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Abstract Glucose-regulated protein 78 (GRP78) has
been implicated in the protection of tumor cells from
cytotoxic damage and apoptosis and thus assists cells in
survival under oxygen-deprivation and nutrient-stress
conditions. However, its expression and potential role
in gastric cancer development and progression have
not been reported. In the present study, we determined
the level of GRP78 expression in the primary tumor in
86 cases of resected gastric cancer by using immuno-
histochemistry and analyzed the relationships between
GRP78 and clinicopathological characteristics. We
found that GRP78 was overexpressed in the tumor
specimens when compared with the expression in
adjacent tumor-free gastric mucosa. Furthermore, the
level of GRP78 expression in both primary tumors and
metastatic lymph nodes was inversely correlated with
patient survival. Overexpression of GRP78 was
directly correlated with Spl expression and increased
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lymph node metastasis. Knocking down GRP78
expression inhibited tumor cell invasion in vitro and
growth and metastasis in a xenograft nude mouse
model. Therefore, our data imply that dysregulated
expression of GRP78 may contribute to the develop-
ment and progression of gastric cancer.
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Introduction

Gastric cancer is one of the most common malignan-
cies worldwide, with approximately 876,000 new cases
diagnosed each year [1]. In Asia and parts of South
Anmerica, it is the most common epithelial malignancy
and leading cause of cancer-related death. Currently,
the only curative treatment of gastric cancer is surgical
resection when the disease is diagnosed at an early
stage. Despite the advances in treatment and research
efforts over the past few decades, the outcome of
gastric cancer remains poor. The overall 5-year survival
rate in the United States and most other western
countries ranges from 5 to 15% [2], largely because
many gastric cancers are diagnosed at an advanced
stage. The aggressive nature of human gastric carci-
noma is related to a variety of intracellular events,
including activation of various oncogenes, inactivation
of tumor suppressor genes, and abnormal expression of
growth factors and their receptors [3, 4]. These per-
turbations result in a tremendous growth advantage for
gastric cancer cells.

Glucose-regulated protein 78 (GRP78) is a molec-
ular chaperone that is localized in the endoplasmic
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reticulum (ER). Expression of it can be enhanced
under certain stress conditions, including glucose
deprivation, blockade of glycosylation, oxidative stress,
acidosis, and hypoxia. As a calcium-binding protein
with almost 50% homology with its cytoplasmic
counterpart heat shock protein 70, GRP78 is essential
for protein folding in the ER lumen, not only for
translocation of newly synthesized secretory precursors
across the ER membrane but also for presentation of
aberrant proteins to the proteolytic machinery by
coupling with the proteosome [5]. Other physiological
functions of GRP78 include regulation of apoptosis;
presentation of antigenic peptides to major histocom-
patibility complex class I molecules; regulation of cell
fate by maintaining the intracellular calcium balance
among cytosol, ER, and mitochondria; and mainte-
nance of calcium homeostasis in the cell [6, 7].

Recent studies have indicated a potential role for
altered GRP78 expression and function in tumor
development and progression. Tumor cells are con-
fronted with oxygen deprivation and nutrient stress
often, even with extensive angiogenesis. Such stresses
lead to the accumulation of inappropriately processed
proteins, which collectively sensitize normal cells to
apoptosis more readily when compared with cancer
cells with elevated GRP78 expression [6, 8, 9]. Induc-
tion of GRP78 expression in tumor cells has been
shown to protect them against apoptosis and immune
attack [8, 10-12] as well as confer drug resistance [13],
thus maintaining the viability of tumor cells that are
subjected to such stresses [8]. Moreover, investigators
have revealed that GRP78 expression is significantly
high in aggressive breast cancer [14] and lung cancer
[13, 15]. Overexpression of GRP78 appears to promote
tumor growth [8, 16], and inhibition of GRP78 function
has been shown to attenuate tumor growth both in
vitro and in vivo in B/C10ME fibrosarcoma models [8].
However, the molecular basis for alteration of GRP78
expression and their impact on tumor biology remains
unclear. In the present study, we examined whether
GRP78 contribute to human gastric cancer develop-
ment and progression.

