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⾎圧の
1. ゲノムワイド関連解析（GWAS）
• 遺伝的成因の全体像
• 発症予測

2. 薬剤標的探索



ヒトの疾患感受性遺伝⼦を⾒つ
けて病気を解明する
• 疾患感受性遺伝⼦とは

• DNA変異により、その病気の罹り易さ（感受性）が変わる遺伝⼦

• ⾒つける意義
• 病気の仕組みの解明
• 創薬ターゲットの探索
• 個⼈の発症予測・⾄適治療法の選択（Precision medicine）

• 疾患感受性遺伝⼦の探索法
• 多因⼦の、ありふれた疾患

• ゲノムワイド関連解析
• 単⼀遺伝⼦による稀な疾患（メンデル型疾患）

• 連鎖解析



DNA変異と体質
• アルデヒド脱⽔素酵素2遺伝⼦
• DNA変異

• c.1510G>A (p.Glu504Lys) rs671
・・・ACT GAA GTG・・・

↓
・・・ACT AAA GTG・・・

• 遺伝型GGの⼈
• お酒飲める

• 遺伝型AGの⼈
• 酵素活性が1/16
• お酒を飲むと⾚くなる

• 遺伝型AAの⼈
• 酵素活性ない
• お酒が飲めない

エタノール
↓
アセトアルデヒド→毒性
↓アルデヒド脱⽔素酵素2
酢酸

アミノ酸変わる

https://proteinswebteam.github.io/interpro-blog/2014/05/01/Dionysian-mysteries-the-aldehyde-dehydrogenase-(ALDH)-family/



DNA変異と疾患
• ヘモグロビンβ遺伝⼦
• 変異

• c.20A>T (p.Glu7Val) rs334
• βSアリル

• 変異ホモ接合
• ヘモグロビンが凝集
• ⾚⾎球が鎌状になる
• ⾚⾎球が壊され貧⾎に

• 変異ヘテロ接合
• 貧⾎ない
• マラリア原⾍に感染しにく

い

Jorde et al. Medical Genetics 4th ed, Fig. 3-8



関連解析のコンセプト
• 疾患と⼀塩基多型（SNP）に着⽬

• ⽣体階層構造の両端に離れている
• 統計的関連（相関）が、ヒトでの因果

関係を⽰唆する
• 中間は、ブラックボックスとしてよい

• 関連解析
• 疾患と関連するSNPを⾒つける
• 関連SNPの位置にある遺伝⼦が、疾患

感受性遺伝⼦のはず
• ゲノムワイドに関連SNPsを探索するの

が、ゲノムワイド関連解析（GWAS）
• モデル⽣物実験に展開、逆に検証
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SNPと疾患の統計的関連
• i 番⽬の⼈の遺伝⼦型を

