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Abstract

This study compared tankyrase 1 expression and autophagy quantity between erectile dysfunction (ED) and
non-ED rats’ corpus cavernosum smooth muscle cells (CSMCs). This study aslo explored the effect and possible
mechanism of tankyrase 1 on autophagy and cell proliferation in ageing ED rats’ CSMCs. The intracavernous pres-
sure and mean systemic arterial pressure were measured to investigate erectile function so that eight 24-month-old
ED and eight 8-month-old male Wistar rats were choosed respectively. The rat CSMCs were isolated and cultured
by enzyme digestion, in which tankyrase 1 expression and autophagy quantity were compared. Tankyrase 1 over-
expression was induced with plasmid transfection by Lipofectamine™. The effect of tankyrase 1 overexpression
on proliferation, autophagy and mTOR pathway in 24-month-old ED rats’ CSMCs was measured by the cell growth
curve in MTT assay, cell cycle analysis in flow cytometry (FCM), key protein expression in Western blot, autophagy
quantity in transmission electron microscopy, monodansylcadaverine staining and GFP-LC3 fluorescence. The
primary CSMCs were confirmed by immunofluorescence, and the purity was 99.1% in FCM. Compared with that
of 8-month-old rats, tankyrase 1 expression and autophagy quantity significantly decreased in 24-month-old ED
rats’ primary CSMCs (P < 0.01). Tankyrase 1 overexpression significantly increased the growth rate (P < 0.05) and
increased the S phase of cell cycle (P < 0.01). The autophagosome quantity was remarkably increased (P < 0.01),
LC3-I/I and Beclin 1 were upregulated (P < 0.01 and P < 0.05), and p-p70S6K (Thry,) was downregulated in
24-month-old ED rat CSMCs (P < 0.05). In conclusion, Tankyrase 1 and autophagy decrease in the CSMCs from
aging rats with ED, and tankyrase 1 may have a positive effect on proliferation by enhancing autophagy and regulat-
ing the mTOR signalling pathway.
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tion and that the NO-cGMP signalling pathway plays
an important role in penile erection [1]. ¢cGMP is
hydrolysed by phosphodiesterase type 5 (PDES), and
it improves erectile function by either increasing the
formation of NO by activating NOS or decreasing the
degradation of cGMP by inhibiting the activity of PDES
in the cavernosum [2].

Sildenafil, a specific PDES5 inhibitor, is a safe and
effective drug for treating ED on demand; however, it
shows a poor effect on age-related organic ED, espe-
cially on restoring the pathological changes of ED [3].
With the increased number of ageing males in the popu-
lation, the number of senile ED patients is increasing
steadily. Ageing is commonly considered a high-risk
factor of ED, which seriously affects the quality of life
in senile men [4].

At present, the mechanism of age-related ED is not
well known. Our studies and other studies found that
the ratio of CSMCs and collagen fibres significantly
decreased in the erectile tissue of age-related ED pa-
tients [5, 6]. It is well known that the renin—angiotensin
system plays an important role in causing fibrosis of
smooth muscle cells during ageing, and angiotensin 11
type 1 receptor blockers and angiotensin-converting
enzyme inhibitors can ameliorate the fibrosis of smooth
muscle cells and extend the life span in animal models
[7-10]. Until now, no ideal method has been found to
completely reverse such pathological changes in the
clinical setting [11].

With ageing, the activity of autophagy-related en-
zymes and morphology of lysosomes change in nearly
all tissues. For example, two autophagies in cells (gi-
ant autophagy and incidental autophagy) significantly
decrease in ageing males [12]. Recently, the relevance
of autophagy and longevity was found in nematodes,
providing corresponding genetic evidence for the rela-
tionship between autophagy and longevity [13]. Age-
related changes of autophagosomes were also observed
in many cells, including myocardial cells, skeletal mus-
cle fibres and other long-lived cells [14]. Other studies
also reported that cell autophagic activity decreased
with ageing, which may be related to age-related dis-
eases such as ED [15]. The signal transduction mol-
ecules involved in the process of autophagy are very
complex; the mTOR signalling pathway is currently
widely studied [16—18]. Tankyrase 1 is closely related
to autophagy and modifies multiple proteins involved
in the maintenance of telomere length and sister tel-
omere association [19, 20]. To our knowledge, there is

no report about its effect on ED. Previously, we found
that tankyrase 1 overexpression could extend the life
span of rat CSMCs [15]. We also found that the CSMC
content, erectile function, tankyrase 1, and autophagy in
24-month-old rats’ corpus cavernosum tissue was less
than those in 8-month-old rats’ corpus cavernosum tis-
sue [6].

