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Abstract Temperature-associated alteration in the telo-

mere lengths of vascular endothelial cells has not been well
investigated. Telomere length of human umbilical vein

~ endothelial cells (HUVECs) cultured at a high temperature

(42 °C) was analyzed. Here described are heat-associated
phenotypical alterations of human vascular endothelial cell
under prolonged heat stress in terms of telomere length,
telomerase activity, and the expression of telomere asso-
ciated proteins and heat shock proteins. The genomic DNA
extracted from HUVECs cultured for 3 days under 42 °C

was digested with methylaiioh-’Sensitive and -insensitive

isoschizomers and was subjected to genomic Southern blot
probed with a telomere DNA fragment. Their telomere
lengths and telomere length distributions were analyzed.
Telomerase activity and the expressions of telomere-asso-
ciated RNA, telomere-associated proteins (TERC -TERT,
TRF1, and TRFZ) and heat shock pxotems (Hsp60‘,~ Hsp70
and Hsp90) were also analyzed. At 42 °C, cell g H'wth was
suppressed and the cell senescence rate was transiently
elevated. A proportional decrease in the number of long
t.42 °C. A trend of

activity were observed at 42 e after 3- day culture. The
altered phenotypes on day: lyseemed reactive responses for
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cell protectionr~togx;heat~,~"and those- on day 3 seemed
exhausted reactions after 3-day culture.” Madintained
expression was observed in Hsps, TRF2, and TERC. These
altered phenotypes might contribute to cell-survival under
prolonged heat stress. -

Keyword‘sg Heat stress - Vascular, endOt};eIial cell -
Telomere - Subtelomere - DNA methylation

Introduction

Telomeres consist of repetitive DNA sequences with
accessory protein components (TRF1, TRF2, and others)

~capping the terminals of chromosomes [1]. It is well known

that telomere DNA shortening occurs during every- cell
cycle due to the duplication process that produces slightly

shorter DNA strands. In addition, the DNA methylation

status, one of the genomic epigenetic conditions; in telo-

" meric region has been reported to alter in response to
human telomere length changes [2-6]. Telomere length in

somatic cells is negatively affected by stress factors [6].
Both pathological mental and physical stress accelerate
telomere - attrition [6]. Telomere shortening occurs in
somatic cells with aging due to the occurrénce of many

rounds of the cell cycle and pathological stress [7]. On the”

other hand, a- telomere-elongating cellular mechanism
functions in limited cases. Telomerase consists of a protein
component composed of reverse transcriptase (TERT) and
an RNA component (TERC). Telomerase contributes to
telomere elongation or telomere length maintenance in
unique cell populations with active mitotic potential, such
as cancer cells, stem cells, and reproductive cells. Gener-
ally, however, the telomere activity is suppressed to low
levels in somatic cells and is not adequate to prevent the
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telomere shortening that occurs during cell division. Tel-
omerase activity is also affected by stress factors. How-
ever, the effects of heat stress on telomere length,
subtelomeric methylation status, or telomerase activity
have not been well studied. Human vascular endothelial
cells have been used to analyze pathological stress-related
changes in cell biology [8-10]. Yet there have been no
reports that address the telomeric changes in vascular
endothelial cells occurring under heat stress. Although the
effects of transient heat stress on cells have been well
investigated, no reports evaluating prolonged heat stress
lasting more than 1 day have been published. Heat stress in
vascular endothelial cells also induces the expression of
various kinds of stress response genes, representatively,
heat shock proteins (Hsps) [11, 12]. Hsps are ubiquitously
synthesized in virtually all species and it is hypothesized
that they might have beneficial health effects [13]. In
response to stress stimuli, mammalian cells activate a
signaling pathway leading to the transient expression of
Hsp. Hsps are a family of proteins serving as molecular
chaperones that prevent the formation of nonspecific pro-
tein aggregates and assist proteins in the acquisition of their
native structures. Physiologically, Hsps play a protective
role in the homeostasis of the vessel wall consisting of
endothelial cells and smooth muscle cells [14]. We ana-
lyzed telomere DNA length, telomerase activity, and the

expressions of telomere-associated components, and heat

shock proteins under heat stress conditions using human

vascular endothelial cells exposed for 1 day or longer:to -

heat in culture.
Materials and methods
Cell culture

Human umbilical vein endothelial cclls’"(HUVEC) were
purchased from Clonetics Corp. (San Diego, CA, USA).

