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Interaction effects of alcohol drinking and polycyclic aromatic hydrocarbons exposure on
peripheral blood OGG1 methylation in coke oven workers NIU Ying-ying, ZHANG Bin, FU Ye, LI
Xue-jing, LIU Yan-li, YANG Jin (Department of Occupational Health, School of Public Health, Shanxi
Medical University, Taiyuan, Shanxi 030001, China)

Abstract:

[Objective] To investigate whether alcohol drinking and polycyclic aromatic hydrocarbons (PAHs)
exposure have interaction effects on the peripheral blood 8-oxoguanine DNA glycosylase (0GG1)
methylation in coke oven workers.

[Methods] A total of 303 workers from a coking plant were recruited. General information was
collected by questionnaire survey. Blood samples and urinary samples were collected to test
the urinary concentrations of four PAHs metabolites, including 2-hydroxynaphthalene (2-NAP),
2-hydroxfluorene (2-FLU), 9-hydroxyphenanthren (9-PHE), and 1-hydroxypyrene (1-OHP) by high
performance liquid chromatography with fluorescence detection. The methylations on four sites
in 0OGG1 (106 bp, 121 bp, 126 bp, and 142 bp from the 5’ end of the first exon) were detected by
pyrosequencing. Multiple logistic regression analysis was conducted to assess the relationship
of OGG1 methylation with PAHs and alcohol drinking; trend analysis and restrictive cubic spline
were adopted to analyze the dose-response relationship.

[Results] The participants were divided into four groups by quartiles (Q1-Q4) of urinary 1-OHP
concentration. There was a significant difference in age distribution between different 1-OHP
level groups (P=0.033). The levels of 2-FLU and 9-PHE showed increasing trends with higher
1-OHP levels. The results of multivariate logistic regression analysis revealed that urinary 1-OHP
(OR=2.97, 95%ClI: 1.20-7.38) and alcohol drinking (OR=1.67, 95%C/: 1.01-2.79) were closely
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associated with the hypermethylation on site 4 in OGG1 after adjusting for sex, age, education, smoking, heating mode, 2-NAP, 2-FLU,
and 9-PHE. However, there were no significant relationships between the other three metabolites and OGG1 methylation. The coke oven
workers with both urinary 1-OHP Q4 level and reported alcohol drinking had a higher risk of hypermethylation on site 4 in OGG1 than the
workers with urinary 1-OHP Q1 level and without alcohol consumption (OR=4.00, 95%Cl: 1.19-13.47).

[Conclusion] Interactive effect of urinary 1-OHP levels and drinking on hypermethylation on site 4 in OGG1 is identified among coke oven

workers.

Keywords: polycyclic aromatic hydrocarbons; drinking; 1-hydroxypyrene; 8-oxoguanine DNA glycosylase; methylation
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Hi 3 MBI, IRMRI 4 TR FEYKES
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R, BD : Ps (0.018 ug/mmol) « Ps, (0.059 pg/mmol)
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i 4 FEMKENIELEFERN X R, WNE 1P
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#*1 ¥R 1-OHP BEKTEREBERARWRHEBLEER (M (Ps~Prs) Tin (%) ]
Table 1 Characteristics of participants stratified by urinary 1-OHP level [M (Pys™P5s) or n (%)]

E B3 1-OHP (ug/mmol) ,
Variable Number 1 (<0.034) Q2 (0.034~) Q3 (0.059~) Q4 (= 0.112)

Fi8 (%) (Age, years) 303 40 (31~44) 44 (35~47) 41 (37~46) 39 (33~45) 0.033°

T#% (%) (Working age, years) 303 20 (8~28) 25 (17~30) 22 (18~28) 20 (14~28) 0.051°

451 (Sex) 2 (male) 292 72 (24.7) 72 (24.7) 75 (25.6) 73 (25.0) 0.471°
Z (Female) 11 4 (36.4) 4 (36.4) 1(9.1) 2 (18.1)

ZHEE (%) (Education, years) <9 86 22 (25.6) 24 (27.9) 18 (20.9) 22 (25.6) 0.632°
9~12 110 22 (20.0) 28 (25.4) 30 (27.3) 30 (27.3)
>12 107 32 (29.9) 24 (22.4) 28 (26.2) 23 (21.5)

