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Abstract. A bi-allelic polymorphism found in the regu-
latory region of the human heat shock (HS) protein
(HSP) hAsp70-1 gene, which comprises an A—C
transversion, 3 bp upstream of the HS element (HSE),
has been associated with extended HLA haplotypes. In
view of the chaperoning and protective functions of
Hsp70, we investigated whether this /sp70-1 bi-allelic
polymorphism could modulate the stress response,
which may relate to enhanced resistance or susceptibil-

ity to certain diseases. We compared the basal and
HS-induced HS factor (HSF)-binding activity of the
two polymorphic HSEs, Asp70-1 mRNA accumulation
and HSP expression in two human Epstein—Barr virus
(EBV)-transformed B cell lines typed for Asp70-1 pro-
moter alleles. Our results suggest that &sp 70-1 promoter
polymorphism does not influence HSF-binding activity,
hsp70 mRNA accumulation or synthesis in human
EBV-transformed B cell lines.
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Heat shock (HS) proteins (HSPs) are essential for cellu-
lar homeostasis and adaptative functions. The first
function to be attributed to these extaordinarily con-
served proteins was thermotolerance, i.e. protection
from further exposure to HS [1]. The protective role of
HSPs has been extended to other stresses and generally
correlates with their properties as molecular chaperones
controlling protein folding, translocation or degrada-
tion [2, 3]. HSPs also play major roles in the processes
of adaptation to a number of cellular stresses, in partic-
ular those associated with oxidative stress [4—6].

* Corresponding author.

Polymorphism in Asp promoters and quantitative mod-
ifications in Hsp70 expression have been correlated with
variation in thermotolerance in fish, insects and cloned
mammalian cell lines, with differences in adaptation to
environmental conditions in plants and animals and
with susceptibility or resistance to disease in humans [7].
Differential HSP expression in human diseases is sup-
ported by several studies [8—10]. We have proposed that
centenarians, along with their peculiar immune response
[11], might benefit from specific genetically determined
mechanisms for stress resistance, possibly determined
by Asp gene polymorphism and differential HSP expres-
sion [6].
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Indeed, in humans, three members of the hsp70 gene
family map within the class III region of the highly
polymorphic major histocompatibility complex (MHC):
hsp70-1, hsp70-2 and hsp-HOM [12—14]. In other spe-
cies, hsp genes are also located in the MHC region
[15-17]. A bi-allelic polymorphism in the cis regulatory
sequence of the human /Asp70-1 gene lies within the HS
element (HSE). HSEs consist of arrays of inverted
NGAAN repeats. The polymorphism at nucleotide
— 110 of hsp70-1 which involves a nucleotide A —C
transversion was originally described as lying 3 bp up-
stream of the HSE, defined as CTGGAATATTCCCG
[18]. Later work by Abravaya et al. [19] showed the HSE
to be more extensive than this, including five NGAAN
repeats and encompassing nucleotide — 110 [14]. The
study by Cascino et al. [20] showed an association of the
hsp70-1C allele with the HLA-DR3 allele. In HLA-ho-
mozygous cell lines, Milner et al. [21] revealed an associ-
ation of the hsp70-1C allele with HLA-BS, DR3 and
HLA-BI18, DR3 haplotypes, and between Asp70-14 and
most B7, DR2 haplotypes. A second study by Cascino et
al. [22] corroborated these results with respect to the
DR3 haplotype and revealed an association of Asp70-1A4
with most DR4-positive haplotypes (fig. 1).

On the one hand, differential HSP expression may
modulate stress or disease susceptibility or resistance [4,
23-25], while on the other hand, nucleotide substitu-
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tions, deletions and insertions have been shown to mod-
ulate promoter strength and transcriptional activity
[26-28]. This prompted us to investigate a possible
relationship between hsp70-1 gene promoter region
polymorphism and differential HSF-binding activity.
Two Epstein—Barr virus (EBV)-transformed human B
cell lines typed for hsp70-1 alleles (BM14 and MOU,
homozygous for hsp70-1C and hsp70-1A, respectively)
were compared for (i) the affinity of HSF for the two
distinct HSEs, (ii) Asp70-1 mRNA accumulation and
(iii) HS-induced HSP expression.

