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Decreased NSG3 enhances PD-L1 expression by Erk1/2 
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Abstract: Inhibiting the functioning of PD-1/PD-L1 to activate human immune system and improve the prognosis of 
pancreatic cancer (PC) would provide a significant boost to handling the disease. One research found the expres-
sion level of NSG3 was reduced in pediatric pilocytic astrocytoma, so is PC and we found NSG3 could regulate the 
expression of PD-L1. So NSG3 could become a new target for enhancing the immune response to PC. The GEPIA 
website was employed to analyze the prognoses in PC patients with different NSG3 levels. Immunohistochemistry 
(IHC) analysis was applied to detect different levels of NSG3 in para-PC and PC tissues. Cell biological function 
tests (in vitro) were performed and a subcutaneous nude mice tumor model (in vivo) was established to verify the 
effect of NSG3 on PC. Immunoblotting and RT-qPCR were utilized to demonstrate the inhibiting effect of NSG3 on 
PD-L1 through regulating Erk1/2 phosphorylation. A subcutaneous C57BL/6 tumor mice model was established to 
assess the possibility of a synergistic effect of NSG3 expression and the use of an anti-PD-L1 antibody on PC. PC 
tissues had decreased NSG3 expression levels, which led to poor prognosis. Overexpressing NSG3 suppressed pro-
liferation, invasion and migration capacities of PC cells. On the contrary, knocking-down NSG3 prompted PC malig-
nancy whether in vivo or in vitro. Importantly, NSG3 prevented Erk1/2 phosphorylation to inhibit PD-L1 expression. 
Additionally, NSG3 and an immune checkpoint inhibitor anti-PD-1 antibody acted synergistically, which enhanced 
the efficacy of the inhibitor. NSG3 inhibited PD-L1 expression by suppressing Erk1/2 phosphorylation to improve the 
immune response to PC. NSG3 is, therefore, a potential new diagnostic and prognostic marker, particularly useful 
in immune checkpoint blockade therapy.

Keywords: NSG3, pancreatic cancer, PD-L1, anti-PD-1 antibody, Erk1/2 phosphorylation 

Introduction

Pancreatic cancer (PC) has been recognized as 
one of the most deadly neoplasms [1, 2], with 
rapidly rising morbidity and mortality [3]. 
Because of locally advanced and systemic 
metastases in PC, the disease has a poor prog-
nosis with only 8% of 5-year survival rate [4]. 
The main treatment option for PC is surgical 
resection plus postoperative adjuvant chemo-
therapy, but only about 10% of PC patients are 
diagnosed early and can, therefore, undergo a 
surgical resection [3]. Even among those diag-
nosed early, there is a poor chemotherapy 

response due to drug resistance [5]. Hence, 
there is an urgent need to explore a new treat-
ment option that can improve the prognosis of 
PC patients.

Tumor immunotherapy, a burgeoning therapy 
method, kills tumor cells by activating the 
body’s immune system [6]. In recent years, 
immune checkpoint inhibitors have become a 
focal point in tumor immunotherapy, particular-
ly those that target the programmed cell death 
protein 1/programmed cell death-ligand 1 (PD- 
1/PD-L1) [7]. PD-L1 could lead to T cell dys-
function and failure by binding to external PD-1 
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on T cells [8]. CD80 (B7-1), another protein in 
immune cells, could also interact with PD-L1  
to impede T cell activation [9]. Consequently, 
tumor cell invasiveness would increase, and a 
variety of cytokines, including TNF-α, IF-2, and 
IFN-γ, would be secreted as a result of the  
inactivation and depletion of CD8+ T cells [10]. 
Additionally, regulatory T cells (Treg, CD4+ 
Foxp3+) caused the highly immunosuppressive 
tumor environment through protecting the 
expression of PD-1 [11]. Therefore, inhibiting 
the function of PD-1/PD-L1 is of great signifi-
cance to the enhancement of the immune 
response and improvement of the prognosis of 
pancreatic cancer.

