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[ Abstract] Background and purpose: Tobacco leads to the occurrence of cancer caused by genetic mutations,
but not all people exposed to smoking will suffer from malignant tumors. In addition to family aggregation phenomenon,
the discrepancy exists between individuals or species to promote tumor with environmental factors. We obtained clinical
data from laryngeal carcinoma patients and analyzed the correlation between smoking and the occurrence of laryngeal
carcinoma. Target genes and single nucleotide polymorphism (SNP) fragments were evaluated to analyze the correlation
between genotype or allele and smoking-related laryngeal carcinoma, and to identify susceptibility genes related to
laryngeal carcinoma. This information may help identify an early marker for the detection and prevention of laryngeal
carcinoma. Methods: A total of 94 smoking-related laryngeal carcinoma patients who were pathologically confirmed
and treated at Shanghai Eye and ENT Hospital of Fudan University as well as 148 high-risk smokers were included in
the survey. All participants had a smoking index greater than 400 pieces/year. We collected clinical data and baseline
materials. Peripheral blood was obtained for DNA extraction, and Sequenom SNP detection technology was used to
assess relationships with DNA sequencing fragments. We selected candidate genes and SNP fragments that were closely
associated with smoking-related tumors based on preliminary studies. The genes included ERCCS, CYP141, OGG]1,
RAD51, ERCC1, MMP2 and MMP3. Results: N stage and clinical stage exhibited a significant correlation with the
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smoking index (P<0.05). MMP2-rs243865 and MMP3-rs522616 showed significantly different expressions between

carcinoma cases and controls (P<0.05). Analysis based on stratification of the smoking index indicated that the GT

genotype of ERCC1-1s2298881 significantly increased the risk of laryngeal carcinoma in heavy smokers (P=0.025).

Conclusion: Smoking promotes the occurrence and development of laryngeal carcinoma. MMP2-rs243865 and
MMP3-rs522616 are susceptibility SNP for smoking-related laryngeal carcinoma, and ERCC1-rs2298881 plays an

important role in the development of laryngeal carcinoma in heavy smokers.

[Key words] Laryngeal carcinoma; Smoking-related; Genetic susceptibility; Single nucleotide

polymorphism; MMP2; MMP3; ERCC1
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Tab.1 Primer sequences (5’-3’)