Material and methods

Cells and HS treatment. Two EBV-transformed
lymphoblastoid homozygous B cell lines from the 10th
International Histocompatibility Workshop were used:
MOU 9050, homozygous for allele 4sp70-14, and BM 14
9033, homozygous for isp70-1C. The human pre-mono-
cytic line U937 in which HSP expression and regulation
have been well characterized was used as a control [29,
30]. Cells were maintained in RPMI 1640 medium
(GIBCO, Paisley, Scotland) supplemented with 10% v/v
fetal calf serum, 0.03% glutamine, 25 mM HEPES at
37 °C in a humidified atmosphere (95% air/5% CO,).
For HS, cells were incubated in a waterbath at 44 °C for
30 min followed by 2.5 h recovery at 37 °C.

MHC class |l MHC class lll MHC class |
______ | _HSP70-2 | HSP70-1| HSP7O-HOM |  _ _ _ _ .
-”5/ \ .

5' flanking QGANACCITGGRATATOCEAD] —»- HsEa /40U 9050
* HLA DR4,

CGAAACCCCTGGAATATTCCCGAC ——* HSEc /BM14 9033
*

* = position -110

(HLA DR3)

Positions involved in the HSE according to Abravaya et al. (19 ) are framed.
Associations with HLA conserved haplotypes, as described by Cascino et al (20,22), are
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Figure 1. Polymorphic variants at position — 110 in the promoter region of the /sp70-1 gene and their associations with HLA
conserved haplotypes. The upper part of the figure shows a schematic representation of the position of the /sp70-1 gene within the
human MHC. The lower part of the figure displays the canonic HSE sequence.
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Preparation of nuclear extracts and gel mobility-shift
assays. Preparation of nuclear-protein extracts was
adapted from the method described by Dignam et al.
[31]. Samples were analysed for HSE-binding activity by
gel mobility-shift assays. Oligonucleotides were synthe-
sized and purchased from Genset (Paris, France). Bind-
ing reactions were performed for 30 min at 25 °C by
adding 5 pg of nuclear proteins to a mixture containing
10° cpm of y[**P]-ATP end-labelled, double-stranded
canonic (HSEn) oligonucleotide, 5-GCCTCGAATGT-
TCGCGAAGTT-3" and the two following polymorphic
double-stranded oligonucleotides, 5-GGAGGCGA-
AACCCCTGGAATATTCCCGACCTGGC-3" (HSEc)
and 5-GGAGGCGAAAACCCTGGAATATTCCCG-
ACCTGGC-3' (HSEa), in 15 pl of buffer containing 2
pg of poly(dI-dC) and 10 pg BSA. Homologous and
heterologous competition experiments were performed
with one- to three-fold molar excess of each non-ra-
dioactive HSE. Samples were electrophoresed on a non-
denaturating 4% polyacrylamide gel, dried and
autoradiographed.

Isolation of RNA and Northern blot analysis. Total
RNA was prepared from HLA-homozygous EBV-
transformed B lymphoblastoid cell lines, using a single-
step procedure [32]. Samples of total RNA (10 pg) were
fractionated in 0.8% agarose-formaldehyde denaturing
gels, then transferred to a nylon membrane (Hybond
N 4, Amersham, UK) and hybridized at 65 °C under
standard conditions with 108 cpm/ml of random-primed
(Boehringer Mannheim, Mannheim, Germany) o«[**P]-
dCTP-labelled probe. The probe was obtained by poly-
merase chain reaction from genomic DNA using
sequence-specific oligonucleotide primers: 5'-GGGCA-
TCACTTGAATTTT-3' (nucleotide position 2412) and
5-TCCAAGATTGCTGTTTTTGT-3' (nucleotide posi-
tion 2149) from the 3" untranslated region of Aisp70-1, a
region which is heterologous in the three MHC-linked
hsp70 genes.