A (Smoking) % (No) 101 28 (27.7) 24 (23.8) 21 (20.8) 28 (27.7) 0.536°
2 (Yes) 202 48 (23.8) 52 (25.7) 55 (27.2) 47 (23.3)

RE (Drinking) % (No) 155 39 (25.2) 40 (25.8) 37 (23.9) 39 (25.2) 0.965°
2 (Yes) 148 37 (25.0) 36 (24.3) 39 (26.4) 36 (24.3)

{HBE 5T (Heating mode) ErR{HBE (Central heating) 288 70 (24.3) 75 (26.0) 73 (25.3) 70 (24.3) 0.244°
Hth (Other) 15 6 (40.0) 1(6.7) 3 (20.0) 5 (33.3)

2-NAP (ug/mmol) 303  0.56 (0.35~0.97) 0.76 (0.46~1.17) 0.70 (0.42~1.14) 1.16 (0.59~1.91) <0.001°

2-FLU (pg/mmol) 303 0.20 (0.14~0.27) 0.29 (0.22~0.40) 0.31 (0.25~0.49) 0.53 (0.34~0.96) <0.001°

9-PHE (ug/mmol) 303 0.07 (0.05~0.09) 0.07 (0.06~0.11) 0.10 (0.07~0.15) 0.25 (0.11~0.36) <0.001°

0GG1 BREAYIKTF (0GG1 methylation level, %) * fii& 1 (Site 1) 303  0.76 (0.00~1.29) 0.82 (0.00~1.29) 0.88 (0.00~1.17) 0.82 (0.00~1.19) 0.892°
I 2 (Site 2) 303 0.75(0.00~1.94) 1.04 (0.00~2.50) 1.11 (0.00~3.63) 1.04 (0.00~2.88) 0.143°
i 3 (Site 3) 303 0.00 (0.00~0.70) 0.00 (0.00~0.00) 0.00 (0.00~0.67) 0.00 (0.00~0.49) 0.180°
I 4 (Site 4) 303 2.45(0.40~3.10) 2.67 (0.00~3.30) 2.69 (2.01~3.25) 2.88 (2.08~3.40) 0.223°

(I 5t9{E (Average of all site) 303 1.18 (0.63~1.74) 1.20 (0.72~1.72) 1.29 (0.87~1.94) 1.32(0.81~1.80) 0.312°

[3F*] a : Kruskal-Wallis H#23% 5 b : £, * : LA 5- BEEEIELLFIFRT.
[Note] a: Mann-Whitney H test; b: Chi-squared test. *: Expressed as percentage of 5-methylcytosine.

L3 rm 9s%a 2.3 GBS 0GGI BEMKENX(E

—OR

LLoGG1 BEALKTE (32 P AR D NIREELA
MERELA) FANEE, IKESEEANEEE,
EHESRZEEM. i SHEE. RIAB R,
B 75 T0A0 4 Fh PAHS (X354, 31T logistic [2]Y3 3 1o
RIEBZAZRG, IS8 1. 2. 3RENKERYE
IKEEIEITARITER X REFFBEXARRE,
0o | | | | | BSR4 BEWKFIEX, OREN 1.67 (95%CI :
0.01 003 005 0.07 0.09 011 1.01~2.79), WE 2, BHARABRINBEED N R

1-OHPAE (1-0HP concentration, g/ mmol) . B ENOE (<47U/F) MBEE 471/ %),

G REDZ S M. F£i. SHEE. A/ DCEIER. BEEA . SR FREIEENTCES 0661 FEVM*:E, Rk
2-NAP. 2-FLU. 9-PHE,

1.0

0.5

L (Superiority ratio, OR)

N UV
[Note] Adjusted for gender, age, education level, smoking, drinking, ﬁﬂlﬁéj"ﬂ-%'ﬁxo
heating mode, 2-NAP, 2-FLU, 9-PHE. 2.4 R 1-OHP KT 51RES 0GG1 FREKFH