xi = 0, 1, 2
• 例、SNPがG/Aのとき、

0 (GG), 1 (AG), 2 (AA)
• i 番⽬の⼈の⾎圧値を yi

• 両者の統計的関連を線形
回帰で検定
• 誤差 ei ~ Normal(0, s2)
• 尤度を最⼤化する

を求める
• 帰無仮説： b = 0

€ 

ˆ α , ˆ β 

遺
伝
⼦
型

⾎
圧

SNPと
⾎圧の

「相関」
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ゲノムワイド関連解析（GWAS）
• ⽬標

• ゲノムワイドに、ありふれた（頻度 ≥1%）
SNPs全てについて疾患との関連を検定する

• 計測
• 各被験者で、代表的なSNPsをマイクロアレイで

測定し、残りのSNPsの情報は推測
• 統計解析

• SNPsは6x106個あるが、染⾊体上で近傍のもの
は相関している（連鎖不平衡）ので、統計的に
独⽴なものは正味106個

• 約106 回の多重検定を⾏うので、擬陽性を抑え
るために、有意⽔準を 0.05/106 = 5x10‒8 と厳し
くしないといけない。ゲノムワイド有意とよぶ

• 検出⼒を上げるためには、罹患者・健常者を数
千⼈〜数万⼈調べる必要がある

ゲノムワイ
ドに網羅的
に調べる
↓
有意⽔準を
厳しくする
↓
多数のサン
プルが必要



GWASに必要なサンプルサイズ

• ⼩さな効果のSNPを検出するには、多数のサンプ

ルが必要

• 有意⽔準 5x10
‒8

のもとで、検出⼒を 80% にする

には、40/R
2

⼈必要

• R
2

（決定係数）: 疾患・形質 y の分散のうち、SNP遺伝⼦型 x 

で説明される割合。これは相関係数の⼆乗。

• F
1,N-2

分布の⾮⼼度パラメータが40になればよい

• SNPの効果がb、アリルの頻度がpのとき、R
2

= 2 p (1‒p) b
2

• アリル頻度0.5、SBPの標準偏差を20 mmHgとした

SNPのSBPへの効果
[mm Hg] R2 [%] 必要なサンプルサイズ

[人数]
1 0.13 32,000
0.5 0.06 64,000

0.25 0.03 128,000



(⾼)⾎圧の⼤規模GWAS

血圧関連遺伝子座は合計1016箇所
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GWASで同定された⾎圧関連
遺伝⼦座 (1/4)

a SBP
14

–
lo
g
1
0
P

1
2

3 5 7 9 11 13 15 17 19 21
4 6 8 10 12 14 16 18 20 22

Chromosome

7

0

b DBP
14

–
lo
g
1
0
P

1
2

3 5 7 9 11 13 15 17 19 21
4 6 8 10 12 14 16 18 20 22

Chromosome

7

0

CAPZA1

FIGN
ENPEP

ATP2B1

PTPN11
TBX3

ATP2B1

CNNM2-NT5C2

Figure 1

PTPN11

2万⼈のGWAS

[Nat Genet 43:531]

ゲノム
ワイド→
有意



GWASで同定された⾎圧関連
遺伝⼦座 (2/4)

10万⼈のGWAS

[Nat Genet 47:11]

ゲノム
ワイド→
有意



GWASで同定された⾎圧関連
遺伝⼦座 (3/4)
• >1000遺伝⼦座が⾎圧と有意に関連
• ゲノム全体に渡る

46〜76万⼈のGWAS

[Nat Genet 51:51]

ゲノム
ワイド→
有意



GWASで同定された⾎圧関連
遺伝⼦座 (4/4)
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PTPN11

2万⼈のGWAS

[Nat Genet 43:531]

10万⼈のGWAS

[Nat Genet 47:11]

46〜76万⼈のGWAS

[Nat Genet 51:51]

ゲノム
ワイド→
有意

ビッグデータの恩恵！



GWASメタ解析
• 1施設のGWASではサンプル数に限りが
ある
è複数のGWASをメタ解析する

• 個別GWASで、SNPの効果を推測
• i 番⽬の⼈のSNP遺伝⼦型を xi
• i 番⽬の⼈の⾎圧値を yi
• ⾎圧に対するSNPの効果 bを線形回帰で推定

