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Gly460Trp i 52+ rs17833172. 1023 i m. rs1042717 I m N EFEIFE R EREE A R MIRE
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Relationship of hypertension with interactions among ADD1 gene, 82-AR gene, and
occupational stress in Xinjiang oilfield workers XU Lei®, ZHANG Yuan-yue®, TAO Ning™® (a.School
of Public Health b.Clinical Postdoctoral Mobile Station, Xinjiang University, Urumgqi, Xinjiang
830011, China)

Abstract:

[Background] At present, there are many studies on occupational stress and hypertension, but
epidemiological studies are difficult to explain the relationship between them. Hypertension
has been recognized as the result of gene-environment interaction. Although studies on the
relationship between occupational stress and hypertension have been carried out for about
10 years in oilfield workers in Karamay of China, there are few in-depth studies on genetic
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environment.

[Objective] This study is conducted to explore the effects of interaction between alpha-adducin (ADD1) gene and beta-2 adrenergic
receptor (82-AR) gene and the interaction between occupational stress and the two genes on hypertension in Xinjiang oilfield workers,
and provide new molecular biological ideas for the prevention and treatment of hypertension.

[Methods] A total of 352 Xinjiang oilfield workers were selected, who had worked in the same job for more than one year, had no family
history of mental illness, and consented to complete a questionnaire. The occupational stress level was evaluated using the revised
version of Occupational Stress Scale. There were 176 cases and 176 controls after being matched by age and gender in a 1:1 ratio. The
gene polymorphism was detected by polymerase chain reaction-restriction fragment length polymorphism technique. Conditional logistic
regression was used to analyze the association between genes and hypertension, and generalized multi-factor dimensionality reduction
(GMDRO0.9) was used to assess the gene-gene and gene-environment interactions. The interaction trees were mapped using MDR (3.0.2)
software.

[Results] The average occupational stress score of the case group was higher than that of the control group (P<0.05). The results of
genotype distribution analysis showed that the ADD1 gene Gly460Trp and rs17833172 sites were statistically different between the two
groups (P<0.05), and the 82-AR gene 1023 and rs1042717 sites were not (P>0.05). The results of logistic regression analysis showed
that, after adjusting for selected confounding factors, the GG genotype at rs17833172 of ADD1 gene was a risk factor for hypertension
(OR=2.948, 95%CI: 1.209-7.187, P<0.05), and the TT genotype at Gly460Trp of ADD1 was a protective factor for hypertension (OR=0.35,
95%Cl: 0.155-0.788); the associations between the other two sites and hypertension were not statistically significant (P>0.05). The results
of interaction analysis showed that the gene-gene interaction model between ADD1 Gly460Trp/rs17833172 and B2-AR rs10427 was the
optimal model (P<0.05); the gene-environment interaction models between occupational stress and Gly460Trp, rs17833172, 1023, and
rs1042717 sites were the optimal models (P<0.05). The tree maps showed a strong positive interaction between ADD1 Gly460Trp site
and B2-AR rs10427 site, and there were interactions between occupational stress and the four single nucleotide polymorphisms.

[Conclusion] ADD1 gene rs17833172 site GG genotype may be a risk factor for hypertension, and ADD1 gene Gly460Trp site TT genotype
may be a protective factor for hypertension. The positive interaction between ADD1 gene Gly460Trp site and B2-AR gene rs1042717
site might increase oilfield workers’ hypertension risk. The interactions between occupational stress and ADD1 gene Gly460Trp and
rs17833172 sites and S2-AR gene rs1042717 and 1023 sites are related to the prevalence of hypertension in oilfield workers.

