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Abstract

Receptor-interacting protein kinase 3 (RIP3) is a key determinant of necroptosis and
participates in ischaemia—and oxidative stress-induced necroptosis, myocardial re-
modelling and heart failure (HF). In this study, we tested the hypothesis that common
variants in RIP3 gene were associated with the risk and prognosis of HF in the Chinese
Han population. By re-sequencing and luciferase assays, we identified a common
functional variant in the RIP3 promoter region. The rs3212247-T allele suppressed
RIP3 promoter activity by facilitating transcription factor SOX17 binding, but not the
C allele. We further recruited 2961 control participants and 3194 HF patients who un-
derwent a mean follow-up of 19 months (6-31 months) for this study. Rs3212247 and
another missense variant rs3212254 were genotyped. Although rs3212247 did not
significantly associate with increased risk of HF (odds ratio = 1.00, 95% Cl = 0.92-1.08,
P = 0.91), it raised the risk for cardiovascular death and cardiac transplantation (haz-
ard ratio = 1.47, 95% Cl = 1.13-1.91, P = 0.004). Moreover, participants carrying the
rs3212247 CC genotype had higher plasma levels of RIP3 than those carrying the
TT or TC genotype (p for trend = 0.02) in New York Heart Association class Ill HF
group. No association was found between the RIP3 missense variant rs3212254 and
risk or prognosis of HF after adjustment for traditional risk factors. In conclusion, ge-
netic variant in RIP3 promoter region is associated with increased RIP3 transcription,
thus contributed to the poor prognosis of HF patients. Clinical Trial Registration: https
://www.clinicaltrials.gov/ct2/show/NCT03461107?term=03461107&cond=Heart
+Failure&entry=CN&rank=1. Unique identifier: NCT03461107.
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1 | INTRODUCTION

Chronic heart failure (HF) is a complex clinical syndrome caused
by various factors including coronary heart disease, hypertension,
valvular heart disease and idiopathic dilated t:ardiomyopathy.1
Although great advances have been achieved in medical and sur-
gical therapy recent decades, the 5- and 10-year mortality rates
of HF remain high.?? As the ageing of population and HF risk fac-
tors increase, HF has become a serious challenge for the public
health.®* Better understanding of the genetic basis of HF may
shed light on the prevention, diagnosis and treatment of HF.>¢

Recently, genome wide association studies have success-
fully identified multiple genes associated with the risk of HF.”"*°
However, only a few studies focused on the association of genetic
variation with its prognosis.*'! Up to now, genetic loci and related
genes associated with mortality of HF have remained rarely dis-
covered and need more investigation. Thus, we speculated that
there may exist other functional variants which could modify the
prognosis of HF.

Necroptosis is a form of necrosis strictly regulated by distinct
signalling pathway.'? Substantial evidence has demonstrated that
RIPK1-RIPK3-MLKL axis represented the core components for
tumour necrosis factor-induced necroptosis both in human and
mouse, which could be abolished by Receptor-interacting pro-
tein kinase 3 (RIP3)-depletion.'?** Many pathological processes

16 and

including malignant melanoma,*® intestinal tumourigenesis
Abdominal Aortic Aneurysms'’ also have the participation of
RIP3. Importantly, RIP3 showed strong expression in hearts of
murine and human, which implied the importance of this protein
for the function of myocardium.ls'20 Recently, studies have shown
that necroptosis played a vital role in ischaemia—and oxidative
stress—induced myocardial remodelling and HF, which could be
alleviated by RIP3-depletion.*®2! Based on these findings, we hy-
pothesized that RIP3 gene variation may affect its expression and
modify the susceptibility and prognosis of HF.

In the present study, we re-sequenced the regulatory region of
RIP3 gene including the promoter and 5'UTR region of 200 con-
trol participants to identify putative functional variants. The un-
derlying mechanism was explored. Ultimately, a total of 3194 HF
patients and 2961 control participants were genotyped to inves-
tigate association between the variants and the occurrence and
prognosis of HF.

Here, we demonstrated that rs3212247-C allele in the pro-
moter of RIP3 gene destroyed the binding of sox17, which could
repress the expression of ripk3. Moreover, participants carrying
the rs3212247 CC genotype had higher plasma levels of RIP3 than
those carrying the TT or TC genotype (p for trend = 0.02) in New
York Heart Association (NYHA) class Ill HF group and the plasma
RIP3 levels of NYHA Ill and IV groups were significantly higher
compared with NYHA Il and control groups, which suggest positive
correlation between ripk3 level and severity of HF. Importantly,

population of HF carrying rs3212247-CC genotype showed poorer

prognosis assessed by cardiovascular death combined with cardiac
transplantation (hazard ratio = 1.47,95% Cl = 1.13-1.91, P = 0.004).

