Supplementary Table S4. Genes in 51 CAD-associated loci (250 kb around the lead SNP) proposed to be causal according to different lines of evidence.
Alternative gene names or non-coding RNA names are given in parenthesis after official gene symbols. Candidate genes with the most compelling evidence for their role in CAD according to
literature data are shown in bold. In the studies by Branne et al. [1], Lempidinen et al. [2], and van der Harst et al. [3], possible candidate genes were linked to the prioritized CAD-associated SNPs
(data on those SNPs located in the 51 studied loci can be found in Supplementary Table S3b). Arrows near gene names indicate that these genes have been linked to the same prioritized SNP in the
locus or to SNPs in high LD with each other (r> > 0.8; Supplementary Table S3c). If there are two or more groups of such genes in the locus, single arrow indicates the genes linked to one SNP,
double, triple, and quadruple arrows — genes linked to other SNPs (e.g., in locus 43). We also marked with arrows the genes found in SMR/HEIDI analysis if the top SNP (instrumental variable used
for investigating relationships between gene expression and CAD) was the same or in high LD (r? > 0.8; Supplementary Table S3d) with SNPs prioritized in other studies.

Lead SNP¥*

Chr: position”

Nearest?
known gene

Genes found in
SMR/HEIDI#

Candidate genes from literature

Genes prioritized previously based on
bioinformatics approaches [1-3] and
found in gene-based association analysis

[4]

Conclusion

1 rs17114036

1: 56 962 821

PLPP3
(PAP2B,
PPAP2B)

PLPP3 (PAP2B, PPAP2B)

phospholipid phosphatase 3 (phosphatidic acid
phosphatase type 2B)

PLPP3 is a membrane glycoprotein that hydrolyzes
extracellular lysophosphatidic acid (reviewed in
[5]). Lysophosphatidic acid (LPA) is a potent
bioactive phospholipid that accumulates in human
atherosclerotic plaques, promotes atherosclerosis
and has thrombogenic action [6,7]. PLPP3 is
mechanosensitive, expression of its gene is
dynamically = modulated by  atherorelevant
hemodynamics. PLPP3 plays a critical role in
promoting anti-inflammatory  phenotype and
maintaining vascular integrity of endothelial
monolayer under athero-protective flow [5].
Hepatic Ppab2b (Plpp3) deletion alters plasma
composition of several low-abundant pro-
atherogenic lipids and worsens atherosclerosis in
Apoe” mice [8]. Ppab2b was found to be
differentially expressed in cells isolated from the
“diseased” and ‘healthy” mouse aortas (up-
regulated in pre-lesion endothelial cells and
heterogeneous cells from atherosclerotic lesions
and down-regulated in macrophages) taken from
Apoe”™ /wild type mice or Ldlr’”™ mice fed a
Western/a chow diet, respectively [9].

Lempiiinen et al. [2], score range 2-54
PLPP3 (PAP2B) (total score = 10)

Svishcheva et al. [4]
PLPP3 (PAP2B) (two datasets)

PLPP3
(PAP2B) is the
causal gene.

2 | rs602633

1: 109 821 511

PSRC1

= PSRC1 «
= CELSR2 «
= PSMAS

SORT1

sortilin 1

Sortilin-1 alters plasma LDL-C and VLDL particle
levels by modulating hepatic VLDL secretion [10].
Increased hepatic sortilin-1 reduces hepatic
apolipoprotein B secretion and increases LDL
catabolism [11]. SORT1 was shown to be a high-
affinity sorting receptor for PCSK9 (a protein that
destines LDLR for degradation in lysosomes)

Brznne et al. [1], score range 1-11
CELSR?2 (total score = 5) «

SORT]1 (total score = 4) «

PSRC1 (total score = 4) «—
MYBPHL (total score = 2)

Lempiiinen et al. [2], score range 2-54
CELSR?2 (total score = 10) «—

SORT1 is the
causal gene.

PSRC1 and
CELSR2 might
also be
involved.




modulating its secretion [12]. The role of SORT1
in atherosclerosis development was also supposed
to be linked to attenuated secretion of
proinflammatory cytokines (reviewed in [13]).
Sortl expression was found to be down-regulated
in macrophages isolated from aortas of Ldlr”" mice
fed a Western diet (“diseased” aortas) as compared
to LdIr"™ mice fed a chow diet (“healthy” aortas)
[9].

The directionality of the effect of sortilin-1 on
plasma cholesterol and its role in the secretion of
hepatic  lipoproteins  remains  controversial
(reviewed in [14]).

CELSR2

cadherin EGF LAG seven-pass G-type receptor 2
Celsr2 was found to be differentially expressed in
cells isolated from the “diseased” and “healthy”
mouse aortas: 1) up-regulated in pre-lesion
endothelial cells from aortas of Apoe™” mice as
compared to wild type mice, 2) up-regulated in
macrophages from aortas of Ldlr’~ mice fed a
Western diet (“diseased” aortas) as compared to
LdIr’~ mice fed a chow diet (“healthy” aortas) [9].

PSRC1

proline and serine rich coiled-coil 1

Psrcl was found to be differentially expressed in
cells isolated from the “diseased” and “healthy”
mouse aortas: 1) up-regulated in pre-lesion
endothelial cells and medial SMCs from Apoe ™
mice as compared to wild type mice, 2) down-
regulated in macrophages from aortas of Ldir”’"
mice fed a Western diet (“diseased” aortas) as
compared to Ldir”™ mice fed a chow diet
(“healthy” aortas) [9].

Transfection of RAW264.7 cells with adenovirus
expressing Psrcl reduced the cellular cholesterol
content, increased the cholesterol efflux capacity
and inhibited foam cell formation. Infecting
Apoe™~ mice with this Psrc1-expressing adenovirus
inhibited the development of atherosclerotic
lesions and enhanced atherosclerotic plaque
stability by modulating cholesterol transportation
and inflammation in macrophages and the liver

van der Harst et al. [3]
SORT1T—

CELSR2

PSRC1 «—

SARS

ATXN7L2 —

Svishcheva et al. [4]
CELSR2 (two datasets)

[15].
rs4129267 1: 154 426 264 | IL6R " LR «—, «— «— IL6R Brzenne et al. [1], score range 1-11 IL6R is the
interleukin 6 receptor IL6R (total score = 5) « causal gene.

Interleukin-6 (IL-6) is a multifunctional pro-

UBAP2L (total score = 2) «




inflammatory cytokine. 1L-6 signalling plays an
important role in cardiovascular biology. IL-6
initiates the cascade of events leading to
atherosclerosis and is implicated in the regulation
of arterial blood pressure (reviewed in [16]).

Allele 358Ala of the common missense SNP
rs2228145 (Asp358Ala) in the IL6R gene is
associated with reduced CAD risk, increased IL-6R
and IL-6 concentration, and reduced C-reactive
protein and fibrinogen levels in circulation [17].

