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Abstract: Globo-H (GH), a globo-series glycosphingolipid antigen that is synthesized by key enzymes [1,3-
galactosyltransferase V (B3GalT5), fucosyltransferase (FUT) 1 and 2, is highly expressed on a variety of epithelial
cancers rendering it a promising target for cancer immunotherapy. GH-targeting antibody-drug conjugate has been
demonstrated an excellent tumor growth inhibition potency in animal models across multiple cancer types including
Gastric cancer (GC). This study aims to further investigate the GH roles in GC. Significant correlations were observed
between high mRNA expression of GH-synthetic key enzymes and worse overall survival (OS)/post-progression sur-
vival for GC patients based on the data from “Kaplan-Meier plotter” database (n=498). The level of GH expression
was evaluated in clinical adenocarcinoma samples from 105 patients with GC by immunohistochemistry based
on H-score. GH expression (H score > 20; 33.3%) was significantly associated with a poor disease specific survival
(DSS) and invasiveness in all samples with P=0.029 and P=0.013, respectively. In addition, it is also associated
with shorter DSS and OS in poorly differentiated tumors with P=0.033 and P=0.045, respectively. Particularly, with
patients > 65 years of age, GH expression is also significantly associated with the stages (P=0.023), differentiation
grade (P=0.038), and invasiveness (P=0.026) of the cancer. Sorted GC NCI-N87 cells with high level of endogenous
GH showed higher proliferative activity compared with low-GH-expressing cells based on PCNA expression. Micro-
western array analysis on high-GH-expressing GC cells indicated an upregulation in HER2-related signaling proteins
including phospho-AKT/P38/JNK and Cyclin D1/Cyclin E1 proteins. Moreover, GH level was shown to be correlated
with expression of total HER2 and caveolin-1 in GC cells. Immunoprecipitation study suggested that there are po-
tential interactions among GH, caveolin-1, and HER2. In conclusions, GH level was significantly associated with the
worse survival and disease progression in GC patients, especially in older patients. Enhanced cell proliferation activ-
ity through interactions among GH, HER2, and caveolin-1 interactions may contribute to GH induced tumor promo-
tion signaling in GC. GH-targeting therapy may be a viable option for the treatment of GC patients.
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Introduction

Gastric cancer (GC) is responsible for 35% of
global cancer-related deaths presenting a
major challenge for cancer treatment [1, 2].
While surgery remains the primary treatment
option for patients with GC, most patients are
diagnosed at advanced stages with locally
advanced or metastatic diseases and are not
eligible for surgery. Adjuvant chemoradiothera-
py and immune-targeted therapy have emerg-
ed as viable therapeutic options [3-5]. How-

ever, the long-term prognosis of unresectable
GC remains poor; the overall 5-year survival
rate of patients with GC in advanced stage dis-
ease is less than 15% [6]. Further research into
molecular targets for drug development and
therapeutic strategies are needed to improve
disease control and prolong survival of GC
patients.

Abnormal glycosylation is a hallmark of cancer
that plays critical roles in tumour progression
from malignant transformation to metastasis


http://www.ajcr.us

Potential role and prognostic value of the Globo-H expression in gastric cancer

and immune escape [7-9]. Globo series carbo-
hydrate antigens including stage-specific em-
bryonic antigen 3 (SSEA-3), stage-specific
embryonic antigen 4 (SSEA-4), and Globo-H
(GH) are found to express on pluripotent stem
cells and cancer cells [10]. SSEA-3, the precur-
sor of SSEA-4 and GH, is derived from the
transfer of a galactose to terminal GalNAc of
Gb4 globoside by Beta-1,3-galactosyltransfe-
rase 5 (B3GalT5). SSEA-4 is synthesized from
addition of an alpha-2-3-linked sialic acid to
SSEA-3 by ST3 beta-galactoside alpha-2,3-sial-
yltransferase 2 (ST3GAL2). GH is generated
from addition of an alpha-1-2-linked fucose to
SSEA-3 by alpha 1,2-fucosyltransferases en-
coded by two genes fucosyltransferase 1 and 2
(FUT1 and FUT2) [11]. Therefore, expression of
B3GalT5 and FUT1 or FUT2 plays an important
role in regulating the levels of GH. Expression
level of B3GalT5 is associated with breast can-
cer progression and apoptosis and reduced
invasive activity is found in breast cancer cells
with B3GalT5 knockdown [12]. FUT1 expres-
sion and FUT2 genetic variants displayed sig-
nificant association with disease progression in
hepatocellular carcinoma [11, 13]. Suppression
of FUT1 and FUT2 attenuated cell proliferation
in the breast cancer or HER2-overexpressing
GC cell lines [14, 15]. The results of these stud-
ies implicate the potential role of GH in the can-
cer development and progression.

GH is highly expressed in various epithelial can-
cers, including breast, colon, ovarian, liver, pan-
creatic, lung, prostate, endometrial and gastric
cancers [16, 17]. Patients with GH positive
intrahepatic cholangiocarcinoma (ICC) tumors
had significantly shorter relapse-free survival
and overall survival [18]. GH has been implicat-
ed in playing important roles in enhancing
tumor growth through protecting tumor cell
from apoptosis by suppressing T cell activity in
the tumor microenvironment and promoting
endothelial cell angiogenesis [12, 19, 20]. The
marked difference in expression of GH between
cancer cells and normal tissues makes it a
promising target for cancer immunotherapy
[21]. A GH-targeting antibody-drug conjugate
(ADC) OBI-999 has been demonstrated an
excellent tumor growth inhibition potency in
animal models across multiple cancer types
including GC [22]. However, the role of GH in GC
disease progression has not been investigated.
We evaluated the role of GH in the progression
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of GC and demonstrated that the level of GH
expression was associated with poor survival.
The GH-related signaling pathway and potential
interaction between GH and HER2 were further
investigated in human gastric cancer cell lines.