SNP ID  2"-PCRP 1"-PCRP UEP_SEQ
15243865 ACGTTGGATGACATTCCCCATATTCCCCAC — ACGTTGGATGCCTGGAAGAAGTGACTTCTG (g ot \CCCA
154771436 ACGTTGGATGCACTGCACTCCCTTTCACAG  ACGTTGGATGAAGTTAGGCAGTGTACATTC ~ SLIIEACAGGG
152075747  ACGTTGGATGAAAGTGCTGGGATTACAGGC — ACGTTGGATGTGTTCAGCTAGTAGCACCTC — OCTTOAGCCAC
151052133 ACGTTGGATGAGGTGCTGTTCAGTGCCGAC — ACGTTGGATGCCCTTTGGAACCCTTTCTGC — abdcCQRecTd
152298881 ACGTTGGATGATTCTATTGGCTCCGTCCCC — ACGTTGGATGAGAGATGGACAAGGCCAGG — SCATECCCCGEC
153212961 ACGTTGGATGAGGTGGATGTGGTAAGCAGG ~ ACGTTGGATGCTTGGAAGGGATTCAACAGC GG -ECTAGEEA
1517655 ACGTTGGATGGCTGTTCTCCTTTGTACATTC — ACGTTGGATGACCTGCCTCTCAGAATCATC — pANGAIGAACTT
159928731  ACGTTGGATGTGCCTTTCCTGGTCTGTATC  ACGTTGGATGGAAGGAGACAGGGAGGAAAG TOTRTCTCCACCT
1511615 ACGTTGGATGATAGTCGGGAATTACGTCGC — ACGTTGGATGTTGATGGCTTCTGCCCTTCG — SSACCAAATTCC
154646903  ACGTTGGATGTTTGTTTCACTGTAACCTCC  ACGTTGGATGCAACTACTCAGAGGCTGAGG <l chCISTAACC
152072668 ACGTTGGATGATAAGCAAGATGCTGGCCAC — ACGTTGGATGGATGCAGTCAGCCACCTTTG — JGOCTICCACAA
153219008 ACGTTGGATGGCTGAAATTACCAGCATGAG — ACGTTGGATGGCAATCATGAGGCAGTGTAG s CascAlGAG
15679620  ACGTTGGATGCCACTGTCCTTTCTCCTAAC — ACGTTGGATGGAGTGACCTAAAAACTATAC A SALACTCITTC
151047768 ACGTTGGATGCAAGCACTTAAAGGAGTCCG  ACGTTGGATGGCAGAGCCGATGAAACAAAG  SLAARSGATTCC
152412546 ACGTTGGATGGGGCTGTTTAAAATGTCACTC ~ ACGTTGGATGCCCTGTCAAAACATGGGAAA  OUGAAAATGTCA
15650108 ACGTTGGATGGTGTGTTTGTTTTGTCTTCC — ACGTTGGATGTCAGGTAGAGGTGACAAGTG oo \AtGat ITT
151801320  ACGTTGGATGAAGCGAGTAGAGAAGTGGAG  ACGTTGGATGCGCTCCGACTTCACCCCGC — SUATGAGRACTGG
151048943  ACGTTGGATGGGATAGCCAGGAAGAGAAAG ~ ACGTTGGATGTGATTATCTTTGGCATGGGC — AGATALAGACET
153826041 ACGTTGGATGTTGCGTGAGAAGGACCGGAG ~ ACGTTGGATGTCGCGTGACTGCGAGCCCC  ( GRTFCCECACOE -
157201 ACGTTGGATGAAAGCAGGGCTGCGTTGAAA ~ ACGTTGGATGTCCAATCCCACCAACCCTCA — ARGROCTECGI TG
154924500 ACGTTGGATGGGAATCATACATTGTGTGGTC ~ ACGTTGGATGCGTGTTAACAACATGGATGAG 10 St LIGLGE
15522616 ACGTTGGATGTAGAAGACAAGGACAGAGAG ACGTTGGATGCGTAGCTGCTCCATAAATAG — SOROTIAAGCAA

CGAGTCACTAAAA

rs11070291 ACGTTGGATGGCTTTTGGACAGAGTCACTA

ACGTTGGATGAAGTTCTTGTCCTCATAGCC

CATTCTCTTGTAAC
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TER R B S Fr Bl ERCC5(rs1047768 |
rs17655, 1rs4771436). CYP1A1(rs1048943 |
rs382604 ., rs4646903). OGGI1(rs1052133,
rs2072668 . rs2075747 . rs3219008) .
RADS1(rs1107029 ., rs1801320, rs4924500),
ERCCI1(rs11615, rs2298881 ., rs3212961),
MMP2(rs243865, rs7202, rs9928731)#l
MMP3(1s522616, 15650108, 15679620),

1.3 Srit#4biE
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TR, DAPEAR W AR -5 958 5 2 Jee 2 1) ) AH OGPk
15 FH 46 36 K 46 #F Hardy - Weinberg V- i (Hardy-
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MMP2-rs2438655 MMP3-rs52261633% 9 4™ 3L K {37
MOSMWE R MUIMOC, TR MR kA .
KIEIHAL 5 REE . Mirs1047768 , 1517655,
1s4771436 . rs1048943 . rs382604. rs1052133,
rs2072668 . rs2075747 . rs3219008
rs1107029 ., rs1801320. rs4924500. rs11615.,
rs2298881, rs3212961 . rs7202, rs9928731,
rs650 108 Fllrs67962 03k PRI v 55 A A il 25 S 78 ik
Y20 5 X IR A Y kAR IR 22 R TG F B X
(P>0.05),
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Tab.2 Case and control characteristics

L n(%) ]

Variable Case (N=94) Control (N=148) P value
Agelyear 0.186
<65 55(58.51) 99(66.89)
=65 39(41.49) 49(33.11)
Gender
Male 94(100.00) 148(100.00)
Smoking degree 0.192
Unknown 0 1(0.68)
Mild 43(45.74) 73(49.32)
Moderate 29(30.85) 53(35.81)

Severe 22(23.40)

21(14.19)
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Tab.3 Clinical characteristics and smoking degree in patients

