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Heart failure (HF), a major public health burden affecting 2% of industrialized populations, is
a syndrome resulting from structural or functional myocardial impairment leading to
inadequate cardiac output to meet the body’s metabolic demands (1). Half of HF patients
present systolic dysfunction (systolic-HF), also called reduced ejection fraction (HF-REF), a
disease related to various causes including idiopathic Dilated Cardiomyopathy (DCM) and
Coronary Artery Diseases (CAD) (ischemic-HF). HF is usually a multifactorial disease but
the genetic variants contributing to its susceptibility or its severity may be different according

to its underlying causes (2) and their identification is only beginning.

A previous genome wide association study (GWAS) (3) identified two single nucleotide
polymorphisms (SNPs) associated with DCM: rs2234962 within BAG3 gene (B-cell
lymphoma 2-associated athanogene 3) and rs10927875 within a locus encompassing five
genes including HSPB7 (heat shock 27 kDa protein family, member 7) (further called HSPB7
locus). Other studies also reported associations between polymorphisms in the HSPB7 locus
and HF (4-6), two of them assessing the implication of the locus in the subgroup of ischemic-
HF patients (4, 5), but none addressed the role of BAG3 in ischemic-HF nor the potential
impact of HSPB7 and BAG3 loci on HF severity. We hypothesized that these two loci could
be involved in susceptibility to syst-HF due to CAD (ischemic-HF) and/or in severity of syst-

HF due to CAD or DCM.

All participants were of European origin, had a diagnosis of systolic-HF (Left
Ventricle Ejection Fraction, LVEF, < 45%) and gave written informed consent. The study
complies with the principles of the Declaration of Helsinki and was approved by local ethics
committees. In total, 1160 ischemic-HF patients and 1612 controls and 1141 DCM patients
were studied. Genotyping of rs2234962-BAG3 and rs10927875-HSPB7 was performed with

TagMan technology. Disease severity was assessed in patients with Ischemic-HF or DCM as



following: LVEF, Left Ventricle End Diastolic Diameter (LVEDD), NYHA dyspnea at

inclusion and Age at diagnosis.

We analyzed the data following this summarized methodology. After quality controls and
Hardy-Weinberg equilibrium testing in controls (p<0.05), the association between Ischemic-
HF and individual genotypes was tested using a logistic regression model adjusting on age,
gender, and study population in the R statistical environment (7). We assumed an additive
mode of inheritance and decided to adjust the p-value threshold following Bonferroni
correction for two independent tests (p-value <0.025 considered significant). Severity
assessment in patients was performed via linear regression analyses adjusted for age, sex, and

origin depending on the SNP genotype exposure.

Considering the allelic odds ratios for rs10927875-HSPB7 and rs2234962-BAG3 associations
with DCM (0.71 and 0.54 respectively) (3) and the p-value threshold of 0.025, our study had a

95% and 99% power to detect similar associations.

We observed that rs10927875- HSPB7 is significantly associated with Ischemic-HF
(Table 1), with a MAF lower in patients than in controls (0.29 vs. 0.33, p=0.0017, odds ratio
0.96 [0.94-0.98]), which is consistent with a protective effect of the T minor variant against
Ischemic-HF. No significant association was detected between rs2234962-BAG3 and
Ischemic-HF (Table 1), even though a trend was detected.

Regarding severity, rs2234962-BAG3 was significantly associated with LVEDD both
in DCM (adjusted-p: 0.0056, Table 2, N=1076 patients) and ischemic-HF patients (adjusted-
p: 0.01, N=359 patients). In the ischemic-HF population, the major allele T of rs2234962-
BAG3 was associated with enlarged LVEDD (TT: 64.0 £8.7 mm; TC: 62.7 £8.0 mm and CC:

61.8 £9.8 mm) and thus with a greater severity of the disease. Results are less clear in DCM



patients although the same trend could be observed between major homozygous and
heterozygous alleles (TT: 70.9 £9.6 mm and TC: 69.1 £9.2 mm respectively).
No other association could be revealed between the two SNPs and any of the other severity

criteria.