• 複数GWASで推定された効果をメタ解析
で統合
• ｊ番⽬の研究における効果の推定値が bj 、
標準誤差が sj

• 1/sj2 で重み付けした平均
• 全体での効果の推定値 b、標準誤差が s

! =
∑$

!$
%$&

∑$
1
%$&

% = 1
∑$

1
%$&



☆ビッグデータ解析としての
GWAS
• GWASメタ解析により、多施設の研究を統合し、
ひとつの仮想的⼤規模GWASにできる

• メタ解析では、個⼈情報（遺伝型、疾患）が不要
• 相関（線形な効果）のみを調べるので統合できる

⼤規模
GWAS50万⼈

6百万SNPs

GWAS

5千⼈
6百万SNPs

GWAS
GWAS
GWAS

GWAS
GWAS

5千⼈
5千⼈

100施設

GWAS
メタ解析

「仮想的」
個⼈情報
不要

個⼈情報



GWAS有意なSNPsの効果は弱い
• SNPの効果は弱く、SBPで0.15〜1 mmHg程度

Supplementary Figure 14: Relationship between allele frequency and effect size of blood pressure associated 
variants, comparing the 107 validated variants in our study  and the previously reported variants at the time of 
analysis. The MAF values and effect sizes, all taken from UK Biobank discovery results, are plotted according to the 
most significant trait in the UK Biobank discovery data for previously reported variants, and for the validated trait for 
Ăůů�ŽƚŚĞƌ�ǀĂƌŝĂŶƚƐ͘�sĂƌŝĂŶƚƐ�ĂƌĞ�ĐŽůŽƵƌ�ĐŽĚĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ƚǇƉĞ�ŽĨ�ǀĂƌŝĂŶƚ�;ƐĞĞ�ůĞŐĞŶĚ͗�͞WƌĞǀŝŽƵƐůǇ�ƌĞƉŽƌƚĞĚ͟�ŝƐ�Ăƚ�
ƚŚĞ�ƚŝŵĞ�ŽĨ�ĂŶĂůǇƐŝƐ͖��͞ŶŽǀĞů͟�ƌĞĨĞƌƐ�ƚŽ�Ăůů�ϭϬϳ�ǀĂůŝĚĂƚĞĚ�ůŽĐŝ�ŝŶ�ŽƵƌ�ƐƚƵĚǇ͕�ŵĂŶǇ�ŽĨ�ǁŚŝĐŚ�ǁĞƌĞ�ǀĂůŝĚĂƚĞĚ�ĨŽƌ�ƚŚĞ�ĨŝƌƐƚ�
ƚŝŵĞͿ͘�EŽƚĞ�ƚŚĂƚ�ƚŚĞ�͞ǀĂůŝĚĂƚĞĚ�ƐĞĐŽŶĚĂƌǇ�^EsƐ͟�ĂƌĞ�ǀĂůŝĚĂƚĞĚ�^EsƐ�Ăƚ�͞ŶŽǀĞů͟�ůŽĐŝ�ǁŚŝĐŚ�ǁĞƌĞ�ŶŽƚ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�
the sentinel SNV after conditional analysis. SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse 
pressure; MAF: Minor Allele Frequency; SNV: single nucleotide variant. 

Nature Genetics: doi:10.1038/ng.3768
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Nat Genet 49:403



ヒト集団における⾎圧の遺伝的成因
の全体＝(狭義の)遺伝率、と考えると
• 遺伝率 ＝ 形質分散を遺伝で説明できる割合
• ⾎縁者で推定した遺伝率

• SBP  16% [PLoS Genet 2:e132]
• ⾼⾎圧罹患 28% [Nat Genet 48:980]

• GWASでゲノムワイド有意だったSNPsの遺伝率
• 個別SNPの効果は弱いが、901関連遺伝⼦座で合わせてSBP  11%

• ゲノムワイド有意に達しないものも含めた、SNPs全体の遺伝率
• SBP 16% [Nat Genet 50:746]

• 少しでもSBPに影響するSNPsは、全ゲノムの5%程度を占める
• ⾼⾎圧罹患 32% [Nat Genet 48:980]

• 本態性⾼⾎圧の遺伝的成因は、個々には効果の微弱な遺伝的多型
が、相当多く組み合わさっている

• 稀な変異（頻度<1%）による成因は遺伝率としては僅か



• 各⼈のゲノムから疾患リスク（ここでは⾎圧予測）を計算
• ⾎圧GWASで同定された901関連遺伝⼦座を使⽤
• 個々のSNPsの効果は弱く、SBPで0.15〜1 mmHg程度

