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INRESIEZRA AR E S, MEMMBRE, RALMERESMNRER ST 05K
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DEDRP, 6STT1 (+) ABEHRERIEIER (FeNO) NTEB T 6STT1 (-) AE,
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Respiratory effects of short-term exposure to ozone in a panel of healthy elderly SUN Beibei,
SONG lJie, JIANG Jing, WANG Ya, LI Juan, AN Zhen, ZHANG Yange, WANG Gui, LI Huijun, YANG
Fuyun, ZHANG Rui, WU Weidong (School of Public Health, Xinxiang Medical University, Xinxiang,
Henan 453003, China)

Abstract:

[Background] Air pollution is a major public health problem widely concerned. In recent years, the
growing concentration of ozone (Os) in association with human health effects cannot be ignored.

[Objective] This study aims to investigate acute adverse human respiratory effects of O; and to
determine whether glutathione S-transferase-theta 1 (GSTT1) gene modifies those effects.

[Methods] Healthy and retired teaching staff of Xinxiang Medical College who met the inclusion
criteria were enrolled in the study, and were followed up five times (once every four weeks)
from December 2018 to April 2019. Detection indicators were lung function indicators, including
forced vital capacity (FVC), forced expiratory volume in one second (FEV,), and peak expiratory
flow (PEF); airway inflammation indicators, such as fractional exhaled nitric oxide (FeNO),
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interleukin-8 (IL-8), interleukin-1pB (IL-1B), and tumor necrosis factor-a (TNF-a) in nasal samples; and oxidative stress indicator, namely
8-epi-prostaglandin F2 alpha (8-epi-PGF2a). Daily average concentrations of individual exposure were calculated by hourly concentration
of O; and meteorological factors recorded by fixed monitoring sites. Linear mixed-effect model was used to analyze the relationship
between O; concentration (lag0-lag4 and lag01-lag04) and respiratory effects, and then the potential modifying effects of GSTT1
polymorphism were studied by stratification analysis.

[Results] A total of 32 elderly healthy volunteers were enrolled in the study, with an average age of (63.53+5.76) years and an average
body mass index (BMI) of (26.30+3.36) kg-m™. There were 20 cases (62.5%) with GSTT1 gene expression, 32 cases (100%) with GSTM1
gene expression, and 32 cases (100%) with GSTP1 gene expression. The O; concentration was 18.96-60.92 ug-m*, and the average
concentration was (36.91+13.88) ug-m; the temperature was (6.10+6.77) °C; the relative humidity was (43.9249.50)%. The average
concentrations of four biological indicators (IL-1p, IL-8, TNF-a, and 8-epi-PGF2a) of the study subjects were (179.61+126.67),
(49.67+38.19), (0.49+0.31), and (41.64+20.94) ug-L?, respectively; the average concentration of FeNO was (28.10+9.96) ppb; the values
of lung function indicators (FVC, FEV,, FEV,/FVC, PEF, and MV) were (2.49+0.53) L, (2.150.47) L, (0.87+0.06) L's?, (4.19+1.54) L's™, and
(7.78+2.75) L, respectively. For every 10 ug-m™ increase in O; concentration in the single-pollutant model, the IL-1B level at lag3 increased
by 79.36% (95% CI: 1.86%-156.85%); except for the Os+PM,s model, the other dual-pollutant models are not statistically significant.
Genetic stratification analysis results showed that the change of airway inflammation indicator FeNO in GSTT1 (+) population was higher
than that in GSTT1 (-) population.

[Conclusion] Elevated IL-1PB levels could be caused by acute O; exposure in the elderly. GSTT1 gene deletion aggravates Os-induced airway
inflammation.