Then, we speculated that senile ED or delayed
sexual dysfunction may be closely related to prolife-
ration, tankyrase 1 and autophagy in CSMCs. To
further explore the possible mechanism of senile ED,
tankyrase 1 expression and autophagy in ED and non-
ED rats’ CSMCs were compared, and the effect of
tankyrase 1 overexpression on cell proliferation and
autophagy in ageing rats’ CSMCs was investigated.

2 Materials and methods

2.1 Intracavernous pressure/mean systematic arterial
pressure (ICP/MAP) measurement [21]

After rats were anaesthetized with intraperitoneal
sodium pentobarbital (50 mg kg '), the rat cavernous
nerve (CN) was identified for electrostimulation (3 V,
12 Hz and duration 60 s), the rat left cavernosum and
left carotid artery were separated and exposed, and
26-G teleflex needles were pierced and then connected
with a Biopac multi-purpose polygraph (Biopac, Santa
Barbara, CA, USA) to monitor ICP and MAP sepa-
rately. In order to rule out the influence of cavernosum
intra-arterial pressure on the evaluation of erectile func-
tion, ICP/MAP was used to evaluate the erectile func-
tion induced by CN stimulation comprehensively.

2.2 Rat CSMC culture, identification and purity analysis

Male Wistar rats (Grade A, certificate No. scxk11-
00-0006) were obtained from the Animal Breeding
Center of Peking University Health Science Center
(Beijing, China). The CSMCs were isolated from
8-month-old non-ED and 24-month-old ED rats select-
ed by ICP/MAP measurement. The cells were cultured
in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal calf serum, 100 U mL™" penicillin and 100
mg mL" streptomycin (Invitrogen, Carlsbad, CA, USA)
using the enzyme digestion method. The cultured and
purified CSMCs were kept in a humidified atmosphere
of 5% CO, at 37°C. The primary rat CSMCs were used
in the corresponding experiments. The CSMCs were
further confirmed with an FITC-a-SM-actin antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA)
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by immunofluorescence. Rat fibroblasts labelled with
FITC-anti-a-SM-actin were used as negative control.
The purity of the CSMCs was analysed by measuring
the a-SM-actin positive ratio in flow cytometry (FCM).

2.3 Autophagosome observation in transmission
electron microscopy (TEM)

Specimens were fixed with ice-cold glutaraldehyde
(3% in 0.1 mol L™ cacodylate buffer, pH 7.4) for 30 min.
The cultured cells were post-fixed in osmium tetro-
xide (OsO4) and embedded in Epon; 0.1-mm-thin
sections were stained with uranyl acetate/lead citrate
(Sigma-Aldrich, St. Louis, MO, USA) and viewed in a
JEM1230 TEM (JEOL, Tokyo, Japan).

2.4 CSMCs with tankyrase 1 transfection, rapamycin
and 3-methyladenine treatment

All transfections were carried out with Lipofecta-
mine"™ 2000 (Invitrogen) according to the manufac-
turer’s instructions. The CSMCs were seeded in 25 cm?
culture flasks (Renner, Darmstadt, Germany), incubated
overnight in complete growth medium and then treated
with 8 pg of corresponding plasmid transfection,
5 nmol L™ rapamycin or 5 mmol L™ 3-methyladenine
(3-MA). After 48 h of incubation, the CSMCs were
used in the corresponding experiments.

2.5 Cell growth curve and cell cycle analysis after
tankyrase 1 transfection

The proliferation ability was investigated using a
cell growth curve drawn by the MTT method and cell
cycle analysis in FCM. The optical density (OD) value
was measured at 570 and 630 nm with a microplate
reader (Bio-Rad, Hercules,CA, USA). The growth
curve was made according to OD value. Cell cycle
analysis was evaluated with a flow cytometer (FACS;
Becton Dickinson, Franklin Lakes, NJ, USA). For each
sample, 2 x 10’ cells were measured.