El1l 1-OHP 5 O0GGI il 4 FREWKFRIREIMEII S HF S E{EH
Figure 1 Restricted cubic spline analysis between 1-OHP and the -

methylation on site 4 in 0GG1 K % A £ logistic [B] )T R 1T IR 1-0HP 5 IRBE XY
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RABERMKFE (UPo ARD NERENANKE
B tEANTE, STEM. Fid. WA /0B
1B, SEEE. HBRS . 2-NAPL 2-FLU. 9-PHE.
1-OHP ARSNGB S 1-0HP (DXL 2) MR BTN
WA, RIIGE 1-o0HP R E S 0661 il 52 4 =
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3P, BUBR 1-OHP 7K F Q1 ABRTUERI T A
NERA, FR1-OHP KFLAF 4 HABHIBN I AL
4 0661 BREMHIXIGE S ERAR 4.00 fZ (95%C :
1.19~13.47), ¥R 1-OHP K FE LU EE B T E RN
logistic 772, & IFEE 1-OHP K ERIIEM, IWBES R

3.0
> 2.5
@)
S
£ 20
2 n n
g1s5 w
[}
o
3 1.0
2T J
]
= 0.5
E 2 : 4 fsE
0.0 0GG11iI 72 (0GG1 site) Average of all site

DI AT E (M7 Fie. SEHENEL REER. HES . 2-NAP,
2-FLU. 9-PHE #1 1-OHP,
[Note] Adjusting for sex, age, education, smoking, heating mode, 2-NAP,
2-FLU, 9-PHE, and 1-OHP.
B2 RE5 0661 mREKFHIXER (OR K 95%CI)

Figure 2 Association of drinking with OGG1 hyper methylation level

4 2.56 Bt
S !
o 5o
|
E 1.23 ] .
:5 2 1.51 : 14600
o o
21 o o
=
R
Lo

a1 Q2 Q3 Q4

1-OHP

AIRGE (Non-drinking) 8 X8 (Drinking)

[UF] RIETE M5 Fie. SHBEEL A/ IOBIER. HEA .
2-NAP. 2-FLU. 9-PHE 1 1-OHP,
[Note] Adjusting for sex, age, education, smoking, drinking, heating
mode, 2-NAP, 2-FLU, 9-PHE, and 1-OHP.
3 XESPFR 1-OHP X OGG1 i 4 REMHR E(ER
Figure 3 The interaction effects of drinking and urinary 1-OHP
level on methylation on site 4 in 0OGG1

RBEAEINAIM 0661 il 4 & HEL BB R LU
FEMEEZIIEMAIES ; HBER 1-0HPRE T, IX
BERELTHHBREELSTARINEE ; IR 1-0HP
AERSEHBIEELZEESRECNMERES
TR 1-oHP RERE B R IBEE . HEK 1-0HP KT
i 3.00 pg/mmol BY, TES R INBEERESRELN
BEEREREIR 1. WE 4,

1.00
"> 0.80
=
3
o
&
- 0.60
=5
-~ . RR5E (Non-drinking)
0.40 —— %A (Drinking)
| | |
0 1 2 3
1-OHPJREE (1-OHP concentration, ug/mmol)
DE] RIEZE 45, Fie. SHEE. RE/OBER. HES .

2-NAP. 2-FLU #19-PHE,
[Note] Adjusting for sex, age, education, smoking, drinking, heating
mode, 2-NAP, 2-FLU, and 9-PHE.
4 1-OHP 5iRiBX 0GG1 i 4 REMINRE(ER
Figure 4 The interaction effects of drinking and urinary 1-OHP
level on methylation on site 4 in 0GG1
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ARUEN EFTANFARNR, RIFIX
BEXMETE SRS PAHs ZEXT DNA G U IA 1B EE
0GG1 B EAWKTFHFM, LER&KREP, PUBEMRF
1-OHP KR EF T AINEA M oGGI i R4 m R E
wHEkREE, BEEREIER.