Keywords: occupational stress; ADD1 gene; B2-AR gene; interaction; hypertension; single nucleotide polymorphism
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REEARFEETEMEMXARET ADD1 B A Gly460Trp
55 B2-ARE[H Argl6Gly F1 GIn27Glu i m IS M E 57
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M ERBIANRENENBRERZ—, BaliA
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Z B RRER EKA, 25/ F 140 2 AEERR
Kk, ANFEREAOSIREREEANNAZ,
ENELKEEEFES (FREEORQ0.735, PSQ
790.860, PRQ /7 0.825) B §E. BMHI 574 1,
1.2.2 MEZERERNE RB(RFEMENEE
) & MEIZIRE, BIURSEE > 140 mmHg F1 / T EF
5KE>90mmHg. AR RTRE, RARFAEEZY), R
IR & IESE, REAE 10~15min, RARIE
B BFMETNES A E WA ESEFKE3 X, BY
Fiy(g 1,
1.2.3 MFRABIRE. DNABE 1M LA K&z ADD1
BEE. p2-ARERBIZERZEM (SNP) BINE  FR
BHRANRYTER, TE. BMIRERKD4mL ET
EDTAFUERE 1, 4°C, 8000 r/min (B #1220 mm),
B\ 3min, D BIBEMMYE, B FKEF -20°CIRE
F, F ABRE D HEEITE DNATE 260 nm I
280 nm BN ZE, HATE DNABKEMAE, dEEE
791.6~1.9, AEBIT 2.0 WAL/ DNABER, NERE
Pt R M - PREIM R K E Z &M (PCR-RFLP) $%
AN ADDI B[R, B2-ARBREZE M. BRI B
T () BMESIYMNERBFEY, Ik 1. (2) PCR
¥ 12 (K R, ADDI1 E K rs17833172 il . B2-AR &
1023 il &2\ B2-AR E [ rs1042717 il 5 PCRY 1 (K &
B $E ddH,0 8.5 uL. DNA 1% 1% 2 uL. 2xTaq PCR Master
Mix 12.5ul. IER @51 #) & 1uL, 23250l ; ADDI
E A Gly460Trp fil = PCRY & A & 26 uLo (3) PCRY™
1% 5% 4, ADD1 £ Kl rs17833172 11 /= : 95°C F & 4
5min, 95°CZ 1% 305, 61°CiE A 305, 72°CHE#H 255,
35 MBI, 72°CEBIE(HR 10 min, 4°C1R1F ; ADD1 E X
Gly460Trp i &= : 94°C 11 T 1% 3min, 94°C & 1% 455,
65°CiB A 1 min, 72°CEE{# 1 min, 35 MEIF, 72°CH
HE{H 10 min, 4°CRTF ; B2-ARE[F 1023 i1 2 : 95°C
TR 5min, 95°CET M 30s, 60°CIE N 305, 72°CHESH
30s, 33 MEIF, 72°CEEM 5min, 4°CIR#F ; B2-AR
EH A rs1042717 i 2 : 95°CTI L M4 5min, 95°CE M
30s, 63°CIB N 30s, 72°CHEf# 305, 35 MEIF, 72°C
BEE# 5min, 4°C1RTFo
1.3 SRitESR

SR FA SPSS 19.0 B4 # 1T 7347, R (3.5.2 AR 4s) 3K
HAHIFZFME, SHHE T ANER. EREFEE (BMI).
BRIV 2 5KiF 95 R A+ iLEEHITIER ; RMIES
DAL R R BAFRIRI A ¢ 1030, RARM

KAKMGLYK ; AEERENDHBRAFRLHRRK, &
FEL XY 8 = M E BV IR 12 7E A SR A % 1 logistic [B]Y3
HIT O, WML 7KE 9 a=0.05, 53 5! L ADD1
H [& Glya60Trp iL &« rs17833172 i 5, B2-AR &
rs1042717 i =« 1023 I m I E AR, F AU
T E, BRRRRANEREF DTSN ERE G
PARBIFN >10% &, HhEE X E D SNP LS
El3FREP<0.1E, RIERBEEARRE, 25X 4 NE
R =2 32 37 51 logistic [B]YFHREY,