Materials and methods

Human tissue specimens and patient information

We used human gastric cancer tissue specimens pre-
served in the Gastric Cancer Tissue Bank and obtained
patient information from The University of Texas M.

D. Anderson Cancer Center Upper Gastrointestinal
Carcinoma Database with approval from Institutional
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Review Board. The patients’ primary gastric cancer
was diagnosed and treated at M. D. Anderson Cancer
Center from 1985 to 1998. They had well-documented
clinical histories and follow-up information. None of
the patients underwent preoperative chemotherapy or
radiation therapy. We randomly selected 86 of these
patients for the present study. All of them had under-
gone gastrectomy with lymph node dissection. Fifty-
two patients were positive for lymph node metastasis,
whereas 34 were negative for it.

Immunohistochemistry

Sections (5 um thick) of formalin-fixed, paraffin-
embedded tumor specimens were deparaffinized in
xylene and rehydrated in graded alcohol. Antigen re-
trieval was performed with 0.05% saponin for 30 min
at room temperature. Endogenous peroxidase was
blocked for 12 min with 3% hydrogen peroxide in PBS.
The specimens were incubated for 20 min at room
temperature with a protein-blocking solution consist-
ing of PBS (pH 7.5) containing 5% normal horse serum
and 5% bovine serum albumin and then incubated at
4°C in a 1:100 dilution of a goat polyclonal antibody
against human GRP78 (sc-1050; Santa Cruz Biotech-
nology, Santa Cruz, CA) and a rabbit polyclonal anti-
body against human Sp1 (clone PEP2). The specimens
were then rinsed and incubated for 1 h at room tem-
perature with peroxidase-conjugated antigoat or anti-
rabbit IgG. Next, the slides were rinsed with PBS and
incubated for 5 min with diaminobenzidine (Research
Genetics, Huntsville, AL). The sections were washed
three times with distilled water, counterstained with
Mayer’s hematoxylin (BioGenex Laboratories, San
Ramon, CA), and washed once each with distilled
water and PBS. Afterward, the slides were mounted
with the use of a Universal Mount (Research Genetics)
and examined under a bright-field microscope. A
positive reaction was indicated by a reddish-brown
precipitate in the nuclei (Spl) or cytoplasm (GRP78).
Depending on the percentage of positive cells and
intensity of the staining, Spl and GRP78 staining were
classified into one of three groups: negative, weak, and
strong. Two independent investigators scored the
sections (double blinded) [17].

Cell lines and culture conditions

NCI-N87 is obtained from American Type Culture
Collection (ATCC, Manassas, Virginia). SK-GT5 was
obtained from Dr. Gary K. Schwartz (Memorial Sloan-
Kettering Cancer Center, New York, NY).
HF-U251MG astrocytoma cells were obtained from



Clin Exp Metastasis (2006) 23:401-410

403

Dr. Suyun Huang (M D Anderson Cancer Center,
Houston, TX). The cells were maintained in plastic
flasks in minimal essential medium supplemented with
10% fetal bovine serum, sodium pyruvate, nonessential
amino acids, L-glutamine, and a vitamin solution (Flow
Laboratories, Rockville, MD).

Small interfering RNA and transfection

The small interfering RNA for Sp1 (siSp1) and GRP78
mRNA (siGRP78) were prepared according to previ-
ous reports [18-21]. A scrambled sequence unrelated
to the siSpl and siGRP78 was used a control. For
transfection, SK-GTS5 and NCI-N87 cells were plated
in six-well plates in 2 ml of medium supplemented with
10% fetal bovine serum. After 18 h, when cells were
50-60% confluent, siSpl and siGRP78 duplexes at a
final concentration of 50 nM were transfected by using
Lipofectamine 2000 reagent (Invitrogen, Carlsbad,
CA); and scrambled duplexes were used as controls.
Cells were harvested for 48 h after transfection, and
the whole-cell extracts were prepared for Western blot
analysis of Spl and GRP78 protein expression.

