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Mediation effect of DNA methylation on relationship between long-term air pollution exposure
and blood lipid level in population at high risk for cardiovascular disease PANG Huifang"?,
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Abstract:

[Background] Long-term exposure to air pollution affects blood lipids, but the exact molecular
biological mechanism is not yet clear.

[Objective] This study explores a potential mediation effect of DNA methylation on the
relationship between one-year average exposure to air pollutants (PM,s, PMio, NO,, SO,, CO, and
03) and blood lipid levels in population at high risk for cardiovascular disease.

[Methods] A total of 176 cases were selected from the China Patient-Centered Evaluative
Assessment of Cardiac Events Million Persons Project across 61 cities in 15 provinces of China’s
mainland. The blood levels of total cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and other biochemical indicators
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were measured. Meanwhile, based on the data of one-year average exposure to air pollutants and of genome-wide methylation chips (EPIC
850k) obtained from previous projects, causal inference test (CIT) method was employed to identify DNA methylation sites that exhibit a
mediation effect on the relationship between air pollutant exposure and lipid levels.

[Results] Only NO, exposure (per 10 ug-m? increase) was associated with elevated levels of TC (b=0.259, S,=0.084, P=0.002), LDL-C
(b=0.173, 5,=0.059, P=0.004), and non-HDL-C (nHDL-C) (b=0.227, S,=0.082, P=0.006) after adjustment for age, gender, body mass index
(BMI), current smoking, drinking, hypertension, and diabetes, while other air pollutants (SO,, PMso, PM, s, O3, and CO) were not (P>0.05). The
CIT analysis results showed that there were 2 methylation sites (without annotation genes), 16 methylation sites (11 sites with annotation
genes), and 32 methylation sites (23 sites with annotation genes) mediating the association between increased NO, pollutant exposure
and elevated levels of TC, LDL-C, and nHDL-C (P1<0.05, P2<0.05, P3<0.05, P4>0.05) among the included 5615 methylation loci related

with NO, exposure (P<0.01), respectively.

[Conclusion] DNA methylation at specific sites caused by long-term NO, exposure is correlated with elevated levels of TC, LDL-C, and nHDL-C.

Keywords: DNA methylation; air pollution; blood lipid; total cholesterol; triglyceride; high-density lipoprotein cholesterol; low-density

lipoprotein cholesterol; mediation effect
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Table 2 Correlation between NO, exposure and blood lipid level
in study population (n=176)

[mAg B
Table 1 Baseline characteristics of study population (n=176) Blood Lipid bess P
L Xtbs SRATER (% TC 0.259+0.084 0.002
BERIE X-S:?(fﬁ% o M (Pas, Pss)
Baseline characteristics R 0 TG -0.015+0.058 0.080
frequency (%)
LDL-C 0.173+0.059 0.004
FE4 /% (Age/years) 61.748.1 62 (58, 68)
HDL-C 0.034+0.021 0.111
St (Male) L0 (Y - nHDL-C 0.22740.082 0.006
SX B (Han ethnic group) 164 (93.2) — - N N . N
’ [E] a: bS, BRETEEN 10 pg-m™ NOREMITEF H. 14013
HaikEZE (Current smoker) 56 (31.8) —

TR AEFEER (Smoking index) 653.7+350.1 640 (380, 920)

IR;EZE (Drinker) 25 (14.2) —

BMI/ (kg'm?) 25738 25.6 (23.1, 27.8)

12 WFs4R (Diagnosis index)
SInE (Hypertension) 162 (92.0) —
$EFRJ% (Diabetes) 70 (39.8) —
MASEE (Dyslipidemia) 31 (17.6) —

IEPR163% (Clinical examination)
IR4EE /mmHg (Systolic pressure/mmHg) 163.9+21.3 165 (152, 177.3)
£52K & /mmHg (Diastolic pressure/mmHg) 94.0+12.7 95 (85, 103)
FER ML ZE AL /% (HbALlc/%) 5.3+1.1 4.9 (4.7, 5.3)
BHCRNERRE/ (mgL")
High sensitivity C-reactive protein 1.9+1.9 1.1 (0.6, 2.4)
concentration/ (mg-L™")

MAEREE / (mmol-L™)

Lipid concentration/ (mmol-L™)
TG 1.5+0.9 1.3 (0.9, 1.8)
HDL-C 0.9+0.3 0.9 (0.7, 1.1)
TC 4.6%1.3 4.4 (3.6, 5.2)
LDL-C 2.7+0.9 2.6 (2.1, 3.2)
nHDL-C 3.6+1.2 3.5 (2.8, 4.3)

FESLMBRE / (ugm”)

Air pollutant concentration/ (ug-m™)
NO, 33.2¢12.8 309 (23.8, 43.1)
SO, 24.2+10.9 22.3 (16, 30.9)
PMyo 98.1+38.9  85.2 (67.1, 131.4)
PM, 5 55.4+20.1  53.5(39.8, 71.2)
O; 91.1+14.4 92.5 (83.2, 102.1)
co 1.0+0.3 1.0 (0.8, 1.3)
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% A IR (S,) =0.084, P=0.002 ; b=0.173, 5,=0.059,

