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Abstract

Introduction: Arrhythmogenic right ventricular cardiomyopathy/dysplasia
(ARVC/D) is characterized by initial fibrofatty replacement of the right ventricle.
Mutations in the Desmosomal and non desmosomal apart from modifier genes are
known to be involved in the pathogenesis of the ARVC/D. One such modifier gene
identified is HSP70 which plays an important role in cardio-protection. The present
study investigates the role of Hsp70 polymorphisms in ARVC/D disease severity.
Methods: Analysis of 100 control samples and 33 ARVC/D patients for 3 poly-
morphic loci was carried out by PCR - RFLP. Statistical analysis was carried out by
SNPSTAT and haploview to analyze the genotypic data generated.

Results: Our study revealed a statistically significant association of GC genotype
(HSP70-1 +190G/C) [OR 2.93,95%CI 1.08-8.00, p=0.035] and TC genotype
(HSP70-hom +2437T/C) [OR 2.04, 95% CI 1.01-4.55, p=0.045] with risk to de-
velop ARVC/D. The haplotype frequency of CGT was also found to be higher in
patients compared to controls, strengthening the synergistic effect of HSP70 family
in ARVC/D.

Conclusions: The present investigation revealed the importance of HSP70 poly-
morphisms in the pathogenesis of the ARVC/D. The results highlight a modifier role
of HSP70 polymorphisms in ARVC/D etiopathogenesis, as the synergistic action
of these polymorphisms may inhibit the HSP70 protein to perform its regular role,
which in turn may trigger inflammation and apoptosis, hence the muscle tissue may
be replaced by fibrofatty tissue.

Introduction

Arrhythmogenic right ventricular cardiomyopathy/dys-
plasia (ARVC/D) is a rare multifactorial disorder, characterized
by fibrofatty replacement of right ventricle. The replacement of
myocytes in the right ventricle by fibrous tissue leads to right ven-
tricular failure, arrhythmias, and sudden cardiac death. The prev-
alence of this cardiomyopathy varies from population to popula-
tion with an average estimate being 1in 5000/live births. Males
are more frequently affected than females with a ratio of 3:1. It
can be inherited in an autosomal dominant pattern with variable
expression and reduced penetrance. In some forms, autosomal
recessive pattern of inheritance is also reported. Till date differ-
ent desmosomal and non-desmosomal genes have been impli-
cated in the pathophysiology of ARVC/D (Romero et al, 2013).

However, the phenotype depends on genetic back-
ground of an individual, in addition to the causal mutation; hence
modifier genes seem to influence the severity of the phenotypic
expression and this is especially seen in autosomal dominant dis-
orders like cardiomyopathy (Slavotinek and Biesecker, 2003).

One of the modifiers is the cardioprotective HSP70
gene family, a highly conserved gene family and expression is

enhanced on exposure to stressful stimuli. It has wide range of
protective effects like enhancing the immune responses, ther-
motolerance and cytoprotection from inflammatory mediators
(Smith et al, 2007). HSP70 gene family consists of three vari-
ants viz HSP70-1, HSP70-2 and HSP70-hom and is mapped to
the MHC class III region on chromosome 6 p23.1. Polymor-
phisms in HSP70 have been implicated as a risk factor in sever-
al disorders Parkinson’s disease (Wu et al, 2004), high-altitude
illness (Zhou et al, 2005), aging (Singh ef al, 2006a, b), and
uveitis (Spagnolo et al, 2007). Since ARVC/D is characterized
by inflammation of right ventricle; involvement of HSP70 poly-
morphisms as a cytoprotective modifier, is therefore, examined
in the present study.

Materials and Methods

The 2010 diagnostic criteria were used to establish the
diagnosis of ARVC/D. Definite ARVC/D was characterized by
the presence of >2 major criteria, 1| major and 2 minor criteria
or 4 minor criteria (Marcus et al, 2010). ARVC/D is one of the
rarest disorders reported to date.

33 unrelated probands and 100 healthy control blood
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samples were collected from Cardiology Unit of CARE Hospi-
tal, Hyderabad and Osmania General Hospital, Hyderabad re-
spectively, after obtaining written informed consent. The study
was conducted according to guidelines of local institutional
ethical committee clearance from CARE hospitals, Hyderabad
was also obtained. DNA isolation was carried out following the
methodology as described by (Lahiri and Nurnberger, 1991).

