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Abstract

GRP78 (an Mr 78 kDa calcium dependent glucose binding protein) is located in ER lumen. It func-

tions as ER chaperone and translocates proteins for glycosylation at the asparagine residue pre-

sent in the sequon Asn-X-Ser/Thr. Paraffin sections from N-glycosylation inhibitor tunicamycin

treated ER–/PR–/HER2+ (double negative) breast tumor in athymic nude mice exhibited reduced N-

glycan but increased GRP78 expression. We have evaluated the effect of tunicamycin on cellular

localization of GRP78 in metastatic human breast cancer cells MDA-MB-231 (ER–/PR–/HER2–).

Tunicamycin inhibited cell proliferation in a time and dose-dependent manner. Nonmetastatic

estrogen receptor positive (ER+) MCF-7 breast cancer cells were also equally effective. GRP78

expression (protein and mRNA) was higher in tunicamycin (1.0 μg/mL) treated MCF-7 and MDA-

MB-231 cells. GRP78 is an ER stress marker, so we have followed its intracellular localization using

immunofluorescence microscopy after subjecting the cancer cells to various stress conditions.

Unfixed cells stained with either FITC-conjugated Concanavalin A (Con A) or Texas-red conjugated

wheat germ agglutinin (WGA) exhibited surface expression of N-glycans but not GRP78. GRP78

became detectable only after a brief exposure of cells to ice-cold methanol. Western blotting did

not detect GRP78 in conditioned media of cancer cells whereas it did for MMP-1. The conclusion,

GRP78 is expressed neither on the outer-leaflet of the (ER–/PR–/HER2–) human breast cancer cells

nor it is secreted into the culture media during tunicamycin-induced ER stress. Our study therefore

suggests strongly that anti-tumorigenic action of tunicamycin can be modeled to develop next

generation cancer therapy, i.e., glycotherapy for treating breast and other sold tumors.
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Introduction

The complex functions of endoplasmic reticulum (ER) are significantly
influenced by a multitude of factors present in the cellular microenviron-
ment (Alberts et al. 2008). For example, the availability of oxygen (i.e.,
the hypoxia) or glucose (i.e., the hypoglycemia), hyperthermia, acidosis,
calcium levels, the redox milieu, energy levels, etc. influence and perturb
the functioning of the ER resulting in the development of ER stress and
impacting the protein folding in the ER lumen. Protein folding is a com-
plex process and depends on the dynamic interaction of chaperone pro-
teins, foldases, and glycosylating enzymes, as well as appropriate
calcium levels and an oxidizing environment. Impairment of the protein
folding due to ER stress results in the accumulation of unfolded or mis-
folded proteins. The consequence of which is the activation of a specific
cellular process called unfolded protein response (upr; Malhotra and
Kaufman 2007; Ron and Walter 2007). Activation of upr thus repre-
sents the defining criterion of ER stress, although oftentimes the terms
upr and ER stress are used interchangeably (Schönthal 2012).

ER lumen is rich in calcium-dependent molecular chaperone,
such as GRP78 (also called BiP: immunoglobulin heavy chain-
binding protein) (Haas and Wabl 1983; Munro and Pelham 1986).
GRP78 is an Mr 78 kDa glucose-regulated protein which carries an
N-terminal signal sequence and a C-terminal ER localization KDEL
sequence reminiscent of an ER resident protein. It also has an ATP
binding site, a hydrophobic domain and a Ca2+ binding site. A large
number of studies have now shown that a great variety of cellular
and microenvironmental disturbances, as well as many pharmaco-
logical interventions, could lead to increased GRP78 expression,
along with aggravated ER stress (Lee et al. 1981; Lee 2001; Healy
et al. 2009; Zhang et al. 2010; Luo and Lee 2013). For example,
under hypoglycemia (i.e., low glucose supply) N-linked protein gly-
cosylation (Kornfeld and Kornfeld 1985; Helenius and Aebi 2004)
is impaired (Roth et al. 2010; Csala et al. 2012) and GRP78 expres-
sion stands out resulting in ER stress induced upr signaling. Thus,
GRP78 becomes a master initiator of early ER stress/upr signaling.

