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Effects of PTEN on the longevity of cultured human
umbilical vein endothelial cells: The role of antioxidants
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Abstract. Ageing is a major cause of illness, disease and
mortality, mainly due to the shortening of telomeres, resulting in
cells undergoing senescence and apoptosis. Increasing autophagy
and the levels of antioxidants removes oxidants that cause DNA
and telomere damage, thus reducing the rate at which telomeres
shorten, resulting in a longer cellular lifespan. Phosphatase and
tensin homolog (PTEN) has been shown to increase the lifespan
of organisms by upregulating pathways involved in DNA
damage repair, autophagy/antioxidants. The aim of this study
was to investigate the effects of the overexpression of PTEN on
the longevity of human cell cultures by examining the increase
in antioxidant potential. Human umbilical vein endothelial
cell (HUVEC) cultures were transfected with PTEN plasmids
using lipofectamine. An assay was performed to quantify the
protein levels of PTEN and the antioxidant potential of the cell
cultures. The cell cultures were maintained until senescence
occurred in order to determine longevity. The results of each
assay were then compared and correlated with each other and
with the longevity of the cells. The transfected cultures showed
a significant increase in PTEN protein levels, total antioxidant
potential and longevity (all P-values <0.001) compared with
the non-transfected cell cultures. The correlation coefficient
between cell longevity and PTEN levels was 0.8727; and the
correlation coefficient between cell longevity and antioxidant
potential was 0.6564. The successful transfection of PTEN led
to an increase in PTEN levels, antioxidant potential and an
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increased cellular longevity. This study demonstrates that there
is a potential for PTEN to be used to extend human longevity.
This can lay the foundation for further studies to be carried out
on humans involving PTEN and longevity.

Introduction

Ageing may be described as “an overall decline in the functional
capacity of various organs to maintain baseline tissue homeo-
stasis and to respond adequately to physiological needs under
stress’ (1). The symptoms of this decline are as many and varied
as they are well documented, but are all ultimately linked to this
functional inability to adequately respond to various stresses.
These symptoms can range from sarcopenia (2), decreased
musculoskeletal strength and mobility (3) to arthropathies
and osteoporosis (4); from wrinkles to progressive normocytic
anaemia (5); from a reduced immune response (6) to an impaired
wound repair and stress response (7-10); from a reduction in liver
and kidney function (11,12) to a decreased heart rate and lung
capacity (13); and most importantly, a deterioration of the brain's
cognitive abilities afflicted by age-related diseases such as
dementia, Alzheimer's disease and Parkinson's disease (14,15).

One explanation for the ageing of tissues is the degradation
of telomeres. While it has been demonstrated that telomeres
alone do not cause ageing (16) and that other mechanisms
play a role (17), telomeres have consistently been found to be
key indicators of ageing (18,19). The telomere hypothesis (20)
posits that telomere shortening can have an adverse effect on
cellular ageing and this has been supported by a recent study
that demonstrated that telomerase had the capacity to not only
stop, but actively reverse tissue degeneration (21).

The major contributor to telomere shortening, beyond
mitosis, is oxidative damage (22,23) caused by metabolic
processes and environmental elements. At a critically short
length, telomeres cease to function as chromosome terminus
caps and further shortening is then recognised by proteins,
such as p53 and the cell undergoes senescence (24). Further
DNA damage then results in apoptosis (25).

It has been hypothesised that this simple process is one of
the major culprits in tissue and organ deterioration. This has
been supported in studies on Dyskeratosis congenita (DC), a
congenital disorder similar to progeria that resembles prema-
ture ageing (26). Patients with DC carry mutations in the
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telomerase RNA component and telomerase reverse transcrip-
tase that results in poor protein stability, leading to increased
telomere shortening (27).

Key casualties of telomere degradation are stem cells,
the number of which declines with increasing age (1). This
decline in the number of stem cells has been shown to result
in tissue degeneration and atrophy (21), particularly in the
muscular system (28), haematopoietic system (29) and nervous
system (30). This decline is due to the deterioration of the
regenerative ability of stem cells. The cause for this has been
found to be, in the large part, the shortening of telomeres (31).

