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Abstract

unscheduled formation of MCC.

Nuclear PTEN plays an important role during mitosis. To understand the molecular basis by which PTEN mediates
mitotic progression, we examined whether PTEN regulated the formation of mitotic checkpoint complex (MCC).
We observed that arsenic trioxide, a mitotic inducer, stimulated nuclear translocation of PTEN in a time-dependent
manner. PTEN physically interacted with Cdc20 and Mad2, two important components of MCC. Arsenic treatment
diminished the physical association of PTEN with BubR1 and Bub3 but not with Cdc20 and Mad2. Our further stud-
ies revealed that downregulation of PTEN via RNAi enhanced formation of MCC during the cell cycle. Moreover,
PTEN silencing induced chromosomal instability. Given the crucial role of PTEN in suppressing tumor development,
our study strongly suggests that PTEN also functions to maintain chromosomal stability, partly through suppressing
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Background

Arsenic is a “double-edged” sword. Arsenic trioxide
(As,O;) is effective in the treatment of relapsed acute
promyelocytic leukemia [1-3]. On the other hand, arse-
nic is also an environmental carcinogen [4, 5]. Chronic
exposure to this metalloid can induce tumor develop-
ment in several organs [6—8]. At the cellular level, arse-
nic treatment induces mitotic arrest [9-11]. Although its
molecular basis of mitotic induction remains elusive the
mitotic arrest induced by arsenic can be partly due to the
perturbation of microtubules and slowing down the cell
cycle [12-15].

Phosphatase and tensin homolog (PTEN) is a well-
known tumor suppressor as it is mutated at a high
frequency in a variety of human malignancies, and
inherited PTEN mutations cause cancer-suscep-
tibility conditions [16-19]. Biochemically, PTEN
dephosphorylates the lipid second messenger phos-
phatidylinositol 3,4,5-trisphosphate to generate phos-
phatidylinositol 3,4-bisphosphate and, by doing so,
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antagonizes the PI3K/Akt signaling pathway. The PTEN
level and its activity profoundly influence cell growth,
survival, and tumor susceptibility [20, 21]. A number
of studies in the past a few years show that PTEN also
has nuclear functions [22, 23]. PTEN plays a role in
the maintenance of chromosomal stability through the
physical interaction with centromeres and control of
DNA repair [24] and nuclear PTEN directly enhances
the activity of APC/C by promoting its association with
CDH1 [25].

During mitosis, a protein entity termed mitotic check-
point complex (MCC) is detectable. MCC consists
of core spindle checkpoint proteins including Cdc20,
Mad2, BubR1, and Bub3 [26]. MCC can be assembled
during mitosis without kinetochore localization. We
have previously shown that PTEN accumulates in the
nucleus during mitosis [27, 28]. Given that molecular
regulation of nuclear PTEN and its exact function remain
poorly understood, we asked whether PTEN might be
involved in regulating the formation of MCC in mito-
sis, thus affecting the checkpoint function. We observed
that treatment with arsenic trioxide induced nuclear
translocation of PTEN. PTEN was bound to Cdc20 and
Mad2, especially after arsenic treatment. However, arse-
nic exposure greatly suppressed the formation of MCC.
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RNAi-mediated downregulation of PTEN promoted the
formation of MCC in the presence of arsenic. Given that
PTEN silencing induced chromosomal instability, our
combined studies suggest that PTEN may regulate the
spindle checkpoint through disassembly of MCC during
mitotic progression.

Methods

Cell culture

HEK293T and HeLa cell lines obtained from the Ameri-
can Type Culture Collection were cultured in DMEM
supplemented with 10% fetal bovine serum (FBS, Invito-
gen) and antibiotics (100 pg/ml of penicillin and 50 pg/
ml of streptomycin sulfate, Invitrogen) at 37 °C under 5%
CO,.

Antibodies and reagents

Antibodies to PTEN, PARP, Flag and a-Tubulin were
purchased from Cell Signaling Technology Inc. Rabbit
polyclonal antibodies for BubR1 was developed in the
laboratory. Bub3 and Cdc20 antibodies were purchased
from Santa Cruz Biotechnology. Human IgGs against
centromere proteins (CREST) were purchased from
Antibodies Inc. Arsenic trioxide was purchased from
Sigma Aldrich.

