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AC Adenylate cyclase  

ALT  Alanine aminotransferase  

ASD  Atrial septal defect  

AST  Aspartate aminotransferase  

BA  Bioavailability  

BMPR2  Bone morphogenetic protein receptor type 2  

BNP  Brain natriuretic peptide  

BSA  Body surface area  

C4ST-3 Chondroitin 4 -sulfotransferase -3 

C6ST-1 Chondroitin 6 -sulfotransferase -1 

Ca Calcium  

cAMP  Cyclic adenosine monophosphate  

cGMP  Cyclic guanosine monophosphate  

CHD  Congenital heart disease  

CHST13  Carbohydrate sulfotransferase 13 

CHST3  Carbohydrate sulfotransferase 3  

CI  Cardiac index  

COX Cyclooxygenase 

CS Chondroitin sulfate  

CTD  Connective tissue disease  

CTEPH  Chronic thromboembolic pulmonary hypertension  

CYP Cytochrome P450  

DS Dermatan sulfate  

eGFR Estimated glomerular  fi ltration rate  

ERA  Endothelin receptor antagonist  

ET  Endothelin  

GAG Glycosaminoglycan  

GalNAc  N -acetylgalactosamine  

GlcA  Glucuronic acid  
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GSTA4  Glutathione  S-transferase alpha 4  

GTP  Guanosine triphosphate  

HPAH  Heritable pulmonary arterial hypertension  

HS  Heparan sulfate  

Hya  Hyaluronic acid  

I/HPAH  
Idiopathic/Hereditary pulmonary arterial 

hypertension  

IPAH  Idiopathic pulmonary arterial hypertension  

LHD  Left heart disease  

MCTD  Mixed connective tissue disease  

mPAP  Mean pulmonary artery pressure  

NO  Nitric oxide  

NOS Nitric oxide synthase  

PAH  Pulmonary arterial hypertension  

PAPS 3'-phosphoadenosine 5' -phosphosulfate  

PCH  Pulmonary capillary hemangiomatosis  

PDE -5 Phosphodiesterase type -5 

PGI 2 Prostaglandin I 2  

PoPH Portal pulmonary hypertension  

PPHN  Persistent pulmonary hypertension of the newborn  

PVOD  Pulmonary veno -occlusive disease 

PVR Pulmonary vascular resistance  

RAP Right atrial pressure  

ROC Receiver operating characteristic  

SED  Spondyloepiphyseal dysplasia  

sGC Soluble guanylate cyclase  

SLC10A2  Solute carrier family 10 member 2  

SLC13A1  Solute carrier family 13 member 1  

SNP  Single Nucleotide Polymorphism  

SSC Systemic sclerosis  
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TAZ/PIPC  Tazobactam/Piperacill in  

UGT  Uridine diphosphate glucuronosyltransferase  

ULN  Upper limit of normal  

VCM  Vancomycin  

WHO  World health organization  
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1. ⌐≈™≡  

│⁸ ₁⌂ ≢ ⅜ ⇔⁸ ₁─ ╩ ∆

╢ ─ ⌂ ≢№╢⁹ ─ ꜟ♥כ♥◌ ≢

⇔√ Pulmonary arterial pressure: PAP ─ Mean 

PAP ⅜  25 mmHg ─ ⌐ ≤ ↕╣⁸ ⅜

∆╢ ⌐╟∫≡ ⌐ 5 ⌐ ↕╣╢ 1 1 ⁹  

⌐ ∆╢ │⁸ ╣⅜ ╙ ≢ ↄ─

≢☻כ◔ ⌐ ╣╢⁹∕─ ⌐╙⁸ ╛ ⁸ ⁸

╛ ⁸ ⌂≥╩ ╘╢↓≤╙№╢⁹ ⅜ ∆╢≤ ℮∫

╛ ⌐ ℮ ⁸ ─ ⁸ ⌂≥─

⁸ ⌂≥─ ╩ ⇔⁸ ⌐ ⌐ ╢ 1⁹ 

─ │⁸ ─⌂™ ≢│

⌐╟╢ ╩ ↕∑╢↓≤∞⅜⁸ ─ ⌐╟∫

≡ ℮═⅝ │ ⌂╡⁸ ⌐ ≢№╢⁹∕─√╘⁸ ⌐╟

╢ ⌂ ≤ ⅜ ≢№╢⁹  

 

2. 1  ⌐≈™≡  

Pulmonary arterial hypertension: PAH │⁸

∕─╙─⌐ ⌂ ⅜ ∆╢ ─ ≢⁸

─ ⅜ ╙ ⌐ ↕╣√ ≢№╢⅜⁸∕─

│ ⌐ ↕╣≡™⌂™⁹PAH ─ ─ │⁸ ─

≢⁸ ≤⇔≡ 3 ≈─ ⌐╟╡ ∂╢⁹1 ≈ │⁸ ≤

─ ⌐╟╢₈ ₉≢№╢ 2⁹2 ≈ │⁸

⅔╟┘ ⌂≥─ ≤▪ⱳ♩כ◦☻ ⌐╟╢

₈ ꜞ⸗♦ꜞfi◓₉≢№╡ 3⁸3 ≈ │⁸ ⌐╟╢ ≢

─₈ ₉≢№╢ 4⁹↓╣╠─ ⌐╟╡ ⅜ ⇔⁸

─ ╛ ╩ ⅝ ↓∆≤ ⅎ╠╣≡™╢⁹  
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1 ─  

 

1   

1.1 (IPAH)  

1.2 (HPAH)  

  1. BMPR2   2. ─  

ה 1.3  

1.4 ⌐ ℮  

  1.   2. HIV   3.  

  4.   5.  

1õ (PVOD)/ (PCH)  

1''  (PPHN ) 

2  ⌐ ℮  

2.1   2.2   2.3  

2.4  / ─  / ⅔╟┘  

3  ⅔╟┘ /╕√│ ⌐ ℮  

3.1   3.2  

3.3 ≤ ─ ╩ ℮ ─ 3.4   

3.5  3.6 ⌐⅔↑╢   3.7  

 4   (CTEPH)  

 5  ⌂ ─ⱷ◌♬☼ⱶ⌐ ℮  

5.1 :    

☻◦כ♪▬◖ꜟ◘ : 5.2   ꜞfiⱤ  

▼◦כ◗  : 5.3   

5.4 ∕─ :     
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3. ─  

⌐ ⅔ ↑ ╢  

Idiopathic/Heritable -PAH : I/H -PAH │ ⌐№╡⁸

⌐╟╢ ≢│⁸

27 3 31 ─ │ 2,946 ≢№∫√⁹ I/H -PAH ─

╩ ∆ 1  ⁹  

 

 

 

 

 

 

1 ─   

☿fi♃כHP<  http:/ /www.nanbyou.or. jp/entry/171> ╟╡  
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PAH ─ ≢№╢ 1981 ⅛╠ 1985 ⌐⅛↑≡

National Institutes of Health NIH ⌐╟╡ ╦╣√ I/H -

PAH ─ ⌐ ∆╢ ≢│⁸ ≤⌂∫√ 187 ─

│ 2.8 ⁸1 68%⁸2 48%⁸3 34%≢№

╡⁸ ≢─ │ ╘≡ ™↓≤⅜ ↕╣√ 2 ⁹╕√⁸∕─

≤⇔≡│ ⁸ ⁸ ⅜ ™≤↕╣√ 5⁹2006 ⅛╠

2009 ⌐⅛↑≡ ≢ ╦╣√ REVEAL ≢│⁸I/H -PAH ─

1 91 ⁸3 74 ⁸5 65 ⁸7 59

≢№∫√ 6 2 ⁹↓─ │⁸ ⌂ PAH

⅜ ↕╣√↓≤⌐╟╢ ⅜ ⅝™≤ ⅎ╠╣≡™╢⁹  

 

╕√⁸2008 ⅛╠ 2013 ⌐ ≢ ─ ╩

≤⇔≡ ╦╣√ ≢│⁸5 92%≤ ≤ ⇔≡

╘≡ ⌂ ≢№∫√ 7 3 ⁹↓╣│⁸ PAH ⅜

↕╣√↓≤⌐ ⅎ⁸ ─ ⌐ ™ ⅔╟┘

⅜ ≤⌂∫√↓≤⁸↕╠⌐│ ≢│ ≤⇔≡ ⅜

⌐ ↕╣╢↓≤⌐╟╡⁸ ╩∕╣╒≥ ∑∏⁸ ⌂

⅜ ≢№╢↓≤⅜ ⅝ↄ ⇔≡™╢≤ ⅎ╠╣≡™

╢⁹   
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2 ⅜⌂⅛∫√ 1981 -1985 ─

≤ ⅜ ≢⅝╢╟℮⌐⌂∫√ 2006

-2009 ─   

6 ╟╡  

 

 

 

3 ⌐⅔↑╢ ─ 2008 -2013  

7 ╟╡  
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4. ─  

⁸ ─ │ ⌐ ⇔≡™╢⁹

─ │ⱪ꜡☻♃◘▬◒ꜞfi PGI 2 ⁸ NO

⁸◄fi♪☿ꜞfi ⌐ ∆╢ 3 ─ ⌐ ∆╢↓≤⅜≢⅝⁸

∕╣∙╣─ ⌐≈™≡ ─ ⅜ ↕╣≡™╢⁹ ≢

⌂ ╩ 2 ⌐ ∆⁹3 ─ ─ ╩ 4 ⌐

∆⁹  

 

