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Controls (n=8}) CO; bathing (n=16)
Pre-CO; post-CO:
s-BP(mmHg) 141+14 134+11 134+ 14
d-BP(mmHg) 76+5.8 80+5.1 8246.2
%FEMD 5.4+ 51 5.9+0.53 5.2+0.48
b-IMT(mm) 0.31+0.03 0.32+0.03 0.30+0.02
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BS(2hr;mg/dly 148+ 14 162+12 168+18
HbATC(%) 7.42 +0.51 7.7140.41 7.74+0.38

S-BP: systolic blood pressure, d-BP; diastolic pressure, % FMD: %flow mediated dilation, b-IMT:
brachial intima-media thickness, ABL ankle brachial index, PWV: pulse wave velocity, CVR-R (%}
8, coclficient of variation of R-R intervals, BS: blood sugar level. Data are means = SD. "1 p < 005
vs control subjects: ¥ p <005 vs values at before.
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ABSTRACT ' KEYWORDS
The effects of heat on vascular endothelial cells are studied. Telomere of Vascular endothelial cell;
human umbilical venous endothelial cells (HUVECS) cultured at 42°C was Telomere;
studied. The expression of several factors concerning to telomere Heat shock protein.

maintenance and vascular endothelial physiology was analyzed.
HUVECs were cultured for 1 day or for 3 days under 42°C. Their telomere
lengths and telomere length distributions were analyzed and compared
with those at 37°C. The telomerase activity and the expression of telomere-
associated RNA, telomere-associated proteins (TERC, TERT, TRFI, and
TRF2), heat shock proteins (Hsp60, Hsp70, and Hsp90) and endothelial
nitric oxide synthase were also analyzed. _
The cell growth was suppressed both on dayl and on day3 at 42°C.
Unexpectedly, however, the cell senescence rate was elevated only on dayl
at42°C, compared to that at 37°C. The mean telomere length was not different
between at 37°C and at 42°C, whereas in the telomiere length distribution long
telomere decreased and middle-sized telomere increased only on dayl at
42°C. Telomere-associated proteins, heat shock proteins, and NOS were up-
regulated at day!, and the up-regulation disappeared at day3.

The results suggested that long telomeres were affected and various genes
are up-regulated in reaction to elevated temperature, and that the cells
surviving through the prolonged exposure to heat lose the early responses.
The cell subpopulation bearing long telomere seemed more sensitive to
heat stress. The observed initial up-regulation of telomere-associated
proteins and others showed an aspect of heat responses of vascular
endothelial cells. Among the responses, some seemed to be favor for the
biological function and the survival of vascular endothelial cell, for example,
the upregulation of telomerase activity and the elevated expression of TERT,
heat shock protein, and NOS. In addition, an upregulation was maintained
uniquely in Hsp70 at a later stage of heat exposure. This observation
implicates that the upregulation of Hsp70 play an important roll for cell
survival under prolonged heat stress.

© 2014 Trade Science Inc. - INDIA
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INTRODUCTION