Calcyon neuron-specific vesicular protein 
(CALY), also known as NSG3 or DRD1IP, is part 
of the triple NEEP21/P19/Calcyon gene family 
and can regulate vesicle transport events, 
including synaptic plasticity, neurodevelop-
ment, and neurodegeneration [12-15]. As a 
nerve-enriched single transmembrane protein, 
NSG3 plays a crucial role in D1-like receptor 
Ca2+ signaling [16] and could also interact  
with the clathrin light chain (CLC) to promote 
clathrin assembly and clathrin-mediated endo-
cytosis (CME) [12]. Interestingly, one study 
found that the individual clone deletion of 
NSG3 located on chromosome 10q26.3 caus- 
es reduced gene expression in pediatric pilo-
cytic astrocytoma [17], indicating that NSG3 
was related to the occurrence and develop-
ment of tumors.

In this research, we found that pancreatic  
cancer cells had decreased expression of 
NSG3. We also determined that NSG3 exerted 
a major effect on inhibitingpancreatic cancer 
cells proliferation and metastasis. Further- 
more, we revealed that NSG3 inhibited PD-L1 
expression via reducing the phosphorylation 
levels of Erk1/2. In general, our research sug-
gests that NSG3 is a potential enabler of 
immune checkpoint inhibitor to improve αPD-1 
curative effects on pancreatic cancer.

Materials and methods

Cell lines and cell culture

We purchased three PC cell lines (PANC-1, 
BxPC-3 and SW1990) from the Chinese 
Academy of Science Cell Bank. All cell lines 
were cultured through Dulbecco’s Modified 

Eagle Medium (DMEM) (Gibco, USA) with 10% 
fetal bovine serum (Gibco, USA), 100 U/ml  
penicillin, and 100 ug/ml streptomycin (Gibco, 
USA). All cell lines were incubated in a 37°C  
and 5% CO2 incubator.

Cell transfection

All plasmids were constructed at Shanghai 
Genechem Co., LTD. A Lipofectamine 2000 
reagent (Thermo Fisher Scientific) was utilized 
to transfect gene-specific small hairpin RNA 
(shControl and shNSG3) and Flag-tag plasmid 
(pcDNA3.1 and Flag-NSG3, human and mou- 
se). The transfection system was completed 
with an Opti-MEM medium (Gibco, USA) to 
make up the full amount. The concentration of 
plasmid used was 3 ug/ml, and the total trans-
fection system amounted to 1 ml. The Opti-
MEM medium was replaced with the complete 
DMEM medium after transfecting 6 hours. 
Table S1 provided the information of shNSG3 
sequences. 

Lentivirus and the construction of stable cell 
lines

A lentiviral expression vector (hU6-MCS-CBh-
gcGFP-IRES-puromycin) was used to infect and 
construct stable pancreatic cancer cells with 
knocked down or overexpressed NSG3. On day 
0, 2 × 105 (per well) pancreatic cancer cells 
(PANC-1) were counted and plated in six-well 
plates with 1 mL complete medium. On day 1, 
an infectious solution was created using a  
complete medium, and it consisted of 1 ml of 
complete DMEM medium and 40 ul of Hitrans 
G reagent per well, according to the instruc-
tions (Shanghai Genechem Co., Ltd.). The old 
medium was then replaced with the infectious 
solution, and the quantity of virus required per 
well was calculated according to cell multipli- 
city of infection (MOI) and added to the infec-
tious solution to infect cells. On day 2, after 16 
hours of infection, the infectious solution was 
replaced with a conventional complete DMEM 
medium. Finally, puromycin was used to screen 
successfully infected cells after 72 hours of 
continuous culture.

Antibodies and reagents

The antibodies used included NSG3 (absin, 
abs138459, working concentration 1:1000), 
PD-L1 (Proteitech, 17952-1-AP, working con-



NSG3 suppressed PD-L1 expression

918	 Am J Cancer Res 2021;11(3):916-929

centration 1:1000), Erk1/2 (Cell Signaling 
Technology, 4695, working concentration 
1:1000), pErk1/2-Thr202/Tyr204 (Cell Sig- 
naling Technology, 9101, working concentra-
tion 1:1000), and GAPDH (Proteitech, 10494-1-
AP, working concentration 1:2000). The used 
inhibitor was AG126 (MedChemExpress, HY- 
108330, working concentration 25 uM).

Tissue microarray, immunohistochemistry, and 
pancreatic cancer specimens

We purchased the pancreatic cancer tissue 
microarray chips from Shanghai Outdo Biotech 
Co., LTD (Shanghai, China). We conducted 
immunohistochemical staining with an NSG3 
antibody and a PD-L1 antibody. Immunohis- 
tochemical scoring was carried out indepen-
dently by two pathologists not privy to the 
detailed information of the experimental pro- 
cedure. The Staining index was defined as 
“staining intensity × percentage”. Staining in- 
tensity scoring was accomplished per the fol-
lowing criteria: 1 = weak staining at 100 ×  
magnification but little or no staining at 40 × 
magnification; 2 = medium staining at 40 × 
magnification; 3 = strong staining at 40 × 
magnification.