Materials and methods

Survival analysis of gene expression of GH-
synthesized key enzymes

The association between the expression of
GH-synthetic enzymes and disease progres-
sion was evaluated using a Kaplan-Meier (KM)
plotter tool (https://kmplot.com/analysis/in-
dex.php?p=service&cancer=gastric) to assess
the impact of differential GH expression on
prognosis for patients with GC [23, 24]. Overall
survival (0OS) and post progression survival
(PPS) were analyzed with the “autoselect best
cutoff” option for patient splitting using Gene-
Chip microarray datasets in the KM plotter
web tool. The desired Affymetrix IDs are valid:
206947_at (B3GalTb), 206109_at (FUT1), and
208505_at (FUT2). The log-rank test was used
to analyze OS and PPS. A log-rank P < 0.05 indi-
cated a statistically significant difference.

Clinical specimens

Tissue specimens were obtained from 105 indi-
viduals who received surgery for gastric adeno-
carcinoma at the Changhua Christian Hospital,
in Taiwan during the period 1999 to 2014. All
tumor specimens were graded histologically
and were staged according to the tumor-node-
metastasis (TNM) staging system (AJCC cancer
staging manual, 7th edition). All demographic,
clinical, and histopathological data were
obtained from patient medical records and
included age, tumor grade, tumor size, node
status, stage, metastatic status, and overall
survival. The study was approved by the Ethics
Committee of the Changhua Christian Hospital
(Changhua, Taiwan) and conducted in compli-
ance with the guidelines approved by the hospi-
tal’s Institutional Review Board.

Tissue microarray and immunohistochemistry
analysis

Tissue array of GC patients were made as pre-
viously described [25]. For measurement of
Globo-H expression, the immunohistochemis-
try analysis was performed as previously
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described [11]. Globo H expression was evalu-
ated by the H-score scoring system, in which
the percentage of cells staining positive for
Globo H was recorded at each intensity level: O,
no detectible staining; 1+, translucent or low-
level expression; 2+, moderate or opaque stain-
ing; and 3+, strong or solid staining. The H-score
values, ranging from O to 300, were calculated
using the following formula: H-score = [(% of
positive cells at intensity of 1+) x 1 + (% of posi-
tive cells at intensity of 2+) x 2 + (% of positive
cells at intensity of 3+) x 3].

Statistical analysis

Statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS)
version 17.0 (SPSS, Inc., Chicago, IL). The Ka-
plan-Meier method was used for analysis of
disease-specific survival (DSS) and overall sur-
vival (0S), and differences between the curves
were calculated using the log-rank test. The
independent prognostic significance was com-
puted by the univariate and multivariate Cox
regression model. Differences at P < 0.05 were
considered to be statistically significant. For
cell culture experiments, the statistical differ-
ences were evaluated using the Student’s t-test
and one-way ANOVA combined with a post hoc
Bonferroni test.

Cell culture and reagents

Human GC cell lines NCI-N87 and SNU-16 were
maintained in RPMI-1640 medium. Human
breast cancer MCF-7 and SKBR3 cells were
maintained in complete Eagle’s Minimum
Essential Medium (MEM) supplemented with
10 mg/mL insulin and McCoy’s 5a medium. All
cells were obtained from American Type Culture
Collection (ATCC, Manassas, VA) and cultured
in medium with 10% fetal bovine serum (FBS)
supplement at 37°C in a 5% CO, incubator.

Flow cytometry assay and cell sorting

FACS analysis was performed with a BD
FACSCanto™ Il flow cytometer (Becton Dic-
kinson, NY). Cell sorting was performed with a
FACSJazz cell sorter (Becton Dickinson, NY) at
the flow cytometry core facility of the Institute
of Biomedical Sciences, Academia Sinica, in
Taipei, Taiwan. Cells were stained with VK9
monoclonal antibody (Invitrogen, Life Techno-
logies Inc., CA) followed by goat anti-mouse
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IgG-conjugated FITC secondary antibody (Sou-
thern Biotech, AL) to identify cell surface GH.
Primary antibodies used for flow cytometry
detections were: anti-proliferating cell nuclear
antigen (BioLegend, CA), anti-HER2 (Abcam,
Cambridge, UK), and anti-caveolin-1 (R&D
Systems, MN).

Measurement of cell viability

For measurement of cell viability, 1 x 10* of
sorted NCI-N87 cells were seeded into 96-well
culture plates and cultured for 48 h. Cell viabil-
ity was assessed using MTS assay (CellTiter 96
Aqueous One Solution Cell Proliferation Assay,
Promega, WI) according to the manufacturer’s
protocol.

Micro-western array analysis

NCI-N87 cells were sorted into GH"&" and GH'**
expressing cells. Micro-western array (MWA)
was performed to determine the correlation
between GH expression and protein phosphor-
ylation at the MWA core facility of National
Health Research Institutes (NHRI) in Miaoli
County, Taiwan. The 70 antibodies that were
used in the analysis are listed in Table S1. The
methods were described previously [26].

