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Glypican 1 promotes proliferation and migration in
esophagogastric adenocarcinoma via activating AKT/GSK/
p-catenin pathway
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Background: Glypican 1 (GPC1) is a heparan sulphate proteoglycan cell membrane protein. It is
implicated in driving cancers of the breast, brain, pancreas, and prostate; however, its role in esophagogastric
cancer (EGAC) remains unexplored. The aim of the study was to investigate and elucidate the molecular
mechanistic of GPCI in human EGAC.

Methods: Thirty tissue and 120 microarray sections of EGAC were evaluated with Anti-GPC1
immunohistochemistry. Loss and gain of GPCI function were performed using lentivirus transfection in
EGAC cell lines. Mechanistically, AKT/GSK/B-catenin pathway was evaluated using AKT inhibitor MK-
2206 and Wnt/B-catenin stimulant LiCI.

Results: GPC1 overexpression was found in 102 cases (68%). Overexpression of GPC1 correlated with
lymph node metastasis, poor differentiation and decreased overall survival. Lentivirus mediated GPCI
knockdown resulted in decreased cell proliferation, migration, invasion, and colony formation. Knockdown
caused GO/G1 cell cycle arrest, increased apoptosis, and reduced epithelial mesenchymal transition (EMT).
GPC1 mediated its effects by activation of AKT/GSK/B-catenin pathway.

Conclusions: This is the first descriptive study to decipher the role of GPC1 in EGAC. Our results suggest
that GPC1 regulates cell proliferation and growth and may serve as an attractive oncotarget in EGAC.
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Introduction

Esophagogastric adenocarcinoma (EGAC) is a deadly
disease with increasing incidence in the Western world (1).
EGAC is common in Europe and North America
accounting for 46% of global EGAC cases (2). Overall
prognosis and survival for EGAC patients remain poor (3).
Despite advancements in multimodal therapies, EGAC
is difficult to treat due to advanced disease at the time of
diagnosis necessitating research into molecular mechanisms
which control tumor behavior to improve its detection and
treatment options (4). Glypican-1 (GPCI) is a membrane
bound heparan sulfate proteoglycans (HSPG) (5).
Physiologic expression of GPCI regulates cell-cell and cell-
matrix signaling as well as growth factor response. Due to
their HS chains, glypicans can sequester growth factors,
chemokines, cytokines, and other signaling molecules, and
can act as co-receptors with other cell membrane receptors,
activating pathways such as fibroblast growth factor (FGF),
vascular endothelial growth factor (VEGF), and Wnt (6-9).
However, abnormal expression of GPCI1 has been shown
to be associated with tumorigenesis, chemoresistance,
angiogenesis, and metastasis (10,11). GPC1 overexpression
has also been linked to poor prognosis in pancreatic
ductal adenocarcinoma, hepatocellular carcinoma,
and glioblastoma, and has shown to affect the tumor
microenvironment in prostate cancer by increasing tumor
migration markers and growth (12-14). In esophageal
squamous cell carcinoma (ESCC) patients, GPCI
overexpression was seen to correlate with poor overall
survival (15). However, there are no studies in the literature
regarding the role of GPC1 in esophagogastric cancer.
The aim of the present study was to elucidate the biologic
role of GPCI1 in EGAC human tissues and cell lines. The
findings of this study may provide insight and form basis for
expanding new therapeutic options in EGAC patients. We
present the following article in accordance with the MDAR
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-22-240/rc).

Methods
Human EGAC tissue and microarray

Thirty EGAC and adjacent normal tissue specimens
were collected from patients at University of Colorado
Anschutz Medical Center. In addition, EGAC tissue
microarray (Figure S1) comprising of 120 EGAC and 25
adjacent normal tissue were purchased from US Biomax
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Inc. (Rockville, MD, USA). The experimental work with
human tissue samples was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The ethics
committee at the University of Colorado (IRB No. 19-1319)
approved the study. Each patient consented for the study.

Chemical reagents

MK-2206 was purchased from Merck & Co., Inc.,
(Whitehouse Station, NJ, USA) and lithium chloride (LiCI)
was purchased from Millipore Sigma (St Louis, MO, USA).
Dimethyl sulfoxide was used to reconstitute MK-2206
and LiCl.

Cell lines and culture

HEK-293T cells and human esophageal epithelial cells
HET-1A were purchased from the American Type Culture
Collection (Manassas, VA, USA). The EGAC cell lines
OE33, FLOI and OE19 were purchased from Millipore
Sigma (St Louis, MO, USA). HET-1A cells were grown
in complete Bronchial Epithelial Growth Media (Lonza,
Basel, Switzerland). OE33 and OE19 cells were grown in
Roswell Park Memorial Institute Medium (RPMI 1640;
Gibco, Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (FBS), 0.5% penicillin/streptomycin,
and gentamicin/amphotericin (1:500 dilution). FLO1 and
HEK 293Ta cells were grown in Dulbecco’s Modified
Eagle Medium (DMEM, Gibco, Grand Island, NY, USA)
supplemented with 10% FBS, 0.5% penicillin/streptomycin,
and gentamicin/amphotericin (1:500 dilution). All cells were
incubated in a humidified atmosphere with 95% air and 5%
carbon dioxide at 37 °C. Serum-reduced media consisted
of growth medium with 2-5% FBS, 0.5% penicillin/
streptomycin, and gentamicin/amphotericin (1:500 dilution).

Construction of GPC1 knockdown and overexpression
clones

Primers and restriction enzymes were purchased from
Integrated DNA Technology and NEB Bio labs. For GPC1
knockdown, three unique LVshRNA clones (LVshGPCl#a,
LVshGPCI1#p, and LVshGPC-1#y) were designed based on
the human GPCI gene (GenBank accession number: NM
https://www.ncbi.nlm.nih.gov/gene/2817). A scrambled
shRNA was designed and synthesized for negative control
(NC). The primer sequences for the shRNA clones
(Table S1). The primer oligonucleotides were annealed
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using the following parameters: 80 °C for 2 min, 65 °C for
10 min, 37 °C for 10 min and 25 °C for 5 min. The PCR
product was gel extracted, purified and cloned into the psi-
LVRHI1GH vector (Genecopeia, MA, USA) using easy
cloning kit (New England Bio labs, MA, USA). GPC1
overexpression plasmid, which will be referred to as LV-
GPC1 hereon, was constructed by cloning the coding
sequence of GPCI gene into pEZ-Lv201(Genecopeia,
MA, USA) at Bam HI/Eco RI site on the vector using
easy cloning kit (New England Bio labs, MA, USA). The
vectors carried an extended green fluorescent protein
(e-GFP) reporter gene driven by SV-40 (Figure S2). The
ligated products were transformed into competent DH5a
cells (Zymo Research, Irvine, CA, USA) using a heat shock
method. The transformed cells were grown on an LB-agar
plates containing ampicillin at 37 °C and 5% CO, overnight.
The overnight culture was used for plasmid extraction using
commercially available ZymoPURE Plasmid Miniprep
kit (Zymo Research, Irvine, CA) per manufacturer’s
instructions. GPC1 knockdown and GPC1 overexpressed
clones were verified by restriction digest analysis on a 1.3%

agarose gel (Figure S2).