2.6 Labelling autophagosomes with monodan-
sylcadaverine (MDC) staining or GFP-LC3 transfection

After incubation with 0.05 mmol L™' MDC (Sigma-
Aldrich) in the culture medium at 37°C for 1 h, the
CSMCs on cover slips were washed with phosphate-
buffered saline (PBS), fixed with 4% paraformalde-
hyde, and observed with an SPs confocal system (Leica,
Solms, German) with excitation and emission filters
of 380 and 525 nm wavelength, respectively. The CS-
MCs were transfected with GFP-LC3 plasmid by using

Lipofectamine™ 2000 reagent and observed for LC3-I/IT
distribution with the SPsconfocal system. Five non-
overlapping fields in each group were randomly selected,
and 10 cells in each field were randomly selected for
MDC or GFP-LC3 punctuate distribution analysis.
Statistical data were obtained from three independent
experiments.

2.7 Tankyrase 1 and mTOR pathway key component
detection via western blot

The homogenized samples were prepared in a
lysis buffer containing 1% IGEPAL CA-630, 0.5% so-
dium deoxycholate, 0.1% SDS, 10 ug mL™" aprotinin,
10 ug mL™" leupeptin, and PBS. Cell lysates (50 pg
protein) were electrophoresed in SDS-PAGE and then
transferred to a polyvinylidene fluoride membrane
(Millipore Corp., Bedford, MA, USA). The membrane
was stained with Ponceau S to verify the integrity of
the transferred proteins and to monitor the unbiased
transfer of all protein samples. Detection of target
proteins on the membranes was performed with an
electrochemiluminescence kit (Amersham Life Sciences
Inc., Arlington Heights, IL, USA) with 1:1 000 primary
antibodies for tankyrase LC3-I/Il, Beclin 1, p70S6K,
p-p70S6K(Thr,) and B-actin (all antibodies were from
Santa Cruz Biotechnology). After the hybridization
of secondary antibodies, the resulting images were
analyzed with a BioRad GS-670 densitometer (Bio-Rad)
and UTHSCSA Image Tool for Windows (3.0) (Uni-
versity of Texas Medical School at San Antonio, San
Antonio, TX, USA) to determine the integrated density
value of each protein band.

2.8 Statistical analysis

All experiments were repeated three times, eight
different specimens each time. Data are expressed as
mean + SD and were analysed by the SPSS 13.0 soft-
ware package (SPSS Inc., Chicago, IL, USA). Statis-
tical difference analysis was carried out by one-way
ANOVA, unpaired ¢-test, Student—Newman—Keuls
analysis and Mann—Whitney U test. P < 0.05 was con-
sidered statistically significant.

3 Results

3.1 ICP/MAP measurement

Twenty-four-month-old ED rats were selected
with an ICP/MAP measurement of < 0.45, and
8-month-old non-ED rats were selected with an ICP/
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MAP measurement of > 0.70. Compared with that of
8-month-old rats (0.76 £+ 0.09), ICP/MAP decreased to
0.45 £ 0.07 in 24-month-old ED rats (P < 0.01).

3.2 CSMC culture, identification and purity analysis

The CSMCs of 8-month-old non-ED rats and 24-
month-old ED rats grew well in vitro and were identi-
fied with an o-SM-actin-positive result by immunofluo-
rescence. The rat fibroblasts labelled with FITC-anti-
a-SM-actin were used as a negative control and had
almost no observable fluorescence. The CSMC purity
was 99.2% =+ 13.7% with an a-SM-actin positive rate as
measured by FCM (Figure 1).

3.3 Tankyrase 1 and autophagosomes decreased in rat
CSMCs

Compared with those of the primary cultured
8-month-old rats’” CSMCs, the expression of tankyrase 1
and the number of autophagosomes decreased in pri-
mary cultured 24-month-old ED rats’ CSMCs (P < 0.01)
(Figures 2 and 3).

3.4 Tankyrase 1 expression increased in the ageing
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rats’ CSMCs with plasmid transfection

Highly purified CSMCs from 24-month-old ED rats
were obtained and transfected with tankyrase 1 plasmid
by the Lipofection™ 2000 method. The expression of
tankyrase 1 in the CSMCs with tankyrase 1 transfec-
tion obviously increased compared with that of the non-
transfected control (P < 0.05) (Figure 4).