- The cells were cultured in endothellal cell growth medium

(Clonetics Corp.) at 37 or 42 °C. and 5 %.CO; in a gelatin-
coated flask (Iwaki Glass, 2 Chiba, Japan) Culture media

were refreshed every 24 h. On day 1 or 3; the cells were

collected and were counted using a hemocytometer. Pop-
ulation doublings (PDs) Wéreyfcalculated using the formula:
PD = [log ‘(eXpansiori)/lOgZ]y’, ‘Where expansion was the
number of cells harvested divided by the initial number of
cells seeded. g e

Senescence-associated B-galactosidase (SA-B-Gal)
expression

The cells were washed in PBS, fixed for 10 min at room

temperature in 2% formaldehyde/0.2 % glutaraldehyde,
and incubated at 37 °C (no CO,) with fresh SA-B-Gal

@ Springer

staining solution containing 1 mg/mL of X-gal, pH 6.0 for
12 h. One hundred cells were scored from each well (plate)
using a light microscope.

Telomere detection

Telomere detection was performed as previously(described
[4]. Briefly, cell DNA (0.1 jg) was digested with methyl-
ation-insensitive or -sensitive isoschizomers, Mspl or
Hpall, at 37 °C for 2 h, and was sub]ected to Southern blot
hybridization probed with telomere DNA (TTAGGG),,
The autoradiogram was captured on an Image Master, and
the telomere length was then assessed quantitatively
(Fig. 1). Every sample was measured in triplicate.

Terminal restriction fragmeﬁt‘: (TRF) length analysis

Telomere length dxsmbuuon was analyzed by comparing the
telomere length using. a telomere percentage analysis with
three intervals of length (>9.4, 9.4-4.4 and <4 4 kb) as defined
by a molecular weight standard as previously described [4].
The percent of the stratified intensity in each molecular weight
range of a Southern blot result smear was measured for each

sample:: The mean TRF was estimated using the formula

S(OD; -—'sba(;kground)/S(OD,- — background/L;), where OD;

Sample ! Sample 2

g
g

Hpall
Mspl

@ E
(kb) = =

Schematic
Densitonietry

S O
e L

Fig. 1 Densitometric analysis of the isoschizomeric TRFs of Mspl-
and Hpall-digest. Representative Southern blot results of two samples
digested with Mspl or Hpall are shown. Gray areas on the right side
depict Hpall-densitometry and Mspl-densitometry, respectively .
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is the chemiluminescent signal and L; is the length of the TRF
fragment at position i.

Semiquantitative RT-PCR for TERC RNA

Total RN A samples were extracted using RNAzol B (Tel-
test). mRNA for human telomerase RNA component
(TERC) was determined by RT-PCR using a DIG detection
system (Roche Applied Science). Each human cDNA was
produced by RT-PCR according to each human-derived
sequence. For the amplification of B-actin cDNA, the for-
ward primer B-actin (205 bp) 5'-CCTTCCTGGGCATGGA
GTCCT-3’ and the reverse primer 5'-GGAGCAATGATCT
TGATCTTC-3' were used according to the published
human TERC cDNA sequence [15]. And TERC forward
primer 5-TCTAACCCTAACTGAGAAGGGCGTAG-3'
and the reverse primer 5'-GTTTGCTCTAGAATGAACGG
TGGAAG-3' were used [16]. The values for TERC mRNA
levels were normalized to the f-actin mRNA level in the
same sample. The PCR products were directly synthesized

