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Introduction

Pancreatic cancer is a highly lethal malignancy that 
primarily affects men and is characterized by an aggres-
sive disease course (1, 2). It is recognized as a global bur-
den and remains a leading cause of cancer-related deaths 
worldwide, particularly in developed countries (3, 4). 
Despite advances in diagnostic techniques such as com-
puted tomography and magnetic resonance cholangiopan-
creatography, the prognosis for pancreatic cancer patients 
remains poor. The limited understanding of the underlying 
pathogenesis has hindered the development of effective 
diagnostic and therapeutic strategies (5, 6).

One gene that has emerged as a critical player in va-
rious disease processes is the response gene to comple-
ment (RGC)-32. It has been implicated in tumorigenesis, 
astrocytosis, extracellular matrix deposition, pulmonary 
fibrosis, T lymphocyte cell cycle regulation, and Th17 
cell differentiation in experimental autoimmune ence-
phalomyelitis (7-9). For example, Cui et al. demonstrated 
that RGC-32 deficiency can suppress hepatic steatosis by 
reducing lipogenesis (10). In contrast, Zhu et al. showed 
that RGC-32 promotes the transition of pancreatic cancer 
cells to an epithelial-mesenchymal state, thereby promo-
ting tumorigenicity during the epithelial-mesenchymal 
transition (EMT) (11). However, the specific mechanisms 
by which RGC-32 contributes to pancreatic cancer pro-
gression remain largely unknown.

In this study, we aimed to investigate the role of RGC-
32 in pancreatic cancer using the BXPC3 pancreatic can-
cer cell line and a pancreatic cancer mouse model. By 
modulating the expression of RGC-32 in BXPC3 cells 

through lentivirus-mediated knockdown (shRGC-32) 
or overexpression (pcDNA-RGC-32), we sought to elu-
cidate the impact of RGC-32 on tumorigenicity in vitro. 
Additionally, we examined the effects of Wnt/β-catenin 
signaling activation on the cellular vitality and migration 
of pancreatic cancer cells with RGC-32 knockdown. The 
Wnt/β-catenin pathway has been implicated in various 
cellular processes, including proliferation, migration, and 
differentiation, and its dysregulation has been associated 
with cancer development and progression.

Our preliminary results demonstrate that RGC-32 ex-
pression is significantly elevated in the BXPC3 pancreatic 
cancer cell line compared to a healthy control cell line, 
HPDE. Knockdown of RGC-32 in BXPC3 cells led to 
increased expression of GSK-3β, a negative regulator of 
the Wnt/β-catenin pathway, and decreased expression of 
β-catenin and WNT1, key components of the pathway. 
Conversely, overexpression of RGC-32 resulted in de-
creased GSK-3β expression and increased β-catenin and 
WNT1 expression compared to control cells. These fin-
dings suggest that RGC-32 plays a role in activating the 
Wnt/β-catenin signaling pathway in pancreatic cancer 
cells.

To further investigate the tumorigenicity of RGC-32 
in pancreatic cancer, we assessed cellular vitality, inclu-
ding cell survival, apoptosis, and cell cycle progression, in 
BXPC3 cells with RGC-32 knockdown or overexpression. 
Additionally, we evaluated cell migration and the expres-
sion of epithelial-mesenchymal transition (EMT)-asso-
ciated biomarkers. Notably, we found that the inhibitory 
effects of RGC-32 knockdown on cellular vitality and the 
promotion of cell migration could be rescued by activating 
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the Wnt/β-catenin signaling pathway in both in vitro and 
in vivo models.

Materials and Methods

Cell culture
The pancreatic cancer cell line BXPC3 was cultured in 

RPMI 1640 basal medium with 10% FBS and 100 U/mL 
penicillin and 100 μg/mL streptomycin addition (denoted 
as culture medium) under 37°C, 5% CO2. For cell passage, 
the BXPC3 cells were dissociated with 1 mL 0.25% Tryp-
sin/EDTA for 1 min, and then the cells were enriched by 
centrifugation at 37°C, 5% CO2. For RGC-32 knockdown 
and overexpression, 2.0×105 BXPC3 cells were treated 
with lentivirus-mediated shRGC-32 and pcDNA-RGC-32, 
respectively. 