A critical feature of ageing that has been shown to have an
impact on telomeres is autophagy, the ability of cells to catabo-
lise unneeded, unwanted or dysfunctional elements within them.
One such element is reactive oxygen species (ROS), which have
been documented to cause DNA damage (32) and telomere
shortening (23). Studies have demonstrated that increasing the
rate of autophagy reduces the shortening of telomeres and can
extend longevity (33-35); the reverse is also true: by inhibiting
autophagy, the lifespan of an organism is reduced (36).

A method that could potentially increase the lifespan of
humans would be through the increased effectiveness of
autophagy, to prevent damage to DNA and to telomeres, thus
reducing the impact of ageing and age-related complications.
Phosphatase and tensin homolog (PTEN) has such a potential
due to its reducing effects on DNA damage, its antioxidant
activity, its role in caloric restriction, its suppressive effects
on tumour replication, as reviewed in a previous study of ours
[Tait et al (37)].

PTEN was first discovered in 1997 by two independent
resesarch groups and was recognised as the long sought after
tumour suppressor gene frequently lost on human chromo-
some 10923 (38,39). This locus is highly susceptible to
mutation in human cancers: the frequency of mutations has
been estimated to be 50-80% in sporadic tumours, such as
glioblastomas, prostate cancers and endometrial carcinomas;
and 30-50% in lung, colon and breast cancers. PTEN is often
associated with advanced stages of cancer and metastases (40),
due to the loss of PTEN having been observed at its highest
frequency during the late stages of cancer. Together with p53,
Ink4a and Arf, PTEN makes up the four most important tumour
suppressors in mammals (41) as evidenced by their overall high
frequency of inactivation across a variety of cancer types.

The gene that encodes PTEN is non-redundant and
is expressed in the nucleus, cytoplasm and at the cellular
membrane of all eukaryotic cells (42). The PTEN protein
contains 403 amino acids and several domains (38). The crystal
structure of PTEN shows a 179 residue N-terminal domain
and a 166 residue C-terminal domain (43). The N-terminal
domain contains a protein tyrosine phosphatase signature motif
that is similar to dual specificity protein phosphatases. The
C-terminal domain contains the C2-domain that is responsible
for its recruitment to phospholipid membranes.

The main function of PTEN is that of a phosphatidylino-
sitol (3-5)-trisphosphate (PIP3) phosphatase to antagonise
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(AKT) pathway by removing the D3 phosphate from the
inositol ring, resulting in phosphatidylinositol 4,5-bisphosphate
(PIP2) (44), thereby opposing the cell proliferative response of
the pathway. While this has an impact on tumour formation,
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the importance to longevity is the downregulation of the fork-
head protein O (FoxO) forkhead transcription factor by both
AKT and nuclear factor-«k-light-chain-enhancer of activated
B cells (NF-«kB) (45-47), inhibiting the antioxidant and stress
resistance protein expression induced by FoxO (48,49). The
inhibition of the PI3K-AKT pathway may result in a higher
level of antioxidants and increased autophagy, thus reducing
the shortening of telomeres.

In concert with this function, PTEN has been reported to
bind with the antioxidant gene, p53, to arrest the cell cycle
whilst positively regulating proteins involved in DNA damage
repair (50). These functions serve not only to extend cellular
longevity, but also prevent to deleterious DNA damage that
can lead to the development of malignant tumours (51). Higher
levels of PTEN may result in lower levels of DNA damage
caused by oxidation due to the effects of PTEN on autophagy,
andmay also aid in the repair of any damage that may occur.

In this study, we used PTEN plasmids to treat human
umbilical vein endothelial cell (HUVEC) cultures, verified
by enzyme-linked immunosorbent assay (ELISA). We also
measured the antioxidant potential, and analysed the correla-
tions between antioxidant potential, cell longevity and PTEN
expression, in order to ascertain whether increased levels
of PTEN have a positive effect on the longevity of HUVEC
cultures. Our results demonstrate that PTEN has positive
effects on the longevity of animal tissues and organs; however,
further studies are required to investigate these effects on
humans. The data from the present study serve as a proof of
concept of the ability of PTEN to extend longevity in human
cells and, potentially, to extend the human lifespan.

