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The present study aims to investigate the pharmacological effect of the exopolysaccharides from Aphanothece halophytica
GRO2 (EPSAH) on the HelLa human cervical cancer cell line. HelLa cells were cultured in RPMI-1640-10% FBS medium
containing with or without different concentrations of EPSAH. Cell viability was assessed by methylthiazol tetrazolium (MTT)
assay. Cell apoptosis was elevated with Wright-Giemsa staining, AO/EB double staining, and DNA fragmentation assay.
Apoptosis-associated molecules from cultured Hela cells were quantified using Western blot analysis. Our results suggest
that EPASH induces apoptosis in HelLa cells by targeting a master unfolded protein response (UPR) regulator Grp78. Grp78
further promotes the expression of CHOP and downregulates expression of survivin, which leads to activate mitochondria-
mediated downstream molecules and p53-survivin pathway, resulting in caspase-3 activation and causing apoptosis. These
findings provide important clues for further evaluating the potential potency of EPSAH for use in cancer therapy.
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Introduction

Exopolysaccharides are high-molecular-weight sugar polymers
secreted by microorganisms into the surrounding environment.
Aphanothece halophytica is a halotolerant cyanobacterium that can
grow in a wide range of salinity conditions (0.25 to 3.0 M NaCl), as
well as at alkaline pH [1]. The Aphanothece halophytica GR0O2 is
known to produce large amounts of exopolysaccharide that
exhibits xanthan-like physical properties and is of industrial uses
[2]. In addition, studies have demonstrated that the exopolysac-
charide from Aphanothece halophytica GRO2 (EPSAH) possesses
potent antitumor, immunomodulatory and antiviral activities [3].

Although it has been reported that oral administration of
EPSAH significantly inhibited Sarcoma 180 growth in mice, little
1s known about the mechanism of its antitumor activity. After an
anticancer screening test i vitro, we found that EPSAH inhibits the
growth of various cancer cells (data not shown). Although these
studies revealed that EPSAH acted as an anti-cancer agent, its
mechanism of action remains unknown.

Aberrant regulation of apoptosis has been observed in major
human diseases, including cancer. Many therapeutic agents inhibit
tumor cells by inducing apoptotic cell death. Mitochondria play an
important role in cell apoptosis [4]. Apoptotic stimuli induce the
opening of the membrane permeability transition (MPT) pore,
resulting in the loss of the mitochondrial membrane potential,
swelling of the mitochondrial matrix, and breakdown of the
mitochondrial membrane and eventually inducing mitochondrial-
mediated apoptosis [5,6]. On the other hand, endoplasmic
reticulum (ER) stress activates a complicated signal transduction
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pathway known as the unfolded protein response [7]. A number of
studies have reported UPR activation in a variety of solid tumors
and tumor cell lines [8]. The present study examined the effects of
EPSAH on growth inhibition and apoptotic induction in HelLa
cells. We further investigated the molecular mechanism of
EPSAH-induced apoptosis in HeLa cells by determining the
expression of the key components involved in the mitochondria-
mediated apoptosis and UPR pathways.

Materials and Methods

Reagents

RPMI-1640 medium (Gibco, USA), fetal bovine serum(FBS,
Gibco, USA), MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, Fluka, USA), acridine orange (AO, Amresco,
USA), ethidium bromide (EB, Sigma, USA), Wright-Giemsa dye
solution (Nanjing Jiangcheng Bioengineering Institute, Nanjing,
China), RNase A (Fermantas, Canada), proteinase K (Fermantas,
Canada), ECL plus kit (Beyotime Institute of Biotechnology,
China), DL 2000 DNA Marker (Takata, Japan), prestained protein
marker (fermentas, Thermo Scientific, USA), antibody to
GAPDH, GRP78, GADDI153, Bcl-2, Bax, p53, survivin, Ac-
tived-Caspase 3 pl7 (Bioworld Technology, MN, USA), horse-
radish peroxidase (HRP)-conjugated secondary antibody (Multi-
Sciences, China). All other biochemicals and chemicals used in the
experiment were of analytical grade.
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Culture of Aphanothece halophytica GR02

Aphanothece halophytica GRO2 was kindly provided by Associate
Professor Pengfu Li, Nanjing University. The alga cells were
cultivated in the 1M NaCl medium [9], modified by supplemen-
tation of trace element solution with A5 and B6 [10]. The algal
cells were incubated at 30°C under light irradiation of 4000 lux
and a 12 h/12 h light/dark cycle in 1 L conical flasks containing
600 ml of medium. The cultures were continuously acrated by
gentle bubbling with filtered air.