Flow cytometry (FCM) assay
To verify the impact of RGC-32 knockdown and ove-

rexpression as well as Wnt/β-catenin signal activation 
upon pancreatic cancer cells, the cells in the indicated 
groups and time points were turned to FCM assay for cel-
lular vitality analyses, including cell cycle and cell apopto-
sis. In detail, the single cells were stained with fluorescent 
antibodies in 0.2% BSA for 30 min in the dark. Then, the 
cells were washed with 1×PBS twice and turned to FACS 
Canto II (BD Biosciences) for FCM analysis.

Western-blotting analysis
To determine the expression of the indicated proteins, 

we conducted a western-blotting analysis as reported be-
fore with several modifications (12, 13). In brief, the cells 
in the indicated groups were collected and washed with 
1×PBS twice. Then, the cells were lysed for protein en-
richment. After that, we took advantage of the SDS-PAGE 
electrophoresis and transmembrane for western blot, 
which were followed by developing and imaging of the 
indicated bands.

Quantitative real-time PCR (qRT-PCR) analysis
To determine the mRNA expression of the indicated 

genes, the cells in the aforementioned groups were washed 
with 1×PBS twice. Then, the cells were lysed by using the 
TRIZol regent (ThermoFisher, Waltham, MA, USA) for 
total mRNA collection as described before (12, 14). After 
that, we utilized the TransScript Fly cDNA Synthesis Su-
perMix kit (Transgen Biotech, Beijing, China) for cDNA 
synthesis and the SYBR Green PCR Master Mix (Qiagen, 
Duesseldorf, Germany) regent for qRT-PCR analysis.

Statistical analysis
Data were statistically analyzed using Statistical Pro-

duct and Service Solutions (SPSS) 23.0 software (IBM, 
Armonk, NY, USA). Measurement data were expressed 
by (x±s) and compared between groups via independent-
samples t-test. Count data were expressed by percentage 
(%), and compared by x2 test. P<0.05 indicated that the 
data difference was statistically significant.

Results

The activated Wnt/β-catenin signal in pancreatic can-
cer was impaired by RGC-32 knockdown

To verify the bio-function and underlying mechanism 

of RGC-32 during pancreatic cancer, we initially took 
advantage of the pancreatic cancer cell line BXPC3 and 
the healthy control cell line HPDE. With the aid of qRT-
PCR and western-blotting analysis, we found that RGC-32 
was highly expressed in BXPC3 (Figure 1A-1B). Then, 
we constructed RGC-32 cells with RGC-32 knockdown 
(denoted as shRGC-32 BXPC3) and ectopic overexpres-
sion (denoted as pcDNA-RGC-32 BXPC3), respecti-
vely. Notably, we found the shRGC-32 BXPC3 showed 
an increased level of GSK-3β expression whereas with a 
decline in β-catenin and WNT1 expression (Figure 1C-
1D). Conversely, the pcDNA-RGC-32 BXPC3 revealed 
decreased level of GSK-3β expression whereas with an 
increase in β-catenin and WNT1 expression compared to 
the control group (Figure 1C-1D). Taken together, these 
data indicated the higher level of RGC-32 expression in 
pancreatic cancer cell line BXPC3, and RGC-32 was ade-
quate for activating the Wnt/β-catenin signaling pathway.