Molecular analysis

Genotypes of HSP-70-1+190G/C (rs1043618), HSP-
70-2+1267A/G (rs1061581), and HSP-70-hom +2437T/C
(rs2227956), were determined by PCR based RFLP analysis.
The PCR reaction was carried out in 0.2ml tubes with 25ul of
master mix and each tube contained 100ng of genomic DNA,
50p moles each of forward and reverse primer, 200um of dNTPs,
1X PCR buffer. The conditions applied are: Initial denaturation
at 95°C for 3 min, followed by denaturation at 95°C for 30s, an-
nealing at 55°C-58°C (depending on the exon) for 30s, extension
at 72°C for 1min and final extension at 72°C for 2 min for 30
cycles. The amplicons were subjected to RFLP analysis by the
respective restriction enzymes and incubated overnight and were
later checked on 10% acrylamide gels. The primer sequences
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Results

The control and patient DNA samples were genotyped
for the 3 polymorphic loci. The genotypic and allele frequencies
and odds relative risk estimation for three polymorphic loci are
present in Tables 2-6.

Table 2: Allelic distribution of HSP70 gene polymorphisms

:;;)lz'morphic Alleles qu(l):lz;ls fre- i&yRVC/D frequen-
HSP70 1 +190 G/C
G 0.58 0.52
C 0.42 0.48
HSP70 1 +1267A/G
A 0.58 0.55
G 0.42 0.45
HSP70 hom +2437T/C
T 0.60 0.55
C 0.40 0.45

Table 3: Genotypic distribution of HSP70 gene polymorphisms

rocured were based on Milner and Campbell, (1992).
p pbell, (1992) Polymorphic sites | Alleles | Controls | ARVC/D
Table 1: Primers and restriction enzymes as described by Milner and Campbell HSP70-1 +190G/C | N % N %o
(1992) GG 36 36 6 18
Poly- | Chro- | Primers Annealing | Am - | En - | RFLP GC 45 45 22 67
mor-|mo - tempera- | plifier | zyme | Base
phism | some ture /Mg- pairs cc 19 19 3 15
cl2mM HSP70-2 +1267A/G
HSP-| 6 F:CGCCATG- | 55°C/1.0 4 8 8| Bsr- | 461 AA 33 33 10 30
70-1 GAGACCAA- bp BI +27 AG 51 51 16 49
+190 CACCC R:G-
G/C CGGTTCCCT- GG 16 16 7 21
GCTCTCTGTC HSP70-hom +2437T/C
HSP- |6 F:CATC -|58CR 1118 | Pst-1 | 934+ TT 38 38 8 24
70-2 GACTTCTA- bp 184
+1267 CACGTCCA R:- TC 43 43 0|6
A/G CAAAGTCCTT- cC 19 19 5 15
GAGTCCCAAC
HSP- |6 F: GTCCCTGGG- | 57°C/1.0 627bp | Ncol | 354+ . . L . .
70 - GCTGGAGACGG 273 Table 4: Genotypic frequencies and relative risk estimates of HSP70-1 patients
hom R:GATGATAGG- and control
+2437 GTTACACATCT- Geno- | Controls | ARVC/D o p-val-
T/C GCT Model type | N(%) | N | OROS%CD 17,
Codominant | GG 36(36) | 6(18) 1.00
Stat‘smﬁg analysis 4 allelic £ . Culated f GC | 45(45) | 22(67) | 2.93(1.08-8.00) | 0.035
enotyplc and allelic frequencies were calcu ate. or co 19.(19) S(15) | 158043585 | 049
each polymorphic locus. Odds ratios with 95% confidence inter- Domi G 26 36 618 00
. . . . t .
vals (95%CI) were estimated to test for relative risk of associa- omiman (36) (18)
tion between various genotypic combinations by using SNPStat GCHCC | 64(64) | 27(82) | 253 (0.96-6.71) | 0.048
software (Solé et al, 2006). The difference in the allelic and ge- Recessive | GG+GC | 81(81) | 28(85) 1.00
notypic frequencies of controls and patient group were tested cc 19(19) | 5(15) |0.76(0.26-2.23) | 0.61
by chi square test for statistical inference. A hapmap analysis i
y q . . pmap y Overdomi- | .00 | s5(55) | 1133) 1.00
was carried out with respect to the allelic frequencies of oth- | nant
er population groups available on international hapmap project GC 45(45) | 22(67) |2.44(1.07-5.57) | 0.03
(NCBI). Haplotype analysis and linkage disequilibrium analysis
were carried out by haploview 4.2 software (Barrett et al, 2004)
to examine the association between various polymorphisms of
HSP70 gene family. P values <0.05 was considered as statisti-
cally significant.
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Table 5: Genotypic frequencies and relative risk estimates of HSP70-2 patients
and control