2 | MATERIALS AND METHODS
2.1 | Study population

This study was approved by Ethics Committee of Tongji Hospital
and the written informed consents were obtained from all par-
ticipants. The investigation conformed to the principles of the
Declaration of Helsinki. A total of 3394 HF patients were re-
cruited between January 2009 and August 2017 in Cardiology
Division of Tongji Hospital in Wuhan. At the last analysis, 200
patients failed to be followed up and the study follow-up com-
pliance rate was 94.1% (3194/3394). The primary end points
were defined as cardiovascular deaths or cardiac transplantation.
Details on diagnostic and exclusion criteria of HF, data collection
and definition of risk factors are provided online. Ethnically and
geographically matched 2961 individuals without evidence of HF
were included as controls. Anthropometric measurements, clini-
cal characteristics and clinical events were recorded at planned
follow-up clinic visits, from questionnaires, medical records and
telephone calls. The clinical characteristics of the populations are
summarized in Table 1.

2.2 | Genetic variation screening

Genomic DNA was extracted from peripheral venous blood sam-
ples of 200 control participants. Common variants in the promoter
and 5'UTR region of RIP3 were identified by Sanger sequencing.
Polymerase chain reaction products were amplified from regions
1.8 kb upstream to 0.2 kb downstream of transcription start site
(Figure 1A). Details regarding primers, re-sequencing procedures
and data analysis are given in Table S1 and the Methods section in

the supplemental materials.

2.3 | Insilico analysis of RIP3 promoter region

A total of 14 common single nuclear polymorphism (SNPs; Minor
allele frequency [MAF] > 0.01) in RIP3 were identified by Sanger
sequencing. The respective regions flanking these variants were
analysed for potential transcription factor binding sites using Jaspar
(http://jaspar.genereg.net/).[22]

2.4 | SNP selection and genotyping

Genomic DNA was extracted from peripheral leucocytes as previ-
ously reported.?® ABI Primer Expression 3.0 software was used for
design of probe and primer sequences, which were synthesized by
Shanghai GeneCore Bio Technologies Co., Ltd, China. The common
variants in RIP3 promoter and CDS regions were genotyped using the
TagMan assay on the TagMan 7900HT Sequence Detection System
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TABLE 1 Baseline characteristics of
the study population

Characteristics
Men (%)

Age (y)

Glucose (mmol/L)
TC (mmol/L)

TG (mmol/L)

HDL (mmol/L)
LDL (mmol/L)
Hypertension (%)
Diabetes (%)
Hyperlipidaemia (%)
Smoking status (%)
B-blocker use (%)

WILEY--2

HF Study
Sequencing healthy Control
population population HF population

Controls (n = 200) Controls (n =2961) Cases (n = 3194)

50 45 65
59.05 + 9.37 58.6 + 10.2 56.0 +13.5"
5.08 + 0.46 514+ 0.44 6.78+3.22°
4.41+0.88 493+0.96 391+1.15
1.44+0.90 1.45 +1.00 1.44+1.16
1.30+0.33 1.46 +0.35 0.99 +0.45
2.44+0.70 2.77+0.79 2.38+0.87
0 58 77
0 0 30
0 35 18
0 36
0 53

Note: Data are expressed as means + SD or percentages.
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol;

TG, triglyceride.

*P < 0.05 cases vs controls.

(Applied Biosystems, Foster City, CA) with the following conditions:
10 minutes at 95°C (enzyme activation) followed by 45 cycles at 95°C
for 15 seconds and 60°C for 1 minute (annealing/extension). An end-
point read was performed for allelic discrimination after amplification.
The details of the procedure for amplification and the quality con-
trol of genotyping were mentioned in our previous study.?* Details
regarding primers and probes can be found in Table S2.

