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A PTEN translational isoform has PTEN-like activity
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Background: To identify PTEN isoform and explore its potential role in tumor suppression.

Methods: Western blotting, over-expression, sShRNA mediated knocking-down, and bioinformatic analysis
were used to identify PTEN isoform and test its effect on PI3K-Akt signaling pathway. Cell proliferation,
apoptosis, and migration assays were used to test PTEN isoform’s biological activities.

Results: The PTEN isoform is about 15 kDa bigger than PTEN and its expression is dependent on PTEN
status. Immunoprecipitation for PTEN isoform followed by screening with antibodies against ISG15,
SUMO1/2/3, Ubiquitin, and Nedd8 showed the identified PTEN isoform is not a general proteinaceous
post-translational modification. In addition, overexpression of PTEN cDNA in cells did not generate PTEN
isoform whereas knocking-down of PTEN reduced the protein levels of both PTEN and PTEN isoform
in a proportional manner. Analysis of PTEN DNA sequence disclosed an alternative translational starting
code (CTG) upstream of canonical PTEN coding sequence. Expression of cloned PTEN isoform generated
a protein with a size about 15 kDa bigger than PTEN and suppressed PI3K-Akt signaling pathway in cells.
Overexpression of PTEN isoform also led to decrease in cell growth and enhanced serum starvation—and
UV irradiation—induced apoptosis through activation of Caspase 3. Finally, expression of PTEN isoform
inhibited cell migration in scratch assay.

Conclusions: PTEN isoform has PTEN-like activity and might be a new tumor suppressor.
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Introduction different types of tumors that mimic human cancers (8-13),
whereas gain of extra PTEN induced a tumor-suppressive
metabolic state (14). PTEN loss also results in neurological
disorders, metabolic diseases, and tissue homeostasis defects
(15-20), suggesting that PTEN has functions other than

tumor suppression. PTEN is also essential for embryonic

PTEN is one of the most frequently lost or mutated
tumor suppressors in human cancers (1-6). Germline
mutations of PTEN are often associated with cancer
predisposition syndromes, such as Cowden disease, which

is characterized by multiple hamartomas (7). The role of development as homozygous deletion of PTEN in mice

PTEN as a potent tumor suppressor has been validated in
various mouse gene targeting and transgenic models, where
deletion or inactivation of PTEN led to development of
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resulted in developmental failure and eventually embryonic
lethality (8). These findings demonstrate the PTEN
is important in diverse biological processes including
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tumor suppression, development, tissue homeostasis, and
metabolism (21).

At cellular and biochemical levels, PTEN plays critical
roles in cell proliferation, survival, death and migration
(22-27), principally by antagonizing PI3K-Akt dependent
signaling through its lipid phosphatase activity (23,28-31).
PTEN dephosphorylates PIP3 at the cell membrane
and negatively regulates PI3K-Akt mediated signaling.
PTEN also has protein phosphatase and phosphatase-
independent activities that are not related to the PI3K-
Akt pathway (24,32-34), indicating that the roles of PTEN
plays in diverse fundamental biological processes cannot
be attributed only to its lipid phosphatase activity. To
date, some observed consequences resulted from loss of
PTEN are pending to explain. Like many other tumor
suppressors and oncoproteins, unidentified isoforms of
PTEN may exist to serve in roles previously attributed to
canonical PTEN.

In this study, we identified a new translation initiation
at a CUG site in the 5' untranslated region (5§' UTR) of
PTEN mRNA. Translation from this CUG start codon
generates a larger isoform of PTEN with an extended
N-terminal region of an extra 173 amino acids. We showed
this PTEN isoform, similar to PTEN, has lipid phosphatase
activity. In addition, overexpression of PTEN isoform
inhibited cell growth, induced Caspase-mediated apoptosis,
and inhibited cell migration, indicating this isoform of
PTEN is another tumor suppressor.