Pull-down assay and western blotting analysis

GH-amine was synthesized as previously de-
scribed [23, 24]. GH-amine-Conjugated mag-
netic beads were prepared using Pierce
N-hydroxy-succinamide activated magnetic
beads (ThermoFisher Scientific, MA) according
to manufacturer’s protocol. To detect expres-
sion of HER2, the cells were lysed in Pierce®
RIPA buffer (ThermoFisher Scientific, MA) con-
taining a cocktail of protease inhibitors (Roche
Diagnostics, IN) on ice for 10 minutes. The
extracts were centrifuged at 16300xg for 10
min at 4°C to sediment the insoluble fraction.
Protein samples were separated by SDS-
polyacrylamide (SDS-PAGE) gel or subjected
to polyvinylidene fluoride (PVDF) membranes
(Millipore Corporation, MA) for dot blot analysis
using Ponceau S staining reagent kit (Invitro-
gen, Lithuania) and anti-GH (VK9) (Invitrogen,
CA) primary antibody. Proteins on SDS-PAGE gel
were electrotransferred to PVDF membranes.
The membranes were incubated with anti-
HER2 (Santa Cruz Biotechnology, TX) and per-
oxidase-conjugated secondary antibodies, pro-
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tein signals detected by enhanced ECL Ultra
Western HRP Substrate (Merck, CA). For valida-
tion of MWA results, protein samples from sort-
ed NCI-N87 cells were separated by SDS-PAGE
gel and electrotransferred to PVDF membranes.
Used primary antibodies for phospho-AKT,
phospho-JNK, phospho-p38, NF-kB P65, Cy-
clin-E1, phospho-DRP1, Slug, phospho-Erk1/2,
phospho-c-Jun and GAPDH were purchased
from Cell Signaling Technology Inc. (MA). Anti-
Cyclin D1 and anti-beta-actin antibodies were
obtained from Abcam (Cambridge, UK).

Co-immunoprecipitation and dot blotting

For immunoprecipitation of HER2, a Protein G
immunoprecipitation kit (Invitrogen, Lithuania)
were employed. Preparation of magnetic
Protein G Dynabeads and antibody binding
were according to the manufacturer’s protocol.
Briefly, anti-HER2 or isotype control antibodi-
es were incubated with magnetic Dynabeads
Protein G (Invitrogen, Lithuania) at room tem-
perature for 10 mins. Total protein (300 pg)
from the lysate of NCI-N87 or MCF-7 cells were
added to the antibody/Dynabeads mixture and
incubated for 1 h at room temperature. The
complex was placed on a magnet and washed
with wash buffer (Invitrogen, Lithuania) three
times. Proteins eluted from the Dynabeads
were subjected to dot blot analysis using
Ponceau S staining reagent kit (Invitrogen,
Lithuania) and anti-HER2 (Santa Ccruz Bbio-
technology, TX), anti-caveolin-1 (Abcam, UK)
and anti-GH (VK9) (Invitrogen, CA) primary anti-
bodies. Blots were developed using an
enhanced ECL Ultra Western HRP Substrate
(Merck, CA).

Results

Significant correlations between high mRNA
expression of GH-synthesized key enzymes
and worse survival for GC patients

Kaplan-Meier (KM) plotter database data is
mainly derived from GEO, EGA and TCGA, which
includes gene expression data and survival
information from GC patients [24, 27, 28].
Kaplan-Meier survival information for 33GalT5,
FUT1 and FUT2 can be found in www.kmplot.
com. Firstly, we assessed the prognostic value
of the three GH-synthesized enzymes mRNA
expression using the KM plotter. Both overall
survival (0S; n=875) and post progression sur-
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vival (PPS; n=498) of GC patients were posi-
tively correlated with the level of three enzymes
involved in biosynthesis of GH according to the
microarray database of the KM plotter (Figure
1). Poorer OS was associated with patient
groups with high expression of 33GalT5 (HR=
1.34,P=0.002), FUT1 (HR=1.42, P=8.8 x 10),
and FUT2 (HR=1.68, P=1.7 x 10%) in GC
patients (Figure 1A). High levels of B3GalT5
(HR=1.38, P=0.004), FUT1 (HR=1.43, P=
0.0015), and FUT2 (HR=2.49, P=1.3 x 107%)
mRNA expression were also correlated to wor-
sen PPS in GC patients (Figure 1B). These
results suggest a positive correlation between
the upregulation of GH expression and the pro-
gression of GC.

Patient characteristics

We then assessed the correlation of GH expres-
sion with prognostic value and other clinico-
pathological features using GC tissue samples.
Table 1 shows the clinical characteristics of the
105 GC patients used for GH measurement.
The mean age of patients were 67.1 years old
(ranged, 33.8 to 93 years). Tumor size ranged
from 1 cmto 12 cm with a mean of 4.5 cm. The
cohort comprised of 16 patients (15.2%) at
stage |, 29 patients (27.6%) at stage Il, 56
patients (53.3%) at stage lll and 4 patients
(3.8%) at stage IV. The most common tumor
grade was poorly differentiated (n=58; 55.2%)
followed by moderately differentiated (n=40;
38.1%), and well differentiated (n=7; 6.7%).
Three patients (2.9%) had metastatic disease
at the time of surgery. Twenty-five and twelve
patients had received chemotherapy or radio-
therapy (23.8% and 11.4%, respectively). The
mean follow-up duration was 4.1 years (range,
0.1 to 15 years) and 78 (74.3%) patients died
during the follow-up period.