2.5 | Plasmids construction, cell culture, transient
transfection and luciferase activity assays

To determine whether rs3212247 and other seven polymorphisms
are in strict linkage disequilibrium with its influence transcription
activity of RIP3 gene, we constructed 14 reporter plasmids includ-
ing their wild and mutant type using PGL3-basic. Meanwhile, nine
transcriptional factors include SOX17, PBX1, SRY, ZNF35, TEAD4,
ZNF354C, SOX9, SOX10 and SOX21 were cloned into pcDNA3.1
using human cDNA. Flag-tagging was constructed into the 5' of
SOX17 initiation codon. AC16, a cell line derived from adult human
ventricular cardiomyocyte,25 which can well exhibit ultrastructural,
molecular genetics and immunocytochemical characteristics of
cardiomyocyte, has been used to investigate development regu-
lation of cardiomyocyte as an in vitro model.?*?” Thus we used
AC16 and HEK293T cell to conduct luciferase reporter assay. Cell
culture and transient transfection procedures are described in
detail in the supplemental materials. Cells were harvested 36 to
48 hours after transfection using the Passive Lysis Buffer (SIRIUS,
Pforzheim, Germany). The data of luciferase expression levels were

adjusted with reference to Renilla luciferase activity and relative to

the average values of wild-type for corresponding variants. Each
reporter was performed six independent experiments to avoid po-

tential experimental errors.

2.6 | Western blotting for RIP3

Cells grown in 6-well plates were transfected with SOX17 con-
structs or empty vector pcDNA3.1 using Lipofectamine™ 2000
transfection reagent (Invitrogen) according to the manufacturer's
instructions. Cells were harvested 48 hours after transfection and
lysed with lysis solution (50 mmol/L Tris-Cl, pH 8.0; 150 mmol/L
NaCl; 0.02% sodium azide; 0.1% SDS; 1 pg/mL aprotinin; 1%
Nonidet P-40; and 0.5% sodium deoxycholate) containing protease
inhibitors (100 pg/mL phenylmethylsulfonyl fluoride, 2 ug/mL apro-
tinin, 2 ug/mL leupeptin). After centrifuging at 12,000 g for 20 min-
utes at 4°C, supernatant was collected and protein concentrations
were measured using the BCA protein assay reagent kit (Boster,
China). Lysates were resolved by 10% SDS-PAGE and transferred to
polyvinylidene difluoride membranes. After blocking with 5% non-
fat milk, blots were probed with RIP3 antibody (Abcam, ab56164)
and incubated with a peroxidase-conjugated secondary antibody.
Bands were visualized by enhanced chemiluminescence reagents

(Pierce Chemical, Rockford, IL) and quantified by densitometry.

2.7 | Chromatin immunoprecipitation assay

Chromatin immunoprecipitation assays were carried out using com-
mercially available assay kits. Detailed descriptions are available in

supplemental materials.
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2.8 | Electrophoretic mobility-shift assay

Detailed procedures performed in the study are described in the

supplemental materials.

2.9 | Measurement of genotype-dependent plasma
levels of RIP3

Sex, age and NYHA class matched 207 HF patients and 78 sex, age-
matched controls were selected to detect the plasma levels of RIP3.
The detailed clinical characteristics and biochemical profiles of the
samples are shown in Table S3. Total plasma RIP3 levels were analysed
using a Human RIP3 ELISA Kit (CUSABIO, Wuhan, China) according to
the manufacturer's instructions.

2.10 | Statistical analyses

Statistical analyses were performed with spss version 13.0 (SPSS,

Inc, Chicago, lllinois) for Windows (Microsoft Corp, Redmond,

A

chr14: 24808000 | 24809000 | 24810000 |

2.0kb

Wash). Linkage disequilibrium was calculated using Haploview
version 4.1. The polymorphisms were tested for Hardy-Weinberg
equilibrium among the HF patients and the controls using X2 test.
We performed multivariate logistic regression analyses based on
the different genetic models with adjustment of traditional risk
factors to test the association between the SNPs and HF. Clinic
prognosis analysis for HF was performed with Cox proportional
hazards regression model with or without adjustment for tradi-
tional risk factors. Significant differences were assessed by either
one-way ANOVA followed by Bonferroni's post-hoc test or un-
paired or paired, two-tailed Student's t test, where appropriate.
Because the distribution of RIP3 plasma levels is skewed non-nor-
mally, log transformation was performed and the results fitted nor-
mal distribution.

