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Change of telomere length in angiotensin II-induced
human glomerular mesangial cell senescence
and the protective role of losartan
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Abstract. Telomeres are DNA repeats at the ends of linear
chromosomes in eukaryotic cells; they form cap-like special-
ized structures at chromosome ends to protect them from
digestion and degradation. With each cell division, somatic
cell telomeres progressively wear and shorten, leading to cell
senescence. Various environmental factors, such as oxidative
stress and inflammation, can accelerate telomere shortening.
The renin angiotensin system seems to be the key mechanism
involved in aging. Our previous studies demonstrated that
treatment of human glomerular mesangial cells (GMCs) with
angiotensin II (Angll) caused cell senescence. It is important
to understand whether AngllI accelerates telomere shortening
in GMCs and further promotes aging. Therefore, this study
was designed to investigate the change in telomere length in
Angll-induced GMC senescence and the role of the Angll
receptor antagonist losartan in delaying this process. The cells
were synchronized and divided into a normal control group, an
AnglI group (AnglI, 10-° mol/l) and an AnglII + losartan group
(losartan, 10~ mol/l), and were then cultured for 72 h. The
telomere lengths were analyzed by Southern blot analysis, cell
morphology was monitored, the cell cycle and [3-galactosidase
staining were determined, and the expression of P53 and P21
proteins was assessed by Western blotting. Compared with the
control group, the Angll group exhibited a markedly reduced
telomere length, cell cycle arrest, enhanced [-galactosidase
staining, and elevated expression of P53 and P21. The AnglI
+ losartan group displayed longer telomere lengths, further
reduced [-galactosidase staining and decreased P53 and P21
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expression compared to the AnglI group. This study confirms
that AnglI induces the shortening of telomere lengths, P53 and
P21 expression, cell cycle arrest, and the resulting cell senes-
cence in GMCs. In addition, losartan significantly reduced
telomere shortening and cell senescence.

Introduction

Aging is the gradual functional decline of human tissues and
organs exposed to long-term internal and external environ-
mental pressure. The kidney is one of the first organs to age
in humans, and the incidence of chronic kidney disease in the
elderly increases yearly (1-3). The need for renal replacement
therapy among these patients is rapidly increasing. A number
of reviews describing the overall function of the aging kidney
have been written, and investigating the mechanism of kidney
aging and protecting the functions of the aged kidney have
become major focuses for scholars.

The mechanisms of kidney aging remain unclear.
Oxidative stress, telomere length, Klotho gene expression
and the renin angiotensin system (RAS) seem to be the key
mechanisms involved in aging (4). Telomeres are specific
DNA/protein complexes that protect the ends of eukaryotic
chromosomes. Human telomere DNA is composed of the
evolutionarily conserved [5-TTAGGG-3'"] serial repeats with
a total length of approximately 5-15 kb. These cover both ends
of chromosomes like caps to protect the integrity and stability
of chromosomes and to protect them from degradation, fusion
and rearrangement (5). However, the telomeres of somatic
cells become worn and shortened during cell division; each
division causes a reduction in the telomere length (6,7). When
the length of the telomeres is reduced to a certain level, it
can activate P53 and P21, causing cell growth arrest and ulti-
mately leading to cell death. In the past few years, research
has focused on telomeres in order to find new therapeutic
targets. However, the change in telomere length in senescent
human glomerular mesangial cells (GMCs) has not yet been
investigated.

Telomere shortening can cause cell replicative senescence.
Some environmental factors, such as oxidative stress and
inflammation, are associated with the acceleration of telomere
shortening. Angiotensin II (Angll) is the major functional
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peptide in RAS. In vivo and in vitro experiments have shown
that aging is accompanied by reduced RAS activity. Increased
AnglI synthesis in heart muscles and blood vessels, as well as
augmented receptor density suggest the role of Angll in aging
(8,9). Therefore, further studies are required to determine
whether Angll accelerates telomere shortening in GMCs and
promotes aging.

In this study, GMCs were stimulated with Angll. We
then examined the change in telomere length and the expres-
sion of the cyclin-dependent kinase inhibitors P53 and P2I.
Additionally, losartan was introduced to the aged cells, and its
effects on mesangial cell senescence were examined.