Materials and methods

Procurement of materials. The PTEN plasmid was obtained
from OriGene (Rockville, MD, USA) as a complete plasmid
(Cat. no. RC202627). The PTEN ELISA kit was acquired
from Antibodies-online.com (Atlanta, GA, USA). The reason
for selecting an ELISA kit over a western blotting kit was that
ELISA would deliver more quantifiable results that would be
much better suited to be used in mathematical modelling than
western blotting. The total antioxidant potential assay-450
(AOP-450) assay kit was obtained from OxisResearch, a
division of Oxis Health Products (Portland, OR, USA). The
HUVECs and the mediaum required for culture (Medium 200
and low serum growth supplement), were acquired from Life
Technologies (Grand Island, NY, USA). The HUVECs were all
from a single donor so as to ensure similarity of cellular physi-
ology. As the supplier, Life Technologies covered any ethical
concerns. Authentication and microbial inspections were
performed by the supplier. Supplier protocols were followed.

Transfection of HUVEC cultures. The day prior to transfection,
the cell cultures were trypsinised, and the cells were counted and
replated at 8x10* cells/well in 1 ml of complete medium 200.
DNA (10 pg) was diluted into 100 g1 of distilled water and 10 ul
of this was removed for use in transfection. The remainder was
frozen, for emergency purposes. The 10 pul of diluted DNA was
diluted into 6 aliquots of 0.1 ug of DNA, 5 aliquots of 0.01 ug of
DNA and 1 aliquot of 1 g of DNA. The DNA was then added into
12 vials of 200 pl Opti-MEM reduced serum medium. PLUS™
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Reagent (Life Technologies) was added at a 1:1 ratio to the diluted
DNA and incubated for 5-15 min at room temperature. For the
3 columns of the 12-well plate, Lipofectamine LTX was added at
aratio of 2:1, 3:1 and 5:1 to the DNA in each respective column.
The vials were incubated for 25 min at room temperature. The
growth medium was removed from the cells and replaced with
Opti-MEM reduced serum medium. A total of 200 ul of the
DNA-Lipofectamine LTX complexes was added to each cell,
making sure to mark the well to indicate the amount of DNA and
Lipofectamine LTX in that well. The plate was then incubated
at 37°C, 5% CO, in an incubator for 24 h before the Opti-MEM
reduced serum medium were replaced with Medium 200.

Protein level determination

Sample preparation. Three 12-well plates were seeded with
HUVECGs. They were marked as the control, negative control
and test group. The control cultures were not modified in any
way to serve as a baseline. The negative control cultures had an
empty plasmid vector added to eliminate the possible effects of
the plasmid vector. The test cultures had the complete PTEN
plasmid added. The cells were washed once with phosphate-
buffered saline (PBS). PBS was then removed and cell lysis
buffer was added and the cells were homogenised. The cells
were then centrifuged for 10 min at 4°C and the supernatant
was removed for use.

Assay procedure. For each well to be assayed, 100 ul of
sample diluent and 100 ul of cell lysate were vortexed before
100 pl of this diluted cell lysate were added to each well. The
plate was then incubated for 2 h at 37°C. The plate contents were
removed and the wells were washed 4 times with 200 ul of wash
buffer. A total of 100 ul of detection antibody was added to each
cell and the plate was incubated for 1 h at 37°C before being
washed again. A total of 100 ul of HRP-linked secondary anti-
body was added to each cell and the plate was again incubated
for 30 min at 37°C. The wells were washed again as described
above. TMB substrate (100 ul) was added to each well and the
plate was incubated for 10 min at 37°C. Stop solution (100 pl)
was added to each cell and the plate was agitated. The plate was
read by a microplate reader at 450 nm to ascertain the results.

Statistical analysis. The cells in each well used were
counted prior to performing the assay in order to display
the data per 10x10* cells. The normalised results were then
compared against the control samples, as well as each other
using linear models and t-tests for analysis of significance.

Determination of total antioxidant potential

Sample preparation. The cells were washed 3 times with PBS
prior to lysis. The cells were lysed by homogenization and
then centrifuged at 3,000 x g for 12 min. The supernatant was
removed and used for the assay.