Keywords: ozone; lung function; respiratory inflammation; oxidative stress; glutathione S-transferase-theta 1
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SRETAIMATSEYN, A LR~
I = 897E M A (reactive oxygen species, ROS) , &
IR R &R, SEE WIS K AEST B
Nt Rt H KRS F2E8 (glutathione S-transferase,
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2, BIERANEZ (forced vital capacity, FVC) . FEVi.
FEV./FVC. MR E IR {E (peak expiratory flow, PEF)
F7BSE (minute ventilation, MV) , 5 X AHTHEEN &
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FHRAUFHS 2N (FEXHEXET) Tk
1.2.2 EEFEON BAEWIPEE—REERKR M
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GSTP1. GSTT1 HFHE!,
123 SEFREREREST RASFERAS (P
E R REEMB AR E R AR) #H1T EERE
2R, RERAZELEBE, McHE EERHAHMN
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1815) , ELSAIRFIEIIHE N EZEYM ARG, B
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SRARZWR CRE. EEE. |E. R, XE).
1.3 F#itFESR
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A (linear mixed-effect model, LME) RiF L& IEin 5
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DR RN REERMETAN S, BHIFR. 5.
R E 53 (body mass index, BMI). ET N, |
RAR (FERE. BXEE) R “HRREFEW
F0m, Mo, WEBLET (lago~lags) KRB TNFY
7 fa (lag01~lag04) MM, RIBIRME B EENIE
BT IR R E, 55/, RS EENRE,
FEESHFBI/ITTEZEHANER, MR, KE
BT 10ugm?, XINMNIEFRAY 95% CIHVEITEL
X, FREESHEINEIE, FHITOHREFREHTT
BREE, ME 0, KESLTMN 10 ugm?, XIZMNTE
FREY95% IR BE Db T b, thoh, RRIM (T 6ST
HRAZEMN 0, SR ARFARN X RN, @il
Zeka F U IR IE B 95% CI T B 7 A RKIF L E R B A 5]
HNER.
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BIARREHANHARIT R 326, Bk 1441,
k1814, FEHS 9 (63.5345.76) %, GSTT1 HEARIEX
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ZEETT.

2018 £ 12 B 29 H —2019%F 48 20H, 32 &
HARXT REFHITS ABEL, 7ELLHA B H UL EE 160 17
FThee B 2 MEER R ER, HNEZWHES
SRYMBREUNRSKREERKF, 0K 1P 0;
RETEEH18.96¥60.92 pgm?, FHRE A
(36.9113.88) pg:m* ; & E 7 (6.10£6.77) °C ; #8
Xt 2 EE 9 (43.9249.50) %o B 5% 3T R IL-1B. IL-8.
TNF-a 1 8-epi-PGF2a 7K E 53 5] /9 (179.61+126.67) «
(49.67+38.19) . (0.49+0.31) 0 (41.64+20.94) ug-L*;
FfiZh BE$E 4R FVC. FEV,. FEV,/FVC. PEFFI MV 23 514
(2.49+0.53) . (2.15+0.47) L, 0.87+0.06, (4.19+1.54) L:s*
0 (7.78+2.75) Lo

R1 =EREEY. SRR R IERARIEIR KT
Table 1 Statistics of selected air pollutants, meteorological
factors, and health effect indexes

_ - ) 79 53 i
= Xts Min  Max P P, P N
b=l 25 50 75 ia1%e
RIMEFRIR
o/ (ugl) 179.61+126.67 14.18 608.48 80.92 154.06 236.03 155.11

pus/ (pgl™) 49.67+¢38.19  4.20 159.06 21.49 37.37 63.01 41.52
preol (HgL™h) 0.49+0.31 005 143 025 043 0.67 042
Preno/PPb 28108996 10 55 20 28 34 14

SIURBIENR

Psepiscra/ (Mg'L')  41.64420.94 5.02 92.37 25.17 40.83 56.47 31.30
fhiThie

FVC/L 249053  1.34 391 213 242 288 075
FEV,/L 2.15+0.47 118 349 1.84 214 244 060
FEV./FVC 0.87+0.06 071 1.00 0.84 088 091 0.7
MV/L 7.78+2.75 351 1540 564 734 951  3.87
PEF/ (L's™) 4.19+154 161 893 3.09 386 473 164
TRENER

oo/ (ug:m™) 36.91+13.88 18.96 60.92 28.79 32.5 42.92 14.13
oo/ (Hgm?) 68.29t60.98 26.17 189.29 31.33 45.88 48.74 17.41

50.73%8.02  34.71 58.96 49.42 52.92 56.83 7.42

4.94+1.33 238 636 4.66 5.17 5.96 1.30
17.88+4.66  10.33 26.42 16.46 1833 20.08 3.63
-5.43 14.02 3.17 7.04 11.59 8.42