ATP8B?2 (total score = 2) «
CHTORP (total score = 1) «

Lempiiinen et al. [2], score range 2-54

IL6R (total score = 10) «, «— «

rs10919065 | 1:169 093 557 | ATP1B1 = ATP1Bl « « ATP1B1 Breenne et al. [1], score range 1-11 ATP1B1 is the
= NME7 «, « « ATPase Na+/K+ transporting subunit beta 1 ATP1B1 (total score = 4) « most likely
Atplbl gene expression is downregulated during | NME?7 (total score = 2) « causal gene.
the regression phase of vascular calcification in | CCDC181 (total score = 1) «—
rats [18]. Calcification of the coronary arteries
plays a key role in the pathophysiology of
atherosclerosis. The presence of coronary
calcification is a surrogate marker of the overall
plaque burden [19].
Atplbl was shown to be up-regulated in aortic
SMCs from atherosclerosis-prone regions as
compared to atherosclerosis-resistant regions in
both Apoe™ mice before plague development and
wild-type mice [20]. ATP1B1 is possibly involved
in the regulation of blood pressure [21,22].
rs6700559 1: 200 646 073 | DDX59-AS1 | = DDX59-AS1 (RP11- | - Braenne et al. [1], score range 1-11 Evidence is
92G12.3) — KIF14 (total score = 4) — inconsistent.
= DDX59 « CAMSAP?2 (total score = 2) «
= CAMSAP2 DDX59 (total score = 2) «—
(CAMSAPILL) — van der Harst et al. [3]
CAMSAP2T
DDX59 «
rs2820315 1: 201872 264 | LMOD1 = |IPO9 « LMOD1 Brzaenne et al. [1], score range 1-11 Evidence is
= LMODI leiomodin 1 IPO9 (total score = 4) «— inconsistent.
LMOD1 was found to be one of the genes which | LMODLI (total score = 2) « LMOD1 and
expression level reflects the altered phenotype of | SHISA4 (total score = 1) « IPO9 can be
SMCs in atherosclerosis and could be early Lempidinen et al. [2], score range 2-54 involved.
sensitive  markers of SMC dedifferentiation. IP09p(totaI score _ 10‘) ol g
Downregulation of LMOD1 in SMCs was
functionally related to clinical symptoms of plaque
instability, vascular injury, and to key molecular
processes in atherosclerosis, such as apoptosis,
shear stress, inflammatory stimuli, and lipid uptake
[23].
rs16986953 | 2:19942473 | LINC00954 | - - - No evidence.




rs515135

2: 21286 057

APOB

APOB

apolipoprotein B

Apolipoprotein B is a key component in lipid
metabolism [24]. Apolipoprotein B is the major
structural protein component of VLDLs secreted
from the liver and the chylomicrons secreted from
the intestine. High levels of plasma apo B-
containing lipoproteins are a major risk for the
development of atherosclerotic diseases [25].
Apolipoprotein B predicts ischemic cardiovascular
events in both genders [24].

Lempiiinen et al. [2], score range 2-54
APOB (total score = 32)

Svishcheva et al. [4]
APOB (one dataset)

APOB is the
causal gene.

rs6544713

2:44 073 881

ABCG8

ABCG8

ATP binding cassette subfamily G member 8
ABCG5

ATP binding cassette subfamily G member 5
ABCG5 and ABCG8 form an obligate heterodimer
that limits intestinal absorption and facilitates
biliary secretion of cholesterol and phytosterols.
Upregulation of ABCG5 and ABCGS8 levels can
promote reverse cholesterol transport and reduce
atherosclerosis (reviewed in [26]). Rare coding
variants of ABCG5 and ABCG8 affect circulating
cholesterol and phytosterols and influence the risk
of CAD [27].

Lempiiinen et al. [2], score range 2-54
ABCGS8 (total score = 34)

Svishcheva et al. [4]
ABCGS8 (two datasets)

ABCGS8/ABCG5
are the causal
genes.

10

rs1561198

2: 85809 989

VAMPS8

GGCX «
VAMPS «—
VAMPS «—
USP39 «
GNLY «

GGCX

gamma-glutamyl carboxylase

GGCX is an enzyme that carboxylates glutamate
residues of vitamin K-dependent proteins. This
modification makes them biologically active.
Vitamin K-dependent proteins are implicated in
blood coagulation, inflammation, and protection
against vascular calcification [28]. Calcification of
the coronary arteries plays a key role in the
pathophysiology of atherosclerosis. The presence
of coronary calcification is a surrogate marker of
the overall plaque burden [19].

VAMP8

vesicle associated membrane protein 8

VAMPS8 is involved in the fusion of synaptic
vesicles with the presynaptic membrane. VAMP8
was shown to be required for platelet secretion
[29]. Platelets participate in the pathogenesis of
arteriosclerosis and in its progression by adhering
to the damaged arteries and subsequently forming
mural thrombi which are either swept away and

Brznne et al. [1], score range 1-11
GGCX (total score = 5) «

VAMPS5 (total score = 5) «

VAMPS8 (total score = 5) «

Lempiiinen et al. [2], score range 2-54
VAMPS8 (total score = 42) «—

Svishcheva et al. [4]
MAT2A (one dataset)
GGCX (one dataset)

VAMP5 (one dataset)

Evidence is
inconsistent.




embolize or are endothelialized and thus become
part of the wvessel wall. In addition, activated
platelets release growth factors mediating SMC
proliferation and migration as well as
vasoconstriction [30].

11 | rs2252641 2:145801 461 | TEX41 - ZEB2 Lempiiinen et al. [2], score range 2-54 Evidence is
zinc finger E-box binding homeobox 2 TEX41 (total score = 2) inconsistent.
ZEB2 transcription factor regulates fibroblast-to-
myofibroblast phenoconversion (Ski-Zeb2—-Meox2
pathway). Fibroblast-to-myofibroblast
phenoconversoin in the heart is a crucial event in
the onset of many cardiovascular diseases [31].

12 | rs2351524 2:203 880992 | NBEAL1L = |CALL < WDR12 Brznne et al. [1], score range 1-11 Evidence is
= CARF « WD repeat domain 12 NBEAL1 (total score = 4) « inconsistent.
= NBEALL « WDR12 expression was elevated in patients with | WDR12 (total score = 4) «—
= CARF « cardiomyopathy, in rats post-infarction and in rats | CARF (total score = 3) «
= FAM117B «— in Ang Il-mediated hypertension. WDR12 triggers | ALS2CRS8 (total score = 2) «

distinct deterioration of cardiac function in adult rat | ICA1L (total score = 1) «
heart [32]. Lempiiinen et al. [2], score range 2-54
ICALL (total score = 10) «—
Svishcheva et al. [4]
NBEALL1 (two datasets)
WDR12 (two datasets)

13 | rs2306374 3:138 119952 | MRAS = MRAS « MRAS Brzenne et al. [1], score range 1-11 MRAS is the
= NME9 « muscle RAS oncogene homolog MRAS (total score = 5) « causal gene.
= ESYT3 « M-ras is a member of the Ras family of small | CEP70 (total score = 2) «

GTPases that function as signal transducers in Lempiiiinen et al. [2], score range 2-54
multiple processes including cell growth and MRAI; (total score': 3;1) — 9
differentiation. M-ras is widely expressed in all

tissues, with a very high expression in the | Svishcheva et al. [4]

cardiovascular system, especially in the heart. M- | MRAS (one dataset)

ras regulates cell polarity and migration through

coordination of multiple signaling pathways [33].

M-ras was shown to play a crucial role in adhesion

signaling [34], which is important for the

atherosclerotic process [35].

14 | rs1429141 4:148 288 067 | MIR548G - EDNRA (ETA) Lempiiinen et al. [2], score range 2-54 EDNRA is the

endothelin receptor type A EDNRA (ETA) (total score = 34) causal gene.

ETA receptors play a role in potent and long-
lasting vasoconstriction. Increased level of EDNRA
mRNA in the internal mammary artery of CAD
patients was associated with systemic hypertension
[36]. ETA receptors are present in human aortic
vascular  endothelial cells and modulate
intracellular calcium [37]. Endothelin-1 activates
ETA receptors on human vascular smooth muscle

Svishcheva et al. [4]
EDNRA (ETA) (one dataset)




cells and stimulates changes in glycosaminoglycan
chain structure that increase binding to LDL [38].

