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Abstract Objective: To investigate the association of peptidylprolyl cis-trans isomerase (PIN1) gene single
nucleotide polymorphism(SNP) with essential hypertension in Guizhou Han, Miao and Buyi populations. Meth-
ods: A case-control study was used to select patients with essential hypertension and healthy controls from Leishan
Miao, Libo Buyi and Guiyang Han populations in Guizhou. Sequenom MassARRAY genotyping technique was
used to genotype the PINIgene polymorphisms rs2233678 and rs2233679 in these populations. We analyzed the
genetic relationship between SNP and essential hypertension in Guizhou populations. Results: There were no sig-
nificant differences in gender and BMI between the hypertension group and the control group among the Miao,
Buyi and Han populations in Guizhou(P >>0. 05). The mean age of the hypertension group was greater than that of
the control group, and the difference was statistically significant(P =0. 001, P<C0. 001 and P =0.004). The dis-
tributions of rs2233678 and rs2233679 in different populations were in line with Hardy-Weinberg equilibrium (P >
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0.05). There was no significant difference in allele and genotype of rs2233678 and rs2233679 among Miao, Buyi

and Han hypertension group and control group (P >>0.05). There was strong linkage disequilibrium between
rs2233678 and rs2233679. and the haplotype GC and haplotype GT constructed with rs2233678-rs2233679 were

not significantly associated with essential hypertension(P >>0. 05). The results of multi-factor dimensionality re-

duction analysis showed that rs2233678, rs2233679 and BMI had strong synergistic effect on the occurrence of hy-

pertension in the general population of Guizhou(y*=9. 328, P=0.002). rs2233679 and BMI had strong synergis-

tic effect on the occurrence of hypertension in Guizhou Miao population(y*=5.624, P=0.018). rs2233678 and

rs2233679 had strong synergistic effect on the occurrence of hypertension in the Guizhou Buyi population (y* =

5.323, P=0.021). Conclusion: PINIgene rs2233678 and rs2233679 may jointly affect the occurrence of essential

hypertension in Guizhou populations.

Key words essential hypertension; peptidylprolyl cis-trans isomerase( PINI); gene polymorphism; Guizhou

populations
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J&, PINT it Z 25 5 300 Bz D) fig B A% A0 i & .
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2 % PCR GBI 1 SRHHEAE g Yy, Hr
rs2233678 I i 51 ¥ ¥ %1. 5-ACGTTGGAT-
GGGGCTCTGCAGACTCTATTT-3'; F il ¥
F31.5-ACGTTGGATGCATATAAGAACACG-
GAGGAG-3"; BLig L E M 5| Y )7 5] . 5'-aGGGAG-
GAGATGGGCT-3',

rs2233679 FiE5I M P9 .5 -ACGTTGGAT-
GACCTGTTTCCCACAGATGTC-3"; Filenl ¥ ¥
H): 5 -ACGTTGGATGGTCCAGAGCCTAGGG-
AAAAG-3"; B FE SE {1 5] 4 )5 41 5'-cGAGC-
CTAGGGAAAAGTTGAGC-3',

1.2.4 JEHEAEM  FIH MassARRAY £ ]
-4 (Agena Bioscience, Inc. ) 4K ¥R #47 PCR " 1%
SN M R Tk 2 I P S e S 1 L A R 4l
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SA G EE L P<<0.05) . 5k 1,
2.2 S LR R B A B3 A

rs2233678. rs2233679 ¥ £ & Hardy-Wein-
berg P , #& 75 A B 58 AN BE A BERACERM: .
SNP o7 £ A2 A [R] T Ay S5 40 58 PR R ik R 784 1 4
M 22 5 45 3 S R AR P TG AT AR S DU N R, 3
KEDABEZESLA WE 2,

F1 EMNER FRIE GRS E R

Table 1 Basic characteristics of research objects of Miao,Buyi and Han populations in Guizhou

XES. 6%

RJ% iR /% BMI 1E# BMI i i BMI & & BMI it Ji
BNEE

X HB 4 (335 i) 151(45. 1D 51.934+13.91 176(52.5) 17(5. 1D 105(31.3) 37(11.0)

T I 20 (343 i) 164(47.8) 58.874+12.85 156(45.5) 14C4. D 123(35. 9 50(14. 6)

t/y? 0.511 —6.744 0.038 2.619 3.031

P 0.475 <0. 001 0. 845 0.106 0.082
5P

X B4 (111 1) 44(39.6) 51.15+15. 92 55(49.5) 5(4.5) 39(35. 1) 12(10. 8)