Clone formation and invasion assays

Six-well plates were used to carry out clone for-
mation assays, with 1000 cells counted and 
seeded in each well. Media were replaced  
every three days. After two weeks, 4% parafor-
maldehyde was used to fix cell colonies for 30 
minutes. Then crystal violet was used to stain 
the cell colonies for 20 minutes.

Cell invasion was assessed with Transwell 
chambers. The 24-well Corning Costar was 
inserted with 8-μm pores precoated with 
Matrigel (BD, USA, diluted 1:8) for 6 hours to 
assess the cell invasion in a 37°C and 5% CO2 
incubator. 500 ul (per well) of a DMEM medium 
with 30% FBS was added to the hole, and 200 
ul (per well) of a serum-free DMEM medium 
comprising 1 × 105 cells was added to the  
upper chambers. After 24 hours of culture, 4% 
paraformaldehyde was used to fix the trans- 
well chambers for 30 minutes and then a crys-
tal violet solution was used to stain for another 
30 minutes. Finally, a PBS buffer was used to 
cleanse the chambers, and photographs were 
taken with a microscope.

Western blotting

The total protein in cells and tumor tissues 
were lysed with a RIPA buffer containing 1%  
of protease inhibitors. Then the concentrations 
of the protein extracted were detected throu- 
gh a kit (Pierce Biotechnology, USA). The total 
protein lysis buffer was separated and ana-
lyzed with SDS-PAGE. Next, the protein was 
transferred to Polyvinylidene fluoride (PVDF) 
membranes (Pierce Biotechnology, USA) from 
the gel. Then 5% skim milk powder was em- 
ployed to block PVDF membranes for 1 hour at 
room temperature and washing PVDF mem-
branes. The membranes were incubated with 
the corresponding primary antibodies overnight 
at 4°C. Next, using 0.1% TBST buffer washed 
the membranes three times with 10 minutes 
each time. Then the membranes were incubat-
ed with secondary antibodies for another 1 
hour on the shaker at room temperature. 
Finally, the ECL illuminating liquid (Thermo 
Fisher, USA) was used to expose the mem-
branes under the illumination of X-rays.

Quantitative real-time polymerase chain reac-
tion (RT-qPCR)

We utilized the Trizol reagent (Thermo Fisher 
Scientific, USA) to dissociate and extract total 
RNA. The extracted RNA was reverse tran-
scribed to obtain cDNA based on the kit direc-
tion (PrimeScript™ RT reagent Kit). A RT-qPCR 
analysis was performed to amplify the cDNA 
utilizing a PCR kit (TB Green™ Fast qPCR Mix). 
The cycle index was normalized to GAPDH.  
Then 2-ΔCt method was employed to describe 
and illustrate multiple variations. Table S2 pro-
vided the information of forward and reverse 
primer sequences.

Nude mice xenograft transplantation model 

BALB/c-nude mice (4-5 weeks old, 20 g) were 
from Vitalriver (Beijing, China). These animals 
were raised in a specific-pathogen-free (SPF) 
environment. We divided the mice into three 
groups randomly and equally. Each mouse was 
injected subcutaneously on the left-back with 
corresponding treated PANC-1 cells (5 × 106/
mouse). The vernier caliper was used to mea-
sure the volume of the xenografts once every 
three days. Utilizing the formula (L × W2)/2 cal-
culated the xenograft volumes. The mice were 
killed mercifully after feeding 30 days, and the 
xenografts were dissected and weighed.
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Anti-PD-1 antibody treatment protocol

C57BL/6 mice (4-5 weeks old, 20 g) were from 
Vitalriver (Beijing, China). These animals were 
feeding in a SPF environment. Each mouse  
was injected subcutaneously at the left back 
with 5 × 106 PANC02 cells. All mice were ran-
domly divided into four groups of five mice  
each after xenografts volume growed to 50 
mm3 Then the mice were injected 200 ug anti-
PD-1 antibody (BioXcell, BE0146, USA) or IgG 
(BioXcell, BE0094, USA) intraperitoneally on 
days 0, 3, and 6. 

