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Abstract
Background

PTEN is a tumor suppressor gene, which is often inactivated through mutation and/or deletion in diverse
human tumors. In the cytoplasm, PTEN negatively regulates the phosphatidylinositol 3′ kinase (PI3K)
signaling pathway, while PTEN also shuttles to the nucleus, where PTEN stabilizes genome and/or
participates in DNA repairment after damage. PTEN’s subcellular localization seems to be regulated by
various factors.
Methods
U87MG cells with expressing Wild-type-PTEN (WT-PTEN) and K13E-PTEN mutant were engineered
respectively. The relationship between UV radiation and PTEN’s subcellular localization were elucidated
using nuclear and cytosolic fractionation and fluorescence co-localization assay. Related signaling
pathways were studied with western blot assays.
Results
Here, we demonstrated that UV irradiation could promote nuclear translocation of both WT-PTEN and
K13E-PTEN mutant in a dose-dependent manner, but WT PTEN had a higher level of nuclear
accumulation after inducing by UV-irradiation compared to K13E-PTEN. In contrast, the cytoplasmicnuclear translocation of exogenous PTEN was critical to its tumor-suppressing functions that made
U87MG cells more sensitive to the UV irradiation.
Conclusion
Our findings may have implications for further revealing the function of nuclear PTEN and provide
insights for clinical treatment of PTEN-deficient tumors.

Introduction
PTEN is a tumor suppressor gene located on the human chromosome 10, which was thought to be
expressed primarily in the cytoplasm in many cells [1-3]. It has been reported that PTEN is also distributed
in the cell nucleus of many normal and cancerous cells, which may have growth-regulatory functions via
signaling mechanisms that are distinctive from those of cytoplasmic PTEN [4]. The levels of PTEN in the
cytoplasm and nucleus are directly associated with its tumor suppressor functions, and quantitatively
monitoring PTEN expression in the cytoplasm and nucleus may contribute to the prediction of cancer
susceptibility [5].
Though PTEN has no typical nuclear protein signal, it can shuttle between nucleus and cytoplasm by
relying on certain mechanisms, such as ubiquitination, which can result in PTEN nuclear translocation,
leading to regulation in the physiological or pathological processes such as cell proliferation, apoptosis
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and its tumor suppressing ability [6-8]. Cytoplasmic PTEN, was essential to antagonize the PI3K pathway
and inhibit the proliferation, invasion and migration of tumor cells [9]. Nuclear PTEN, by contrast, was
found to participate in DNA repairing and nuclear stability [7]. Furthermore, it was indispensable for PTEN
function to have right C2 domain, of which (PTEN-4A) interacts with the transcription factor E2F1 to lose
its inhibitions in lung cancer [10]. Several mechanisms for the nucleocytoplasmic translocation of PTEN
have been proposed, including passive diffusion through nuclear pores [11]; a Ran-dependent mechanism
[12]; depending on Major Vault Protein [13]; mono-ubiquitin pathway involved in E3 ligase NEDD4-1 [9,14];
SUMOylation mechanism [15]. K13 and K289 are the two critical conserved sites of PTEN ubiquitin
modification, if which are mutated (K13E and K289E), PTEN will be accumulated mainly in the cytoplasm,
resulting in impaired tumor suppressive ability of PTEN in human glioblastoma [16]. While the
mechanism, function and relevance of nuclear PTEN localization remain to be further elucidated.
Solar Ultraviolet Radiation (UVR) can induce skin Cancers [17], medium-wave ultraviolet (UVB) is a part of
sunlight with a wavelength from 280 nm to 320 nm, which can cause DNA damage, promote apoptosis
of retinal pigment epithelium (RPE) cells [18]，leading to DNA damage and repairment [19]. In addition,
UVB irradiation resulted in a decreased PTEN expression in RPE cells, which triggered DNA damage and
increased UVB-induced apoptosis via activating p53-dependent pathway [18]. However, the relationship
between UVR and nuclear location of PTEN, has been rarely reported to date.