TR I HE 2 (110 ) 58(52.7) 57.91413. 69 48(43.6) 3(2.7D 42(38.2) 17(15.5)

t/y 3. 808 —3.381 0.248 0. 500 1.308

P 0.051 0.001 0.724 0.479 0.253
i MR

X HRZH (117 B 52(44.4) 51.63+13. 99 65(55.6) 8(6.8) 33(28.2) 11€9. 4)

1 IR (119 i) 61(51.3) 60.934+12.91 58(48.7) 8(6.7) 41(34.5) 12(10. 1)

L/ 1. 098 —5.308 0. 046 1.258 0.196

P 0.295 <0. 001 0. 830 0.262 0.658
U

X2 (107 f1]) 55(51.4) 53.07+11. 40 56(52.3) 4(3.7) 33(30. 8) 14(13. 1)

TR I HE 21 (114 1) 45(39.5) 57.634+11.74 50(43.9) 3(2.6) 40(35. 1) 21(18.4)

t/y? 3.17 —2.925 0. 049 1.005 1.733

P 0.075 0. 004 1. 000 0.316 0.188




ZS i , 4. PINT 35 2 250 5 5% M b X 18] J5E 2% 1 s 1 s A F 5T

+ 378 -

LI Ruichao,et al. Study on the relationship between PINI gene polymorphism and essential . ..

2.3 B aHr

B A B 2l 56 R XA 32 245 (v 3k PRRT IR
BT L, AA AB BB 4 BIAC R B A Al A T e
BT RAMA T ) 3 R AL R SR AT DL A
2k, B PR E (Codominant, AA vs AB fil AA vs
BB) ; i P 8% /£ (Dominant, AA vs AB+BB) ; &
B 1% (Recessive, AA + AB vs BB); #8 i ¥ it 1

(Overdominant, AA+BB vs AB); il 45 1% (Log-
additive . ¥ AA.AB Fl BB 1Eh B 25 (v 5L P i3 14 (1)
AP AR AT B AE L) 48T W R 2 A — A
B S50 3 A ok B KUK K /) . L 6 logistic
] 05 43 M A2 IE 4E % ML BMI 5, A & B
rs2233679 515 I k2 OCIR  astAE AR L L3R 3,

X2 PINI%5uERRERELST

Table 2 Distribution of PINI alleles and genotypes BRI %)
X ELEE 3 R 678 i) TG (221 4]
{ﬁ,‘f—i — P’ — pe JeL
It (R Ay X BE 21 e I R 2H X B 41 e I R 2H
rs2233678 G 658(98) 672(98) 0.737 0.735 219(99) 216(98) 0.990  0.990
C 12(2) 14(2) 3(1) 4(2)
GG 323(96) 329(96) 108(97) 106(96)
GC 12(4) 14(4) 3(3) 4(4)
P 0.739 0.699 0. 885 0. 846
rs2233679 C 377(56) 404(59) 0.328 0.287 131(59) 132(60) 0.832 0.976
T 293(44) 282(41) 91(41) 88(40)
CcC 110(33) 115(34) 37(33) 38(35)
CT 157(47) 174(51) 57(51) 56(51)
TT 68(20) 54(16) 17(15) 16(15)
P 0.383 0.377 0.517 0.525
o L/ %ﬁﬁ(ﬁ%@aiﬁm p p ?5()3‘%(221@) p pe
F PR 70 Xif R 40 iy 10 20 Xif R 20 ey 1M 20
rs2233678 G 228(97) 233(98) 0.739  0.736 211(99) 223(98) 0.790 0.788
C 6(3) 5(2) 3(1) 5(2)
GG 111(95) 114(96) 104(97) 109(96)
GC 6(5) 5(4) 3(3) 5(4)
P 0.776 0. 815 0. 883 0.811
rs2233679 C 120(51) 137(58) 0.171  0.269 126(59) 135(59) 0.943  0.566
T 114(49) 101(42) 88(41) 93(41)
cC 35(30) 40(34) 38(36) 37(32)
CT 50(43) 57(48) 50(47) 61(54)
TT 32(27) 22(18) 19(18) 16(14)
P e 0.117 0.831 0.717 0. 250
1 ¢ P : Hardy-Weinberg S AGH 5 P {8 sa. 02 F P ;b JEHNE P {8,
R 3 rs2233679 BEER ST
Table 3 Genetic pattern analysis of rs2233679 B Y5
SNP wAER L FEI XPIEAL L P4 OR(95%CI) P P OR (95 % CI)* P
(335 ) (343 fi)
rs2233679 3t it CcC 110(33)  115(33) 1 1
CT 157(47)  174(51)  1.06(0.755~1.488) 0.736 0.985(0.690~1.406) 0.932
TT 68(20)  54(16) 0.760(0.488~1.183) 0.223 0.703(0.442~1.119) 0.137
IR cC 110(33)  115(33) 1 1
CT-TT  225(67) 228(67) 0.969(0.704~1.334) 0.848 0.898(0.642~1.257) 0.532
588 CC-CT  267(80) 289(84) 1 1
TT 68(20)  54(16) 0.734(0.495~1.088) 0.123 0.710€0.469~1.074) 0.105
BEME CC-TT  178(53)  169(49) 1 1
157(47)  174(51) 1.167(0.864~1.578) 0.314 1.113(0.811~1.528) 0.508
i — — — 0.898(0.724~1.114) 0.329 0.860(0.686~1.078) 0.190

