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SUMMARY 

Heat shock proteins (HSP) are induced during coronary ischaemia, and abnormal expression of one 
HSP gene may cause hypertension in rats, We examined association of a promoter polymorphism in 
the major stress-inducible hsp70 gene (hsp70-1 or HSP70A I) on chromosome 6 (p21.3) with coronary 
disease traits, This C~A base substitution (AAAl:;CCC) is at nucleotide position - I lOin the heat shock 
transcription factor binding site (heat shock element, HSE). The first study sample (ECTIM), recruited 
from Belfast and three centres in France, consisted of 578 myocardial infarction cases and 698 age
matched controls. The frequency of the A"O allele was 0.381 (95% CI=0.35-0.41) and 0,384 (95% 
CI=0,36-0.41) in cases and controls respectively, Homozygotes for the rarer A"o allele had a higher 
BMI (27.3 kg/m' ±3.9) compared with homozygotes for the common C - I II) allele (26,3 kg/m' ±3,3), 
The rarer homozygotes were shorter and heavier than the common homozygotes. A follow-up study 
involved 1431 healthy, middle aged men from the UK (NPHSII group). The frequency of the A, J(,allele 
was 0.385 (95% CI=0.37 -0.40), and there was no association of genotype with BM!. Thus there appears 
to be no strong association of the Hsp70-1 promoter polymorphism with risk of myocardial infarction, 
BMI or any coronary disease traits analysed here. 
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INTRODUCTION 

The heat shock response was originally discovered by Ritossa (1962) in Drosophila 
busckii, in response to heat, and, subsequently is was shown (Tissieres et aI., 1974) that 
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the appearance of chromosome puffs coincided with the synthesis of a small number of 
proteins , the heat shock proteins. Heat shock proteins are now known to be induced by 
a diverse array of cellular stresses other than elevated temperature, including those that 
are encountered during myocardial ischaemia. The function of this response has not been 
determined. One hypothesis (Pelham, 1986) suggest that heat shock proteins protect 
cellular proteins against denaturation during heat shock. 

The hsp70 family of stress proteins is one of the most predominant and highly 
conserved throughout evolution. The major heat inducible hsp70 gene, hsp70-1 
(HSP70A I) , is located between two other hsp70 genes (hsp70-2 and hsp70-hom) in the 
major histocompatibility complex (MHC) class III region of chromosome 6 at 6p21.3 
(Harrison et al. , 1987; Sargent et 01., 1989; Milner and Campbell, J 990; Campbell and 
Trowsdale, 1993). The transcriptional control of hsp70-1 is complex and the 5' tlanking 
region of the gene contains binding sites for a number of transcription factors, including 
TFIlD, AP2, ATF, and Sp I , as well as CCAA T and purine-rich box motifs. However, a 
distinct control element, the heat shock element (HSE), is located further upstream 
(Cunniff et aI., 1991). Upon exposure to stressful stimuli , oligomerization of proteins 
called heat shock factors (HSF) occurs and , binding to the HSE in the promoter, initiates 
transcription of the gene. The HSE contains three NGAAN motifs that form a primary 
high affinity HSF binding site (Abravaya et 01., 1991). Located five bases upstream of 
the first of these motifs is a C---7A polymorphism (Cascino et al., 1993) at nucleotide 
position -110 (Fig. J). 

In 1986 Murry et al. (Murry et al., 1986) first described a phenomenon in dogs , now 
known as ischaemic preconditioning. In 1988, Currie et al. (Currie et 01. , 1988) 
demonstrated the protective effect in ischaemia and reperfused myocardium following 
heat shock. This subject has been reviewed in detail (Yellon and Marber, 1994). These 
and other studies (Currie and White, 1983; Currie, 1987; Yellon et 01., 1992; Marber et 
aI., 1993) have shown an increased synthesis of hsp70 in cardiac tissue from a variety of 
different species. Increased levels of hsp70 in ischaemia are paralleled by increased 
abundance of its corresponding mRNA, although the level of other mRNAs decline 
during ischaemia, again paralleling the processes occurring during heat shock. 

Heat shock proteins can be induced in several cardiovascular cell types, including 
aortic smooth muscle cells, myocardial cells, and cardiac mesenchymal cells. Normal 
human aortas have been demonstrated, by immunostaining, to have a homogenous 
distribution of hsp70 throughout the intima-media. Human atherosclerotic aortas, 
however, have increased hsp70 staining around areas of necrosis (typically in the central 
portions of atheromas) which coincides with plaque lipid accumulations (Berberian et 
al. , 1990). Examination of the cellular nature of the plaques show increased hsp70 
staining in macrophages around areas of necrosis (Johnson et 01., 1995). 