• 遺伝的リスクスコアにより⼀般集団を10等分し、スコア
最⼤と最⼩のグループを⽐較

• 顕著な効果とは⾔えないが、将来的に⾼⾎圧の発症予
測・予防への応⽤が期待される

Figure 6. Relationship of genetic risk score (GRS) with hypertension and cardiovascular disease 
in UK Biobank. The GRS is based on all 901 loci, showing sex-adjusted odds ratios of (a) 
hypertension (HTN) and (b) incident cardiovascular disease (CVD), myocardial infarction (MI) and 
stroke, comparing each of the upper nine GRS deciles with the lowest decile; dotted lines represent 
the upper 95% confidence intervals. 
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高血圧
オッズ比 3.3

UK Biobank
29万人
[Nat Genet
50:1412]

心血管病全般
オッズ比 1.4

SBP
+13 mmHg



遺伝的リスクスコアの臨床応⽤
• ゲノムワイド多遺伝⼦リスクスコア

(GPS)
• ゲノムワイドに全多型を⽤いる
• GWASで観測された効果と連鎖不平

衡で重み付け
• UK Biobank [Nat Genet 50:1219]

• 29万⼈で検証
• GPS検査により、罹患オッズ⽐>3と

なる⼈の割合を計算
• 多くのありふれた疾患について、

GPSの臨床応⽤は技術的には可能
になってきた

1197

editorial

GPS for navigating healthcare
Precision genomic medicine is now technically feasible. Just as global positioning systems revolutionized the 
logistics of travel, so genome-wide polygenic risk scores (GPSs) now have the potential to inform our trajectories 
of health and to serve in the prevention and mitigation of many common and complex diseases. We welcome 
research into the implementation of—and equity of access to—genetic predictors and their integration into clinical 
and evidence-based medical practice.

Thousands of constitutional genetic 
variants throughout the genomes 
of all people influence most of our 

traits as well as our susceptibilities to 
complex diseases (those determined by 
environmental factors acting via our genetic 
predispositions). After over a decade of 
well-powered genome-wide association 
studies (GWAS), we have gained not only 
many molecular clues as to the operation of 
mechanisms of differential susceptibility to 
a wide range of common health conditions, 
but also statistical polygenic predictors (the 
GPS) of the distribution of genetic risk in 
the population. In a new study, Amit Khera, 
Mark Chaffin and colleagues show that, for 
populations of European ancestry where 
healthcare data have been systematically 
collected, such polygenic predictors can 
identify subsets of the population who are 
very likely to be at a threefold higher risk of 
a common disease relative to the remaining 
majority of the same population. These 
authors argue that not only are their GPSs 
classifying more of the higher-risk individuals 
than would be identified by genotyping rare 
monogenic causes of the same disease, but 
that for coronary artery disease the GPS 
identifies at-risk individuals whom it was 
not possible to identify using existing clinical 
measurements such as cholesterol, blood 
pressure or family history. This method was 
here shown to work reproducibly for five 
different diseases, with the group at threefold 
greater risk of disease ranging from 8% of 
the population (coronary artery disease) to 
1.5% (breast cancer). Clearly, it will be some 
time before sufficient numbers are genotyped 
across the genome to provide risk prediction 
for a larger proportion of the population, 
even for common cancers.

Following up the implications of the 
small proportion of cancer risk so far 
predicted by common variants identified 
in GWAS, Clare Turnbull, Amit Sud and 
Richard Houlston offer a Perspective 
highlighting the strategies most needed to 
provide clinical benefit for population-wide 
cancer prevention programs informed by 
genetics of cancer predisposition. They point 
out that identification of familial mutations 
in DNA repair pathways (homologous 
repair deficiency in breast cancer and 
mismatch repair deficiency in colorectal 
cancer) still provides the best opportunity 
for early detection and intervention. These 
variants, some of the first predisposition 
mutations to be identified, are outliers 
on the graph of effect size versus allele 
frequency, either because they confer large 
relative risk or are over-represented in 
founder populations, or both. However, 
this Perspective emphasizes that there is a 
big opportunity left on the table: “…  even 
in countries with well-developed genetics 
services, we have identified less than 10% 
of prevalent BRCA and MMR mutation 
carriers.” This failing means that even 
the real risk conferred by mutations in 
these genes is biased by ascertainment in 
cancer pedigrees and founder populations, 
meaning that real clinical benefit could be 
obtained by targeted, systematic sequence-
based screening of whole populations. The 
Perspective emphasizes this aim at the 
expense of the much more difficult task of 
establishing the significance of novel rare 
constitutive variants in heretofore unstudied 
genes ascertained by systematic population 
sequencing of exomes or whole genomes.