- from 2 pg of total RNA isolated from each sample using the

Superscript one-step RT-PCR system with Platinum Zag
(Invitrogen) and gene-specific primers according to the
recommendations provided by the supplier. The PCR
products were amplified through 15 cycles of chain reaction
where the amplification is at an exponential phase. The PCR

products were analyzed by agarose gel electrophoresis
(1.3 %) followed by staining with ethidium bromide and
scanning with Gel-Doc (Bio-Rad). For semiquantitative

PCR, p-actin was used as an internal control to evaluate
total RNA input, as described by our group [17].

Western blot and other analyses

Cells from a dish were homogenized with 100-ul lysis
buffer (100 mM Tris pH 6.8, 4 % SDS 20 % glycerol
containing the protease inhibitor, M phenylmethanesulfo-
nyl fluoride, 0.1 mM, leupeptin, 0.1 pl, and aprotinin,
0.1 pl). Gel electrophoresis was: used
protein on a 10 % SDS-—polyacrylamid! 1. Proteins were
transferred to nitrocellulose’ membranes (162-0112, Bio-
Rad Laboratories, Hercules, CA USA) blocked with 5 %
dry milk or blocking solution for Western blot (Roche).
Membranes were blocked and incubated with antibodies
against telomerase reverse transcnptase (TERT) (Rock-
land), TRF1 (Imgenex) ~TRF2 (Cell Signaling), Hsp60

(Assay designs), Hsp70 (Assay designs), Hsp90 (Enzo), or -

glyceraldehyde—3-phosphate dehydrogenase (GAPDH)
(Santa Cruz B}ptechnology). Detection was performed with
secondary horseradish peroxidase-conjugated antibodies
(Chemicon) and the ECL detection system as previously
described [18]. The relative expression levels were deter-
mined compared to that of GAPDH.

separate 10-pg -

Telomerase activity

Telomerase activity was examined by means of a modified
telomerase repeat amplification protocol (TRAP) method
with TeloChaser (Toyobo, Osaka, Japan), as previously
described [19].

Statistical analysis

Assays were 1epeated three times and analyzed statistically.
The normality of the data was examined with the Kol-
mogorov—Smirnov test and the homogenelty of variance
with the Levene Median test. If béth the normal distribu-
tion and equal variance tests were passed, intergroup
comparisons were performed using a two-way analysis of
variance (ANOVA) test followed by all pairwise multiple
comparison procedures 'ljsing Tukey’s post hoc test. The
data are expressed-as the mean == standard deviation. The
criterion for the s1gn1ﬁcance is p < 0.05.

Results

Populatlon doubhng (PD) and cell senescence

The PD value of the HUVECs was assessed on day 1 and
‘day( 3 of culture. At 37 °C, the PD value increased to ~ 1.6
“on day 1 and was found to be maintained at that level on
‘ ~day 3. At 42 °C, the PD value initially increased to ~1.2;
‘hdivever, it decreased steeply to ~0.2 on day 3 (Fig. 2a).

Senescence-associated - P-galactosidase - (SA-B-Gal)

- expression was observed in ~2 % of cells on day 1 and

~ 1 % of cells on day 3 at 37 °C and in ~4 % of cells on
day 1 and ~2 % of cells on day 3 at 42 °C (Fig. 2b).
Such an initial increase and delayed decrease of cell
senescence rate indicated that many cells entered cell
senescence stage followed by :cell death 3-day-cultured
under heat. The proportion of senescent cells in the cell
population which survived for 3-day heat of 42 °C was not

less than that at 37 °C for 3 days. This indicates that the

heat-sensible cells diminished on day 1 and day 3 at 42 °C,
and the heat-tolerant cells remained on day 3 at 42 °C.

The mean TRF level and its distribution o !