All
(GraphPad). Data are expressed as mean + SEM of n experiments.

biostatistics calculations were performed with Prism

All probability values were two-sided and P < 0.05 was considered
to be significant.
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TABLE 2 Characteristics of RIP3

. . i . G Position®
variants identified by Sanger sequencing ene Fosition

chr14:24810898
chr14:24810830
chr14:24810636
chr14:24810438
chr14:24810413
chr14:24810401
chr14:24810370
chr14:24810336
chr14:24810248
chr14:24809957
chr14:24809850
chr14:24809795
chr14:24809683
chr14:24809650
chr14:24809611
chr14:24809415
chr14:24809191
chr14:24809185

WILEY--2%

dbSNP ID” Gene Region Maj>Min® MAF

rs3212240 promoter G/A 0.163
c.-1798A>G promoter G/A 0.005
c.-1604A>G promoter G/A 0.003
rs3212241 promoter C/T 0.138
rs3759630 promoter G/A 0.295
rs3212242 promoter G/A 0.268
rs3212243 promoter A/G 0.268
c.-1304A>G promoter C/T 0.003
c.-1216A>G promoter C/T 0.003
rs3212245 promoter T/A 0.135
rs3212246 promoter G/T 0.29

rs3212247 promoter T/C 0.29

rs3759625 promoter T/C 0.29

rs3834521 promoter -/C 0.287
rs1007381 promoter C/T 0.163
rs3212249 promoter G/A 0.287
rs3212250 5'UTR A/G 0.287
rs3212251 5'UTR A/G 0.287

Abbreviations: MAF, Minor allele frequency; RIP3, Receptor-interacting protein kinase 3.
?Base pair position is based on NCBI GRCH37.

bPolymorphisms are numbered relative to transcription start site.

‘With major allele given first, followed by minor allele.

3 | RESULTS

3.1 | DNA re-sequencing results, haplotype
analysis of common variants within RIP3 gene and
identification of candidate functional SNPs

We identified 14 common polymorphisms (MAF > 0.01) in the
promoter and 5'UTR region of RIP3 by re-sequencing 200 ran-
domly selected unrelated healthy individuals from the Han
Chinese population, including 12 in promoter and two in 5'UTR
(Table 2). All the 14 polymorphisms above were in Hardy-
Weinberg equilibrium in our sample (P > 0.05). Our re-sequenc-
ing results were in consistent with the Chinese data from the
1000 Genomes Browser, in which we found only one common
missense variant rs3212254 in the coding regions but none in
the 3'UTR. Referring to the Chinese data of the 1000 Genomes,
rs3212254 was in strong linkage disequilibrium with rs3212241
and rs3212245 (r> = 1). Thus combining the genotypes of
200 healthy controls above and Chinese data from the 1000
Genomes Browser, we identified 4 haploblock structures within
RIP3 gene in the Han Chinese population (Table S4). Considering
a substantial of variants in RIP3, we attempted to narrow down
candidate functional SNPs, through which the causal SNP might
be precisely and rapidly found out. RegulomeDB (http://www.
regulomedb.org/index) is a database that contains experimen-
tal data from ENCODE and other sources in addition to com-

putational predictions of regulatory potential and annotates

SNPs with known and predicted regulatory elements in the in-
tergenic regions of H. sapiens genome.28 RegulomeDB assigns
each SNP a score and 1 represents probably functional, 6 rep-
resents unlikely functional. Adam et al have successfully iden-
tified the functional variant associated with coronary artery
disease using RegulomeDB database.?’ Therefore we looked up
all the 14 common SNPs in the RegulomeDB database to local-
ize truly functional variant. The result showed that rs3212249
represented a suitable candidate functional variant (Table S4).
Considering that rs3212249 was in strong linkage disequilib-
rium with other seven variants (Figure S1), we performed fur-
ther functional studies of all the eight polymorphisms (include
rs3759630, rs3212245, rs3212246, rs3212247, rs3759625,
rs3834521, rs3212250, rs3212251). The variant rs3212254
was in coding region of RIP3 and was predicted to be proba-
bly damaging as predicted at PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph2/), and thus, we also genotyped rs3212254 in
control and HF groups.

3.2 | Effects of polymorphisms on the
transcriptional activity

Firstly, we performed functional analyses comparing the activities of
the ‘major’(Hap1)and ‘minor’ (Hap2) haplotypein AC16 cells. Asshown
in Figure 1B, firefly luciferase reporter gene expression of the minor

haplotype increased significantly compared to the major haplotype.
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FIGURE 2 SOX17 binds to the rs3212247-T allele and mediates allelic expression. (A), Firefly luciferase assays were performed with 250-
bp rs3212247-T or -C allele constructs cotransfected into AC16 cells with SOX17 vector encoding sox17. Luciferase activity was measured
48 h after transfection and was normalized against Renilla luciferase activity. (B), AC16 cells were transfected with pcDNA3.1 and SOX17
respectively. Protein was harvested 48 h after transfection and Receptor-interacting protein kinase 3 (RIP3) expression was normalized