 

 

 

 

2 ≢ ⌂  

  

PGI 2 

 

ⱬꜝⱪ꜡☻♩ 1999  ⱬꜝⱪ꜡☻♩ 2007

◄ⱳⱪ꜡☻♥ⱡכꜟ (1999  

♩꜠ⱪ꜡☻♅♬ꜟ 2014  ▬꜡ⱪ꜡☻♩ 2016  

☿꜠◐◦Ɽ◓ 2016  

NO  ◦ꜟ♦♫ⱨ▫ꜟ 2008  ♃♄ꜝⱨ▫ꜟ 2009    

ꜞ○◦◓▪♩ 2014  

◄fi♪

☿ꜞfi

 

Ⱳ☿fi♃fi 2005  ▪fiⱩꜞ☿fi♃fi 2010  

ⱴ◦♥fi♃fi 2015  
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4 ─  

 

 

 

5. ◄fi♪☿ꜞfi ⌐≈™≡  

⌂ ╩ ∆╢ Ɑⱪ♅♪≢№╢◄fi

♪☿ꜞfi Endothelin : ET │⁸PAH ⌐⅔↑╢ ꜞ⸗♦ꜞfi◓╩

↕∑╢ ≤⇔≡ ⅎ╠╣≡™╢ 8⁹∕─√╘⁸◄fi♪☿ꜞfi

Endothelin receptor antagonist : ERA │⁸PAH ─ ⌐

≢⅝╢ ≤⇔≡ ↕╣≡™╢⁹◄fi♪☿ꜞfi ⌐

│⁸◄fi♪☿ꜞfi A ET A ⅔╟┘◄fi♪☿ꜞfi B ET B

─ 2 ≈─◘Ⱪ♃▬ⱪ⅜ ⇔≡™╢ 9⁹ ⌐⅔™≡⁸ET A

│ ⌐ ⇔⁸ ≤ ─ ה

⌐ ∆╢⁹ ⁸ET B │ ≢│ ⌐ ↄ

⇔⁸ NO ─ ⌂≥╩ ∂≡ ⌐ ⌂≥

╩ ⅝ ↓∆⅜⁸PAH ⌐⅔™≡│ ≢─ ⅜ ⅎ⁸

≤ ─ ⌐ ∆╢╟℮⌐⌂╢ 10⁹↓─↓≤│⁸

╙ ≤⇔≡ ≢№╢↓≤─ ↑≤⌂∫≡

™╢⁹  
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6.  ◄fi♪☿ꜞfi Ⱳ☿fi♃fi⌐≈™≡  

 6- 1 Ⱳ☿fi♃fi─  

Ⱳ☿fi♃fi│ ERA ≢ ⌐ ≤⌂∫√ ET AהET B

◄fi♪☿ꜞfi ≢№╢ 11⁹ ≢│ 2005 ⌐ ↕

╣√⁹ ≢ WHO йהк─ ⅛╠ ⌐⅔™≡

⅜ ↕╣≡⅔╡ 12⁸WHO и─ ⌐ ∆

╢ ╙ ↕╣≡™╢ 13⁹∕─√╘⁸ ≢│ WHO

и -к⌐ ∆╢ ⅜ ╘╠╣≡⅔╡⁸ ™ ≢ ™

╠╣≡™╢⁹  

Ⱳ☿fi♃fi│ ─√╘⁸◦◒꜡☻ⱳꜞfi⁸♃◒꜡ꜞⱶ☻

⅔╟┘◓ꜞⱬfi◒ꜝⱵ♪│ ≢№╢ 14, 15⁹╕√⁸ ⌐

↕╣╢↓≤─ ™ⱱ☻ⱱ☺◄☻♥ꜝכ♀ -5 PDE -5 ≢№╢◦

ꜟ♦♫ⱨ▫ꜟ─ ╩ ↕∑╢↓≤⅜ ╠╣≡™╢ 16⁹  

Ⱳ☿fi♃fi│ PAH ⌐ ⅎ≡ ≢⁸₈ ⌐⅔↑╢

─ ₉⌐ ⅜№╢ ─ ERA ≢№╢⁹  

─ ⅔╟┘ ╩ ∆ 5 ⁹  
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5 Ⱳ☿fi♃fi─  

 

: Ⱳ☿fi♃fi  Bosentan Hydrate  

: 4- 1,1-Dimethylethyl -N - 6- 2-hydroxyethoxy -5-    

2-methoxyphenoxy -2- pyrimidin -2-yl pyrimidin -4-yl

benzenesulfonamide monohydrate  

C27H 29N 5O6SהH 2O 

 

: 569.63 

 : Ⱳ☿fi♃fi │ ╛╛ ─ ≢№╢⁹▪☿♩  

♬♩ꜞꜟ⁸☺◒꜡꜡ⱷ♃fi⁸N,N -☺ⱷ♅ꜟⱱꜟⱶ▪Ⱶ♪⌐ ↑╛∆ↄ⁸

◄♃ⱡכꜟ 99.5 ⌐╛╛ ↑╛∆ↄ⁸ⱷ♃ⱡכꜟ⌐ ↑⌐ↄↄ⁸ ⌐

╒≤╪≥ ↑⌂™⁹  

: pKa = 5.1  

: 1.7 ○◒♃ⱡכꜟ /  
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6- 2 Ⱳ☿fi♃fi─  

Ⱳ☿fi♃fi⌐╟╢ ⌐⅔™≡⁸ ≢│ 40

26 65.0% ⌐ ⅜ ╘╠╣√⁹ ⌂ │⁸

9 22.5% ⁸ 8 20.0% ⁸ 3 7.5% ⁸ 3

7.5% ⁸ 2 5.0% ⌂≥≢№∫√ 17⁹ ⌐ ⅜ ∆

╢ │ ⁸╒≡╡⁸ ⌂≥ ⌂ ⅜ ™⅜⁸ ≢─

⌂ ≢│⁸ ⅜ 10 ≤ ≢ ↓╢↓≤⅜

╠╣≡™╢ 18⁹╕√⁸ ─ ≢│⁸ ─℮∟ 13%⅜

⌐ ∆╢ ≢№╡ 17⁸ ─ ≤╒╓ ≢№∫√⁹

Ⱳ☿fi♃fi⌐╟╢ │⁸ כ◔─≤╪≥╒⁸╡№≢

☻≢ ╛ ⌐╟╡ ∆╢⅜⁸ ─ →≤⌂╢ 19⁹

─ │ ₁≢ │ ≢№╢ 19⁹  

Ⱳ☿fi♃fi│⁸SLCO 1B1⁸SLCO1B3 ⌐╟∫≡ ⌐ ╡ ╕

╣╢⁹ ≢Ⱳ☿fi♃fi│⁸ ⌐ ∆╢ ABCB11 ╛

ABCC2 ⌂≥─ ─ ⌐ ╦╢♩ꜝfi☻ⱳכ♃כ╩ ∆╢ 20⁹

∕─ ⁸ ─ ⅜ ╡⁸ ℮∫ ⅜ ↓╢↓≤⅜

⌐ ∆╢≤ ╦╣≡™╢⅜ 20⁸Ⱳ☿fi♃fi⌐╟╢

─ │ ⌐ ╠⅛⌐↕╣≡™⌂™⁹╕√⁸Ⱳ☿fi♃fi│

─♅♩◒꜡ⱶ P450 CYP 3A4 ⅔╟┘ CYP2C9 ≢ ↕╣⁸

╩ ∆╢↓≤⅜ ╠╣≡™╢ 21⁹ ≢Ⱳ☿fi♃fi≤─ ⅜

╠╣≡™╢♩ꜝfi☻ⱳכ♃כ⅔╟┘ ╩ 6 ⌐ ∆⁹  

6  ≢Ⱳ☿fi♃fi≤─ ⅜ ╠╣≡™╢♩ꜝfi☻ⱳכ♃כ

⅔╟┘  
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7. ⌂  

PAH ≤™℮⅛≈≡│ ⌐ ─ ⌂ ⅜⁸ ⌂☻◒

╛◓fi♬כꜞ ≢⁸ ≢│ ⌂ ≤⇔≡ ≠

↑╠╣╢╟℮⌐⌂∫≡⅝√ 7⁹⇔⅛⇔⁸ ─ PAH ⌐≈™≡ ↄ

⅜⌂™╦↑≢│⌂™⁹ │↓╣╕≢⌐╙⁸PAH ╩ ⇔

≡╙ ╩ ≢⅝∏⌐⁸ ⌐ ─№╢ ╩ ≢⅝╢╕≢

⌐⁸ ™ ╩ ∆╢ ╩ ↄ ⇔≡⅝√⁹PAH ⌐⅔™≡

│⁸ ⌂ ─ ⅜ ╣╢↓≤│⁸ ─ ─ ⌐

∆╢↓≤⅜ ╠╣≡™╢ 13, 22⁹  

╙⇔⁸PAH ⌐ ─ ─ ⅜ ≤⌂╣┌⁸

ꜞ☻◒─ ™ ╩ ≢ ∆╢⌂≥⁸ ↔≤⌐ ⌂

╩ ⅎ╢ ⅜№╢⁹≈╕╡⁸ ⌐ ∆═⅝ ⌂ │⁸

─ ה ה ─ ⌂≥╩ ⇔≡⁸ ₁

⌐ ⌂ ╩ ⇔⁸ ─ ≤ ─ ─

╩ ∆╢⁸™╦╝╢ ─ ≤ ⅎ╢⁹  
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1  Ⱳ☿fi♃fi⌐╟╢ ⌐ ╦╢ ⱴכ◌כ─  

