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membrane localization of DVL2 and PD-L2
and promotes colorectal cancer metastasis
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Abstract

Background: Colorectal cancer (CRC) is the third most diagnosed and second leading cause of cancer death
worldwide. Hallmark proteins processing is usually dysregulated in cancers. Finding key regulatory molecules is of
great importance for CRC metastasis intervention. GOLT1B is a vesicle transport protein which is involved in cytosolic
proteins trafficking. However, its role in cancer has never been addressed.

Methods: CRC cell lines and subcutaneous xenograft animal model were utilized to investigate the biological func-
tion of GOLT1B. Patients samples were used to validate the correlation between GOLT1B and clinical outcome. In vivo
targeted delivery of GOLT1B-siRNA was investigated in PDX (Patient derived tumor xenograft) model.

Results: We found that GOLT1B was highly expressed in CRC, and was an independent prognostic marker of overall
survival (OS) and progression free survival (PFS). GOLT1B could promote CRC metastasis in vitro and in vivo. GOLT1B
overexpression could increase DVL2 level and enhance its plasma membrane translocation, which subsequently
activated downstream Wnt/[3-catenin pathway and increase the nuclear 3-catenin level, hence induce epithelial-
mesenchymal transition (EMT). In addition, GOLT1B could also interact with PD-L2 and increase its membrane level.
Co-culture of GOLT1B-overexpresed CRC cells with Jurkat cells significantly induced T cells apoptosis, which might
further promote cancer cell the migration and invasion. Further, targeted delivery of GOLT 1B siRNA could significantly
inhibit tumor progression in GOLT 1B highly expressed PDX model.

Conclusion: Taken together, our findings suggest that the vesicle transporter GOLT1B could promote CRC metastasis
not only by assisting DVL2 translocation and activating Wnt/B-catenin pathway, but also facilitating PD-L2 membrane
localization to induce immune suppression. Targeted inhibition of GOLT1B could be a potential therapeutic strategy
for CRC treatment.
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Introduction

Colorectal cancer is now the third most common malig-
nant tumor worldwide, and distant metastasis is the main
cause of its death [1, 2]. Clarifying the key molecules
related to CRC metastasis and prognosis and their regu-
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death-ligand 2 (PD-L2) expressed on the surface of can-
cer cells could induce immunosuppression through inter-
action with PD-1 in immune cells [5, 6], and blocking this
interaction gave rise to an impressive clinical benefit in
various of cancers [7—14]. Aberrant localization of hall-
mark proteins can alter their function so that their abil-
ity to suppress cancer or induce cancer metastasis is
changed. Therefore, the mislocalization of such proteins
could serve as novel therapeutic targets of cancer.

Golgi apparatus is a crucial cell component responsi-
ble for transporting, modifying, and packaging proteins
into vesicles for delivery to targeted locations. Stud-
ies have shown that Golgi-related genes play important
roles in regulating cancer occurrence and development.
Golgi phosphorylated protein 2 (GOLPH2) dysregula-
tion has been reported in many cancers, including oral
squamous cell carcinoma, hepatocellular carcinomas,
and esophageal cancer [15-17]. Golgi phosphorylated
protein 3 (GOLPH3) promotes the development of CRC
and induce resistance to 5-FU by mediating the mTOR
pathway [18-20]. Golgi membrane protein 1 (GOLM1)
expression is correlated with early recurrence, metas-
tasis, and poor survival of HCC patients [21, 22]. Golgi
vesicle transporter 1A (GOLT1A) has been shown to
regulate tamoxifen sensitivity in breast cancer and pro-
mote cell proliferation in lung cancer [23, 24]. However,
the function of GOLTIB, which belongs to the same fam-
ily, has never been addressed. Little is known about the
mechanism of Golgi-related proteins in regulating cancer
metastasis.