Plasmids and siRNA transfection

Flag-tagged Mad2 and Cdc20 were obtained from
Addgene. Plasmids were transfected into HEK293T with
either LF2000 (Invitrogen) following the manufactur-
ers’ protocol. Transfection efficiency was estimated to
be between 80 and 100% in all cases through transfect-
ing a GFP expressing plasmid (data not shown). Human
ON-TARGETplus SMARTpool siRNA oligonucleotides
that specifically target PTEN (L-003023-00-0010) were
purchased from Dharmacon. Individual sets of siR-
NAs were transfected into HeLa cells with Dharmafect
I according to the protocol provided by the supplier.
Briefly, cells seeded at 50% confluence in an antibiotic-
free culture medium were transfected with siRNA
duplexes at a final concentration of 100 nM for 24 h.
Small interfering RNAs targeting firefly (Photinus pyra-
lis) luciferase (5’-UUCCTACGCTGAGTACTTCGA-3/,
GL-3 from Dharmacon) were used as negative control
for transfection.

Cell cycle synchronization

HEK293T cells were synchronized at the G1/S boundary
by double-thymidine blocks. Briefly, cells were treated
with 2 mM thymidine for 18 h followed by a 9 h release;
these cells were treated with 2 mM thymidine for another
18 h and then released into the cell cycle for various
times.
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Preparation of protein extracts and immunoblotting

Total cell lysates were prepared in a buffer (50 mM Tris—
HCI (pH 7.5), 150 mM NaCl, 1% IGEPAL, 0.1% SDS, and
0.5% sodium deoxycholate) supplemented with a mixture
of protease and phosphatase inhibitors. Chromatin and
cytosolic/soluble extracts were obtained as described pre-
viously [28]. In brief, cell extracts were prepared in the
harvest buffer (10 mM HEPES (pH 8.0), 50 mM NaCl,
0.5 M sucrose, 0.1 M EDTA, 0.5% Triton X-100) contain-
ing both protease inhibitors (1 mM dithiothreitol (DTT),
2 mg/ml pepstatin, 4 mg/ml aprotinin, 100 mM PMSEF)
and phosphatase inhibitors (10 mM tetrasodium pyroph-
osphate, 100 mM NaF, 17.5 mM B-glycerophosphate). The
low speed supernatant (500 x g) containing cytoplasmic
proteins was collected, and nuclear extracts were made by
vortexing the nuclei for 15 min at 4 °C in a buffer contain-
ing 20 mM HEPES (pH 7.9), 400 mM NaCl, 1 mM EDTA,
1 mM EGTA, 0.1% IGEPAL CA-630, and protease inhibi-
tors. Protein concentrations were measured using the
bicinchoninic acid protein assay reagent kit (Pierce Chem-
ical Co). Equal amounts of protein lysates from various
samples were used for SDS-PAGE analysis followed by
immunoblotting. Specific signals on immunoblots (poly-
vinylidene difluoride) were visualized using enhanced
chemiluminescence (Super-Signal; Pierce Chemical Co.).

Immunoprecipitation

Cells were lysed in TBSN buffer [20 mM Tris—Cl (pH
8.0), 150 mM NacCl, 0.5% NP-40, 5 mM EGTA, 1.5 mM
EDTA, 0.5 mM Naz;VO,, and 20 mM B-Glycerol phos-
phate]. The cell lysates were clarified by centrifugation at
15,000 g for 20 min at 4 °C. Cleared lysates (1 mg) were
added to Flag M2 agarose (Sigma) followed by incuba-
tion in the TBSN buffer for 1 h at 4 °C. After incubation,
proteins bound to each resin were washed extensively
with the binding buffer, eluted in the SDS-PAGE sample
buffer, and analyzed by SDS-PAGE.