Assay procedure. Both the samples and provided standards
were diluted in dilution buffer at a ratio of 1:40 to create a
600 pl solution. A total of 200 pl of diluted samples or stan-
dards was pipetted into each well with pure dilution buffer
used as reagent blanks. The plate was then read by a micro-
plate reader at 450 nm for a reference measurement. Copper
solution (50 ul) was added to each well. The only incubation
period for this experiment was for 3 min at room temperature.
Stop solution (50 ul) was then added and the plate was read for
a second time at 450 nm.
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Statistical analysis. Readings taken before the copper and
stop solutions were added was subtracted from the readings
taken after the solutions were added. This equated to the net
absorbance. A standard curve was created using the Trolox
standards. The data were displayed in terms of yM Trolox
equivalents and uM copper reducing equivalents (CREs) by
dividing the samples by the slope, calculated from the stan-
dard curve, or expressed as follows: solve for x: y = mx, where
y represents the assay readings and m represents the slope.

The samples were then normalised per the cell numbers
and compared, firstly, to the control samples and then with
each other using t-tests.

Thawing of HUVEC cultures. The HUVECs were removed
from liquid nitrogen storage and thawed in a 37°C water bath.
The cells were moved to a class II, type A laminar flow culture
hood and the contents were agitated to disperse the cells. A
total of 20 ul was removed and suspended in 20 pl of trypan
blue solution for cell counting. The vial contents were diluted,
with Medium 200 with the addition of low serum growth
supplement (LSGS), to a concentration of 1.24x10* and added
to culture flasks. The flasks were incubated at 37°C, with 5%
CO,.

HUVEC culture maintenance. The culture medium was
replaced with fresh complete medium 200, 24 h after estab-
lishing the culture from cryopreservation. For subsequent
subcultures, the medium was replaced on a 48 h basis until the
cultures were 80% confluent.

Passaging HUVEC cultures. The flasks were viewed under
a Telaval 3 microscope (Carl Zeiss Technika Kft., Budaors,
Hungary) to ascertain their condition, i.e., confluency, mitotic
activity and signs of contamination. Flasks that were at least
80% were passaged. To subculture the 75 cm? flasks, the
culture medium as removed and TrypLE Express was added to
each flask and incubated for 1-3 min. The flasks were agitated
to ensure the cells had been dislodged from the surface.
Complete Medium 200 was added to neutralise the effects of
the TrypLE Express. This solution was agitated to remove any
further cells and to break up cell clumps in the solution. The
cells were then pipetted into centrifuge tubes and centrifuged
at 180 x g for 7 min. The supernatant was removed from the
tube, with care being taken not to dislodge the cell pellet. The
cell pellets were re-suspended in Medium 200 and reseeded
into flasks. These were incubated at 37°C, with 5% CO,.

Evaluation of cell growth. Cell numbers were counted at each
passage level and recorded. This was used to determine the
number of cell divisions each culture underwent as a measure
of their longevity. The number of cell divisions was ascer-
tained by dividing the duration of the culture by the doubling
time of the cells. The doubling time was established by using
the following formula:

N1 = NO2¢/T
T = t'In2)/[In(N1) - In(NO)]

where NO represents the initial concentration of cells, N1
represents the final concentration of cells, t represents the
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duration of culture, T represents the doubling time and In
represents the natural logarithm.

The total number of cell divisions in each well for each
culture was compared using a t-test in order to determine
whether there was a statistically significant difference between
the samples.

To determine whether the total antioxidant potential and/or
PTEN levels were responsible for any change in longevity, corre-
latory plots were created using the longevity against antioxidant
potential and against PTEN levels, testing the significance of the
slope. Pearson product-moment correlations were performed in
order to measure the linear correlation between PTEN protein
levels, antioxidant potential and cell longevity.

Results

Genetic overexpression of PTEN and protein level determi-
nation. PTEN plasmids were successfully transfected into
5 culture sets: a control set; a negative control set in which
only an empty vector was transfected; and 3 doses of the
PTEN plasmid: 0.1, 0.01 and 1 pg. Only one 1 ug sample was
included due to preliminary trials showing it to be too toxic
for the HUVEC cultures. The success of the transfection was
indicated by ELISA quantification of the PTEN protein levels.