15

rs7692387

4:156 635 309

GUCY1Al

GUCY1AS «

GUCY1A3

guanylate cyclase 1 soluble subunit alpha (a1-
sGC)

al-sGC is a key enzyme in the nitric oxide/cGMP
signaling pathway. cGMP induces vasodilation and
inhibits platelet activation. Impairment of the nitric
oxide/cGMP signaling influences myocardial
infarction risk, possibly through accelerated
thrombus  formation  [39]. Linkage was
demonstrated between GUCY1A3 rare loss-of-
function mutations and familial CAD [39].
Rs7692387 is located in an intronic site that
modulates GUCY1A3 promoter activity. The
transcription factor ZEB1 binds preferentially to
the non-risk allele, leading to an increase in
GUCY1A3 expression, higher sGC levels, and
higher sGC activity after stimulation. Augmented
sGC expression is linked to lower risk of
atherosclerosis [40].

Lempiiinen et al. [2], score range 2-54
GUCY1AS3 (total score = 42) «

GUCY1A3 is
the causal gene.

16

rs273909

5:131 667 353

SLC22A4
MIR3936HG

Lempiiinen et al. [2], score range 2-54
SLC22A5 (total score = 10)

Insufficient
evidence.

17

rs246600

5: 142 516 897

ARHGAP26

van der Harst et al. [3]
HMHB1

Insufficient
evidence.

18

rs7751826

6:12 900 977

PHACTR1

RP1-257A7.5 «
RP1-257A7.4 «—
PHACTR1 «

PHACTR1

phosphatase and actin regulator 1

PHACTR1 plays an important role in cell
migration and survival. Upregulation of PHACTR1
was associated with the progression of
calcification. PHACTRL1 is an inhibitory mediator
of protein phosphatase 1 (PP1). PP1 regulates the
synthesis of nitric oxide in endothelial cells, which
is essential for endothelial function (reviewed in
[41,42]). PHACTR1 is highly expressed in human
atherosclerotic plaque macrophages, lipid-laden
foam cells, adventitial lymphocytes and endothelial
cells, and its expression is regulated by atherogenic
and inflammatory stimuli [43]. Phactrl expression
was found to be up-regulated in pre-lesion
endothelial cells and heterogeneous cells from
atherosclerotic lesions isolated from aortas of
Apoe™™ mice (“diseased” aortas) as compared to
wild type mice (“healthy” aortas) [9].

Lempiiinen et al. [2], score range 2-54
PHACTRL (total score = 2) «—, « «

van der Harst et al. [3]
EDN1T« «

TBC1D7 « «
PHACTR1 « «
GFOD1 « «

Svishcheva et al. [4]
PHACTRL1 (two datasets)

PHACTRL1 is
the causal gene.




19 | rs10947789 | 6:39174922 | KCNK5 - - Lempidinen et al. [2], score range 2-54 Insufficient
KCNKS5 (total score = 2) evidence.

20 | rs2327429 6: 134 209 837 | TARID » TCF21 « TCF21 Lempiiinen et al. [2], score range 2-54 TCF21 is the
= RP3-323P13.2 transcription factor 21 TCF21 (total score = 10) « causal gene.
= RP1-283K11.3 « TCF2.1 is .expressed in _mesqdermal cells in the RP3-323P13.2

proepicardial organ that give rise to coronary artery iaht also b
SMC. Tcf21 knockout animals exhibit a dramatic Mmignt aiso be
failure of cardiac fibroblast. Early expression of involved.
Tcf21 is supposed to be important for expansion of
the SMC compartment of the coronary circulation
(reviewed in [44]). TCF21 target regions were
shown to be over-represented among CAD
associated loci found in GWAS, and TCF21 target
CAD loci were enriched for the genes involved in
vascular wall biological processes [44]. Tcf2l
expression was found to be up-regulated in pre-
lesion endothelial cells isolated from aortas of
Apoe”” mice (“diseased” aortas) as compared to
wild type mice (“healthy” aortas) [9].
21 | rs3103349% | 6:160 740721 | SLC22A3 = LPA LPA (APOA) Braenne et al. [1], score range 1-11 LPA is the

lipoprotein(a) SLC22A3 (total score = 5) «— « causal gene.
The LPA gene encodes apolipoprotein(a), which | AL591069.5 (total score = 1) «— « SLC22A3
constitutes a sgbstantial portion _of Iipoprotein(a_) ~ | Lempisiinen et al. [2], score range 2-54 SLC22A2:
a cholesterol-rich LDL-like particle. Concentration | | pp (total score = 54) SLC22A1 might
of circulating lipoprotein(a) is associated with | | pa| 2 pseudogene (total score = 10) < « | also be
coronary heart disease and stroke [4546]. | |cEoR (total score = 2) involved.
Genetically lowered lipoprotein(a) is associated | g; coop2 (total score = 2)
with a lower risk of peripheral vascular disease, SLC22A3 (total score = 2)
stroke, heart failure, and aortic stenosis [47].

Svishcheva et al. [4]

LPA (two datasets)

SLC22A1 (two datasets)

SLC22A2 (two datasets)

SLC22A3 (two datasets)

IGF2R (one dataset)

22 | rs10455872% | 6: 161010118 | LPA " LPA «— « LPA (APOA) Brzenne et al. [1], score range 1-11 LPA is the

lipoprotein(a) PLG (total score = 6) «— causal gene.
The LPA gene encodes apolipoprotein(a), which | SLC22A3 (total score = 5) « «— PLG and

constitutes a substantial portion of lipoprotein(a) —
a cholesterol-rich LDL-like particle. Concentration
of circulating lipoprotein(a) is associated with
coronary heart disease and stroke [45,46].
Genetically lowered lipoprotein(a) is associated
with a lower risk of peripheral vascular disease,
stroke, heart failure, and aortic stenosis [47].

LPAL2 pseudogene (total score = 4) «
AL591069.5 (total score = 1) «— «

Lempiiinen et al. [2], score range 2-54
LPA (total score = 54)

PLG (total score = 46) «—

LPAL2 pseudogene (total score = 10) «— «—
SLC22A3 (total score = 2)

Svishcheva et al. [4]

SLC22A3 might
also be
involved.




SLC22A3 (two datasets)
LPA (two datasets)
PLG (two datasets)

23 | rs11556924 | 7:129 663 496 | ZC3HC1 = KLHDC10 «— KLHDC10 Breenne et al. [1], score range 1-11 ZC3HC1
(NIPA) kelch domain containing 10 ZC3HC1 (NIPA) (total score = 4) « (NIPA) is the

KLHDC10 participates in the oxidative stress- Lempiiiinen et al. [2], score range 2-54 most likely
induced cell death. KLHDC10 is required for ZC3I-[|)Cl (NIPA) (.totai Score = 229) — causal gene.
H,0,-induced sustained activation of ASK1 and KLHDC10
apoptosis [48]. In mice, KLHDC10 deficiency | van der Harst et al. [3] miaht also be
significantly reduced the induction of IL-6 mMRNA | ZC3HC1«— mig
expression in the spleen and IL-6 release into the | NRF1 « involved.
serum and protected against TNFa-induced | KLF14 «—
systemic inflammation [49]. Svishcheva et al. [4]
ZC3HCL (NIPA) ZC3HC1 (one dataset)
zinc finger C3HC-type containing 1
ZC3HCL1 is a component of an SCF-type E3
ubiquitin ligase complex that regulates the onset of
cell division. Functional missense SNP rs11556924
in the ZC3HC1 gene alters the dynamics of cell
cycle regulation (impacts on the progression of the
cell through mitosis) [50]. Cell cycle regulation is
important for determination of vascular wall
structure, proliferative response to vascular injury,
regulation of plaque growth and the risk of its
rupture. Dysregulation of cell cycle can be
therefore involved in CAD development [50,51].
Rare mutation in ZC3HC1 was found to be linked
to CAD in families suffering from autosomal
dominantly inherited CAD [52].