[n(%) ]
Smoking degree
Variable P value
=400 and <800 (N=43) =800 and <1 200 (N=29) =1200 (N=22)

T stage 0.3615
T, 5(11.6) 13.4) 1(4.5)
T, 23(53.5) 12(41.4) 8(36.4)
T, 3(7.0) 5(17.2) 5(22.7)
T, 12(27.9) 11(37.9) 8(36.4)

N stage 0.021 8
N, 27(62.8) 8(27.6) 7(31.8)
N, 9(20.9) 11(37.9) 5(22.7)
N, 7(16.3) 9(31.0) 10(45.5)
N; 0 1(3.4) 0

Clinical stage 0.009 4
| 5(11.6) 13.4) 1(4.5)
I 21(48.8) 5(17.2) 3(13.6)
I 5(11.6) 9(31.0) 7(31.8)
1\ 12(27.9) 14(48.3) 11(50.0)

£4 TEHRR
Tab.4 Hardy-Weinberg test

HWE test in controls HWE test in cases
SNP Alleles
P value pa P value Fa
rs1047768 C/T 0.362 0.832 0.878 0.023
rs1048943 G/A 0.492 0.473 0.956 0.003
rs1052133 C/G 0.393 0.729 0.337 0.921
rs11070291 A/G 0.430 0.623 0.222 1.494
rs11615 T/C 0.109 2.573 0.748 0.103
1517655 G/C 0.870 0.027 0.860 0.031
rs1801320 C/G 0.650 0.207 0.120 2.423
152072668 C/G 0.325 0.970 0.337 0.921
152075747 G/A 0.922 0.009 0.809 0.058
152298881 G/T 0.408 0.684 0.253 1.304
15243865 C/T 0.818 0.053 0.479 3913
1rs3212961 C/A 0.448 0.576 0.315 1.024
153219008 G/A 0.122 2.827 0.168 1.905
1s326041 G/A 0.821 0.051 0.925 0.009
154646903 C/T 0.000 0.000 0.000 0.000
rs4771436 G/T 0.362 0.832 0.996 0.000
154924500 G/A 0.773 0.083 0.108 2.585
15522616 A/G 0.315 1.008 0.270 1.215
rs650108 C/T 0.661 0.192 0.880 0.023
1s679620 C/T 0.232 1.431 0.220 1.506
rs7201 C/A 0.333 0.938 0.662 0.191

1s9928731 C/T 0.680 0.171 0.066 3.387
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X rs243865 3k R AU S5 (v KL P 5 095 & E
FME M 25 R, AL R AN (CC/TT/
CT) 1) 38 4 R A W 2 [B) 22 S 3598 e it 24 3 X
(P=0.04), {3 5 R (C/T) Y 323505 2R 75 7 2H ]
ZRINE G E X (P=0.02), 7B 78 3L 5
77 TG T T 2 1588 S0 0 s 1) G B JBE K A R R CC 3
RIMY8.974%, T CT AL B 1) fa ) J2CC
FRU) 14445 SO IER I, TR 3 [H
5 7 TR R IR S 0 B C & (o RE R AT 4 110 1.92
f5(3R5).

XFrs52261 635 R AU F A5 (v Jk R S5 08 4 E
FHRMEA TGS R R, A 5 A (AA/GG/
AG) [ F B FAE I 1] 22 T4 G it 2 X
(P=0.03), Z5{ 3 (A/G)1) 32505 275 Wi 2H ]
ZFINA G L (P=0.03), FHA7E LK A
Ji T, GGFRAUHE BRI MG R AR EAA
FRUA0.544% , 1T AGTR Y e £ G T 1) e B B
AARIIR0.481%, HARYYEH . ESEA R

DT, A GREA R R #5721 f
PERASF R H 0.661%, HARIPTEN
(36).
2.5 WIATERREFEMRSHEEL 4 RHEXE
iz R AW HE B I8 4 5 5% BR 4 o M e
(400~800/4F3%) . H1EE(800~1 200/4F37) M T Bif
WHHZE(>1 200/4F37), IR HE PR 23 1055 W AR ke
PRI & AR XA e o B AME R RS AT
(F4), G4 kM, rs11047768, 152298881
PR A 7 A5 55 W A K Mk R AR A B 3 A O 1
(P<0.05), 454 PHSOREZE—ITEINA,
1s229888 111 x5 GT A R U485y 28 L A e g XU
2 E TR (P=0.025), & TTHEPIAI#EF & 1195.91
v, HHORMEAEFR . v, HEEMARHARE bl
N FE g wsg o, T S GTHE A
RUHET 5 Bl A WA B I R, O SR B XL
W TG (R T)