After the natural death of the mice, the tumors 
were dissected to prepare single-cell suspen-
sions. The following antibodies were utilized  
for staining cells: FITC conjugated CD4 anti-
body (Biolegend, 100,510, USA); PE-conjuga- 
ted CD8 antibody (Biolegend, 100,708, USA); 
APC conjugated CD45 antibody (Biolegend, 
103,112, USA); APC conjugated CD11b anti-
body (Biolegend, 101,212, USA); FITC conjugat-
ed Gr1 antibody (Biolegend, 108,406, USA). BD 
FACSCelesta (BD Biosciences, USA) was used 
to perform Flow cytometry and FlowJo was 
used to analyze the data.

Bioinformatics mining and analysis

The Gene Expression Profiling Interactive 
Analysis (GEPIA) website and Human Protein 
Atlas were employed to analyze the correlation 
between NSG3 expression and the survival 
rate of pancreatic cancer patients. The Tumor 
Immune Estimation Resource (TIMER) web was 
used to investigate the pertinence between 
NSG3 and immune cell infiltration.

Statistical analysis

The GraphPad Prism 7.0 software was em- 
ployed to analyze statistical differences. The 
statistical significance was evaluated via 
Student’s t-test and one or two-way analysis  
of variance (ANOVA). P values < 0.05 were con-
sidered statistically significant. The data were 
showed as the means ± SD.

Results

Decreased NSG3 expression in pancreatic 
cancer caused poor prognosis 

To illustrate the role of NSG3 in PC, we used the 
GEPIA web tool to analyze the survival differ-

ences between low and high NSG3 expression 
levels. According to our results, patients with 
high NSG3 expression had better prognoses 
(Figure 1A and 1B) in terms of overall survival 
(OS) (HR = 0.46, Log-rank P = 0.00023) and 
disease-free survival (DFS) (HR = 0.61, Log-
rank P = 0.027). The Human Protein Atlas  
also showed higher five-year survival rates 
(38%) in high NSG3-expressing patients than  
in low NSG3-expressing patients (21%) (Figure 
1C). Moreover, we found that NSG3 expres- 
sion levels decreased in PC cells, compared 
with normal cells (Figure 1D). Immunohisto- 
chemical staining using tissue microarray and 
IHC scoring based on the above-mentioned pro-
tocol revealed that the staining intensity was 
significantly weaker in cancerous tissues, com-
pared with para-carcinoma tissues, indicating 
that NSG3 protein expression was down-regu-
lated in PC (Figure 1E and 1F). Therefore, the 
decrease in NSG3 expression levels caused the 
poor prognosis in pancreatic cancer.

Overexpressed NSG3 inhibited proliferation 
and invasion of PC cells in vitro

To further clarify biological function of NSG3 in 
PC, we constructed pancreatic cancer cell  
lines that could exogenously express Flag-
NSG3, and we used western blotting and 
RT-qPCR to ensure that the expression effi- 
ciency of exogenous NSG3 was sufficient 
(Figure 2A and 2B). Through the clone forma-
tion assay (Figure 2C) and MTS assay (Figure 
2D), we found that the multiplication capacity 
of PC cells (PANC-1, BxPC-3, SW1990) was 
markedly suppressed when NSG3 was overex-
pressed. On the other hand, results from the 
transwell test showed invasion capacities of  
PC cells were significantly reduced when NSG3 
was overexpressed (Figure 2E). The in vivo 
xenograft tumor assay further yielded similar 
findings. Tumor growth was significantly inhibit-
ed when NSG3 was overexpressed and con- 
siderably enhanced when NSG3 was knocked 
down, harboring the largest tumor mass and 
demonstrating the fastest growth rate (Figure 
2F). These results suggest that overexpressed 
NSG3 suppresses proliferation and invasion of 
PC cells.

