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Association Between Aquaporin 4 Gene Polymorphism and Delayed Cerebral Edema in
Patients with Hypertensive Intracerebral Hemorrhage in Shanxi DONG Fa-da, MA Xiao-hu.
Department of external two families, First people's Hospital of Xianyang, Shanxi Xianyang 712000, China
Abstract Objective: To investigate the association between aquaporin 4 (AQP.) gene polymorphism and
delayed cerebral edema in patients with hypertensive intracerebral hemorrhage (HICH) in Shanxi. Methods:
One hundred and thirty-seven HICH patients in Shanxi were recruited to the study. According to whether
combined with delayed cerebral edema, they were divided into the case group (42 cases) and the control group
(95 cases). Genotype was determined by polymerase chain reaction- sequence based typing for AQP; gene
rs1058424, rs3763043, and rs335931 polymorphism. In addition, other clinical data were collected for statistical
analysis. Results: Compared to the control group, the case group showed higher age, higher ratio of patients
with diabetes and persistent fever, greater baseline hematoma volume, and higher baseline National Institute of
Health Stroke Scale (NIHSS) score (all P<0.05). Compared with the control group, frequencies of genotype TT
and allele T of rs3763043 in the case group were both significantly increased (both P<0.05). Multivariate logistic
regression analysis showed that carrying allele T of AQP, gene rs3763043, fever, large hematoma volume, and
high NIHSS score were risk factors of delayed cerebral edema for HICH patients. Conclusion: For HICH
patients in Shanxi, carrying allele T of the AQP, gene rs3763043, fever, large hematoma volume, and high
NIHSS score were risk factors of delayed cerebral edema.

Key words aquaporin 4; hypertensive intracerebral hemorrhage; delayed cerebral edema; gene polymorphism

i E LR, 2 22 HE AN [ A ) il
AR Z2 850 K e HS it fs ok B
AP, 3~ 7 dik B i, Z Je B WH IR .
B0 A8 AR A HE 1L 7 d S K i
UONER , IR IR KPR K i, 2% i Be AR
O NE N AAE T R LAY SR R B
5T 45 3R W7 |, 7K 38 18 2K 11 4 (aquaporin 4,
AQP,) W[ GBS 5 ki 7K I IE 159, AQP.
h Z A T R 2 5 P (single nucleotide
polymorphism, SNP) {37 5 1] §& 5 fixi 7K Jit #H
K ABA I& AQP.HE H Z 385k 538 A M ki
TR ) A 5 D /D, ELAS [) b X AN ] A

P BE R B o A A7 AR 22 5 , ] BB EUP e 45 2R
ANI] o A5 AR P4 b DX v 1 He A i
i 1l Chypertensive intracerebral hemorrhage,
HICH) & % J 0 58 % 4, 45 17 AQP, %t 1
rs1058424 .rs3763043 Flrs335931 iX 3 /|~ SNP
A5 HICH Je i A MK i i AR S

1 #BREFE
1.1 —f%H

HEEPEERE20154E 1 H &£ 20174210 H
THRAEMTNEHMASFHRYT Y HICH B 137 4
Yy AT, Hodh 55 78 1], 4 59 ], X AE I

R

J PR T A — AN RS
Bzt — R
Bev P 712000
Y B EA
2018-03-17
BIFES

S
82788582(@qq.com



498 Neural Injury And Functional Reconstruction, October 2018, Vol.13, No.10

(61.2+11.4)% . DHAbRE: 18 ¥ <4Ei#% <80 % ; HICH
LW, JT 2535 5 CT/MR KA BN 1 R % , R
o BIEBE <24 h, FEBE IR SZ 16T 5 A T B AR TS
TRV Hb DX AU, A% TG I 25 56 2R 5 — LI PR Ak
SERE B MK B e MG R . HEBRBRE « 4 &1
ICH ; J 175 ™5, 2 J&] N 8 BR AET- 67 ik i F
RIGIT s BRI AR i, SRk Do T s o I, sk o
ML AR 5 & 7™ T B DR RS | 1 B e P |
PR R, W R R B I D) R R A, U I 11 AR
P/ BTEELT Y s AR Lotk o ASBFSE R e A B A
PRZE 51 2 WA AL E