We have observed earlier (Martínez et al. 1999) that tunicamycin (a
glucosamine-containing pyrimidine nucleoside and a competitive inhibitor

of N-acetylglucosaminyl 1-phosphate transferase) (Duksin and Mahoney
1982; Elbein 1987) a protein N-glycosylation inhibitor reduces angio-
genesis (in vitro and in vivo) as well as the progression of ER–/PR–/
HER2+ (double-negative) and ER–/PR–/HER2– (triple-negative) breast
tumors in athymic nude mice. There was no behavioral nor skeletal tis-
sue toxicity. In addition, proliferation, chemoinvasion as well as the
chemotactic activity of the cells were all impaired in cells treated with
tunicamycin. The molecular mechanism supported induction of ER stress
in tumor microvasculature as well as in ER–/PR–/HER2+ breast tumors
(Banerjee et al. 2011). Immunofluorescence microscopy of formalin-fixed
paraffin-embedded tissue sections from tunicamycin treated breast tumor
exhibited increased level of GRP78 expression in regressing tumors and
in their microvasculature. This is in sharp contrast with the current dog-
ma claiming that GRP78 is located on the surface of the tumor cell
(Arap et al. 2004; Misra et al. 2005; Misra et al. 2006; Shani et al. 2008;
Liu et al. 2007; Zhang et al. 2010) and its increased surface expression
in cancer tissue/cells and/or secretion contributes to drug resistance and is
anti-tumorigenic (Quiñones et al. 2008; Lee 2014). These conclusions are
erroneous and based on the experimental protocols that used either
formalin-fixed tumor tissue, or after diluting the secondary antibody in a
buffer containing Triton X-100 (Lee 2005; Yao et al. 2015).

Formalin-fixed paraffin-embedded tumor tissue sections have
inherent membrane properties, and consequently cannot determine
the precise cell surface location of GRP78. Therefore, to evaluate
the cellular localization of GRP78, we have used immunofluores-
cence microscopy as a tool and nonfixed triple negative human
breast cancer cells MDA-MB-231 as a model. Tunicamycin inhibited
tumor cell growth. Western blotting as well as qPCR supported
upregulated expression of both GRP78 protein and the mRNA in
tunicamycin treated cells. Immunofluorescence microscopy detected
no surface expression of GRP78 in these breast cancer cells irre-
spective of their culture conditions, e.g., in low-serum (i.e., 0% ser-
um) media, or treating them with tunicamycin (1 μg/mL), etc. There
was no GRP78 present either in the conditioned media. GRP78,
however, becomes detectable only after brief exposing of cells to ice-
cold methanol. Hence, we concluded that GRP78 is located

Fig. 1. Expression of cell surface glycan and induction of ER stress in ER–/PR–/HER2+ breast tumor. Orthotopic double negative (ER–/PR–/HER2+) breast tumor

was developed in athymic nude mice with MDA-MB-435 human breast cancer cells. Formalin-fixed and paraffin-embedded sections were processed as before

[Quinoñes et al. 2008; Banerjee et al. 2011]. (A) WGA staining for N-glycan in control and tunicamycin (TM) (0–1.0mg/kg)-treated breast tumor tissue sections.

Images were captured under a fluorescence microscope. (B) Immunocytochemistry of GRP78 in paraffin section of breast tumor tissue. The sections were

stained with anti-GRP78 antibody followed by rhodamine-conjugated secondary antibody. Histology scale: 20 μm.
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intracellularly and not on the cell surface or it is secreted in the con-
ditioned media.