Positive GH expression is associated with poor
survival and increased invasiveness in total
patients with GC

To investigate the expressing level of GH
expression in GC, we performed immunohisto-
chemistry (IHC) on GC specimens (Figure 2).
The normal gastric mucosa including foveolar
glands and oxyntic glands showed negative
staining (Figure 2A and 2B). We used the rela-
tive staining intensity of GH for distinguishing
the GH immunostaining results as low GH (GH
staining 0 and 1+) (Figure 2C and 2D) and high
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Figure 1. Evaluation of prognostic value of 3GalT5, FUT1 and FUT2 mRNA expression in www.kmplot.com. The
effects of B3GalT5, FUT1 and FUT2 on (A) overall survival and (B) post progression survival using gastric cancer

samples based on the Kaplan-Meier plotter.

GH (GH staining 2+ and 3+) expression (Figure
2E and 2F). As shown in Table 2, by applying
the H-score with magnification rule using a
threshold of 20, we identified 35 patients in the
high-score, GH IHC-positive group (= 20) and
70 patients in the low-score, GH IHC-negative
group (< 20). Positive expression of GH (H-score
> 20) was significantly correlated with T classi-
fication (T3/T4 vs T1/T2, P=0.013). Statistical
analysis did not reveal significant associations
between GH expression and clinicopathologic
parameters of stage and differentiation grade
in the total study population. In the survival
analysis, patients with positive GH expression
had significantly worse 15-year disease specif-
ic survival (DSS) than patients with negative GH
expression (P=0.029), but not in overall surviv-
al (OS) (Figure 3A and 3B). Furthermore, posi-
tive GH expression showed shorter DSS and 0S
in the subgroup of patients with poorly differen-
tiated carcinoma (P=0.033 and P=0.045,
respectively) (Figure 3C and 3D). Univariate
analysis failed to present positive GH expres-
sion affect the disease-specific survival and
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overall survival in patients with gastric adeno-
carcinoma.

Positive GH expression significantly correlates
with stage, differentiation grade and T classifi-
cation in patients > 65 years of age

Age is one of the highest risk factors for devel-
oping a majority of cancers, including GC-related
mortality [29]. In contrast to the results of total
population, significant associations between
positive GH expression and clinicopathologic
parameters of stage (P=0.023), differentiation
grade (P=0.038), T classification (P=0.026)
were found in patients > 65 years of age (Table
3). Decreased DDS (P=0.006) and 0OS (P=
0.022) were significantly correlated with posi-
tive GH expression (Figure 4A and 4B). No sig-
nificant associations between positive GH ex-
pression and shorter disease specific survival
and overall survival in patients < 65 years of
age. In patients more than 65 years old,
Univariate analysis indicated that positive GH
expression (P=0.016; hazard ratio =2.133;
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Table 1. Patient characteristics of the study
population presented as number (%) or mean
along with the standard deviation (range)

N=105

Gender

Male 70 (66.7%)

Female 35 (33.3%)
Age (y/0) 67.1+ 12.2 (33.8-93)
Tumor size (n=84; cm) 45+ 2.2 (1-12)
Stage

1 16 (15.2%)

2 29 (27.6%)

3 56 (53.3%)

4 4 (3.8%)
Differentiation grade

Well 7 (6.7%)

Moderately 40 (38.1%)

Poorly 58 (55.2%)
T classification

T1 11 (10.5%)

T2 17 (16.2%)

T3 58 (55.2%)

T4 19 (18.1%)
N status

NO 37 (35.2%)

N1 21 (20.0%)

N2 14 (13.3%)

N3 34 (31.4%)
Metastasis

No 102 (97.1%)

Yes 3(2.9%)
Survival

Alive 27 (25.7%)

Death 78 (74.3%)
Survival (y) 4.1 +4.0(0.1-15)
Chemotherapy

Yes 25 (23.8%)

No 80 (76.2%)
Radiotherapy

Yes 12 (11.4%)

No 95 (88.6%)

95% confidence interval: 1.154-3.941), T clas-
sification (P=0.003), N status (N=0.008) and
Staging (N=0.047) affected the disease-specif-
ic survival. Multivariate analysis failed to dem-
onstrate positive GH expression as an inde-
pendent predictor of a worse disease-specific
survival (P=0.274; hazard ratio =1.44; 95%
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confidence interval: 0.729-2.766). The positive
GH expression also affected overall survival
with a hazard ratio of 1.753 in univariate analy-
sis (P=0.047; 95%=1.008-3.05).

Enhanced cell proliferation in sorted GC cells
with high GH expression

Attenuated cell proliferation in the NCI-N87
with reduction of GH synthetic enzyme FUT1
has been reported [14]. Proliferating cell nucle-
ar antigen (PCNA) is a well-known cell prolifera-
tion marker that upregulated in GC tumor tis-
sues [30]. High level of endogenous GH and
PCNA expression on the cell surface was mea-
sured using flow cytometry (Figure 5A and 5B,
respectively). PCNA expression on NCI-N87
cells has a positive correlation with GH expres-
sion (Figure 5C). Similar results were also found
in GC SNU-16 cells (Figure 5D). To further con-
firm the specific GH effects on cell proliferative
activity, NCI-N87 cells were sorted into GH"&"
and GH"™" subpopulations (Figure 5E). Increas-
ed cell proliferation measured by MTS cell via-
bility assay was observed in Globo-H"&" sub-
populations (Figure 5F). The results indicate
that GH may have a functional activity in cell
proliferative enhancement in these cells.