DIEENREE T Fig. M3, M. BRITRAE R, CEBR. &
Mm%, ¥ERBRZE.
[Note] a: b+S, is calculated based on per 10 ug-m™ increase in NO,
concentration. b: Linear regression model is adjusted for age, sex,
BMI, current smoking, drinking, hypertension, and diabetes.
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224 NO,BESMAEKFREXYE CARRFENK
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nHDL-C /K FEBEX M., ERE 4R T AEZBA N
TEE, R95ARTIEE 3RFREEE A DNA
BRE LK, KA bootstrap 7 AREN IhiE, REE
W PEFUE>0.05 8 CpG ilm P, NMFTCKFEH
B2MEBEUAUR (BFBRER), NS LDLCHAE 16
MR (UM EFERER), NS nHDLCHE 32D
fiim (231N EERER), BXERNTMRIMRL
(www.jeom.org/article/cn/10.13213/j.cnki,jeom.2021.20397)
BINBEAEIRERN CpG RIZBEE 4 PE
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<3 DNAEEKENO, £E5 LDL-C. nHDL-C KF2Z[afy CIT 534
Table 3 CIT analysis on DNA methylation between NO, exposure and LDL-C and nHDL-C levels

CoGs HE etaik 1EE 1 (Model 1) f&EE 2 (Model 2) 1%73 (Model 3) 1%7 4 (Model 4)
Gene Chromosome b%S, P1 P2 FDR bS, P3  FDR bs, P4
LbL-c’
826517171 TLX3 5 0.163+0.059 0.007 -0.0070.002 0.003 0.013  -3.034%+2.225 0.038 0.039 -3.492+1.87  0.063
823050405 ESR1 6 0.163+0.059 0.007  0.009:0.003 0.012 0.017 2.986£1.479  0.047 0.047  3.253+1.368 0.061
g08489551 PLEKHG5 1 0.163+0.059 0.007 -0.0060.003 0.038 0.039  -4.2824¢1.875 0.042 0.042  -4.51+1.755 0.055
g17945419 PAX2 10 0.163+0.059 0.007 -0.0010.000 0.010 0.016 -17.028+10.42 0.036 0.037 -19.516%9.702 0.055
824412760 ILKAP 2 0.163+0.059 0.007 -0.009:0.004 0.016 0.020  -2.3324#1.388 0.037 0.038 -2.074+1.258  0.053
g05942334 FSCN3 7 0.163+0.059 0.007 -0.006:0.002 0.000 0.013  -4.27743.055 0.047 0.048 -3.673+2.814 0.053
g19594852 EXTL3 8 0.163+0.059 0.007 -0.0030.001 0.037 0.038 -10.631%¥4.276 0.045 0.046 -10.308+3.938 0.052
g14186992  ZBTB48 ; TASIR1 1 0.163+0.059 0.007 -0.0030.001 0.012 0.017  -7.4354#3.815 0.043 0.044 -7.550#3.620 0.051
822118112 PRPF6 20 0.163+0.059 0.007 -0.001#0.000 0.012 0.017 -31.770£17.170 0.042 0.043 -31.896%16.79 0.051
g15709445 SH3KBP1 23 0.163+0.059 0.007 -0.006+0.002 0.003 0.013  -4.499+2.773  0.045 0.045 -2.310+1.078 0.051
nHDL-C"
g19318064 MBNL3 ; RAP2C-AS1 23 0.214+0.083 0.011  0.00740.003 0.012 0.017 2.53842.681 0.045 0.051 5.25+1.854  0.077
g09720420 SLITRK4 23 0.214+0.083 0.011 -0.006+0.002 0.007 0.014  -3.2224#3.01  0.048 0.053 -3.796+1.419 0.077
g13549303 RPS6KAG 23 0.214+0.083 0.011  -0.0080.003 0.012 0.017  -1.257+2.264 0.036 0.046  -2.8551.272 0.074
cg04907664 EFNB1 23 0.214+0.083 0.011  -0.009£0.003 0.007 0.014  -0.34942.102 0.030 0.045 -2.192+0.882  0.069
807222039 PPEF1 23 0.214+0.083 0.011 -0.0070.003 0.031 0.033  -2.13842.332 0.040 0.048  -3.47+1.651 0.067
216928929 SLITRK4 23 0.214+0.083 0.011  -0.006£0.002 0.007 0.015 1.563+3.441 0.021 0.045 -3.791#2.114  0.066
g17377054 PCSKIN 23 0.214+0.083 0.011  -0.0090.003 0.006 0.014  -0.452+2.12  0.031 0.045 -2.705:1.245 0.064
g14462307 C50rf45 5 0.214+0.083 0.011  -0.001#0.000 0.012 0.017 -26.653+23.901 0.049 0.054 -32.176+24.203 0.063
g18080558  MAB21L2 ; LRBA 4 0.214+0.083 0.011  -0.001:0.000 0.007 0.014 -10.221#16.329 0.040 0.048 -19.81+15.61 0.063
g04419618 RBMX 23 0.214+0.083 0.011  -0.0070.002 0.005 0.014  -0.3794#3.109  0.030 0.045 -3.099+1.441 0.062