Decreased NSG3 expression promoted prolif-
eration and invasion of PC cells in vitro

Analogously, gene-specific small hairpin RNA 
(shNSG3) was used to knock down NSG3 
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expression, and the knockdown efficiency  
was determined using western blotting and 
RT-qPCR (Figure 3A and 3B). The clone forma-
tion assay (Figure 3C) and MTS assay (Figure 

3D) revealed that pancreatic cancer cell repro-
ductive capacity was enhanced significantly 
after NSG3 was knocked down. The invasion 
capability of pancreatic cancer cells was also 

Figure 1. The decreased NSG3 expression caused poor prognosis in pancreatic cancer. (A and B) The GEPIA web 
tool was used to analyze the overall survival (A. HR = 0.46, Logrank P = 0.00023) and disease-free survival (B. HR 
= 0.61, Logrank P = 0.027) of pancreatic cancer patients. (C) The Human Protein Atlas database was searched to 
analyze the overall survival of pancreatic cancer patients (P = 0.00035). (D) The expression level of NSG3 was de-
termined by Western blotting analysis in normal pancreatic ductal epithelial cells and pancreatic cancer cells from 
different sources. GAPDH was served as a loading control. (E) The expression level of NSG3 determined by IHC in 
pancreatic tissue microarray (pancreatic non-tumor tissue n = 25, pancreatic cancer n = 31), P < 0.0001. Student’s 
t-test was used to test statistical differences. (F) The typical IHC image of NSG3 in pancreatic tissue microarray. 
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Figure 2. Overexpressed NSG3 inhibited proliferation and invasion of pancreatic cancer cells in vitro. (A and B) 
PANC-1, BxPC-3 and SW1990 cells were infected with pcDNA3.1 vector and Flag-NSG3 plasmid. After forty-eight 
hours postinfection, the cells were harvested for RT-qPCR analysis (B). And after seventy-two hours, the cells were 
harvested for Western blotting analysis (A). The data were shown as the mean values ± SD from three replicates. 
***, P < 0.001. Student’s t-test was used to test statistical differences. (C-E) PANC-1, BxPC-3 and SW1990 cells 
were infected with pcDNA3.1 vector and Flag-NSG3 plasmid. After 24 hours, cells were collected for clone formation 
(C), MTS assay (D) and transwell invasion (with matrigel) assay (E). All data were shown as the mean values ± SD 
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from three replicates. **, P < 0.01; ***, P < 0.001. Student’s t-test was used to test statistical differences. Two-
way ANOVA was used to test the statistical differences of cell proliferation. (F) PANC-1 cells were infected with indi-
cated lentivirus. After 72 h, all cells were harvested for Western Blotting analysis. Then, cells were subcutanousely 
injected into the nude mice. These tumors were harvested after 30 days for photograph, measurement and weight. 
Data presented as Means ± SD (n = 5). ***, P < 0.001. One-way ANOVA was used to test the statistical differences 
of tumor mass, and two-way ANOVA was used to test the statistical differences of tumor volume.

Figure 3. Knockout NSG3 promoted proliferation and invasion of pancreatic cancer cells in vitro. (A and B) PANC-1, 
BxPC-3 and SW1990 cells were infected with lentivirus vectors expressing control or NSG3-specific shRNAs. After 
forty-eight hours postinfection, the cells were harvested for RT-qPCR analysis (B). And after seventy-two hours, the 
cells were harvested for Western blotting analysis (A). The data were shown as the mean values ± SD from three 
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strengthened in NSG3-knocked down PC cells 
(Figure 3E). The above results confirmed that 
knocking-down NSG3 promotes the malignant 
biological behaviors of PC cells.

Increased NSG3 inhibited PD-L1 expression in 
PC

Given that NSG3 suppressed the malignancy  
of pancreatic cancer, we further explored the 
specific molecular mechanisms of this pro- 
cess. Interestingly, we found an association 
between NSG3 expression and immune in- 
filtration by CD4+ T cells and macrophage us- 
ing the Tumor Immune Estimation Resource 
(TIMER) web analysis tool (Figure 4A). There- 
fore, we speculated that NSG3 might regulate 
the expression of immune checkpoint PD-L1. 
As anticipated, the expression of PD-L1 
increased or decreased when NSG3 was 
knocked down or overexpressed, respectively, 
at both the transcription and translation le- 
vels (Figure 4B and 4C). Besides, after overex-
pressing NSG3, we knocked down NSG3  
again and found PD-L1 expression was sig- 
nificantly up-regulated again (Figure 4D). 
Moreover, the tissue microarray of pancreatic 
cancer (n = 31) was used to perform IHC  
analysis to illustrate the pertinence between 
NSG3 and PD-L1 in PC tissue (Figure 4E). The 
IHC scores of NSG3 and PD-L1 were obtained 
using the formula provided above and summa-
rized on a heatmap (Figure 4F). After plotting 
the IHC scores of NSG3 and PD-L1 on a scatt- 
er diagram, we found that NSG3 and PD-L1 
expressions in PC tissues correlated negatively 
(Spearman r = -0.5539, P = 0.0012) (Figure 
4G). In a nutshell, NSG3 suppressed PD-L1 
expression in PC.