Western blot analysis

Whole-cell lysates were prepared from cell cultures
after treatment with the siSpl and siGRP78. Standard
Western blotting was performed with antibodies
against human Spl and GRP78 as described above.
Antirabbit and antigoat IgG, horseradish peroxidase-
linked F(ab’), fragments obtained from a donkey
(Amersham Life Sciences, Arlington Heights, IL),
were used as secondary antibodies. Equal protein
sample loading was monitored by probing the mem-
branes with an anti-GAPDH antibody. The probe
proteins were detected with the Amersham enhanced
chemiluminescence system according to the manufac-
turer’s instructions.

Matrigel invasion assay

An in vitro invasion assay was performed according to
a previously described procedure [22]. BioCoat Ma-
trigel Invasion Chambers (BD, Franklin Lakes, NJ)
were primed according to the manufacturer’s direc-
tions. Conditioned medium from 1 x 10° HF-U251MG
astrocytoma cells cultured for 48 h in modified Eagle’s
medium containing 1% fetal bovine serum was placed
in the lower well to act as a chemoattractant. Tumor
cells (2.5 x 10%) in 300 pl of a serum-free medium were
placed in the upper chamber of the Matrigel plate and
incubated at 37°C for 22 h. Next, the cells on the upper

surface of the Matrigel filter were completely removed
by using cotton swabs. The migrated cells that pene-
trated through and remained on the lower surface of
the filter were stained with hematoxylin and eosin,
counted under microscope at a magnification of 400x in
10 randomly selected fields, and expressed as the mean
number of cells per field.

Animals

Female athymic BALB/c nude mice were purchased
from Jackson Laboratory (Bar Harbor, ME). The mice
were housed in laminar flow cabinets under specific
pathogen-free conditions and used when they were
8 weeks old. The animals were maintained in facilities
approved by the Association for Assessment and
Accreditation of Laboratory Animal Care in accor-
dance with the current regulations and standards of the
U.S. Department of Agriculture, Department of
Health and Human Services, and National Institutes of
Health.

Tumor growth and metastasis

To prepare tumor cells for inoculation, cells in the
exponential growth phase were harvested via brief
exposure to a 0.25% trypsin/0.02% EDTA solution
(wt/vol). Cell viability was determined using trypan
blue exclusion, and only single-cell suspensions that
were >95% viable were used. Tumor cells (1 x 10°
cells/mouse) were then injected into the wall of stom-
ach of nude mice in groups of 10. The animals were
killed 60 days after the tumor-cell injection or when
they had become moribund. Next, the primary gastric
tumors were harvested and weighed. Metastasis to liver
and regional lymph nodes was examined by histopa-
thology as described previously [23].

Statistical analysis

The two-tailed y*-test was performed to determine the
significance of the differences between the covariates.
Survival durations were calculated by using the Kap-
lan-Meier method. The log-rank test was used to
compare cumulative survival in the patient groups. The
patients’ GRP78 and Spl expression level, age, sex,
Lauren’s classification, American Joint Committee on
Cancer stage, and completeness of surgical resection
(RO vs. R1 and R2) were included in the model. The
SPSS software program (version 11.05; SPSS Inc.,
Chicago, IL) was used for the statistical analyses. Stu-
dent t-test was used to determine the significance of
difference in tumor cell invasion in vitro and tumor
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growth in vivo. In all of the tests, P < 0.05 was defined
as statistically significant.

Results

Overexpression of GRP78 in human gastric cancer
and its correlation with patient characteristics

We randomly selected the 86 cases and included all
stages and histological types of gastric cancer. The
median follow-up duration was 25.9 months. At the
last follow-up examination, 27 patients were still alive,
whereas 59 patients had died. We examined tissue
specimens from 86 primary tumors and 52 lymph node
metastases. The patients consisted of 56 men and 30
women, and their mean age was 62 years. We observed
proximal cancer localization in 20 cases. Regarding the
Lauren’s classification, there were 53 intestinal and 33
diffuse-type cancers. Patient characteristics are
detailed in Table 1.