≤ ⸗♦ꜟ─  

 

   

Ⱳ☿fi♃fi─ │⁸PAH ⌐⅔™≡⇔┌⇔┌ ─ →

≤⌂╢√╘⁸ ⌐ ⌂ ≢№╢ 18⁹∕─√╘⁸↓╣╕≢⌐╙

Ⱳ☿fi♃fi⌐╟╢ ╩ ∆╢ ╖⅜™ↄ≈⅛

╦╣≡™╢⁹Markova ╠│⁸56 61 ⁸▪☺▪ 15 ⁸☻Ɑ

▬fi 15 ⁸▪ⱨꜞ◌ ▪ⱷꜞ◌ 5 ─ ╩ ⌐⇔√ ╩

∫√⁹ │⁸Ⱳ☿fi♃fi─ ⌐ ∆╢ CYP2C9⁸

─ ♩ꜝfi☻ⱳכ♃כ≢Ⱳ☿fi♃fi⌐╟∫≡ ↕╣╢↓≤⅜

╠╣≡™╢ ABCC2 ⅔╟┘ ABCB11⁸Ⱳ☿fi♃fi─ ┼─ ╡

╖⌐ ⇔≡™╢ SLCO 1B1 ⅔╟┘ SLCO 1B3 ⌂≥─Ⱳ☿fi♃fi≤─

⅜ ─ ⅜ ↕╣√⁹ ≤⇔≡⁸CYP2C9*2 ⅜

AST Aspartate aminotransferase ⅔ ╟ ┘ ALT Alanine 

aminotransferase ─ ≤ ⌐ ⇔≡⅔╡⁸Ⱳ☿fi♃fi⌐╟╢

≤⇔≡ ≢⅝╢ ⅜ ↕╣√ 23⁹  

⇔⅛⇔ ≢⁸Roustit ╠│⁸23 ─ ╩ ≤⇔√ ╩

⇔⁸Markova ╠≤ ⌐ CYP2C9⁸SLCO 1B1⁸SLCO 1B3⁸ABCB11

⌂≥─ ─ ╩ ⇔√≤↓╤⁸™∏╣─ ╙Ⱳ☿fi♃fi

⌐╟╢ ≤─ │ ╘╠╣⌂⅛∫√ 24⁹  

╟╡⁸Ⱳ☿fi♃fi⌐╟╢ │⁸ ─

╩╖≡™⌂™⁹  

 

∕↓≢ │⁸ ⌐⅔↑╢Ⱳ☿fi♃fi⌐╟╢

─ ╩ ╖╢↓≤╩ ⇔√⁹∕─ ─ ≤⇔≡ⱴ

▬◒꜡▪꜠▬╩ ™╢↓≤≤⇔√⁹∕─ │ 2 ≈№╢⁹1 ≈ │⁸

─ │Ⱳ☿fi♃fi≤─ ⅜ ─ ╩ ≤⇔√

≢№∫√⁹⇔⅛⇔⁸ⱴ▬◒꜡▪꜠▬╩ ™╢↓≤≢⁸ ⁸Ⱳ☿fi

♃fi≤─ ⅜ ╠╣≡™⌂™⁸╙⇔ↄ│ ═╠╣≡™⌂™ ╙
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≤⇔⁸ ⌐ ─ ╩ ℮↓≤⅜ ≤⌂╢

√╘≢№╢⁹╙℮ 1 ≈─ │⁸Ⱳ☿fi♃fi⌐╟╢

─ ⅜ ↕╣≡™╢ CYP2C9*2 ─ │⁸ ⌐

│ ⇔⌂™ ≢№╢↓≤⅜ ╠╣≡™╢ 25,  26⁹⇔⅛⇔⌂⅜

╠⁸ ⌐⅔™≡╙Ⱳ☿fi♃fi⌐╟╢ │ ≤ ─

≢ ⇔≡™╢⁹∕─√╘⁸ ≢ ╩ ℮↓≤

≢⁸↓╣╕≢ ↕╣≡™⌂™ ─Ⱳ☿fi♃fi⌐╟╢

╩ ∆╢↓≤⅜ ≤⌂╢≤ ⅎ√⁹  

 

Ⱳ☿fi♃fi ─ꜞ☻◒ ╩ ∆╢↓≤⅜≢⅝╣

┌⁸ ⌐ ╩ ∆╢ ⌐⁸ ─ ─ ╩ ═╢↓≤≢

Ⱳ☿fi♃fi⌐╟╢ ⅜ ∆╢⅛ ⅛╩ ∆╢↓≤⅜≢⅝

╢ ⅜№╢⁹∕⇔≡⁸Ⱳ☿fi♃fi ─Ɫ▬ꜞ☻◒

⌐ ⇔≡│⁸ ─ ╩ ∆╢↓≤≢⁸ ⌐╟╢ ─ ה

╛⁸ ⌂ ─ ⅜ ∂╢ꜞ☻◒╙⁸ ↕∑╢↓≤

⅜≢⅝╢↓≤⅜ ↕╣╢⁹∕↓≢ │⁸Ⱳ☿fi♃fi

─ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔√⁹  
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1  ⅔╟┘  

1  ─  

Ⱳ☿fi♃fi ─ꜞ☻◒ ╩ ∆╢√╘⌐⁸2006

8 ⅛╠ 2013 7 ╕≢⌐ ╙⇔ↄ│

 

⌐ ─ ≢⁸1 Ⱳ☿fi♃fi╩ ⇔≡⅔

╡⁸ ⌐ ╩ ∫≡™╢ ╩ ≤⇔√⁹  

  

─ ╩ AST ╙⇔ↄ│ ALT ╩ ─ 1.5  

ULN Upper limit normal ×1.5  ≤⇔√⁹Ⱳ☿fi♃fi

⅛╠ 1 ⌐⁸AST ╙⇔ↄ│ ALT ─ ╩ ╘√ ╩

№╡ ⁸ ╘⌂⅛∫√ ╩ ⌂⇔ ≤⇔⁸Ⱳ☿fi♃fi

─ ⌐╟╢ ASTהALT ─ ╛⁸Ⱳ☿fi♃fi ⌐∆

≢⌐ ─ │ ∆╢↓≤≤⇔√⁹  

 

⌂⅔⁸ ╩ ∆╢⌐№√╡⁸ⱪ꜡♩◖כꜟ╩

⅔╟┘ ─ ⌐ ⇔⁸ ╩ √⁹╕

√⁸∆═≡─ ⌐ ≤ ⌐╟╢ ⌂ ╩ ™⁸ ⌐╟╢

╩ ≡ ∫√⁹  
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2  DMET TM  puls ⌐≈™≡  

 ─ ≢│⁸ ⌐│▪ⱨ▫ⱷ♩ꜞ◒☻ ─ DMET TM  

puls ⱴ▬◒꜡▪꜠▬╩ ™√⁹  

 

DMET TM  puls │⁸ ╛♩ꜝfi☻ⱳכ♃כ⌐ ∆╢

╛ ⱴכ◌כ╩ 1 ─▪꜠▬≢ ⌐ ≤⇔≡™╢⁹

╠╣√ ─ ⌐ ≠⅝⁸ⱨ□כⱴ◖◕ⱡⱵ◒☻─

⌐ ↑√ ╩ ∆╢√╘⌐ ↕╣√ⱴ▬◒꜡▪꜠▬≢№

╢⁹  

 

∕─ ≤⇔≡⁸◘fiⱪꜟ◖כꜟ ⅔╟┘◘fiⱪꜟ ≢ ╣√

╩ ⇔⁸ ⌂Ɫⱪ꜡♃▬ⱪ ⅜ ≢⅝╢⁹∕─√╘⁸

╛♩ꜝfi☻꜠כ◦ꜛ♫ꜟ ⁸ ⅔╟┘

╛ ⌂≥ ↄ ™╢↓≤⅜ ≤⌂╢⁹  

 

─ ≢│ ⌐ ≢⅝⌂™ ↄ─ ╩ ╗ 231

1-1 ─ 1,936 ─ ⱴכ◌כ─ ⅜ ≤⌂╡⁸

FDA ⌐╟∫≡ ↕╣≡™╢╒≤╪≥─ ⱴכ◌כ╩ ⇔≡

™╢⁹231 ─ │⁸ 1 76 ⁸ 2

62 ⁸♩ꜝfi☻ⱳ52כ♃כ ⁸∕─ 41 ≢№╢⁹  
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1-1 DMET TM  puls   

    