Results

Tunicamycin induces ER stress in ER–/PR–/HER2+

breast tumor

Breast tumors developed orthotopically in athymic nude mice [Balb/c
(nu/nu)] with ER–/PR–/HER2+ (double negative) human breast cancer
cells MDA-MB-435 was susceptible to tunicamycin treatment. Tumors
regressed ~55% in 3 weeks when tunicamycin (1mg/kg) was given by
intravenous injection (i.v.) once a week. Theses tumors expressed
reduced WGA-specific N-glycans in paraffin sections (Figure 1A) as
opposed to the untreated control. Furthermore, the GRP78 expression
was minimal in untreated tumors but increased significantly as the
tumors regressed (Figure 1B). To evaluate, if the ER stress in tumor
was a direct effect of tunicamycin, or was an indirect effect on tumor
microenvironment, such as nutritional deprivation due to a reduced
blood flow in the tumor because of reduced number of blood vessels,
GRP78 was analyzed in cancer cells.

Tunicamycin induces ER stress and inhibits the

proliferation of ER–/PR–/HER2– and ER+ human breast

cancer cells

Paraffin-embedded tumor tissue slices are not ideal for surface local-
ization studies of the ER stressor marker GRP78. Therefore, we
used triple negative (ER–/PR–/HER2–) human breast cancer cells
MDA-MB-231. These cells proliferate normally but the rate of pro-
liferation retarded significantly following tunicamycin treatment
(Figure 2). Thus, supporting unequivocally that tunicamycin inhib-
ited the proliferation of breast tumor cells in a dose and time-
dependent manner. To examine if tunicamycin is similarly effective
to other type of breast cancer cells, we used estrogen receptor posi-
tive human breast cancer cells MCF-7. There was ~33% reduction
in cell proliferation in 24 h at tunicamycin concentration of 1.0 μg/mL
(Figure 2). The inhibition however was between 80% and 90% at
10 μg/mL of tunicamycin.

To quantify the expressed ER stress marker GRP78 in tunicamy-
cin treated MCF7 and MDA-MB-231 breast cancer cells, GRP78
protein was analyzed by western blotting and the mRNA by qPCR.
The results (Figure 3) explained that both GRP78 protein and
mRNA expression increased quantitatively in tunicamycin treated
cells. Thus, confirming that tunicamycin indeed induces ER stress in
MCF-7 and MDA-MB-231 human breast cancer cells.

Localization of GRP78 in ER–/PR–/HER2– human breast

cancer cells by immunofluorescence microscopy

Above observations supported that upregulated expression of GRP78
during ER stress could initiate the upr signaling, and the process is
truly intracellular. This argues against the claims made earlier that
GRP78 expression is increased on the tumor cell surface during ER
stress while treating with anti-tumor agents/drugs and promotes tumor
growth not inhibition. Unfortunately, these claims were based on using
either formalin-fixed tissues or cells and/or diluting the secondary anti-
body in Triton X-100. Formalin-fixation makes the breast tumor tissue
section lose their plasma membrane integrity. To evaluate, the localiza-
tion of GRP78 in MDA-MB-231 human breast cancer cells under ER
stress, we used an experimental design where plasma membrane integ-
rity was preserved. We have used here unfixed cells and monitored the
surface expression of N-glycans using FITC-conjugated Con A (specifi-
city = α-D-mannose, α-D-glucose, branched mannose) and/or Texas
Red-conjugated WGA [specificity = GlcNAc-β-(1,4)-GlcNAc)1–4 > β-
GlcNAc-NeuAc]. The results in Figure 4A and B (first and second col-
umns from the left) detected the expression of Con A and WGA-
positive N-glycans on tumor cell surface. A similar protocol also used
anti-GRP78 antibody and Rhodamine-conjugated secondary antibody
to detect GRP78. Figure 4C–E analyzed the expression of GRP78 in
tumor cells cultured for 24 h in EMEM containing 10% fetal bovine
serum (Figure 4C), or for 24h in serum-free EMEM (Figure 4D), or
cultured with tunicamycin (1.0 μg/mL) for 24 h in EMEM with 2%
fetal bovine serum (Figure 4E). In all cases, the cells were stained with
anti-GRP78 antibody followed by Rhodamine-conjugated secondary
antibody and examined under a fluorescence microscope (Axioskop 2,
Carl Zeiss, Germany). No fluorescence for GRP78 was detected under
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Fig. 2. Tunicamycin inhibits proliferation of ER–/PR–/HER2– (triple negative; MDA-MB-231) and estrogen receptor positive (MCF-7) breast cancer cells. Triple