Therefore, we selected human glioma PTEN-null U87MG cells to establish both WT-PTEN and K13E-PTEN
expressing cell models. The results of the experiment demonstrated that UV irradiation can promote
nuclear entry of both WT-PTEN and K13E-PTEN mutant in a dose-dependent manner. And the enhanced
nuclear translocation ability further contributed to radio-toxicity of UVR, leading to increased irradiation
sensitivity of U87MG cells. Our findings may have implications for further demonstrating the likely
relationship between radiation and PTEN function.

Materials And Methods
Cell culture and UVB treatment
HEK293T and U87MG cells were purchased from ATCC, and were cultured in DMEM medium with 10%
Fetal Bovine Serum (FBS) and 1% Penicillin/Streptomycin at 37 °C with 5% of CO2. Lentiviral plasmids
(LV5 and LV8) carrying human GFP-WT-PTEN and RFP-K13E-PTEN ORF respectively were preserved in our
laboratory. The packing and purification of the recombinant lentiviral vectors were performed by the Gene
Pharma Company (Shanghai, China). The indicated U87MG cells were infected with the recombinant
lentiviral vectors, and the infection efficiency was observed with a fluorescence microscope.
Subsequently, the infected cells were selected with puromycin for 2 weeks.
In addition, the HEK293T cells were transiently transfected with pEGFP-NI-K13E-PTEN, pEGFP-NI-WTPTEN or empty plasmid using a lipofectamine 2000 method, according to manufacturer's protocol. For
UVB exposure, the SH-2 UVB phototherapy instrument (Sigma, Shanghai) with radiation intensity of 15
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mW/cm2, and the irradiation area of 22 cm2 was used. Before UVB treatment, the instrument was
sterilized with alcohol and positioned 20 cm above the dish. The cells were washed with PBS twice,
followed by exposing to different doses of UVB (0, 90, 180, 270 mJ/cm2) in PBS to avoid the
photosensitization effect of culture medium components on the cells. After UVB treatment, the cells were
continued to culture at 37 °C for a certain time.
Nuclear and cytosolic fractionation
Cytosolic and nuclear proteins were extracted from cell homogenates using a Nuclear/Cytosol
Fractionation Kit (Biyuntian Biological Co., Ltd, China) according to the manufacturer's instructions.
Briefly, cells were centrifuged at 800 g for 3 min at 4 °C. The pellet added reagent A with fresh PMSF was
vortexed for 10 s, and placed on ice for 15 min. The reagent B was added, vortexed for 10 s and placed on
ice for 1 min. After samples were centrifuged at 13000 g for 5 min at 4℃, the supernatant fraction was
collected as cytosolic fraction. The pellet containing nuclear protein was added nuclear protein extraction
reagent with PMSF, and then the mixture was vortexed 30 s and placed on ice for 30 min, repeated once
every 2 min to ensure that the cell pellet was completely dispersed. Then the samples were centrifuged at
13000 rpm for 10 min at 4℃. and the supernatant was taken as the nuclear fraction for immediate use or
stored at -80℃.
MTT Assay
Different groups of U87MG cells including parental U87MG cells, vector control U87MG cells, PTENexpressing U87MG cells and K13E-PTEN expressing U87MG cells were respectively seeded in 96-well
plates at a density of 10000 cells per well and allowed to adhere for 24 h. Then the cells were exposed to
different doses of UVB (60, 120, 240, 480 and 960 mJ/cm2) respectively, and MTT assay was performed
after 24h post-UVR culture. Cells were then incubated for 4 h with 5 mg/ml of MTT, dissolved in serum
free DMEM medium. Discarding the mixture was followed by the addition of 150 μL DMSO, incubating for
10 min in the dark. The absorbance was measured at 490 nm using microplate reader (SpectraMax M2,
USA).
Western blotting
Western blotting was performed as described previously [20,21]. Antibodies used were as follows: antiPTEN (#9188, Cell Signaling Technology), anti-Caspase-3 antibody (#AC030, Beyotime), anti-caspase-3
cleaved at Asp175 (#AC033, Beyotime), anti-GAPDH (#AG019-1, Beyotime), anti-β-tubulin (#10094-1-AP,
Proteintech) and anti-Lamin B (Proteintech).