3.5 Cell multiplication increased in the ageing rats’
CSMCs with tankyrase 1 transfection

Compared with the non-transfected control, the
CSMCs grew faster and the OD value was greater in
24-month-old ED rats’ CSMCs with tankyrase 1 trans-
fection, especially at days 5, 6 and 7 (P < 0.05) (Figure
5A). Further study on the cell cycle analysis showed that
the S phase (DNA synthesis period) increased to nearly
two times that of the non-transfected control (P < 0.01)
(Figure 5B).

3.6 Autophagosome number increased in the ageing
rats’ CSMCs with tankyrase 1 transfection

Compared with the non-transfected control, the
quantity of autophagosomes significantly increased in
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Figure 1. Rat corpus cavernosum smooth muscle cells (CSMCs) identification and purity analysis. CSMCs were identified by phase con-
trast microscopy and immunofluorescence (multiple x 800) (A). Typical peak-valley-like growth was observed by phase contrast micro-
scopy (a). CSMCs labelled with FITC-anti-a-SM-actin were observed with fluorescence under an immunofluorescence microscope (b).
Rat fibroblasts labelled with FITC-anti-a-SM-actin were observed with almost no fluorescence and used as a negative control (¢c). CSMC
purity was analyzed with FITC-anti-a-SM-actin antibody by flow cytometry (B). M1 indicated the ratio of cell debris or cells not labelled
with FITC-anti-a-SM-actin, and M2 were presented as the relative ratio of cells labelled with FITC-anti-a-SM-actin.
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Figure 2. Expression of tankyrase 1 in CSMCs from 8-month-
old non-ED (erectile dysfunction) and 24-month-old ED rats.
CSMCs were isolated and cultured primarily in complete me-
dium using the enzyme digestion method. After the CSMCs
adhered to the wall of the dishes and cell density reached 90%
confluence, the CSMCs were used for protein isolation and sub-
sequently used for Western blot analysis with anti-tankyrase 1 an-
tibody. The relative expression was calculated by normalizing to
B-actin. The expression of tankyrase 1 in 24-month-old ED rats’
CSMCs was obviously less than that of 8-month-old rats” CS-
MCs (A). The relative expression was calculated by normalizing
to B-actin (B). "P<0.01, compared with CSMCs of 8-month-old
rats.

24-month-old rats’ CSMCs with tankyrase 1 transfec-
tion and rapamycin treatment (P < 0.01). On the other
hand, few autophagosomes were observed in rat CS-
MCs with 3-MA treatment (P > 0.05). Similar results
came from TEM, MDC staining and GFP-LC3 transfec-
tion (Figure 6).

3.7 The mTOR pathway was enhanced in ageing rats’
CSMCs with tankyrase 1 transfection

Compared with the non-transfected control, the
expressions of LC3 I/II and Beclin 1 significantly in-
creased (P < 0.01 and P < 0.05, respectively), the ex-
pression of p70S6K was not obviously affected, and the
expression of p-p70S6K(Thr,,,) significantly decreased
in 24-month-old ED rats’ CSMCs with tankyrase 1 trans-
fection and rapamycin treatment (P < 0.05). Compared
with the non-transfected control, the above index ex-
hibited no obvious difference in 24-month-old ED rats’
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Figure 3. Morphological analysis of autophagy in the CSMCs
of rats of different ages using transmission electron micros-
copy (TEM) (up multiple x 10 000, down multiple x 50 000).
Autophagosome loss was observed in 24-month-old ED rats’
CSMCs (A). The morphometric analysis of the area fraction
(autophagosomes/cytoplasm) was calculated by Leica QWin Pro
V2.6 image analysis and processing software (B). The data of
the area ratio were not distributed normally. Data are presented
as the mean of the area fraction in 50 cells randomly selected
in each group. The difference was then analyzed by the Mann—
Whitney U test. P < 0.01, compared with CSMCs of 8-month-
old rats.

CSMCs with 3-MA treatment (P > 0.05) (Figure 7).
4 Discussion

4.1 The loss of tankyrase 1, autophagy, CSMC content
and erectile function is closely related to ageing

In 1992, the NIH Consensus Conference deter-
mined that ageing is an indirect risk factor closely
related to ED, which might increase the pathogenic
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Figure 4. Transfection efficiency of tankyrase 1 plasmid. The
24-month-old ED rats’ CSMCs were cultured. Tankyrase 1 was
transfected using the Lipofection™ 2000 method. After 48 h, the
cells were lysed with RIPA buffer (1:100 proteinase inhibitors).
Western blot was done with an anti-tankyrase 1 antibody. The
expression of tankyrase 1 significantly increased after tankyrase 1
transfection (A). The relative expression was calculated by nor-
malizing to B-actin (B). "P < 0.05, compared with 24-month-old
ED rats’ CSMCs without tankyrase 1 transfection (Control).

possibility caused by direct risk factors [17]. Telomere
shortening is a molecular clock symbolizing the start
of ageing, and telomerase can catalyse and copy the
telomeres to prolong cell life [18]. It was reported that
the second ageing-related cell enzyme, tankyrase, may
positively regulate telomerase activity and may play a
regulatory role in intracytoplasmic signalling pathways
[19, 20].