Telomere consists of repetitive DNA sequence with
accessory protein components (TRF1, TREF2, and oth-
ers) capping the terminals of chromosome!'l. It is well
known that telomere DNA shortening proceeds at ev-
ery cell cycle due to a duplication process yielding a
little shorter DNA strand. The telomere length of so-
matic cells is negatively affected by stress factors in-
cluding oxidative stress®. Pathological mental and
physical stress accelerates telomere attrition. Telom-
ere shortening is considered to occur in somatic cells
with aging through many rounds of cell cycle and patho-
logical stressPl. Onthe other hand, there is a telomere-
elongating cellular mechanism, which functions in lim-
ited cases. Telomerase consists of a protein compo-
nent of reverse transcriptase (TERT) and a RNA part
(TERQ). Telomerase contributes the telomere elonga-
tion or telomere length maintenance in unique cell popu-
lation with active mitotic potential, such as cancer cells,
stem cells, and reproductive cells. Generally, the te-
lomere activity is, however, suppressed to a low level
in the somatic cells, which is not enough to prevent the
telomere shortening with cell divisions. Telomerase ac-
tivity is also affected by stress factors. However, the
effect of heat stress on telomere length or telomerase
has not been well studied. Heat shock proteins (Hsp)
are ubiquitously synthesized in virtually all species and
it is hypothesized that they might have beneficial health
effects.. In response to stress stimuli, mammalian cells
activate a signaling pathway leading to the transient ex-
pression of heat shock proteins (Hsp). Hsp’s are a family
of proteins serving as molecular chaperones that pre-
vent the formation of nonspecific protein aggregates and
assist proteins in the acquisition of their native struc-
tures. Physiologically, Hsp’s play a protective role in
the homeostasis of the vessel wall consisting of endot-
helial cells and smooth muscle cells®™l. Previous reports
have shown that heat-associated vasodilatation is as-
sociated with vascular NO synthesis!®. Vascular en-
dothelial cells express endothelial nitric oxide synthase
(eNOS). eNOS mediates NO synthesis in vascular
endothelial cells, which relaxes the surrounding smooth
muscle cells of vascular wall to vasodilatation. NO syn-

 thesis has been regarded as a functional marker for vas-
cular endothelial cells. We pursued the heat-associated
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alteration in the vascular reactivity for vasodilatation of
cultured HUVECSs by assessing the eNOS expression
level of HUVECs under heat-exposure. Heat-associ-
ated effects on genomic DNA including telomere ero-
sion, have not been well investigated. Here we ana-
lyzed telomere DNA, and the expressions of telJomere-
associated components, heat shock proteins and nitric
oxide synthase in reaction to heat-stress by using vas-
cular endothelial cells in culture exposed to heat.

MATERIALS AND METHODS

Cell culture

Human umbilical venous endothelial cells (HUVEC)
were purchased from Clonetics Corp. (San Diego, CA).
The cells were cultured in endothelial cell growth me-
dium (Clonetics Corp.) at 37°C 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 I or
3, the cells were collected and were counted using a
hemocytometer. Population doublings (PDs) were cal-
culated using the formula: PD={log (expansion)/log2],
where expansion was the number of cells harvested di-
vided by the initial number of cells seeded.

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% glutaral-
dehyde, and incubated at 37°C (no CO,) with fresh
SA-fGal staining solution containing Img/mL of X-
gal, pH 6.0 for 12h. One hundred cells were scored
from each well (plate) using a light microscope.

Telomere detection

Telomere detection was performed as previously
described”. Blood cell DNA was extracted from
samples and the DNA (0.1ug) were digested with Mspl.
The digests (10ul) were subjected to Southern blot hy-
bridization with a telomere DNA probe. The autorad-
iogram was captured on an Image Master, and the te-
lomere length was then assessed quantitatively. Every
sample was measured in triplicate.

Terminal length (TL.) analysis

Telomere length distribution was analyzed by com-
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paring the telomere length using a telomere percentage
analysis with three intervals of length (>9.4, 9.4>>4.4
and <4 .4kb) as defined by a molecular weight stan-
dard as previously described”. The percent of the strati-
fied intensity in each molecular weight range was mea-
sured. The mean TL was estimated using the formula
S(ODi - background) S(ODi —background /Li), where
ODi is the chemiluminescent signal and Li is the length
of the TRF fragment at position i.

Semiquntitative RT-PCR for TERC RNA

Total RNA samples were extracted using RNAzol
B (Teltest). mRNA for human telomerase RNA com-
‘ponent (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 forward primer B-actin (205bp) 5
-CCTTCCTGGGCATGGAGTCCT-3’ and the re-
verse primer 5’-GGAGCAATGATCTTGATCTTC-3’
~ were used according to the published human TERC
cDNA sequence®. And TERC forward primer 5'-
TCTAACCCTAACTGAGAAGGGCGTAG-3' re-
verse primer 5-GTTTGCTCTAG
AATGAACGGTGGAAG-3'were used”!. The values
for TERC mRNA levels were normalized to the 3-ac-
- tinmRNA level in the same sample. The PCR products
were directly synthesized from 2 pg of total RNA iso-
lated from each sample using the Superscript one-step
RT-PCR system with Platinum 7ag (Invitrogen) and
gene-specific primers according to the recommenda-
tions provided by the supplier. 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, 3-ac-
tin was used as an internal control to evaluate total RNA
input, as described by our group!®.