Material and methods
Western blotting

Cell lysates were prepared in radioimmunoprecipitation
assay (RIPA) buffer (50 mmol/L Tris (pH 8.0), 150 mmol/L
NaCl, 0.5% deoxycholate, 0.1% SDS and 1.0% NP-40)
(Thermo Scientific, Rockford, IL, USA) containing
a protease inhibitor cocktail. Total protein of 50 pg
per well was separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto polyvinylidene fluoride membranes
(PVDF, Immobilon P, Millipore, Bedford, MA, USA)
for Western blotting. Western blotting was carried out
using standard protocols. In brief, the membrane was
blocked in 5 % low fat milk powder in PBST (3.2 mmol/L
Na2HPO4, 0.5 mmol/LL KH2PO4, 1.3 mmol/L KCI,
135 mmol/L NaCl, 0.05% Tween-20, pH 7.4) for
30 min. The primary antibodies against indicated proteins
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were incubated either overnight at 4 °C or 2 h at room
temperature. After wash, the membrane was incubated
with horseradish peroxidase (HRP)-conjugated secondary
antibodies (Santa Cruz Biotechnology) for 20 min at room
temperature. The bound antibodies were visualized by an
enhanced chemiluminescence (ECL) detection system.
Antibodies against PTEN were purchased from CASCADE
BioScience (Winchester, MA, USA) (C-terminal epitope)
and ABGENT (WuXi, China) (N-terminal epitope). Akt,
pAkt (Ser473), Cleaved Caspase 3, S6K, and pS6K (Thr389)
were from Cell Signaling (Danvers, MA, USA), whereas
Actin was from Santa Cruz Biotechnology (Santa Cruz,

CA, USA).

Cell culture and transfection

NIH3T3, LNCaP, HeLa, COS-1, PC3, MCF-7, U208,
MDA1386, H1299, DU145, and 293T cells were obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were cultured in DMEM
high glucose medium supplemented with 10% of fetal
bovine serum (FBS), 50 mg/mL penicillin and 50 mg/mL
streptomycin (Invitrogen, Carlsbad, CA, USA). Cells were
maintained in an incubator with a humidified atmosphere
of 95% and 5% CO, at 37 °C. For transfection, cells were
transiently transfected with indicated constructs using
Lipofectamin 2,000 transfection reagent (Life Technology,
Carlsbad, CA, USA) according to the manufacturer’s
protocol. In brief, cells were seeded in 100 mm dishes (Nunc,
Roskilde, Denmark) 24 h before transfection and transiently
transfected at a confluency of 80-90%. The transfection
mixture was diluted in Opti-MEM serum-free media (Life
Technology, Carlsbad, CA, USA) and cells were incubated
in Opti-MEM serum-free media as well. Six hours after
transfection, the transfection media was changed to the
complete media containing 10% FBS and antibiotics. Cells
were either harvested 48 h after transfection for protein
extraction or selected with Geneticin 24 h after transfection
to establish stable cells. The shRNA sequences against
human PTEN were 5'-CCACAAATGAAGGGATATAAA
CTCGAGTTTATATCCCTTCATTTGTGG-3' BUTR),
5'-ATTTCGGGCACCGCATATTAACTCGAGTTAAT
ATGCGGTGCCCGAAA-3"' 3UTR), and 5'-CTAGAAC
TTATCAAACCCTTTCTCGAGAAAGGGTTTGATA
AGTTCTAG-3" (CDS). 5'-CGTGCAGATAATGACAA
GGAACTCGAGTTCCTTGTCATTATCTGCACG-3'
(CDS), and 5'-AGGCGCTATGTGTATTATTATCTCGA
GATAATAATACACATAGCGCC-3' (CDS).
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Immunoprecipitation

Cells were lysed as described above. Lysate was incubated with
3 pg of PTEN antibody plus 20 pL of protein an agarose beads
(GE Healthcare Life Sciences, Pittsburg, PA, USA) by gentle
rocking at 4 °C overnight. The beads were then washed
three times with lysis buffer and one time with PBS. Bound
proteins were resuspended in 2X Laemmli buffer, separated

by SDS-PAGE gels, and analyzed by Western blotting.

Proliferation and apoptosis assay

For proliferation assays, 0.2x10° of cells stably expressing
indicated proteins were seeded, cells were harvested daily, and
cell numbers were counted, in triplicates. For apoptosis assay,
cells stably expressing indicated proteins were grown to 60%
confluence in complete media before switching to serum free
media. Cells were then harvested after 48 h and subjected
to Caspase 3 activity assay using a kit from Cell Signaling
"Technology. Basically, the kit contains a fluorogenic substrate
(N-Acetyl-Asp-Glu-Val-Asp-7-amino-4-methylcoumarin or
Ac-DEVD-AMC) for Caspase 3. During the assay, activated
Caspase 3 cleaves this substrate between DEVD and AMC,
generating highly fluorescent AMC that can be detected
using a fluorescence reader with excitation at 380 and emission
at 445 nm. Cleavage of the substrate occurs in lysates of
apoptotic cells, therefore the amount of AMC produced is
proportional to the number of apoptotic cells in the sample.
For UV irradiation, cells stably expressing indicated proteins
were irradiated at 300 milliJoules using GS Gene Linker
(Bio-Rad) and were followed by imaging analysis.