negative human breast cancer cells (MDA-MB-231) were seeded (2 × 104 cells/well) in 24-well plates, synchronized in serum-free media for 24 h and treated with

tunicamycin (0, 0.1, 1.0 and 10.0 μg/mL) in a 2% serum-containing media for 7 days. The cells were counted after every 24 h in a haemocytometer. Estrogen

receptor positive human breast cancer cells (MCF-7) were seeded (2 × 104 cells/well) in 24-well plates, synchronized in serum-free media for 48 h and treated

with tunicamycin (0, 0.1, 1.0 and 10.0 μg/mL) in a 2% serum-containing media for 24 h. The cells were counted in a haemocytometer. The error bars represent

the standard deviations (mean ± SD) for n = 3.
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any of these three conditions (Figure 4C–E) suggesting the absence of
GRP78 on the outer surface of the triple negative human breast cancer
cells. The GRP78 (i.e., the red fluorescence) however was detected only
when the cells were briefly exposed to methanol (ice-cold) prior to
incubating with anti-GRP78 antibody and the corresponding second-
ary antibody (Figure 4F). This explained conclusively that GRP78
expression in tumor cells is intracellular and not on the cell surface.

Secretion of GRP78 and MMP-1 in conditioned media

of breast cancer cells

To evaluate if breast cancer cells secret GRP78 we have analyzed
the conditioned media from MDA-MB-231 and MCF-7 human

breast cancer cells as well as that from control breast cells MCF-
10A (Figure 5). GRP78 was not detected in the conditioned media
from the cell types studied here (Figure 5A). There was no GRP78
either in the cell culture media (i.e., EMEM with 10% serum).
MDA-MB-231 total cell lysate however detected GRP78 and served
as a positive control. MMP-1 (Figure 5A), on the other hand, is
secreted and found in conditioned media from tumor cells as well as
from nontumor cells. In fact, the secretion of MMP-1 was very high
in MCF-10A cells compared to MCF-7 and MDA-MB-231 cancer
cells. MDA-MB-231 cell lysate also detected a large intracellular
level of MMP-1. To evaluate if the presence of MMP-1 in control
cell culture media was contributed by serum, a western blot for
MMP-1 was developed with the culture media (EMEM with 10%
serum) as well as with serum alone. The results (Figure 5B) con-
firmed that fetal bovine serum does contain MMP-1.

Discussion

Anti-angiogenic/anti-tumorigenic action of tunicamycin is like a dual-
action therapeutic which treats breast cancer of diverse backgrounds by
inducing ER stress-mediated upr signaling mediated apoptotic death.
Such breast cancer therapy is not only rare but has never been described
before. The master regulator is GRP78 and its intracellular expression.
Unfortunately, earlier claims on poor prognosis and aggressive behavior
of melanoma (Papalas et al. 2010), gastric carcinoma (Zhang et al.
2006; Zheng et al. 2008, 2010), hepatocellular carcinoma (Su et al.
2010), and head and neck cancer (Chiu et al. 2008) were based on a
positive relationship between increased GRP78 expression and aggres-
sive tumor behavior (Zhang and Zhang 2010). The conclusion was
faulty and based perhaps on inadequate biochemical evidence and
inaccurate experimental design. For example, there is (i) no biochemical
study identifies the ER resident protein GRP78 and the GRP78 expressed
on the cell surface are identical; (ii) immunocytochemical detection of
GRP78 in tumor specimens uses paraffin-fixed sections and those ana-
lyzed tumor cells use secondary antibody diluted/suspended in a buffer
containing Triton X-100 (Lee 2005; Yao et al. 2015); (iii) no evidence for
a protease that cleaves the GRP78 from the ER membrane, etc.