In the present study, we found that the vesicular
transporter GOLT1B, also known as Golgi transport 1
homolog B, was overexpressed in CRC. High GOLT1B
is significantly correlated with poor prognosis. In vitro
and in vivo experiments showed that GOLT1B could pro-
mote CRC cells migration and invasion. As to the mecha-
nism, GOLT1B could interact with DVL2 and facilitate
its transportation to the cell membrane, where it can
bind to the cytoplasmic C-terminus of frizzled receptor,
leading to the activation of Wnt signaling and epithelial-
mesenchymal transition (EMT). In addition, we found
that GOLT1B can also interact with PD-L2 and induce
T-cell apoptosis. Our results suggest that GOLT1B is
very important in regulating protein transportation and
localization. GOLT1B may be a predictive marker and
therapeutic target for metastatic CRC.

Materials and methods

Cell lines and cell culture

Human CRC cell lines (HCT116, RKO) were purchased
from the American Type Culture Collection (ATCC). The
STR genotyping data of the two cell lines are consistent
with the ATCC database. HCT116 was cultured with
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McCoy’s 5a Medium Modified (Gibco, USA) medium
containing 10% fetal bovine serum (Gibco, USA), RKO
was cultured with MEM (Gibco, USA) medium contain-
ing 10% fetal bovine serum (Gibco, USA), Jurkat T lym-
phocyte cell line were purchased from the China Center
for Type Culture Collection (Shanghai, China). Cells were
maintained in RPMI1640 medium supplemented with
10% fetal bovine serum and placed in a humidified incu-
bator at 37 °C with 5% CO,.

Primers and antibodies

All the primers used are listed in the supplemental data
(Additional file 1: Table S1). T-PER tissue protein extrac-
tion reagent (Thermo, Rockford, IL, USA), protease
inhibitor group III and phosphatase inhibitor group II
(Millipore, Germany) were used for protein preparation.
Proteins were quantified using BCA kits (Thermo, USA).
Antibodies used are anti-GOLT1B (Affinity Biosciences,
DF9071), anti-DVL2 (CST, #3224), anti-p-catenin (CST,
#25362), anti-GSK3p (CST, #9832), anti-pGSK3p(ser9)
(CST, #5558), anti-TCF1/TCF7 (CST, #2203), anti-TCF4/
TCFL2 (CST, #2569), anti-PD-L2 (CST, #82723), anti-
flag (Sigma, F1804), anti-PCNA (Proteintech Group,
# 10205-2-AP) and anti-GAPDH (Proteintech Group,
#10494—1-AP).

Patient samples

Paired normal tissue (5 cm from the tumor boundary),
paracancerous (2 ¢cm from the tumor boundary) and
tumor tissues were obtained from 8 CRC patient from
the Sixth Affiliated Hospital of Sun Yat-sen University.
Tissue microarray (TMA) of primary CRC from 224
patients were constructed. Freshly resected tumor tissue
from 3 CRC patients were used to construct PDX model.
None of these patients received adjuvant chemotherapy
or radiotherapy before surgury. Studies were approved by
the Human Medical Ethics Committee of the Sixth Affili-
ated Hospital of Sun Yat-sen University.

Plasmid construction and siRNA transfection

The cDNA ORF of human GOLT1B was amplified and
cloned into the pcDNA 3.1(+) plasmid by homologous
recombination using In-fusion HD cloning kit (Clo-
netech, Tokyo, Japan). The constructed plasmid was used
for transient transfection. The plasmid was transfected
into CRC cells using Lipofectamine 3000 (Invitrogen,
USA) according to the manufacturer’s instructions and
the cells were collected 48 h after transfection for experi-
ments. In this study, the full-length human GOLT1B
cDNA ORF was constructed by homologous recombina-
tion into the lentivirus expression vector pCDH-CMV-
MCS-EF1-copGFP (SBI Pharmaceuticals, Tokyo, Japan)
for the construction of stable cell lines. HEK 293T cells
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were co-transfected with pPCDH-GOLT1B/pCDH-Vector,
pCMV-68.91 and pCMV-VSVG using Lipofectamine
3000 to produce lentiviruses. The medium was changed
24 h after transfection and virus supernatants were col-
lected 48 h and 72 h after transfection. After ultracen-
trifugation, the supernatant was concentrated and added
to luciferase-expressing HCT116. The virus-infected
HCT116 cells were selected with puromycin. All plas-
mid constructions were confirmed by sequencing. The
expression effect was also verified by qPCR and western
blot. The primers used in plasmid construction are listed
in Additional file 1: Table S1. The siRNA for GOLT1B
was synthesized by RiboBio (Guangzhou, China). CRC
cells were transfected with siRNA using Lipofectamine™
RNAIMAX (Invitrogen, USA). After 48 h of transfection,
the cells were used for experiments such as western blot,
migration and invasion.