Lentivirus production

Human embryonal kidney (HEK293T) cells were grown
in DMEM supplemented with 10% FBS. Cells were
transfected with a mixture of lentiplasmid and packaging
plasmids using Endofectin Lenti transfection agent
according to the manufacturer’s instructions (Genecopeia,
MA, USA). Culture media containing shed lentivirus was
harvested at 48 hours and 72 hours, centrifuged at 5,000 xg
and filtered through 0.2 pm PES filter. Titration of
lentivirus yield was performed using real time qPCR assay.

Quantitative real-time PCR (qRT-PCR)

qRT-PCR was performed in 96-well plates using the iQ
SYBR Green Supermix (Bio-Rad, Hercules, CA, USA)
according to manufacturer’s instructions. qRT-PCR was
carried out using a Roche Light Cycler 96. Total RNA was
extracted from cells using the TRIzol reagent (Thermo
Fisher Scientific, Waltham, MA). Next, 1 pg of RNA was
reverse-transcribed into cDNA using the All-in-One First-
Strand ¢cDNA Synthesis Supermix kit (Applied Biological
Materials, Richmond, BC, Canada) per manufacturer’s
instructions. Relative expression of target genes was

calculated with the 27**“ method based on Ct values, using
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B-actin as the internal control. Primer sequences are listed
in Table S2.

Preparation of total cell extract

Cells were plated on 24-well plates at a density of
0.05x10° cells per well and cultured in full strength media
until 80% confluent. After 72 h of transfection, cells were
washed with ice cold phosphate-buffered saline (PBS) and
then lysed with ice cold RIPA buffer (Sigma Aldrich, St.
Louis, MO, USA). Protein concentration was determined
using BCA assay (DC assay, Bio-Rad, Hercules, CA) using
bovine serum albumin to generate a standard curve.

Isolation of nuclear and cytoplasmic extract

Nuclear and cytoplasmic fractions were prepared using
an NE-PER Nuclear Cytoplasmic Extraction Reagent kit
(Pierce, Rockford, IL, USA) according to the manufacturer’s
instruction.

Western blotting

Total cell lysates and nuclear or cytoplasmic proteins were
isolated as described above. Equal amounts of the protein
concentrations (20 pg) were separated using sodium dodecyl
sulfate-polyacrylamide gel (Bio-Rad 4-20%) electrophoresis
and transferred to nitrocellulose membranes. Membranes
were blocked in TBS-Tween 20 with 5% nonfat milk for
1 hour. Antibodies and dilutions are listed in Table S3.
Primary antibodies were diluted in 5% BSA and incubated
at 4 °C overnight. Secondary antibodies were diluted in
TBS-Tween 20 with 5% nonfat milk. Protein quantification
with densitometry analysis was performed using Image Lab
Software (Bio-Rad Laboratories, Inc., 2017).

Flow cytometry cell cycle analysis and cell growth

For cell cycle analysis, cells were seeded in 12-well flat-
bottom plates at a density of 200,000 cells per well for
24 hours in antibiotic free media. After 48 hours of
transfection, cells harvested for cell cycle status using
Propidium Iodide Flow Cytometry Kit (ab139418; Abcam,
Cambridge, UK) per manufacturer’s instructions. Samples
were analyzed by flow cytometry using a BD FACS Calibur
flow cytometer (BD Biosciences, San Diego, CA, USA). Cell
proliferation was determined by CCK-8 assay according
to the manufacturer’s instructions. The 96 well plates for
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cell proliferation were read on BioTek microplate reader at
450 nm at 48 hours and 72 hours after transfection.

Cell apoptosis

Cells were seeded into 24 well plates at 200,000 cells per
well and allowed to adhere for 24 hours. Cells were then
transfected with lentivirus particles. At 48 hours, cells were
prepared for flow cytometry using Tonbo Bioscience PE
Annexin V Apoptosis Kit (Tonbo Bioscience, San Diego,
CA, USA) per manufacturer’s instructions. Samples were
analyzed using a BD FACS Canto II. Data was analyzed
using Flowjo v.10.8 software.

Wound bealing scratch assay

Transfected FLO1 and OE19 cells were seeded into 12-
well plates. After reaching 90% confluence the monolayer
was scratched with a 200 pL sterile pipette tip. Cells
were cultured in serum free media for an additional
48 hours. The scratch size was monitored with Nikon Ti2
microscope. The remaining wound area was measured
using Image] software (nih.gov, Bethesda, MD, USA) and

normalized to time 0 h wounds.

Transwell migration and invasion assay

Equal number of cells were seeded in 8 pm polycarbonate
inserts (Corning Costar) combined with 24-well culture
plates for migration (uncoated) and invasion (Matrigel-
coated) assays. After 24 h cells were fixed with 4%
paraformaldehyde and stained for 30 min in a 0.1%
crystal violet solution in PBS. The number of cells on
the underside of each insert was determined using light
microscopy (Nikon Ti2 microscope). Five randomly
selected fields were counted per insert.

Spheroid formation assay

For spheroid formation assay, 50,000 cells were seeded in U
bottom plates and transfected with either LVshRNA#a or
overexpressing GPCl1 lentivirus (LV-GPC1). A thin layer of
Matrigel matrix (diluted with serum free media in a 1:3 ratio)
was added onto the spheroids to assess their invasiveness.
Bright field and florescence photographs were taken on day
0, 3 and 7. The diameter of spheroid was measured with NIS
image software on Nikon Ti2 microscope.
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Immunobistochemistry

Five pm tissue sections were prepared from paraffin
embedded blocks. Tissue sections were deparaffinized
with xylene and rehydrated with graded ethanol. Anti-
GPC-1 antibody staining was performed using Rapid
IHC kit (Bio Vision) according to the manufacturer’s
protocol. Immunostaining was scored as: 0, no staining;
1, normal staining; 2, strong staining. The ‘density’ of
staining (termed the positivity score) was as follows: 1,
indicates less than 50% positivity; 2, indicates more than
50% positivity. The final IHC score was determined by
multiplying the intensity score by the positivity score, with
a maximum positive score of 4. These data were referred
to as the GPC-1 H score to categorize them into low and
high expression groups.

