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N-Acetyltransferase 2 on the Development of Laryngeal Cancer in Koreans
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Objectives : Alcohol intake has been reported to be a risk factor of laryngeal cancer. Since the aldehyde de-

hydrogenase 2 (ALDH2) genotype is a major determinant of personal alcohol drinking habit, there is a possibility

that ALDH2 genotype would be a risk factor for laryngeal cancer. N-Acetyltransferase 2 (NAT2) is a detoxifying
enzyme and its polymorphism has been reported to be related to the risk of many environmental cancers.
However, studies on the associations between these two genotypes and laryngeal cancer risk are scarce. We
have assessed the effects of alcohol intake and the genotype of ALDH2 and NAT2 on the risk of laryngeal

cancer in Koreans.

Materials and Methods : Eighty-four pathologically proven laryngeal cancer patients and 168 age matched
controls were included as the study subjects. Information about alcohol intake and smoking habit was collected
using a self administered questionnaire. ALDH2 and NAT?2 genotypes were analyzed using PCR-RFLP methods.

Results : Alcohol intake was significant as a risk factor for laryngeal cancer (OR : 2.58, 95% CI : 1.24,

5.36), especially for supraglottic laryngeal cancer (OR : 3.24, 95% CI ® 1.02, 10.31). Personal drinking habit

was closely related with personal smoking habit, which was a potent risk factor of laryngeal cancer. In a stra-
tified analysis according to the level of cumulative smoking amount, drinking was significant neither in light

smokers (equal or less than 30 pack-years) nor in heavy smoker (over 30 pack-years). The ALDH2 genotype

was significantly associated with the risk of laryngeal cancer in a univariate analysis. The statistical significance,
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—MWX]' o=, 139-706 A& i+ FFF 215—4 dAHEY o779
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however, disappeared after adjusting alcohol intake using a multiple conditional logistic model. The NAT2
genotype was not significant as a risk factor for laryngeal cancer. '

Conclusion : Alcohol drinking and ALDH2 genotype would have indirect effects on laryngeal cancer by
their correlations with cigarette smoking or with alcohol drinking. It is less likely that the NAT?2 genotype would

be a potent risk factor of laryngeal cancer.

KEY WORDS : Larynx neoplasm - Alcohol intake - Aldehyde dehydrogenase 2 - N-Acetyltransferase 2.
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ZF%3}o] PCR—-RFLP (polymerase chain reaction—rest-
riction fragment length polymorphism) *'H2% ALDH2
9} NAT29] F34 g8AS E453it

2) AENY B2Y

(1) ALDH2

ALDH29] opu]xit MG F 487HAZF 3 SHWo
(point mutation) | 2J3}] WSSHA =¥ o] EihE 1
715E A Aok 2 d7eMe 971 M4E shivt ¢
234 ok Al (primer) & ARSSt] A diE A
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Uz FAeA A& DNAS F3 (template) 02 31510
], Al 5" —~CCA CAC TCA CAG TTT TCT CTT-
38} 5" —AAA TTA CAG GGT CAA CTG CT-3 & A}
B33t o] AlEAlE 47] MY shrl YIS g,
A o AR A SEFHUA Mbollo thEt A
g F-A7 AZVA HARE vt oy fake] A49E o)
o] 714 ek=t} PCRE genomic DNA 1.0 ug, ANTP
34 800 M, MgCl, 1.5mM, KCl 40mM, Tris—HCI
10mM, pH 8.0, Taq polymerase(Promega, Medison,
WI, USA) 2.0unitE Ao & §%°] 25 xl7}F HES 3190
t}. Denaturation 94°C 1830, annealing 53C 1%30%,
extension 74C 302 &% Z#H 2% Thermocycler
(Perkin Elmer Cetus, Wellesley, MA, USA) <A 353
SZAIZE $Z9 PCR AHEE 2% agarose gelold A
7] FEAA 134bp8] bands BAEE 017 L& PCR
ARE 10 ¢19) Mboll 10 unitS o] & £8k0) 20U}
A 3te] 37T g WEAZTE o weAME
15 u1E 15% PAGE gelolq A7) 9%5A1A ethidium bro-
mide® G4 F HF FAAHE FAsIGich Mboll At
F$17F = 134bpe] band®hE Hol= 21& DD F3141,
124bp$} 10bpe} bandE Hol= RE& NN F&44, 18
31 134bp, 124bp, 10bp 37H9) band7} BF Hoj:= A%
ND #3482 a9 chFig. 1).