Immunofluorescence microscopy

Fluorescence microscopy was performed essentially as
described [29]. Briefly, cells were fixed with 4% para-
formaldehyde (w/v) for 30 min, washed 3 times in PBS-T
(PBS-Tween 0.1%), and permeabilized with 0.1% Triton
X-100 in PBS before blocking with 4% Bovine serum
albumin (BSA) in PBS-T for 30 min. Primary antibodies
were incubated for 1 h, and secondary anti-bodies con-
jugated to Alexa-Fluor 488 and 555 were incubated for
30 min at room temperature in 4% BSA. DAPI staining
was per-formed for 10 min in PBS. After washing, cov-
erslips were dried and mounted on glass slides. Fluores-
cence microscopy was per-formed using a Leica Confocal
Laser Scanning Microscopes SP2 and SL2 using the 100x
objective (1.4).
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Statistical analysis

Each experiment was performed at least 3 times. The
data were plotted as the mean =+ SD. Student t test was
used for all comparisons. A P value of <0.05 was consid-
ered statistically significant.

Results

Given our previous observations that nuclear PTEN plays
an important role in mediating mitotic progression [27,
28], we asked whether arsenic affected PTEN nuclear
localization. We observed that arsenic treatment induced
nuclear translocation in a concentration-dependent man-
ner (Fig. 1). Arsenic treatment also induced significant
mitotic arrest as phosphorylated histone H3 also was ele-
vated in which paralleled the increase of nuclear PTEN.
Arsenic did not induce significant apoptosis as revealed
by blotting with anti-body to PARP-1.

As mitotic checkpoint complex (MCC) plays an impor-
tant role in regulating mitotic progression, we asked
whether PTEN was involved in physical and/or func-
tional interaction with MCC. Cells transfected with
Flag-Cdc20 or vector alone were treated with or without
arsenic trioxide. Equal amounts of cell lysates were then
immunoprecipitated with the anti-Flag antibody. We
observed that Cdc20 interacted with PTEN only after
arsenic treatment (Fig. 2a). Significantly, Cdc20’s associa-
tion with PTEN was inversely correlated with its interac-
tion with BubR1 and Bub3, two major MCC components
[30]. On the other hand, Cdc20 interacted with Mad2
efficiently regardless the presence or absence of arsenic.

To determine whether PTEN played a negative role
in the formation of MCC, we down-regulated PTEN
expression via RNAi approach. We observed that down-
regulation of endogenous PTEN led to enhanced asso-
ciation of BubR1 and Bub3 with Cdc20 in the presence of
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Fig. 1 Nuclear translocation of PTEN after arsenic treatment. Hela
cells were treated with arsenic trioxide [As(lIll)] for various concentra-
tions as indicated, after which cells were collected for obtaining
cytoplasmic and nuclear fractions. Equal amounts of cytoplasmic and
nuclear proteins were blotted for PTEN, tubulin, PARP, and phospho-
histone H3
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Fig. 2 PTEN negatively regulates formation of mitotic checkpoint
complex. a HEK293 cells were transfected with Flag-Cdc20 expression
plasmid or empty vector (ev) for 24 h and then treated with arsenic
(1 uM) for 18 h. Equal amounts cell lysates were immunoprecipitated
with the anti-Flag antibody. Flag immunoprecipitates, along with
lysate inputs, were blotted for Flag, Mad2, PTEN, BubR1 and Bub3.
b HEK293 cells were co-transfected with Flag-Cdc20 and/or PTEN
siRNAs, or control siRNAs (siRNAs to luciferase), for 24 h and treated
with arsenic for 18 h. Equal amounts of cell lysates were then immu-
noprecipitated with the anti-Flag antibody. Flag immunoprecipitates,
along with lysate inputs, were blotted for Flag, Mad2, PTEN, BubR1
and Bub3

arsenic trioxide (Fig. 2b), strongly suggesting that PTEN
is negatively involved in the assembly of MCC in cells
exposed to arsenic. Again, the interaction between Cdc20
and Mad2 was not affected by arsenic treatment.