[3E] FDR, HIRAME, btS, 2ETEIEM 10 ug-m? NO, KEMITEFH. P1. P2, P3N FISTRARE! 1, 2. 3 P{E, P4 ZIEA 4 H bootstrap 57&
REA30AE 1000 RIS EIRY 1000 P PEMIHIEK. # : FIHS LDL-C. nHDL-CHEXAIFT 10 M FRERANEZE (IS

[Note] FDR, false discovery rate. b+S; is calculated based on per 10 ug-m™ increase in NO, concentration. P1-P3 correspond to the P value in model 1-3,

respectively, and P4 is a median of 1000 P values derived from 1000 random samples using bootstrap method in model 4. #: The top 10 significant

DNA methylated sites with annotation genes are listed according to the descending order of P4.
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TR FE. HOL-CAKFHFEEREBHEXM, S0, PMy
BSOS 5 oL-c. TCEMSEFEBEXE, J
— N RIERFIRER, 7EHPEARMERN AT
(n=39057) A1, 3 ERFEIN NO, Y B K FAIHE I
255 S BEEEMASEE (TCKRE>6.22mmol-LY) | 1§

o- BEE B MSE (HDL-CIRFE <1.04 mmol-L?) EIFXLIG
MEIEMEX, MPM,s ZERIEINS TCH LOL-CHFH
5. TG FIHOL-C BRI BB XM, BERMRE
KR NO, SN EMT KSR S A5 /KFAEX, 7]
BENRESE  HAEEREL  RANTREHRE
ERET 1 FNENHIE ; ARNRALNESEA
B, BRTREAGEZINERAR.

CIT D #rZRAA 1 £ BB N0, BB @IS E L
= B9 DNA B & 1k E F3 %2 Im TC. LDL-C #] nHDL-C 89 7K
T, F90, & BEMIRES B cg23050405 (ESR1 E A])
MEREWIRSH cg05942334 (FSCN3EEA) 1=/
ST NO, BESLDL-CZBMAEX Y. HP, HHE
=& 1 (estrogen receptor 1, ESR1) BRI T 6 SHE
L, ARBEERZTEREAR, BESWIEES
S5ETMEREHEXEANRIX, fliNHEEEL ™
A0 LDL 4K 2],

HRIREFR ESRL XTAT R EMBEREIREE
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XEBE, RRATHE ESR1 BIFR A SBHEIR S KB
MmAEE&E ¥, EARARA, i cg23050405 &k F
SRENIRE, AMER T ERERESRIWIEE
FiX, HILETEES T LDL-CKFIIFA S, XFF FSCN3
BE, HEEEREBD 3 (Fascin-3) 2RTHASE
HEREEZEARKENR R —, H498 MREBRFKEARN,
AleE S IR E A (Fascin-14 Fascin-2) —#F, AL
S5rsERLEETMEERRENIELR, 4
FFEMAARTRAELIEEENIER ™, i+, A
BIFSCN3 ERTE 11-50 % E Z Bl ABE— B S ERTH
Xig, BN XIS A s cBiER (b =, &R
A CEYIAEERMBABRNEERANGES5T
ZHRIETIE, BEMEFBIMNERK/IEHE. MEL
AR, MEREMBE. EURH. BOFH
kB LE, EENMRRA, ZR M CH
BUERE, =51 %A F kB (nuclear factor-kB, NF-kB) HY
BIKFERIX, NS TR ERRFAEBRAHZEL
BIRE R, ERIARTE, HTFZNO, BEKFH
00, {543 cg05942334 EMNEBEMAIRE, BF
FHFRERE FsCN3 IFRIX, #TECE T S MmAskF
FEXME S BRMEETE, KARLKUNWEESRN
MM AE MR RS, EERERS MmAE/KFHE
KHINBER TR R B HEXRIIRE, BEERRNHAR
D i 0318

FAREFEEE—TCHBRY : F—, HREELE
Ebi/)N, BRRAIIEARE ; B2, RAMANRATE
BTSSR EIIEIRIERNSRARMBRERE, o]
BEREEE T2 RME MR RN T SISRIF
15, BREEEEREBANBEELNEMm; £=,
HEEXNEBRNUNA Cp6 a5 HARER KA
Z BRI TR NBITHEER ST ; 5510, H3TF DNA
HRREBMAESERE, Fl1&B ITFRHIEH B9 DNA
RENUSHTREMSRASRWIE ; £h, ZHAR
ZRENPENSREAR, WTFEEABFLEEH
— S5

zZE, XIAREW, EFELDEFSEARS,
KHEANO, RESMEKFASEEREXY, HFEAES
NO, KEAZ BEEXAY 5615 MRENAISF, 7515 2.
16. 32> CpG il |RTE NO, 525 TC. LDL-C. nHDL-C7K
FRHEXXRPRIET PNBL. ZHAREREHE
FEHMAABRHE— S HIE, ZARNBRES
SRSRMESENRMEEENFRETHARE
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