35.25 63.88 39.25 40.71 42.25 3.00

pro/ (ng:m?)
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pso/ (ng:m?)
mE/°C
HEXTRE /%
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43.92+9.50
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P10 pugm*, BABEHAEIREH X (lag0) & R AEIEIRA &2 -
FURHIETE W R RIMAI 2 BN ; 7 lag3 K1 ol L T 1R
g i T
T, I-1B K FF+ 5 79.36% (1.86%~156.85%) , EL 115 ~400 I 3
+ Q
MU H LR ITFE X T lag0~lagl. lag01~lag04, 1000
500 { =
FeNO. FEVi. FVC. FEVy/FVC. PEF 1 MV B LS F o553 { B
& -500 =
%'i)\() éi%ﬂigl—_]__\o g -1000
2.3 O3 NS LIEBY R R ko500 _
0 9r I ry T |l—
EE—mE&Y (lag3) T, ik S PM;s. CO. SO, -500 L t @
NOzﬁ%UﬁW)\Oa'X&E‘Z*ﬁ@; Bﬁoa‘*PMz.sgl‘: ,\1’@5(2/’5 -1000
— 400
MR TRITFER N BRINEKR 2 FIT. ol 1 o 1 2
G T L
24 GSTT1% X I'EETJL 03 25 B ‘5”?”&%4L1L[§X‘QF?E -400 ] = =
TR 0 1 2 3 4 01 02 03 04
ZE \ \ N T EEdiE)/d
W FesTrn BREFRE (+) MARE () BHR [E] 0sRESE 0 10 pg'm, IL-1B. IL-8 TNF-a Fll 8-epi-PGF2a FIE 43
R, 0; BESBEMNIEINN L RINE 2 Fir. EEZEIE, (%) o 01 02, 03 043ERFVE/S 1. 2. 3. 4do
GSTT1 (+) ABEFRSIE A FEISHT (FeNO) MBS F E1l O;&EMES B REMMIEIRKTHNE
= > Figure 1 Changes of Os-induced health effect index levels over
GSTT1 (-) NBf, ZEREBERITFENX exposure time
R2 WSS B BRI
Table 2 Health effects estimated by double-pollutant model
$etR 0, 05+PM,5 05+CO 0:+50, 0:+NO,
IL-8 RETE DL /% 46.87 (-35.96~129.70) 192.88 (-79.45~465.21)  107.86 (-86.66~302.37)  101.34 (-159.02~361.70) 178.90 (-191.30~549.10)
1B REZ W E DL /% 79.36 (1.86~156.85) ~ 159.11 (-93.34~411.57)  85.51 (-95.83~266.84) 69.49 (-171.15~310.12)  35.18 (-301.79~372.15)
TNF-aSRETLE DL /% 16.06 (-46.73~78.86) -27.41 (-212.75~157.93)  34.86 (-107.45~177.17)  47.68 (-144.39~239.76)  -40.38 (-315.23~234.47)
FeNO REZLLEITHE 8.40 (-10.87~27.66) 71.11 (14.28~117.96) ~  26.76 (-85.63~139.15) 48.33 (-13.09~109.75) 65.31 (-20.17~150.80)
8-epi-PGR2ASRET L E DL /%  27.97 (-26.75782.69) 51.77 (-109.81~213.35)  6.15 (-119.51~131.80) -17.22 (-185.10~150.66) -50.69 (-284.80~183.42)
FVC/L -0.37 (-0.82~0.08) 1.03 (-1.59~3.64) -0.03 (-2.88~2.81) 0.16 (-3.12~3.45) 0.60 (-2.61~3.81)
FEV./L -0.38 (-0.81~0.05) 2.91 (0.51~5.32) -0.11 (-2.76~2.54) 0.38 (-2.66~3.43) 0.74 (-2.23~3.71)
FEV,/FVC -0.04 (-0.15~0.08) 0.93 (0.26~1.60) 0.11 (-0.63~0.85) -0.14 (-0.70~1.98) -0.04 (-0.86~0.78)
PEF/ (L's™) -1.55 (-3.50~0.38) 13.79 (3.07~24.52) 0.52 (-11.33~12.38) -1.28 (-14.80~12.23) 0.12 (-12.92~13.15)
MV/L -2.47 (-7.97~3.04) -7.60 (-33.69~18.49) -3.27 (-29.03~22.49) -5.56 (-35.25~24.13) -19.65 (-46.25~6.95)
[E] * 1 P<0.056
(A]8-epi-PGF2a IL-1B8 (B] FEV4 FVC C] FeNO MV
200 0 - - 1
ot oy X
100 } _ } ] 2 40
x 0 E T = -4
33 -100 1 J w w20
J:ﬁ . : : = -8 : . . . S
o IL-8 TNF-a £ RER FEV1/FVC £ T
200 obr1 T . 0 I T I }
100 1 ] T I -2 + J
0 i E -4 -20
-100 I 1 J 1 :Z ! .
€ T T & T Z € T T & ITZ € T T & T Z
®EE ®EE ®FE @ EE ®EE ®EE
3 & 3 @ 3 & 3 3 G 8 3 38
g bag| bagE|