The decline in cellular vitality of shRGC-32 BXPC3 
could be efficiently rescued by Wnt/β-catenin signal 
activation

As mentioned above, RGC-32 knockdown could signi-
ficantly impair the activation of the Wnt/β-catenin signal 
in pancreatic cancer cell line BXPC3, yet the detailed 
impact upon the cellular vitality of BXPC3 was largely 

Figure 1. Modulation of RGC-32 expression in BXPC3 and the 
potent impact upon Wnt/β-catenin signaling pathway. (A) qRT-PCR 
analysis of the mRNA expression of RGC-32 in pancreatic cancer cell 
line BXPC3 and healthy control cell line HPDE. (B) Western blotting 
analysis of the protein expression of RGC-32 in pancreatic cancer 
cell line BXPC3 and healthy control cell line HPDE. (C) qRT-PCR 
analysis of the mRNA expression of Wnt signal-associated genes 
(GSK-3β, β-catenin, WNT1) in pancreatic cancer cell line BXPC3 
with RGC-32 knockdown (sh-RGC-32), or RGC-32 overexpression 
(pcDNA-RGC-32), and the control BXPC3 (control). (D) Western 
blotting analysis of the protein expression of Wnt signal-associated 
genes (GSK-3β, β-catenin, Wnt1) in the indicated pancreatic cancer 
cell line BXPC3, including sh-RGC-32, pcDNA-RGC-32, and the 
control BXPC3 (control). All data were shown as mean±SEM (N=3 
independent experiments). *, P<0.05.
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observed a significant decrease in shRGC-32 BXPC3 mi-
gration compared to the control BXPC3, which could only 
be partially rescued by CT99021 addition (Figure 3C). No-
tably, with the aid of qRT-PCR assay and western-blotting 
assay, we found that the expression of mesenchyme- (N-
cadherin, Vimentin) and epithelial- (E-cadherin) associa-
ted biomarkers were sharply downregulated and upregu-
lated in shRGC-32 BXPC3, respectively (Figure 3D-3E). 
Instead, CT99021 addition could efficiently reverse the 
deficiency of shRGC-32 BXPC3 (Figure 3D-3E). Taken 
together, these data indicated the Wnt/β-catenin signal 
activation in rescuing the deficiency in cell invasion and 
migration.

The decline in in-vivo tumorigenesis and migration 
of shRGC-32 BXPC3 was largely rescued by Wnt/β-
catenin signal activation

To further assess the Wnt/β-catenin signal activation 
upon tumorigenesis and migration of shRGC-32 BXPC3 

unknown. For this purpose, we assessed the cell survi-
val rate of control BXPC3, shRGC-32 BXPC3 and shR-
GC-32 BXPC3 with CT99021 addition (Wnt/β-catenin 
signal activation). Notably, shRGC-32 BXPC3 revealed 
a sharp decline in cell survival rate compared with the 
control BXPC3, whereas CT99021 addition could effi-
ciently rescue the decline in cell survival rate (Figure 2A). 
Meanwhile, the significant enhancement of apoptosis in 
shRGC-32 BXPC3 could be efficiently suppressed by 
CT99021 addition (Figure 2B). As to the impact of Wnt/β-
catenin signal activation on the cell cycle, we observed 
the moderate enhancement of CT99021 addition to the G2 
subpopulation whereas the decline to the G1 and S subs-
tages (Figure 2C). Additionally, as shown by the immuno-
fluorescent images of ki-67, the decline in the percentage 
of ki-67+ cells in shRGC-32 BXPC3 could be efficiently 
enhanced after CT99021 addition (Figure 2D, P<0.05). 
Collectively, our data indicated the essential role of Wnt/
β-catenin signal activation in rescuing shRGC-32-media-
ted impaired cellular vitality of BXPC3.

The decline in ex vivo migration of shRGC-32 BXPC3 
was partially rescued by Wnt/β-catenin signal activa-
tion

Having illuminated the Wnt/β-catenin signal activation 
upon cellular vitality, we next turned to verify the impact 
upon cell migration of shRGC-32 BXPC3. As shown in 
Figure 3A, the shRGC-32 BXPC3 revealed a sharp decline 
in cell invasion according to the transwell assay, whereas 
the CT99021 addition efficiently rescued the deficiency 
(Figure 3A-3B). On the basis of the cell scratch assay, we 

Figure 2. Wnt/β-catenin signal activation efficiently rescued the defi-
ciency of sh-RGC-32 BXPC3 in cellular vitality. (A-B) The cell survi-
val rate (A) and apoptosis (B) of control BXPC3, sh-RGC-32 BXPC3, 
and sh-RGC-32 BXPC3 with CT99021 addition. (C) The distribution 
of the sub-stages of cell cycles (G1, G2, S) of the indicated BXPC3 
(control BXPC3, sh-RGC-32 BXPC3, and sh-RGC-32 BXPC3 with 
CT99021 addition). (D) Immunofluorescent staining of Ki-67+ cells 
in the indicated BXPC3. All data were shown as mean±SEM (N=3 
independent experiments). *, P<0.05; #, P<0.01.