24 | rs10237377 | 7: 139757 136 | PARP12 - TBXAS1 Brznne et al. [1], score range 1-11 TBXASL1 is the
thromboxane A synthase 1 TBXASL (total score = 5) most likely
TBXASL catalyzes the conversion of prostglandin causal gene.
H2 to thromboxane A2, a potent vasoconstrictor II;,:IFIelglle(lforj[aﬁtszlc;rEeZ]:’ igc))tirange 2-54
and inducer of platelet aggregation. Thromboxane TBXASI (total score = 10) «
A2 release is enhanced in a \variety of
cardiovascular diseases, such as acute myocardial
infarction (reviewed in [53]). TBXAS1 gene
expression were shown to be associated with the
risk of large artery-atherosclerosis stroke [54].

25 | rs11204085 | 8:19 940 796 SLC18A1 = LPL LPL Breaenne et al. [1], score range 1-11 LPL is the
lipoprotein lipase LPL (total score = 8) « causal gene.

LPL is an enzyme anchored to the endothelial cells
lining blood capillaries. LPL activity is the rate-
determining step in the clearance of dietary fat
from the circulation. LPL hydrolyzes 1)
chylomicrons to free fatty acids and chylomicron
remnant particles, 2) VLDL particles to IDL, which

Lempiiinen et al. [2], score range 2-54
LPL (total score = 42) «—

Svishcheva et al. [4]
LPL (one dataset)




are subsequently degraded into LDL particles by
hepatic lipase. Both chylomicron remnants and
LDL can penetrate the vessel wall and propagate
atherosclerotic plaque. Individuals harboring a
heterozygous damaging mutation in the LPL gene
have increased levels of circulating triglycerides
and increased risk of CAD (reviewed in [55]).

26

rs2954032

8: 126 493 392

TRIB1

TRIB1

tribbles pseudokinase 1

In mice, Tribl deficiency increases plasma
cholesterol and triglycerides, and overexpression of
Tribl in mouse liver reduces these parameters.
TRIB1 induces the reduction in plasma VLDL and
LDL fraction. Increased expression of Tribl
reduces lipogenesis and VLDL secretion (reviewed
in [56]). Tribl was found to be differentially
expressed in cells isolated from the “diseased” and
“healthy” mouse aortas: 1) up-regulated in
heterogeneous cells from atherosclerotic lesions of
Apoe ™ mice as compared to wild type mice, 2) up-
regulated in macrophages from aortas of Ldlr’~
mice fed a Western diet (“diseased” aortas) as
compared to Ldlr’~ mice fed a chow diet
(“healthy” aortas) [9].

TRIB1 is the
causal gene.

27

rs3218020

9:21997 872

CDKN2B-
AS1
(ANRIL)

CDKN2B-AS1 (ANRIL)

CDKNZ2B antisense RNA 1 (antisense RNA in the
INK4 locus)

ANRIL is expressed in tissues and cell types that
are affected by atherosclerosis [57]. Different
splicing variants of ANRIL are suggested to
coordinate tissue remodeling by modulating the
expression of genes involved in cell proliferation,
apoptosis, extra-cellular matrix remodeling and
inflammatory  response [58]. In particular,
expression of the long and short ANRIL variants
was correlated with expression of genes controlling
cellular proliferation pathways (CDKN2B, TDGF1)
[59]. Risk alleles for atherosclerosis-related
phenotypes (in 9p21 locus) were associated with
lower expression of ANRIL in blood [60] and
primary cultures of vSMCs [61] as well as with
increased vSMC proliferation [61]. Common
carotid artery stenosis was associated with lower
expression of ANRIL (exons 1-2), and ANRIL
knock-down in vSMC caused significant variation
in expression of CDKN2A/B and reduction of cell
growth in vitro [60]. In another study, expression

Braenne et al. [1], score range 1-11
CDKNZ2B (total score = 8) «—, « «
CDKN2A (total score =5) «

Lempiiinen et al. [2], score range 2-54
CDKNZ2B (total score = 9) «
CDKN2B-AS1 (total score = 2) «— «

van der Harst et al. [3]
CDKN2BT«— « «
MTAP«— «— «

Svishcheva et al. [4]
CDKNZ2B (two datasets)
CDKN2A (two datasets)
MTAP (one dataset)

CDKNZ2B-AS1
is the causal
gene, which
regulates
CDKN2B and
CDKN2A
expression.




of several ANRIL transcripts in peripheral blood
mononuclear cells was significantly increased in
carriers of the CAD risk haplotype and was directly
correlated with severity of atherosclerosis [62].
Linear form of ANRIL was shown to confer
increased risk of atherosclerosis, whereas circular
form of ANRIL was found to be atheroprotective
due to induction of apoptosis and inhibition of
proliferation [63].

In mice, deletion of Cdnk2b (ANRIL target gene)
promoted advanced development of atherosclerotic
plaques composed of large necrotic cores [64].
Targeted deletion of the orthologous 9p21 region in
these animals markedly decreased expression of
Cdnk2a/b and increased the proliferation of aortic
SMCs and diminished their senescence (a cellular
phenotype consistent with accelerated CAD
pathogenesis) [65].

28

rs579459

9:136 154 168

ABO

= SURF1 «
= ABO «

ABO

alpha 1-3-N-acetylgalactosaminyltransferase and
alpha 1-3-galactosyltransferase

ABO gene encodes glycosyltransferase responsible
for ABO blood group determination. ABO blood
group system is linked with thrombotic vascular
diseases. Candidate mechanism for this link is
modulation of circulating levels of VWF, which
regulates platelet adhesion and stabilizes FVIII
coagulation factor (O-allele carriers have markedly
decreased level of both factors as compared to non-
O individuals) [66]. Besides coagulation, VWF has
many other functions, including direct and indirect
activation of inflammatory response [67].
Systematic review and meta-analysis showed that
the risk of CAD was significantly higher in blood
group A and lower in blood group O [68]. Subjects
of non-O type were demonstrated to have higher
levels of total cholesterol, low-density lipoprotein
cholesterol, and non-high-density lipoprotein
cholesterol than O type subjects [69]. Besides this,
longitudinal study in a Japanese cohort found
elevated total cholesterol levels in A-type
individuals compared to non-A subjects [70].

ADAMTS13

ADAM metallopeptidase with thrombospondin type
1 motif 13

ADAMTS13 cleaves highly adhesive ultra large
VWEF and has a powerful antithrombotic activity

Lempiiinen et al. [2], score range 2-54
DDXa31 (total score = 8) «—
SURF1 (total score = 8) «—
SURF6 (total score = 8) «—

Svishcheva et al. [4]
ABO (one dataset)
ADAMTS13 (one dataset)

Evidence is
inconsistent.
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[71]. ADAMTS13 reduces vascular inflammation
and the development of early atherosclerosis in
mice [72], exerts protective anti-inflammatory
effect on myocardial ischemia/reperfusion injury
[73], and controls vascular remodeling by
modifying VWF reactivity during stroke recovery
[74]. Increase in the ratio of VWF/ADAMTS13
was shown to be associated with the occurrence of
cardiovascular events after acute myocardial
infarction [75,76].

29

rs2505083

10: 30 335 122

JCAD
(KIAA1462)

= JCAD (KIAAL462)

<«

JCAD (KIAA1462)

junctional cadherin 5 associated

JCAD is expressed at cell-cell junctions in
endothelial cells. In vitro and in vivo (mice) studies
suggest that JCAD has a redundant functional role
in physiological angiogenesis but has a pivotal role
in pathological angiogenic process after birth [77].
JCAD knockdown in endothelial cells was shown
to affect key phenotypes related to atherosclerosis
including proliferation, migration, apoptosis, tube
formation, and monocyte binding. JCAD
negatively regulates Hippo signaling in endothelial
cells and may contribute to atherosclerosis by
mediating YAP activity and endothelial
dysfunction [78].