TUNEL analysis

Apoptotic DNA fragmentation was detected using double
fluorescence with CF-594 labeling terminal UTP-nick
end labeling kit (Biotium, Fremont, California, USA) and
4',6-diamidino-2-phenylindole (DAPI; Thermofisher,
Waltham, MA, USA). Cells were imaged under a fluorescent
microscope (Nikon, TE2000).

Public data sets

Survival analysis was downloaded from Kaplan Meier
plotter database (https://kmplot.com/analysis/). Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) data was downloaded from DAVID
(https://david.nciferf.gov/gene2 gene.jsp).

Statistical analysis

Experiments were performed three times. Clinicopathological
variables were compared using chi square test. Data
represents mean + standard deviation (SD) and comparisons
made using Student’s 7-test. Data with multiple comparisons
were analyzed by ANOVA followed by Fisher’s least
significant difference post hoc test. Chi-square tests or
Fisher’s exact tests were used to assess correlation of GPCl
with clinical pathological characteristics and Student’s #-test
was used for comparisons between two groups. All statistical
analysis was performed using Graph Pad prism software. A
P value <0.05 was considered significant.
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Table 1 Clinical and pathological characteristics

Characteristics Cases GPCT expression P value
(n=150) Low High
Age, years 0.922
<60 76 22 54
>60 74 26 48
Gender 0.129
Male 110 35 75
Female 40 13 27
T stage <0.050
T1 10 7 3
T2 52 16 36
T3 82 23 59
T4 6 2 4
Lymph nodes <0.005
Yes 110 22 88
No 40 25 15
Differentiation <0.050
Well 44 21 23
Moderate 77 22 55
Poor 29 5 24

GPC1, glypican 1.

Results
GPC1 is upregulated in human EGAC

We first investigated expression of GPCI in EGAC
tissues using immunohistochemistry in paraffin embedded
samples and tissue microarray. Clinical and pathology data
of patients are summarized in Table 1. GPC1 was highly
expressed in 102/150 (68%) tissue samples (Figure 1A,
Figure S1), with IHC score of 3.2+2.2 compared
to 0.78+0.84 in adjacent benign tissue (Figure 1B).
Furthermore, expression of GPC1 was higher in poorly
differentiated compared to well differentiated tumors
(Figure 1C) and in those with positive lymph node metastasis
(Figure 1D). Univariate and multivariate analysis showed
positive correlation of GPC1 expression with T stage and
N stage and overall survival (Table 2). Five-year survival
data was available for 102 patients. Kaplan Meier survival
curve showed that patients with high GPC1 expression
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had a shorter overall survival (P=0.0024), however there
was no statistical association of GPC1 with relapse free
survival (Figure 1E). We also queried the Kaplan-Meier Plot
database and affy. ID GPC1(202756_s_at) which has a total
of 875 patients with EGAC adenocarcinoma. The number
of patients with high and low expression groups was 608 and
267 respectively. Kaplan Meier analysis showed that patients
with high GPC1 expression had lower OS compared to low
GPCl1 expression patients (Figure 1F).

High expression of GPC1 in EGAC cell lines

We analyzed GPCI expression in normal human epithelial
cells HET-1A and human EGAC cell lines OE19, FLO1
and OE33. Consistent with the human EGAC tissue results
we found that GPC1 expression was significantly high
in all three EGAC cell lines compared to HET-1A cells
(Figure 24,2B, Figure S3). Among the cancer cell lines,
FLOI showed the highest GPC1 expression and OE19
the lowest GPC1 expression and were selected for GPC1
knockdown and overexpression experiments respectively.
Confocal microscopy showed cytoplasmic and nuclear
envelope localization of GPC1 protein with co-localization
with cytoplasmic vesicles (Figure 2C). The findings of
increased GPC1 expression in EGAC tissues as well as cell
lines provided us rationale to further explore the role of
GPCl in EGAC.

Validation of efficient knockdown and overexpression of
GPC1 with Lentivirus

We next evaluated the functional role of GPC1 in EGAC
cells by knocking down its expression in FLO1 cells as well
as overexpressing GPCI in OE19 cells using lentivirus
transfection as described in material and methods section.
Transfection efficiency of LVshGPCl#a and negative
control (NC) in FLOI cells and LV-GPC1 and empty
vector (EV) in OE19 cells was observed under florescence
microscope by visualizing green GFP expression
(Figure 3A4,3B) 72 h after transfection. As shown in
Figure 3C, transfection efficiencies >80% was achieved.
Functional knockdown and overexpression of GPCl1
was confirmed by qRT-PCR and Western blotting.
LVshGPCl#o resulted in 95% knockdown of GPCImRNA
and 76% reduction of GPC1 protein relative to NC.
Similarly, LV-GPC1 produced a 110% and 85%
overexpression of GPC1 at mRNA and protein level
respectively (Figure 3D).

7 Gastrointest Oncol 2022;13(5):2082-2104 | https://dx.doi.org/10.21037/jgo-22-240


https://cdn.amegroups.cn/static/public/JGO-22-240-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-240-supplementary.pdf

Journal of Gastrointestinal Oncology, Vol 13, No 5 October 2022 2087

Esophageal adenocarcinoma tissue

Benign normal pal
1 0% 7 o

e ¥

ratumor

o

Weak staining Moderate staining

B [0 Paratumor

E1 Tumor

IHC score of GPC1

Lymph node metastasis

D No Yes E - GPC1 low
» y i K 100 e+ GPC1 low
GPC1 high 8 —— GPCT high
g
2
2
8 50
@
4
k<)
[o)
o
1 0 T T T 1
60 80 0 20 40 60 80
Months elapsed Months elapsed

GPC1 (202756_s_at)

HR =2.06 (1.68-2.53)
Logrank P=2.26-12

0.8

Probability
o
o
1

<
~
1

0.2 | Expression
—— Low
0.0 4 ~— High
T T T T
0 50 100 150
Time, months
Number at risk

Low 267 136 11 0
High 608 162 37 1

Figure 1 GPCl is overexpressed in human EGAC. (A) Representative immunohistochemical staining of GPC1 in normal paratumor tissue (I) and
human EGAC tissues (IL, III, IV) showing variable intensity of GPCI staining. Tissue sections were stained with and GPC1 antibody followed
by counterstaining with hematoxylin and eosin and visualized under light microscope with 40x magnification. (B) GPCI IHC score in normal
paratumor tissue and tumor tissue. Data represent mean histological score IHC score) + SD, ***, P<0.001. (C) GPC1 expression according to the
degree of differentiation of tumor (HE and immunohistochemical staining, 20x magnification). (D) GPCI expression in tumor tissue with lymph
node metastasis (immunohistochemical staining, 20x magnification). (E) KM plot based on level of GPCI expression in tumor tissue. (F) KM
survival plot in KM plotter database estimating survival in 875 patients with EGAC. Red line: patients with high GPCI (n=704); black line: low
expression GPCl patients (n=171). High GPC1 patient group was associated with decreased overall survival (P=2.2e-12, 706 log-rank test). GPC1,
glypican 1; EGAC, esophagogastric cancer; IHC, immunohistochemistry; SD, standard deviations; HE, hematoxylin and eosin; KM, Kaplan-Meier.
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Table 2 Univariate and multivariate analysis of prognostic variables in EGAC
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Univariate analysis