a: BLAR IS 5] BMI,
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2.4 FEHUAS T SRS LS AT

FIFH Haploview 4.2 XF rs2233678.1rs2233679
HEAT VA M 50T - D=0 7R 58 4 3% B1F 1, D
=1 RARTEEYA M, D>0.8 FnmiL A
A, A IE s . 45 R BN T S M
W ARG DU B B N BE . 12233678 12233679
FEAE 3R 3% AN (D43 52k 0.85,1,1, D A 1
| D LN i R o R A S U W N
0. 03 [ BAAE RN A S 8T FF 4 BT 45 A 78 78
0092 S5 1 0 62 Wl 1 1 0 o I S A N
rs2233678-rs2233679 4 & [ B A5 K GC 1 H £ 1Y
GT 55 &M & i e AN A7 7 B & QB (P >
0.05), N3k 4 iR,
2.5 SNP z& HAEH 5 Hr

FIFH MDR3. 0. 2 #% 4 43 Hr SNP-SNP/SNP-
BMI ()28 B30 B 46 1~3 NI F s fERR
H RS, rs2233678. 152233679 5 BMI X T 5t MM
SR g L B AR B S AT (= 9. 328, P
=0. 002) , VI 25 -1 o ff 5 RS 35 1 i of 1 3 44 7

50% VA b A8 IR UE — B PE S 10/10, RO 43 2% 1A
R HAEHZ 208 PR 58 AR R o P R A
FHL. A 2d, rs2233679 A1 BMI % 5 M i e A RE
e I s 19 & AR B SR PR AR (y* = 5. 624, P =
0.018) , WNE 2a;rs2233678 Fl rs2233679 X T 5 I
AR BE & 0l e i & AR B B R AR (=
5.323,P =0.021), W 2b, W% PINI 3 A 1
SNP-BMI %2 B A/E F RN & L angk 5 A 2c.

rs2233678
1$2233679
1$2233678
1$2233679
1$2233678
1$2233679
r$2233678
1$2233679

Block 1 (0 kb) Block 1 (0 kb) Block 1 (0 kb) Block 1 (0 kb)
1 2 1 2 1 2 1 2

v ' ® ® © @

a:m M B AR D=0.85;b. Wk ARE D=1 ;C:ﬁjﬁ{ﬁ%
ABED=1;d. EABE D=1,
1 PINI EFEEP AR FEEHS (D)

Figure 1  PINIgene linkage disequilibrium analysis(D’)

R4 BMABETMEASRANAFR KBRS

Table 4 Haplotype association analysis between hypertension group and control group in Guizhou populations

AR %)