The mean TL of the HUVECs was measured to assess the
degree to which high-temperature conditions affect telo-
meric DNA (Fig. 3a). The mean Mspl-TRF values were
9.2 4 1.0 kb at 37 °C for 1 day, 8.7 + 0.3 kb at 37 °C for
3 days, 8.3 &+ 1.0 kb for 1 day at 42 °C, and 8.9 £ 0.6 kb
for 3 days at 42 °C. The mean Hpall-TRF values were
10.1 £+ 0.7 kb at 37 °C for 1 day, 9.6 £ 0.3 kb at 37 °C for
3 days, 9.3 £ 1.1 kb at 42 °C for 1 day, and 9.0 + 1.0 kb
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Fig. 2 The population doubling ) (%)
(PD) and the ratio of A 2 B 7
senescence-associated f- o
galactosidase (SA-B-Gal) - v ’ 6
staining of HUVECs cultured in . I
the presence of H;0,.aThe PD- £ |, R 5
on day 1 and day 3 at 37 and = . o
42 °C. The horizontal bars are 5 1° = g
standard deviations. *p < 0.05, - 9 ,
at 37 vs. 42 °C. b The Z =, e
percentages of SA-B-Gal- E; 08 @ : S he
positive cells. *p < 0.05, at 37 & 04 2 :
vs. 42 °C. *p < 0.05, on day 1 i ‘ e
vs on day 3 Ty B i e

024 L are

[ 0 v
0 1 3 0 t 2 3 1
Days Davs

at 42 °C for 3 days. The subtracted Hpall-Mspl TRF values
weré 0.9 + 1.0 kb at 37 °C for 1 day, 0.9 £04 kb at
37 °C for 3 days, 1.0 & 0.9 kb at 42 °C for 1 day, and
0.1 £ 0.7 kb at 42 °C for 3 days. Thus, the mean TRFs did
not altered at 42 °C, whereas the subtracted TRF Hpall-
Mspl was lower at 42 °C (0.1 £ 0.7 kb) than at 37 °C
(0.9 £ 0.4 kb) on day 3 (p = 0.04). The % intensity of
telomere length distribution (>9.4, 9.4-4.4, <4.4 kb) was as
follows: 51 £ 8, 47+6, 2+ 3% of Mspl at 37 °C

for 1 day, 46 = 1,51 & 2,3 & 2 % of Mspl at 37 °C for
3 days, 39 = 11, 59 = 10, 2 & 1 % of Mspl at 42 °C for -
lddy, 499+5, 48+3, 4+2% of Mspl at 42°C

for 3 days, 63 £ 5,36 =5, 1 £ 1 % of Hpall at 37 °C
for 1 day, 60 £ 1, 38 & 2, 2 + 2 % of Hpall at 37 °C for
3 days, 52+ 14, 47 + 14, 2.4+ 2 % of Hpall at 42 °C
for 1 day, and 58 £ 5,37 £ 3,6 £+ 4 % of deII at42 °C
for 3 days. (Fig. 3b, ¢) The difference between the telomere
length distribution between MspI and Hpall was as follows:
12+ 6, =11 = 4, —1 + 4 % at 37 °C for 1 day, 14 + 1,
—13+2, —-1+2% at 37°C for 3days, 13:+5,
—13 45,043 % at 42 °C for 1-day, 944, —11 £ 2,
24+3% at 42 °C for 3 days, >9.4, 9.4-4.4, <4.4 kb,
respectively (Fig. 3d). The teldméfef ength was affected
significantly in MspI-distribtitibﬁ ‘and in Hpall-Mspl-sub-

~ tracted distribution. At 42 °C on day 1, long telomeres

(>9.4 kb) decreased (p = 0‘02)’ aﬁndf‘mjddle-sized telomeres
(9.4-4.4 kb) increased (p = 0.03). The amount of short
telomeres (<4.4 kb) was not significantly affected. These
changes in TL distribution disappeared on day 3, suggesting

that cells bearing altered telomere length distribution

diminished up to day 3. The alteration of subtelomeric
methylation status appeared on day 3, which'is a trend of
subtelomeric ‘hypomethylation of long telomeres
(@ = 0.02) (Fig. 3d). - ‘