R R AERR A I WA - ICH 5 &% 1 s
ETRE , KT ~ 14 d 28R B I N, B A 3k
Fi5i CT &7 I ok A5 A [ 2 B R A, AL o Jie ] LA o
T A BT B B IG. ARAIE B I R IR S A8 2 A
AR KT N R 53 6 IT IR PR K I ) o
B ZH RN B 3R R P M 7K e e % HELAHL . o 1614 42 441
52561, 2 17 6], F B4 (63.510.2) % ; Xf HR4H 95
i, 55 53 ], 2 42 5], I 4FEHE (59.1411.7) %
12 %
12,1 IGIRTERIGSE  AEITA AR HE IR TR,
FEALE AT, A0, R H 4840 (body mass index,
BMI) , B8R 52, IR AR s, ToRrek 2 ORI 1
JANER>3 d), AGERT IR RN, B0z , A BERT
F2k 3 [ [ 37 AR B 4 3% (National Institutes
of Health Stroke Scale, NIHSS)PF47
122 RIF  SEIRE 2015450 B mi2iG4sm , 7L
FIE AR R L., T A% I I , B R,
TS5 it B S R D 0l AR TR A R R SR T
FE A
1.2.3  SNP{ fidfik 9%k b W« AR 4% HapMap 44
JE rh e DU TR A S D BRI I 7 J2 Hardy-Wein-
berg VA ; Fie/NAFALHE I > 0.15 ; i BTl 244
£>0.8; 0BT FIX 37 B AL X 5" AR R X
FAMNGF XL o P IE , ASBIF G FE 2 i rs 1058424,
1s3763043 Frs335931 3X 3 MR% SNP v 5 .
124 FEHERZAMERKN OFEE A DNA HEH REH
S22 JHE INE A JE R DK I, DNA 32 B & (R AR A= bR
FARRA R, 60 4 % F 41 DNA, @PCR Y™
B LRSI 1 w1, 3 i L T AR
RAERAFEGK) , ANTPIRAY) 2 uL, TagDNA H 4 il
0.25 pL, f4z DNA1 uL, 10xBuffer 2.5 uL. S 554
95 C 172 P 4 min, SR J5 $i&c FAEPE 95 °C 20 s 1B k

60 °C 30 s, FEfH1 72 °C 50 s A4 34 30 FE 3, )
72 °CHEAH 3 min, @I FF : PCR =¥ % FH 35 E ABI A
At &% F BigDye® Terminator v3.1 Kit i 7] & i1 74k
PEY 1 | 5 J5 % F ABI 3730 I {SGHAT I o

#F1 PCRYH5[HF5

SNPs e/l
rs1058424 F:GCAAGTGTCACTGCTCATCA;
R:GATTTGGGAAGGATTTCTGAA
1s3763043 F:TTGCCATTGTTAAACTCAG;
R:CACGTCTATCAGCTTATTCC
1335931 F:GCACTTGAAAATGTAGATG;

R:CAAGCTAAGAATGTTCCTAC

1.3 it
K HI SPSS13.0 Bt b #RERA: | TH i BEk 45

DL Cokes ) i , AL IR] FL AR ) e85 5 THEO0E R 45 R DL 3R
Feorn, Al R K 5 o ik R A A R
Hardy-Weinberg - ffif & 2 46 35 . 5 3 43 B P<
0.05 S HIHERREHFRE, RH_ AR LZHE
Logistic i iR B2 M3 Bk PP AQP. AR 273857 5
HICH &R R YEMK MR . P<0.05 H2ER
N -9

2 #R
2.1 24— e R T LR
AR GE R R, S50 RAH Feds , e 20 s AR G

R BRI FEL e PR LU IR &, JE 2k i i A
K, H 2k NIHSS P43 81 (3 P<<0.05) 52 ZH P00
BMI WK I K H 547 46 T 22 S o4t 122
(¥1P>0.05), W2,
2.2 AQP A % Ak LR L MK £ F