ABCB1  ALD H2  CO MT  CYP4 F3  EPH X2  MAO A  RPL1 3  S LC2 2 A14  TBXAS1  

ABCB4  ALD H3 A1  CRO T  CYP4 F8  FAAH  MAO B  RXRA  S LC2 5 A27  TPMT  

ABCB7  ALD H3 A2  CYP1 A1  CYP4 F1 1  FMO 1  MAT1 A  S E R P I N A 7  S LC2 8 A1  TPS G1  

ABCB11  AO X1  CYP1 A2  CYP4 F1 2  FMO 2  METTL1  S LC5 A6  S LC2 8 A2  T Y MS  

ABCC1  APO A2  CYP1 B1  CYP4Z 1  FMO 3  N AT1  S LC6 A6  S LC2 8 A3  UG T1 A1  

ABCC2  ARN T  CYP2 A6  CYP7 A1  FMO 4  N AT2  S LC7 A5  S LC2 9 A1  UG T1 A3  

ABCC3  ARS A  CYP2 A7  CYP7 B1  FMO 5  NN MT  S LC7 A7  S LC2 9 A2  UG T1 A4  

ABCC4  ATP7 A  CYP2 A13  CYP8 B1  FMO 6  NQ O 1  S LC7 A8  S LCO 1 A2  UG T1 A5  

ABCC5  ATP7 B  CYP2 B6  CYP1 1 A1  G6 PD  N R1 I2  S LC1 0 A1  S LCO 1 B1  UG T1 A6  

ABCC6  CA 5 P CYP2 B7  CYP1 1 B1  GS TA1  N R1 I3  S LC1 0 A2  S LCO 1 B3  UG T1 A7  

ABCC8  CBR1  CYP2 C8  CYP1 1 B2  GS TA2  N R3 C1  S LC1 3 A1  S LCO 2 B1  UG T1 A8  

ABCC9  CBR3  CYP2 C9  CYP1 7 A1  GS TA3  O RM1  S LC1 5 A1  S LCO 3 A1  UG T1 A9  

ABCG1  CD A  CYP2 C18  CYP1 9 A1  GS TA4  O RM2  S LC1 5 A2  S LCO 4 A1  UG T1 A1 0  

ABCG2  CES 2  CYP2 C19  CYP2 0 A1  GS TA5  PG AP3  S LC1 6 A1  S LCO 5 A1  UG T2 A1  

ABP1  CHS T1  CYP2 D6  CYP2 1 A2  GS TM1  PN MT  S LC1 9 A1  S PG 7 UG T2 B4  

ADH 1 A  CHS T2  CYP2 E1  CYP2 4 A1  GS TM2  PO N1  S LC2 2 A1  S PN  UG T2 B7  

ADH 1 B  CHS T3  CYP2 F1  CYP2 6 A1  GS TM3  PO N2  S LC2 2 A2  SU LT1 A1  UG T2 B1 1  

ADH 1 C  CHS T4  CYP2 J2  CYP2 6 C1  GS TM4  PO N3  S LC2 2 A3  SU LT1 A2  UG T2 B1 5  

ADH 4  CHS T5  CYP2S 1  CYP2 7 A1  GS TM5  PO R  S LC2 2 A4  SU LT1 A3  UG T2 B1 7  

ADH 5  CHS T6  CYP3 A4  CYP2 7 B1  GS TO 1  PPARD  S LC2 2 A5  SU LT1 B1  UG T2 B2 8  

ADH 6  CHS T7  CYP3 A5  CYP3 9 A1  GS TP1  PPARG  S LC2 2 A6  S LU T1 C2  UG T8  

ADH 7  CHS T8  CYP3 A7  CYP4 6 A1  GS TT1  PPP1 R9 A  S LC2 2 A7  SU LT1 C4  VK O RC1  

AH R  CHS T9  CYP3 A43  CYP5 1 A1  GS TT2  PRSS 53 S LC2 2 A8  SU LT1 E1  XDH  

AK AP9  CHS T10  CYP4 A11  D CK  GS TZ1  PTG IS  S LC2 2 A11  SU LT2 A1   

ALB  CHS T11  CYP4 B1  D PYD  H MG CR  Q PRT  S LC2 2 A12  SU LT2 B1   

ALD H1 A1  CHS T13  CYP4 F2  EPH X1  HN MT  RALBP1  S LC2 2 A13  SU LT4 A1   
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3  DMET ▪꜠▬⌐╟╢  

 1 ─  

≤⌂∫√ 66 ─ ─ ╟╡ DNA ╩ ∫√⁹

DNA ─ ⌐│⁸QuickGene DNA whole blood kit S

╩ ™√⁹  

 

╕∏⁸RNase-free water ≢ ╖─◐♇♩ ─ 30 

µL ╩ 1.5 mL ⱴ▬◒꜡♅ꜙכⱩ─ ⌐ ⇔√⁹ 200 µL ╩

⇔⁸ ∟⌐◐♇♩ ─ 250 µL ╩ ⇔⁸ⱧⱭ♇♩╩ ™≡

⇔√⁹  

 

2,500 rpm ≢ 15 Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔√⁹

⇔≡ ⇔√⁹  

 

56 ≢ 2 ⇔√⁹  

 

◄♃ⱡכꜟ > 99 ╩ 250 µL ⇔⁸2,500 rpm ≢ 15

Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔√⁹ ⇔≡ ⇔√⁹

≢ ≤⌂╢⁹  

 

QuickGene -810 ╩ ™≡ ─ ╩ ∫

√⁹ ⇔√ ─ ┼☺♇ꜞ♩כ◌╩ ⇔√⁹ ⁸│♪כ⸗

₈DNA WHOLE BLOOD ╩♪כ⸗₉ ⇔⁸ ╩ ↕∑√⁹

⌐⁸ⱤⱠꜟ⅜ ⇔≡™╢↓≤╩ ⇔≡ DNA ╩ ⇔

√⁹Nano Drop 2000 Thermo Fisher Scientific ≢ ╠╣√ DNA

╩ ⇔⁸60 ng/ȋL⌐ ⇔√⁹  
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2 mPCR  

DMET TM  puls  ─ ─ ╩ ╘√⁹  

Genomic Plate 1 GP1 ─ ╩ ∫√⁹╕∏⁸60 ng/ȋL ⌐

⇔√◘fiⱪꜟ≤ ╩ ⇔√⁹ │ DMET Plus Premier 

Pack Kit Affymetrix ⌐ ↕╣≡™╢ ╩ ⇔√⁹  

 

DNA ◘fiⱪꜟ╩Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 30

⇔≡ ⇔√⁹ ⇔√ DNA ◘fiⱪꜟ⅔╟┘ ╩ 17 

µL ∏≈ 96 well ⱪ꜠⁹96√⇔♩♇☿⌐♩כ well ⱪ꜠כ♩╩ ≢

⇔⁸2,000 rpm ≢ 30 ⇔≡ ≢ ⇔√⁹  

 

⌐⁸Genomic Plate 2 GP2 ─ ╩ ∫√⁹1×  TE Buffer, pH 

8.0 ♃◌ꜝⱣ▬○ ╩ ⇔√⁹ ─ 96 well ⱪ꜠כ♩⌐ 10 µL ∏

≈ 1× TE Buffer ╩ ╣√⁹GP1 ≢ ⇔√◘fiⱪꜟ⅛╠ 2 µL ╩ GP2

⌐ ⅎ≡™∫√⁹ ↄⱧⱭ♇♩╩ ™≡ ⇔√ ⌐ ≢ ⇔⁸

Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔√⁹2,000 rpm ≢ 30 ⇔≡

⇔√⁹  

 

mPCR Master Mix ─ ╩ ∫√⁹ QIAGEN Multiplex PCR 

Master Mix QIAGEN ╩Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸ ⇔

≡ ⇔√⁹Q-Solution QIAGEN ╩ ⇔√⁹RNase-free water 

≤  mPCR Primer Mix QIAGEN ╩ ⇔⁸ ⇔≡ ⇔√⁹

Ⱪ⌐⁸QIAGEN Multiplex PCR Master Mix 1כꜙ♅ ,500 µL⁸mPCR 

Primer Mix 300  µL⁸5×Q-Solution  300 µL⁸RNase-free Water  600 µL

ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔ ⇔√⁹  

 

mPCR ⱪ꜠כ♩─ ╩ ∫√⁹ ⇔™ 96 well ⱪ꜠כ♩⌐

mPCR Master Mix ╩ 45 µL ≤ GP2 ⅛╠ 5 µL ╩ ⅎ⁸ ↄⱧⱭ♇♩

╩ ™≡ ⇔⁸ ≢ ⇔⁸Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸

2,000 rpm ≢ 30 ⇔≡ Life Proכꜝ◒▬◘ꜟⱴכ◘⁹√⇔
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Bioer Technology ╩ ™≡⁸ ≢ 1-1 ─ mPCR ╩

∫√⁹  

 

 

─כꜝ◒▬◘ꜟⱴכ◘ 1-1  

 

mPCR ─ⱪ꜠כ◘╩♩כⱴꜟ◘▬◒ꜝכ⅛╠ ╡ ⇔⁸2

⇔⁸2,000 rpm ≢ 30 ⇔≡ ⇔√⁹ ─ ⇔™ 96 

well ⱪ꜠כ♩ DP1⁸DP2 ╩ ⇔⁸ ⇔√ PCR Dilution Buffer

╩ 153 µL ∏≈ ⅎ√⁹  

 