NSG3 inhibited PD-L1 expression by suppress-
ing Erk1/2 phosphorylation 

To further figure out the potential regulatory 
mechanism of NSG3 on PD-L1, NSG3 was 
knocked down or overexpressed to perform 
western blotting to explore the possible chang-
es in signaling pathways. We found that the 
phosphorylation level of Erk1/2 increased in 

the pancreatic cancer cells with knocked-down 
NSG3, but total Erk1/2 levels did not change 
(Figure 5A). Conversely, Erk1/2 phosphoryla-
tion level was down-regulated in PC cells over-
expressing NSG3 (Figure 5B). 

To verify whether the Erk1/2 signaling path-
ways mediated the regulation of PD-L1 by 
NSG3, we used AG126 (Erk1/2 inhibitor) to 
inhibit Erk1/2 phosphorylation after NSG3 
expression was knocked down, and the result 
was a weakened up-regulated PD-L1 expres-
sion (Figure 5C). These findings indicate that 
NSG3 inhibited PD-L1 expression by suppress-
ing the phosphorylation of Erk1/2 (Figure 5D).

NSG3 and the anti-PD-1 antibody immune 
checkpoint inhibitor acted synergistically, en-
hancing the efficacy of the inhibitor

Considering that NSG3 inhibited PD-L1 expres-
sion in this study, we speculated increased 
NSG3 expression in PC might improve the effi-
cacy of anti-PD-1 antibody immune checkpoint 
inhibitors. First, we constructed a murine pan-
creatic cancer cell line (PANC02) that stably 
overexpressed NSG3 and evaluated the ex- 
pression efficiency using western blotting and 
RT-qPCR (Figure 6A and 6B). PANC02 cells 
were injected into the left-back of C57BL/6 
mice subcutaneously until xenografts volume 
reached 50 mm3. Mice were treated with  
intraperitoneal injection using a 200 ug anti-
PD-1 antibody or IgG antibody on days 0, 3,  
and 6 (Figure 6C). Consistent with subcutane-
ous tumor formation in nude mice, the tumor 
growth rate in C57BL/6 mice reduced when 
NSG3 was overexpressed (Figure 6D). More 
importantly, tumor growth was slower in 
C57BL/6 mice that overexpressed NSG3 and 
were injected intraperitoneally with the anti-
PD-1 antibody (Figure 6D). Additionally, the 
mice model with Flag-NSG3-treated PANC02 
cells obtained a significantly longer survival 
time (Figure 6E). 

After the natural death of the mice, the tumors 
were dissected for flow cytometry, with results 
showing that CD45+ CD4+ T cell and 

replicates. ***, P < 0.001. One-way ANOVA was used to test the statistical differences. (C-E) PANC-1, BxPC-3 and 
SW1990 cells were infected with lentivirus vectors expressing control or NSG3-specific shRNAs. After 24 hours, 
cells were collected for clone formation (C), MTS assay (D) and transwell invasion (with matrigel) assay (E). All data 
were shown as the mean values ± SD from three replicates. *, P < 0.05; **, P < 0.01; ***, P < 0.001. One-way 
ANOVA was used to test the statistical differences. Two-way ANOVA was used to test the statistical differences of 
cell proliferation. 