To further determine whether PTEN exerted a negate
effect on the formation of MCC, we first co-transfected
cells with Flag-Mad2 expression plasmid and siRNAs to
PTEN (or to luciferase as control) for 24 h before start-
ing cell cycle synchronization with double-thymine
treatment [31, 32]. Cells released into the cell cycle
were subjected to pull-down analysis with the anti-Flag
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antibody. We observed that transfection of PTEN siRNAs
promoted association of BubR1, Bub 3, and Cdc20 with
Flag-Mad2, strongly suggesting that PTEN plays a nega-
tively role in the assembly of MCC during mitosis (Fig. 3).
PTEN expression was efficiently silenced after trans-
fection of specific siRNAs, which did not significantly
impact on expression of Cdc20, Bub3, BubR1 and trans-
fected Flag-Mad2.

Spindle checkpoint components including Mad2 and
BubR1 function to monitor chromosome congregation
during early mitosis and chromosome segregation at the
metaphase-anaphase junction [33, 34]. We next exam-
ined whether silencing of PTEN had a direct effect on
chromosome segregation given the observed physical
association of PTEN with Mad2 and Cdc20. We observed
that transfection of PTEN siRNAs caused a signifi-
cant increase in lagging chromosomes and formation of
abnormal (tri- and multi-polar) spindle poles with a con-
comitant decrease in bipolar spindles (Fig. 4).

Discussion

Although As(III) is recognized as a carcinogen it remains
unclear how arsenic perturbs cellular and molecular
processes, leading to malignant transformation. It is
well documented that As(III) induces major cytoge-
netic changes, including the formation of micronuclei,
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chromosomal aberrations, and aneuploidy [36-38]. In
fact, nuclear abnormalities are reliable biomarkers for
detecting arsenic exposure and its toxicity [36—37]. Well-
controlled studies in rodent cells also demonstrate that
treatment with As(III) significantly increased the number
of aberrant chromosomes and the frequency of micronu-
clei, which is coupled with an alteration of mitotic index
[39]. Thus, cytogenetic alterations and chromosome
instability (CIN) induced by arsenic compounds may play
a causative role in genomic instability, malignant trans-
formation, and cancer development [40]. In the current
study, we have demonstrated that As(III) treatment has
a significant effect on PTEN subcellular localization and
its function. The observation that arsenic induces PTEN
nuclear accumulation is likely due to its effect on mitotic
arrest [10, 11], which is also supported by enhanced
levels of phospho-H3 (Fig. 1). As reported in our early
studies, PTEN undergoes cell-cycle dependent nuclear
localization, peaking at mitosis [27, 28]. It is conceivable
that deregulated PTEN regulation due to exposure to
As(IIT) would exert a negative impact on mitotic progres-
sion, leading to CIN and aneuploidy.

Deregulated PTEN functions are frequently observed
in human cancers that exhibit increased genomic insta-
bility and aneuploidy [41, 42]. We and others have
observed PTEN localization at mitotic apparatuses
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Fig. 3 PTEN suppresses MCC formation during the cell cycle. Hela cells co-transfected with siRNAs to PTEN (siPTEN), or to luciferase (siLuc) as con-
trol, and Flag-Mad2 expression plasmid were synchronized at G1/S junction via double-thymidine treatment. At various times after releasing into
the cell cycle, cells were collected and lysed. Equal amounts of cell lysates were immunoprecipitated with the anti-Flag antibody. Flag immunopre-
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Fig. 4 PTEN silencing induces chromosomal instability. a Hela cells seeded in chamber slides were transfected with siRNAs to PTEN or luciferase for
48 h, after which cells were fixed and stained with antibodies to tubulin and CREST. DAPI was also used to label DNA. Stained cells were examined
under a fluorescent microscope and representative images are shown. b, ¢ Percentages of normal or abnormal mitotic cells as shown in a were
summarized and presented

including centrosomes and centromeres/kinetochores
in mitotic cells [24, 27, 43]. PTEN and the PI3K signal-
ing pathway appear to play a role in centrosome compo-
sition and integrity [43], which are essential for faithful
segregation of chromosomes during cell division. It has