For immunoblotting, cells were lysed in RIPA buffer containing 1×cocktail protease inhibitor for 30 min on
ice followed by centrifugation at 14,000 g for 5 min. Lysates were heated to 100℃ in SDS sample buffer
with 50 mM DTT for 10 min, resolved by SDS-PAGE, and electroblotted onto PVDF membrane (Millipore,
Billerica, USA). PVDF membrane were then blocked in 5% milk in TBS with 0.1% Tween-20 and probed
with the monoclonal antibodies. After incubation with the secondary antibody, chemiluminescence
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solution was added onto membrane, and reactive bands visualized using Chemiluminescence imagers
(Protein Simple, PE0684, USA).
Fluorescence co-localization Assay
HEK293T cells were transiently transfected with pEGFP-NI-K13E-PTEN, pEGFP-NI-WT-PTEN or empty
plasmid in 6-well plates at a density of 3Í105 cells per well and allowed to adhere for 24 h. Then the cells
were exposed to different doses of UVB (0, 90, 180, and 270 mJ/cm2) respectively, and DAPI staining was
performed after 6 h or 12 h post-UVR culture. Briefly, cells were washed 3 times with PBS buffer, followed
by the addition of 500 μL 4% paraformaldehyde, incubated for 30 min in the dark. Next, the cells were
washed with PBS 3 times and subsequently stained with DAPI (5mg/mL) in PBS for 15 min in the dark.
After washing with PBS buffer for 3 times, cells were observed with fluorescent microscope (Japan,
Nikon, DS-Qi2) and the images were captured using the NIS-Elements AR software. Green is GFP-PTEN,
Blue is DAPI-labeled nucleus, and the overlapped blue and green in the merged images represents PTEN
localization in the nuclear. Nuclear GFP-PTEN were quantified in at least 50 cells. The relative nuclear
GFP-PTEN level in each group was expressed as a ratio between the numbers of nuclear GFP-PTEN and
the total counted cells.
Statistical Analyses
Statistical analysis was performed for all data by using Student’s t-test and a value of p < 0.05 was
considered significant. All tests were performed using GraphPad Prism 7 software.

Results
Establishment of PTEN expression in PTEN-deficient cell lines
Lentiviral expression vector (LV5 and LV8) respectively carrying human WT-PTEN and K13E-PTEN ORF
were preserved in our laboratory. Then PTEN-deficient glioblastoma cell line U87MG (Fig. 1A) were
infected respectively with lentivirus expressing WT-PTEN, mutant K13E-PTEN, or empty vector, where a
greater transfection efficiency was observed by fluorescence microscopy (Fig. 1B). Then WT-PTEN/K13EPTEN expression in U87MG cells were established by puromycin selection. And overexpression of WTPTEN and mutant K13E-PTEN in U87MG cells was strongly detectable by Western blot analysis (Fig. 1C),
which suggesting a successful establishment for these two cell models.
Subcellular localization of PTEN and mutant
Subcellular localization of the wild-type and mutant gene products in U87MG cells was examined by
western blotting of the cytoplasmic and nuclear fractions (Fig. 2A). Corresponding cytoplasmic and
nuclear protein biomarkers, Tubulin and Lamin B were selected to identify the successful separation of
the respective cytoplasmic and nuclear fractions. As illustrated in Fig. 2A, the WT-PTEN was expressed
both in cell nucleus and cytoplasm, and mainly presented in the nucleus of overexpressing U87MG cells.
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While for the K13E-PTEN expression, PTEN staining was weak in the nucleus and conversely, it was
primarily observed in the cytoplasm. Consistent with the result of the cytoplasmic and nuclear fractions,
the fluorescence microscope analyses of the transiently transfected HEK293T cells also showed that WTPTEN exhibited a more distribution in nuclear than cytoplasm compartment, while K13E-PTEN primarily
presented in the cytoplasm (Fig. 2B). These results supported the idea that as one of the main conserved
sites of PTEN ubiquitin, if K13 of PTEN is mutated to glutamic acid (K13E), PTEN accumulates mainly in
the cytoplasm and cannot be transferred to the nucleus, resulting in impaired tumor suppressive ability of
PTEN in human glioblastoma [16,22].