Migration assays

Cell migration was performed as previously described (35)
with slight modifications. In brief, cells stably expressing
indicated proteins were grown to subconfluent on culture
dishes. The cells were starved of serum for 24 h and treated
with Mitomycin C for 90 min to arrest cell proliferation.
A wound track was then introduced by scraping the cell
monolayer with a thin pipette tip. Cells migrating into
the wound area were then followed with phase-contrast
microscope for up to 16 h.

Results
PTEN isoform is not PTEN post-translational modification

When we assessed PTEN protein levels in different cell
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lines in which PTEN is either intact, mutated, or deleted,
we found the antibodies for PTEN recognized a protein,
about 15 kDa bigger than canonical PTEN, that co-existed
with PTEN. This protein was recognized by antibodies
raised against epitopes of both N-terminal and C-terminal
amino acids of PTEN and its abundance is proportional to
that of PTEN (Figure 1A), indicating it might be a PTEN
post-translational modification or PTEN isoform from
RNA alternative splicing.

Based on the difference in size between PTEN and
its isoform, we speculated that PTEN isoform is a type
of post-translational modification involving addition
of small protein or peptides. To assess such possibility,
we immunoprecipitated PTEN and its isoform from
293T cell lysate by antibody against PTEN and subject
immunoprecipitated to Western blotting analysis with
antibodies against PTEN, ISG15, SUMO1/2/3, Nedd8, or
ubiquitin. Western blotting using PTEN antibody showed
both PTEN and its isoform were successfully enriched by
immunoprecipitation. However, PTEN isoform was not
recognized by any other antibodies, indicating it’s not a
common product of ubiquitin or ubiquitin-like modification
(Figure 1B).

PTEN isoform is a translational variant of PTEN

To further evaluate the possibility whether PTEN isoform
is a type of posttranslational modification of PTEN, we
transfected PTEN ¢DNA with either N-terminal or
C-terminal HA tag into 293T cells and analyzed expression
of PTEN and its isoform by Western blotting. We found,
compared with PTEN that was expressed at high levels,
PTEN isoform was not detectable at all, suggesting PTEN
isoform is not from posttranslational modification of PTEN
(Figure 2A).

To test whether PTEN isoform is a translational variant
of PTEN or a product from RNA alternative splicing,
we knocked-down PTEN in 293T cells with sequences
targeting coding sequences or 3'-UTR of PTEN. Cells
with PTEN knocked-down were lysed and analyzed with
Western blotting with antibody against PTEN. As shown
in Figure 2B, the protein levels of PTEN in 293T cells
were reduced to different extents by different targeting
sequences, compared with scramble control sequence
transfected cells. The expression of PTEN isoform was also
reduced, to the extents proportional to the levels of PTEN.
Furthermore, transfection of gradient amounts of shRNA
of PTEN into 293T cells resulted in gradient reduction in
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Figure 1 Identification of PTEN isoform. (A) Western blot analysis of PTEN isoform in 12 cell lines showing PTEN isoform coexists with

PTEN. Antibodies recognize either N-terminal (left panel) or C-terminal (right panel) fragment of PTEN. * indicated possible degradation

of PTEN isoform; (B) immunoprecipitation for PTEN on lysates from 293T cell followed by Western blotting analysis with antibodies against

Ubiquitin, SUMOs, ISG15, or Nedd8, showing PTEN isoform is not a product of ubiquitination or ubiquitination-like modification.
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Figure 2 PTEN isoform is a translational variant of PTEN. (A) Western blot analysis of lysates from 293 T cells transfected with either

N-terminal (left panel) or C-terminal (right panel) HA-tagged PTEN cDNA showing no detectable expression of PTEN isoform, suggesting

PTEN isoform is not a posttranslational modification of PTEN; (B) western blot analysis of lysates from 293 T cells transfected with

shRINAs against PTEN showing expression of PTEN isoform was also suppressed, to the extent similar to expression of PTEN; (C) western

blot analysis of lysates from 293T cells transfected with gradient amounts of shRNA (#2) for PTEN showing gradient reduction in protein

levels of both PTEN and PTEN isoform.

both PTEN and PTEN isoform (Figure 2C). These results
indicated PTEN isoform is either a translational variant
of PTEN or a product resulting from RNA alternative
splicing and the sequences of its mature mRNA include
coding sequence and 3'-UTR of PTEN. Bioinformatic
analysis of PTEN mRNA disclosed an alternative starting
code (CUG™), 5' upstream of the coding sequence of
PTEN, which generates a predicted protein at the same size
as observed PTEN isoform.