Isolation and purification of EPSAH

After 20 days of culture, the cells were removed by centrifu-
gation. The supernatant was filtered through a 0.45 um porous
membrane, dialyzed against tap water (for 60 h) and distilled
water (for 18 h), and then concentrated under reduced pressure at
60°C. The concentrated sample was loaded onto an anion-
exchange column filled with DEAE-Sepharose FF (GE Health-
care). The sample was eluted by a linear gradient of 0 to 2 M NaCl
in 10 mM phosphate buffer at pH 7. The major peak were
collected, dialyzed, concentrated, and then precipitated by the
addition of four volumes of 95% ethanol at 4°C overnight, and
lyophilized. Total polysaccharides content of the fractions was
determined by the phenol-sulphuric acid method [11].

Spectroscopic analysis of EPSAH

UV-VIS absorption spectra of EPSAH aqueous solution were
measured on a Perkin-Elmer Lambda 2 UV/VIS spectrometer.
Infrared spectra were recorded on KBr discs with a Nicolet 170
SX IR Spectrophotometer.

Hela cells culture and treatments

HeLa cell line was purchased from Shanghai Institute of Cell
Biology (Shanghai, China). Hela cells were cultured in RPMI-
1640 medium supplemented with 10% FBS, 100 U/ml penicillin
and 100 pg/ml streptomycein and incubated at 37°C in a 5% CO,
incubator. Cells were split twice a week by trypsinization at 80—
90% confluency and were always used within two months after
their removal from liquid nitrogen storage. The cells were seeded
in a 96-well microplate or 6-well plates in RPMI-1640 medium
containing different concentrations of EPSAH, cultured for 24, 48
or 72 hours.

Measurement of Hela cell proliferation

Cell viability was assessed by the M'T'T assay. After the cell was
treated as described in the previous section, 10 ul of 5 mg/ml
methylthiazol tetrazolium (MTT, 5 mg/ml) was added to each
well, and incubation proceeded at 37°C for another 4 h. The
formazan granules obtained were then dissolved in 100 pul DMSO,
and absorbance at 570 nm was measured with an ELISA plate
reader (Multiskan Mk3, Finland). The percentage of cell survival
was then calculated for each group by normalization of the
readings against the absorbance of untreated control HeLa cells,
which was designated as 100% cell survival.

Wright-Giemsa and AO/EB staining

Monolayer cultures in 96-well plates were used for these studies.
After removal of the culture medium, cells were treated with
Wright-Giemsa dye solution or AO/EB (100 ug/ml in PBS) in
situ. Cells were examined by light or fluorescence microscopy
(OlympusIX51, Japan).
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DNA fragmentation assay

Hela cells were suspended in 10 mM Tris—HCI buffer (pH 8.0)
containing 1 mM EDTA and lysed by incubation in the same
buffer with 20 pg/ml RNase A, 75 mM NaCl, 100 pg/ml
proteinase K, and 0.5% Triton X-100. After 3 h incubation at
50°C, the sample was centrifuged at room temperature, and DNA
was extracted by phenol purification and ethanol precipitation.
Finally, the DNA samples was separated using a 2.0% agarose gel
and photographed under ultraviolet illumination.