Table 1 Characteristics of and GRP78 expression in 86 patients
with resected gastric cancer

Parameter Number of patients P value®

All GRP78 expression

Negative Weak Strong

Sex
Male 56 8 26 22 0.500
Female 30 7 14 9
Age, years
Mean (SD®) 62 (14) - - - 0.354
AJCC® stage
I 14 2 8 4 0.730
II 28 7 13 8
111 30 4 12 14
v 14 2 7 5
Completeness of resection
RO 69 13 30 26 0.511
R1, R2 17 2 10 5
Pathological type
Papillary 12 1 6 5 0.002
Tubular 28 1 14 13
Diffuse 8§ 3 2 3
Mucinous 5 0 4 1
Signet ring 21 9 11 1
Mixed 12 1 3 8
Lauren’s classification
Intestinal 53 7 24 22 0.271
Diffuse 3 8 16 9

 Pearson’s z> test was performed to determine the statistical
significance of the relationship between GRP78 expression and
the parameters

® SD, standard deviation
¢ AJCC, American Joint Committee on Cancer

@ Springer

We evaluated GRP78 expression in primary cancer
tissue specimens obtained from all 86 patients by using
immunohistochemistry. We classified the GRP78
expression as negative, weak, or strong. GRP78 was
overexpressed in the primary tumors and metastatic
lymph nodes as compared with that in the adjacent
normal gastric mucosa. Among the primary tumors, we
found strong and weak expression in 31 (36%) and 40
(47%) cases, respectively. Fifteen cases (17%) were
negative for GRP78 expression. We detected no sig-
nificant differences in distribution according to gender,
residual disease status, or Lauren’s classification
among the three GRP78-expression categories
(Table 1). Furthermore, there was a significant associ-
ation between GRP78 expression and pathological
type (P = 0.002). However, a statistically significant
correlation between the level of GRP78 expression and
AJCC stage of gastric cancer was not detected.

Effect of GRP78 expression on survival

A previous study by our group indicated that strong
expression of Spl is associated with poor outcome of
gastric cancer [17]. To determine whether GRP78
expression impacts survival in patients with gastric
cancer, we compared the different GRP78 expression
levels and survival durations in our patients. The
median survival duration in patients who had a tumor
with negative, weak, and strong GRP78 expression was
2489, 1242, and 432 days, respectively. The survival
duration in patients with weak and strong GRP78
expression was inferior when compared with those with
negative expression (Fig. 1A). Likewise, the survival
duration in patients with weak and strong GRP78
expression in metastatic lymph nodes was inferior
when compared with those with negative expression
(Fig. 1B). However, when GRP78 expression, disease
stage, completeness of resection, nodal metastasis,
Lauren’s classification, and patient age were entered
into a Cox proportional hazards model, GRP78
expression was not independently prognostic of poor
survival.

Overexpression of GRP78 and regional lymph node
metastasis

Although expression of GRP78 has been shown to be
critical to cell survival [12], its role in tumor invasion
and metastasis has not been fully defined. Recently,
inhibition of GRP78 function in murine fibrosarcoma
cells was shown to result in tumor growth impairment
[8]. It is also known that patients with a high number
of nodal metastases (N2/N3) have a particularly poor
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Fig. 1 Correlation of elevated GRP78 expression with reduced
survival in patients with gastric cancer. Shown are Kaplan-Meier
plots of overall survival in patients who had a primary tumor (A)
or metastatic lymph node (B) with negative, weak, or strong
GRP78 expression. The survival curve for the patients who had a
primary tumor or metastatic lymph node with negative GRP78
expression was statistically different from that for the patients
who had a tumor or metastatic lymph node with weak and strong
GRP78 expression

prognosis. However, there has been no clinical evi-
dence that GRP78 contributes to human gastric cancer
invasion and metastasis. Therefore, we compared the
GRP78 expression pattern in patients with NO, N1,
and N2/N3 (more than six nodal metastases) disease.
In this comparison, N2/N3 disease was associated with
strong GRP78 expression. Among patients with NO
and N1 disease, 18 and 35% had strong GRP78
expression, respectively, whereas 52% of the patients
with N2/N3 disease had strong GRP78 expression
(Table 2). These data suggested that patients with
overexpression of GRP78 seemed to have a higher
risk of lymph node metastasis than did those without
GRP78 overexpression.