A common method used in these studies was siRNA knockdown
of GRP78 to demonstrate the functional importance of this protein in
tumor cell behavior. The investigators however suggested that such
approach is problematic since it caused a significant reduction in the
major ER pool of GRP78 as well as its surface expression (Misra et al.
2002). Consequently, it will invariably hamper any cellular behavior
requiring protein synthesis. This plus the dysregulation of ER-based
upr-signaling that resulted from GRP78 knockdown (Pyrko et al.
2007) have made it impossible to reasonably distinguish the effects of
decreased cell-membrane GRP78 from decreased intracellular protein.
In other scenarios: (i) U251 glioma and BXPC3 pancreatic adenocar-
cinoma cell lines resistant to epidermal growth factor receptor (EGFR)-
targeted therapies markedly reduce RTK (receptor tyrosine kinase) sig-
naling through Akt but become radiosensitive upon treating with ER
stressor and protein N-glycosylation inhibitor tunicamycin (Contessa
et al. 2008); and (ii) tunicamycin reverses the multiple drug resistance
(MDR) phenotype. When added in vitro to drug-resistant NIH-3T3-
MDR and KB-8-5-11 cells, they developed an increased sensitivity
to doxorubicin, epirubicin, vincristine and colchicine. Similarly,
the sensitivity of NIH-3T3-MDR cells to cisplatin also enhanced by
tunicamycin. In addition, the presence of tunicamycin, drug-sensitive
NIH-3T3-parental cells exhibited greater susceptibility to the toxic
effects of doxorubicin, epirubicin, vincristine (marginally significant),
and colchicine, but not to cisplatin (Hiss et al. 1996). The evidence is
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GRP78 protein expression was examined by immunoblotting (30 μg of total

protein) from control (Con) and Tunicamycin (TM) treated cells. The blots

were developed with anti-GRP78 antibody (1:1000; v/v) and anti-actin anti-

body (1:5000; v/v). Middle: The histogram representing the quantification of

GRP78 expression by Image J software, respectively. The results are an aver-

age from three blots done independently. Bottom: Quantification of GRP78

mRNA expression in triple negative breast cancer cells before and after tuni-
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overwhelming to support that GRP78 is neither expressed on the
tumor cell surface nor secreted in the culture media from cells where
ER stress is induced by tunicamycin. Therefore, we conclude that
tunicamycin can be modeled to develop next generation cancer ther-
apy, i.e., glycotherapy for treating breast and other solid tumors.

Materials and methods

Materials

Minimal essential media with Earl’s salt (EMEM), glutamine, antibiotic
mix (penicillin–streptomycin–fungizone), trypsin-EDTA and TRIzol
were from Invitrogen (Carlsbad, CA). Fetal bovine serum was pur-
chased from HyClone Laboratories (Logan, UT). Dimethyl sulfoxide,
nystatin, cell dissociation solution, tunicamycin and methylthiazolyl
diphenyl tetrazolium bromide (MTT) were obtained from Sigma-
Aldrich (St. Louis, MO). Hoechst 33,342 was from Molecular Probe
(Eugene, OR). Mouse monoclonal antibody for actin was from BD-
Bioscience (San Diego, CA). Rabbit polyclonal antibody for GRP78
was from Santa Cruz Biotechnology (Santa Cruz, CA). WGA (Texas-
Red conjugated) and Concanavalin A (FITC-conjugated) were from
EY Laboratories (San Mateo, CA). HRP-conjugated goat anti-rabbit
IgG, HRP-conjugated rabbit anti-mouse IgG, HRP-conjugated strepta-
vidin, and ECL chemiluminescence detection kit were from GE
Healthcare (Piscataway, NJ). Biotinylated protein molecular weight
markers and all electrophoresis reagents were obtained from Bio-Rad

Laboratories (Hercules, CA). Aquacide II™ and anti-MMP-1 mouse
monoclonal antibody were purchased from Calbiochem (La Jolla, CA).
Cell culture plastic wares were from Sarstedt (Newton, NC). All other
chemicals and solvents used were of highest purity available.