PTEN isoform bas PT'EN-like activity to inbibit PI3K-
Akt pathway

Based on the identified alternative starting code, we cloned
human PTEN isoform. To study PTEN isoform-specific

function and avoid co-expression of PTEN, we replaced
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its starting code CUG with AUG and mutated PTEN’s
canonical starting code from AUG to GCG (Ala) in PTEN
isoform ¢cDNA. Transfection of the cDNA of PTEN
isoform into PC3 (a PTEN-null cell line) cells resulted in
expression of a protein that migrated to the position of
endogenous PTEN isoform from HeLa (Figure 34). To
begin to assess biochemical activity of PTEN isoform, we
subjected cell lysates of PC3 cells transfected with PTEN
isoform to Western blot analysis using antibodies against
PTEN, pAket (Ser473), pS6K (Thr389), and total Akt. As
shown in Figure 3B, the levels of phosphorylated Akt and
S6K were reduced by more than 50% in cells expressing
PTEN or PTEN isoform, compared to cells transfected
with empty vector, indicating PTEN isoform, similar to
PTEN, is able to negatively regulate PI3K-Akt signaling.

To prove it, we created a missense mutation, G302 to
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Figure 3 PTEN isoform has PTEN-like lipid phosphatase activity to inhibit PI3K-Akt pathway. (A) Transfection of the cDNA of PTEN
isoform into PC3 cells (lane 3) resulted in expression of a protein that migrated to the position of endogenous PTEN isoform from HeLa
(lane 1); (B) overexpression of PTEN or PTEN isoform, but not G302R mutant, suppressed phosphorylation of Akt and S6K.

R, in the phosphatase domain of PTEN isoform, which
is analogous to G129 to R in PTEN—a mutation that
is depleted of lipid phosphatase activity (30). We found
G302R mutant failed to inhibit Akt phosphorylation
(Figure 3B, lanes 3). Together, the results suggested PTEN
isoform is able to suppress PI3K-Akt signaling pathway in a
lipid phosphatase-dependent manner.

Overexpression of PTEN-Long inhibits cell proliferation
and induces cell death

PTEN is well known to play a crucial role in cell
proliferation and death by regulating the levels of PIP3
that activates Akt, a central regulator of survival and
death of cell. To understand the role that PTEN isoform
possibly plays in regulating cell proliferation and cell
death, we stably overexpressed PTEN, PTEN isoform,
or PTEN isoform (G302R) in HepG2 cells and assessed
their effects on cell growth and induction of cell death.
We found overexpression of PTEN or PTEN isoform in
HepG2 cells inhibited cell proliferation, as compared to
cells transfected with empty vector alone (Figure 44,B). In
addition, this activity depends on PTEN isoform's lipid
phosphatase activity as PTEN isoform (G302R) showed
no effect (Figure 4B).

To understand the role of PTEN isoform in cell death,
HepG2 cells stably expressing PTEN isoform or PTEN
isoform (G302R) were serum-starved for 48 h and then
subjected to Caspase 3 activity assay. As shown in Figure 4C, a
total of 48 h of serum starvation increased Caspase 3 activity
in PTEN or PTEN isoform-expressing HepG2 cells by
more than 2-fold, as compared to empty vector or PTEN

© Chinese Journal of Cancer Research. All rights reserved.

isoform (G302R) expressing cells (Figure 4C), indicating
PTEN isoform has apoptotic activity and this apoptotic
activity is dependent on its lipid phosphatase activity. We
also subjected HepG2 cells stably expressing indicated
proteins to UV irradiation and assessed their effects on
UV irradiation induced apoptosis. The results showed
overexpression of PTEN isoform also sensitizes cells to
UV irradiation-induced apoptosis and its lipid phosphatase
activity played an essential role (Figure 4D).

Overexpression of PITEN-Long inhibits cell migration

Next, we investigated the contribution of PTEN isoform
to the migratory properties of PTEN knockout MEF cells
by scratch assay. Cells stably expressing PTEN, PTEN
isoform, or its mutant were allowed to grow confluent
before being scratched and monitored with microscope.
Cell migration was assessed by the speed of wound closure.
As shown in Figure 5A,B, expression of PTEN isoform
inhibited migration of cells, as compared cells transfected
with empty vector alone (Figure 5B). Quantitative analysis
of cells migrated into wound area 14 h after scratching
revealed a more than 50% (P=0.01) inhibition in migration
of PTEN knockout MEF cells into the wound track
by expression of PTEN or PTEN isoform (Figure 5C).
Interestingly, overexpression of the lipid phosphatase-dead
mutant of PTEN isoform also inhibited cell migration,
to the extent similar to wild type PTEN isoform. Because
G302 to R mutant retains protein phosphatase activity,
inhibition of cell migration by the G302R mutant indicates
that lipid phosphatase activity is not essential for PTEN

isoform’s impact on cell migration.
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Figure 4 Overexpression of PTEN isoform inhibits cell proliferation and induces apoptosis. (A) Western blotting analysis of lysates from