ERH-EFH BER-MREXEFERNAT XZH
F P& 4L (GMDR 0.9) X4 #1718 8 M B 1 99 #ro
GMDREARFRIEN AR WIEMitHGit=E, FIRERK
HHEREMZRERSER. MERRZBHNRE
B, TR ITERESITENMNITIERS
B ERE (RARIGEEN>1) FEIER AN —%
IR (BEMER) . JIEEHRERIAEHERE
BARPENL D 10 F7, BXEA 1 1 ARIEHER, FIR
I NIGER, EEFTBREINE. FLENE
BRI AR AR N R X SIE—EE, REGH S —
B4, SRR TG GMDRIEHMN S RE
H-EEMMERRNVASEEETTABRITFREX
89755 12, S MDR (3.0.2) BF4aHIZZ B 1EA RN
KE,

&1 PCR3|¥IF5I

Table 1 PCR primer sequences

HEUR 527 KB (bp)

Genetic site Sequence Length

ADD1rs17833172 1E[A] (Forward) : 5’-ATGGTGCTGAACTACACAGAAG-3’ 433
&8 (Reverse) : 5’-CTGTCATCCAGGCTGAAGTG-3’
ADD1 Gly460Trp FP-614G : 5-GGGGCGACGAAGCTTCCGAGGTAG-3’ 234

FP-614T : 5-GCTGAACTCTGGCCCAGGCGACGAA
GCTTCCGAGGATT-3’

RF-614 : 5’-CCTCCGAAGCCCCAGCTACCCA-3’

B2-AR-1023 1EM@ (Forward) : 5'-CCGCTCCAGATAAAATCCAA-3’ 258
R (Reverse) : 5'-CATCCAGAGCGACACAGACA-3’
B2-AR 151042717 IE (Forward) : 5'-ATCACAGCCATTGCCAAGTT-3’ 242
[ (Reverse) : 5'-ATGGCAAAGTAGCGATCCAC-3’
=+
2 4

2.1 BARER

KR F, HFEILAMITRAY D176 A, EFSH
100 A, T 76 A ;TRHIEAFRE S (44.56£7.38) %,
STERLAERE N (41.5626.29) %, FRAILAFTIRAR—
MAORZSHEE B ETR, BRER. XHEE. BMI
gh, MBI BRI, T, BIPHER. IBIRRR. RES

www.jeom.org



#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2019, 36(7) 655

N B ZK D FRTERAZ BIERITRITFENX
(P<0.05) MAT AR EKIZENHAR, HHIA
BRI X KIS0 THRA (P<0.05)0 WK 2

®R2 352 BHHAT AN AOFE B RERLEKRK
Table 2 General information and occupational stress of 352
oilfield workers

I X ER4H
mAe Case group Control group t/ p
Item
n % n %
431 (Gender) 0.00  1.000
& (Male) 100 568 100 56.8
% (Female) 76 432 76 432
EH% (Ethnic group) 2.50  0.100
X (Han) 135 767 147 835
EHth (Others) 41 233 29 165
F#E (%) (Age, years, x+s) 44.5617.38 41.56+6.29 -4.10  0.001
T#% (Working age, years) 1.10  0.300
<15 33 187 41 233
>15 143 813 135 76.7
T (Work type) 0.92  0.340
H#T (Underground) 132 750 124 705
#_E (Ground) 44 250 52 295
XAKFZE (Educational level) 22.30  0.001
ERRUT

75 42.6 34 19.3
High school and below

=L E (Above high school) 101 57.4 142 80.7

FIPHE R (Shift) 0.20 0.700
22 (Yes) 70 398 74 420
% (No) 106 60.2 102 58.0
SESRIRIS (Marriage) 0.04  1.000
KIE (Single) 12 6.8 13 7.4
[SEpsassivl
Married and others s B2 ges 226
KEAWA ()
. 1.
Monthly family income (Yuan) 0.00 000
<3500 53 30.1 53 30.1
>3500 123 699 123 699

BMI (kg/m?, x+s)
BRI KBS (xes)
Occupational stress score

BRIV SRR D4R

Occupational stress subgroup

25.93+3.41 23.18+3.97 -6.97 0.001

174.09+35.03  165.10+33.74 -2.45  0.015

7.01 0.030

1% (Low) 19 10.8 37 210
1 (Middle) 88  50.0 75 426
= (High) 69 392 64 364

2.2 SNPimERE S

ADD1 E[K rs17833172 {il /. Gly460Trp {iL 5, B2-AR
E A 1023 i 2. rs1042717 i =2 (E TR 5 LB X BR 2 A
LR ESHEENSH—H (P>0.05), {5 Hardy-
Weinberg =& F#E R,