Signaling pathways activated in high GH-ex-
pressing GC cells

To further screen for protein modulation or sig-
naling by GH, Micro-western Array (MWA), a
high-throughput western blotting analysis, was
performed on 70 proteins in sorted NCI-N87
cells (Figure 6A). The result of MWA revealed
that protein expression levels of phospho-
AKT Ser473, phospho-SAPK/JNK Thrl183/
Tyrl85, phospho-p38 MAPK Thr180/Tyr182,
NF-kB P65, cyclin D1, cyclin E1, phospho-DRP1
Ser616, and Slug were upregulated in high-GH-
expressing GC cells (Figure 6B). We next
confirmed the results of MWA by traditional
Western blotting analysis (Figure 6C). Indeed,
relative higher phospho-AKT, phospho-SAPK/
INK, phospho-p38 MAPK, cyclin D1, cyclin E1,
and phospho-DRP1 levels were found in high-
GH-expressing GC cells. However, phospho-
ERK MAPK trended to upregulate in cells with
high GH levels. Signal of phosphor-AMPKx
and changes in phospho-DRP1/NF-kB P65/
Slug were hardly determined perhaps due to
inappropriate conditions or antibodies.
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Figure 2. Immunohistochemical staining for the expression of GH. The normal gastric mucosa shows negative stain-
ing, including foveolar glands (A) and oxyntic glands (B). Positive surface and cytoplasmic staining were found in GC
tumor tissues. Based on the relative staining intensity of GH signaling, GH staining in GC tissues was classified as O
(C), 1+ (D), 2+ (E) and 3+ (F). The GH expression of the tumor specimens was reported as H score. Scale bars: 200
pm. Original magnification: 100x%.

GH interacts with HER2 and caveolin-1

Induction of invasion and metastasis by HER2-
transduced AKT/JNK signaling pathway in NCI-
N87 cells is reported [31]. The results of the
MWA and traditional Western blotting analysis
demonstrated upregulation in both AKT and
JNK signaling in GH"e" cells and these results
suggest that GH may be involved in the regula-
tion of the HER2 signaling pathway. It is known
that caveolin-1 mediates cellular distribution of
HER2 [32]. Furthermore, interaction between
GH, SSEA-3 and caveolin-1 has been shown to
play a role in regulation of cell death [12]. As a
result, studies were conducted to explore the
potential interaction between GH, HER2 and
caveolin-1 by flow cytometry. Results showed
high level of HER2 and caveolin-1 protein
expression was detected in NCI-N87 cells
(Figure 7A and 7B). GH"e" and GH'"** subpopula-
tions were gated and found higher levels of
total HER2 and caveolin-1 proteins were de-
tected in GH"e" cells than GH'" subpopulation
(Figure 7C and 7D). HER2 protein was isolated
by GH-amine-conjugated magnetic beads in a
GH-non-expressed SKBR3 cells (Figure 7E).
Immunoprecipitation of HER2 protein from
whole NCI-N87 cell lysates showed positive
staining of endogenous GH and caveolin-1
in the protein complexes. Similar results were
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found in another HER2-expressing breast can-
cer MCF-7 cells (Figure 7F). These results sug-
gest GH may involve in the HER2 and caveolin-1
related signaling pathways.

Discussion

Several carbohydrate-targeting antibodies ha-
ve been developed or are under development
as potential anti-cancer therapeutics, such as
the ganglioside GD2 or Tn [33, 34]. Targeting
GH by the monoclonal antibodies targeting
GH have resulted in an apparently suppressed
breast tumor cancer tumor growth, suggesting
that GH may play a role in regulating tumor
proliferation, invasion, and metastasis [12].
Administration of anti-GH antibody in rats bear-
ing thioacetamide-induced ICC significantly
suppressed tumor growth with increased NK
cells in the tumor microenvironment [18]. A
therapeutic vaccine with GH as the antigen has
been assessed in a phase Il clinical trial in
patients with metastatic breast cancer, which
has shown encouraging results with signifi-
cant survival benefit for patients who generate
effective humoral responses against GH [21,
35]. In addition, the GH-targeting ADC OBI-999,
which showed excellent efficacy in animal mod-
els, is currently in phase 2 clinical trial enrolling
patients with pancreatic, colorectal and other
high GH expression solid tumors [36].
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Table 2. Association of GH expression with clinical characteristics and outcomes of GC patients

GH, H score
Total H score < 20 H score > 20 p value
70 (66.7%) 35 (33.3%)
Gender
Female 35 (33.3%) 24 (34.3%) 11 (31.4%) 770
Male 70 (66.7%) 46 (65.7%) 24 (68.6%)
Age
<65 36 (34.3%) 26 (37.1%) 10 (28.6%) .383
265 69 (65.7%) 44 (62.9%) 25 (71.4%)
Tumor size 4.65 +2.49 423 +1.82 .079
Stage
Stage 1-2 45 (42.9%) 34 (48.6%) 11 (31.4%) .094
Stage 3-4 60 (57.1%) 36 (51.4%) 24 (68.6%)

Differentiation grade

Well to moderately 47 (44.8%)

Poorly 58 (55.2%)
T classification

T1-T2 28 (26.7%)

T3-T4 77 (73.3%)
Metastasis

Absent 104 (97.2%)

Present 3(2.8%)
N status

Negative 37 (35.2%)

Positive 68 (64.8%)
Disease-specific survival

Alive 40 (38.1%)

Died 65 (61.9%)
2-year survival

Alive 60 (57.1%)

Died 45 (42.9%)
5-year survival

Alive 38 (36.2%)