In their News & Views on the GPS 
study, Andrew Schork, Anthony Schork 

and Nicholas Schork are enthusiastic 
about the use of precision medicine via 
genomic prediction and raise most of the 
remaining issues that need to be addressed 
societally and experimentally if we are to 
make economic and health gains from the 
decades of highly reproducible genomic 
epidemiology research. First and foremost 
in our opinion is the issue of genomic 
equity: we need to know which variants and 
predictors work for which populations and 
which variants to use to characterize the 
effects of the trellis-like demographics of 
the human race on the risk profile of people 
of different combinations of ancestries. 
Secondly, they rightly highlight the use of 
existing diagnostics and biomarkers in the 
concept of time-limited risk prediction. 
Although the DNA variants each of us 
carries are preexisting at our birth, it is 
unlikely that they exert their effects evenly 
throughout our lives, so some of the 
harmonization of predictions based  
on clinical measurement and on GPSs  
will need to take into account age and 
disease courses.

So, we are open to publish research 
that not only extends the base of genomic 
variation that we can use in prediction, 
but also research into implementation of 
these GPS methods that demonstrably 
adds useful information for healthcare and 
economic planning, for clinical decision 
making, for medical education, and above 
all for the mechanistic understanding of, 
prevention and management of common 
and complex diseases. ❐
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疾患
オッズ比
>3の人

冠動脈疾患 8.0%
心房細動 6.1%

2型糖尿病 3.5%
炎症性腸疾患 3.2%
乳癌 1.5%

5疾患のいずれか 19.8%

←家族性高
コレステロー
ル血症
(0.4%)
より多い
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前半のまとめ
• ゲノムワイド関連解析（GWAS）では、ヒト集団

での、疾患等の表現型と⼀塩基多型（SNPs）の
相関をゲノムワイドに検定することにより、表現
型に影響する遺伝⼦座を探索する。

• ⾎圧関連遺伝⼦座は累計>1000箇所。
• ヒト⾼⾎圧の遺伝的成因は、個々には効果の微弱

な遺伝的多型が、相当多く組み合わさっている。
• GWASで⾒つかったSNPsは個々の効果が弱いが、

それらを組み合わせたリスクスコア(GPS)により、
precision medicineとしての発症予測・予防への
応⽤が期待される。



⾎圧の
1. ゲノムワイド関連解析（GWAS）
• 遺伝的成因の全体像
• 発症予測

2. 薬剤標的探索



GWAS SNPから遺伝⼦へ
• 背景

• (ある組織で)遺伝⼦発現が疾患
と関連する遺伝⼦を⾒つけたい

• でも、GWAS被験者では、遺伝
⼦発現は測定していない

• SNP遺伝⼦型に基づいて、統計
的に推測する

• GTEx (Genotype-Tissue 
Expression) 参照データ
[Nature 550:204]
• ドナー948名の54組織の全遺伝

⼦発現、およびSNP遺伝⼦型
• 腎臓は少なく73名（しかも組

織バルク）

• トランスクリプトームワイド
関連解析（TWAS）
• GWASデータとGTExデータ

を統合
• 関連するか？

• 疾患（の遺伝的因⼦）
• ある組織における遺伝⼦の

発現（の遺伝的因⼦）

SNP

ある組織におけ
る遺伝⼦の発現

因果関係が期待される

GWASGTEx

疾患



UK BiobankのS-PrediXcan解析
https://imlab.shinyapps.io/gene2pheno_ukb_neale

SBPで検索すると

類似法に
http://twas-hub.org



GWASヒット遺伝⼦のどれが
薬剤標的として有望か
• 薬剤標的となる遺伝⼦

• 単⼀遺伝⼦で⾎圧(のみ)に顕著な効果が欲しい
• ⾎圧GWASでゲノムワイド有意だったもの

• 1000弱の関連遺伝⼦(座)
• SNPの効果は弱く、SBPで0.15〜1 mmHg程度
• SNPの頻度は >5%
• SNPは進化の過程で残ってきた→効果が弱いのは当然