RNA-seq analysis

Total RNA from CRC cells transfected with scramble
RNA or si-GOLT1B were extracted by Trizol method,
respectively. RNA-seq was completed by Beijing Genom-
ics Institute (BGI-tech) on BGISEQ-500 platform [25].
KEGG, GO and GSEA analyses were performed on Dr.
Tom platform (BGI-tech, China) to determine the genes
and signal pathways related to GOLT1B knockdown in
CRC cells.

Immunofluorescence

Cells cultured on coverslips were washed in PBS for 3
times, and then fixed with 4% paraformaldehyde at room
temperature for 30 min. Then the fixed cells were per-
meabilized in 0.5% Triton X-100 for 10 min, and blocked
with 5% bovine serum albumin at room temperature for
2 h. Cells were incubated with primary antibody at 4 C
overnight. On the second day, fluorescent secondary
antibody was added, and the nucleus was counterstained
with DAPI. Images were analyzed using SP8 (Leica, Ger-
many) confocal microscope.

Cell migration and invasion assays

For wound healing assay, the Ibidi culture insertion
chambers (Ibidi, Germany) were placed into 12-well
plates (Thermo Fisher Scientific) and 1.0 x 10° CRC
cells were added into each well. When the cells grow to
full confluence, the chambers were taken out. The float-
ing cells were washed out with PBS and FBS-free culture
medium were then added. Culture plates were placed in
the Incuyte Zoom System (Essen Bioscience, USA) for
photographing to observe the wound healing process.
The area covered by the wound was measured using
Image] software.

Page 3 of 15

Cell migration and invasion were determined by tran-
swell assay. Breifly, CRC cells resuspended in serum-free
medium were added to the upper well of transwell cham-
bers and cultured for 48 h. For invasion assay, Matrigel
(Corning, USA) was diluted at 1:10 with serum-free cul-
ture medium and coated to the upper surface of the tran-
swell chambers before cell seeding. The cells were fixed
with 4% paraformaldehyde for 30 min and stained with
0.1% crystal violet. Five fields of view were randomly
photographed under a 200-fold microscope. The number
of cells was then analyzed using Image J.

TMA Immunohistochemistry (IHC)

TMA sections were dewaxed and rehydrated. Antigen
retrieval was achieved by Tris—EDTA (pH 9.0) boiling
for 10 min. Immunostaining of the TMA sections were
assessed independently by two pathologists. To evaluate
the GOLT1B expression level, each section was assigned
a score based on intensity and positive area. The intensity
was scored from 0 to 3 (0 with no staining, 1 with weak
staining, 2 with moderate staining, 3 with strong stain-
ing). The scores based on the percentage of positive can-
cer cells is defined as follows: 1 (0-25% of positive cells),
2 (26—-50% of positive cells), 3 (51-75% of positive cells),
4 (76-100% of positive cells). We multiplied the two
scores to obtain a final score (ranging from 0 to 12). Then
we ranked the tissue samples by the final score. Finally,
X-tile was used to determine the optimal cutoff point for
dividing samples into two groups: samples with scores >
5 defined as GOLT1B high expression, scores < 5 defined
as GOLT1B low expression.

Luciferase reporter assay

The Wnt pathway reporter plasmid pGL4.49 [luc2P/TCE-
LEF REHygro] was purchased from Promega (Madison,
USA). The pRL-TK and the pcDNA3.1 (4)-GOLT1B
overexpression plasmid were co-transfected into CRC
cells using Lipofectamine 3000. After 24-48 h, lucif-
erase activity was determined using a double luciferase
reporter gene analysis system (Promega, E1910, USA)
according to the manufacturer’s instructions.