Association between GRP78 and Sp1 expression

Transcriptional regulation of GRP78 expression is
controlled by several factors, including cellular tran-
scriptional factors, viral proteins, oncogenic proteins,
tumor suppressor proteins, and even cytokines [24-28].

Table 2 Association of GRP78 expression with lymph node
metastasis®

GRP78 expression Number of patients
in primary tumor

Lymph node metastasis”

NO (n =27) N1 (n=38) N2/N3 (n=21)

Negative (n =15) 7 6 2
Weak (n = 40) 15 19 6
Strong (n = 31) 5 13 13

a Pearson’s z> test was performed to determine the statistical
significance of the relationships between GRP78 expression in
primary tumor and lymph node metastasis (P = 0.037)

® N0, 0 nodes involved; N1, 1-6 nodes involved; N2, 7-15 nodes
involved; N3, >15 nodes involved

Of the transcription factors, Spl has been shown to
transactivate the GRP78 promoter [29]. Previously, we
found that expression of Spl in gastric cancer was
strongly associated with advanced-stage disease and
poor survival [17]. In the present study, we analyzed
the correlation between Spl and GRP78 expression.
Of 69 cases with weak or strong expression of Spl, 61
(88%) had weak or strong expression of GRP78; this
association was statistically significant as analyzed by
using Pearson’s y*-test (P = 0.014) (Table 3). We fur-
ther confirmed this finding by analyzing consecutive
tissue sections. Figure 2 shows representative GRP78
and Spl expression in an adjacent tumor-free gastric
mucosa (Al and B1), a primary gastric cancer lesion
(A2 and B2), and a metastatic lymph node (A3 and
B3). Gastric tumor tissue specimens (both primary and
nodal metastases) had a significantly higher level of
GRP78 expression than did normal gastric tissue
specimens. Moreover, GRP78 expression pattern
(Fig. 2C) was consistent with the Spl expression pat-
tern (Fig. 2D). Thus, gastric tumors may likely have
stronger GRP78 expression in patients with strong Sp1
expression than in those with negative Sp1 expression,
indicating that GRP78 is one of the downstream
effectors of Spl in patients with gastric cancer.

Table 3 GRP78 expression versus Spl expression in primary
gastric cancer®

GRP78 Number of patients
expression -
Spl expression
Negative Weak Strong
(n=17) (n =48) (n=21)
Negative (n = 15) 7 8 0
Weak (n = 40) 7 23 10
Strong (n = 31) 3 17 11

2 Pearson’s z° test was performed to determine the statistical
significance of the relationships between GRP78 and Spl
expression (P = 0.014)
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Fig. 2 Expression of GRP78 and Spl in adjacent tumor-free
mucosa, primary gastric cancer, and metastatic lymph nodes.
Immunohistochemical staining was performed with polyclonal
antibodies against GRP78 (panels A and C) and Spl (panels B
and D) on tissue sections of primary gastric cancer (panels Al
and B1), adjacent tumor-free mucosa (panels A2 and B2), and

Inhibition of tumor invasion in vitro and growth
in vivo by knockdown of GRP78 expression

To directly determine the influence of altered Spl
expression on GRP78 expression in gastric cancer cells,
we transfected SK-GT5 and NCI-N87 gastric cancer
cells with the siSpl. As confirmed by Western blot
analysis, knockdown of Spl expression led to
decreased GRP78 expression (Fig. 3A). Our data

@ Springer

metastatic lymph nodes (panels A3 and B3). Two sets of
consecutive tissue sections representing strong GRP78 (panels
C1 and C2) and Sp1 (panels D1 and D2) expression and negative
GRP78 (panels C3 and C4) and Spl (panels D3 and D4)
expression were also shown

further confirmed that Spl was an important tran-
scription factor for GRP78 expression. Since we have
already shown that knockdown of Spl retards the
growth and metastasis of human gastric cancer in
xenograft model, down-regulation of GRP78 might be
a contributor to this antitumor activity. However, to
provide experimental evidence that GRP78 regulates
the growth and metastasis of gastric cancer cells, we
determined the impact of decreased expression of
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Fig. 3 Inhibition of invasion and growth of human gastric cancer
cells by GRP78 knockdown. SK-GT5 and NCI-N87 cells were
incubated in a medium alone (Medium) or medium containing a
scrambled sequence unrelated to the siSpl or siGRP78 (Control)
or the siSpl (A) or siGRP78 itself (B) Western blot was
performed using total protein lysates. NS: non-specific. Invasion
assay was conducted using Matrigel filters. The results shown
here were for one representative experiment of three with
similar results. Cells on the lower surface of the filter were
photographed (C1) The number of migrated cells that pene-