Died 67 (63.8%)
8-yerar survival

Alive 16 (15.2%)

Died 89 (84.8%)

34 (48.6%)
36 (51.5%)

13 (37.1%) .267
22 (62.9%)

24 (34.3%)
46 (65.7%)

4 (11.4%) .013*
31 (88.6%)

69 (98.6%) 33 (94.3%) 214
1 (1.4%) 2 (5.7%)
25 (35.7%) 12 (34.3%) 885

45 (64.3%) 23 (65.7%)

29 (41.4%)
41 (58.6%)

11 (31.4%) 320
24 (68.6%)

43 (61.4%) 17 (48.6%) .209
27 (38.6%) 18 (51.4%)
28 (40.0%) 10 (28.6%) 251
42 (60.0%) 25 (71.4%)
14 (20.0%) 2 (5.7%) .055

56 (80.0%) 33 (94.3%)

Note: *P < 0.05.

GC is considered an age-related disease, over
60% of the patients affect by it are at age over
65 [37]. The increase of the life-expectancy in
the global population furthers the risk of devel-
oping GC. In the present study, we showed sig-
nificant associations between GH expression
and shorter DSS/0SS in GC patients > 65 years
of age. High GH expression significantly corre-
lated with disease stage, differentiation grade,
and T classification in elderly patients (Table 3
and Figure 4). Since an excellent GC tumor
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growth inhibition potency has been shown by a
GH-targeting ADC (OBI-999) in animal models
[22], further application of GH-targeted thera-
pies for GC would be warranted.

It is reported that suppression of GH synthetic
enzyme FUT1 attenuates cell proliferation in
the GC cell line NCI-N87 [14]. In addition, knock-
down of B3GalT5, the essential enzyme in-
volved in GH biosynthesis, resulted in cell apop-
tosis [12]. These findings are consistent with

Am J Cancer Res 2023;13(7):2969-2983
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Figure 3. Kaplan-Meier survival analysis for GH expression in patients with GC. The level of GH expression was
evaluated in clinical adenocarcinoma samples from 105 patients with GC by immunohistochemistry using H-score.
Kaplan-Meier curves of (A) disease specific survival (DSS) and (B) overall survival (0OS) in the overall population
(n=105), and (C) DSS and (D) OS in the poorly differentiated tumors (n=58). Positive GH expression (H score > 20)
was significantly associated with a poor 15-year DSS in total samples and poor DSS/0S in poorly differentiated

tumors.

the results from this study where higher cell
proliferation and expression of cell proliferative
marker (PCNA) and lower apoptotic marker
(Caspase 3) were found in sorted GH"e" cells
compared to GH¥ cells in the present study
(Figure 5). Based on the results from MWA
studies with GH"&" and GH'"*" cells, upregulation
on protein levels of phospho-AKT, phospho-
SAPK/JNK, phospho-p38 MAPK, cyclin D1 and
cyclin E1 were observed in sorted GH"e" cells
(Figure 6). Regulation of AKT, p38 MAPK and
JNK signaling is reported to play an important
role in GC cell proliferation or apoptosis [38,
39]. In addition, up-regulation of cyclin D1 or
cyclin E1 promotes GC cell proliferation [40,
41]. Furthermore, the JNK downstream target
c-Jun transcriptionally promotes FUT1 expres-
sion in ovarian cancer cells [42]. Therefore,
these results also suggest that GH might me-
diate cell proliferation through activation of
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AKT, p38 MAPK and JNK signaling pathways or
these signaling pathways may regulate the GH
expression in cancer cells.

Globo-series glycosphingolipids (GSLs) were
identified in breast cancer lysates via coimmu-
noprecipitation with FAK or caveolin-1 antibody.
Interaction between GH, FAK and caveolin-1
resulted in the suppression of apoptosis and
inducing EGFR-related survival signaling path-
ways [12]. In the present study, GH and caveo-
lin-1 were found in GC cell lysate via coimmuno-
precipitation with HER2-antibody (Figure 7).
These results indicated that GH, caveolin, and
HER2 may be present in the same protein com-
plex. Caveolin-1 is reported to interact with
HER2, mediate cellular distribution of HER2
and affect anti-HER2 antibody binding and
therapeutic efficacy [32]. In addition, HER2-
related signaling was up-regulated in sorted

Am J Cancer Res 2023;13(7):2969-2983
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Table 3. Association of GH expression with clinical characteristics of GC patients > 65 years of age

GH, H score
Total H score < 20 H score > 20 p value
44 (62.9%) 25 (71.4%)
Stage
Stage 1-2 34 (49.3%) 28 (58.3%) 6 (28.6%) .023*
Stage 3-4 35 (50.7%) 20 (41.7%) 15 (71.4%)
Differentiation grade
Well to moderately 36 (52.2%) 29 (60.4%) 7 (33.3%) .038*
Poorly 33 (47.8%) 19 (39.6%) 14 (66.7%)
T classification
T1-T2 23 (33.3%) 20 (41.7%) 3(14.3%) .026*
T3-T4 46 (66.7%) 28 (58.3%) 18 (85.7%)
Metastasis
Absent 66 (95.7%) 46 (95.8%) 20 (95.2%) 911
Present 3(4.3%) 2 (4.2%) 1 (4.8%)
N status
Negative 27 (39.1%) 21 (43.8%) 6 (28.6%) 235
Positive 42 (60.9%) 27 (56.2%) 15 (71.4%)
Note: *P < 0.05.
A n H20 B , H20
e -n [ I
00 -n 0 >0
- 3 .
B 2
g
o o 02
0 p value=0.006 p value=0.022
) ) 00 150 00 ) ) 100 150 00
Survival (y) Survival (y)

Figure 4. Kaplan-Meier survival analysis for GH expression in GC patients > 65 years of age. Kaplan-Meier curves
of (A) disease specific survival (DSS) and (B) overall survival (OS) in the population aged > 65 years (n=69). Positive
GH expression (H score > 20) was significantly associated with both shorter DSS and OS.