against GAPDH. *P < 0.05

To identify which was the causal variant, all the eight SNP-oriented
reporter plasmids were constructed and transfected into AC16 cells.
The results showed that reporter gene expression of the rs3212247-
C allele was significantly increased compared with the rs3212247-T
allele (Figure 1C), which could be replicated in HEK293T cell (Figure
S2A). However, we did not observe any effect on luciferase activity
in rs3834521, rs3759625, rs3212249, rs3759630 and rs3212246 |u-
ciferase assays in AC16 cells (Figure 1D-H), expect that the wild-type
of haplotype, which contains rs3212250 and rs3212251, showed
higher reporter gene expression than mutant type (Figure 11). These
results indicate that rs3212247 in the promoter of RIP3 gene may
affect the binding domain of an endogenous cardiac regulator factor
and in turn affect the gene expression.

3.3 | SOX17 modulates RIP3 expression

Bioinformatics analysis indicated that rs3212247 located in the
binding site of SOX17, PBX1, SRY, ZNF35, TEAD4, ZNF354C,
SOX9, SOX10 and SOX21. In order to confirm the effects of all
these transcription factors (TFs) on endogenous RIP3 expression,
we sequenced AC16 and HEK293T cell lines and found them to be
TT genotype (Figure S3). Subsequently, AC16 and HEK293T cells
were transfected with pcDNA3.1 and TFs respectively. Western
blot results revealed that SOX17 down-regulated RIP3 expres-
sion in both AC16 (Figure 2B) and HEK293T cells (Figure S2B). No
changes were observed in RIP3 expression for other eight TFs in
AC16 cells (Figure S4). We then experimentally investigated the
effect of rs3212247 on SOX17-mediated gene expression using
Luciferase Activity Assays. Rs3212247 promoter reporter plas-
mids were cotransfected with SOX17 into AC16 cells. As shown
in Figure 2A, compared with PGL3 empty vector, transcription
activity of rs3212247-T allele reduced after transfected with
SOX17 expression plasmids, which was in line with previous re-
port that SOX17 could act as an inhibitory transcription factors.*°
Meanwhile, rs3212247-T allele exhibited lower firefly luciferase
activity compared with rs3212247-C allele after transfected with

SOX17. Consistent result was observed in HEK293T (Figure S2A).
This indicated that the rs3212247-C allele could disrupt the bind-
ing site of SOX17 in the RIP3 promoter and increased the tran-

scriptional activity of the gene.

3.4 | Invivo and vitro analyses of SOX17 binding
for the RIP3 rs3212247-T>C allele

In order to further assess the functional relevance of rs3212247,
we performed DNA binding analysis in AC16 and HEK293 cells.
Chromatin Immunoprecipitation Assay was conducted and the
results showed that SOX17 binding to the region encompassing
rs3212247 was detected in both cell lines (Figure 3).

Meanwhile, we carried out electrophoretic mobility-shift as-
says in AC16. As shown in Figure 4, SOX17-containing nuclear ex-
tracts prefer to bind to biotin-labelled rs3212247-T probe but not
to rs3212247-C probe and additional unlabelled oligonucleotide
partially competed with this binding. However, no supershift band
was present.

3.5 | Association of rs3212247 with plasma
RIP3 levels

We measured the plasma RIP3 concentrations of HF patients to
further investigate the functional role of rs3212247. As shown in
Figure 5, plasma concentrations of RIP3 were higher in individuals
with the CC genotype than in those with TT or TC genotypes among
the NYHA class Il patients (p for trend = 0.02). However, we did not
observe the same results in other groups including NYHA II, NYHA IV
and control groups. Interestingly, the plasma RIP3 levels of NYHA IlI
and |V groups were significantly higher compared with NYHA Il and
control groups, suggesting that higher RIP3 levels may aggravate HF.