2 ZH AV PRI R O3 A B3 N 36 35, 4% 6 U TE SR
{5 ZE FR Xk HR2H R R 7341 2145 & Hardy-Weinberg 15 {4
AT o 9191 2H rs3763043 {37 i TT i R AU RN T 25437 3 A
ST AR AR O FRZH 34 B 2 1, 22 s AR Geit i X
( x*=4.705, 5.994; ¥] P<0.05) . 2 % rs1058424 FiI
1$33593 1 {7 s, 35k PR U R 2537 6 R 43 A A oK 22 S 3 o 4t
THEE (3 P>0.05)
2.3 % B4 Logistic 12 5 #7

KH KL EK Logistic JqiB 2 4 975387,
S50 B R X T HICH B3, #8717 AQP.FE [H rs3763043 fif
ST SRR DR R BRI e AR i K A NTHS'S 3531 =i
AT B & AR BBk b ) fa s R 22, LR 6.



M2 S5 TEEE R - 20184E 10 H - 55134 - & 1000 499

K2 2R RGORLEL

E5 7 17 AR/, aks) FII(%)]  BMIU(kg/my, xts)  AEIRIG/1(%)] W AR/ 151 (%)] R/ 51(%)]
XHEZH 95 59.1+11.7 53(55.8) 24.0+3.9 8(8.4) 30(31.6) 16(16.8)
ehdl 42 63.5+10.2 25(59.5) 23.7+4.2 9(21.4) 18(42.9) 8(19.0)
P8 2.108 0.166 0.404 4.534 1.628 0.098
PiH 0.037 0.684 0.686 0.033 0.202 0.754
5 g H AL/ (%) HELR 1 AR HELE NTHSS 143
2053 RS R (%) P e L, 7s) 1O 759
X R 17(17.9) 15(15.8) 80(84.2) 11.0+6.9 72475
Jpa ol 15(35.7) 10(23.8) 32(76.2) 16.2+7.4 10.2+8.1
ti {l 5.166 1.256 3.977 2.044
P18 0.023 0.262 0.001 0.041
3 AQP.JEH rs1058424 10 15 2 A5 53R K AERZK i ) 5 22 [ (%)]
FEH A R
217
AA AT TT A T
Xof HEZH 39(41.1) 49(51.6) 7(7.4) 127(66.8) 63(33.2)
g 20 21(50.0) 17(40.5) 4(9.5) 59(70.2) 25(29.8)
PAL! 1275 0.008 0.308
PiE 0.259 0.931 0.579
OR(95%CI) 0.644(0.300~1.385)  1.061(0.278~4.045) 0.854(0.489~1.491)
F4 AQP.JEH rs3763043 {5 2 A 5 IR K AEMRZK ) 5 R [ (%)]
FEPH A ERIEEA
213
cC CT TT C T
POk 48(50.5) 35(36.8) 12(12.6) 131(68.9) 59(31.1)
A 13(31.0) 19(45.2) 10(23.8) 45(53.6) 39(46.4)
PAL! 2.745 4.705 5.994
P 0.098 0.030 0.014
OR(95%CI) 2.004(0.875~4.593)  3.077(1.088~8.698) 1.924(1.135~3.261)
5 AQPIEH rs335931 i i 22 A 53R R ALK i ) G R [61)(%)]
a1 FPR Y SN HEA
AA AG GG A G
X 2 28(29.5) 57(60.0) 10(10.5) 113(59.5) 77(40.5)
I 4 10(23.8) 27(64.3) 5(11.9) 47(56.0) 37(44.0)
PALE! 0.420 0.261 0.297
P1E 0.517 0.609 0.586
OR(95%CI) 1.326(0.564~3.119)  1.400(0.384~5.105) 1.155(0.687~1.941)
26 Z[NZE Logistic [M1 )53 Hr 45 5
ARt B S.E Wals OR 95%CI P
TEENSEA 0.518 0.202 6.581 1.679 (1.168-3.313) 0.017
IR 0.226 0.300 0.565 1.253 (1.014-4.113) 0.033
FEL LA TR 0.634 0.462 1.886 1.886 (1.230-3.049) 0.011
FLLE NIHSS #7455 0.389 0.281 1.920 1.476 (1.061-2.616) 0.021
3 g FEA rs3763043 o7 13 T A7 HED] A #8 L LA D R A