R 5 rs2438655MRFE A £ RIEX M

Tab.5 The association between rs243865 and laryngeal cancer

2

Genotype and allele Case Control x P value OR (95%CTI)
Genotype 6.35 0.04
cC 68 122 1
TT 5 1 8.97 (1.03-78.36)
CT 20 25 1.44 (0.74-2.77)
Allele 5.38 0.02
C 156 269 1
T 30 27 1.92 (1.10 -3.33)

%k 6 rs5226165MEA IR

Tab. 6 The association between rs522616 and laryngeal cancer

Genotype and allele Case Control Fa P value OR (95%CI)
Genotype 6.78 0.03

AA 45 47 1

GG 12 23 0.54 (0.24-1.22)

AG 36 78 0.48 (0.27-0.85)
Allele 4.49 0.03

A 126 172 1

G 60 124 0.66 (0.45-0.97)
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Tab.7 Analysis of gene data stratified by smoking degree

Result Moderate
OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

rs1047768

cC 1.00 1.00 1.00

TT 2.33(0.33-16.29) 0.351 0.49 (0.09-2.54) 0.147 0.07 (0.00-1.34) 0.040

CT 1.76 (0.24-12.65) 0.820 1.25(0.23-6.61) 0.322 0.26 (0.01-5.10) 0.979
rs1048943

GG 1.00 1.00 1.00

AA 0.89 (0.14-5.76) 0.876 0.41 (0.05-3.41) 0.296 - -

GA 0.94 (0.13-6.56) 1.000 0.64 (0.07-5.87) 0.989 - -
rs1052133

CcC 1.00 1.00 1.00

GG 0.74 (0.18-3.10) 0.974 0.89 (0.18-4.42) 0.487 1.21 (0.11-13.07) 0.415

CG 0.56 (0.13-2.35) 0.411 1.82(0.40-8.18) 0.227 5.91 (0.52-67.15) 0.057
rs11070291

AA 1.00 1.00 1.00

GG 0.34 (0.04-3.17) 0.578 4.14 (0.20-86.97) 0.491 0.80 (0.03-19.86) 0.571

AG 0.25 (0.03-2.37) 0.206 5.24 (0.24-112.1) 0.279 1.90 (0.07-52.22) 0.462
rs11615

TT 1.00 1.00 1.00

CcC 0.00 (0.00-1E102) 0.932 0.00 (0.00-61E50) 0.870 0.00 (0.00-I) 0.974

TC 0.00 (0.00-5E101) 0.918 0.00 (0.00-14E51) 0.900 0.00 (0.00-T) 0.973
rs17655

GG 1.00 1.00 1.00

cC 0.66 (0.17-2.61) 0.433 0.92 (0.24-3.56) 0.822 0.59 (0.07-4.94) 0.650

GC 1.11 (0.35-3.49) 0.530 1.11 (0.36-3.38) 0.774 0.79 (0.13-4.69) 0.978
rs1801320

CcC 1.00 1.00 1.00

GG 0.39 (0.02-8.63) 0.756 0.00 (0.00-49E79) 0.928 0.00 (0.00-T) 0.981

CG 0.26 (0.01-5.87) 0.318 0.00 (0.00-26E79) 0.913 0.00 (0.00-1) 0.977
152072668

cC 1.00 1.00 1.00

GG 0.72 (0.17-3.03) 0.932 0.89 (0.18-4.42) 0.487 1.21 (0.11-13.07) 0.415

CG 0.57 (0.14-2.39) 0.439 1.82 (0.40-8.18) 0.227 5.91 (0.52-67.15) 0.057
12075747

GG 1.00 1.00 1.00

AA 0.99 (0.27-3.58) 0.868 0.85(0.21-3.39) 0.887 0.46 (0.06-3.47) 0.280

GA 0.81 (0.27-2.43) 0.659 0.87 (0.28-2.65) 0.908 1.44 (0.26-7.79) 0.310
1s2298881