been shown that PTEN loss partially compromises cell
cycle checkpoint, leading to enhanced genomic instabil-
ity [44, 45], which is mediated partially through regulat-
ing expression of Rad51, a component involved in DNA
double-strand repair and homologous recombination
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[24]. Consistent with this observation, we have shown
that PTEN interacts with Rad52 and regulates its activ-
ity [29]. In addition, PTEN is modified by sumoyla-
tion [46], which controls its nuclear localization and
responses to genotoxic stress [47]. In the current study,
we observe that PTEN is physically associated with
Mad2 and Cdc20 and that PTEN disrupts the interac-
tion of these two checkpoint proteins with other MCC
components (BubR1l and Bub3). These observations
suggest that PTEN may function as a negative regula-
tor of MCC during mitotic progression. The spindle
checkpoint is tightly regulated and overexpression of
checkpoint components may also cause chromosomal
instability, aneuploidy and tumor development [19, 33,
34]. Therefore, it is conceivable that MCC needs to be
removed in a timely manner during mitotic progres-
sion and that PTEN may play an essential role in this
process.

Based on our current and previous studies, we pro-
pose a simple model that explain the mode of action of
PTEN. PTEN protein undergoes cell cycle-dependent
nuclear translocation, peaking in mitosis. Nuclear PTEN
physically interacts with Cdc20 and/or Mad2 and their
interaction has a direct impact on the assembly or dis-
assembly of MCC, thus regulating mitotic progression.
Deregulated mitosis frequently leads to chromosomal
instability.

Authors’ contributions

BHC involved in designing experiments; carrying out experiments and
data interpretations; participated in writing the manuscript. SX provided
key research materials and helping in data interpretation. WD experiment

designing, data interpretations, and manuscript writing. All authors read and
approved the final manuscript.

Author details

! Departments of Environmental Medicine, Biochemistry and Molecular
Pharmacology, New York University Langone Medical Center, Tuxedo, NY
10987, USA. ? Institute of Pathology, Kings County Hospital Center, Brooklyn,
NY, USA. ® Department of Environmental Medicine, New York University School
of Medicine, 57 Old Forge Road, Tuxedo, NY 10987, USA.

Acknowledgements

We thank lab personnel for various assistance and valuable discussions during
the course of the work. This study was supported in part by US public service
awards to WD (ES020591 & CA150512) and NIEHS Center Grant (ES000260).

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All data and materials reported herein are available to parties who may have
an interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 27 April 2017 Accepted: 22 June 2017
Published online: 29 June 2017

Page 6 of 7

References

1. Shen ZX, et al. Use of arsenic trioxide (As,05) in the treatment of acute
promyelocytic leukemia (APL): II. Clinical efficacy and pharmacokinetics
in relapsed patients. Blood. 1997;89(9):3354-60.

2. Chen GQ et al. Use of arsenic trioxide (As,O;) in the treatment of acute
promyelocytic leukemia (APL): I. As,O; exerts dose-dependent dual
effects on APL cells. Blood. 1997;89(9):3345-53.

3. ZhuJ, etal. Arsenic-induced PML targeting onto nuclear bodies: implica-
tions for the treatment of acute promyelocytic leukemia. Proc Natl Acad
Sci USA. 1997,94(8):3978-83.

4. Sankpal UT, et al. Environmental factors in causing human cancers:
emphasis on tumorigenesis. Tumour Biol. 2012;33(5):1265-74.

5. NgJC Wang J, Shraim A. A global health problem caused by arsenic from
natural sources. Chemosphere. 2003;52(9):1353-9.

6. Leel,Bebb G. A case of Bowen's disease and small-cell lung carcinoma:
long-term consequences of chronic arsenic exposure in Chinese tradi-
tional medicine. Environ Health Perspect. 2005;113(2):207-10.

7. Centeno JA et al. Pathology related to chronic arsenic exposure. Environ
Health Perspect. 2002;110(Suppl 5):883-6.

8. Ahlborn GJ, et al. Impact of life stage and duration of exposure on
arsenic-induced proliferative lesions and neoplasia in C;H mice. Toxicol-
0gy. 2009,262(2):106-13.

9. ChenY]J, et al. HSP70 colocalizes with PLK1 at the centrosome and
disturbs spindle dynamics in cells arrested in mitosis by arsenic trioxide.
Arch Toxicol. 2014,88(9):1711-23.