DP1 ⱪ꜠⁸│⌐♩כmPCR ╩ 5 µL ∏≈ ⅎ⁸ 158 µL ≤

⇔⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹ ⌐ DP1 ⅛╠ 5 µL ⇔⁸

DP2 ⱪ꜠כ♩⌐ ⅎ⁸ 158 µL ≤⇔⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹

DP2 ─ⱪ꜠כ♩╩ ≢ ⇔⁸ ⇔√⁹  
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3 ◓fiꜞכ♬▪  

⌐ Anneal Master Mix ─ ╩ ∫√⁹DMETÊ Plus Premier 

Pack ⌐ ↕╣≡™╢ Pre-Amp Water 996  µL⁸Buffer A 300  µL⁸

Enzyme A 3.8  ȋL╩♅ꜙכⱩ⌐ ╣ ⇔√⁹  

 

GP1 ⱪ꜠כ♩╩ 2,000 rpm ≢ 30 ⇔≡ ⇔√⁹Anneal 

Master Mix ╩ 21.7 µL ∏≈ ⇔™ⱪ꜠כ♩⌐ ╣⁸GP1 ⅛╠ mPCR

╩ 13.4 µL ∏≈ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔⁸ ≢

⇔√⁹  

 

≢כ◘◐fi◓ⱤⱠꜟ╩Ⱳꜟ♥♇◒☻Ⱶꜞכ♬▪√⇔ ⇔⁸

2,000 rpm ≢ 30 ⇔≡ ⇔√⁹ 1-2 ─ⱪ꜡◓ꜝⱶ≢◘כⱴ

╩כꜝ◒▬◘ꜟ ⇔⁸ ↕∑√⁹ ⅜ 20 ⌐ ∆╢ כ♬▪⌐

ꜞfi◓ⱤⱠꜟ╩☿♇♩⇔⁸ ╩ ╘√⁹ ─ 95 ⅜ ╦╢

╩כꜝ◒▬◘ꜟⱴכ◘⁸≢ ╩ꜟfi◓ⱤⱠꜞכ♬▪⁸∑↕ ╡

⇔⁸2 ╩ꜟfi◓ⱤⱠꜞכ♬▪⁹╢∆ ⇔⌂⅜╠⁸12 ─

⌐Ⱪכꜙ♅ DMET Plus Panel Kit box ⌐ ↕╣≡™╢ DMET MIP 

Panel ╩ ⌐ꜟfi◓ⱤⱠꜞכ♬▪⁹√⇔ 5 µL ─ DMET MIP Panel

╩ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹ ≢ ⇔≡Ⱳꜟ♥♇◒☻

Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 30 ⇔≡ ⇔√⁹ⱪ꜠כ♩

⌐כꜝ◒▬◘ꜟⱴכ◘╩ ⇔⁸ ⇔√⁹◘fiⱪꜟ╩ 16

⇔√⁹  
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◓fiꜞכ♬▪ 1-2 ─כꜝ◒▬◘ꜟⱴכ◘─≢  

 

 

4 ⌐╟╢▪♇☿▬ⱪ꜠כ♩─  

 Gap Fill Mix ─ ╩ ∫√⁹DMET Plus Pre -Amp Kit box ⌐

↕╣≡™╢ Gap Fill Mix1 ⅔╟┘ Gap Fill Mix 2 ╩ ⇔⁸Gap 

Fill Mix 2 ╩ 190 µL ⌐Ⱪכꜙ♅≈∏ ↑⁸Gap Fill Mix1 ╩ 10 µL ∏

≈ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹ ⇔√ Gap Fill Mix ╩ 14 µL

⌐Ⱪכꜙ♅≈∏ ↑⁸ ⇔√⁹  

 

╠⅛כꜝ◒▬◘ꜟⱴכ◘╩♩כ꜠fi◓⇔√ⱪꜞכ♬▪ ╡ ⇔⁸

⇔≡ 2,000 rpm ≢ 30 ⇔≡ ⇔√⁹◘fiⱪꜟ⌐ Gap Fill Mix

╩ 2.5 µL ∏≈ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹ ≢ ⇔⁸Ⱳ

ꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 30 ⇔≡ ⇔

√⁹ ⇔™ 96 well ⱪ꜠כ♩⌐ 12 µL ∏≈ ⅎ⁸ ≢ ⇔⁸2,000 

rpm ≢ 30 ⇔≡ ╩כꜝ◒▬◘ꜟⱴכ◘⁹√⇔ 1-3 ⌐

⇔⁸ ↕∑√⁹ ⅜ 58 ⌐ ⇔√╠ⱪ꜠⁸⇔♩♇☿╩♩כ

╩ ↕∑√⁹  
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1-3 ▪♇☿▬ⱪ꜠כ♩ ─כꜝ◒▬◘ꜟⱴכ◘─≢  

 

dNTP ─ ╩ ∫√⁹DMET Plus Pre -Amp Kit box ⌐ ↕╣≡

™╢ dNTP Mix ╩ ⇔≡ ⇔⁸ ⇔√⁹58 ╩ ⇔≡ 11

⅜ ⇔√ ╩כꜝ◒▬◘ꜟⱴכ◘⁸≢ ↕∑⁸▪♇☿▬ⱪ꜠כ

♩╩ ╡ ⇔√⁹2 ↕∑ 2,000 rpm ≢ 30 ⇔⁸dNTP

╩ 5 µL ∏≈ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹ ≢ ⇔⁸2,000 

rpm ≢ 30 ⇔≡ ⌐כꜝ◒▬◘ꜟⱴכ◘⁸⇔ ⇔⁸ ╩

↕∑√⁹  

 

DMET Plus Pre -Amp Kit box ⌐ ↕╣≡™╢ Exo Mix ╩ ⇔

─כꜝ◒▬◘ꜟⱴכ◘⁹√ ⅜ 37 ⌐⌂∫√ ▬◘ꜟⱴכ◘⁸≢

╩כꜝ◒ ↕∑⁸▪♇☿▬ⱪ꜠כ♩╩ ╡ ⇔⁸2 ⇔⁸2,000 

rpm ≢ 30 ⇔√⁹◘fiⱪꜟ⌐ Exo Mix ╩ 5 µL ∏≈ ⅎ⁸ⱧⱭ

♇♩╩ ™≡ ⇔√⁹ ≢ ⇔⁸Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢

⇔⁸2,000 rpm ≢ 30 ⇔⁸ⱪ꜠כ◘╩♩כⱴꜟ◘▬◒ꜝכ⌐

⇔⁸ ↕∑√⁹  

⅜כꜝ◒▬◘ꜟⱴכ◘ 95 ≢ 5 ⇔≡™╢ ⌐⁸DMET Plus 

Pre -Amp Kit box ⌐ ↕╣≡™╢ Universal Amp Mix ╩ ⇔√⁹
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Cleavage Enzyme ≤ TITANIUM Taq Polymerase ╩ ╡ ⇔⁸

Universal Amp Mix ╩Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸ ⇔√⁹

Cleavage Enzyme ≤ TITANIUM Taq Polymerase │ ⇔⁸ ─

╖ ∫√⁹Universal Amp Mix ⌐ Cleavage Enzyme ╩ 25 µL ⅎ√⁹

↕╠⌐⁸TITANIUM Taq Polymerase ╩ 70 µL ⅎ⁸ⱧⱭ♇♩╩ ™

≡ ⇔√⁹95 ─ ⅜ ╦╡ 60 ≤⌂∫√ ⱴכ◘⁸≢

╩כꜝ◒▬◘ꜟ ↕∑⁸▪♇☿▬ⱪ꜠כ♩╩ ╡ ⇔√⁹2

⇔⁸2,000 rpm ≢ 30 ⇔≡ ⇔√⁹◘fiⱪꜟ⌐ ⇔√

Universal Amp Mix ╩ 30 µL ∏≈ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹

≢ ⇔⁸Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 30

⌐כꜝ◒▬◘ꜟⱴכ◘⁸⇔ ⇔⁸ ╩ ↕∑√⁹  
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5 PCR Clean -up ≤ PCR ─ Quality control QC  

 ⌐ PCR Clean Up Mix ─ ╩ ∫√⁹DMET Plus Labeling Kit 

box ⌐ ↕╣≡™╢ PCR Clean Up Mix ╩ ⇔⁸◘fiⱪꜟ⌐ PCR 

Clean Up Mix 2.5  µL ∏≈ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹

≢ ⇔⁸Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 30

⇔≡ ⌐כꜝ◒▬◘ꜟⱴכ◘⁸⇔ ⇔⁸ 1-4 ⌐ ⇔≡ ↕∑

√⁹  

 

 

 

 

1-4  Clean -Up ─כꜝ◒▬◘ꜟⱴכ◘─≢  

 