Measurement of the mitochondrial transmembrane
potential (A¥Ym)

The mitochondrial transmembrane potential was measured
using rhodamine 123 (Rh123) staining and flow cytometry
analysis. After treatment as described in the previous section,
about 10° cells were collected, washed twice with PBS, and
incubated with 10 pg/ml Rh123 for 30 min at 37°C in the dark.
Fluorescent intensities were determined by flow cytometry with
excitation and emission wavelength set at 488 nm and 530 nm,
respectively.

Western blot analysis

Cell pellets were resuspended in a lysis buffer (50 mM Tris-HCI,
150 mM NaCl, 1% NP-40, 0.1% SDS, and 1 mM PMSF),
incubated on ice for 30 min with occasional vortexing, and
clarified by centrifugation at 10,000x g for 10 min at 4°C.
Samples were resuspended in Laemmli buffer, separated electro-
phoretically by SDS-PAGE (10-12% gels), and subsequently
transferred to a 0.45 um polyvinylidene difluoride (PVDF)
membrane. Following transfer, membranes were blocked in TBST
buffer (20 mM Tris—HCI, pH 7.5, 150 mM NaCl, and 0.15%
Tween 20) containing 5% (w/v) nonfat milk powder for 1 h and
then were incubated overnight at 4°C with the appropriate specific
primary antibodies diluted in TBST buffer. The membranes were
then washed and incubated in the presence of horseradish
peroxidase-conjugated secondary antibodies for 60 min at room
temperature. Immunoreactive bands were detected by enhanced
chemiluminescence using the ECL plus kit.

Statistical Analysis of the Data

The data was analyzed using ANOVA and an unpaired
Student’s t-test. Differences were considered statistically significant
for p values lower than 0.05. All values were expressed as “mean
value = Standard Deviation (S.D.)”.

Results

Purification of EPSAH

The elution profile of chromatography of EPSAH on DEAE-
Sepharose Fast Flow is shown in Figure S1. Single polysaccharide
peak was obtained and no proteins were detected in the sample.
The UV spectra did not show any absorption peaks of protein,
nucleotides, or pigments in the wavelength range of 600 to 240 nm
(Figure S2A). FT-IR spectra of EPSAH showed several distinct
peaks at wavenumbers of 3495 (hydroxyls), 2936 (aliphatic chains),
1614 (carbonyls), 1418 (aliphatic chains), and 1025-1082 (hydrox-
yls) (Figure S2B), consistent with a sugar content.

EPSAH inhibits cell growth and induce apoptosis in Hela
cells

When Hela cells were exposed to various concentrations (12.5—
800 pug/ml) of EPSAH for 24, 48 or 72 h, EPSAH treatment
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Figure 1. Effect of EPSAH on the cell proliferation in human Hela cells. Hela cells were seeded in 96-well culture plates. After incubation for
24, 48 or 72 h, they were subjected to MTT assay. Results are expressed as percent cell proliferation relative to the proliferation of control. Data
represents as mean = S.D. from three independent experiments. *P<<0.01 vs control.

doi:10.1371/journal.pone.0087223.g001

clearly reduced Hela cell viability in a time- and dose-dependent AO/EB double staining combines differential uptakes of
manner (Fig.1). fluorescent DNA binding dyes AO and EB, allowing one to

Analysis of Hela cells using Wright-Giemsa stain showed that distinguish viable, apoptotic, and necrotic cells: live viable cells
EPSAH treatment (50-800 pg/ml for 48 h) caused evident (green), live apoptotic cells (orange), and dead (necrotic) cells (red)
nuclear fragmentation, chromatin condensation and/or chromatin [12,13]. Hela cells treated with EPSAH for 48 h showed an
margination (Fig. 2), all of which were characteristic morpholog- increased number of orange- and red-stained cells in a dose-
ical alterations associated with apoptosis. dependent manner (Fig. 3). Moreover, Hela cells exposed to 100

and 400 pg/ml of EPSAH for 48 hours showed significant DNA
fragmentation as revealed by apoptotic DNA ladder (Fig. 4).