Our previous studies found that ageing had a sig-
nificant impact on rat ED, penile tissue structure, telo-
merase and tankyrase 1 and that tankyrase 1 extended
rat CSMC telomere length and life [6, 15]. We also
found that the telomerase activity of rat CSMCs was
highest in young rats’ CSMCs and lowest in those of
ageing rats, gradually decreasing with ageing [15]. In
our results, we observed that tankyrase 1 also gradually
decreased with ageing. These results coincide with that
of other studies indicating that changes in tankyrase 1
follow the direction of telomerase[21, 23].

Most scholars divide cell death into three types:
programmed cell death (Apoptosis PCD), autophagic
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Figure 5. The cell growth curve and cell cycle analysis in the
ageing rats’ CSMCs with or without tankyrase 1 transfection.
The 24-month-old ED rats” CSMCs were cultured and transfected
with tankyrase 1 plasmid. The CSMCs with tankyrase 1 trans-
fection grew faster than non-transfected control. The cell growth
curve was assayed with the OD value by the MTT method (A).
On days 5, 6 and 7, the OD value in transfected cells obviously
increased more than that of a non-transfected control. "P < 0.05,
compared with 24-month-old ED rats’ CSMCs without tankyrase 1
transfection (Control). The cell cycle analysis was performed
on day 2 after transfection. S phase cells of the transfected cells
increased to nearly two times that of non-transfected controls (B).
'P < 0.05, compared with the 24-month-old ED rats’ CSMCs
without tankyrase 1 transfection (control).

programmed cell death (Autophagic PCD) and necrosis
(Necrosis) [13]. The phenomenon of autophagy was
first observed with autophagosomes in cells by elec-
tron microscopy in 1962, and transmission electron
microscopy is considered the diagnostic gold standard
of autophagy [24]. The ultrastructure of the autophagy
lysosomes and autophagosomes and biochemical and
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Figure 6. Morphological analysis of autophagy in ageing ED
rats’ CSMCs with or without tankyrase 1 transfection. Rapamy-
cin and 3-methyladenine (3-MA) treatment were used as positive
and negative controls, respectively. Overexpression of tankyrase 1
enhanced autophagy, as evidenced by increased autophagosome
quantity in TEM (multiple x 10 000), monodansylcadaverine
(MDC) staining (multiple x 800) and GFP-LC3 transfection
method (multiple x 800) (A). The morphometric analysis of the
area fraction (autophagosomes/cytoplasm) was calculated by
Leica QWin Pro V2.6 image analysis and processing software (B).
The data of the area ratio were not distributed normally. Data
were presented as the mean of the area fraction (autophagosomes/
cytoplasm) in the 50 cells (randomly selected) in each group.
The difference was then analysed by the Mann—Whitney U test.
P <0.01, compared with the 24-month-old ED rats’ CSMCs with-
out tankyrase 1 transfection (Blank).

fluorescent methods are normally used for autophagy
diagnosis [16]. This study also found that the amount
of autophagosomes was significantly decreased in age-
ing rats’ CSMCs and that tankyrase 1 and autophagy
were closely related to ageing.
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Figure 7. Protein assay of mTOR signalling pathway in age-
ing rats” CSMCs with or without tankyrase 1 transfection. Ra-
pamycin and 3-MA were used as positive and negative controls,
respectively. No significant difference was observed in the
expression of p70S6K. The expression of LC3-I/II and Beclin 1
increased, while the expression of p-p70S6K(Thr;g) decreased
in the CSMCs with tankyrase 1 transfection compared with non-
transfected control (A). The relative expression was calculated
by normalizing to B-actin (B). "P < 0.05, “P < 0.01, compared
with the 24-month-old ED rats’ CSMCs without tankyrase 1
transfection (Control).