Multivariate analysis

Variable
P value HR 95% CI P value HR 95% ClI

GPC1 expression (low/high) 0.005* 1.491 1.126-2.046 0.024* 1.392 1.041-2.011
TNM stage (I + /11l + 1V) <0.001 2.394 1.811-3.345 0.185 1.482 0.835-2.256
T stage (T1 + T2/T3 + T4) <0.005* 2.129 1.243-3.554 0.04* 1.68 1.002-2.650
N stage (NO/N1 + N2 + N3) <0.001* 2.509 1.873-3.270 0.001* 1.909 1.290-2.799
Age (<60/>60) 0.646 1.045 0.786-1.478 - - -

Sex (male/female) 0.716 1.066 0.810-1.430 - - -

*, P<0.05. EGAC, esophagogastric cancer; HR, hazard ratio; Cl, confidence interval; GPC1, glypican 1. TNM, tumour, node and

metastasis.

GPC1 regulates cell morphology

There is mounting evidence that remodeling of actin
filaments promote determine cell motility, migration and
proliferation (16,17). Disruption of actin cytoskeleton is
associated with decreased migration, increased apoptosis,
and features of interest for anticancer therapy. Therefore,
we examined the effects of GPCI on cytoskeleton and
morphology. FLO1 cells are spindle shaped and fusiform
in appearance. They have well defined F-actin filament
network arranged parallel to the long axis of cell. GPCI
knockdown in FLOL1 cells altered their morphology and
they appeared larger and polygonal often with binuclear or
multinuclear appearance (Figure 44). GPC1 knockdown
resulted in attenuation of F-actin staining and disruption
of actin fibers into depolymerized aggregates (Figure 4B).
Over expression of GPC1 in OE19 cells resulted thick actin
stress fibers in a whorled pattern mimicking lamellipodia
(Figure 4C). These results indicate that GPCI has a critical
role in maintaining cytoskeletal integrity and may confer
enhanced migratory properties to cancer cells.

GPC1 promotes EGAC cell proliferation in vitro

We further investigated the effect of GPCI on proliferation
using standard colorimetric cell counting technique
(CCKS8) and colony forming assays. Cell viability was
measured at 24, 48 and 72 h at OD 450 nm. As shown in
Figure 5A, GPCI overexpressing OE19 cells demonstrated
significantly higher viability compared to empty vector.
Conversely, GPC1 knockdown suppressed proliferation
of FLOLI cells. Anchorage dependent and soft agar colony
forming capacity of GPC1 knockdown FLO1 and GPCl1

© Journal of Gastrointestinal Oncology. All rights reserved.

overexpressing OE19 cells were also tested. As represented
in Figure 5B, GPC1 promoted colony formation of
OE19 cells while GPC1 knockdown FLO1 cells formed
significantly less colonies compared to controls. Anchorage
independent colonies of GPC1 overexpressing OE19 cells
were larger as well as more in number compared to empty
vector controls (Figure 5C). To assess the effect of GPC1 in
relation to mimicking a native tumor environment instead
of a monolayer assay we studied the spheroid formation
capacities of GPCI knockdown and overexpressing cells
grown in matrigel. GPC1 overexpressed OE19 cells formed
larger diameter spheroids compared to GPC1 knockdown
FIOL1 cells (Figure 5D). Taken together, the in vitro assay
results suggest that GPC1 stimulates cell proliferation and
colony formation.

GPC1 regulates cell cycle

Having shown that GPC1 promotes cell proliferation
and survival, we next investigated effect of GPCI1 on cell
cycle phase distribution and proteins by flow cytometry.
Flow cytometric analysis of GPC1 knockdown FLO1 cells
showed higher percentage of cell counts in GO/G1 phase
and a reduced percentage of cell counts in S phase compared
to negative control. Conversely, GPC1 overexpressed OE19
cells showed significantly higher percentage of cell counts in
S phase and lower percentage of cell counts in GO/G1 phase
compared to empty vector (Figure 64). The data suggests
that GPCI increased cell proliferation by enhancing
transition of cells from G0/G1 to S phase committing
them to cell division and proliferation. Further evidence

of GPCI role in cell cycle phase regulation was sought by
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100 pm. GPC1, glypican 1; ns, not significant; DAPI, 4',6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate; qPCR, quantitative

polymerase chain reaction; EGAC, esophagogastric cancer; HET-1A, normal human epithelial cell line; SD, standard deviations.
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Figure 3 Validation of efficient knockdown and overexpression of GPC1 with lentivirus. (A) Fluorescent microscopy images of GPCI
knockdown FLO1 cells and negative control. (B) Fluorescent microscopy images of GPCI overexpressed OE19 cells and empty vector. (C)
Bar chart showing transfection efficiencies for lentiviral plasmids in FLO1 and OE19 cells. Western blot and densitometry analysis of GPC1
after knockdown of FLO1 cells with LVshGPCl#a, LVshGPCI1#p, and LVshGPC-1#y in FLOI cells and GPC1 overexpression with LV-
GPC1 in OE19 cells. B-actin loading control. Fold change of GPCI expression was normalized to the expression of control cells. Scale bar:
50 pm. Data represent mean + SD. n=3. **, P<0.005, ***, P<0.001, ****, P<0.0001 compared with control. LVshGPCl#a, LVshGPCI1#p, and
LVshGPC-1#y, GPC1 knockdown plasmids; NC, negative scrambled control; DAPI, 4',6-diamidino-2-phenylindole-stained DNA; e-GFP,
enhanced green fluorescent protein; EV, empty vector control; LV-GPC1, overexpressing GPCI lentivirus; GPCI1, glypican 1; SD, standard

deviations.

analyzing expression of cell cycle specific proteins which knockdown decreased cyclin D1, cyclin E1, CDK4 and
control transition of cells from G1 to S phase. Western blot CDKG6 expression (Figure 6B). These results demonstrate
analysis showed that GPC1 overexpression increased cyclin that GPCI affects key cell cycle regulators which promote