The protective effect of the T minor allele of rs10927875-HSPB7 against ischemic-HF
Is consistent with previous findings in DCM patients (3). Matkovich and Cappola also
described SNPs in HSPB7 locus, rs1739840 and rs1739843 respectively, which exhibited a
lower MAF in Ischemic-HF cases than in controls (0.4126 vs. 0.4735 and 0.367 vs 0.436

respectively) (5, 6).

Finding an association between ischemic-HF and HSPB7 locus but not with BAG3
locus suggests that the genetic background of multifactorial systolic-HF is different according
to its underlying causes. This is meaningful since the pathophysiological pathways of these
two diseases are different, DCM resulting from a primary myocardial defect whereas
ischemic-HF is due to ischemia and necrosis. Since HSPB7 locus appears involved in both
causes, this may reflect a pivotal role of gene(s) in the locus as a poorly adaptive process to
various triggers. The restricted association of BAG3 locus with DCM suggests a more specific

role in the context of a primary myocardial defect.

rs10927875-HSPB?7 locates in an intron of ZBTB17 on chromosome 1p36, but the
locus encompasses several other genes—SPEN, HSPB7, CLCNKA and CLCNKB—exhibiting
strong linkage disequilibrium. HSBP7 is considered as a strong candidate because it exhibits
cardiac-specific expression and some of its variants have been independently associated with
advanced HF, systolic-HF (8) or with DCM (4-6). A recent study found that HSPB7 is early

expressed in embryonic heart and have a major role in heart embryogenesis (9).



BAG3 is mainly expressed in striated muscle and is involved in anti-apoptosis and
anti-proteotoxicity pathways (10). rs2234962-BAG3, a non-synonymous SNP (c.T757C,
p.C151R) predicted as probably damaging by Polyphen, is associated in our study with
LVEDD in both ischemic-HF and CMD populations. The number of T alleles appears related
with enlarged LVEDD in ischemic-HF patients but this was less clear for DCM patients,
possibly due to the very low T homozygous DCM patients (9 out of the 1141). A less efficient

BAG3 activity may favour HF severity but the hypothesis is speculative.

Out of the two loci previously associated with DCM, we observed that HSPB7 locus
was also associated with ischemic-HF whereas BAG3 locus was not. Conversely, BAG3 locus
was associated with LVEDD in both DCM and syst-HF patients. Our results suggest

investigating further the role of these two loci in the pathophysiology of HF of various causes.



ACKNOWLEDGMENTS

We thank all the families and physicians for their participation to this study. We also thank all
the co-workers who participated to the recruitment of patients, particularly: Dr Aumont M-C
(Bichat Claude Bernard Hospital, Paris, France), Dr Gibelin P (Hospital regional University
of Nice, Nice, France), Dr Aupetit J-F (Joseph-St Luc Hospital, Lyon, France), Dr. Rachel
Buchan (Royal Brompton & Harefield NHS Foundation Trust's NIHR Cardiovascular
biomedical research unit, London, United Kingdom) and Dr Leanne Felkin (Imperial College

London, Heart Science Centre, London, United Kingdom).



FUNDING

This work was supported by grants from Assistance Publique-Hbpitaux de Paris (PHRC
programme hospitalier de recherche Clinique; AOMO04041), the ‘Fondation LEDUCQ’
(11CVD 01 network; Eurogene Heart Failure network), European Union FP7
(INHERITANCE network grant n°241924 and BestAgeing network grant n°306031), Agence
Nationale pour la Recherche/Bundesministerium fur Bildung und Forschung (INSIGHT-
DCM network), the Société Francaise de Cardiologie/Fédération Francaise de Cardiologie
(2006), the CONNY-MAEVA charitable foundation, The British Heart Foundation, The
NMRC Singapore, NIHR cardiovascular BRU and BRC, The MRC UK. The UK Blood
Services collection of Common Controls (UKBS collection), part of the Wellcome Trust
Case-Control Consortium, was funded by the Wellcome Trust (076113/C104/Z), and the

Juvenile Diabetes Research Foundation (WTO061858).