(2) NAT2

E Ao ME Deguchi” 9] WS 22 WalA7] u

°F NATY FAARE AT} o] WL & Wl
&

134bp

124bp

1 M 2 3 4

Fig. 1. Mboll RFLP result of Aldehyde dehydrogenase 2(ALDH2).
M is a molecular size marker, lane 1 PCR product, lane 2
DD type. lane 3 ND type, and lane 4 NN type.

glolslar olof] ¢slo] acetylation £EE =X sk HY
olt}, 5" —=TGA CGG CAG GAA TTA CAT TGT C~-3’
9} 5" —ACA CAA GGG TTT ATT TTG TTC C-3' &
sense$} anti—sense primer® AF-3}9] denaturation
95T 1#30%, annealing 55C 30&, extension 74C 30
z9] 2% 7% 353 WHEehe PCR W& A138s13lh
o] kgl 2kl 559bp] band7} FEFHUEAE Bl
83, PCR AHE 10 g1o BamHI 10unit®+ Kpnl 10unit®
Aol 37CoIA 3 Bt REEA AT thed vk AME

5 4 3 2 M 1

Fig. 2. Electrophoresis pattern of simultaneous restriction of Barn-
HI and Kpnl. M is a molecular size marker, lone 1 PCR
product, lane 2 alleled/allelel or 3, lane 3 allele2/dllele2,
laned allele2/allele or 3, and lane & dllele1/alleled.

Fig. 3. Tagl RFLP of N-Acetyltransferase 2(NAT2) PCR product.
M is a molecular size marker, lane 1 PCR product, lane 2
aliele1/dllele2/alleled, lane 3 alleie3/allelel or allele2 or
alleled, and lane 4 allele3/alleled.
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£ 2% agarose gelolA A7) 9539k Fig. 2). £ 2)
PCR AME 10 zloll Tagl 10 unitE 40 65TCoA 3541 F A 3 AR lkﬂ‘% vl
HRe-A17] 3L, Oed kS AME-S 2% agarose gelold A A= AL T 54 238 1444
7] 9EAA ethidium bromide® ¥4 % HF F4x3  bottle—year 2™, 2T 80.5 bottle~year2A] ¥}
& FABIGItHFig. 3). F W RFLP AHE ZA=Z of 79 78 570 ol vjst] FstA 55 %ol
H T34 F8E FEIAHTable 1). 34 o] UldHd 3 222 YeTH(Table 3) = ko] vz vlst
A F8E 2AZ NAT2 BHEE 333K Table 2). o SFAPT o] Wskon, S5k vlSFAtel Hlsty ¥

Feto] BYE ggo) 2.583Hi &= AHTable 4).

3) 1 24

78, F99 92 #3489 23t AT g2 3) 209
Aol Fo8t o)z} J=AE Wi BA o7 ARGy, A AR FdEe] WE BEXoXE At B
o] U] 7K & BF sk tha® 248 Agsiqid. ol -rzi F=o] 404 Dack year§loH, 2o He 73
£$8]9) A&o) = conditional logistic analysisZ A3} 29l 23.1 pack—yearBt} §-25tA WheH(Table 3).

o eFuE FA%) BANE Hele] A5 ¥ & axhz% 25 g gon, dxelds 73.9%7 &
Fh TR FAF Aolo] AR BAL AdS B AL slel FAR) FEede] tht tigulE 60,112 #9
oF g R9lo] Wk 4T AR, 4 STHTable 4).