10. Halicka HD, Smolewski P, Darzynkiewicz Z, Dai W, Traganos F. Arsenic
trioxide arrests cells early in mitosis leading to apoptosis. Cell Cycle.
2002;1(3):201-9.

11. Cai X, et al. Arsenic trioxide-induced mitotic arrest and apoptosis in acute
promyelocytic leukemia cells. Leukemia. 2003;17(7):1333-7.

12. Meister MT, et al. Arsenic trioxide induces Noxa-dependent apoptosis
in rhabdomyosarcoma cells and synergizes with antimicrotubule drugs.
Cancer Lett. 2016;381(2):287-95.

13. Zhao Y, Toselli P, Li W. Microtubules as a critical target for arsenic toxic-
ity in lung cells in vitro and in vivo. Int J Environ Res Public Health.
2012,9(2):474-95.

14. Duan XF, et al. Synergistic mitosis-arresting effects of arsenic trioxide
and paclitaxel on human malignant lymphocytes. Chem Biol Interact.
2010;183(1):222-30.

15. Ramirez P, Eastmond DA, Laclette JP, Ostrosky-Wegman P. Disruption of
microtubule assembly and spindle formation as a mechanism for the
induction of aneuploid cells by sodium arsenite and vanadium pentox-
ide. Mutat Res. 1997,386(3):291-8.

16. Di Cristofano A, Pandolfi PP. The multiple roles of PTEN in tumor suppres-
sion. Cell. 2000;100(4):387-90.

17. Salmena L, Carracedo A, Pandolfi PP. Tenets of PTEN tumor suppression.
Cell. 2008;133(3):403-14.

18. Trimboli AJ, et al. Pten in stromal fibroblasts suppresses mammary epi-
thelial tumours. Nature. 2009;461(7267):1084-91.

19. YinY, Shen WH. PTEN: a new guardian of the genome. Oncogene.
2008;27(41):5443-53.

20. Carracedo A, Pandolfi PP. The PTEN-PI3K pathway: of feedbacks and cross-
talks. Oncogene. 2008;27(41):5527-41.

21. Berger AH, Pandolfi PP. Haplo-insufficiency: a driving force in cancer. J
Pathol. 2011;223(2):137-46.

22. Planchon SM, Waite KA, Eng C. The nuclear affairs of PTEN. J Cell Sci.
2008;121(Pt 3):249-53.

23. Trotman LC, et al. Ubiquitination regulates PTEN nuclear import and
tumor suppression. Cell. 2007;128(1):141-56.

24. Shen WH, et al. Essential role for nuclear PTEN in maintaining chromo-
somal integrity. Cell. 2007;128(1):157-70.

25. Song MS, et al. Nuclear PTEN regulates the APC-CDH1 tumor-
suppressive complex in a phosphatase-independent manner. Cell.
2011;144(2):187-99.

26. lzawa D, Pines J. The mitotic checkpoint complex binds a second CDC20
to inhibit active APC/C. Nature. 2015;517(7536):631-4.

27. ChoiBH, Pagano M, Huang C, Dai W. Cdh1, a substrate-recruiting
component of anaphase-promoting complex/cyclosome (APC/C)
ubiquitin E3 ligase, specifically interacts with phosphatase and tensin
homolog (PTEN) and promotes its removal from chromatin. J Biol Chem.
2014;289(25):17951-9.



Choi et al. Exp Hematol Oncol (2017) 6:19

28.

29.

30.

31

32.

33

34.

35.

36.

37.

Choi BH, Pagano M, Dai W. PIk1 protein phosphorylates phosphatase and
tensin homolog (PTEN) and regulates its mitotic activity during the cell
cycle. J Biol Chem. 2014;289(20):14066-74.

Choi BH, Chen'Y, Dai W. Chromatin PTEN is involved in DNA damage
response partly through regulating Rad52 sumoylation. Cell Cycle.
2013;12(21):3442-7.