Fig. 1 shows the mean absorbance (in grey) of the 5 groups
normalised per cell number. There is a distinct grouping
between those cells that have not been transfected and those
that have. Amongst the individual data points, the lowest value
is 0.0604 (negative control), while the highest value is 0.2093
(0.1 ug PTEN).

T-tests revealed that both 0.1 and 0.01 ug sets showed a
statistically significant increase over the control set (P-values
of 0.0015 and 0.0019, respectively) indicating that there was
a clear increase in the production of PTEN protein in the
transfected cultures. Further t-tests revealed no statistically
significant differences between the 0.1 and 0.01 ug sets
(P-value =0.2877). Combining the 0.1 and 0.01 ug sets into
one superset, a t-test revealed an unsurprising statistically
significant difference between the set itself and the control set
(P-value =0.0008).

There was no statistically significant difference between the
negative control and the positive control sets (P-value =0.3085),
suggesting that the transfected empty had no overt effect on
the cells. Testing all PTEN transfected cultures against all
non-PTEN-transfected cultures revealed a marked difference
(P-value =5.283x10®) indicating a successful transfection. It
was not possible to perform a t-test between the set itself and
the control set, as the 1 g set only contained one sample.

During the preliminary trial of the transfection, only one
dose (at 1 ug was used) was used. Although manufacturer's
instructions were followed, this resulted in total cell death of
all transfected culture wells.

Due to the known ability of PTEN to cause senescence
and apoptosis (52,53), it may be possible that an overdose of
the plasmid caused this and thus it was decided that in the
subsequent transfection, 0.01 and 0.01 ug doses of the PTEN
plasmids would be used with only one well transfected with
a 1 ug dose to determine whether the cell death would occur
again. The results demonstrated that it clearly did not. This,
however, led to the issue that as the 1 ug group only contained
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Figure 1. Mean absorbance of the 5 groups normalised per cell number. Grey
bars indicate mean absorbance, with standard deviations above and below the
mean of the 5 sets of samples, of phosphatase and tensin homolog (PTEN)
protein levels normalised per 10x10* cells. White bars represent the mean yuM
copper reducing equivalents with standard deviations above and below the
mean, normalised to 10x10* cells.

one sample, it was not possible to perform a t-test comparison
between the group itselft and any other individual group.

Determination of total antioxidant potential. An AOP-450
assay was performed on all cultures to determine the total anti-
oxidant potential in the cultures with the intent on determining
whether the PTEN-transfected cultures produced a higher total
antioxidant potential than the non-transfected cultures.

The data were normalised per cell number and were then
expressed as yM CRE per 10x10* cells, as shown in Fig. 1.
As with the above results, the minimum value is a part of the
non-transfected cultures, while the maximum value is a part of
the transfected cultures. The minimum is the negative control
(183.0997+31.4) and the maximum s the 0.1 g (398.1716+101.6).
With a control value of 202.4562+31.9, it is unsurprising that the
t-test between the 0.1 ug set and the control set resulted in a
P-value of 0.0041, indicating a marked statistical significance.

Dissimilar to the above results, a t-test performed between
the 0.01 ug set and the control set resulted in a statistically
insignificant P-value of 0.0957, showing that the difference
between these two sets was not significant. This may poten-
tially be due to the high degree of variance in the 0.01 pg set.
The t-tests performed between the 0.01 and 0.1 ug sets, and
the control and negative control sets revealed both groups to
be statistically similar (P-values of 0.144 and 0.3142, respec-
tively). Combining all transfected samples into a set, and
all control samples into another as done above, resulted in a
statistically significant P-value of 0.00020809.

Witih respect to the variance of each set, the 0.01 and 0.1 ug
sets showed a variance of 8084.8 and 8607.4, respectively. The
control and negative control sets were at an order of magnitude
less at 846.8 and 821.1, respectively. This marked difference
between the transfected and non-transfected cells was shown
again when these two sets were taken as a whole with a
variance of 9888.9 for the transfected cells and 927.6 for the
non-transfected cells.