Furthermore, we assessed the effect of p-blocker use on plasma
RIP3 level. No difference was observed between HF patients with
and without p-blocker use in NYHA II, NYHA 1ll, NYHA IV and com-
bined groups (Figure S5).
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3.6 | Association of rs3212247 with the risk and
prognosis of HF

Since it affected the expression and plasma concentration of RIP3,
we further tested the association of rs3212247 with risk and prog-
nosis of HF. Considering that rs3212247 was in strong linkage dis-
equilibrium with rs3212250 and rs3212251 (r? = 0.99), we chose
rs3212250 combined with rs3212251 as a tagging SNP for genotyp-
ing because they were only 6-bp distance. As a result, no significant
difference was observed in genotype of rs3212247 between cases
and controls (Table 3), which indicated that this SNP is not associ-
ated with the risk of HF. Interestingly, rs3212247 was significantly

A Control H P<0.001
+ani-Fieg -

0.0 0.5 1.0 1.5 2.0
B

Control | P=0.02

T

I T 0 T
0 1 2 3 4

FIGURE 3 Chromatin immunoprecipitation with antibody

against Flag-SOX17 in AC16 (A) and HEK293T (B) with transduction
with Flag-SOX17 construct. Quantitative PCR was used to measure
the Immunoprecipitation of DNA sequence surrounding rs3212247,
normalized to background (control condition with 1gG, no antibody)

associated with the prognosis of HF using genetic recessive model,
both with or without adjustment for conventional risk factors (in-
cluding sex, age, hypertension, diabetes, hyperlipidemia, smoking
state) and B-blocker use (Figure 6A). The cardiovascular death or
cardiac transplantation had occurred in 261 patients (16.4%) in TT
genotype group, 201 patients (15.5%) in TC genotype group and 65
patients (21.5%) in CC genotype group. Cox proportional hazards
models analysis showed that the C allele of rs3212247 is signifi-
cantly associated with an increased risk of cardiovascular death and
cardiac transplantation (hazard ratio [HR] = 1.47,95% Cl = 1.13-1.91;
P = 0.004). The statistical significance in multivariate analysis re-
mained after adjustments for sex, age, hypertension, diabetes, hy-
perlipidemia, smoking state and B-blocker using (HR = 1.40, 95%
Cl = 1.06-1.84; P = 0.018) (Table 4). No statistical significance was
observed using additional and dominant model (Table 4). Meanwhile,
we observed no association between rs3212254 genotypes and the
risk or prognosis of HF in case-control or case-only study after ad-
justment for traditional risk factors (Tables 3 and 4).

Furthermore, we analysed the effects of p-blocker treatment
on the prognosis of HF in all patients and stratified by genotype
of rs3212247. Consistent with findings from previous clinical
studies, %2
risk of cardiac transplantation or deaths (adjust HR = 0.36, 95%
Cl = 0.29-0.43; P < 0.001) (Figure 6B). The benefits of B-blocker
treatment were significant stratified by rs3212247 genotypes after
multivariate analysis (adjusted HR = 0.40; 95% CI = 0.31-0.53;
P <0.001in the TT group; adjusted HR = 0.32; 95% Cl = 0.23-0.44;
P < 0.001 in the TC group; and adjusted HR = 0.33; 95%

B-blocker treatment was associated with a reduced

rs3212247-T rs3212247-C
1 2 3 1 2 3 4
Nuclear extract - + + + - + + +
Labled rs3212247-T + + + + - | - - -
Labled rs3212247-C - — - = + |+ + +
Unlabled 100X rs3212247-T  — ~ + - - - - -
Unlabled 100X rs3212247-C @~ - - - - - - + -
anti-SOX17 _ _ _ + _ _ _ +

Shift band—p

FIGURE 4 |Invitro SOX17 binding to
rs3212247-T allele. Gel-shift assay was
performed with a biotin-labelled probe
containing SOX17 binding elements with
nuclear extract from AC16 or absence
of nuclear extract in each group (lane

1), without or with competition from
unlabelled oligonucleotides containing
rs3212247-T or rs3212247-C ins probes
(lanes 2 to 3 respectively) or anti-SOX17
antibody as indicated (lane 4)
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FIGURE 5 Invivo plasma concentrations of Receptor-interacting protein kinase 3 (RIP3) in control group (A) HF NYHA class Il group (B)

HF NYHA class Il group (C) HF NYHA class IV group (D) and among these four groups (E). The data are presented as box (25th percentile,

median and 75th percentile)

TABLE 3 Association between RIP3 variants and heart failure

SNPrs ID Function Population MAF Genotype
TT TC
rs3212247 Promoter Control 0.3 1454 1243
T>C HF 0.3 1593 1298
GG GT
rs3212254 CDS Control 0.12 2270 658
G>T HF 0.13 2424 708