4.2 Tankyrase 1 might enhance autophagy by regula-
ting the mTOR signalling pathway to enhance multip-
lication

After transfection with tankyrase 1, tankyrase 1 ex-
pression was increased in ageing ED rat CSMCs. At the
same time, we observed that the number of autophago-
somes increased after tankyrase 1 overexpression.
These phenomena were further confirmed by TEM,
MDC staining, GFP-LC3 transfection and LC3 protein
measurement via Western blot. These observations
suggested that tankyrase 1 can affect autophagy and the
production of autophagosomes. LC3 is a homologue
of the ATG8 (Aut7/Apg8) gene in mammalian cells
located in the membrane surface of the preautophagic
vacuole and autophagic vacuole and is a common mem-
brane marker of the autophagic vacuole. The newly
synthesised LC3 in cells becomes soluble cytoplasmic
LC3-1, which is processed by ubiquitin-like modifica-
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tion and then combined with phosphatidylethanolamine
on the membrane surface, forming LC3-II. LC3-II con-
tent is in direct proportion to the number of autophagic
vacuoles, reflecting the autophagy activity to some ex-
tent [25]. In our western blot results, LC3-II was more
sensitive than LC3-1. LC3 and the conversion of LC3-I
to LC3-II increase when autophagy in mammalian cells
occurs [16]. As a result, the autophagy increase might
have come from the tankyrase 1 transfection.

The signal transduction molecules involved in au-
tophagy are complex, and the mTOR signalling path-
way is currently widely studied [17]. TOR kinase is the
receptor of amino acids, ATP and hormones and may
play an important role in the regulation of cell growth
[26]. It is a negative control element of autophagy [27].
We found that cells grow faster and that the DNA syn-
thesis period was prolonged in tankyrase 1-transfected
cells, which may be due to the enhanced autophagy
through increasing Beclin 1 and decreasing p-p70S6K
in the mTOR signalling pathway.

Beclin 1, a necessary protein for the occurrence
of autophagy, is a homologue of yeast Apg6/Vps30
gene in mammals. The two-hybrid screening test has
proved that Beclin 1 is an interactive protein of Bcl-2
and that Beclin 1 is the regulatory gene of autophagy
[28]. Beclin 1 is located on human chromosome 77q21,
about 150 kb, and it is involved in the formation of
autophagosomes by forming a complex with Class III
PI3K [29, 30]. Aita et al. [31] reported that Beclin 1
not only participated in the formation of autophago-
somes, but also played an important role in the growth
of cells by regulating autophagy activity. Yue et al. [32]
also found that autophagy activity was lower in the cells
of a Beclin 1 knockout mouse. These results suggest
that Beclin 1 is critical for autophagy activity [33]. Our
results showed that tankyrase 1 transfection increased
the activity of the mTOR signalling pathway by Beclin 1
up-regulation.

p70S6k is the ribosomal 40S small subunit S6 pro-
tein kinase, which regulates 5'-TOP mRNA translation
through the phosphorylation of protein S6. Studies
show that all ribosomal proteins and transcription frag-
ments of translation extension factors contain 5’-TOP
structure in their translation starting point, so p70S6k
controls the biological synthesis of translation com-
ponents, which is necessary for protein synthesis [34].
S6K has been determined as one of the downstream
substrates of the mTOR pathway, and it has a critical
role in cell growth. As a single kinase of the mTOR

substrate, S6K can affect the translation of hundreds of
mRNAs and can adjust biosynthesis through regulation
of ribosomal protein S6. It is reported that S6K plays
a decisive role in the growth of the cytoskeleton [35].
Our results showed that cells grew faster after tankyrase
1 transfection in ageing rats’ CSMCs, which may be
because tankyrase 1 increased the activity of the mTOR
signalling pathway by decreasing phosphorylation of
p70S6K [18, 35].

In this study, we observed that tankyrase 1 and au-
tophagy decreased in ageing ED rats” CSMCs, which
coincided with the CSMC loss in age-related organic
ED. We also found that proliferation, autophagy and
the mTOR signalling pathway were enhanced in age-
ing rats’ CSMCs with tankyrase 1 overexpression. Al-
though we did not discern a direct relationship among
tankyrase 1, autophagy and smooth muscle cell prolif-
eration, the enhanced mTOR pathway may provide us
one possible mechanism. Further study is needed.
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