With the data collected from both assays, it is possible to
compare the two sets. Fig. 2 illustrates the correlation coeffi-
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Figure 2. Scatter plot comparing the mean results (white circles, dotted regres-
sion slope) and individual results (black squares, solid regression slope) of
phosphatase and tensin homolog (PTEN) protein expression and antioxidant
potential. All values are normalised and displayed per 10x10* cells.
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Figure 3. Mean number of cell divisions underwent by each sample culture with
standard deviations above and below the mean.

cient scatter plot between the normalised results of the ELISA
and AOP-450 assays. A visual positive correlation between
the mean results was supported by a correlation coefficient of
0.936, suggesting an extremely close correlation between an
increase in PTEN expression and an increase in the total anti-
oxidant potential. However, when each data set was taken by
their individual data points, also shown in Fig. 2, the Pearson
product-moment correlation showed that the correlation coef-
ficient was only 0.568.

Evaluation of cell growth. The cell cultures were maintained
and passaged until all the cells had died due to senescence and
apoptosis to determine the effects of PTEN on the longevity
of HUVEC cultures following transfection with PTEN. Fig. 3
shows the mean number of cell divisions each sample culture
underwent. As with the above results, there was a marked
difference between the transfected cultures and the non-
transfected cultures.

Unlike the above results, t-tests revealed no significant
difference betweenthe control and negative control cultures
(P-value =9.04x10"%). The difference in values between the
control culture and the 0.1 pg (P-value =1.25x10""") and 0.01 ug
cultures (P-value =3.72x10°%) was significant. The difference
between the 0.1 and 0.01 g cultures was found to be statistically
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Figure 4. Scatter plot comparing the mean phosphatase and tensin homolog
(PTEN) protein levels results (white circles, dotted regression slope) and indi-
vidual protein levels (black squares, solid regression slope) and the number of
cell divisions. All values are normalised and displayed per 10x10* cells.
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Figure 5. Scatter plot comparing the mean antioxidant potential (white circles,
dotted slope) and the individual antioxidant potential (black squares, solid
slope) and the number of cell divisions. All values are normalised and dis-
played per uM copper reducing equivalents per 10x10* cells.

insignificant (P-value =0.2035). The comparison of the trans-
fected cells against the control yielded a P-value of 2.48x107.

Fig. 4 shows the correlation between the total number
of cell divisions and the PTEN protein levels. The Pearson
product-moment correlation test between the mean values
yieled a correlation coefficient of 0.7557, suggesting a signifi-
cant similarity between the two data sets.

With regard to the individual values shown in Fig. 4, the
initial observations clearly showed two groupings of values,
those from 11 to 18 on the horizontal axis, and those from
21 to 28 on the same axis. The former represent the non-
transfected cells, while the latter the transfected cells. The
correlation coefficient for these data resulted in a value of
0.7824.

There are two observable outliers, one at 15.7356 and
0.1524 and the second at 27.6174 and 0.1314. If one takes these
two data points out of the set, one attains a correlation coef-
ficient of 0.8727.

A similar correlation graph between the CRE values and
the number of cell divisions is shown in Fig. 5. A correlation
coefficient of the mean values of 0.8376 showed an even closer
correlation than ELISA vs. cell division.

Visually, there are 3 distinct groupings: from 11 to 14,
from 15 to 18 and from 21 to 24 on the horizontal axis. The first
grouping is the negative control group, the second is the control
group, while the third grouping is the transfected group. As



282

with the results shown in Fig. 4, one can see the large degree
of variance in the transfected group. This is supported by a
correlation coefficient among the individual values of 0.6564,
suggesting only a moderate correlation between pM CRE and
the number of cell divisions.

Discussion

The ultimate aim of this study was to examine the hypothesis
that an increased level of PTEN, achieved by transfection,
would increase the cellular longevity of HUVEC cultures.
The purpose for this was to generate a proof of concept that
may be applied in future studies, namely that PTEN may be
beneficially used to increase human longevity.

As PTEN was first discovered as a cancer prevention gene,
the majority of research has been spent in uncovering this aspect
of PTEN. However, researchers have also examined the effects
of PTEN on longevity independently of its anticancer proper-
ties (41,54,55), revealing functions relating to longevity, such
as protection from DNA damage (51), caloric restriction and
protection from insulin resistance (41), as well as an increase
in antioxidant levels (48, 56). It was on the basis of this research
that this study attempted to apply these effects to human cells.
The importance of a human trial is to demonstrate a proof of
concept upon which further gerontological studies can be based.
The importance of the study of longevity is not solely for the
extension of human lifespan, but also for the extension of the
human ‘health span’.