Kiaal462 expression was found to be up-regulated
in pre-lesion endothelial cells and heterogeneous
cells from atherosclerotic lesions isolated from
aortas of Apoe” mice (“diseased” aortas) as
compared to wild type mice (“healthy” aortas) [9].

Brznne et al. [1], score range 1-11
JCAD (KIAA1462) (total score = 6) «—

Lempiiinen et al. [2], score range 2-54
JCAD (KIAA1462) (total score = 6) «

Svishcheva et al. [4]
JCAD (KIAA1462) (one dataset)

JCAD is the
causal gene.

30

rs10793513

10: 44 494 546

LINC00841

No evidence.

31

rs523297

10: 44 756 557

CXCL12

CXCL12

C-X-C motif chemokine ligand 12

CXCL12 (SDF-1) is a chemokine involved in
inflammatory signaling pathways and playing
important roles in hematopoiesis, stem cell
mobilization, angiogenesis, etc. CXCL12 is of
fundamental importance in vascular repair and
remodeling. CXCL12/CXCR4 axis was clearly
shown to be atheroprotective (reviewed in [79]).
Plasma levels of CXCL12 were significantly
decreased in patients with CAD compared with
healthy control subjects [80]. Atheroprotective
effect of CXCL12 was suggested to realize
through the recruitment of progenitor cells and
preventing endothelial apoptosis [81].

Cxcl12 was found to be differentially expressed in

CXCL12 is the
causal gene.
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cells isolated from the “diseased” and ‘“healthy”
mouse aortas: 1) up-regulated in pre-lesion
endothelial cells and medial SMCs of Apoe™ mice
as compared to wild type mice, 2) down-regulated
in macrophages from aortas of LdIr”™ mice fed a
Western diet (“diseased” aortas) as compared to
LdIr”" mice fed a chow diet (“healthy” aortas) [9].
CXCL12 was found to be one of the top key
regulators of CAD in the study based on integrative
genomics approach [82].

32

rs2246833

10: 91 005 854

LIPA

= LIPA
= IFIT1 «
= [FIT5 «

LIPA

lipase A, lysosomal acid type

Lysosomal acid lipase (LAL) hydrolyzes
cholesteryl esters and triglycerides into free
cholesterol, glycerol, and free fatty acids and
prevents lipid accumulation in various tissues and
cell types, including macrophages. Loss-of-
function mutations in LIPA result in accelerated
atherosclerosis in humans, and overexpression of
Lipa reduces atherosclerosis in mice. CAD-
associated coding variant rs1051338 (which is in
LD with rs2246833, r> = 0.87 in Europeans
according to LDlink, https:/Idlink.nci.nih.gov/)
causes reduced lysosomal LAL protein level and
activity because of increased LAL degradation
[83].

Lipa expression was found to be up-regulated in
pre-lesion endothelial cells and heterogeneous cells
from atherosclerotic lesions isolated from aortas of
Apoe™ mice (“diseased” aortas) as compared to
wild type mice (“healthy” aortas) [9].

Brznne et al. [1], score range 1-11
LIPA (total score = 9) «

Lempiiinen et al. [2], score range 2-54
LIPA (total score = 46) «—

Svishcheva et al. [4]
LIPA (one dataset)

LIPA is the
causal gene.

33

rs11191447

10: 104 652
323

BORCS7-
ASMT
AS3MT

= TMEM180
(MFSD13A) «

* ARL3 —

= NT5C2 «—

= MARCKSL1P1
pseudogene «

CYP17A1

cytochrome P450 family 17 subfamily A member 1
CYP17Al is a key enzyme in the steroidogenic
pathway that produces progestins,
mineralocorticoids, glucocorticoids, androgens,
and estrogens.

Polymorphism rs138009835 (which is in LD with
rs11191447, r?> = 0.95 in Europeans according to
LDlink, https:/Idlink.nci.nih.gov/) is associated
with changes in aldosterone level and has
functional effects on the CYP17A1 gene
transcription in vitro [84]. Aldosterone plays a
fundamental role in salt and water homeostasis,
blood pressure regulation, and cardiovascular
remodeling [85]. High blood pressure is a major
modifiable risk factor for all clinical manifestations

Braenne et al. [1], score range 1-11
NT5C2 (total score = 5) «
CNNM2 (total score = 4) «—

Lempiiinen et al. [2], score range 2-54
CYP17A1 (total score = 34) «—

Svishcheva et al. [4]
CYP17AL1 (one dataset)
CNNM2 (one dataset)
AS3MT (one dataset)

CYP17Al is the
most likely
causal gene.
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of CAD [86].

Cypl7al expression was found to be down-
regulated in pre-lesion endothelial cells isolated
from aortas of Apoe™ mice (“diseased” aortas) as
compared to those of wild type mice (‘“healthy”
aortas) [9].

34 | rs12801636 | 11:65391317 | PCNX3 = SIPAL « RELA Brznne et al. [1], score range 1-11 Evidence is
= MAP3K11 « RELA proto-oncogene, NF-kB subunit RELA (total score = 6) «— inconsistent.
= CTSW «— « RELA (p65) is a subunit of NF-kB protein | SIPAL (total score = 4) «
= FIBP « « complex. NF-kB is a pleiotropic transcription | OVOL1 (total score = 2) «

factor activated by various stimuli including ROS | PCNXL3 (total score = 1) «—
and cytokines (such as TNF-a and IL-1). NF-kB Lempiiiinen et al. [2], score range 2-54
controls the expression of many pro-inflammatory RELK (total score.: 46) - g
genes coding cytokines, chemokines, adhesion
molecules, and plays a central role in inflammation | van der Harst et al. [3]
[87]. EHBP1L1 —
35 | rs974819 11: 103 660 MIR4693 = PDGFD « PDGFD van der Harst et al. [3] PDGFD is the
567 = RP11-563P16.1 « platelet derived growth factor D PDGFDY « causal gene.
PDGF-D plays critical roles in the cardiovascular
system as angiogenic and survival factor [88].
PDGFD is expressed in macrophages, SMCs, and
endothelial cells in human atherosclerotic plagues
and is suggested to stimulate atherosclerosis by
promoting MMP activity and monocyte migration
[89]. Overexpression of the core domain of PDGF-
D in mouse hearts caused vascular remodeling,
including dilation of vessels, increased density of
SMC-coated vessels, and proliferation of vSMCs,
and thickening of arterial walls [90]. Pdgfd
expression was found to be up-regulated in
heterogeneous cells from atherosclerotic lesions
isolated from aortas of Apoe”™ mice (“diseased”
aortas) as compared to wild type mice (“healthy”
aortas) [9].
36 | rs3184504% | 12:111884 SH2B3 » SH2B3 « « SH2B3 (LNK) Brznne et al. [1], score range 1-11 SH2B3 is the
608 (LNK) = ALDH2 « SH2B adaptor protein 3 SH2B3 (total score = 5) «— « most likely
= TMEM116 « SH2B3 moderates growth factor and cytokine | ATXN2 (total score = 4) «— « causal gene.
= MAPKAPKS5 «— receptor-mediated signaling. In endothelial cells, it | FLJ21127 (total score = 1) «— « ATXN2 miaht
= RP3-462E2.3 «— is a negatiye regulator of TNF signaling that Lempiiiinen et al. [2], score range 2-54 also be g
reduces proinflammatory phenotype and prevents SH2B3 (total score = 14) — involved.

these cells from apoptosis. In both platelets and
endothelial cells, SH2B3 modulates integrin
signaling and actin cytoskeleton organization with
an impact on cell adhesion, migration and
thrombosis [91]. A loss-of-function variant in
SH2B3 promotes platelet and leukocyte production.
In_mice, hematopoietic Lnk (Sh2b3) deficiency

Svishcheva et al. [4]
ATXN2 (two datasets)
SH2B3 (one dataset)
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leads to accelerated arterial thrombosis and
atherosclerosis, but only in the setting of
hypercholesterolemia [92]. Rs3184504 is a
missense SNP located in the SH2B3 gene (leads to
R262W amino acid substitution).