CONFLICT OF INTEREST

The authors report no relationships that could be construed as a conflict of interest



REFERENCES

1. McMurray JJV, Adamopoulos S, Anker SD, Auricchio A, Béhm M, Dickstein K,
Auricchio A, Bohm M, Dickstein K, Falk V, Filippatos G, Fonseca C, Gomez-Sanchez
MA, Jaarsma T, Kaber L, Lip GY, Maggioni AP, Parkhomenko A, Pieske BM, Popescu
BA, Rennevik PK, Rutten FH, Schwitter J, Seferovic P, Stepinska J, Trindade PT, VVoors
AA, Zannad F, Zeiher A; ESC Committee for Practice Guidelines. ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure 2012. Eur Heart J.
2012;33:1787-1847.

2. Friedrichs F, Zugck C, Rauch GJ, Ivandic B, Weichenhan D, Miller-Bardorff M, Meder
B, EI Mokhtari NE, Regitz-Zagrosek V, Hetzer R, Schéfer A, Schreiber S, Chen J,
Neuhaus I, Ji R, Siemers NO, Frey N, Rottbauer W, Katus HA, Stoll M. HBEGF, SRA1,
and IK: Three cosegregating genes as determinants of cardiomyopathy. Genome Res.
2009;19:395-403.

3. Villard E, Perret C, Gary F, Proust C, Dilanian G, Hengstenberg C, Ruppert V, Arbustini
E, Wichter T, Germain M, Dubourg O, Tavazzi L, Aumont MC, DeGroote P, Fauchier L,
Trochu JN, Gibelin P, Aupetit JF, Stark K, Erdmann J, Hetzer R, Roberts AM, Barton PJ,
Regitz-Zagrosek V; Cardiogenics Consortium, Aslam U, Duboscg-Bidot L, Meyborg M,
Maisch B, Madeira H, Waldenstrom A, Galve E, Cleland JG, Dorent R, Roizes G, Zeller
T, Blankenberg S, Goodall AH, Cook S, Tregouet DA, Tiret L, Isnard R, Komajda M,
Charron P, Cambien F. A genome-wide association study identifies two loci associated
with heart failure due to dilated cardiomyopathy. European Heart Journal. 2011;32:1065—
1076.

4. Matkovich SJ, Van Booven DJ, Hindes A, Kang MY, Druley TE, Vallania FLM, Mitra

RD, Reilly MP, Cappola TP, Dorn GW 2nd. Cardiac signaling genes exhibit unexpected

10



sequence diversity in sporadic cardiomyopathy, revealing HSPB7 polymorphisms
associated with disease. J Clin Invest. 2010;120:280-2809.

. Cappola TP, Li M, He J, Ky B, Gilmore J, Qu L, Keating B, Reilly M, Kim CE, Glessner
J, Frackelton E, Hakonarson H, Syed F, Hindes A, Matkovich SJ, Cresci S, Dorn GW
2nd. Common Variants in HSPB7 and FRMDA4B Associated With Advanced Heart
Failure. Circ Cardiovasc Genet. 2010;3:147-154.

. Stark K, Esslinger UB, Reinhard W, Petrov G, Winkler T, Komajda M, Isnard R, Charron
P, Villard E, Cambien F, Tiret L, Aumont MC, Dubourg O, Trochu JN, Fauchier L,
Degroote P, Richter A, Maisch B, Wichter T, Zollbrecht C, Grassl M, Schunkert H,
Linsel-Nitschke P, Erdmann J, Baumert J, lllig T, Klopp N, Wichmann HE, Meisinger C,
Koenig W, Lichtner P, Meitinger T, Schillert A, Konig IR, Hetzer R, Heid IM, Regitz-
Zagrosek V, Hengstenberg C. Genetic association study identifies HSPB7 as a risk gene
for idiopathic dilated cardiomyopathy. PLoS Genet. 2010;6:e1001167.