כꜝ◒▬◘ꜟⱴכ◘ ⁸▪♇☿▬ⱪ꜠כ♩╩ ╡ ⇔⁸ 2,000 

rpm ≢ 30 ⇔√⁹TE Buffer  8 ȋL≤ Loading Buffer  2 ȋL≤

▪♇☿▬ⱪ꜠כ♩ 2 µL ╩ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹

≢ ⇔⁸ ⌐ ⇔⁸3 ⌐ꜟ◕☻כ꜡●▪ 10 µL ╩ ⇔≡

120 V ≢ 20 ⇔√⁹ ≡─◘fiⱪꜟ⌐⅔™≡ PCR ─ QC

│ ⌂™↓≤╩ ⇔√⁹  
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6 ⱨꜝ◓ⱷfi♥כ◦ꜛfi≤ ─ QC  

 ⌐⁸Fragmentation Master Mix ─ ╩ ∫√⁹ ─ ⌐☿♇

♩⇔√ ⌐ Ⱪ⌐⁸DMET Plus Labeling Kit boxכꜙ♅™⇔ ↕╣

≡™╢ Fragmentation Buffer 60  ȋL≤ Post-Amp Water  536 µL ╩

ⅎ⁸5 ⇔√⁹DMET Plus Labeling Kit box ⌐ ↕╣≡™╢

Fragmentation Reagent ╩ⱨꜞכ◙כ⅛╠ ╡ ⇔⁸3 ⇔≡⁸

∆←⌐ ⇔⁸Fragmentation Reagent 4.1  µL ⌐Ⱪכꜙ♅╩ ⅎ√⁹

Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm⁸3 ⇔≡ ⇔⁸

∆←⌐ ⇔√⁹  

 

▪♇☿▬ⱪ꜠כ♩⅛╠ 25 µL ∏≈ ⇔™ⱪ꜠כ♩⌐ ⇔⁸ ⇔√⁹

Fragmentation Master Mix ╩ 45 µL Ⱪ⌐≤╡⁸10 µLכꜙ♅ ∏≈▪

♇☿▬ⱪ꜠כ♩⌐ ⅎ⁸ⱧⱭ♇♩╩ ™≡ ⇔√⁹ ≢ ⇔⁸

Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 30 ⇔≡ ⇔

⁸⇔♩♇☿⌐כꜝ◒▬◘ꜟⱴכ◘⁹√ 1-5 ─ ╩⇔√⁹  

  

 

1-5 ⱨꜝ◓ⱷfi♥כ◦ꜛfi─ ─כꜝ◒▬◘ꜟⱴכ◘─≢  
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ⱨꜝ◓ⱷfi♥כ◦ꜛfi ╩ ⅎ√ⱪ꜠כ♩⅛╠ 10 µL ∏≈ ⇔™

ⱪ꜠כ♩⌐ ⇔√⁹ ─ⱪ꜠כ♩│ ┘ ≢ ⇔√⁹ ⇔

™ⱪ꜠כ♩─ ⌐ Loading Buffer ╩ 2 µL ∏≈ ⅎ⁸ⱧⱭ♇♩╩

™≡ ⇔√⁹ ≢ ⇔⁸Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ 3

⇔⁸2,000 rpm ≢ 30 ⇔≡ ⇔√⁹10 µL ─ ╩ 3%

⌐ꜟ◕☻כ꜡●▪ ⇔⁸120 V ≢ 24 ⇔√⁹50 bp ⌐

∆╢Ᵽfi♪≢⁸ ⅜< 120 bp ≢№╢↓≤╩ ⇔√⁹  

≡─◘fiⱪꜟ⌐⅔™≡ⱨꜝ◓ⱷfi♥כ◦ꜛfi ─◘fiⱪꜟ─ QC │

⌂™↓≤╩ ⇔√⁹  
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 7 ꜝⱬꜞfi◓  

⌐⁸Labeling Master Mix ─ ╩ ∫√⁹DMET Plus Labeling 

Kit box ⌐ ↕╣≡™╢ Post-Amp Water  24 ȋL⁸DNA Labeling 

Reagent  54 ȋL⁸5× TdT Buffer  420 ȋL⁸TdT Enzyme  102 ȋL╩ ⅎ⁸

Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 3 ⇔≡ ⇔

√⁹  

 

45 ȋL─ Labeling Master Mix ≈∏Ⱪ⌐≤╡⁸10 ȋLכꜙ♅╩

⌐ ⅎ√⁹ⱧⱭ♇♩╩ ™≡ ⇔⁸ ≢ ⇔≡Ⱳꜟ♥♇◒

☻Ⱶ◐◘כ≢ ⇔⁸2,000 rpm ≢ 30 ⇔√⁹ⱪ꜠כ◘╩♩כ

ⱴꜟ◘▬◒ꜝכ⌐ ⇔⁸ 1-6 ⌐ ⇔≡ ↕∑√⁹  

  

1-6 ꜝⱬꜞfi◓ ─כꜝ◒▬◘ꜟⱴכ◘─≢  

 

 

 

 

 

 



  

34 

 

8 Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi  

 Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi○כⱩfi╩ ↕∑⁸49 ⌐ ⇔⁸35 

rpm ≢ ↕∑√⁹DMET Plus Hyb -Stain Kit box ⌐ ↕╣≡™╢

Hybridization ≤ Oligo Control Reagent ╩ⱬfi♅ ⌐

⇔≡⁸ ≢ ⇔√⁹ ⇔≡™╢─╩ ⇔≡⁸Oligo Control 

Reagent │ ⇔√⁹ⱬfi♅─ ─ ≢▪꜠▬╩ ⇔√⁹10

≢▪꜠▬╩ ╘√⁹200 µL ─ⱧⱭ♇♩♅♇ⱪ╩▪꜠▬ ⌐☿

♇♩⇔√⁹Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfiⱴ☻♃כⱵ♇◒☻─ ≤⇔≡⁸

50 µL ─ Oligo Control Reagent ╩ Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi

⌐ ⅎ√⁹10 ⇔⁸ − ╦∑√⁹reagent reservoir ⌐Ɫ▬

Ⱪꜞ♄▬♀כ◦ꜛfiⱴ☻♃כⱵ♇◒☻╩ ⅎ⁸ ⇔√⁹ ⌐⁸Ɫ▬

Ⱪꜞ♄▬♀כ◦ꜛfi 96 well ⱪ꜠כ♩╩ ⇔⁸ ⇔√⁹◘fiⱪ

ꜟ─ⱪ꜠כ♩╩ 2,000 rpm ≢ 30 ⇔⁸ ⇔√⁹92 µL ∏≈Ɫ

▬Ⱪꜞ♄▬♀כ◦ꜛfiⱴ☻♃כⱵ♇◒☻╩Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi

ⱪ꜠כ♩⌐ ╣√⁹∕↓⌐⁸◘fiⱪꜟ╩ 8 µL ∏≈ ⅎ⁸ⱧⱭ♇♩╩

™≡ ⇔√⁹ ≢ ⇔⁸Ⱳꜟ♥♇◒☻Ⱶ◐◘כ≢ ⇔⁸2,000 

rpm ≢ 30 ╩כꜝ◒▬◘ꜟⱴכ◘⁹√⇔ 1-7 ⌐ ⇔⁸95

⌐⌂∫√ ≢ ⇔⁸ⱪ꜠כ♩╩☿♇♩⇔≡ ↕∑√⁹  

 

1-7 Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi ─כꜝ◒▬◘ꜟⱴכ◘─≢  

 

 10 ╩ ∫√ ⌐⁸ⱪ꜠כ♩╩ ╡ ⇔⁸2 ⇔

√ ⁸2,000 rpm ≢ 30 ⇔≡ ⇔√⁹95 µL ╩ ™ ⇔⁸▪

꜠▬⌐ ⇔√⁹Ɫ▬Ⱪꜞ♄▬♀כ◦ꜛfi○כⱩfi⌐▪꜠▬╩☿♇♩

⇔⁸49 35 rpm ≢ 16 ⇔√⁹  



  

35 

 

 9 ▪꜠▬─ ╖ ╡  

 ▪꜠▬─ ╖ ╡│⁸Affymetrix GeneChip ® Command Console ╩

™≡ ∫√⁹DMET Plus Hyb -Stain Kit box ⌐ ↕╣≡™╢ Stain 

Buffer ⁸Hold Buffer ≤ DMET Plus Premier Pack Reagent Kit box

⌐ ↕╣≡™╢ Wash Solution A ⁸Wash Solution B ╩ ⇔√⁹  

│Ɽ♁◖fi ≢ ™⁸▪꜠▬─ ≤ ⅝ ↑⅔╟┘ ╖ ╖╩

℮⁹1 ☿♇♩─ ≤ ⅝ ↑⅜ ⇔√╠⁸∕─▪꜠▬╩ ╡

╩⁸Ɽ♁◖fi≡⇔♩♇☿⌐כ♫ꜗ◐☻⁸⇔ ⇔⁸ ╖ ╖╩ ∫√⁹

⌐ 6 ╒≥⁸ ╖ ╖ │ 6-7 ╩ ⇔√⁹  

│⁸ ─ⱨ◊ꜟ♄כ⌐ ╡ ╖╩ ∫√⁹  
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 4   

 DMET TM  puls ⌐╟∫≡ ╠╣√ ─ ╩ №

╡ ≤ ⌂⇔ ⌐ ↑≡ ≢ ╩ ∫√⁹  

  

