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Genome-wide association study of high-altitude pulmonary edema in
Han Chinese
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Abstract: High-altitude pulmonary edema (HAPE) is a non-cardiogenic pulmonary edema that is always found among
unacclimatized persons after rapid ascent to high altitude, and HAPE is caused by the interaction of genetic and environ-
mental factors. To screen and analyze the susceptibility genes and single nucleotide polymorphisms (SNPs) of HAPE in
Han Chinese, the DNA samples of 40 patients with HAPE and 33 healthy controls, who performed the reconstruction tasks
from the plain region in Yushu area of Qinghai province during May of 2010 to July of 2012, were scanned by Affymetrix
SNP Array 6.0 Chips in this study. Genome-wide association study (GWAS, by PLINK software) was used to screen the
susceptibility genes and genetic markers, and a total of 57 SNPs were found to be significantly different between case and
control groups (adjust P < 0.05). GO and Pathway enrichment analysis of 74 genes around the 57 SNPs indicated that these

genes were significantly correlated with prostanoid metabolic process, arachidonic acid metabolism and nitrogen metabo-
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lism (adjust P < 0.05), which were involved in the physiopathologic mechanism of HAPE. Our studies suggest that these

genetic polymorphisms and genes were associated with HAPE.

Keywords: high-altitude pulmonary edema (HAPE); single nucleotide polymorphisms (SNPs); genome wide asso-

ciation analysis (GWAS); susceptibility gene
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# 1 5 HAPE Z/FHXHMESR SNP L SFIERTIR
SNP ( / ) OR(95%CI) p-obs
rs11581271 FOXO06 C 0.25/0.7031 0.1407(0.06733-0.2942) 5.65E-08
EDN2
rs4072318 // // T 0.6486/0.1774 8.559(3.817-19.2) 3.34E-08
rs10932688 TNP1 0.1875/0.7121 0.09329(0.04302-0.2023) 1.74E-10
DIRC3
rs6715605 ACSL3 G 0.675/0.1719 10.01(4.495-22.28) 1.65E-09
MOGATI
rs1059524 // // T 0.6923/0.2273 7.65(3.613-16.2) 2.61E-08
rs6531084 FAM49A G 0.675/0.1897 8.874(3.963-19.87) 1.72E-08
rs2592121 NGEF T 0.09211/0.5152 0.09548(0.03824-0.2384) 2.89E-08
rs12471246 SESTD1 A 0.6053/0.1406 9.37(4.039-21.74) 2.05E-08
ZNF385B
rs1991872 CADM2 G 0.6316/0.1034 14.86(5.66—-39) 6.6E-10
rs13129566 TMEM156 A 0.025/0.5893 0.01787(0.003983-0.08018) 1.28E-13
rs12649142 TBCI1D1 T 0.225/0.75 0.09677(0.04473-0.2094) 3.32E-10
rs16890905 SLC2A9 T 0.6375/0.1818 7.914(3.65-17.16) 3.15E-08
rs1908704 CDHI18 C 0/0.9643 0(0—nan) 3.1E-29
rs17052028 STC2 G 0.2051/0.6562 0.1352(0.06361-0.2872) 5.28E-08
rs12655827 PTGER4 C 0.6389/0.1094 14.41(5.738-36.17) 2.61E-10
rs7774693 // // G 0.175/0.6452 0.1167(0.05366—-0.2537) 1.04E-08
rs7770302 BACH2 A 0.625/0.1515 9.333(4.091-21.29) 1.39E-08
rs2397218 COL21A1 C 0.575/0 NA(NA-NA) 3.05E-12
DST
rs2037632 /! // G 0.1125/0.6613 0.06493(0.02719-0.155) 1.12E-11
rs10949682 PTPRN2 T 0.6625/0.2121 7.291(3.443-15.44) 5.47E-08
rs13264220 CSMD3 C 0.2125/0.6719 0.1318(0.06239-0.2784) 2.76E-08
rs12684453 ACO1 T 0/0.4355 0(0—nan) 3.7E-10
MIRS873
rs4333695 APTX T 0.02857/0.5303 0.02605(0.005889-0.1152) 4.99E-11
TMEM215
rs12240999 MPP7 C 0.5417/0.06061 18.32(6.023-55.71) 1.09E-09
ARMC4
rs1064134 TAF3 A 0.2368/0.7258 0.1172(0.05435-0.2529) 9.69E-09
rs5025116 INPP5SA 0.1625/0.6515 0.1038(0.04755-0.2265) 1.47E-09
rs3009568 CCDC109A T 0.1184/0.5645 0.1036(0.04394-0.2444) 2.23E-08
CBARAL1
rs7898954 Hsp40 T 0.05128/0.6364 0.03089(0.01004—-0.09506) 6.25E-14
rs4572038 AKRIC2 0.275/0.7344 0.1372(0.06542-0.2877) 4.18E-08
AKRI1C3
1s7926263 PANX3 G 0.6026/0.01667 89.45(11.77-679.6) 7.85E-13
ORS8A1
rs1454014 /! // C 0.0125/0.55 0.01036(0.001351-0.0794) 2.14E-13
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SNP ¢ 7 ) OR(95%CI) p-obs
1s3019644 1 /" C 0.5946/0.1406 8.963(3.855-20.84) 4.55E-08
157969849  LOHI2CRI 0.25/0.7424 0.1156(0.0547-0.2445) 0.000000003
159592406 NBEA T 0.3625/0 NA(NA-NA) 4.66E-08
RFC3
159570755 OR7E156P A 0.2564/0.7727 0.1014(0.04706—0.2186) 6.62E-10
PCDH20
154906864 ATP10A T 0/0.4091 0(0—nan) 3.58E-09
GABRB3
s4984295 USP3 T 0.6/0.1212 10.88(4.509-26.23) 7.14E-09
CA12
15938355 GSGIL T 0.5128/0.05 20(5.77-69.32) 5.91E-09
1$5000698 SERPINB5 0.1125/0.6724 0.06176(0.02551-0.1495) 9.31E-12
VPS4B
157359910 SYT3 C 0.175/0.6364 0.1212(0.05644-0.2603) 1.16E-08
$6110226 SIRPB2 0.225/0.7188 0.1136(0.05332-0.2421) 3.12E-09
SIRPD
1$6122447 KCNQ2 T 0.5128/0.06897 14.21(4.691-43.05) 4.45E-08
$6138362 CST7 A 0.1944/0.7121 0.09758(0.04427-0.2151) 9.55E-10
TMEM90B
1$6137010 STK35 C 0.175/0.7031 0.08956(0.04075-0.1968) 1.52E-10
152017869  SNRPD3 0.725/0.1346 16.95(6.651-43.19) 3.37E-11
GGTI1
1$2688172 FAMI9A5 G 0.175/0.6667 0.1061(0.04906—0.2293) 1.52E-09
1s363766 POFIB A 0/0.6944 0(0—nan) 5.69E-11
1$5931057 DCAFI12L2 T 0.6389/0.02632 65.46(8.02-534.3) 1.84E-08
DCAF12L1
1s7473282 KLHLI13 A 0.119/0.7692 0.04054(0.01099-0.1496) 6.53E-08
1$5941560 CPXCRI 0/0.65 0(0—nan) 2.46E-09
KLHL4
1512393285  FRMPD3 T 0.881/0.05263 133.2(24.27-731.2) 1.34E-13
1s5939828 FAMI33A A 0/0.625 0(0—nan) 7.99E-10
1s5971167 DCAFSLI T 0.1429/0.8684 0.02525(0.00704—0.09058) 8.96E-11
1$5927307 FAM47B A 0.675/0 NA(NA-NA) 9.38E-09
1$5974802 FGF13 T 0/0.5263 0(0—nan) 5.67E-08
1$5958425 SH2DIA T 0/0.7353 0(0—nan) 4E-11
STAG2
15990373 PCDHI11X A 0/0.6667 0(0—nan) 9.17E-10