D1, cyclin A, cyclin E1, CDK4 and CDK6 while GPCl1 entry of cells from G1 to S phase.
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Figure 4 GPCI regulates cell morphology. (A) Cell morphology of parental FLO1, GPCI1 knockdown FLOL1 cells was examined with
immunofluorescence staining. Compared to spindle shaped fusiform structure of parental FLO1 cells the knockdown cells became
more rounded, polygonal with enlarged binuclear and multinuclear morphology (white circle). (B) Reduced F-actin staining and its
depolymerization into aggregates (white arrows) in GPCI knockdown cells compared to negative control. (C) LV-GPCI cells showed thick
coarse actin bundles of stress fibers (white arrow) compared to empty vector control. Red indicates F-actin, green indicates e-GFP, blue
indicates DAPI-stained DNA. Scale bar: 100 pm. LVshGPCl#oa, LVshGPC1#p, and LVshGPC-1#y, GPCI1 knockdown plasmids; e-GFP,
enhanced green fluorescent protein; DAPI, 4',6-diamidino-2-phenylindole-stained DNA; NC, negative scrambled control; EV, empty vector
control; LV-GPC1, overexpressing GPCl1 lentivirus; GPCI, glypican 1.
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Figure 5 GPCI promotes EGAC cell proliferation in vitro (A) CCK-8 assay determination of proliferation of cells after GPC1 knockdown (left) and

Spheroid area (pixel)

GPC1 overexpression in FLO1 and OE19 cells respectively. (B) Representative images of anchorage dependent colony formation. FLO1 and OE19
cells were seeded in 6 well plates and treated with either negative control, GPC1 knockdown, empty vector or GPC1 overexpression plasmid and
grown for 14 days. Colonies were stained with 0.1% crystal violet and visualized under microscope at 40x magnification. Bar chart represents mean
+ SD values for number of colonies in indicated groups (n=3, ***, P<0.001). (C) Representative image (left) and bar chart (right) of soft agar colony
formation after transfection of cells with LVshGPCl#a and LV-GPC1 grown in soft agar for 14 days, stained with 0.5% crystal violet and visualized
under microscope at 40x magnification (**, P<0.01; ***, P<0.001). (D) Representative images and bar chart of sphere formation capacity of GPC1
knockdown and overexpressed cells in matrigel at 100x magnification. Bar chart represents mean = SD values for number of colonies in indicated
groups. n=3, ***, P<0.001. OD, optical density; NC, negative scrambled control; LVshGPCl#a, GPC1 knockdown plasmid; EV, empty vector
control; LV-GPC1, overexpressing GPC1 lentivirus; GPCl, glypican 1; EGAC, esophagogastric cancer; SD, standard deviations.

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2022;13(5):2082-2104 | https://dx.doi.org/10.21037/jgo-22-240



Journal of Gastrointestinal Oncology, Vol 13, No 5 October 2022 2093

A NC LVshGPC1#a
250
250 el ™ G0/G1 phase
200 X 100 . B3 S phase
200 1 & 80 1 B3 G2/M phase
= £ 150 5
o € 62 = | 62 3
2 3 5|5 5| £
| o 3
100 100 S 40
5 20
)
50 1 50 - =
o o0
0 - 0 - Mock LVshGPC1#a
50K 100K 150K 200K 50K 100K 150K 200K FLO1
PI-A PI-A
EV LV-GPC1
sk I GO/G1 phase
400 80 4
400 B3 S phase
B3 G2/M phase
300 h ki
o B 300 S g
= G2 62 €
w 3 IS 3 40 -
S § 200 A H 5 = 8
O 200 o 2
20
100 100 -
o -
0 - 0 - - 42 : ; Mock LV-GPC1
50K 100 K 150 K 200 K 250 K 50K 100K 150 K 200 K 250 K OE19
PI-A PI-A
B _ o OE19

NC LVshGPC1#a

EV LV-GPC1
GPC1 IC GPC1

|

| —
‘ Cyclin D1
s e -actin

Cyclin E1| [ w-— I Cyclin E1
Cyclin A| | sm— Cyclin A
Practin| | s s— pactin

_ S
CDKe —‘ CDK6
B-actin e p-actin

| — —
CDK4 [ — = CDK4 —
B-actin ’ — B-actin —
Figure 6 GPC1 regulates cell cycle progression. Propidium iodide staining, and flow cytometry was performed after GPC1 knockdown and
overexpression to assess distribution of cell cycle phases. (A) Cell cycle was arrested in GO/G1 phase after knockdown of GPC1 in FLOLI cells.
GPC1 overexpression with LV-GPC1 in OE19 cells showed an increase in S phase. (B) Western blot analysis after knockdown and overexpression
of GPCI showing protein levels of key cyclins and cyclin dependent kinases. Beta actin was used as loading control. Representative images and
quantification of cell phases are shown. Data are means from three experiments + SD; ordinary one ANOVA with multiple comparisons, ****,

P<0.0001. NC, negative scrambled control; LVshGPCl#0, GPC1 knockdown plasmid; PI-A, Propidium Iodide-Annexin; EV, empty vector
control; LV-GPCl, overexpressing GPCI lentivirus; GPCI, glypican 1; SD, standard deviations.
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B-actin

i

GPC1 knockdown induced apoptosis in OE19 did not have any significant effect on apoptosis

Annexin/PI flow cytometry was performed to assess effect (Figure 74). TUNEL staining showed an increased
of GPC1 on apoptosis. The percentage of apoptotic cells in number of apoptotic cells in GPC1 knockdown FLOL1 cells
GPCI knockdown FLOLI cells were higher (14.22%20.26%) compared to controls (Figure 7B). Western blot analysis of
compared to control (2.22%x0.64%). GPC1 overexpression GPC1 knockdown FLO1 cells showed increased levels of
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Figure 7 GPC1 knockdown induced apoptosis. (A) After knockdown of GPC1 in FLO1 cells and overexpressing GPCI in OE19 cells,
they were double-stained with annexin FITC/PI and analyzed by flow cytometry. The percentage of apoptotic cells increased in GPC1

knockdown cells compared to controls. There was no difference in apoptosis after overexpression of GPC1 compared to control empty
vector. Representative images, and a bar chart for quantification of the percentage of apoptosis (B) GPC1 knockdown FLO1 cells were
visualized under a fluorescence microscope for TUNEL staining using a TUNEL/TRITC staining kit. Blue denotes DAPI, red denotes
TRITC and pink denotes merged condensed chromatin within the nucleus. Scale bar: 50 pm. (C) Western blot assay of GPC1 knockdown
FLOLI cell lysate showing protein levels of procaspase, cleaved caspase 3, Bax, and Bcl2. Beta actin was used as a loading control. Data
represents n=3, mean = SD; ordinary one ANOVA with multiple comparisons, **, P<0.01, ***, P<0.001. NC, negative scrambled control;
LVshGPCl#a, GPC1 knockdown plasmid; EV, empty vector control; LV-GPCI, overexpressing GPC1 lentivirus; ns, not significant; DAPI,
4',6-diamidino-2-phenylindole-stained DNA; TRITC, tetramethylrhodamine; GPC1, glypican 1; FITC/PI, fluorescein isothiocyanate/
Propidium Iodide; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; SD, standard deviations.
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active cleaved caspase and Bax whereas expression of Bcl-1
was reduced (Figure 7C).