Cell lines and animals

Human breast carcinoma cells MDA-MB-231, MDA-MB-435 and
MCF-7 as well as MCF-10A were from the American Type Culture
Collection (ATCC, Manassas, VA). Athymic Balb/c female (nu/nu)
mice were from Charles River Laboratories (Wilmington, MA). The
cell stocks were maintained in culture as reported earlier (Banerjee
et al. 2011).

Culturing of human breast cancer cells and cell

proliferation assay

To measure proliferation, MDA-MB-231 and MCF-7 breast cancer
cells were plated at a density of 2.5 × 104 cells/mL/well in 24-well
plates in EMEM containing 10% fetal bovine serum (Banerjee et al.
2011). Following synchronization in serum-free EMEM for 24 h,
the cells were cultured for 7 days in the presence or absence of tuni-
camycin (0.0, 0.1, 1.0 and 10.0 μg/mL) in EMEM containing 2%
fetal bovine serum. The cells were removed every 24 h and counted.
For cell viability assay, 1.6 × 104 cells/well were plated in triplicate
in 96-well plates. After synchronization in serum-free EMEM for

Fig. 4. Localization of GRP78 in ER–/PR–/HER2– (triple negative; MBA-MB-231) breast cancer cells. Cells were cultured overnight, removed by nonenzymatic cell

dissociation solution. The surface N-glycans were stained with (A) FITC-conjugated Con-A (green, 20×), and (B) Texas-red conjugated WGA (red; 20×) in a

50mM Tris buffer, pH 7.0 containing 0.15M NaCl and 4mM CaCl2 but no fixative. The images were collected by a fluorescence microscope (Axioskop 2, Carl

Zeiss, Germany) with AxioCam MRc5 camera and Axion Vision Rel 4.6 software. (C–E) Detection of GRP78 (red, 40×); (C) cells were cultured for 24 h in EMEM

with 10% serum and then stained with anti-GRP78 antibody; (D) cells were cultured for 24 h in EMEM without serum (i.e., serum-free; 0% FBS) and then stained

with anti-GRP78 antibody; (E) cells were treated with tunicamycin (1 μg/mL) for 24 h in EMEM containing 2% serum and the stained with anti-GRP78 antibody;

(F) cells were treated with tunicamycin (1 μg/mL) as in (E) and then permeabilized by exposing to ice-cold methanol for 15 s and stained with anti-GRP78

antibody.
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24 h, the cells were cultured in the presence or absence of tunicamy-
cin (0.0, 1.0, 2.0 and 5.0 μg/mL) in EMEM containing 2% fetal
bovine serum. Plates were removed every 24 h and the cell number
was counted in a hemocytometer (Banerjee et al. 1985).

Development of breast tumor in athymic nude mice

4 × 106 MDA-MB-435 human breast cancer cells (ER–/PR–/HER2+)
(Robinson et al. 2000; Shibuya 2001) were mixed with 0.3mL of
Matrigel™ and injected into mammary fat pads of 6-week-old athymic
Balb/c (nu/nu) female mice. One week later, mice bearing tumors were
divided into two groups (10 mice per group). Mice in the treatment
group received tunicamycin intravenously (i.v.) at 0.1mg/kg, 0.5mg/kg
and 1.0mg/kg per week while the mice in the control group received i.
v. injection of vehicle only. Tumor growth was monitored by caliper
measurements of length and width for 23 days and, the tumor volume
was calculated. At the end, the mice were sacrificed; the excised tumor
was formalin (10%) fixed and paraffin embedded. 5-μm thick tumor
tissue sections were analyzed histologically and immunohistochemically
(Axioskop 2, Carl Zeiss, Germany). All animal studies were approved
by the Institutional Animal Care and Use Committee (IACUC).

Immunofluorescence microscopy of tumor tissue

sections

De-paraffinized tumor tissue sections were treated with 0.3% hydrogen
peroxide (10min) at room temperature, washed with PBS, pH 7.4 (3 ×
3min each), and blocked with solutions A and B for 30min and

10min, respectively (Histomouse™ Max kit; Zymed Laboratories Inc.).
The sections were incubated at room temperature with anti-GRP78 anti-
body in a moist chamber for 3 h. After rinsing with PBS, pH 7.4 (3 ×
2min each), the sections were incubated with 100 μL of Rhodamine-
conjugated goat anti-rabbit IgG for 10min at room temperature. The
sections were rinsed three times with PBS, pH 7.4, mounted and analyzed
under a fluorescence microscope (Axioskop 2, Carl Zeiss, Germany).