Crude ORs Adjusted Adjusted ORs
Model (95%Cl) P-Value (95%Cl)
cc Additive 1.00(0.92-1.08) 0.53 1.03 (0.94-1.14)
264 Dominant 0.97 (0.88-1.07)  0.99 1.00(0.88-1.14)
303 Recessive 1.07(0.90-1.27)  0.16 1.17 (0.94-1.46)
TT Additive 1.08 (0.97-1.20) 0.46 1.06 (0.92-1.22)
33 Dominant 1.04 (0.93-1.17) 0.67 0.97 (0.85-1.11)
62 Recessive 1.76 (1.15-2.69) 0.18 1.45(0.84-2.51)

Abbreviations: HF, heart failure; MAF, Minor allele frequency; RIP3, Receptor-interacting protein kinase 3; SNP, single nuclear polymorphism.
Odds Ratios (ORs) and 95% confidence intervals (Cls) were obtained by logistic regression, with and without adjustment for sex, age, hypertension,

diabetes, hyperlipidemia and smoking status.

Cl = 0.18-0.59; P < 0.001 in the CC group) (Figure 7A-C). And the
effect of genotype on prognosis of HF has no statistical significance
but showed trend after stratified by p-blocker use (Figure 7D-E).

4 | DISCUSSION

Heart failure is a common chronic disorder accompanied by loss

of terminally differentiated cardiomyocyte.21 As a passive and

unregulated death form, necrosis has long been considered as the
main form of cell death in myocardial injury.®®3* Emerging evi-
dence has shown that RIP3 participated in necroptosis, which is a
programmed necrosis regulated by RIP1-RIP3-dependent death sig-
nalling pathway.?*® In heart, RIP3 enrolled in I/R and Ml-induced
myocardial injury and remodelling, which could be ameliorated by
RIP3 knockout.®2! Considering the important role of RIP3 in myo-
cardium, we investigated the association of single-nucleotide poly-

morphisms in RIP3 gene with HF using case-control and case-only
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FIGURE 6 Effectsof rs3212247 A ] B ./
on the prognosis of heart failure
(HF) patients. (A), Cox proportional
hazards models analysis showed the
association of genotypes of rs3212247 s %7 s ¥
with cardiovascular deaths or cardiac g 4
transplantation (unadjusted HR = 1.47, 2 Z
95% Cl = 1.13-1.91; P = 0.004). (B), 3 o5 3 s
Comparison of 3194 HF patients with — TT+TC il; —— B-blocker use L\L
and without p-blocker use (adjusted =cp —— no B-blocker use
HR =0.36, 95% Cl = 0.29-0.43; P < 0.001) o
0.4 4 -
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Follow up times(y) Follow up times(y)
TABLE 4 Association of the RIP3 polymorphisms with cardiac mortality or transplantation in chronic heart failure
Dominant model Recessive model Additive model
SNPs HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P
rs3212247
Unadjusted 0.97 (0.81-1.15) 0.68 1.47 (1.13-1.91) 0.004* 1.11 (0.98-1.27) 0.11
Adjusted 0.95(0.80-1.14) 0.61 1.40 (1.06-1.84) 0.018* 1.10(0.96-1.27) 0.15
rs3212254
Unadjusted 1.04 (0.85-1.27) 0.69 1.18 (0.61-2.28) 0.62 1.02(0.85-1.22) 0.83
Adjusted 0.93(0.75-1.15) 0.49 1.00 (0.52-1.94) 1 1.06 (0.88-1.28) 0.54

Hazard Ratio (HR) and 95% confidence intervals (95% Cl) were obtained by Cox regression, without and with adjustment for sex, age, hypertension,
diabetes, hyperlipidemia, smoking status and p-blocker use.
Abbreviations: RIP3, Receptor-interacting protein kinase 3; SNP, single-nucleotide polymorphism.

*P < 0.05.

studies involving 3194 HF patients and 2961 control participants. IV and control groups). This inconsistence may be attributed to the
Our results demonstrated that rs3212247 in RIP3 promoter region wide expression of RIP3 in colon, spleen and lung,*” which needs to
was significantly associated with the prognosis of HF (HR = 1.47, be further investigated in a larger population. Interestingly, plasma
95% Cl = 1.13-1.91; P = 0.004). The statistical significance remained concentration of RIP3 of NYHA Ill and IV patients was significantly
after adjustment for conventional cardiovascular risk factors (sex, higher than that of NYHA Il and control individuals, which revealed
age, hypertension, diabetes, hyperlipidemia and smoking state) and that RIP3 may contribute to exacerbation of HF. However, Javor et
B-blocker use, suggesting that the effect of this polymorphism on al found no difference of serum levels of RIP3 between NYHA class
the prognosis of HF is independent of current known risk factors. II-1V patients and healthy individuals, which may be attributed to
No association was found between rs3212247 and risk of HF. On insufficient samples.®® Taking together, our findings indicated that

the contrary, p-blocker could significantly improve the survival of rs3212247 could modify the progress of HF through disrupting the
HF patients and the benefits were independent of genotypes of binding efficiency of SOX17 and reducing the expression of RIP3
rs3212247. After stratified by fB-blocker use, no statistical signifi- (Figure 8).