Control

Control

800 pg/ml

Figure 2. Morphological changes in HelLa cells treated with
different concentrations of EPSAH (50-800 ug/ml) for 48 h and

compared with untreated cells. The cells were examined under the Figure 3. Identification of apoptotic cells by AO/EB staining.
light microscope after Wright-Giemsa stain. Nuclear fragmentation, Hela cells were treated with different concentrations of EPSAH (50—
chromatin condensation and/or chromatin margination was observed 800 ug/ml) for 48 h and compared with untreated cells. The most
in EPSAH-treated Hela cells. The most representative fields are shown. representative fields are shown.
doi:10.1371/journal.pone.0087223.9002 doi:10.1371/journal.pone.0087223.g003
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Figure 4. Agarose gel etectrophoresis of DNA from Hela cells
treated for 48 hours with different concentrations of EPSAH.
doi:10.1371/journal.pone.0087223.g004

EPSAH-induced activation of caspase 3 in Hela cells

The caspase family of cysteine proteases plays a key role in
apoptosis. Caspase 3 is the most extensively studied apoptotic
protein among caspase family members [14]. So we examined the
activation of caspase-3 in response to EPSAH treatment. As
expected, EPSAH increased the levels of the cleaved caspase-3 in
HelLa cells in a dose-dependent manner (Fig. 5).

EPSAH-induced loss of mitochondrial transmembrane
potential (A¥m) in Hela cells

Rh123 accumulates in normal mitochondria due to its high
negative charge, and the reduction of A¥m will lead to the release
of Rh123 and reduction of its fluorescence intensity. As shown in
Figure 6, after staining with Rh123, Hela cells treated with
different concentrations of EPSAH for 48 h exhibited a lower
Rh123 staining compared with untreated HelLa cells.

EPSAH modulated the expression of proteins involved in
DNA damage and apoptosis in Hela cells

Western blot analysis was further utilized to determine the effect
of EPSAH on the proteins related to DNA damage and apoptosis
in HeLa cells. As shown in Figure 7A, EPSAH treatment led to an
increase in Bax, a pro-apoptotic protein and a marked decrease in
Bcl-2, an anti-apoptotic protein. Consistent with these findings, the
expression level of p53 protein was significantly upregulated while
survivin, an inhibitor of apoptosis was down-regulated in cells
treated with EPSAH in comparison with untreated control cells

Cleaved caspase-3 W
CH | e e e
EPSAH (ug/ml) 0 100 400

Relative protein level

EPSAH-Induced Apoptosis in HelLa Cells

(Fig. 7B). In addition, the cellular level of CHOP/GADDI153
(growth arrest and DNA damage inducible gene 153), a protein
mvolved in ER stress-induced cell death, was significantly
increased whereas the expression of Glucose regulated protein
78 (Grp78), also referred to as immunoglobulin heavy chain
binding protein (BiP), was significantly attenuated in the cells
exposed to EPSAH (Fig. 7C). GRP78 is an ER molecular
chaperone that is ubiquitously expressed and plays an important
role in the development and progression of cancer [15].

Discussion

Our study demonstrates that EPSAH suppresses cell growth and
induces apoptosis in HelLa cell, a human cervical cancer cell line.
EPSAH-induced apoptosis of HeLa cells was demonstrated by
Wright-Giemsa and AO/EB staining, DNA Ladder formation and
caspase 3 activation. All results suggest that apoptosis is the major
form of Hela cell death caused by EPSAH exposure, and the
effects appear to be dose- and time-dependent. Based on these
findings, we further investigated the potential mechanism associ-
ated with ESPAH-mediated apoptosis in Hela cells.