Detection of GRP78 in breast cancer cells by

immunofluorescence microscopy

Breast cancer cells were cultured in 35mm dishes for 24 h in EMEM
with 10% fetal bovine serum (heat-inactivated) at 37°C in 95% air
and 5% CO2. The cells were removed after 24 h by cell dissociation
medium (nonenzymatic), blocked with 3% BSA in PBS, pH 7.4 for
30min. After rinsing with PBS, pH 7.4, cells were incubated with
anti-GRP78 antibody (1:30 dilution; v/v) in blocking solution for
2 h at room temperature. Cells after washing with PBS, pH 7.4
(three times; 10min each) treated with Rhodamine-conjugated goat
anti-rabbit IgG for 1 h at room temperature. To stain nuclei, the
cells were incubated with Hoechst 33,342 for 10min at room tem-
perature. After washing in PBS, pH 7.4 (three times; 5 min each) the
cells were mounted and the images were collected under a fluores-
cence microscope (Axioskop 2, Carl Zeiss, Germany). To induce ER
stress, cells were incubated either in serum-free media for 24 h and/
or treated with tunicamycin (1 μg/mL) in EMEM with 2% fetal
bovine serum for 24 h before processing for GRP78
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immunofluorescence microscopy. To permeabilize, the cells were
exposed to ice-cold methanol for 15 s.

SDS-PAGE and western blotting

SDS-PAGE and western blot analyses were performed in cancer cell
lysates as described before (Banerjee et al. 2011) with 10% gel con-
centration. To analyze if GRP78 is secreted, the conditioned media
were collected, dialyzed overnight at 4°C in 50mM Tris-HCl, pH
7.0, and concentrated over Aquacide II™. Equal amount of protein
from each sample was subjected to western blotting.

Quantitative real-time PCR (qPCR)

(a) Isolation of RNA: total RNA was isolated in TRIzol, treated with
DNase, and quantified in a NanoDrop Bioanalyzer. The integrity of
RNA was verified by agarose gel electrophoresis followed by ethidium
bromide staining. (b) qPCR: total RNA (2 μg) was used to generate
cDNA using the iScript™ cDNA synthesis kit. qPCR was performed in
an iCycler (Bio-Rad) using iQ™ SYBR Green Supermix for the double-
stranded DNA. After optimizing the PCR condition, reactions with
SYBR Green PCR master mix, forward/reverse primers (10 μM), and
cDNA (100 ng) were performed. PCR parameters used were 95°C for
3min (required for iTaq™ DNA polymerase activation), 40 cycles at
95°C for 10 s, and 1min at 50°C (annealing). The PCR products were
confirmed by agarose gel electrophoresis. The quantification of the tar-
get gene expression relative to the total DNA was carried out by melt-
ing curve analysis and calculated by ΔCt = Cthouse keeping – Cttarget gene.
The changes in target gene expression in tunicamycin-treated cells com-
pared to the control are reported as ΔΔCt = ΔCtcontrol – ΔCttunicamycin

where the Cttarget and CtGAPDH are the fractional cycle number at
which fluorescence generated by reporter dye exceeded the fixed level
above baseline for target and housekeeping genes. The relative expres-
sion of the target gene in the control and tunicamycin-treated samples
was calculated as 2ΔΔCt. Each sample was run three times. The PCR
primer pairs used were: human GRP78 (forward): 5′GTTACAATCAA
GGTCTAT3′; (reverse): 5′CATTCACATCTATCTCAA3′; human GA
PDH (forward): 5’TTGCCATCAATGACCCCTTCA3′; (reverse): 5′
CGCCCCACTTGATTTTGGA3′.
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