PAHs N AEAZRE = A ZE ARG, MR
tH, EIRABEEE P kBRI RA PAHs Y R B2
B, PAHs B—RERIVEEY, HRBYIARZ, &
PIEF AT EBARENYIER (2-NAP, 2-FLU, 9-PHE,
1-OHP) EJJ PAHs YN B BE151T. 1RIE PAHs BERIK
SEMRERFFA AT AR R R ), RIFRF
1-OHP K F 8] LUfE 9 PAHs BRIV BB F BEEWIRE
Yo RILTEARRAR A, FHR ABHIZIRR A 1-0HP
IKFERIPY 2 i1 3053 ST LR T THE R

REEEYRRSEECFENEEEERE
B] LUE AL DNA G015, HEERRR, 5EMEN
KRE, REMRKIAFR 1-0HP 7K X IRE S DNASF
IR ZEX Y, 0661 fEN—THDNARIBEE
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AF, TEESRILM 0661 1EEZIHAITHEMMTE
DNAAEE R RIE(ER, HE—EZE _LINFihE
ZEU, DNABRE W LUARERRE, B4IIEE
0GG1 TE4MAR B HAth B R A S DNA R E L AYiAE 19,
Singh & 0 @i F AR E VAV T AL IR EA
kA 0661 FRIA L, #t—F RAoGG1IEFRE
KB LU 0661 EREFRE, BEl 0661 5htfEX R
L, BERRET 006G EE RS MEL R
X % P, GaoE W IR A MSMNE M 0661 B R E
W5 ZMEBENLZBEXKREEEX, 870661 FE
KR EARERZMEEXENITE, BRI LEMR
&P 0GG1 R EW A LU EN EMIFE RELRE F RN
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12, 0661 RMBFZ TN I gE BB LZ ENFIHFH
EANBEENT, AARRIT PAHs ZBEMINES 0661
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TAMEEBIEZPHERMBENFIRE T LR &
RIFFRANEZ IR 1-0HP K5 0GG1 U= 4 'm R E K
EEHEXXR, REAMEMPAHs BES 0661 BFEL
BEXR, ZERS Alvarado-Cruz E I AR S R—
2, 1% BH 1-0HP B LUEA PAHs BRIV R EMIITE, F B
5 0661 BB TEIE X BE, M Alvarado-Cruz ® B 5%
BNt A ISP ERESENFEINE M
0GG1 i =2 BEWKEAE, KA 1-0HP 5 0661
BREANXAR, TEIILESTERESHTHRARM
0GG1 B E WM R AR FIMERFR A
BERIUEE ABFBANLN 83 LAENS, Bd 2018 F
WHO XTI EE A 72 L NERBANE 2, EREE
mopE. FRENSERESMREENLZRNNK, B
FITBESINERE 0661 WX ABRRZBETERZS
%, 50661 BEMUNXRE DB ARR. XRHAR
SFRER  SRBERL, WEEERZLKEINE
moGcci mHE N, ERREBERER, REMEFE
tbX R, DITRAAERERNBEREFEELRIZRE,
BEAMITFERENENIZIZREER, MY TES,
A EEME LU TR EZ. FRILEARRRFENFES
M, EEDITNERERGE, TRNAELER—
BRI, EEMAZRBRERNER. #H—DH
REM, IRBESFIR 1-0HP KF1EXT 0661 B EL T K
VR FEER EER. SR IEEIUEMER R EE
HEFM 0661 BEMWHIKT, XMIRREFTAE
ARDNABIFHERT, NRERE, FRRIFNE

JESIR.

B, BIMEEIRIAAARGFEE—ENBIE
Mo AARFRAEBRBRNFE ZRAEBNERFE
WK FFITEERN, Bl A ENERNERNE
—F &, FEAKREBNERNBEMKTE, AIEEX
BERSH X EBREEIE AR o661 EREAE
BREAIKFRIFAZ T EZNR R ; ZRFAR KM
0GG1 EFE mRNA FRIXKF, FEGENHARP, HITF
KAENRKNEE PCRIZAK N 0661 4 MREALAL
=AY MRNAZKE, 4 PAHs BB S 0GG1 KA X Ro
BRI E M A ES DNABRBZ IR, 0661 4R
HIESEEIEE DNA VIR, LI TR HE—F RANHAR
0GG1 E[R7E PAHs Z DNA (AR EY R ER,

SE R
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