ADD1 & [A rs17833172. Gly460Trp il & £ % 15l
AETRABNDHERERITFEREN (P<0.05),
B2-AR EE[F 1023 i1 5. rs1042717 i = 1E 4R 8] 93 %
BEES (P>0.05), K3,

R3 327 HATAEFEN S (%)
Table 3 Distribution of genotypes of 352 oilfield workers

RS BERA  HOIA (%)  XTERA (%) 2 p
Genetic site Genotype Case group  Control group
ADD1 rs17833172 AA 11 (6.3) 23 (13.1) 7.711 0.021
AG 67 (38.1) 77 (43.8)
GG 98 (55.7) 76 (43.2)
ADD1 Gly460Trp GG 56 (31.8) 40 (22.7)  5.686 0.017
GT 86 (48.9) 86 (48.9)
TT 34 (19.3) 50 (28.4)
B2-AR 1023 AA 11 (6.3) 9 (5.1) 0.212 0.899
AG 76 (43.2) 77 (43.8)
GG 89 (50.6) 90 (51.1)
B2-AR rs1042717 AA 54 (30.7) 48 (27.3) 2.020 0.364
AG 86 (48.9) 99 (56.3)
GG 36 (20.5) 29 (16.5)

2.3 RIEKS5ERZEENREER

2.3.1 EEMWEA logistic BVANERETR : ADDI
HRArs1783312 i RGGERFRAE T g R E S ME
B — 1 & B A 2 (OR=2.948, 95%CI : 1.209~7.187,
P<0.05), 1M ADDI1% (& Glya60Trp il = TT & A &
o] fE = £ = M £ /Y R 17 A & (0R=0.350, 95%CI :
0.155~0.788, P<0.05), HRW M ERMRERE S
BEMEZBRNEZ BN XBETHITFERX (P>0.05),
I 40

R4 352 B AT AFTRER RS MERNERXL S
Table 4 Risk of hypertension in 352 oilfield workers with different
genetic sites

EIVEES ¢

Regression coefficient

ERI=

R (95%CI p
Genetic site OR (95%CI)

ADDI Gly460trp
0.558 (0.268~1.152)  0.114
0.350 (0.155~0.788)  0.012

GT -0.587
T -1.049
ADD1 rs17833172"

AG 0.637 1.891 (0.7554.730)  0.173

GG 1.081 2.948 (1.209~7.187)  0.017
B2-AR 1023"

AG -0.157 0.854 (0.296~2.460)  0.770

GG -0.114 0.892 (0.325~2.441)  0.824
B2-AR rs1042717"

AG -0.261 0.770 (0.417~1.422)  0.404

GG -0.046 0.954 (0.475~1.919)  0.896

DE] * : UGG HEERA ; # | LIAARSIRA,
[Note] *: GG as the reference group; #: AA as the reference group.
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232 ER-EENZHEEER SRETR: ADDI
H A Gly460Trp I 5. rs17833172 11 /2, B2-AR &