Model Geno- | Control | ARVC/D | OR (95% CI) P-value
type | N(%) |N(%)
Codominant | AA 33(33) | 10(30) 1.00
AG 51(51) | 16(49) 1.04 (0.42-2.55) | 0.94
GG 16 (16) | 7(21) 1.44 (0.46-4.49) | 0.52
Dominant AA 33(33) | 10(30) 1.00
AG+GG | 67 (67) | 23(70) 1.13 (0.48-2.65) | 0.77
Recessive AA+AG | 84 (84) | 26(79) 1.00
GG 16 (16) | 7(21) 1.41(0.52-3.81) | 0.5

Table 6: Genotypic frequencies and relative risk estimates of HSP70-hom pa-
tients and control

Model Geno- | Controls | ARVC/D | OR (95% CI) P-val-
type N (%) N (%) ue
Codomi- | TT 38 (38) 8(24) 1.00
nant
TC 43 (43) 20 (61) 2.21(0.87-5.59) | 0.094
CcC 19 (19) 5(15) 1.25(0.36-4.34) | 0.72
Dominant | TT 38 (38) 8(24) 1.00
TC+CC | 62 (62) 25 (76) 1.92 (0.78-4.68) | 0.15
Recessive | TT+TC | 81 (81) 28 (85) 1.00
CcC 19 (19) 5(15) 0.76 (0.26-2.23) | 0.61
Overdom- | TT+CC | 57 (57) 13 (39) 1.00
inant
TC 43 (43) 20 (61) 2.04 (1.01-4.55) | 0.046

+190G/C of HSP70-1

Statistical analysis of HSP70-1 revealed that ‘GC’ gen-
otype was significantly higher in cases (67%) when compared
to control group (45%). The relative odds ratio points towards a
predisposing effect of ‘GC’ genotype with about 3 fold increased
risk to ARVC/D [OR 2.93, 95% CI 1.08-8.00, p=0.035]. The
association of ‘GC’ genotype with the disease progression holds
well when tested against both the homozygote’s (TT+CC) in
overdominant model.

+1267A/G of HSP70-2

There is no significant difference observed in the fre-
quency distribution of genotypes in both control and patient
samples with respect to the HSP70-2 +1267A/G locus.

+2437T/C of HSP70-hom

In case of HSP70-hom +2437T/C polymorphism, ‘TC’
genotype was significantly higher in patients (60%) compared to
control group (43%), with 2 fold increased risk to ARVC/D [OR
2.04, 95% CI 1.01-4.55, p=0.045], strengthening the selective
disadvantage of heterozygotes in cases of ARVC/D.

Hapmap analysis

Hapmap analysis was carried out by comparing the al-
lele frequencies of global population present in the dbSNP da-
tabase (NCBI) with the present hapmap of HSP70-1(Figure-1)
the ‘G’ allele was found to be dominant in Utha residents, Han
Chinese, Japanese and Yourban in Nigeria while in the Japanese
population, the ‘C’ allele was found to be pre-dominant. In the
Indian control population, both alleles are nearly equal but in
patient cohort, it was nearly one fold higher. The ‘A’ allele of
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HSP70-2 (Figure-2) was predominant in European, African and
Indian population whereas ‘G’ allele was higher in Hispanic and
Subsharan American population and cohort of Indian origin. The
allelic comparison of HSP70-hom (Figure-3) in different pop-
ulation revealed the higher frequency of ‘T’ allele in African
ancestry, Utah residents, Hans Chinese and Gujarati Indians in
Houston but Indian population has higher ‘C” allele contributing
to ethnicity and genetic diversity.
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Figure 1: Hapmap of HSP70-1 in different population
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Figure 2: Hapmap of HSP70-2 in different population
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Figure 3: Hapmap of HSP70-hom in different population