GPC1 promotes cell migration, invasion, and epithelial
mesenchymal transformation

To determine whether GPC1 promoted cell migration
and invasion, wound healing and invasion assays were
performed. We observed that GPC1 overexpressed OE19
cells showed increased closure of the scratch compared to
GPCI1 knockdown FLOI cells (Figure 8§4). In Boyden’s
chamber assay, GPC1 overexpressed OE19 cells showed
increased migration and invasion (with matrigel) of
cells when compared to controls. In contrast number of
migrating and invading GPC1 knockdown FLOL1 cells were
significantly reduced (Figure 8B,8C). There are a number
of studies which have shown synergy between epithelial
mesenchymal transition (EMT) signaling and metastasis
(18,19). After GPC1 knockdown in FLO1 cells there was
an increased expression of epithelial markers (E- cadherin
and ZO-1) and reduced expression of mesenchymal markers
(vimentin, SLUG, and ZEB1) (Figure §D,8E). GPC1
overexpressing OE19 cells showed a reciprocal effect on
EMT markers. Taken together, our data indicates that
GPCI1 promotes migration and invasion in EGAC cells via
activating EM'T signaling.

KEEG and GO analysis of GPC1

To explore the mechanistic of GPC-1 biological actions,
functional and pathway enrichment analysis was performed
using DAVID. Biologic processes were enriched in
proteoglycan catabolic and fibroblast signaling regulation
pathways (Figure 94). Molecular functions were enriched
in “protein and DNA binding” (Figure 9B). Cellular
components analysis showed GPC1 was enriched in Golgi
apparatus. Interestingly pathway analysis showed association

of HSPGs with “Wnt”, “AKT” and “ERK?” (Figure 9C).

GPC1 increases f-catenin expression and activates Wnt
signaling via AKT/GSK-3 pathway

The B-catenin pathway has been shown to be activated
in various cancers (20,21). Based on KEEG and GO data
which we obtained we explored whether GPC1 activates
B-catenin pathway in EGAC. Results in Figure 104 show
that knockdown of GPC1 decreased the expression of active
phospho-AKT, phospho-B-catenin and phospho-GSK-3p. In
contrast, over expression of GPCI1 correspondingly increased

© Journal of Gastrointestinal Oncology. All rights reserved.
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active phosphorylated AKT, B-catenin and GSK-3f. Total
AKT and total GSK-3p remained unchanged in both
groups. In the AKT/GSK-3p pathway, AKT is upstream of
GSK-3B and B-catenin (22). AKT can directly phosphorylate
GSK-3p to inhibit its activity, which in its inactive state
increases phosphorylation of B-catenin. Phospho-p-
catenin becomes stabilized for nuclear translocation and
activates nuclear transcription factors notably TCEF/LEF/
cyclin D1 stimulating cell growth and proliferation (23-25).
To further characterize the distribution of B-catenin,
cytoplasmic and nuclear separation of protein lysates from
GPCI overexpressed OE19 and GPC1 knockdown FLOL1
cells was performed. Western blot assay showed that GPC1
overexpressed OE19 cells showed increased B-catenin in the
nucleus compared to controls, whereas GPC1 knockdown
resulted in reduced B-catenin in the nucleus when compared
to negative scrambled control (Figure 10B). There was
also increased expression of LEF and TCF1/7 in GPCl1
overexpression cells (Figure 10B) and reverse effects with
GPCl1 knockdown. Additionally, immunofluorescence
staining revealed that GPCI1 knockdown FLO1 cells showed
less nuclear staining and enhanced membrane staining of
B-catenin staining compared to negative controls, while
GPC1 overexpression resulted in increased nuclear staining
and reduced membrane staining of B-catenin compared
to empty vector control (Figure 10C). Bioinformatics data
also showed significant positive correlation between GPCl1
and B-catenin, c-MYC, cyclin D1 and LEF/TCEF factors
indicating cooperation of B-catenin pathway in GPCl1
signaling (Figure 10D). Collectively these results indicate
that GPCI1 is upstream of and activates AKT/GSK-3p/
p-catenin pathway.