@ Springer

- Telomerase activity =

The telomerasc{actiifity of the HUVECSs was evaluated at

37 °C and 42 °C using TRAP assays (Fig. 4). The average -

value of TPG at 37 °C was set at 1 (1 & 0.66 for 1 day and
1 £ 0.2 for 3. days). The relative levels of TPG at 42 °C
were 1.32 £°0.84 on day 1 and 0.57 + 0.28 on day 3.

Therefore; the relative. level of telomerase activity in the-

HUVECs. at 42 °C was maintained on day 1 (p = 0.71);

however, it ‘significantly decreased on day 3 (p = 0.03).

The level of telomerase activity decreased under prolonged

" “heat stress at 42 °C.

Expression of telomere-associated components

and others

'All telomere-dssociated components (TERT, TRF1 and

TRF2) except TERC were upregulated on day 1 and
downregulated on day 3. The expression of TERC did not
seem to be affected by heat (Fig. 5; Table 1). '

All analyzed heat shock proteins (Hsp60, Hsp70 and
Hsp90) were upregulated on day 1 and downregulated on
day 3 at 42 °C. However, only Hsp70 maintained a sig-

nificantly higher expression level at 42 °C than at 37 °C..

Discussion

Biological stress has been reported to induce negative

effects on the maintenance of telomere length in various .

cells [1, 20]. However, heat stress-associated telomeric
changes have not been well investigated thus far. In the

present study, vascular endothelial cells were used to,

analyze telomere-associated alterations induced at 42 °C.
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Fig. 3 The telomere length, the telomere length distribution of
HUVECs exposed at different temperatures. The mean telomere

. lengths (a) and the telomere length distributions (b—d) are shown. The

Hpall-Mspl-subtracted percentages of telomere length range indi-
cated (>9.4, 9.4-4.4, or <4.4 kb) are shown. Notice that only the
longest telomere range (>9.4 kb) showed a significant difference

Cell growth was found o be Sﬁppressed at 42 °C, espe-

cially on day 3. The proportion of senescent cells increased
onday 1 at 42 °C, then returned to a low level as observed
at 37 °C on day 3. This observation indicates that the heat-
sensitive cell population decreased in size during the 3-day
exposure to 42 °C and the heat-resistant population sur-
vived beyond day 3. To the best of our knowledge, this is

‘the first report to assess alterations in telomere length

distribution under prolonged heat stress. Furthermore, the
effects on cells of transient heat stress have been reported

S

EE .

RIS

Nispl-TL Distribusion

£
o
-

Ieday

EAle

s
3

Hpall-Mspl-Subtracted TL Distribution

between 37 and 42 °C (d). The horizontal bars represent the standard
deviation. The terminal restriction fragment lengths are presented as
the mean values + standard deviation. The horizontal bars represent
the standard deviation. A significant . difference was. observed
between the control cells at 37 °C and those at higher temperatures.
#p < 0.05 vs at 37 °C

to occur within several hours; however, no reports. have
evaluated prolonged heat stress lasting more than 1 day.
In the present study, the telomere length and the subt-
elomeric methylation status were analyzed in heat-exposed
cultured cell, to assess whether the heat stress suppresses or
accelerates aging-associated phenotypes.  Regarding telo-
mere length distribution, the number of long telomeres
decreased and the number of medium-sized telomeres
(4.4-9.4 kb) increased at 42 °C on day 1. These telomeric
changes disappeared by day 3. These results indicate that
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- Jdays

Iday

37°C 42°C

PC NC 37°C 42°C PC NC
Fig. 4 The telomerase activity of endothelial cells at different
temperatures. The relative telomerase activity was compared as a
proportional ratio of the density the ladder of a sample to that of the