• 薬剤標的として有望性
• GWAS SNPの効果≠その遺伝⼦の効果
è 他の指標が必要

• ⾎圧値が極端な⼈が、その遺伝⼦に稀な変異を持つか
• パスウェイ解析、遺伝⼦機能解析、モデル動物実験



LDL-CのGWASと薬剤標的遺
伝⼦

GWAS SNPのP値が⼩さい (=ヒト集団での多様
性に⼤きく寄与）
≠ 薬剤標的遺伝⼦として有効

スタチン

PCSK9阻害薬

Nature 
466:707, 
Table S2

Nearby genes Best SNP Effect size
(SE) mg/dL

P-value

SORT1 rs629301 -5.65 (0.21) 9.7 E– 171
APOE–C1–C2 rs4420638 7.14 (0.29) 8.7 E– 147

LDLR rs6511720 -6.99 (0.30) 4.3 E– 117
APOB rs1367117 4.05 (0.19) 4.5 E– 114

ABCG5/8 rs4299376 2.75 (0.20) 1.7 E– 47
HMGCR rs12916 2.45 (0.18) 5.1 E– 45
TRIB1 rs2954022 -1.84 (0.17) 2.6 E– 29
PCSK9 rs2479409 2.01 (0.22) 1.9 E– 28

APOA1–C3–A4–A5 rs964184 2.85 (0.27) 1.5 E– 26
TIMD4 rs6882076 -1.67 (0.19) 1.9 E– 22
ABO rs649129 2.05 (0.21) 7.9 E– 22
HPR rs2000999 2.00 (0.22) 1.8 E– 22
CILP2 rs10401969 -3.11 (0.38) 6.7 E– 22

FADS1–2–3 rs174583 -1.71 (0.19) 1.2 E– 21
TOP1 rs909802 1.41 (0.17) 3.2 E– 19



Omnigenic 仮説
Boyle, Li & Pritchard [Cell (2017) 169:1177]

• なぜこんなに多数の関連遺
伝⼦座があるのだろうか？

• 複雑疾患の遺伝率への寄与
は、むしろBが⼤きいのでは

A) その疾患の「コアパスウェ
イ」の遺伝⼦

B) 疾患に関与する細胞(e.g. 
糖尿病のβ細胞)で発現し
ている全遺伝⼦。Aとネッ
トワークでつながるのでは

• どうやってコア遺伝⼦を⾒
分けるか
• 低頻度で効果の強い(e.g. >1 

mmHg ?) 変異の探索

cell-type-specific regulatory elements versus broadly actively
regions. As expected, there appears to be little or no genetic
contribution from regions that are inactive in these tissues. To
investigate the question of GWAS specificity further, we next
examined evidence for enrichment of associated genes in spe-
cific functional categories.

Weak Enrichment of Genetic Signals by Functional
Categories
We considered the contributions of genes from different func-
tional ontologies. As expected, we found that the genetic
signals for the two autoimmune diseases (Crohn’s and RA)
were most enriched in ontologies corresponding to ‘‘immune
response’’ and ‘‘inflammatory response,’’ whereas schizo-
phrenia heritability was most enriched in nervous-system-
related genes with ontologies such as ‘‘ion channel activity’’

Figure 2. Heritability Tends to Be Enriched
in Regions that Are Transcriptionally Active
in Relevant Tissues
(A) Contributions to heritability (relative to random
SNPs) as a function of chromatin context. There is
enrichment for signal among SNPs that are in
chromatin active in the relevant tissue, regardless
of the overall tissue breadth of activity.
(B) Genes with brain-specific expression show the
strongest enrichment of schizophrenia signal (left),
but broadly expressed genes contribute more to
total heritability due to their greater number (right).

and ‘‘calcium ion transport’’ (Figure 3).
However, these enrichments were rela-
tively modest, and for all three diseases,
we observed a strong linear relationship
between the sizes of the functional cate-
gories and the proportion of heritability
that they contributed. Broad functional
categories contribute more total trait her-
itability than do genes in apparently dis-
ease-relevant functional categories, and
for all three diseases, the largest contrib-
utor to heritability was simply the largest
category, namely protein binding.