MK-2206 inhibited AKT signaling in GPC1 overexpressed

cells

AKT is regarded as a key prosurvival and proliferation
factor (26,27). GSK3-B and B-catenin are important
downstream substrates for phosphorylaytion by AKT (28).
We studied the effect of AKT inhibition with MK-2206 on
GPCI1 regulation of AKT/GSK-3p/B-catenin pathway. For
this experiment, we transfected OE19 cells with LV-GPCl1
in presence of MK-2206 (1 pM) for 24 hours and examined
the effects on proteins of AKT/GSK-3p/B-catenin pathway.
As shown in Figure 11, Western blot assay showed MK-
2206 significantly attenuated the levels of active phospho-
AKT, phospho-GSK3b, and phospho-p-catenin induced
by overexpression of GPC1 in OE19 cells. These results
indicate that MK2206 is effective in decreasing activation
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Figure 8 GPCI promotes cell migration, invasion, and epithelial mesenchymal transformation. (A) Light microscopy images (magnification 20x)
of scratch assay taken at 0 and 48 h after wansfecton. The bar chart showing mean = SEM of scratch width (relative to that at 0 h; n=3, ANOVA,
*, P<0.05, **, P<0.01). (B) Light microscopy images (magnification 20x) of Transwell assay in either uncoated (for migration) or Matrigel coated
(for invasion) polycarbonate 8 pm chambers. Migrated cells at the bottom of inserts were stained with 0.1% crystal violet. (C) Bar chart represents
data from n=3, mean + SD of number of migrated and invaded cells in 5 random fields (Student’s 7-test, **, P<0.01, ***, P<0.001). (D) Western
blot analysis of EMT proteins E-cadherin, N-cadherin, ZEB1, vimentin, in GPC1 knockdown FLO1 cells and GPCI overexpressed OE19 cells.
(E) Densitometry analysis of EMT proteins in GPClknockdown FLO1 cells and GPCI overexpressed OE19 cells versus respective controls.
Data represent mean + SD, n=3. **, P<0.01, ***, P<0.001. GPC1, glypican 1; NC, negative scrambled control; LVshGPCl#0, GPC1 knockdown
lentivirus; EV, empty vector control; LV-GPCI1, overexpressing GPC1 lentivirus; SEM, standard error of mean; ANOVA, analysis of variance; SD,
standard deviations.
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Figure 10 GPCI1 activates AKT/GSK-3B/p-catenin pathway. (A) Western blot analysis of key proteins of AKT/GSK-3p/B-catenin pathway. (B)
Western blot assay examining the nuclear and cytoplasmic expression of catenin (left) and nuclear expression of B-catenin downstream target
transcription factors (LEF and TC-F1) in GPC1 knockdown FLOI1 and GPCI overexpressed OE19 cells. (C) Dual immunofluorescence
staining for B-catenin (red) and nucleus with DAPI (blue) was performed in GPC1 knockdown FLO1 and GPC1 overexpressed OE19 cells.
Compared to controls, knockdown of GPC1 showed increased membrane staining and reduced nuclear staining (pink) of p-catenin, while
GPCI overexpression resulted in reduced membrane staining and increased nuclear accumulation (pink) in OE19 cells. Scale bar: 50 pm.
(D) The expression of GPCI1 correlated with B-catenin, c-myc, TCF4, cyclin D1, and LEF1 levels which were analyzed in the GEPIA
database. Lamin B and B-actin were used for loading controls nuclear and cytoplasmic fractions respectively. NC, negative scrambled control;
LVshGPCl#a, GPC1 knockdown plasmid; EV, empty vector control; LV-GPC1, overexpressing GPCI lentivirus; DAPI, 4',6-diamidino-2-
phenylindole-stained DNA; TRITC, tetramethylrhodamine; TPM, transcripts per million; GPC1, glypican 1.
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Figure 11 MK-2206 inhibited phosphorylation of AKT
downstream targets in GPC1 overexpressed cells. OE19 cells were
transfected with GPC1 overexpression plasmid or EV and treated
with 1 pM of MK-2206 for 24 h. Western blot was performed and
probed for active p-AKT, p-GSK3-p and p-p-catenin. MK2206
attenuated increased levels of p-AKT, p-GSK3-p, and p-p-catenin
induced by LV-GPC1. LV-GPCl1, overexpressing GPC1 lentivirus;
GPCl, glypican 1.

of AKT and its downstream pathway in EGAC cells and
may be a beneficial combinatorial strategy with standard

chemotherapy in esophagogastric cancer treatment.

GPC1 knockdown abolished LiCl driven f-catenin
stimulation

GSK-3p is regarded as key enzyme mediating Wnt/
p catenin pathway (29). Inhibition of GSK-3p results in
stabilization of B-catenin and its nuclear translocation
ultimately promoting B-catenin-driven transcriptional
activity (30). Pharmacologic inhibition of GSK3-p activity
has recently gained interest in cancer therapy (30). LiCl is
a classic inhibitor of GSK-3p and activates Wnt pathway.
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Figure 12 GPCI knockdown abolished LiCl driven B-catenin
stimulation. OE19 cells were transfected with either LV-GPC1 or
LVshGPCl#a in the presence of LiCl (40 mM) for 48 h. Western blot
analysis of active p-GSK3-B, active p-p-catenin, TCF1/7 and c-myc.
DMSO, dimethylsulphoxide; LiCl, lithium chloride; LV-GPCI,
overexpressing GPC1 lentivirus; LVshGPCl#a, GPCI1 knockdown
lentivirus; GPCI, glypican 1.

We examined the effect of LiCl in OE19 cells and sought to
see if GPC1 knockdown could downregulate LiCl induced
B-catenin stimulation. For this experiment, we transfected
OE19 cells with either overexpressing GPC1 (LV-GPC1)
or GPC1 knockdown (LVshGPCl#a) lentivirus in the
presence of LiCl (40 mM) followed by probing for proteins
of B-catenin pathway. As shown in Figure 12, LiCl and
GPC1 overexpression lentivirus activated Wnt/B catenin
and increased levels of phospho-GSK-38, phospho-p-
catenin, TCF1/7 and c-myc indicating that both LiCl and
GPCI1 activate B-catenin pathway. Remarkably, GPCl1
knockdown in LiCl treated cells abolished the surge of
p-GSK B, B-catenin, TCF and c-myc induced by LiCl.
Collectively these results indicate that GPCI inhibition
effectively abrogates activated AKT/Wnt/B-catenin
signaling.
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Figure 13 Overexpression of GPCI1 in normal HET-1A cells enhanced cell proliferation, suppressed apoptosis and enhanced migration
and invasion. (A) HET-1A cells were transfected with LV-GPC1 and cell proliferation was measured by CCK-8 assay. (B) Light microscopy
images (magnification 20x) of scratch assay from indicated groups at 0 and 48 h after transfection. The bar chart represents mean = SD of
scratch wound closure compared to 0 h width. n=3, ***, P<0.01. (C) Light microscopy images (magnification 20x) of Transwell assay in either
uncoated (migration) or matrigel coated (invasion) polycarbonate 8 pm chambers. Migrated cells at the bottom of inserts were stained with
0.1% crystal violet. Bar chart showing the number of migrated cells. Data represents n=3, mean + SD number of invaded cells in 5 objective
fields, ***, P<0.001. (D) Western blot assay showing protein expression of pro-PARP, cleaved PARP, procaspase3, cleaved caspase3, E-cadherin
and Vimentin in HET-1A and GPCI overexpressed HET-1A cells. B-actin loading control. OD, optical density; LV-GPCI1, overexpressing
GPCl lentivirus; EV, empty vector control; GPCI1, glypican 1; SD, standard deviations; PARP, poly(ADP-ribose) polymerase 1.

GPC1 promoted HET-1A proliferation, migration and
invasion

and 72 h (Figure 134). GPC1 overexpressed cells showed
larger area of gap closure (Figure 13B), significantly greater

We next asked if GPC1 could promote a normal epithelial number of cells migrated and invaded the membrane

cell to acquire a neoplastic phenotype? To answer this
question, we over expressed GPC1 in OE19 cells and
analyzed proliferation, migration, invasion capabilities as
well as apoptosis and EMT proteins. Results showed that
GPClI significantly increased HET-1A proliferation at 48
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(Figure 13C). Western blot assay (Figure 13D) showed that
GPCl1 repressed apoptosis by downregulating PARP and
caspase 3. Furthermore, GPC1 expressing HET-1A cells
showed upregulation of Vimentin and downregulation of
E-cadherin indicating GPCI promotes EMT.
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Discussion

EGAC remains one of the deadliest cancers worldwide.
Despite current progress in surgical resection combined
with chemoradiotherapy and immunotherapy, it remains a
leading cause of cancer related deaths (31). Often patients
are diagnosed with advanced disease and are not eligible
for curative therapy. Esophagogastric cancer often arises
from Barrett’s esophagus, which is premalignant. Despite
tremendous advances in understanding the genetic and
epigenetic aberrations which drive cancer, efforts aimed at
translating molecular candidates to clinical practice have
proven to be challenging, underscoring the need to identify
novel markers for early diagnosis and therapy. GPCI,
a membrane anchored heparan sulphate molecule, has
recently gained interest not only as a biomarker but also of
therapeutic potential (32,33).