-mean value at 37 °C. The panels show photographs of representative

TRAP assay results for HUVECs. The materials used for the positive

" control (pc) and negative control (nc) were provided with the kit

telomere attrition is initially accelerated at 42 °C. There-
after, the cells containing shortened telomeres, which '

seemed to be heat-labile, were lost from the total cell

population by day 3 at 42 °C. At 42 °C, cells containing
very short telomeres might be lost starting from early

periods. This observation suggested that 3-day 42 °C heat
accelerated cellular aging. Consequently, the cells that
survived the 3-day exposure to 42 °C did not show clearly
any significant features in telomere length‘distribution.
The alterations of subtelomeric methylated state have been
observed along with agmg-assomatedjtelomenc changes in
human peripheral leukocytes. The dec 'ase of long telomeres
with hypomethylated subtelomere and the increase of short

telomeres with hypomethylated 'Vsubtelomere have been -

observed as a typical aging-associated telomeric change [4-6].
In this study, the observed heat-induced subtelomeric hy-
pomethylation status on day 3 seemed to be a young pattern,
suggesting that old cells, which were heat-labile, were elimi-
nated during the 42 °C heat exposure for 3 days. Cells having
survived after the heat—exposure showed a young pattern of

subtelomeric methylation status. The heat exposure of 42 °C
firstly - acceleratedaging-associated telomeric changes and

finally eljminatéd the’ cells bearing the old pattern of telomeric
status. : : -

The dlfference of expression pattern between TRF1 and
TRF2 can also be associated with the altered subtelomeric
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Fig. 5 The expression levels of TERC, telomere-associated proteins,
and heat shock proteins of HUVECs cultured on day 1 and day 3 at

- different temperatures. The panel shows representative Western blot

analysis results of telomere-associated proteins (TERT, TRF1, and
TRF2), heat shock proteins (Hsp60, Hsp70, and Hsp90), and a TERC
RNA RT-PCR result. The relative expression level of each compo-
nent is shown in Table 1

Table 1 The proportional values of the expressions of the telomere-
associated components and heat shock proteins at 42 and 37 °C

42/37 °C-relative expression level

1d 3d p value
(1d vs 3d)

TERT 1.80 & 0.32% 025 + 0.147 <0.01
TERC 0.95 + 0.27 1.86 + 1.66 0.44
TRF1 143 + 0.19 044 + 0.25 <0.01
TRE2 3.93 + 1.45% 1.19 + 1.07 0.06
Hsp60 2.35 & 0.58* 0.17 £ 0.11 0.02
Hsp70 273 £ 0.08* 146 + 0.08 <0.01
Hsp90 335+ 143 0.89 + 1.46 . 0.08

1d 1 day, 3d 3 days
>rp<005 at 42 vs 37 °C

methylatlon status after 3-day exposure to heat. At 42 °C,
TRF1 was down-regulated but TRF2 was not. The heat-
induced subtelomeric hypomethylation might occur along

with the lowered expression level of TRF1. TRFI has been ‘
reported to negatively control the telomerase-associated.
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telomere length maintenance [21, 22], while TRF2 is
associated with stabilizing the telomere structure [23, 24].
From this context, the lowered expression of TRF1 would
be beneficial for maintaining telomere length under high-
temperature conditions. In addition, the disequilibrium of
the expression level between TRF1 and TRF2 might lead to
structural change of telomere. This might induce unstable
telomere structure accompanying demethylation of geno-
mic DNA neighboring to telomere. In addition, it has been
reported that heat shock can elicit a transient alteration of
the higher-order structure of specific heterochromatic
regions and induce the transcriptional activation of silent
portions of the genome [25]. The same mechanism could
be applied to the subtelomeric region under heat stress and