NSG3 suppressed PD-L1 expression

924	 Am J Cancer Res 2021;11(3):916-929

Figure 4. NSG3 inhibited the expression of PD-L1 in pancreatic cancer. (A) Tumor IMmune Estimation Resource 
(TIMER) web tool was used to analyze the relationship between NSG3 and immune infiltration (CD4+ T cell and mac-
rophage). (B, C) PANC-1, BxPC-3 and SW1990 cells were infected with lentivirus vectors expressing control or NSG3-
specific shRNAs. After forty-eight hours postinfection, the cells were harvested for RT-qPCR analysis (B). And after 
seventy-two hours, the cells were harvested for Western blotting analysis (C). The data were shown as the mean 
values ± SD from three replicates. ***, P < 0.001. One-way ANOVA was used to test the statistical differences. (D) 
PANC-1, BxPC-3 and SW1990 cells were infected with indicated plasmids (Flag-NSG3 and shNSG3). After infecting 
72 h, all cells were collected for Western Blotting analysis. (E-G) The tissue microarray of pancreatic cancer (n = 31) 
was stained with NSG3 and PD-L1 respectively. The typical images of NSG3 and PD-L1 were displayed (E). NSG3 
and PD-L1 IHC score of tissue microarray of pancreatic cancer was plotted the heatmap (F) and the scatter diagram 
(G). Student’s t-test was used to test statistical differences. 
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CD45+CD8+ T cell infiltrations increased and 
CD11b+Gr1+ T cell infiltration decreased in 
NSG3-overexpressing cells (Figure 6F). Fur- 
thermore, there were more CD45+CD4+ T cell 
and CD45+CD8+ T cell infiltrations and fewer 
CD11b+Gr1+ T cell infiltration in tumor tissues 
overexpressing NSG3 and given an anti-PD-1 
antibody (Figure 6F). These data indicate that 
overexpressed NSG3 could hold back immuno-
suppression by pancreatic cancer and act syn-
ergistically with anti-PD-1 antibody immune 
checkpoint inhibitors to enhance the curative 
effect of the inhibitors.

Discussion

As a new type of tumor treatment, immunother-
apy, particularly anti-PD-1/PD-L1 monoclonal 
antibody, is seen as a promising approach. 

However, several clinical trials have highlighted 
the failure by immune checkpoint inhibition to 
cause efficacy and improve prognosis in 
patients with pancreatic cancer [18-21]. Com- 
bined treatment options, including chemother-
apy, have shown preliminary promise, though 
[19, 22-25]. Therefore, it is necessary to ex- 
plore a new combination treatment program 
that enhances the curative effect of anti-PD-1/
PD-L1 monoclonal antibodies.

NSG3 is a calcyon neuron-specific vesicular 
protein that mediates the fluidity and storage 
characteristics of calcium-containing vesicles 
[26] and is closely linked to neuropsychiatric 
diseases, such as schizophrenia and Alzhei- 
mer disease [27]. Here, we revealed NSG3 anti-
tumor effect and showed NSG3 expression 
level was down-regulated in PC, which suggests 

Figure 5. NSG3 inhibited PD-L1 expression by suppressing the phosphorylation of Erk1/2. A. PANC-1, BxPC-3 and 
SW1990 cells were infected with lentivirus vectors expressing control or NSG3-specific shRNAs. After 72 hours 
postinfection, the cells were harvested for Western blotting analysis. B. PANC-1, BxPC-3 and SW1990 cells were 
infected with pcDNA3.1 or Flag-NSG3 plasmid. After 72 hours postinfection, the cells were harvested for Western 
blotting analysis. C. PANC-1, BxPC-3 and SW1990 cells were infected with lentivirus vectors expressing control or 
NSG3-specific shRNAs. After 48 hours infection, the cells were treated with AG126 (25 uM) for another 24 hours. 
Then, cells were harvested for Western blotting analysis. D. NSG3 inhibited the phosphorylation level of ERK1/2 to 
regulate the expression of PD-L1. 
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that NSG3 is associated with the development 
and progression of pancreatic tumors. Interes- 
tingly, our study is not the first to find that the 
expression level of NSG3 reduces in tumors. 
Potter N et al. found that NSG3 located on  
chromosome 10q26.3 exhibited the loss of 
individual clone in pediatric pilocytic astrocyto-
ma, which was associated with reduced gene 
expression [17]. Regrettably, this study failed  
to explore the detailed mechanism of NSG3. 
Nonetheless, the biological function of NSG3 
needs to be studied in more tumor types.

Immunosuppression and tumor immune es- 
cape are the major reasons pancreatic cancer 
immunotherapy fails. PD-1, a T cell inhibitory 
receptor, could interact with its ligand PD-L1 
[28]. But under the pathological conditions of 
cancer, PD-L1 is frequently overexpressed 
abnormally in tumor cells, causing effective 
immunosuppression and tumor immune es- 
cape [29-32]. PD-1/PD-L1 blockade enhances 
anti-tumor immune effect via suppressing 
immunosuppressive pathway. Thus, an in-
depth study for PD-L1 expression reason is of 