Our study shows that apoptosis induced by EPSAH exposure is
associated with an upregulation of Bax and simultaneous
downregulation of Bcl-2, eventually leading to an increase in the
ratio of Bax/Bcl-2 proteins. The Bcl-2 family proteins Bax and
Bel-2 play important roles in initiating the mitochondria-mediated
apoptotic pathway [16]. Pro-apoptotic protein Bax translocates to
the mitochondria and integrates into the outer mitochondrial
membrane, where it promotes the disruption of A¥Ym and the
release of cytochrome c¢ into the cytosol and ultimately the
activation of caspase 3 [17]. In contrast, anti-apoptotic protein
Bcl-2 prevents this process by preserving mitochondrial integrity.
Thus, the ratio of Bax to Bcl-2 is crucial to the mitochondria-
mediated apoptotic pathway [18]. Consistent with the increased
ratio of Bax/Bcl-2, a marked loss of AWYm was also observed in
HeLa cells treated with EPSAH. Taken together, these results
suggest that mitochondria-mediated apoptotic pathway is involved
in EPSAH-induced Hel.a cell death.

P53 is activated when DNA damage occurs or cells are stressed
and is translocated to the nucleus, where it can induce
proapoptotic gene expression, on the mitochondrial membrane
and activate the effector caspases and accelerate cell death [19].
P53 directly activates Bax to permeabilize mitochondria and
engage the apoptotic program [20]. On the other hand, Survivin is
the smallest member of the inhibitor of apoptosis (IAP) gene
family, synergistically inhibits caspase-3 and -9, suppresses
apoptosis, and accelerates tumor progression [21]. As a down-
stream factor highly expressed in cancer and regulated by P53,
survivin is a dual mediator of resistance to apoptosis and cell cycle
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Figure 5. Effect of EPSAH on the level of the cleaved caspase-3 in Hela cells. The level of the cleaved caspase-3 were assayed by Western

blotting in the cells treated with EPSAH at the indicated doses for 48 h.

doi:10.1371/journal.pone.0087223.g005
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Figure 6. EPSAH-induced mitochondrial transmembrane potential in HelLa cells measured by Rh123 staining and analyzed by flow
cytometry.
doi:10.1371/journal.pone.0087223.g006
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Figure 7. EPSAH induced Bcl-2, Bax, P53, survivin, Grp78 and CHOP protein expression levels in HeLa cells. Cells were treated with
EPSAH at the concentrations of 100 and 400 pg/ml for 48 h. The treated and untreated cells were lysed and cell extract subjected to western blots
with the antibodies as described in the Methods section. Immunoblot images are the representative of 3 identical experiments. The GAPDH blot is a
loading control. (A) Bax/Bcl-2 proteins, (B) P53 and survivin proteins (C) Grp78/CHOP proteins.

doi:10.1371/journal.pone.0087223.g007
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Figure 8. A potential mechanism of EPSAH-induced cell
apoptosis in Hela cells. (1) and (| ) arrows indicate increase and
decrease.

doi:10.1371/journal.pone.0087223.g008

progression. Thus, regulation of the p53-survivin signal pathway is
important for cell survival [22]. Little is known regarding the effect
of EPSAH on this pathway. Our results show that EPSAH
promotes the levels of P53 and suppresses the levels of survivin in
HelLa cells. This is in agreement with other reports that survivin is
a target of and negatively regulated by P53 [23]. These finds
further suggest that EPSAH may induce Hela cell apoptosis
through modulating the p53-survivin pathway.

Acute stress responses are strongly associated with the UPR, the
acute responsive cells that undergoes apoptosis via the UPR target
CHOP, which inhibits the expression of the anti-apoptotic gene
bcl-2 and activates pro-apoptotic gene expression [24]. This

References

1. Waditee R, Hibino T, Tanaka Y, Nakamura T, Incharoensakdi A, et al. (2001)
Halotolerant cyanobacterium Aphanothece halo-phytica contains an Na/H
antiporter, homologous to eukaryotic ones, with novel ion specificity affected by
C-terminal tail. ] Biol Chem 276: 36931-36998.

2. Li PF, Liu ZL, Xu R (2001) Chemical characterisation of the released
polysaccharide from the cyanobacterium Aphanothece halophytica GRO2. J App
Phycol 13: 71-77.

3. Zheng WF, Chen CF, Cheng QP, Wang YQ, Chu CC (2006) Oral
administration of exopolysaccharide from Aphanothece halophytica (Chroococcales)
significantly inhibits influenza virus (HIN1)-induced pneumonia in mice. Int
Immunopharmacol 6: 1093-1099.