Materials and methods

Materials. Human renal mesangial cell culture medium
was purchased from ScienCell Company (USA). Angll and
rabbit monoclonal antibodies specific for P53 and P21 were
obtained from Sigma, and a telomere length determination kit
was obtained from Roche. Losartan was kindly provided by
Merck.

Culture of human glomerular mesangial cells. GMCs were
obtained from ScienCell Research Laboratories (Carlsbad,
CA, USA) and cultured in mesangial cell medium supple-
mented with 10% fetal bovine serum, 100 U/ml penicillin and
100 pg/ml streptomycin at 37°C in a humidified atmosphere of
5% CO, in air. The cells were grown to 80-90% confluence in
25-cm? culture flasks and subcultured at a ratio of 1:2. Cells
from passages 5-8 were used. For the experiments, cells were
synchronized by culturing in serum-free medium for 24 h to
ensure GO arrest. At this point, a final concentration of AnglIl
(10-° mol/l) was added to the culture medium, and cells were
stimulated for 72 h. Losartan (10° mol/l) was added 1 h prior
to the addition of Angll. Medium overlying the cells was
supplemented with AnglII and losartan on alternate days.

Cellmorphology.The cells were monitored under a microscope.
Morphologic changes in the senescent cells were evaluated
using optical microscopy. The cells were washed twice with
PBS and examined using an Olympus optical microscope.

Cell cycle analysis. Up to 1x10° cells were digested, collected,
centrifugated at 1000 rpm for 5 min, and fixed with 70%
ethanol at 4°C overnight. Ethanol was removed by centrifuga-
tion. The cells were then washed twice with PBS supplemented
with propidium iodide dye (PI) to a final concentration of
50 ug/ml, and incubated in the dark at 4°C for 30 min. The
cell cycle was analyzed by flow cytometry at an excitation
wavelength of 488 nm, an emission wavelength of 570 nm,
and a cell flow rate of <60 cells/min; at least 10,000 cells were
selected. The data were analyzed by Moldifit 2.0.

pB-galactosidase staining. The cells were grown to 80%
confluence, washed 3 times with PBS, and fixed at room
temperature for 5 min (fixation solution: 2% formaldehyde,
0.2% glutaraldehyde). The cells were then washed 3 times
with PBS and stained with freshly prepared 1 ml senescence-
associated [-galactosidase staining fluid at 37°C (without
CO,) for 12-16 h. The blue precipitates in the cytoplasm were
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analyzed. Six fields were randomly selected in each sample,
and the percentage of positive cells was calculated.

Southern blot analysis. Genomic DNA was prepared using a
cell genomic DNA extraction kit. Two micrograms of DNA
sample or control sample were digested overnight with restric-
tion enzyme Hinfl/Rsal at 37°C, and the digested fragments
were separated with 0.8% agarose gel electrophoresis. The
gel was immersed in 0.25 M HCL solution for 5-10 min until
the blue bromophenol turned yellow. The gels were then
incubated in denaturing solution on a plate shaker for 15 min
twice, and then soaked in a neutralizing solution for 30 min.
Filter paper, gel, a nylon membrane, filter paper and a paper
towel were sequentially placed on a bench with a 500 g item
on top. After overnight transfer, the nylon membrane was
cross-linked under 10 cm of UV light for 20 min and washed
twice with 2X saline-sodium citrate buffer. Then, 25 ml pre-
hybridization solution (DIG Easy Hyb) was preheated to 42°C,
and 18 ml pre-hybridization solution and the nylon membrane
were pre-hybridized at 42°C for 1 h in a hybridization bag.
The 1 ul membrane was hybridized at 42°C for 3 h in a solu-
tion containing 1 ul telomerase probe and the remaining 7 ml
pre-hybridization solution. The membrane was then washed
twice with stringent wash buffer I, once with preheated strin-
gent wash buffer II for 20 min, and once with 1X washing
buffer for 5 min. The membrane was then blocked in blocking
solution for 30 min and incubated at room temperature for
30 min in an antibody working solution of anti-DIG-AP anti-
bodies in fresh blocking solution at 1:10,000. The membrane
was washed with 1X washing buffer and 1X detection buffer
for 3 min, and then 4 ml substrate solution was introduced
dropwise. The film was developed in a dark room after 5 min
of exposure in the developing cassette. The signal strength of
the bands was measured using Kodak Digital Sciences 1D™
software, and the average telomere terminal restriction frag-
ment (TRF) length was calculated via the formula TRF = =
(A1)/Z (Ai/Li), where Ai and Li represent the signal intensity
and the TRF length at position I of the X-ray image, respec-
tively. The experiments were repeated three times.