Figure 3. Wnt/β-catenin signal activation partially rescued the defi-
ciency of sh-RGC-32 BXPC3 in migration. (A-B) Transwell assay 
showed the morphology (A) and cell number (B) of the indicated 
BXPC3 (control BXPC3, sh-RGC-32 BXPC3, and sh-RGC-32 
BXPC3 with CT99021 addition). (C) The scratch assay revealed 
the morphology (left panel) and migration rate (right panel) of the 
indicated BXPC3 (control BXPC3, sh-RGC-32 BXPC3, and sh-
RGC-32 BXPC3 with CT99021 addition). (D) qRT-PCR analysis 
of the mRNA expression of EMT-associated genes (N-cadherin, 
Vimentin, E-cadherin) in the indicated BXPC3 (control BXPC3, sh-
RGC-32 BXPC3, and sh-RGC-32 BXPC3 with CT99021 addition). 
(E) Western-blotting analysis of EMT-associated genes (N-cadherin, 
Vimentin, E-cadherin) in the indicated BXPC3 (control BXPC3, sh-
RGC-32 BXPC3, and sh-RGC-32 BXPC3 with CT99021 addition). 
All data were shown as mean±SEM (N=3 independent experiments). 
*, P<0.05.
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in vivo, we implanted the aforementioned BXPC3 (control 
BXPC3, shRGC-32 BXPC3 and shRGC-32 BXPC3 with 
CT99021 addition) into nude mice of the subcutaneous tu-
mor transplantation model. Distinguishing from those with 
shRGC-32 BXPC3 transplantation, we noticed the conti-
nuous increase in tumor volume and weight after control 
BXPC3 transplantation (Figure 4A). As to the shRGC-32 
BXPC3 with CT99021 addition group, the tumor volume 
and weight in mice revealed a moderate increase, which 
was also confirmed by the pathological analyses (Figure 
4A-4C). Furthermore, with the aid of western-blotting 
assay and qRT-PCR assay, we also observed the expres-
sion of mesenchyme- (N-cadherin, Vimentin) and epi-
thelial- (E-cadherin) associated biomarkers was sharply 
downregulated and upregulated in mice tumor tissue with 
shRGC-32 BXPC3 transplantation, respectively (Figure 
4D-4F). Consistently, CT99021 addition could efficiently 
reverse the deficiency of mice with shRGC-32 BXPC3 
transplantation (Figure 4D-4F). Taken together, these data 
indicated the in vivo Wnt/β-catenin signal activation in 
rescuing the deficiency in cell invasion and migration in 

null mice.

Discussion

For decades, pancreatic cancer has caused discouraging 
outcomes and numerous death worldwide, which is largely 
due to the deficiency in precise diagnosis and the arcane 
regulatory mechanisms (14). In this study, we took advan-
tage of the in vitro and in vivo models to dissect the RGC-
32-based regulatory mechanism in facilitating pancreatic 
cancer from the aspects of cellular vitality, cell migration 
and tumorigenesis. Furthermore, we verified the essential 
role of Wnt/β-catenin signal activation in mediating the 
oncogenic effect of RGC-32 during pancreatic cancer. 
Collectively, our data indicated the activation of the RGC-
32- Wnt/β-catenin axis in pancreatic cancer.