Figure 6. NSG3 synergistically enhanced the efficacy of immune checkpoint inhibitor anti-PD-1 antibody. (A and 
B) PANC02 cells were infected with lentivirus vectors expressing control or Flag-NSG3 lentivirus. The cells were 
harvested for Western blotting analysis (A) and RT-qPCR analysis (B). The data were shown as the mean values ± 
SD. ***, P < 0.001. Student’s t-test was used to test statistical differences. (C) After 72 h of selection with puro-
mycin, 5 × 106 PANC02 cells infected with pcDNA3.1 or Flag-NSG3 were subcutaneously injected into the left back 
of C57BL/6 mice. Mice with subcutaneous PANC02 tumors (n = 5/group) were treated with anti-PD-1 antibody 
(200 μg) or nonspecific IgG antibody for three times shown as the schematic diagram (C). (D) The growth curves of 
PANC02 tumors with the different treatments were shown in (D). The data were shown as the mean values ± SD 
(n = 5). ***, P < 0.001. Two-way ANOVA was used to test statistical differences. (E) Kaplan-Meier survival curves 
for each treatment group demonstrated the improved efficacy of combining anti-PD-1 antibody with NSG3 overex-
pression. **, P < 0.01; ***, P < 0.001 (Gehan-Breslow-Wilcoxo test). (F) After all mice died naturally, the PANC02 
tumors was excised from the mice were dissociated, and tumor cells were harvested for Flow cytometry analysis 
to detect the numbers of tumor infiltrating lymphocyte (TILs). All data were shown as means ± SD (n = 5). ***, P < 
0.001. One-way ANOVA was used to test statistical differences.
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great significance for blocking out PD-L1 pro-
cess and would provide new immunotherapy 
strategies in pancreatic cancer. Recent in- 
vestigations have revealed that the excessive 
activation of the Kras-Erk1/2 signaling path-
way induces PD-L1 expression in lung cancer 
[33, 34]. Here, we discovered NSG3 inhibited 
Erk1/2 phosphorylation, thereby preventing 
their induction and the subsequent activation 
of PD-L1 expression in PC. This research sug-
gests NSG3 boosts the anti-tumor efficiency of 
PD-1/PD-L1 inhibitors and could also act as an 
Erk1/2 inhibitor.

Our study also suggested that more CD45+ 
CD4+ T cells and CD45+CD8+ T cells were 
recruited by tumor tissues after overexpressing 
NSG3, whereas, CD11b+Gr1+ T cells infiltration 
with immunosuppressive ability decreased, 
causing tumor volume to shrink and prolonging 
survival in mice. As anticipated, administering 
an anti-PD-1 antibody to mice overexpressing 
NSG3 further boosts treatment. These data, 
therefore, provide a theoretical basis for future 
clinical applications.

Conclusion

In this research, we found that pancreatic can-
cer cells had diminished levels of NSG3 ex- 
pression, which led to poor prognoses for pan-
creatic cancer patients. NSG3 expression also 
led to the suppression of proliferation, inva-
sion, and migration in PC cells. We further 
established that NSG3 inhibited PD-L1 expres-
sion by suppressing Erk1/2 phosphorylation  
to improve the immune response to pancreatic 
cancer. Hence, NSG3 is a potential new diag-
nostic and prognostic marker, particularly use-
ful in immune checkpoint blockade therapy.
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Table S1. The sequences of gene-specific shRNAs
shNSG3#1 CCGGACGGATGATCGCCTTCGCCATCTCGAGATGGCGAAGGCGATCATCCGTTTTTTTG
shNSG3#2 CCGGACAAGATCTGCACGCCGCTGACTCGAGTCAGCGGCGTGCAGATCTTGTTTTTTTG

Table S2. The sequences of RT-qPCR primers
Gene Forward primer (5’-3’) Reverse primer (5’-3’)
NSG3 (Human) ATCCACATCCGCATCGTC TACAGGGGAAAGCTGTATTTTAA
NSG3 (Mouse) GTAGGGGTTGAGAGTCTATGTGG CCAGATAGATGTGAATCTTTACTTAA
PD-L1 (Human) GGACAAGCAGTGACCATCAAG CCCAGAATTACCAAGTGAGTCCT
PD-L1 (Mouse) GCTCCAAAGGACTTGTACGTG TGATCTGAAGGGCAGCATTTC
GAPDH (Human) ACCCACTCCTCCACCTTTGAC TGTTGCTGTAGCCAAATTCGTT
GAPDH (Mouse) AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA


