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Abstract

~

Background: Aberrant glycosylation performed by glycosyltransferases is a leading cause of gastric cancer (GC). Protein
O-fucosyltransferase 1 (POFUT1) expression is increased in GC specimens and cells. In this study, the biological effects and
mechanisms of POFUT1 underlying the development of GC were investigated.

Methods: POFUT1 downregulated and upregulated GC cells were established. The effects of POFUT1 on cell proliferation, metas-
tasis and apoptosis were examined using cell counting kit-8 (CCK8) assay, transwell assay, and flow cytometry. Subcutaneous xen-
ograft tumor models were established followed by immunohistochemistry staining of resected tumors. Facilitating modulators and
transcription factors were detected by western blot, immunofluorescence, luciferase reporter assay, and co-immunoprecipitation.
Results: POFUT1 played a pro-oncogenic role both in vivo and in vitro, which promoted proliferation and metastasis, as well as
inhibited apoptosis in GC cells. POFUT1 promoted Cyclin D3 expression and inhibited the expression of apoptotic proteins, such
as Bcl-2-associated X protein (Bax) and cleaved caspase 3, facilitating tumor growth. Moreover, POFUT1 accelerated matrix met-
alloproteases expression and attenuated E-cadherin expression, contributing to GC metastasis. In addition, POFUT1 expression
promoted the expression and nuclear translocation of Notch1 intracellular domain (NICD1) and p-catenin and inhibited p-catenin
phosphorylation degradation, accompanied by the activation of recombination signal binding protein-Jk (RBP-J) and T-cell factor
(TCF) transcription factors, respectively. It is notable that parafibromin integrated NICD1 and B-catenin, enabling the concerted
activation of Wnt and Notch signaling targeted proteins.

Conclusion: These observations indicated that POFUT1 promoted GC development through activation of Notch and Wnt signal-
ing pathways, which depended on the parafioromin-NICD1-p-catenin complex. This work provides new evidence for the further

diagnosis and treatment of GC.
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1. INTRODUCTION

Gastric cancer (GC) is one of the most common cancers, although
a steady decline in incidence and mortality has been observed
more recently.! The rate of early diagnosis is low; therefore,
most patients who are at an advanced stage may miss the best
surgical window. Despite the development of immunotherapy
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and molecular targeted therapies,> GC remains essentially an
intractable disease. Identification of effective targets may be of
great help in controlling GC progression.

Glycosylation catalyzed by glycosyltransferases (GTs) is the
most frequent and structurally complex post-translational mod-
ification that occurs on the cell surface and secreted proteins.
Aberrant glycosylation favors malignant phenotypes and con-
tributes to poor GC outcomes.® O-fucosylation, a special type of
fucosylation, plays various roles in cellular events and is of great
significance to Notch signaling.* Protein O-fucosyltransferase
1 (POFUT1) glycosylates epidermal growth factor-like (EGF)
repeats within the consensus sequence Cys?X, -Ser/Thr-Cys3
(X represents any amino acid) by adding O-fucose to serine/
threonine.>® It has been reported that POFUT1 participates in
modulating the stability of EGF repeats and cooperates with
protein O-glucosyltransferase 1 (POGLUTT1) to fold and trig-
ger the notch receptors to activate notch signaling.”® Previous
studies have demonstrated a functional association between
POFUT1 and tumorigenesis in oral cancer,’” hepatocellular
carcinoma,!® breast cancer,!'' lung cancer,'> and myeloid leuke-
mia.’? POFUT1 regulates lymphoid and myeloid homeostasis
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through modulation of Notch receptor ligand interactions.'*
Additionally, the POFUT1 variant in humans causes global
developmental delay, presenting as microcephaly with vascu-
lar and cardiac defects,” and Dowling-Degos disease.'®!” Our
findings revealed that POFUT1 expression was increased in
GC patients and associated with aggressive tumor phenotypes,
as well as with poor differentiation.'® However, the effect and
mechanism of POFUT1 in modulating GC progression are still
unknown.

Notch signaling is a highly conserved signaling pathway in
metazoan organisms and its dysregulation may lead to mul-
tiple diseases and disorders. Whether Notch signaling acts as
a suppressive or pro-oncogenic driver depends on the cellular
context.”” Additionally, Wnt signaling is another important
pathway that plays a major role in various biological processes,
such as embryonic stem-cell development, tissue regeneration,
cell differentiation, and immune cell regulation.?” Nevertheless,
little is known about the interaction between Notch and Wnt
signaling in GC.

Consequently, investigation of the contribution and related
mechanism of POFUT1 in GC development were urgently
required. Furthermore, we studied the downstream effects
of POFUT1 and crosstalk between Notch and Wnt signaling
pathways.

2. METHODS

2.1. Cell culture

Human GC cell lines (HGC-27, MGC-803, BGC-823, SGC-
7901, AGS, and MKN-28) and human gastric epithelial cell
line (GES-1) were obtained from the cell bank of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in 90% Roswell Park Memorial Institute 1640 (RPMI-1640,
Gibco, Grand Island, NY, USA) or Dulbecco’s modified
Eagle’s medium (DMEM, Gibco) medium supplemented with
10% fetal bovine serum (FBS) and 100 U/mL penicillin and
streptomycin (Gibco) at 37°C in a humidified incubator with
5% CO,.

2.2. Quantitative real-time polymerase chain reaction

POFUT1 messenger RNA (mRNA) expression was detected
in GC cells using quantitative real-time polymerase chain
reaction (q-PCR). Cells were treated with TRIzol rea-
gent (Invitrogen, Carlsbad, CA, USA) for RNA extraction.
Complementary DNA (cDNA) was synthesized using an
RT-PCR kit (TaKaRa, Tokyo, Japan) and amplified using
q-PCR, according to the protocol of the SYBR q-PCR Kit
(Toyobo, Osaka, Japan) using a Roche LightCycler 480 ther-
mal cycler (Roche, Basel, Switzerland). The primers used were
as follows: POFUT1: 5"-AACCAGGCCGATCACTTCTTG-3’
(forward); 5-GTTGGTGAAAGGAGGCTTGTG-3" (reverse);
glyceraldehyde-3-phosphate dehydrogenase (GAPDH):
5-GGAGCGAGATCCCTCCAAAAT-3’ (forward);
5-GGCTGTTGTCATACTTCTCATGG-3 (reverse). Gene tran-
scripts were normalized to GAPDH and the relative fold change
was calculated using the 2-*A¢T method.

2.3. Western blot analysis

Cells were incubated in a radioimmunoprecipitation assay
(RIPA) lysis buffer (Beyotime, Nanjing, China), a cocktail
(Sigma, Germany) of protease and phosphatase inhibitors
(Roche Applied Science, Mannheim, Germany) for 1 hour
and 30 minutes at 4°C. Protein lysates were centrifuged at
12000 x g for 20 minutes at 4°C, and protein supernatant
concentrations were detected using Pierce bicinchoninic
acid (BCA) protein assay kit (Thermo Scientific, Carlsbad,
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CA, USA). Equal cell lysates were clarified using appropri-
ate sodium dodecyl sulphate polyacrylamide gel electropho-
resis (SDS-PAGE) gels for 1 hour at 20 mA. The proteins
were transferred electrophoretically to nitrocellulose mem-
branes, which were blocked with tris buffered saline (TBS)
(50mM Tris, 150mM NaCl, pH 7.6) and supplemented
with 0.1% Tween-20 (TBST) containing 5% fat-free dry
milk at room temperature. The membranes were then incu-
bated with the specific primary antibodies according to
the recommended dilution. After washing with TBST, the
membranes were incubated with the secondary antibod-
ies and then visualized using an electrochemiluminescence
(ECL) detection system. The specific antibodies used were
as follows: POFUT1 (ab74302, Abcam, Cambridge, United
Kingdom), HES1 (ab71559, Abcam), actin (ab179467,
Abcam), GAPDH (ab181602, Abcam), Notchl (43808,
Cell Signaling Technology, Boston, MA, USA), p-f-catenin
(Ser33/37/Thr41, 95618, Cell Signaling Technology), cleaved
caspase 3 (9664T, Cell Signaling Technology), anti-mouse
IgG-horseradish peroxidase (HRP) (No. 7076, Cell Signaling
Technology), anti-rabbit IgG-HRP (No. 7074, Cell Signaling
Technology), hemagglutinin (HA; No. 5017, Cell Signaling
Technology), Myc (No. 2276, Cell Signaling Technology),
Flag (No. 14793, Cell Signaling Technology), B-catenin
(66379-1-Ig, Proteintech, Chicago, IL, USA), Cyclin D3
(26755-1-AP, Proteintech), matrix metalloproteinase 3
(MMP3; 17873-1-AP, Proteintech), MMP7 (10374-2-AP,
Proteintech), E-cadherin (20874-1-AP, Proteintech), and
Bcl-2-associated X protein (Bax; 50599-2-Ig, Proteintech).
The results were representative of at least three independent
experiments and analyzed quantitatively using Image] soft-
ware (National Institutes of Health, Bethesda, MD, USA).

2.4. Transfection and stable clone selection

MGC-803 and BGC-823 cells were chosen for transfection and
stable clone selection. Specific plasmids and lentivirus transduc-
tion were supplied by Shanghai Asia-Vector Biotechnology Co.,
Ltd (Shanghai, China). The cDNAs encoding human POFUT1,
Notchl intracellular domain (NICD1), B-catenin, and par-
afibromin were cloned into the pcDNA3 vector (Invitrogen).
Stable cell lines were selected using a puromycin treatment after
transfection, and then validated using western blotting.

2.5. CCK8 assay

Three thousand cells were cultured in 96-well plates for 1 to 6
days. After the addition of a cell counting kit-8 (CCKS8) solu-
tion mixed with DMEM, cells were incubated for 1h and the
absorbance was measured at 450 nm using an EnVision micro-
plate reader (PerkinElmer, MA, USA). All experiments were per-
formed in triplicates.

2.6. Apoptosis assay

Apoptosis assays were performed using an Annexin V PE
Apoptosis kit (BD Biosciences, San Jose, CA, USA) and flow
cytometry. Cells were seeded into dishes and then treated
according to the manufacturer’s instructions.

2.7. Cell migration and invasion transwell assays

The treated cells were suspended in serum-free medium and
then seeded into the upper chambers of a transwell (8 pm,
24-well insert) at a density of 1.0 x 10° cells per well. The upper
chambers with or without Matrigel matrix (BD Biosciences)
were used for cell migration and invasion assays. The cells in
the lower chamber containing 20% FBS were observed after
incubation for 48 hours. As cells in the upper chambers were
removed, cells in the lower chambers were fixed with ethanol,
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and then stained with 5% crystal violet. Eight random fields
of the remaining cells were photographed and counted under
a microscope.

2.8. Immunofluorescence staining

Cells were washed with phosphate buffer solution and fixed with
4% paraformaldehyde at 4°C for 15 minutes. The cells were
then permeabilized with 0.1% Triton X-100 and incubated with
specific primary antibodies overnight. Nuclei were stained with
4’,6-diamidino-2-phenylindole (DAPI). Images were viewed
using a laser confocal microscopy system (Leica Sp5 laser scan-
ning confocal microscope; Wetzlar, Germany).

2.9. Immunohistochemistry

Paraffin-embedded tissue slides from a nude mice subcutaneous
xenograft tumor model were dewaxed and rehydrated. After the
endogenous peroxidase was blocked, the slides were blocked
with bovine serum albumin and then incubated with the primary
antibodies specific for Ki67 and cleaved caspase 3. Slides were
incubated in biotinylated secondary antibodies and streptavidin-
peroxidase conjugate at 37°C. Then 3,3’-diaminobenzidine was
added as a chromogen substrate. Images were viewed using a
microscope system (Olympus, Tokyo, Japan).

2.10. Subcutaneous xenograft tumor model

The animal study was approved by the Medical Ethics
Committee to observe tumor transplantation and formation
in vivo. BGC-823 cells stably transfected with lentiviral parti-
cles were implanted subcutaneously into 6-week-old nude mice
and then monitored for tumor growth. All mice were sacrificed
6 weeks later. Tumor sizes were evaluated using the following
equation: V = L x W2/2 (L = long diameter; W = wide diameter)
and assessed using immunohistochemistry (IHC).

2.11. Luciferase reporter assay

The 3’ untranslated region of recombination signal binding
protein-Jk (RBP-J) was amplified using genomic DNA and
primers (forward: 5-CTATCGATAGGTACCCAGGAAGCCT
CCCCGGCGCG-3% reverse: 5-CGGAATGCCAAGCTTCCC
CGCCGCCTTTCCCTGCT-3") containing Kpnl and HindIII
restriction sites. The primers used for T-cell factor (TCF)
amplification were 5-TAGCCCGGGCTCGAGAGCAGAGCT
GGGGTCGCTTG-3" (forward) and 5-GGGCTGGGAGAC
GGCTGGACAAGCTTGGCATTCCG-3" (reverse). The PCR
products were ligated to luciferase reporter vectors (pGL3 vec-
tor). Luciferase activity was tested using the dual luciferase
reporter assay kit (Promega, Fitchburg, WI, USA) according to
the manufacturer’s protocol. The results were obtained from
triplicate samples from three independent experiments.

2.12. Co-immunoprecipitation

Cells were treated with Nonidet P-40 cell lysis buffer. The
acquired cell lysates were incubated with the respective antibod-
ies and protein G-beads (GE Healthcare, Chicago, USA). The
beads were then washed six times with a lysis buffer, and the
immune complex was eluted using an SDS-PAGE sample buffer.

2.13. Statistics

The quantitative data were obtained from at least three samples,
and the values are expressed as mean = SD. Statistical analyses
were carried out using SPSS software version 17.0 (IBM Inc.,
Chicago, IL, USA). Data analyses were performed using either
a two-tailed unpaired Student’s ¢ test or one-way analysis of
variance (ANOVA). A p < 0.05 was considered statistically
significant.
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3. RESULTS

3.1. Knockdown of POFUT1 inhibits the proliferation and
metastasis but accelerates the apoptosis of GC cells

POFUTT1 is highly expressed in GC specimens. To investigate
POFUT1 expression in GC cells, we detected POFUT1 expres-
sion in human gastric epithelium cells (GES-1) and six GC
cell lines (HGC-27, MGC-803, BGC-823, SGC-7901, AGS,
and MKN-28). A high POFUT1 expression was observed in
six GC cells in different degrees at the mRNA and protein lev-
els (Fig. 1A). Among these cells, MGC-803, SGC-7901, AGS,
and MKN-28 exhibited relatively high POFUT1 expression,
while BGC-823 and HGC-27 shared relatively low POFUT1
expression. MGC-803 and BGC-823 cell lines that showed
highest and lowest POFUT1 expression were chosen for fur-
ther in vitro studies, in which cells were transfected with
lentivirus containing short hairpin RNAs (shRNA) targeting
POFUT1 (shPOFUT1) or lentivirus containing scramble non-
sense control shRNA (shNC). The knockdown efficiency of
POFUT1 was confirmed using western blotting. Quantitative
results are shown in Figure 1B. The CCKS8 assay was per-
formed to test cell growth capacity, and the results showed
that POFUT1 knockdown significantly inhibited cell growth
viability relative to the negative control in both MGC-803
and BGC-823 cells (Fig. 1C). Cell growth inhibition rates of
MGC-803 on day 6 were 24.86% = 2% (shPOFU1-1) and
30.01% = 3% (shPOFUT1-2). Cell growth inhibition rates
of BGC-823 on day 6 were 25.53% = 1% (shPOFU1-1) and
28.79% = 3% (shPOFUT1-2). Transwell assays were used
to detect the migratory and invasive abilities of POFUT1-
silenced GC cells. As shown in Figure 1d, the low expres-
sion of POFUT1 in MGC-803 and BGC-823 cells led to poor
migratory and invasive abilities compared to the negative con-
trol. Then, cell apoptosis was investigated using cytometry by
using Annexin V and 7-Aminoactinomycin D (7-AAD) stain-
ing of MGC-803 and BGC-823 cells. Compared to the con-
trol, POFUT1-silenced MGC-803 and BGC-823 cells showed
higher percentages of cells undergoing apoptosis (Fig. 1E).

3.2. Notch signaling inhibitor DAPT reverses the
carcinogenesis of POFUT1 overexpression

To further verify participation of POFUT1 and Notch signal-
ing in GC development, GC cells overexpressing POFUT1
were established and then treated with y-secretase inhibitor
DAPT (N-[N-(3, 5-difluorophenacetyl)-l-alanyl]-s-phenylg-
lycinet-butyl ester) (10 uM for 72 hours) which specifically
inhibits the Notch signaling pathway. As shown in Fig. 2A,
the protein levels of POFUT1 were significantly increased in
MGC-803 and BGC-823 cells overexpressing POFUT1 com-
pared to those in control and vector-transfected cells. The
CCKS8 assay revealed that MGC-803 and BGC-823 cells with
POFUT1 upregulation showed higher cell growth relative to
control and vector-transfected cells, whereas DAPT-treated
GC cells with and without POFUT1 upregulation exhibited
lower cell growth relative to vector-transfected and POFUT1
upregulated cells (Fig. 2B). Transwell assays indicated that
POFUT1 overexpression promoted the migratory and inva-
sive ability of MGC-803 and BGC-823 cells, while DAPT
treatment attenuated the pro-migration and pro-invasion
effects (Fig. 2C). Regarding the analysis of cell apoptosis,
POFUT1 overexpressing cells showed a slightly decreased
apoptotic rate compared to that in control and vector-trans-
fected cells, while the cells incubated with DAPT showed a
markedly enhanced apoptotic rate to varying degrees. DAPT-
incubated MGC-803 and BGC-823 cells with an upregula-
tion of POFUT1 presented a median apoptotic rate (Fig. 2D).
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Fig. 1 The expression and knockdown effects of POFUT1 in GC cells. A, mRNA levels (top panel) and protein levels (bottom panel) of POFUT1 in human GES-1 and six GC
cell lines. GAPDH was used as a loading control. B, MGC-803 and BGC-823 cell lines were, respectively, transfected with lentiviral ShNC, shPOFUT1-1, or shPOFUT1-2.
POFUT1 knockdown efficiency was tested using western blotting and analyzed quantitatively as follows (o < 0.001): 81.13% + 19% (MGC-803 shPOFUT1-1); 87.45% +
12% (MGC-803 shPOFUT1-2); 67.14% + 32% (BGC-823 shPOFUT1-1); 80.01% + 19% (BGC-823 shPOFUT1-2). C, Cell growth curves of MGC-803 (left panel; red line:
p=0.011 [4 days]; p = 0.002 [5 days]; p < 0.001 [6 days]; orange line: p = 0.017 [4 days]; p = 0.002 [5 days]; p < 0.001 [6 days]) and BGC-823 cells (right panel; red line: p =
0.003 [5 days]; p = 0.001 [6 days]; orange line: p = 0.004 [5 days]; p < 0.001 [6 days]). D, Cell migration and invasion results of POFUT1-silenced MGC-803 cells (top panel;
left figure *p = 0.022 and p = 0.017; right figure *p = 0.014 and p = 0.041) and BGC-823 cells (bottom panel; left figure *p = 0.012 and p = 0.005; right figure *p = 0.01 and
p = 0.004) using transwell assays. Representative images of penetrated cells are shown. Magnification: x100. Inhibition rate for migratory abilities in MGC-803 cells were
68.9% + 3% (shPOFUT1-1) and 79.94% =+ 5% (shPOFUT1-2). Inhibition rate for invasive abilities in MGC-803 cells were 76.01% + 3% (shPOFUT1-1) and 57.89% + 2%
(shPOFUT1-2). Inhibition rate for migratory abilities in BGC-823 cells were 77.92% + 3% (shPOFUT1-1) and 82.19% + 4% (shPOFUT1-2). Inhibition rate for invasive abilities
in BGC-823 cells were 31.62% + 6% (ShPOFUT1-1) and 45.36% + 7% (shPOFUT1-2). E, Cell apoptosis analysis of POFUT1-silenced MGC-803 (top panel; *o = 0.004 and
p =0.003) and BGC-823 (bottom panel; *p = 0.019 and p = 0.013) cells using flow cytometry. Results are shown as the mean + SD based on triplicate experiments using
a bar graph. *p < 0.05. AGS, BGC-823, HGC-27, MGC-803, MKN-28, SGC-7901 = human gastric cancer cell lines; 7-AAD = 7-Aminoactinomycin D; Annexin V-PE =
annexin V-PE apoptosis detection kit; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; GC = gastric cancer; GES = gastric epithelium cell; GES-1 = human gastric
epithelial cell line; mMRNA = messenger RNA; POFUT1 = protein O-fucosyltransferase 1; shNC = lentivirus containing scramble nonsense control shRNA; shPOFUT1 =
lentivirus containing short hairpin RNAs (shRNA) targeting POFUT1.

www.ejcma.org 809



Dong et al. J Chin Med Assoc

A (kDa) (kba) B

T 2 01— wcaos T 257 Boca2s
POFUTI www = 4|45 POFUT1 £, S . e 0:&&%1
g < ——
GAPDH GAPDH I e g vl B
- - e 36 - - e ) g S 1o
8 o5 805
Q’b Q o‘o 0&\ %‘ib Q &0 0«\ § A E O'A
& & & 48 & 5% 7 3.3 3 5 6 51
) Q (SN Q 8 Time(Days) K-} Tlme(Days)
& 48 Y < <
S ARy MGC-803 BGC-823
Q Q L 70
C 53
MGC-803 pLVX-Puro pLVX-POFUT1 pLVX-POFUT1+DAPT ‘g g 35
s seh : ; 2 §

\l* 0

Migration

*

®
=3

>
=3

Invasion
cell number

Invasion

BGC-823 pLVX-Puro pLVX-POFUT1 pLVX-POFUT1+DAPT
@ : g ) i 23

w & W
S

cell number
=3

Migration

]
%o
‘0

(O
\r: oo™ oh" ‘,ov m

Migration

= 30
c 8
< LS £ 20
L @3
8 zZZ 10
2} Exz
E ° o
0 A
o ,;13' ?o‘ \{\'\ \,«
o it (20
D ¢ Q\ﬂ* & Q"
pLVX-POFUT1 *0?‘
MGC-803 pLVX-Puro pLVX-POFUT1 DAPT +DAPT __ 8
1 10%% “Fe 104 X2
[=} [a) g
2102 o 12 g
s S < o
100 ; 100 100 100 ' < Q,Q O° A ot oyt
10° 101 102 10% 10° 10! 102 103 10010 102 108 100 10 102 10% 10° 10 102 10% GG‘ %? Q\) ° 909
Annexin V-PE Annexin V-PE Annexin V-PE Annexin V-PE Annexin V-PE W \rk?o o R <
pLVX-POFUT1 T +OR®
BGC-823 pLVX-Puro pLVX-POFUT1 DAPT +DAPT *
T 104 104 10 104 S 0] m———
o
$Q or% 26% 22% 21% = E‘
§,§102 - ’ gloz g 10
! - g
1004 g0l 1004 100+ o 3 0 AR
100 1 10' 10910 © 10° 10102 10°10° 100 10! 10° 10°10¢  10° 10110% 10°10¢ 100 10:10* 100104 X _gIP ou® (,\S‘ 54
Annexin V-PE Annexin V-PE Annexin V-PE Annexin V-PE Annexin V-PE 0(‘,G ¢F ,? o
Qc‘*

Fig. 2 The effects of POFUT1 overexpression and DAPT incubation in GC cells. A, POFUT1 protein levels in MGC-803 and BGC-823 cells with or without pLVX-Puro
vector and pLVX-POFUT1 lentiviral vector. POFUT1 overexpression efficiency was confirmed using western blotting. B, Cell growth curves of MGC-803 (left panel; dark
blue line: p = 0.008; orange line: p = 0.042) and BGC-823 cells (right panel; dark blue line: p = 0.018; orange line: p = 0.002). For pLVX-POFUT1 + DAPT compared with
DAPT group: p = 0.023 (left panel) and p = 0.011 (right panel). C, Cell migration and invasion results of POFUT1-upregulated MGC-803 (two top panels; first bar chart *o
=0.001, p =0.004, and p = 0.015 in sequence; second bar chart *p = 0.001, p = 0.021, and p = 0.027 in sequence) and BGC-823 cells (two bottom panels: first bar
chart *p = 0.003 and p = 0.004; second bar chart *p < 0.001, p = 0.013, and p = 0.002 in sequence) using transwell assays. Representative images of the penetrated
cells are shown. Magnification: x100. D, Cell apoptosis analysis of POFUT1-upregulated and DAPT-treated MGC-803 (top panel; *p = 0.01, p =0.012, and p = 0.007 in
sequence) and BGC-823 (bottom panel; *p = 0.002, p = 0.014, and p = 0.011 in sequence) cells using flow cytometry. Results are shown as the mean + SD based on
triplicate experiments using a bar graph. *p < 0.05 vs vector control. BGC-823, MGC-803 = human gastric cancer cell lines; 7-AAD = 7-Aminoactinomycin D; annexin
V-PE = annexin V-PE apoptosis detection kit; DAPT = N-[N-(3, 5-difluorophenacetyl)-I-alanyl]-s-phenylglycinet-butyl ester; GAPDH = glyceraldehyde-3-phosphate
dehydrogenase; GC = gastric cancer; OD = optical density; POFUT1 = protein O-fucosyltransferase 1; pLVX-Puro = cells infected with pLVX-Puro vector.

3.3. The effects of POFUT1 on GC growth in vivo were established in nude mice using BGC-823 cells. We stably
To determine whether an aberrant POFUT1 expression affects  transfected BGC-823 cells with lentiviral particles carrying
GC growth in vivo, subcutaneous xenograft tumor models  fluorescent shNC as a control and shPOFUT1-2 and injected
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Fig. 3 The effects of regulating POFUT1 expression in vivo. A, Effects of POFUT1 silencing on tumor growth in subcutaneous xenograft tumor models. Left
panel: representative images of BGC-823 xenograft tumors; middle panel: analysis of resected tumor volume; right panel: analysis of tumor volume in two groups
(*p = 0.02). B, HE and IHC staining of Ki67 and cleaved caspase 3 representative photograph of resected tumors. Magnification: x40 (scale: 50 um). C, Effects
of POFUT1 overexpression on tumor growth in subcutaneous xenograft tumor models. Left panel: representative images of BGC-823 xenograft tumors; middle
panel: analysis of resected tumor volume; right panel: analysis of tumor volume in two groups (*p < 0.001). D, HE staining and IHC staining of Ki67 and cleaved
caspase 3 with representative photographs of resected tumors. Magnification: x40 (scale: 50 pm). Results are shown as the mean + SD based on triplicate
experiments using a bar graph. *p < 0.05 vs vector control. BGC-823 = human gastric cancer cell line; HE = hematoxylin-eosin; IHC = immunohistochemistry;
POFUT1 = protein O-fucosyltransferase 1; shNC = lentivirus containing scramble nonsense control shRNA; shPOFUT1 = lentivirus containing short hairpin RNAs
(shRNA) targeting POFUT1.

them into nude mice. All cell groups started to form measur-
able tumors at the primary implantation sites 1 week later. The
transplanted tumor was resected surgically after 6 weeks. In
concordance with the in vitro observations, there was a signifi-
cant decrease in tumor growth in shPOFUT1-2 tumors (tumor
size, 0.42+0.15cm?) compared to control tumors (tumor size,
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1.22+0.31cm?) (Fig. 3A). Hematoxylin and eosin (H&E) stain-
ing and THC were performed (Fig. 3B). The positive expression
of Ki67 was localized in the nucleus of tumor cells stained with
a buffy or dark brown color, while the positive expression of
cleaved caspase 3 was localized in mainly the plasma but also
the nucleus. IHC analysis showed a decreased Ki67 expression
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and an increased cleaved caspase 3 expression in the shPO-
FUT1-2 group compared to that in the control group.

Moreover, BGC-823 cells stably transfected with lentivirus vector
(pLVX-Puro) and POFUT1 overexpression vector (pLVX-POFUT1)
were injected into nude mice and then monitored for tumor growth.
After measurement, the mice injected with pLVX-POFUT1 clearly
exhibited a significantly augmented tumor burden (tumor size,
2.79+0.58cm’) relative to those injected with pLVX-Puro (Fig. 3C,
tumor size, 0.48+0.22cm?). IHC analysis showed that the tumors
resected from pLVX-POFUT1 shared an increased Ki67 expression
and a reduced cleaved caspase 3 expression compared to those in the
pLVX-Puro group (Fig. 3D).

3.4. Driving factors of POFUT1 facilitate GC development

Our early bioinformatics analysis of GC specimens revealed
that POFUT1 expression had a positive correlation with the
cell cycle process, cell carcinoma, and Wnt signaling path-
way, whereas it was negatively correlated with apoptosis and
cell adhesion.'® To investigate the reason underlying the car-
cinogenesis of POFUT1, the related proteins were assessed in
POFUT1-silenced and overexpressed cells, as well as in DAPT-
treated MGC-803 and BGC-823 cells. POFUT1 knockdown
significantly decreased the expression of NICD1 and hairy and
enhancer of split homolog-1 (HES1) protein compared to that
in control and shNC cells, as detected using western blotting.
Furthermore, POFUT1-overexpressed GC cells showed a clear
increase in the expression of NICD1 and HES1 compared to
that in control and vector-transfected cells. DAPT-treated GC
cells with and without POFUT1 upregulation exhibited a lower
NICD1 and HES1 expression relative to vector-transfected
and POFUT1-upregulated cells (Fig. 4A, B). Further explora-
tions indicated that Cyclin D3 expression was positively corre-
lated with POFUT1 expression and DAPT treatment alleviated
Cyclin D3 expression in GC cells. Regarding the migration and
invasion-related proteins, POFUT1 expression was positively
correlated with MMP3 and MMP7 expression and negatively
correlated with E-cadherin expression (Fig. 4A, B). The study
of apoptotic proteins revealed that POFUT1 deficiency pro-
moted Bax and cleaved caspase 3 expression, whereas POFUT1
upregulation inhibited Bax and cleaved caspase 3 expression. In
addition, DAPT reversed the expression of Cyclin D3, MMP3,
MMP7, E-cadherin, Bax, and cleaved caspase 3 independently
of POFUT1 upregulation (Fig. 4A, B).

Moreover, the expression of f-catenin and phospho-f3-catenin
(Ser33/37/Thr41) were investigated in MGC-803 and BGC-823
cells. POFUT1-knockdown cells showed a decreased p-catenin
expression but an increased P-catenin phosphorylation com-
pared to control and shNC cells. In contrast, the upregulation of
POFUT1 promoted B-catenin and inhibited -catenin phospho-
rylation compared to that in control and vector-transfected cells.
DAPT-treated GC cells with and without a POFUT1 overexpres-
sion inhibited B-catenin and promoted B-catenin phosphorylation
relative to vector-transfected and cells with a POFUT1 upregu-
lation (Fig. 4A, B). In addition, immunofluorescence confocal
analysis showed that NICD1 and (-catenin expression are con-
sistent with POFUT1 expression regulation. The increased cellu-
lar location of NICD1 and B-catenin indicated enhancive nuclear
translocation, which was observed in POFUT1-upregulated cells.
In addition, DAPT exerted a negative regulatory role against
POFUT1 overexpression (Fig. 4C, D).