GH"&" GC cells (Figure 6). Therefore, interac-
tions among GH, HER2 and caveolin-1 may be
involved in HER2-related signaling.

In summary, GH level was significantly associ-
ated with the increased disease progression
and poor survival in GC patients, especially in
patients > 65 years of age. Greater expression
of proliferative marker PCNA and higher cell
proliferative activity were found in sorted GH"é"
GC cells compared to GH"" cells. Increased
expression of HER2-related signaling proteins
in GH-enriched GC cells and potential interac-
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tion of GH/caveolin-1/HER2 in GC cells suggest
that GH level may contribute to GC develop-
ment through the HER2-signaling pathways.
These results warrant the further investiga-
tion on application of GH-targeting therapies in
patients with GC.
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Figure 5. Upregulated cell proliferative activity in high GH-expressing GC cells. Endogenous (A) GH and (B) PCNA
expression on the surface of GC NCI-N87 cells was detected using a flow cytometer. FACS analysis of GH was
performed in cells using mAbVK9. Double staining flow cytometric assay in (C) NCI-N87 and (D) SNU-16 cells for
the GH and PCNA detection (left panel). Cells were gated into low-GH- and high-GH-expressing sub-populations.
PCNA expression of gated area for low-GH- and high-GH-expressing cells was measured (middle panel). The over-
lay histogram (right panel) shows representative histograms of low-GH and high-GH. Results depict mean + SD of
three independent experiments. The results expressed as fold change of respective low-GH cells (*P < 0.05 versus
low-GH cells). (E) NCI-N87 cells were sorted into GH"e" and GH™" cells with mAbVK9 by FACSAria. (F) Enhanced cell
proliferation in GH"&" NCI-N87 cells. MTS assay was performed in indicated cells at 48 h after cell seeding. Results
depict mean + SD of four independent experiments. The results expressed as fold change of respective GH*" cells
(*P < 0.05 versus GH™ cells).
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Figure 6. Analysis of GH-related signaling in GC cells by micro-western array (MWA) assay. GH"&" and GH* NCI-N87
cells were prepared by cell sorting using mAbVK9. Changes in abundance of indicated proteins or their phosphory-
lated forms were determined by MWA. A. Six samples showed in each well (from left to right) were condition controls
(1-4), GH"e" and GH"" cells, respectively. Artificial coloring differentiates the used secondary antibodies in species
(red and green for anti-rabbit and anti-mouse, respectively). B. Selected data of relative protein abundance are
listed in table. Relative protein abundance was normalized to the average of GAPDH and actin. Data are shown as
mean + SD of two independent experiments in which similar results were obtained. A fold change of 1.2 or 0.8 in
expression was used as a cutoff for upregulation or down regulation, respectively. C. Protein signal of phospho-AKT,
phospho-JNK, phospho-p38, NF-kB P65, Cyclin D1, Cyclin E1, phospho-DRP1, Slug, phospho-STAT1, phospho-ERK,
and phospho-Jun(c) in GH"e"/GH"** cells were detected by Western blot. These same membranes were stripped and
re-detected by antibodies of actin and GAPDH. Results shown represent two independent experiments.
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Figure 7. Potential interaction between GH, HER2 and caveolin-1 in GC cells. Expression of (A) total HER2 and
(B) caveolin-1 proteins in NCI-N87 cells was detected using a flow cytometer. Expression of (C) total HER2 and
(D) caveolin-1 in for low-GH- and high-GH-expressing NCI-N87 cell sub-populations was measured. Flow cytometry
analysis with double staining with anti-total HER2/anti-GH and anti-caveolin-1/anti-GH antibodies was performed
in NCI-N87 cells (left panel). Cells were gated into low-GH- and high-GH-expressing sub-populations. Total HER2 or
caveolin-1 expression of gated area for low-GH- and high-GH-expressing cells was measured (middle panel). The
overlay histogram (right panel) shows representative histograms of low-GH and high-GH. Results depict mean + SD
of four independent experiments. (E) Western blotting and dot blotting of pulldown assay of endogenous HER2 and
exogenous GH from SKBR3 cell lysate incubated with magnetic beads carrying GH amine. MB: magnetic beads;
MB-GH: magnetic beads conjugated with GH-amine. (F) Dot blotting for detection of GH, HER2 and caveolin-1 in
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the immune complexes of total HER2 (IP: HER2) or of non-specific IgG-immunoprecipitate from whole-cell lysates of
NCI-N87 (left panel) and MCF-7 (right panel) cells. Input represents the Ponceau S staining for assessment of the
respective immunoprecipitated protein in the same amount of lysate used in the assay.