Western blot analysis. The cells were collected after stimula-
tion, lysed with RIPA solution and centrifugated at 12,000 x
g at 4°C for 5 min. The supernatant was collected, and the
protein concentration was determined by bicinchoninic acid
assay. Protein samples were made in equal concentrations,
separated by 8% SDS-polyacrylamide gel electrophoresis
(80 V, 1 h), and electrically transferred onto a nitrocellulose
membrane (60 V, 3 h). After blocking with 5% non-fat dry
milk for 2 h, the membrane was incubated overnight with
P53 or P21 antibodies and with secondary antibodies at room
temperature for 2 h. Color was developed using the alkaline
phosphatase approach, and a quantitative analysis of grey
intensity was performed with Scinn Corporation software.
The experiment was repeated three times, and the arithmetic
mean was used for statistical analysis.

Statistical analysis. The experimental data were presented as
the mean + standard deviation and analyzed with SPSS 13.0
statistical software. The inter-group data were compared via
ANOVA; p<0.05 was considered statistically significant.
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Figure 1. Images of (A) control cells, (B) Angll-induced senescent cells and
(C) losartan + Angll-stimulated cells captured under optical microscopy.
Original magnification, x100. Typical results of three independent experi-
ments are shown.

Results

Angll-induced GMC senescence. We first determined whether
Angll stimulates the cellular senescence of GMCs. Optical
electron microscopy was used to evaluate the morphologic
alterations in the GMC:s. In the control group, the cells displayed
a well-arranged spindle morphology, and more dividing cells
and clear cell borders were noted. In the Angll group, the
cells exhibited an irregular arrangement, with large sizes, flat
morphology and an enlarged cytoplasmic area. Abundant parti-
cles and vacuoles were observed in the cytoplasm. The cells
exhibited fuzzy boundaries, prolonged time to form a confluent
monolayer, reduced number and decreased vitality (Fig. 1A
and B). Next, 3-galactosidase staining, a reliable biomarker for
cellular senescence, was used to determine whether the repli-
cative arrest was associated with senescence. After treatment
with Angll for 72 h, (3-galactosidase staining in the GMCs
of the AnglI group (85.62+6.09) was significantly increased
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Figure 2. Senescence-associated-f3-galactosidase activity in GMCs. (A) Control
cells, (B) AnglI-induced senescent cells and (C) losartan + AnglI-stimulated cells.
Original magnification, x200. Results are representative of two regions from three
independent experiments. “P<0.05 vs. control group; 4P<0.05 vs. AnglI group.

compared to the control cells (22.11+3.19, p<0.05) (Fig. 2A
and B). This indicated that Angll promoted cellular senescence
in the GMCs. Flow cytometry was used to characterize the
nature of cell cycle arrest. A normal cell phase distribution was
noted in the control group, while the cell cycle was arrested at
the GO/G1 phase in the Angll-induced group (92.11+£6.56%)
compared to the control cells (53.12+3.23%, p<0.05). The S
and G2/M phases tended to disappear in the Angll-induced
cells compared to the control cells (6.12+0.32 and 2.38+0.23%;
25.77+1.34 and 13.12+1.16% respectively; p<0.05) (Fig. 3).
These results indicated that the cells were arrested by AnglI at
the GO/G1 phase.
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Figure 3. Flow cytometric cell cycle analysis of (A) control cells, (B) AnglI-
induced senescent cells and (C) losartan + Angll-stimulated cells. Typical
results of three independent experiments are shown. ‘P<0.05 vs. control
group; 4P<0.05 vs. Angll group.
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Angll accelerates telomere shortening in cultured GMCs. The
reduction in telomere length is one of the events in aging. We
thus investigated the effect of Angll on TRF length in GMCs
by Southern blot analysis. In the control group, TRF length
was 6.13+0.076 kb. AngllI-stimulated GMCs had a lower TRF
length (3.03+0.096 kp) than the control group. These results
revealed a significant loss of telomere DNA in GMCs after
72 h of treatment with AnglI (Fig. 4).
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Figure 4. Average telomere (TRF) length in the cells was measured by
Southern blot analysis. (1) Control cells, (2) Angll-induced senescent cells,
(3) losartan + Angll-stimulated cells. Typical results of three independent
experiments are shown. "P<0.05 vs. control group; 4P<0.05 vs. Angll group.