NAPIL3
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*2 tHXEER GO 5 Pathway EERTER

P adjust P
3-alpha-hydroxysteroid dehydrogenase (A-specific) activity 1.31E-05 1.39E-02 AKRIC3|AKRIC2
Prostaglandin metabolic process 5.91E-05 2.07E-02 AKRIC3|AKRIC2|EDN2
Trans-1,2-dihydrobenzene-1,2-diol dehydrogenase activity 7.85E-05 2.07E-02 AKRIC3|AKRIC2
Single strand break repair 2.73E-04 4.80E-02 TNPI1|APTX
Chromatin assembly complex 2.73E-04 4.80E-02 MPP7\NAPIL3
P adjust P
Arachidonic acid metabolism 1.21E-03 9.89E-03 AKRIC3|GGT1
Metabolism of xenobiotics by cytochrome P450 1.82E-03 1.17E-02 AKRIC2|AKRIC3
Cyanoamino acid metabolism 7.14E-03 2.48E-02 GGTI
Reductive carboxylate cycle (CO2 fixation) 8.92E-03 2.59E-02 ACO1
Taurine and hypotaurine metabolism 8.92E-03 2.59E-02 GGTI
Glyoxylate and dicarboxylate metabolism 1.33E-02 3.34E-02 ACOI
Mismatch repair 2.04E-02 3.75E-02 RFC3
Nitrogen metabolism 2.13E-02 3.83E-02 CAI2
Neuroactive ligand-receptor interaction 2.21E-02 3.90E-02 PTGER4|GABRB3
Selenoamino acid metabolism 2.30E-02 3.98E-02 GGTI
Citrate cycle (TCA cycle) 2.91E-02 4.68E-02 ACO1
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DNA, mtDNA)Z (Aldosterone
rs11581271  5.65E-08 EDN2 [32]
synthase) CYP1]B22-—21 (Endothelin-1, 510932688  1.74E-10 DIRC3 33]
ET-1H*! Al(Pulmonary surfactant- rs6715605  1.65E-09  ACSL3 [34]
associated protein Al, SP-AI) A2(Pulmonary 1517052028  5.28E-08 STC2 [37]
surfactant-associated protein A2, SP-42)2%  p2 1512655827  2.61E-10  PTGER4 [9]
(B2-adrenergic receptor, ADRBZ)[QI 1rs3009568 2.23E-08 CCDC1094 [38]
HAPE 1rs3009568 2.23E-08 CBARAL [38]
rs4906864 3.58E-09 GABRB3 [39]
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