Animal studies

Four-week-old female BALB/C nude mice were pur-
chased from VitalRiver Laboratory Animal Technology
Co., Ltd. (Beijing, China) and reared under SPF-grade
sterile conditions in the Laboratory Animal Center of the
Sixth Affiliated Hospital of Sun Yat-sen University.

For liver metastasis model, 5.0 x 10° luciferase-labeled
HCT116 cells (HCT116%¢" and HCT116%°18) were
injected into the spleen. Bioluminescence signals were
monitored weekly using an In vivo imaging system (IVIS,
Perkinelmer, Germany). Mice were sacrificed and the
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number of liver metastases were counted 7 weeks after
inoculation. The liver was fixed with 4% paraformalde-
hyde and embedded in paraffin for further analysis (IHC,
hematoxylin—eosin).

For PDX model, freshly resected colorectal cancer
tumor tissue was inoculated into the right anterior axilla
of BALB/c nude mice with abundant blood supply to
construct a PDX model (3 cases, 8 mice in each case). The
pathological information of colorectal cancer patients
used for PDX modeling is in Additional file 2: Table S2.
At the same time, we synthesized in vivo targeted siRNA
according to siGOLT1B-2 (RiboBio, China). Two weeks
after inoculation, mice were divided into two groups.
The control group and treatment group were intraperi-
toneally injected with si-control and siGOLT1B (1 nmol)
every 2 days for 4 weeks, respectively. Body weight and
tumor size were observed and recorded. When the tumor
reached about 1500 mm?, animals were sacrificed.

Statistical analysis

All statistical analysis was performed with SPSS 24.0
(Chicago, IL, USA) or GraphPad Prism 8.0 (Graph-
Pad, La Jolla, CA, USA). The significance of difference
between groups was analyzed by two-tailed paired or
unparied Student’s t-test, one-way ANOVA or two-way
ANOVA, as appropriate. A P-value <0.05 was considered
statistically significant (*P <0.05, **P<0.01, ***P <0.001,
*#4P < 0.0001).
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Patient survival was analyzed by Kaplan—Meier analy-
sis with log-rank test. Univariate and multivariate sur-
vival analysis were based on the Cox regression analyses
model.

Results

GOLT1B is highly expressed in CRC and correlated

with poor prognosis

Using TCGA CRC datasets from UALCAN and
Oncomine, we found that GOLT1B was highly expressed
in CRC and correlated with poor survival (Fig. 1a, b,
Additional file 3: Fig. Sla, b) [26-28]. Consistently,
GOLT1B level were significantly higher in tumor tissues
compared with that in paired normal tissue (P<0.01)
(Fig. 1c, d). IHC examination on tumor tissue microarray
of 224 CRC patients showed that GOLT1B is positively
stained in the tumor area of most patients. In consist
with the TCGA survival analysis, Kaplan—Meier analy-
sis showed that high GOLT1B expression was significant
associate with poor overall survival (OS) (P=0.00003)
as well as progression-free survival (PFS) (P=0.00011)
(Fig. le-g). Higher GOLT1B IHC score was posi-
tively correlated with higher TNM stage and metastasis
(Table 1). Univariate and multivariate Cox regression
analysis showed that GOLT1B was an independent prog-
nostic marker of OS and PFS, and it was an important
indicator of progression and metastasis (Tables 2, 3).
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Table 1 Correlation between GOLT1B expression and clinicopathological features in CRC patients
Variables Low GOLT1B (n=72) High GOLT1B (n=152) P value
Gender 1.0000
Male 41 (56.9%) 87 (57.2%)
Female 31 (43.1%) 65 (42.8%)
Median age 0.0099**
<67 years 45 (62.5%) 66 (42.4%)
> 67 years 27 (37.5%) 86 (56.6%)
pl stage 0.6430
T1 4 (5.6%) 13 (8.5%)
T2 19 (26.4%) 31 (20.4%)
T3 41 (56.9%) 91 (59.9%)
T4 8 (11.1%) 7 (11.2%)
pN stage <0.0002%**
NO 63 (87.5%) 98 (64.5%)
N1 7 (9.7%) 44 (28.9%)
N2 2 (2.8%) 10 (6.6%)
pM stage 0.0005***
MO 71 (98.6%) 127 (83.6%)
M1 1(1.4%) 25 (16.4%)
Histological grade 03711
€] 3(4.2%) 8 (5.3%)
G2 40 (55.6%) 93 (61.2%)
G3 29 (40.2%) 51 (33.5%)

All data are shown as numbers and percentages. Low GOLT1B is defined as IHC score <5 and High GOLT1B is defined as IHC score > 5. *p < 0.05, **p < 0.01, ***p <0.001,

**¥¥%p <0.0001

Table 2 Univariate and multivariate analysis of different parameters for overall survival in CRC patients

Variables Univariate analysis Multivariate analysis

HR (95%Cl) Pvalue HR (95%Cl) Pvalue
Gender (male vs female) 0.881 (0.526-1.477) 0.632
Age (=67 vs<67) 1.929 (1.135-3.281) 0.015* 1.318(0.749-2.318) 0.338
pT status (T3-T4 vs T1-T2) 7.270 (2.635-20.057) <0.001*** 3.004 (1.004-8.989) 0.049*
pN status (N1-N2 vs NO) 7.164 (4.201-12.217) <0.0007%*** 2.690 (1.429-5.065) 0.0022**
pM status (M1 vs MO) 15.165 (8.692-26.456) <0.00071%*** 6.337 (3.387-11.859) <0.0007%***
Histological grade (G3 vs G1-G2) 0.594 (0.335-1.054) 0.075 1.144 (0.620-2.109) 0.667
Recurrence (YES vs NO) 1.752 (0.701-4.382) 0.230
GOLT1B expression (High vs Low) 5.089 (2.189-11.834) <0.007%** 2.520(1.034-6.142) 0.042*

Univariate and multivariate Cox proportional hazards regression were used to calculate Hazard ratio (HR),

95% confidence intervals (95% Cl) and p values in SPSS 24.0.

Low GOLT1B is defined as IHC score <5 and High GOLT1B is defined as IHC score > 5. *p < 0.05, **p <0.01, ***p <0.001, ****p < 0.0001

GOLT1B promotes CRC metastasis in vitro and in vivo

To investigate the function of GOLT1B in CRC, we
first analyzed the relative expression levels of GOLT1B
in 11 CRC cell lines (Additional file 3: Fig. S1c) and
selected HCT116 and RKO to establish GOLT1B
knock-down and overexpression cell lines (Fig. 2a, b).
GOLT1B downregulation significantly inhibited CRC

cell proliferation, migration and invasion, whereas,
GOLT1B overexpression significantly promoted CRC
cell growth, migration and invasion (Fig. 2c—g).

We next investigated the pro-metastasis function
of GOLT1B in vivo. GOLT1B stable overexpression
HCT116 cell lines (HCT116%°1B) and control cell line
(HCT116"") were established. The cell migration and
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Table 3 Univariate and multivariate analysis of different parameters for progression-free survival in CRC patients
Variables Univariate analysis Multivariate analysis

HR (95%(Cl) Pvalue HR (95%Cl) P value
Gender (male vs female) 1.075 (0.569-1.519) 0.772
Age (>67 vs <67) 1452 (0.889-2.372) 0.137
pT status (T3-T4 vs T1-T2) 3.708 (1.770-7.769) <0.001*** 1.736 (0.767-3.928) 0.186
pN status (N1-N2 vs NO) 5456 (3.329-8.941) <0.0007%*** 2.536 (1.420-4.530) <0.0017**
pM status (M1 vs MO) 10387 (6.121-17.627) <0.0007%*** 4244 (2.385-7.552) <0.0007****
Histological grade (G3 vs G1-G2) 0.773 (0.460-1.297) 0.329
Recurrence (YES vs NO) 4.149 (2.043-8.425) <0.0007%*** 2.363 (1.155-4.837) 0.019%
GOLT1B expression (High vs Low) 4.092 (1.953-8.573) <0.001*** 2.194 (1.002-4.802) 0.049*

Univariate and multivariate Cox proportional hazards regression were used to calculate Hazard ratio (HR), 95% confidence intervals (95% Cl) and p values in SPSS 24.0.
Low GOLT1B is defined as IHC score <5 and High GOLT1B is defined as IHC score > 5. *p <0.05, **p <0.01, ***p <0.001, ****p < 0.0001

invasion ability were confirmed before in vivo inoculation
(Fig. 3a, b). The tumor spread and metastasis was moni-
tored by in vivo imaging system. As shown in Fig. 3c,
GOLT1B overexpression group exhibited significantly
stronger fluorescence signal than the control group. The
average body weight of mice in GOLT1B overexpres-
sion group decreased significantly (Fig. 3d). Moreover,
HCT116%C'B cells showed higher liver metastatic rate
and more metastatic foci in liver than HCT116"°" cells
(Fig. 3e and f). IHC staining of mouse liver confirmed
the overexpression of GOLT1B in liver metastatic foci in
HCT116°'® group (Fig. 3g). The above results indi-
cated that high expression of GOLT1B could promote the
metastasis of CRC in vivo.

GOLT1B activates Wnt/f-catenin pathway and induces EMT
To investigate the intracellular signal pathway related to
GOLT1B overexpression in CRC, we performed RNA-
seq in control and knocked down GOLT1B HCT116
cells (Fig. 4a, Additional file 4: Table S3). GO analysis
confirmed that GOLT1B was closely related to the adhe-
sion function of cells, the vesicle transport of the Golgi
complex, protein targeting and Wnt signaling pathway
(Fig. 4b) [29]. KEGG analysis indicated that the poten-
tial function of GOLT1B was mainly associated with
cell adhesion function, protein transport and RNA
transport (Fig. 4c) [30]. Gene Set Enrichment Analysis
(GSEA) showed that Wnt/p-catenin and EMT-related
gene sets were enriched in GOLT1B high expression
phenotype. (Fig. 4d, e). The expression of EMT-related

proteins decreased after CRC cells knocked down
GOLT1B (Fig. 4f) [31, 32]. To determine if GOLT1B
overexpression is associated with Wnt/[-catenin signal-
ing activation, we firstly performed a TCF/LEF reporter
luciferase assay using HCT116 transfected with GOLT1B
together with TCF/LEF-Luc. GOLT1B overexpression
significantly enhanced the transcriptional activity of the
luciferase reporter, which was more obvious when acti-
vated by Wnt3a, suggesting activation of the canonical
Wnt pathway (Fig. 4g). Western blot analysis showed
that GOLT1B increased the level of p-catenin, DVL2,
pGSK3pB, LEF1 and TCF4 (Fig. 4h). Furthermore, the
results of GEPIA2 analysis showed a significant posi-
tive correlation between the expressions of Wnt pathway
related proteins -catenin, DVL2, TCF4, MMP1, MMP?7,
and CD44 and GOLT1B [33], which were consistent
with the results of western blot described above (Addi-
tional file 3: Fig. S1d). Therefore, the results suggest that
GOLT1B may promote CRC metastasis by activating the
Wnt/B-catenin signaling pathway.

GOLT1B interacts with DVL2 to facilitate its cell membrane
localization

During the activation of Wnt/B-catenin signaling path-
way, DVL2 is recruited onto the cell membrane bind-
ing the C-terminal of Frizzled, which then destroy the
APC-GSK3pB complex and induce the nuclear accu-
mulation of B-Catenin [34-36]. As GOLT1B is a Golgi
complex vesicle transporter, we speculated that whether
GOLT1B is involved in the transportation of DVL2 and

(See figure on next page.)