¢

®

£ B AR SR9F o £ FOR e 2 2ol vt
]t 31A olE B x| =L Alo O] off A Table 3. Distributions of age, cumulative drinking amount and
o Y BAksk IS A A2 d2we dew FeliA cumulative smoking amounts in total cases and co-
1&d s BT o B4 W ARl nfrols
Cases Controls p-value
H m Age(year) 617 88 618+t 82 Not
= significant
Cumulative drinking  144.4+141.2 80.5+153.8 = <0.01
1. 8N AA D QI Oigt 2M amount (bottle-year)

Cumulative smoking 400+ 14.1 23.1x 209 <0.0001
1) 9 ) amount (pack-year)
A 2T I A EF BARE Table 39

z WA AHL 717 2 X o 15} ko Table 4. Distributions of drinking and smoking habits in fotal
o Bt AF2 _}—]— 61.74% 61.8M% ffg 2jo)7t cases and controls

A Variable Number (%) Odds ratio P
Cases Confrols  (95% CI) *7 value
Table 1. DNA basepair size of each N-Acetyltransferase 2 S
(NAT2) genotype ©X
Alele BarmHI+Kor Tadi Male 82(97.6) 164(97.6) 1.00(0.18, 5.57) 000 1.00
] 380, 134, 45 226, 170, 142, 21 Female  2(24)  4(24 1.00
2 425,134 226, 170, 142, 21 Drinking
3 80, 134, 45 396, 142, 21 Yes 73(88.0) 119(73.9) 2.58(1.24, 5.36) 6.44 <0.05
4 514, 45 226,170, 142, 21 No 100120 42(26.1) 100
Smoking

Yes 84(100) 119(73.9) 60.11

Table 2. N-Acetyliransferase 2(NAT2) activity of each geno- (3.65,990.33)** 26.45 <0.00]

type
Genotype N-Acetyltransferase activity No - 0(00) 42@26.) 100

— - * 1 Confidence interval

/1 Ropid acetylator ++ : Estimated using logit method with a correction of 0.5 for
*1/*2 Intermediate acetylator the number of non-smoking cases
*1/*3 Intermediate acetylator
*1 7% . Table 5. Correlation coefficients between cumulative smok-
*]/ 4 Intermediate acetylator ing amount and cumulative drinking amount

2/*2 Slow acetylator o Conelation l
*2/*3 Slow acetylator umber - officients p-value
*2/*4 Slow acetylator Cases 70 0.342 <0.01
*3/*3 Slow acetylator Controls 147 0418 <0.0001
*3/*4 Slow acetylator Cases and controls 217 0.433 <0.0001

- 134 —



Table 6. Distributions of drinking habit according to cumulative smoking amount in fotal cases and controls

) Number (%) .
Variable Odds ratio (95% CI*) 22 p-value
Cases Controls
Light smokers**
Drinking
Y 20(90.9 46(80.7 2.39(0.49, 11.79
s ©09) ®0.7 ¢ ) 1.20 Not significant
No 2( 9.1 11(19.3) 1.00
Heavy smokers***
Drinking
Y 53(80. 4 . 1.66(0.62, 4.40
es (80.0) 8(86.9) 6( ) 104 Not significant
No 8(20.0) 12(13.1) 1.00

* 1 Confidence interval
=% : Smokers with cumulative smoking amount equal or less than 30 pack-years
=+ : Smokers with cumulative smoking amount more than 30 pack-years

Table 7. Genotype distribution of N-Acetyltransferase 2(NAT2) Table 8. Cumulative drinking amount according fo Aldehyde
and Aldehyde dehydrogenase 2(ALDH2) in cases dehydrogenase 2(ALDH2) genotype in total cases
and controls and controls

Number (%) 22 ALDH? Cumulative .

Cases  Controls  frend prvalue Genotype Number - drinking amount  R* v;ue

(bottle-year)
ALDH2

DD 1012 173102 NN 146 20.1+148.4

' ' ND 85 83.9+163.6 0.0233 5.085 0.0256

ND 31(37.4) 54(325) 245 0.117

DD 18 45.21123.6

NN 51(61.4) 95(57.2)