The effects of UVB on PTEN and mutant subcellular localization
Available evidence suggested that UV radiation acts as a complete carcinogen, activating oncogenic
signaling pathways [23], and inducing tumors by damaging DNA [24]. We explored the effect of UV
radiation on the PTEN protein subcellular localization in the well-established WT-PTEN expressing U87MG
cells and K13E-PTEN expressing U87MG cells to determine whether UV is a key factor of PTEN
cytoplasmic-nuclear translocation. When the cells were continued to be cultured for 24 h after exposing to
the increasing doses of UV radiation (0, 90, 180, 270 mJ/cm2), nuclear translocation of K13E-PTEN was
increased gradually in a UV dose-dependent manner, reaching the highest levels after 270 mJ/cm2
exposure (Fig. 3A). Similar results were observed for the WT-PTEN in U87MG cells that UV irradiation
could also promote nuclear localization of WT-PTEN in a dose-dependent manner (Fig. 3B).
Next, we considered whether it's a universal process in various kinds of cells for UV irradiation resulting in
an increase in PTEN nuclear translocation. For this regard,
HEK293T cells transiently-transfected with pEGFP-WT-PTEN or pEGFP-K13E-PTEN vector were exposed to
the different doses of UV radiation (0, 90, 180, 270 mJ/cm2) respectively, and cytoplasm/nuclei
fractionation techniques and fluorescence microscopy analysis were performed after 6 h ( Fig. 4A and C)
or 12 h (Fig. 4B and D) post-UVB culture. Similar to the case of U87MG cells, UVB produced a marked
increase in both nuclear K13E-PTEN and WT-PTEN levels when the dose was equal or greater than 180
mJ/cm2, and reaching the highest levels at 270 mJ/cm2 (Fig. 4E and F). And moreover, WT-PTEN had a
higher level of nuclear accumulation after inducing by UV-irradiation, compared to the K13E-PTEN. Taken
together, the results confirmed that UVB was indeed a powerful regulator of PTEN nuclear-translocation,
even it could reverse K13E mutation induced PTEN cytoplasm accumulation.
Increased PTEN nuclear translocation contributes to UVB injuries
We investigated whether PTEN nuclear translocation can augment UVB-induced injuries. Different groups
of U87MG cells were exposed to UVB with the dose range from 0-960 mJ/cm2, and cell viability assay
was analyzed after 24h post-UVR culture. As illustrated in Fig. 5A, dose-response curves of parental and
vector control U87MG cells showed quite similar curves. While, both PTEN-expressing U87MG cells and
K13E-PTEN expressing U87MG cells displayed a markedly enhanced radiation sensitive compared to the
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vector control cells. And in contrast, WT-PTEN expressing U87MG cells had a more sensitive than K13EPTEN expressing U87MG cells. These findings were related with the alterations of the apoptosis signal
pathway. After 24h post-UVR culture, the UVB resulted in extremely significant increase in the level of
cleaved-caspase-3 in each group (Fig. 5B). There was no significant difference between the parental and
vector control U87MG cells. However, a higher expression level of cleaved-caspase-3 was observed in WTPTEN expressing U87MG cells and K13E-PTEN expressing U87MG cells, compared to the vector control
group. Thus, the above results demonstrated that nuclear translocation of PTEN was critical to its tumorsuppressing functions that made U87MG cells more sensitive to the UV irradiation.

Discussion
PTEN, a tumor suppressor gene, has lipid phosphatase and protein phosphatase activities, which inhibits
the proliferation, invasion and migration of tumor cells. In addition, different distributions of PTEN in the
nucleus and cytoplasm reflect the different functions. Nuclear PTEN plays an important role in repairing
DNA damage and maintaining chromosome stability or heterochromatin structure [4,7], which enhances
the tumor-suppressive effect by adjusting assembly and activity of the APC-CDH1 complex [25].
Therefore, the subcellular localization of PTEN is directly related to the cell final destiny. In this paper, it
mainly investigated how would the PTEN complete nuclear and cytoplasm distribution and whether PTEN
nucleus translocation affected the biological function of tumor cells under ultraviolet irradiation.