RO LGN Xof iR 2H e 1L 20 v OR (95%CID) P
BONFEC678 7)) GC 365(54) 390(57) 1

GT 293(44) 282(41) 0. 891 1.110€0. 894~1. 379) 0.345
B (221 ) GC 129(58) 128(58) 1

GT 90(41) 88(40) 0.006 1.015€0. 692~1. 487) 0. 940
A % (236 5] GC 114(49) 132(55) 1

GT 114(49) 101(42) 2. 049 1.307(0.906~1. 886) 0.152
U (221 4] GC 123(57) 130(57) 1

GT 88(41) 93(41) 0. 000 1.000(0. 683~1. 465) 1. 000

a: BAfE T SNP 414 :1s2233678-1s2233679, J1 <0, 03 M BAFE BN 99 A 4347 o

rs2233678 BMI
Erszzassn I:rszzsssm
BMI @ rszzsssn@
2233679

| l 233678 2233678
BMI @ 2233679@

a: B AT SNP-BMI 22 5 AEFH (221 6D s b A3 4K %A
Bt SNP-BMI 32 B 4E il (236 1)) ; c: I A BE SNP-
BMI 52 B AE (221 6] 5 d. 5 & A BE SNP-BMI 32
HAEH 678 #i) . HAH B AE M A B AR i
AL 1) B €0, 326 7 A B VR OB B 55 (20 (5 48 (0L R
{0, LI B B R 0 A B VR S0 R S
R A B S IR IEH .
2 SNP #1 BMI 32 B & F 3L B

Figure 2 Interaction effect diagram of SNP and BMI

2.6 AN [RJNAHE S5 A 5 DR AR o0 A 1) 22 57

K S M T L A AR L DU X IR 4 N M2 En-

semble B & % (https://asia. ensembl. org/index.
htmD) 7 7 B0 (CHS) 119 45 43 F PR 451 25 7 7 L 4%
ZE IR L 12233678 Ml rs2233679 FEAS [A] N B
GO EEHBCRE S ZEFARE K 6,
3 itig

2019 A o [ AR A RT3 T 0 1L A8 995 43 31 o B TR
B 46. 74 %0 F1 44. 26 %650, Hod g i R 2 32 2 R
B R, RS W IR VA A g ik Ak
rb ] A IR B HE O AR B, R — A 5 3
Be AL A OG22 R ZE g LG B TR Y st A%
KERBFFE O R LR EENRFZ —. 5
AT T H ] P e IX R TR A 2 R TR L TR T
BWR R BRI AR R 2T B L L R
AR BN N T 0 dR 2 10 R . TR L 2 s 1
PRI B RO ST A5, (45 5 M DO L B AT O i
M i N LA AR K Y s AL B AR L.
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Table 5 Interaction analysis of SNP and BMI on hypertension
X I 2k i I i 28 XSk ‘
R Locus No. Model o — s ba pe
JSPN i 1 BMI 0. 540 0.534 10/10 4,414 0.036
2 rs2233679,BMI 0.553 0.514 10/10 7.938 0.005
3 rs2233678,rs2233679 , BMI 0.558 0.527 10/10 9.328 0.002
LS 1 BMI 0.539 0.529 10/10 1. 307 0.253
2 rs2233679, BMI 0.584 0.502 10/10 5.624 0.018
3 rs2233678,rs2233679 , BMI 0.585 0. 484 10/10 5.624 0.018
i A 1 rs2233679 0.546 0.499 7/10 2.626 0.105
2 rs2233678,rs2233679 0.572 0.495 5/10 5.323 0.021
3 rs2233678,rs2233679 , BMI 0.602 0. 560 10/10 9. 441 0.002
DU 1 BMI 0.551 0.446 6/10 2.029 0.154
2 rs2233679, BMI 0.561 0.418 9/10 2.794 0.095
3 rs2233678,rs2233679, BMI 0. 565 0.412 10/10 3.377 0.066

TE < VI G/ 030 A48 o 1 52 9 7S 1T 52 AR 00 4R 0 ol 3 D T A 28 A R ) TR AR 22 Y Rl O~ 1, B BB, R
A& 5 38 S UE — Bt R T H 2 AIE » LR — A B - 46 B 1 U IR A B RH L A DI S/ D0 AT A s e
BA B P AE, P<<0. 05 FR MR B G2 78 3 N/10 7R 10 IS SUEEH A N YGRS 5 3

6 RMABSEANKREMEERMEN LR

Table 6 Comparison of allele frequencies between Guizhou populations and southern Han population #% X (%)

7 25, B FOTDURE BN AR R DU PP P" P’ P P P

rs2233678 G 203(97)  219¢99)  228(97)  211(99)  0.294 0.631 0.322 0.553 1.000 0.590
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Abstract Objective: To investigate the correlation between visceral adiposity index(VAD and early morning

hypertension. Methods: A total of 539 patients with hypertension were selected. A 24-hour ambulatory blood

pressure monitoring was performed, and the patients were divided into early morning hypertension group and non-

early morning hypertension group according to the early morning blood pressure level, and the visceral adiposity
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