Linkage disequilibrium and haplotype analysis

Linkage disequilibrium (LD) and haplotype analysis
was carried out for the 3 genotypes of HSP70 using Haploview
4.2 software, to examine for any possible association with the
disease phenotype. Pairwise LD comparison of the three poly-
morphisms in patient and control groups, depicting the measures
isrepresented in Figure 4 and 5 respectively. Significant D’ values
were observed for HSP70-1 +190 G/C (rs1043618) and HSP70-
2 +1267A/G [(rs1061581) (D’=0.84)], HSP70-1 +190 G/C and
HSP70-hom (0.85) and HSP70-2 +1267A and HSP70-hom
(rs2227956) (1.00) indicating a tight linkage disequilibrium be-
tween the SNPs (Figure-4). Pairwise comparison of these 3 poly-
morphic loci in control samples revealed a perfect LD (Figure-5).
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Table 7: Haplotype frequency distribution and association with patient group
compared to Controls

HSP | HSP | HSP Con-| ARVC/D | OR (95% CI) p-value

70-1 | 70-2 | 70-hom | trol

G G T 0.415 | 0.4207 1.00

C A C 0.405 | 0.4204 1.12 (0.60 - 2.09) | 0.73

G A T 0.17 0.0603 0.33(0.10 - 1.09) | 0.072

C A T 0.01 0.0306 243 (026 -|044
23.05)

C G T 0 0.0339 44379451.15 | <0.0001
(4437944275 -
44379459.54)

151043618
51061581 ——T7
|

<%

Figure 4: Pairwise LD block of HSP70 polymorphisms in patient samples show-
ing strong association.

N
-

2227956 ——

52

Figure 5: Pairwise Control samples LD showing perfect LD between three
HSP70 (1, 2 and hom) polymorphisms

Haplotype based Linkage disequilibrium mapping has
become a powerful and cost effective tool for performing ge-
netic association studies. Our results from haplotype analysis
revealed that the haplotypic frequencies of CAT and CGT were
significantly higher in patients when compared other haplotypes.
CGT haplotype was found to confer higher risk to ARVC/D
with significant odds ratio.

Discussion

To date, research on ARVC/D revealed the involvement
of desmosomal and non desmosomal gene/s variation (SNPs)
and environmental factors. The phenotypic expression of clini-
cal condition depends on both gene variants and genetic mod-
ifiers, which may influence the severity and progression of the
condition.

One of the well-established gene modifiers is the
HSP70 gene family, which is a highly conserved gene family.
The expression is enhanced during stress stimuli, indicating
their role in cell repair. Their important role as the regulators of
the pathophysiology and cardioprotection in heart-related dis-
eases, cancer, diabetes and aging is well established. As a part
of cell protective mechanism sequence variations of HSP70 can
alter protein function and structure leading to variations in toler-
ance to stress which may enhance susceptibility to the diseases.
HSP70 was also found in intracellular compartments of cells and
these proteins are involved in the following important functions
1)folding and assembly of nascent polypeptides 2) refolding of
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misfolded or aggregated proteins 3) promoting the ubiquitina-
tion and degradation of misfolded proteins 4) preventing protein
aggregation 5) Apoptosis and 6) Immune responses (Turturici
et al, 2010).

To our knowledge, this is the first study investigating
the role of HSP70 gene in the pathogenesis of ARVC/D. It is
hypothesized that alteration in the protein structure of HSP70
due to genetic variations may influence the subsequent release
of cell components by necrosis in circulation, thereby increas-
ing the risk to inflammation as a pro-inflammatory modulator in
ARVC/D.

The present study revealed the (‘GC’ genotype of +190
G/C HSP70-1 and TC +2437 T/C HSP70-hom) to be associat-
ed with ARVC/D. These polymorphisms may alter the repairing
capability of HSP70 by accumulation of misfolded proteins in
cardiac cells and tissue, which is corroborated by the significant
role of HSP70-1 and HSP70-hom polymorphism of the HSP70
gene family.

HSP70-1 Polymorphism

The +190 G/C HSP70-1 polymorphism is a silent sub-
stitution in the 5’ flanking and noncoding region of both the con-
stitutively expressed and heat-inducible form.