Using the USA as a model for OECD nations, in 2009 it was
speculated that the cost of age related health care was 6% of the
GDP (57), and this accounted for 40% of all healthcare costs.
This number is expected to increase in the coming years with
the exponentially increasing ageing population (58). As regareds
another of the characteristics of PTEN, that of caloric restric-
tion, it is intriguing to note that the costs of obesity account for
over 90 billion USD annually (59). These figures exclude the
well documented worldwide costs of the treatment of cancer.
The potential use of PTEN in humans as a preventative health
measure then goes beyond the health of the individual and may
potentially improve the health of society as a whole.

Apart from the important value that a successful transfec-
tion had to this study alone, the successful transfection of PTEN
into a HUVEC culture is significant for further studies, as to the
best of our knowledge, this study was the first to perform such
a transfection. HUVECS have been used as a cellular model in
the past, mainly for vascular studies (60), and these cells have
been described as ‘difficult to transfect using standard non-viral
transfection methods’ (61). Due to the possible applications that
PTEN may have as a drug, this successful transfection then
represents a major step forward for future studies involving the
human transfection of PTEN.

With regard to ageing and longevity, PTEN's most promi-
nent effect to potentially extending both is in its ability to
positively regulate autophagy through its effects on the PI3K/
AKT pathway (62) and caloric restriction (41). It was for
this reason that an antioxidant assay was used to determine
whether an increase in PTEN levels would lead to an increase
in the levels of antioxidants, and thus increased autophagy.

The principle behind the AOP-450 assay is the reduction
of the levels of copper+2 (Cu®) to copper+l (Cu*). Copper, in
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its forms of Cu?* and Cut, is involved in a number of meta-
bolic processes (63); however, its most pertinent ability is the
capacity of Cu** to form ROS molecules and increase oxidative
damage (64). By reducing Cu* to Cu, it is effectively reducing
the potential oxidative stress, and, logically, the higher the anti-
oxidant potential, the more Cu** will be reduced to Cu*.

Fig. 1 shows the expected results from the AOP-450 assay,
following normalisation, namely that an increase in PTEN
levels does in fact increase the total antioxidant potential.
However, the difference between the 0.01 ug set and the control
set was not statistically significant. This can be relegated to
the large variance in the 0.01 and 0.1 ug sets (and one can
presume the 1 pg, had it had more samples), compared with
the non-transfected sets. This sheds some doubt that PTEN
can reliably increase a cell's antioxidant rate and may indicate
that the processes involved in these pathways may not be
uniformly affected by PTEN, thus showing greatly varying
antioxidant levels.

In saying that, there was no significant difference observed
between the two sets of transfected cultures, once again owing
to the large degree of variance, and when the transfected
groups as a whole were compared against the non-transfected
groups, the resulting P-value was highly significant. This
shows that despite the large degree of variance, PTEN does
have an effect on antioxidant levels.

A way in which one can be more certain of this is by
examing the results of the negative control set and its associ-
ated P-value when compared with the control set, which was
highly insignificant. With the only differences between the
control set and transfected sets being the differing levels of
PTEN and a vector, once the vector is ruled out, one can say
with a degree of certainty that this is due to the levels of PTEN.

The significance of this, beyond a statistical sense, is the
effect of antioxidants on the longevity of cells. Oxidative
damage can reduce a cell's longevity by damaging key parts
of the DNA required for proper operation of the cell (65). By
damaging these key areas, the cell stops proper operation and
enters senescence and apoptosis. Another area prone to DNA
damage are the telomeres, which, when reaching a critical
stage will force the cell to enter senescence (31). By the reduc-
tion of oxidants, such as ROS and thus DNA damage, it is
possible to increase cellular longevity.

Considering the noted capacity of PTEN to positively regu-
late genes and proteins involved in autophagy, such as FoxO 48),
and its negative regulation of pathways resulting in oxidative
damage (46,60), if an increased level of PTEN leads to an
increased antioxidant potential (which the AOP-450 assay results
suggested) then it is quite possible to speculate that a possible
route to enhancing longevity is by increasing the levels of PTEN.