Globo-H ceramide; GC, Gastric cancer; ICC,
intrahepatic cholangiocarcinoma; OS, overall
survival; PFS, improved progression-free sur-
vival; DSS, disease specific survival; ADC, anti-
body-drug conjugate.
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Table S1. List of antibodies used for Micro-western array analysis

No. Mico—V\/gstern Antibodies Hos.t Antibodies producers
position species

1 1A COX2 Rabbit Abcam, UK

2 1B Ep-CAM Rabbit Cell Signaling Technology, MA

3 1C Fibronectin Rabbit Abcam, UK

4 1D Phospho-Smad2 (Ser255) Rabbit Abcam, UK

5 1F Gabl Rabbit Cell Signaling Technology, MA

6 1G, 2C, 4D Actin Goat Abcam, UK

7 2A Phospho-Smad3 (Ser423/Ser425) Rabbit Abcam, UK

8 2B Phospho-EGFR (Tyr1086) Rabbit Merck-Millipore, MA

9 2D CDK2 Rabbit Cell Signaling Technology, MA

10 2E FGF Receptor 1 Rabbit Cell Signaling Technology, MA

11 2F Phospho-Smad5 (Ser463/465) Rabbit Abcam, UK

12 2G Slug Rabbit ABclonal Technology, MA

13 2H Phospho-PKA (Ser96) Rabbit Abcam, UK

14 3A Gab1l Rabbit Cell Signaling Technology, MA

15 3B HSP27 Mouse Cell Signaling Technology, MA

16 3C HSP9O Rabbit Cell Signaling Technology, MA

17 3D Phospho-EGFR (Tyr1086) Rabbit Merck-Millipore, MA

18 3E beta tubulin Goat  Abcam, UK

19 3F, 5B GAPDH Rabbit Cell Signaling Technology, MA

20 3G Met Rabbit Cell Signaling Technology, MA

21 4A NF-kB p65 Rabbit Cell Signaling Technology, MA

22 4B VEGF Receptor 2 Rabbit Cell Signaling Technology, MA

23 4C p27 (Kipl) Rabbit Cell Signaling Technology, MA

24 4E EGF Receptor Rabbit Cell Signaling Technology, MA

25 4F, OE tubulin alpha Mouse Novus Biologicals, CO

26 4H, 11E Cyclin D1 Rabbit Cell Signaling Technology, MA

27 5A Cyclin E Rabbit Thermo Fischer Scientific, USA

28 5C HIF-1a Rabbit Cell Signaling Technology, MA

29 5E Phospho-AMPKa (Thr172) Rabbit Cell Signaling Technology, MA

30 5F Phospho-p38 MAPK (Thr180/Tyr182) Rabbit Cell Signaling Technology, MA

31 5H HER2/ErbB2 Rabbit Cell Signaling Technology, MA

32 ©6A, 8A,8B E-Cadherin Rabbit Cell Signaling Technology, MA

33 6B p21 Waf1/Cipl Rabbit Cell Signaling Technology, MA

34 6D Phospho-Jun (-c) (Ser63) Rabbit Cell Signaling Technology, MA

35 6E Phospho-mTOR (Ser2481) Rabbit Cell Signaling Technology, MA

36 6F Phospho-Met (Tyr1234/1235) Rabbit Cell Signaling Technology, MA

37 6G Phospho-Akt (Thr308) Rabbit Cell Signaling Technology, MA

38 6H Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) Rabbit Cell Signaling Technology, MA

39 TA Phospho-SEK1/MKK4 (Ser257) Rabbit Cell Signaling Technology, MA

40 7B Phospho-Akt (Ser473) Rabbit Cell Signaling Technology, MA

41 7C Phospho-ABL1 (Tyr412) Rabbit Thermo Fischer Scientific, USA

42 7E Phospho-DRP1 (Ser616) Rabbit Cell Signaling Technology, MA

43 7F 4E-BP1 Rabbit Cell Signaling Technology, MA

44 7H Phospho-ABL1 (Tyr245) Rabbit Thermo Fischer Scientific, USA

45 8C PP2A (PPP2CA) Rabbit Abcam, UK

46 8D Phospho-NF-kappa-B p65 (Ser529) Rabbit Epitomics, Burlingame, CA



47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
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8E
8F
8G
8H
9A
9B
9C
9D
9F
9G
9H
10A
10C
10D
10E
10F
10G
10H
11A
11C
11G
12B
12C
12E

Phospho-ErbB2/Her2 (Tyr1112)
Phospho-CREB (Ser133)
Phospho-TBK1/NAK (Serl72)

Phospho-JNK (Thr183/Tyr185, Thr221/Tyr223)

PD-L1

Phospho-mTOR (Thr2446)
Phospho-EGFR (Tyr1173)
Phospho-PP2A (Tyr307)

Caveolin

HDAC1

Phospho-STAT6 (Tyr641)

IL.-1 Receptor 1

Phospho-EGFR (Tyr845)
Phospho-ErbB2/HER-2 (Thr686)
Phospho-ErbB-2/HER-2 (Tyr1248)
Phospho-Estrogen Receptor o (Ser118)
Phospho-IRS1 (Ser307)

Phospho-p70 S6 Kinase (Thr421/Ser424)
Phospho-FAK (Tyr861)

Phospho-PKR (Thr446)

EGFR N-term

Phospho-EGFR (Tyr1148)

IL-6

Phospho-STAT1 (Ser727)

Mouse
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Mouse
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Mouse
Rabbit

Merck-Millipore, MA

Cell Signaling Technology, MA
Cell Signaling Technology, MA
Merck-Millipore, MA

Cell Signaling Technology, MA
Merck-Millipore, MA
Merck-Millipore, MA
Epitomics, CA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
Merck-Millipore, MA
GeneTex, Inc., Taiwan
Merck-Millipore, MA

Origene, MD

Merck-Millipore, MA