Uzunova K, et al. APC15 mediates CDC20 autoubiquitylation by
APC/C(MCC) and disassembly of the mitotic checkpoint complex. Nat
Struct Mol Biol. 2012;19(11):1116-23.

Bostock CJ, Prescott DM, Kirkpatrick JB. An evaluation of the double
thymidine block for synchronizing mammalian cells at the G1-S border.
Exp Cell Res. 1971,68(1):163-8.

Shedden K, Cooper S. Analysis of cell-cycle-specific gene expression in
human cells as determined by microarrays and double-thymidine block
synchronization. Proc Natl Acad Sci USA. 2002;99(7):4379-84.

Li HY, Cao K, Zheng Y. Ran in the spindle checkpoint: a new function for a
versatile GTPase. Trends Cell Biol. 2003;13(11):553-7.

Vitale I, Galluzzi L, Castedo M, Kroemer G. Mitotic catastrophe: a
mechanism for avoiding genomic instability. Nat Rev Mol Cell Biol.
2011;12(6):385-92.

Mahata J, et al. Chromosomal aberrations in arsenic-exposed human
populations: a review with special reference to a comprehensive study in
West Bengal, India. Cytogenet Genome Res. 2004;104(1-4):359-64.
Dulout FN, et al. Chromosomal aberrations in peripheral blood
lymphocytes from native Andean women and children from north-
western Argentina exposed to arsenic in drinking water. Mutat Res.
1996;370(3-4):151-8.

Basu A, et al. Enhanced frequency of micronuclei in individuals exposed
to arsenic through drinking water in West Bengal, India. Mutat Res.
2002;516(1-2):29-40.

38.

39.

40.

42.

43.

44,

45.

46.

47.

Page 7 of 7

Yih LH, Lee TC. Induction of C-anaphase and diplochromosome through
dysregulation of spindle assembly checkpoint by sodium arsenite in
human fibroblasts. Cancer Res. 2003;63(20):6680-8.

Patlolla AK, Tchounwou PB. Cytogenetic evaluation of arsenic trioxide
toxicity in Sprague—Dawley rats. Mutat Res. 2005;587(1-2):126-33.
Chien CW, Chiang MC, Ho IC, Lee TC. Association of chromosomal altera-
tions with arsenite-induced tumorigenicity of human HaCaT keratino-
cytes in nude mice. Environ Health Perspect. 2004;112(17):1704-10.

. Murayama-Hosokawa S, et al. Genome-wide single-nucleotide

polymorphism arrays in endometrial carcinomas associate extensive
chromosomal instability with poor prognosis and unveil frequent
chromosomal imbalances involved in the PI3-kinase pathway. Oncogene.
2010;29(13):1897-908.

HiraiY, et al. Somatic mutations of the PTEN/NMACT gene associated
with frequent chromosomal loss detected using comparative genomic
hybridization in endometrial cancer. Gynecol Oncol. 2001;83(1):81-8.
Leonard MK, Hill NT, Bubulya PA, Kadakia MP. The PTEN-Akt pathway
impacts the integrity and composition of mitotic centrosomes. Cell Cycle.
2013;12(9):1406-15.

Puc J, et al. Lack of PTEN sequesters CHK1 and initiates genetic instability.
Cancer Cell. 2005;7(2):193-204.

Puc J, Parsons R. PTEN loss inhibits CHK1 to cause double stranded-DNA
breaks in cells. Cell Cycle. 2005;4(7):927-9.

Huang J, et al. SUMO1 modification of PTEN regulates tumorigenesis by
controlling its association with the plasma membrane. Nat Commun.
2010;3:911.

Bassi C, et al. Nuclear PTEN controls DNA repair and sensitivity to geno-
toxic stress. Science. 2013;341(6144):395-9.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	PTEN is a negative regulator of mitotic checkpoint complex during the cell cycle
	Abstract 
	Background
	Methods
	Cell culture
	Antibodies and reagents
	Plasmids and siRNA transfection
	Cell cycle synchronization
	Preparation of protein extracts and immunoblotting
	Immunoprecipitation
	Immunofluorescence microscopy
	Statistical analysis

	Results
	Discussion
	Authors’ contributions
	References