GG 1.00 1.00 1.00

TT 1.37 (0.38-4.97) 0.767 5.60 (1.11-28.38) 0.078 1.12 (0.16-7.60) 0.347

GT 1.34 (0.46-3.94) 0.769 2.80 (0.77-10.11) 0.751 7.03 (1.24-39.80) 0.025
1243865

CC

1.00

1.00

1.00
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Result Moderate Severe
OR (95%CTI) P value OR (95%CTI) P value OR (95%CTI) P value

TT 11.6 (1.01-133.40) 0.063 66E3 (0.00-2E160) 0.953 38E3 (0.00-2E23) 0.969

CT 1.26 (0.40-3.94) 0.221 2.16 (0.53- 8.84) 0.958 0.81(0.17-3.94) 0.968
1s3212961

cC 1.00 1.00 1.00

AA 1.47 (0.40-5.45) 0.677 5.20 (1.06-25.49) 0.062 2.29 (0.32-16.25) 0.956

CA 1.40 (0.43-4.60) 0.763 2.26 (0.62-8.21) 0.983 4.76 (0.82-27.73) 0.140
1s3219008

GG 1.00 1.00 1.00

AA 0.71 (0.17-3.09) 0.590 0.29 (0.05-1.59) 0.113 4.83 (0.15-152.2) 0.665

GA 1.08 (0.40-2.92) 0.626 1.12 (0.39-3.27) 0.196 5.65 (1.09-29.20) 0.319
rs3826041

CC 1.00 1.00 1.00

AA 0.51 (0.15-1.70) 0.436 0.30 (0.06-1.54) 0.221 1.73 (0.09-33.28) 0.693

CA 0.59 (0.19-1.76) 0.677 0.42 (0.10-1.77) 0.626 1.41 (0.08-25.82) 0.942
154771436

GG 1.00 1.00 1.00

TT 0.67 (0.13-3.34) 0.274 1.51 (0.38-6.05) 0.578 1.35(0.12-15.41) 0.462

GT 1.49 (0.30-7.27) 0.266 1.29 (0.30-5.53) 0.933 0.55 (0.05-6.66) 0.378
154924500

GG 1.00 1.00 1.00

AA 0.66 (0.12-3.74) 0.691 0.58 (0.09-3.80) 0.477 0.62 (0.07-5.59) 0.600

GA 0.86 (0.32-2.34) 0.922 1.25 (0.45-3.48) 0.412 1.14 (0.25-5.21) 0.625
15522616

AA 1.00 1.00 1.00

GG 0.29 (0.07-1.14) 0.154 0.77 (0.15-3.80) 0.972 1.72 (0.09-33.38) 0.631

AG 0.56 (0.20-1.57) 0.941 0.56 (0.19-1.61) 0.420 0.73 (0.17-3.10) 0.512
rs650108

CC 1.00 1.00 1.00

TT 0.39 (0.10-1.42) 0.093 1.03 (0.24-4.37) 0.925 3.14 (0.28-34.62) 0.287

CT 0.84 (0.24-2.90) 0.536 0.95 (0.25-3.54) 0.892 1.67 (0.17-16.77) 0.939
15679620

CC 1.00 1.00 1.00

TT 4.56 (0.88-23.61) 0.105 0.46 (0.07-3.07) 0.377 0.21 (0.01-6.46) 0.431

CT 1.59 (0.59- 4.33) 0.590 1.05 (0.36-2.99) 0.453 0.63 (0.14-2.81) 0.746
rs7201

CC 1.00 1.00 1.00

AA 0.34 (0.05-2.41) 0.287 0.00 (0.00-4E150) 0.952 0.35(0.02-4.87) 0.150

CA 0.43 (0.06-3.10) 0.619 0.00 (0.00-4E150) 0.952 1.39 (0.08-23.69) 0.374
rs9928731

CC 1.00 1.00 1.00

TT 0.60 (0.17-2.12) 0.543 2.23 (0.54-9.25) 0.045 7.53 (0.90-63.34) 0.233

CT 0.70 (0.23-2.12) 0.833 0.44 (0.12-1.58) 0.023 7.45 (0.82-67.83) 0.262
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