Moreover, these results are markedly
different from analysis of rare variants
implicated in schizophrenia. Recent
studies of rare variants have consistently
found enrichment of synaptic genes and
other gene sets involved in neuronal func-
tions within de novo, rare, and CNV poly-
morphism sets (Table 1). In contrast, anal-
ysis of the 108 genome-wide significant
loci from GWAS found examples of hits in
relevant genes but no ontology categories
that were significant overall (Ripke et al.,
2014), consistent with the weak enrich-
ment described above for the heritability
analysis of the same data. Together, these
results suggest that the types of genes de-

tected in rare variant studies—whichcandetect highlydeleterious
variants with large effect sizes—play more direct roles in schizo-
phrenia than do genes identified from GWAS based on common
variants.

An Extended Model for Complex Traits
In summary, for a variety of traits, the largest-effect variants are
modestly enriched in specific genes or pathways that may play
direct roles in disease. However, the SNPs that contribute the
bulk of the heritability tend to be spread across the genome
and are not near genes with disease-specific functions. The
clearest pattern is that the association signal is broadly en-
riched in regions that are transcriptionally active or involved in
transcriptional regulation in disease-relevant cell types but ab-
sent from regions that are transcriptionally inactive in those cell
types. For typical traits, huge numbers of variants contribute to
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疾患への寄与の強さ
（遺伝率のenrichment）クロマチン状態で

染色体を領域分
け

• 疾患組織の
み活性化

• 中間
• 遍く活性化

• 疾患組織で
は不活性

• 中間
• 遍く不活性

←

←
どちらも
強く寄与

omni- [接頭語] 全ての

クローン病（免疫）
リューマチ（免疫）
統合失調症（中枢神経）



メンデル型⾼⾎圧の原因遺伝⼦
• 腎臓、副腎で機能するものが多い

• Naチャネル、Kチャネル、Clチャネル
• アルドステロン合成酵素、受容体

• 降圧剤標的となる、⾎圧制御因⼦の⼀部に限定

高血圧専門医ガイドブック

メン
デル

メン
デル

β遮断薬利尿薬
ACE阻害剤
ARB

Ca拮抗薬



⾎圧GWASで⾒つかった遺伝
⼦が発現している組織
• 2017年のUK Biobank 

14万⼈スクリーニン
グで新規に⾒つかっ
た107遺伝⼦座（212
遺伝⼦）

• FANTOM5データで
発現している組織
• ⾎管（59遺伝⼦）
• ⼼・肺・腎・⼤動脈

（17遺伝⼦）
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in ADAMTS7 associated with lower DBP (0.238 (o0.03) mm Hg,  
P = 5.1 × 10−12, N = 244,143) was associated with reduced ADAMTS7 
expression in human VSMCs (Supplementary Fig. 13b), while the 
minor A allele of SNV rs2289125 at the NOX4 locus associated with 
lower PP (–0.377 (o0.04) mm Hg, P = 9.1 × 10−22, N = 282,851) cor-
related with increased NOX4 expression in endothelial cells although 
not VSMCs (Supplementary Fig. 13c). Our study thus finds evidence 
for novel cis-eQTLs in ADAMTS7 and NOX4 in addition to validating 
the previously reported GTEx eQTL in SF3A3, and it supports the 
vascular expression of these genes.