Analysis of protein synthesis. In these experiments, cells
were maintained in RPMI 1640 medium without me-
thionine. Labelling was performed with [*S]-methionine
(6 nCi/ml, specific activity > 1000 Ci/mmol, Amersham)
for 90 min at 37 °C. After a recovery period, proteins
were separated by SDS-PAGE on a 10% (w/v) acry-
lamide gel according to Laémmli [33]. Protein concen-
tration was determined by a micro-BCA assay (Pierce,
Rockford, IL, USA). Approximately 100,000 cpm of
labelled protein was loaded in each lane.

Results

Comparison of HSF DNA-binding activities of the poly-
morphic HSE from Asp70-1. A double-stranded
oligonucleotide representing the canonic consensus
HSF-binding site (HSEn) was first used to compare the

Research Article 703

A)

U 937 BM 14
I LI | 1

-+ o+ o+ o+
5 5 2 4 6

Rkl
“ <+— HSEy / HSF

HS
Hg of nuclear proteins

B)
HSE,  HSE, HSE,

11 LI} 1
+ + + + +

4 2 4 2 4

HS
Hg of nuclear proteins

<— HSE / HSF

Figure 2. HSF DNA-binding activity. (4) U937 cells and the
lymphoblastoid cell line BM14 were exposed to HS (44 °C, 30
min) or maintained at 37 °C and nuclear proteins submitted to
gel mobility shift assay. HS induced binding of HSF to the
canonic HSE (HSEn) in both cell lines. (B) BMI14 cells were
exposed to HS (44 °C, 30 min) and binding of HSF to the
different HSEs (HSEn, HSEa, HSEc) was tested. Concentration
dependence on the amount of nuclear extracts is apparent for all
HSE:s tested.

translocation of HSF into the nuclei of heat-shocked
U937 (control) and BM14 cells (fig. 2A). Control U937
nuclear extract (5 pg) did not contain HSF-HSEn bind-
ing activity (lane 1), while proteins (5 pg) obtained from
U937 cells exposed to HS showed significant binding to
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HSEn (lane 2), indicating that HSF translocation had
occurred. Quantitative experiments performed with
variable amounts of nuclear protein extracts from heat-
shocked BM14 cells indicated that HSF-HSEn binding
activity was detectable with just 2 pg of nuclear
proteins, and increased to a maximum with 4 pg of
nuclear extract (lanes 3—5). Furthermore, HSF translo-
cation and the resulting HSEn-binding activity were
much weaker in BM14 cells than in U937 when similar
amounts of nuclear extract were used (compare lane 2
to lanes 4 and 5). According to the HLA typing of the
U937 cell line (DR2, DR6), negative for HLA-DR3, and
according to the studies of Cascino et al. [20, 22] and
Milner et al. [21], it appears that the HLA haplotype of
this cell line might be associated with &sp70-1A.

Polymorphism of human HSP70-1 gene

To establish whether HSE polymorphism has any effect
on HSF-binding affinity, nuclear extracts from heat-
shocked BM14 cells were incubated with the three HSE
sequences: HSEn (canonic oligonucleotide, lane 1),
HSEa (oligonucleotide allele A, lanes 2 and 3) and
HSEc (oligonucleotide allele C, lanes 4 and 5) (fig. 2B).
No significant differences in HSF-binding activity were
observed between the three HSEs, when equivalent
amounts of nuclear protein were used.