AFFELE R BN R, 0 T HICH [ 8, #59 AQP,  NIHSS P23 5 7Y B2 & AR 1R & B /K b () f kIR 2=

(FFEES519T1)



MG SR T - 20184F 10 H - 45134 - 45 1014

after-what do we really know?Report of 11 patients and review of the
literature[J]. Dermatology, 2006, 213: 93-101.

[21] Allen JA, Peterson A, Sufit R, et al. Post-epidemic eosinophilia-myal-
gia syndrome associated with L-tryptophan[J]. Arthritis Rheum, 2011, 63:
3633-3639.

[22] Islam MN, Islam MA, Abdal SJ, et al. Eosinophilic fasciitis: what
matters in management in a developing country--a case report with two
and a half-year follow-up[J]. J Health Popul Nutr, 2012, 30: 117-120.

[23] Wright NA, Mazori DR, Patel M, et al. Epidemiology and treatment
of eosinophilic fasciitis: an analysis of 63 patients from 3 tertiary care
centers[J]. JAMA Dermatol, 2016, 152: 97-99.

519

[24] Pimenta S, Bernardes M, Bernardo A, et al. Intravenous immune
globulins to treat eosinophilic fasciitis: a case report[J]. Joint Bone Spine,
2009, 76: 572-574.

[25] Khanna D, Agrawal H, Clements PJ. Infliximab may be effective in
the treatment of steroid-resistant eosinophilic faseiitis: report of three cases
[J]. Rhcumatology, 2010, 49: 1184-1188.

[26] Horacek E, Sator PG, Gschnait F. 'Venous furrowing': a clue to the
diagnosis of eosinophilic fasciitis. A case of eosinophilic fasciitis
ultimately treated with oral PUVA therapy[J]. Dermatology, 2007, 215:
89-90.

(AR St - )

AUEANEAEA A A At EA E At LAt lat Fal Fal L at tal Lal Al Lal tat tal Al Fal Uat Lot Al Fal U at Lot Al Fal Fal Fat Al KAl Fal Fat Fal KAl Fal L at Fal Fal Fal L al Fat Fal Fal Fal Fat Fal Fal Fal Fat alt Fal Fal Fat Falt YAl Fal Fat Pal ¥ al

(3525499 01)

G 7 2 i 005 e UL I R i o AR
i+ 00 i 3R M B K ik R TR o AT AR . AQP,
HHRAGEERM, 200 TR ARG R
JAAE L, 2 5 R B . AQP, B [ AT i 9%
& ML S5 106 I R A T (R T8 AT . A
R I 7K LA, AQP, AT IISEE /K fib i 3R , el
AR 3 Ao o | I B G P AQP 2 11 RE HA B 9
1R 7 PR A K R AQP. B L AE I 7K fir s B i i
HIVE T B X AN R R, A2 [ B Btk A 743 #r o

AQP LR T AL Ak 18q11.2 5 q12.1 Z [,
AQP, J: [N £ 515 AQP. 25 H 1Y /K 5 1% Th RE A &,
AQP,JE H A7 AE 24~ SNP A3 55 1] RE -5 41 5P Mo 461 473 5
Jili 7K i AH OGP, A SE I 1E T rs1058424, rs3763043
13335931 3% 3 M H5 25 SNP i 4, Ho v rs1058424 Fl
1s3763043 i T 3" AE 451X, 1s335931 {3 T 4,5 4h B 1
Z B & T I3, 455 B AQP LK 13763043 £
A5 HICH J5 3R & MK M & A 25 UIAR G, T 4567 3
PRI ] BB SRR B R K I & AR B fE R R 2R . BRAEA 9T
R IR %A 2 S A i 4 i i A
Tis B YIARG BB AE Yo 6e B A A, A
ST AR K& PH rs1058424 Flrs335931 £ 4514 5 HICH J5 iR
RAE MK i B AHOC I , IR J5 e KA SR i — 20
UESE