RBP-J is a Notch specific transcription factor; therefore,
Notch signals in GC cells were assessed using an RBP-]J-
dependent luciferase reporter gene (pGL3-RBP-]) assay. The
luciferase reporter assay results suggested that the RBP-]J lucif-
erase activity in POFUT1-knockdown cells was lower than
that in control and negative cells. RBP-]J luciferase activity
in cells with a POFUT1 overexpression was higher than in
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control and vector-transfected cells. DAPT treatment inhib-
ited RBP-] luciferase activity (Fig. 4E). In addition, when the
Wnt signal is active, the engagement of [B-catenin transiently
converts TCF into a transcriptional activator.?! Therefore, the
plasmid pGL3-TCF was constructed and GC cells were trans-
fected with pGL3 luciferase reporter plasmids. The results
of the dual luciferase reporter assay showed that a low TCF
luciferase activity was observed in POFUT1 knockdown cells,
while a high TCF luciferase activity was observed in POFUT1
upregulated cells. DAPT weakened the TCF luciferase activ-
ity against POFUT1-upregulation (Fig. 4F). Similar results
were observed in MGC-803 and BGC-823 cells. All these data
indicate that POFUT1 is involved in Notch and Wnt signaling
activation.

3.5. Carcinogenesis of POFUT1 is regulated both by Notch
and Wnt signaling pathways

Understanding of the regulatory effect of Notch and Wnt sign-
aling in POFUT1-overexpressed GC cells is limited. To address
this issue, Flag-NICD1 and shf-catenin plasmids were con-
structed and stably transfected into BGC-823 cells. BGC-823
cells were divided into six treatment groups: pLVX-Puro (nega-
tive control), pLVX-POFUT1, Flag-NICD1, shfB-catenin, pLVX-
POFUT1 and shf-catenin co-transfection, and Flag-NICD1
and shf-catenin co-transfection. Cell proliferation, migration,
invasive ability, and the apoptosis rate were then studied. CCK8
assay showed that POFUT1- and NICD1-overexpressed cells
showed higher cell growth compared to the negative control.
However, B-catenin silencing inhibited cell growth in POFUT1-
and NICD1-overexpressed cells (Fig. 5A). The results of the
migration and invasion assays showed a similar trend to those
of the CCK8 assay (Fig. 5B). Moreover, POFUT1 and NICD1
overexpression inhibited cell apoptosis, and B-catenin knock-
down promoted cell apoptosis in untreated cells, as well as in
POFUT1- and NICD1-overexpressed cells (Fig. 5C). To further
study the involvement of the related proteins, the expression of
regulatory proteins was assessed using western blotting in the
cells treated as described above. POFUT1 and NICD1 upregu-
lation promoted the expression of HES1, Cyclin D3, MMP3,
MMP7, and B-catenin, while they inhibited the expression of
E-cadherin, Bax, cleaved caspase 3, and phosphorylated f-
catenin. Nevertheless, B-catenin knockdown exerted opposite
effects in untreated cells, as well as in POFUT1- and NICD1-
overexpressed cells (Fig. 5D; Fig. S1, http:/links.lww.com/
JCMA/A199).

The activity of RBP-] and TCF luciferase was used to evaluate
the activation of Notch and Wnt signaling in pGL3-RBP-J- and
pGL3-TCF-transfected cells. As expected, RBP-]J luciferase activ-
ity was increased in POFUT1- and NICD1-overexpressed cells
compared to the negative control, whereas no clear changes in
[-catenin-silenced cells alone were observed (Fig. SE). TCF lucif-
erase activity was also increased significantly when POFUT1
and NICD1 were overexpressed. In addition, B-catenin knock-
down impaired the TCF luciferase activity although POFUT1
and NICD1 were overexpressed (Fig. SF). These observations
indicated that the carcinogenesis of POFUT1 depends on Notch
and Wnt signaling activation simultaneously.

3.6. POFUT1 regulates the parafibromin-NICD1-p-catenin
complex in GC pathogenesis

POFUT1 functions were restricted to Notch signaling; thus, the
crosstalk between Notch and Wnt signaling was further inves-
tigated. It was assumed that the coactivator of Notch and Wnt
signaling might be NICD1 itself or other downstream factors.
To examine the interaction between NICD1 and (-catenin, a co-
immunoprecipitation study was performed using BGC-823 cells
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Fig. 4 The expression of related proteins and transcription factors involved in POFUT1 expression regulation. A, The level of related proteins in MGC-803 cells
assessed using western blotting. B, The level of related proteins in BGC-823 cells assessed using western blotting. C, Immunofluorescence staining of DAPI
(blue), p-catenin (green), and NICD1 (red) in MGC-803 cells. Magnification: x800 (scale: 20 pm). D, Immunofluorescence staining of DAPI (blue), p-catenin
(green), and NICD1 (red) in BGC-823 cells. Magnification: x800 (scale: 20 um). E, Transactivation of pGL3-RBP-J assessed using a dual luciferase reporter
assay in MGC-803 and BGC-823 cells. E1: p = 0.0030, p = 0.0358; E2: p = 0.0161, p = 0.0034; E3: p = 0.0003, p = 0.0032; E4: p = 0.0036, p = 0.0018. F,
Transactivation of pGL3-TCF assessed using a dual luciferase reporter assay in MGC-803 and BGC-823 cells. F1: p < 0.001, p = 0.0020; F2: p = 0.0419, p =
0.0382; F3: p = 0.0057, p = 0.0033; F4: p = 0.0469, p = 0.0053. Results are shown as mean + SD based on triplicates experiments using a bar graph. *p <
0.05 vs vector control. BGC-823, MGC-803 = human gastric cancer cell lines; BAX = Bcl-2-associated X protein; DAPI = 4’,6-diamidino-2-phenylindole; DAPT
= N-[N-(3, 5-difluorophenacetyl)-I-alanyl]-s-phenylglycinet-butyl ester; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; HES-1 = hairy and enhancer of
split homolog-1; MMP = matrix metalloproteinase; NICD1 = Notch1 intracellular domain; pGL3 = luciferase reporter vector; pLVX-Puro = cells infected with
pLVX-Puro vector; POFUT1 = protein O-fucosyltransferase 1; RBP-J = recombination signal binding protein-Jk; shNC = lentivirus containing scramble nonsense
control shRNA; shPOFUT1 = lentivirus containing short hairpin RNAs (shRNA) targeting POFUT1; TCF = T-cell factor.
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Fig. 5 POFUT1 exerts carcinogenesis through Notch/Wnt dual signaling pathways. A, Cell growth curves of BGC-823 cells tested using a CCK8 assay (dark
*p = 0.0021; red *p = 0.0031; purple #p = 0.0024; light blue *p = 0.0052). B, Cell migration (top panel: *p < 0.001; #p = 0.001) and invasion (bottom panel: *p
< 0.001; #p = 0.008; ##p = 0.037) results detected using transwell assays. Representative images of penetrated cells are shown. Magnification: x100. C, Cell
apoptosis analysis using a flow cytometry assay. *p = 0.0132, p = 0.0028, p = 0.0034, and p = 0.0035 in sequence. D, The expression level of related proteins
assessed using western blotting. E, Transactivation of pGL3-RBP-J assessed using a dual luciferase reporter assay (p < 0.001). F, Transactivation of pGL3-TCF
assessed using a dual luciferase reporter assay (*p < 0.001; #p = 0.0023, p = 0.0078, p < 0.001 in sequence). Results are shown at the mean + SD based on
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Bcl-2-associated X protein; BGC-823 = human gastric cancer cell line; CCK8 = cell counting Kit-8; GAPDH = glyceraldehyde-3-phosphate dehydrogenase;
HES-1 = hairy and enhancer of split homolog-1; MMP: matrix metalloproteinase; NICD1 = Notch1 intracellular domain; OD = optical density; POFUT1 = protein