Western blot and other analyses

Cells from a dish were homogenized with 100p1
lysis buffer (100mM Tris pH 6.8, 4% SDS, 20% glyc-
erol containing the protease inhibitor, M
phenylmethanesulfonyl fluoride, 0.1mM, leupeptin,
0.1pl, and aprotinin, 0.1ul). Gel electrophoresis was
used to separate 10pg protein on a 10% SDS-poly-
acrylamide gel. Proteins were transferred to nitrocellu-

lose membranes (162-0112, Bio-Rad Labo-ratories,
Hercules, California) blocked with 5% dry milk or
blocking solution for Western blot (Roche). Membranes
were blocked and incubated with antibodies against
telomerase reverse transcriptase (TERT) (Rockland),
TRF1 (Imgenex), TRF2 (Cell Signaling), Hsp60 (As-
say designs), Hsp70 (Assay designs), Hsp90 (Enzo),
eNOS (BD Biosciences), phospho-eNOS (Cell Sig-
naling), or glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (Santa Cruz Biotechnology). Detection was
performed with secondary horseradish peroxidase-con-
jugated antibodies (Chemicon) and the ECL detection
system as previously described!". The relative expres-
sion levels were determined compared to that of
GAPDH.

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!.

Statistical analysis

Assays were repeated three times and analyzed sta-
tistically. The normality of the data was examined with
the Kolmogorov—Smirnov test and the homogeneity of
variance with the Levene Median test. If both the nor-
mal distribution 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 using Tukey’s
post hoc test. The data are expressed as the
mean+standard deviation. The criterion for the signifi-
cance is p<0.05.

RESULTS

Population doubling (PD) and cell senescence

The PD of the HUVECs was assessed on day 1
and day 3 of culture. At 37°C, the PD was elevated to
~1.6 onday! and the PD value was maintained on day3.
At42°C, initially the PD was elevated to ~1.2, but de-
creased steeply to ~0.2 on day3 (Figure 1a).

Senescence-associated [3-galactosidase (SA-B-
Gal) expression was observed in ~2% of cells on day!
and ~1% on day3 at 37°C, and ~4% on dayl and
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~2% on day3 at 42°C (Figure 1b).

The PD value did not increased at 37°C, and de-
creased at 42°C during dayl and day3. This apparent
suppress of cell growth might be derived partly from
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a. The PD on dayl and day3 at 37°C and 42“(;. The horizontal
bars are standard deviations. *p<0.05, at 37 C vs at 42 C on
dag'l‘ b. The percentages of SA-b-Gal-positive cells. *p<0.05, at
37 C vs at 42 C. #p<0.05, on dayl vs on day3.

Figure 1 : The population doubling (PD) and the ratio of
senescence-associated b-galactosidase (SA-B-Gal) staining
of HUVECs cultured in the presenceof H,0,
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damaged subpopulation during cell preparation before
starting culture being left. The elevated cell senescence
on dayl both at 37°C and at 42°C supported this idea.
The difference between PD and cell senescence were
derived from heat stress, and cells were suppressed in
growth potential at 42°C. Cell population survived
through the heat condition of 42°C for 3 days bore a
similar proportion of senescent cells as at 37°C. This
indicated that heat-sensible cells were completely eradi-
cated during day1 and day3 at 42°C. As a result, heat-
durable cells survived on day3 at 42°C.,

The mean TRF level and its distribution

Themean TL's of HUVECs were measured to as-
sess how much high temperature condition affected the
telomeric DNA (TABLE 1). At42°C, long telomere
(>9.4kb) decreased on day! and middle-sized telom-
ere (9.4kb-4.4kb) increased. These differences be-
tween 37°C and 42°C disappeared on day3. The pro-
portions between values at 37°C and those at 42°C
were also compared to pursue the heat-specific changes
from day1 to day3 (TABLE 2). The decrease of long
telomere and the increase of middle-sized telomere were
observed only on day! and the short telomere (<4.4kb)
was not significantly affected. These changes of TL dis-
tribution disappeared on day3. Unexpectedly, cells with
longer telomere seemed more easily affected by heat
stress, compared to those with shorter telomere.