Hsp70 expression has also been implicated in hypertension (Hamet et 01., 1990a; 
Hamet et aI., 1990c; Hamet, 1992; Hamet et aI., 1994). Genetically hypertensive animals 
are more sensitive to heat stress than normotensive controls, and thermosensitivity 
cosegregates with a component of high blood pressure in cross- and back- bred animals . 
Elevated hsp70 gene expression has been demonstrated (Hamet et 01., 1990b) in cultured 
cells from spontaneously hypertensive rats (SHR) and mice (SHM), resulting in in
creased transcription of hsp70 mRNA . Furthermore, there is a higher accumulation of 
hsp70 mRNA in lymphocytes from hypertensive humans than in normotensive humans 
when subjected to heat stress at 42°C (Kunes et 01., 1992). 
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Figure I Schematic to show the polymorphism (C '111 to A.,IIl ) in the HSP70·1 promoter. Arrows indicating 
the peR primers FH 157 and FH 172 are shown. Position + I represents the start site of transcription. TAT A 
. TATA box ; HSE · heat shock e lement. Thick lines show the motifs that form the high affinity binding site 
for HSF (heat shock factOr). 

On these grounds, analysis for polymorphism in the hsp70 genes and search for allelic 
association with coronary disease and coronary traits was considered to be worthwhile. 
Here we describe such a study, for a common polymorphism in the heat shock element 
in the promoter region of the main human hsp70 gene, HSP70A I. 

MA TERIALS AND METHODS 

Subjects 
The ECTIM (Etude CasTemoins de I'Infarctus du Myocarde) population-based case

control study is located in four regions of Europe (Belfast, Toulouse, Lille and Stras
bourg) participating in the World Health Organisation MONICA project. The study 
includes male MI survivors aged between 25 and 64, and male age matched controls 
(Parra et al., 1992). A total of 1276 subjects from the ECTIM study (578 cases and 698 
controls) were screened for the Hsp70-1 polymorphism. 

The NPHS II (Northwick Park Heart Study) group is a prospective study of 3179 
healthy men, aged 50-61 years, who are being followed for five years, with annual 
measures oflipids and clotting factors (Miller et aI., 1996). From this study an unselected 
subset of /431 men was analysed for the Hsp70-l polymorphism. 
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DNA Analysis 
ECTIM DNA was extracted from whole blood by the phenol-chloroform method 

(Kunkel et aI., 1997). NPHS II DNA was extracted from whole blood using the salting 
out method (Miller et al. , 1988). The stock DNA was diluted to a concentration of 
approximately lOng/~ and stored in deep 96-well Beckman microplates. These were 
used to transfer 2.5 ~ of each DNA into its corresponding coordinate of a 96-well 
Omniplate, to the very base of the well. The DNA was allowed to dry and than stored at 
room temperature until required for PCR. 

PCR was carried out in 20~ reactions under 20~ paraffin. Each PCR reaction 
contained 0.8 pmole of each PCR primer, deoxynucleotides (0.2mM dATP etc., 0.02mM 
dCTP), buffer (lOmM tris pH8.5, 50mM KCI , 0.001 % w/v gelatin), 1.5mM MgCI2, wI 
(0.05 %w/v), Taq polymerase (0.2 units) and radioisotope (0.03I1Ci[a-'2P dCTP). PCR 
primer sequences for the HSP70A I promoter region were: 

5'-CCCTGTCCCCTCCAGTGAATC (sense, "FH 157") 
5'-biotin-CTCGAAAAAGGTAGTGGACTG (antisense, "FH 172") 

PCR cycling conditions used were as follows: 95°C for 5 minutes; 95 °C for I minute, 
55°C for 1 minute, 72°C for I minute (35 cycles); and 72°C for 5 minutes. 

Single Strand Conformational Polymorphism (SSCP) 
2.0111 of the PCR product was added to 6 .0~ of a 7:5 ratio of formamide dye mix 

(95 % formamide , 10mM EDT A, and 0.025 % each of bromophenol blue and xylene 
cyanole FF) and a solution of 0.1 % (w/v) sodium dodecylsulphate (SDS) containing 
I OmM EDT A. The DN A was denatured at 95°C for 5 minutes and cooled immediately 
on wet ice. A 7.5% polyacrylamide non-denaturing gel (ratio of acrylamide to 
bisacrylamide of 49: I) of size 330mm x 390mm x 0.35mm in Ix Tris-borate-EDTA 
(TBE, pH8.3) buffer with 5% glycerol and I OmM EDT A was used for SSCP. 4.0 ~ of 
each sample from the first column loaded onto the gel using the 8-channel multipipette 
which loads every alternate well. The second column of samples was then loaded 
intercalated with the first column. A space of two empty wells was left before loading 
column three as before. In this way half the samples (six columns) were loaded onto 
the gel. Electrophoresis was carried out at 300V overnight (about 20 hours) at room 
temperature (usually 21-25°C) . 