Longitudinal studies have indicated the pathogenesis 
of pancreatic cancer from the view of preclinical and cli-
nical investigations, and in particular, the classical Wnt/β-
catenin signal (15-17). For instance, Tang et al verified 
the inhibitory effect of m6A demethylase ALKBH5 (AlkB 
Homolog 5) during pancreatic cancer tumorigenesis in 
gemcitabine-treated patient-derived xenograft (PDX) mo-
del via suppressing the WIF-1 RNA methylation as well 
as mediating Wnt signaling (18). Instead, Chen and col-
leagues identified the facilitating effect of USP28 during 
pancreatic cancer progression via activating the Wnt/β-
catenin signaling pathway and stabilizing FOXM1 (19). 
Interestingly, Ercan et al and Liu et al put forward the exis-
tence of pancreatic cancer stem cells (PCSCs) modulated 
by signal cascades (e.g., TGF-β, WNT, Hedgehog and 
NOTCH signal) and upregulation of Wnt receptors (ROR1 
and ROR2) in pancreatic ductal adenocarcinoma (PDAC), 
respectively (20, 21). 

Simultaneously, numerous literatures have also indica-
ted the involvement of transcription factors in pancreatic 
cancer in combination with the Wnt /β-catenin signaling 
pathway. For instance, Xu and colleagues demonstrated 
the inhibitory effect of Cadherin 13 (CDH13) overexpres-
sion upon pancreatic cancer progression by suppressing 
the Wnt/β-catenin signaling pathway and the resultant sup-
pression of epithelial-mesenchymal transition (EMT) (22). 
Similarly, Zhu and Ding also confirmed the facilitating 
effect of RGC-32 in inducing the transition of pancreatic 
cancer in vivo (11). However, the role of comprehensively 
expressed RGC-32 remains controversial for a long period 
(23-25). In this study, we took advantage of the pancreatic 
cancer cell line BXPC3 with RGC-32 high expression and 
verified the promoting effect upon pancreatic cancer from 
the view of cellular vitality and cell invasion via activating 
the Wnt/β-catenin signaling pathway. Meanwhile, we uti-
lized the null mouse model and confirmed the facilitating 
effect of the RGC-32-Wnt/β-catenin axis during pancrea-
tic cancer by simultaneously orchestrating the EMT-asso-
ciated factors (E-cadherin, N-cadherin, and Vimentin) and 
apoptosis-associated factors (Bcl-2, Bax, and Caspase-3).

Collectively, our data highlighted the carcinogenic 
effect of RGC-32 during pancreatic cancer both in vitro 
and in vivo by modulating cellular vitality and migration 
via activating the Wnt/β-catenin signaling pathway. Our 
findings will supply new references for the further deve-
lopment of novel diagnosis and drug discovery based on 
the RGC-32-Wnt/β-catenin axis in the future.

Figure 4. Wnt/β-catenin signal activation effectively rescued the de-
cline of sh-RGC-32 BXPC3 in tumorigenesis. (A-B) The volume (A) 
and weight (B) of tumors formed by the transplanted BXPC3 (control 
BXPC3, sh-RGC-32 BXPC3, and sh-RGC-32 BXPC3 with CT99021 
addition) in null mice. (C) The immunohistochemical (IHC) staining 
of tumors formed by the transplanted BXPC3 (control BXPC3, sh-
RGC-32 BXPC3, and sh-RGC-32 BXPC3 with CT99021 addition) in 
null mice. (D) qRT-PCR analysis of the mRNA expression of EMT-
associated genes (N-cadherin, Vimentin, E-cadherin) and apoptosis-
associated genes (Bcl-2, Bax, Caspase-3) in the indicated BXPC3 
(control BXPC3, sh-RGC-32 BXPC3, and sh-RGC-32 BXPC3 with 
CT99021 addition). (E-F) Western-blotting analysis of EMT-associa-
ted genes (N-cadherin, Vimentin, E-cadherin) (E) and apoptosis-as-
sociated genes (Bcl-2, Bax, Caspase-3) (F) in the indicated BXPC3 
(control BXPC3, sh-RGC-32 BXPC3, and sh-RGC-32 BXPC3 with 
CT99021 addition). All data were shown as mean±SEM (N=3 inde-
pendent experiments). *, P<0.05.
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