p53 and p2l protein expression in aging. P53 and P21 play
the role of cell cycle checkpoint regulators in cell senescence.
The reduction in telomere length is one of the events leading
to activation of P53 and downstream P21 signaling, To deter-
mine changes in P53 and P21 during the process of GMC
senescence stimulated by Angll, Western blot analysis was
performed. Expression of P53 and P21 was barely detectable in
the control group. In sharp contrast, both P53 and P21 proteins
were significantly elevated in the AnglI group (Fig. 5).

Function of losartan in the delayed aging of GMCs. Optical
microscopy revealed losartan + Angll-stimulated cells to
be regularly aligned with decreased pulp-lysosome and a
smooth nuclear membrane (Fig. 1C). B-galactosidase staining
was significantly weaker in the Angll + losartan group
(53.73+£3.76) than in the Angll group (85.62+6.09) (Fig. 2B
and C). Cell cycle analysis indicated that the AnglI + losartan
group displayed a significantly lower GO/G1 cell ratio and a
higher S and G2/M cell ratio when compared to the Angll
group (Fig. 3). These changes indicate that losartan delays
cellular senescence in GMCs induced by Angll. The telomere
length in the Angll + losartan group (3.99+0.066 kb) was
longer than that in the AnglII group (3.03+£0.096 kb), but still
shorter than that of the control group (Fig. 4). Expression of
P53 and P21 was decreased in the AnglI + losartan group, but
was still higher than that of the control group. These changes
confirm that AnglI induces the shortening of telomere length
and P53 and P21 expression in senescent GMCs (Fig. 5).
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Figure 5. Western blot analysis of P53 and P21 expression. Lane A, control
cells; B, Angll-induced senescent cells; C, losartan + AnglI-stimulated cells.
“P<0.05 vs. control group; 4P<0.05 vs. Angll group.

Discussion

Cells are the constituent units of the body. The aging of the
body caused by cell senescence, the senescence of key cells,
is the pathological basis for the aging of organs and tissues.
Glomerular mesangial cells are among the most important
intrinsic cells, and changes in their phenotype and function
play crucial roles in the aging of the kidney. Elucidating the
mechanism of kidney aging by understanding the phenotypic
and functional changes during aging is vital.

Angll plays an important role in the occurrence and
development of kidney aging. AnglI promotes the transforma-
tion of renal fibroblasts into myofibroblasts, which stimulates
transforming growth factor-3 production, oxidative stress,
mesangial cell hypertrophy and hyperproliferation, and mesan-
gial matrix collagen synthesis, leading to glomerular sclerosis
(10,11). Our previous studies showed that treatment of human
mesangial cells with Angll caused senescence. Therefore, in
this study, AnglI was used to stimulate human mesangial cells.
We noted evident cell senescence and phenotypes including
aging-related morphology with larger and a greater number of
cytoplasmic particles, cell growth arrest in the GO/GI1 phase,
and increased P-galactosidase staining. These characteristics
indicated that Angll successfully induced GMC senescence
and established a senescence model.