O-fucosyltransferase 1; pGL3 =

luciferase reporter vector; pLVX-Puro = cells infected with pLVX-Puro vector; RBP-J = recombination signal binding protein-Jx;

shp-catenin = lentivirus containing short hairpin RNAs (shRNA) targeting B-catenin; TCF = T-cell factor.

transfected with Flag-NICD1 and HA-B-catenin plasmids. As
shown in Fig. 6A, NICD1 did not co-precipitate with -catenin,
indicating that NICD1 did not directly interact with (3-catenin.
To gain further insight into its possible coactivator, the Myc-
parafibromin plasmid and the constitutively active B-catenin
S33Y mutant, which is insensitive to glycogen synthase kinase-
3B (GSK-3p)-mediated phosphorylation and proteasomal deg-
radation, were constructed. BGC-823 cells were simultaneously
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transfected with Flag-NICD1, HA-B-catenin S33Y, Myec-
parafibromin, and shPOFUT1. NICD1 and parafibromin from
triple-transfected cells co-immunoprecipitated with B-catenin.
Furthermore, the parafibromin-NICD1-f-catenin heterotrim-
eric complex was impaired when POFUT1 was knocked down
(Fig. 6B). These results indicated that parafibromin integrated
NICD1 and B-catenin, thereby supporting the concerted acti-
vation of Notch and Wnt signaling. POFUT1 regulated the
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Fig. 6 Identification of coactivator of Notch and Wnt signaling. A, NICD1 and -catenin immunoprecipitation from BGC-823 cells. B, Parafibromin and NICD1,
as well as p-catenin immunoprecipitation from BGC-823 cells transfected with or without POFUT1 knockdown. Experiments were performed in triplicates and
representative images are shown above. BGC-823 = human gastric cancer cell line; HA = hemagglutinin tag; IP = immunoprecipitation; Myc = Myc-tag; NICD1 =
Notch1 intracellular domain; POFUT1 = protein O-fucosyltransferase 1; shPOFUT1 = lentivirus containing short hairpin RNAs (shRNA) targeting POFUT1.

parafibromin-NICD1-f-catenin complex, which provided evi-
dence to GC progression.

4. DISCUSSION

Glycosylation performed by GTs is a crucial cellular mecha-
nism that is often altered in several types of diseases. An aber-
rant GT expression leads to altered glycosylation patterns,
contributing to cancer progression. Fucosylation is a type of
cancer-related glycosylation that includes core fucosylation and
O-fucosylation. POFUT1, a member of the fucosyltransferase
(FUT) family, participates in O-fucosylation of EGF repeats
found on up to 100 different targets in mammals, including
Notch receptors and their ligands.?? It has been reported that
in Notch proteins, Ser and Thr residues between the second
and third Cys residues within EGF domains are modified by
the addition of O-Fuc by POFUT1.2>** Then, the Fuc residue
can be extended by additional GTs to form the tetrasaccharide
SA-02,6-Gal-p1,4-GlcNAc-p1,3-Fuc-a1-O-Ser.® The influence
of POFUT1 on Notch activation can be positive or negative,
depending on the POFUT1 expression level and on whether the
signal to Notch comes from Delta or y-Serrate.?® Early studies
by our group have demonstrated that POFUT1 is overexpressed
in human GC specimens and significantly correlates with T and
N classification, as well as with tumor differentiation. However,
little is known about the function and mechanism of POFUT1
in GC development. In this study, we investigated the biologi-
cal effects and the regulation mechanism of POFUT1 both in
vitro and in vivo, as well as the involved downstream signaling
pathways.

A high POFUT1 expression was observed in six GC cells
to different degrees. Functionally, the oncogenic phenotypes
of GC cell lines were dependent on POFUT1 expression and
were attenuated by vy-secretase inhibitor DAPT treatment.
POFUT1 knockdown showed reduced proliferation and
metastasis, and an enhanced apoptosis rate in MGC-803 and
BGC-823 cell lines. However, POFUT1 upregulation resulted
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in opposite phenotypes. In line with the in vitro findings,
POFUT1 was observed to promote GC tumor formation in
vivo using subcutaneous xenograft tumor models in nude
mice. In terms of the related mechanisms, the results indi-
cated that POFUT1 expression was positively correlated with
Cyclin D3 expression, which drives cell proliferation,?” and
negatively correlated with the expression of apoptotic pro-
teins, such as Bax and cleaved caspase 3. POFUT1 promoted
the expression of MMP3 and MMP7 and inhibited the expres-
sion of E-cadherin, which results in a pro-metastasis effect in
GC. In contrast, DAPT reversed the expression of Cyclin D3,
MMP3, MMP7, E-cadherin, Bax, and cleaved caspase 3 even
when POFUT1 was upregulated. Notably, POFUT1 overex-
pression promoted Notch and Wnt signaling target genes and
enhanced luciferase activity of transcription factor RBP-J and
TCEF, which resulted in upregulated NICD1 and f-catenin
nuclear translocation. Furthermore, consistent with POFUT1
overexpression, NICD1 overexpression in GC cells showed
pro-oncogenic effects and stimulated the same expression of
downstream target factors. In addition, B-catenin knockdown
inhibited both the oncogenic effects of POFUT1 and NICD1
upregulation. Notably, expression of HES1, a downstream
target molecule of NICD1, depended on NICD1 expression
even when fB-catenin was knocked down. Commonly, dephos-
phorylated -catenin promotes the accumulation of -catenin
in the cytoplasm and nucleus, which may trigger Wnt sign-
aling. When (-catenin was knocked down, phosphorylated
[B-catenin showed a clear reduction accompanied by decreased
[B-catenin. These observations indicated that the carcinogene-
sis of POFUT1 depended on the simultaneous Notch and Wnt
signaling activation.