Fig. 2 GOLT1B promotes CRC cell proliferation, invasion and migration. a, b GOLT1B mRNA and protein level were determined by gPCR and
western blot in HCT116 and RKO cells. ¢, d Cell migration were determined by wound healing experiment after siRNA transfection or overexpression
of GOLT1B, respectively. e, f Cell invasion were detected by transwell assays with matrigel after siRNA transfection or overexpression of GOLT18,
respectively. g Effect of GOLT1B on proliferation of colorectal cancer cells in vitro. All data are shown as mean £ S.EM. *P <0.05, **P <0.01,

**¥P < 0.001, ****P <0.0001
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[-catenin, the two critical molecules on Wnt pathway.
The separation of nucleus and cytoplasm experiment
confirmed that the overexpression of GOLT1B did
increase the level of B-catenin in the nucleus (Fig. 5a).
Also, the membrane expression of DVL2 was increased

upon GOLT1B overexpression (Fig. 5b). However,
CO-IP experiment only showed obvious interaction
between GOLT1B and DVL2 (Fig. 5c). Furthermore,
immunofluorescence experiments also confirmed
the spatial distribution co-localization of GOLT1B

(See figure on next page.)

Fig. 4 GOLT1B induces EMT via regulating Wnt/B-catenin pathway. a Heatmap shows the significantly altered 531 genes (P <0.05, fold

change > 1.5) after knocking down of GOLT1B in HCT116 cells (supplementing the detailed gene in Table S2). b, ¢ KEGG and GO analyses of
differential expression genes on Dr. Tom platform (BGl-tech, China). d, @ GSEA enrichment analysis of differentially expressed genes. f EMT-related
gene expression was determined by western blot after downregulation of GOLT1B. g The dual luciferase report experiment showed that
overexpression of GOLT1B in HCT116 can activate the Wnt signaling pathway. h Activation of Wnt signaling pathway were analyzed by Western blot

analysis
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GOLT1B and DVL2. d Immunofluorescence experiment showed that GOLT1B and DVL2 were co-localized

and DVL2 (Fig. 5d). According to the above results,
we speculated that GOLT1B may interact with DVL2
and facilitate its transportation to the cell membrane,
thereby activating the downstream Wnt/B-catenin
signaling.

GOLT1B regulates the expression level of PD-L2 to induce
tumor immune escape

Based on the analysis of online database TIMER (Tumor
IMmune Estimation Resource) [37], we found that
GOLT1B was significantly associated with the infiltration
of CD4+T cells, CD8+T cells and macrophages. There-
fore, we speculated that GOLT1B might be involved in
the tumor immune response (Fig. 6a). Next, we overex-
pressed GOLT1B in HCT116 and directly cocultured
with activated Jurkat cell, followed by flow cytometry
analysis of Jurkat cell apoptosis. The results showed that
the coculture of HCT116 overexpressing GOLT1B and
Jurkat cell significantly promoted the apoptosis of Jur-
kat cell, and the expression level of IFNy in Jurkat cell
was also significantly reduced (Fig. 6b, c). Then through
online analysis of the GEPIA2 database, a significant
correlation was found between GOLT1B and PD-L2
(Fig. 6d). Western blot analysis showed that the expres-
sion of PD-L2 was significantly decreased after the
knock-down of GOLT1B, while the expression of PD-L2
was significantly increased after the over-expression of

GOLT1B in HCT116 (Fig. 6e). Cell membrane and cyto-
plasm separation experiments showed that GOLT1B
overexpression could result in an increase of cell mem-
brane PD-L2 level (Fig. 6f). Moreover, CO-IP experi-
ments confirmed the existence of interaction between
GOLT1B and PD-L2 (Fig. 6g). Based on these results, we
believe that GOLT1B can promote immune escape by
increasing the expression level of PD-L2 in cancer cells
and promoting apoptosis of T lymphocytes in the tumor
microenvironment, which further promotes the metasta-
sis of CRC.

Taken together, GOLT1B may promote CRC metasta-
sis not only by activating the downstream Wnt/p-catenin
signaling, but also by facilitating the membrane locali-
zation of PD-L2 to induce T lymphocytes apoptosis and
thus reshape the tumor microenvironment.