Endogenous role of HSP70 and ARVC/D pathogenesis

Induced HSP70 proteins are key components of en-

dogenous pathway that limit the extent of myocardial damage
caused by stress. They also play an important role in the mainte-
nance of integrity of the cytosolic proteins; enhance the surviv-
al of cardiomyocytes by inhibiting the pro-apoptotic pathways
(Fas mediated death cascade and caspase dependent pathway)
and conservation of anti-oxidants. HSP70 residing in the native
compartment has the ability to hamper ongoing pro-inflammato-
ry signaling cascade and promote down regulation of inflamma-
tory responses by targeting the NF-xB pathway (De Jong PR et
al, 2009). Since ARVC/D is associated with apoptosis wherein
cardiomyocytes are replaced by fibrofatty replacement in RV of
the heart, such an association can be justified.
HSP70 mediated negative regulation involve inhibition of kB
kinase (IKK) activity by interacting with IKK gamma subunit.
Alternatively the interaction and switching of tumor necro-
sis factor receptor associated factor 6 (TRAF6), an important
molecule in TLR signaling, may subsequently activate NF-«xB
leading to initiation of inflammation (Guzhova et al, 1997). It
is hypothesized that loss of interaction of HSP70 with NF-«B
and its associated proteins leads to initiation of an inflammatory
response and subsequent ventricular remodeling involving fibro-
fatty replacement followed by sudden cardiac death. Hence, loss
of normal protein interaction network of HSP70 may result in
ARVC/D and justifies the role of HSP 70 gene family as a mod-
ifier of disease phenotype.

Thus, altered HSP70 with ‘GC’ (risk) genotype in myo-
cardium may be unable to carry out its normal function and lead
to the loss of endogenous control of above essential pathways,
required for the cell survival, cell death and fibrofatty replace-
ment of myocardial ventricles.

HSP70-hom +2437T/C
HSP70-hom +2437T/C is a missense mutation Met-
439Thr, which may affect HSP70-hom protein folding and sub-
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sequent other protein foldings in the cell. According to Pociot’s
theory, a methionine substitution by threonine at 439 residue
may affect which HSP70- hom’s functional ability as molecu-
lar chaperone by decreasing the hydrophobic interactions to its
target unstructured protein (Pociot et al, 1993). Dysfunctional
proteins may disrupt the cellular membrane formation process.
Hence, altered proteins lead to the defective cell membrane and
release of cell contents including altered HSP70-hom which acts
as co-inducer to innate immune system as it has a protective role
by inhibiting apoptosis and anti-inflammatory responses.

The exact mechanism by which HSP-hom inhibits
apoptosis is still unknown. But HSP-hom can interact and in-
terfere with pro-apoptotic protein responsible for apoptosis ac-
tivation possible mechanisms include 1) HSP70 interacts with
Apaf-1 and inhibit the activation of caspases 2) It directly in-
teracts with Bax and suppresses its activation 3) HSP70 inhibits
the apoptotic pathway downstream of caspase-3 activation and
4) chromatin condensation induced by apoptosis inducing factor
(Jaattela ef al, 1998 ).

HSP70-hom can have cytoprotective effect by sup-
pressing the activation of NF-kB, NF- «B triggers the produc-
tion of various pro-inflammatory cytokines such as IL-1f, IL-6
and TNF-a. Interestingly, in the present study, the heterozygotes
(TC) of HSP70-hom were found to be at high risk towards
ARVC/D. Hence, the altered HSP70 may fail to suppress the
production of pro-inflammatory cytokines which may lead to in-
flammation and fibrofatty replacement.

LD and Haplotype association analysis

The CGT haplotype was observed only in ARVC/D
group, which is the risk conferring haplotype towards disease
progression. The significant association of the CGT haplotype
with ARVC/D indicates a functional role and synergistic effect
of HSP70 family in ARVC/D which could be explained based
on altered cardioprotection, chaperoning and/or apoptosis and
inflammatory responses.

Conclusions

This is the first investigation, associating the relation-
ship between the HSP70 polymorphisms and ARVC/D in Indian
population. Statistically significant results are obtained with re-
spect to ‘GC’ and “TC’ genotypes of HSP70-1 and HSP70-hom
respectively, pointing the predisposing roles towards ARVC/D.
Haplotype analysis revealed a possible functional and synergis-
tic effect of HSP70 polymorphisms in the ARVC/D susceptibil-
ity. These results point towards a modifier role of HSP70 poly-
morphisms in ARVC/D etiopathogenesis.
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