Firstly, two kinds of cells were selected including HeLa and U87MG cells which both lacked expression of
PTEN protein. Notably, U87MG cells innately lacked PTEN expression while PTEN-deficient HeLa cells
were constructed in our laboratory by CRISPR. The results showed that the two cell models have different
sensitivity to UV radiation. PTEN-deficient HeLa cells showed strong radiation resistance, by which the
cells had no obvious damage exposed to different doses of UVB (the results are not shown in this paper).
While on the contrary, U87MG cells showed a significant radiation sensitivity in a dose-dependent
manner. Therefore, U87MG cells were finally selected as a research object to construct WT-PTEN and
K13E-PTEN overexpressing cell models for studying whether UV is an effective factor of PTEN
cytoplasmic-nuclear translocation, and whether PTEN nuclear translocation can affect UVB-induced
injuries.
In our study, the result showed that the WT-PTEN was expressed both in cell nucleus and cytoplasm, and
mainly presented in the nucleus, while in the K13E -PTEN expressing cells, PTEN was primarily presented
in the cytoplasm. However, after UVB, nuclear accumulations of WT-PTEN and K13E-PTEN protein both
were increased gradually in a UV dose-dependent manner. In addition, similar results were observed in the
WT-PTEN/K13E-PTEN expressing HEK293T cells that UV irradiation could also promote nuclear entry of
WT-PTEN/K13E-PTEN protein in a dose-dependent manner (Fig 4E and F). It was demonstrated that UVB
was indeed a powerful inducer of PTEN nuclear-translocation, and moreover, it is a universal process in
different kinds of cells (Fig 3 and Fig 4). The molecular mechanism of PTEN nucleus entry may be
closely related to PTEN mono-ubiquitination site such as K13 site, controlling the translocation of PTEN
from cytoplasm to nucleus [26]. However, After K13 residue was mutated into E (K13E), PTEN could still
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enter the nucleus after exposed to UVB, for which the accurate underlying mechanism warrants further
exploration.
Several publications have been reported a proapoptotic function of nuclear PTEN, that increased
apoptotic DNA fragmentation is observed in the co-incubation of NGF-treated PC12 cell nuclei [27-29]. We
were curious about what changes can be caused by nuclear translocation of PTEN in cell function?
Therefore, after WT-PTEN and K13E-PTEN expressing U87MG cells exposure to UV irradiation, cell
viability and apoptosis were further studied. The results showed that for WT-PTEN or K13E-PTEN groups,
cell viability was inhibited, and the level of apoptosis signal molecule, cleaved-caspase-3 was increased,
leading to an increase in cell apoptosis compared with the control cells (Fig. 5). we suspected that
apoptotic pathway enhanced nuclear entry of PTEN, and overexpression of catalytically active nuclear
PTEN to form the positive feedback against proapoptotic responses in U87MG. Our findings were
consistent with the publication that apoptotic pathway enhanced radiation sensitive. Sun and her
colleagues showed that overexpression PTEN in the PTEN-deficient cell line PC3 made cells more
sensitive to radio-toxicity [30]. Thus, in our study we demonstrated that nuclear translocation of PTEN
was critical to its tumor-suppressing functions that made U87MG cells more sensitive to the UV
irradiation. Furthermore, with different doses of UVB treatment, PTEN functions may also be different in
various cell types via different mechanisms. In skin carcinogenesis, low-dose UVB radiation (no more
than 30 mJ/cm2), PTEN positively regulates UVB-induced DNA damage repair in an AKT-independent
manner [19]. Likewise, upon 90 mJ/cm2 UVB treatment, overexpression of PTEN decreases the level of
UVB-induced apoptosis in retinal pigment epithelium cells by suppressing p-H2A in response to DNA
damage [18], while there might be no direct relationship between the expression of endogenous PTEN
and the extent of apoptosis. Thus, there are several potential regulation mechanisms of PTEN signaling
following UVB irradiation. We speculated that PTEN plays important role in DNA damage repair following
a low dose of UVB radiation, thereby protecting cells against UVB-induced apoptosis. However, a high
dose of UVB radiation induces an increased nuclear accumulation of PTEN that may contribute to more
complex regulatory functions of PTEN in UV irradiation, such as promoting apoptosis. Taken together,
further precise mechanistic studies are needed in order to understand the role of PTEN played in UVB
irradiation.