] BARTEARNERE AZEF, 0, RESEI 10 ug-m?, IL-1B. IL-8. TNF-a F 8-epi-PGF2a FIBE 7 LE 1 (%) ; Bl B. C RRIEAREREREE
ABEH, 0, RESIEIN 10 ug-m™, FEVi. FVC. FEV;/FVC. PEF. MV 1 FeNO RY4EIF{E LT 1k,
B2 GSTTI MY O; BRI AIF20E
Figure 2 Modifying effects of GSTT1 polymorphism on Os-induced health effects
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B W7, @i s RBE, RN EERDE ;8
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BB IR B PR AR IhRE ; GSTT1 2/ M D &AM GSTT1
BERBREIMEBAMINEE R, 1552 0,15 S HIIFIRIE %
FEMENRH, X—RMFER T =SB EUL
BRI TR FE A RIEE,

FhThEE /e BRIF IR B 9B 12 E R B 2K/
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o] BA R PR(EAINEE " ; —T40 U ARFEBFEERE
MRER, 0;24h REFIE 010 ug'm?>, FVCH FEV,
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REE AN 17.0 mg-m™ B] & FEV,/FVC f£ 1 0.393% ; H
A —IN 276 BFIR) LEMNELAMARE TR, 0;KFS
PEF{EHE XEX, 0; HIRESIEIN 13.6 mg:m?, PEF[E
16 3.67 L'min™ 2, {8 0, X3 ffi T BE B9 52 0@ 14 & — B AY
I, FIE0, Angelis & P HK & 0, BEKFS FvC
% FEV, YA 5 JAE—IT 1536 B RIRIMEEFRA
BURR FTIR & 7R 05 JK SFBIIE 105 FEV./FVC BB IR T
R4 23 T castro 25 24 & I PEF 7K B 0, K E 1Y
INMH S SRR 05 K ESIE 0 10 ug-m?, FVCHI
FEV: 53 B FZ 1K 0.37. 0.38L, XKRPAMMINAE S IR B ™
&, TEERHE T 0, RERSH. HREINA—H14E
AR RHTFHAANR. HARIKITT. KT FELHNEE
FREHARS RN,

BHESAURGREIZESREREFTESS
0, ERE S RYINT IR R LR U 2, FeNO BS
EREMIERNEEIRY, LEFRITHREMRRRE
BH 0, ZEKTHIEINS FeNO K EFH SR, LHZE
MEIRIE T BEE 77, hoh, DevinE B AU S5EES
SEMEL, BRESEEZEE T 064mgm3H0:4H2h
&, EffaE RPN EA IL-8 K FREE Lt
XFER 5NN BEIRENRAR LI,
8-epi-PGF2a 575 24 (PM,s FIFRER L) 3~7d B9 Bh
R ERIEEXMERE Y, sifiEMRANT |5
AEFENBRERNEEMAAIgER “—I M K
“¥E5ME 7, Braga F P MEREIH “ 4 MU, BDIE
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AR ZIMA «—i " 48, BIIRERE]IL-18 7K F 5 O,
lag3 iRE R IEMRX, BHS53~4dMNEHTIRENE
K4 FELR, MIL-8. TNF-a. 8-epi-PGF2a FEARAY B8 4l
BRNMERTFERNX, BEMRERE ERIHEEHN
BBERRE, R EFRERH.

HRHEZ AR EEEZSERT TSRS RY
RSN BRI, ¥TF 6STs (InELIhaE, Hif(EZS
SUZRMRARRE, GSTT1H GSTM1 TREHVHE
HEAEEREES/KFENROS AN, AJEES
BRAE B GSTTI BRAFAKINEE TR R, meta 73
MEIMIEMNA GSTT1 BERFRIAME (50%~60%) =
FEMA (10%~20%) BV —IARERGSTT1 (-) B
RPLEhBFRIYIRE 2h fa FEV, KPR ERIK, 4hf5
SURBKFEFAE B, BAREIGSTTL (+) EHH O,
ESH FeNOKFEASERE, XrgtREREIRE
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HMmE BRI sEH R EE RIEENALINEE,
WMRB AR E IR RE. X E5&FIN GSTTI BEEZ S
MR MELIIRERNERIMU T, MA, RAAH
HARA R LI GSTE AR K A REIL 58 O, IF R R ER
MBENRBRR, 5lEmERNEINEERG ., BRS
—AETRERARESERRERRNARHARE
MGSTT1 ZAMRBIRIER D, XRAMWEHNXT
GST1&MH 0, REMYAREEXRNVAREICH A TS
—¥, ER-HFEHEEERRNGIEEH#H T AR,

HREEE RS 0, M A R MWK R 48 58 E
T, BT TREBENEYENG, REENEE
B FIRAINE IR E R = e A B, IR EXT MR
Br3ERENIATT k. BAMARMEE—EHNERME :
F—, SRESEMRENT Z EFE RN TSN,
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