4. Green DR, Reed JC (1998) Mitochondria and apoptosis. Science 281: 1309
1312.

5. Madesh M, Hajnoczky G (2001) VDAC-dependent permeabilization of the
outer mitochondrial membrane by superoxide induces rapid and massive
cytochrome ¢ release. J Cell Biol 155: 1003-1015.

PLOS ONE | www.plosone.org

EPSAH-Induced Apoptosis in HelLa Cells

indicates that there is a crosstalk between mitochondria pathway
and UPR pathway. Grp78 serves as a master UPR regulator that
plays a central role in modulating its downstream signaling and is
overexpressed and mis-localized in many types of tumor cells. The
level of Grp78 may be used as an effective marker to indicate
aggressive behavior and prognosis of prostate cancer and gastric
carcinomas [25,26] and is preferably required for tumor prolifer-
ation, survival, and angiogenesis. It has also been shown to
suppress CHOP induction and ER stress-induced apoptosis in
tumors [27,28]. In HeLa cells, EPSAH treatments diminish the
protein levels of Grp78 while promoting the protein levels of
CHOP. These results suggest that a potential crosstalk between
mitochondria and UPR pathways EPSAH mediated apoptosis, in
which CHOP induction may inhibits the expression of the anti-
apoptotic gene bcl-2.

One of the functions of survivin in the cellular stress response is
beginning to emerge, and involves the association of survivin with
various molecular chaperones. These interactions may promote
adaptation under conditions of cellular stress by maintaining
survivin protein stability [21]. Here, we find that EPSAH
treatment downregulated expression of the Grp78 and survivin,
demonstrating the association of survivin with the molecular
chaperone Grp78 in Hel.a cells.

In summary, our results reveal a possible molecular mechanism
for EPSAH-induced cell apoptosis in HeLa cells as outlined in
Figure 8. In this model, EPSAH first targets a master UPR
regulator Grp78, promoting the protein levels of CHOP and
downregulating the expression of survivin, which activate mito-
chondria-mediated downstream molecules and p53-survivin path-
way, and eventually leads to the activation caspase-3 and
apoptosis. Collectively, these findings provide important clues for
further evaluating EPSAH as a potential anti-cancer therapy.

Supporting Information

Figure S1 Elution profile of EPSAH. The chromatogratic
separation of EPSAH from A. halophytica on a DEAE-SFF colume

(3.0 cmx15 cm) eluted with a linar gradient of 0.1 to 2 mol/L

NaCl with a flow rate of 3 ml min™ .

(TTF)
Figure S2 EPSAH Spectra. (A) UV-vis spectrum (B) FT-IR
spectrum.

(TTEF)

Author Contributions

Conceived and designed the experiments: YO. Performed the experiments:
SX DZ. Analyzed the data: YO XY. Contributed reagents/materials/
analysis tools: YO. Wrote the paper: YO.

6. Saclens X, Festjens N, Walle LV, Gurp M, Loo G, et al. (2004) Toxic proteins
released from mitochondria in cell death. Oncogene 23: 2861-2874.

7. Hong DY, Kwon K, Lee KR, Choi YJ, Goo TW, et al. (2011) Lidocaine induces
endoplasmic reticulum stress-associated apoptosis in vitro and in vivo. Int J Mol
Sci 12: 7652-7661.

8. Tanimura A, Yujiri T, Tanaka Y, Hatanaka M, Mitani N, et al. (2009) The anti-
apoptotic role of the unfolded protein response in Ber-Abl-positive leukemia
cells. Leukemia Res 33: 924-928.

9. Yopp JH, Tindall DR, Miller DM, Schmid WE (1978) Isolation, purification
and evidence for a halophilic nature of the blue-green alga Aphanthece halophytica
Frémy (Chroococcales). Phycologia 17: 172-178.

10. Borowitzka MA (1988) Algal growth media and sources of algal cultures. In:
Borowitzka MA, Borowitzka 1], editors. Micro-algal Biotechnology. Cambridge:
Cambridge University Press. pp. 456-465.

