onead (1D% $6) O (%) €9=N 6Vl =N S8l =N IALSD sA
BUWIOUIOILD FUN] [[90 [[eWIS BUIOUIOIEOOUPY BUIOUIOIR)) [[99 snowenbg  anjea-d ID % S6) MO (%) ‘sese) (%) ‘sjonuo) u [V TdAD
100 (TsTDIST (29 sT o (€680 1L (Tes) ve Y00 (61'¢-0'1) 8L'T (9¢€9) L€ €000 (LOEHTD S6'1 (L+9) 98 (T6£) §9  1MuDD + DL
190 (98-T0)sS'T ©zc 190 (6S€0) ¥t'1 9 ¢ 100 (8°6-8T1) 9S°€ (S¥1) 01 Y00 (80901 L¥'T (s6) st 96 w0
100  (LsTD69T ($°L9) €2 1o (Se80SLT 99%) 1T 00 (8LT-80) 6¥'1 (16¢) LT 100 (86T-SI'D 98I Tsh) 1L (8€€) 96 [nu/DL
FEN| (30W00°1 (L9 st FEN | (339 00°1 8Ly T FEN| (39 00°1 (r'ov)ce EENS (39 00°1 TSy 1L (8°09) 101 juosard/1.L
(1D % $6) 1D % $6) 1D % $6)
anfea-d A0 (%) oy =N onea-d A0 (%) 9y =N onea-d A0 (%) 69 =N
LST =N 9 =N TNISD sA
BUWIOUIOILD JUnj [[90 [[eWS BUWOUIOIROOUIPY BWIOUIOIR)) [90 snowrenbg  onfea-d (1D % $6) A0 (%) Sose) (%) ‘sjonuo) TW [VTdXD

ysur 1ooued un| ur swisiydiowAjod [nuauesaid 77795 pue [[nuaussaid J1SD o4 2052l [VIdAD IASV [V TdAD JO SuonoeIqul duag-ouad a[qnop Jo sisAfeuy g d[qeL

pringer

Qs



Combinations of the Variant Genotypes of CYP1A41, GSTMI and GSTT1

651

Q 13} 72BN N °3
o
Zlo502 Fiweel| 85 o
Tl 8333 2EZa=|FR E
Q| KSsSS A S SIS 5 ]
w
'EE =
= —~ —~ — —~ ~ S =
O & N 5 ®_=|[HI =
- -
s | otgd T ecgo|loa I
= chelgsoscs | e =
9] 'S h—mémemm > & 2 O
£ = &-’; .400\5‘20 > S = R >
S e Ero - E-EBTgo <> 5] ©]
=] & SO TWw oY, o T b=l = -
8 Saucce zxdass | g 2 g
|l Q] —tS+80 - s 9 §:
=] =y 2 g <]
=] g ) £
— < 2~ 8 5]
= | = = 2 = )
513 S|a2 ~FTa~ |25 =
= 2 I —_— — % <0 %) £ B §
| = X ~ZT VToa ~a | g 3 =
o = Il ~n oo I V=2 — <
S| @ —~ 0 O WA AN NS @ <
S b“(.') 6]
= Q ® g + 6]
=] = a_ v = 58 +
= o S o
= 8888 £gE888 | 21 8
o Q XS oo QUK S S S o o T
= A
£ S| 2 _ o & &a_|€8 §
=5 e O o o0~ s
s} x 2 ° 2 E§
=} ’T$O\ oS~ 1o '5& E
wlged wgIl— Z2 5 =
= =) 2 =2 = S =2 = .2, <
o) ~ 2T TETST —g@:V)
=% Y| SIe wSaels N%:UQ
= | = Sacn X3S 9oaq 5 - 83
= g o v—'ﬁ'OMEOMMOM @Esmg
S| 2 g e
s 5| @ g~ A ) t
g = X SIS %NQQ
3 < ~ —~ ~5< ~ = 8 ~ 2
= Q © REd G5 TR~ A E] £ =0
a2 I o e FaT T g =«
~ <t ~< £ 0N~ < — 3
= k3 I SIS D TS = L S8 <«
= z > oA T < — = 2~ =N
3 —_—— o =< 2 "~ O~ 'El)>*°3°"§
O 20T R
ko] Q Q —_ 0 Uv\
g 5 = g Sz gs
v o w0 S o 00 O —
= Sls988 T9%8a |8 582 5=
E Q| = S S S S S _‘é 5 & 8<ﬂ
= 2 &2 5x
=] —~ S 5 O 5h S5
2 O AT~ B ~ = g 2% 3
8] | © T O &®=G| 8 5° 39
al g = I 9 929 | » 58 2T
- \1“@/\.\0\ 2 E;gx
Il el | S20vEngada | 5 @ Q
S| gl gSssSss&gs2s 5 5 ¢ g &
= o po oo s S T L 8= d.)b
%) 5 9 Som~ P8, ST = 28 89
S S Shonzgxe—93 B LN RS
I| B = S 3 E 0=
N 8 — P < 35 =
) @ o O~ 8+E<ﬂcv:
5 2 X ZBSS o + 5
wlel|l Z| < 2o 2 O .g
i I RS-
~ g o ~TovETuyy & n 2 B o
~ | & ST 3T %-—‘43 =
~ =) Il Tood sl ot = I =BV R
~ >3 Z < o N < < O ,‘3
| @ N~ NN oA > TE 2
S 5328 52
© ° o 8§ 3-8
~ = g X6 ¥°
S| = - = £ ]38 5
> § — o W o ® G 0 O — T - XE
S| 7 censr gSaz |85 S8
T s “RSESESIEN S S %&EEQ
= ®%8%§
E 6\ —n = — Eg&%go
B~ O CRS) N ~& o S
>~ 2 ) ) @« [5)
s =947 273 | B RERD
o Q) umo% =y 0 = wSm
I C oS- R 23 | =2 R 3 3
2| 2 gcece g2 | 222§
S | % S — N ®s S o == g 58-\%‘
g« Santg Sag~—-| 5 S5 §
91 O — S0 —dSa v—wzgze
5}
2| 2 EZS o3
=} % o
SES ~~ ~SE8__. _|EFQ&Z
2] T - _ ST Too < o OO Lo
5 % o0 S QA gl 8a o 8 2% o
sl g cododzEogo | g B0 BV
o) < o T~ S wvien T en < 2 2t
= | O= HR—~a0 a—o= |2 < By
& S 8+ 5<
RS S S o8 o+
E= I = X =2E0OZ
E ~ ~“a m‘—+-~0
S|4 |aa_ =227 225 EC
54 Y ) o +
2| £7 giecele=xa | g 58 B
7 Il ST E=Z g8 S o £ 284 3
= Q <t o “o ° o= g 5. 88
= O = AN —=on — O — 00 — O\ @ EQ am
S %23 o
< - ~ =) = <
~ + + =
PRENES 36 28 e
21T g 2 g 078 78
% NV) *_ %k * ¥ >~>3t3t3t¢t <O‘ ?‘r(/)
=1 OO o' =N O TR | s 8w O