1 ─ QCהSNP ─ QC 

╕∏⁸ ─ QC Quality control ╩ ∆╢ ≢⁸ ─ Call 

rate ╩ ⇔√⁹ ─ Call  rate ≤│⁸1,936 ─ ≢ ⅜

Call ↕╣√ ─ ╩ ⇔≡™╢⁹ ⌐≈™≡ ⇔⁸Call rate 

⅜ 95% ─ ⌐≈™≡│ ⅛╠ ⁸№╢™│ ♃▬Ⱨfi

◓⇔√⁹  

 

⌐⁸ Single Nucleotide Polymorphism : SNP ─ QC

╩ ⇔√⁹66 ∆═≡─ ─ ⅛╠ monomorphic SNP

≤⌂╠⌂™ SNP⁸∆═≡ⱱ⸗ ╩ ∆╢ ⅜№╡⁸

▪꜠ꜟ 0.001 ≤⌂╢ │ ⅛╠ ∆╢↓≤≤⇔√⁹  

 

⌐⁸Ɫהכ▫♦כ꞉▬fiⱬꜟ◓ HWE ╩ ⇔⁸HWE

┼─ ╩ ⇔√⁹HWE ≤│⁸  

1. ─◘▬☼⅜ ⅝™   

2. ↓─ ⌐ ⇔≡⁸ ─ ⅜ꜝfi♄ⱶ ≢№╢   

3. ↓─ ⌐ √⌂ ⅜ ∂⌂™   

4. ⅛╠⁸№╢™│⁸ ┼─ ⅜⌂™   

5. ↓─ ⌐ ⇔≡ ⅜⌂™⁸≈╕╡⁸ ≢

⌐ ⅜⌂™   

≤™℮ ─ ⌐⅔™≡⁸№╢ ⌐ A⁸B 

⅜⁸∕╣∙╣─ p⁸q ⌐≡ ∆╢ ⁸ ⅜  

A/A = p2  

A/B = 2pq  

B/B = q2  

≤⌂╢ ╩ ⇔≡™╢⁹  
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─ ─ ╩ A/A⁸A/B⁸B/B ─ 3 ⌐ ↑⁸

∕╣∙╣─ ╩ ⇔√⁹ ⌐⁸∕╣∙╣─ ╩Ɽכ☿fi

♩⌐ ⇔√⁹ ⌐⁸H WE ─ ⅛╠ ─ ╩

⇔√⁹ ╩ ∆⁹  

 

A/A  50  

A/B  13  

B/B  3  

 

A/A ᵑ  75.8 % 

A/B ᵒ  19.7 % 

B/B ᵓ  4.5 % 

 

A  85.6 % 

B  14.4 % 

 

A/A = p2⁸A/B = 2pq⁸B/B = q2 ─ ⌐№≡│╘⁸

─ ╩ ⇔√⁹  

HWE ─ ⅛╠─ A/A ᵔ  73.3 % 

HWE ─ ⅛╠─ A/B ᵕ  24.6 % 

HWE ─ ⅛╠─ B/B ᵖ  2.1 % 

 

HWE ┼─ ─ɬ 2
hwe │⁸ ≤⌂╢⁹  

ɬ 2
hwe = (ᵑ -ᵔ )2 /ᵔ )+(ᵒ -ᵕ )2 /ᵕ+(ᵓ -ᵖ )2 /ᵖ  

 

↓─ ≢ ─ɬ 2
hwe ╩ ⇔√⁹ɬ 2 ╩ ⇔⁸  

ɬ 2
hwe 13.82 ≤⌂╢ ⌐⁸HWE ┼─ P < 0.001

≤⌂╢√╘⁸∕╣╠─ ╩ ⇔√⁹  
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2 Jonckheere -Terpstra trend  

⌐⁸ ≤⌂∫√ 670 ╩ ⌐⁸ ▪꜠ꜟ ─ ⌐

♩꜠fi♪ ╩ ╘╢⅛ ∆╢√╘⌐⁸Jonckheere -Terpstra 

trend ╩ ∫√⁹  

╕∏⁸ ─ A/A⁸A/B⁸B/B ╩ 0⁸1⁸2 ≤ ⌐ ⇔√⁹  

№╡ ≤ ⌂⇔ ⌐ ↑≡⁸Jonckheere -Terpstra 

trend ╩ ⇔⁸P < 0.05 ╩ №╡≤⇔√⁹  

 

3 ─  

⌐⁸Jonckheere -Terpstra trend ≢ P < 0.05 ≤⌂∫√

╩ ⌐⁸Spearman ─ ╩ ™≡ ╩ ⇔√⁹

≤│⁸ ≢ ⅜ ⌐ ™ ╩ ⌐

⌐ ╣≡ ╩ ℮≤⁸ ⇔™ ⌐ ╩ ╓∆↓≤⅜

╠╣≡™╢⁹∕─√╘⁸ ⅜ ™ ─ ╖ ╦∑│⁸

╩ ∆╢ ⅜№╢⁹  

Spearman ─ ─ ⅜ 0.9 ─ ╖ ╦∑─℮∟⁸

╩ ∆╢↓≤≤⇔√⁹  

 

4 ☻♥♇ⱪ꞉▬☼  

Spearman ─ ╩ ⇔⁸ ∫√ ╩ ⌐☻♥♇

ⱪ꞉▬☼ ╩ ∫√⁹☻♥♇ⱪ꞉▬☼ ≤│

꜡☺☻♥▫♇◒ ⸗♦ꜟ╩ ∆╢ ─ ≢№╡⁸

≤╙ ┌╣╢⁹ ─ ╡ ╖╩ ℮ ⌐ ↕╣╢ ≢

№╢⁹  

⌂⅔⁸ ╠╣≡™╢ │⁸ ⌐ ─№╢ ⅛╠

╠╣≡™╢⁹∕─√╘⁸ ╩ ∆╢ ≢⁸ ⌐ ─

№∫√ ⅔╟┘ ◒꜠▪♅♬fi ╩ ⌐ ⅎ≡⁸ ╩

℮↓≤≤⇔√⁹  
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5 ROC  

╩ ↕∑╢ ≤⌂╡℮╢ ≤⇔≡⁸ ─ ─

▪꜠ꜟ ⅜ 0.000 ≢№╢ ╩ ⅛╠ ⇔√⁹  

⌐⁸ ╠╣√ ⅔╟┘ fi♬♅▪꜠◒ה ╩ ™≡ ROC

Receiver Operating Characteristic ╩ ™⁸

⸗♦ꜟ─ ╩ ∫√⁹  

ROC ⅛╠  

TP: true positive №╡╩ ⇔≡⁸ ⇔ↄ₈

⅜№╢₉≤ ⅎ╢  

FN: false negative №╡╩ ⇔≡⁸ ∫≡₈

⅜⌂™₉≤ ⅎ╢  

FP : false positive ⌂⇔╩ ⇔≡⁸ ∫≡₈

⅜№╢₉≤ ⅎ╢  

TN: true negative ⌂⇔╩ ⇔≡⁸ ⇔ↄ₈

⅜⌂™₉≤ ⅎ╢  

4 ╩ ↑╢◌♇♩○ⱨ ⅛╠ ⁸ ╩ ∆╢⁹

⁸ │ ≢ ⇔√⁹  

 =  / +  

 =  / +  

 

◌♇♩○ⱨ │⁸₈  Έ 1 Έ ₉⅜ ≤⌂╢ ╖ ╦

∑⅛╠ ∆╢ Youden Index ╩ ™≡ ⇔√⁹  

 

↓╣╠─ │⁸R R-2.7.0 ⅔╟┘ JMP10 SAS Institute Inc

╩ ™≡ ∫√⁹  
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2    

1   

 │ 69 ≢№∫√⁹ №╡ │ 26 ⁸

⌂⇔ │ 43 ≢№∫√⁹∕─℮∟⁸ №╡ ─ 3 ╩ ⇔

√⁹∕─ │⁸1 │Ⱳ☿fi♃fi 19 ⌐ ╩

⇔⁸AST = 4.61×ULN  ALT = 0.68 ×ULN ≤⌂∫√⁹ ─ 1 │⁸

⅜№╡⁸ ⌐∆≢⌐ AST = 9.58×ULN  ALT 

= 10.26×ULN ≤ ⅜ ╠╣√⁹ ─ 1 ╙ ⌐

⅜№╡⁸Ⱳ☿fi♃fi ⌐∆≢⌐ AST = 2.35×ULN  ALT = 

2.21×ULN ≤ ⅜ ╠╣√√╘⌐⁸ ⅛╠ ⇔√⁹  

≤⌂∫√ ⌐⁸ ►▬ꜟ☻ ╛ ⌂≥

⌐Ⱳ☿fi♃fi⌐╟╢ ⌐ ∆╢ ⅜⌂™↓≤╩ ⇔

√⁹  

 