Sh2h3 was found to be differentially expressed in
cells isolated from the “diseased” and ‘healthy”
mouse aortas: 1) up-regulated in pre-lesion
endothelial cells of Apoe™ mice as compared to
wild type mice, 2) down-regulated in macrophages
from aortas of LdIr’~ mice fed a Western diet
(“diseased” aortas) as compared to Ldlr”" mice fed
a chow diet (“healthy” aortas) [9].

ATXN2

ataxin-2

Ataxin-2 knock-out mice display abdominal
obesity, hepatosteatosis, and increased serum levels
of cholesterol, suggesting an elevated diabetic and
vascular risk in these animals [93].

37 | rs4418 12:112 228 ALDH2 = TMEM116 « ATXN2 Braenne et al. [1], score range 1-11 Evidence is
849 = ERP29 « ataxin-2 ALDH?2 (total score = 6) «— inconsistent.
= SH2B3 Ataxin-2 knock-out mice display abdominal | SH2B3 (total score = 5) «

= ALDH2 « obesity, hepatosteatosis, and increased serum levels | TMEM116 (total score = 4) «
= MAPKAPKS5 « of cholesterol, suggesting an elevated diabetic and | BRAP (total score = 4) «—
vascular risk in these animals [93]. MAPKAPKS (total score = 4) «
ALDH2 HECTD4 (total score = 2) «
aldehyde dehydrogenase 2 family member C120RF30 (total score = 2) «—
ALDH2 protects against oxidative stress [94,95] | syishcheva et al. [4]
and prevents ROS-induced vascular contraction in | ATXN2 (two datasets)
angiotensin-11 hypertensive mice [96]. ROS appear | T\MEM116 (one dataset)
to be important modulators of atherovascular | NAA25 (one dataset)
disease in all stages of its development (reviewed
in [97]).
MAPKAPKS5
MAPK activated protein kinase 5
Mapkapk5 expression was found to be up-regulated
in pre-lesion endothelial cells and heterogeneous
cells from atherosclerotic lesions isolated from
aortas of Apoe” mice (“diseased” aortas) as
compared to wild type mice (‘“healthy” aortas) [9].
38 | rs2258287 12: 121 454 C120RF43 | = OASL « HNF1A Brzenne et al. [1], score range 1-11 HNF1A is the
313 = C120RF43 « HNF1 homeobox A HNF1A (total score = 4) «— «— most likely
= COQ5 HNF1a is a transcription factor highly expressed in causal gene.

the liver and required for the expression of several
liver-specific genes. It was shown to bind at least
222 target genes in hepatocytes, including the
genes which products are involved in central rate-

Lempiiinen et al. [2], score range 2-54
C120RF43 (total score = 8) «— «
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limiting steps in gluconeogenesis and associated
pathways as well as the genes which products
participate in lipid metabolism (synthesis of
cholesterol and apolipoproteins), detoxification,
and synthesis of serum proteins (albumin,
complements, and coagulation factors) [98].
Defects in the HNF1A gene cause maturity onset
diabetes of the young type 3 (MODY3) [99].
HNFla was shown to regulate cytokine-driven
expression of C-reactive protein, that is a
biomarker of inflammation associated with the
increased risk of cardiovascular events. HNFla
was supposed to play a key role in linking
metabolic and inflammatory pathways underlying
the pathogenesis of coronary heart disease
(reviewed in [100]).

39 | rs11057830 | 12: 125 307 SCARB1 SCARB1 Brzaenne et al. [1], score range 1-11 SCARBL is the
053 scavenger receptor class B member 1 SCARBL (total score = 6) «— causal gene.
SCARBL1 is a plasma membrane receptor for HDL- Lempiiiinen et al. [2], score range 2-54
cholesterol that mediates cholesterol transfer to and sc AlgBl (total scére Z 34)
from HDL. HDL cholesterol levels are inversely DHX37 (total score = 2)
associated with the risk of CAD, but a Mendelian
randomization study provided evidence that this | Svishcheva et al. [4]
association is not reflective of a causal relationship | SCARB1 (one dataset)
[101].
40 | rs9319428 13:28 973621 | FLT1 FLT1 (VEGFR1) Lempiiinen et al. [2], score range 2-54 FLT1 is the
(VEGFR1) fms related tyrosine kinase 1 (vascular endothelial | FLT1 (total score = 34) causal gene.

growth factor receptor 1)

VEGFR1 binds to vascular endothelial growth
factor (VEGF-A and VEGF-B) (may act as a decoy
receptor [102,103]) and placental growth factor
(PIGF) [103] and plays an important role in
angiogenesis and vasculogenesis. Expression of
FLT1 is found in vascular endothelial cells,
placental trophoblast cells and peripheral blood
monocytes.

VEGF was reported to accelerate atherosclerotic
progression [105-107].

PIGF is a pleiotropic cytokine with a pro-
inflammatory activity. Loss of PIGF was found to
delay atherosclerotic lesion development and
inhibit macrophage infiltration [108]. PIGF-
expression within human atherosclerot7ic lesions
was associated with plaque inflammation and
microvascular density, suggesting a role for PIGF
in plague destabilization [109].
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41

rs9515203

13:111 049
623

COL4A2

COL4A2, COL4AL

collagen type 1V alpha 2 chain,

collagen type 1V alpha 1 chain

COL4A1 and COL4AZ2 are subunits of the type IV
collagen, a main collagen component of the
basement membrane. In the normal arterial wall,
type IV collagen inhibits SMCs proliferation [110].
Atherosclerotic plaques with the rs4773144 G/G
genotype had lower collagen IV abundance and
thinner fibrous cap, a hallmark of unstable, rupture-
prone plaques. CAD-associated rs4773144 G allele
(not in LD with rs9515203, r> = 0.0005 in
Europeans according to LDlink,
https://Idlink.nci.nih.gov/) was associated with
lower COL4A2 and COL4Al1l expression levels,
higher SMC apoptosis rates, and higher rates of
myocardial infarction [111].

Col4al and Col4a2 was found to be differentially
expressed in cells isolated from the “diseased” and
“healthy” mouse aortas (Col4al: up-regulated in
pre-lesion endothelial cells; Col4a2: up-regulated
in pre-lesion endothelial cells, heterogeneous cells
from atherosclerotic lesions, and macrophages)
taken from Apoe™ /wild type mice or LdIr”™ mice
fed a Western/a chow diet, respectively [9].
COL4A2 was found to be one of the top key
regulators of CAD in the study based on integrative
genomics approach [82].

Brzenne et al. [1], score range 1-11
IRS2 (total score = 4)

Lempiiinen et al. [2], score 2-54
ANKRD10 (total score = 8) «
COL4A1 (total score = 2) «— «
COLA4AZ2 (total score = 2) «—, < «

Svishcheva et al. [4]
COL4A2 (two datasets)
COL4A1 (one dataset)

COL4A2 and
COL4ALl are
the causal
genes.

42

rs2895811

14: 100 133
942

HHIPL1

HHIPL1

HHIP like 1

HHIPL1 belongs to the glucose/sorbosone
dehydrogenase family. In atherosclerotic mouse
aortas, Hhipll expression increased with disease
progression. Hhipll-/- mice displayed a reduction
of 57% (+/-28%) in lesion area compared with
controls on LdIr”" background and 49% (+/-28%)
reduction on Apoe™ background [112].