Notch and Wnt signaling pathways are highly conserved
cell-fate-determination pathways that participate in organ
development, tissue homeostasis, and multiple aspects of can-
cer biology.?®?* Notch signal transduction relies on ligand-
receptor binding, which allows Notch to undergo sequential
proteolytic cleavage, and is mediated by the vy-secretase
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complex to release NICD1.3® NICD1 then translocates into
the nucleus and behaves as a transcriptional regulator in com-
plex with DNA-binding RBP-J protein. As a result, the expres-
sion of related target genes is induced, including the hairy and
enhancer of split (HES) 1-7 and HES-related repressor (HEY)
1,2.3" As for the canonical Wnt signaling, Wnt ligand binding
to Frizzled (Fz)/low-density lipoprotein-related protein (LRP)
co-receptors inhibits B-catenin turnover, leading to the acti-
vation of B-catenin/TCF-dependent transcription and target
genes.’>3

Notch/Wnt dual signaling is triggered simultaneously and
shaped intracellularly to generate appropriate cellular responses
in GC. However, it is still unknown whether they work inde-
pendently or cooperatively in GC. The crosstalk between Notch
and Wnt dual signaling was therefore further investigated. In
addition to ligand/receptor binding and cross-regulation at the
cytoplasmic signal transducer level, a signal effector that inte-
grates multiple signals and is converted to generate an output
was explored. It was assumed that the coactivator of Notch and
Wnt signaling might be NICD1 or other downstream factors.

J Chin Med Assoc

Since it has been demonstrated that NICD1 does not coprecipi-
tate with (-catenin, attention has been paid to the interaction
between NICD1 and parafibromin, which is a component of the
polymerase-associated factor 1 (PAF1) complex. Parafibromin
binds to NICD and stabilizes NICD by inhibiting proteasome-
dependent degradation. The complex formed by parafibromin
and NICD depends on the tyrosine dephosphorylation of parafi-
bromin, which shows more potential in activating Notch signal-
ing than wild-type parafibromin.* It has also been reported that
parafibromin is also involved in activating Wnt target gene tran-
scription via direct association with (3-catenin,* which is poten-
tiated by tyrosine dephosphorylation at the Y290/293/315 of
parafibromin.’ In order to examine the effect of parafibromin
in GC, co-immunoprecipitation was performed and indicated
that parafibromin stabilized the NICD1/B-catenin interaction.
More importantly, the parafibromin-NICD1-f-catenin com-
plex was impaired in the presence of POFUT1 knockdown.
Mechanistically, POFUT1 stimulated the Notch/Wnt dual sign-
aling pathways by forming the parafibromin-NICD1-f-catenin
complex.

Notch ligands

Delta, Jagged
Signal-sending cell
Gastric cincer cell
Invasion
DSL
Notchl Migration T
receptor m Proliferation
EGF repeats| ==+l * Apoptosis]
Fuc GIcNAc Gal Sia
ADAM —>

Signal-receiving cell

y-Secretase complex

MMP7. Bax.
Cleaved-caspase 3.
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a3 HES1. CyclinD3.
Hesl MMP3.

E-cadherin
Nucleus

Fig. 7 Schematic. POFUT1, participating in O-fucosylation of EGF repeats on NICD1, activates Notch/Wnt dual signaling pathways, enhances GC cell
proliferation and metastasis, and inhibits apoptosis in GC development. The specific process is as follows: the upregulation of NICD1 modified by POFUT1
promotes RBP-J transcription to activate Notch signaling. Meanwhile, NICD1 is involved in the formation of the parafibromin-NICD1-p-catenin complex, which
enhances p-catenin nuclear translocation and inhibits p-catenin phosphorylation degradation. Ultimately, TCF transcription is increased to activate the Wnt
signaling pathway. -Cat = $-catenin; ADAM = a disintegrin and metalloprotease; DSL = a conserved cysteine-rich region found in the Delta/Serrate/Lag?2; EGF =
epidermal growth factor; Fuc = fucose; Gal = galactose; GIcNAc = N-acetylglucosamine; GC = gastric cancer; GTGGGAA = a sequence that is recognized by
RBP-J; HES1 = hairy and enhancer of split homolog-1; Mam = mastermind; MMP = matrix metalloproteinase; NICD1 = Notch1 intracellular domain; POFUT1 =
protein O-fucosyltransferase 1; RBP-J = recombination signal binding protein-Jx; Sia = sialic acid; TCF = T-cell factor.
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Collectively, POFUT1 is in charge of the O-fucosylation of
EGF repeats on NICD1, which promotes Notch and Wnt tar-
get protein expression, thereby activating Notch/Wnt dual sign-
aling simultaneously in GC. POFUT1 plays a pro-oncogenic
role both in vivo and in vitro, which promotes GC cell pro-
liferation and metastasis and inhibits apoptosis. The specific
process is as follows: the upregulation of NICD1 modified
by POFUT1 promotes RBP-] transcription to activate Notch
signaling. Meanwhile, NICD1 is involved in the formation
of the parafibromin-NICD1-B-catenin complex, which ena-
bles the concerted activation of Notch and Wnt target genes.
Accumulated B-catenin regulated by POFUT1 is transported
to the nucleus, accompanied by a reduced p-catenin phospho-
rylation degradation. Ultimately, TCF transcription is increased
to activate the Wnt signaling pathway (a schematic diagram is
shown in Fig. 7). This study reveals the regulation effect and
related mechanism of POFUT1 in GC progression for the first
time, which provides new evidence for GC diagnosis and treat-
ment. The potential value of POFUT1 may be associated with a
quick lectin assay for detection and effective inhibition of drug
targets in the future.
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