An autoradiogram of the gel showed the presence of a polymorphism which was 
sequenced and confirmed to being the C~A base substitution at nucleotide -110. 
Furthermore, SSCP of 96 samples showed that the samples could be genotyped from 
the non-denatured double stranded PCR product. In order to genotype rapidly the large 
number of samples, polyacrylamide gel electrophoresis was carried out on the 
un denatured PCR product. Thus, 2.0~ of each PCR sample was transferred to 6.0111 of 
formam ide dye mix, and, 4.0 ~ of each sample was loaded, using the 8-channel 
multipipette, onto a 7.5% polyacrylamide gel as before. The samples were run into the 
gel at 800V for approximately 30 minutes before loading the remaining 46 samples in 
exactly the same manner. This procedure was repeated for up to eight separate loadings 
(4 x 96 samples). After the last loading the gel was run at 300V for about 20 hours. An 
autoradiogram of the gel was obtained and the samples genotyped for the HSP 70-1 
polymorphism. 
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Statistical analysis 
Statistical analysis was carried out using SPSS PC+, SAS and Microsoft Excel 

computer software . Analysis of variance was used to assess the effect of genotype, centre, 
disease status and their various interactions with BMI, systolic and diastolic blood 
pressures, and pulse pressure. A x2-test was used to compare the observed numbers of 
each genotype with those expected for a population in Hardy-Weinberg equilibrium. 
Ninety-five percent confidence intervals (95 % c.I.) for population allele frequencies 
were calculated from sample allele frequencies, based on the approximation of the 
binomial and Normal distributions when n is large. The critical ratio with continuity 
correction, also based on the binomial-normal distribution approximation, was calcu
lated to test the significance of the difference between two population allele frequencies. 
Association between disease status and genotype was assessed by calculation of the odds 
ratio. In all statistical tests, a P-value <0.05 was taken as indicating statistical signifi
cance. 

Results 
SSCP of the hsp70-1 gene promoter (-221 bp to +50bp) showed the presence of only 

one common polymorphism. Sequencing confirmed that the SSCP is created by the 
previously reported C--7A change at position -110. Although conferring no size differ
ence, the A IIU allele migrates at a slightly faster rate (relative mobility l.017) than the 
CliO allele under the conditions used. Furthermore, the heteroduplexes in heterozygote 
PCR products have greater mobilities again (relative mobilities 1.023, 1.029). It has been 
shown, by computer modelling (De Santis et al., 1988), that the presence of the A allele 
increases the curvature of the ON A and thus retards the A allele on an electrophoretic gel. 
This phenomenon allowed easy and rapid genotyping from the autoradiograms. (Fig.2) . 

In the ECTIM group, the total number of control individuals (and patients) with the 
genotypes Cc. CA and AA were 274 (225),312 (265) and 112 (88) respectively . The 
number of control individuals (and patients) with the genotypes CC, CA and AA in the 
four centres were found to be: Strasbourg 77 (73), 99 (85) and 26 (42); Toulouse 76 (55) , 
91 (76) and 41 (II); Lille 49 (22) , 44 (30) and 17 (7); Belfast 72 (75), 78 (74) and 28 (28) 
respectively. The genotype frequency did not differ significantly between centres and all 
centres were found to be in Hardy-Weinberg equilibrium. Overall , the frequency of the 
A II O allele in patients (0.381 [95 % CI = 0.35-0.41]) was similar to that found in the 
controls (0 .384 [95 % CI = 0.36-0.41]) . The genotype frequency for thi s polymorphism 
obtained here is similar to that obtained in a previous study (Cascino et al., 1994). 

The ECTIM group was analysed for association of HSP70A I C/ A II O genotype with 
hypertension (systolic and diastolic blood pressures, and , pulse pressure) and BMf. 
Analysis of the ECTIM group showed an association with BMI in both patients and 
controls (Table I). A higher BM! (p<0.05) was observed in the AA homozygote [27.6 kg/ 
m" ± 0.38 in patients and 27.1 kg/m2 ± 0.40 in controls I than in the CC homozygote \26.3 
kg/m2 ± 0.22 in patients and 26.2 kg/m2 ± 0.20 in controls]. Heterozygotes were found 
to have an intermediate BMf. More detailed examination showed that the group of AA 
homozygotes were on average shorter compared with the CC homozygotes. 