GOLT1B siRNA suppresses tumor progression in PDX model
In order to verify whether targeting GOLT1B can sup-
press cancer progression, CRC PDX model were estab-
lished, and then siGOLT1B were intraperitoneally
injected 4 weeks after tumor inoculation. IHC staining
showed that GOLT1B level was significantly higher in
PDX5 than that in PDX9 and PDX 23 (Fig. 7a). Accord-
ingly, the tumor growth rate were significantly faster in
PDX5. Notably, PDX5 shrank quickly after siGOLT1B
treatment, while the tumor volume and weight in PDX9
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Fig. 6 GOLT1B regulates the expression and membrane translation of PD-L2. a The correlation between GOLT1B and immuno-infiltrating cells
in CRC from TIMER database. b Co-culture of HCT116 and Jurkat cell showed that GOLT1B overexpression in cancer cells could induce Jurkat
cells apoptosis and c inhibit the IFN-y level in Jurkat cell. d The correlation between PD-L2 and GOLT1B in CRC from GEPIA2 database. e GOLT1B
knockdown or overexpression could decrease and increase PD-L2 level in CRC cells, respectively. f The cell membrane and cytoplasm separation
experiment showed that GOLT1B could upregulate the PD-L2 level on the cell membrane. g The CO-IP experiment confirmed the interaction

between GOLT1B and PD-L2
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and PDX23 did not change significantly (Fig. 7b, c). The
mice body weight were not significant different (Fig. 7d).
The THC and HE staining showed that after siGOLT1B
treatment, the expression level of GOLT1B in the tumor
was significantly reduced (Fig. 7e). These results showed
that targeting GOLT1B in GOLT1B highly expressed
CRC could block tumor progression in PDX model.

Discussion

Metastasis is the major cause of death in CRC. The effect
of intracellular vesicle transporters in cancer develop-
ment, especially those produced by the Golgi com-
plex, the site of protein maturation, was rarely studied
[38-40]. In the present study, we have found GOLT1B
is significantly associated with poor prognosis in CRC.

In terms of mechanism, GOLT1B assists the transporta-
tion of DVL2 to the cell membrane through its interac-
tion with DVL2, thereby inhibiting the activity of GSK3[3
and p-catenin degradation [41, 42]. Nuclear accumulated
B-catenin can bind to the LEF/TCF transcription factor
family, which then initiate the transcription of down-
stream target genes and induces EMT [43—-45]. In addi-
tion, the RNA-seq analysis showed that GOLT1B was
also related to AMPK and mTOR pathways enrichment,
which are correlated to cell metabolism and cell survival.
Accordingly, our in vitro and in vivo experiments showed
that GOLT1B is correlated with cell proliferation, target-
ing GOLT1B could suppress the tumor growth in PDX
model. The underlying mechanism of GOLT1B in regu-
lating CRC progression needs further investigation.
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PD-L1 and PD-L2 are the two ligands of PD-1. Studies
have shown that the activation of GSK3p-B-TrCP axis can
induce the ubiquitination and proteasome degradation of
non-glycosylated PD-L1 in mouse breast cancer model [34,
46]. GSK3p inhibitors can increase the expression of PD-L1
[47, 48]. Moreover, inhibiting the Wnt signaling pathway,
the expression level of PD-L1 could be decreased in triple-
negative breast cancer [49]. However, little is known about
the association between Wnt signaling and PD-L2. Our
study showed that high expression of GOLT1B induced
the increase of PD-L2 expression in CRC cells, which
could induce the apoptosis of tumor-infiltrating T lympho-
cytes and inhibit the level of IFNy [50]. We speculated that
GOLT1B might increase PD-L2 level by inhibiting GSK3f
phosphorylation and downstream degradation of PD-L2.
Additionally, GOLT1B could also interact with PD-L2 to
assist its transportation and localization to the cell mem-
brane to exhibit its function.

In conclusion, our study provides evidence that GOLT1B
is an independent prognostic marker in CRC. GOLT1B
promotes CRC metastasis via interaction with DVL2
and activating the downstream Wnt/B-catenin signaling.

Otherwise, GOLT1B can induce T-cell apoptosis by regu-
lating PD-L2 membrane translocation (Fig. 8). Targeting
GOLT1B inhibited tumor progression in PDX model. Our
study provides new evidence that targeting GOLT1B may
be an effective strategy in CRC treatment.
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