DD 1(1.2) 17(10.2) 674 0.009 ° o

ND or NN 82(98.8) 149(89.7) ' 6) NAT2 REAE £X

NAT2 gakey 279 NAT2 §428L 28 alolE B

Slow 9(108) 21(14.0) o]x] ¢Fgtom, NAT2 F3A8E rapid & ‘intermediate

Infermediate 42(06)  62(413) 010 0752 i gow 9 = AR FREEHYS wer TAH £

Slow or intermediate 51(61.4) 83(55.3) 0.82 0.366

Rapid 32(386) 67447 ‘ 7) ¥N 2% ALDH? SNAIEe] M3y

W dETE £F B U 015 e &7
4) STHEN T WY &89 ALDH2 #2438 Alolo] #a4dE A48,
AA O] 7% AT Al BRAES 497 ALDHZ 424%0] NNBQ 3%l Bt 54 550 7h
FE olgslo] EAE, FAFIME 0.342, YR A B Wb, DDHEQ Aol 7 S550] 7P Ao
M= 0.418, AA tgAlME 0.4332% vERY, 25 A ALDH2 #dx83 74 S5F39 fod #dyol
TAAE Fo8I3tH(Table 5). EAFE AT U3 & & 222 YERtH(Table 8)
F Foo] 7Y B v JFTE Frksh] Hshed, 8) Tl BA
AR gL FolA FA Fedzkol 30 pack—vear ©]8iel @ = .
o B T R D packevear ST a9 5%, ALDH2 © NAT2 $48 EaA
r;r }}x_:;ﬂLL; i AR o R R b L}SO pack—yeark. 2 RS AN AT FAL TRk} g9 Pl

nlo. 3 Z] 3! Z?— S E i 7
Zo} uL;\goﬂ]:rL] ]iﬁ 8] EHO]-O? ! B3k 2; ;1_ Q= Ao yeponh ALDHZ Bt NAT2 FrAAE

= 9% T EARoR §o #go) BEHA F3krH(Table 9).
Aot w8 ge o UrE}kM(Table 6). e e i
2. S5 B E B

5) ALDH2 RTEAY BX TTe T a

AA AT g2Fe] ALDHZ 343 B3 34 1) 35
LM DDFOl @8 (1.2%) 0, thEr- DDRO) 17 74 §539 & @9E 159 &F & ¥4 142 vt
4(10.2%) 22 Aol DDEo| foJshAl Alek 18] Ae GO RS o, AR Y Y A S5
U 8xelA NN faxgo] izl vste] f2stA  139.8 bottle—year, 71 278 2 §F%2 97.0 bo-
W2 AL ol ek (Table 7). ttle—year® A% AHY Srd 2T Aol #o#
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Table 9. Muitiple conditional logistic modet for laryngeal cancer in total case-control pairs

B8 SE@(B) Wald chi-ssquare  p-value  Odds ratio (95% CH)
Cumulative drinking amount (7 bottle-year) 0.009 0.009 0.954 0.329 1.01(0.99, 1.03)
Cumulative smoking amount (10 pack-year) 0.550 0.133 17.144 <0.001 1.73(1.34, 2.25)
NAT2* 0.232 0.428 0.295 0.587 1.26(0.54, 2.92)
ALDH2** 0.167 0.376 0.198 0.657 1.18(0.57, 2.45)

@ : Standard error # : Confidence interval

= : N-Acetyltransferase 2 : Effect of slow or intermediate acetylator against rapid acetylator
=+ . Aldehyde dehydrogenase 2 : Effect of NN genotype against ND or DD genotype

Table 10. Distributions of cumulative drinking omount and
cumulative smoking amounts in case-control pairs
according to the site of laryngeal cancer

Cases Confrols p-value
Supragloftis
Number 38 74
Cumulative drinking  139.8+£127.3 97.01£190.1 0.195
amount (bottie-year)
Cumulative smoking 409+ 12,6 258+ 21.4  <0.0001
amount (pack-year)
Glottis or subglottis
Number 42 86
Cumulative drinking  149.2+157.3 64.3+1126  <0.01
amount (bottle-year)
Cumulative smoking  39.4+ 159 209+ 199  <0.0001

amount (pack-year)

o]zt gl ont, dEolut AR et Bxbel 1 ol
9] A S5k 247} 149.2 bottle—year$} 64.3 bottle—
year2 8218t =}o)7} Q1 tH Table 10).