Conclusion
In conclusion, the results showed that PTEN enhanced the radiation sensitivity of U87MG cells. After
irradiation, PTEN entered the cell nucleus, inhibited cell proliferation and promoted cell apoptosis, leading
to increased irradiation damage of U87MG cells. It was the first report to demonstrate that UVB can
promote PTEN translocation and further affected the function of PTEN, which provided a theoretical
basis for studying the role of PTEN in nucleus and cytoplasm. However, the specific mechanism about
how the PTEN enters the nucleus under ultraviolet radiation needs further study.

Abbreviations
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Figures

Figure 1
Establishment of WT-PTEN/K13E-PTEN expression in PTEN-deficient U87MG cell lines. (A) PTEN protein
in many different cell lines detected by Western blotting. (B) Lentivirus expressing of pGFP-WT-PTEN and
mutant pRFP-K13E-PTEN in U87MG cells detected by fluorescence microscopy, 200 x, and negative group
(NC), 100×. (C) The recombinant wild-type and K13E mutant PTEN protein in U87MG cells detected by
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Western blotting. Wild type U87MG cells and U87MG cells transfected with control lentivirus were termed
as blank control (BC) and Negative Control (NC), respectively.
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Western blotting. Wild type U87MG cells and U87MG cells transfected with control lentivirus were termed
as blank control (BC) and Negative Control (NC), respectively.

Figure 2
Subcellular localization of PTEN and mutant. (A) The nuclear and cytoplasmic proteins were detected
with western blotting in PTEN/ K13E-PTEN overexpressing U87MG cells. WT-PTEN exhibited a distribution
in both nuclear and cytoplasmic compartments, the K13E-PTEN mutant was predominantly in cytoplasm.
(B) Fluorescence image of WT-PTEN and K13E-PTEN subcellular localization in HEK293T cells
transiently-transfected with pEGFP-WT-PTEN or pEGFP-K13E-PTEN vector, 200 ×.
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Figure 3
UVB stress increases nuclear translocation of both PTEN and mutant in PTEN/K13E-PTEN
overexpressing U87MG cells. After exposure to the different doses of UV radiation (0, 90, 180,
270mJ/cm2), U87MG cells continued to be cultured for 24 h, the nuclear translocation of K13E-PTEN (A)
and WT-PTEN (B) were detected with western blotting.
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270mJ/cm2), U87MG cells continued to be cultured for 24 h, the nuclear translocation of K13E-PTEN (A)
and WT-PTEN (B) were detected with western blotting.
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Figure 4
The effects of UVB on nuclear localization of PTEN and mutant in HEK293T cells transiently-transfected
with pEGFP-K13E-PTEN and pEGFP-WT-PTEN. After 6 h (A and C) or 12 h (B and D) post-UVR culture,
K13E-PTEN (A and B) or WT-PTEN (C and D) was photographed by fluorescence microscopy, 200 ×. The
images were shown with DAPI labeling of the nucleus (blue) and PTEN/PTEN-K13E location with GFP
(green). And the overlapped blue and green in the merged images represented PTEN localization in the
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nuclear. (E) and (F) The statistics analysis of PTEN nucleus import ratio after exposure to different doses
of UVB in WT-PTEN/ K13E-PTEN overexpressing HEK293T cells after 6 h and 12 h post-UVR culture,
respectively. the percentage of WT-PTEN/K13E-PTEN in the nucleus were counted in at least 50 cells.
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Figure 5
Overexpression of WT-PTEN/K13E-PTEN enhances UVB-induced damage in U87MG cells. (A) Cell viability
was detected by MTT assay after 24 h post-UVR culture. Values are expressed as mean ± SD (***P<0.001,
t test). (B) Western blot analysis shows increased levels of Cleaved-caspase-3 in WT/K13E-PTEN
overexpressing U87MG cells compared to the NC and BC group after 24 h post-UVR culture.
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