Comparative affinity of HSF for HSEa and HSEc. To
evaluate more precisely the relative affinities of HSF for
HSEa and HSEc, we performed homologous and het-
erologous competition experiments with excess cold
oligonucleotides. In nuclear extracts from U937 cells
(fig. 3A), HSF bound efficiently both HSEa (lanes 1 and
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I642] |6-12] ul of col
+ 4+ o+ + 4+ o+ o+ HSE (*
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Figure 3. Comparative HSF binding affinity by homologous and heterologous competition. The specificities of HSF to labelled HSEs
(HSE*) were tested using U937 (4) or BM14 (B) nuclear extracts in the presence of increasing molar excess of unlabelled HSEs.
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Figure 4. HS-induced hsp70-1 mRNA expression. Control (C)
and HS-induced (HS) levels for hsp70-1 mRNA were tested in
U937 cells (4), BM14 and MOU cells (B). The hsp70-1 probe
detected a transcript of & 2.4 kb. /sp70 mRNA levels were higher
in U937 cells, but no difference was detected between the two
homozygous cell lines tested. The position of migration of 28S
and 18S RNA is shown, as is the 1.27-kb control GAPDH
transcript.

5) and HSEc (lanes 9 and 13). Two microlitres (corre-
sponding to 5 x the concentration of labelled probe) of
unlabelled HSEa or HSEc were sufficient to inhibit
formation of both HSF-HSEa* complexes (lanes 2—4
and 6-—8) and HSF-HSEc* complexes (lanes 10—12 and
14-16). Using nuclear extracts from BM14 cells (fig.
3B), the amounts of HSF-HSEa complexes (lane 1) and
HSF-HSEc complexes (lane 8) formed were much lower
than in U937 cells. Furthermore, cold HSEa and HSEc
effectively inhibited formation of both HSF-HSEa* and
HSF-HSEc* complexes: the effect was discernible with
6 ul of cold HSE. Taken together, these results indicate
that the different HSE sequences are interchangeable
and exhibit a similar affinity for HSF.

Comparison of hsp70-1 mRNA expression in BM14 and
MOU cells. The lack of significant difference in HSF
affinity for HSEa and HSEc was not sufficient to ex-
clude a differential regulation in Asp 70-1 gene transcrip-
tion. We thus also compared /sp 70-1 mRNA expression
in the two homozygous cell lines. Northern blots were
probed with a PCR fragment specific for the 3" untrans-
lated region of hsp70-1 and 10 pg of total RNA was
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loaded on each lane (fig. 4). While HS increased the
accumulation of Asp70-1 mRNA in U937 as well as in
the two B cell lines, the levels of hsp70-1 mRNA were
greater in the U937 cells (compare fig. 4A, B). No
significant differences in Asp70-1 mRNA accumulation
appeared between the two B cell lines (fig. 4B). The
intensity of the 1270-bp signal detected by a probe for
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as a standard for Asp70-1 mRNA quantifica-
tion, in order to take into account variations in the
initial amounts of mRNA present in each sample. Hy-
bridization signals were quantified using the image anal-
ysis computer program 2D Scan, (Pharmacia, Uppsala,
Sweden) and Asp 70-1 signals were corrected to take into
account variations in the corresponding GAPDH sig-
nals. Quantification indicated similar levels of hsp70-1
mRNA in heat-shocked BM14 and MOU cells in dupli-
cate experiments. We thus conclude that the polymor-
phism in the HSE sequence did not influence Asp70-1
mRNA expression.

HS-induced HSP synthesis in BMI14 and MOU
cells. Finally, we investigated the influence of HSE
polymorphism on HSP synthesis by metabolic labelling
of cells (fig. 5). We found that, as in U937 cells, HS
induced Hsp70 and HsP90 in both MOU and BM14
cell lines (compare lane 2 to lanes 4 and 6). For both
MOU and BM14, ~ 100,000 cpm, corresponding to 70
ng protein, was loaded in each lane; for U937 cells,
~ 100,000 cpm, but six-fold less protein, was loaded,
relating to the distinct metabolic activity of these cells.
The levels of Hsp70 and Hsp90 were not different in
MOU and BM14. Furthemore, HS did not affect over-
all protein synthesis, as actin synthesis was equivalent in
control and heat-shocked BM14 and MOU cells.