Brzaenne et al. [1], score range 1-11
YY1 (total score = 6) «—
EML1 (total score = 2)

Lempiiinen et al. [2], score 2-54
HHIPLL1 (total score = 6) «—

HHIPL1 is the
most likely
causal gene.

43

rs7178051

15:79 118 296

ADAMTS7

= ADAMTS7 «—

» CTSH «

= RP11-160C18.2
(pseudogene) «—

* MORF4L1 «—

ADAMTS7

ADAM metallopeptidase with thrombospondin type
1 motif 7

ADAMTS7 belongs to a family of proteins
involved in proteolysis and blood vessel wall
remodeling. ADAMTS7 accumulates in SMCs in
coronary and carotid atherosclerotic plaques [113].
Adamts7 knockout hyperlipidemic mice

Brznne et al. [1], score range 1-11
ADAMTSY (total score = 7) «— «—, «— «— «—
WDR61 (total score = 2) «— «—

Lempiiinen et al. [2], score range 2-54
ADAMTSY (total score = 38) «— «— «—
CTSH (total score = 8)

van der Harst et al. [3]

ADAMTST is
the causal
gene.
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Adamts7/LdIr - and Adamts7~"/Apoe ™~
displayed significant reductions in lesion formation
in aortas and aortic roots compared with control
Adamts7** animals. Primary Adamts7 knockout
vSMCs showed reduced migration in the setting of
TNF-a stimulation [114]. Adamts7 expression was
found to be down-regulated in macrophages
isolated from aortas of Ldlr’" mice fed a Western
diet (“diseased” aortas) as compared to LdIr’™ mice
fed a chow diet (“healthy” aortas) [9]. Adamts7
deficiency substantially ameliorated neointima
formation in mice, and in vitro studies indicated
that ADAMTS? inhibited both endothelial cell
proliferation and migration [115].

Polymorphism rs3825807 (not in high LD with
rs7178051, r?> = 0.53 in Europeans according to
LDlink,  https:/Idlink.nci.nih.gov/)  influences
ADAMTSY? maturation, thrombospondin-5
cleavage, and vSMCs migration; the variant
associated with protection from atherosclerosis and
CAD reduces ADAMTS7 function [113].

ADAMTS7 « «— « «—
RASGRF1 « « « «

Svishcheva et al. [4]
ADAMTS7 (two datasets)

44 | rs17514846 | 15:91416 550 | FURIN * FURIN « FURIN Breenne et al. [1], score range 1-11 FURIN is the
= FES « furin, paired basic amino acid cleaving enzyme FURIN (total score = 8) «— causal gene.
» MAN2A2 « Furin is a protease that cleaves PCSK9. PCSK9 | FES (total score =7) «— FES miaht

promotes atherosclerosis by increasing LDL-C | MAN2AZ2 (total score = 3) « also beg
levels through degradation of LDLR [116,117]. L ¢ al. 2 254 involved
Circulating furin-cleaved PCSK9 showed an ability empuainen et at. [_]’ Score range involved.
to regulate LDLR and serum cholesterol levels FURIN (total score = 10) «
- X " | FES (total score = 10) «
although less efficiently than intact PCSK9 [118].
Besides  this,  Furin  substrates  include | Svishcheva et al. [4]
proparathyroid hormone, transforming growth | FURIN (two datasets)
factor beta 1 precursor (TGFB1), proalbumin, | FES (one dataset)
membrane type-1 matrix metalloproteinase (MT1-
MMP), VWF, and the (pro)renin receptor. Soluble
form of the (pro)renin receptor generated by
intracellular cleavage by furin is secreted in plasma
and is able to bind renin [119]. (Pro)renin receptor
was suggested to have a pathological role in raising
blood pressure (reviewed in [120]).

45 | rs1050362 16: 72 130815 | DHX38 " HP « HP Svishcheva et al. [4] HP is the most
= DHX38 « haptoglobin HPR (one dataset) likely causal
= DHODH « HP encodes a preproprotein, which is processed to gene.
= PKD1L3 « yield both alpha and beta chains that combine as a

tetramer to produce haptoglobin. Haptoglobin is a
moderate acute phase protein [121]. Haptoglobin
binds free plasma hemoglobin (Hb) and protects
tissues from oxidative damage. Plasma haptoglobin
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concentrations are elevated in patients with CAD
and are significantly correlated with the severity of
luminal stenosis [122].

The release of Hb from extravasated erythrocytes at
the site of hemorrhage leads to iron deposition,
which may increase oxidation and inflammation in
the atherosclerotic plaque. Iron level, lipid
peroxidation and macrophage accumulation was
shown to be increased in atherosclerotic plaques
from Apoe” mice bearing CAD-associated Hp
alleles as compared to plaques from Apoe™ mice
with normal Hp [123].

46 | rs170041 17:2170 216 SMG6 - SMG6 Lempiiinen et al. [2], score range 2-54 Evidence is
SMG6 nonsense mediated mRNA decay factor SRR (total score = 8) inconsistent.
Smg6 expression was found to be up-regulated in .
pre-lesion endothelial cells and heterogeneous cells g\l\l/llsth? r(]tev://g g;tzge![g)]
from atherosclerotic lesions isolated from aortas of
Apoe”~ mice (“diseased” aortas) as compared to
wild type mice (“healthy” aortas) [9].
SRR
serine racemase
Srr expression was found to be up-regulated in pre-
lesion endothelial cells isolated from aortas of
Apoe” mice (“diseased” aortas) as compared to
wild type mice (“healthy” aortas) [9].

47 | rs12936587 | 17:17 543722 | RAI1 = SREBF1 (SREBP1) PEMT Lempiiinen et al. [2], score range 2-54 Evidence is

— phosphatidylethanolamine N-methyltransferase SREBF1 (total score = 40) « inconsistent.
= PEMT « PEMT converts phosphatidylethanolamine to | PEMT (total score = 40) «— PEMT,

phosphatidylcholine by sequential methylation in SREBF1, and
the liver. Phosphatidylcholine is a major and MIR33B can
essential component of VLDL. In Apoe”™ mice be involved.

which have been fed a chow diet for 1 year, Pemt
deficiency (Pemt™) significantly improved the
atherogenic lipoprotein profile of plasma (with
lower levels of triacylglycerol and cholesterol in
the VLDL and LDL/IDL fractions, respectively),
reduced atherosclerotic lesion area, aortic
cholesteryl ester and cholesterol content, and
improved systolic function as compared to
Pemt**/Apoe™ mice [124].

SREBF1 (SREBP1)

sterol regulatory element binding transcription
factor 1

Transcription factor SREBF-1 regulates the
expression of different genes, including the genes
involved in the synthesis of fatty acids,
triglycerides, and cholesterol (in particular, LDLR)
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[125,126]. SREBF-1 has two isoforms, SREBP-1a
and SREBP-1c, which arise due to transcription
from two alternative start sites. Hepatic activation
of AMP-activated protein kinase (Ampk) was
shown to protect against hepatic steatosis,
hyperlipidemia, and accelerated atherosclerosis in
diet-induced insulin-resistant LdIr”’" mice in part
through  phosphorylation of  Srebp-1c and
suppression of Srebp-1c-dependent lipogenesis
[127]. Inhibition of SREBP by betulin was found to
improve hyperlipidemia and insulin resistance and
reduce atherosclerotic plaques [128].

SREBP-1 was shown to suppress VEGF expression
in human vSMCs [129]. VEGF was reported to
accelerate atherosclerotic progression [105-107].