GRP78 on tumor cell invasion and metastasis. Both
NCI-N87 and SK-GTS5 cells were treated with GRP78
siRNA or control. GRP78 expression was substantially
suppressed by siGRP78 treatment (Fig. 3B). Their
invasive ability was measured using standard Boyden
chamber assay and tumorigenicity was determined
using orthotopic mouse model. Directly knocking
down GRP78 expression inhibited tumor cell invasion
in vitro (Fig. 3C) and growth in vivo (Fig. 3D). Addi-
tionally, metastasis to liver and regional lymph nodes
was also suppressed in tumor cells with reduced
GRP78 expression (data not shown).

trated through Matrigel-coated filters was expressed as the mean
number of cells in the 10 random fields identified within (C2)
Both SK-GT5 and NCI-N87 cells treated as described above
(1 x 10%mouse) were injected into the wall of the stomach of
nude mice. Tumor sizes were determined as described in
Materials and Methods (D) The asterisks indicate statistical
significance (P < 0.01) in a comparison between the siGRP78
treated and respective control groups. This was one representa-
tive experiment of two with similar results

Discussion

In the present study, we examined the expression of
GRP78 protein in human gastric cancer and its rela-
tionship with patient characteristics and Sp1 expression.
A much higher than normal GRP78 expression level
was evident in the resected gastric cancer specimens.
GRP78 overexpression in both primary gastric cancer
and metastatic lymph node was inversely correlated
with patient survival, suggesting that GRP78 serve as a
prognostic parameter for gastric cancer. Moreover, the
GRP78 expression was strongly correlated with Spl
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expression and lymph node metastasis status. Knock-
down GRP78 expression inhibited tumor cell invasion
in vitro and growth and metastasis in vivo. Thus, we
provided both clinical and experimental evidence that
GRP78 plays an important role in gastric cancer pro-
gression and metastasis.