*5 352 ZHHHATABRAS (R ZEREFRAZ

Table 5 Interaction between gene sites of 352 oilfield workers

. o | e 3] a2 0 FEHhE S0 RN
rs1042717 RV E R -EEARBEEREEERITFER ] Accuracy Sign test  — BRI
N N Sl N Model gE MhitE v
=S N VES
(P< 005) ) 1“@5%*@%579 0.6, Iﬂ”ﬁ%*ﬁﬁgﬁ 0.5, Training set Testing set S consistency
eI P-0.01, X WIF— 1R 10/10, T ADD1 rs17833172 0.5 05 7 0.10 9/10
w _ ADD1 Gly460Trp*ADD1 rs17833172 0.6 05 7 0.10 8/10
5. B 1. HREIR7R, ADDI B[R Gly460Trp IR 5 ADD1 Gly460Trp*ADDI rs17833172* y
. R N ) 0.6 05 9 001  10/10
B2-AREH rs104217 I R Z B FERBIVIER B {F  FARm1097U
ADD1 Gly460Trp*ADD1 1s17833172* 05 5 005  10/10
F, L& 2. B2-AR rs1042717*32-AR 1023 : . .
B2-AR rs1042717
I T 1
AA AG GG
ADD1 Gly460Trp ADD1 Gly460Trp ADD1 Gly460Trp
GG GT TT GG GT TT GG GT TT
I T 1 I T 1 I T 1
- AA
15 _ -2.0 - 2.0 _ -3.0 g _ _ -15
o 05| 05 "= | 00 710 &0 710 ] 05 g5 | 00 -05 05 -1.0 | 05 -1.0 | 00 71
b -15.5
o
°:° LG 10.0
p i 5.5
e 35 45 50 | 39 -40 35 40 45 5
_ 15 -15 - -
5 32 -10 | L2 2|05 o |10 10
<
9.5 9.5 -9.0 11.0
-GG Je -6.0 70 | 60 55 -5.5
20 20 =2, 2.5 Jl 2.0 -25 -2.5 _
- =m U e == £ 18

UE] BRI F. R REFosIRTEE. REAE, FEPEMN. EMNEED 3 RTHGH. WNRATDHRE,

[Note] The dark gray grid indicates a high-risk combination, and the light gray grid indicates a low-risk combination. The left cylinder in the square

indicates the score of the case group, and the right cylinder indicates the score of the control group.
1 352 %A AADDI EHE Gly460Trp {iL. rs17833172 {iL5#0 B2-AR B H rs1042717 WER - ERX g5
Figure 1 Gene-gene interaction model of ADD1 gene Gly460Trp and rs17833172 sites and 2-AR gene rs1042717 site
in 352 oilfield workers

ADD1 rs17833172 [l EXE1EH
I Positive interaction

—— ADD1 Gly460Trp [
I B2-AR rs1042717 [l AR EER
Negative interaction
2 352 & MATAADDI £ Gly460Trp {iLs. rs17833172
I B2-AR E[A rs1042717 HE R - BRI EHNIRE
Figure 2 Gene-gene interaction dendrogram of ADD1 gene
Gly460Trp and rs17833172 sites and 82-AR gene rs1042717 site in
352 oilfield workers

233 EHRASRWESEKINZEER SWERKREA !
IR KS4NMIARERERIX —HERBES
(10/10) , IEERHERN 0.7, MiXEEHENNO.5,
BRESHITFEEN (P-0.01), BREVEKS54D
SNPLRFEREER, ke, WIKEI 2R, ADD1
E [F Glya60Trp L -2 5 B2-AR B [F rs104217 i 52 2 |
FEREMNEREER, ILE 3.

®R6 352 B HHATAADDI BE. B2-AR BER MR SRR EKZ BRI TER

Table 6 Interaction between ADD1 gene and 32-AR gene polymorphisms and occupational stress in 352 oilfield workers

¥R RS
Ji kil Accuracy Signtest R WINF—EIEREK
Model e it P , CV consistency
Training set Testing set
ADD1 1517833172 0.5 0.5 6 0.10 8/10
ADD1 Gly460Trp*ADD1 rs17833172 0.6 0.5 7 010 8/10
ADD1 Gly460Trp*ADD1 rs17833172*B2-AR rs10427 0.6 0.5 8 001 9/10
ADD1 Gly460Trp*ADD1 rs17833172*B2-AR rs1042717*B2-AR 1023 0.6 0.5 6 0.5 6/10
ADD1 Gly460Trp*ADD1 rs17833172*B2-AR rs1042717*82-AR 1023* BRAl 25K (Occupational stress) 0.7 0.5 9 001 10/10
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B2-AR 1023 B EXEER
|_ BV R aKAR S [ Positive interaction

Occupational stress [l
ADD1 rs17833172
ADD1 Gly460Trp
B2-AR rs1042717
B3 352 ZMETAADDI BE. B2-ARBERAEMRS
BV 23K B (EFRNIRE