≤⌂∫√ ╩ 1-2 ⌐ ∆⁹ ≢│⁸ ⅔

╟┘ ◒꜠▪♅♬fi ⌐ ≢ ⌂ ⅜№∫√⁹  

Ⱳ☿fi♃fi ⌐ ⅜ ⇔√ ─ ≤∕─ ─

⌐≈™≡ 1-3 ⌐╕≤╘╢⁹ №╡ │⁸Ⱳ☿fi♃fi ⌐

╟╢ ⅛╠ ⇔√⁹ASTהALT ⅜ ULN ×1.5 ╕≢

∆╢√╘⌐ ⇔√ │⁸26.9±20.7 ≢№∫√⁹∕─ ─

Ⱳ☿fi♃fi─ ה ה ─ ╩ 1-4 ⌐╕≤╘╢⁹  
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1-2  

 
 

№╡  

 

⌂⇔  
P  

 (n)  23 43 - 

 ( )  
65.0 

(50-75) 

54.8 

(14-84) 
P = 0.012 *  

/   4/19 11/32 P > 0.05 

 ( ) 

m 2 

1.48 

(1.19-1.84) 

1.57 

(1.19-2.42) 
P > 0.05 

Ⱳ☿fi♃fi  

(mg)  

188.86 

(62.5-250) 

213.66 

(62.5-250) 
P > 0.05 

I/HPAH (%)  4 (17.4%) 9 (20.9%) P > 0.05 

CTD -PAH (%)  6 (26.1%) 12 (27.9%) P > 0.05 

CHD -PAH (%)  0 (0.0%) 4 (9.3%) P > 0.05 

PoPH (%) 1 (4.3%) 0 (0.0%) P > 0.05 

LHD -PH (%)  1 (4.3%) 1 (2.3%) P > 0.05 

Lung -PH (%)  2 (8.7%) 4 (9.3%) P > 0.05 

Others (%)  9 (39.1%) 13 (30.2%) P > 0.05 

mPAP (mmHg)  34.9 (12-55) 40.4 (13-78) P > 0.05 

PVR 

(dyne*sec/cm5) 

610.8 

(46-1362) 

718.3 

(34-2771) 
P > 0.05 

CI (L/min/m 2) 
2.57 

(1.44-6.29) 

2.53 

(1.39-4.29) 
P > 0.05 

AST (IU/L)  23.2 (14-44) 21.2 (10-38) P > 0.05 

ALT (IU/L)  17.6 (8-30) 16.7 (8-38) P > 0.05 

BNP (pg/ mL ) 
167.7 

(9.11-856.87) 

132.0 

(5.53-527.08) 
P > 0.05 

◒꜠▪♅♬fi  

(mg/dL ) 

0.66 

(0.42-1.07) 

0.79 

(0.44-1.41) 
P = 0.011 *  

eGFR  

(mL /min/1.73 ) 

76.8 

(43.6-110.3) 

71.8 

(39-157) 
P > 0.05 

WHO   

( ) 

2.7 

(2-4) 

2.86 

(2-4) 
P > 0.05 

* Unpaired t - test,  
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1-3 №╡ ─ ≤∕─ ─  

 
─  

Ⱳ☿fi♃
fi

(mg) 

AST /ALT  
Ⱨכ◒╕
≢─

(days) 

× 
ULN 

of 
AST  

× 
ULN 

of 
ALT  

─  

≢⅝
√Ⱳ☿fi
♃fi

(mg)  

1 250 43 1.68 2.21  - 

2 250 56 12.0

3 

21.2

1 

 - 

3 62.5 49 4.55 7.85  - 

4 125 145 7.26 3.59  - 

5 250 55 3.48 3.15  125 

6 250 215 2.74 4.38  250 

7 250 41 4.90 3.44  125 

8 62.5 26 2.26 3.09  - 

9 250 49 3.68 3.44  - 

10 187.5 91 15.3

2 

12.6

8 

 - 

11 62.5 13 1.77 1.76  - 

12 250 59 1.35 1.97  125 

13 187.5 25 1.77 1.94  125 

14 250 51 1.90 3.15  250 

15 187.5 54 2.48 1.59  250 

16 187.5 116 2.74 1.65  - 

17 125 135 2.48 1.71  125 

18 93.75 70 10.7

4 

18.0

0 

 - 

19 187.5 155 1.77 2.65  250 

20 250 358 7.48 4.47  250 

21 125 28 2.65 2.88  125 

22 250 295 1.74 1.79  250 

23 250 280 1.97 2.44  250 

 

 

 

 

 



  

43 

 

 1-4 ─ ≤ ╕≢─  

─  
∆╢╕≢─

 
 

 21 1 

 42 2 

 20 3 

 12 4 

 7 8 

 21 9 

 10 10 

 14 11 

 66 16 

 29 18 

 35 5 

 28 7 

 26 12 

 6 6 

 7 13 

 14 14 

 49 15 

 14 17 

 93 19 

 14 20 

 21 21 

 42 22 

 27 23 
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 2  ─ QCהSNP ─ QC 

 DMET TM  puls ⌐╟∫≡ ╠╣√ ─ ╩ №

╡ ≤ ⌂⇔ ⌐ ↑≡ ≢ ╩ ∫√⁹   

╕∏⁸ ─ QC Quality Control ╩ ∆╢ ≢⁸ ─ Call 

rate ≈╕╡ 1,936 ─ ≢ ⅜ Call ↕╣√ SNP ─ ╩

⇔√⁹ ╠╣√ ≢│ ≡─ ─ Call rate ⅜ 95%

≢№╡⁸ ⅛╠ ∆═⅝ │⌂⅛∫√⁹  

⌐⁸SNP ─ QC ╩ ⇔√⁹66 ∆═≡─ ─ ⅛╠

∆═≡ⱱ⸗ ≢ ≤⌂╠⌂™ SNP⁸≈╕╡▪꜠ꜟ 0.001

≤⌂∫√ 1,237 ─ ╩ ⇔√⁹  

⌐⁸HWE ╩ ⇔⁸HWE ┼─ ╩ ⇔√⁹ 

╕∏⁸ ─ ─ ╩ A/A⁸A/B⁸B/B ─ 3 ⌐

↑⁸∕╣∙╣─ ╩ ⇔√⁹ ⌐⁸∕╣∙╣─ ╩Ɽ

⌐♩fi☿כ ⇔√⁹ ⌐⁸HWE ─ ⅛╠ ─

╩ ⇔√⁹  

HWE ┼─ ─ɬ 2
hwe 13.82 ⁸≈╕╡ HWE

┼─ P < 0.001 ≤⌂╢√╘⁸ ─ 29 ╩ ⇔⁸∕

╣ ─ 670 ╩ ⇔√⁹  

 

 

 

 

 

 

 

 

 

 

 

 



  

45 

 

3  Jonckheere -Terpstra trend  

 ≤⌂∫√ 670 ╩ ⌐⁸ ▪꜠ꜟ ─ ⌐

♩꜠fi♪ ╩ ╘╢⅛ ∆╢√╘⌐⁸Jonckheere -Terpstra trend 

╩ ∫√⁹  

╕∏⁸ ─ A/A⁸A/B⁸B/B ╩ 0⁸1⁸2 ≤ ⌐ ⇔

√⁹ №╡ ≤ ⌂⇔ ⌐ ↑≡⁸ Jonckheere -

Terpstra trend ╩ ⇔⁸ P < 0.05 ╩ №╡≤⇔√⁹

Jonckheere -Terpstra trend ≢ 16 ⅜ ↕╣√ 1-

5 ⁹Jonckheere -Terpstra trend ≢ ↕╣√ ╩ 1-6⌐⁸

ⱥכ♩ⱴ♇ⱪ╩ 1-8 ⌐ ∆⁹Jonckheere -Terpstra trend ─ P

╩ ∆ 1-7 ⁹  

1-5  Jonckheere -Terpstra trend ≢ ↕╣√ ─  

 Rs  SNP P  

SLC13A1  rs6962039  SLC13A1_c.*1214C>T  0.0141 

CHST3  rs4148953  CHST3_c.*4770G>A  0.0182 

CHST13  rs6783962  CHST13_c.180+1473T>G  0.0191 

CHST13  rs1873397  CHST13_c.180+2676G>C  0.0191 

ABCB4  rs8187791  ABCB4_c.696C>T(A232A)  0.0208 

GSTA4  rs7496  GSTA4_c.*429G>A  0.0328 

SLC10A2  rs188096  SLC10A2_c.511G>T(A171S)  0.0361 

POR rs2286824  POR_c.*372G>A  0.0373 

SLC10A2  rs279941  SLC10A2_c.*315G>T  0.0395 

CYP2C18 rs41291550  CYP2C18_c.204T>A(Y68X)  0.0402 

CYP2C19 rs4986893  CYP2C19*3_17948G>A(W212X)  0.0402 

ABCC2  rs3740066  ABCC2_c.3972C>T(I1324I)  0.0412 

CHST13  rs4305381  CHST13_c.98-5237A>C  0.0451 

GSTA4  rs405729  GSTA4_c.*487G>A  0.0481 

GSTA4  rs367836  GSTA4_c.*137A>C  0.0481 

PPARG  rs1152003  PPARG_c.*1411G>C  0.049 
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1-8 Jonckheere -Terpstra trend ≢ ↕╣√ ─ⱥכ♩

ⱴ♇ⱪ  
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1-6 Jonckheere -Terpstra trend ≢ ↕╣√  
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1-7 Jonckheere -Terpstra trend ─ P  
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