HepG2 cells transfected with indicated plasmids showing levels of protein expression; (B) cell proliferation assay indicating reduced growth
in HepG2 cells expressing PTEN or PTEN isoform as compared to G302R mutant or empty vector transfected cells; (C) Caspase 3 activity
assay showing overexpression of PTEN or PTEN isoform but not G302R mutant promoted serum starvation-induced apoptosis. Z-VAD-

FMK is a pan Caspase inhibitor; (D) HepG2 cells stably expressing indicated proteins were irradiated by UV and followed by phase-contrast
imaging, showing overexpression of PTEN or PTEN isoform but not G302R mutant promoted UV irradiation-induced apoptosis.

Discussion

Although the tumor suppressor PTEN has been
intensively studied since its discovery back in 1997, some
fundamental aspects of its functions are still unclear.
Seventeen years ago PTEN was claimed to possess protein
phosphatase activity, but the first proved substrate was
reported only recently (32). Evidence indicated some roles
previously assumed to belong to PTEN might be attributed
to unidentified PTEN isoform. In eukaryotes, protein
translation is most commonly started at AUG codons, and
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the efficiency of initiation also depends on the nucleotides
before and after start codon. Recently, it was reported
that initiation of protein translation also occurs at non-
AUG codons (36-39). These alternate initiation codons
were believed to increase both genome coding capacity
and protein diversity. The identification of PTEN isoform
advances our understanding of diversity of PTEN family
proteins mediated by alternative translation initiation.
Recently, Hopkins and colleagues identified a translational
variant of PTEN (PTEN-Long) that is secreted and
can enter other cells (40). Like PTEN, PTEN-Long
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Figure 5 Overexpression of PTEN isoform inhibits cell migration. (A) Western blotting analysis of lysates from PTEN knockout MEF cells

transfected with indicated plasmids showing levels of protein expression; (B) PTEN knockout MEF cells stably expressing indicated proteins

were wounded and monitored by time-lapse imaging. White lines indicate wound tracks; (C) the number of cells that migrated into the

wound tracks were counted and plotted as a mean + SD (error bars). Totally six fields were randomly selected for each cell.

antagonized the PI3K-Akt pathway and induced cell death.
Treatment with PTEN-Long led to tumor regression in
several mouse models, indicating it might have therapeutic
potential. Soon after, Liang and colleagues reported the
identification of PTENa, a PTEN isoform that is localized
to mitochondria, where it collaborates with PTEN to
regulate mitochondrial energy metabolism (41). PTENa
is also translated by an alternative, CUG-dependent
mechanism that is similar to PETN-Long. Because PTEN-
Long and PTENa are involved in different biological
processes, they are possibly two different PTEN isoforms
and CUG-dependent translation contributes to protein
diversity in eukaryotes.

As PTEN isoform includes the whole PTEN sequences,
phenotype seen from previously created Pten knockout
mice were essentially consequence of Pten and Pten
isoform double knockout. Although the PTEN proteins
are more abundant than PTEN isoform, phenotypic
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deficiencies in these double knockout mice are at least
partially attributable to the loss of Pren isoform. In order
to dissect functions of PTEN from PTEN isoform, it is
possible to create Pten isoform-specific knockout mouse
by use of its unique nucleotide sequences N-terminal to
PTEN and assess loss-of-function by comparing single
and double knockout models. These models will also
help to re-evaluate contribution of each PTEN family
proteins to tumorigenesis, embryonic development, and
other biological processes. Meanwhile, as PTEN isoform
has extra amino acids N-terminal to PTEN sequence,
bioinformatics analysis of these extended sequences might
predict function and regulation of PTEN isoform. This
region could contain signaling sequences and/or conserved
domain which endow PTEN isoform distinct cellular
localization and functions that do not overlap PTEN lipid
or protein phosphatase activities. It should be noted that
expression of PTEN isoform is generally much lower
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than PTEN. It is therefore interesting to investigate
whether functions of PTEN and PTEN isoform are
complementary or synergistic. Furthermore, PTEN is a
common target of mutations in various types of cancers.
These mutations span PTEN’s coding and noncoding
regions. It is also interesting to know whether PTEN
isoform has specific N-terminal mutation(s) outside of
PTEN sequences that are cancer- and/or other diseases-
relevant. Further studies are needed to show whether
and how PTEN isoform participates in distinct cellular
processes and whether PTEN family has other members
so far unidentified.
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