Figure 3 Gene-environment interaction dendrogram of ADD1

gene and 82-AR gene polymorphisms and occupational stress in
352 oilfield workers

I 2 ERA

Negative interaction

3 itie

SMENEREIMEMERERERANE R, i
FREFEXTIADDIERAZESEESEMELAFH
KB, BREICT—H. EFFAFHRRLD
ADDI ER SR EFEREER, ADDI EREZE
MERAMSMESBREXEE. T4F" NHRE
REM, HHADDI EF rs17833172 11 52 GG & A &Y
EFERERNE, XEXRMARER—K. KAR
ERADDI E A Glyae0Trp i m TTERHE B MER
BHRIFER, SREARTHAR R BE XML S,
BRIANENEZBRERNS S Rk XigEY)
A%, L% ¥ B—I0 Meta DT R I E A BEHY ADD1
E& GlyasoTrp ERZE M SR A MR MEBHIEX,
MM R AR PR A I KEL, AN RIERIE
RiE5 BZAEGEHHT logistic @3N, ERETIE
5 ADD1 B A Glyae0Trp (I R TTERAR B HE T AL
SEEMmMENRIFEE.

B2-ARTL B IMEMN S BRERE, BEFXxTF B2-AR
ERNMREEZETRAE I Argl6Gly X GIn27Glu
i, BETHEERUNERESR, HRERF—
B W, KRBT, B2-AR EH rs1042717 i 5. 1023
fim5aNEERENRZEBHNXREERERITER
X, REUFNMRERHF—H. FHRSEHR
HEAERVEX, ARV AESFMA2-ARE
R LS M= ME B RE MY E LM

—HBHLUR, ARENER-MEZENREES
MmEXEXBIIARERRER—, HanEF B HR
£R, ADD1 B A Gly460Trp il R SINBNRR EERTE
ExXMamENLRBRTPEERIPER, K8EFFY
H3T 3 BE, BRAL & 3K H B2-AR-16 51 K A1 H B3R
M B2-AR27 LM R EFAREMELEN—1
BEFRAR, EXERFMRFEEERSHIEY
BN EERAMASR, ZBETHMUSNSMENE
i, AR EEZET ADD1 5 82-ARER Z BN H

EA, ANEERTRERAS SR XKHNRZEF
R, MEXRMRIZRAT X ZEFRE4EER D ADD1
5 B2-AR BERAZ R BN EERNAER SR &
KX EVER, B % T F logistic B VIR B & 75 7A b
BREERFEE “HERM NER ™, &AM A
7535 % B T Rl 23K 5 ADD1 E[F Gly460Trp i s
rs17833172 Az B2-AR £ [F 1023 i 52 rs1042717 il 52
BIEEREER, #FENSRMAGIRE, [T XZATF
A ENNANSIEERFNERRRZEEEER
Xo RE[ X ZRAFRELEVNIESEHIERAE—T
RS, BNEEIENEMEMBINIEI, RS
BN ENE, FERBERIA/IEM, TR
EWRBAR, HEALEAGHITREERBNERR AL
BEEAEE™,

G, KARLIEMEB LT A F ADDI E H
rs17833172 (I R GG EF B ZEME BFHNERER,
M Glyae0Trp il R TTE A B B RIFAE XK, ADD1 &
Gly460Trp fiL5. rs17833172 il =0 B2-AR B [H rs1042717
I REIMVIER BEA R ge=1E 0= M E/ L R XL,
B 2 3k 5 ADD1 £ [R Gly460Trp fiL 5. rs17833172 fiL
=, B2-ARE[A rs1042717 il 1023 i mHIRR EERRR
& HRETASMENAS, Fit, N REGEHEFERH
AT ABERI E3KKTE, B AEE RS R MR HE
TAMNESELKTME, RIERNR ABFHITHEX
DFEMERR, NEEHER-HFEXEEAXNSME
FMMBURNIR IR A AT S 4IE, LEH BRI IEAR
BRI R, IREHEmRE,
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