January 2014 | Volume 9 | Issue 1 | 87223



17.
18.

. Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. (1956) Colorimetric

method of determination of sugars and relatedsubstances. Analyt Chem 28: 350
356.

. Leite M, Quinta-Costa M, Leite PS, Guimaraes JE. (1999) Critical evaluation of

techniques to detect and measure cell death—study in a model of UV radiation of

the leukaemic cell line HL60. Anal Cellular Pathol 19 (3-4): 139-151.

. OuY, Geng P, Liao GY, Zhou Z, Wu WT (2009) Intracellular GSH and ROS

levels may be related to galactose-mediated human lens epithelial cell apoptosis:
role of recombinant hirudin variant III. Chem-Biol Interact 179: 103-109.

. Grutter MG (2000) Caspases: key players in programmed cell death. Curr Opin

Struct Biol 10: 649-655.

. Xing XM, Li Y], Liu HM, Wang LL, Sun LL (2011) Glucose regulated protein

78 (GRP78) is overexpressed in colorectal carcinoma and regulates colorectal
carcinoma cell growth and apoptosis. Acta Histochem 113: 777-782.

. Gross A, McDonnell JM, Korsmeyer SJ (1999) BCL-2 family members and the

mitochondria in apoptosis. Genes Dev 13: 1899-1911.

Green DR (2005) Apoptotic pathways: ten minutes to dead. Cell 121: 671-674.
Qi F, Inagaki Y, Gao B, Cui X, Xu H., et al. (2011) Bufalin and cinobufagin
induce apoptosis of human hepatocellular carcinoma cells via Fas- and
mitochondria-mediated pathways. Cancer Sci 102: 951-958.

Sheikh MS, Fornace JAJ (2000) Role of p53 family members in apoptosis. J Cell
Physiol 182: 171-181.

PLOS ONE | www.plosone.org

20.

21.
22.

23.

24.

26.

27.

28.

EPSAH-Induced Apoptosis in Hela Cells

Chipuk JE, Kuwana T, Bouchier-Hayes L, Droin NM, Newmeyer DD, et al.
(2004) Direct activation of Bax by p53 mediates mitochondrial membrane
permeabilization and apoptosis. Science 303(5660): 1010-1014.

Altieri DC (2013) Targeting survivin in cancer. Cancer Lett 332: 225-228.
LiY, Jiang RR, Zhao Y, Xu Y, Ling M, et al. (2012) Opposed arsenite-mediated
regulation of p53-survivin is involved in neoplastic transformation, DNA
damage, or apoptosis in human keratinocytes. Toxicology 300: 121-131.
Baytekin F, Tuna B, Mungan U, Aslan G, Yorukoglu K (2011) Significance of P-
glycoprotein, p53, and survivin expression in renal cell carcinoma. Urol Oncol
29: 502-507.

Tabas I, Ron D (2011) Integrating the mechanisms of apoptosis induced by
endoplasmic reticulum stress. Nat Cell Biol 13: 184-190.

. Dong D, Stapleton C, Luo B, Xiong S, Ye W, et al. (2011) A critical role for

GRP78/BiP in the tumor microenvironment for neovascularization during
tumor growth and metastasis. Cancer Res 71(8): 2848-2857.

Backer MV, Backer JM, Chinnaiyan P (2011) Targeting the unfolded protein
response in cancer therapy. Methods Enzymol 491 (2011): 37-56.

Dong D, Ni M, Li J, Xiong S, Ye W, et al. (2008) Ciritical role of the stress
chaperone GRP78/BiP in tumor proliferation, survival, and tumor angiogenesis
in transgene-induced mammary tumor development. Cancer Res 68(2): 498
505.

LiZW, Li ZY (2012) Glucose regulated protein 78: A critical link between tumor
microenvironment and cancer hallmarks. Biochim Biophys Acta 1826(1): 13-22.

January 2014 | Volume 9 | Issue 1 | 87223