Genetic risk score analyses
We created an unbiased genetic risk score (GRS) (Supplementary 
Table 22) to evaluate, in an independent cohort (Airwave; Online 
Methods), the impact of the combination of all loci reported here on 
BP levels and risk of hypertension. When compared with the lowest 
quintile of the distribution of the GRS, individuals >50 years old in the 

highest quintile had sex-adjusted mean SBP that was 9.3 mm Hg higher 
(95% confidence interval (CI) = 6.9 to 11.7 mm Hg, P = 1.0 × 10−13)  
and an over twofold higher risk of hypertension (odds ratio (OR) = 2.32,  
95% CI = 1.76 to 3.06, P = 2.8 × 10−9) as compared with individu-
als in the lowest quintile (Fig. 3 and Supplementary Table 23).  
Similar results were obtained from GRS associations with BP and 
hypertension within UK Biobank (Supplementary Table 24). In UK 
Biobank—based on self-reported health data, record linkage to Hospital 
Episode Statistics and mortality follow-up data (Supplementary  
Table 25)—we showed that the GRS was associated with increased 
risk of stroke, coronary heart disease and all cardiovascular outcomes; 
comparing the upper and lower quintiles of the GRS distribution, sex-
adjusted odds ratios were 1.34 (95% CI = 1.20 to 1.49, P = 1.5 × 10−7), 
1.38 (95% CI = 1.30 to 1.47, P = 4.3 × 10−23) and 1.35 (95% CI = 1.27  
to 1.42, P = 1.3 × 10−25), respectively (Fig. 3 and Supplementary  
Table 26). Results are also provided for incident-only cases 
(Supplementary Table 27).

������


�������������������

ACE*

ESR1*

DNM3

GATA2

TBXAS1*

TNS1

CACNA2D2*

RUNX3

NPNT

PPL

SLC24A3�

HAAO

DNAJC27

EFR3B

CPEB4

LIPH�

MFSD6

PAIP2B

FNDC1

CCDC141

CD34

PODXL

WNT9A

DYSF�

ERC2

SLC8A1�

THBS2

C3orf18

CTF1

MRAS�

PALLD

SSPN

MCTP2�

DUSP2�

ADAMTS7� GJA1�

GNB1

RABEPK

SF3A3

FHL3

CYB561

VAC14

MRPL38

SLC1A4�

CCNYL1
������������������

������������������

�����������������

MIR31HG

QPCT�

AMOTL2

PPP6C

IGF2BP2

PABPC1�

XRCC6

SLC35E2�

FBXL19-AS1

SKA1

NADK

MTAP�

MME*

CCNE1�

AGMAT

SPSB1

FBXL19

FGGY

LHFPL2

MRC2�

MYEOV

BDNF

CLIC4�

FN1

NOX4�

TP53

CDH13

CEP164

BCAR1

CD151

FBN2

�����������������������
����������������

�����������������

�������� 	��������������

Figure 4 Summary of cardiovascular gene expression from validated loci. Genes are shown on the basis of their tissue expression and supporting 
evidence summarized in Supplementary Table 16, based on knockout (KO) phenotype and previously reported BP biology or a strong functional 
rationale: eQTL, nonsynonymous SNV or Hi-C data. Multiple lines of evidence indicate the central importance of the vasculature in BP regulation, and 
we thus highlight existing drugged (*) and druggable (#) targets among these genes. Illustrations used elements with permission from Servier Medical 
Art. We note that some druggable genes may carry a safety liability, such as GJA1, which has known association with QT interval20.

[Nat Genet 49:403]



後半のまとめ
• GWASデータとGTExデータと統合するこ
とにより、どの遺伝⼦・組織が重要か⽰
唆される。
• GWASで⾒つかった遺伝⼦の⼀部は薬剤
標的遺伝⼦になりうるが、どれが有望か
はGWASだけからは分からず、他の⼿法
が必要。
• 疾患感受性遺伝⼦が多数あるのは、コア
遺伝⼦に加え、疾患関連組織で発現して
いる全遺伝⼦が寄与しているからかもし
れない(Omnigenic仮説)