High levels of GPC1 have been reported in cancers of
breast, esophagus, pancreas and brain (10-12). Studies have
also attributed high GPC1 expression to development of
chemoresistance and poor patient survival (34,35). However,
role of GPC1 in esophagogastric cancer is relatively
unexplored.

In this study we show that GPC1 was increased in human
EGAC tissue and correlated with T/N/M classification,
lymph node metastasis and poor overall survival of patients.
Using bioinformatics analysis and cell line experiments we
showed that expression of GPC1 was variable in human
EGAC cell line but higher than normal epithelial cell line.
GPCI1 expression correlated with viability, migration,
invasion and EMT, demonstrated by knockdown and
overexpressing GPC1 in 2 EGAC cell lines. We also
showed GPCI regulates AK'T/GSK-3p/B-catenin signaling.
This study strengthens the possibility of GPC1 to be a
potentially attractive biomarker for not only early diagnosis
but also for patient prognosis. Nevertheless, future in vivo
animal studies and clinical studies are required to validate
the clinical utility of GPCI.

We demonstrate that GPC1 regulated cytoskeletal
structure as knockdown of GPC1 in FLOL1 cells disrupted
F-actin cytoskeleton, reduced cell viability, proliferation,
migration, and invasion. Meanwhile, GPC1 overexpression
in OE19 showed opposite effects. Along the same lines,
colony formation was inhibited by GPC1 knockdown
compared to GPC1 overexpressing cells. To understand
the possible mechanism of GPC1 role in cell growth, flow
cytometry analysis of GPC1 knockdown and overexpressing
cells was performed. GPC1 knockdown cells showed G0/
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G1 phase arrest in contrast to GPC1 overexpressing cells
which showed a larger proportion of cells in S phase. These
results are in line other studies which show that GPCl1
inactivates G1/S checkpoint and promotes S phase entry
and DNA replication (36). Cell cycle progression requires
transit through check points which is regulated by cyclins
and cyclin dependent kinases (CDK’) (37). Cyclin DI,
cyclin E and cyclin A are master regulators of G1 and S
phase of cell cycle (38). Cyclin D1 determines the length
of G1 phase while cyclin E and cyclin A regulate G1 to S
transition. Western blot analysis showed decreased levels
of cyclin D, cyclin El, cyclin A, cdk4 and cdk6 after GPC1
knockdown, whereas levels of these cyclins and kinases
were increased after GPCI1 overexpression suggesting that
GPC1 enhances transit of cells from GI1 to S phase for
cell division and proliferation. To further clarify the role
of GPCl in invasion and migration, EMT of cells was
studied. EMT contributes to invasiveness of cancers and is
characteristic of aggressive malignant cancers (39). We show
that GPCI overexpression in OE19 cells induced EMT
by upregulating N-cadherin, ZEB1, vimentin and SLUG
and reduced expression of E-Cadherin. Opposite effects on
EMT proteins were seen in GPC1 knockdown FLO1 cells.
Moreover, tissue samples from EGAC patients showed
that higher expression of GPCI correlated with positive
lymph node metastasis. The mechanisms by which GPCl1
promotes cancer progression are not entirely clear. There
is data showing that GPC1 is regulated by microRNA’s
such as miR-96-5 and miR-149 in colon and pancreas
cancer (40,41). These regulatory miRNAs promote GPC1
activation by various mechanisms including promotor
hypomethylation (42), KRAS and ecotropic viral integration
site 1 (EVI1) (43) or GPCI gene amplification (44).
Activated GPC1 then promotes interaction between
FGF and PI3/AKT pathway, which is essential for cell
survival by inhibiting apoptosis (45). GPC1 is also known
to stimulate Wnt/B-catenin signaling (46) and there is also
strong evidence of cooperation and synergy between PI3/
AKT and Wnt/B-catenin driving certain gastrointestinal
cancers (47,48). Our results are in accordance with these
studies, as we noted an increased active p-AKT, p-GSK-B
and p-B-catenin and increased accumulation of nuclear
B-catenin in GPC1 overexpressed cells, whereas their levels
were markedly reduced in GPC1 knockdown FLO1 cells.
Additionally, GPCI stimulated B-catenin downstream
transcription factors LEF and TCF1/7 which promote cell
proliferation. Since AKT is the key component of PI3/AKT
signaling which drives processes for cancer propagation,
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targeting AKT seems to be a highly attractive targeted
treatment strategy. Inhibition of AK'T with small molecules
like MK-2206 has recently gained attention in treatment of
aggressive cancers (49,50). MK-2206 blocked the activation
of AKT/GSK-3B/B-catenin in GPC1 overexpressed
OE19 cells. We also showed that knockdown of GPCl1
in LiCl stimulated cells effectively abolished the LiCl
driven B-catenin surge. Future research using combination
inhibitors of AKT/GSK-3B/B-catenin to disrupt GPCI
downstream signaling to treat this devastating cancer
may be extremely beneficial. Lastly, we show that GPCl1
increased cell viability, migration/invasion and repressed
apoptosis in normal HET-1A cells. Furthermore, these
normal cells acquired EMT properties which suggest GPC1
may play an oncogenic role in progression of a normal
cell to acquire malignant phenotype. Future iz vivo tumor
implantation of GPC1 expressed normal HET-1A cells are
needed to validate the i vitro effects of our study.

There are potential limitations of our study. First, this
was an in vitro cell study, therefore results shown here
do not necessarily replicate the effects of human tumor
microenvironment. Further iz vivo experiments are required
to validate the role of GPCI in EGAC. Secondly, we tested
only 2 cell lines and it is not known how other EGAC cell
lines would respond to GPC1, MK-2206 or LiCl. Thirdly,
as no previous studies were available in the literature
describing the effect of GPC1 in EGAC our experiments
and data gathered from them provide first evidence for
future research. Nevertheless, findings of our study theorize
that GPCI1 is a novel protein which has an important role
in progression of EGAC, and it might be an attractive novel
therapeutic target for its early diagnosis and treatment.
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