e AR ARG G208 BNl e A
i AR s fog Bl §i3lth(Table 11).
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Table 11. Distributions of drinking and smoking habit in supraglottic and glottic or subglottic laryngeal cancer cases and their

controls
Number (%) )
Variable Qdds ratio (95% CI*) x2 p-value
Cases Controls
Supraglottis
Drinking
. . . .02, 10.31
Yes 33(89.2) 51(71.8) 3.24(1.02,10.31) 404 <0.05
No 4(10.8) 20(28.2) 1.00
Smoking
Yes 38(100) 59(83.1) 16.18(0.93, 281.23) 700 <00
No 0( 0.0) 12(16.9) 1.00
Glofttis or subglottis
Drinking
Yes 40(87.0) 68(75.6) 2.16(0.81,5.77) 2.42 Not significant
No 6(13.0) 22(24.4) 1.00
Smoking
Yes 46(100) 60(66.7) 46.88(2.79, 786.93) 1667 <0.001
No 0( 0.0) 30(33.3) 1.00

* : Confidence interval

* 1 Estimated using logit method with a correction of 0.5 for the number of non-smoking cases

Table 12. Genotype distribution of N-Acetyltransferase 2
(NAT2) and Aldehyde dehydrogenase 2(ALDH2)
in cases and controls according to the site of lar-
yngeal cancer

Number (%) 22
p-value
Cases Controls frend
Supraglottis
ALDH2
DD 0( 0.0 7(9.5)
ND 16(42.1)  21(28.4) .18 0.672
NN 22(57.9) 46(62.2)
NAT2
Slow 3(79 1075
Intermediate 21(55.3) 27(429) 023 0.632
Rapid 14(36.8) 25(39.7)
Glofttis or subglottis
ALDH2
DD 1( 22y 10009
ND 15(33.3) 33(359 2.87 0.090
NN 29(64.4) 49(63.3)
NAT2
Slow 6(13.3) 10011.5)
Intermediate 21(46.7) 35(40.2) 0.5 0.421
Rapid 18(40.0) 42(48.3)
o et 29je] b

T AY AR deptod, snsy
AR el daiME felsdAR ARy
shratel diaide 18X ek ol st
ow Qlste] dmEo] sl A A
A7, SFAE g7 -E«O‘jx}o
o) ek Harest dA@h 1

, 283 ALDH2$} NAT2 34 oA 58
Z &= multiple conditional logistic analysis®l|
Fost WF7t ol o™ (Table 9),

il 73%0115 5?4_6} éﬂr~ HtHTable
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AG1ow, ALDHZ 4G Alo]el & 74 w5l Aol
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M 25 539 frede S0 5 [UsTHTable 6).
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Al AFAATE oA BAl EA ol S A

DAY eS¢ e ARk &4015}.
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5 7@3} < ™ ALDH2

Ao ROt

45 4% ol 2 B AL
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Table 13. Multiple conditional logistic model for laryngeal cancer with total case-controt pairs

B SEe(8) Wald chi-square  p-value  Odds ratio (95% Cl#)

Supraglottis

Cumulative drinking amount (7 bottle-yean 0.003 0.012 0.068 0.794 1.00(0.98, 1.03)

Cumulative smoking amount (10 pack-year) 0.541 0.202 7.199 0.007 1.72(1.16, 2.55)

NAT2* 0.547 0.624 0.769 0.381 1.73(0.51, 5.88)

ALDH2** 0.105 0.566 0.034 0.853 1.11(0.37, 3.37)
Giloftis or subglottis

Cumulative drinking amount (7 bottle-year) 0.014 0.014 1.015 0314 1.01(0.99, 1.04)

Cumulative smoking amount (10 pack-year) 0.526 0.177 8.794 0.003 1.69(1.19, 2.40)

NAT2* -0.030 0.601 0.002 0.960 0.97(0.30, 3.15)

ALDH2** 0.082 0.535 0.023 0.879 1.09(0.38, 3.10)

@ : Standard error # : Confidence interval

*  N-Acetyliransferase 2 : Effect of slow or intermediate acetylator against rapid acetylator
*x . Aldehyde dehydrogenase 2 : Effect of NN genotype against ND or DD genotype

gt Aol A= ALDH2 f7k30) S50k ubio) -3t
T2 WAA decha e S ok wel ALDHZ &
AL TFU EYHA 94F Aaleb|Eohs g2}
& HSE AL A eQlow yztwEg,
2 A7 Aol NAT2 GHEE 3503} S93 o
g Bolx] stk Teuk YR Morita 592 NAT2
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