At present, the mechanism of kidney aging remains
unclear. One important mechanism responsible for cellular
senescence is progressive telomere shortening and eventual
telomere dysfunction, which occurs due to incomplete DNA
replication at the telomeres (12-15). Telomere shortening has
been called the molecular clock that triggers senescence.
Shortened leukocyte telomere length is observed in a host of
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aging-related complex genetic diseases, and is associated with
diminished survival in the elderly (16). Melk et al confirmed
that telomeres are progressively shortened in human kidneys
with increasing age, and that this phenomenon is more evident
in the cortex than in the medulla (17). However, the change in
telomere length in senescent human mesangial cells has not
been investigated.

Telomere shortening can cause cell replicative senescence,
whose difference among cells cannot be explained by the
telomere theory. The replicative capability of individual cells
in the same cell lines is highly variable, indicating the random-
ness of telomere shortening. Some environmental factors, such
as oxidative stress, possibly accelerate telomere shortening
through the injury of telomeric DNA, thus speeding up the
aging of cells (10,18,19). AnglI plays an important role in the
occurrence and development of kidney aging, but whether
Angll can accelerate telomere shortening is still unknown.
In this study, we evaluated the change in telomere length in
Angll-induced GMC senescence. Our results revealed that,
compared with the control group, the AnglII group exhibited a
markedly reduced telomere length. This indicates that Angll
accelerates telomere shortening in mesangial cells, which may
be an important mechanism of Angll-stimulated cell senes-
cence.

The mechanism by which telomere shortening causes cell
senescence is still unknown. Current evidence indicates that
when the telomere length is reduced to 5-7 kb, the cell cycle
checkpoint P53 is switched on, which induces P21 expression.
P53 recognizes shortened telomeres as DNA double-strand
breaks; consequently the cell cycle is halted and cells enter
the M1 stage. When the telomere length reaches 2-4 kb, the
cells enter the M2 phase, chromosomes become unstable, and
rearrangement occurs with the formation of dicentric chro-
mosomes and aneuploidy, consequently leading to replicative
senescence and death (20). Using telomerase and P53 single
or double knockout models, Kusumoto er al (21) found that
the loss of telomere DNA activated P53 and P21 causing cell
cycle arrest; conversely, the loss of P53 promoted telomere
shortening and enhanced the frequency of chromosomal
integration. We further determined the expression of P53 and
P21 in senescent GMCs. Compared with the control group,
the Angll group exhibited significantly reduced telomere
length and elevated expression levels of P53 and P21 proteins,
indicating that telomere shortening activates P53 and P21,
causing cell growth arrest. These findings indicate that the
telomere-based P53-P21 pathway plays an important role in
the senescence of GMCs.

Angll-induced oxidative stress accelerates telomere
shortening and cell senescence. Consequently, we determined
whether blocking Angll reduces telomere shortening under
oxidative stress. In the majority of cases, inhibition of RAS
has proved effective in improving renal structure and func-
tion in aging mice and rats (22,23). Previous studies have
demonstrated that chronic administration of losartan prevents
age-associated changes in the rat kidney (24). As an antago-
nist of the type I Angll receptor, losartan blocks the binding
of Angll and its receptor, as well as the associated biological
signal. Losartan reduces glomerular capillary pressure,
improves renal hemodynamic abnormalities, relieves early
symptoms of high filtration and high perfusion, reduces urine
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protein and protects renal function. In this study, Angll was
used to induce mesangial cell senescence, and the effects of
losartan on AnglI-stimulated mesangial cells were examined.
Compared with the Angll group, the Angll + losartan group
displayed markedly increased telomere length, a reduced
proportion of GO to G1 cells and decreased [3-galactosidase
staining, indicating that losartan reduces Angll-induced
telomere shortening and senescence in mesangial cells,
resulting in the protection of renal functions.

In summary, our data confirm that, in GMCs, Angll
accelerates telomere shortening causing cell cycle arrest,
possibly through further activation of P53 and P21, resulting
in cell senescence. Angll is a supplementary environmental
factor that accelerate aging-related telomere shortening.
Losartan alleviates Angll-induced telomere shortening in
mesangial cells, thereby reducing cell senescence. The results
of our study, which addressed Angll-induced cell senescence,
may not be applicable to other causes of kidney senescence.
Further studies are warranted to understand the mechanisms
of kidney ageing.
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