BT A3 45 3 WoR RS & # FELR I AR AR
NIHSS P73t 238 & i 7K i & A 5 4l S7 fE B TR 22
PR T A I RRER Ko I, A B IS4k H il AR e
NIHSS ¥4 48 5 1 HICH B, 75 ZAT 4 PEAf H & A=
IR BRI B AT R , BERE I G E BIRIT TR

ARG R B AL IMEASHIFSY, BT A5 21 A 25 S 1T e
FEAEAR 22 5 FLU ARG A B IO FE e/ NS A ik R %
>0.15 ZF 5017 34~ SNP i 5, ANHEBR 7T BE A7 A HiAh

SNP 538 J PRI 7K ARG 5 fr e, ICH Jim iR e PR i Jif
(8 B AL 0 B2 2% , AN Jeg i A 2% 2 78 ) LA
BEHASE il e 2 BN JE R R Y 4521, AQP, JE A
Z 3SR AP 2R A DR B A B B AL
ATt ETT .

[1] Cheripelli BK, Huang X, Macisaac R, et al. Interaction of
Recanalization, Intracerebral Hemorrhage, and Cerebral Edema After
Intravenous Thrombolysis[J]. Stroke, 2016, 47: 1761-1767.

[2] Mccourt R, Gould B, Gioia L, et al. Cerebral perfusion and blood
pressure do not affect perihematoma edema growth in acute intracerebral
hemorrhage[J]. Stroke, 2014, 45: 1292-1298.

[3] Masuda Y, Ishikawa E, Yamamoto T, et al. Early Postoperative
Expansion of Parenchymal High-intensity Areas on T2-weighted Imaging
Predicts Delayed Cerebral Edema Caused by Carmustine Wafer
Implantation in Patients with High-grade Glioma[J]. Magn Reson Med
Sci, 2015, 15: 299-307.

[4] Kofler M, Schiefecker A, Ferger B, et al. Cerebral Taurine Levels are
Associated with Brain Edema and Delayed Cerebral Infarction in Patients
with Aneurysmal Subarachnoid Hemorrhage[J]. Neurocrit Care, 2015, 23:
321-329.

[5] Rama Rao KV, Verkman AS, Curtis KM, et al. Aquaporin-4 deletion in
mice reduces encephalopathy and brain edema in experimental acute liver
failure[J]. Neurobiol Dis, 2014, 63: 222-228.

[6] Katada R, Nishitani Y, Honmou O, et al. Expression of aquaporin-4
augments cytotoxic brain edema after traumatic brain injury during acute
ethanol exposure[J]. Am J Pathol, 2012, 180: 17-23.

[7] Kleffner I, Bungeroth M, Schiftbauer H, et al. The role of aquaporin-4
polymorphisms in the development of brain edema after middle cerebral
artery occlusion[J]. Stroke, 2008, 39: 1333-1335.

[8] Dardiotis E, Paterakis K, Tsivgoulis G, et al. AQP4 tag single
nucleotide polymorphisms in patients with traumatic brain injury[J]. J
Neurotrauma, 2014, 31: 1920-1926.

[9] %8, Bty BATIC, 45 MMP-9 55 il Ji5 38 PR /K i i) 56 22
FE[I]. Ah SR Z00, 2014, 21: 110-112.

[10] Potapov AA, Iusupova MM, Tenedieva VD, et al. [Clinical and
prognostic value of inflammatory genetic markers in traumatic brain injury]
[J]. Zh Vopr Neirokhirur Im N N burdenko, 2012, 76: 90-95.

[ PRI, BRI, BR3E R, 45, A BRI Bk i /AR VS 400 AQP4 3l s
I8 S 5 K b O A i 5 (0], b 2 B G 4R, 2016, 32:
1433-1441.

[12] SRARRR, o, BRdtom. K BUIR 11 i 2H UK GE 1 25 1 4 33k KO
Sk it 0 &[] Th AR 44, 2015, 31: 158-163.

(AR it - )



	20181004-01
	20181004-02.pdf