While the AOP-540 assay revealed that increased levels
of PTEN resulted in an increased antioxidant potential, there
was a high degree of variance and overlap between the data
of the separate sets, casting doubt upon the reliability of these
results. However, there is a plausible biological explanation for
the high degree of variance.

The main effect PTEN has on antioxidant levels
while in the cytoplasm is to downregulate the PI3K/AKT
pathway (67,68). By downregulating PIP3, downstream effec-
tors of the PI3K/AKT pathway, such as NF-kB have a reduced
capacity to downregulate FoxO (45-47). This in turn allows
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FoxO to greatly induce the expression of several antioxidant
enzymes (48). Conversely, the effect of PTEN on antioxidants
in the nucleus derives from its interaction with the p53 protein.
By binding with p53, PTEN is able to enhance p53-mediated
functions (69), among which is the increased production of the
p53 downstream antioxidant gene, sestrin (56).

While there are many mechanisms through which PTEN
may travel between the cytoplasm and the nucleus, such as by
diffusion, active shuttling and pathway-dependent exporta-
tion (70,71), one mechanism of note is the promotion of nuclear
PTEN as a result of apoptotic stimuli (52), where it enhances
these apoptotic stimuli. This can be seen as another process of
PTEN where it is in direct confrontation with the PI3K/AKT
pathway, which opposes apoptosis (72) as one of its mecha-
nisms to promote survival and proliferation. A speculation on
the purpose behind PTEN's enhancement of apoptotic stimuli
is the destruction of cells containing potential toxic material,
thus keeping the overall health of tissues at an optimal level.

The link between this and the variance observed in the
0.01 and 0.1 ug results (Fig. 1) and the low correlation coeffi-
cients in Fig. 2 may be one of timing. The AOP-450 assay was
performed during the 9th passage of culture. This is near the
end of the passaging lifespan of HUVEC cultures, and as such
the proportion of cells entering apoptosis would have been
higher than in earlier cultures. The apoptotic stimuli in these
cells would have resulted in a greater nuclear import of PTEN
than normal, leading to a higher proportion of antioxidants
mediated by p53 than by FoxO.

As these two pathways operate by different means, their
differing proportions may have been responsible for this great
variance. With two independent pathways, the mechanisms by
which they affect antioxidant levels would also differ. As such,
this may lead to different cultures having greatly differing
results, depending on the proportion of PTEN nuclear import
in each culture. The antioxidant properties of FoxO and p53
in relation to PTEN import in response to apoptotic stimuli
would be a fascinating avenue for future research.

PTEN may have positively influenced the longevity of the
transfected HUVEC cultures through the indirect mainte-
nance of DNA damage and telomeres through Rad51, as well
as through the increase in antioxidant levels.

It would be of great research interest to investigate further
how different doses of PTEN may affect cell cultures. This
would be of great interest when dealing with the two extremes of
doses: to determine the highest dose of PTEN that could be used
without destroying the cultures, and the lowest dose that could
be used while still showing a statistically significant difference.

In a similar vein, the use of other cell lines in respect to
PTEN transfection would also prove interesting. HUVECs have
been used as a cell model in a number previous studies, although
this has been mostly for endothelial or vascular research (73-75).
Using other cell lines would prove beneficial towards deter-
mining whether the observed effects of PTEN in this study may
be replicated in other cells. The importance of this clearly would
be to provide further groundwork for any future human trials,
particularly if deleterious effects were to be found.

Asregards PTEN transfection, it would be of great interest
to examine the combined transfection of PTEN and telomerase
reverse transcriptase (hTERT) in mice to determine whether
the combined effects of these two genes are more than the
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sum of their parts. PTEN transfection and overexpression in
mice have been shown to increase longevity and metabolism,
and protect the organism from both insulin resistance and
cancer (41). The overexpression hTERT leads to telomerase
reactivation, which was found to reverse tissue degeneration
in artificially aged mice (21). Perhaps PTEN may offset the
capacity of telomerase to induce the formation of tumours.
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