cance but trend was observed when analysing the effect of different In our study, the CC genotype of rs3212247 was resistant to
genotype on prognosis of HF, which may be attributed to insufficient SOX17-induced down-regulation of RIP3 and resulted in higher
population of rs3212247-CC genotype. Furthermore, $-blocker had RIP3 expression, which could further lead to poorer prognosis of

no effect on plasma RIP3 level. All these population-based results HF patients. So far, substantial studies have reported that SOX17
indicated no association between RIP3 and f-adrenergic receptor is a tumour suppressor in many kinds of tumours including endo-
signalling. Functional analyses showed that rs3212247-C allele dis- metrial cancer, cholangiocarcinoma, oesophageal cancer, et al*%3738

rupted the binding site of transcriptional factor SOX17, an inhibitory Moreover, SOX17 is indispensable for the specification of cardiac

transcriptional factor, and therefore increased the transcriptional mesoderm and participates in cardiac differentiation,?4°

indicating
activities of RIP3. Moreover, in NYHA class Ill HF group, the plasma a pivotal role in myocardium. In the present study, we found that
RIP3 levels of rs3212247-C homozygote carriers were significantly SOX17 overexpression reduced the expression of RIP3 in AC16 cell,
higher than those of the rs3212247-T carriers. Even so, consistent which indicated that SOX17 might implicate in the regulation of

results were not observed in other groups (including NYHA class I, necroptosis of cardiomyocyte. However, up to now, no investigation
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FIGURE 7 Prospective analysis of the interaction between rs3212247 and f-blocker use as a determinant of heart failure. Cox
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genotype (C) with and without B-blocker use, respectively. (D, E), Comparison of different genotype when stratified by B-blocker use
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was conducted to explore the role of genetic variants in RIP3 in
HF. Cerhan et al*! have performed clinic-based case-control study
using the Affymetrix Immune and Inflammation SNP panel which
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FIGURE 8 Effect of SOX17 on
Regulation of Receptor-interacting
protein kinase 3 (RIP3) Transcription.
The variant rs3212247 in RIP3 promoter
region is a T- to-C change and is predicted
to locate in the binding site of SOX17.
Rs3212247-C allele destroys the SOX17
binding site in the promoter region

of RIP3 and subsequently results in
increased transcription and translation of
RIP3, followed by increased necroptosis
of cardiomyocyte under various external
stimuli, which leads to poor prognosis of
heart failure (HF)

revealed the association of variants in RIP3 gene with risk of Non-
Hodgkin lymphoma. A rare variant in MLKL, as a functional substrate
of RIP3,*? was found to be associated with risk of late-onset AD.*3
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Thus, our study firstly demonstrated the association of variant in
RIP3 gene with the prognosis of HF.

However, there exist some limitations of our study. Firstly, based
on our re-sequencing results only the variants of RIP3 gene were
investigated. Other functional variants in nearby genes, which were
in strict linkage disequilibrium with rs3212247 may also participate
in the prognosis of HF. This needs to be further investigated in other
studies. Secondly, since this investigation was conducted in only
one population, future studies need to be replicated in another geo-
graphically unrelated population. Furthermore, other transcriptional
factors may involve in the regulation of RIP3 gene expression.

In conclusion, our results provide strong evidence that
rs3212247 in promoter region of RIP3 was associated with the
prognosis of HF. The rs3212247-C allele may destroy the binding
site of repressor transcriptional factor SOX17, thus increase the
transcription of RIP3 and further lead to poorer prognosis of HF.
Moreover, the high hazard ratios (HR = 1.47, 95% ClI = 1.13-1.91;
P = 0.004) and high frequency of the risk allele (MAF = 0.3) indi-
cated that this variant may be responsible for a substantial pro-
portion of poor prognosis of HF patients. Further prevention and
treatment strategies through targeting RIP3 is an attractive way
to decrease HF associated mortality and improve the prognosis
of HF.
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