MIR33B (hsa-mir-33b)

microRNA 33b

MIR33B is located in the intron 17 of the SREBF1
gene. MicroRNA-33 (miR-33a/b) has been
discovered as a key regulator in the initiation and
progression of atherosclerosis (reviewed in [130]).
MicroRNA-33 regulates cholesterol/lipid
homeostasis in cooperation with the SREBP host
genes, participates in inflammatory response and
influences insulin signaling and glucose/energy
homeostasis, cell cycle progression and
proliferation, and myeloid cell differentiation [130].
MiR-33b is possibly utilized for a feedback
mechanism to regulate its host gene SREBF1 [131].
Experiments in miR-33b knock-in humanized mice
showed that SREBF1-miR-33b axis has a critical
role in both lipid profiles and macrophage
phenotype remodeling, and miR-33b was suggested
as a promising target for treating atherosclerosis

[132].

48 | rs2070783 17: 62 406 971 | PECAM1 » PECAM1 «— PECAM1 Brzaenne et al. [1], score range 1-11 PECAML1 is
platelet and endothelial cell adhesion molecule 1 PECAML (total score = 4) « the causal
PECAM-1 is found on the surface of platelets, | POLG2 (total score = 3) « gene.

monocytes, neutrophils, and some types of T-cells,
and makes up a large portion of endothelial cell
intercellular  junctions. PECAM-1 has been
implicated in the maintenance of vascular barrier
integrity, a breach of which is a sign of
inflammatory response. Failure to restore barrier
function in a timely manner can contribute to the
development of chronic inflammatory diseases such
as atherosclerosis (reviewed in [133]). A study in
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Pecam-1 knockout mice proposed PECAM-1 to
play an important role in the ability of the
endothelial cells to sense and couple high temporal
gradients of wall shear stress to NO-mediated
arteriolar dilation during sudden changes in blood

flow [134].
49 | rs12052058 | 19: 11159525 | SMARCA4 * SMARCA4 «— LDLR Brzenne et al. [1], score range 1-11 LDLR is the
= CARM1 « low density lipoprotein receptor KANK?2 (total score = 5) «— « causal gene.
* C190RF52 « LDLR is a key receptor for maintaining cholesterol | SMARCAA4 (total score = 4) « SMARCAZ and
= KANK2 homeostasis. LDLR is a cell membrane | ANKRD25 (total score = 2) « « CARML miaht
glycoprotein that_ b_inds_and inte_rnalizgs circulating Lempidinen et al. [2], score range 2-54 also be g
cholesterol-containing lipoprotein particles. LDLR- LDLR (total score = 35) « involved.

mediated endocytosis is essential for lipoprotein
and lipid metabolism. Defects in LDLR function or
expression trigger elevated LDL cholesterol and
results in major atherosclerotic diseases (reviewed
in [135]). In particular, mutations in the coding
sequence of the LDLR gene was shown to co-
segregate  within  families  with  premature
myocardial infarction/family history for CAD
[136]. Exome sequencing identified rare LDLR
alleles conferring risk for myocardial infarction
[137].

LDLR was found to be one of the top key regulators
of CAD in the study based on integrative genomics
approach [82].

SMARCA4

SWI/SNF related, matrix associated, actin
dependent regulator of chromatin, subfamily a,
member 4

SMARCA4 was shown to be involved in vascular
calcification [138]. Calcification of the coronary
arteries plays a key role in the pathophysiology of
atherosclerosis. The presence of coronary
calcification is a surrogate marker of the overall
plaque burden [19].

CARM1

coactivator associated arginine methyltransferase
1

C9orf72-CARML1 axis was shown to regulate the
lipid metabolism in the cell, particularly under
conditions of glucose starvation stress. C9orf72

promotes the lysosomal degradation of its
interactor CARM1, and CARM1 regulates
autophagy-lysosomal  functions and lipid

metabolism (at a transcriptional level) [139].

CARML (total score = 40) «, «— «— «
SMARCAA4 (total score = 40) «—, «— «— «
C190RF38 (total score = 10) «— «— «

Svishcheva et al. [4]
LDLR (two datasets)
SMARCA4 (one dataset)

20




50 | rs867186 20: 33 764 554 | PROCR, * TRPC4AP «— PROCR (EPCR) Brznne et al. [1], score range 1-11 PROCR is the
MMP24- » EIF6 «— protein C receptor PROCR (total score = 8) «— most likely
AS1-EDEM2 | = ITGB4BP « PROCR is a serine protease activated by and | MYH7B (total score = 5) « causal gene.
» EDEM2 « « involved in the blood coagulation pathway. | TRPC4AP (total score = 3) «
= HS.443185 « « PROCR enhances the activation of protein C. The | EIF6 (total score = 3) «
protein C system is now emerging as a novel | RBL1 (total score = 3) «
participant in the pathogenesis of acute and chronic | ROMOL1 (total score = 2) «
inflammatory diseases, such as sepsis, asthma, | ITGB4BP (total score = 2) «—
inflammatory bowel disease, atherosclerosis, and | FLJ25841 (total score = 1) «
lung and heart inflammation (reviewed in [140]). MT1P3 (total score = 1) «
van der Harst et al. [3]
PROCRT
TRPC4APT —
GGT7 «—
EDEM2 —
NCOA6 «
HMGB3P1
51 | rs9982601 21:35599 128 | LINC00310 | = MRPS6 KCNE2 (MIRP1) Lempiiinen et al. [2], score range 2-54 KCNE?2 is the
= KCNE2 potassium voltage-gated channel subfamily E SON (total score = 8) most likely
regulatory subunit 2 causal gene.

KCNE?2 is a small integral membrane subunit that
assembles with the KCNH2 gene product, a pore-
forming protein, to alter its function. KCNE2
(MiRP1) is expressed in heart and muscle.
Mutations in KCNE2 cause inherited cardiac
arrhythmias. Germline Kcne2 deletion promotes
atherosclerosis in mice. In female western diet-fed
mice, Kcne2 deletion increased plaque deposition >
6-fold and also caused premature ventricular
complexes and sudden death [141].

van der Harst et al. [3]
MRPS6Y «—
SLC5A3T—

¥ Loci for the analysis in our study were defined as regions within +250 kb around these lead SNPs (see Supplementary Table S1c)
* Chromosome: position of the lead SNP on the chromosome according to GRCh37.p13

"Nearest gene according to the NCBI dbSNP database (https://www.nchi.nlm.nih.gov/snp/)

tInformation on whether increased gene expression in CAD-relevant tissue is associated with the increased or decreased CAD risk is given in Supplementary Table S2a
¥ Converging evidence of a potential functional SNP-gene mechanism (demonstrated in the study by van der Harst et al. [3]).
# 3 These pairs of loci are overlapping and contain partially the same genes. Since the distance between the lead SNPs rs3103349-rs10455872 and rs3184504-rs441 was > 250 kb (269,4 kb and
344,2 kb, respectively), SMR/HEIDI analysis was performed for each locus (250 kb around the lead SNP) separately. The genes prioritized based on literature data and revealed in the gene-
based association analysis [4], if located in two loci in the pair, were attributed to both. Similarly, if the CAD-associated SNPs prioritized in the studies by Branne et al. [1], Lempidinen et al.
[2], and van der Harst et al. [3] were located in two loci in the pair, we attributed the genes linked with these SNPs to both loci.

CAD, coronary artery disease; GWAS, genome-wide association study; IDL, intermediate-density lipoprotein; LD, linkage disequilibrium; LDL, low-density lipoprotein; LDLR, LDL receptor;
LDL-C, low-density lipoprotein cholesterol; MMP, matrix metalloproteinase; ROS, reactive oxygen species; SMC, smooth muscle cell; VLDL, very-low-density lipoprotein; vVWF, von
Willebrand factor; vSMC, vascular smooth muscle cell.
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