Since this association with BM! may have been a chance observation, genotype was 
determined in a randomly selected group of 1431 healthy men from the UK, of similar 
age to the ECTIM control group. In the NPHS II group, the total number of individuals 
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Figure 2 Autoradiogram of single polyacrylamide gel analysis of 384 samples for the HSP70-1 promoter 
CIA single nucleotide polymorphism at -I 10. The autoradiogram shows eight repeated loadings of the gel (48 
samples ie. half a 96-wellmicrotitre plate per loading). as described in mcthods. The first three tracks in the 
8th loading show respectively: upper homoduplex only (CIC homozygote) , lower homoduplex only (AlA 
homozygote), or both homoduplexes and two heteroduplexes migrating in advance of the AI A homoduplex 
(CIA heterozygote). 

Table 1 Analysis of BMI, height and weight with HSP70-1 genotype in patients and 
controls in the ECTIM group. 

Genotype 

Patients Controls P Value 

(Number) CC(225) CA(265) AA(88) CC(274) CA (312) AA(112) 

BMl(kg/m') 26.3±O.22 26.6±O.22 27.6±O.38 26.2±O.20 26.5±O.23 27.I±O.40 0.004 

Height (em) 171.6±0.45 171.1±O.37 170.7±0.64 173.5±0.41 I 73.5±O.36 17l.9±0.68 0.048 

Weight (kg) 77.6±O.71 77.9±O.69 SO.4± 1.29 79.I±O.71 79.S±0.74 80.3±1.29 0.203 
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Table 2 Analysis ofBMJ, height and weight with HSP70-1 genotype in the NPHS n group. 

Genotype 

(Number) CC (544) CA(671) AA(216) P Value 

BM] (kg/ml) 26.3±0.15 26.5±0.14 26A±0.23 0.63 
Height (cm) 174.7±0.28 174.7±0.26 1 74.0±OA5 0.39 
Weight (kg) 80A±OA8 81.0±OA7 80.0±0.80 OA3 

with the genotypes Cc, CA and AA were 544, 671 and 216 respectively. The NPHS ]] 
group showed a similar frequency of the A 1,O allele (0.385 [95 % C] = 0.37-0AO]) as in 
the ECTIM sample. Analysis of the NPHS II group, however, showed no significant 
association to the Hsp70-1 genotype with BMI (table 2). The average age of the 
individuals in the two studies was similar and, therefore, does not account for the 
difference observed in the ECTIM study. Blood pressure indices were studied in the 
NPHS II group and showed no association. 

DISCUSSION 

The single nucleotide polymorphism analysed is unusual in that the PCR 
homoduplexes show slightly different electrophoretic mobility, apparently due to 
induced DNA curvature (Cascino et al., 1993). This phenomenon was exploited to 
achieve an unusual but rapid approach to genotyping (Fig . 2). 

Based on its known role in physiology and data showing expression in atherosclerotic 
tissues (Berberian et ai., 1990) and in ischaemic preconditioning (Marber et ai. , 1993), 
hypothesis was that a polymorphism in the hsp70-1 gene might associate with blood 
pressure or myocardial infarction . No association was found. The association between 
the hsp70-1 polymorphism and BMI in this group was unexpected. The association 
mainly represented as lower height, was seen in both cases and controls and was evident 
in all centres, but was not observed in a follow-up study of a large group of similarly aged 
healthy men from the UK. There is no information within the data upon which to judge 
the relative reliability or representativeness of the two studies. However, the absence of 
association in NPHS II questions the real significance of the results ofECTIM, and points 
to the need for further study in other population samples. Although the ECTIM data 
presented here does not support the involvement of the Hsp70-1 gene in contributing to 
the risk of myocardial infarction, a complete test of our hypothesis would demand the 
identification of all common polymorphisms in each and every hsp gene and their typing 
in the study group supplemented also with family-based studies. In the interim, associa
tion studies, although known (Risch and Merikangas, 1996) to offer greater power than 
allele sharing (linkage) studies, are selective rather than systematic. Selection can at best 
increase the chance of identifying a genetic variation int1uencing a trait , for example 
based on function of the gene product, the identification of variation in protein sequence, 
and the identification of variation in regions proven to regulate expression level etc, such 
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as promoter regions. In the absence of such apparent sites, variations which will lead to 
the definition of haplotypes and which will act as linkage disequilibrium markers for 
aetiological sites, must be identified and used. The variant studied in the hsp70-1 gene 
promoter heat shock element is of conceivable but not proven effect on expression. It was 
applicable here as an initial partition of the groups of haplotypes at this locus. Very few 
(we do not know of any) initial studies define all haplotypes as they are contingent on 
extensive scanning for all polymorphism across a locus, but the present work represents 
part of a program of this laboratory to develop this technology to a level of systematic 
rather than candidate gene studies (Day et al., 1996). 
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