TABLE 1 : The telomere length and the telomere length dis-
tribution of HUVECs exposed to heat :

37°C 42°C
Dayl Day3 Dayl  Day3
MspI-TL(kb)  92+1.0 87+0.3 83+1.0 8.9+0.6
>9.4kb(%) 5148 46+1  39+11% 4945
9.4-4 4kb(%) 47+6 . 5142 59+10% 4843
<4.4kb(%) 2+3 3+2 2+1 4+2

*37°C vs42°C p<0.05

TABLE 2 : The proportional values of telomere length param-
eters at 42°C compared to those at 37°C

Dayl Day3 p-value
MspI-TL 0.9040.11 1.02:+0.07 0.06
>9.4kb 0.76+0.21 1.06:0.10 0.01
9.4-4 4kb 1.2640.20 0.93+0.06 0.01
<4.4kb 10144074 1.2140.69 0.63
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Telomerase activity

The telomerase activity of HUVECs at 37°C and
42°C was evaluated by TRAP assay (Figure 2). Aver-
age value of TPG at 37°C was put as 1(1+0.66 for
1day, 1+0.2 for 3days). The relative TPG7s at 42°C
were 1.32+0.84 on dayl and 0.57+0.28 on day3.
Thus, the relative telomerase activity of HUVECs at
42°C was maintained on day1 (p=0.71) but signifi-
cantly decreased on day3 (p=0.03). Telomerase activ-
ity decreased under prolonged heat stress at 42°C.

lday 3days

-PC NC 37°C 42°C PC NC 37°C 42°C
The photographs of representative TRAP assay results are
shown. The materials used for the positive control (pc) and
negative control (ne) were provided with the kit

Figure 2 : The telomerase activity of endothelial cells in the
presence of H,0,

Expression of telomere-associated components
and others

All the three telomere-associated components
(TERT, TRF1, and TRF2) except TERC were up-regu-
lated on day1, thereafter were down-regulated on day3.
TERC did not seem to be affected by heat in the ex-
pression. (Figure 3, TABLE 3).

All the analyzed heat shock proteins (Hsp60, hsp70,
and hsp90) were up-regulated at 42°C on day! and
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The representative Western blot results of telomere-associated
proteins (TERT, TRF1, and TRF2), heat shock proteins (Hsp66,
Hsp70, and Hsp90) and a TERC RNA RT-PCR result are shown.
The relative expression level of each component is shown in
TABLE3

Figure 3 : The expression levels of TERC, telomere-associ-
ated proteins, heat shock proteins, and NOS of HUVECs cul-
tured on dayl and day3 at different temperatures

TABLE 3 : The proportional values of the expressions of the
telomere-associated components, heat shock proteins and
eNOS at 42°C compared to those at 37°C '

Dayl Day3 p-value
TERT 1.80+0.32 025+0.14 0.01>
TRF1 1.43+0.19 0.44+0.25 0.01>
TRF2 3.93+1.45 1.19+1.07 0.06
Hsp60 2.354+0.58 0.17+0.11 0.02
Hsp70 2.73+0.08 1.46+0.08 0.00
Hsp90 3.35+1.43 0.89+1.46" 0.08
eNOS 2.43+0.52 0.25+0.04 0.02
TERC 0.95+0.27 1.86+1.66 0.44

The photo results are shown in Figure 3. The relative expres-
sion levels were determined by the proportion of each band
density to that of B-actin or GAPDH (set at 1 each), B-actin
(RNA) for TERC and GAPDH (protein) for western results