Discussion

In this study, we found that the described bi-allelic
polymorphism in the 5’ regulatory region of the Asp70-1
gene did not generate differential gene expression. Us-
ing 5'-labelled synthetic oligonucleotides featuring the A
to C mutation within the HSE, we found no differences
in HSF affinity for HSEa or HSEc. We also observed
no significant differences in Asp70-1 mRNA accumula-
tion and HSP expression between /sp70-1C and hsp 70-
14 homozygous cell lines. Our results thus suggest that
the hsp70-1A4/hsp70-1C bi-allelic promoter polymor-
phism does not affect HSP expression. The strong sig-
nals observed for U937 cells in gel shift assays (figs 2, 3)
as well as in Northern blots (fig. 4) is probably cell
specific and may relate to the high metabolic activity of
these cells (fig. 5). Indeed, U937 is a premonocytic cell
line, while MOU and BMI14 are EBV-transformed
lymphocytes. We have previously established that the
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expression of HSPs is higher in monocytes than in
EBV-transformed lymphocytes or any other cell type
tested [34-36].

Other authors have reported a polymorphism in the
coding region of the Asp70-2 gene and its association
with diseases such as insulin-dependent diabetes melli-
tus has been investigated [37]. This polymorphism con-
sists of an A — G transition at position 1267 which
generates a Pst] restriction site. Furthermore, a signifi-
cant linkage disequilibrium (p <7 x 10~7) between the
hsp70-1C allele and the Asp70-2 allele containing a Pst1
restriction site (PstI*) has been previously observed
[21, 38]. These two hsp 70 genes also share a similar HSE
box, with hsp70-2 having a C at nucleotide — 110 [14],
which suggests that they will have similar affinities for
HSF. A functional implication of this polymorphism
was analysed by Pociot et al, [37], studying Asp70-2
mRNA expression in heat-shocked peripheral blood

fpm—

C HS

U 937

«~— hsp90 [
hsp70 ——

Polymorphism of human HSP70-1 gene

mononuclear cells from individuals with different
hsp70-2 genotypes. Their data showed that PstI*-ho-
mozygous individuals have slightly lower hsp70-2
mRNA expression than heterozygous and PstI~-ho-
mozygous individuals. Thus, inter-individual and inter-
racial differences in Hsp70 expression could relate to
regulatory mechanisms distinct from transcriptional
regulation, as also suggested by Lyashko et al. [39].
These authors compared the HS response in ethnically
and ecologically different human populations. They
showed that heat-shocked skin fibroblasts isolated from
Turkish men exhibited intensive synthesis of HSP while
only trace synthesis of HSP was observed in the second
group (Russians), although the mRNA levels were simi-
lar in the two groups. The difference in HSP synthesis
observed by Lyashko et al. [39] might either relate to
post-translational modifications, or involve a distinct as
yet undefined polymorphism.

ik
o

A B 1Y

'
i

C HS « HS
| I J
BM 14 MOU

Figure 5. HS-induced HSP expression. Cells maintained at 37 °C (C) or exposed to HS (44 °C, 30 min) were labelled as described and
proteins analysed by one-dimensional SDS-PAGE. Similar amounts of protein ( &~ 100,000 cpm) were loaded on each lane, correspond-
ing to 70 pg for BM14 and MOU cells and 12 pg for U937 cells. No differences were observed in the rate of HSP and overall protein
synthesis in BM14 and MOU. The positions of Hsp70, Hsp90 and actin (a) are indicated by arrows.
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Finally, our study suggests that differences in Asp gene
regulation and HSP expression more likely relate to
distinct cell types and specific metabolic activities than
to promoter polymorphism, since the natural polymor-
phism of the promoter region of the hsp70-1 gene was
found to have no effect on Hsp70 levels, at least in the
cell types studied. However, we cannot exclude that
unknown polymorphisms in other Asp genes, including
hsp70 genes, might provide individual variability in pro-
tection against environmental changes, ageing or
disease.
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