“consequently lead to hypomethylated status there. The

prolonged high-temperature condition of 42 °C for 3 days
seemed to impair various kinds of protein expression and
damage cells. We showed here the phenotypical charac-
teristics of the survived cells through a pfolonged heat
stress condition, i.e., maintained telomere length, subtelo-
meric hypomethylation of long telomeres, maintained
TERC expression, and maintained TRF2 expression. TREF2
has been believed to play key roles in telomere mainte-
nance [26, 27]. ‘A recent report suggests roles for TRF2
protein in DNA repair in addition to chromatin reorgani-
zation and telomere maintenance [28]. TRF?2 has also been

suggested to pr(jtéct young neurons against death induced o

by DNA-damaging agents [29]. Thus, TRF2 affects cell

survival and differentiation by modulating DNA damage

pathways, and gene expression, and the elevated expression
of TRF2 could be beneficial for cell survival. Other than

telomere-associated components, Hsps were also affected -

by heat exposure. The difference of protein expression
levels drastically changed from day 1 at 42 °C Some of
these responses seemed to contribute to cell rotectlon
against heat stress. All analyzed protems were upregulated
on day 1 at 42 °C. This indicated " an‘ acute reactive
response to heat stress. Protein expressmn activated at
42 °C on day 1 was preserved i on
3. TERC “expression also re ctivated. Hsp90
expression was moderately: preserved[ on day 3. Hsp70s
function as miolecular chaperones assisting in protein
synthesis, folding, asscmblyz afﬁckmg between cellular
compartments, and degradation [30, 31]. They are
expressed constituti\fély and iﬁduced in response to various
types of stress, including heat shock, ischemia, oxidative
stress, glucose deprivation, and exposure to toxins [32].
Hsp70 protects cellular elements from injury by reducing
oxidation, inflammation and apoptosis and by refolding
damaged. protems The results of the present study sug-
gested that the expression of Hsp70 conferred survival
advantages under prolonged heat exposure. Hsp70 increa-
ses also in response to heat shock in the cardiovascular

system [33]. Hsp70 rapidly accumulates after heat shock
and can increase as much as eightfold in rat hearts after
whole animal heat shock [34, 35]. In fact, Amrani et al.
[36] have suggested that the increase in rat hearts after
whole animal heat shock occurs primarily in the vascular
endothelium, which is associated with improvcd recovery
of endo:helia] function from cardioplegic arrest. Leger
et al. [37] indicated that the primary site of Hsp70 induc-
tion after whole animal heat shock is in the blood vessels.
Hsp70 improves the viability of stre sed ascular smooth
muscle cells, possibly via its chaperone functlons [38]. The
beneficial effects of Hsp70 on cell v1ab111ty demonstrated
in the present study may also prov1de survival advantages
for stressed vascular endothelial ‘ells Maintained upreg-
ulation of Hsp90 might also support cell survival. Heat
shock protein 90 (Hsp90) is 1nd uced in response to cellular
stress and stabilizes client proteins involved in cell cycle
control and prohferatl ‘/antl‘apoptotlc signaling. Tanes-
pimycin, an Hsp90 - inhibitor, reduces tumour cell survwal
in vitro. In multlple mye]oma, Hsp90 inhibition affects
multiple client proteins that contribute to tumour cell sur-
vival, mcludmg elements of the PI3/Akt, STAT3, and
MAPK mgnallmg pathways. Hsp90 inhibition also abro-
gates the protective effect of bone marrow stromal cells
and: ]Ilhlbl[S angiogenesis and - osteoclastogenesis [39].
Thus, mamtamcd expression of some proteins under pro-
longed heat observed in the present study are potentially
able to’ support heat-tolerance. In summary, prolonged heat

_stress conditions such as those that occur at 42 °C for

3fdays give rise to cell damage with transient aging-like

~ alterations in length distribution and subtelomeric meth-

ylation. Cell survival under prolonged heat stress may be
associated with the maintenance of upregulation of TRF2,
Hsp70, and Hsp90. Further study is necessary to elucidate
the relationship between these factors"and the cell survival
mechanism through prolonged heat shock
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