R Development Core Team. R: A Language and Environment for Statistical Computing.
Vienna, Austria: R Foundation for Statistical Computing; 2008 (http://www.R-
project.org.).

. Zeller T, Wild P, Szymczak S, Rotival M, Schillert A, Castagne R, Maouche S, Germain
M, Lackner K, Rossmann H, Eleftheriadis M, Sinning CR, Schnabel RB, Lubos E,
Mennerich D, Rust W, Perret C, Proust C, Nicaud V, Loscalzo J, Hibner N, Tregouet D,
Minzel T, Ziegler A, Tiret L, Blankenberg S, Cambien F. Genetics and beyond—the
transcriptome of human monocytes and disease susceptibility. PLoS ONE. 2010;5:e10693.
Rosenfeld GE, Mercer EJ, Mason CE, Evans T. Small heat shock proteins Hspb7 and
Hspbl12 regulate early steps of cardiacmorphogenesis. Developmental Biology. 2013;381.:

389-400.

11



10. Gamerdinger M, Carra S, BehlJ C. Emerging roles of molecular chaperones and co-
chaperones in selective autophagy: focus on BAG proteins. Mol Med. 2011; 89:1175—

1182.

12



Table 1: Genotypic repartition of cases (ischemic-HF), controls and allelic comparison

test assuming an additive allele effect

SNP Population | Patients MAF | Controls MAF | p-adj* | OR [CI 95%)]
(genotypes) Genotype Genotypes
rs10927875- | Germany 18/133/147 0.28 32/127/115 0.35 0.06 0.95 [0.90-1.00]
HSPB7 France 28/153/173 0.29 84/310/312 0.34 0.17 0.97 [0.94-1.01]
(TT/TC/CC) | UK 33/221/235 0.29 47/271/256 0.32 0.30 0.98 [0.96-1.01]
All 79/507/555 0.29 163/708/683 0.33 1.7 0.96 [0.94-0.98]
rs2234962- Germany 12/92/192 0.20 12/90/171 0.21 0.75 0.99 [0.93-1.05]
BAG3 France 13/103/241 0.18 32/232/433 0.21 0.13 0.96 [0.92-1.00]
(CCITC/TT) | UK 13/151/323 0.18 18/199/346 0.21 0.43 0.99[0.95-1.02]
All 38/346/756 0.18 62/521/960 0.21 0.07 0.97 [0.94-1.00]

This table gives the genotypic repartition for the three SNPs in the corresponding population.

The deducted Minor Allele Frequency (MAF) is also given. *p-adj, p-value adjusted for age,

gender and population. OR calculation was done on the row genotypes data thus no

adjustment was performed.
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Table 2: Association with severity sub-phenotypes for French, German and Italian DCM

patients.
Population France Germany Italy Total
(N=749) (N=278) | (N=114) | (N=1141)
SNP Severity criteria p-adj* p-adj* p-adj* p-adj*
rs10927875- LVEF (N=1004) 0.14 0.24 0.05 0.87
HSPB7
LVEDD (1076) 0.47 0.82 0.79 0.72
NYHA (738) 0.79 0.02 0.35 0.50
Age at diagnosis (1141) 0.66 0.07 0.95 0.2
rs2234962- LVEF (1004) 0.13 0.40 0.10 0.21
BAG3 3 3
LVEDD (1076) 4.1E 0.37 0.78 5.6E
NYHA (738) 0.59 0.09 0.02 0.34
Age at diagnosis (1141) 0.57 0.74 0.27 0.99

The phenotypic information was not always available for the 1141 DCM cases. The exact

number of tested individuals is given for each sub-phenotype. *p-adj, p-value of the test

adjusted on age, gender and population.
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