Furthermore as shown in Table 3, it was evaluated whether
lung cancer risk is modified by rare genotypic combinations of
all the three genes i.e. CYPIAI, GSTMI and GSTTI when
analyzed as a single genotype. It was noteworthy that the
combination of CYPIAIl ml & m2 heterozygous
(TC + AG) along with null GSTMI gene (OR = 3.21,
95 % CI = 1.5-6.6, p = 0.001), was significantly associated
with lung cancer. When stratified on basis of histological sub-
types, patients having the genotypic combination as men-
tioned above had a four-fold high risk for ADCC and
SCLC. These rare triple combinations have also been reported
in South Asian population [16].

Very few studies have been conducted so far to evaluate the
joint modifying effects of the CYP1A1 and GST genes togeth-
er towards susceptibility for lung cancer. Since the tandem
cooperative action of both phase I and phase II enzymes are
involved in the removal of chemical carcinogens, a metabolic
imbalance created due to the polymorphic nature of both the
pathways might lead to accumulation of carcinogens which
then may bind to DNA form adducts and which might lead to
mutations in either tumour suppressor genes or proto-
oncogenes and hence resulting in lung carcinogenesis and
cancer. It has been hypothesized that null GSTM! genotype
deletion is a moderate susceptibility factor for lung cancer but
it might become a dominant risk factor in the presence of
gene-gene combinations [4]. Data from our study suggests a
strong gene-gene interaction between the CYPIAI m2
(Ile*%*Val) variant and GSTMI null genotype and this associ-
ation was highly significant for ADCC (p = 0.0006) and
SQCC (p = 0.004). The consistency of our result was also
seen in Chilean population [15]. It has been proven that the
enzyme expressed from the Val/Val type has shown to have
higher enzyme activity and hence mutagenicity towards benzo
(a) pyrene than that corresponding to the Zle/lle type [15].
Thus it is plausible that individuals with the Ile/Val and null
GSTM1 genotype have the metabolic capacity to increase and/
or activate pro-carcinogens into carcinogens and hence have
elevated risk for lung cancer. Thus our data implies a synergy
of susceptible genotypes of CYP1A1lle/Val and GSTM1 null
gene to enhance individual susceptibility to lung cancer.
Similarly we have also observed that the individuals’ carrying
CYPIAI mutant m/ genotype and having null GSTM1I gene
were found to be significantly associated with lung cancer
development. However unlike the m2 polymorphism, subjects
with such a combination were at a three-fold risk to develop
SQCC (p = 0.01) and not ADCC. Study from North Indian
population by Sobti et al. reported a 2-fold elevated risk for
lung cancer in individuals with a single copy of the variant
CYPIA41 and null GSTM1 [11].

In summary, our results suggest that the polymorphic var-
iants in the CYPIAI gene along with GSTMI and GSTT! do
act as a genetic modifier for lung cancer susceptibility and are
strongly associated with lung cancer risk in population of
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North Indians. Furthermore, the positive results in the gene-
gene interactions analysis seem to indicate that these interac-
tions play an important role with lung cancer development.
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