Abnormal GRP78 expression and activation may
contribute to cancer development and progression.
This notion was substantiated by the present study
and several previous reports [8, 13-15]. For example,
elevated expression of GRP78 in liver tumors was
significantly associated with poor prognosis [30]. In
the present study, we consistently found that overex-
pression of GRP78 in human gastric cancer is readily
evident, correlates with nodal metastasis, and directly
predicts poor survival. However, when GRP78
expression, disease stage, completeness of resection,
nodal metastasis, Lauren’s classification, and patient
age were entered into a Cox proportional hazards
model, GRP78 expression was not independently
prognostic of poor survival. Moreover, a statistically
significant correlation between the level of GRP78
expression and AJCC stage of gastric cancer was not
detected. Since nodal metastasis is one of the factors
of AJCC staging, it remains unclear why GRP78
expression affects nodal metastasis but not staging.
However, it is likely due to limitations of our small
sample size. Alternatively, GRP78 may be more
involved in metastasis (N stages) than the growth of
local tumors (T stages). In contrast, in patients with
neuroblastoma, positive GRP78 expression predicts
better survival than does negative GRP78 expression,
with a significant difference in the 5-year survival rate.
Moreover, a previous multivariate analysis showed
that GRP78 expression was an independent prognos-
tic factor in patients with neuroblastoma [31]. Inves-
tigators reported a similar observation in patients with
lung cancer, in whom GRP78 overexpression
appeared to be a favorable prognostic marker [14].
The discrepancy suggests that the role of GRP78 in
maintaining the malignant phenotype of various
human cancers remains to be defined. However,
GRP78 expression appears to be a favorable prog-
nostic factor in tumors that were originally derived
from neuroblastic or squamous tissue, whereas
GRP78 expression is a poor prognostic factor in
adenocarcinoma. Clearly, further investigation should
be warranted to determine whether and, if so, how
GRP78 plays different roles in the development and
progression of tumors from different histological
origins and whether GRP78 expression in different
pathological types of gastric cancer relates to the
infection status of H. Pylori.
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The mechanism for the impact of GRP78 alteration
on tumor development and progression is still unclear.
Several recent studies indicate that GRP78 regulate
many aspects of cancer biology. For example, one
study correlated GRP78 induction with development
of resistance to cytotoxic T lymphocytes and tumor
necrosis factor-alpha [32]. Suppression of GRP78
expression with the use of an antisense technique
results in increased sensitivity to cytotoxic T lympho-
cytes and inhibition of the growth of B/C10ME fibro-
sarcoma cells in vivo [8, 32]. Others believe that
elevated GRP78 expression may initiate a tumorigenic
pathway through stabilization of proteins with onco-
genic potential or resistance to immune response or
apoptosis signals [33]. Two reports further supported
this notion. First, Chatterjee et al. [34] found that
upregulated GRP78 expression in V79 Chinese ham-
ster cells was associated with the development of
resistance to clinically useful topoisomerase II-directed
agents such as doxorubicin (Adriamycin,) etoposide
(VP-16), and m-AMSA. Second, Gomer et al. [35]
found that GRP78 expression is associated with cellu-
lar resistance to photodynamic therapy. Our current
findings may also support this notion, because the
majority of the gastric cancer specimens exhibited
GRP78 overexpression, which is consistent with the
fact that human gastric cancer is commonly refractory
to most of the currently available chemotherapeutic
agents and has a poor prognosis. However, whether
and, if so, how GRP78 is involved in regulation of cell
proliferation, apoptosis, and angiogenic property and
subsequently leads to poor outcome in patients with
gastric cancer warrants further investigation.

Finally, our previous studies showed that Spl is
overexpressed in gastric cancer and that its high
expression level is correlated with advanced disease
stage, lymph node metastasis, and predicted poor sur-
vival [17]. Spl is one of the members of the Sp family
of general transcription factors [36]. Interestingly,
Abdelrahim et al. [29] found that in Panc-1 pancreatic
cancer cells, Sp proteins, including Sp1, Sp3, and Sp4,
are constitutively bound to the ER stress response
elements, whereas activation of GRP78 protein (or
reporter gene) by thapsigargin or tunicamycin is
inhibited after co-transfection with small interfering
RNAs for Spl, Sp3, and Sp4, suggesting that Spl is
critical for GRP78 expression and regulation. In the
present study, we analyzed the association between
Spl and GRP78 expression in clinical gastric cancer
specimens and found that strong Spl expression has a
highly significant association with strong GRP78
expression. Therefore, we have provided first clinical
evidence suggesting that GRP78 is a downstream
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target of Spl. Our experiments further substantiated
this notion by showing that knocking down Spl
expression led to decreased expression of GRP78.
Consistently, altered Sp1 and GRP78 expression have
a similar impact on survival of gastric cancer patients.
Interestingly, we were the first to show that reduced
expression of GRP78 suppressed tumor cell invasion.
Although reduced expression of GPR78 rendered the
gastric cancer cells more susceptible to apoptosis
induction by hypoxia and acidosis (data not shown),
the effect on cell invasion did not appear to be due to
altered cell survival and proliferation, because GRP78
knockdown did not affect tumor cell viability and
proliferation under normal in vitro culture condition
(data not shown). Our experimental and clinical find-
ings indicate that elevated expression of GRP78 ren-
ders a more malignant phenotype. We are currently
investigating the molecular mechanisms by which
GRP78 regulates tumor cell migration and invasion.

In summary, we have shown that GRP78 is highly
expressed in gastric cancer and appears to be an
independent survival predictor in patients with gastric
cancer. Our data also indicate a new mechanism; by
which altered expression of GRP78 contributes to
gastric cancer development and progression. Thus,
GRP78 may play an important role in human gastric
cancer growth and metastasis and may serve as a cel-
lular target for the development of novel therapeutic
approaches.
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